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DISCLAIMER

CONSIDERABLE TIME, EFFORT AND EXPENSE HAVE GONE INTO THE
DEVELOPMENT AND DOCUMENTATION OF T-TECTO. THE PROGRAM HAS
BEEN THOROUGHLY TESTED AND USED. IN USING THE PROGRAM,
HOWEVER, THE USER ACCEPTS AND UNDERSTANDS THAT NO WARRANTY
IS EXPRESSED OR IMPLIED BY THE DEVELOPERS OR THE DISTRIBUTORS
ON THE ACCURACY OR THE RELIABILITY OF THE PROGRAM. THE USER
MUST EXPLICITLY UNDERSTAND THE ASSUMPTIONS OF THE PROGRAM
AND MUST INDEPENDENTLY VERIFY THE RESULTS.
EXCEPT FOR THE EXPRESS LIMITED WARRANTY ABOVE AND FOR ANY
WARRANTY, CONDITION, REPRESENTATION OR TERM TO THE EXTENT TO
WHICH THE SAME CANNOT OR MAY NOT BE EXCLUDED OR LIMITED BY
LAW APPLICABLE TO YOU IN YOUR JURISDICTION, THE PRODUCT IS
PROVIDED ON AN "AS IS" BASIS, WITHOUT ANY OTHER WARRANTIES,
REPRESENTATIONS, CONDITIONS OR TERMS, EXPRESS OR IMPLIED,
WHETHER BY LAW, STATUTE, USAGE OF TRADE, COURSE OF DEALING OR
OTHERWISE, INCLUDING, BUT NOT LIMITED TO, WARRANTIES OF NONINFRINGEMENT
OF
THIRD
PARTY
RIGHTS,
INTEGRATION,
MERCHANTABLE QUALITY, SATISFACTORY QUALITY, MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE. T-TECTO GEOSOFTWARE AND
ITS SUPPLIERS AND DEALERS DO NOT AND CANNOT WARRANT THE
PERFORMANCE OR RESULTS YOU MAY OBTAIN BY USING THE PRODUCT.
THE ENTIRE RISK AS TO THE RESULTS AND PERFORMANCE OF THE
PRODUCT IS ASSUMED BY YOU. WHERE ANY NON-EXCLUDABLE TERMS
ARE IMPLIED INTO THIS LICENSE BY OPERATION OF LAW, TO THE
EXTENT PERMISSIBLE BY LAW, T-TECTO GEOSOFTWARE LIMITS ITS
LIABILITY TO, AT ITS OPTION, THE REPAIR OR REPLACEMENT OF THE
GOODS, THE RE-SUPPLY OF EQUIVALENT GOODS, OR THE COST THEREOF.
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T-TECTO Studio X5
T-TECTO Studio X5 is a result of 20 years of research, development and numerical testing and analyses of
earthquakes focal mechanisms and fault-slip data. The program is based on several innovative mathematical
algorithms:
1.
2.
3.
4.

Gauss stress inversion (Žalohar and Vrabec, 2007),
Multiple-Slip Method (MSM) (Žalohar and Vrabec, 2008),
Cosserat stress-strain inversion (Žalohar and Vrabec, 2010),
Tectonic wedge-faulting and fault-interaction theory (Žalohar, 2012 and 2014)

References
Žalohar, J., Vrabec, M., 2007. Paleostress analysis of heterogeneous fault-slip data: the Gauss method. Journal of structural
Geology 29, 1798–1810.
Žalohar, J., Vrabec, M., 2008. Combined kinematic and paleostress analysis of fault-slip data: The Multiple-slip method.
Journal of Structural Geology 30, 1603-1613.
Žalohar, J., Vrabec, M., 2010 Kinematics and dynamics of fault reactivation: The Cosserat approach. Journal of Structural
Geology 32, 15-27.
Žalohar, J., 2012. Cosserat analysis of interactions between intersecting faults; the wedge faulting. Journal of Structural
Geology 37, 105–123.
Žalohar, J., 2013. Stress, strain and fault interactions; physical explanation of the Båth’s law. Geophysical research abstracts
15. EGU2013-13716.
Žalohar, J., 2014. Explaining the physical orgin of Båth's law. Journal of Structural Geology 60, 1-16.

Compared to T-TECTO 3.0 Professional (2012 version), the new T-TECTO Studio X5 includes more than 60
new functions and several large modules that have been added to improve performance of the earthquakes focalmechanisms and fault-slip data analyses.
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New modules of the T-TECTO Studio X5:
1.
2.
3.
4.
5.
6.

Active analysis of faults,
Active analysis of fractures,
Tectonic-wedges analysis,
Distribution density analyses for several orientation parameters,
Shear stress and shear strain analysis,
Rose diagrams.

Full Corel Draw compatibility
T-TECTO Studio X5 has considerably improved graphics and allows user to adjust his or her working space, for
example, by defining the background colour of the stereographs and tectonic wedges, etc. All figures and graphs
can be saved as vector WMF or EMF graphics, fully compatible with Corel Draw or other vector-based graphic
programs.

Analysis of tectonic wedges
After the discovery of mathematical equations that describe the wedge faulting in the Earth’s crust (Žalohar,
2012, 2014), it has become clear that tectonic wedge faulting represents an important deformation mechanism
that defines several aspects of faulting, such as:
1.
2.
3.
4.
5.

Geometry of fault systems,
Type of interaction between faults,
Local tectonic strain and stress fields,
Stability of large fault planes
Underground water flow.

Studying the tectonic wedges from fault-slip data and earthquakes focal-mechanism data is therefore an
important task for future structural geologists and geophysicists. T-TECTO Studio X5 incorporates extensive
mathematical and computer algorithms that enable semi-automatic analysis and separation of differently
orientated wedges.
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T-TECTO Studio X5 is optimized for earthquakes
While previous versions of T-TECTO were best for structural geologists working with fault-slip data, the TTECTO Studio X5 is fully equipped for stress-strain analysis of earthquakes focal-mechanisms data. It enables
calculation of all sorts of parameters and almost indefinite number of graphic options.

Beach-balls diagrams
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Distributions of P and T axes

Distributions of slip-directions and poles to nodal planes

Rose diagrams

Optimization of the stress-strain phases separation
T-TECTO Studio X5 enables full control over the analysis of different stress-strain phases that affected the
observed faults. The module for stress-strain inversion was improved and now works in combination with the
module for active analysis of faults. In this second module, the stress and strain tensors are calculated based on
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the geometry of conjugate fault systems or geometry of tectonic wedges. These tensors are then optimized by the
module for stress-strain inversion.

These combined algorithms considerably improve resolution of the stress-strain phases separation. In many cases
the fault systems that were found homogeneous by older versions of T-TECTO 3.0, are now found heterogeneous
indicating several deformational mechanisms.

Result obtained by T-TECTO 3.0

Results calculated by T-TECTO Studio X5
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Right Dihedra Method
The widely used Right Dihedra Method (RDM) by Angelier and Mechler (1977) was significantly improved in TTECTO Studio X5, now also allowing for the analysis of the stress-strain fields in the defined planes. There are
also numerous combinations of the RDM method, such as Gauss-weighted RDM (VGF), or Multiple-Slip
Mechanism (MSM) visualization for various types of data: faults, fractures, joints, extension fractures,
compression fractures, etc.

This graphical method is based on the idea that orientation of the maximum principal stress axis is constrained
to the pressure (P) quadrant, while orientation of the minimum principal stress axis is constrained to the
tension/extension (T) quadrant associated with a chosen fault. Spatial orientation and position of the P and T
quadrants is defined by orientation of the fault plane and slip direction along it. It is also supposed that faults
active in the same stress field have a common intersection of the P and T quadrants. This enables to construct
the approximate direction of the principal stresses as the geometrical center of the common intersection of the P
and T quadrants.

Visualization of the Gauss object function (VGF)
In the T-TECTO Studio X5, the Gauss object function (GF) described in the article (Žalohar and Vrabec, 2007)
is visualized through a complicated procedure. There are several options of how to visualize the GF; colored (redblue), colored (red, for sigma1 only), colored (for sigma3 only, blue), black and white (for sigma1 or sigma3 only),
etc...
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The VGF method can be extended to allow analysis of various fractures (joints) without visible slip. Three main
types are used in the T-TECTO:




E (or T) type - Extension/tension fractures and veins: In this case, the maximum principal stress axis
lies in the fracture plane, while the minimum principal stress is perpendicular to the fracture plane.
C type - Compression fractures and stylolites: The maximum principal stress axis is perpendicular to the
fracture plane, while the minimum principal stress axis lies in the fracture plane.
F type - Shear fractures: In this case, the maximum principal stress axis is inclined at the angle PhiRDM
with respect to the fracture plane. The minimum principal stress is perpendicular to the maximum
principal stress.

Normally, we can perform a combined analysis of faults and fractures. By plotting the value of the object
function in each point on the stereogram by using various colours, we can visualize the areas of high probability
of maximum and minimum principal stress orientation.
Stress-strain inversion
The T-TECTO Studio X5 enables classical and micropolar (Cosserat) analysis of heterogeneous and
homogeneous fault-slip data using several different numerical methods including the Gauss method. The program
is based on the classical philosophy of fault-slip data inversion which involves the concept of the best-fitting
stress and strain tensors. The defined compatibility measure and compatibility function verify the compatibility of
a given strain or/and stress tensor with observed fault-slip data. In order to constrain inversion results to
mechanically acceptable solutions, the program additionally considers the ratio between the normal and the
shear stress on the fault plane, since it is assumed that the results of (paleo)stress and strain inversion should be
in agreement with the Amonton's law. The optimal solution for stress and strain tensors related to the observed
faults are found by searching for the global and highest local maxima of the object function F defined as a sum of
compatibility functions for all fault-slip data.
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Multiple-Slip Mechanism (MSM)
The T-TECTO Studio X5 also uses the Multiple-slip method (MSM) and the Cosserat MSM method to
reconstruct the deformation gradient tensor which describes the faulting-related deformation of the region. Three
elements are needed in the analysis: the orientation of fault planes, the direction of slip along them, and the
number of faults with specified size belonging to different fault-sets present in the studied area or outcrop. The
data on the orientation of faults and direction of slip along them define the geometric moment tensor for each
fault, while the data on the number of the faults belonging to the particular fault-set constrain the weighting
factors for each fault. In the MSM method, the weighting factors also depend on the driving stress that produced
the displacement along the faults. The driving stress is defined as the difference between the resolved shear stress
in the direction of movement along the fault planes and the frictional resistance for sliding. The stress state on
the observed faults at the time of faulting can be calculated based on the (paleo)stress analysis. Therefore, the
MSM method represents a combination of kinematic and (paleo)stress techniques, and the (paleo)stress analysis
should be performed prior to the kinematic analysis. The MSM method allows for calculating the direction of
kinematic axes (directions of maximum shortening and extension), the direction and relative magnitude of
faulting-related rotation, and the shape of the strain ellipsoid (relative ratio between the principal strains).
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Fault-plane stability
From multiple earthquakes focal mechanisms data or from fault-slip data, the T-TECTO Studio X5 allows for
calculating average stress-strain fields. In the second step, the state of stress on individual faults, and their
stability can be analyzed.

(Paleo)stress maps
T-TECTO Studio X5 enables to calculate various physical parameters that are useful for plotting the
(paleo)stress maps of various types:
1.
2.
3.
4.
5.

Orientation of maximum horizontal contraction and extension,
Orientation of maximum and minimum horizontal compression,
Relative vertical thickening and thinning,
Relative magnitude of regional macrorotation,
Relative magnitude of relative microrotation.
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Example of paleostress map illustrating the maximum horizontal compression and relative vertical thickening (red and blue colours).
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List of major new functions implemented into T-TECTO Studio X5:
























Density of lineations,
Density of kinematic axes,
Density of poles for faults and other planar data,
Density of intersections,
Inversion of various subsystems of faults,
Analysis of residual faults compatible with individual wedges,
Rose diagrams for all sorts of data,
Analysis of wedge faulting from fault-slip data,
Analysis of wedge faulting from earthquakes focal mechanisms,
Defining ghost wedges from focal mechanisms data,
Analysis of wedge-closedness and inclination,
Target faults function and analysis of tectonic wedges,
Weight conversion,
Shear zone analysis in the bedding plane (from intersection with bedding),
Contours optimization on stereographs,
Analysis of misfit between optimal and observed wedge systems geometry,
All-faults-and-fractures rotation,
Strain and geometric optimization of the wedge faulting,
Stress-strain planes definition,
Stress-strain analysis of major earthquakes,
Hear stress and shear strain fields,
Optimization of the stress-strain separation of tectonic phases,
Analysis of permutations of stress axes in earthquakes.

Other functions of T-TECTO Studio X5




















Stereographic projections of faults, joints (and other fractures), lineations and beds.
(Paleo)stress analysis of homogeneous and heterogeneous fault-slip data.
(Paleo)stress analysis of shear fractures, extension or tension fractures, stylolitic foliation, cleavage, etc.
Direct kinematic analysis - the MSM method.
Cosserat stress-strain analysis of fault-slip data (inverse methods).
Cosserat kinematic analysis (direct MSM methods).
Direct modeling of shear stress, direction of block movements and microrotations.
Direct modeling of fault-slip (AmontonWin) in different stress and strain boundary conditions.
Calculation of maximum horizontal stresses and strains.
Calculation of relative vertical deformation.
Stereographic projections of homogeneous subsystems of faults.
Tangent-lineation diagrams for faults.
Direction of poles to the faults, fractures, joints, beds etc…
Mohr diagrams for symmetrical and asymmetrical stresses.
Rotations of the faults, beds, joints (fractures) and lineations.
Analysis of dispersion between predicted and actual direction of movement along the faults.
The Right Dihedra Method (Angelier and Mechler, 1977).
Visualization of the Gauss object Function (VGF).
Optimization of the VGF parameters.
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Orientation and distribution of strain fields for RDM, MSM and VGF methods.
P and T quadrants/fields.
Stress and/or strain inversion of the earthquake focal-mechanisms data.
Special analysis of faults with multiple-lineation systems.
Determination of the relative age of different tectonic phases.
Determination of weighting factors for subparallel faults with subarallel direction of movements.
Analysis of intersecting faults with direction of movement subparallel to the direction of intersection.
Analysis of object function stability in the inversion procedure.
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Registering the product
The unregistered version of the T-TECTO Studio X5 only works for the trial period (you will be able to run and
use the program for approximately 25 times). After this trial period, you will not be able to open or import any
document. In addition, in the unregistered version some functions are blocked.
After the trial period, you will be able to use the fully functional version of the T-TECTO Studio X5 as a
registered user. Go to the Registration wizard and fill in the required information. The T-TECTO will
automatically generate password for your computer.

Important:
You will need administrator rights to register the T-TECTO Studio X5 on your computer.
When registering the product, right-click with the mouse on the T-TECTO icon on the Desktop and run the
program as administrator.

Possible problems during the registration process
1. Invalid data
Problems during the registration process may be due to invalid data entered or copied to the Registration wizard.
The data entered into the Registration wizard should exactly match those in the License file.
2. File access denied
Te T-TECTO Studio X5 does not have administrator rights. Therefore, run the program as administrator. See
above!
Right-click with the mouse on the T-TECTO icon…
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Menus with components
File
New

New document.

Open

Open a new document.

Save

Save an existing document.

Save As

Save a new document.

Save Picture As

Save a new picture or graph.

Import

Import an existing document.

Check the data

Search for the errors in the entered data before saving the document.

Show fracture type

When "Method/Earthquake or multi-lineations analysis" is checked, this functions shows
the type of fracture in the Magn./Rel. column.

Exit

Exit the T-TECTO program.
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Picture

Show strain fields (RDM, MSM, VGF)

Shows the results of the Right Dihedra Method (RDM), the
visualization of the Gauss object function (VGF), the MSM
visualization, P-T quadrants/fields, contoures, etc...

