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Salt conducts heat better than other sedimentary rocks, and 
therefore evaporite structures can affect the thermal history of 
basins, for example leading to higher maturation of hydrocar-
bon source rocks above diapirs. The (U-Th-Sm)/He analysis of 
apatite provides a measure of when a rock most recently cooled 
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through a temperature of ca. 75 ± 15 °C (equivalent to 2 to 3 
km below the surface) and thus is particularly suited to detect 
anomalous paleothermal effects of salt in a basin.

Gem-quality apatite crystals are extracted from the crushed 
rock sample and measured to apply corrections for He diffu-
sion. The crystals, held in platinum crucibles, are heated using 
a laser, and the expelled 4He is measured using a quadrupole 
mass spectrometer. Finally, the degassed apatite is analyzed by 
Induced Coupled Plasma Mass Spectrometry (ICP-MS) for U, 
Th, and Sm. The computed (U-Th-Sm)/He apparent ages are 
then interpreted, taking into account geological constraints 
and data from apatite fission track-length modelling on cor-
respondent samples.

The superbly exposed evaporite diapir fields at the head of 
Expedition Fiord, Axel Heiberg Island, Nunavut (ca. 79°24’N 
/ 90°50’W) provide an ideal laboratory to study the interac-
tion of salt with basinal rocks. A sequence of up to 12 km of 
Mesozoic to Cenozoic marine and continental strata accumu-
lated in the Sverdrup Basin and was intruded by Cretaceous 
diabase sills and dikes during two events possibly related to hot 
spot activity (ca. 125–90 Ma). The basin underwent inversion 
in the Paleocene-Eocene (ca. 60–40 Ma) during the Eurekan 
Orogeny. Late Carboniferous salt with anhydrite has risen to 
the surface over time in a variety of diapiric structures, and led 
to intense deformation of the strata.

A suite of surface samples was collected from Expedition 
Fiord to Geodetic Hills, across the Princess Margaret Range, 
Axel Heiberg Island. (U-Th-Sm)/He dating of apatite from 
Mesozoic sandstones and Cretaceous igneous rocks in the 
eastern Sverdrup Basin yield apparent ages reflecting exhu-
mation cooling during the Eurekan Orogeny (ca. 45 to 60 Ma). 
However, in the vicinity of evaporite diapirs – e.g., Gypsum 
Hill, Little Matterhorn, and Colour Peak – (U-Th-Sm)/He ap-
parent ages are considerably younger (ca. 20 to 31 Ma) indi-
cating that rocks now at the surface cooled to He – retention 
temperatures more than 20 My later. These data are compat-
ible with the thermal history previously suggested by apatite 
fission track-length modelling. The rocks now at the surface 
near evaporite structures remained anomalously warm into 
the Neogene.

Coincidentally, this thermally anomalous region is also ab-
normal in that it includes perennial springs that yield brines 
at +5°C year round, irrespective of air temperature, not ex-
pected in an area where permafrost is more than 500 m deep. 
Previous workers interpreted the springs to represent glacially 
controlled (Quaternary) phenomena, but our data and the dis-
covery of hydrothermal developments with veins of carbonate 
and metal sulphides in the area of the diapirs suggest that the 
perennial springs may be the current expression of long-lived 
systems, locally melting the permafrost due to thermal effects 
of salt-related structures.

  

 




