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“The significant problems we face cannot be solved at the same level of
thinking we were at when we created thens” (Albert Einstein, New
York Times 1946).

SUMMARY

EON-ROSE (Earth-System Observing Network - Réseau
d’Observation du Systéme terrestrE) is a new initiative for a
pan-Canadian research collaboration to holistically examine
Earth systems from the ionosphere into the core. The Canadi-
an Cordillera Array (CC Array) is the pilot phase, and will
extend across the Cordillera from the Beaufort Sea to the U.S.
border. The vision for EON-ROSE is to install a network of
telemetered observatories to monitor solid Earth, environ-
mental and atmospheric processes. EON-ROSE is an inclu-
sive, combined effort of Canadian universities, federal, provin-
cial and territorial government agencies, industry, and interna-
tional collaborators. Brainstorming sessions and several work-
shops have been held since May 2016. The first station will be
installed at Kluane lake Research Station in southwestern
Yukon during the summer of 2018. The purpose of this
report is to provide a framework for continued discussion and
development.

RESUME
EON-ROSE (Earth-System Observing Network - Réseau
d’Observation du Systeme terrestrE) est une nouvelle initiative
de collaboration de recherche pancanadienne visant a étudier
de maniere holistique les systemes terrestres, depuis
l'ionosphere jusqu’au noyau. Le Réseau canadien de la cordil-
lere (CC Array) en est la phase pilote, laquelle couvrira toute la
Cordillére, de la mer de Beaufort jusqu’a la fronti¢re étasuni-
enne. L’objectif ’EON-ROSE est d’installer un réseau d’ob-
servatoires télémétriques pour suivre en continu les processus
terrestres, environnementaux et atmosphériques. EON-ROSE
est un effort combiné et inclusif des universités canadiennes,
des organismes gouvernementaux fédéraux, provinciaux et ter-
ritoriaux, de lindustrie et de collaborateurs internationaux.
Des séances de remue-méninges et plusicurs ateliers ont été
tenus depuis mai 2016. La premiére station sera installée a la
station de recherche du lac Kluane, dans le sud-ouest du
Yukon, au cours de I’été 2018. Le but du présent rapport est de
fournir un cadre de discussion et de développement continu.
Traduit par le Traductenr

INTRODUCTION

The purpose of this article is to engage and inform the Cana-
dian geoscience community about the exciting opportunities
represented by EON-ROSE (Earth-System Observing Net-
work - Réseau d’Observation du Systéme terrestrE), a pro-
posed new initiative to develop a pan-Canadian research col-
laboration capable of holistically examining Earth systems
from the ionosphere through the FEarth’s surface and into the
core. The fundamental component is a uniformly-spaced grid
of observation stations, successively covering different areas
of Canada. The initial component is the proposed Canadian
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Cordillera Array (CC Array), spanning the Cordillera of west-
ern Canada from the Beaufort Sea to the United States border.
The CC Array will build upon the unprecedented opportuni-
ties for technical, methodological, and scientific knowledge
transfer presented by the coming completion of the US Earth-
Scope program (www.earthscope.org), which currently has a
grid of several hundred telemetered seismic, Global Naviga-
tional Satellite System (GNSS) and associated instruments
across Alaska and northwestern Canada. The resulting scientif-
ic advances in studies of the solid Earth structure, dynamics
and hazards enabled by such large-scale integrative networks
of geophysical and other scientific instruments provide a
strong foundation for driving innovative Earth science. EON-
ROSE and the CC Array offer much potential for new break-
throughs in scientific research.

EON-ROSE proposes to formally explore and pursue link-
ages between solid Earth, surface and atmospheric processes.
Although the EON-ROSE initiative came from the solid Earth
geoscience community, such a network would be a unique
opportunity for many other disciplines, and it has broadened
to a truly multidisciplinary effort. It is envisioned as a com-
bined effort of Canadian universities, federal and provincial
government agencies, industry, and international collaborators
(including those involved in the US EarthScope program and
German Helmholtz Association). The US EarthScope pro-
gram has been very successful but focused on mainly seismic,
infrasound GNSS, and magnetotelluric instrumentation.

Here, we propose that progress in understanding complex
changes in Earth’s energy budget, the carbon cycle, the water
cycle, and human influence within these systems requires con-
sideration of global processes from the ionosphere and atmos-
phere, through the Earth’s lithosphere, and deep into the man-
tle. Such an effort requires novel data collection and analysis
approaches that would be greatly enhanced by multidiscipli-
nary collaborative research networks bridging Earth System
Science. In the spirit of the exceptionally successful Canadian
multidisciplinary geoscience Lithoprobe program (1984-2005;
e.g. Clowes 2010) the EON-ROSE program will include a wide
range of associated and collaborative geoscience research. One
key objective is to examine connections between surface geol-
ogy and the deep structures and dynamics of the crust and
upper mantle.

The vision of EON-ROSE is to expand upon the scientific
momentum in North America gained from the Lithoprobe
and EarthScope research and data collection initiatives. The
specific vision for the CC Array is to install a network of main-
ly telemetered observatories (Fig, 1), each equipped with a suite
of sensors such as broadband seismometers (including ocean
bottom seismometers in the Beaufort Sea and the eastern
Pacific Ocean), GNSS equipment, meteorological sensors, per-
mafrost monitors, atmospheric gas sensors, shallow borehole
temperature and moisture sensors, riometers (to monitor the
electromagnetic-wave ionospheric absorption in the atmos-
phere), and magnetometers. Many of the stations will be in
place temporarily for up to three years (longer for the GNSS
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Figure 1. Proposed distribution of Earth observation stations for the Canadian Cordillera Array (CC Array) at an 85 km spacing. The red circles and triangles are current dis-
tribution of the 193 Transportable Array (T'A) and 87 cooperative seismic, meteorological, and infrasound US TA stations in Alaska and northwestern Canada. The light blue
circles are the ~ 165 proposed Earth observation stations for the CC Array. The various other colours and symbols are broadband seismometers from a variety of academic

and federal government groups (courtesy of S. Azeveda and R. Busby). K — Kluane Lake Research Station, C — Calvert Island, H — Haida Gwaii Islands.

equipment), but the intention is to leave some stations in place
for long-term Earth and environmental monitoring and sci-
ence research across Canada. Although the initial network is
proposed to be on an approximately uniformly-spaced grid, it
is expected that there will be more detailed follow-up in areas
of special interest with more closely spaced station distribu-
tions (as with the EarthScope Flexible Array), coupled with
seismic and other geophysical surveys (as with Lithoprobe),
and on-ground geological surveys and studies.

Benefits of Multiple Sensors at Each Station

Recent scientific and technical advances of the EarthScope
program and its associated integrative instrumentation devel-
opments and science goals (e.g. Aster and Simons 2015) pro-
vide a strong foundation for developing the methodology for
EON-ROSE and CC Array. Many modern geophysical instru-

ments make measurements that benefit multiple fields of
research, allowing a multidisciplinary approach to observation
networks and the exploration of cross-disciplinary scientific
problems. Examples from EarthScope support the power of
combining several sensors in one station.

Infrasound signals (i.e. low-frequency sound undetectable
by humans) were detected by the EarthScope seismic and
infrasonic sensors (e.g. de Groot-Hedlin et al. 2008, 2011;
Hedlin et al. 2010; Walker et al. 2011). These infrasound signals
can be used to study wind and temperature structure in the
atmosphere. When the US Transportable Array (TA) was
located in the ‘tornado alley’ of the US Midwest, dedicated
infrasound sensors were added to exploit this potential for
research. Using Delauney triangulation (a computational tech-
nique that created a triangular grid pattern with the TA stations
such that no station was isolated by itself in one of the trian-
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gles), de Groot-Hedlin et al. (2014) developed the capacity to
track the motion of atmospheric gravity waves across the TA
from slow-moving, long-period pressure pulses. Weather-relat-
ed gravity waves describe the disturbance of fluids (or gases)
from an equilibrium state. Propagating gravity waves can
develop from the outward moving wind gusts at the leading
edge of thunderstorms (Miller 1999; Knupp 20006). Gravity
waves are of interest to numerical weather modellers and
atmospheric scientists because they play a vital role in the
transfer of energy and momentum between atmospheric layers
and in global-scale circulation patterns (Holton et al. 1995).
The TA sensors have also been used to study outward moving
wind gusts at the leading edge of thunderstorms (Tytell et al.
2016). It remains of interest to determine how these sensors
could improve modelling of weather processes in an opera-
tional setting and improve forecasting,

Another example that illustrates the benefits of co-locating
sensors occutrred recently in Nevada and California (Smith et
al. 2016a). The co-location of seismometers and cameras
offered real-time support to situational awareness for first
responders monitoring wildland and interface fires. Due to the
vast and remote nature of Canadian territory at risk from wild-
fires, this could be of great value in the early detection and
real-time analysis of wildfires.

