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Orogen-scale understacking and the preservation of old 
metamorphic rocks in the interior of a hot wide orogen: 

an example from the Grenville Province
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The Grenville Orogen is a crustal-scale thrust stack com-
posed of longitudinal belts with distinctive P-T conditions 
and/or timing of metamorphism. Recent work has shown that 
adjacent belts with Ottawan metamorphism (ca. 1090–1020 
Ma) exhibit metamorphic signatures implying development 
at very different levels in the orogen. The HP Belt, which is 
characterized by peak metamorphic conditions of ca. 1800 
MPa/850 °C, is overlain by an MP Belt in which metamorphic 
conditions were ca. 800–1000 MPa/850 °C. Both belts are lo-
cally juxtaposed against the Non-Metamorphic Lid in which 
penetrative Grenvillian fabrics are absent and metamorphic 
temperatures were 500>T>350 °C. Thus sections of the lower 
crust (60–70 km depth), mid crust (~ 30 km depth) and upper 
orogenic crust (depth undetermined) are preserved in close 
proximity to each other. The elevated temperature of regional 
metamorphism in the Ottawan HP and MP belts was associated 
with the emplacement of mantle-derived magmas locally, im-
plying a mantle contribution to the thermal budget of the oro-
gen. Mid- to late Ottawan juxtaposition of the lower-crustal HP 
Belt with the upper-crustal Non-Metamorphic Lid took place 
by the combined processes of tectonic extrusion and orogenic 
collapse, the latter probably facilitated by a ductile melt-weak-
ened mid-crust. By the time of renewed convergence at ca. 1005 
Ma during the Rigolet Orogeny, the HP and MP belts were in 
the upper crust and active ductile deformation in the orogen 
took place principally beneath them and nearer the foreland. 
Metamorphism during the Rigolet Orogeny was Barrovian in 
character and led to substantial crustal thickening in the vicin-
ity of the Grenville Front and the parautochthonous northern 
margin of the orogen. The orogen thus grew by crustal-scale 
understacking resulting in preservation of the older metamor-
phic rocks in the orogenic superstructure. Post-Rigolet normal 
faulting affected the full thickness of the orogenic crust and 
displaced the Moho locally, implying orogen-scale orogenic 
collapse. The great width of the Grenville Orogen (> 600 km on 
the Laurentian side alone) and the prevailing high temperatures 
of Ottawan metamorphism reflect a Himalayan-scale orogen 
characterized by massive horizontal tectonic transport within 
a ductile lower and mid crust.
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