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The geological evolution of the Arctic region is one of the last unknowns in global
plate tectonics. The Arctic Ocean basins (Fig. 1) are relatively inaccessible to direct
sampling and known mostly from ‘remote’ geophysical methods; for example the
Amerasia Basin at ¢. 3800 meters below sea level is virtually unexplored and its age
and spreading history unknown. On-shore, the Arctic region represents remote
wilderness areas far from supporting infrastructure and consequently is mapped
mostly at a reconnaissance scale; the lack of age control on units, structural fabrics,
timing of fold and thrust belts, etc., makes it difficult to correlate geology from one
region to another, to extrapolate geology from on-shore to off-shore, or to constrain
the development of Arctic ocean basins using circum-Arctic geologic data.

Figure 1. Enhanced false
color image of the
International  Bathymetric
Chart of the Arctic Ocean,
(Jakobsson et al., 2000)
showing the sea bottom.
Colors match depth below
sea-level in meters. AR,
Alpha Ridge; LR,
Lomonosov Ridge; MR,
Mendeleev Ridge; N-CC,
Northwind-Chukchi Cap.

The tectonic evolution of Arctic lithosphere is of relevance not only for our
understanding of global tectonics, but also for understanding the framework of the
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known and estimated oil and mineral resources of the Arctic, understanding Earth’s
climate system, the distribution of flora, fauna, and ultimately the historic distribution
of humans on Earth. The origin of the vast Arctic continental shelves with their
associated oil and gas potential, are directly relevant for claims to extend sovereign
economic zones under Article 76 of the United Nations Law of the Sea (a.k.a.
UNCLOS-76; MacNab, 2006) and highlights the importance of establishing the basic
geologic framework of these shelf regions. Furthermore, under UNCLOS-76 the
circum-arctic nations are obliged to conduct extensive surveys to document their
claims; such surveys are currently underway and represent a vast potential resource
for all future Arctic investigations.

Logistical difficulties associated with working in the polar Arctic have impeded both
on-shore and off-shore investigations, including scientific drilling of the seafloor.
Recent political and technological developments (e.g., the end of the Cold War, the
prospective availability of nuclear submarines and powerful icebreakers as research
platforms) provide remedies to some of these obstacles: IODP drilling of Lomonosov
Ridge in 2004 was a proof-of-concept cruise for Arctic drilling, producing a number
of important, high-impact papers concerning the Cenozoic history of the Arctic Ocean.
Since then, numerous groups® are prioritizing research programs into the geologic
framework and tectonic evolution, the sedimentary record and environmental
history, and geological processes and environmental indicators of the Arctic Ocean
basins and their margins.

2. The project

In the past decade a number of campaigns in the Arctic region have focused on marine,
aerogeophysical and geological investigations: two seasons of aerogeophysical work
by the US Naval Research Lab the Amerasia Basin (Fig. 1), the Amore cruise to
investigate the petrology of the slow spreading Gakkel Ridge, the USCGC Healy and
Swedish Oden cruises to the Bering Strait region, the Chukchi Borderland and the
Mendeleev Ridge regions, as well as the IODP drilling of Lomonosov Ridge.
However, very few of these initiatives actually integrate on-shore and off-shore
geology. Furthermore, in recent years new methods and surveys, such as the
International Bathymetric Chart of the Arctic Ocean (Jakobsson et al., 2000; see Fig.
1), have become available which allow us to test existing, and confidently formulate
new, hypotheses regarding various submarine features of the Arctic, such as:

Where are the plate boundaries associated with the Amerasia Basin?

How did the Canada Basin open?

What was the pre-drift setting of the Chukchi Borderland?

How did the major ridges in the Amerasian Basin form?

Where are the Early Tertiary plate boundaries in the Arctic?

What is the relationship between segmentation of the Gakkel Ridge and ultra-slow
spreading processes?

e Has the axial geometry of the Gakkel Ridge changed since rifting? If not, why?

1-e.g., 2009 GSA Penrose Conference ‘Tectonic Development of the Amerasia Basin’ (Banff,
Canada, http://www.geosociety.org/penrose/09banff.htm); 2008 Arctic Drilling Workshop
(Bremerhaven, Germany, http://www.aosb.org/mtgs/2009/arctic_drilling_workshop.pdf); 2004 NSF-
funded workshop ‘Amerasian Basin and its margins’ (Washington, D.C.; http:www.geo-
prose.com/amerasian/info.html)



mailto:http://www.geosociety.org/penrose/09banff.htm
http://www.aosb.org/mtgs/2009/arctic_drilling_workshop.pdf
mailto:http:www.geo-prose.com/amerasian/info.html
mailto:http:www.geo-prose.com/amerasian/info.html

e What structures connect seafloor spreading on the Gakkel Ridge to continental
extension on the Laptev Shelf?

e Where are the continuations of pre-Eocene orogens in the Arctic?

e How do these crustal-scale discontinuities influence Arctic tectonic evolution?

