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Abstract--By converting two angles of shear to three relative stretches the shape and orientation of the strain 
ellipse may be easily calculated. 

THE shape and orientation of the strain ellipse can be 
obtained easily from two angles of shear in a plane with a 
Mohr circle, especially if the pole construction of Lisle 
(1991, p. 122) is used. Still, an analytical solution would 
be useful. A direct approach is not possible because the 
finite shear strain parameter 7' is defined in terms of 
both 7 and 2'. Several previous attempts have been 
made to find an analytical solution. The approach based 
on the Mohr circle diagram by Ragan (1980) is clumsy, 
and the solution of the pair of equations suggested by 
Ramsay & Huber (1983, p. 132) is not easy. 

If two initially perpendicular lines are deformed they 
then represent an angle of shear. Following Groshong 
(1988) these lines can be converted to a relative stretch 
by a simple construction. 

A reference line not parallel to either of the deformed 
lines is arbitrarily chosen as the x' axis and with it an 

origin and y' axis (Fig. la). Two reference points 
A ' ( - 1 ,  0) and B ' (+I ,  0) are located on the x' axis. A 
line parallel to one of the deformed lines through A' and 
a line parallel to the other deformed line through B' 
intersect at P'. As a check, the apex angle P' is 90 - ~p. 
Wellman's (1962) construction shows this point lies on 
an ellipse with the same shape and orientation as the 
strain ellipse, and therefore the radius OP' is then a 
relative stretch corresponding to this pair of sheared 
lines. The co-ordinates of P' are obtained from the angle 
ct' line A'P '  and the angle fl' line B'P' makes with the 
+x' axis. Then 

_ y '  _ y '  
t ana '  x ' + l  and tanfl' x ' - I  (1) 

Solving both for y' gives 

y ' = ( x ' + l )  t ana '  and y ' = ( x ' - l )  tanfl'. (2) 
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Fig. 1. (a) Construction of a relative stretch (after Groshong 1988). (b) Two deformed brachiopods (after Ragan 1985, 

p. 196). 
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Combining these to eliminate y '  and rearranging then 
yields 

x '  = - tan ct' + tan fl' (3) 
tan a '  - tan fl' 

With x '  either part  of equation (2) can be used to obtain 
y ' .  Then the relative stretch S and its orientational angle 
0'  are obtained from 

S = V ~ - ~ . V  -~ and 0'  = arctan (y'/x'). (4) 

An example will illustrate the procedure.  From the 
two deformed brachiopods (Fig. lb) ,  we wish to deter- 
mine the shape and orientation of the strain ellipse. 
Relative to the arbitrary co-ordinates axes measure- 
ments and calculations give the following results. 

a'  /3' x' y' S 0' 

a 70 ° 125 ° -0.31596 1 .87939  1 .90576  --80.46 ° 
b 34 ° 99 ° 0.80696 1.2 1881 1.46 ] 74 56.49 ° 

These two relative stretches and their corresponding 
orientation angles together with a third reference stretch 
S = 1.0 and angle 0'  = 0 ° are sufficient for a solution. 

Using the matrix method (Ragan 1987), the eigen- 

values of the relative finite strain tensor are 2~ = 0.25060 
and 2~= 1.00019. The strain ratio is then 
R~ = X/-2~/2~ = 2.0. The eigenvectors give the orien- 
tations of principal relative stretches and they are 
0~ = 89.1 ° and 0~ = - 0 . 9  °. These results are essentially 
the same as found graphically (Ragan 1985, p. 197). 

Acknowledgements--We thank Andrew Bell and Richard J. Lisle for 
their helpful comments. 

REFERENCES 

Groshong, R. H. Jr. 1988. Least-squares strain-gauge methods. In: 
Use of Microcomputers in Structural Geology, Short Course Notes 
(edited by Kligfield, R., Sanderson, D. & Groshong, R.). Geologi- 
cal Society of America, Denver, 91-106. 

Lisle, R. J. 1991. Strain analysis by simplified Mohr constructions. 
Annales Tectonicw 5, 102-117. 

Ragan, D. M. 1980. An algebraic method for evaluating angular strain 
rosettes. Math. Geol. 12, 165-172. 

Ragan, D. M. 1985. Structural Geology--An Introduction to Geometri- 
cal Techniques (3rd edn). Wiley, New York. 

Ragan, D. M. 1987. Strain from three measured stretches. J. Struct. 
Geol. 9, 897-898. 

Ramsay, J. G. & Huber, M. I. 1983. Techniques of Modern Structural 
Geology, Volume 1: Strain Analysis. Academic Press, New York. 

Wellman, H. G. 1962. A graphic method for analysing fossil distortion 
caused by tectonic deformation. Geol. Mag. 99, 384--352. 


