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Integrated Laboratories to Study
Aseismic and Seismic Faulting
The extent to which earthquake phenomena can be accurately assessed depends on
how well the underlying physical conditions
and processes are understood. But what
methodologies are available to investigate
processes occurring at a depth of several
kilometers in the Earth’s crust?
Seismologists and geophysicists use high-
resolution seismic and geodetic data to
characterize fast (seconds) and slow (days to
months) deformation processes in the Earth.
By their nature, these techniques are remote
and cannot shed light on the nature of the
fault rocks responsible for seismic behavior.
Geologists study ancient faults now exposed
at the Earth’s surface (exhumed) and document long-term processes (up to millions
of years) that alter mineralogical compositions and textures, but in most cases they
are unable to relate geological features to
specific transient phenomena and their associated signals (e.g., low- or high-frequency
earthquakes or nonvolcanic tremor). Rock
deformation experimentalists can test the
mechanical properties of different fault
rocks in the laboratory, but they face complex problems associated with bridging the
scaling gap between experimental and natural physical phenomena.
A new interdisciplinary project to address
the mechanics of aseismic and seismic faulting, called Integrated Laboratories to Investigate the Mechanics of Aseismic vs. Seismic
Faulting (GLASS), is under way. The project
is hosted at Istituto Nazionale di Geofisica

e Vulcanologia (INGV), Rome, and is supported by the European Research Council
(http://erc.europa.eu/starting- grants).

Infrastructure Development
The possibility of opening new roads
toward discoveries on fault mechanics
relies on scientists’ ability to integrate geological, seismological, and laboratory
observations related to earthquakes and
faulting. The main difficulty in reconciling
multidisciplinary observations is the scale
dependence that characterizes the underlying physical processes. To tackle this challenge, the first prerequisites are the availability of high-resolution data and access
to s tate- of- t he-a rt research infrastructures
that allow analysis of innovative and original data sets.
As part of the GLASS project, researchers are installing and using seismic and geodetic infrastructure to study low-angle normal faults (LANFs) in the northern Apennines. Geologists have known for a long time
that LANFs play a key role in accommodating crustal extension, although their existence in seismological records is controversial [Collettini, 2011]. In the active sector of
the northern Apennines, seismic reflection
profiles and seismological data have indicated the presence of a regional LANF characterized by microseismicity and possibly
fault creep, together with moderate to large
earthquakes that occur on steeply dipping

Fig. 1. Infrastructure development during the Integrated Laboratories to Investigate the Mechanics of Aseismic vs. Seismic Faulting (GLASS) project. (a) Drilling (with GLASS researchers Lauro
Chiaraluce and Cristiano Collettini) and (b) installation of a down hole seismometer. (c) An
earthquake recorded (top) at the surface and (bottom) in the down hole seismometer. (d) The
new biaxial apparatus within a pressure vessel (with GLASS principal investigator Cristiano
Collettini) and (e) a detailed view of one experiment.

normal faults [Barchi et al., 1998; Chiaraluce
et al., 2007; Hreinsdóttir and Bennett, 2009].
For these reasons, INGV selected this
area as a natural laboratory and in the
past 4 years has built a permanent scientific infrastructure (named The Alto Tiberina Near Fault Observatory (TABOO);
http://taboo.rm.ingv.it/), composed of a
dense seismic and geodetic network. The
GLASS project has augmented this geophysical network by instrumenting three
shallow (~250 meter) boreholes with t hree-
component short-period (2 hertz) seismometers sampled at 1 kilohertz (Figures 1a–1c). In one borehole, three seismometers were installed at different depths
(50, 150, and 250 meters) to form a vertical array. The down hole seismometers,
which have been recording since April
2012, will allow researchers to detect the
occurrence of standard microearthquakes
(see Figure 1c for comparison of waveforms
recorded at Earth’s surface and at depth)
as well as to investigate the occurrence

