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ABSTRACT. Two basic groups of shear fanlts are distingnished in this paper: non
detertuined fanlts and determined fanlts. Tu non—determined Ganlts, 1he ovientations
of the movement direetions

regional stress tensor. Some Fanlts within the brittle shear zones are veferved to as de-
termined. NMovement directions on determined fanlis depend on the geometry ol the
shear zone deformation. Non—determined fanlts can be nsed for the computation of
paleostress tensor paraneters while determined fanlts can be nsed for the estimation

of the orientations of the shear zone wall and of the movement on this wall.

vEYWorDs: slickensides, brittle shear zone, Kinematie analvsis

| . INTRODUCTION

Numerical analysis ol movements on shear Gnlts, lrequently relerred to as shi-
ckensides. is carried ont with the main purpose to deternnne the padeostress tensor
paralneters.  Paleostress analysis of Tanlt=slip data commonly do not distingiish
between faults deforming the rock ass at more or less constanm [reqiency. and
Faults concentrated into brittle shear zones.

Methods ol paleostress analyses assinne that the moverent direction on a shear
fanlt is defined
in the text helow. the movement orientation on fanlts within a hrittle shear zone
may be atfected by several other factors, sicli as the presence ol nneven planes of e
mdividual faults, the presence ol faults isulliciently separated from the shear zone
wall and also the necessity of snbeompatible deformation of the zone as a whole.
Such faults contain traces ol movements, the directions of which do not precisely
correspond 1o the shiear stress direction. defined by paleostress tensor parametoers.
Movement directions found on these planes have, relative to the predicted shear
stress direction, ortentations closer to the direction of the resulting movement on a
shear zone wall.

The dellection of movement directions on fanlts conprising a brittle shear zone

can be nsed for the determination of its Kinematic character. Exposed hrittle shear
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zones of different sizes are often encountered during geological mapping. Orienta-
tions of planes
the shear zoue cau be usually measired bhut the general ortentation of the shear
zone walls
approaclies to the solution of this problen have bheen presented in the literatnre
so far.
placetients on the individual faults conprising a brittle shear zone. Marrett and
AMlimendinger (1990) described a teclimique of stress tensor detertnination from the
P-axes and T-axes of the individnal fanlts. Cladouhios and Allmendinger (1993)
determined
ments. Coubal and Malek (1995) proposed a procedure for the determination of
principal parameters of brittle shear zones. hased on the assimiption of linearity
of the relation hetween the stress in an eveuly fractured body and the resulting
deformation of the bodv. Tt is assimed that the bhrittle shear zone deformation is
composed of siimple shear and pore shear compounents of deforiation. which are
ortentated orthogonally to the

This paper disensses the infliuences on movement directions on individnal fanlis
within hritt i
as the possibilities of their nse for the determination ol the Kinematie character of

the zone as a wlole.

2. SHEAR laupr 1S NATURE AND SLIP ORIENTATION

A shear fa
cirred subparallel to its plane. Naguitude of the translation component i the
direction perpendicular to the fanlt plane is generally negligible relative 1o the
translation component along the lault plane.

Shear movement on the fanlt plane can be recorded nsing different kinematic
imdicators (e.g. Angelier. 1994: Doblas, 1998). most frequently using striac. The
orientation 7
plane. Methods ,
gelier, 1994) are bhased on the relation hetween paleostress tensor (17). Fault plane
orientation (n mit normal to the fanlt plane) and the vector of stress acting
upon this plane (o).

a=T n. (1)

Most of the methods ol paleostress analysis assume that fanlt planes ave a per-
fectly planar shape and that striae orientations on these planes are identical witl
the orientation of shear component of vector . Equation (1) implies that planes of
differeut orientat
also that
fanlt
fanlts. Irregularities of the shape of fault planes are most [requently exlindrical or
dish—shaped (Fig. 1). We suggest that their origin is counected with reactivation
of the systeimn

teristic
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(e.g. Angelier. 1994: Doblas. 1998). A fault plane composed of several particnlar
surfaces of different
in the model scheme.

Fia. 1. Shp on subhorizontal slickenside of non- planar geone-

try with cvlindrical or dish=shaped irregularities (A). |

striae. 2 dips ol particular planes. BB plane approx-
nuating the shickenside, / stress acting to slickenside
plane

Both nueven and composite Fault planes can be characterized as a single cou-
tinuons fault plane. composed of segients of different orientations. Eqgnation (1)
implies that the shear movenents on these segnients should be of different orienta-
tions. This 1s, however, nnpossible as nueven and composite faults often separate
blocks, which show no internal deforimation.

