
When did your interest in geophysics 
develop into a career? What or who has 
inspired you along the way?

My interest in geophysics developed while 
I was an undergraduate student in physics 
in Montreal, Canada. At that time, I vaguely 
knew I wanted to research the physics of 
the Earth but this option was not available 
at my institution, so I contacted Professor 
Jean-Claude Mareschal, also in Montreal, 
and carried out a research internship under 
his supervision. During this time I worked 
on the analysis of data from cores drilled 
into the ocean floor to reconstruct the 
climate of the past 400,000 years, which I 
thought was astonishing! My interest was 
instantly sparked by that summer’s work 
and after graduating I completed a Master’s 
degree with Jean-Claude. Following this, I 
decided to learn seismology and moved to 
Vancouver, Canada, to work with Professor 
Michael Bostock. When I completed my 
PhD I moved to Berkeley, USA, to pursue 
a postdoctoral position funded by the 
prestigious Miller Institute for Basic Research 
in Science. In addition to Jean-Claude 

and Michael who were both exemplary 
advisors, I was particularly inspired by my 
other mentors Professors Mark Jellinek and 
Roland Bürgmann. 

Relative to climate modelling, it is difficult 
to predict and model earthquakes. Why is 
this the case?

Earthquakes occur on faults, therefore we 
know approximately where earthquakes 
are most likely to hit, but it is impossible to 
predict when one will hit, or how large it will 
be. This is because it is impossible to know the 
3D structure of the fault, the stresses acting 
on it and the exact relation between stress 
conditions and the threshold of fault rupture 
and propagation simultaneously.

Of your study sites, which do you find most 
fascinating and why?

My favourite study site is the northern 
Canadian Cordillera in the Yukon and 
Northwest Territories, which is a mountainous 
region tucked between Alaska and the flat 
lands of the Canadian Shield. This part of 
Canada is one of the most beautiful and 
pristine regions in the world, with a diverse 
fauna and breathtaking views of crystal lakes 
and tall rugged mountains; it’s also one of the 
most seismically active regions in Canada, 
although we understand very little about its 
structure and current deformation. Indeed, 
the closest plate boundary that provides the 
tectonics forces to deform the landmass is 
nearly 1,000 km away. How these forces are 
propagated across this distance remains a 
puzzle. In the summer of 2013 I spent several 
weeks installing a network of seismograph 
stations to monitor the earthquake activity 
and constrain the structure of the Earth 
beneath the Cordillera, to understand how 
this magnificent landmass evolved and is 
currently deforming. 

Does your research benefit from 
international collaboration?

My research could not take place without the 
efforts deployed by the scientific community 
at an international level. For example, most 
of the data I use (planetary gravity and 
topography data, global positioning system 
(GPS) and seismic data) come from several 
international agencies and institutions and are 
made freely available for anyone to use. This is 
the true meaning of international collaboration 
and is the main reason why our science and 
community remain healthy and strong. On a 
more personal level, I also work with several 
international collaborators, mainly in the US 
but also in Germany, the UK and France.

Will you be presenting your research at any 
conferences or events in 2014?

My research will be presented at the American 
Geophysical Union (AGU) Meeting in 
December of 2014. I am also representing 
Seismology in the organisation of the AGU 
Spring meeting held jointly with the Canadian 
Geophysical Union in Montreal in 2015, and 
am excited to present my research at an 
international conference in my home town!

Have you been surprised by any of your 
findings to date?

My biggest surprise was the realisation that 
humans can have a measurable impact on 
the vertical motion of the Earth’s crust and its 
effects on earthquakes. We have known for a 
long time that humans permanently modify 
Earth’s fluid layers, ie. the oceans and the 
atmosphere, but the solid Earth was always 
thought to be strong enough to withstand 
any human forcing. Now we have to add the 
Earth’s crust and faults to the list of natural 
phenomena that can be impacted by human 
activity, which to me is simply mind-blowing.

