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ABSTRACT

Critical wedge theory (CWT) explains the large-scale architecture, kinematic evolution and
strain distribution of fold-thrust belts (FTBs) for both plastic and Coulomb wedges. During
progressive deformation in an FTB wedge, the taper tends to decrease due to a variety of
causes. CWT requires continued deformation in the back of the wedge to maintain critical
taper in the wedge as a whole. Since the overall taper of the FTB wedge is typically de-
termined by the geometry of a dominant thrust sheet in the hinterland of the FTB, it is the
deformation behavior of such a sheet that defines wedge behavior as a whole. After initial
emplacement of a dominant hinterland sheet, deformation in the back of the wedge may
result in passive uplift and/or translation of the dominant sheet, or it may result in active
deformation of the entire back of the wedge. The Sevier fold–thrust belt (FTB) provides
an excellent natural example for evaluating these CWT-predicted behaviors based on three
decades of structural studies. In summary, the Lewis segment (initial taper ∼9◦), the Cen-
tral Utah segment (initial taper ∼6◦) and the Provo segment (initial taper ∼3◦) of the Sevier
FTB have different initial sedimentary prism geometries and lithotectonic configurations,
providing contrasting examples that are end-case scenarios of dominant hinterland sheet
behavior both during initial emplacement and during late stage deformation of the back of
the wedge as an FTB evolves. Strain data from these three areas are compatible with the
interpretive models.

ARTICLE INFO

History:
Received: 24 December 2025
Revised: 01 April 2026
Accepted: 06 May 2026
Published: 12 May 2026

Keywords:

fold-thrust belts;
strain behavior;
passive margin sediments;
structural evolution

Citation:
Mitra, G.; Boyer, S.E.;
Kwon, S.; et al. Lateral
Variations in Evolution of a
Fold-thrust Belt Hinterland:
Passive versus Active
Behavior of Dominant
Internal Thrust Sheets.
Habitable Planet 2026,
2(2), 303–324.
https://doi.org/10.63335/
j.hp.2026.0040

Copyright: © 2026 by the authors. This is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).
Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://www.sciltp.com/journals/hp
mailto:skwon@yonsei.ac.kr
https://doi.org/10.63335/j.hp.2026.0040
https://doi.org/10.63335/j.hp.2026.0040
https://creativecommons.org/licenses/by/4.0/


Mitra et al. Habitable Planet, 2026, 2(2), 303–324

Research Highlights

• Internal hinterland thrust sheets are dominant structural elements for explaining large-scale FTB evolution.

• Large-scale FTB evolution has lateral variations in terms of passive vs. active behavior of dominant internal
thrust sheets.

• The mechanical behavior of internal thrust sheets is governed by multiple factors affecting the orogenic
wedge.

1. Introduction

Hinterland thrust sheets play a prominent role in the
evolution of most retroarc fold-thrust belts (FTBs) that typ-
ically evolve from passive margin sedimentary sequences.
The hinterland sheets originate from the thick miogeoclinal
portion of the sequence outboard of the shelf–miogeocline
hinge and are emplaced along crustal scale ramps onto
the shelf [1]. In terms of their sheer size and displacement
the hinterland sheets dwarf the rest of the fold-thrust belt
[2]. In addition, during the prolonged history of deforma-
tion, uplift and erosion, the rocks in these sheets are car-
ried up from intermediate crustal levels in areas with high
geothermal gradient up to shallow crustal levels in areas
with significantly lower (cratonic) geothermal gradients [3].
This, together with repeated reactivation during successive
episodes of thrusting, results in hinterland thrust sheets
commonly displaying complex thermal and kinematic his-
tories. The complex structures in these sheets have to be
carefully evaluated [4, 5] to understand mechanisms in the
hinterland that drive thrusting on to the foreland. Although
the details of structural geometry and kinematic evolution
of hinterland sheets may vary from one FTB to another,
in all cases their continued activity throughout FTB evolu-
tion provides the structural elevations and surface slopes
necessary to propagate thrusting toward the foreland in an
FTB [6].

The structural evolution of an individual hinterland
thrust sheet can be affected by a variety of factors that
include the following: the geometry of the original sedi-
mentary prism and its lithotectonic configuration, the ma-
terial properties of the rocks in the sedimentary prism, the
geothermal gradient and how it varies from the hinterland
to the foreland, the presence or absence of fluids within
the tectonic wedge, and the rate of shortening within the
fold-thrust belt as a whole. These factors are expected
to vary from one orogen to another, but they can also
change along strike within a single FTB so that the hin-
terland evolves differently in different segments along the
length of the FTB. The Sevier FTB of the North American
Cordillera shows along-strike changes in many of these
factors resulting in significant lateral variations in the struc-
tural evolution of the FTB.

We have carried out considerable structural mapping,
and undertaken detailed outcrop-scale analysis, and mi-
crostructural and strain studies in different internal (hinter-
land) thrust sheets of the Sevier FTB over the past three

decades. Here we summarize the data from a number of
these studies in the context of the large-scale tectonic set-
ting and discuss their implications for the evolution of hin-
terland sheets in different segments of the Sevier FTB. The
commonalities and contrasts in observed patterns may
also serve as useful models for evaluating hinterland thrust
sheets in other FTBs.

2. Background

2.1. Wedge Theory

Critical wedge theory [7, 8] provides us with a useful
conceptual framework for the large-scale evolution of fold-
thrust belts (FTBs). It is now widely accepted that for plas-
tic [7], Coulomb [8] and hybrid, two-layer elastic-frictional
(EF)–quasi-plastic (QP) [9] wedges, the taper of the wedge
(given by the sum of its surface slope α and its basal dip
β) has to reach a critical value for the wedge to slide along
its base. A variety of factors can affect the orogenic wedge
during its progressive evolution [6]. For example, the shape
of the wedge may change due to surface erosion bringing
the wedge into the subcritical field. Flexure of the litho-
sphere due to loading by thrust sheets can also affect
wedge taper (by changing both α and β) so that the wedge
becomes subcritical. Alternatively, changes in material be-
havior of the wedge can change the critical taper condi-
tion so that the wedge moves off the critical taper line; for
example, increase in the strength of the wedge (by strain
hardening) or weakening of the base (due to the forma-
tion of strain softening mylonites under plastic deformation
conditions or as a result of increase in fluid pressure along
the base) can depress the critical taper line and cause the
wedge to become supercritical.

