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7 synThesis anD ConClusions

7.1 Results and conclusions
This research has examined the structure and evolution of a Foreland Fold-and-Thrust 

Belt system at both shallow crustal and larger asthenosphere-lithosphere scale. To these 
ends, it has used a wide variety of data and (modelling) tools, following a multi-disci-
plinary approach to explore the history from individual thrust sheets to the large-scale 
asthenosphere-lithosphere structure. What binds these different scales and methods is 
the interplay between the evolution of (structural or geophysical) features and tempera-
ture histories (Figure 7.1).

Any vertical movement at or between the lithosphere boundaries (i.e. between the 
surface at ~10° and lithosphere base, being thermally defined by the 1300 °C isotherm) 
implies a temperature change in some form. Even the end-member scenario in which 
steady-state temperatures are maintained under conditions of uplift without erosion, 
although the temperature field relative to the surface is maintained, temperatures still 
need to be compensated at some level within the lithosphere or ultimately at the as-
thenosphere-lithosphere interface. Another end-member is one of fast displacement of 
a thrust sheet that achieves advection of the temperature field in the hanging wall of 
the sheet, while leaving the temperature field in the footwall is more or less preserved. 
Over time however, this perturbed temperature gradient caused by the advection will 
turn back to a steady state one. On the other hand, displacement fields that maintain a 
steady-state temperature field, as is the case for most of thrust sheet displacement in this 
study, achieve burial and temperature increase of the underlying footwall block. Beside 
vertical motions in the supra-crust to which chapters 2-4 were dedicated, also movement 
of the lithosphere base due to mantle geodynamics translate to the supra-crust as shown 
in chapter 6.  

Thrust belts overlying discontinuities in the deeper lithosphere are subject to a vari-
ety of kinematic and dynamic processes with various thermal implications (Figure 7.1). 
The kinematic component of this study on thrust belts contains the explicit description 
of the burial, uplift and deformation of rock layers. The dynamics of the asthenosphere-
lithosphere are described by numerical models of the state and response of prime geo-
physical parameters (composition, density, temperature and viscosities) subject to inter-
nal and external forcing.

7.1.1 Structure, kinematic and burial histories of an classical FFTB-system 
A coherent picture of the structural complexity of the Foreland Fold-and-Thrust Belt 

has been derived from the construction of three WSW-ENE trending regional structural 
cross sections. It allowed first-order structural balancing and restoration of the deformed 
sedimentary wedge. The restoration provided consistent shortening estimates for the 
three transects on the order of 105-120 km, so that the present-day length of ~110 km 
comprises half of the initial length of the section. Most of this shortening is accommo-
dated by a few major thrusts, particularly by the Lewis and Livingstone thrusts.

The geometry of the Lewis Thrust basal décollement gives a unique example of struc-
tural inheritance as it shows a strong relationship between the architecture of the Middle 
Proterozoic and Lower Paleozoic basins and the Laramide deformation history and struc-
tural style of the belt. The Lewis Thrust contains a notable lateral ramp in the basal décol-
lement level that aligns with a stratigraphic change of a basin-scale pinch-out, and also 
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controls the depth of the thrust sheet denudation. While the sheet is deeply denudated 
to Middle Proterozoic level in the Clark Range, Mesozoic strata are still well preserved in 
the Fernie Basin syncline where the basal décollement is positioned at shallower strati-
graphic levels. 

Not only the denudation pattern, but also the preceding burial history must have 
been influenced by the basal décollement geometry. Upthrusting of the thick Middle Pro-
terozoic Belt-Purcell succession in the Clark Range must have limited syn-tectonic sedi-
mentary burial, while in the Fernie Basin Late Cretaceous sedimentation is more likely. 
Critical factors for the LTS burial history are the onset of displacement and whether or 
not this inhibited continued sedimentary loading, and the amount of preservation of the 
thrust sheet thicknesses after emplacement. The initial Campanian Belly River overbur-
den can be less if the thrust sheet afterwards kept a significant thickness. This has the 
effect of reducing the restored thickness of the Lewis Thrust sheet at the Clark Range to 
~10 km at onset of displacement. Preserving up to 6 km of overburden until Eocene time 
would reduce the required sedimentary load from ~5 to ~3 km. 

