Relation of rupture to strain Lecture 7

A convenient way of visualizing deformation is to imagine the change in shape of an imaginary
sphere in the rocks.

For example, imagine a sphere in a body of granite. If the granite were compressed from the top
and bottom , the imaginary sphere would become deformed into an oblate spheroid S bl
and the short axis of which would be vertical.

the most general solid resulting from the deformation of a sphere is an ellipsoid.

This imaginary figure may be called the strain ellipsoid or deformation ellipsoid.

AA' is the largest strain axis

BB°‘ is the intermediate strain axis

CC° 1s the least strain axis
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Uses of strain ellipse in structural geology

1- If tension fractures form , they are parallel to the plane that contains the Intermediate
and Least Strain Axes. BB C C'. Thatis ,tension fractures form at right angles to the
Greatest Strain Axis

If the attitude of the strain ellipsoid is known ,

the position of the tension fractures may be predicted.
Conversely, if fractures can be identified as of tension origin

,the greatest strain axis is readily determined; the plane A"
Containing the least and intermediate strain axes is also
Defined, but the position of these axes within this plane
Can be determined only if additional data available.
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2-Most section through ellipsoids are ellipses. Two of the sections Are circular.
These circular section pass through the intermediate axis B B~ ..NO strain circles
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Strain ellipse

Experiments show that

shear fractures are closer

to least strain axis than
A'the circular sections.

A A’ is the greatest strain axis

CC’ s the least strain axis

SS® and S 8™ are the traces of the Circular Section of
the ellipsoid. 45 ¢ s Lails CC Oxs Wi 425100

FF‘ and F” F** are the trace of the planes parallel to which

shear fracture form. 300 Ll S CE Fhans W gl 19 44126



We may utilize this concept as follows.
If two sets of shear fractures are present and are product of the same deformation .
the line formed by their intersection is parallel to the intermediate axis of the strain

ellipsoid.

Moreover .the least strain axis C C' bisects the acute angle between the shear

fractures.
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3-A point of fundamental importance is that the strain gives us no direct evidence
of external forces that cause the deformation . An ellipsoid may be formed from
a sphere by Simple Compression, by Tension, or by a Couple.

Original circle Convert to( ellipse)

el (e

Compression Tension Couple

Deformation of circle into an ellipse

Thus even the field geologist may accurately describe the strain ,he cannot directly deduce the forces without
some additional evidence.
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Use Of Strain Ellipse In A Structural Problem.

A simple example may serve to illustrate the use of the concept of the strain ellipsoid in relation
to ruptures .Fig. below, is a cross section through a fault—that is a fracture along which the
blocks on opposite sides have been displaced relative to each other. Scratches on the surface of
the fault indicate that the movement was parallel to the dip of the fault.

The problem is to decide whether the eastern block moved up or down relative to the western
block---That is which arrows, those at a or those at b, represent the movement.

(b )the long axis of the ellipse would be horizontal.
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The Measurement of Strain

Change in line length o=

Example:

If a belemnite of an original length (I,) of 10 cm is now 12 c¢m (i.e., |'=12 cm), the
longitudinal strain is positive, and

e = (12-10)/10 * 100% which gives an extension, e = 20%

Change in volume e,

V-V

Change in angle between Iines%at
were perpendicular.
Angular shear ) psi.

angular shear =90 -a =y

Shear strain ( Y) gamma
AX
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Homogenous and Inhomogeneous Strain

The type of strain shown by a distorted body can be classified as homogenous or inhomogeneous
Based on the following geometrical criteria:

Homogenous deformation:-

1- Straight lines remain straight after deformation.

2- Parallel lines remain parallel after deformation.

3- flat planes remain flat after deformation.

4- All lines in the same direction in the strained body have

constant values of e,y & .
5- Circles become ellipses: in three dimension, sphere become ellipsoids.

Unstrained state Strain state
® - —

>\ N\,
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Inhomogeneous (Heterogeneous ):-

1- Straight lines become curved after deformation.
2- Parallel lines lose their parallelism after deformation.
3-For any given direction in the body after deformation, the values of e, y &  are variable.
4-Circles and squares or their three-dimensional counter parts, cubes and spheres,

are distorted into complex forms.
any heterogeneously strained rock body can be subdivided into small areas that exhibit the
characteristics of homogeneous strain (these areas are called domain)

NN = @

strained State Unstrained State




Strain path

Any deformed substance has an involved history, for it passes from its initial condition through
a whole Series of deformed states before it eventually arrives its final states.
This process is known as progressive deformation .The geologist investigating rocks deformed
by natural tectonic processes sees only the end product of the deformation processes known as
the finite state of strain of the material ,or finite strain or total strain. which is independent of
the details of the steps toward the final configuration.
When these intermediate strain steps are determined they are called incremental strains,
Incremental strain or infinitesmal strains is a Strain state of one step in a progressive strain
history. The summation of all incremental strains (that is, their product), therefore,
is the finite strain
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There are many ways to measure finite strain in a rock, but measurement of strain increments is more
difficult. Yet, incremental strain may be more crucial for unraveling the deformation history of a rock or
region than finite strain. Let us explore this with a simple example
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The finite strains, Xf and Yf, in (a) and (b) are the same, but the strain path by which each was
reached is different. This illustrates the importance of understanding the incremental strain

history (here, Xi and Yi ) of rocks and regions and inherent limitation of finite strain analysis.
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Lines of no finite elongation - Infe

