UNIVERSITY of
TASMANIA

Derrick HASTEROK' (derrick.hasterok@adelaide.edu.au),

Matthew GARD'?, Jacqueline Halpin3, Simon Willcocks', Martin Hand’,
Tobias Stal®, Tom Raimondo*, Sandra McLaren’

'Department of Earth Sciences at University of Adelaide, SA, Australia,
*Geoscience Australia, Canberra, ACT, Australia,

’Institute for Marine and Antarctic Studies at the University of Tasmania, Hobart, TAS, Australia,

*University of South Australia, Adelaide, SA, Australia,
°University of Melbourne, Melbourne, VIC, Australia

Australian Government

Australian Research Council

for accurately modeling ice dynamics (Pittard et al., Annals Glaciology, 2016)

al., 2014; Martos et al, 2017)

and heat production (Gard et al., in prep.)

-

SUs puce LUNES —— IM AS Post 4UDE.
THE UNIVERSITY = o THEUNIVERSITY OF  University of
o ADELAIDE MELBOURNE  gouth Australia
_
Introduction

Heat flux and temperature at the base of an ice sheet are important boundary conditions necessary

Geothermal heat flux (heat loss from the solid Earth) is a significant contributor to the energy balance
in slow moving ice, but is poorly constrained (Lssing et al., Front. Earth Sci., 2020; Shen et al., GRL, 2020)

Few observations of geothermal heat flux has lead to estimates using geophysical proxies (e.g., An et

Proxy estimates of heat flux are highly dependent upon assumptions about thermal conductivity

Small-scale refractive effects are significant, but cannot be identified from geophysical proxies
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Lithospheric Temperature Proxies

requires accurate estimates of heat production and thermal conductivity.
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Martos et a

An et al.

Several methods can be used to estimate geothermal heat flux and subglacial temperatures. Each have been shown to work
well in some instances, but can suffer from non-uniqueness of competing physical influences. All the methods have limited
zones of resolution, generally within the mantle requiring extrapolation to estimate geothermal (surface) heat flux, which

surface Temperature > @ Geothermal heat flux
o @ sparse to non-existent, subject to surface effects including fluid flow
-
- @ (@ Magnetics (Curie depth)
Moho ‘ high uncertainty, dependent on starting model
© ® @ Sub-Moho Pn velocity
_5::_ uncertainties from compositional variations
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S = @ @ @ Seismic tomography
8 = uncertainties from compositional variations
D &
= @ Receiver functions
is the seismic LAB a thermal boundary?
HE @ (6) Electrical conductivity

difficult to separate temperature from hydration and melt effects and

a paleogeotherm, relevant to present? few exposed localities

good integrated measure of thermal state; poor spatial resolution

Existing proxy estimates are not well correlated
and do not fit data on conjugate margins

Seismic Estimated Curie Depth Estimated
Ceothermal Heat Flux Heat Flux GCeothermal Heat Flux

200 Ma.

constrained leading to some of the differences above.

( heat production
R(2)V?T(z) = —A(2)
thermal conductivity J L temperature
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Modern heat flow data (Pollett et al., G* 2019; updated from Hasterok & Chapman, EPSL 2011) positions reconstructed to

Both magnetic and seismic proxy methods are sensitive to temperatures in the lower crust and mantle, but only
moderately to geothermal heat flux. To constrain geothermal heat flux using these methods, assumptions must be
made about the thermal conductivity and heat production profiles through the crust (equations below), but are poorly

q(z) = k(z) VT(2)

heat flux
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Estimating Heat Production
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Clobal Database
(Gard et al., ESSD, 2019)
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Land

25th percentile: 0.4 yW m?

median: 1.0 pyW m?

75th percentile: 2.2 yW m?3

Queen Mary AP
Land . 5

PetroChron
(Halpin et al., G3, 2021)

25th percentile: 0.6 yW m?

median: 1.3 pW m?

75th percentile: 2.4 yW m?