As the
the particnlar planes have the same azimuth as the resulting movement on the
colmposite
direction on the particular planes is defined by the intersection ol these planes
with a plane perpendicular to the approximated plane and containing a vector
of the resulting movement along the composite fanlt. Orientations of the above
mentioned moverents along particnlar planes need not correspond 1o the shear
stress ortentation defined by the spatial relation of these planes to paleostress field
T acting iu the anbience of the composite

An illustrative exaple of a disproportion hetween predicted and real striae
directions on these planes is shown in Fig. | The composite slickenside displayed
is composed of many particular planes with a variety of dip orieutations. The plane
approximating this composite shickenside dips very gently. near horizontallv., "I'he
effect of a nuiaxial. vertically ortentated regional stress T resulted ina nniform shear
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along the composite plane. Therelore, striac on all particular planes have the s
azinmth, This contradicts equation (1), according to which the striae orientations
shonld be close to dip orientations ol particular

Striae prodiced by this meclianisi may adversely allec
of paleostress analysis. The described situation is an example of how movement on a
whole plane affects iovenients on particular planes, |
We snggest that an analogons mechanmsm takes ellecr also within higher order

striuctures, 1.e. brittle shear zones.
3. KINENATICS OF A BRITTLE SHEAR ZONE

Britt.

within which the mtensity

©

ambience. A nmber of types

ol the typical examples is a zone, hilaterally hounded by prominent discontimmty
or fracture sirfaces from the mdeformed blocks ontside the zone (Ramsay and
linber. 38

Another typical example are zones of concentrated raptures. the density of whieh
contimiously decreases towards the two hlocks separated by the zone. In this case
the term shear zone wall denotes an axial plane of the zone.

The maguitide of relative displacement of the hlocks separated by the zone
need not be large. Then. snch str
img. Nevertheless, large displacements along hrittle shear zones are very conmon.
Regionally timportant faults, visnalized in geological maps.

Their study shows that these faults are fractnred zones metres 1o tens ol mietres wide
with a displacement frequently reaching hndreds ol metres or even first thonsands
of etres.

This paper deals with hrittle shear zones originated e cold regime only. ie.
under conditions where no ductile deformation of rocks ocenrred either within or
ontside the zone. Deformations of magmatic and metamorplie rocks by sucl zones
were produced only alter the cud of therimal processes. The approach. whicli is
presented in this paper,is f i
ties. Ninematic modelling of brittle shear zones starts with the assumption that
the relative displacement
the zone itself occurred
are considered rigid and therr brittle deformation inclinding the shear zone walls is
considered neghgible.

Principles of deformation for hrittle shear zones paratlel those for ductile shear
zones with the exception that translation of particles 1s not continnons hnt mediated
by displacements along individnal fanlts within the zone (Ramsay and Hiaher, T987).
Orientations of the mdividnal fanlts and movements on these fanlts may vary. hut
the snm of all movements must equal the resulting movements ol blocks separated
by the zone. lu this case, particles are represented by blocks ol rocks bomnded by
the fanlts within the brittle shear zone. If the particle size is sinall relative
dimensions of the zoue. deformation cliaracteristics of the hrittle shear zone shonld
be close (Wojtal. 1989) 1o dnctile shear zone deformation (g, 3).
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116G 3. Shear zoue () i daetile (B) and brivtle (C) developiment

As it has been proved by Ramsay
a shear zone can be decomposed into three
liet
neous deformation aftecting both the shear zone and its walls. Moveents of dis-
tinet particles in simple shear deformiti
saine tine. to the movement on the shear zone wall (Fig 4.\). Particle movements
i the volinne change are parallel
Particle movements in homogeneons deformation are not parallel 1o one another
and have general ortentation with

Compression perpendicular to the zone wall may be indicated by tectonie elays
ortentated and by intensive hrecciation of rocks within the zone. i most of the
brittle shear zones, liowever. there are no signs argning or a sigmificant shortening
ol the original width of the zone.