When the proximal foreland basin reached a significant Paleocene thickness, then 
also the series of thrust imbricates in the Foothills were preserved, with exhumation 
mostly occurring at their upward tips. The thrust-wedge reached its maximum thickness 
(4-6 km) in Late Paleocene times due to strong down-flexure of the basement in conjunc-
tion with the burial recorded in the foreland basin. This strong basement subsidence 
preserved the thrust-sheet imbricates from significant erosion during the contraction of 
the FFTB. Late Cretaceous sedimentary burial of the belt was complemented with a sig-
nificant tectonic load before reaching maximum burial and peak temperatures (in case of 
no perturbation of the temperature field) in Late Paleocene times. 

The OML distributions show both sedimentary and tectonic burial trends. OML trends 
in the Fernie Basin, for instance, contained layer-parallel and layer-perpendicular chang-
es that point to a combination of pre- and syn-deformational burial. Both sedimentary 
and tectonic burial components have been determined from several wells in the foothills 
as well as specific structural entities like the Fernie Basin. The distribution in OML from 
this study favour no one exclusive mechanism (i.e. sedimentary versus tectonic burial) 
as a single and consistent explanation for the observed variety in OML. It shows a more 
elusive trend set by a combination of sedimentary and tectonic burial and alternative 
mechanisms that influence the paleo-temperature and organic maturation history.

This was confirmed by the forward kinematic models, both 1-D and 2-D, showing 
how inferred overburdens and peak-temperatures can be reached by a combination of 
sedimentary and tectonic burial from thrust sheet stacks. A smaller than previously en-
visioned, sedimentary overburden of 3.5 km of Late Cretaceous sediments (Belly River 
Group) is sufficient to explain the observed OMLs. Peak burials in the FFTB are subse-
quently reached with added load of thrust sheet stacks. The difference between the in-
ferred restored sedimentary wedge and the present-day topography gives the amount of 
denudation in the FFTB. The erosion profiles give high peaks of denudation following the 
wavelength of individual thrust sheets (e.g. total erosion for LTS of 8-10 km and for the 
foothills in range of 4-6 km).

The combination of structural restoration and forward kinematic modelling highlights 
two episodes of exhumation for the FFTB. The first phase comprises the short wavelength 
exhumation related to Late Cretaceous to Early Paleocene thrust sheet emplacement and 
amounts to ~4-6 km erosion in the FFTB. The second episode occurred in post-orogenic 
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(post-Paleocene) times and took place in the Cordillera interior, FFTB as well as far east-
ward across the undeformed basin. About 3-4 km of the erosion occurred in the FFTB and 
extended to the removal of 2-3 km of Paleocene strata from the undeformed proximal 
foreland grading to 1-2 km. This removal of foreland basin sediments must have occurred 
after maximum burial was reached in Late Paleocene time and occurred over large dis-
tance away from the deformation front.

7.1.2 Temperatures, heat flow and geodynamics of retro-wedge thrust belts
Coupled forward thermo-kinematic modelling integrates the burial-exhumation and 

temperature evolution induced by sedimentary loading and fault-block and basement 
motions. The 2-D approach includes both the maximum and cumulative effects of burial 
and temperature histories on the organic maturation predictions. 

The 2-D thermo-kinematic modelling of the foothills portion of the belt confirms 
earlier findings that thin-skinned thrust-wedge development introduces no significant 
first-order perturbation of steady-state thermal conditions. Peak temperatures are, un-
der steady-state conditions, reached at time of maximum burial and determined by the 
evolution of wedge bounding geometries, i.e. by the topography and basal décollement. 
Forward modelling also indicates that a regional and steady paleo-geothermal field is 
maintained during the contraction of the belt, i.e. that of a temperature gradient of 20-
25 °C/km. Under such steady conditions, peak temperatures at the base of the wedge 
reached at values not higher than 100-150 °C.

The OML distribution contains trends that fit a combined sedimentary and tectonic 
burial under steady temperature conditions. On the other hand, strong local deviations 
from such regional trends are also evident. For instance, it is difficult to reconcile the 
relatively low OML in the footwall of the Lewis Thrust if buried under ~10 km load with-
out having a reduced temperature gradient. The thermo-kinematic modelling suggests 
that the velocities of thrusting are insufficient for substantial heat advection. However, 
alternative processes such as fluid flow might well have affected the paleo-thermicity of 
thrust-belt systems and introduced perturbations of the temperature gradient. 