During the evolution of a backarc FTB, the wedge can
respond to short-term supercritical stages by imbrication
at the wedge-toe thereby reducing overall taper. Similarly,
short-term subcriticality due to erosion can be counter-
acted by shortening and thickening in internal thrust sheets
at the back of the FTB wedge thereby increasing overall
taper [6]. More importantly, over the long term, erosion re-
duces the surface slope component of wedge taper. This
requires continued deformation in the back of the wedge
throughout the history of evolution of an FTB [10] for the
wedge to continue movement along its basal decollement.

Evidence for such continued out-of-sequence reacti-
vation in internal thrust sheets has been described from
different parts of the Sevier FTB in the North American
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Cordillera [6, 11]. Provenance data from synorogenic sedi-
ments [12–14], timing of folding and faulting from structural
cross-cutting relationships [3, 4, 6, 15] and uplift histories
from fission track data [12, 16] together provide a con-
sistent story for wedge evolution. Geometric analysis and
related kinematic restorations also require synchronous
thrusting, out-of-sequence imbrication, and thrust reacti-
vation [17–19]; although less reliable for the absolute and
relative dating of thrust motions, such geometries may be
the only means to extract kinematic evidence in the ab-
sence of synorogenic sediments. The evidence suggests
that thrusting progresses onto the foreland with time while
concomitantly the hinterland continues to be reactivated
and uplifted. Major internal (i.e. hinterland) thrust sheets
reach large structural elevations and are the dominant con-
tributors of synorogenic sediments to the foreland basin
[12].

Internal (hinterland) thrust sheets tend to be signifi-
cantly larger than external sheets [20], and are lithotec-
tonically stronger than external sheets, being made up of
crystalline basement rocks and/or quartz-rich sedimentary
rocks [6, 20]. They also tend to show significantly larger
translation on their underlying thrust faults and have there-
fore been referred to as dominant thrust sheets [17]. These
large translations are not only geometrically necessary for
properly balanced cross-sections [21, 22] but are also re-
quired mechanically to drive thrusting on to the foreland
during progressive evolution of any FTB [6]. As indicated
earlier, these sheets tend to be active over the entire pe-
riod of evolution of an FTB, so that some parts of the larger
translation may accumulate during periods of reactivation
after the initial emplacement of the thrust sheet [17].

Thus, the deformation history of internal dominant
thrust sheets plays an important role in the evolution of
FTBs as a whole [11]. Any backarc FTB may be thought
of as being made up of two juxtaposed wedges: a strong,
thick rear wedge with larger taper, and a weaker, thinner
frontal wedge with lower taper [6]. Shortening and thick-
ening of the rear wedge enhances taper of the wedge as
a whole and drives thrusting onto the foreland. Because
of the dominant role of the rear wedge in the mechanical
evolution of the FTB as a whole it is important to under-
stand the structural evolution of internal thrust sheets at
all scales. The actual behavior of the FTB hinterland may
vary along strike depending on a variety of factors that in-
fluence the deformation of internal thrust sheets.

2.2. Factors Affecting Wedge Evolution

Any retroarc FTB develops from an initial sedimen-
tary prism [1] that most likely formed in a passive mar-
gin setting. If we make the simplifying assumption of a
basin-filled sedimentary prism (i.e. one with a horizontal
top) at the start of deformation, then the underlying base-
ment slope (β) determines the initial taper of the tectonic
wedge. Physical and numerical 3-D modeling studies [23–
26] show that during initial deformation the back end of the
sedimentary prism must shorten and thicken for the wedge
to reach critical taper before it starts sliding at its base [7].

Field evidence (e.g. [6]), physical models (e.g. [27, 28]),
and numerical models [26, 29] all suggest that this pro-
cess actually progresses from the back to the front of the
wedge through time and thrusting propagates toward the
foreland. To simplify calculations, we can visualize the ta-
per enhancing deformation as a one-step process and cal-
culate the minimum shortening required within the wedge
for the entire wedge to reach critical taper [11, 30] and re-
lated works by the authors. We realize that this approach
does not take progressive deformation and surface erosion
or other complicating factors into account but it does pro-
vide us with first order results that allow us to compare the
behavior of tectonic wedges that evolve from sedimentary
prisms with different initial tapers. For the same displace-
ment in the back of the wedge, a sedimentary prism with
high initial taper will need less internal deformation than
one with low initial taper to reach the critical state. In a
low taper sedimentary prism much of the displacement in
the back of the wedge will be used to build wedge taper
and the wedge will therefore undergo very little translation
on the sole fault or basal decollement [11, 30]. A high ta-
per prism, on the other hand, will reach critical taper with
a small displacement and the remaining displacement will
cause the wedge to slide along its base [11, 30].

Passive margin settings, obtained by restoring bal-
anced cross-sections, typically show variations in the un-
derlying basement slope from the continental shelf to the
continental slope [1, 11]. Sedimentary prisms formed in
such settings reflect this variation by a change in geome-
try at the “shelf–miogeocline hinge” from a thinner, lower
taper shelf sedimentary prism to a thicker, higher taper
migeoclinal prism. Thus, as deformation in an FTB typi-
cally progresses from the miogeocline to the shelf (fore-
land) different parts of the sedimentary prism require differ-
ent amounts of internal shortening and thickening to reach
critical taper [11, 30]. The thicker, higher taper miogeocli-
nal portion of the prism typically forms one or two dom-
inant thrust sheets that require little or no internal short-
ening to reach critical taper and therefore undergo large
translations. Thrust sheets formed from the shelf part of
the prism, at a later stage of thrusting, require significantly
more internal shortening to reach critical taper and gener-
ally develop many more thrusts with less translation along
those thrusts [11].