Integration of Solid Earth Geosciences with Space
Weather, Numerical Weather Modeling, Critical Zone
Science and Climate Change Research

A key objective of the proposed EON-ROSE and CC Array
initiatives is to integrate solid Earth geoscience research with
space weather observations, numerical weather modelling, crit-
ical zone science and climate change research.

Space weather refers to the changes caused by energetic par-
ticles and fluctuating magnetic fields above the thermosphere,
which is the uppermost layer of the atmosphere that can be
considered a continuous gas. The thermosphere is located
above the stratosphere and is about 100 km above the tropo-
sphere, where day-to-day weather occurs. The Sun regulatly
emits giant clouds of ionized gas with 10" g or more of hot
plasma per event, causing geomagnetic storms that form the
aurora and can severely disturb communications systems
(Lanzerotti 2001), disrupt electric power grids (Boteler 2001),
as well as cause significant damage to Earth-orbiting space-
craft.

Numerical weather modelling enables forecasts that account for
dynamic, thermodynamic, radiative, and chemical processes
working on temporal and spatial scales from seconds to weeks
and hundreds of metres to thousands of kilometres (Bauer et
al. 2015; Brunet et al. 2015). Recent experiences with extreme
weather events such as Hurricanes Harvey, Irma and Maria
have demonstrated the continued critical need for accurate
numerical weather prediction. Although technological and sci-
entific advances have permitted accurate global weather fore-
casting capabilities to extend by about one day per decade,
there remain several challenges including obtaining physically
consistent initial conditions by observations, and in better eval-
uating the accuracy of forecasts through ensemble predictions,
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i.e. sensitivity modelling exercises in which initial parameters
are varied (Bauer et al. 2015; Brunet et al. 2015).

The critical zome (e.g. as defined by the US National Research
Council in 2001) forms the complex region that is essential for
supporting life, i.e. from the top of the forest canopy through
the soil to the bottom of the deepest weathering and the base
of aquifers (Wymore et al. 2017). Critical zone science includes
investigation of crucial societal issues, such as access to
potable drinking water, the impact of climate variability on soil
development, the evolution and sustainability of soils and soil
biomes, carbon sequestration in the near-surface and landslide
studies (Goddéris and Brantley 2013).

Climate change and related issues such as population growth,
increased vulnerability, and opportunities to increase resiliance,
to natural hazards, and the need for long-term sustainability of
resources (including minerals, energy, water and food) demand
new approaches to integrated Earth System Science (e.g
Zoback 2001). Many aspects of the response to these chal-
lenges hinge on progress in Earth System Science, which will
be aided by the multidisciplinary approach to Earth monitor-
ing embodied by the EON-ROSE concept.

Call for Collaboration

This report presents an overview of our vision for EON-
ROSE (Table 1) including a discussion of the potential appli-
cation of this proposed holistic interdisciplinary approach to
the development of exploration models for mineral deposits.
It also includes a summary of ‘white papers’ (listed in Table 2)
that were presented at a series of recent developmental work-
shops. These documents are essentially scoping studies that
outline proposals for specific areas or scientific themes that
could be investigated as part of the proposed project. Table 2
contains a listing of white papers prepared as part of this
process, and we refer to these specifically in the last part of the
paper. They are not listed in the references that conclude the
paper.

Many of these white papers are available from a website set
up as part of the CC Array initiative (www.ccarray.org). The
purpose of this report is to provide a framework for continued
discussion and development of this proposed national initia-
tive. Interested readers are welcome to contact any of the
authors, other authors of white papers, workshop participants
(Table 3), or other people mentioned in the organizational
chart on the CC Array website.

EON-ROSE AND CANADIAN CORDILLERA ARRAY
CONCEPT INITIATION

The EON-ROSE concept arose from discussions at the 2015
EarthScope workshop related to potential new initiatives to
follow the planned completion of the decadal-scale US Earth-
Scope program by September 2020. Although the final phase
of EarthScope has now placed instruments across Alaska and
parts of northwestern Canada, there were no formal plans in
Canada to start an ‘EarthScope-like’ program prior to 2015.
The idea was first presented at the October 2015 annual Coun-
cil of Canadian Chairs of Earth Science Departments meeting
in Ottawa. Subsequent consultations resulted in letters of sup-
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Table 1. Timeline for EON-ROSE* Project and the Canadian Cordillera Array (CC Array)

Date Event

Advances

February 2013~ Meeting to develop 'BC Array' at PGC

June 2015 HarthScope Workshop
October 2015 First CCCESD Presentation
March 2016 NGSC Presentation

May 2016 CGU/CMOS Presentation
May 2016 GAC-MAC Workshop

August 2016
August 2016
October 2016

SGT Forum Presentation and Poster
Calgary and Ottawa brainstorming workshops

Second CCCESD Presentation

November 2016 Planning Meeting

December 2016 GeoPRISMS-sponsored Workshop at American
Geophysical Union

December 2016 Meeting with Director General of Geological

Survey of Canada after EarthScope Townhall

February 2017 Cordilleran Tectonics Workshop

March 2017 GNSS — Focused Workshop

March 2017 SWARM Conference

April 2017 First CC Array Townhall

May 2017 CC Array Workshop at EarthScope 2107 Workshop

June 2017 CC Array Planning Meeting and Session at GSA
Rocky Mountain Section Meeting

August 2017 CC Array Scientific and Planning Meeting

TA Array stations placed in NW Canada

Idea emerged to bring EarthScope-like program to Canada

First white papers developed at McGill University

Start of buy-in from Geological Survey of Canada (GSC)

Start building community

Continue building community

Reach out to US community

CC Array separated out as pilot project

Report on brainstorming workshops

Dave Eaton agreed to be Director; developed organization chart

Need for letter of interest to IRIS and UNAVCO (delivered in January);
Expanding community to Critical Zone Science (CZS) and Space Physics

Expand GSC support and interest

Met with Hakai Institute

Proposed draft for GNSS receiver deployment; Building connections
with CZS and Space Physics

Report on NSERC SPGN LOI submission; present website

Hstablish connections with NSF Program Officers; Connect with the Chinese
SinoProbe program

Developed first draft of proposed critical zone stations for CC Array

Report on first station installation spring 2018; Developed first draft of
proposed distribution of weather stations for CC Array; Final report to be
start of scientific strategic plan

*EON-ROSE - Earth-System Observing Network - Réseau d’Observation du Systeme terrestrEl

BC Array - British Columbia Array (now combined with Yukon as CC Array), CC Array - Canadian Cordillera Array

CCCESD - Canadian Council of Chairs of Earth Science Departments, CGU - Canadian Geophysical Union, CMOS - Canadian Meteorological and Oceanographic Society
GNSS - Global Navigational Satellite System, IRIS - handles seismic data for EarthScope and other North American groups, NGSC - National Geological Surveys of

Canada

NSERC SPGN LOI - National Science and Engineering Research Council of Canada Strategic Partnership Grants Letter of Intent, NSF - US National Science Foundation
SWARM - European Space Agency satellite mission to measure Earth's magnetic field, SGT - Structural Geology and Tectonics
TA - transportable array, UNAVCO handles the GPS data from the Plate Boundary Observatory of EarthScope

port for the concept from the Yukon Geological Survey, Rep-
sol, Nanometrics Inc., and Environment and Climate Change
Canada. The first white papers outlining research opportuni-
ties under a future EON-ROSE program were coordinated by
Christie Rowe at McGill (Amos et al.; Liu et al.; see Table 2).
All of the white papers were first summarized at informa-
ton sessions at the Canadian Geophysical Union/Canadian
Meteorological and Oceanographic Society (CGU/CMOS)
meeting (Fredericton, May 29, 2016) and the GAC-MAC meet-
ing (Whitehorse, May 31, 2016), with further calls for interest
to these communities. Subsequently, two brainstorming work-
shops were held at Mount Royal University in Calgary (August
17-19, 2016) and at the University of Ottawa (August 21-23,
2016; participants listed in Table 3). One major theme that

emerged from these first workshops was the need to broaden
the research community engaged in EON-ROSE; these efforts
resulted in a workshop sponsored by GeoPRISMS (Geody-
namic Processes at Rifting and Subducting Margins; www.geo-
prisms.org) at the Fall 2016 AGU meeting. A subsequent sec-
tion will summarize the key points of these white papers (see
Table 2 for further information about the white paper authors
and subject material).

SEPARATION OF THE CANADIAN CORDILLERA ARRAY
FROM THE EON-ROSE UMBRELLA AS A PILOT PROJECT

A significant outcome from the Ottawa workshop in August
2016 was a proposal to separate the Canadian Cordillera Array
(CC Array) from the wider umbrella of EON-ROSE in order

https://doi.otg/10.12789/geocan;.2018.45.136
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Table 2. White papers submitted for the EON-ROSE” brainstorming workshops. These documents are not included within the
reference list, but can be obtained from the Canadian Cordillera Array website (www.ccarray.org) or from the authors.

