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The Arctic Ocean

Competition for territory/resources?

Resources are rare and valuable.
What are resources!?

How do we find these resources?
How is ownership established!?

Can these resources cause conflict in the arctic?















Requirements for oil and gas formation
prediction on the 100-1000 km scale

® Source Rock

® Heat

® Migration Path
® Reservoir Rock

. a “Trap”









Heat

e Oil and gas are formed

through the burial of
carbon-rich rock.

® A typical geothermal
gradient is ~ 20" C/km

® Burial of sediments slowly
increases temperature
and pressure leading to
oil and gas formation. O

PRINCIFAL ZON!













Arctic Resources

in production



Alaska Leases



Trans-Alaska Pipeline

production requires investment



stakeholders

Oil companies (return on investment)
Federal government (leasing fees, taxes)
, Owners
State government (leasing fees, taxes)
Native peoples (PFD, employment)
Alaska residents (PFD, employment)
NGOs!?

Others!?



Law of the Sea

Distinguishes the deep sea from Extended Continental
Shelves (ECS) based on “natural prolongation”

Ownership creates incentives for management
Applies to the seabed and resources below it
The "area” belongs to humanity.

Claims established by mapping
Observing these features; 2500 m; FOS, sediment thickness

Evaluated and validated by the Technical Commission

Distinguishes the juridical from the physiographic shelf
UNCLOS creates an internationally approved process for
establishing territorial limits



Continental Shelves are constrained by the most
seaward of a line 350M from the Baselines or a line
100M seawards of the 2500m depth contour.

Establish baseling
(either normal or straight}

350 M

e

Centingntal Crust

Ocean Crusl



Outer limit drawn from the Foot of the Slope, either
a distance of 60M, or to a point where “the thickness
of sedimentary rocks ...

The new limit is maximum extent of the limits formed by
the three methods.



Geophysical Data Sets for

ECS Determination

Swath Bathymetry

- 2500 meter isobath

- Foot of Slope
Swath Backscatter

- Seafloor texture/composition
Gravity Anomaly

- Sediment Thickness/Crustal Structure
Multi-Channel Seismic Reflection (MCS)

- Sediment Thickness and Crustal Structure

- Scaled in Two-way Time (thickness/sound velocity)
Wide Angle Seismic Refraction

- Sound Velocity as a function of depth

- Needed to re-scale MCS data into depth (for 1% rule)



The 1st Bathymetric Map of the
Arctic Ocean
Nansen 1897
“The drift of the Fram”



Emery’'s 1949 Map



Heezen and Tharp 1971



Naval Research Lab - 1986



International
Bathymetric
Chart of the

Arctic Ocean
v. 3.0

Two distinct
basins
of different ages

Chukchi
Borderland

Amerasian Mendeleev
Ridge

Basin Gakkel
Lomonosov Ridge
Alpha Ridge
Ridge
Eurasian
Basin



HDNO 1999



Three waves of mapping.

® Security driven mapping;ice islands and classified
submarine cruises (60s and 70s).

® Public access mapping; unclassified submarine
cruises (SCICEX) and science icebreakers (90s).

® |aw of the Sea Mapping (2004-present).

® The ice-free Arctic Ocean



narrow-beam bottom sounding



Lomonosov Ridge
before and after IBCAO



multi-beam mapping

“mowing the lawn”



Gakkel Ridge: Comparison Bathymetry



New Arctic Data 2000-2012

Healy, Langseth, Mirai, Araon, St Laurent



Canyons on the Beaufort Slope

credit Larry Mayer UNH/NOAA SeaBeam
2112 data collected from USCG Healy
October 2004

This data used for this image were collected in ice-free waters from USCG Healy.




Backing and Ramming

|5 km




to establish an ECS

® Documentation of limit lines based on
Article 76 of UNCLOS

® Resolution of bi-lateral boundaries

® Evaluated by Technical Commission, which
considers the consistency of the submission

with UNCLOS

® Announcement of boundaries by each state



What are the potential resources on the
Extended Continental Shelf?

» shellfish (infauna and crabs)

» deep sea mining (manganese crusts and
nodules and massive sulfides)






Map showing the assessment units of the Circum-Arctic Resource Appraisal is color-coded for
mean estimated undiscovered oil.

D L Gautier et al. Science 2009;324:1175-1179

AYAAAS

Published by AAAS



Fig. 2 Map showing the AUs of the CARA is color-coded for mean estimated undiscovered gas.

D L Gautier et al. Science 2009;324:1175-1179

AYAAAS

Published by AAAS












True or False?

evaluate the media narrative

1) Afland” grab is under way in the Arctic Ocean.

FALSE - A process for establishing territorial limits based on data collected in the
oceans is being pursued.

2) This is all about resources.

FALSE - Very little of the seafloor that might be claimed is likely to hold much in
the way of resources, at least by current understanding.

3) The circum-Arctic states are in conflict due competing claims.

FALSE - These states are cooperating to acquire the data necessary to establish their
territorial claims.

4) Planting a Russian flag on the seafloor at the North Pole has consequences for
any territorial claims in the Arctic Ocean.

FALSE - We live in the 21st century, not the 16th. The Law of the Sea dictates how
territorial limits are described and verified.



The future of the Arctic Ocean

® |lulissat Declaration

® EU “Arctic Policy”

® Antarctic Treaty for the Arctic
® Militarization

® |ndustrialization



