
G. Comer 
Foundation VOICE 

The Northeast Greenland Ice Stream 
Richard Alley, Sridhar Anandakrishnan, Byron Parizek, 
David Pollard and Nathan Stevens (alphabetically) 

December 15, 2014

Please note: I work for Penn State University,                       
And help UN IPCC, NRC, etc., 
 But I am not representing them, just me. 



Penn State effort 
addresses two-way 
interactions between 
big ice sheets and 
volcanism, through 
observations and 
modeling 



This picture is Mt. 
Erebus in Antarctica, 
but one early focus is 
Northeast Greenland 
Ice Stream (NEGIS) 
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Ice	
  flow	
  speed	
  A	
  unique	
  ice	
  stream:	
  
	
  
àExtends	
  almost	
  to	
  divide	
  
(others	
  start	
  far	
  downstream)	
  
	
  
àStarts	
  narrow	
  and	
  widens	
  	
  
(flow	
  converges	
  into	
  others)	
  
	
  
àAll	
  ice	
  crosses	
  shear	
  margin	
  
(flow	
  into	
  head	
  of	
  others)	
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Ice	
  flow	
  speed	
  Penn	
  State	
  effort:	
  
	
  
àSridhar	
  directed	
  field	
  work	
  
àField	
  work	
  including	
  Knut	
  
ChrisPanson,	
  Leo	
  Peters,	
  Kiya	
  
Riverman,	
  Atsu	
  Muto	
  
àModels	
  by	
  Byron	
  and	
  Dave	
  
àProposal	
  for	
  major	
  
internaPonal	
  effort	
  including	
  
ice	
  core,	
  and	
  solid-­‐Earth	
  as	
  
well	
  as	
  glaciological	
  
geophysics	
  
àI	
  help	
  a	
  bit	
  on	
  papers	
  
àThree	
  published	
  this	
  year:	
  





Overview	
  (with	
  prior	
  studies	
  esp.	
  M.	
  Fahnestock	
  &	
  I.	
  	
  Joughin):	
  
	
  
à	
  NEGIS	
  starts	
  at	
  a	
  geologically	
  hot	
  place	
  (1-­‐2	
  W/m2,	
  with	
  
widespread	
  100-­‐200	
  mW/m2,	
  including	
  along	
  upper	
  part	
  
of	
  NEGIS),	
  with	
  gravity	
  low	
  and	
  anomalously	
  rough	
  bed	
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0.1	
  m/a	
  melt=1	
  W/m2,	
  plus	
  
conducPon	
  into	
  ice	
  (~0.1	
  W/m2)	
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à NEGIS	
  is	
  lubricated	
  basally	
  by	
  meltwater	
  and	
  soc	
  Pll	
  



Seismic	
  AVO	
  
analysis	
  (Leo	
  Peters,	
  
Sridhar)—Soc	
  Pll	
  in	
  
ice	
  stream,	
  
somewhat	
  sPffer	
  
outside,	
  sPffest	
  in	
  
part	
  of	
  shear	
  
margin	
  where	
  basal	
  
hydropotenPal	
  
gradient	
  causes	
  
divergent	
  water	
  
flow	
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of	
  a	
  basal	
  trough	
  eroded	
  under	
  NEGIS	
  
à With	
  enough	
  coastal	
  forcing,	
  NEGIS	
  might	
  allow	
  easier	
  

inflow	
  of	
  ice,	
  and	
  draw	
  down	
  a	
  lot	
  of	
  the	
  ice	
  sheet	
  



If	
  coastal	
  thinning	
  were	
  to	
  propagate	
  inland,	
  and	
  
lower	
  the	
  center	
  of	
  the	
  ice	
  stream,	
  then	
  the	
  
hydrological-­‐potenPal	
  reversals	
  at	
  the	
  margins	
  that	
  
now	
  restrict	
  ice	
  inflow	
  would	
  be	
  lost,	
  which	
  might	
  
lead	
  to	
  rapid	
  ice-­‐sheet	
  drawdown	
  through	
  NEGIS.	
  	
  



Back	
  at	
  the	
  geological	
  control…	
  
à Maybe	
  suggesPon	
  of	
  nonsteadiness	
  in	
  mismatch	
  

between	
  widespread	
  Pll	
  and	
  no	
  major	
  basal	
  trough	
  
à  But,	
  this	
  work	
  shows	
  geology	
  controls	
  unique	
  sejPng	
  
à  The	
  big	
  internaPonal	
  NEGIS	
  proposal	
  would	
  focus	
  

geophysical	
  research	
  on	
  the	
  hot	
  spot	
  
à And,	
  we’re	
  sPll	
  working	
  on	
  modeling	
  the	
  system	
  
à  Paper	
  in	
  preparaPon	
  (a	
  student	
  project…)	
  	
  
à  Ice	
  sheet	
  loading	
  and	
  unloading	
  during	
  large	
  changes	
  

flexes	
  crust,	
  creaPng	
  very	
  large	
  stresses	
  that	
  enable	
  
upward	
  moPon	
  of	
  deep	
  melt	
  	
  



“Standard”	
  run—48	
  km	
  elas3c	
  lithosphere,	
  1024	
  Nm	
  



“S3ff”	
  run—104	
  km	
  elas3c	
  lithosphere,	
  1025	
  Nm	
  



“Standard”	
  run	
  with	
  mountain	
  



“Standard”	
  run	
  with	
  riA	
  



Fox	
  Maule	
  Greenland	
  lithosphere	
  (satellite	
  magne3cs)	
  



Antarc3c	
  Peninsula	
  Volcanics	
  

Granite	
  

Few	
  
hundred	
  
meters	
  

Recall	
  that	
  large	
  
volumes	
  of	
  melt	
  can	
  
(and	
  do)	
  move	
  up	
  
along	
  fractures…	
  



Lots	
  of	
  work	
  to	
  do	
  (and	
  some	
  already	
  done)	
  
à  Byron	
  guiding	
  Nate	
  in	
  the	
  first	
  look	
  at	
  this	
  
à Dave	
  has	
  already	
  made	
  runs	
  for	
  AntarcPca	
  as	
  well	
  

as	
  Greenland	
  looking	
  at	
  stresses	
  
à  Customizing	
  to	
  parPcular	
  places	
  (such	
  as	
  Sridhar’s	
  

volcanics?)	
  may	
  be	
  important	
  	
  
à We	
  will	
  be	
  very	
  surprised	
  if	
  ice-­‐sheet	
  fluctuaPons	
  

have	
  not	
  notably	
  modulated	
  proximal	
  and	
  
subglacial	
  volcanism,	
  and	
  increased	
  that	
  
volcanism	
  when	
  averaged	
  over	
  ice-­‐age	
  cycles	
  	
  	
  


