
Elastic Ductile Deformation
Ramón Arrowsmith

ramon.arrowsmith@asu.edu

Advanced Structural Geology, Fall 2022

Content from Structural Geology: A Quantitative Introduction by 
Pollard and Martel 



Elastic: applied stress 
produces distributed 
and recoverable 
strain

Plastic: applied stress 
equal to the yield 
strength produces 
distributed and 
Irrecoverable strain





Outcrop Scale



Crustal Scale

Flow law: 
A constant
Edot axial strain
∆σ Differential stress
Q activation energy
R universal gas constant
T temperature
n power law exponent



Rotation

Pure shear and simple shear in x

Simple shear in y and simple shear in x and y



% Ch5_Q3.m
% deform idealized brachiopods and oolith
% using a linear transformation for homogeneous 
deformation in 2D
clearvars; close all; % clear workspace variables, 
close figures

figure(1)
clf
subplot(1,2,1)
% plot a circle (future stretch ellipse)
the=(0:1:360)*pi/180;
xe=cos(the);ye=sin(the);
hold on, axis equal
axis([-6 6 -6 6])
plot(xe,ye)

% compute generic brachiopod
b=0.8; % central plication/hinge line
thet=(0:1:90)*pi/180;
x2=cos(thet);y2=b*sin(thet);
thet=(180:-1:90)*pi/180;
x5=cos(thet);y5=b*sin(thet);
x=[0 x2 0 -1 x5];y=[0 y2 0 0 y5];

% position and plot undeformed brachiopods
xp=[2.2 2.2 0 -2.2 -2.2 -2.2 0 2.2]; 
yp=[0 2.2 2.2 2.2 0 -2.2 -2.2 -2.2];
oms=[0 45 90 135 180 225 270 315]*pi/180;
% oms=[2*pi*rand(size(xp))]; 
for ii=1:8

om=oms(ii);
com=cos(om); som=sin(om);
xr=x*com-y*som+xp(ii);
yr=x*som+y*com+yp(ii);
plot(xr,yr)

end
title('Undeformed Brachiopods')
xlabel('X, x'), ylabel('Y, y')

subplot(1,2,2)
hold on, axis equal
% deform oolith and brachiopods
%Fxx=3/2;Fxy=0;Fyx=0;Fyy=1; % uniaxial extension
Fxx=3/2;Fxy=0;Fyx=0;Fyy=2/3; % biaxial extension (no vol change)
% Fxx=3/2;Fxy=0;Fyx=0;Fyy=3/2; % biaxial extension (pure dilation)
% Fxx=1;Fxy=1;Fyx=0;Fyy=1; % simple shear

axis([-6 6 -6 6])
xedef=Fxx*xe+Fxy*ye;
yedef=Fyx*xe+Fyy*ye;
plot(xedef,yedef) % plot deformed oolith

for ii=1:8
om=oms(ii);
com=cos(om); som=sin(om);
xr=x*com-y*som+xp(ii);
yr=x*som+y*com+yp(ii);
xdef=Fxx*xr+Fxy*yr;
ydef=Fyx*xr+Fyy*yr;
plot(xdef,ydef) % plot deformed brachs

end
%title('Uniaxial Extension')
title('Pure Shearing')
% title('Pure Dilation')
% title('Simple Shearing')
xlabel('X, x (cm)'), ylabel('Y, y (cm)')



Fxx=3/2;Fxy=0;Fyx=0;Fyy=1; % uniaxial extension xdef=Fxx*xr+Fxy*yr;
ydef=Fyx*xr+Fyy*yr;
plot(xdef,ydef) % plot deformed brachs

For the sake of this exercise, we consider 
deformation that is homogeneous on the scale of 
the collection of brachiopods (~ 10 cm). In this 
case, the material lines are finite in length, so the 
matrix equation is rewritten by replacing dX and 
dY with X and Y, respectively:

xx xy

yx yy

F Fx X
F Fy Y
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=     
    



Fxx=3/2;Fxy=0;Fyx=0;Fyy=2/3; 
% biaxial extension (no vol change)

xdef=Fxx*xr+Fxy*yr;
ydef=Fyx*xr+Fyy*yr;
plot(xdef,ydef) % plot deformed brachs



Fxx=3/2;Fxy=0;Fyx=0;Fyy=3/2; % 
biaxial extension (pure dilation)

xdef=Fxx*xr+Fxy*yr;
ydef=Fyx*xr+Fyy*yr;
plot(xdef,ydef) % plot deformed brachs



Fxx=1;Fxy=1;Fyx=0;Fyy=1; % simple shear xdef=Fxx*xr+Fxy*yr;
ydef=Fyx*xr+Fyy*yr;
plot(xdef,ydef) % plot deformed brachs



Deformation Gradient Tensor

Ratios of initial and final 
material line length components
Stretch, rotation, and shear of 
infinitesimal material lines

Finite Strain Tensor

Displacement derivatives:
No rotational deformation 
with no approximation

Small Strain Tensor

Displacement derivatives:
No rotational deformation and 
adequate for strains <10-2 to 10-3

For all we assume locally homogeneous
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