The internal shortening of any individual thrust sheet
can take place by a variety of different deformation mech-
anisms depending on the ambient deformation conditions
(Figure 1). During thrusting, the upper part of the wedge
is in the elastico-frictional (EF) regime [31] and will deform
by faulting (with cataclasite-development) and flexural-slip
folding at various scales [32], and by mesoscopic block-
controlled cataclastic flow [3, 32]. At deeper levels within
the wedge, below the EF-QP transition, the rocks will de-
form by quasi-plastic (QP) processes [31] and will develop
tight folds and penetrative cleavage [32], together with
mylonite development along small to large shear zones
(faults) [20, 31]. In addition, variations in rheology and de-
gree of lithification can also promote tight to recumbent
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folding even in the shallow parts of accretionary prisms,
resulting in diffuse strain distribution without major fault lo-
calization [33]. We should note, however, that irrespective
of the actual distribution of deformation mechanisms the
total energy expended in the emplacement of a large thrust
sheet is approximately the same in different areas [3], al-
though the work may be partitioned differently in different
settings.

The actual depth at which transition occurs from EF to
QP processes is temperature-dependent and will vary with
the geothermal gradient. In the simplest case, with a con-
stant geothermal gradient and the same lithotectonic com-
positions within the wedge, a thinner sedimentary prism
(Figure 2a) will have a larger fraction deforming in the EF
regime than a thicker sedimentary prism (Figure 2b). In-
terestingly, this will hold true even after both prisms have
reached critical taper (Figure 2a,b). If, on the other hand,
we compare sedimentary prisms with the same initial ta-
per but different lithotectonic configurations (Figure 2b,c),
it is the material properties of the rocks that will determine
the deformation behavior of the wedge. Other factors being
equal, a wedge made up of rocks with higher strength will
generally have its EF-QP transition at a deeper level than

a weaker wedge (compare Figure 2c with 2b). In addition,
since it requires less thickening to maintain critical taper, a
larger portion of a strong wedge will continue to deform in
the EF regime during progressive deformation.

The temperature necessary for the transition from EF
to QP deformation is material dependent and will there-
fore vary from one lithology to another. Thus, for the same
geothermal gradient, a carbonate rich wedge will switch
from cataclastic behavior to plastic behavior at a signifi-
cantly shallower depth than a wedge made up dominantly
of quartz-rich rocks or quartzo-feldspathic rocks [11]. For
an individual wedge of variable lithology, the deformation
at a certain depth (and, therefore, temperature) may take
place by cataclasis in some lithologies and plastic defor-
mation in others; thus, the switch from EF to QP behavior
of the wedge as a whole may be determined by the domi-
nant lithology within the wedge. It is also important to note
that since sedimentary prisms do not have a single uni-
form composition the strength of any wedge as a whole
will depend on its overall lithotectonic composition. These
factors, together with subtle variations in initial taper and
thickness variations within a wedge, will determine how the
wedge evolves during progressive deformation.

Figure 1. During the evolution of any FTB wedge different parts of the wedge deform by different deformation mecha-
nisms. In the EF regime much of the shortening takes place by flexural slip folding, small scale faulting, and cataclastic
flow. In the QP regime the shortening takes place dominantly by tight folding and the development of penetrative cleav-
age fabrics. The change takes place at the EF-QP transition whose depth is dependent on a variety of factors including
the geothermal gradient, dominant lithologies, rates of deformation, and presence or absence of fluids.
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Figure 2. The effects of initial basin geometry on the taper evolution of an FTB wedge. Sedimentary basins with initial
basal slopes of (a) 3◦ and (b) 6◦ require different amounts of shortening to reach critical taper. Because α and β have
different effects on the criticality of a wedge, the actual critical taper angle is different in the two cases. Also, assuming
the same depth to the EF-QP transition (i.e. same geothermal gradient) in the two cases a larger fraction of the low basal
slope wedge deforms in the EF regime throughout its deformation history. (c) A wedge with dominant lithologies that
have higher strength will typically show EF-QP transition at deeper levels than a wedge dominated by weak rocks like
“b”. The stronger wedge also requires a lesser taper to reach critical state. For initial sedimentary prisms of the same
basal slope the stronger wedge will require lesser shortening to reach critical taper, and a larger fraction of the wedge
will undergo this deformation by cataclastic processes above the EF-QP transition.

2.3. Changing Conditions during Wedge Evolution

During the progressive deformation of an FTB wedge
its structural geometry changes, thereby altering the condi-
tions of deformation. This is particularly important in dom-
inant internal thrust sheets that have prolonged deforma-
tion histories and account for most of the shortening that
takes place in an FTB wedge [2, 11]. Subtle differences in
initial taper, lithotectonic configuration, geothermal gradi-
ent, and rates of deformation and erosion, can cause inter-
nal thrust sheets in adjoining portions of FTBs to behave
quite differently from one another.

