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A Note from the Chair 
Stephen H. Hickman 
USGS 
 
With the American Geophysical Union 
meeting in San Francisco just around the 
corner, we should first congratulate 
PPEM members who have been honored 
in the past year by AGU and other 
organizations.   
 
The list of PPEM honorees this year is 
long and distinguished, and includes new 
AGU Fellows Greg Beroza, Patricia 
Dove, Greg Hirth and John Rundle.  
Mark Zoback received the 2008 Walter 
H. Bucher Medal and Emily Brodsky 
received the 2008 James B. Macelwane 
Medal, both from AGU. Also this year, 
the Minerological Society of America 
elected Patrick Cordier as a Fellow and 
awarded Alexandra Navrotsky the 2009 
Roebling Medal. Finally, Brian Evans 
received the 2008 Louis Néel Medal 
from the EGU, David Mao was elected 
to the Royal Society of London as a 
foreign member, and David Rubie 
received both the Schlumberger Medal 
from the Mineralogical Society (in the 
UK) and the Abraham Gottlob Werner 

Medal from the German Mineralogical 
Society.   

In addition to the report by Shun Karato 
on the 2008 Rheology Grand Challenge 
workshop, a number of upcoming 
workshops and conferences are 
advertised in this Newsletter. These 
include the joint U.S.–Canada Rock 
Mechanics Symposium in Ashville, 
North Carolina, 28 June – 1 July 2009, a 
special session on Deformation 
Processes: Microstructures, Textures and 
Rheology at the EGU General Assembly 
in Vienna 19-24 April 2009, and the 
Deformation, Rheology and Tectonics 
Meeting to be held in Liverpool 2-9 
September 2009. The biennial DRT 
meeting is always a highlight for the 
PPEM community and this year is being 
organized by Dave Prior and Ernie 
Rutter in honor of Martin Casey, who 
sadly passed away on June 10, 2008.   

 
As usual, for other events of interest to 
the PPEM community, including 
meeting announcements, special 
publications, job advertisements, AGU 
section announcements, etc., please refer 
to the PPEM web site maintained by 
Andy Kronenberg at 
http://geoweb1.tamu.edu/tectono/ppem/i
ndex.html. 
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The PPEM Steering Committee will 
meet at the AGU meeting on December 
18, and we welcome any ideas you 
might have on how we can help promote 
the science, activities and visibility of 
the PPEM community.  Please feel free 
to contact any of the Steering Committee 
Members (Joanne Fredrich, Dave 
Goldsby, Shenghua Mei, Joe Morris, 
Ben Holtzman and Francois Renard,) or 
send an email to me directly at 
hickman@usgs.gov with your ideas. 

Finally, thanks are due to Brian Bonner 
and Steve Blair for coming through once 
again with a new and enticing restaurant 
for our annual dinner at the AGU 
meeting. This year, the PPEM dinner 
will be at an Eritrean restaurant, 
Massawa, located in the Haight-
Ashbury section of San Francisco.  For 
those of you who have already registered 
for this event, please remember that the 
cash bar starts at 6:30 pm, with dinner 
starting at 7:30 pm.  Please go to 
http://geoweb1.tamu.edu/tectono/ppem/P
PEM_Dinner.html for directions and 
public transportation hints on getting to 
the restaurant.  I am looking forward to 
seeing many of you there! 

Regards, 
 
Steve 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 

 
PPEM dinner will be held on 
Monday evening, Dec. 15, 2008 at 
Massawa, SFO.  

 
 
 
 

For more information about the 
activity, please see 
http://geoweb1.tamu.edu/tectono/ppe
m/PPEM_Dinner.html. 

For more information about the 
restaurant, please see 
http://www.ethiopianrestaurant.com/
california/massawa.html. 
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Rheology Grand Challenge Workshop 
on Plastic Deformation of Minerals 
and the Dynamics of Earth’s Deep 
Interior at MIT 
 