Dedicated geophysicist Dr Pascal Audet outlines the career that brought him to this 
field, and describes some of the most exciting and rewarding aspects of his current 
work towards measuring and modelling crustal deformation
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Quaking a difference
Researchers in the Earth Sciences Department of the University of Ottawa in Canada are 
advancing scientific understanding of anthropogenic forcing of the Earth’s crust, as well as 
subduction zone earthquakes and even the lithospheres of other terrestrial planets

HUMAN SETTLEMENTS, since the beginning 
of recorded history, have clustered around 
water sources. First a convenient source of life-
sustaining liquid sustenance, these wellsprings 
subsequently proved useful for agriculture, 
transport, economics and leisure, strongly 
confirming the importance of a commodity 
seen as ubiquitous today. Even arid areas where 
rain is scarce have, in many cases, been made 
habitable by people using industrious or artful 
methods to harness water, with increasingly 
complex well and irrigation systems rendering 
the land fertile. Indeed, in agricultural terms, 
many of the most productive lands are found 
where a water supply has been introduced to 
areas with abundant natural sunlight.

However, as the global population has grown, 
so too has the demand for agriculture, and the 
need for more water to feed the system. This 
redoubled appetite for fresh water has meant 
that, in some areas, stocks of water within the 
Earth’s surface have eventually been tapped. 
This is problematic for two reasons. Firstly, and 
perhaps most obvious, relying on groundwater 
is risky because it is unsustainable. Arid areas 

supporting agriculture in this way can only 
do so until those underground reserves are 
empty; ultimately, their production must 
shrink to match the supply of rainwater or they 
must invest in desalinisation plants and new 
technology to make tainted sources suitable. 

THE FOOD BASKET OF THE WORLD

The second problem brought about by 
withdrawing groundwater is that it will 
eventually change the properties and behaviour 
of the Earth’s surface. In the San Joaquin Valley, 
which accounts for a large area of central 
California, this phenomenon has had especially 
striking results. The valley accounts for a high 
proportion of the state’s agricultural output, 
producing grapes, nuts, citrus, vegetables 
and cotton, and is often referred to as ‘the 
food basket of the world’. Since the early 20th 
Century, however, the need to provide water to 
this naturally dry area has called for widespread 
groundwater pumping, resulting in heavily 
compacted ground in some parts of the valley,  
causing subsidence by as much as 30 ft after 
removal of the supportive water deposits.

Groundwater withdrawal is a problem 
affecting developed and developing countries 
alike – and what is more, this is only one way 
in which human activity has a notable impact 
on natural geological processes. One research 
group concerned with this and other examples 
of anthropogenic forcing is Dr Pascal Audet’s 
team at the University of Ottawa. As well 
as human-induced crustal deformation, the 
Ottawa geophysicists are also interested in 
a range of topics including subduction zone 
earthquakes and the lithospheres of other 
terrestrial planets.

A GROUNDBREAKING STUDY

Changing the composition of the Earth’s surface 
by extracting groundwater, mineral deposits 
and fossil fuels has a noticeable impact on fault 
stability and the likelihood of an earthquake 
occurring. Processes such as hydrologic 
fracturing (fracking), which injects water into 
the ground, can also have a detrimental effect, 
sometimes lubricating otherwise stable faults 
and making them more likely to slip. A single 
earthquake of magnitude nine can release 

 WWW.RESEARCHMEDIA.EU 75

DR PASCAL AUDET



FAULTS, FLUIDS AND EARTHQUAKES: 
INVESTIGATING EARTH’S 
DEFORMATION FROM TECTONIC AND 
ANTHROPOGENIC FORCINGS

OBJECTIVES

• To investigate the structure of the crust and 
faults at plate boundaries to understand 
the role of fluids in earthquake processes

• To monitor the impact of large-scale 
human activities on deformation of the 
Earth’s crust 

• To constrain the structure of terrestrial 
planets and determine their mechanical 
and thermal evolution

KEY COLLABORATORS

Assistant Professor Colin Amos, Western 
Washington University, USA • Professor 
Geoff Blewitt, University of Nevada 
Reno, USA • Professor Michael Bostock; 
Professor Nick Christensen; Professor 
Simon Peacock, University of British 
Columbia, Canada • Professor Roland 
Bürgmann, University of California 
Berkeley, USA • Professor Bill Hammond, 
University of Nevada Reno, USA • Ingrid 
Johanson, Assistant Research Seismologist, 
Berkeley Seismological Laboratory, USA 
• Professor Susan Schwartz, University 
of California Santa Cruz, USA • Assistant 
Professor Amanda Thomas, University of 
Oregon, USA