Extension in the direction perpendicnular to the zone wall is el shilar. Veins
and fillings tudicative of this extension are found i nany brivtle shear zones. Their
thickness usually varies in the order of millhimetres to

metres in only exceptional cases (e.g.. ore veins).
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Fia. 4. Simple shiear mediated by gronp of individual fanlts. whose

imtersection line is identical with the movement vector on
the shear zone wall. A sitnation. B dependence of
moverment vector length along fault plane on 1the angle
hetween

planes and N—planes. D location of poles to M-planes

and

The above mentioned facts suggest that the wagnitude
nitmal i the case of brittle shear zones. A vet smaller contribution to the tinite
deformation of hrittle shear zone is represented hy nniform homogeneons deforma-
tion affecting both the shear zone and its wall. This is explained by the Fact that
zones originated e cold regiime nsually separate blocks showing only a low degree
of deformation or no deformation at all. Regional fanlts with drag folds are an
exceptioln,

The text below is based on the statement that most of the hrittle shear zoues,
and the regional fanlts in particular, are dominated by siimiple shear deformation
compouent (i.e. trauslation of blocks parallel 1o the brittle shear zone walls). The
magnitnde of othier conponents of linite deformation of the zone is nsually signifi-
cantly lower: their

Au M-plane s defined as a plane constructed
and containing its striation line (Arthaud, 1969). Au N-pline is detfived as a plane
containing a striation
the shear zone wall. Tu the text below. constructed planes referred to as Noplanes
and N—planes are used for the graphical analyvsis of inoverents on faults within the

bhrittle sliear zones.

4. MOVEMENTS ON [FAULTS IN A BRITTLE SHEAR ZONE

For the solution of the hrittle shear zoue kinenaties, it is critical 1o know what
movernents oceurred on differenthy orieutated individual fanlts within a brittle shear
zone, the finite deformation of whicl is near to simple shear. A\ reverse formulation
of the problem finds a wider application in geological practice: the nse of known
moverents on the individual fanlts within a brittle shear zone for the deternimation
of principal Kinematic characterist
wall and the movement along this wall.

The first probleimn can be solved from two different viewpoints the viewpoint

of finite deformation of the zone and the viewpoint of paleostress analysis.
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4.1. Foude Deformation Viewpont

In this viewpoint. the individual fanlts will he reactivated in such way. that the
iovernents along these faults prodice a stmple-shear type ol the linite deformation
of the zone and the rock massif defornmed hy the zone remains roughly compatible
even after the deformation. This example of delormiation and the related assunp-
tions were discussed by Ramsay and Huber (1937).

Oue of the simple shear features is the parallelisniof the particle movements while
in the ductile shear zones their length changes continnously (Fig. 2B). In hrittle
shear zoues. the tmovement of particles is mediated hy fanlt planes (Fig. 207,

If a deformation strictly conformable to simple shiecar took place in a shear zoue,
the movements of particles would be mediated only by those fanlt planes. whose
intersection line is identical with the moverment vector on the shear zone wall. Tlewr
M-planes intersect in the same line and their N-planes are parallel 10 the plane of
svinnetry of the finite deformation of the zone (Fig. 1C'). Striae ortentations on the
above specified fanlt planes is identical with the particle movement orientations aud
also with the tnoverment vector on the shear zone wall. Let ns examine the difference
between lengthis of miovement vectors of the ueighbonring particles separated by
these fault planes (Fig. 4). In case the length of movement vector between two
neighbouring particles does not reach over a certain valie given by the rheology of
the rock. elastic or other ductile deformation tay ocenr and no fanlt may originate.

In contrast, fanlts separating particles with the greatest difference inmovement
vector lengths will he reactivated most [requently. The appearance of the particle

movertent vector (u. oo w) for siimple shear

uw=10.
v= -2 (2)
V/:()

indicated that the mutual relative movement vector length of two particles is deter-
mined only by the difference in their z—coordinate. Around a chosen point inside
the element. neighbouring particles separated by the above describod hundle of
fault planes lie on a nnitary—radins circle on oz plane (Fig. 4B). The dillerence of
movetnent. vectors of the chosen particle and its neighbour is defined by the relation

du=10.
de =19 dz - cosa, (3)
dw =10,

where a is the angle between the connection line of the two particles and = axis.
The distribntion of particle movernents in siimple shear deformation nplies that

the most frequently reactivated planes are the fanlts parallel to the shear zone

wall. The least frequently plaues are the fanlts close to the yz—plane ol the chosen