 A workshop with above title was 
held at MIT in early August of 2008 
sponsored by NSF, Rockland Research 
and Oxford Instruments (local host: 
William Durham). The purposes of this 
workshop were (i) to present the 
accomplishment of RGC (rheology 
grand challenge) program to a broader 
audience and (ii) to develop further 
collaborations with geodynamicists who 
would be the “users” of the results from 
mineral physics studies. In this one and a 
half day workshop, 52 people attended 
including 15 graduate students and 10 
post-docs and some “old friends”. 
 Rheology Grand Challenge 
(RGC) program started in 2002 to 
support experimental program to 
develop new techniques of high-pressure 
deformation studies. As all of the readers 
of this newsletter know, quantitative 
studies of rock deformation are difficult 
under high-pressures. The commercially 
available Paterson apparatus provides 
beautiful data set but the pressure is 
limited to 0.5 GPa (~15 km depth in 
Earth). A solid-medium Griggs 
apparatus can be operated to ~3 GPa, but 
the stress measurements are not as 
accurate as those with a gas-medium 
apparatus and the pressure range is still 
limited. So if one just buys an apparatus 
and push the buttons, however precisely 
one might operate the apparatus, one can 
only investigate rheological properties to 
~15 km depth (or with a little less 

quality to ~80 km). Compared to the 
dramatic developments in static high-
pressure technology (multi-anvil press, 
diamond anvil cell etc.), technical 
developments in deformation studies had 
been limited.   

Conference Reports 

Recognizing the needs for new 
technology for deformation studies, a 
group of scientists in USA initiated a 
program to develop new technology of 
high-pressure deformation. This effort is 
based largely on the previous pioneering 
studies by Don Weidner (Stony Brook 
University) where techniques to use 
synchrotron X-ray facilities for stress 
and strain measurements have been 
developed. The aim is to further develop 
such technologies to allow us to conduct 
quantitative studies on plastic 
deformation under the conditions of 
deep mantle (10-20 GPa or higher).  

There are three major challenges 
in this effort: (i) controlled generation of 
stress under high-pressure and 
temperature conditions, (ii) quantitative 
measurements of stress (and strain) and 
(iii) control of chemical environment 
such as water fugacity. Because high 
(and uniform) temperature is critical for 
geological applications, we chose to 
develop “large-volume” apparatus rather 
than to use DAC (diamond anvil cell) for 
this purpose. Two types of deformation 
apparatus, DDIA and RDA have been 
developed and tested (another type of 
apparatus DTCUP is being developed at 
Stony Brook). The maximum pressure 
and temperature achieved by RDA for 
deformation studies are P~17 GPa, 
T~2200 K. The results obtained from 
these apparatus are beginning to shed 
some light to the dynamics of Earth’s 
deep interior. However, as usual, there 
are a number of technical issues that 
need to be resolved including the 
methods for stress measurements and the 
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development of techniques toward 
higher pressures. 

In this workshop, some of these 
technical issues were discussed together 
with some presentations on geodynamic 
issues. The program consisted of two 
components: (1) presentations by invited 
speakers mostly on “geodynamics” 
related to deep mantle rheology, and (ii) 
technical presentations summarizing the 
accomplishments in the experimental 
studies on high-pressure deformation. 
Most of the technical presentations were 
from RGC group (Burnley, Durham, 
Green, Karato, Mei, Wang, Weidner) 
with a focus on some technical issues in 
high-pressure deformation experiments. 
However there are two invited talks on 
technical issues where modeling of 
deformation (Merkel) and the issues on 
data analysis (Korenaga) were discussed. 
 The program is listed below. 
Although it was a short workshop, there 

were a number of in-depth discussions 
on some technical issues such as the 
methods of stress measurements as well 
as discussions on interdisciplinary 
geodynamic issues. 
 
         (Submitted by Shun-ichiro Karato) 
     
  

 
 

=======================================  
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Research Notes  

New measurements of activation volume  

in olivine under anhydrous conditions 

W. B. Durham1, S. Mei2, D. L. Kohlstedt2,  

L. Wang3, N. A. Dixon1

1Massachusetts Institute of Technology,  
Cambridge, MA 02127 
2University of Minnesota, Minneapolis, MN 
55455 
3Stony Brook University, Stony Brook, NY 
11794 

 

Critical parameters in geodynamics 
are many, but few are as elusive as the 
activation volume for creep of olivine. It 

can be expected that the properties of 
olivine control much of Earth’s character 
because it is the major phase of the 
upper mantle, which transcends a 
pressure range from approximately 0.3 
to 15 GPa to a depth of 400 km. In 
particular, the rheological properties of 
olivine are key to the thermal structure 
and dynamic behavior of the upper 
mantle. Measurement of the pressure 
dependence of the viscosity of olivine 



has been a goal of experimentalists 
almost since the earliest test of olivine-
bearing rock under pressure nearly a 
half-century ago (Griggs et al., 1960). 