Authors

Topic

Amos, Harrington, Kirkpatrick, Leonard, Levson, Liu,
Morell, Regalla, Rowe

Barnes

Brunet
Colpron
Elliott

Frederiksen, Faton, Morozov

Freymueller

Godin

Hyndman, Schaeffer, Audet, Astet, Schutt, Schmidt
Kushner

Liu, Harrington, Darbyshire

McCormack, Adams

Miller, Else, Sastri, Williams, Papakyriakou, Melling

Molnar

Myers

Ndimovic, Audet, Bostock, Calvert, Darbyshire, Dosso,
Frederiksen, Liu, Liu, Welford

Risk

Scherwath, Dewey, Pirenne, Moran, Heesemen
Snyder

Stevenson

Stevenson, Darbyshire, Rizo, de Souza

Unsworth, Ferguson, Jones, Craven and Farquharson

Active faults of the Cascadia forearc: Implications for seismic hazard and tectonic evolution

Canadian Environmental Change Research Network (CECRN): analysis and mitigation of
global change and major natural hazards

NEWP — Numerical Environmental and Weather Prediction
Nature of the crust in North Yukon?
Strain distribution across eastern Alaska and western Canada

The Trans-Hudson Underlying Mantle Project (THUMP): a proposed teleseismic project for
EBarthsCAN

Distributed plate boundary deformation in the Northern Cordillera

Faults, tectonic inheritance, fluids, and seismicity: Towards an integrated Canadian Fault Atlas
Consequences of margin plate interactions in the Canadian Cordillera: BC Array concept
Community Geoscience projects

Structure, seismicity and earthquake triggering in the St-Lawrence rift system

Monitoring natural phenomena

CO, Fluxes and transformations in the Arctic marine system: A node in the Global Carbon
CycleCO, Fluxes and transformations in the Arctic marine system: A node in the Global
Carbon Cycle

Transportable seismic arrays for ambient noise tomography imaging: Toward physics-based
wave propagation modeling of earthquake scenarios

Towards integrated ocean observing systems, with the Atlantic as an evolving example

National facility for seismic imaging

Gas mapping as a geospatial resource for collaborative science

Ocean Networks Canada and its role in Earth observing systems

Semi-permanent stations for multi-azimuthal teleseismic studies of anisotropy and structure
Geological maps as historical documents

Mapping the lithospheric mantle

Magnetotelluric imaging of the Canadian lithosphere: A historical perspective and future
opportunities in EarthsCAN

*EON-ROSE - Earth-System Observing Network - Réseau d’Observation du Systeme terrestrEl

to move forward more quickly and take advantage of the time-
limited opportunities presented by the EarthScope US Array
Transportable Array (TA) instruments currently located in
Alaska and northwestern Canada (Fig. 1). Timing is crucial for
deployment of the CC Array because these EarthScope TA
instruments will be removed in the summers of 2019 and 2020
and installing new stations in isolated regions such as eastern
Alaska and northwestern Canada is logistically challenging. To
take advantage of the trained EarthScope installation teams
and expertise and the investment in permitting and installation
expertise already funded by the US National Science Founda-
tion, the CC Array must move forward on a faster timeline
than the nationwide EON-ROSE initiative. The general con-
sensus was that combining the proposed Yukon array (white

http://www.geosciencecanada.ca

paper by Colpron; Table 2) and British Columbia array (white
paper by Hyndman et al.; Table 2) as the CC Array would make
a good proof of concept for EON-ROSE and provide an
effective stepping stone to a successful national program. It is
important to keep the pan-Canadian goal of EON-ROSE in
the forefront of planning and strategic thinking, and to build
the national initiative on a time schedule that would allow the
full EON-ROSE instrumental network to roll out across
Canada in an efficient manner.

SUMMARY OF WHITE PAPERS

After the initial two white papers, more detailed white papers
were submitted for the information sessions and the brain-
storming workshops (Table 2). Of these white papers, 14 are



GEOSCIENCE CANADA Volume 45

Table 3. List of participants at the Calgary and Ottawa EON-ROSE" brainstorming workshops.

Position Affiliation Name
Calgary Workshop
Coordinator Mount Royal University Boggs, Katherine
Presenter Geological Survey of Canada / University of Victotia Hydman, Roy
Ocean Networks Canada, University of Victoria Scherwath, Martin
Purdue University Elliott, Julie
Repsol Inc. Hsieh, Jean
University Alaska Fairbanks, DENO Freymueller, Jeff
University of British Columbia Clowes, Ron
University of Saskatchewan Llewelyn, Ted
University of Toronto Kushner, Paul
University of Victoria Morell, Kristin
Yukon Geological Survey Colpron, Maurice
Participant Alberta Geological Survey Schultz, Ryan
Association of Professional Geoscientists of Alberta Sneddon, Tom
Carbon Management Canada Research Institute Osadetz, Kirk
Mount Royal University Droboth, Jason®
Fornwald, Connort”
Gopal, Saha
Witvoet, Leela®
Simon Fraser University Calvert, Andy
University of Calgary Bao, Xuewei”
Dettmer, Jan
DiCaprio, Lydia
Eaton, Dave
Else, Brent
Ferguson, Ron
Gilbert, Hersh
Lauer, Rachel
Weir, Ron*
University of Copenhagen Leth, Maria®
University of Victoria Leonard, Lucinda
Nissen, Edwin
Yukon Geological Survey Relf, Carolyn
Ottawa Workshop
Coordinator Mount Royal University Boggs, Katherine
University of Ottawa Audet, Pascal
Presenter Canadian Geodetic Survey Klatt, Calvin
Canadian Hazards Information Services Adams, John
Geological Survey of Canada Snyder, David
Geological Survey of Canada / University of Victoria Wang, Kelin
McGill University Liu, Yajing
Nanometrics Inc. Spriggs, Neil
Oxford University Sigloch, Karin
Queens University Godin, Laurent
St Francis Xavier University Baillie, Jennifer
University of British Columbia Clowes, Ron
University of Ottawa Schaeffer, Andrew
Université du Québec 4 Montréal Stevenson, Ross
University of Toronto Kushner, Paul
University of Victoria Barnes, Chris
Western University Molnar, Sheri
Participant Canadian Geodetic Survey Craymer, Mike

Geological Survey of Canada
University of Ottawa
Université du Québec 4 Montréal

Ackerley, Nick
Montsion, Rebecca®
Darbyshire, Fiona
Pinti, Daniele

University of Toronto Murray-Bergquist, Louisa®

# = student participants

DENO - Ditector of the EarthScope National Office; *EON-ROSE - Earth-System Observing Network - Réseau d’Observation du Systéme terrestrE
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Figure 2. Tectonic characteristics off the west coast of Canada.

related to solid Earth geosciences, 3 to oceanography, 2 to
atmospheric gases, 1 to climate change and 1 to weather mod-
elling. This indicates that the solid Earth geosciences are
presently over-represented, due in part to the background and
expertise of the proponents and because the Canadian geo-
science community is familiar with the successes of the Litho-
probe and EarthScope programs. Ongoing efforts to build a
truly multidisciplinary EON-ROSE initiative and research
community will focus on expanding the role of studies outside
solid Earth geoscience, to hopefully make the whole greater
than all the individual parts. The proposals contained in the
white papers can be grouped in part on the basis of geography,
but some proposals are of a more thematic nature.

CC Array - Western Canada with Adjoining Arctic Canada
Several white papers focused on western Canada (Amos et al.,
Colpron, Elliott, Freymueller, Hyndman et al., Miller et al.,
Nedimovi¢ et al., and Scherwath et al.; see Table 2) and out-
lined the need for the CC Array. Colpron pointed out that the
US Array stations only cover the western half of the “Yukon
Stable Block” (YSB; located in north central Yukon Territory).
The YSB has some interesting and enigmatic features, such as
the underlying Paleoproterozoic Wernecke Group, which is
only found in this region of the Northern Cordillera, and Cre-
taccous and Cenozoic structures that are deflected around the
YSB. The white paper by Hyndman et al. (see Table 2) describ-
ing the proposed BC Array emphasized the need to better
understand the plate structure and seismicity of the complex
tectonic setting off the west coast of British Columbia, which
includes normal subduction, slab windows, ridge triple junc-
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Figure 3. Global Navigational Satellite System (GNSS) - derived model predictions
of block motions (relative to stable North America) in southeastern Alaska and
western Canada. Red lines show boundaries between blocks; dashed lines indicate
uncertain boundaries. Model from Elliott et al. (2016). More information about the
model blocks and data used can be found in Elliott et al. (2010; 2013).

