Joint Inversion for Surface Accumulation
Rate and Geothermal Heat Flow from Ice-
Penetrating Radar Observations at Dome A,

. EastAntarctica.
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Setting
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Forward Model Description

Large-scale shallow ice model in steady state
 Domain is 250x500 km AGAP-S grid
» Column-average velocity from mass balance
 Vertical distribution of velocity from rheology
e Temperature
 Full horizontal & vertical advection
* Only vertical diffusion
* Both basal melt and freeze-on
e Basal hydrology
e Balance water flux dictated by hydraulic potential
e Delivers water from melting to freezing zones
e Iterate for consistency with ice thermal field
« Computes age and freeze-on distribution after
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Data Constraints: Water

a) Example Echogram b) Example Reflectivity
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c) Water Constraint
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Data Constraints: Freeze-On

a) Valley Head

Example
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Data Constraints: Internal Layers

a) Echogram | b) Extracted and Smoothed Picks |
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Data Constraints: Internal Layers

d) Dated Layer: 38 ka
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Data Constraints: GHF Prior

Martos et al. (2017) Aeromagnetic Model

AV




1)Setting 2)Inverse Model 3)Results 4)Best-Fit Model 5)Comparison 6)Conclusion

Combined Hierarchical Misfit Function
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Evolutionary Algorithm
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Localized Perturbation Tests
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Results- GHF

a) Best-Fit Geothermal Heat Flow b) Best-Fit Geothermal Heat Flow

250 , '(topography from BedMaching) , e L (topography from BedmapZ) , e

200 )W
150 2

100 f—"1

Coordinate 2 (km)

D D
¥
v N
N
50 17—
<

c) Uncertainty Map d) Uncertainty Map
(topo raphy fmm BedMachme) , , . (topography from Bedmap?2)

@\\\M\\\\\\\w

250-

200-

150 A

100 -

Coordinate 2 (km)

x

0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Coordinate 1 (km) Coordinate 1 (km)




1)Setting 2)Inverse Model 3)Results 4)Best-Fit Model 5)Comparison 6)Conclusion

Results Attribution- GHF

e) Contribution of Water Constraint
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Results- Accumulation Rate

a) Best-Fit Accumulation Rate

b) Best-Fit Accumulation Rate
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Results Attribution- Accumulation Rate

e) Contribution of Water C

nstraint

250
= 200
150

100

Percent

Coordinate 2 (km
Percent

50

250 g) Contributjon of Layer Constraint h) Contribytion of Smoothness Constrajnt
~_ 7 -

200

150

Percent

Coordinate 2 (km)
Percent

0 50 100 150 200 250 300 350 400 450 500 0 50
Coordinate 1 (km)

100 150 200 250 300 350 400 450 500
Coordinate 1 (km)



1)Setting 2)Inverse Model 3)Results 4)Best-Fit Model 5)Comparison 6)Conclusion

Normalized Elevation
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Best-Fit Model: Thermal Structure
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Fit to Data: Water Locations

a) Data Constraint
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Fit to Data: Freeze-On Locations
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Normalized Elevation
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Best-Fit Model: Flow Structure

a) Horizontal Velocity Profiles
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Best-Fit Model: Age Structure

a) Vertlcal Age Depth Proflles
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Fit to Data: Internal Layers

b) Model Dated Layer: 38 ka
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Unresolved Small Scale Topography

a) Echogram Example
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GHF Comparison with Other Results
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Conclusions

e It is possible to invert glaciological observables to obtain difficult-to-
constrain boundary conditions like GHF in a self-consistent model
» Results are robust to bed grid used
e Uncertainty can be constrained (but not skewness yet)

e Results can be quantitatively attributed between the data inputs
 Locations of water and freeze-on are well fit, but our model also predicts
new areas to look for water and suggests freeze-on volume lower than

previous interpretation

» We predict stratigraphically intact ice up to 1.5 Ma located under the
divide, assuming long-term divide stability

* Inversion results suggest divide stability in the last glacial cycle

 GHF generally higher than previous estimates, but consistent with crustal
heat production

 Full story in pair of papers recently accepted at JGR: Earth Surface