Another potential factor to temperature fluctuations is changes in heat flow that en-
ters at the base of the wedge. In general, spatial or temporal fluctuations to basal heat 
flow can be perceived although they would operate over wide spatial scales and large 
temporal intervals. However, to avoid ad-hoc application of temporal or spatial variations 
without a clear geodynamic context, the thermo-kinematic modelling was performed 
following a conservative approach. Basal heat flow was held constant, so that the mod-
elling described only the thermal consequences of sedimentary burial and thrust sheet 
displacements.

In fact, unlike temperature and burial history prediction for extensional basins from 
lithosphere stretching models [McKenzie, 1978], flexural models [Beaumont, 1981] of the 
foreland basin subsidence history lack such a temperature component. Moreover, the 
larger geodynamic context that must underlie the thermal input into the retro-wedge 
system is not well understood [e.g. Hyndman, 2005; Currie and Hyndman, 2006; Currie 
at al., 2004, 2008]. The southern Canadian FFTB forms a retro-wedge above a thermal 
discontinuity in the upper mantle between the Cordillera interior and stable lithosphere 
of the Craton. While other geodynamic modelling studies discussed the cause of back-
arc lithosphere thinning [e.g. Currie et al., 2008], the modelling presented in this study 
addressed the implications of an established thermal discontinuities for the overlying 
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intraplate lithosphere.
A 100 to 160 km backarc-to-craton at the base of the thermal lithosphere initiates 

(edge driven) mantle flow that transmits +100 MPa stresses into the mantle-lithosphere. 
The mantle lithosphere is expected to have rigidity well above 100 MPa (i.e. viscosities 
above 1023 Pa·s for strain rates of 10-17-10-15 s-1). When no distinct rheological change 
occurs between the Cordillera interior and craton lithosphere, the thermal step moves 
craton-ward. Instead, when a rheological contrast occurs between Cordillera and Craton, 
then the transition remains stable over 100 Myr. The models also produce a clear thermal 
response of the lithosphere to the temperature discontinuity and strong mantle upwell-
ing, although with a substantial time lapse. Eventually, a step from 100 to 160 km of the 
thermal base of the lithosphere produces a contrast in upper crustal heat flow of 30 
mW/m2. It depends on the rheological structure of the upper mantle whether this transi-
tion remains fixed in position or moves craton-ward. The thermal discontinuity stays in 
place over 60-100 Myr timescales when supported by a dry olivine mantle lithosphere, 
as is likely the case for the hot Canadian Cordillera grading to the Canadian Craton litho-
sphere.

7.1.3 Geodynamics of large-wavelength uplift
The geodynamic modelling (Chapter 6) also gave surface deflection responses which, 

however, cannot be immediately linked to the first-order exhumation patterns derived 

?

Foreland Fold-and-Thrust Belt

dynamics
lithosphere-astheno

(5)

(3)

(4)

(1)

(2)

A schematic diagram highlighting the phenomena that influence the large-scale thermal and burial history of Fore-
land Fold-and-Thrust Belt systems. Burial histories in the belt result from the evolution of the down-flexing base-
ment (1) and the amount of elevation and denudation (2). differential motions of fault blocks determine amount of 
sedimentary and tectonic burial and exhumation (3). The temperature distribution in the belt may comprise a steady 
typical temperature gradient of ~25 C/km with local perturbation due to heat advection (e.g. from differential 
vertical motions (2) or fluid flow). The temperature distribution in the belt is further controlled by basal heat flow 
(4) as the product of crustal heat production and mantle heat (5). mantle heat determines the first-order spatial and 
temporal trends in surface heat flow. The thermal state of the lithosphere is strongly influenced by the shape and 
history of the interface with the convecting asthenosphere (5).

figure 7.1
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from the removed overburden estimates (see Figure 4.7). The free-surface deflection 
pattern of the models accounts for a topographic high for the Cordillera and low for the 
Craton that is the direct consequence of the upper mantle-lithosphere temperature con-
trast being isostatically compensated. The +1000 km wide basement uplift, proposed in 
explanation of the post-orogenic exhumation pattern (Figure 7.2), cannot be explained 
by temperature anomalies and mantle flow when that occurs at or close to the base 
of the thermal lithosphere. Such geodynamics imposes free-surface undulations with 
uplift or subsidence over a width of 300-600 km (that is ~¼ of the lithospheric flexural 
wavelength). Uplift over distances of +1000 km have been described as tilting of conti-
nents due to sinking of oceanic slabs through middle mantle depth intervals (500-800 km 
depths crossing the 660-km phase transition) [e.g. Mitrovica et al., 1989]. Sinking slab 
numerical scenarios have predicted tilting of intracontinental lithosphere over widths of 
1400 km and with maximum amplitudes of 2 km. 