By definition, CALE is multinational and multi-disciplinary. CALE identifies a
number of on-shore to off-shore transects around the Arctic in regions critical to
answering the most important questions currently associated with circum-Arctic
lithosphere evolution (Fig. 2). These transects are specifically designed to integrate
the on-shore and off-shore environments through combined geological and
geophysical investigations, including the possibility of drilling. These combined
transects address each of ILPs four themes (see below), but each transect is a ‘stand-
alone’ initiative that builds upon independent data sets. Thus each transect is
dedicated to addressing the most important questions of a specific region, has unique
scientific objectives that will require the acquisition of different types of new data,
and is associated with a team of independent but integrated researchers including both
geophysicists and geologists, and covering both land and marine environments.
Through CALE the individual transects will be integrated such that the sum of the
whole will be greater than the individual components with the combined results
allowing us to address some of the most pressing and topical issues related to the
tectonic development of circum-Arctic lithosphere evolution today.

e O Figure 2. CALE Transects

~ L shown on a c. 55 Ma Arctic
« reconstruction. The Eurasia
Basin has not yet opened,
Svalbard restores adjacent to
N.  Greenland.  Tectonic
elements of the circum-Arctic
region indicated. OCVB,
¥ Ohotsk-Chukotka Volcano-
. plutonic Belt; OM, Omolon
Massif; SAS, South Anyui
Suture.

3. ILP themes & CALE

Understanding the tectonic evolution of Arctic lithosphere encompasses all four of
ILP’s programmatic themes:

1. Geoscience of global change. All evidence indicates that a complex suite of
interrelated atmospheric, oceanic, and terrestrial changes are now underway in the
Arctic, affecting every part of the polar environment. Understanding and
quantifying these changes is complicated by sparse oceanographic and
geophysical data from the circum-Arctic region. While numerous consortia exist
to address the effects of global warming on the Arctic region (e.g., APEX
http://www.apex.geo.su.se/), without oceanographic and geophysical data it is not
possible to understand contemporary processes, or to predict future change and
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the consequences of change. CALE emphasizes understanding the tectonic
development of the basins, ridges, plateau, and shelves of the Arctic Ocean and its
Seas, which influence and control ocean circulation. A full understanding of
climate change requires an integrated and comprehensive geological and
geophysical study of sea-floor and northern continents.

2. Circum-Arctic continental dynamics and deep processes. Tectonic activity created
the Arctic basins and modified their internal structure and architecture over time.
Tectonic motion between crustal blocks has influenced the physiography of the
polar basins. With drilling on Lomonosov Ridge (Shipboard Scientific Party,
2005) there is now an observational record spanning much of the history of the
Eurasian Basin. Far less is known about the oldest Arctic basin, the Amerasian
Basin, partly due to lack of recognized plate boundaries. These boundaries must
exist to explain the basin history. CALE seeks to identify these structures in order
to reconstruct the development of the basin, substantially improving how the
history of the surrounding continents is understood.

3. Circum-Arctic continental lithosphere. The sedimentary basins of the circum-Arctic
land areas and continental shelves are important for understanding crustal
rheology, for inferring basin modeling parameters, and for testing hypotheses for
the evolution of Arctic lithosphere. It is also necessary to understand the structure
and composition of the basement beneath these mostly late Paleozoic and younger
basins, and to understand their relationships to the deeper ocean basins. This is
directly relevant to a number of key contemporary issues related to continental
mantle lithosphere including: a) compositional and structural heterogeneity, its
nature and origin; b) mechanical anisotropy, its nature and origin; c) the role of
tectonic processes in the formation of modern topography of continents; and d)
the long-term mechanical strength of continental lithospheric mantle (mantle
rheology) and its sustainability through geologically long periods of time. CALE,
in combining i) bathymetry, potential field data, seismic reflection data, and cores
with ii) geologic mapping and field studies to understand the sedimentary,
structural, thermal, and magmatic histories, will provide an integrated record of
the tectonic evolution of Arctic continental lithosphere.

4. Arctic ocean lithosphere. Mapping the deep Arctic Ocean basins, collecting multi-
channel seismic reflection data, and sampling the sedimentary record by drilling
are the primary means to determine the strength, evolution, deformation, response
to surface processes, etc., of Arctic Ocean lithosphere. Several geophysical
expeditions have been successfully conducted over the last decades. The resulting
data provide a first insight into sediment distribution and the tectonic evolution of
the Arctic Ocean’s basins and ridges, but continued acquisition of these data is
necessary to realize a unifying tectonic model. For example, over 1000 sediment
cores have been raised from the deep basin, but only a few are longer than 10 m
(Kristoffersen and Mikkelsen, 2004) and few have sampled ‘basement’. CALE
seeks to initiate new geophysical data acquisition campaigns and, with today’s
technology, even inspire the direct sampling of Arctic submarine crust via ocean
drilling projects, in order to make the necessary advances required for
understanding the tectonic development of the Amerasian Basin.



