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ENGLISH SUMMARY

From forelands to mountains…
Transiti ons from forelands to mountains are oft en astounding landmarks for an obser-

ver, who faces the mountain front while standing on a hilltop of a gently rolling landscape 
in its forefront. This perhaps formed the viewpoint of the poet whose pilgrims song starts 
with “I lift  up mine eyes unto the mountains: from where shall my help come?”. Mountain 
fronts have formed a magnifi cent landmark, a secure stronghold for refuge, but also a 
major conti nental barrier for many early tribes and later-day explorers.

This prominent morphological feature is not just an abrupt change in elevati on and 
ruggedness of the landscape. In fact, as also this study shows, the uplift  is even not limi-
ted to the mountains but may also aff ect the land-in-front (foreland). The subsurface of 
a mountain front holds a geology that is marked by a change from horizontally strati fi ed 
sediments or rocks (strata) to strongly folded and faulted strata. Also other changes may 
be noted when descending deeper into the earth and zooming-out to the temperature 
structure and strength variati ons of large domains of the Earth outer-shells, which are 
named as the crust and lithosphere. 

Mountains (orogens) are characterized by strongly deformed strata, and formed by 
the collision between lithosphere plates (known under the term plate-tectonics). An oro-
gen contains an outermost crumble-zone in which contracti on occurs by faulti ng and 
folding of strata. Thrusts are a special type of low-angle faults that carry strata as sheets 
over large horizontal distance, thus achieving shortening in the belt. The orogenic fron-
tal belt is oft en referred to as a Foreland Fold-and-Thrust Belt (or Foreland Belt). Thrust 
belts are built by a train of thrust sheets that fold and carry strata toward surface, or bury 
them deeper when overridden by another sheet. A forward kinemati c evoluti on des-
cribes the displacement history of such a train of thrust sheets that make up a Foreland 
Belt. This study addresses the burial and uplift  history of strata in a Foreland Fold-and-
Thrust Belt.

Furthermore, the Foreland Belt not only shortens, it also migrates towards its fore-
land, the strata of which being consequently incorporated in the belt. Also, the foreland 
is not only a topographic low, but is marked by subsidence due to down-fl exure of the 
lithosphere under the orogenic load. This is the place where sediments, as erosional pro-
ducts of the orogen, accumulate and  the underlying strata. The strata thus records an 
initi al episode of foreland basin evoluti on and sedimentary burial followed with tectonic 
loading when the progressively encroaching deformati on front incorporates the strata 
into the orogen. The burial history of rocks in a Foreland Fold-and-Thrust Belt is control-
led by an intricate interacti on between foredeep depositi on, followed by structural stac-
king during succesive thrust sheets emplacements.

 
From burial to forward temperature predicti ons…

This study centres around the appraisal of the kinemati c and thermal evoluti on of a 
strongly deformed and eroded Foreland Fold-and-Thrust Belt system. The role of sedi-
mentary burial and thrust-sheet displacement for fi rst-order burial history of the belt is 
examined. The focus of this research is on the eastern front of the Canadian Cordillera, 
a well-suited and well-studied example of a Foreland Belt system. The belt comprises a 
north-eastward tapering contracti onal wedge of thrust sheets, as product of the Late Cre-
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 taceous to Paleocene phase of the Laramide orogeny. The Canadian Cordillera, at large, 

formed since the Late Jurassic ti me by the accreti on of volcanic island arcs and terranes 
to the western margin of the North American Craton. The orogeny ended aft er the Paleo-
cene formati on of the Foreland Fold-and-Thrust Belt.

The Lewis thrust sheet is the main structural feature in the Canadian Foreland Belt. 
This sheet forms the longest thrust sheet, and its displacement is responsible for half of 
the total shortening accommodated in the southern Canadian Foreland Belt. The Lewis 
Thrust displaces the overlying sheet of strata eastward over large distance and emplaces 
Mesoproterozoic units onto strata that were formerly part of the Cretaceous foreland ba-
sin. The footwall block of the Lewis Thrust therefore records an initi al sedimentary burial 
phase, followed by a tectonic load aft er Lewis Thrust sheet emplacement.

