
 

 GeoConvention 2022 1

The Evolution of Structural Style in Fold and Thrust Belts, an 
Open Discussion. 
Andrew C Newson, Folded Thrust Geology Ltd. 

Thomas E Kubli, Stepping Out Riding School  

Elena Konstantinovskaya, Earth and Atmospheric Sciences Department, University of Alberta 

 

Summary  

This paper gives an overview of the development of structural style applied to cross-
section construction in compressional tectonic settings. Emphasis is placed on the 
importance of a broad-based data base and awareness of what goes into the 
construction of a 3-dimensional model of a given structure, which ultimately determines 
whether its application in hydrocarbon exploration will be successful. 

 

Definition of Structural Style 

Tectonic or structural style embodies all the morphological features of a given structure 
or group of structures (Hobbs et al., 1976). It is a direct expression of the deformation 
mechanisms that were active during an orogeny and is dependent on lithology and 
tectonic setting.  However, the exact shape of structures is often difficult to determine 
due to the lack of direct observation, especially on a large scale, where portions of 
structures are either hidden beneath the earth’s surface or have been eroded. A solid 
data base, consisting of field observations, well data, including well tops, well logs, 
dipmeters, image logs, and seismic data is therefore crucial to any interpretation. Since 
the geometry of any given structure is often not sufficiently constrained by the available 
data, structural style is largely dependent on two factors, a) the various deformation 
modeling algorithms applied and b) the drafting style of the interpreter.  Thus two 
structural cross-sections produced along the same section line by two different 
interpreters can look entirely different although all available data is honoured by both, 
and both sections are “balanced” in the sense of Dahlstrom (1969). When looking at a 
three-dimensional model of a structure, such as the one shown as a series of cross 
sections in Figure 1, it is thus important to be aware of what deformational models and 
interpretations have been applied to arrive at the final result.  
 
 
History 

The way we have been drawing structural cross-sections has evolved over time.  Early 
mappers had to work with information limited to outcrop and well data only. One of the 
important techniques applied by them was down-plunge projection, which involved 
using the surface outcrop patterns to guide the interpreter in what the cross-section 
would look like (Figure 2).  
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Figure 1. A 3D view of 12 structural cross sections tied together by 2 strike sections, over 
Moose Mountain in the Alberta Fold and Thrust Belt, (after Newson, 2005). 

 

With the advent of seismic imaging, we were able to get some information about the 
shape of structures in the subsurface even though seismic lines were usually displayed 
in time.  Although seismic imaging and deformation modelling has progressed over time 
with the increase in computing power, and seismic imaging is generally better in 
extensional settings (except for salt tectonics), imaging in compressional settings is still 
greatly dependent on ground-truthing. This includes well data, field work, borehole 
imaging and dipmeter analysis.  

Many early regional-scale structural cross-sections have originated in the western North 
American Cordillera and have benefitted from an extensive well and seismic data base 
(Figure 3). The structural styles applied to them are thus influenced by the relatively 
simple deformation models of this typical fold and thrust belt. The concept of cross-
section balancing was developed here, and rules were introduced on how to make a 
cross- section viable and admissible (Dahlstrom, 1969; Elliot,1983, and Woodward et 
al., 1989). The concept was applied that the area of formations on a cross-section had 
to be the same before and after deformation, and an admissible cross-section had to 
obey the deformation model for a certain structural domain. 
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How to draw a section A-B, using down plunge projection. 
 

 
 

 
 
 
2) Foreshorten the map (squash it vertically) to mimic 
the down plunge view 

 
 
 
 
 
 
 
 1) Rotate the map so the view is parallel to the fold axis 
 
 
 
 
 
 
 
 
 
 
 3) Use the foreshortened view at the top to guide the construction of the cross-section underneath. 

 
 
 
 
 
 
 
 
 
 
Figure 2. Viewing the Mountain Park surface geology map (Mackay, 1929) using the down 
plunge projection technique. 
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Figure 3. An early regional cross section (in depth) and seismic line (in time) along Hwy 1a west 
of Calgary. While there is better seismic now available, the areas of poor data on the seismic 
line around JP illustrate a problem familiar to Fold and Thrust Belt interpretation. (MM, Moose 
Mountain duplex, JP, Jumping Pound gas field and TZ, Triangle Zone), (after Price et al. 1984; 
Kubli and Leibel, 1992). 
 

