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GISP2 ice core 
http://upload.wikimedia.org/wikipedia/commons/3/31/
GISP2_1855m_ice_core_layers.png 

Photos: left-Ben Smith, right-Jessica Lundin 
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λ(xcore,t) = Λ(xcore,x0,t) ˙ b (x0,t)
Depth-age relationship of ice core is a function of ice 

dynamics and accumulation 

Ice Core 
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˙ b (x, t)
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H(x, t) € 

˙ ε = A(T)τ n
Glen’s flow law 



Make linear and cubic interpolations 

Determine accumulation rate 
λ(t) = Λ(t) b(t) 

Determine thinning function Λ(t) from 1-d 
flow model  

Determine layer thickness λ(t) derivative of 
depth-age interpolations  





Known: 
 d is data, which are depth, age, and their uncertainties  
 G is the physics, 1-d transient kinematic flow model 

Unknown: 
 m is the model vector, accumulation-rate histories with time 
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H − z(A) = Λ(A)b(A)dt
0

A

∫



Forward  
Model 

Forward 
Model 

Inverse 
Model 

SELECT BEST 
accum. rate 

PREDICT depth-age 
solution, 
COMPARE with data 

€ 

H − z(A) = Λ(A)b(A)dt
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Known: 
 d is data, which are depth, age, and their uncertainties  
 G is the physics, 1-d transient kinematic flow model 

Unknown: 
 m is the model vector, accumulation-rate histories with time 
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Parker, R. 1994. Geophysical Inverse Theory 
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f ( t+ Δt) = αf (t)+σn(t)



Sparsely dated  
CH4 and O2 tie in points with 
Greenland cores 
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4 scenarios 
plotted here 

Result: 4 senarios have identical depth-age relationship 







If we know the Greenland 
depth-age relationship, and 
can relate the  
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Λ(t)

Result: accumulation rate and thinning function pairs for different 
ice evolution histories 



Depth-age relationships for ice cores are important for: 
   - Paleoclimate studies 
   - Past ice sheet evolution 

Antarctic ice cores are challenging to date due to low 
accumulation rates, and may be correlated to Greenland 
cores through inflection points (control points) in the 
methane record. 

How can we interpolate between sparse control points to 
obtain a continuous depth-age relationship? 



Consider 4 evolution histories for Siple Dome 
1.  Black: Flank flow (h=0.25) and no ice sheet thinning 
2.  Cyan: Flank flow and 350m of thinning between 15-14ka 
3.  Blue: Transitional flow (h = 0.5) and no thinning 
4.  Red: Transitional flow and 350m thinning 15-14ka. 

Recent divide history  from Nereson, et al 1998 and 350m thinning from Price, et al., 2007  