The southeastern Canadian Foreland Belt is a pivotal area, not only because much 
structural work has been conducted, but also because of the availability of a large data 
set of published organic maturity observati on. The maturati on of organic matt er in rocks 
is a functi on of the burial history, due to the fact that the kineti cs of maturati on is depen-
dant on temperature that in turn increases with burial depth. Understanding the burial 
and temperature history of rocks in Foreland Fold-and-Thrust Belt systems is moti vated 
by the wish to predict the maturati on of coals and source-rocks for oil and gas (i.e. a 
petroleum system). Samples from such organic rich layers can be analyzed to determine 
their organic maturity level. In this study, the forward burial history models render tem-
perature histories and provide organic maturity level predicti ons and are compared with 
measured values from literature and newly analyzed samples.

This study used a multi -disciplinary work-fl ow that combined data analyses and mo-
delling approaches. The analyti cal part contains the descripti on of the fi rst-order structu-
ral features and organic maturity observati on trends. Subsequently, 1-D and 2-D forward 
kinemati c models provide a burial history scenario in which peak burials and tempera-
tures are reached from a combined sedimentary and tectonic burial during the Paleocene 
contracti on. While the lower sheets in a stack reaches peak burial, overriding sheets are 
being exhumed. Consequently, syn-orogenic exhumati on of 4-6 km occurs on the short 
wavelength of individual thrust sheets. Exhumati on conti nues in post-orogenic ti me (in 
Eocene ti me) and then also involves the strata of the undeformed Canadian Foreland 
Basin.

 
From crustal crumble zone to sub-lithosphere temperature steps…

The Foreland Fold-and-Thrust Belt not only marks a transiti on as crumble zone, also 
its deeper subsurface yields a disconti nuity that is depicted by high surface heat fl ow 
values for the Cordillera interior against much lower heat fl ow values for the craton ba-
sement to the east. While the fi rst four chapters address the burial and temperature 
evoluti on within the upper crust of the foreland belt, the latt er two chapters are att ribu-
ted to larger-scale thermal, rheological and dynamic factors acti ng on the lithosphere-
asthenosphere.

The surface heat fl ow distributi on, together with other geophysical probing such as 
refracti on seismics data, highlight a contrast in the thickness of the thermal lithosphere 
of ~80 km underneath the Cordillera to more than 160 km underneath the North Ame-
rican Craton. This study addresses the mechanical and geodynamic implicati ons of such 
a disconti nuity in the upper mantle lithosphere between the Cordillera and craton.

Rheological modelling in this work shows how the southwestern Canadian lithos-
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phere contains a substanti al mechanical disconti nuity as result of its lateral temperature 
contrast. The mechanical disconti nuity is outlined with integrated strength maps and 
thickness distributi ons for the mechanically strong lithosphere and shows an approxi-
mate integrated strength diff erence of 0.5-2.0·103 GPa·m versus 10.0-50.0·103 GPa·m 
between the lithosphere for the Cordillera versus the craton to the east. The thermal and 
rheological disconti nuity likely formed in conjuncti on with major Eocene plate reorgani-
zati on of the subducti ng oceanic slab in the west, what resulted in post-orogenic rigorous 
thinning of the crust and lithosphere. A lateral disconti nuity in the mantle lithosphere 
may infl uence the asthenosphere-lithosphere geodynamics with implicati ons for the 
heat fl ow history and verti cal moti ons at surface.

First-order disconti nuiti es in the temperature structure of the upper mantle can trig-
ger mantle fl ow instabiliti es and edge-driven convecti on. Mantle convecti on around such 
disconti nuiti es at the lithosphere base can have a topographic eff ect on the overlying 
lithosphere. The numerical experiments in this study show that the eff ect from edge-
driven convecti on at an upper mantle temperature disconti nuity is large enough to pro-
duce also a noti ceable lithosphere response. This is especially the case when the thermal 
disconti nuity in the upper mantle is supported by a compositi onal change related to for 
instance water content or amount of depleti on. The edge-driven fl ow aff ects crustal de-
formati on and surface heat fl ow and defl ecti on patt ern, although with a strong depen-
dency on the rheological structure of the mantle-lithosphere.

In conclusion…
Integrated approaches involving analyti cal and a combinati on of modelling techniques 

are crucial for understanding the factors operati ng at a mountain front. This involves 
integrati on of burial and temperature history indicators, forward kinemati c modelling 
of thrust sheets and dynamic modelling of the lithosphere temperature and rheological 
structure.