At a stage of mature subduction in which the down-going slap has reached the 660 
km-phase transition (i.e. the lower boundary of the geodynamic models in this study), 
slab penetration firstly produces large-scale subsidence followed by uplift. Applied to the 
Western Canadian Basin, it might explain both Late Paleocene downward motion of the 
basement beneath the FFTB and basin and uplift in Eocene-Oligocene time [Mitrovica et 
al., 1989; Burgess et al., 1997; Pysklywec and Mitrovica, 2000].

7.2 discussion of regional geological implications
This research has focused on the final stage of the Laramide orogeny that followed 

the formation of the Intermontane and Omineca belts from the accretion of two main 
superterranes to the North American continent (see Figure 1.4).  

Thick-skinned thrusting continued in the Omineca Belt during the Late Cretaceous 
(Figure 7.3a). The Lewis Thrust is the easternmost basement-involved thrust, the motion 
of which started coeval with the deposition of the Belly River Formation at its front. In the 
Late Cretaceous, supposedly in-sequence thrust activation had progressed eastward, by 
then also involving the Mesozoic strata of the Foreland Basin succession. 

Figure 7.3 gives for each of the three schematic time-slices also the concurrent heat 
flow distribution for the Omineca and FFTB belts and present-day foreland basin that 
overlies the Canadian Craton. There are no indications of heat flow fluctuations for the 
Canadian Craton and are proposed to be ~20 and ~50 mW/m2 for the mantle and sur-
face heat flow, respectively (Figure 7.3a; III). The paleo-heat flow in the Omineca Belt 
instead might have been slightly lower. Thick-skinned thrusting leads more easily to heat 
advection than what the thermo-kinematic modelling gave for the thin-shinned FFTB. 
The overall thickening of the crust and lithosphere may have lead to a decrease in paleo-
temperature gradient and heat flow (Figure 7.3a; I). The FFTB, which is underlain by the 
westernmost limit of the Craton, probably had a similar basal heat flow. The surface heat 
flow might have been altered to some extent by sedimentary blanketing and fluid flow in 
a foreland basin under development. 

During the Paleocene (Figure 7.3b), the Lewis Thrust overrode Mesozoic strata of the 
former Foothills. East of the Lewis Thrust front two levels of decoupled thrust sheets 
developed, comprising Paleozoic and Mesozoic strata, respectively (Figure 7.3b). Strong 
basement subsidence can be inferred from the Foreland Basin, which also preserved the 
thick imbricated thrust-wedge from erosion. 

This study concludes that first-order steady temperature conditions in the thrust belt 
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prevailed. Neither thickening nor perturbation of the temperature structure of the crust 
occurred. Although thin-skinned thrusting is not expected to introduce first-order tem-
perature perturbations, denudation and fluid flow might well have altered the shallow 
heat flow at some locations. However, the paleotemperature constraints from below the 
Lewis thrust indicate that perturbations of the temperature field occurred at specific lo-
cations probably due to fluid flow. Mantle heat flow in the FFTB is again assumed to 
mimic the 20 mW/m2 of the Craton. Surface heat flow may also follow a similar pattern 
with a value of 50 mW/m2 under prevalent steady-state conditions (Figure 7.3b). 

After contraction ceased at the end of the Paleocene, the Eocene-Oligocene time is 
marked by the denudation of the thick thrust-wedge (Figure 7.3c). This study estimated 
3-4 km of post-orogenic exhumation for the FFTB that graded eastward across the former 
foreland basin. Denudation of the undeformed former foreland basin occurred over such 
a large wavelength that lithosphere-scale motions must be considered. After initial ero-
sion coincided with the formation of the thrust belt, the second erosion phase appears 
to concur with core complex formation and major exhumation in the Omineca Belt and 
along with some normal faulting in the FFTB. Upward tilting of the continent over a width 
well above the 1000 km fall beyond reasonable flexural wavelengths of even strong cra-
tonic lithosphere (Figure 7.2). Mantle convection studies have shown how deep mantle 
flow can result in tilting of the western Canadian continent thus explaining surface mo-
tions well above lithospheric flexural wavelengths [e.g. Mitrovica et al., 1989; Burgess 
and Gurnis, 1997; Pysklywec and Mitrovica, 2000].