of other seismic transients (such as low-
f requency earthquakes, slow slip events,
repeating earthquakes, and nonvolcanic tremor) and to investigate their source
mechanisms.
Another component of the GLASS project involves laboratory studies. For instance,
friction is a key parameter for understanding fault behavior [Marone, 1998; Scholz,
1998]. During fault loading and with increasing sliding velocity, if friction decreases, the
fault might experience a frictional instability
(earthquake). However, if friction increases,
it becomes more and more difficult to propagate the rupture, and therefore, the fault is
characterized by stable sliding (aseismic slip
or creep). In the laboratory it is possible to
monitor the evolution of these mechanical
properties with increasing bulk strain and
correlate this with the development of specific microstructures. A further step will be
to link mechanical data and microstructures
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NEWS
Accomplishments and Challenges Mark
Former NOAA Administrator Lubchenco’s Tenure
Progress and challenges in several key
areas—including weather satellites, the federal budget, climate change, ocean policy,
and fisheries—are among the issues that
Jane Lubchenco faced as administrator of
the U.S. National Oceanic and Atmospheric
Administration (NOAA) and under secretary for oceans and atmosphere of the U.S.
Department of Commerce (of which NOAA
is a part) from 2009 until her departure on
27 February 2013. Lubchenco is returning to
the West Coast, where this spring she will
be a visiting scholar at Stanford University’s Haas Center for Public Service. With her
departure, Kathryn Sullivan, the assistant
secretary of commerce for environmental
observation and prediction and NOAA deputy administrator, became the agency’s acting administrator.
During a 22 February interview with Eos,
Lubchenco reviewed some of NOAA’s most
significant accomplishments and concerns
over the past 4 years, including the impact
of potential across- the-board cuts, known as
sequestration, slated to kick in on 1 March,
as Eos went to press.
Lubchenco expressed concern that
sequestration “leaves agencies with very
little discretion to decide what’s more or
less important. That, in and of itself, presents some very significant challenges.” She
referred to an 8 February letter from acting Commerce secretary Rebecca Blank to
U.S. Sen. Barbara Mikulski (D -Md.), chair of
the Senate Committee on Appropriations,
that said potential sequestration effects on
NOAA include furloughing up to 2600 NOAA
employees, forcing a reduction in funds
for fishery stock assessments, and causing a 2- to 3 -year launch delay for the first
two next-generation geostationary weather
satellites.
In discussing the Obama administration’s forthcoming fiscal year (FY) 2014 budget proposal, Lubchenco said that NOAA
is working to address two overarching concerns: ensuring sufficient funds “to do justice to” NOAA’s weather satellite program
and having sufficient funds to begin to rebalance NOAA’s budget. “In the last couple of
years, funding for satellites has eroded funding for other very important parts of NOAA,
and that’s been the guiding philosophy that

we have used in putting together our thinking about the FY 14 budget,” she said, adding that “finding a way to rebalance the
portfolio of NOAA such that the oceans, the
research, the education programs, are not
being squeezed out because of the satellites
is vitally important.”

Concerns About the Satellite Program
NOAA’s satellite program, which includes
the Joint Polar Satellite System (JPSS) and
the Geostationary Operational Environmental S atellites–R Series (GOES-R), accounts
for about $2 billion of NOAA’s approximately
$5 billion budget. Some members of Congress have grown concerned about JPSS cost
overruns. In April 2012, Mikulski proposed
that funding and responsibility for procuring
NOAA’s operational satellites be transferred
to NASA, noting that the Senate Appropriations Subcommittee on Commerce, Justice,
Science and Related Agencies (which she
also chairs) had “lost confidence in NOAA’s
ability to control procurement costs or articulate reliable funding profiles.”
In addition, a February 2013 report from
the U.S. Government Accountability Office
(GAO) listed gaps in NOAA weather satellite data as one of 30 “high-risk” government operations in need of progress. The
GAO report notes NOAA’s anticipation of an
18- to 24-month gap in the afternoon orbit
between the end of the life span of the current polar satellite and the operation of the
first JPSS satellite. The report also states concern about a potential geostationary satellite
gap due to delays in the launch of the first
GOES-R series satellite.
Lubchenco told Eos that “it is good to
draw attention to the importance of the
issue. The gap is something that we have
been very concerned about.” The satellite
gap is “a direct function of insufficient funding in previous years,” Lubchenco said. “It’s
vitally important that everyone understand
what is at risk if there is insufficient funding
for these weather satellite programs.” She
said that NOAA has done everything possible to minimize the coverage gap and keep
satellite costs down.
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with time scales ranging from seismic to
the entire geologic fault history.
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will allow monitoring of different types
of seismic signals emitted from a fault as
the result of variation in rock type, sliding
velocity, and confining and fluid pressures.

