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the Othris peridotite massif. In the Turon de Técouére
peridotite shear zone, Newman et al. [6] suggested that
grain size reduction resulted from the spinel to plagio-
clase phase transition reaction.

Several lines of evidence indicate that the Shaka
Fracture Zone mylonites deformed in the absence of
water and melt, and that breakdown reactions were not
involved. We find no syn-deformational hydrous phases
such as amphibole, talc or serpentine. The mantle at
fracture zones is expected to be dehydrated and depleted
due to earlier on-axis melting and melt extraction [12].
In addition to the lack of evidence for melt or water
involvement in the mylonite deformation, we find no
indication of reaction enhancement via the breakdown
of spinel to plagioclase. The rare earth element
concentrations measured by ion microprobe in a
clinopyroxene porphyroclast have the typical depleted
compositions found in other abyssal peridotites [13],
with no Eu anomaly, which is a sensitive indicator of
plagioclase formation [14].

2. Methods

To study deformation mechanisms in mylonites, we
used electron backscatter diffraction (EBSD) to analyze
olivine and orthopyroxene crystal orientations in thin
sections of mylonitized peridotites cut parallel to
lineation and perpendicular to foliation. We made
orientation measurements down to a 1 μm grain size,

an order of magnitude smaller size than that accessible
with a U-stage. In addition, EBSD permits identification
and quantification of the distribution of secondary
phases. Data were gathered using an electron back-
scatter detector attached to a JEOL 840 SEM. Portions
of thin sections were mapped for lattice orientation in 1,
2, or 4 μm steps (depending on the average grain size of
the region being mapped), using a rasterized beam
across the sample surface. EBSD patterns were
processed and analyzed using HKL Technology's
Channel 5 software package.

Orientation maps in Figs. 2–4 contain from 52% to
72% indexed data. Non-indexed (white) pixels represent
points with a mean angular deviation (MAD) number
≥1°, which result from surface roughness and computer
mis-indexing. The MAD number quantifies the mis-
match between lattice planes in the calculated orientation
and those quantified from the digitized bands of the
diffraction pattern. Raw data, consisting of all indexed
points with a MAD number <1°, are shown as maps and
pole figures for coarser and finer grained regions in Fig.
2. Processed data, for which wild spikes have been
removed and all pixels with zero solutions have been
extrapolated, are also shown in Fig. 2. Wild spikes are
single pixels (i) which are misoriented by >10° from the
average orientation of the surrounding eight pixels and
(ii) for which the maximum misorientation between any
two of the surrounding pixels is <10°. All pixels which
are wild spikes or have a MAD number >1° are replaced

Fig. 1. (A) Photomicrograph of ultra-mylonite peridotite sample AII-107-61-83 from the Shaka Fracture Zone on the Southwest Indian Ridge. Grain
size sensitive deformation has resulted in the formation of anastomosing bands of coarser (<100 μm) and finer (<10 μm) grained olivine, with
distributed grains of orthopyroxene, clinopyroxene and spinel. Large porphyroclasts of olivine, orthopyroxene, clinopyroxene, spinel and coarser
grained olivine aggregates remain and appear to have behaved as hard inclusions during deformation. (B) Photomicrograph of a coarser grained area
of the ultra-mylonite, with a grain size range of 1–100 μm. (C) Photomicrograph of a finer grained area, with an olivine grain size of 1–10 μm.
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Why Study Rheology of Solid Earth? 
 
Mineral and Rock Physics is a key 
component in understanding nume-
rous geological processes that shape 
the Earth’s surface and interior. It 
combines concepts and principles 
from geology, geophysics, petrology, 
and material science. Our knowledge 
of rheology has significantly improved 

over the last 30 years, mainly through 
experimental studies, providing new 
insights on Earth deformation and 
dynamics. Rock physics is needed to 
characterize reservoirs imaged by 
geophysical data, and to build 
mechanical earth models for solving 
geomechanical problems. 

Essential Questions 
 

• What are the deformation mechanisms involved in long-term geological 
processes, such as plate tectonics and mantle convection? 

• What are the experimental techniques used to study rock physics? 
• What does geophysics teach us about rock physics? 
• Is rheology the same for all terrestrial bodies? 

Sheared	peridotite.	Warren	and	Hirth,	2006	
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Course Description 
 
This course provides a framework for understanding the intrinsic properties of 
rocks, such as mineralogy, diffusion, and deformation (strain, stress, elasticity, 
anisotropy). It explores fundamental aspects of geological processes (plate 
tectonics, mantle convection) with an emphasis on how to use this 
understanding in the construction of mechanical earth models and in 
quantitative interpretation of geophysical data. The course follows a change in 
scale: from micro-scale processes, to rock-scale mechanisms (and how they 
relate to microscopic properties), to planet-scale considerations. A variety of 
applications (mostly for the Earth, but also for other terrestrial bodies) and real 
data examples are presented.  
 
 
Undergrads students won’t be graded the same way as grad students, as 
expectations are different.  
 
 
 
 

Pole	figures,	Warren	and	Hirth,	2006	
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Week Topics 

1 Introduction to diffusion, stress, strain, elasticity* 
2 Micro-scale processes (defects, dislocation)* 
3 Rock-scale processes: Diffusion I (thermodynamics) 
4 Rock-scale processes: Diffusion II (self-diffusion, chemical diffusion, 

fluxes) 
5 Rock-scale processes: Deformation I (dislocation creep, diffusion 

creep)  
6 Rock-scale processes: Deformation II (dynamic recrystallization, 

grain growth, grain boundaries) 
7 Rock-scale properties: Viscosity, porosity, electrical conductivity, 

seismic velocities; effect of water and melt 
8 Planet-scale properties: Rheology of the Earth and other terrestrial 

bodies (the Moon, Mars, Mercury, Venus) 
9 Planet-scale properties: Seismic and electrical anisotropy 

10 Project presentations  
11 Final exam 

	

Tentative Course Schedule 

Course Grade 
 
HW (not every 
week): 10% 
Project: 40% 
Final exam: 50% 
Extra credit: +2% 

To Succeed in this Course 
 

• Meet assignment deadlines and requirements 
• Ask questions, whether they are content or skill 

related, further your thinking, be curious 
• Take responsibility for your learning 

Main Learning Goals of this Course 
 

• Students will be familiar with rheological properties of the Earth’s interior  
• Students will know the principles of diffusion theory and understand the 

main deformation mechanisms 
• Students will be able to interpret geophysical properties (seismic 

parameters, electrical conductivity) in terms of rock properties 
• Students will think more critically about the interior of terrestrial planets in 

terms of structure and dynamics 
• Students will develop skills in expressing themselves orally and in writing 

*Elasticity	and	micro-scale	processes	are	further	detailed	in	course	SIO225	–	Physics	of	Earth	
Materials	and	will	therefore	be	only	briefly	discussed	in	this	course.		