Activation volume, V*, which 
measures the response of high-
temperature, steady-state deformation of 
a rock to hydrostatic pressure, P, is 
given by 

ε& ∝exp(−PV ∗ /RT)  (1) 

The particular advance reported in 
this paper has come about through two 
recent changes to the sample cell 
assembly, both aimed at correcting 
earlier attempts to correct shortcomings 
in earlier D-DIA experiments: (1) a 
choice of cell materials that maintains 
anhydrous conditions around the sample, 
and (2) elimination of the thermocouple 
from the assembly. The anhydrous 
assembly is a sphere of mullite 
embedded in a cube of unfired 
pyrophyllite, where the diameter of the 
sphere matches the edge length of the 
cube. Elimination of the thermocouple 

from the cell assembly results in a 
demonstrably more symmetric and 
mechanically stable environment in and 
around the deformation column 
throughout an experiment. To determine 
temperature we use carefully calibrated 
relationships between furnace power and 
temperature. For measuring the 
calibration curves we use identical 
equipment and reproduce all run 
conditions except sample material: 
pressure, temperature, D-DIA ram 
displacement rate, and run time. The 
effect of time and deformation is in fact 
substantial. 

where ε  is creep rate, T is temperature, 
and R is the gas constant. The greatest 
barrier to a well-resolved measurement 
of V* has been a limit on achievable 
pressures in the laboratory, which, until 
the recent advent of a new generation of 
high-pressure deformation apparatus, 
was about 2 GPa using the solid-medium 
Griggs apparatus. We report here first 
results from the deformation-DIA, which 
raises this limit by over a factor of two. 

&

Deformation experiments designed to 
measure V* in Equation (1) were carried 
out in a D-DIA apparatus installed at 
beam line X17B2, National Synchrotron 
Light Source, Brookhaven National Lab. 
We carried out 3 experiments using the 
hybrid assembly, at a narrow range of 
temperatures near 1473 K, strain rates of 
2 × 10-6 to 2 × 10-5 s-1, and pressures of 
2.7 to 4.9 GPa. Strain rate and pressure 
were stepped individually in two of the 
experiments, giving 5 sets of ( , σ, P, T). 
The data allow us to constrain V* in 
Equation (1). Invoking values for stress 
and temperature sensitivity from the 
literature (Hirth and Kohlstedt, 2003), 
we calculate from our results V* = 9.5 × 
10-6 m3/mol with an . The fit to the data 
is illustrated in Figure 1 along with the 
uncertainty range of ±7 × 10-6 m3/mol 
defined by the error bars. 

ε&
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For more information of this work, 
please email corresponding author at 
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Figure 1. The 5 measurements from the 
hybrid cell reduced to a common T and ε& as 
indicated using n = 3.5 and E* = 500000 
J/mol (Hirth and Kohlstedt, 2003) in 
Equation (1).  

 

 
 
 

 

Meeting Announcements 

 
 
43rd U.S. Rock Mechanics 
Symposium 
4th U.S.-Canada Rock 
Mechanics Symposium  
June 28 –July 1, 2009 
Asheville Renaissance Hotel  
Asheville, North Carolina, USA 
 
 

Invitation to Asheville 
Known as an art colony, a healing resort 
and a home to notable luminaries, 
statesmen and bohemians, Asheville is 
one of the most welcoming, vibrant 
cities in America. Nearby is America’s 
most visited National Park, Great Smoky 
Mountains. 

Subject Areas  
 
This symposium encompasses all aspects 

of rock mechanics, rock engineering, 
and geomechanics. We invite scientific 
and engineering papers addressing 
geology and geophysics, civil, mining, 
petroleum, and underground 
construction applications. We especially 
aim to focus on fundamentals that are of 
common interest to all disciplines. 
Examples of such fundamentals are: 
 
• Lab and in situ testing, characterization, 
upscaling 
• Fractured rock, discontinuities, rock 
masses 
• In situ stress measurement, prediction, 
and modeling 
• Weak rocks, shales, granular materials 
• Numerical/analytic/constitutive 
modeling of rock processes 
• Salt and creeping materials 
• Rock excavation and breakage, 
dynamic loading 
• High- and low-temperature 
geomechanics 
• Rock physics and geophysics 
• Stability/support of underground 
openings (all sizes) 
• Slope and open pit stability, 
foundations, dams 
• Fracture mechanics and fracture 
propagation 
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• Coupled processes, flow and transport 
• Remote sensing, monitoring, seismicity 
• Compaction, yielding, pore collapse, 
plasticity 
• Waste disposal, seal integrity, 
underground storage 
• Uncertainty/stochastics/probability 
 
For details see: 
http://www.armasymposium.org/progra
m.html. 