with different types of seismic signals emitted from a fl
 uid-rich fault.
To achieve this goal, GLASS researchers have designed and developed a novel
rock deformation apparatus. The machine
consists of a stainless steel vessel with
an internal diameter of 40 centimeters
and six main access ports for electronics (~100 pins), pore fluids (three lines),
and confining oil (Figures 1d and 1e). The
apparatus will be able to work on large
rock samples, up to 20 × 20 centimeters,
with horizontal and vertical forces up to
1.5 meganewtons. The maximum confining pressure of the vessel is 75 megapascals. The controlling/recording system for
the apparatus has been developed, and
preliminary testing has been completed.
The machine stiffness is 0.91 and 1.3 kilonewtons per micron for vertical and horizontal ram, respectively. The preliminary friction measurements on talc, limestones, and glass beads show good agreement with published friction values and
slip behavior. Recently, GLASS researchers have been designing forcing blocks for
running experiments on large rock samples (area 20 × 20 centimeters and thickness 3–4 centimeters). The blocks will
be equipped with acoustic sensors that

The Road to Integration
Field studies on exhumed faults that are
assumed to be analogs of active structures
[e.g., Collettini et al., 2008] will be used to
investigate the fault zone architecture and
the long-term deformation processes that
play a key role in fault rheology (e.g., brittle and localized versus ductile and distributed). Rheology and fluid flow properties of
fault zones will be investigated in rock deformation experiments. The characterization
of laboratory- developed microstructures
associated with stable and unstable sliding
will be used to constrain the slip behavior
of the exhumed faults. Finally, the seismic
transients recorded in the laboratory will
be compared with high-resolution seismic
signals nucleating on the same rocks and
recorded in the northern Apennines natural
laboratory.
This line of integrated research will allow
unprecedented insight into the mechanics
of earthquakes and deformation processes
from the crustal scale to the nanoscale and

Barchi, M. R., G. Minelli, and G. Pialli (1998), The
CROP 03 profile: A synthesis of results on deep
structures of the northern Apennines, Mem. Soc.
Geol. Ital., 52, 383–400.
Chiaraluce, L., C. Chiarabba, C. Collettini, D. Piccinini, and M. Cocco (2007), Architecture and
mechanics of an active low-angle normal fault: Alto
Tiberina Fault, northern Apennines, Italy, J. Geophys. Res., 112, B10310, doi:10.1029/2007JB005015.
Collettini, C. (2011), The mechanical paradox of
low-angle normal faults: Current understanding
and open questions, Tectonophysics, 510, 253–268.
Collettini, C., C. Cardellini, G. Chiodini, N. De
Paola, R. E. Holdsworth, and S. A. F. Smith (2008),
Fault weakening due to CO2 involvement in the
extension of the northern Apennines: Short- and
long-term processes, Geol. Soc. Spec. Publ., 299,
175–194, doi:10.1144/SP299.10.
Hreinsdóttir, S., and R. A. Bennett (2009), Active
aseismic creep on the Alto Tiberina low-angle normal fault, Italy, Geology, 37, 683–686.
Marone, C. (1998), L
 aboratory-derived friction laws
and their application to seismic faulting, Annu.
Rev. Earth Planet. Sci., 26, 643–696.
Scholz, C. H. (1998), Earthquakes and friction laws,
Nature, 391, 37–42.
—Cristiano Collettini, Dipartimento di Scienze
della Terra Università degli Studi di Perugia, Italy,
and Istituto Nazionale di Geofisica e Vulcanologia
(INGV), Rome, Italy; E-mail:colle@unipg.it; and
Lauro Chiaraluce, INGV, Rome, Italy

