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Southampton Island Paleozoic-Precambrian contact

Etched apatite for fission-track dating from the Shield



Temperature Sensitivity 
Geo-thermochronologic Systems
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Influenced by: 

cooling rate 
grain size 

radiation damage 
mineral chemistry

crystallization 
cooling & high-T  
metamorphism

mid-upper crust 
exhumation 

& burial
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~ 450 Ma

~ 2700 Ma

Great Unconformity

Powell 1869


Grand Canyon, USA 

~ 1700 Ma

~ 500 Ma

~ 2250 Ma absent 
50% of Earth history

~ 1200 Ma absent 
26% of Earth history

Canadian Shield

Hudson Bay Lowlands


Ontario, CAN 



When was the Canadian Shield eroded ? 

Gradual ?  
or more episodic ? 

Timing ? 

Magnitude of exhumation ?
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Canadian Shield



Compilation data sources 
Keller et al., 2019 PNAS 
Cox et al., 2016 EPSL 
Condie & Aster, 2013 GSF



K-spar Ar MDD AFT

Poor resolution 
Initial exhumation timing?

>150-200C @ ~1 Ga 
>5 km exhumation
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Other evidence of 
Shield erosion?

adapted from Lovell & Bowen, 2013, J. of Geol. modified from Leighton, 1996

Phanerozoic 
Orogens
Precambrian

Basinscratonic interior source



Bedrock thermochronology + Mt. Simon sandstone

K-feldspar Ar/Ar MDD from McDannell et al., 2018, EPSL 
FT data from Zimmerman, 1986, USGS Bull. 1622Max dT/dt = 2ºC/My



unconstrained 
no chronometer data

WORLD WIDE 
SIGNAL ?

Fennoscandia: Guenthner et al., 2017



Conclusions

Major exhumation of the Canadian Shield occurred in the Neoproterozoic (post-1 Ga) 

Timing of cooling and exhumation is similar for samples 100s km apart.  

Suggests widespread erosional exhumation from depths of ~3-8 km (@25C/km) 

Grenville foreland and distal sands could contribute to ~1-3 km of shield cover (inclusive) 

Exhumation broadly synchronous with Rodinia breakup and more so with Snowball Earth 
glaciations 

Future: Multiple thermochronometers (e.g. Ar MDD, ZHe, AFT, AHe) and improved inversion 
methods required to fully resolve exhumation timing
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Thank you 

Questions? 

contact: kalin.mcdannell@canada.ca

Hypotheses to test with continued work

(1) Cratonic exhumation was widespread during the Neoproterozoic 

 (2) Cratonic exhumation was to first order broadly synchronous in the Neoproterozoic 

(3) Cratonic exhumation was synchronous with Snowball Earth glaciations in the Neoproterozoic 
photo credit: N. Wodicka


