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ABSTRACT

A range of stress sources contribute to the stress state of the lithosphere (e.g. Ranalli, 1995): slab pull, shear
resistance at subduction zones and strike slip faults, convection drag at the base of the lithosphere, stresses
transferred to the interior of plates from plate boundary processes, horizontal gradients of pressure
vatiations at the base of the lithosphere (“dynamic topography”) and hotizontal gradients of lithospheric
potential energy. The last, which we will refer to as the “geopotential energy” or GPE-sourced stress field,
incorporates the lateral variability of lithosphere thickness and temperature (density), crustal thickness and
surface topography (basins and mountains, mid ocean ridges). We have calculated a model of the GPE stress
field of part of the Earth’s northern hemisphere that includes most of North America, the north Atlantic
realm and Europe as far east as central Asia and compared the predicted principal horizontal stress directions
to obsetved values from the Global Stress Map (GSM; Heidbach et al., 2018), where available, spatially
averaged and interpolated as well as to seismicity since 1973. In large parts of the intraplate domains of
continental lithosphere in our study area the computed GPE stress directions closely align with the observed
GSM stress directions. However, the GPE and GSM stress directions are largely incompatible in zones
where the bulk of present-day seismicity occurs (cf. Nielsen et al., 2014). This suggests that GPE stresses
are overprinted in some parts of the lithosphere, particularly (and not surprisingly) in regions very close to
active plate boundaries. We are investigating this relationship between GPE stresses and seismicity further,
asking whether such a relationship, placed in a quantitative framework including the spatial and depth
distribution of relevant earthquakes, the record of released seismic energy, and of local lithospheric structure
is robust enough to provide added value to hazard assessments. A secondary aim that we have is to try to
determine whether non-GPE stresses are required in areas of present-day observed intraplate seismicity or
whether perturbations to the GPE stress field caused by local, thermo-structural effects in the intraplate

lithosphere are sufficient (cf. Stephenson et al., in review).
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