Roland Bürgmann Tectonophysics

Nicola J. Fox Space Physics and Aeronomy
Michael N. Gooseff Hydrology
Seth S. Haines Near-Surface Geophysics
Kristine C. Harper History of Geophysics
Keith D. Koper Seismology
Xin-Zhong Liang Global Environmental Change
Stephen Macko Education
Stefan Maus Geomagnetism
and Paleomagnetism
Jerry L. Miller Ocean Sciences
Peter Olson Study of the Earth’s Deep Interior
Thomas H. Painter Cryosphere Sciences
Roger A. Pielke Sr. Natural Hazards
Len Pietrafesa Societal Impacts
and Policy Sciences
Michael Poland Geodesy
Paul R. Renne Volcanology, Geochemistry,
and Petrology
Sarah L. Shafer Paleoceanography
and Paleoclimatology
Adrian Tuck Nonlinear Geophysics
Sergio Vinciguerra Mineral and Rock Physics
Jeffrey M. Welker Biogeosciences
Earle Williams Atmospheric
and Space Electricity

Staff
Editorial and Production: Randy Showstack,
Senior Writer; Mohi Kumar, Science Writer/
Editor; Ernie Balcerak, Writer/Editor; F
 aith A.
Ishii, Program M
 anager; Tricia McCarter-Joseph,
Production Assistant; Liz Castenson, Editor’s
Assistant; Valerie Bassett, Electronic Graphics
Specialist
Advertising: Tel: +1-202-777-7536; E-mail:
advertising@agu.org; Christy Hanson, Manager;
Robyn Bassett, Classified and Display Ad Sales;
Mirelle Moscovitch, Marketing Analyst
©2013. American Geophysical Union. All Rights
Reserved. Material in this issue may be photocopied by individual scientists for research or classroom use. Permission is also granted to use short
quotes, figures, and tables for publication in scientific books and journals. For permission for any
other uses, contact the AGU Publications Office.
Eos,Transactions, American Geophysical Union
(ISSN 0096-3941) is published weekly except
the last week of December by the American
Geophysical Union, 2000 Florida Ave., NW, Washington, DC 20009, USA. Periodical Class postage
paid at Washington, D. C., and at additional
mailing offices. POSTMASTER: Send address
changes to Member Service Center, 2000 Florida
Ave., NW, Washington, DC 20009, USA. Member
Service Center: 8:00 A.M.–6:00 P.M. Eastern time;
Tel: +1-202-462-6900; Fax: +1-202-328-0566; Tel.
orders in U.S.: 1-800-966-2481; E-mail: service@
agu.org. Information on institutional subscriptions is available from the Wiley institutional
sales team (onlinelibrarysales@wiley.com). Use
AGU’s Geophysical Electronic Manuscript Submissions system to submit a manuscript: http://
eos-submit.agu.org.
Views expressed in this publication do not necessarily reflect official positions of the American
Geophysical Union unless expressly stated.

Christine W. McEntee, Executive Director/CEO
http://www.agu.org/pubs/eos

98

News
cont. from page 97

Lubchenco said that NOAA normally
would be building either a geostationary or
a polar orbiting satellite system for weather
purposes, but because the National PolarOrbiting Operational Environmental Satellite System (NPOESS, the precursor to JPSS)
“was very poorly managed, it incurred significant delays, and that is what has forced
us to be building both geostationary and
polar orbiting simultaneously. That’s one
reason why we have a very significant budget challenge. We don’t have the luxury of
evening out the funding for one and then do
another and then do the first again. We have
to do them both.”
She added that because JPSS and GOES-R
are primarily weather missions and because
NOAA has the responsibility for operational
weather forecasts and warning, “it makes
good management sense to have the budget
be where the mission is.”