The heat flow distribution of the Omineca Belt changed substantially in post-Paleo-
cene time with present-day high surface heat flows around 80-90 mW/m2 and mantle 
heat flow of 50-60 mW/m2. Subduction-related ascent of hot mantle material has been 
proposed [Gough, 1986] and confirmed through a variety of geophysical remote sens-
ing [e.g. Clowes et al., 1995; Jones and Gough, 1995] and geodynamic modelling studies 
[Currie et al., 2004, 2008]. The Early Eocene marked a major plate reconfiguration during 
which the present-day subduction system was established. It has been argued that the 
Cordillera underwent tectonic inversion from compression to extension from Late Paleo-
cene to Eocene times [e.g. Constenius, 1996; Lowe and Ranalli, 1993]. Core complexes 
may have formed under the load of a thickened crust and lithosphere that failed after 
large-field compressional forces were removed during plate-reconfiguration [e.g. Mon-
ger et al., 1994; Vanderhaeghe et al., 2003].

wavelength
vertical motions

500 1000 1500

1
2 3

4

km

FFTB Foreland Basin

Lewis Thrust

Rocky Mnt.
Trench

Omineca Belt
Ogananagan and Valhalla

core complexes

figure 7.2

Schematic diagram of wavelengths (λ) of burial and uplift signals across the Omineca Belt, FFTB and Foreland Basin: 
(1) λ = ~600 km, (2)  λ = ~1000 km and (3) and (4) outline the widths of subsidence and uplift (¼λ) that fall well be-
yond the range of flexural wavelengths. Compare the wavelengths with the erosion profile of Figure 4.6 and range 
of flexural wavelengths from Figure 5.11
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7.3 outlook 
This study encompasses a comprehensive scenario of Foreland Fold-and-Thrust Belt 

evolution that involves various spatial scales, methods and interests. Bridging scales, in-
tegrating sets of geological research methods as well as both academic and industrial 
interests are typically acclaimed goals in larger research projects. The southern Canadian 
FFTB appeals to such a pursuit. Theories of thrusting and belt evolution have been de-
veloped after decades of classic field geology and detailed structural geological observa-
tions, aided by more recent computer-based balancing of cross-sections. The belt has 
offered a fertile area for new work-flow development, and for both fundamental research 
and the economics of thrust belt and petroleum system evolution.

This study has utilized a set of commonly adopted research methods to examine the 
upper crust thermo-kinematic to asthenosphere-lithosphere geodynamic features. The 
attempt (that this study portrays) to reconcile structural geological and organic matu-

(a) Late Cretaceous

(b) Paleocene

(c) Eocene-Oligocene

Omineca Belt Lewis Thrust
front

Foothills

Foreland Basin

Foreland Basin
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20
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surface heat flow
mantle heat flow

mW/m2
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thrusting

Paleozoic strata
Mesozoic-Paleocene strata
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normal faulting
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Livingstone thrusting
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surface heat flow
mantle heat flow

Lewis Thrust
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(II)(I) (III)

(II)(I) (III)

figure 7.3

evolution of the Omineca Belt, Foreland Fold-and-Thrust Belt and Foreland Basin, giving an idea of the thrust sheet 
progression, subsidence of basement, development of topography, amount of burial and heat flow history.
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rity ranks with forward thermo-kinematic models embodies the wish for further integra-
tion.

7.3.1 Advances in burial and temperature history modelling
Field-acquired data and process-oriented modelling, two key pillars of earth-science 

inquiry, can be integrated beyond a linear workflow line (i.e. acquiring, and analyzing 
data followed with modelling). Computer modelling tasks take less-and-less computer 
time, so that not just a few models can be run for a limited set of boundary conditions, 
but an entire array of solutions can be produced in an iterative manner. This supports 
new ways of testing distributions in field-acquired data with forward modelling predic-
tions over a range of input variables.