In order to evaluate the structural evolution of internal
sheets it is best to start with a simple model of thrust sheet
emplacement and erosion. When a thick internal (hinter-
land) thrust sheet first starts to deform, the rocks close to
the fault undergo layer parallel shortening (LPS) and fault-

parallel shearing [3, 34, 35] under quasi-plastic conditions
and develop penetrative plastic deformation fabrics (Fig-
ure 3a). As the sheet climbs section over regional-scale
ramps and is emplaced on to an upper flat of younger
forelandward rocks, it dramatically changes the taper of
the rear of the wedge making it locally supercritical (Fig-
ure 3b) [11]. The wedge as a whole is now critical and
new thrusts can develop and propagate toward the fore-
land [11]. During the emplacement of such a dominant
internal thrust sheet, the sheet carries its own geother-
mal gradient with it so that the rocks in the hanging wall
close to the fault continue to deform under plastic defor-
mation conditions (Figure 3b); at the same time, these hot
hanging wall rocks are placed on top of an upper flat of
colder footwall rocks, thereby perturbing the geothermal
gradient of the wedge as a whole [36]. The higher eleva-
tion in the rear wedge enhances erosion there while the
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overall supercritical wedge taper induces imbrication at
the wedge-toe; these two processes together help to re-
duce the overall taper of the wedge. As erosion catches up
with deformation over time the overall taper of the wedge
is reduced to a critical or even sub-critical state so that
forward imbrication stops [6]. Concomitantly, the geotherm
within the wedge equilibrates, although this happens over
a somewhat longer time-frame [36].

For continued wedge advance the rear of the wedge
must undergo further deformation to enhance overall
wedge taper. Once the geotherm has equilibrated, the
rocks of the dominant internal sheet above the upper flat

are now in the EF regime (Figure 3c) and any further defor-
mation of the sheet is dominated by cataclasis and flexural
slip folding. The resulting overprinting of plastic deforma-
tion fabrics by cataclastic features is generally well pre-
served in FTBs. This is because, under the low pressure-
temperature conditions typical of even the internal por-
tions of FTBs, the rocks preserve all of the evidence for
successive phases of deformation and earlier deformation
features are not obliterated by recrystallization. In other
words, the rocks have excellent memory and yield infor-
mation regarding successive steps in their kinematic and
thermal history.

Figure 3. Model for emplacement of a dominant internal thrust sheet. (a) Hanging wall rocks (open circle) are initially
deformed in the QP regime. (b) As the sheet is carried up over a regional-scale ramp it dramatically enhances the
overall taper of the wedge. The sheet carries its own geothermal gradient and EF-QP transition, placing hotter rocks in
the hanging wall against colder rocks in the footwall along the upper flat; the hanging wall rocks (open circle) continue
to deform in the QP regime. (c) Over a period of time the geotherm equilibrates and erosion reduces the taper of the
wedge. The hanging wall rocks (open circle) are now in the EF regime and any further deformation takes by cataclastic
processes. (d) Wedge taper can be enhanced by passive uplift and/or translation of the internal dominant sheet by de-
formation in its footwall (e.g. by duplexing). (e) Taper is regained by active deformation of the entire back of the wedge.
In this case, much of the hanging wall rocks (open circle) may be deformed by cataclasis in the EF regime, while a large
part of the footwall undergoes penetrative deformation in the QP regime.
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Depending on the lithotectonic composition of the
wedge, continued taper enhancement in the back of the
wedge can proceed by one of two possible deformation
paths for the dominant sheet. If the dominant sheet is sig-
nificantly stronger than its footwall it can be passively up-
lifted and/or translated by deformation (such as duplex-
ing) in its footwall, so that overall wedge-taper increases
to the critical state (Figure 3d). Alternatively, if the dom-
inant thrust sheet and its footwall have similar strengths,
they can both continue to be actively deformed together
by penetrative shortening in the rear of the wedge, thereby
enhancing taper of the wedge as a whole (Figure 3e). Ei-
ther one of these deformation scenarios can be repeated
cyclically through time to enhance wedge taper periodi-
cally and to allow thrusting to propagate progressively onto
the foreland. These are two end-case scenarios but they
provide us with models to compare with in testing natural
examples.

In what follows, we compare the deformation histories
of dominant internal thrust sheets in different segments of
the Sevier FTB in Montana and Utah. Our analyses are
based on regionally balanced and kinematically restorable
cross-sections that incorporate strain data (where avail-
able), as well as mesoscopic and microscopic fabric data
that help us to constrain the kinematic histories used in our
restorations.

3. Geological Examples

The Sevier fold-thrust belt (FTB) is the retroarc FTB of
the Cordilleran orogen of North America. It forms the east-
ern margin of the orogen and is made up of thrust sheets
that have been emplaced onto the North American cra-
ton (foreland). Along its length the Sevier FTB is broken
up into a series of salients or segments [11, 37] that are
separated from one another by reentrants that are defined
by transverse zones (Figure 4). In the following descrip-
tions we focus our attention on the Lewis salient in NW
Montana, and the Provo salient–Central Utah segment in
west-central Utah.

3.1. The Lewis Segment

3.1.1. Regional Geology

The Lewis segment of the FTB in NW Montana and
southern Alberta is dominated by the Lewis thrust sheet
which covers an area of ∼45,000 km2 (Figure 5a). The
Lewis thrust trace is ∼450 km long, extending from Mount
Kidd in Alberta [1, 38, 39] to Steamboat Mountain in NW
Montana [40]. Near its frontal trace the fault carries a thrust
sheet that preserves a stratigraphic sequence made up
of 6–7 km of Proterozoic Belt Series rocks and an over-
lying Paleozoic sequence; the sheet was probably signifi-
cantly thicker at the time of its emplacement in late Meso-
zoic time. The Lewis thrust in western Montana has a
translation of 100 km or more [41], while just north of the
US/Canadian border, refs. [42, 43] place translation of the
leading edge of the Lewis thrust sheet, including piggy-

back motion on eastern footwall sheets, at 140 km. The
thrust climbs section from the base of the Proterozoic sec-
tion to the top of the Mesozoic along a single large ramp,
and places Proterozoic rocks in the hanging wall over foot-
wall Mesozoic rocks in the vicinity of Glacier National Park
in NW Montana (Figure 5) [17, 41, 44].

The Lewis ramp was reactivated as the Flathead nor-
mal fault during post-thrusting extension [41]. This is one
of a series of normal faults that have extended the Lewis
thrust sheet so that it presently covers a transport-parallel
distance of ∼100 km (Figure 5). As in other parts of the
Sevier hinterland, regional restorations must take this ex-
tension into account.

