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Intense	  melEng	  near	  the	  
grounding	  line	  freshens	  and	  
cools	  incoming	  deep	  water.

As	  the	  freshened	  water	  rises,	  it	  
may	  reach	  pressures	  where	  it	  
is	  supercooled.
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What	  are	  the	  thermodynamics	  of	  ice	  growth	  in	  the	  deposiEon	  
zone?
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Episodic	  supercooling	  at	  25	  m







TICs	  at	  1	  &	  2	  m	  
below	  ice
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Underice	  Drag	  and	  Hydraulic	  Roughness

Previous	  observaEons	  of	  z0	  	  under	  undeformed	  fast	  ice:

	   Barrow	  Strait	  (NWT,	  1995):	  0.03	  –	  0.05	  mm
	   Vanmijen	  Fjord,	  Svalbard,	  2001:	  hydraulically	  smooth	  (~0.01	  mm)
	   Freemansundet,	  Svalbard,	  2007:	  hydraulically	  smooth	  (~0.01	  mm)
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Hydraulic	  Roughness

From	  the	  covariance	  esEmate:	  	  	  	  

From	  the	  w	  spectral	  esEmate:	  	  	  	  



Hydraulic	  Roughness

These	  values	  are	  more	  typical	  of	  deformed,	  mulEyear	  pack,	  	  
e.g.	  ArcEc	  Beaufort,	  Northpole,	  western	  Weddell	  Sea:	  30-‐60	  mm,	  
than	  for	  undeformed	  fast	  ice	  without	  platelet	  growth	  (~0.01	  mm)

From	  the	  covariance	  esEmate:	  	  	  	  

From	  the	  w	  spectral	  esEmate:	  	  	  	  
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w=w0+wp

Latent heat source or sink

Turbulent heat flux from ocean

Thermal conduction into iceAdvection into control volume

Advection out of control volume

Ice

water

Thermal Balance at the Ice/Ocean Interface
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Summary

• McMurdo	  Sound	  is	  an	  excellent	  laboratory	  for	  studying	  ice/
ocean	  interacEon	  in	  supercooled	  water

• The	  persistence	  of	  supercooling	  in	  the	  sound	  suggests	  that	  
the	  water	  column	  lacks	  sufficient	  nucleaEon	  sites	  for	  
extensive	  frazil	  producEon

• Platelet	  growth	  appears	  to	  increase	  the	  hydraulic	  roughness	  
(drag)	  of	  the	  ice	  underside	  compared	  with	  more	  typical	  
undeformed	  fast	  ice

• Platelet	  growth	  on	  the	  ice	  underside	  appears	  to	  be	  rate	  
limited	  by	  turbulent	  heat	  transport	  away	  from	  the	  boundary,	  
which	  depends	  on	  both	  u*	  and	  ΔT	  
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