FUNDING

Canadian Foundation for Innovation • 
Natural Science and Engineering Research 
Council of Canada (NSERC) • University 
of Ottawa

CONTACT

Dr Pascal Audet 
Principal Investigator

Department of Earth Sciences 
University of Ottawa 
140 Louis Pasteur 
Ottawa, Ontario, K1N 6N5, Canada

T +1 613 562 5800 x 2344 
E paudet.uottawa@gmail.com

http://uottawageophysics.wordpress.com

PASCAL AUDET holds a BSc in Physics from 
the Université de Montréal, MSc in Earth 
Sciences from the Université du Québec à 
Montréal, and PhD from the University of 
British Columbia. He held a Miller Research 
Fellowship from the Miller Institute for 
Basic Research in Science at the University 
of California Berkeley, USA, and is currently 
Assistant Professor of Geophysics at the 
University of Ottawa.

23,000 times as much energy as an atomic 
bomb, and as Audet notes: “The forces involved 
in plate tectonics are beyond the reach of human 
experience”. Nonetheless, anthropogenic forcing 
is beginning to affect the patterns of these 
almost unimaginably potent phenomena with 
potentially destructive consequences. 

Using networks of ultra-sensitive instruments, 
including seismometers and global positioning 
system (GPS) stations, as well as remote sensing 
data from satellites, it is possible to comprehend 
just how much human activities interfere with 
the surface of the planet. In a recent study, 
focussing specifically on the San Joaquin Valley 
area, Audet and his team of  geophysicists found 
a broad uplift in the lithosphere as the loss of 
groundwater makes the surface lighter. The work 
also highlights, for the first time, a less benign 
occurrence: the loss of water mass has affected 
seismicity rates in the San Andreas Fault, which 
lies directly to the west of the valley. As climate 
and population pressures will make such events 
more common in the future, it is studies of this 
kind that will allow scientists to characterise the 
extent of anthropogenic forcing. 

SUBDUCTIVE REASONING

As well as the withdrawal of water from the 
Earth’s crust, the Ottawa researchers are also 
interested in one of the most conspicuous 
processes that traps it there in the first place: 
subduction. As part of recent studies conducted 
on subduction zones in Cascadia and Costa 

Rica, and considering data from earthquakes 
worldwide, they helped to confirm that fluid 
saturation in the subducting oceanic plate can 
have a lubricating effect on the fault, causing 
slips. The structure of this plate – whether 
ridged by sea mounts or covered in sediment – 
influences how much water is subducted along 
with the plate, and therefore to some degree the 
seismic behaviour of the fault. Investigations 
in this branch of the group’s research are 
still ongoing.

THE GEOLOGIC SOLAR SYSTEM

The studies performed by Audet and his 
collaborators extend beyond Earth, to other 
planets that may have similar characteristics, 
including terrestrial Venus and the Moon. On 
Earth, deformations of the rocky crust are 
caused by plate boundary interactions and 
surface and internal loads, whereas on other 
rocky planets only the latter force is operating. 
The problem is that, although studies on the 
rheology of Earth and terrestrial planets have 
been possible for some time using gravity and 
topography data, the methods for doing so have 
not been consistent. Over the last 10 years, 
therefore, Audet has endeavoured to develop 
novel tools for analysing these data, as well as a 
corresponding theoretical framework.

Now that such a basis exists, the ultimate goal 
in this aspect of the team’s research programme 
will be to further the field of comparative 
planetology, enabling the study of mechanical 
and thermal structures in the lithospheres of 
other planets. Eventually, this line of enquiry 
may lead to a more complete understanding 
of how rocky planets like Earth evolve. 
Despite this interplanetary reach, which amply 
demonstrates the broad scope of the research 
conducted by Audet and his colleagues at the 
University of Ottawa, this work is characterised 
by an approach that is down-to-earth and 
heavily grounded in practicality.

A single earthquake of magnitude 

nine can release 23,000 times as 

much energy as an atomic bomb
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