
Viscous heating in orogenic 
metamorphism: numerical modeling and 
geological implications
Burg, J.P. & Gerya, T.V.
Geologisches Institut - ETH - Zürich, CH-8092 Zurich, Switzerland. Jean-Pierre.Burg@erdw.ethz.ch, 
Taras.Gerya@erdw.ethz.ch

Theoretical and geological con-
siderations suggest that viscous heat-
ing is a cumulative process that may 
explain heat excess in collision oro-
gens. We tested this hypothesis with 
2D numerical modeling involving 
continental collision associated with 
subduction of the lithospheric mantle. 
Results demonstrate that geologically 
plausible stress and strain rate levels 
may result in orogenic scale heat pro-
duction of 0.1 to >1 W/m3, which is 
comparable to or even exceeds bulk 
radiogenic heat production within the 
crust. Thermally induced buoyancy 
is responsible for crustal upwelling 
in large domes with metamorphic 
temperatures up to 200°C higher than 
regional background temperatures. 

Barrovian metamorphism is gen-

erally taken to have occurred because 
of increased radiogenic heating of a 
thickened crust. This mechanism has 
been tested for the Lepontine Dome 
in the central Alps. Numerical mod-
eling confirms that viscous heating 
is an alternative, in situ energy source 
associated with distributed deforma-
tion during continental collision. 
This mode of heat production may 
explain the closed shape of post-40 
Ma isograds and may be sufficient 
to produce an additional 100-200°C 
temperature increase in the Lepontine 
gneiss region. 

The structural evolution assisted 
by efficient erosion attended de-
compression, which is attributed by 
many authors to forced extrusion. 
Conversely, numerical modeling 

shows that viscous heating affects 
both temperature distribution and 
large scale circulation pattern within 
the deforming crust, notably accel-
erating exhumation of lower crustal 
rocks. We conclude that deformation-
generated viscous dissipation is an 
important heat source during orogeny 
and that subsequent high metamor-
phic temperatures as for Barrovian 
type metamorphism are inherent to 
deforming crustal regions. We further 
conclude that viscous heating along 
with moderate tectonic overpressure 
may be responsible for the Barrovian-
type metamorphic gradients inherent 
to collisional orogens, without imply-
ing any external heat and pressure 
source.
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