3.1.2. Deformation History

The trailing edge of the Lewis thrust sheet shows
very little internal deformation. There are small folds and
faults, and a weakly developed spaced cleavage is seen
in places. The frontal part of the Lewis sheet, exposed
in Glacier National Park, has a thick (200–500 m) du-
plexed fault zone at the base (Figure 6a); examples of
these imbricate structures were first noted by Willis [45]
at the leading edge of the Lewis in Montana and subse-
quently mapped by Ross [44] and Ruhle [46] and more re-
cently by Yin [47, 48]. Similar scale structures occur in the
Lewis sheet at the Cate Creek and Haig Brook Windows
at the NW edge of the Lewis salient [49, 50]. The duplex
fault zone developed at various locales perhaps as a re-
sponse to erosional thinning of the Lewis thrust sheet as it
moved up the ramp just west of Glacier/Waterton National
Parks. Recent mapping and analysis of structures within
the higher parts of the Lewis sheet shows the presence of
some faulting (Figure 6a) and folding. In addition, calcare-
ous siltstones and shales in the Proterozoic section show
the development of a spaced pressure solution cleavage
at acute angles to bedding (Figures 6b,c). The low-angle
cleavage (Figure 6b) indicates early layer parallel shorten-
ing (LPS) followed by fault-parallel shear.

We have quantified strains in the fine-grained sand-
stones throughout the Lewis sheet close to our line of
cross-section (Figure 5a). Strains were measured parallel
to the transport plane (XZ plane) using the Fry technique
[51–53] and projected onto the line of cross-section (Fig-
ure 5b). Strains in the XY -plane were also measured in a
few samples and show axial ratios close to 1 suggesting
that the rocks deformed dominantly by plane strain in the
middle of the Lewis salient. The XZ strains (parallel to the
transport plane) are generally small (axial ratios generally
< 1.2) within the sheet and have somewhat higher val-
ues (∼1.3) close to the main thrust (Figure 5b). The lack
of penetrative shortening and the paucity of mesoscopic
structures (folds, faults) within the Lewis sheet [43, 50], to-
gether with the large translation on the Lewis thrust, sug-
gest that the sedimentary prism had significant initial taper,
so that most of the tectonic shortening went toward trans-
lation of the wedge rather than taper enhancement [6].
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Figure 4. Regional map showing the Sevier fold-thrust belt of the North American Cordillera. The belt is characterized
by prominent salients (labeled) that are separated by reentrants located at transverse zones. Boxes indicate areas of
detailed maps discussed later in the paper.
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Figure 5. (a) Generalized geologic map of the Lewis thrust sheet showing the major thrust faults and stratigraphic se-
quences. Proterozoic (PCz) and Paleozoic (Pz) rocks are exposed in the hanging wall of the Lewis thrust, and Mesozoic
(Mz) rocks in the footwall. Normal faults in the Lewis hanging wall have created half-grabens filled with Tertiary (T) rocks.
The line of cross-section and locations for strain measurements (open circles) are also shown. (b) Regional cross-
section of the Lewis thrust sheet showing major faults and stratigraphic packages; the hanging wall exposes Proterozoic
Belt sequence rocks everywhere along this line of cross-section. AB shows the section west of the Flathead normal fault
where the Lewis sheet is stripped from Precambrian basement in its footwall, and BC shows the Glacier National Park
section with a Paleozoic-Mesozoic duplex in the footwall of the Lewis thrust. Strain axial ratios parallel to the transport
plane (XZ section) are projected on to the line of section. Note the generally low strain values except near faults.
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Figure 6. Photographs showing characteristic deformation in the Lewis thrust sheet. (a) Exposure of the Lewis thrust
sheet in Glacier National Park showing strongly deformed duplex fault zone (FZ) at the base of the section and low-angle
wedge faults and higher angle faults/fractures cutting through sub-horizontal beds in the Lewis hanging wall. (b) Spaced
cleavage (S1) at low angle to bedding (S0) in Proterozoic calcareous siltstones in the Lewis sheet. (c) Photomicrograph
showing spaced and anastomosing pressure solution seams defining cleavage (S1) at high angle to bedding (S0) in
calcareous siltstone. (d) Broad synclinal fold of the Lewis thrust sheet in Glacier National Park. This folding took place
during the growth of a duplex in Paleozoic–Mesozoic rocks in the Lewis footwall.

During the late stages of deformation, as thrusting
progressed onto the foreland, a sub-thrust duplex devel-
oped in the footwall of the Lewis thrust (Figures 5b). The
Lewis sheet shows little or no evidence for late-stage in-
ternal shortening. Duplexing in the Paleozoic–Mesozoic
footwall section passively uplifted and broadly folded (Fig-
ure 6d) the frontal portion of the Lewis sheet [17]. This
helped maintain taper in the frontal portion of the FTB
and allowed forelandward propagation of thrusting in the
Paleozoic–Mesozoic sequence.

3.1.3. Balanced Cross-Section and Restoration

The regional cross-section (Figure 5b) is drawn along
the line of cross-section shown on the map (Figure 5a)
and incorporates data from adjoining areas that are pro-
jected onto the cross-section. It is similar to earlier pub-
lished sections [41] but also presents data on penetra-
tive strains in the transport plane. A notable feature of the
cross-section is the high density of listric normal faults that
have extended the Lewis thrust sheet since the end of con-

tractional deformation. The effects of this extension are re-
moved as a first step in the restoration.

