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NOAA

The last continental frontier... ... but what’s beneath the ice cap?

?

East Antarctica

West Antarctica



West 
Antarctica

... it’s probably complex ...

U. S. geology

East Antarctica



AVHRR
What do we want to know?

‣ nature & age of lithosphere
‣ intracontinental structures
‣ relationship to other 

continental cratons
‣ geophysical properties 

(control for remote sensing)
‣ resources



• long-lived association 
with other cratons 

(since >1 byr)

• what did 
supercontinents look 

like?

• when formed? 
breakup? how?

• how related to 
emergence of life?

Dalziel (GSA Bulletin, 1997)

East Antarctica & supercontinents

?



Fig. 2. Present-day subglacial landscape. Contours show ice surface elevation (500 m intervals). Data from BEDMAP (Lythe et al., 2001).

Fig. 3. Glacial landforms resulting from distinctive basal thermal regimes. Formerly glaciated landscapes in the northern hemisphere provide insight into the likely landforms at the
bed of the present day Antarctic Ice Sheet: (a) The summit plateau of Ben Avon in the Cairngorm Mountains, Scotland. The plateau and its granite tors survived beneath cold-based
ice during the Pleistocene glaciations of Scotland (Phillips et al., 2006); (b) A landscape of areal scouring at the foot of Suilven in the NW Highlands of Scotland (courtesy British
Geological Survey, ref: P000958). The scouring is the result of erosion beneath warm-based ice (Gordon, 1981); (c) Selective trough incision by outlet glaciers with cold-based ice on
the adjacent plateaus, Blosseville Coast, East Greenland (courtesy Geodetic Institute, Denmark).

3S.S.R. Jamieson et al. / Earth and Planetary Science Letters 293 (2010) 1–27

Jamieson et al. (EPSL, 2010)

Sub-ice 
topography

• what tectonic 
features?

• setting of 
subglacial lakes?

• what condition 
of ice bed?

• where/how did 
ice sheet grow?

basins

shelves

rift

subglacial
mtns

orogen

rift

subglacial
lakes

cratonic
shield



AVHRR

?

East Antarctic 
craton

Miller R

Terre Adélie

Shackleton R

Proxy crustal studies:
‣ aeromagnetics & gravity
‣ glaciomarine deposits
‣ ice sheet-margin deposits
‣ orogenic granites

continental crust 1.7-2.5 Ga

Wilkes
Land

TAM



Sub-ice aeromagnetic mapping (2003-04)

Goodge & Finn (JGR, 2010)
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Source of high-amplitude mag anomalies?
1.1 Ga orthogneisses 1.4 Ga rapakivi granites

Goodge & Finn (JGR, 2010)



Source:
NERC (UK)

Ice velocity

Wilkes
Land

TAM

exposed
1.7-2.5 Ga

craton

Shackleton
Range

Ice-sheet margin deposits

direct samples?

Byrd
Gl.



Large glacial clasts

‣ petrology
‣ geochemistry
‣ metamorphic P-T
‣ geochronology
‣ isotope geochemistry



turret nunatak photo
+ TNQ photo

Turret Nunatak

TNQ



TNQ matches to Laurentia
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• texture

• mineralogy

• geochemistry

• U-Pb age

• Hf & Nd 
isotopes

2-mica, A-type rapakivi granite

Goodge et al. 
(Science, 2008)



SWEAT model of central Rodinia
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SWEAT model of central Rodinia

paleo-
Pacific

East Antarctic ice sheet

Pleistocene glacial deposit

Neoproterozoic rift succession

Mesoproterozoic magmatic rocks

Paleoproterozoic magmatic rocks

pre-Paleoproterozoic crust

oldest crust = ≥2.7
model = 2.1-2.0

oldest crust = ≥2.5
model = 2.3-2.0

1.7 1.7

1.4
1.4

1.4

1.4
dep = 0.7-0.6

model = 2.2-1.5
dep = 0.7-0.6

model = 2.1-1.9

TNQ (1.4)
East Antarctica southwestern Laurentia

Goodge et al. (2008), Science

8 different crustal signatures, 
TNQ is the linch-pin

cratonic nucleus of Rodinia, 
assembled & extant by

at least ~1.4 Ga
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Goodge et al. (J Geology, 2010),
Goodge & Finn (JGR, 2010)