Fault planes: grey

Colour of the fault planes on the stereographic projection is grey.

Fault plane: black

Colour of the fault planes on the stereographic projection is
black.

Show kinematic axes

Shows kinematic (P and T) axes for the faults.

Show slip vectors

Shows slip vectors for faults (red or yellow for reverse component
of slip, blue for normal component of slip)

Shows density of lineations

Shows density of lineations. Settings can be found in the
Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.

Show density of intersections

Shows density of intersections for faults, fractures and other
planar structures.

Display faults

Defines the possibility of showing or not showing faults on the
stereographic projection.

Display beds, joints (fractures) and
lineations

Defines the possibility of showing or not showing beds, joints
(and other fractures) and lineations on the stereographic
projection.

Display lineations as grey circles

By default, lineations are plotted as small yellow circles. Use this
function to plot the lineations as small grey circles. To hide
lineations, go to the Picture preferences and set the thickness of
the outline for lineations to 0.

Display joints (fractures) as continuous lines

If checked, joints, fractures and other planar data (except beds)
are shown as continuous lines.

Show Wulff net (equal-angle projection)

If checked, this shows the Wulff net.

Show Polar net(equal-angle projection)

If checked, this shows the Polar net (equal-angle projection)

Show tangent-lineation plots

Tangent lineation plots for faults…

Display poles to the planes – fractures …

Displays poles to the planar data (fractures, joints, beds). To
show only poles without fracture (and bedding) planes, go to the
Picture preferences and set the thickness of the outline for beds
and joints (fractures) to 0.

Display poles to the fault planes

Displays poles to the faults. To show only poles without fault
planes, set the Display faults to unchecked!

Mohr – beds and joints

Defines the possibility of showing or not showing the state of
stress along the bedding planes and joints (or fractures) on the
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Mohr diagram.
Mohr – faults

Defines the possibility of showing or not showing the state of
stress along the faults on the Mohr diagram.

Convert WMF to EMF

This will convert the WMF picture into the EMF. Use this
function before saving the picture in the “Save Picture As”
dialog.

Small size

= Small size of the picture (63 % of original size)

Original size (default)

= Original size of the picture (100%)

Large size (for large screens only)

= Large size of the picture (150% of original size)

Picture preferences

Defines the values of parameters needed
stereographic projections and Mohr diagrams.

to

construct
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Method
Several different numerical methods can be used in the inversion procedure; Gauss method, Parabolic method
with boundary, Threshold method, and Linear method with boundary.

The Gauss (paleo)stress method
The compatibility measure considers both; the angular misfit i between the predicted and actual direction of
slip on the i  th fault, and the position of the “Mohr point” on the Mohr diagram:
2

2


 

i2  i2  w2,i i  2   w1,i i  1  ,

2  
1 

where  is the stress parameter. The parameters w1,i in w 2,i are as follows:
w2,i  1, when i  2 ,
w2,i  0, when i  2

and

w1,i  1, when i > 1 ,
w1,i  0, when i  1.

The stress parameter defines the importance of friction along the faults. Its default value is 2 ( = 20 in the
program). Its maximum value is 50 ( = 500 in the program). A high value of this parameter favors mechanically
acceptable results. The angle of friction i for an individual fault is measured between the n axis (normal
stress) on the Mohr diagram and the line, which connects the “Mohr point” and the origin of the Mohr diagram.
The parameters 1 and 2 constrain the possible values of the ratio between the normal stress n and shear
stress  on the faults, and therefore favor mechanically acceptable solutions of the inverse problem. The
parameter 2 represents the angle of residual friction for sliding on a preexisting fault: 2  arctan   .  is the
coefficient of friction. The parameter 1 roughly approximates the angle of internal friction f for an intact rock.
Therefore, the optimal values of these parameters for different rocks and granular materials can be found in the
tables. Since the angle of internal friction f generally has a higher value with respect to the angle of residual
friction 2 , for the value of the parameter 1 a slightly higher value with respect to 2 should be taken,
2  1  900 . So, the parameter 2 constrains the lowest possible case for the friction along the preexisting fault,
while the parameter 1 represents the highest possible case for friction on the preexisting fault.
The parameter  represents a threshold value for the compatibility measure i . Only the stress tensors that
explain the direction of slip on a given fault and position of its “Mohr point” on the Mohr diagram with the
compatibility measure i lower than the selected threshold  are considered to be compatible with the observed
fault-slip datum. In this way, the compatibility function is defined as:
wi 

2
2 

1
exp  i   exp    , when  <,



i
2
2 
2
1  exp  2s  
 2s 
 2s 2 

wi  0, when i  .

Only the faults that eventually are compatible with the chosen stress tensor, contribute to the value of the object
function F   wi , which is maximized during the inversion procedure. Ideally, for all the outliers the value of
compatibility function should be zero, since it is supposed that the outliers either belong to some other
homogeneous fault subsystem or represent the faults influenced by local stress fields. The values of parameters s
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and  depend on the inhomogeneities of the stress field at the time of faulting. When the stress field was highly
inhomogeneous, the values of s and  should be large enough, for example, s  300 and   600 . Contrary, if
the stress field was less inhomogeneous, smaller values could be used, for example, s  150 and   300 .
Other methods are defined as follows:
Parabolic method with boundary

Threshold method

Linear method with boundary

wi  1  i2 2 , when i <,

wi  1, when i <,
wi  0, when i  .

wi  1  i  , when i <,
wi  0, when i  .

wi  0, when i  .

The meaning of the symbols is the same as for the Gauss method. For a more detailed discussion related to the
Gauss method see the article; Žalohar, J., Vrabec, M., 2007. Paleostress analysis of heterogeneous fault-slip data:
the Gauss method. Journal of Structural Geology 29, 1798-1810, (doi:10.1016/j.jsg.2007.06.009).
For a more detailed discussion related to the Parabolic method, Threshold method, Linear method, and other
similar methods see the following articles;
1.

2.
3.
4.
5.
6.

Angelier, J., 1977. La reconstitution dinamique et géométrique de la tectonique de failles à partir de
mesures locales (plans de faille, stries, sens, de jeu, rejects): quelques précisions. Comptes Rendus
Hebdomadaires des Seances de I’Academie des Sciences D285, 637 - 640.
Angelier J., 1979. Determination of the mean principal directions of stress for a given fault population.
Tectonophysics 56, T17 - T26.
Angelier, J., 1984. Tectonic analysis of fault slip data sets. Journal of Geophysical Research 89, 5835 5848.
Galindo-Zaldivar, J., González-Lodeiro, F., 1988. Faulting phase differentiation by means of computer
search on a grid pattern. Annales Tectonicae 2, 90 - 97.
Yamaji, A., 2003. Are the solutions of stress inversion correct? Visualization of their reliability and the
separation of stresses from heterogeneous fault-slip data. Journal of Structural Geology 25, 241 - 252 .
Yamaji, A., Otsubo, M., Sato, K., 2006. Paleostress analysis using the Hough transform for separating
stresses from heterogeneous fault-slip data. Journal of Structural Geology 28, 980 - 990.
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Other methods
Mohr – selection method: when this method is selected, only the mechanically compatible faults (Mohr points
are positioned above the friction line) will be selected as compatible with some trial stress tensor. This function
can only be used in the inversion procedure!
Perform unweighted analysis: no weighting factors are used in the MSM, VGF and RDM methods. In this case
the MSM method is equivalent to the unweighted MTS (Moment Tensor Summation) method.
Use weighting factors in the analysis: stress inversion method uses unweighted fault-slip data by default.
However, you can also use weighted data. This is especially suitable when analyzing earthquakes. Setting this
option to checked will also enable to perform the fully weighted MSM, VGF and RDM methods.
Earthquakes or multi-lineation systems analysis: two new columns appear in the main table with fault-slip data;
Magnitude/Reliability and Index.
1. Magnitude (for earthquakes) defines the magnitude of the earthquake. Reliability (for faults) defines the
reliability of the relative age determinations of different lineation systems on a single fault plane. If the
relative age determination was possible, the value of the Reliability should be set to 1. If the relative
age determination was not possible, the Reliability should be set to 0.
2. Index: this is the Index-number of the earthquake (two nodal planes for each) or of the fault with
several lineation systems. Do not enter the Index-number! It will be calculated automatically by the
program.
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Tools

RDM, MSM, VGF and P-T
quadrants/fields

Preferences for the Right Dihedra Method, visualization of the Gauss
object function, MSM visualization, kinematic axes plotting, and P-T
quadrants/fields plotting.

Rotate - select

Rotation of the faults, beds, joints, lineations, and stress tensors along a
specified axis for a specified amount in the CW or CCW direction.

Beds, joints (fractures), lineations
and fault-sets

(1) The table containing the measurements on the orientation of the
beds, joints (and other fractures) and lineations.
(2) Analysis of fault-sets and tectonic wedges.

Magnitude/Weight conversion

Converts the magnitude of the earthquakes into the seismic moment ( =
weight) or seismic moment ( = weight) into the magnitude.

Generate faults

Performs the direct modeling of fault-slip. This is the AmontonWin unit
of the T-TECTO computer program.

Active analysis of faults

Performs interactive analysis of fault-sets, tectonic wedges and residual
faults.

Active analysis of fractures

Allows separation of fractures and other planar structures belonging to
different tectonic phases.

Inverse analysis

Performs the stress-strain analysis of the fault-slip data.

Use symmetrical stress

Symmetrical stress tensor is used by default. Set this option to unchecked
to use the non-symmetrical stress tensors (in the Cosserat analysis). This
is particularly important when performing the Cosserat MSM method.

Show maximum horizontal
deformations

Displays the orientation of the maximum horizontal extension and
shortening.

Show maximum horizontal stresses

Displays the orientation of the maximum horizontal stresses.

Show levels of certainty

Shows the VGF method (using contour plots) to calculate the levels of
certainty of the inversion results.
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Components in the Toolbar
Stereographic projections, Mohr diagrams and other results can be displayed by using the Toolbuttons in the
Toolbar:

Data

Displays the table with all fault-slip data.

Faults

Stereographic projection of all fault-slip data, beds, joints (and/or other fractures) and
lineations.

Beds/joints

Stereographic projection of beds, joints (and/or other fractures) and lineations.

Strain

Stereographic projections of homogeneous fault subsystems and corresponding stress/strain
axes.

Histograms

Rose diagrams and histogram showing the distribution of angular misfit between actual and
theoretical directions of movement along the faults.

Mohr

Mohr diagram showing the state of stress along the fault planes, bedding planes and joints
(and/or other fractures).

Mohr pr.

Mohr diagram showing the resolved shear stress in the direction of movement along the fault
planes.

? Faults ?

Displays the stereographic projection of noncompatible faults.

VGF Stat.

Performs optimization of the VGF parameters. This optimization is always performed with
respect to the settings in the Tools/RDM, MSM, VGF and P-T quadrants/fields!

D-C Analysis

Performs analysis of the stability of the object (maximization) function M used in the inversion
analysis of the fault-slip data. The graph showing the value of the object function M on the
values of the parameter D (defines the shape of the strain ellipsoid) and the micropolar
parameter C allows for determining the confidence limits for the parameters C and D.

Statistics

Numerical results of the stress/strain separation; values of parameters used in the inversion
procedure.
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Entering the data
Faults
1. Double-click on the table in the “Data” component.
2. The following parameters are needed for each fault-slip datum and/or earthquake:
Reliability

This is reliability of the measurement of the actual direction of slip along the fault. For example,
some faults can be normal or reverse, but polar kinematic indicators along the fault planes do
not allow for reliable estimation of the actual direction of movement. The following definitions
are used in the T-TECTO: * - the type of the fault is not known; P – probable; S – supposelly;
C – certainly.

Type

This is the type of the fault. The following definitions are used in the T-TECTO:
N – normal fault; I – reverse fault; D – dextral fault; S – sinistral fault; ? – not known.

Azimuth

This is the azimuth of the fault-dip. Only values between 0 to 360 degrees are allowed.

Dip

Dip of the fault – only values between 1 to 90 degrees are allowed.

Lineation
(rake)

This is the angle between the slickenlines on the fault plane and the intersection-line between the
fault plane and the horizontal plane. Only values between 1 to 90 degrees are allowed.

Direction

This is the geographic direction from which the lineation-inclination (rake) is measured.

Weight

This is the weighting factor used in the MSM method. If you do not enter the values of the
weighting factors, the program will automatically set the values to 1.

Magn./Rel.

This is the magnitude of the earthquake when analyzing earthquakes. For faults, this number
represents the reliability of determining the relative age of different lineation systems on a single
fault plane. If the relative age determination was possible, this factor should be set to 1 (or some
positive value). In the opposite case, when the relative age determination was not possible, this
factor should be set to 0 (or some negative value). If you do not enter the values of the
Magn./Rel. factors, the program will automatically set the values to 1.

Index

This is the Index-number of the earthquake (two nodal planes for each) or of the fault with
several lineation systems. Do not enter the Index-number! It will be calculated automatically by
the program.

3. After entering the data, click “Check the data”. This function is accessible in the File menu/Check the data.
4. Follow the instructions suggested by the program. If any errors have been found by the program, follow the
suggested problematic line and column!
5. Save the changes to the document. The resulting document is of .txt file-type, and can be viewed by any
word-editing program (Word for Windows, Notepad, etc.)
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Beds, joints (fractures), lineations and fault-sets
1. Click “Beds, joints (fractures), lineations and fault-sets” in the Tools menu. A new window appears on the
screen. Right-click with the mouse on the table, and enter the data. The following information are necessary for
each datum:
Type

B for beds
J for joints
C for disjunctive foliation (for example, stylolitic foliation, cleavage)
F for shear fractures (Mode 2 and 3)
T or E for extension or tension fractures or veins (Mode 1)
L for lineations

Azimuth

Azimuth of the dip direction – only values between 0 to 360 degrees are allowed.

Dip

Dip of the plane or dip of the lineations – only values between 1 to 89 degrees are allowed.

2. After entering the data, right-click with the mouse on the table and choose “Check errors”. Click OK, if no
error is found by the program.
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Entering shear zones and fractures, visible as cross-section
lines in the bedding plane
Often, fractures and faults can be observed indirectly, visible as intersection lines in the bedding plane. At the
time of their formation, these structures were perpendicular to the bedding plane. T-TECTO Studio X5 allows
you to enter such data as ordinary "fault-lineation data" into the main Data table. This means that only the
bedding plane orientation and rake of the intersection lines should be measured on the field.

Entering fractures
1. Set "Method/Earthquake or multi-lineation analysis" to checked. Magn./Rel. and Index column appear in the
Data table.

Fractures that are perpendicular to the bedding plane with orientation 30/20 should be entered as follows:

2. Right-click with the mouse on the main Data table and click "Check the data" and save the file. Data on the
type of the fractures (F, J, T, C) are now converted to the equivalent numerical factor:
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3. Go to the "Tools/Beds, joints (fractures), lineations and fault-sets" and click "Import". T-TECTO will
calculate the true orientation of the fractures and import them directly from the main Data table:

4. If you want to add the data on the Bedding plane, then you should enter them manually. Right-click with the
mouse on the table with the imported data, and "Check errors". Click OK to save the data:

Now, you can plot the fractures on the stereograph by clicking Beds/Joints:
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Important:
Set "File/Show fracture type" to checked in order to show the fracture type in the main Data table.

Meaning of the weighting factors:
180 – fractures are perpendicular to the bedding plane, but parallel to the measured lineations, for example 50 W
in the first row, 40 W in the second row, etc…
90 – fractures are perpendicular to the bedding plane, and also perpendicular to the measured lineations.