NASA/Bill Ingalls

Michael A. Ellis Earth and Planetary
Surface Processes
Arlene M. Fiore Atmospheric Sciences

Strong Headwinds Against Climate Change

Jane Lubchenco, former National Oceanic and Atmospheric Administration administrator.

Another key challenge at NOAA “has
been the very strong headwinds against
the realities of climate change,” Lubchenco
told Eos. “Fortunately, I think that is beginning to change. More and more people are
paying attention to all the extreme weather
that we’ve been having and saying, ‘What
the heck is going on?’ And I think we’re
seeing a renewed discussion about climate
change. But that has certainly been a challenge and a frustration because I believe
the problem is so serious that we need to
be dealing with it, and that has been made
difficult.”
Lubchenco called it “highly unfortunate”
that in 2011 Congress killed a NOAA initiative
to establish a National Climate Service that
she said would have been a budget-neutral
reorganization to provide climate information
to a variety of stakeholders. “It just made a
lot of sense to be doing something that didn’t
cost any more taxpayer dollars but would
enable us to do something we are supposed
to do more efficiently,” she said.

Despite the congressional setback on
the National Climate Service, Lubchenco
said that NOAA is involved with climate
change in several ways. These include helping with the fundamental scientific understanding about climate and providing climate services that include useful and credible information that is relevant for a number of stakeholders regarding decisions on
planning, mitigation, and adaptation. She
said an example of a useful climate product
provided by NOAA that has received strong
bipartisan support from western U.S. governors and others is the National Integrated
Drought Information System.

Extreme Weather and Other Challenges
Lubchenco said that many of the challenges NOAA has faced had not been anticipated, including “one of the wildest set of
4 years in the weather world ever.” According to newly released data that NOAA provided to Eos on 22 February, during this
time, there were more than 770 major tornadoes, 70 Atlantic hurricanes and tropical
storms, 6 major floods, 3 tsunamis, a historic
drought in much of the United States, prolonged heat waves, and record snowfall and
blizzards across the country.
She said that the 2010 Deepwater Horizon oil spill in the Gulf of Mexico was also
an unanticipated challenge. The spill “consumed an inordinate amount of time and
energy of people across all parts of NOAA,”
she said. “I’m very proud of the comprehensive effort that we had to provide the science and the stewardship to help inform the
response. Obviously, we are still intimately
involved with that, with the damage assessment process, but dealing with a catastrophe of that magnitude was a very significant
challenge on top of trying to keep everything else under way.”
NOAA also faced other significant concerns during Lubchenco’s tenure, including

the retirement of a NOAA National Weather
Service director following an internal inquiry
into the alleged mismanagement of funds
within the department as well as calls from
some Democratic congressmen for Lubchenco to resign over fisheries-related issues.
However, Lubchenco cited the fisheries issue
as one of the agency’s accomplishments, with
plans put in place to end overfishing and
rebuild depleted fish stocks. Between 2001
and 2012, the agency declared that 31 fish
stocks were rebuilt—most of them within the
last few years, according to NOAA.
Lubchenco said other accomplishments
during the past 4 years include investing in
coastal communities to make them more
resilient through integrated conservation
and restoration, establishing the agency’s
first scientific integrity policy, and more
than doubling the number of senior scientist
positions at NOAA. In addition, she noted
that NOAA played an active role in helping
to create the first U.S. national ocean policy,
which U.S. president Barack Obama established by an executive order in July 2010.
“On a day-to-day basis but also in times
of a crisis, whether it’s Deepwater Horizon
or tsunamis, I’ve seen the power of the different parts of NOAA working together and
think that is one of its greatest strengths.
The integration across those parts of NOAA
needs to be continually strengthened,” Lubchenco said.
She said that another challenge is that
NOAA needs to strengthen its connections
with the academic community. “We already
have a lot of good interactions,” she said.
“I think we need more, and we need to be
taking full advantage of what the academic
community has to offer.”
In reflecting on her tenure and looking
to the future, Lubchenco had some simple
advice for the next NOAA administrator: “Be
prepared for surprises.”
—Randy Showstack, Staff Writer