tions, possible incipient subduction, transform faulting, and
terrane collision (Fig. 2). GNSS data, seismicity and modelling
(Elliott et al. 2010, 2013, 2016) show that deformation along
this active margin is spread over a broad region. Haida Gwaii
(off the west coast in northwestern BC) and the adjacent
mainland coastal areas appear to be moving towards the north
(Mazzotti et al. 2003). Further north, the Yakutat Block is col-
liding with southern Alaska, resulting in ~3 cm/year of con-
vergence that is accommodated over ~ 100 km (Elliott et al.
2010, 2013, 2016; Fig. 3). This oblique collision appears to be
transferring strain to the north and northeast, causing active
deformation across the Richardson and Mackenzie mountains
(Mazzotti and Hyndman 2002; Leonard et al. 2007; Leonard et
al. 2008). One intriguing question is to what extent the strain
transfer occurs diffusely across hundreds of kilometres, as
opposed to being accommodated by rigid blocks and a few dis-
crete faults. Although a portion of this active margin was cov-
ered by the EarthScope US Array stations, the distribution of
continuous GNSS sites is extremely sparse. A well-distributed
seismic and continuous GNSS network is necessary for meas-
uring the active tectonics. The GNSS network is also needed
to measure the deformation associated with glacial isostatic
adjustment and would also be beneficial for assessing environ-
mental parameters such as hydrological cycle loading (Rocken
et al. 1993, 1995; Bevis et al. 1994), soil moisture (Larson et al.
2005; 2008; Larson and Small 2013) and snow depth (Larson
and Nievinski 2012; Larson and Small 2013; McCreight and
Small 2014). Signals from glacial isostatic adjustment (e.g.
Larsen et al. 2005) and these environmental effects are mixed
together in the crustal motions recorded by GNSS, and meas-
urements from complementary terrestrial and satellite sensors
are necessary in order to separate them successfully. The
EON-ROSE project could provide terrestrial data to comple-
ment remote sensing data such as those provided by the
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GRACE-FO (Gravity Recovery and Climate Experiment —
Follow On) satellite soon to be launched by NASA.

In the area of the CC Array there is a need for studies of
recent (neotectonic) fault activity, especially on southern Van-
couver Island (Morell et al. 2017) and potentially across much
of southwestern British Columbia. For example, using a mul-
tidisciplinary approach that incorporates geophysics, LIDAR
images and field work, Morell et al. (2017) demonstrated that
the Leech River Fault (southern Vancouver Island) experi-
enced at least 3 earthquakes greater than magnitude 6 during
the last 15,000 years. Studies of neotectonic activity are rare in
Canada compared to the United States due to sparse instru-
mentation, sparse high-resolution imagery, and a sparse fault
database. Canada needs to improve in this regard because these
faults do not stop at the international boundary and active fault
identification supports local seismic hazard characterization.
Studies of neotectonic processes will also be necessary across
the Richardson and Mackenzie mountains to understand how
strain is so broadly distributed through this region from the
collision with the Yakutat Block, as discussed above.

The white papers by Unsworth et al. (on magnetotellurics;
see Table 2) and by Risk (on gas mapping for collaborative sci-
ence; see Table 2) outlined two diverse sensor types for inclu-
sion in the CC Array Earth observation stations. Magnetotel-
luric (MT) data have proven useful for 3-D studies of potential
geothermal prospects in fault zones and volcanic settings in
British Columbia, the Yukon and elsewhere (Unsworth et al.
white paper). MT has also been used effectively for mineral
exploration including porphyry copper (Hubert et al. 2016)
and some other types of sulphide deposits (Jones et al. 2014).
The white paper by Risk outlines how various gas sensors
could also have multiple applications ranging from monitoring
volcanic activity (e.g. radon, CO,, CH,, volatile organic com-
pounds) to environment and health (e.g. oxygen, nitrogen and
sulfur oxides, radon) and permafrost thawing and impact of
climate change (e.g. CH,, CO,).

Ground motion visualizations that have emerged from the
EarthScope project have made it possible for the first time to
develop earthquake wave visualizations fields at continental
scales (e.g. https://wwwitis.edu/hq/programs/epo/visualiza-
tions). Natural hazard mitigation and risk assessment in areas
where strong ground motions would be expected were signifi-
cant components of discussions during the brainstorming
workshops in both Ottawa and Calgary. In Canada, the Cana-
dian Hazard Information Services (CHIS) monitors and pro-
vides information on hazards including earthquakes, volca-
noes, tsunamis, landslides and geomagnetic storms. CHIS
management proposed possible collaborations ranging from
providing archival storage and data dissemination to sharing
their expertise on sensors and deployment.

The white paper by Molnar (see Table 2; also Molnar et al.
2014a, b) proposed that earthquake simulation techniques pro-
vide one of the best methods for addressing uncertainty for
future ground-shaking estimates in order to better evaluate
earthquake response and planning. She proposed using an
equivalent to the EarthScope Flexible Array to improve the
sedimentary velocity model for the Georgia Basin in the Metro
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Vancouver area by improving the resolution beyond the cur-
rent coarse spacing (~ 250 m to 1 km). The possibility of
increasing the site density of seismographic, GNSS, and other
instrumentation in areas of special interest was also proposed
by the Hyndman et al. white paper (Table 2). This approach is
similar to that employed for the EarthScope Flexible Array
component, as currently deployed across the Mackenzie
Mountains (Witt et al. 2017).

Central Canada

Although the details of EON-ROSE beyond the proposed CC
Array have not been established, the white papers by Frederik-
sen et al. (on the Trans-Hudson Underlying Mantle Project)
and by Liu et al. (on the St. Lawrence Rift Valley) proposed
some deployment possibilities for future phases of EON-
ROSE. Frederiksen et al. proposed filling in a significant gap
in broadband seismometers across Saskatchewan and Manito-
ba to examine the tentative attribution of a local seismic clus-
ter near Esterhazy in southeastern Saskatchewan to dissolution
collapse in evaporite deposits. As outlined by Liu et al., the St.
Lawrence rift system in eastern North America is the highest
seismic hazard region in eastern Canada due to the Lower St.
Lawrence, Charlevoix and Western Quebec seismic zones.
Seismicity along the St. Lawrence rift system is enigmatic, as
the state of stress inferred from earthquake focal mechanism
solutions deviates significantly from interpretations based on
regional borehole measurements. Although the carthquakes
are generally associated with reactivated late Proterozoic Iape-
tus rift structures, the seismicity appears to scatter around the
major rift faults instead of clustering on them. A network of
monitoring stations would aid our understanding of this com-
plex region and its seismic hazards.

Atlantic Canada
One intriguing tectonic target in Atlantic Canada was outlined
by Pollock et al. (2015) in their study of Avalonia in southeast-
ern Newfoundland and southern Cape Breton. Their preferred
model was for one Late Precambrian arc with significant com-
positional, tectonic and structural variation along strike. An
EarthScope-like array could determine whether this arc
formed as a 180° orocline bend similar to the Sunda-Bonda atrc
(van Staal et al. 1998) or a cognate arc system similar to the
Tonga-Kermadec-New Zealand arc system (Pearce et al. 1999).
The most catastrophic tsunami in recorded Canadian histo-
ry was triggered by a 7.2 magnitude earthquake on the south-
ern edge of the Grand Banks on 18 November, 1929 (Murty
1977; Piper et al. 1988; Evans 2001; Clague et al. 2003). A sub-
marine slope failure in excess of 200 km’ was triggered, which
became a turbidity current that broke all 12 telegraph cables
along the continental slope south of Newfoundland (Heezen
and Ewing 1952; Fine et al. 2005). Twenty-seven people were
killed in Newtfoundland and one in Nova Scotia (Cranford
2000; Clague et al. 2003). The possible consequences of anoth-
er event of this type in the 21" century provide an obvious
rationale for improved monitoring of seismic activity and
other indicators.

https://doi.otg/10.12789/geocan;.2018.45.136
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The first deployment of the new ocean bottom seismome-
ter facility proposed for EON-ROSE will be in the Atlantic
Ocean (white paper by Nedimovic et al.; Table 2). The white
paper by Myers (Table 2) described the collaborative approach
for the integrated Atlantic Ocean Observatory.

Oceanography and Atmospheric Sciences
Multidisciplinary collaborative opportunities were outlined in
white papers by Kushner, Nedimovic et al., Sherwath et al,,
and Miller et al. (Table 2). The Nedimovic et al. white paper
described a Canadian Foundation for Innovation application
to fund an ocean bottom seismometer facility that could be
available for deployment off the west coast of British Colum-
bia or in the Beaufort Sea as early as 2020, after initial deploy-
ment in the Atlantic Ocean. The Sherwath et al. white paper
(Table 2) described potential collaborations with Ocean Net-
works Canada (ONC), including the Neptune and Venus
cabled ocean observatories that already collect data on geolog-
ical, biological, chemical and physical aspects of the oceans
and seafloor. The Kushner white paper proposed following
the model of the Climate Change and Atmospheric Research
program of NSERC and infrastructure collaboration in the
arca of advanced research computing across the disciplines
represented by this initiative.