Entering shear zones or faults
In the similar manner as above, you can enter the fault systems that form shear zones observed as cross-sections
in the bedding plane. In this case, measure the orientation of the bedding plane, rake of the intersection lines in
the bedding plane, and type of the faults.
1. For example, taking that the data above were sinistral faults observed in the bedding plane, we have:

2. Go to the "Tools/Beds, joints (fractures), lineations and fault-sets" and click "Import". T-TECTO will
calculate the true orientation of the fractures and import them directly from the main Data table:
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3. Add the data on the bedding orientation manually and right-click with the mouse on the table. Check errors
function will allow you to save the data.
4. In the next step specify the row numbers that you want to export back to the main Data table, and the row
number where the exported data should start. In our case, we will export the rows from 1 to 4 to the first row (1)
in the main Data table.
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5. Click the Export button. This will export the data to the main Data table and calculate the associated slip
direction:

6. Right-click with the mouse on the main Data table and click "Check the data". This will allow you to save
the data.
7. After saving the data, you can plot the faults (now perpendicular to the bedding plane) on stereograph:

Observed orientation of faults (a) and after rotation of the beds in the subhorizontal position (b).
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Importing the data
The T-TECTO 2.0 Professional and later versions support 6 different fault-slip data formats:
1.
2.
3.
4.
5.
6.

T-TECTO 1.1 fault-slip data format
T-TECTO 2.0 fault-slip data format
TectonicsFP fault-slip data format
MyFault fault-slip data format
TECTOR software fault-slip data format
Focal-mechanisms data

Importing the data in different formats might cause some problems, which are generally related to the user’s
incorrect or incompatible definitions of the data formats. You should be very careful when importing the data.
The T-TECTO program analyzes the imported data and searches for the errors, which might be reported in
several Message Dialogs. The T-TECTO program will generally notify you, which line and column is incorrect.
Important!
There should be no empty lines at the end of your .txt file. The last line should contain the last fault-slip datum.
Use the following definitions for the Fault type, Reliability of the fault type and/or Quality factor:
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Importing the T-TECTO 1.1 fault-slip data
The format of the fault-slip data, as was used by the old T-TECTO 1.1 version, is unfortunately not compatible
with the T-TECTO 2.0 Professional and later versions. Therefore, you should use the “Import” unit to convert
the T-TECTO 1.1 fault-slip data into the T-TECTO 2.0 fault-slip data. This will convert the original fault-slip
data file into the T-TECTO 2.0 compatible file.
Important!
The stress-strain inversion procedure of the T-TECTO 3.0 is highly optimized and differs considerably from that
used by the T-TECTO 1.1 and T-TECTO 2.0 versions. The results obtained by the T-TECTO 1.1 and TTECTO 2.0 versions cannot be opened by the T-TECTO 3.0 version.

The T-TECTO 1.1 fault-slip datum is defined by six variables or/and parameters:
1.
2.
3.
4.
5.
6.

Reliability of the fault type determination
Type of the fault
Azimuth of the fault-dip
Dip of the fault
Lineation inclination (rake)
Geographical direction, from which the lineation inclination was measured

These data should be saved into the plain text file (.txt). There should be an interspace at the beginning of the
first line!
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Importing the T-TECTO 2.0 fault-slip data
The T-TECTO 2.0 fault-slip datum is defined by nine variables or/and parameters:
1.
2.
3.
4.
5.
6.
7.
8.

Reliability of the fault type determination
Type of the fault
Azimuth of the fault-dip
Dip of the fault
Lineation inclination (rake)
Geographical direction, from which the lineation inclination was measured
Weight (any positive real (extended) number)
Magnitude (for earthquakes) or Reliability of determination of the relative age of lineation systems (for
faults with multiple-lineation systems). Magnitude or Reliability can be any real (extended) number.
9. Index-number
These data should be saved into the plain text file (.txt). There should be an interspace at the beginning of the
first line!
Real number is in the .txt file defined as follows;
2.6 and NOT 2,6

However, when entering the data in the T-TECTO program, the real number is:
2,6 and NOT 2.6
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Importing the TectonicsFP fault-slip data
The TectonicsFP fault-slip datum is defined by six parameters:
1.
2.
3.
4.
5.
6.

Type of the fault
Quality factor ( = Reliability of the fault type determination)
Azimuth of the fault-dip
Dip of the fault
Trend of the lineations
Plunge of the lineations

These data should be saved into the plain text file (.txt), which can then be imported into the T-TECTO.
There should NOT be an interspace at the beginning of the first line!
The parameters should be separated from each other by the interspace!
The first number represents both (1) the fault type and (2) the quality factor. These two parameters are not
separated by the interspace.

.fpl file

.cor file

Real number is in the .txt file defined as follows;
2.6 and NOT 2,6
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Importing the MyFault fault-slip data
The MyFault computer program uses several different formats. However, when importing the MyFault fault-slip
datum into the T-TECTO, use the following seven parameters:
1.
2.
3.
4.
5.
6.
7.

Azimuth of the fault-dip
Dip of the fault
Trend of the lineations
Plunge of the lineations
Quality factor ( = Reliability of the fault type determination)
Weight
Type of the fault

These data should be saved into the plain text file (.txt), which can then be imported into the T-TECTO.
There should NOT be an interspace at the beginning of the first line!

Real number is in the .txt file defined as follows;
2.6 and NOT 2,6
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Importing the TECTOR fault-slip data
Your TECTOR type fault-slip data should be slightly transformed, before they could be imported in the TTECTO program. Use the following instructions:
First possible format

Second possible format

1.
2.
3.
4.
5.
6.
7.

1.
2.
3.
4.
5.
6.
7.

Reliability of the fault type determination
Fault type
Strike of the fault
Dip of the fault
Geographical direction of the dip
Lineation inclination (rake)
Geographical direction of the lineation
inclination

Reliability of the fault type determination
Fault type
Strike of the fault
Dip of the fault
Geographical direction of the dip
Lineation trend
P (to tell the computer to analyze the
trend of the lineations)

The parameters should be separated from each other by the interspace! You can mix the formats in a single file.
The data should be saved into the plain text file (.txt), which can then be imported into the T-TECTO.
There should be an interspace at the beginning of the first line!
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Importing the earthquake focal-mechanisms data
Each nodal plane should be defined by four standard parameters:
1.
2.
3.
4.

Strike of the fault
Dip of the fault
Rake (inclination) of the slip direction
Magnitude of the earthquake (any real (extended) number)

For the detailed definition of these parameters see, for example: Udias, A., 1999. Principles of Seismology. 475 p.,
Cambridge University Press.
Import only one nodal plane for each earthquake. The another will be calculated automatically by the TTECTO program.
The parameters should be separated from each other by the interspace!
The data should be saved into the plain text file (.txt), which can then be imported into the T-TECTO.
There should NOT be an interspace at the beginning of the first line!
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Importing the “bedding, joints, lineations and fractures” data
Each planar datum should be defined by three parameters:
1. Type
2. Dip direction
3. Dip
The data should be imported directly into the Faults (planes).pln file. If this file does not exist in the directory
with your fault-slip data, you should create it.
The parameters should be separated from each other by the interspace!
There should be an interspace at the beginning of the first line!
Creating the .PLN file
1. Open the file with your fault-slip data in T-TECTO.
2. Go to the Tools/Beds, joints (fractures), lineations and fault-sets.
3. Enter at least one datum on the orientation of the beds or joints, etc. Right-click with the mouse on the table
and then click “Check errors”.

You will find the Faults (planes).pln file in the Windows Explorer. Open the file with the Notepad.
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4. Import the data on beds, joints and other fractures directly into this file.
Important: there should be one empty line at the end of this file!

5. Go to the T-TECTO, Tools/Beds, joints (fractures), lineations and fault-sets. You will notice that the TTECTO has already imported your data.
6. Compile the data: right-click with the mouse on the table and then click “Check errors”:
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Stereographic projections
Defining the background colour of the stereographs and Mohr diagrams
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. Click Set on the bottom of the Form. The Colour dialog will appear, where you can select your favorite colour.

3. The background of the stereographs and Mohr diagrams will be plotted in the chosen colour.
4. Set Shading to checked, if you want to use the gradient colour from white to the selected colour.
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Wulff and Polar nets (equal-area projection)
1. Select Picture/Show Wulff net (equal-area projection) to show the Wulff net.
2. Select Picture/Show Polar net (equal-area projection) to show the polar net.
3. Go to the Picture/Picture preferences to define the thickness of the line.

4. Chose 0 to avoid plotting the "N" and "+" on the stereograph.
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Plotting faults and fractures
Picture/Display faults = checked (or unchecked)
Picture/Display beds, joints (fractures), and lineations = checked (or unchecked)
Faults are plotted on the stereonet in gray colour by default. Picture/Fault planes: gray is set to checked.
However, you can also plot them in black colour by setting Picture/Fault planes: black to checked.
Fractures and other planar structures are plotted using black "- - - - -" line. You can define the thickness of this
line in Picture/Picture preferences.

You can plot faults and fractures also in various other colours based on their type or importance (weight).
Plotting faults as weighted data requires their weight should be determined. Fractures and other planar
structures cannot be plotted based on their weight.

Plotting faults based on the weight
Go to the Picture/Picture preferences and choose, for example:
Show as weighted dataColouredLogarithmic (or Linear)Load

Now, the faults will be plotted on the stereonet based on their weight (+ type).
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Plotting faults and fractures based on the type
1. Go to the Picture/Picture preferences and choose, for example:
Show as weighted data (+fault type)ColouredLogarithmic (or Linear)Load
2. Chose “Show fractures as coloured lines”.

3. For fractures you can also set Picture/Show fractures as coloured and continuous lines to checked.
4. Define the width of the lines for beds, joints/fractures and lineations.

4. Now, the faults and fractures will be plotted on the stereonet based on their type. The following conventions
are used in T-TECTO:
Fault type
Normal (N)
Reverse (I)
Strike-slip (S or D)
Type not known (?)
Strike-slip with “rake>450”

Colour
Blue
Maroon
Green
Silver
Silver

Fracture type
Beds (B)
Joints (J)
Shear fractures (F)
Cleavage, disjunctive foliation (C)
Extension (tension) fractures or veins (T)

Colour
Black
Grey
Green
Red
Blue

Important!!!
When plotting faults in the “Strain” component of the Toolbar, you can also choose “Block movements or shear
stresses: Yes”, which will display theoretical fault types for a chosen phase of deformation.
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Show kinematic axes
Function
Picture/Show kinematic axes
Description: This function shows P and T axes on the stereograph.
P axes (pressure axes): red
T axes (tension or extension axes): blue

Black and white style
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. Set Black and white (BW) to checked.
3. Set Show both axes (BW technique) to checked. If unchecked, only P (or T) axes will be plotted.
4. Select either "Show P field" or "Show T field".
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Show density of kinematic axes
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. Select Show density of kinematic axes.

3. Select Strain fields (Show P and T fields, Show P field, Show T field)
4. Select Summation method. Show P or T illustrates the density of the P field where this density has a higher
value as the density of the T field, and vice versa. Show abs(P-T) illustrates the difference between the both
distributions: P distribution minus T distribution.
5. Select Colours and contoures.
6. Define the values of the Max. gradient angle, PhiRDM (angle between the P kinematic axis and the fault
plane), Contrast of the image, Type of analysis (takes into account the reliability of the fault type
determinations: 2 – only shows kinematic axes for C reliability, 3 – for C and P reliability, 4 – for C, P and T
reliability), and RGB colour type.
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Show slip vectors
Function
Picture/Show slip vectors
Description: This function shows slip vectors on the stereograph.
Reverse component of slip: red circle
Normal component of slip: blue circle
Type of the fault unknown: white square
Black and white style
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. Set Black and white (BW) to checked.
Reverse component of slip: red circle
Normal component of slip: blue circle
Type of the fault unknown: white square
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Show density of (slip) lineations
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. First option: select Show density of lineations.
3. Second option: set Picture/Show density of lineations to checked.

4. Select Strain fields (Show P and T fields, Show P field, Show T field)
5. Select Summation method. Show P or T illustrates the density of the P field (reverse slip component) where
this density has a higher value as the density of the T field (normal slip component), and vice versa. Show
abs(P-T) illustrates the difference between the both distributions: P distribution minus T distribution.
6. Select Colours and contoures.
7. Define the values of the Max. gradient angle, PhiRDM (angle between the P kinematic axis and the fault
plane), Contrast of the image, Type of analysis (takes into account the reliability of the fault type
determinations: 2 – only shows kinematic axes for C reliability, 3 – for C and P reliability, 4 – for C, P and T
reliability), and RGB colour type.
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Show density of intersections
Function
Picture/Show density of intersections
Description: This function shows intersection vectors between faults/fractures on the stereographs.
Intersection vectors are illustrated as small red circles
Black and white style
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. Set Black and white (BW) to checked.
Intersection vectors are illustrated as small gray circles

Important:
When Picture/Show intersection vectors is set to checked, the reverse-slip lineations using Picture/Show slip
vectors are illustrated as yellow circles.
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Display density of poles (for faults or for fractures)
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
2. First option: select Show density of poles (for faults).
3. Second option: select Show density of poles (for fractures).
Poles to the fault or fracture planes are illustrated as gray circles.
Important:
The system will automatically set Picture/Display poles to the fault planes (or Picture/Display poles to the
planes – fractures …) to checked.
4. Select Colours and contoures.
5. Define the values of the Max. gradient angle, PhiRDM (angle between the P kinematic axis and the fault
plane), Contrast of the image, and RGB colour type.
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Undefined lineations
T-TECTO Studio X5 allows you to plot undefined lineations that you enter in the Tools/Beds, joints (fractures),
lineations and fault-sets.

You can control plotting of the lineations, beds and joints (fractures) in the Picture/Picture preferences.
Set Picture/Show lineations as gray circles to checked, if you want to use the black-and-white technique.
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Tangent-lineation plots
Function
Picture/Show tangent-lineation plots
Description: This function shows tangent-lineation plots on the stereographs.
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Mohr – beds and joints
Function
Picture/Mohr – beds and joints
Description: This function shows the state of stress on the Mohr diagrams as small white circles (Mohr points).
You can control outline width of the Mohr points (that belong to beds, joints, fractures etc…) on the Mohr
diagram in Picture/Picture preferences.
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Mohr – faults
Function
Picture/Mohr – faults
Description: This function shows the state of stress on the Mohr diagrams as small white circles (Mohr points).
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Rose diagrams
In T-TECTO Studio X5 it is possible to plot rose diagrams for faults, undefined lineations, beds, fractures, joints,
and other planar structures.
The following options are available:
Distributions:
1. Strike direction: rose diagrams for the strike of the faults.
2. Dip: rose diagrams for the dip angle of the fault planes.
Statistics:
Selected weight only: rose diagrams for the faults of the selected weight.
Include weight: if Selected weight only is set to checked, both values of the weight will be included to construct
the rose diagrams.
All faults: rose diagrams for all fault-slip data.
Faults of the phase … : rose diagrams for faults that belong to the defined phase.
Planar structures: rose diagrams for various planar structures or/and undefined lineations.
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Rose diagrams for the defined types of faults (reverse, normal, strike-slip)
1. Go to the Tools/Beds, joints (fractures), lineations and fault-sets.

2. Click X Set all factors to 1 to erase the weighting factors of the previous analyses. This will allow you to
redefine the weight of the faults based on their type.
3. Check if in the main Data table (Toolbar/Data) all faults are associated with the weight = 1.

4. Go back to the Tools/Beds, joints (fractures), lineations and fault-sets. Redefine the type of the faults in the
following way. First define the rake angle that distinguishes the normal or reverse slip from the strike slip.
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For example, if the Angular tolerance for direction of slip is set to 20 degrees, the reverse or normal faults will
be those having the rake angle larger than 20 degrees. In contrast, strike-slip faults will be those having the rake
angle less than 20 degrees.
After defining the Angular tolerance for direction of slip, click Type corr.