reference frame (Fig. 4D).
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Movements on individual fanlts. whicli do not correspond to the above mentioned
bundle 1 thetr orientation. lead to the finite deformation ol a zone different from
stinple shear. I the movements are of low tnagnitnde. they iy he compensated
by rock compressibility (Fig. 3B). as it has been demonstrated m omodelling of
the origin ol Riedel shears (Riedel. 1929: Tehalenko. 1970). Deformation of a
brittle shear zone ol sinple shear type nay be formed by omovements on diflerent
ortented fanlts only if cornplementary fanlts are created at the saoe time (Rainsay
atd Huber 1987). Both sitnations mayv oceur when displacement magnini

o0l

individual Faults are siall relative 1o the brittle shear zone size.
Fig. 5 shows two generally orientated sets of individual Fanlts with movenents

mduced by the movement of shear zone walls. T'he walls are vepresented by rigid
blocks and the dilation of the zoue perpendicnlar to its walls is compensated by
rock compressibility. Even such deformation follows the rile that projections of
strine on iudividual fanlts onto the shear zone wall are parallel 1o the movement
along the zone. Projection planes are perpendicular to the shear zone wall. thins
corresponding to the above declared N-planes. i other words. the following rile
liolds even for those tndividnal fanlts. whose ortentations do not correspond 1o
those of the planes of the above nentioned bundle: their N-planes are parallel to

one another. while their M-oplanes do not intersect i one Jine.

Fra.H. Movements on stmple system of individual Fanlts ol general

ortentation to shear zone. Explanation i text

If the finite deformation ol o brittle shear zone is close to simple shear. 1hose
idividnal fanlts, whose planes intersect inacline identical with the tnovement vector
on the shear zone wall. should be preferably reactivated. NMaxinnon displacemment
shonld ocenr on Fanlts parallel 1o the shear zone wall, "The displacement magnitude
on individual fanlts having orientations diflerent from that of the shear zone wall
shonld decrease as a funetion of the diflerence i ortentation. In terins of the finite
deformat ion ol the zone. strine orientation on the individual Fanlis should be close
to the projection of the movement vector on the shear zone wall onto the planes
of the tudividnal fanlts nsing a projection plane perpendicnlar 1o the shear zone
wall. In a stereographic projection. the poles tostriae shonld Tie on an are. which is
geometrically identical with the siimple shear plane of synmmnerry, Also the N—planes

of the mndividual faults shonld he identical with this plane.
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1.2. Paleostress Analysis Vicwpoint

According to the elementary presimptions of the paleostress analysis method
(Angelier. 1994). the orientation of movement on o shear fanlt depends only on its
spatial relation to the regional stress tensor. Then. the movemnents on iudividnal
fanlts are ouly controlled by the orientations of Tault plines. bemmg tudependem of
the orientation of the shear zone wall and the movement along the wall. Their N
planes. with the exception of specilic cases (Vergely et al. 1987). do not intersect
inone line. and their N—planes are not parallel to one another.

The problem of this viewpoint is that it allows — at a specilic model distribinion
of several individual fanlts the developiment of non compatible deformations of
the brittle shear zone (especially large open spaces). which contradicts geological
field observations (Ramsay and Haber, TOST). This problen. liowever. is probably
merely theoretical. Stress field hecomes affected (NMeans, 1977: Pollard and Segall.
[987) aronnd prominent tnhomogeneities such as brittle shear zones. 1t can be
stated that the regional stress field aronnd these zones is affected osuel a way
that 1t has a linear relation to the finite defonuation of the zone. which is nearly
compatible (Coubal and Milek. 1995). o sineh cases. the maximnm shear stress

originates on two sets of individnal fanlts. One of them is parallel to the shear
zone wall and the other one is perpendicular to the movement veaor on the shear
zone wall. M-planes and N-planes of these fanlts are identical. perpendicnlar 1o
the shear zone wall. and contain the vector of tnovement along the shicar zone wall.
Considering that the brittle shiear zone separates two rigid blocks, the maxinmm
movements would probably oceur on individnal Tanlts parallel to the shear zone
wall.

Both of the above mentioned viewpoints agree on the idea that the movenent
on a brittle shear zoue wall corresponds to its ortentation relative 1o the regional
stress tensor. However, they snbstantially diverge from each other in the degree of
the effect regional stress hiad on movements on individual Fanlts within the zone,

Asfor finite deformation. the role of regional stress is negligible as the movements
on individnal faults are determined by the movement orientation on the shear zone
wall. Analogical case is the movement ortentation ou particutar plane of composite
and non—planar shickensides.  Orientation ol particular plane relative 1o regional
stress field is also of little inmportance i this case.