The complex deformation in the footwall of the frontal
part of the Lewis sheet makes it necessary to undertake
a complex stepwise restoration for these rocks [17]. This
restoration is based on structural relationships that are
obtained from the southern part of the Lewis salient and
the adjoining northern part of the Sawtooth Range [17–
19]. The hanging wall of the Lewis thrust, on the other
hand, shows very few complexities and is restored in a
single step (Figure 7). Because the Lewis sheet has no
preserved Paleozoic–Mesozoic section along this line of
cross-section, the thicknesses for these units are esti-
mated on the basis of what is known about adjoining ar-
eas to the north and south. The geometry of the restored
sedimentary prism depends on how far east the Protero-
zoic basin is assumed to have extended; if the pinchout
of the Proterozoic basin is assumed to coincide with that
of the Ordovician–Silurian pinchout the restoration yields
a sedimentary prism with an initial taper of 10◦–12◦ (Fig-
ure 7b), equivalent to a supercritical taper in a deforming
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wedge. Removing the effects of the small amounts of LPS
strain (Figure 7a) as a last step in the restoration [54] yields
an initial prism with a taper of 8◦–10◦ (with an average ta-
per of ∼9◦) (Figure 7c). Other restored cross-sections (in
southern Alberta) that do not account for LPS strain sug-
gest predeformational dips on the sub-Belt/Purcell base-
ment that are higher than 12◦ [42, 43]; this would result in
equally large initial sedimentary prism tapers when pene-
trative strain is removed.

The high initial taper results primarily from the thick
Proterozoic Belt sedimentary prism that thins rapidly to the
east. This provides us with an explanation of how initial
emplacement of the Lewis sheet could have taken place
with little or no internal shortening of the sheet. Because
the initial prism was already at or close to critical taper it
did not need taper enhancement in order for the wedge to
start sliding along its base [11]. During the later stages of
deformation, wedge taper was enhanced mainly by pas-
sive uplift of the Lewis sheet over a hinterland dipping du-
plex in the underlying Paleozoic–Mesozoic section [17].
Contrasting lithotectonic properties of the stronger hang-
ing wall (Lewis sheet) and the weaker footwall (Paleozoic–

Mesozoic sequence) may have been instrumental in con-
trolling this deformation.

3.2. The Provo – Central Utah Segments

In the Provo–Central Utah segments of the Sevier
FTB (Figure 4) in west-central Utah the internal (hinter-
land) dominant thrust sheets are the Canyon Range sheet
(Figures 8 and 9) and the Sheeprock sheet (Figures 10–
12). These sheets have been extensively affected by Ter-
tiary Basin and Range normal faults with very large dis-
placements, so that only small segments of these sheets
are exposed in the ranges, separated by basins that are
filled with younger sediments. Because the thrust sheets
have been deeply eroded the original lateral extents of the
thrusts is not very clear, but fragments of these sheets
extend as much as 150 km west of their present frontal
traces, covering an area of ∼10000 km2. The Leaming-
ton transverse (oblique) zone separates the two segments
(Figure 4) and the geology is dramatically different on ei-
ther side of the transverse zone. For this reason, we will
discuss the two segments separately and then compare
them with one another and with the Lewis segment.

Figure 7. (a) Cross-section of the main part of the Lewis thrust sheet west of Glacier National Park showing strain in the
Lewis sheet. (b) Restoration of the Lewis thrust sheet using estimated thicknesses of Paleozoic and Mesozoic sections
based on outcrops in adjoining areas. This is a maximum taper restoration that assumes that the eastern pinch-out
of the Proterozoic Belt Basin coincides with the pinch-out of the Ordovician–Silurian sequence in the later Cordilleran
Basin. The restored sedimentary prism has an initial taper of 10◦–12◦. (c) Removing the layer parallel shortening strain
from the restoration shown in “b” yields a sedimentary prism with an initial taper of 8◦–11◦, with an average taper of 9◦.

313



Mitra et al. Habitable Planet, 2026, 2(2), 303–324

Figure 8. (a) Regional geologic map of the Central Utah segment of the Sevier fold-thrust belt showing the major thrust
sheets, Canyon Range (CR), Pavant (PVT), Paxton (PXT) and Gunnison (GUN). The thrust sheets have been pulled
apart by Basin and Range normal faulting and are only exposed in ranges flanked by Tertiary basins. The line of cross-
section XX′ is shown. (b) Regional balanced cross-section of the Central Utah Sevier fold-thrust belt (after [55]) showing
the major thrust faults. The Sevier Desert Detachment (SDD) is a major low angle normal fault that has strongly affected
the dominant internal (Canyon Range and Pavant) thrust sheets. Distribution of plastic strains and estimation of late
stage cataclastic strains in the Proterozoic rocks of the Canyon Range sheet are shown (see [56] for details).
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Figure 9. (a) Cross-section of the Central Utah segment of the Sevier FTB with the effects of normal faulting removed
and showing representative LPS strain in the Canyon Range sheet. (b) Restored Central Utah segment of the Sevier
FTB obtained by stepwise restoration [55]. (c) Removing the layer parallel shortening strain from the restoration shown
in “b” yields a sedimentary prism with an initial taper of 4◦–5◦.

3.3. The Central Utah Segment

3.3.1. Regional Geology

In the Central Utah segment of the Sevier FTB the
Canyon Range and Pavant thrust sheets are the princi-
pal hinterland thrust sheets. The dominant Canyon Range
thrust sheet is well exposed in the Canyon Mountains, but
it also has fragments exposed west of the Sevier desert in
the Drum Mountains, House Range and Confusion Range
(Figure 8a) [3, 55].

The Canyon Range (CR) thrust sheet has a 6 km
thick section of Proterozoic coarse-grained quartzites, and
the trailing edge of the sheet, made up of Proterozoic
through Mesozoic rocks may have been as much as 20
km thick [11, 55]. These rocks were translated as much
as 110 km along the CR thrust. The thrust ramped up
through the Proterozoic–Paleozoic section in the vicinity
of the miogeocline–shelf transition and placed Proterozoic
quartzites in the hanging wall on Upper Paleozoic rocks in
the footwall [3, 55].