Radiogenic heat production is generally considered to be difficult
to estimate, but there are several predictors for heat production.
A large global geochemical database is used to estimate heat
production and determine how it varies as a function of rock
type, age, and tectonic setting.

Only crustal thickness and seismic velocity can be remotely
sensed.

1. Heat production can be predicted from seismic velocities,
Log heat production is approx. linear with seismic velocity

< crustal velocities ———— mantle velocities
10 = -
c ~ ]
[e : :
) _
O & i
< £
8 g 1 = -~ ] B E
Q. - 3 ~
= = 1 | .
QU L l T~
T 01 All Continental Rock
3.6 3.7 3.8 3.9 4 4.1 4.2

Estimated S-Velocity (Rm s)

log, . A(uW m’) = 0.560+0.004 — 2.84::0.02 (Vs(km s?) — 3.5)

2. Generally high correlations between H.P. and S-wave Velocity
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Heat Production (uW m?)

Heat production measurements from Antarctica are
constrained by limited rock exposures (far left).

Additional constraints can be added from conjugate
margins (below).

Heat Production (LW m™)

Proxies for heat production, include age (below), rock type (below),
crustal thickness (not shown) and seismic velocity (right).

Heat Production® (mW m?)
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Gard et al. (Lithos, 2019) and Hasterok et al. (Precambrian Res., 2019)

Heat production models below estimated from shear-wave (Vs)
velocities (Shen et al., JGR, 2010). There are significant difference
between calibrations using the global estimates and those using

~  globalr*=0.98
well-sampled r? = 0.92
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—— global
®  African Plate
D @®  Antarctic Plate
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Australian Plate
Caribbean Plate
Low r? is typically associated ®  Cocos Plate
with few samples and/or Eurasian Plate
poorly sampled SiO, range Indian Plate
Juan de Fuca Plate
L Nazca Plate . L
> North American Plate

Pacific Plate
0.2/® well-sampled filter: Philippine Plate global

N > 250 samples ®  Scotia Plate (all, 418)
B Slope <0 Somali Plate N - continental
r’ > 0.64 South American Plate (filtered, N = 210)

O_@ l l l l l l l

r2 value

0.4

|

individual provinces.

Province Vs to Heat Production

Heat Production (uW m?)
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— Antarctic regions
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3. Wide range of linear models...key point, province dependent
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Radiogenic Heat Flow (mW m?)

Thermal Conductivity

——————— Calculated from thermal steady-state
Heat Equation Solution -~ -~ —> | heat equation i.e., Vke T + RV2T=0.
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Thermal conductivity has the potential to distort isotherms and bend (refract) the heat flow field.
This refraction effect occurs whether or not there is subglacial topography when there are lateral
differences in crustal thermal conductivity.

subglacial geologic contact

o Thermal conductivity is compositionally
dependent and can be predicted from
mineralogy and major elements...at least
for igneous rocks.

ice

bedrock

k =3Wm!K!
g 4 rock 2

 TC =8.62-0.227 SiO, + 0.00204 SiO* |

6| RMS = 1.08 W m* K /

Thermal Conductivity (W m* K*)
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scheme (project DP180104074, DH, MH, JH, SM;
and DP0987765, JH). The views expressed herein are

Both properties can be reasonably estimated from those of the authors and are not necessarily those
sesimic velocity but heat production ideally should of the Australian Government or Australian Research
be calibrated to measurements in each province or Council. MG, S}, and SW are supported by an

Australian Government Research Training Program
(RTP) Scholarship. JH is supported under the
Australian Research Council's Special Research
Thermal conductivity can also cause refractive Initiative for Antarctic Gateway Partnership

effects that produce temperature anomalies at the SR140300001.
base of ice sheets.

there will be large uncertainties.
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Thermal conductivity is weakly correlated with seismic el
velocity. These estimates are at surface conditions and
must be adjusted for temperature and pressure effects
(e.g., Ray et al. 2021). ©
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