Pacific, Arctic and Atlantic Oceans

The Arctic Ocean is a precarious net sink of atmospheric CO,
(white paper by Miller et al.; Table 2). To predict magnitudes
and directions of carbon fluxes through the Arctic Ocean, data
at much greater temporal and spatial resolutions are required,
and the necessary observations are not currently possible with
conventional camp- or ship-based chemical oceanography.
Presently there is one functioning observatory in Cambridge
Bay (operated by ONC) equipped with CO, system sensors
coupled with an air-sea COy flux tower on a small island off-
shore in Dease Strait (south of Victoria Island, Nunavut), with
plans for a second in southwestern Hudson Bay. The Miller et
al. white paper suggested linking efforts from multiple coun-
tries to monitor the Arctic Ocean through the EON-ROSE
initiative and perhaps using this proposed research network to
strengthen collaborative research on the Arctic Ocean.
Although the Myers white paper (Table 2) focused on the
Atlantic Ocean, the proposed collaborative approach to an
Integrated Atlantic Ocean Observing System could also be
applied to the Pacific Ocean or the Arctic Ocean.

POSSIBLE APPLICATIONS TO MINERAL EXPLORATION

As with Lithoprobe, we envision that funding will be available
to support diverse geoscience studies, such as field-based
research, geochemistry, geochronology and other more
detailed geophysical studies, such as seismic reflection and
refraction experiments. Technological advances from the
Lithoprobe program were beneficial for improving images of
base-metal deposits (e.g. Sudbury impact structure, Creighton
402 Orebody; Eaton et al. 2010), uranium deposits (e.g
Athabasca Basin, McArthur River Mine; Hajnal et al. 2010),
and diamondiferous kimberlites (e.g. Diavik, A154 pipe; Sny-
der and Gritter 2010). Today, a new frontier is to improve our
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understanding of the subcontinental lithospheric mantle
(SCLM), which is considered an important source reservoir for
diamonds (Shirey et al. 2002; Malkovets et al. 2007), rare carth
elements (Smith et al. 2016b) and other metals (Au, Cu, Mo,
Pb, Zn; Pettke et al. 2010; Groves and Santosh 2015). Mantle
influence and/or sources are suggested for REE deposits
hosted by both alkali syenites (Kramm and Kogarko 1994;
Stevenson et al. 1997) and carbonatites (Simonetti et al. 1995;
Yang et al. 2011; Baatar et al. 2013; Moore et al. 2015). The US
EarthScope program (Long et al. 2014) has greatly improved
imaging of the SCLM under the US Cordillera (Becker et al.
2014; Refayee et al. 2014; Meqgbel et al. 2014; MacCarthy et al.
2014; Leki¢ and Fischer 2014; Hopper et al. 2014; Porritt et al.
2014), but the Canadian Cordillera lacks the same SCLM reso-
lution.

Recently, Groves and Santosh (2015) emphasized the need
to expand traditional exploration models to include common
tectonic settings to improve discovery rates for greenfield
exploration. Groves and Santosh (2015) specifically referred to
recent models for iron oxide-copper-gold (IOCG) deposits,
intrusion-related gold systems and Carlin-type gold deposits,
all of which suggest common controls by craton margins or
suture zones with sub-Moho magma chamber sources. Chang-
ing exploration foci to consider lithospheric boundaries could
aid in discovering other associated deposit types, such as
komatiite-associated Ni-Cu—PGE deposits (Begg et al. 2010;
Maier and Groves 2011; Groves and Santosh 2015). A similar
exploration model would also be appropriate for giant por-
phyry-type Cu—Mo—Au deposits such as the Bingham Canyon
deposit, as demonstrated using Pb isotopes by Pettke et al.
(2010). Such exploration strategies require an integrated multi-
disciplinary approach among field-based geological, isotopic
and geophysical studies; an approach which will be possible
through the proposed CC Array program.

The Australian PACE Program: An Example of Interdisci-
plinary Approaches for Mineral Exploration

The Australian PACE (Plan for Accelerating Exploration) ini-
tiative provides several interesting examples that illustrate the
positive benefits of interdisciplinary approaches to mineral
exploration (Scott and Jones 2014). Khamsin and Carrap-
ateena are two new copper-gold discoveries that are directly
attributed to the PACE program, along with 14 other signifi-
cant new discoveries that resulted from the collaborative
drilling program associated with the PACE initiative (Scott and
Jones 2014).

A separate collaborative drilling and geophysics program
with accompanying detailed geochronology, geochemistry and
petrographic studies led to significant refinements to the for-
mation model for the supergiant Olympic Dam IOCG (iron
oxide—copper—gold) deposit. Specifically, the influence of sed-
imentary basins on uranium deposition is now better under-
stood (e.g. Cherry et al. 2017). The Olympic Dam mine is
located in the Olympic IOCG Province along the eastern mar-
gin of the Gawler Craton (Skirrow et al. 2007) in south-central
Australia, and is one the largest copper and gold resources in
the world (Ehrig et al. 2012).
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It is now recognized that the Olympic Dam deposit
formed in a multi-stage hydrothermal-tectonic setting
(Oreskes and Einaudi 1990; Reeve et al. 1990). Recent Partially
Preserved Amplitude (PPA) processing of seismic data
revealed steeper tectonic structures than had been imaged pre-
viously (Wise et al. 2016). This PPA processing also outlined
several kilometre-scale sub-vertical zones in the vicinity of sev-
eral IOCG deposits that correspond with features indicated by
magnetotelluric modelling of deep conductivity. These con-
ductive features could have been formed by hydrothermal
alteration or partial-melt migration (Wise et al. 2016).

Although Canada does not currently have any producing
1OCG deposits, they are strategically and economically attrac-
tive exploration targets due to their polymetallic and nuclear
energy resources (Corriveau et al. 2007). The non-magmatic
end-member IOCG-bearing Wernecke Breccias in the Yukon
Territories (Hunt et al. 2007) fall within the proposed footprint
for the CC Array. The proposed CC Array and its potential for
tomographic imaging and other related projects could provide
a geological and geophysical framework conducive to future
economic IOCG discoveries, in the same way that the PACE
program assisted in the discovery of new deposits in Australia.

THE FUTURE OF THE EON-ROSE CONCEPT

The development of the EON-ROSE initiative is concurrent
with corresponding initiatives in atmosphere-related research
focused on weather, climate, and air quality, such as the ad boc
working group on Atmosphere-Related Research in Canadian
Universities (ARRCU; Kushner et al. 2015). There is also a uni-
versity-focused effort in ocean science (the Canadian Consot-
tium of Ocean Research Universities — C-CORU:
http://www.oceannetworks.ca). The Canadian Mountain Net-
work is focused on sustainability of mountain environments
and communities. All of these initiatives have identified areas
for interdisciplinary connections between different research
communities. To our knowledge, however, EON-ROSE is the
first initiative to formally explore and pursue linkages between
solid Earth, surface and atmospheric processes.

Experience shows that strategic planning initiatives like
EON-ROSE develop over a multi-year timescale. As such,
they need to be separated from the relatively short timeline of
research infrastructure opportunities like the CC Array. Never-
theless, the CC Array initiative provides timely opportunities
for coordinating with other scientific communities to build a
nationwide program. Currently we are reaching out to solicit
interest and ideas for other approaches towards using this
opportunity to create new research networks aimed at under-
standing the coordinated working of the Earth system.

We hope that a network such as EON-ROSE will help fill
many research gaps, and bring about unanticipated discoveries.
It is also hoped that a broad community will be galvanized to
participate and work together to maximize efficiency and con-
sider some related ‘grand challenge’ questions. For example,
what are the science questions that are likely to drive research
in Earth System Science for the next 10-20 years? How can
these questions be approached using new national infrastruc-
ture networks and collaboration between researchers? What
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new opportunities would a network of monitoring stations
and other multidisciplinary approaches offer research and how
might they improve the management of resources and address
societal issues? These are critical questions that face the geo-
science community. We believe that an inclusive, collaborative,
multidisciplinary approach within a unifying initiative is the
best way forward.

If you are interested, have suggestions or questions, please
contact any of the authors or other people identified on the
CC Array website (ccarray.org).

ACKNOWLEDGEMENTS

We are deeply indebted to the pioneering work by a host of dedicated scientists that
led to the establishment of Lithoprobe and EarthScope programs, which set a very
high bar for major geoscientific initiatives upon which the EON-ROSE vision is
based. We are also deeply grateful to the many individuals who contributed the white
papers that are summarized here. Most of these documents can be accessed on the
CC Array website at www.ccarray.org. Funding to support the brainstorming work-
shops from NSERC CONNECT Level 2 Grant 500899-16 to KB, the University of
Ottawa Faculty of Science, Mount Royal University Faculty of Science and Technol-
ogy and the Mount Royal University Office of Research, Scholarship and Commu-
nity Engagement was greatly appreciated. We thank Joe Henton, Andrew Kerr and
an anonymous reviewer for their editing. This is Lands and Minerals Sector contri-
bution number 20180100.

REFERENCES

Aster, R.C., and Simons, M., editors, 2015, Future seismic and geodetic facility needs
on the Geosciences: Report to the National Science Foundation,
http://wwwiris.edu/hq/ files/workshops/2015/05/ fusg/reports/ futures_rep
ort_high.pdf.