 

European 
Geosciences 
Union  

General Assembly 2009 
Vienna, Austria 
19 – 24 April 2009 
 
special sessions  
 
TS2.1. Porosity, permeability and 
fluid migration in ductile shear zones: 
integrating views from metamorphic 
petrology, structural geology, 
mineralogy and economic geology 
 
convened by Florian Fusseis 
(fusseis@cyllene.uwa.edu.au), Georg 
Dresen (dre@gfz-potsdam.de) and Luca 
Menegon (luca.menegon@unipd.it). 
 
Conservative models for long-range 
fluid migration in the middle and lower 
crust rely on an oversimplified view of 
fluid transport along grain boundaries 
and through open fractures. However, 
the increasing knowledge about 
metamorphic and deformational 
processes has emphasized the 
complicated nature of porosity in rocks. 

It now seems questionable that the 
established models grasp the complexity 
of the dynamic evolution of porosity 
around and below the brittle-ductile 
transition. 
 
Recent advances in experimental, micro-
analytical and modeling techniques 
allow a reassessment of questions such 
as: 
 
- Which processes generate pore space, 
permeable or not, in the middle and 
lower crust and how does this porosity 
evolve in time? 
- How can we quantitatively estimate 
porosity in crystalline rocks? 
- What can we integrate a pressure-
temperature-time-permeability evolution 
with various tectonic settings? 
- How do porosity evolution, fluid 
migration, metamorphism and rock 
deformation feed back on each other 
over multiple scales? 
- How do fluids evolve during their 
migration in a physical and P/T space 
and how do these evolutions affect 
patterns of fluid/rock interaction we 
observe in nature? 
- What are the open questions? Which 
answers shall we seek in 
interdisciplinary studies of which kind? 
 
So long the different perspectives on 
fluid/rock interaction in the various 
scientific disciplines have hampered a 
re-evaluation of fluid migration 
processes. This session provides an 
interdisciplinary platform for structural 
geologists, petrologists, mineralogists, 
geochemists, and economic geologists to 
discuss processes influencing the 
porosity architecture in the middle and 
lower crust. We aim at establishing an 
integrated view of fluid/rock interaction 
and the associated metamorphic, 
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geochemical and deformational 
feedbacks. 
 
 
TS2.2. Deformation processes: 
microstructures, textures, rheology 
 
Convener: H. de Bresser  
Co-Conveners:  
           R. Heilbronner, H. Stunitz 
 
The session welcomes contributions 
from natural, experimental, modelling 
and theoretical studies involving 
microstructures and textures in relation 
to rheology. It is a continuation of the 
successful session on this topic of 
EGU2008. The aim is to discuss aspects 
that are still poorly understood, and new 
questions that have arisen regarding the 
measurement (by conventional and new 
techniques) and interpretation (applying 
previous and new theories) of 
microstructures and textures to identify 
deformation processes and mechanisms. 
 

 
 

 
 
2009 Annual Meeting of COMPRES 
will be held on June 19-22, 2009. The 
meeting site will most likely be in the 
northeastern United States.  
 

 
 
 

 
 

Welcome to DRT 2009 

7-9 September 2009 

In 2009, DRT is a joint venture between 
the universities of Liverpool and 
Manchester, and is to be held in the 
contemporary cityscape of the 
rejuvenated Liverpool Docklands. 

As many of you are aware, 2008 was 
shrouded by the untimely loss of Dr. 
Martin Casey.  This meeting is dedicated 
to Martin, and events and sessions will 
be organised in his memory. 

Please use the navigation bar at the side 
to explore this site, which will be 
updated regularly to provide current 
information on all logistical and 
academic aspects of the meeting. 

For more information, please see: 

http://www.liverpool.ac.uk/PDMearth_s
ciences/dept/drt2009/ 
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Book Announcements 

Microdynamics Simulation  
  
Series: Lecture Notes in Earth Sciences

 
 , 

Vol. 106  
Bons, Paul D.D.; Koehn, Daniel; Jessell, 
Mark W. (Eds.)  

 

 2008, XXII, 406 p. 185 illus. With CD-
ROM., Hardcover 
ISBN: 978-3-540-25522-2 

 

 
 

This volume deals with the simulation of 
metamorphic and tectonic 
microstrucutres in rocks with a special 
emphasis on the modelling package 
"Elle". The first part provides a review 
of the problems and opportunities in the 
modelling of microstructures, followed 
by an introduction to various numerical 
modelling techniques. In the second part 
examples of the modelling of different 
processes which alter rock 
microstructure are presented, beginning 
with individual processes and 
progressing to modelling multiple 
coupled processes. The accompanying 
CD not only enables readers to carry 
out these simulations themselves and but 
also helps them to design their own 
simulations.  
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