If we draw a circle on a deck of card, and deform the
deck, the strain ellipse will intersect the original circle
(if we redraw it) along the two lines of Infe

If we draw a new circle in the deformed state (in a
different color, say red) and restore the deck to its
original unstrained configuration, the red circle
becomes an ellipse

This ellipse which has long axis perpendicular to the
strain ellipse is called the reciprocal strain ellipse
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Lnfe — lines of no finite elongation

\ /

S3

S 1 long axis of ellipse
S 3 short axis of ellipse
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Zones of Extension & Shortening

boudinage&normal fault

=== Zone of extension

Aoty Uas
Infe
Zone of shortening

&reverse and
thrust fault
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Boudinage is a geological term for structures formed by extension,
where a rigid tabular body such as Hornfels, is stretched and
deformed amidst less competent surroundings. The competent bed

The thickest boudins are about 20 m (65 feet) thick, and the thinnest
a1bgout 1 cm (0.39 inch).
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http://en.wikipedia.org/wiki/Competence_(geology)

Normal fault
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Reverse Fault

S v

Reverse fault
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Rotational and Irrotational Strain
(Coaxial and non-coaxial strain accumulation)
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If the strain axes have the same orientation in the deformed as in undeformed state we describe
irrotational the strain as a non-rotational or Coaxial

If the strain axes end up in a rotated position, then the strain is rotational or non coaxial

the principal incremental strain axes rotate relative to the finite
strain axes, a scenario that is called non-coaxial strain
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An example of a non-rotational strain is pure shear - it's a
pure strain with no dilation of the area of the plane

¥4 Y,
(1)

Pure means lack of rotation

(0)
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An example of a rotational strain is a simple shear

(0) (1) (2) (3)

G
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Graphic representation of finite strain ellipse in two dimension

A common goal in strain analysis is to compare results obtained in one place with those obtained
elsewhere in an area or in an outcrop, or even to compare data from several different regions.

Strain ellipses may occur in a variety of shapes. In Fig. 14.4 there are seven circles of radius 1,
and the strain ellipse that has developed from each. In Fig. 14.5 is a graph in which 1 + e2 is
plotted against 1 + el. The undeformed circle is shown at 1 + e2 =1 and 1 + el =1. Before
reading further, plot the letter of each of the seven strain ellipses of Fig. 14.4 onto its
appropriate position on Fig. 14.5. You will probably have difficulty understanding the
following discussion if you do not take the time to do this.

Fig. 14.4 Seven circles and their corresponding strain ellipses. The seven strain ellipses should be
pIottggI on the graph in Fig. 14.5.
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The seven strain ellipses that you have plotted on Fig. 14.5 represent seven generalized classes. Notice that
no ellipse can ever be plotted above the diagonal line on the graph, why ?.
The diagonal line is the locus of all strain ellipses that are not ellipses at all; they are circles. “Ellipse” A,

which exhibits equal elongation in all directions, and “ellipse” G, which exhibits equal contraction in all
directions, both plot on this line

The graph of Fig. 14.5 can be divided into three fields with the e1=0 and e2 = 0 lines acting as dividers. Field
1 includes all ellipses in which both principal strains have positive extensions, such as ellipse B in Fig. 14.4.
Field 2 includes ellipses in which el is positive and e2 is negative, such as ellipse D in Fig. 14.4. And field 3
includes ellipses in which both el and e2 are negative, such as ellipse F in Fig. 14.4. Figure 14.6 summarizes
the characteristics of each of the three fields
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Fig. 14.6 Graph on which 1 + e2 is plotted
Dr.Rabeea Znad against 1 + el, showing threefields

Fig. 14.5 Graph on which 1 + e2 is plotted
ag%'nst 1 + el for a given strain ellipse



Strain Field Diagram
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Strain Field Diagram

Notice that no ellipse can ever plotted above the diagonal line why?
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Chocolate tablet boudinage

Field 1 One set boudines

Field 2

Field 3 & M
T ‘\ Folds & boudins
-1 + {’1

Dome-Basin Folds/ \

ingle set of folds
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Strain In three dimension (Flinn diagram and K — factor) k gatas ¢t kbis

The Flinn diagram is a graphical representation used to plot finite strain ellipsoids.
The Flinn diagram describes two main types of strain ellipsoids, cigar and pancake.
The cigar type ellipsoid is when the main strain is in the S1 direction. The resultant

strain ellipsoid is long and looks like a cigar standing upright. The pancake strain
ellipsoid looks like a pancake with the S3 strain direction being extended.
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examine Flinn diagram more closely...

K IS shape parameter:
(a-1)/(b-1)

K is describes slope of line
that passes through origin

(angle B)

oblate ellipsoids 4~k
as k approachesto 0

ddaiwaliprolate ellipsoids as
Kk approaches infinity

Field of flattening ‘
hamburger: S tectonite x./

B

b=t

g S Z
phere is at origin (1,1) (
a=b=1 from: Twiss and Moores, 1992

k=1 is special case of plane strain (Y=1)
...line separates field of constriction from field of flattening