Movenent orientations on individnal fanlts reactivated m accordance with this
model only retlect the orientation of relative miovement of the two blocks separared
by the shear zone. As such. they can be reasonably nsed to deterinine Kinematic
characteristics of the zone. In contrast. their use i paleostress analysis prodirees
misleading results. hinoreal brittle shear zones. this gronp of Favlts shonld primarily
include individual fanlts formed close to the shear zone wall and Fanlts snbparallel
to the shear zone wall with large displacement magnitndes. In addition. 1t iy
inclnde fanlts branching ofl of the Tanlts mentioned above and being imsifliciently
separated from themn. An tportant geometrical featire of these reactivated Fanlts
is the parallelisin of their N—planes and also the parallelisin of the latter to the

plane of finite deforimation of the zone (e, simple shear). Tu this paper, the new
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terin is introduced and such reactivated faults are referred to as deterniined fanlts.

lu the viewpoint of paleostress analysis. moveneuts on fanlts within the brittle
shear zone ouly reflect regional stress state and show no relation to the kinematics of
thie zoue. Such reactivated faults are further referred to as non—=determined. This
group mdndes fanlts bonuding perfectly detached rock blocks within the brittle
shear zone as well as individual fanlts forning broad zones. mdividnal fanlts
zones with simall movements along shear zone walls. associated fanlts ontside he
shear zoues and at shear zone terminations.

An mportant indicator of the kinematics of brittle shear zones are the move-
nient magnitudes ou the detertmned as well as non—deterimined planes. The largest
movenents may occur on those mdividual fanlts whose orlentations are close to the
shear zoue wall: this is particularly true for brittle shear zones with large move-
ments along their shear zone walls. Frow this viewpoint. it is essential that field
measuretnents inchide registration of direct and indirect movement magnitnde in-
dicators as well as registration of orteutations of ruptares with no movement and

termninating ruptires.

H. FIELD STUDY OF NINEMATICS OF BRITTLE SHEAR ZONES

To test the model presented ahove, striated Taults were analysed at several lo-
calities. where immportant brittle shear zones are exposed nsally regionally sig-
nificant fanlts with large displacernent magnitiudes. Snch localities were selecred,
where the orientation of both the shear zone wall and the nmovement on the wall
could he measnred. The results ol the analysis are shown i Fig. 6 and generally
correspond with the postulated assuptions. The data were sumnnarized i Fig. 7
1o emphiasize the generally applying featnres of brittle shear zones. During sinin-
marization all the stiudied brittle shear zones were rotated: brittle shear zone wall
strikes N =S and dips 90°0 movement on brittle shear zone wall is vertical with
left—block—down displacement (dextral sense of movement).

As imiphies from Fig. TA, simaple shear is really dominant in the studied brittle
shear zones. e, orientation of most striae on ndividnal fanlts approaches the
orientation of movemeut ou shear zoue wall. A significant munber of poles to
planes of individinal faults lie on an are with an increased frequency of fanlt planes
close 1o the shear zone wall (I'ig. 7CY). Besides. poles to many dividnal fanlis are
concentrated on an arc which represents a plane containing vector of movement
on the shiear zone wall and being normal to the shear zoue wall. These fanlts are
Riedel shears, which can be connnonly found in brittle shear zones (Riedel. 1929:
Tchalenko. 1970).

M—plane poles of the most frequently reactivated fanlts are concentrated in one
field of the stereoplot (Fig. 7B) which means that the intersections of N—=planes
form an arc to a belt ceutered by this field.

These intersection belts originated by mutual intersections of similarly orientated
M—planes. Fig. 6 clearly shows that the plane of the belt of M=plane intersections
is nsually identical with the plane containing two wnmerically determined princi-

pal axes of paleostress teusor as well as the movement vector oun the shear zone
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Application ol the method to different regionally impor-
tant faults with known orientations ol shear zone wall
and movement on this wall from the North Bolemian
Basin. Lusatian Fault, Krkonose Piedimont Basin and
Cleské stiedoliori Mts. ] striae. 2 poles to fanlt
planes. 3 poles to M-planes. 4 orientation ol the
moverent on shear zone wall calculated fron stress terni-
sor, 5 — N-plaue pole maxiinmn coucentration. 6 M

plane intersections, 7— calenlated principal stresses. full
line arc shear zone wall determined by the method
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wall. Diagrannnatic visnalization of intersections ol NI planes is adviantageons in
sets with a lower unniber of measured mdividual fanlis because the zoning of the
intersections is obvious.

