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Intracratonic basin formation and persistence remains an outstanding problem in con-
tinental geodynamics. Here we report a seemingly common apatite fission track (AFT)
thermochronology history linking the Phanerozoic tectonic and sedimentation history
of the Precambrian Canadian Shield to basement underlying the adjacent intracratonic
Williston Basin. Thermal history models based on a new AFT profile (∼1.15 km deep)
from the Canadian Shield at the Underground Research Laboratory (URL), Pinawa,
Manitoba, records two Phanerozoic thermal events. The maximum Phanerozoic tem-
peratures occurred in the late Paleozoic when the URL site was buried below a∼1
km Paleozoic succession under an estimated geothermal gradient of∼44oC/km. A
later thermal peak, interpreted to record subsequent burial of the URL profile under a
∼1.5 km thick Mesozoic-Paleogene succession, occurred under an estimated geother-
mal gradient of∼28oC/km. The URL late Paleozoic thermal anomaly matches in both
time and magnitude thermal and lithospheric anomalies previously reported below the
Williston Basin by thermal history modelling and independently constrained by ro-
bust stratigraphic reconstructions. Below Williston Basin the late Paleozoic heat flow
anomaly became manifest at the top of the basement∼75 Ma, or about one litho-
spheric thermal time constant, after accelerated subsidence resumed in the Emsian
(∼400 Ma). Our data suggest that the URL records a similar late Paleozoic heat flow
anomaly, indicating a much wider extent (at least 1000 km) than inferred previously.



Furthermore our results suggest that the difference between the intracratonic Williston
Basin, where a thick Phanerozoic succession is preserved, and the Precambrian Shield
stems from a variable lithospheric thermomechanical response in the former to the
geodynamic event, specifically the viscous flexure. We suggest that the intracratonic
Williston Basin was probably initiated by thermal contraction in the early Paleozoic,
but later rejuvenated by late Paleozoic dynamic topography, which thermally affected
the basement underlying the Williston Basin and the Precambrian Shield, but with
differing mechanical results.