This will redefine the type of the faults in the main Data table (Toolbar/Data).
5. Now you can define the weight for reverse, normal and strike slip faults by entering values "from X to X". Set
Normal, Strike-slip or Reverse to checked to define to which faults the weight should refer.

Click Convert. Changes will appear in the main Data table (Toolbar/Data).
6. Go to the main Data table (Toolbar/Data), right-click with the mouse on the table and click Check the data.
This will allow you to save the changes you made to the document.
7. Go to the Toolbar/Histograms and draw the rose diagrams. Set Selected weight only to checked.
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Basic stress and strain analysis of fault-slip data
1. Click the “Inverse analysis” button (Tools/Inverse analysis). First, a new window appears. Click “>>Next”.
Note that this will erase all results of previous analysis of the data.

2. A new panel with several components and buttons appears along the right border of the screen. However, not
all the buttons are enabled at the beginning.
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3. Define the values of the following parameters:
Parameter s

This is the dispersion parameter of the distribution of angular misfits between
the predicted and actual direction of movement along the faults. In the case
the stress/strain field at the time of faulting was highly inhomogeneous,
choose a large value of this parameter, for example, 30 degrees or higher.

Parameter d

This is the  parameter in the Gauss method. This parameter defines the
threshold for the value of compatibility measure for some fault-slip datum to
be compatible with a given stress/strain tensor or not. In the case the
stress/strain field at the time of faulting was highly inhomogeneous, choose a
large value of this parameter, for example, 60 degrees or higher.

Type of analysis

2 – the polarity of the fault-slip data will be used only for faults of C
reliability.
3 – the polarity of the fault-slip data will be used for faults of P and C
reliability.
4 – the polarity of the fault-slip data will be used for faults of P, S and C
reliability.

Parameter q1

This is the slope 1 of the tangent of the largest Mohr circle on the Mohr
diagram.

Parameter q2

This is the angle 2 of friction along the faults.

Stress parameter

This parameter defines the importance of friction along the faults. Its default
value is 2 ( = 20 in the program), but you can choose a different value.
Maximum value is 50 ( = 500 in the program). Use a high value of this
parameter to find mechanically acceptable results.

Density of grid points

The grid points on the stereographic projection define possible orientations of
stress/kinematic axes. High or low density of the grid points influences the
accuracy of the solutions. Low density is used by default. However, if needed,
also a high density may be selected, leading to longer time of calculation of
the optimal solution.

Andersonian regimes

When Andersonian stress regimes are expected, the “Andersonian regimes”
should be set to Yes in order to perform as fast calculation of the results as
possible. However, this option is only reasonable when analyzing low number
of fault-slip data.

Symmetrical stress (b = 0)

If one is to find mechanically acceptable results, the “Symmetrical stress”
should be set to Yes. In this case, the ratio between the shear and the normal
stress along the faults is considered in the inverse method as well. It is
supposed that the results should be in agreement with the Amontons's
frictional law.

Asymmetrical stress (b <> 0)

This function is used in the Cosserat method. The user should specify the
values of the three parameters in the constitutive law; p, a and b. The value
of the parameter p is calculated by the program itself, however, the values of
a and b should be defined by the user. Since a + b = 1, only the b value
should be set. Use the following options:
b = 0 for symmetrical stress tensor,
b > 0 for asymmetrical stress tensor,
b = 1 for antisymmetrical stress tensor.
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4. Supposed dispersions: the assumption for the stress and strain fields being homogeneous is an obvious
approximation. Select “Small” dispersions, if small inhomogeneities are expected. In other case select “Medium”
or “Large”.
5. Inversion methods: select the method. Each will use its own associated values of the parameters needed in the
inversion procedure.
6. Follow the buttons that are enabled. First, click “Analysis of phase 1”. After finding the optimal solution,
click “Compatibility”. Select the maximum misfit angle between the predicted and actual direction of movement
or slickenlines on the fault planes. Only faults with angular misfit lower than selected are considered as being
compatible with the calculated stress and/or strain tensors.
7. To find the stress and the strain tensors associated with the second tectonic phase, click “Analysis of phase 2”.
Follow the same procedure as in the step 6! Compatibility of faults already associated with the first phase can
additionally be analyzed by using the “Compatibility with all faults” function.
8. After finding the optimal solutions for all homogeneous fault-slip data, click “Close” (End the analysis).
This procedure will find the stress and the strain tensors associated with different tectonic phases that influenced
the observed faults. Linear constitutive relation between the stress and the strain is supposed by the T-TECTO
program. Therefore, the principal stress and the principal strain (kinematic) axes are parallel and proportional in
the magnitude. The shape of the Mohr diagram (but not also the position of the Mohr circles) is defined by the
parameters D or/and  :
   3  2  3 
D  2

,
 1   3  1  3 
where i and  i represent the eigenvalues of the stress and the strain tensors. If the results are numerically
unstable, additional restrictions related to the orientation of principal stress or/and strain axes can be defined.
Choose the preferred orientation of the sigma1/lambda1 and sigma2/lambda2 axes, and angular threshold for
the direction of both axes. The program will analyze the value of the object function and find its local maxima
around the specified stress/strain tensors.

Important!
To eliminate faults from the inversion analysis, use weight w = 0. All faults weighted with w = 0 are not
included in the analysis.
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Analysis of faults with multiple-lineation systems
In many cases, there are two or three lineation systems present on a single fault plane. Such faults prove the
presence of two or three different tectonic phases in the studied area. In the T-TECTO 3.0 Professional, such
faults are treated in a very careful way. Only a single and the most compatible lineation system is treated as
compatible with the trial stress and/or strain tensor. Therefore, different lineation systems should be prescribed
to different tectonic phases, unless you use the “Compatibility with all faults” function during the stress and
strain inversion process.
How to enter the faults with multiple-lineation systems?
Each lineation system should be defined as an ordinary fault-slip datum. However, different lineation systems on
a single fault plane should have the same corresponding azimuth of the fault-dip and the same dip. For example,
the following two fault-slip data:
C I 180 54 40 W 1 1 1
C N 180 54 80 W 1 1 1
represent one fault with two lineation systems. The first datum represents the oldest lineation system, while the
second datum represents the youngest lineation system.
Determination of the relative age of the lineation systems
You should perform as careful measurements as possible in order to reconstruct the relative age of the lineation
systems. If this determination of the relative age was successful, the Magn./Rel. factor of the faults should be 1:

If the determination of the relative age of the lineation systems was impossible, the Magn./Rel. factor of the
faults should be 0:

Normally, you can also enter the data on the Weight of individual lineation systems.
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After clicking the “Check the data” function in the Main menu, the T-TECTO will automatically fill the empty
fields on the Weight and Index. Each fault with multiple-lineation systems will also be denoted by the character
T in the list.

How to determine the relative age of different tectonic phases?
The faults with multiple-lineation systems are useful, because they can be used to determine the relative age of
different tectonic phases. The oldest lineation system should always be entered as the first datum, while the
youngest lineation system should always be entered as the last datum. You can also use the opposite convention.
The T-TECTO will statistically evaluate the faults with multiple-lineation systems. You can analyze the results
in the Toolbar/Statistics unit.

If most of the youngest lineations (relative age index is the largest) are found to be compatible with the first
stress and/or strain tensors, then these tensors belong to the youngest tectonic phase, etc…
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Active analysis of tectonic wedge faulting
Tools/Active analysis of faults

This module allows you to perform a detailed analysis of the geometry of tectonic wedges and fault-sets. It is
crucial to perform this analysis before any detailed stress-strain analysis of fault-slip data or earthquake focal
mechanisms.

Basic functions
Add/Select
This function adds the defined weight to the chosen fault, fault-set or wedge.
Max. weight
Calculates and finds the fault with the highest value of the weight based on the following settings:
1. Angular tolerance for orientation of fault planes and direction of slip, and based on the Type of analysis.
2. Fault weighting method.
Target
This function allows to target a chosen fault and to perform the preliminary analysis of tectonic wedges.
Set all weighting factors to 1
This function erases all weighting factors in the main Data table.
Clear double nodal planes
This function analyses which nodal plane of a chosen earthquake most probably belongs to some tectonic wedge
(true fault plane), and which nodal plane is probably the auxiliary plane. If one of the nodal planes has weight
larger than 1, the other nodal plane (with the weight = 1) will become associated with zero weight. If both nodal
planes are prescribed to one of the wedges present in the fault-slip data, they will both preserve the associated
weight (unless the "Include weight" is set to checked).
Selected weight
This is the value of the weighting factor that defines the subgroups of faults shown on the stereographic
projection. This value is also added to the faults by using the Add/Select button.
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Include weight
This is additional weight that can be shown on the stereographic projection. When Include weight is set to
checked and the "D Clear double nodal planes" function is performed, the nodal plane associated with the larger
weight will become associated with zero weight. This means that wedges with a higher value of the weighting
factor are treated as less probable by T-TECTO.
Counting Magn./Rel.
1. option: Include weight = unchecked
In this case, setting "Wedges and fault-sets analysis" to checked will perform active analysis of the focal
mechanisms, starting with the highest magnitude earthquake. When "Wedges and fault-sets" analysis is first set
to unchecked and then again set to checked, the active analysis starts with the highest magnitude earthquake.
2. option: Include weight = checked
In this case, setting "Wedges and fault-sets analysis" to checked will perform active analysis of the focal
mechanisms, starting with the highest magnitude earthquake. When "Wedges and fault-sets analysis" is first set
to unchecked and then again set to checked, the active analysis does not jump back to the highest magnitude
earthquake, but proceeds at the current magnitude of the earthquake.
Show all
All faults are shown on the stereograph irrespective of the weight.
Show selected
Faults with the Selected weight (and with the second weight defined by Include weight) are shown on the
stereograph.
Show equal or larger w
Faults with the weight equal or larger than the Selected weight are shown on the stereograph.
Show max. w N = …
This shows only the fault with the largest weight.
Show beachballs
This function shows beachball for the current fault. You can additionally set colour by clicking on the Colour
button, and you can flip coloured quadrants by setting "% P/T" to checked or un-checked.
Show current plane
This shows the stereographic projection of the current fault in the red-yellow colour.
Show both nodal pl.
This shows both nodal planes associated with the current earthquake.
Show strain field
This performs the Right Dihedra Method for the current fault. Go to the Tools/RDM, MSM, VGF, P-T and
density quadrants/fields to perform other methods, for example, VGF or MSM methods. If some method is not
allowed, the system will automatically perform the RDM visualization.
Show shear stress
This shows the shear stress on a chosen fault in a chosen stress phase.
Refresh button
This refreshes the stereographic projection based on the settings.
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Wedges and fault-sets analysis
This performs a detailed semi-automatic analysis of tectonic wedges and fault-sets based on the values of the
following parameters:
1. Angular tolerance of orientation (min. and max. value): this is the angle between the fault planes. The value
of the Slip is the angle between the directions of slip along the faults.
2. Type of analysis: the true type of the faults is considered based on the reliability of the type determination. If
the type of the fault is unknown or less probable, the fault will be treated as of unknown type. Based on the
chosen number, the system will treat the faults in the following way:
1 – type un-probable (for all faults)
2 – type probable for C type,
3 – type probable for C and P types,
4 – type probable for C, P, and S types.
Fault weighting method
Wedges: this performs the wedges analysis within the defined threshold of the angular orientation of faults (min.
and max.) and slip directions (Slip).
Fault-sets: this performs the fault-sets analysis within the defined threshold of the angular orientation of faults
(min. and max.) and slip directions (Slip).
Fault-sets and wedges: this performs both the fault-sets and wedges analysis within the defined threshold of the
angular orientation of faults (min. and max.) and slip directions (Slip).
Export
This exports the faults with the chosen weight to another file in the same directory, depending on the settings:
1. Show all = checked: this will export all faults irrespective of the weight.
1. Show selected = checked: this will export the faults with the weight equal to the Selected weight.
2. Show equal or larger w = checked: this will export the faults with the weight equal and larger than the
Selected weight.
3. Show max. w = checked: this will export only the fault with the maximum weight.
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1. step: preliminary analysis of possible tectonic wedges
From stereographic projection of dense fault networks it is very difficult to obtain any feeling about possible
tectonic wedges.

Therefore, to find groups of faults that may interact by the intersection interaction or by parallel-wedges
interaction, the distribution density of intersections and distribution density of slip vectors should be analyzed:
1. Click Picture/Show density of intersections.

This shows two regions where intersections are very dense.
2. Uncheck Picture/Show density of intersections and Picture/Display faults.
3. Set Picture/Show density of lineations to checked. Also set Picture/Show slip vectors to checked. Click on the
Toolbar/Faults and wait until the results are calculated. This may take some minutes.
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We see four regions where the density of slip vectors is high. These regions may represent orientations of possible
tectonic wedges.

2. step: finding the dominant wedge.
1. Uncheck Picture/Show density of lineations and Picture/Show slip vecotors.
2. Set Picture/Display faults back to checked. Click Tools/Active analysis of faults. A panel for the active
analysis of faults appears on the right.

The fault number 1 is shown bold in red-yellow colour. Click the Target button (see above).
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3. A panel for targeting faults now appears on the right. Here, you can target faults by clicking the up/down and
left/right buttons.

Go to the approximate center of the first maximum in the distribution of lineations, and target one fault by
clicking the + button (see orange circle on the above image).
4. The panel for the active analysis of fault reappears on the right. Now, you can start with the semi-automatic
wedges determination. Set "Wedges and fault-sets analysis" to checked.

5. Click on the Start button on the top of the panel.
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Now, add some chosen value (for example, 2) of the weighting factor (Selected weight) to the faults with
subparallel slip direction. Do not chose faults with the opposite slip direction!. You can find all these faults by
clicking "Next >>" button. To add the chosen value of the weight, click "Add/Select" button.

The first system of wedges (the dominant) soon appears on the screen (on the stereograph).

6. You can additionaly plot other faults with some other weight by setting "Include weight" to checked.

7. To end with analysis of the first wedge (weight = 2) set "Wedges and fault-sets analysis" to unchecked.
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3. step: finding complementary wedge
After finding the first (the dominant) wedge, it is possible to determine the second, possibly complementary (the
weaker) wedge.
1. Set "Show selected" to checked and define the value of the Selected weight. This will only show the faults of
the first wedge (weight = 2) on the stereograph.

2. Click Target. A panel for targeting faults appears on the right.
Go to the center of the dominant wedge with weight = 2.

3. Set "Show hypothetical wedges" to checked. Also set "Show complementary wedge" to checked. Also display
other faults with weight = 1 (undefined faults/wedges) by setting "Include weight" to checked. This will allow
you to find the complementary wedge by adjusting the Angle D/W and Inclination.
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The hypothetical dominant wedge and the possible weaker complementary wedge are now visible (see below).
The system also calculates the associated stress/strain field. In the case analyzed here, the faults are reverse. If
the faults would be normal, you should additionally use "Flip strain (% e1)" function, to flip the strain axes.

4. Click "Select compl." button to select one of the faults belonging to the complementary wedge.

5. Click + button to finish the selection of the complementary wedge.
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The panel for active analysis of faults reappears on the right, with one fault of the complementary wedge
selected.
4. Now, you can start with the semi-automatic determination of the complementary wedge. Set "Wedges and
fault-sets analysis" to checked.

5. Click on the Start button on the top of the panel.

Now, add the same value (2) of the weighting factor (Selected weight) to the faults with subparallel slip
direction. Do not chose faults with the opposite slip direction!. You can find all these faults by clicking
"Next >>" button. To add the chosen value of the weight, click "Add/Select" button.

The complementary wedge soon appears on the stereograph.