The ortentations of N planes are also evaluated for the studied hrittle shear
zones i histograms e Fig. 6. 'The histogram shows [requencies ol norual lines 1o
N-planes in the plane ol the shear zone wall, which s known at the given localities.
Angular coordinates on the horizontal axis of the histogram were chosen i a manner
attribnting the value of 902 1o the movement direction on the shear zone wall. Tlis
direction is also known for the given localities. Pronuent maxnna of frequcncies
of normual lines 1o N=plaues for the values of 09 and 180° mdicate that this model
appropriately describes the kinematies of hrittle shiear zones. It also dociments a
Ingle frequency of deternnimed dividaal fanlts mothe stadied zones. This is also

shown in Fig. 8 for smmmarized data,
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807 data used

6.

Fi1G. 7. Resnlts of ineasnrements within shear zones shown in Fig. 6
rotated so that the shear zone wall and movenent on this
wall were identical. A

striae, B poles to Mplanes.

(" — poles to mdividual fanlt planes

a0

\ W8] ‘//

FiaG. & Dependence of N—plane {requency on the deviation of their
divection relative to the movements on shear zone walls lor

data shown in Fig. 7

GEOMETRICAL PRINCIPLES OF DETERMINED PLANE SEPARATION

In accordance with the above described principle. two basic types of shear planes

may coexist: determined and non—deterinined planes. Frequency ratio of hoth types

at a stidied Jocality is determined primartly by its position relative 1o a possible
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brittle shear zone: frequency of non—detertined planes s directly proportional 1o
tucreasing distauce from the zone axis.

Moveruent orientation alonug fanlts of hotl gronps s affected by different factors,
hence. a simple application of paleostress analysis by slickensides within a brittle
shiear zone cau produce nsufticient results. The above described method anns
at separating both fanlt groups and deseribing: paleostress tensor paraimeters on
the basis ol nou—=determined planes. shear zoue wall orientation aund ortentation of
movertient on this wall on the basis of deternined planes. The parallelisin of N
planes of differently oriented slickensides s considered as the significant fearnre of
deterinined fanlt planes. This criterion is tested during munerical analysis.

Knowledge of the sliear zone wall orientation is substantial Tor the use of the
method, Three different sitnations are possible,

A. The ortentation of the shear zone wall can bhe directly measured in an onterop
or constructed from two linear elemnents, e.g. fault trace i Che field and drag axis
(Ramsay and Huber. 1987).

3. Ouly the fault trace i the field s known. whicli s the most conmmon ciase.
As dernonstrated in Fig, 7A niost striae on determined planes in the stereoplot are

cinmulated around the principal shear projection. This reflects the orientation of

thie most frequently reactivated fanlts i fanlt helts. Most of them according
to [y, 7C belougs either 1o the bhundle fitting the simple shiear mechauism the
hest then, the striae shiould be parallel to the movement on the shear zone wwall

or, to the bundle described by Telialenko (1970). Here. the striae lie on Riedel
shewrs and P—shears. which are orientated svinmetrically with respect to the wall
of the originating brittle shear zone. T this case the shear zowe wall is constricted
as contaning the trace of the fanlt and raoning through the field with naxinumm
striae concentration.

(". No limear eletnent of the shear zone wall is known (e.g. a fault mmonotonons
sediments beig difficnlt to locate by geological mapping). Figs. 7B and 7C clearly
show, that the poles to M=planes helonging to both gronps of Fanlts are cinnmlated
i one area of the stereoplot on an are representing the shear zone wall. The shear
zone wall is. in this case, constructed as a plane runmng throngh the centre of (e
maxinm striae concentration area attd the centre of the maxinmm M—plane poles
couceutration area.