As deformation models have evolved and have become more detailed, structural style 
has also changed and become more diverse.  Early models were often based on simple 
models of fault-bend folding.  As we were able to better model other deformation 
mechanisms, such as fold propagation folding and detachment folding, structural cross-
sections have become more varied in structural styles. One example is the recognition 
of footwall synclines in sub-thrust plays, which are likely the result of breakthrough 
thrusts in early-stage folding (Figure 4). 

More recently, deformation models have gone beyond simply explaining what 
processes have led to the geometry of a given structure.  We have started to model the 
formation of entire fold and thrust belts over time. An accretionary orogen represents a 
dynamic system, and its structural style results from the interaction of multiple factors, 
including isostasy, erosion, rheologic layering, sediment input/output ratio, basal 
underplating and exhumation. Analogue modeling of thrust wedges submitted to 
syntectonic erosion helps to visualize the diversity of exhumation patterns controlled by 
fault propagation depending on the basal friction or the presence of low-friction 
décollement (Konstantinovskaya and Malavieille, 2005; 2011). Presence of 
décollements in the accreted series in eroded thrust wedge allows basal underplating of 
thrust units developing an anticlinal stack, whose growth and location is favoured by 
erosion (Figure 5).   
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Figure 4: LOFF 8 Cross-section near Nordegg, the regional geological section provided the 
initial velocity model needed for correct seismic imaging. This in turn helped identify the 
overturned limb of a footwall syncline, a key element in the understanding of the kinematic 
development of the Fold and Thrust Belt at this location, after Newson, (2015). 

 
Figure 5. Sandbox model of deformed thrust wedge and its interpretation after 115 cm of 
shortening, (after Konstanitnovskaya and Malavieille, 2011). Imposed syntectonic erosion 
carried out along a slope of 6° through the shortening. Basal layers below the décollement 
(glass microbeads) are exhumed in the antiformal stack formed at the rear of the wedge. Thrust 
faults steeply plunge down the section at the frontal part of the growing antiformal stack. The 
cover layers above décollement are completely detached from the basal layers and compressed 
in a synformal klippe.  
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Interaction of surface processes and wedge mechanics in model thrust wedges 
demonstrated that different accretion mechanism (frontal accretion, backthrusting, 
underthrusting and underplating with duplex emplacement) may function simultaneously 
at different parts of the eroded wedge to maintain flux steady state conditions, when the 
volume of eroded material remains equal to the volume of newly accreted material, 
under a constant surface slope during shortening. 

As modern structural cross-section construction and balancing was applied to different 
parts of the world in various tectonic settings, it became obvious that the styles 
developed in the western N-American Cordillera could not be applied world wide, and 
other styles had to be developed and tested.  Other mechanisms, such as thick-skinned 
tectonics and sometimes associated inversion structures had to be added to the toolbox 
of applied structural styles (Figure 6). In turn these new findings from other parts of the 
world have come back to our area, such as the recognition of inversion structures in the 
NE British Columbia foothills. 

 

 
Figure 6. Regional structural cross-section in the Zagros fold and thrust belt of Kurdistan, 
incorporating structural styles of thin-skinned, thick-skinned as well as inversion tectonics, (from 
Kubli and McKenna 2013).  
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Conclusions 

In summary, structural style in our part of the world has seen a diversification and 
improvements in details over the years, and us geologists have been able to increase 
our understanding of structural interpretation.  With all the advances in seismic imaging, 
deformation modelling and reservoir modelling, we think that structural style is still as 
important now as it was back in the early days of cross-section construction, and we 
must continue to improve it by integrating new inputs from seismic, well data and field 
work.  Without the proper input and interpretation, it will be difficult to construct models 
that properly reflect the 3-dimensional shapes of structures and to properly place 
successful well bores.  
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