4. Proposed transect teams

The organizing committee for CALE is in the process of identifying the Leaders for
each Transect Team (Table 1 and Fig. 2). The organizing committee and Team
Leaders will meet in October 2009 at the Geological Society of America Penrose
Conference on the Tectonic Development of the Amerasia Basin to finalize the
members of each Transect Team and its scientific goals. The meeting will host many
key researchers in Arctic geology and geophysics, including industry representatives.
It provides an excellent forum for identifying current problems, and facilitating
coordination and planning of cooperative Arctic research into the next decade.

Table 1. CALE Transects *

Transect  Region Team Leader
A Canada/Alpha Ridge R. Stephenson
B Canada/Canada Basin ?

C Alaska/North Slope/Canada Basin M. Wartes?

D East Russia/Wrangel/Chukchi Plateau/Canada B. Coakley
Basin

E Moma/New Siberian Islands/Mendeleev Ridge W. Jokat

F Taimyr/Severnya Zemlya/Lomonosov Ridge V. Pease

G Western Russia/Franz Josef Land/Lomonosov R. Scott
Ridge

H Norway/Svalbard/Lomonozov Ridge J-1. Faleide?

*To be finalized by end-2009.

4. Proposed management structure, project schedule, and funding

The organizing committee defining the Transect Teams for the Task Force comprises
four persons, each an expert in their field with a long record of Arctic research (CVs
attached). The multinational, multidisciplinary Task Force will comprise c¢. 60-80
researchers currently from eight different countries, including Canada, Denmark,
Germany, Norway, Russia, Sweden, the United Kingdom, and the USA.

CALE is a timely and ambitious project. Although some Transect Teams are already
underway (e.g. Team A has plans for acquisition of geophysical data in 2010) and
others have yet to confirm the Team Leader, we expect all Transects Teams to be
established by end-2009. Some Transects need geophysical data which requires a
long led-in time to coordinate and fund. Some Transects need detailed field
campaigns, which may require multiple field-seasons. Given the differences between
national funding schemes and timescales, as well as the necessary 1-3 years of led-in
for individual researchers to garner project funding, CALE is seen as a 5-10 year
program. We initially seek 5-years of support for CALE, to begin in 2010.
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Awards & organizations

2008 Lithos most cited paper for the years 2003-2007

2008 to present Member of the European Association of Geochemistry

1983 to present Member of the American Geophysical Union.

1997 — 1999 Recipient of the EU Marie Curie Individual
Post-doctoral Fellowship

1994 - 1997 Volunteer geologist at the U.S. Geological Survey
Dr. Jack Hillhouse supervisor

1994 - 1997 Volunteer geologist at the U.S. Bureau of Land Management
Mr. Phil Damon, supervisor

1996 School of Earth Sciences in the Faculty of Science and Technology,
La Trobe Universtiy , Melbourne, Australia

1990 Recipient of a Marshall Fund Research Grant
University Of Oslo, Norway

1988 Recipient of the M.J. Crittenden Scholarship

San Jose State University

Committees, symposia, & editorial responsibilities

2009 to present Chair, National Committees, International Lithosphere Program (ILP)
2009 to present Advisory Editor, Journal of the Geological Society (London)
2007 to present Editorial Board, GFF
2006 to present Swedish Natural History Museum Advisory Committee-
Laboratory for Isotope Geochemistry (LIG)
2005 to present Swedish Research Council Committee -
Large Scale Infrastructure (major expenditures)
2004 to present Swedish Research Council Representative -
International Lithosphere Program (ILP)
2005 - 2007 Swedish Research Council Committee -
International Geoscience Program (IGCP)
2009 International Penrose Conference (Arctic Tectonics)
2008 International Workshop, Egypt (Trans-Red Sea Correlation)
2008 Invited Expert (Arctic Tectonics), US Federal Task Force UNCLOS 76
2007 International Workshop, Egypt (Trans-Red Sea Correlation)
2007 Guest editor, Geological Society of America
2006, 2007 NSF proposal reviewer (tectonics)
1999 - 2006 Swedish representative of IGCP 440-
Assembly and break-up of Rodinia
2004 Guest editor, Geological Society (London)

Guest Researchers

2008 Dr. J. Scarrow, University of Granada, Spain; 4 month sabbatical
2007 Prof. M.H. Shalaby, Nuclear Materials Authority, Egypt; 3 month sabbatical
2006 Prof. W. Bohrson, Central Washington University, USA; 1 month sabbatical
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