[ fanlte bhelts, M=plane poles of the preferentially reactivated fanlts liave a similar
orientation as N—plaue poles. i.c. they lie on the principal fanlt are i the proxinnty
of the pole to the shear zone wall svimmetry plane. This etnpirical knowledge is
used for shear zone wall coustruction

In the following step. it s tested whidh of the faults can be ranked among the
determimed ones. After the orientation of the shear zone wall lias heen deterinned.
N-planes cau be constructed for all Tanlts of the respective set. The faults the N
plane poles of which are curnulated along with most M plane poles in the proxiity
ol the shear zone wall are are considered detertnined and are excluded from the
computation. If there are tnore areas of cinnnlation ol N-plane and N plane poles
obtained i the proxnmity of the shear zoue wall arc. this is cousidered to be a resnlt

of inoverents i several phases and the whole problenn is solved as o polyphase one.
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Tlie above described constriuctions have been completed for 16 faults with goaod
resitlts (Fig. 6).

The phenonienon of stereoplot striae cunnilarion ocenrs also i the case described
by Vergely et al. (1987) and nnder the tufliuence of radial stress. In these cases
M-plane poles are distributed along the whole leugth of an arc centred by the
striae cumnlation field and the N-planes are not parallel to one another. Gronping
of M—plane and N-plane poles is thus a diagnostic featnre. Most of the M-plane
poles should cummlate aloug the principal fanlt are which s an evidence for correct
determination of principal fanlt orientation.

The determmned and non-—determined planes cannot be distinguished on the ha-
sis of the above given criteria in the only single case: the bundle of fanlt planes
itersecting in one line is reactivated in snch a manner that the striae lie on a plane

normal to this line.

T NUMERICAL PRINCIPLES OF FAULT MOVEMENT ANALYSIS

First inethods for stress tensor determination based on slickenside measureients
were of graphic nature. however, compiters started to bhe used shortly therealter.
Inversion of the stress tensor is a typical inverse problem (‘Tarantola. 1987). which
is moreover complicated i case of the presenee of several tectone phases (N ngelier
et al.. 19820 Angelier. 1981 Nngelier. 1994) . The problen is also comphicated by
the presence of the determined fault planes.  As it has been shown above. the
movernent ortentation on these planes is not controlled by the stress tensor but the
brittle shear zone kinematics. The determined planes nmst be recognized hefore
the entire calculation. otherwise they produce ontliers in the data set and strongly
hias the calculated stress tensor paraieters,

ITsimplitied. the movement daring a single tectonic phase along, preexisting non
deterimined fault planes can be considered as controlled by a spatially lomogencons
stress tensor at a given locatity. Then. the movement direction is the sane as the
direction of tangential stress component acting npon the fault plane. This can be

expressed by the equation:
ks =T -n—(n-T n)n. (4)

where s 1s a unit vector direction of slickenside, 10 1s av nnit vector normal
to i—th plane. T 1s stress tensor. & is a scalar constant and - denotes the sealar
product.

I more advanced methods. the slickenside is considered 1o he potentially formed
only on those fanlts, where the amplitinde of tangential stress is greater than the

friction on fanlt planes:
(T -nw—=(n-1T-0)n)-s>tn-T-n, (5)

where 7 is the coefficient of friction.
This means that ouly some of the preexisting faults with specific ortentations
are activated. The tclnsion of friction in the inverse problem solution himposes

additional constraints on the computation.
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[t shonld be also taken into account that the seuse of moveneut can he de-
termined inouly some of the slickensides i the field. In addition. pertinence 1o
a particular tectonme phase cannot he distingnished trom the field measnrements
only. Solviug a polyphase problenn. it is necessary to caleulate several stress ten-
sors at the samne tine, wlich apply to the mdividual pliases. and 1o distribute vhe
measured data so that eaclh measurement was attribnted 1o a single pliase.

At the beginning of the computation, it is necessary to disernninate hetween
deternnined and nou=determimed fanlt planes. The measnrements 1aken from the
determined fanlts cannot be directly nsed for stress tensor computation. However,
they are helpful iu the estitnation of the number of tectonic phases. The methods
of determmed fault discrinnuation were described i the preceding chapter.

Such formnlated polyphase problemn with siiltaneous recognition of determed
faults is solved by the ROCK cotnputer program. This progran is derived from
the 1ethod of Nilek et al. (1991). which was supplemented by determined fanlt
diserimination. As the result of the computation. a single stress tensor is obtained
for each tectonic phase. The application of the stress tensor to the shear zone wall
reveals tnovement on the shear zone wall which can be compared with the movencm

direction on the slhiear zone wall as caleulated Tron the determined fanl planes.