3.3.2. Deformation History

The trailing edge of the CR thrust sheet (exposed in
the House Range and Drum Mountains of western Utah)
(Figure 8a) shows only moderate mesoscopic deforma-
tion, but the Proterozoic quartzites closer to the thrust
show a weak but persistent cleavage formed dominantly by
plastic deformation processes. At its leading edge the CR

sheet, exposed in the Canyon Mountains, shows a some-
what stronger cleavage in quartzites close to the CR thrust
and recognizable grain-scale deformation fabrics further
up within the sheet [3]. There are also well-developed
mesoscopic asymmetric folds in the thin bedded quartzites
and wedge faults in somewhat thicker bedded units [3, 56].

Penetrative grain-scale strains were measured in the
quartzites using the Fry technique [51–53]. Strain axial ra-
tios parallel to the transport plane (XZ plane) are generally
small (axial ratios ∼1.2) and strain ellipses fan around the
tight CR syncline hinge (Figure 8b) [3, 32] indicating that
most of the penetrative strain is early LPS. There is little or
no strain in the XY plane (parallel to regional strike) indi-
cating mainly plane strain in the middle of the Central Utah
segment. The low values of early LPS strain suggest that
wedge taper did not have to be significantly enhanced for
translation of the wedge along its base. The overall higher
strength of the coarse-grained metamorphosed quartzite
wedge in this part of the Sevier hinterland may have facili-
tated translation at low taper angles [11].

The leading edge of the CR thrust sheet shows strong
deformation during the late stages of thrusting. The CR
thrust is folded into a tight antiform–synform pair (Fig-
ure 10a) with a footwall connecting splay antiformal stack
duplex developed in the core of the anticline [15]. Most
of the strong deformation in both the hanging wall and
the footwall of the CR thrust was accomplished by block-
controlled cataclastic flow [3, 32] (Figure 10b), indicating
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deformation in the EF regime; this deformation resulted
in locally high strains particularly in the common over-
turned limb of the CR folds that was strongly stretched and
thinned (Figure 8b). The footwall duplex shows microstruc-
tural evidence for a transition from mainly plastic deforma-
tion in the older, higher horses to mainly cataclastic defor-
mation in the younger, lower horses [15]; the older, higher
horses were passively uplifted as successive lower horses
were emplaced. We interpret this to indicate that this late-
stage deformation occurred after the CR sheet had been
emplaced over the miogeocline–shelf ramp onto the upper
flat, and deformation continued over a period of time while
the rocks were progressively unroofed by erosion and the
geotherm equilibrated within the wedge.

We note that both the hanging wall and the foot-
wall of the CR thrust underwent deformation by meso-
scopic block-controlled cataclastic flow (Figure 10b) dur-
ing the late stages of thrusting in this part of the Sevier
FTB. The shortening and thickening of both the CR hang-
ing wall and the footwall by these processes (in the EF
regime) enhanced overall wedge taper in the sedimentary
sequence extending from the miogeocline-shelf hinge to-

ward the foreland. In other words, both the hanging wall
and footwall of the dominant thrust sheet were actively un-
dergoing shortening and thickening during the late stages
of FTB development. This created the wedge-taper condi-
tions that allowed thrusting to propagate forelandward into
the Paleozoic–Mesozoic sequence on the shelf, as far east
as the west limb of San Rafael swell (a foreland Laramide
structure) [57, 58].

3.3.3. Regional Cross-Sections and Restorations

A regional balanced cross-section (Figure 8b) [3, 11,
55] is drawn along the line of section shown on Figure 8a.
The section presented here is based mainly on a recently
published section [55] that incorporates surface geology
[3, 13–15, 59–61], seismic data [62, 63] and well data
[63, 64]. Our section also includes data on penetrative
strains in the transport plane [3, 56]. A feature of the cross-
section is the interpretation of the low angle Sevier Desert
seismic reflector [62] as a regional-scale listric normal fault
[11, 55, 62] that has pulled apart earlier Sevier FTB con-
tractional structures; the effects of this extension are re-
moved as a first step in the restoration (Figure 9).

Figure 10. Photographs showing deformation characteristics in the Canyon Range and Sheeprock thrust sheets. (a)
Photo looking north showing the core of the tight Canyon Range syncline that exposes folded Eocambrian quartzites
(Ct), Cambrian shales (Cp), and Cretaceous conglomerates (Kc); the east limb dips ∼40◦ while the west limb has vari-
able dips (∼50◦ to near vertical) and is very strongly deformed. (b) Outcrop scale fracturing of Proterozoic quartzites
in the Canyon Range syncline; cataclastic flow, with the blocks sliding past each other, results in significant strains. (c)
Outcrop scale folding and cleavage development in Proterozoic micaceous quartzites in the Sheeprock thrust sheet;
note the fanning of cleavage around the fold hinge. (d) Photomicrograph of Proterozoic quartzite from the Sheeprock
thrust sheet showing a penetrative tectonic foliation defined by parallel alignment of stretched quartz grains and micas.
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Figure 11. (a) Regional geologic map of the Provo salient of the Sevier fold-thrust belt showing the major thrust sheets,
Sheeprock, Tintic Valley, East Tintic, Midas and Charleston-Nebo. The thrust sheets have been pulled apart by Basin
and Range normal faulting and are only exposed in ranges flanked by Tertiary basins. The line of cross-section AA’ has
a bend in it in keeping with the local tectonic transport direction. (b) AA’. Regional balanced cross-section of the Provo
salient in the Sevier fold-thrust belt (after [11]) showing the major thrust faults. Representative LPS strain measurement
in the different thrust sheets are shown (see [65] for details). I. Cross-section of the Provo segment of the Sevier FTB
with the effects of normal faulting removed. J. Restored section obtained by stepwise restoration of successive thrusts
[11]. K. Removing the layer parallel shortening strain from the restoration shown in “c” yields a sedimentary prism with
an initial taper of ∼10◦ near the miogeocline-shelf hinge, and a taper of <3.5◦ at the back of the wedge.
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Figure 12. (a) Geologic map of the Sheeprock mountains showing the broadly folded Proterozoic–Paleozoic sequence
of the Sheeprock thrust sheet. Representative strain ellipses show variation in stretching direction within the sheet with
an overall radial stretching pattern; this is overprinted by prominent pure shear flattening in the back-limb of the syncline
resulting in transport-perpendicular stretching directions. (b) Cross-section showing the broad synclinal folding of the
Sheeprock thrust sheet, and the general pattern of acute cleavage-bedding angles throughout the sheet.