Click File/Check the data to save changes in the document.
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4. step: optimization of the stress and strain associated with the wedge faulting
In the same manner as described above, it is possible to find any number of wedges present in the data. In the
case study described in this chapter, there are four subsystems of wedges. The first two subsystems form one
complete pair of the dominant and the weaker wedges. They have been weighted with the weighting factor = 2.
The other two subsystems of wedges are shown here:

Weight = 3

Weight = 4

These two subsystems do not form one pair of the dominant and the weaker system of wedges. They indicate
different deformational mechanisms.
In the 4th step, the strain and the stress fields associated with all three subsystems of wedges will be optimized.
1. Set Tools/Active analysis of faults to checked so that the panel for active analysis of faults appears on the
right.
2. Select the subsystem of the wedges with the weight = 2. Click Refresh button, and then the Target button.
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3. Go to the center of the dominant wedge and then set "Show hypothetical wedges" and "Show complementary
wedge" to checked. By adjusting the Angle D/W and Inclination also align the weaker wedge.

Now click the Associate button at the bottom of the panel. This function associates the orientation of the
maximum contraction to the wedge system weighted with 2. The orientation of the lambda 1 axis associated
with weight = 2 will appear in the region marked with green ellipse (see above).

4. Now, repeat the same procedure for the weight = 3 and weight = 4. You can draw the wedges weighted with
different weights by clicking the "<<" or ">>" buttons. After aligning the hypothetical wedges with the
observed faults, always click the Associate button to associate the strain with the selected weight.
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5. After the alignment is finished and all strains are associated with the selected weights, click the Optimize
button.
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A form for the inverse analysis of fault slip data will appear on the screen.

Click Next and the panel for the inverse analysis appears on the right.

6. Set Optimization//Sigma 1/Lambda 1 to checked and select the weight = 2. The system of wedges weighted
with weight = 2 appears on the screen. At the same time, the approximate direction (Azimuth and dip) of the
Sigma 1/lambda 1 appears in the region marked with the green ellipse (see above).
7. Choose the settings needed in the inverse analysis. Because the wedge faulting is associated with the Cosserat
(micropolar) relative microrotations, select Micropolar method. Be careful to preserve the Optimization to
checked. Click the Analysis of phase: 1
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8. Follow the enabled buttons to find the results.
9. In the same manner also analyze the wedge subsystems associated with the weight = 2 and weight = 3. In
this case click the Analysis of phase: 2 button.

10. After the invere analysis of all wedge subsystems is over, click the Close button.

5. step: analyzing the geometry of wedges
The results of the stress-strain inversion optimization of the wedges can be plotted on the stereographic
projection in the Toolbar/Strain.
Here, you can analyze the geometry of the optimized wedges in detail.
1. Click Inv. 1, Inv. 2 or 2a buttons. The Inv. 1 button shows the strain associated with the optimized wedge.
Here, you can additionally plot the theoretical slip-direction along the faults by clicking the Blocks/Shear button.
Clicking the same button using the Inv.2 button (function) shows the theoretical stress direction along the faults.
2a button shows results of the Multiple-Slip Mechanism (MSM) of faulting.
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2. Now set "Show wedges", "Strain optimization", "Arrows", and "Show W" to checked. This will show
hypothetical geometry of the wedges, optimized with respect to the strain calculated by the inverse method.

In this case, the strain-optimized geometry of the hypothetical wedges may differ significantly from the actually
observed. The Angle D/W is calculated based on the value of the parameter D (strain parameter defining the
shape of the strain ellipsoid). See Žalohar (2012, 2014) for detailed discussion.

Angle D/W  1800  2  arctan

D
1D

3. Set "Geom. optimization" to checked in order to optimize the hypothetical geometry of wedges with respect to
the calculated strain and actual geometry of observed wedges. This function aligns the directors of the
hypothetical wedges to the average slip direction along the faults belonging either to the dominant or the weaker
wedges.

Even in this case the hypothetical geometry does not necessarily coincide with the observed one. Therefore,
additional alignment is possible through changing the values of the Inclination or Clossedness.
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Align either the dominant or the weaker wedge. You can flip the wedges by using the "% wedges" CheckBox. By
changing the Inclination and Closedness it is possible to analyze the geometry of the wedges in detail and their
misfit from the optimal theoretical geometry.

The system will also show you the angle "Misfit" between the optimal and observed positions of the weaker
wedge with respect to the dominant one (see above).
The second important result of this analysis is the orientation of the kinematic (strain axes) associated with the
optimal hypothetical geometry of wedges that is best aligned to the geometry of the actually observed wedges.
The misfit between the orientations of the kinematic (strain) axes (1) calculated by using the inverse analysis
and (2) calculated by using the detailed wedges analysis is indicator of the reliability of the inversion results.
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6. step: analyzing the residual faults associated with the wedge faulting
Theoretically, the wedge faulting can only be active in the when the misfit between the theoretical orientation of
kinematic axes corresponds well with the orientation calculated from the inversion results. The wedge faulting is
therefore a very important indicator of the characteristics of the strain field. Other faults that do not interact
with the wedges, but are active in the same stress-strain field, are called residual faults.
T-TECTO allows you to find the residual faults in the following way.
1. Suppose, you already have associated the orientation of the strain axes to the wedges present in your data.
See steps 4 and 5 in the chapter 4. step: optimization of the stress and strain associated with the wedge faulting.

Click Optimize to start with the inversion analysis of faults.

Click Next and the panel for the inverse analysis appears on the right.
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2. In the Optimization GroupBox select the Associated weight. You do not need to select equal numbers. In the
case analyzed in this chapter, the weight = 2 is associated with the wedge faulting, while the weight = 1
represents the residual faults. After clicking the "1 Analysis of phase: 1" button the faults with weight = 1 and
weight = 2 will be analyzed and a common strain and stress tensors will be calculated. On the stereograph below,
the wedges are shown in black, while the residuals are shown in gray.
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Defining ghost wedges in earthquake analysis
Suppose, you have a complex system of earthquake aftershock focal mechanisms data and that you find more
than one possible tectonic wedges.

Possible tectonic wedges were weighted as w =2, w = 3, and w = 4.

The problem lies in the fact that both nodal planes associated with a chosen earthquake belong to one or another
possible wedge. This means that some of the possible wedges are in fact an artifact and are composed of
auxiliary planes instead of the true fault planes.
Solution of the problem
In T-TECTO, the weight associated with the possible wedges represents the probability that the wedges consist
of the true fault planes and not of the auxiliary planes. This means that the wedges weighted with w = 4 are
less probable than wedges weighted with w = 2. For example. Let we have situation where one nodal plane is
associated with the wedge weighted with w = 2, while the other nodal plane belongs to the wedge weighted with
w = 4. In this case the second nodal plane probably represents the auxiliary plane, while the first nodal plane is
most probably the true fault plane.
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To clear the wedges of the auxiliary planes, T-TECTO offers two options:
1. option: Go to the Tools/Active analysis of faults and click "D Clear double nodal planes". All nodal planes
associated with the weight w = 1 become associated with the weight w = 0, if one of the nodal planes of the
individual earthquake is larger than 1. For example, if the first nodal plane has w = 2, and the second w = 1,
after clicking the "D Clear double nodal planes" button the second nodal plane becomes weighted with w = 0.
2. option: Go to the Tools/Active analysis of faults, set "Include weight" to checked, and click "D Clear double
nodal planes". In this case, of the two nodal planes associated with a chosen earthquake, only the one with the
lowest weight will be preserved. The other will become associated with the weight w = 0.

In the case analyzed in this chapter, the auxiliary planes excluded from further analysis are the following:

One ghost wedge is marked with red ellipse. The remaining faults that form wedges with w = 3 and w = 4 are:

From this analysis it follows that the wedge weighted with w = 4 is also only the ghost wedge.
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Analyzing shear strain and shear stress fields associated with the wedge faulting
1. Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields. Set Show shear stress field or Show
shear strain field to checked. Set also Show strain fields (RDM, MSM, VGF) to checked.

2. If the micropolar (Cosserat) method was used in the inversion analysis with the asymmetrical stress tensor,
then set Tools/Use symmetrical stress to unchecked.
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3. Go to the Toolbar/Strain and click Inv. 1, Inv. 2 or 2a buttons.

Shear strain field or shear stress field will appear on the stereograph. The poles to the fault or fracture planes
will also be shown.

Shear strain field: red – high shear strain; blue – low shear strain
Yellow circle marks the orientation of the maximum shear strain plane.

Shear stress field for symmetric stress tensor: red – high shear stress; blue – low shear stress
Yellow circle marks the orientation of the maximum shear stress plane.
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The Cosserat methods
When large (micro)rotations of blocks bounded by the fault planes are expected to have appeared in your
studied outcrop, you should use the Cosserat methods to analyze these rotations and interactions between the
faults. The theory of the Cosserat stress-strain inversion of fault-slip data with the T-TECTO is described in
detail in the following article:
Žalohar, J., Vrabec, M., 2009. Kinematics and dinamics of fault reactivation: The Cosserat approach. Journal of
Structural Geology (2009), doi: 10.1016/j.jsg.2009.06.008

The inverse Cosserat method
1. Choose the “Micropolar” method in the stress-strain inversion procedure.

2. Choose the “Symmetrical stress (b = 0)”, which accounts for the symmetrical stress tensors.
3. Choose the “Asymmetrical stress (b <> 0)”, which accounts for the asymmetrical stress tensors. Note that in
the Cosserat (micropolar) continua the stress tensor is generally asymmetrical. The T-TECTO uses linear
constitutive relation between the stress and the strain:

  p1  auS  bA ,
Stress tensor = p*(unit tensor) + a*(symmetrical macrostrain tensor) + b*(antisymmetrical relative
microrotation tensor).
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Therefore, you should specify the value of the parameter b in the constitutive law. The parameter a is defined as
a = 1 – b, and the parameter p is defined as p  1 3  1  2  3   1  b  . Here, 1 , 2 and 3 represent the
eigenvalues of the symmetrical part of the stress tensor. The value of b = 5 is theoretically optimal. In this case
the stress tensor linearly depends on the Cosserat strain tensor, which is defined as:

e  u   A ,
Cosserat strain tensor = symmetrical macrostrain tensor + antisymmetrical relative microrotation tensor.
S

The inverse Cosserat method will generally allow you to calculate the characteristics of the macrostrain,
macrorotation and relative microrotation tensors, and the characteristics of the stress field. The measure for the
magnitude of the relative microrotation is represented by the microrotation or vorticity parameter C (e.g.,
Twiss and Unruh, 1998):
C 

macro  Cosserat
,
0, 5  1   3 

1 C  1,

which represents the normalized measure for the difference between the macrorotation and microrotation. The
denominator in the above equation is the maximum possible shear, which depends on the largest and the
smallest eigenvalues of the macrostrain tensor,  1 and  3 .
The inverse Cosserat method is equivalent to the ordinary (paleo)stress-strain method. The theoretical direction
of slip along the faults is calculated based on the Cosserat strain tensor, and the state of stress on the faults is
calculated based on the stress tensor. Note that the inverse Cosserat method uses linear constitutive relation
between the strain and the stress. It is also supposed that the direction of the relative microrotation axis is
parallel to the intermediate kinematic axis (see Twiss and Unruh, 1998).
4. After calculating the results, click the "Close" button. The results can be shown on the stereograph in the
Toolbar/Strain by using the Inv. 1 or Inv. 2 buttons.

The relative microrotation is shown with  or  .
1. Clockwise direction: 
2. Contra clockwise direction: 
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The direct Cosserat MSM method
1. Set the function “Symmetrical stress” in the Tools menu to unchecked. Set the “Use weighting factors in the
analysis” in the Method menu to checked!
2. Go to the Toolbar/Strain, where you can perform the Cosserat MSM method.
Set “Blocks/shear” to Yes in order to plot the direction of block
movements instead the lineations. Shear stresses are shown by
using the Inv.2 function. Other functions display theoretical
lineations or block movements.
Use different values of Effectivity to analyze the effect of the
relative microrotation.
When ”Blocks/shear” is set to Yes, the “Effectivity = 10”
eliminates the effect of the relative microrotations. The displayed
lineations are equivalent to the movements of the blocks. For
smaller values of the effectivity coefficient, the effect of the
microrotations becomes apparent with the relative microrotation
in the same direction, as has eventually appeared in the nature.
For larger values of the effectivity coefficient, the relative
microrotations are in the opposite direction.
Use different values of the Friction angle to analyze the effect of
the frictional strength of the faults on the strain calculation.

Important!
When performing the Cosserat inverse method for faults with low reliability of fault type determination, you
should first analyze the data using the ordinary (paleo)stress-strain method. In the next step, you should select
the data using the “Rotate-select” function in the Tools/Rotate–select unit:
1. Set the azimuth and the dip of the rotation axis and the amount of the rotation to 0.
2. Set ”Add direction of movement” to Yes, and click the OK button.
3. The Cosserat inverse method should be performed for the fault-slip data transcripted into the Name
(selected faults).txt file with the ”Type of the analysis” set to 4! This will produce numerically stable
results.
For a more detailed discussion related to the Cosserat continuum and the meaning of the asymmetrical stress
tensor see the following articles and references therein;
1. Twiss, R.J., Protzman, G.M., Hurst, S.D., 1991. Theory of slickenline patterns based on the velocity
gradient tensor and microrotation. Tectonophysics 186, 215-239.
2. Twiss, R.J., Unruh, J.R., 1998. Analysis of fault slip inversions: Do they constrain stress or strain rate?
Journal of Geophysical Research 103, 12,205-12,222.
3. Forest, S., Cailletaud, G., Sievert, R., 1997. A Cosserat Theory for Elastoviscoplastic Single Crystals at
Finite Deformation. Archives of Mechanics. 49, 705-736.
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The Strain component of the Toolbar
Click “Strain” in the Toolbar. A new panel with several buttons appears along the right border of the screen.
The available functions in the current version of the T-TECTO program are:
Inv 1.

Displays lineations or block movements.

Inv 2.

Displays lineations or shear stresses.

2a. MSM method

This performs the MSM method. For each fault, the
weighting factor (as defined in the main table) is
multiplied by the driving stress.

3b. Relative microrotation

Calculates the direction of relative microrotation axis and
the relative magnitude of microrotation. This procedure
additionally considers the driving stress.

Effectivity

This is the Eff. coefficient in the Cosserat MSM method.
Its default value is 1. Use Eff. = 1 (or 10 in the program)
to eliminate the effect of the relative microrotation when
performing the MSM methods. Changing the value of this
parameter will change the supposed effect of the relative
microrotations in the CW and CCW directions.

Angle of friction

This is the 2 (or q2) parameter in the MSM and Gauss
methods. Change the value of this parameter in order to
analyze the effect of the frictional shear strength of faults
on the estimated strain field.

Sign convention of relative microrotation

Use the default value +1.

Display block movements or shear stresses

Select Y (yes) or N (no).

Stress axes: visible or hidden

Select Y (yes) or N (no).

Rotations: visible or hidden

Select Y (yes) or N (no).

Important!!!
The VGF, MSM and RDM methods can use the weighting factors as defined in the main table with the fault-slip
data multiplied by the driving stress. The following options are possible:
1. Use weighting factors in the analysis checked: weight = weight (as defined in the table) x driving stress.
2. Use weighting factors in the analysis unchecked: weight = driving stress.
3. Perform unweighted analysis checked: no weighting factors are used.
Fractures are not weighted!
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Important!
To perform the fully weighted MSM method, set the “Method/Use weighting factors in the analysis” to checked!
In the case of the Cosserat method, you should also set the “Symmetrical stress” in the Tools to unchecked.
The maximal horizontal stresses and strains are determined according to the theory:
Lund, B., Townend, J., 2007. Calculating horizontal stress orientations with full or partial knowledge of the
tectonic stress tensor. Geophysical Journal International, doi:10.1111/j.1365-246X.2007.03468.x
The relative vertical deformation is defined as:

Rthickening   vertical /  3 for thickening,
Rthinning   vertical /  1 for thinning.
The relative misfit between the MSM and INV relative microrotation vectors is defined as:
 rel
 rel
rel  C INV INV
 C MSM MSM
/ 2.





 rel
 rel
Here, INV
and MSM
are the normalized relative microrotation vectors calculated by the inverse and MSM
methods, while C INV and C MSM represent the corresponding relative microrotation parameters:
C INV  

macro  Cosserat
,
0, 5  1   3 

C MSM  

AT
,
 1   3 

 1  C INV  1 ,

 1  C MSM  1 .

  ijk  1 2 i  j  j  k k  i  is the permuatation tensor, while AT is the transponed relative microrotation

tensor.
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Multiple-slip method (MSM)
Before performing the MSM method, you should calculate the values of the weighting factors, which account for
the power-law size-distribution of the faults. Click ”Beds, joints (fractures), lineations and fault-sets”
(Tools/Beds, joints (fractures), lineations and fault-sets) and define the values of the following parameters:
Calculate weighting factors defined by the fault…

This is the index-number of the most important fault of
some particular fault-set.