8. CONCLUSION

The observations of slickensides with nneven geometries resulted v the distin-
swishing of a separate gronp of shear fanlts, called determined faulis. Tlhis term
denotes fanlt planes Iving within o higher—order stracture and showing msuflicient
antonomy i relation to this stroetire. The orientation ol movement along these
faults is therefore controlled by the kinematics of the higher-order structure. and
not by their orientation to the regional stress tensor.

This approach was applied to the study of hrittle shear zones with the anm 1o
characterize their kinematics by means of studying moverents on individual Fanles
within these zones. Such approach s particularly nselnl in the study of regionally
significant fanlts (e.g. Lusatian Fanlt). olten having the character of hroad fracinre
Zones.

This paper provides basic principles of discrimination between detertnined and
non—determined fanlts. ‘The determined fanlts are used Tor the characteristios of

the bhrittle shear zone kinernatics, the non-determined fanlts are nsed for the com-

putation of paleostress responsible for the deformation stidied.
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ANALYZA POHYBIU V KREHKYCH STRIZNYCIH ZONACH

Miroslavy COUBAL o Jiri MALEK

V' geologické ninnlosti hyla zemska kura vystavena pusobeni napeti. ktera zane-
cliala stopy v podobe kielik¥ch a duktiluich deformact hornin. Analdzon téclito stop
Ize rekonstrnovat smér pusobeni atvar tenzorn uapéti. Nejeastéjise k tommto teeln
vvnzivagl smykové zlomy ruznseh rozimern, na jejichz plochach je dokimmnentovan
simer pohyho prostirednictvim strinei.

Dosavadni priace, vénovandé totto tématu. vveliizeji z predpokladi, ze sinér po-
Lvhu nasmykovéni zlonu je dan ponze jeho orientaci vzhleden k tenzorn pusobicilo
napeti. \Vopredkladané pract je diskntoviin éasto se vskyvingicl pripad smykovyeh
zlomi s nerovuy i plochiami. Podle nvedeného piedpokladu by wa razne oriento-
vauveh ¢astech téchito ploch meélo dochiazet k rnzné orientovanyin pohvhbinn. To
viak casto veni mozué, protoze nerovué zlomy oddeélngi sonvislé, dale nepornsené
bloky. které se vinci sobé mmohion polivhovat jedine jako jeden celek. Z toho vyplyva,
ze na nekterveh ¢astecl nerovnyeh ploch zlomm dochizi k pohybu. ktery nemmnsi
byt rovnobézuy se striznon slozkon napeéti na této ¢asti Ao, Predpokiadime. ze
tento mechamstims se uplatige 1 na souboru zlonm. které tvori krelikon striznon

zOn.
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Kreliké stiizué zony json éasti hornmmovyceh teles. kterd json podstatne inten-
zivne)i krelice deformovany nez jejich okoli. Pohyh bloku podél zony je realizovan
prostiednictvim pohyhu na radé diléich zlomu. IKrehlké stFizné 2ony mohou mit riz-
neu velikost. od mikroskopickyel rozinéru az po regiondlue vvznammné zlomy. Sniér
polivhu na regionalnich zlomech ¢asto nelze uréit primy e pozorovaning. \" tomto
élanku je navrzen zpusob jeho nréeni na zdiklade smern polivbi na diléicl zlomedn.
které je tvori.

Jsou vyinezovany dvé zakladni skupiny smvkovvel zlomn, tvoifeich krehkon
striznon zonu. Na plochiach zlonm prvni skupiny. oznacovanyeh jako nedeterimino-
vané zlomy, zavisi orientace striad pouze na orientaci jejich ploch vzhledem k ten-
zorn paleonapeti. Do drmhé skupiny patii zlomy., na Ktervel je ortentace striad
ddna geometrii pohybir na stéené stiizué zony. Pro tyto zlomy zaviadime ternin
determinované zlomy. Analyzou nedeternimovanyelr zlomm jsou nrecoviany paramet-
ry tenzoru paleonapeéti. které zpusobilo jejich oziveni. Analvzou deterninovanyeh
zlonn je iréovana kinematika kiehké strizné zony. které json sonéisti. Vzhledem k
predpokladu, ze kiellké stFizné zony se deforimi predevsin meclianisimen prosrého
strthu. je analvzou determinovanyeh zlomn uréoviina ortentace pohybu na stenach
strizné kreliké zony

Json prezentovany visledky nmmericke amalvzy paleconapeti a smern polivbu na

nékolika regionalne vizuanmyeh zlomeeh Ceského masivi,