Baatar, M., Ochir, G., Kynicky, J., lizumi, S., and Comin-Chiaramonti, P., 2013, Some
notes on the Lugiin Gol, Mushgai Khudag and Bayan Khoshuu alkaline com-
plexes, Southern Mongolia: International Journal of Geosciences, v. 4, p. 1200—
1214, https://doi.org/10.4236/1jg.2013.48114.

Bauer, P, Thorpe, A., and Brunet, G., 2015, The quiet revolution of numerical
weather prediction: Nature, v. 525, p. 47-55, https://doi.org/10.1038/
nature14956.

Becker, T.W,, Faccenna, C., Humphreys, E.D., Lowry, A.R., and Miller, M.S., 2014,
Static and dynamic support of western United States topography: Earth and
Planetary Science Letters, v. 402, p. 234-246, https://doi.org/10.1016/
j.epsl.2013.10.012.

Begg, G.C., Hronsky, J.AM., Arndt, N'T., Grifffin, W/L., O’Reilly, S.Y., and Hay-
wood, N., 2010, Lithospheric, cratonic and geodynamic setting of Ni-Cu—PGE
sulfide deposits: Economic Geology, v. 105, p. 1057-1070, https://doi.org/
10.2113/econgeo.105.6.1057.

Bevis, M., Businger, S., Chiswell, S., Herring, T.A., Anthes, R.A., Rocken, C., and
Ware, R.H., 1994, GPS meteorology: Mapping zenith wet delays onto precip-
itable water: Journal of Applied Meteorology and Climatology, v. 33, p. 379—
386, https://doi.org/10.1175/1520-0450(1994)033<0379:GMMZWD>2.0.
CO;2.

Boteler, D.H., 2001, Space weather effects on power systems: Space Weather Geo-
physical Monograph, v. 125, p. 347-352.

Brunet, G,, Jones, S., and Ruti, PM., editors, 2015, Seamless prediction of the Earth
System: from minutes to months: World Meteorological Organization, No.
1156, 480 p.

Cherry, A.R., McPhie, J., Kamenetsky, V.S., Ehrig, K., Keeling, ].I.., Kamenetsky,
M.B., Meffre, S., and Apukhtina, O.B., 2017, Linking Olympic Dame and the
Cariewerloo Basin: Was a sedimentary basin involved in formation of the
world’s largest uranium deposit?: Precambrian Research, v. 300, p. 168-180,
https://doi.org/10.1016/j.precamres.2017.08.002.

Clague, J.J., Munro, A., and Murty, T., 2003, Tsunami hazard and risk in Canada: Nat-
ural Hazards, v. 28, p. 435-461, https://doi.org/10.1023/A:1022994411319.

Clowes, R.M., 2010, Initiation, development, and benefits of Lithoprobe — shaping

the direction of Earth science research in Canada and beyond: Canadian Jout-
nal of Earth Sciences, v. 47, p. 291-314, https://doi.org/10.1139/E09-074.

Corriveau, L., Ootes, I.., Mumin, H., Jackson, V., Bennett, V., Cremer, ].F,, Rivard, B.,
McMartin, I, and Beaudoin, G., 2007, Alteration vectoring to IOCG(U)
deposits in frontier volcano-plutonic terrains, Canada, iz Milkereit, B., ed., Pro-
ceedings of Exploration 07: Fifth Decennial International Conference on Min-

https://doi.otg/10.12789/geocan;.2018.45.136



108

eral Exploration 2007, p. 1171-1177.

Cranford, G., 2000, Tidal Wave: A list of victims and survivors —Newfoundland
1929: Flanker Press, St. John’s NL, 264 p.

de Groot-Hedlin, C.D., Hedlin, M.A.H., Walker, K.T., Drob, D.P,, and Zumberge,
M.A., 2008, Evaluation of infrasound signals from the shuttle Atlantis using a
large seismic network: The Journal of the Acoustical Society of America, v. 124,
p. 1442-1451, https:/ /doi.org/10.1121/1.2956475.

de Groot-Hedlin, C.D., Hedlin, M.A.H., and Walker, K., 2011, Finite difference syn-
thesis of infrasound propagation through a windy, viscous atmosphere: Appli-
cation to a bolide explosion detected by seismic networks: Geophysical Journal
International, v. 185, p. 305-320, https://doi.org/10.1111/j.1365-
246X.2010.04925.x.

de Groot-Hedlin, C.D., Hedlin, M.A.H., and Walker, K.T., 2014, Detection of grav-
ity waves across the USArray: A case study: Earth and Planetary Science Letters,
v. 402, p. 346-352, https://doi.org/10.1016/j.epsl.2013.06.042.

Eaton, DW,, Adam, E., Milkereit, B., Salisbury, M., Roberts, B., White, D., and
Wright, J., 2010, Enhancing base-metal exploration with seismic imaging: Cana-
dian Journal of Earth Sciences, v. 47, p. 741-760, https://doi.org/10.1139/
E09-047.

Ehrig, K., McPhie, ., and Kamenetsky, V.S., 2012, Geology and mineralogical zona-
tion of the Olympic Dam Iron Oxide Cu—U—-Au—Ag Deposit, South Australia,
in Hedenquist, J.W., Harris, M., and Camus, E, eds., Geology and Genesis of
Major Copper Deposits and Districts of the World: A Tribute to Richard H.
Sillitoe: Economic Geology Special Publication, v. 16, p. 237-267.

Elliott, J., Freymueller, J.T., and Latsen, C.E, 2013, Active tectonics of the St. Elias
orogen, Alaska, observed with GPS measurements: Journal of Geophysical
Research, v. 118, p. 5625-5642, https://doi.org/10.1002/jgrb.50341.

Elliott, J., Marchel, A., Freymueller, J., and Larsen, C., 2016, Active tectonics of Gla-
cier Bay and Wrangell-St. Elias National Parks, Alaska (Poster): Alaska National
Park Service Centennial Science and Stewardship Symposium, Fairbanks, Oct.
19-21. Available at: https://www.nps.gov/orgs/1349 /upload/eProgram_
final.pdf.

Elliott, J.L., Larsen, C.E, Freymueller, ].T., and Motyka, R.J., 2010, Tectonic block
motion and glacial isostatic adjustment in southeast Alaska and adjacent Canada
constrained by GPS measurements: Journal of Geophysics Research, v. 115,
B09407, https://doi.org/10.1029/2009]B007139.

Evans, S.G., 2001, Landslides, 7z Brooks, G.R., ed., A synthesis of geological hazards
in Canada: Geological Survey of Canada, Bulletin, v. 548, p. 43-79,
https://doi.org/10.4095/212212.

Fine, 1.V., Rabinovich, A.B., Bornhold, B.D., Thomson, R.E., and Kulikov, E.A.,
2005, The Grand Banks landslide-generated tsunami of November 18, 1929:
preliminary analysis and numerical modeling: Marine Geology, v. 215, p. 45-57,
https://doi.org/10.1016/j.margeo.2004.11.007.

Goddéris, Y., and Brantley, S.I, 2013, Earthcasting the future Critical Zone: Elemen-
ta: Science of the Anthropocene, v. 1, https://doi/org/10.12952/journal.cle-
menta.000019.

Groves, D.I., and Santosh, M., 2015, Province-scale commonalities of some world-
class gold deposits: Implications for mineral exploration: Geoscience Frontiers,
V. 6, p. 389-399, https://doi.org/10.1016/j.gs£.2014.12.007.

Hajnal, Z., White, DJ., Takacs, E., Gyorfi, L., Annesley, LR., Wood, G., O’Dowd, C.,
and Nimeck, G., 2010, Application of modern 2-D and 3-D seismic-reflection
techniques for uranium exploration in the Athabasca Basin: Canadian Journal
of Harth Sciences, v. 47, p. 761-782, https://doi.org/10.1139/E10-026.

Hedlin, M.A.H., Drob, D., Walker, K., and de Groot-Hedlin, C.D, 2010, A study of
acoustic propagation from a large bolide in the atmosphere with a dense seismic
network: Journal of Geophysical Research, v. 115, B11312, https://doi.org/
10.1029/2010JB007669.

Heezen, B.C., and Ewing, M., 1952, Turbidity currents and submarine slumps, and
the 1929 Grand Banks earthquake: American Journal of Science, v. 250, p. 849—
873, https://doi.org/10.2475/2js.250.12.849.

Holton, J.R., Haynes, PH., Mclntyre, M.E., Douglass, A.R., Road, R.B., and Pfister,
L., 1995, Stratosphere—troposphere exchange: Reviews of Geophysics, v. 33, p.
403-439, https://doi.org/10.1029/95RG02097.

Hopper, E., Ford, H.A., Fischer, K.M., Leki¢, V., and Fouch, M.J., 2014, The litho-
sphere-asthenosphere boundary and the tectonic and magmatic history of the
northwestern United States: Earth and Planetary Science Letters, v. 402, p. 69—
81, https://doi.org/10.1016/j.epsl.2013.12.016.