Forward modelling can fill-in a parameter space in an iterative manner, once a set of 
relevant variables is defined. For iterative forward modelling of burial histories in sedi-
mentary basins, parameters like finite sedimentary burial, sedimentation rates and basal 
heat flow are to be varied. In this research, the impact of active sedimentation and erosion 
on the temperature field was plotted in a parameter space plot (Figure 3.9; after Husson 
and Moretti [2002]). Furthermore, in examination of the thermo-mechanical structure of 
the lithosphere, elastic thicknesses and wavelengths as function of mantle and surface 
heat fluxes are plotted over a range of input values as well (Figure 5.10). Such plots are 
particularly helpful in linking multi-facet geological observational scattered datasets to 
numerical formulated geological processes governed by a limited set of variables. 

For instance, the numerical examination of paleotemperature proxies against a large 
set of burial-exhumation history conditions forms an area where such integration can 
be implemented. Probabilistic modelling may test a range of basement heat flows and 
sedimentary loading histories and can be iterative fit to a paleotemperature dataset [van 
Wees et al., 2009]. For burial histories in FFTB settings, also the impact of thrust sheet 
loading should be accounted for. This research advocates the combination of sedimen-
tary and tectonic burial trends and future forward iterative modelling are expected to 
better test the significance of these factors against available datasets. The significance of 
thrust sheet loading may be tested against a range of deformation rates and amounts of 
structural stacking that will presumably increase the chance for temperature perturba-
tions. 

Burial and temperature history modelling forms a fertile research area for develop-
ing and applying optimization principles. Optimization is a mathematical formulation in 
which a best fitting model solution is found for a dataset by defining a misfit function 
that is minimized. A forward burial history model provides a temperature evolution and 
organic maturity rank predictions and its success can be determined by comparing pre-
dictions with OML observations. Optimization of such a forward model can be done by 
defining a data misfit function (e.g. standard weighted least squares) and aiming at a 
minimum misfit in an iterative manner [e.g. Gallagher, 1998].

Optimization of a forward model is achieved by scanning the parameter space, often 
in a random (stochastic) manner. For instance, stochastic optimization has found appli-
cation in time-temperature modelling of fission track annealing that uses Monte-Carlo-
based algorithms. Thermal histories with varying starting conditions are systematically 
run to achieve a satisfactory statistical agreement between the predicted and observed 
FT age and track-length distribution [Lutz and Omar, 1991]. Ultimately, a fully coupled 
method may not only invert paleo-temperature proxies into a temperature history but 
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also provide a burial evolution after implementing a thermo-kinematic procedure. Such 
coupling between paleo-temperature proxies and burial evolutions aid a better distinc-
tion between noise, short wave-length thermo-kinematic signals derived from thrust-
sheet displacement and large-scale lithosphere patterns.

7.3.2 Data-management and modelling work-flows
This study contained a work-flow with a successive utilization of a series of conven-

tional and novel tools, involving classical structural restoration work followed by forward 
thermo-kinematic and geodynamic modelling. The practise of this research gave the op-
portunity to explore refinement in work-flows and data handling. 

The data handling involved the implementation of advanced database technology 
that helped better organization and integration of available data and new acquisition 
from a variety of sources. Geological datasets are often hybrids, like the organic maturity 
ranks of this study which comprised both Tmax data from rock pyrolyses and vitrinite 
reflectance data as optical measure. Both measurements describe the organic maturity 
rank and form paleotemperature proxies, and integration requires a careful characteriza-
tion. Definition of precise data-models can specify these aspects and help to unite previ-
ously separated burial history constraints.

A Data Base Management System (DBMS) is an application that deals with the struc-
tured storage and relationships between datasets in a shared ‘storage framework’. Data-
sets are structured according to a specification (i.e. a data-model) and can be accessed 
through structured queries. The handling of data within a DBMS occurs with a Struc-
tured Query Language (SQL) and in- and output can be generated through graphical user 
interfaces (Access-style) or highly adaptable interpreted programming languages (e.g. 
PHP or Python). DBMS are not only helpful in case of enormous data collections and for 
typical cataloguing purposes, but new development in the open-source community has 
provided systems that are adaptable to specific demands of geological data handling also 
in small-scale research projects (e.g. MySQL or PostgreSQL). Furthermore, the success of 
Geographic Information Systems (GIS) has improved the handling of geological data and 
opens the door to further steps in DBMS implementation.

