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Basal melt rates of Antarctica’s ice sheets

Rignot et al. 2013, Science

Circles are proportional in 
area to mass loss from each 
shelf in Gt/year (hatched: 
iceberg calving, black: basal 
melting)
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Tides affect ice sheet mass balance…

Rignot et al. 2017 

Ice flow of the Ekström ice shelf

• GNSS
• Major tides
• Small amplitudes for 4 and 3cpd (1.6 and 

2.2cm)

Motivation: Spectral analysis of seismic noise

• Seismic noise (near Neumayer Station)
• Major tides
• Large amplitudes HF tides (4 and 3cpd)

?

• Large amplitude in horizontal motion of ice shelf
 seismic noise correlates with flow velocity ?!

!
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Hypothesis

Possible seismic 
sources

NM

Fromm et al. (2023)

Area of interest

Targets:

• Tidal variations

• Crustal structure

Data and methods

Expeditions in Jan 2022 and Feb 2023
• 15 Broadband seismometer

• 75 – 355 days recorded @100Hz

• spectral analysis of PPSDs

• 7 dual frequency GNSS 
• 76 – 122 days recorded @ 1Hz

• Differential processing

• Spectral analysis

• 22 Magnetotelluric stations 
• ~3days/station recorded

• 2D/3D modelling of subsurface

Seismometer

GNSS

MT
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• Mostly seismic and airborne potential-field 
methods.

• Few published MT surveys (orange 
asterisks) 

Geophysics in Antarctica

Gustafson et al.

This presentation

Investigating subglacial groundwater systems 

Gustafson+ 2022, Science, “A dynamic saline groundwater 
system mapped beneath an Antarctic ice stream”

MT imaged:
• Resistive bedrock
• Conductive laterally-varying sedimentary layer
• Increasing conductivity in sediments -> interpreted as 

increasing salinity with depth
• Mixing between the fresh basalt meltwater and more 

saline deeper groundwater.
• Implications for unmonitored loss of basal meltwater 

and transport of hotter groundwater to ice base.
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MT data set from Ekström Ice Shelf

• 19 broadband MT stations deployed by GFZ 
and AWI during the 2022/2023 field seasons.

• Earlier MT work near Neumayer station was 
unsuccessful...

Strongly affected by noise

useful data?

MT data from 2017

Instrumentation noise: cross-
talk due to very high contact 
resistances (almost open 
inputs)!
 Poster from Tobias Reise
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Titanium sheet electrodes
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ELMAR &
buffer amplifiers (Stodt)
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Smith et al. 2020, GRL; Morlighem et al. 2020, Nat. Geo.; Eisermann et al. 2020, GRL

~1000 Ωm
0.3 Ωm

>10000 Ωm

sea water?
sediments?

• Extreme resistivity contrasts
• Highly 3-D structures

AA

Ice – Sea – Bedrock: Major constituents for MT modelling

Preliminary 2D Modelling of major features

Adaptive Finite Elements code GoFEM
Grayver 2015, Grayver+ 2019

~1000 Ωm
0.3 Ωm

>10000 Ωm

Discrete
FE grid
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2D MT Modelling 

Adaptive Finite Elements Modelling code 
GoFEM:
Grayver 2015, Grayver+ 2019

Preliminary 2D modelling vs measured data

505 „coast effect“ split between modes, 
TE mode below TM

„off-shore“ station (huge drop in 
resistivity, TE mode above TM

655

„on-shore“ station, resistivity level 
generally high, curve split less strong

507
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Induction vectors I

Induction vectors II
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Summary and outlook
• New instrumentation available for MT in polar regions

• MT data consistent with first order features (e.g. land-ocean transition)

• Full 3D inversion modelling necessary

• First conductivity model of the Ekström Ice Shelf region

• Integration with collocated seismic and GNSS data 
Correlation of HF tides in seismic noise exists only on the ice shelf, no corresponding 

displacements in GNSS data near the grounding zone.

In the longer term…

• Building expertise and know-how at national and European levels for large-scale 
non-seismic geophysical imaging in polar and other cold regions
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