Hubert, J., Lee, BM., Liu, L., Unsworth, M.]., Richatds, J.P., Abbassi, B., Chen, L.Z.,
Oldenburg, D.W,, Legault, .M., and Rebagliati, M., 2016, Three-dimensional
imaging of a Ag—Au-—rich epithermal system in British Columbia, Canada using
airborne z-axis tipper electromagnetic and ground-based magnetotelluric data:
Geophysics, v. 81, B1-B12, https://doi.org/10.1190/ge02015-0230.1.

Hunt, J.A., Baker, T., and Thorkelson, D.J., 2007, A review of iron oxide copper—

http://www.geosciencecanada.ca

K.J.E. Boggs et al.

gold deposits, with focus on the Wernecke Breccias, Yukon, Canada, as an
example of a non-magmatic end member and implications for IOCG genesis
and classification: Exploration and Mining Geology, v. 16, p. 209-232,
https://doi.org/10.2113/gsemg.16.3-4.209.

Jones, A.G,, Ledo, J., Ferguson, 1.]., Craven. J.A., Unsworth, M.]., Chouteau, M., and
Spratt, J.E., 2014, The electrical resistivity of Canada’s lithosphere and correla-
tion with other parameters: contributions from Lithoprobe and other pro-
grammes: Canadian Journal of Earth Sciences, v. 51, p. 573-617,
https://doi.org/10.1139/cjes-2013-0151.

Knupp, K., 2006, Observational analysis of a gust front to bore to solitary wave
transition within an evolving nocturnal boundary layer: Journal of the Atmos-
pheric Sciences, v. 63, p. 2016-2035, https://doi.org/10.1175/JAS3731.1.

Kramm, U, and Kogarko, I..N., 1994, Nd and Sr isotope signatures of the Khibina
and Lovozero agpaitic centres, Kola Alkaline Province, Russia: Lithos, v. 32, p.
225-242, https:/ /doi.org/10.1016/0024-4937(94)90041-8.

Kushner, PJ., Gauthier, P, Gyakum, J., Myers, P, Strong, K., Stull, R., and Taylor, P,
2015, Report on a workshop of the working group on atmosphere-related
research in Canadian universities: CMOS Bulletin, v. 43, p. 142-147.

Lanzerotti, L.J., 2001, Space weather effects on technologies: Geophysical Mono-
graph Series, v. 125, p. 11-22, https:/ /doi.org/10.1029/GM125p0011.

Larsen, C.I, Motyka, R.J., Freymueller, ].T., Echelmayer, K.A., and Ivins, E.R., 2005,

Rapid viscoelastic uplift in southeast Alaska caused by post-Little Ice Age gla-
cial retreat: Harth and Planetary Science Letters, v. 237, p. 548-5060,
https://doi.org/10.1016/j.epsl.2005.06.032.

Larson, K.M., and Nievinski, FEG., 2013, GPS snow sensing: results from the Earth-
Scope Plate Boundary Observatory: GPS Solutions, v. 17, p. 41-52,
https://doi.otg/10.1007/510291-012-0259-7.

Larson, K.M., and Small, E.E., 2013, Using GPS to study the terrestrial water cycle:
EOS, v. 94, p. 505-506, https://doi.org/10.1002/2013E0520001.

Larson, K.M., Small, E.E., Gutmann, E.D,, Bilich, A.L., Braun, J.J., and Zavorotny,
V.U, 2008, Use of GPS receivers as a soil moisture network for water cycle
studies: Geophysical Research Letters, v. 35, 1.24405, https://doi.org/
10.1029/2008G1.036013.

Leki¢, V., and Fischer, K.M., 2014, Contrasting lithospheric signatures across the
western United States revealed by Sp receiver functions: Earth and Planetary
Science Letters, v. 402, p. 90-98, https://doi.org/10.1016/j.epsl.2013.11.026.

Leonard, L.J., Hyndman, R.D., Mazzotti, S., Nykolaishen, L., Schmidt, M., and Hip-
pchen, S., 2007, Current deformation in the northern Canadian Cordillera
inferred from GPS measurements: Journal of Geophysical Research, v. 112,
B11401, https://doi.org/10.1029/2007]B005061.

Leonard. L.J., Mazzott, S., and Hyndman, R.D., 2008, Deformation rates from
earthquakes in the northern Cordillera of Canada and eastern Alaska: Journal
of Geophysical Research, v. 113, B08406, https://doi.org/10.1029/
2007JB005456.

Long, M.D,, Levander, A., and Sheater, PM., 2014, An introduction to the special
issue of Earth and Planetary Science Letters on USArray science: Earth and
Planetary Science Letters, v. 402, p. 1-5, https://doi.org/10.1016/
j.epsl.2014.06.016.

MacCarthy, J.KK., Aster, R.C., Ducker, K., Hansen, S., Schmandt, B., and Karlstrom,
K., 2014, Seismic tomography of the Colorado Rocky Mountains upper mantle
from CREST: Lithosphere-asthenosphere interactions and mantle support of
topography: Earth and Planetary Science Letters, v. 402, p. 107-119,
https://doi.org/10.1016/.epsl.2014.03.063.

Maier, W.D., and Groves, D.J., 2011, Temporal and spatial controls on the formation
of magmatic PGE and Ni—Cu deposits: Mineralium Deposita, v. 46, p. 841—
857, https://doi.org/10.1007/s00126-011-0339-6.

Malkovets, V.G., Griffin, W.L., O’Reilly, S.Y., and Wood, B.J., 2007, Diamond, sub-
calcic garnet, and mantle metasomatism: Kimberlite sampling patterns defined
the link: Geology, v. 35, p. 339-342, https://doi.org/10.1130/G23092A.1.

Mazzotti, S., and Hyndman, R.D., 2002, Yukutat collision and strain transfer across
the northern Canadian Cordillera: Geology, v. 30, p. 495498, https://doi.org/
10.1130/0091-7613(2002)030<0495:YCASTA>2.0.CO;2.

Mazzotti, S., Hyndman, R.D., Fliick, P., Smith, A.J., and Schmidt, M., 2003, Distri-
bution of the Pacific/North America motion in the Queen Charlotte Islands-S.
Alaska plate boundary zone: Geophysics Research Letters, v. 30, 1762,
https://doi.otg/ 10.1029/2003GL017586.

McCreight, J.L., and Small, E.E., 2014, Modeling bulk density and snow water equiv-
alent using daily snow depth observations: The Cryosphete, v. 8, p. 521-530,
https://doi.org/10.5194/tc-8-521-2014.

Megbel, N.M., Egbert, G.D., Wannamaker, P.E., Kelbert, A., and Schultz, A., 2014,
Deep electrical resistivity structure of the northwestern U.S. derived from 3-D
inversion of USArray magnetotelluric data: Earth and Planetary Science Letters,
v. 402, p. 290-304, https://doi.org/10.1016/j.epsl.2013.12.026.



GEOSCIENCE CANADA Volume 45

Miller, D.W., 1999, Thunderstorm induced gravity waves as a potential hazard to
commercial aircraft (Poster): American Meteorological Society 79th Annual
Conference.

Molnar, S., Cassidy, ].I., Olsen, K.B., Dosso, S.E., and He, J., 2014a, Farthquake
ground motion and 3D Georgia basin amplification in southwest British
Columbia: Deep Juan de Fuca plate scenario earthquakes: Bulletin of the Seis-
mological Society of America, v. 104, p. 301-320, https://doi.org/
10.1785/0120110277.

Molnar, S., Cassidy, J.E, Olsen, K.B., Dosso, S.E., and He, J., 2014b, Earthquake
ground motion and 3D Georgia Basin amplification in southwest British
Columbia: Shallow blind-thrust scenario earthquakes: Bulletin of the Seismo-
logical Society of America, v. 104, p. 321-335, https://doi.org/10.1785/
0120130116.

Moore, M., Chakhmouradian, A.R., Mariano, A.N., and Sidhu, R., 2015, Evolution
of rare-earth mineralization in the Bear Lodge carbonatite, Wyoming: Miner-
alogical and isotopic evidence: Ore Geology Reviews, v. 64, p. 499-521,
https://doi.org/10.1016/j.oregeorev.2014.03.015.

Morell, K.D., Regalla, C., Leonard, L.J., Amos, C., and Levson, V., 2017, Quaternary
ruptute of a crustal fault beneath Victoria, British Columbia, Canada: GSA
Today, v. 27, p. 4-10, https://doi.org/10.1130/ GSATG291A.1.

Murty, T.S., 1977, Seismic sea waves-tsunamis: Bulletin of the Fisheries Research
Board of Canada, v. 198, 337 p.

Oreskes, N., and Einaudi, M.T., 1990, Origin of rare ecarth element-enriched
hematite breccias at the Olympic Dam Cu—U-Au—-Ag deposit, Roxby Downs,
South Australia: Economic Geology, v. 85, p. 1-28, https://doi.org/10.2113/
gsecongeo.85.1.1.