As example, the usage of a DBMS may enhance the linkage between burial history 
constraints and numerical modelling (Figure 7.4). This research has used PostgreSQL as 
DBMS linked to a GIS with map-producing functionality. Individual OML datasets were 
stored in tables that acknowledged the differences in source (literature or new sample 
analyses) and data-types (e.g. VR and Tmax), and integrated data-views were generated 
through procedures with the use of conversion tables. In addition, data-models may be 
specified that allow for more integrated handling of stratigraphic or fault-activity con-
straints (see containers in Figure 7.4). Together, these datasets constrain the burial histo-
ries of a FFTB and Foreland Basin and can consequently serve as input for forward basin 
evolution models. In a foreland basin context, a DBMS containing the above described 
datasets may provide the feed-back to flexural model predictions by which the elastic 
parameters may be varied. 

When the data that enters the data-base are specified by SQL, the examination of 
data can also be formalized in numerical procedures. Such an approach will improve the 
workflow from field-data acquisition and interpretation of datasets to the modelling of 
the underlying mechanisms. While in the past, specific software (like balancing software) 
set the success of geological work-flows, enhanced data handling will provide a tighter 
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link between datasets as input to computer models. The structured storage of data by 
a DBMS in ‘containers’ (Figure 7.4; in computer terms classes) provides computer code 
more consistent access to the enveloping container-class. Software can more seamlessly 
integrate with custom geological datasets when the data-model is specified. A clear ex-
ample of such a data-and-modelling interface in structural geology is the recent work on 
the characterisation of mechanical units on reservoir scale from the handling of fracture 
data in a customized GIS-DBMS environment [Bertotti et al., 2007]. With the storage of 
structural geological datasets within appropriate data models that involve geometries 
and kinematical indicators bring data handling beyond conventional methods. It supports 
better quantitative and more modelling oriented analyses of flexible and extendible da-
tasets and integrates better with computer-based predictive (probabilistic) modelling ap-
proaches. 

7.4 Concluding remarks
The Canadian Cordilleran FFTB has greatly inspired this research. Decades of invalu-

able studies on the area provided the regional geological foundation and structural and 
modelling principles on which much of this study relies.

This research hopefully builds from this foundation by providing a better picture of 
a few essential components that govern the burial and temperature history of the belt. 
Burial itself is determined by emplacement or removal of a load i.e. through sedimenta-
tion or fault-block motions. Burial, as the vertical component of a 2-D forward kinematic 
history of the belt exerts a first-order effect on temperatures evolution of the belt, also 
under steady-state conditions. Variations of such a first-order temperature structure may 
occur by perturbations due to fluid flow, or alternatively by basement heat flow fluctua-
tions and by heat advection only after fast vertical loading. Furthermore, exhumation 
patterns have been described that exhibit the different scales of processes at work, i.e. 
in effect of individual or multiple thrust sheets, basin and basement evolution and large-

Te

OMR

Faults Strat

figure 7.4

A cartoon of the integrating of geological data-storage with process-oriented numerical modelling. data acquisi-
tion is done by an abstraction of observables (i.e. stratigraphy, faults, or by sample analyses like Oml). data-base 
management Systems (dBmS) provide ways to specify the data abstraction and define fitting containers with the 
use of the Structured Query language (SQl). Field-data and sample analyses can be better integrated and coupled 
with forward numerical modelling. For instance burial estimates derived from numerical examination of structural, 
stratigraphic and organic maturity rank data can be compared with forward modelling findings on the down-flexure 
of foreland basins. Change to input parameters (like Te in flexural models) can be directed by the variation in esti-
mated burial.
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scale asthenosphere-lithosphere processes.
This research suggests future work to explore further the coupling between litho-

sphere-scale thermal and rheological discontinuities and the temperature and burial evo-
lution of retro-wedge systems. Inside the thrust-wedge, the interplay between the sedi-
mentary and tectonic burial deserves a parameter-space examination to discriminate the 
limits at which steady-state conditions are superseded and heat advection from thrust 
motions or sedimentary blanketing take over.

Timing forms the final clause. When was the maximum burial reached? When were 
individual thrust-sheets activated in the FFTB? When did tectonic loading take over from 
sedimentary burial? This research has particularly addressed the matter of relative timing 
between sedimentary burial and tectonic loading, the duration of overburden and steadi-
ness (or fluctuations) in temperature and heat flow patterns.

Temperatures and organic matter form key components of this academic exercise. 
The interest in economically recoverable primary energy sources will continue to draw 
attention to the Canadian FFTB, whether for hydrocarbons or geothermicity. This par-
ticular thrust belt will remain an exciting field for both academic and economically driven 
research.
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