B value

This is the exponent related to the power-law sizedistribution of the faults. Its theoretical value is
supposed to be close to 2/3 or 0.66.

Maximum angular tolerance for orientation

This is the maximum angular threshold for identifying
groups of subparallel faults.

Minimum angular tolerance for orientation

This is the minimum angular threshold for identifying
groups of subparallel faults.

Angular tolerance for direction of slip

This is the angular threshold for identifying groups
subparallel faults with subparallel direction of movement.
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Three procedures are possible:


Fault-sets analysis (determines weighting factors for subparallel faults with subparallel direction of
movement). The program calculates weighting factors as N k1 B N k  .



Intersection analysis (determines weighting factors for intersecting faults, along which the slip direction
is subparallel to the intersection direction). This function belongs to the Cosserat extension of the MSM
method and should be used in the Cosserat inverse and direct (MSM) analysis!



Fault-sets and intersection analysis: both above functions are coupled together.

Click “W1=… – Calculate factors for one fault-set”: the program will calculate weighting factors for one faultset. The fault-set is defined by the Fault number (weight, export). It is composed of faults that have subparallel
direction of slip to the slip direction of the chosen fault.
Click “Wi=… – Calculate factors for all fault-sets”: the program will calculate weighting factors for all fault-sets.
The program will find all the subparallel faults with subparallel direction of movement within the threshold of
the specified angular tolerance for the fault orientation and the direction of slip. The weighting factors will then
be calculated as N k1 B N k  (see the next chapter for the detailed discussion). The results will be displayed in the
main table with the analyzed fault-slip data. In the next step, you can perform the MSM method in the
Toolbar/Strain unit.

Description of the MSM and the Cosserat MSM methods
The MSM method is an extension of the MTS method of Kostrov (1974) and Molnar (1983), as well as also of
the method proposed by Marrett and Allmendinger (1990, 1991) and FSFS method of Cladouhos and
Allmendinger (1993). The main goal of the MSM method is to present an alternative way of calculating the
weighting factors in the traditional infinitesimal approach of the moment tensor summation, which is in the
MSM method based on the theory of Linear Elastic Fracture Mechanics (LEFM), and on the theory of scaling of
fracture and fault systems. The MSM method will generally allow you to calculate the characteristics of the
macrostrain, macrorotation and relative microrotation tensors.
One of the most important aim of the kinematic analysis of fault-slip data is to calculate the displacement
gradient tensor u , and for this purpose the following relations are used by T-TECTO:
(S)


ic    
(S)


u    i mi  Eff . ci   ni  
i 

 i

(A)


ic    
macro
(A)



W
 u    i mi  Eff . ci   n i  

i 
 i

(A)


A    i Pi  
 i

A detailed discussion related to the theory of multiple-slip deformations of the Cosserat continua can be found,
for example, in Forest et al. (1997). In the above equations, index i represents the index of the fault, uS is the
symmetrical part of the displacement gradient tensor ( = macrostrain tensor), Wmacro  u(A) is the

antisymmetrical macrorotation tensor, A is the relative microrotation tensor, ic ci is the component of shear

deformation related to the effect of the relative microrotation along the i  th fault, ni is the normal vector

defining the orientation of the i  th fault, mi is the direction of actual movement (slickenlines) along the i  th
fault, Eff . is the effectivity coefficient, and i is the total amount of shear deformation along the i  th fault. In


the Cosserat continua the vectors mi and s i are generally not parallel.
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The MSM method takes into account that natural fault systems follow the power-law size-distribution. In fact,
natural fault systems can consist of several fault-sets, and faults of each fault-set could generally follow different
fault-size distributions. If we suppose that the distribution of faults belonging to individual fault-sets can be
B
approximated by the power-law distribution N k  Ak / M k , the complete distribution of all faults is
Bk
N   Ak / M ( k represents the index of the fault-set, Ak is the parameter, M is the geometric moment of
the fault, Bk is the exponent, and N k is the number of faults with geometric moment smaller or equal to M ).
This distribution follows the power-law distribution with the exponent B only in case, when Bk  B for all
fault-sets. In this case, the MSM method allows for calculating the total deformation due to all faults based on
the measurement of the number of faults with specified length (size) ranging from, for example, 1 m to 10 m.
This can be done by introducing the suitable weighting factors i . It can be shown by mathematical means that
the following relation should be used as the definition of the weighting factors i (Žalohar and Vrabec, 2008):
i   r   n 

N k 

1B

,
Nk
In this case the MSM method accounts for the power-law size-distribution of the faults, and for the driving stress
i   r   n  that produced the movement along the faults. The appropriate value of N i  N k should be
i
known for each fault of the k  th fault-set. In the MSM method, the weighting factors i in the moment tensor
summation can simply be calculated from the resolved driving stress and the number of faults, N k , with
specified size belonging to each particular fault-set.
i

In the MSM method, the weighting factors in the moment tensor summation depend on the driving stress
i   r   n  that produced the displacement along the faults. i is the index of the fault.  r  is the
i
component of the shear stress in the direction of movement. In most field-based studies analyzing fault-slip data,
the stress state at the time of faulting can be most easily reconstructed from the paleostress analysis. In this way,
the driving stress i can be calculated from the paleostress tensor. Therefore, in the MSM method the
paleostress procedure should be performed prior to the moment tensor summation. The T-TECTO is capable of
finding the stress tensor of the form   const.true , where  true represents the true stress state at the time of
faulting, and const. is some unknown constant. Generally, the T-TECTO enables to calculate the relative ratio
between the principal stresses. The shear stress and the normal stress along each fault are then calculated from
this stress tensor, which, however, enables only to calculate the relative ratio 1 : 2 : 3 ... between the
values of the driving stress acting on the faults. This means that the displacement gradient tensor u calculated
by the MSM method will also be of the form u  const.utrue . By such procedure only the direction of kinematic
axes, the shape of the strain ellipsoid (or relative ratio between principal strains), the direction and the relative
magnitude of rotation can be constructed, but not also the actual magnitudes of deformation and rotation.

The macrorotation and microrotation parameters
Because the MSM method generally does not enable the full displacement gradient tensor to be constructed, but
only the relative values of its components, the total amount of macrorotation macro cannot be calculated either.
We may only calculate the direction of the axial vector  macro belonging to the macrorotation tensor W macro .
Therefore, in the T-TECTO computer program, the another measure for the amount of the macrorotation is
defined, and that is the macrorotation parameter R :
R

u9  u(S),9
u 9

,

0R 1,

with u 9  u11 ,u22 ,u 33 ,u12 ,u13 ,u 23 ,u21 ,u 31 ,u 32  and u(S),9  u11 ,u 22 ,u 33 ,u12 ,u13 ,u 23 ,u12 ,u13 ,u 23  . This parameter
represents a normalized measure for the relative magnitude of macrorotation based on the difference between the
displacement gradient tensor and its symmetric part represented by nine-dimensional vectors u9 and uS9 in
the nine-dimensional parameter-space of the components of the displacement gradient tensor.
A similar definition is used in the Cosserat methods for the relative microrotation parameters Rc and Rm :
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Rc, Rm 

e9  u(S),9
e9

,

0  Rc, Rm   1 ,

with e9  e11 ,e22 ,e33 ,e12 ,e13 ,e23 ,e21 ,e 31 ,e32  and u (S),9  u11 ,u 22 ,u 33 ,u12 ,u13 ,u23 ,u12 ,u13 ,u23  . e  u S  A is the
Cosserat strain tensor. The Rc is calculated for the Cosserat strain tensor obtained by the Cosserat inverse
method, and the Rm is calculated for the Cosserat strain tensor obtained by the Cosserat MSM method.

For a more detailed discussion related to the kinematic analysis of the fault-slip data see the following articles;
1. Marrett, R., Allmendinger, R.W., 1990. Kinematic analysis of fault-slip data. Journal of Structural
Geology 12, 973 – 986.
2. Marrett, R., Allmendinger, R.W., 1991. Estimates of strain due to brittle faulting: sampling of fault
populations. Journal of Structural Geology 13, 735-738.
3. Kostrov, V.V., 1974. Seismic moment and energy of earthquakes, and seismic flow of rocks. Izvestiya
Academy of Sciences of the USSR (Physics of Solid Earth) 1, 23-40.
4. Molnar, P., 1983. Average regional strain due to slip on numerous faults of different orientations.
Journal of Geophysical Research 88, 6430-6432.
5. Cladouhos, T.T., Allmendinger, R.W., 1993. Finite strain and rotation from fault slip data., Journal of
Structural Geology 15, 771-784.
6. Žalohar, J., Vrabec, M., 2008. Combined (paleo)stress and kinematic analysis of fault-slip data: the
Multiple-slip method. Journal of Structural Geology (2008), (doi:10.1016/j.jsg.2008.09.004)

Important!
To perform the fully and properly weighted MSM method set the following:
 Set “Use weighting factors in the analysis” in the Method to checked
 Set “Use symmetrical stresses” in the Tools to unchecked (only for Cosserat methods).
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Weighting of the faults
Weighting of the earthquakes based on the magnitude
First, import the data. See the “Importing the data” chapter of this user’s manual. Import only one nodal plane
for each earthquake. The other will be calculated automatically by the program.
Each earthquake datum has two associated nodal planes, which have the same Index-number. This is calculated
automatically by the program. Each nodal plane is also denoted by the character D at the beginning of the list.

The weighting factors are not calculated automatically, therefore, you should use the “Magnitude/Weight
conversion” unit to do this first.

This unit converts the magnitude of the earthquake into the weighting factor, which is in this case related to the
seismic or geometric moment of the earthquake. You should define the parameters a and b in the conversion
scheme. The following equation is used:
Magnitude = a * log (seismic moment) - b
When converting the magnitude of the earthquakes to the weight, the obtained results are normalized with
respect to the smallest weight.
Save the changes to the document before continuing with the stress-strain analysis!
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In the next step, the nodal planes corresponding to different earthquakes can be plotted on a stereonet in
different colours. These options can be defined in the Tools/Picture preferences:

The stereographic projection should now look something like this:

The largest earthquake is marked with the red colour. In fact, there should be two red nodal planes. However,
based on the geological data, one nodal plane can have smaller weighting factor (if you think that this is not the
correct plane for the largest earthquake).

99

T-TECTO Studio X5

Weighting the earthquakes or fault-slip data based on the intersection or fault-sets analysis
1. Go to the Tools/Beds, joints (fractures) lineations and fault-sets to perform the intersection or fault-sets
analysis of the nodal planes of fault-slip data. First, click “X Set all factors to 1”.

2. Set the “Intersection analysis”, "Fault-sets analysis" or "Fault-sets and intersection analysis" to checked!
Define the values of the maximum and minimum angular tolerance for orientation of the fault planes.
3. Click “Wi = … Calculate factors for all fault-sets”.
4. Go to the “Data” component of the Toolbar, where you can verify the results of the weighting factors
calculation. Check the data: right-click with the mouse on the table and then click “Check the data”. Save
changes to the document!
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Add weighting factors manually

Define the weight and the fault number. By clicking the "Add" button, this weight will be associated with the
selected fault.

Clear double nodal planes
This function analyses which nodal plane of a chosen earthquake most probably belongs to some tectonic wedge
(true fault plane), and which nodal plane is probably the auxiliary plane. If one of the nodal planes has weight
larger than 1, the other nodal plane (with he weight = 1) will become associated with zero weight. If both nodal
planes are prescribed to one of the wedges present in the fault-slip data, they will both preserve the associated
weight (unless the "Include weight" is set to checked).
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Analyzing stability of individual faults and fractures
T-TECTO Studio X5 allows you to analyze stability of faults, fractures and other planar structures (beds, joints,
cleavage, extension fractures) in the stress-strain field calculated by the inversion method. The stability of the
faults can be calculated for all strain-stress phases calculated by using the inversion analysis. Define the stress
phase in the Toolbar.

Stability of the faults
1. Go to the Tools/Active analysis of faults. Set "Show shear stress" to checked and click Refresh button.

The shear stress field on the fault plane will be plotted on the stereogram. The blue colour shows the direction
with the lowest shear stress, while the red colour shows the direction with the highest shear stress. The
maximum shear stress direction is shown with blue or red line.

Red line: vertical component of shear stress is reverse.
Blue line: vertical component of shear stress is normal.
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Black and white style: Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields and set "Black
and white (B/W)" to checked.

Symmetrical or asymmetrical stress: Check or un-check the "Use symmetrical stress" in the Tools. The
asymmetrical stress can only be used in the case of the micropolar inversion analysis.

The program calculates the angle Alpha between the maximum shear stress direction and the observed slip
direction.

If the fault belongs to the chosen phase, the number of the phase will appear on the screen. Contrary, if the fault
does not belong to the chosen phase, the "X" sign will appear.
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Now, click on the "Mohr" or "Mohr pr." buttons in the Toolbar.

Mohr diagram appears on the screen.
The parameters defining the fault stability are calculated and shown on the figure:


Fault number: this is the number of the analyzed fault.



mu: this is the coefficient of friction used in the inversion analysis.



tau/sigmaN: this is the ratio between the shear and the normal stress on the fault.



tau/(mu*sigmaN): this is the ratio between the shear stress and the necessary shear stress for activation
of the fault (frictional resistance for sliding). When this ratio is less than 1, the fault is stable. When this
ratio is larger than 1, the fault is unstable.



FS: factor of stability or factor of safety (in earthquakes). For stable fault, the factor is larger than 1.
For unstable fault, the factor is less than 1. The lower the FS factor, the more unstable the fault.



Dsigma/tau: this is the ratio between the driving shear stress and the shear stress. The driving shear
stress is defined as   n . This is the difference between the shear stress and the frictional resistance
for sliding. For highly unstable faults this ratio approaches 1.



Dsigma/(mu*sigmaN): this is the ratio between the driving shear stress and the frictional resistance for
sliding. For highly unstable faults, this ratio is high.

Important:
In the Toolbar/Mohr pr. The same parameters are calculated from the shear stress component in the direction

of slip. In this case, we have  '   s .
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Stability of the fractures and other planar structures
1. Go to the Tools/Active analysis of fractures. Set "Show shear stress" to checked and click Refresh button.

The shear stress field on the fracture plane will be plotted on the stereogram. The blue colour shows the
direction with the lowest shear stress, while the red colour shows the direction with the highest shear stress. The
maximum shear stress direction is shown with blue or red line.

Red line: vertical component of shear stress is reverse.
Blue line: vertical component of shear stress is normal.

Black and white style: Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields and set "Black
and white (B/W)" to checked.

Symmetrical or asymmetrical stress: Check or un-check the "Use symmetrical stress" in the Tools. The
asymmetrical stress can only be used in the case of the micropolar inversion analysis.
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Mohr diagrams for fractures
First, set "Picture/Mohr – beds and joints" to checked. Now, click on the "Mohr" button in the Toolbar. The
Mohr point representing the state of stress on the planar structure will appear on the Mohr diagram as yellow
circle.

