


Why Bother? 

We need constraints to address these 

•  Climate-tectonic interactions and mass transfer  

•  Large proportion of Cenozoic continental margins were glaciated 

•  IPCC sea level predictions 
-  Predictions for dynamics of glaciers and ice sheets are poor 

-  Ignored for contributions to future eustasy and rates of 
sea-level rise 

-  Sediment flux important factor for ice stability; a factor in: 
-  oceanic melting rates 
-  ice flow velocity   ice dynamics 



Glaciated continental margins differ 

Powell 2004 



Glacial erosion is 
more efficient under 

“warmer” glacial 
regimes 

Sediment volume (erosion) mainly 
controlled by glacial regime 

(Elverhoi et al. 1998) 

Temperate 

Polythermal, subpolar 

Polar 





Look at sedimentation and sediment 
accumulation rates on different time-
scales: 

  today - suspended sediment traps 

  - differential bathymetry 

  short term (1-10s y)        
  - sediment cores 

  longer term (10-1000s y)    

  - seismics 

Cover different time spans on different time scales: 
 from modern process to glacial-interglacial cycle 
All agree on volumes (within errors, at least the temperate system) 
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Not only need fluxes to the grounding line, 
 but also net sediment budget at the grounding line 
  - sediment dispersal processes in the sea 
  - sediment stability criterion on slopes 



Hubbard Glacier, Yakutat Bay, AK 
net advance 1978-2008 

differential bathymetry checked by seismic reflection 



Sediment Flux Methods 

1978 NOAA 
Bathymetry 

Russell Fjord 

Hubbard Glacier 

1978 surface 

2004 surface 
45 meters 

39 meters 

Sediment Flux Measurements 



Johns Hopkins Glacier 
and Inlet, Alaska 

Cai et al. 1997 

Sediment accumulation 
rates:  

longer-term from 
seismic reflection data 



Methods check: 
seismic accumulation record 

Seismic 
Data 

Bathymetric 
Data 

Volume 
Measured (m3) 2.69x108 4.66x108 

17% difference – error 
in methodology 

Trusel et al. 2009 



Goldthwait, 1986 

Glacier Bay “Little Ice Age” advance to 
entrance 
Sediment flux from estimated volume 
removed ~ Seismic reflection estimate of 
what was deposited at entrance 

Longer-term from glacial history: 



Sediment accumulation rates from seismic 
reflection records over a glacial cycle 

Bering Glacier, southern Alaskan continental shelf 

Source: NASA MODIS 
Aug. 9, 2003 



ALASKAN SHELF - BERING TROUGH 
LINE 19 – Bank to Bering Trough (dip line) 

Powell & Cooper 2001 



Isopach of ice contact and ice marginal retreat assemblage 
set on the basal erosion surface 

of Glacimarine Sequence I 



Ewing research cruise 2004 

Carlson et al. 1979 

66J
C 

Yakobi Sea Valley at Cross Sound 

All Yakobi Sea Valley sediment 
deposited by Cordilleran Ice 

Sheet took about 1ky 

~ time between retreat from 
outer shelf and retreat from 
sea valley is also about 1ky 





Erosions & Sediment depocenters move through time 

Powell, 1991 



Temperate Glacier Sediment Yields 
and Erosion Rates 

Erosion rates are: 
 similar on different time-scales (days to millennia) 
 similar whether advancing or retreating 

Loci of erosion and deposition move through time 

Need to be careful to remember: 
 subglacial erosion can involve sediment recycling 
 rather than solely “new” bedrock erosion 



Kehrl et al. submitted 

Intermediate 
polythermal (subpolar) 
system of Svalbard 



Minimum grounding-line fan 
sediment: 
6.7 x 103  g.m-2.d-1  (>300 mm.a-1) 

Avg sediment flux to ice-contact 
basin: 
2.6 x 103  g.m-2.d-1 or  
1.6 x 105 g.m-2.a-1 

Avg ice-contact sediment yield: 
1.2 x 104 t.km-2.a-1  

Trusel et al. 2010 
Kerhl et al. submitted 



Polar Ice Sheets 
and Ice Shelves 



Otteson et al., 2006 

Grounding-zone wedge, Svalbard 



Sediment yields 
are poorly constrained 





Powell  et al., 1996; Powell 2006 





Sediment yield and erosion rates 1 to 2 orders of magnitude 
less than  polythermal 



SIR, the Sub-Ice ROVer 
Remotely Operated Vehicle 

a robotically operated submarine 





www.andrill.org 
drilling back to the future 

Ross Powell, Tim Naish, David Harwood, Fabio Florindo,  
Rich Levy and the MIS and SMS Projects’ Science Teams 

Deeper time - 
Help from modern analogs to link to paleoclimatic change 





Drilling for ice sheet history on a 
nearshore marine shelf to: 

•  reveal the pace and magnitude of changes, 
•  test climate sensitivity through data and 
 numerical modeling integration 

Chicago Tribune 



Summary AND-1B 

Link Antarctic Ice Sheet 
fluctuations to global proxy records 

of ocean temperature and ice 
volume 
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Naish et al. 2009 



Now need integrated subglacial sediment flux models 
Pollard & DeConto 2009 

Ice sheet modeling driven by GCM and 
constrained by geological data 



(GBS + CC) 

Glacial Sequence Stratigraphy 

Temperate regime - offshore 

Powell & Cooper 2001; Willems et al. in prep 



Glacial Sequence Stratigraphy 

Temperate regime 
- Coastal 

G. Dunbar et al. 2006 



•  Need better understanding of erosional and transfer 
processes (including modeling) 

•  Need better data on transfer rates of different 
glacial regimes 

•  Need GCM-driven ice sheet models that include 
sediment transfer modules 

•  Need more long-term records of ice sheet histories  

•  Need more comprehensive proxies to link ice sheet 
records to global climate records 

•  Need more comprehensive sequence stratigraphic 
models 