Glacial evidence of Proterozoic magmatic province

1.1 Ga
(Grenville Province, TX)

1.4 Ga
(granites, CA, AZ)

1.58 Ga 
(orthogneiss, ID)

1.88 Ga 
(orthogneiss, ID)

• multiple clasts

• proximal source

• familiar ages:
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Camp Ridge, Miller Range

Compare to known crust of East Antarctica



What do we want to know 
about ice-covered lithosphere?

‣ composition
‣ structure & fabric
‣ age(s)
‣ density
‣ magnetic suceptibility
‣ seismic velocity & anisotropy
‣ heat production & heat flow

direct observation



What do we want to know 
about ice-covered lithosphere?

‣ composition
‣ structure & fabric
‣ age(s)
‣ density
‣ magnetic suceptibility
‣ seismic velocity & anisotropy
‣ heat production & heat flow

control for 
remote sensing



What do we want to know 
about ice-covered lithosphere?

‣ composition
‣ structure & fabric
‣ age(s)
‣ density
‣ magnetic suceptibility
‣ seismic velocity & anisotropy
‣ heat production & heat flow ice sheet interface



Where do we want to look?

Transantarctic
Mountains

Gamburtsev
Subglacial
Mountains

Wilkes
Subglacial

Basin

Lake
Vostok

(subglacial)

Aurora
Subglacial

Basin

Source:
BEDMAP



Existing ice cores:

Marine record:

CO2

Scientific rationale for 1.5 Myr ice record

EPICA Dome C ice core, Lüthi et al. (2008); Lisiecki and Raymo (2005)

~800 Ka EPICA ice 
core, Dome C

(Photo: A. Laurent)



George V Coast
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10,000 ft in 2 days!

IceCube ice hole
(Photo: J. Roth)

George V Coast
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Rapid access drilling
• ice conditions

• deep ice samples
• rock cores

• biota?

Next step?



‣ lean

‣ mean

‣ green

Rapid Access Drilling

Emerging technologies:
fast, cost-effective ice drilling to 

access deep, old ice & geology below





Hunting for the oldest ice:

‣ why did the ice ages come and go with a 41,000-yr 
periodicity prior to 1.3 Ma?

‣ why did the pace change to a 100,000-yr periodicity 
about 1 Ma?

‣ what are the current conditions beneath the East 
Antarctic ice sheet?



28

‣ "old ice" will be located near the bed & will be highly 
compressed

‣ target ice will likely be 50-100 m thick, but at the bottom of 
a 4-km borehole

‣ drilling a deep core ($20-50M over 5-10 years) without 
knowing if the target ice in fact exists, is a high-risk endeavor 
with little science benefit if it fails

‣ rapid access provides deep-ice reconnaissance at relatively 
low cost in time & resources (several holes in a season at 
approximately $100K per hole)

Accessing the oldest ice



~1 Ma ash in ice, Allan Hills
(Photo: A. Kurbatov)

“Oldest ice” desired site characteristics:

‣ accumulation rate < 2 cm a-1

‣ ice thickness > 3500 m

‣ low heat flow at base (~50 mW m-2)

‣ surface temperature < -55 ˚C

‣ slow ice velocity



Age (kyr)

Ice age

Source: P. Huybrechts



Gamburtsev 
Subglacial Mtns.

Jamieson & Sugden (2008)

M. Studinger

GSM

34 Ma
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• combine 
geophysical imaging 

& geochemical 
“remote sensing” 

from proxy 
materials 

• ages unknown 
from outcrop!

• learn about deep 
interior of East 

Antarctica

• test the 
paleogeography of 
supercontinents 

like Rodinia

Mapping continental crust of East Antarctica