The parameters defining the fracture stability are calculated and shown on the figure:


Fracture number: this is the number of the analyzed fracture.



mu: this is the coefficient of friction used in the inversion analysis.



tau/sigmaN: this is the ratio between the shear and the normal stress on the fracture.



tau/(mu*sigmaN): this is the ratio between the shear stress and the necessary shear stress for activation
of the fracture (frictional resistance for sliding). When this ratio is less than 1, the fracture is stable.
When this ratio is larger than 1, the fracture is unstable.



FS: factor of stability or factor of safety (in earthquakes). For stable fracture, the factor is larger than 1.
For unstable fracture, the factor is less than 1. The lower the FS factor, the more unstable the fracture.



Dsigma/tau: this is the ratio between the driving shear stress and the shear stress. The driving shear
stress is defined as   n . This is the difference between the shear stress and the frictional resistance
for sliding. For highly unstable fractures this ratio approaches 1.



Dsigma/(mu*sigmaN): this is the ratio between the driving shear stress and the frictional resistance for
sliding. For highly unstable fractures, this ratio is high.
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Generate faults (AmontonWin)
AmontonWin generates a prescribed number of faults, which are either randomly orientated or follow a predefined distribution of orientations. The direction of slip along the faults is then set parallel to the resolved shear
direction on the fault planes, calculated from the input Cosserat strain tensor. The faults can only be activated
when the resolved remote shear stress in the direction of slip exceeds the frictional resistance for sliding
according to Amontons’s Law. Even from the randomly generated population of faults, only the faults with
mechanically suitable orientation are accepted by the AmontonWin program, thus providing insights into
possible geometries of slip-capable fault systems under various stress-strain boundary conditions.
1. Click ”Generate faults” in the Main menu (Tools/Generate faults).
2. Set the values of parameters, which constrain the stress and the strain tensors. Define also the dispersion of
the generated noise in the calculated slip direction and in the orientation of the faults. Then click ”Next”.
3. Select one of the following options: Random faults, Faults with selected orientation or Nodal planes. Set the
values of the parameters and click ”Create”. Note that maximum number of the generated faults is limited to
190.
4. Close the window to proceed.

How to create heterogeneous fault-slip data?
Results of the direct modeling are saved into the Faults.txt file. Two such files should be generated using
different stress and strain boundary conditions, and then combined together.

107

T-TECTO Studio X5

Rotate – select
Click Tools/Rotate – select. The "Rotate all" unit
rotates or selects all data.
The “Rotate phase” unit rotates or selects the faults,
beds, joints (fractures), lineations and tensors of the
chosen tectonic phase. You can only use this function
after the (paleo)stress-strain inversion procedure has
already been finished.
The rotated data are saved into the Name (rotated
faults).txt and/or Name (selected faults).txt files.
Set the direction of the rotation axis, the amount (angle)
of rotation, and the direction (sense) of rotation, and then
click OK.
Important!!!
If the angle of rotation is set to 0, then the T-TECTO saves the faults and tensors of a chosen phase to the
separate file “Name (Selected faults).txt”.
Rotate beds into the horizontal position: this performs the bedding tilt test.
If the beds are in the overturned position, set the direction (sense) of the rotation to CCW, and then click
“Rotate beds into the horizontal position” OK.
Add directions of movement: this function calculates theoretical type of all the faults compatible with the chosen
tectonic phase. This function is especially useful, when dealing with problematic fault-slip data, where reliability
of the fault type determination is low.
Rotation effect: use this function, when rotating the fault-slip data analyzed by the Cosserat inversion method to
preserve the correct definition of the +1 or -1 convention of the direction of the relative microrotation.

Important!
When performing the Cosserat inverse method for faults with low reliability of fault type determination, you
should first analyze the data using the ordinary (paleo)stress-strain method. In the next step, you should select
the data using the “Rotate phase” function in the Tools/Rotate–select unit:
4. Set the azimuth and the dip of the rotation axis and the amount of the rotation to 0.
5. Set ”Add direction of movement” to Yes, and click the OK button.
6. The Cosserat inverse method should be performed for the fault-slip data saved into the Name (selected
faults).txt file with the ”Type of the analysis” set to 4! This will produce numerically stable results.
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Graphical representation of faults and fractures
T-TECTO Studio X5 enables various types of graphical representation of faults, lineations and planar structures.
The program also enables representation of principal strain (kinematic) and stress axes (P and T axes), strain
and stress fields, probability fields for orientation of P and T axes etc…
Basic idea is illustrated on the following figure.

Each fault or planar structure is associated with the strain and stress fields. The red colour shows high
probability for the maximum kinematic P axis orientation, while the blue colour shows high probability for the
minimum kinematic T axis orientation. Physical meaning of these fields is explained in a more detail in the
chapter on the Right Dihedra Method.
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Graphic options are mainly controlled and accessed in the Tools/RDM, MSM, VGF, P-T, and density
quadrants/fields.
Here is the meaning of the main parameters used by the Right Dihedra Method, visualization of the Gauss
object function (VGF), and Multiple-Slip Method (MSM):

Maximum gradient angle in %

This is the angle between the optimal orientation of the sigma1/lambda1 axis
(for each fault) and a specified direction, at which the coloured contouring
has its highest gradient. The default value is 30% (max. is 90 degrees).
However, for fault systems with highly dispersed P-T axes the maximum
gradient angle should be higher (45-60%)

PhiRDM

This is the angle between the fault planes and sigma1/lambda1 axis (for each
fault). The default value is 30 degrees. You can also use other values. In the
case of high frictional strength of the faults, the PhiRDM should be small (15
degrees, for example). In the opposite case of small frictional strength of the
faults, the PhiRDM should be high (up to 90 degrees).

Contrast

This is the contrast of the produced image.

Type of the analysis

2 – the polarity of the fault-slip data will be used only for faults of C
reliability.
3 – the polarity of the fault-slip data will be used for faults of P and C
reliability.
4 – the polarity of the fault-slip data will be used for faults of P, S and C
reliability.

Parameter D

Visualization of the P and T fields for individual faults can be performed
using different values of the D parameter.
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Graphical representation of a fault (earthquake)
T-TECTO enables various types of the graphical representation of a fault (earthquakes).
Tools/Active analysis of faults.
1. Go to Tools/Active analysis of faults, and set "All data" to unchecked, "Show current plane" to checked. In
the case of the earthquakes you can additionally set "Show both nodal pl." to checked.

If "Show strain field" is set to unchecked, only the nodal planes will appear on the steeograph:

2. Set Picture/Display poles to the fault planes to checked to show the pole to the chosen fault.
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3. Set Show beachballs to checked to show P and T fields of a fault. You can additionally choose the convention
of the black/white colour by setting "% P/T" to checked or un-checked.

4. Set Picture/Show kinematic axes to checked in order to plot the P an T kinematic axes of a fault. To use the
black and white style, go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/field and set Black and
white (BW) to checked.

5. Beachballs can be plotted in various colours. You can set the colour in the Tools/Active analysis of faults.
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6. To plot the P and T quadrants and both nodal planes as black lines without the sign for the slip direction, set
"Show current fault" and "Show both nodal planes" to checked (see above). Go to the Tools/RDM, MSM, VGF,
P-T, and density quadrants/fields and set "Black and white (BW)" to checked and "P and T quadrants
(VGF/MSM)" also to checked.

Also go to the Picture/Picture preferences and set the thickness of the outline for the fractures and joints to 3
or 4.
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Setting the "Wulff and polar nets, '+N' to 0 will disable the plots of the sign for the North (N) and center'+' on
the stereograph.

7. Set Show strain field to checked (see above). Go to the Tools/RDM, MSM, VGF, P-T, and density
quadrants/fields and select one of the following options:


Gauss-weighted Right Dihedra Method: performs the Right Dihedra Method for a single fault. This
function also calculates the orientations of the principal strain/stress axes for that fault.



Classical Right Dihedra Method: performs the Right Dihedra Method for a single fault without
calculating the orientation of the principal strain/stress axes.
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Visualization of the Gauss Function (VGF): this function performs the Gauss weighted Right Dihedra
Method. The red and blue fields show the probability for the orientation of the principal strain/stress
axes.



VGF for orientation of faults: this function illustrates the probability for the maximum and minimum
kinematic axes orientation in the case when the slip along the fault is unknown or of low reliability. In
this case, it is only assumed that the maximum kinematic P axis is at an angle PhiRDM with respect to
the fault plane. The minimum kinematic T axis is at the angle 90 – PhiRDM with respect to the fault
plane. For PhiRDM = 45 both P and T probability fields F1 and F3 are equal and cancel each other out.
In this case choose either "Show abs(P-T) = F13 or F31" or "Show P or T ( = F1 or F3)". Additionally
choose one of the following options: "Show P and T fields", "Show P field" or "Show T field".



MSM visualization ( = P-T summation): this illustrates the P and T strain fields of a fault.
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MSM visualization for orientation of faults. This illustrates the P and T strain fields of a fault with
unknown slip direction or when the slip is of low reliability. Maximum probability for P an T axes is at
an angle of 45 degrees to the fault plane. Both fields have equal orientation, therefore they cancel each
other out. In this case choose either "Show abs(P-T) = F13 or F31" or "Show P or T ( = F1 or F3)".
Additionally choose one of the following options: "Show P and T fields", "Show P field" or "Show T
field".

By setting the appropriate values of the parameters Max. gradient angle, PhiRDM, Param. D (x10) (this
parameter describes the shape of the strain ellipsoid), Contrast (1 – 100 %), and RGB colour type you can
produce almost infinite number of versions of the above stereographs.
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Graphical representation of foliations, fractures, cleavage, beds, lineations, compression and
extension planar structures, extension veins etc.
All sorts of planar and linear structures can be entered to the T-TECTO Studio X5. We use the following
conventions:







B for beds
J for joints
C for disjunctive foliation (for example, stylolitic foliation, cleavage)
F for shear fractures (Mode 2 and 3)
T or E for extension or tension fractures or veins (Mode 1)
L for lineations

You can plot individual planar or linear structures, and analyze the strain/stress field associated with them in
the Tools/Active analysis of fractures.
By default, all planar structures are illustrated as gray dashed line on the stereograph. You can plot the planar
structures as coloured and continuous lines by setting the Picture/Show fractures as coloured and continuous
lines to checked.







Black line – J type structures,
Green line – F type structures,
Red line – C type structures,
Blue line – T (or E) type structures,
Black and bold dashed line – bedding.

The same colour is used for plotting the poles to the planar structures. Lineations (L type structures) are shown
as small yellow circles. You can also plot lineations as gray circles by setting Picture/Show lineations as gray
circles to checked.
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Set Show strain field to checked.

Go to the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields and choose one of the following options:


Visualization of the Gauss Function (VGF): this function performs the Gauss weighted Right Dihedra
Method. The red and blue fields show the probability for the orientation of the principal strain/stress
axes (P and T axes). The strain/stress probability fields for various types of planar structures are
different.
J and F types
The P axis is oriented at an angle PhiRDM with respect to the
shear fracture or joint plane (red colour).
The T axis is oriented at an angle 90 – PhiRDM with respect to
the shear fracture or joint plane (blue colour).
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C type
The P axis is perpendicular to the C type planar structure (red
colour)
The T axis lies in the plane of the structure (blue colour).

T or E types
The P axis lies in the plane of the structure (red colour).
The T axis is perpendicular to the T type planar structure (blue
colour).

Important:
Increase the Max. gradient angle in the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields to widen
the probability fields.

Max. gradient angle = 10

Max. gradient angle = 25
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MSM visualization ( = P-T summation): this illustrates the P and T strain fields associated with the
planar structures with unknown or undefined slip direction.
J and F types
The P axis is oriented at an angle 45 degrees with
respect to the shear fracture or joint plane (red colour).
The T axis is oriented at an angle 45 degrees with
respect to the shear fracture or joint plane (blue colour).
Both fields have equal orientation therefore they cancel
each other out. In this case choose either "Show abs(P-T)
= F13 or F31" or "Show P or T ( = F1 or F3)".
Additionally choose one of the following options: "Show
P and T fields", "Show P field" or "Show T field".

C type
The P axis is perpendicular to the C type planar
structure (red colour)
The T axis lies in the plane of the structure (blue
colour).

T or E types
The P axis lies in the plane of the structure (red colour).
The T axis is perpendicular to the T type planar
structure (blue colour).
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Right Dihedra method
One of the best known and widely used graphical technique to visualize paleostresses is the Right Dihedra
method described by Angelier and Mechler (1977). This graphical method is based on the idea that orientation of
the maximum principal stress axis is constrained to the pressure (P) quadrant, while orientation of the minimum
principal stress axis is constrained to the tension (T) quadrant associated with a chosen fault. Spatial orientation
and position of the P and T quadrants is defined by orientation of the fault plane and slip direction along it. It is
also supposed that faults active in the same stress field have a common intersection of the P and T quadrants.
This enables to construct the approximate direction of the principal stresses as the geometrical center of the
common intersection of the P and T quadrants. Actual magnitudes and directions of principal stress axes,
however, cannot be calculated this way.

Basic idea of the Right Dihedra method

1. The Right Dihedra Method can be applied only to the homogeneous subsystems of faults. Therefore, the
inversion results should be calculated first.
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2. Go to the Toolbar/Strain to see the inversion results.

3. Set Method/Use weighting factors in the analysis to checked. In this case the faults will be weighted in the
same way as in the MSM method:
i   r   n 

N k 

1B

,
Nk
In this case the RDM method accounts for the power-law size-distribution of the faults, and for the driving stress
i   r   n  that produced the movement along the faults. The appropriate value of N i  N k should be
i
known for each fault of the k  th fault-set. The weighting factors i in the RDM and MSM can simply be
calculated from the resolved driving stress and the number of faults, N k , with specified size belonging to each
particular fault-set.
i

The conventions for the weighting factors used in the MSM and RDM is the following:


Method/Use weighting factors = checked: i  ( r   n )i ( N k1 B N k ) ,



Method/Use weighting factors = un-checked: i   r   n  ,



Method/Perform unweighted analysis = checked: i  1 .

i
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4. Set Picture/Show strain fields (RDM, MSM, VGF) to checked.

