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• River-dominated marine sedimentary systems
• River versus ice sheet sediment source
• Ice sheet-dominated sedimentary systems

• Ice streams
• Paleo ice streams

• Onshore evidence
• Offshore evidence

• Trough-mouth fans
• Two main sedimentary agents

• Ice stream push: Glacial maxima debris flows
• Melt water

• Tunnel valleys
• Meltwater plumes and plumites

• Grounding-zone wedges
• Sea ice sediment transport
• Contourites
• Turbidites
• Mass transport deposits

OUTLINE
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RIVER-DOMINATED MARINE 
SEDIMENTARY SYSTEMS
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Ri7ed margins are found in the En>re Atlan>c Ocean (except Barbados and South 
Shetland subduc>on zone), Antarc>ca, Arc>c, and Indian Ocean
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Global Distribu-on of Deltas
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Rifted passive margin create the accommodation space for hosting the 
largest sedimentary accumulations in the world oceans, including the river-
dominated Arctic Ocean

RIFTED PASSIVE MARGINS
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RIVER DOMINATED marine sedimentary systems
• Rivers are point-source
• Sediment transport and deposi=on controlled primarily by sea 

level changes
• River deltas
• Deep Sea Fans
• Submarine Canyons
• Deep Sea Channels

Main 
Channel

Smaller Slope 
Gullies

Submarine 
Channel 
System
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Nile, Loncke et al., 2006

Deep sea fans

Mississippi

Indus and Bengal
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ALSO ON
ACTIVE MARGINS
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IN RIVER-DOMINATED MARINE SEDIMENTARY SYSTEMS
SEDIMENTS ARE MOSTLY SAND
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RIVER VERSUS ICE SHEET 
SEDIMENT SOURCE
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Ri6ed margins are found in the En=re Atlan=c Ocean (except Barbados and South 
Shetland subduc=on zone), Antarc=ca, Arc=c, and Indian Ocean
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Antarc'ca:
No rivers

Only ICE-SHEET 
DOMINATED
Sedimentary input 
to the oceans
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Hannes Grobe/AWI, from  Frazer, 2012. ScienCfic American
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Stein, 2008

RIVERINE INPUT
IN THE ARCTIC OCEAN
(During interglacials)
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Hannes Grobe/AWI, from  Frazer, 2012. ScienCfic American

RIVER-DOMINATED

ICE SHEET-
DOMINATED

East Siberian
Sea

Kara Sea

Barents Sea

Beaufort
Sea

Lincoln
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Norwegian
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Greenland
Sea

Chukchi
Sea

Laptev
Sea
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RIVERINE INPUT
IN THE ARCTIC OCEAN
(During glacials)
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Lena Delta Today 

Schirrmeister, L., et al., 2011. 20
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Stein, 2008
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Evidence of Deep Sea fan deposition in the deep Arctic Basin (likely river induced by 
riverine sedimentary input)
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Hannes Grobe/AWI, from  Frazer, 2012. ScienCfic American
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Approximate shore 
line during the LGM

Not all the ArcCc 
conCnental shelf was 
covered by the ice 
sheet
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RIVER-DOMINATED

ICE SHEET-
DOMINATED

Collet et al., 2011

?
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The e conGnental shelf not 
covered by ice sheets was 
exposed to cold 
temperatures = 
Permafrost.
With deglaciaGons, these 
permafrost-bearing shelves 
were flooded by seawater 
(+120m sealevel rise) 
leaving a relict permafrost
layer below the seabed. 
SGll present today, though 
slowly thawing
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Pergamon COST Ac<on
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Pergamon COST Action
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Wolker Rachov et al., 2007, EOS. Pergamon COST AcFon 26
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Pergamon COST Ac<on 27
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Ice on an Alaskan lake captures methane
Marianne Lavelle, The Na@onal Geographic. December 2012
Photo Mark Thiessen

World ocean review: The impacts of hydrate 
mining
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Anthony et al., 2012, Nature Geoscience 29
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Westbrook et al., 2009, GRL
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DEEP WATER METHANE RELEASE FROM GAS HYDRATES RESERVOIRS
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RIVER DOMINATED:
• Continental shelf edge modulated by sea level
• Deep Sea Fans
• Sand dominated
• Gentle slope
• Sub-sea permafrost

ICE SHEET DOMINATED:
• Continental shelf edge modulated by Ice sheets at glacial 

maxima
• Trough-mouth fans
• Clay dominated
• Steep slope
• No subsea permafrost
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