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ÅRefreezing Basics 

ÅGem & Black Refrozen Ice 

ÅMajor Modes

ïLarge Lake 

ïRefreezing From Well Defined Water Networks 

ïRefreezing and Deformation 

ïSurface Meltwater Refreezing in Ablation Zone

ÅMechanisms 

ÅImplications & Conclusions



Refreezing -Overview 

ÅWhy does it matter
ÅChanges stratigraphy thermal structure and rheology of ice 

sheet

ÅMore more in a warming world ςmore water more refreezing

ÅWhat water refreezes?
ï Basal Melt, Surface Melt, SubglacialAquifers



What Does it Look Like:

Gem & Black Refrozen Ice



VostokGem Ice
Bubble Free, Distinct Chemistry, Large Crystals

Åss



VostokSwamp Ice
Bubble Free, Distinct Chemistry, Large Crystals Debris



Greenland Black Ice (Debris Rich)
Often Rocks accumulate on top
(Ask Jeff Sevrinhaus)

Pakitsoqsee Reehet al 1997

Image From IcePodFlight 2014  

200m



Russell Glacier @ the Road
Sugdenet al Nature 1987 

Black 

Bubble Free

Distinct Oxygen 18

20 cm



Refreezing Occurs in Multiple Places

Large Lakes 
Refreezing From Well Defined Water Networks 
Refreezing and Deformation 
Surface Meltwater Refreezing in Ablation Zone
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Ice Sheet Flows 
Across the Lake

Here Flow Direction Preserved in 
Internal Layers 

Elevation of Internal Layer A [m asl]
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Refreezing
Along Flow
Produces

Deformation 
and Gem Ice

Vostok Station



VostokCoreRefrozen Ice

Refrozen Ice
Leaving Lake



Subglacial/Lake Elevation [m]

Not Just Lake Vostok
Similar Reflectors over Other Lakes
Lake Concordia Near Dome C
Tikkuet al.

Melt in North

Freeze in South

Keeps Water in Lake Vostokά¸ƻǳƴƎέ
Sort of ~ 55-110,000 yr residence time



What are Major Modes

Large Lake 
Refreezing From Well Defined Water Networks 
Refreezing and Deformation 
Surface Meltwater Refreezing in Ablation Zone





Water in the Valleys





Reflectors Similar Vostok

Emerging from Basal Water Networks



On Both Sides of Dome A



Up to 1000m 
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Orange - Distribution of Well Defined Bright 

Reflector 

Ice Surface Contours

Coherent Features





Basal Ice At the End of the Water Networks

Refreezing Occurs at Ridgelines