5. Now, click on the Inv. 1, Inv. 2 or 2a buttons in the Toolbar/Strain panel.

The results of the Right Dihedra Method will be plotted on the stereograph. You can additionally try various
colour settings in the Tools/RDM, MSM, VGF, P-T, and density quadrants/fields.
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Colours and contours:


Coloured (red and blue) = checked

Colours and contours:


Coloured (red, green and blue) = checked

Colours and contours:


Coloured (red and blue) = checked



RGB colour type = 200
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MSM visualization ( = P-T summation)
Numerical tests with AmontonWin computer program (direct modeling of fault slip) show that the orientation of
the kinematic axes for faults active in the same stress-strain boundary conditions is approximately constrained to
the P and T fields defined by the common strain (macrostrain) tensor. In the similar manner we can calculate
the strain eigentensor of each fault which constrains the P and T fields defined by each individual fault. This
eigentensor has its eigenvectors parallel to the P, T and B kinematic axes of the fault. However, it additionally
includes the parameter D defined by the complete fault system. In this case the P and T fields of each fault are
approximately the same as the P and T fields defined by the common macrostrain tensor. It is possible to define
the probability functions w1 and w3 which describe the probability that the P and T axes of the individual fault
have some chosen orientation with respect to the common kinematic axes of the macrostrain tensor:

w1   normal  e  P

w 3   normal  e  T



 P

 T

if

 normal  0

if

 normal  0



Here, P and T are normalized vectors parallel to the P and T axes of the chosen fault, and e is the common
macrostrain tensor. The above equation suggests that the probability for the P and T axes orientation of the
fault is equal to the normal projected strain  normal defined by the common

macrostrain tensor and orientation of
P and T axes. The probability that the common kinematic axes  1 and  3 have some chosen orientation with
respect to the P and T axes of a chosen fault is given by the same equation:

w1   normal  ei   1

w 3   normal  ei   3










1

if

 normal  0

3

if

 normal  0

Here ei is the macrostrain eigentensor of the fault. In the second step, we define the following object functions,
which are used for all types of fractures as well as for faults (see also the chapter “The VGF method”) :
1 N
 wi,1
N i 1
1 N
F3   wi,3
N i1
 1 N
  w  w  when w  w
i,1
i,3
i ,1
i,3
F13   N i1

0 when wi ,1  wi,3
 1 N
  w  w  when w  w
i,3
i,1
i,3
i ,1
F31   N i 1

0 when wi,1  wi ,3
F1 



Here, N is the total number of data. The object function F1 only accounts for 1 axis, F3 only accounts for 3
axis, while the functions F13 and F31 account for both axes at the same time. In these last two cases, it is


supposed that high probability of 1 orientation causes the probability of 3 orientation to be decreased and
vice versa. We assume that faults and fractures formed in a common stress regime share a common intersection
 
of their associated fields of high probability for 1 / 3 axes orientation. Therefore, the optimal orientation of
 
1 / 3 axes for all faults and fractures can be found by searching for the global maximum of the object function:

Fn  max.
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Normally, we can perform a combined analysis of faults and fractures by using all four defined object functions.
By plotting the value of the object function Fn in each point on the stereogram by using various colors, we can
visualize the areas of high probability of maximum and minimum principal stress orientation. Simple
mathematical analysis shows that the summation of the P and T fields for individual faults is equivalent to the
visualization of the P and T fields for the complete strain tensor calculated by the MSM method:

 e
N

i 1

190 faults; D = 1

i

 
 
 N    
  1  1   ei    1   1  e   1  1
 i 1 








P and T fields and P and T
kinematic axes; D = 1

P and T fields for one earthquake; D = 0.7



P and T fields for one fault; D = 1

The MSM visualization = summation of the P and T
fields for all faults, which leads to the common P and
T fields; D = 1

The VGF method
In the VGF method, it is supposed that for each fault the maximum and minimum principal stress axes (P and
T axes) have their optimum orientation defined by the Coulomb-Mohr failure criterion:

  S 0  i n  S 0  n  tani ,
where  is the shear stress along the fault, S 0 is the cohesion, i  tan i is the internal friction coefficient, i
is the angle of internal friction, and n is the normal stress. Faulting occurs when shear stress along a
hypothetical plane of weakness reaches its frictional shear strength. This mechanism can be most easily
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illustrated on the Mohr-circle diagram. Faulting occurs when the largest Mohr circle defined by the maximum
and minimum principal stresses touches the Mohr envelope. This also gives the angle at which the fault plane is
inclined with respect to the maximum principal stress axis (P axis):


1
1
arctan   .
2
  

The minimum principal stress (T axis) is inclined at the angle 900   with respect to the fault plane. In this
way, the orientation of P and T axes can be plotted on the stereonet for each fault. Analysis of spatial
orientation of the P and T axes is used in the kinematic analysis of fault-slip data (e.g., Marrett and
Allmendinger, 1990, 1991).

If the value of coefficient of internal friction is equal to 0, the angle  is equal to 450 and the Coulomb-Mohr
criterion is equivalent to the von Mises criterion. In this case, the definition of the P and T stress axes is
equivalent to the classical definition of the P and T kinematic axes. Because, there are two equally probable
orientations of fault-plane on both side of the maximum principal stress axis (P axis), the Coulomb-Mohr
criterion predicts formation of conjugate fault systems consisting of two fault sets.
Values of the coefficient of internal friction are given in the literature for various rocks and other materials.
Coulomb-Mohr criterion of faulting is very simple and does not represent the most general case, because the
intermediate principal stress is not accounted within. However, observations in nature suggest that the CoulombMohr criterion works fine in most cases and explains formation of faults in two-dimensional strain regimes. Based
on the natural observations and rocks mechanics experiments the approximate value of the angle  is found to
be around 300 in most cases. In the three dimensional strain field, the theory predicts formation of faults in the
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orthorhombic geometry. In this case, the angle  between fault planes and maximum principal axis of stress (P
axis) is also given by Coulomb-Mohr failure criterion.
Reactivated faults can also have other orientation than the optimal. Reactivation of faults is described by the
Amontons’s law of friction:
  n  n  tan2 ,
where  and 2 are the coefficient and the angle of residual friction for sliding on pre-existing fault. The fault is
reactivated when the shear stress acting along it reaches or exceeds the frictional resistance for sliding. On the
Mohr diagram, the “Mohr points” illustrating the state of stress along the faults are positioned above the line
representing the Amontons’s law of friction.
The aim of the VGF method is to find the most probable orientation of the maximum and minimum principal
 
stress axes 1 3 for several differently orientated faults that were active in the common stress field. First, we


define the probability function, which defines the probability of 1 and 3 orientations for each individual fault.

The probability function for 1 is defined as the two-dimensional Gaussian function:


2 

  2
exp       D  ,




2
  2 2
  max 2max 


2
 2
 2 
D  exp  RDM

.
2
2
2max
 2max


In similar way, the probability function for 3 is:
w1 

1
1D

w3 

1
1 D


2
2



exp        D  ,



2

  2 2
2max 
  max



2
  2   2
 2 
RDM
D  exp 

.
2
2
2max
2max





Here, RDM is the optimal angle between the fault plane and its associated P axis. In the case of neoformed faults,
the RDM is equal to  , while in the case of reactivated faults another value can be used.
The parameter maximum gradient angle max represents the assumed dispersion of the probability distribution of
principal axes (P and T) for each individual fault. In the case, when stress field at the time of faulting was
highly non-homogeneous, a large value of the maximum gradient angle max can be used (for example, 500 or
higher), while in the case of more homogeneous stress field a smaller value can be used (for example, 150 to 300 ).
Note that in the above equations all angles are measured in radians.
The best value of the parameter max can be calculated as the second moment of distribution (dispersion
parameter) of angular misfit between the common maximum principal stress axis for all faults and the P axes for
individual faults and is performed by the “VGF Stat.” function.
While this automatic procedure can find a mathematically optimal solution, we do not prefer it, because it does
not allow a satisfying structural interpretation. Our recommended workflow is to repeat the paleostress
visualization with the VGF method using several possible values of the parameter max in order to find the best
results. In this way, the dependence and numerical stability of the results on the parameter max can be directly
observed.
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The VGF method can be extended to allow analysis of various fractures (joints) without visible slip. Three main
types are used in the T-TECTO:
1. E (or T) type - Extension/tension fractures and veins: In this case, the maximum principal stress axis
lies in the fracture plane, while the minimum principal stress is perpendicular to the fracture plane.
2. C type - Compression fractures and stylolites: The maximum principal stress axis is perpendicular to the
fracture plane, while the minimum principal stress axis lies in the fracture plane.
3. F type - Shear fractures: In this case, the maximum principal stress axis is inclined at the angle RDM
with respect to the fracture plane. The minimum principal stress is perpendicular to the maximum
principal stress.
For fractures, the probability function is defined as one-dimensional Gaussian function:
w

1
max

 2 
exp  2  .
2
 2max 

Here,  represents the angle between the actual principal stress orientation and the optimal orientation for
these axes.
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The best value of the parameter max can be calculated as the second moment of distribution (dispersion
parameter) of the difference RDM  i , where i represents the angle, at which the common maximum principal
stress axis (for all fractures) is inclined with respect to each individual (i-th) fracture. However, as in the faultslip data analysis also in the analysis of real fracture systems several tests should be performed using different
values of the parameter max in order to obtain the best results.
The second step is the same as in the MSM visualization method. We define the following object functions,
which are used for all types of fractures as well as for faults:
1 N
F1   wi,1
N i 1
1 N
F3   wi,3
N i1
 1 N
  w  w  when w  w
i,1
i,3
i ,1
i,3
F13   N i1

0 when wi ,1  wi,3
 1 N
  w  w  when w  w
i,3
i,1
i,3
i ,1
F31   N i 1

0 when wi,1  wi ,3


Here, N is the total number of data. The object function F1 only accounts for 1 axis, F3 only accounts for 3
axis, while the functions F13 and F31 account for both axes at the same time. In these last two cases, it is
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supposed that high probability of 1 orientation causes the probability of 3 orientation to be decreased and
vice versa. We assume that faults and fractures formed in a common stress regime share a common intersection
 
of their associated fields of high probability for 1 / 3 axes orientation. Therefore, the optimal orientation of
 
1 / 3 axes for all faults and fractures can be found by searching for the global maximum of the object function:

Fn  max.

Normally, we can perform a combined analysis of faults and fractures by using all four defined object functions.
By plotting the value of the object function Fn in each point on the stereogram by using various colors, we can
visualize the areas of high probability of maximum and minimum principal stress orientation.

Important!
To plot the F13 or F31 functions set the “Summation method” in the Tools/The RDM, MSM, VGF and P-T
quadrants/fields to “Show abs(P-T)”.
To plot the F1 or F3 functions set the “Summation method” in the Tools/The RDM, MSM, VGF and P-T
quadrants/fields to “Show P or T”.

Important!!!
The VGF, MSM and RDM methods can use the weighting factors as defined in the main table with the fault-slip
data multiplied by the driving stress. The following options are possible:
4. Use weighting factors in the analysis checked: weight = weight (as defined in the table) x driving stress.
5. Use weighting factors in the analysis unchecked: weight = driving stress.
6. Perform unweighted analysis checked: no weighting factors are used.
Fractures are not weighted!
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Show levels of certainty
The levels of certainty of the stress-strain analysis of fault-slip data can be calculated by using the VGF method.
1. Suppose, you have the results of the stress-strain inversion. These results are visible in the Toolbar/Strain
unit by clicking the Inv. 1 or Inv. 2 buttons.
2. Set Tools/Show levels of certainty to checked.

3. Click the Inv. 1 or Inv. 2 buttons to verify the levels of certainty for inversion results.
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The meaning of the parameters
The "Levels of certainty" analysis also calculates numerical parameters that indicate the probability for the
chosen fault subsystem (belonging to some strain-stress phase) is homogeneous.
Maximum principal axis
Magnitude: this is the probability for the homogeneity of the fault subsystem with respect to the maximum
kinematic/stress P axis orientation. In the case, when this parameter is equal to 100 %, the fault susbsystem is
homogeneous with respect to the P axis. The levels of certainty for the orientation of P axis are marked with red
colour. The width of the red region illustrates how well the fault susbsystem defines the orientation of the P axis.
If the red region is small, then the P axis orientation is well defined.
The probability that the fault subsystem is heterogeneous with respect to the P axis is equal to:
100 % - Magnitude.
Minimum principal axis
Magnitude: this is the probability for the homogeneity of the fault subsystem with respect to the minimum
kinematic/stress T axis orientation. In the case, when this parameter is equal to 100 %, the fault susbsystem is
homogeneous with respect to the T axis. The levels of certainty for the orientation of T axis are marked with
blue colour. The width of the blue region illustrates how well the fault susbsystem defines the orientation of the
T axis. If the blue region is small, then the T axis orientation is well defined.
The probability that the fault subsystem is heterogeneous with respect to the T axis is equal to:
100 % - Magnitude.

The above example indicates that the orientation of P axis is not well defined. The red region is large. The
Magnitude 84 % indicates that the probability for the homogeneity of the fault subsystem with respect to the P
axis is 84 %. There is 16 % chance that the faults do not belong to the same phase of deformation. It is possible
that the slip along the observed faults is related to changes in the P axis (of the regional strain tensor)
orientation.
The T axis of the regional strain tensor is better defined. The blue region is smaller than the red region. There is
91 % probability that the fault subsystem is homogeneous with respect to the T axis. There is only 9 % chance
that some changes in the orientation of the T axis occurred during the deformation episode.
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Analysis of joints and fractures
The VGF method allows for analyzing various types of planar data, such as joints, shear fractures,
extension/tension fractures or veins, cleavage and disjunctive foliation.
Go to the “The RDM, MSM, VGF and P-T quadrants/fields” in the Tools menu, where you can find the
following options:
Method

Analysis (MSM or VGF)

Right Dihedra Method (RDM)
MSM visualization ( = P-T summation)
MSM visualization for orientation of faults
Visualization of the Gauss function (VGF)
VGF for orientation of faults

For faults
For faults and fractures
For fractures

Choose “VGF for orientation of faults” or “MSM visualization for orientation of faults” to visualize the strain
fields based on the fault orientation only.




For faults: the VGF and MSM are performed analyzing the faults only.
For faults and fractures: the VGF and MSM are performed combining the faults and fractures.
For fractures: the VGF and MSM are performed analyzing the fractures only.
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Types of the fractures and foliations
Shear fractures, joints

Tension/extension fractures or veins

Cleavage, disjunctive foliation

Maximum compression (red) is oblique to the
fracture plane. Minimum compression (tension,
blue) is perpendicular to the maximum
compression.

Maximum compression (red) is in the fracture
plane. Minimum compression (tension, blue) is
perpendicular to the fracture plane.

Maximum compression (red) is perpendicular to
the fracture plane. Minimum compression (tension,
blue) is in the fracture plane.

It is supposed that fractures and other planar structures, which were formed during the same tectonic phase,
have common intersection of the compression and tension (minimum compression) areas.
An example of the shear fractures analysis from “Rovte” village in Slovenia shows that the fractures were formed
in the strike-slip stress regime with maximum compression in the NE-SW direction.

How to perform the full VGF and MSM methods for fractures only?
In the Tolbar/Strain unit you can perform the full VGF and MSM visualization of the joints and fractures
without showing the results for faults (Inverse or MSM). Follow the procedure:
1. Supposing that the results of the inversion method for faults have been calculated, click the Strain button in
the main toolbar of the program. The main panel of the Strain unit should appear on the right. Set “Strain axes:
visible” to “Strain axes: hidden”.
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2. Set “Display faults” in the Picture menu to unchecked.

3. Go to “Tools/RDM, MSM, VGF, P-T, and density quadrants/fields” in the Tools menu, where you can find
the following options (for Analysis):



For faults and fractures: the VGF and MSM are performed combining the faults and fractures.
For fractures: the VGF and MSM are performed analyzing the fractures only.

4. Set “Show strain fields (RDM, MSM, VGF)” to checked and click OK.
5. Click Inv. 1 on the main panel of the Strain unit (on the right). The results of the VGF or MSM method (for
fractures only) should become visible.
Important!!!
The VGF, MSM and RDM methods can use the weighting factors as defined in the main table with the fault-slip
data multiplied by the driving stress. The following options are possible:
7. Use weighting factors in the analysis checked: weight = weight (as defined in the table) x driving stress.
8. Use weighting factors in the analysis unchecked: weight = driving stress.
9. Perform unweighted analysis checked: no weighting factors are used.
Fractures are not weighted!
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The VGF, MSM and VGF analysis in the defined stress/strain plane
T-TECTO Studio X5 enables the analysis of the strain/stress fields in the defined strain/stress plane.
1. Go to the “Tools/RDM, MSM, VGF, P-T, and density quadrants/fields” and set "Show strain/stress planes"
to checked.

2. Click the Inv. 1, Inv. 2 or 2a buttons in the Tools/Strain. The RDM, MSM or VGF method calculates the
maximum and minimum component of the strain/stress field in the defined plane.
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P and T fields
To illustrate the P and T fields associated with the inversion results or the results of the MSM/VGF calculation
set one of the following options in the “Tools/RDM, MSM, VGF, P-T, and density quadrants/fields” to checked:




P and T quadrants (VGF/MSM),
P and T quadrants (inverse/MSM),
P and T fields (Inverse/MSM).

Also set Show strain fields (RDM, MSM, VGF) to checked.
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