Pearce, J.A., Kempton, PD., Nowell, G.M., and Noble, S.R., 1999, Hf~Nd element
and isotope perspective on the nature and provenance of mantle and subduc-
tion components in western Pacific arc-basin systems: Journal of Petrology, v.
40, p. 1579-1611, https://doi.org/10.1093/petroj/40.11.1579.

Pettke, T., Obetli, E, and Heinrich, C.A., 2010, The magma and metal source of
giant porphyry-type ore deposits, based on lead isotope microanalysis of indi-
vidual fluid inclusions: Earth and Planetary Science Letters, v. 296, p. 267-277,
https://doi.org/10.1016/.epsl.2010.05.007.

Piper, DJ.W,, Shor, A.N., and Hughes-Clarke, J.E., 1988, The 1929 “Grand Banks”
earthquake, slump, and turbidity current, 7z Clifton, H.E., ed,, Sedimentologic
Consequences of Convulsive Geologic Events: GSA Special Papers, v. 229, p.
77-92, https:/ /doi.org/10.1130/SPE229-p77.

Pollock, J.C., Sylvester, PJ., and Barr, S.M., 2015, Lu—Hf zircon and Sm—Nd whole-
rock isotope constraints on the extent of juvenile arc crust in Avalonia: exam-
ples from Newfoundland and Nova Scotia, Canada: Canadian Journal of Earth
Sciences, v. 52, p. 161-181, https://doi.org/10.1139/cjes-2014-0157.

Porritt, R.W., Allen, R.M., and Pollitz, EE, 2014, Seismic imaging east of the Rocky
Mountains with USArray: Earth and Planetary Science Letters, v. 402, p. 16-25,
https://doi.org/10.1016/j.epsl.2013.10.034.

Reeve, J.S., Cross, K.C., Smith, R.N., and Oreskes, N., 1990, Olympic Dam copper—
uranium-gold—silver deposit, 7z Hughes, EE., ¢d., Geology of the mineral
deposits of Australia and Papua New Guinea: The Australasian Institute of
Mining and Metallurgy, Melbourne, Monograph 14, p. 1009-0135.

Refayee, H.A., Yang, BB, Liu, K.H., and Gao, S.S., 2014, Mantle flow and litho-
sphere-asthenosphere coupling beneath the southwestern edge of the North
American craton: Constraints from shear-wave splitting measurements: Earth
and Planetary Science Letters, v. 402, p. 209-220, https://doi.org/
10.1016/j.epsl.2013.01.031.

Rocken, C., Ware, R., van Hove, T., Solheim, F,, Alber, C., Johnson, J., Bevis, M., and
Businger, S., 1993, Sensing atmospheric water vapor with the global positioning
system: Geophysical Research Letters, v. 20, p. 2631-2634, https://doi.otg/
10.1029/93G1.02935.

Rocken, C., van Hove, T., Johnson, J., Solheim, E,, Ware, R., Bevis, M., Chiswell, S.,
and Businger, S., 1995, GPS/STORM—GPS sensing of atmospheric water
vapor for meteorology: Journal of Atmospheric and Oceanic Technology, v. 12,
p. 468-478, https://doi.org/10.1175/1520-0426(1995)012<0468: GSOAW V>
2.0.CO;2.

Scott, M., and Jones, M., 2014, Management of Geoscience Public Data: Report pre-
pared for WH Bryan Mining and Geological Research Institute, Sustainable
Minerals Institute, The University of Queensland, Australia. Available at: www.
Im4de.org, retrieved 7 June, 2018.

Shirey, S.B., Harris, J.W.,, Richardson, S.H., Fouch, M.J., James, D.E., Cartigny, P.,
Deines, P, and Viljoen, E, 2002, Diamond genesis, seismic structure, and evo-
lution of the Kaapvaal-Zimbabwe Craton: Science, v. 297, p. 1683-1680,
https://doi.org/10.1126/science.1072384.

Simonetti, A., Bell, K., and Viladkar, S.G., 1995, Isotopic data from the Amba Don-
gar Carbonatite Complex west-central India: Evidence for an enriched mantle

2018 109

source: Chemical Geology, v. 122, p. 185-198, https://doi.org/10.1016/0009-
2541(95)00004-6.

Skirrow, R.B., Bastrakov, E.N., Barovich, K., Fraser, G.L., Creaser, R.A., Fanning,
C.M., Raymond, O.L., and Davidson, G.J., 2007, Timing of iron oxide Cu—Au—
(U) hydrothermal activity and Nd isotope constraints on metal sources in the
Gawler Craton, South Australia: Economic Geology, v. 102, p. 1441-1470,
https://doi.org/10.2113/gsecongeo.102.8.1441.

Smith, M.P,, Moore, K., Kavecsanski, D., Finch, A.A., Kynicky, J., and Wall, E,
2016a, From mantle to critical zone: A review of large and giant sized deposits
of the rare earth elements: Geoscience Frontiers, v. 7, p. 315-334,
https://doi.org/ 10.1016/j.gs£.2015.12.006.

Smith, K., Kent, G., Slater, D., Plank, G., Williams, M., McCarthy, M., Vernon, E,
Driscoll, N., and Braun, H.-W.,, 2016b, Integrated multi-hazard regional net-
works: Earthquake warning/response, wildfire detection/response, and
extreme weather tracking, 7z Anderson, R., and Ferriz, H., eds., Applied Geology
in California: Association of Environmental and Engineering Geologists
(AEG) Special Publication Number 26, p. 599-612.

Snyder, DB, and Gritter, H.S., 2010, Lithoprobe’s impact on the Canadian dia-
mond-exploration industry: Canadian Journal of Earth Sciences, v. 47, p. 783—
800, https://doi.org/10.1139/E09-055.

Stevenson, R., Upton, B.G.J., and Steenfelt, A., 1997, Crust-mantle interaction in the
evolution of the Ilimaussaq Complex, South Greenland: Nd isotopic studies:
Lithos, v. 40, p. 189-202, https://doi.org/10.1016/50024-4937(97)00025-X.

Tytell, J., Vernon, E, Hedlin, M., de Groot Hedlin, C., Reyes, J., Bubsy, B., Hafner,
K., and Eakins, ]., 2016, The USArray Transportable Array as a platform for
weather observation and research: American Meteorological Society, p. 603—
619.

van Staal, C.R., Dewey, ].E, MacNiocaill, C., and McKerrow, W.S., 1998, The Cam-
brian—Silurian tectonic evolution of the northern Appalachians and British
Caledonides: history of a complex, west and southwest Pacific-type segment of
Tapetus, 7z Blundell, D.J., and Scott, A.C., eds., Lyell: the Past is the Key to the
Present: Geological Society, London, Special Publications, v. 143, p. 197-242,
https://doi.org/10.1144/GS1..SP.1998.143.01.17.

Wialker, K.T., Shelby, R., Hedlin, M.A.H., de Groot-Hedlin, C., and Vernon, F,, 2011,
Western US. Infrasonic Catalog: Illuminating infrasonic hot spots with the
USArray:  Journal of  Geophysical Research, v. 116, B12305,
https://doi.org/10.1029/2011JB008579.

Wise, T., Reid, A., Jakica, S., Fabris, A., van der Wielen, S., Ziramov, S., Pridmore, D.,
Thiel, S., Heinson, G., and Soeffky, P, 2016, Olympic Dam seismic revisited:
reprocessing of deep crustal seismic data using partially preserved amplitude
processing: ASEG-PESA-AIG 2016, 25th Geophysical Conference & Exhibi-
tion, Adelaide, August 2016, p. 603—606.

Witt, DR., Schutt, D., Aster, R.C., Freymueller, J., Cubley, J.I., 2017, Shear wave split-
ting underneath northwest Canada and eastern Alaska from Transportable
Array and Mackenzie Mountains data (Poster): AGU Fall Meeting, New
Otleans, December 2017, 278918.

Wymore, A.S., West, N.R., Maher, K., Sullivan, PL., Harpold, A., Karwan, D., Mar-
shall, J.A., Perdrial, ., Rempe, D.M., and Ma, 1., 2017, Growing new generations
of critical zone scientists: Earth Surface Processes and Landforms, v. 42, p.
2498-2502, https://doi.org/10.1002/esp.4196.

Yang, K.-F,, Fan, H.-R., Santosh, M., Hu, E-EF,, and Wang, K.-Y., 2011, Mesoprotero-
zoic carbonatite magmatism in the Bayan Obo deposit, Inner Mongolia, North
China: Constraints for the mechanism of super accumulation of rare earth ele-
ments: Ore Geology Reviews, v. 40, p. 122-131, https://doi.org/10.1016/j.ore-
georev.2011.05.008.

Zoback, M.L., 2001, 2000 Presidential Address: Grand challenges in Earth and
Environmental Sciences: Science, stewardship, and service for the twenty-first
century: GSA Today, v. 11, p. 41-46.

Received February 2018
Accepted as revised May 2018

https://doi.otg/10.12789/geocan;.2018.45.136




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