Multiple reactivation of the internal thrust faults and a
complex deformation history [3, 11, 15] make it necessary
to undertake a careful stepwise restoration to ensure that
successive steps in the restoration are kinematically fea-
sible; the details of the stepwise restoration of successive
thrusts are described by [55]. Because Upper Paleozoic
and Mesozoic rocks are eroded and no longer preserved
in the Sevier hinterland [59] their thicknesses have to be
estimated on the basis of isopach gradients. The geome-
try of the restored sedimentary prism [55] has a taper of
5◦–6◦. Removing the effects of the small amounts of LPS
strain reduces the initial taper to 4◦–5◦.

In spite of a thick Proterozoic through Mesozoic sec-
tion in the hinterland the initial sedimentary prism has only

a moderate taper of 4◦–5◦. This is because the change in
thickness of the sedimentary section takes place gradually
over a long distance. The dominance of coarse-grained re-
crystallized quartzites in the Proterozoic section and the
incorporation of crystalline basement slices in the hanging
wall during thrusting gave the wedge high strength and in-
creased its taper so that it required limited taper enhance-
ment in the sedimentary section before the large internal
thrust sheets were emplaced (Figure 2). During the later
stages of deformation taper enhancement in the hinterland
was achieved by active shortening and thickening in both
the hanging wall and the footwall of internal thrusts mainly
by cataclastic processes [3, 56].
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3.4. Provo Segment

3.4.1. Regional Geology

In the Provo segment of the Sevier FTB the Sheep-
rock thrust sheet is the dominant thrust sheet (Figure 11a).
This sheet has a thicker (∼10 km) Proterozoic section than
the Canyon Range sheet in the Central Utah segment and
is made up mainly of siliciclastic rocks [54, 66, 67]. The
trailing edge of the Sheeprock sheet may have carried a
Proterozoic through Mesozoic section that was as much
as 25 km thick (Figure 11b) [11]. The thrust sheet was
translated through only ∼10 km but the rocks show map-
scale overturned folding in both the hanging wall and the
footwall suggestive of large-scale fault propagation folding.
The Sheeprock thrust ramped up through the Proterozoic –
Lower Paleozoic section placing Proterozoic hanging wall
rocks on Lower Paleozoic footwall rocks.

3.4.2. Deformation History

The leading edge of the Sheeprock thrust sheet in
the Sheeprock Mountains exposes Proteozoic and Lower
Paleozoic rocks that are folded into a broad syncline to-
gether with the underlying thrust (Figure 12a,b) [54, 67].
The rocks of the thrust sheet show open to tight folding
at all scales particularly in thin-bedded units (Figure 10c).
In addition, they are penetratively deformed, with well-
developed cleavage formed dominantly by plastic defor-
mation processes (Figure 10d) [54, 67]. Fanning of cleav-
age around mesoscopic folds (Figure 10c) indicates that
the cleavage fabric formed by early LPS before the beds
were folded. At a larger scale the cleavage shows an
acute angle relationship to bedding throughout much of
the thrust sheet (Figure 12b), indicating modification of the
LPS fabric by fault parallel shearing early in the deforma-
tion history [67]. The mountain ranges defining the trail-
ing edge of the Sheeprock sheet in western Utah expose
mildly deformed Lower to Middle Paleozoic rocks that are
extensively intruded by Tertiary igneous rocks [59].

The Proterozoic quartzites in both the hanging wall
and the footwall of the Sheeprock thrust are penetratively
deformed and the three-dimensional strain in these rocks
has been systematically measured and analyzed [54, 67]
using the Fry technique [51–53]. Strain axial ratios in the
hanging wall parallel to the transport plane (XZ plane)
range from 2.5 close to the fault to 1.2 high up within the
sheet, with an average of 1.5–1.6; footwall XZ strain axial
ratios range from 1.1 to as high as 1.8 close to the fault
[54]. The strain axial ratio and the angle of the strain long
axis relative to the shearing plane (parallel to the thrust) at
various locations within the thrust sheet indicate that the
total penetrative deformation is a result of superposition
of inhomogeneous simple shear parallel to the fault and
pure shear flattening perpendicular to the fault [54, 68].
This type of deformation can lead to axis switching in the
strain ellipsoid as the strains increase, with the long axis
switching from transport-parallel to an orientation parallel
to strike [69]; the strain axis switching pattern observed
on the back-limb of the Sheeprock syncline (Figure 12a)

[54] is best explained as resulting from this mechanism.
The axis-switching pattern is superposed on an overall ra-
dial pattern of transport-parallel long axes at the front of
the sheet that is interpreted (based on 3-D finite element
modeling) as an effect of 3-D gravitational spreading in
the back of the wedge [26]. The large LPS strains sug-
gest that the sedimentary prism had to undergo significant
taper enhancement by plastic deformation processes to
allow thrusting along a sole thrust, and also explains the
small translation observed along the thrust fault.

The overall strain distribution in the Sheeprock hang-
ing wall ranges from flattening to constrictional, with a ten-
dency toward plane strain parallel to the transport plane.
However, on a regional scale, the plane strain pattern is
only observed in the middle of the Provo salient [26, 65].
Along the northern (Uinta transverse zone) and southern
(Leamington oblique zone) margins of the salient the XZ
strain orientations radiate outward from the regional trans-
port direction, and this pattern is accentuated during the
later stages of deformation [65, 70].

During the late stages of deformation, the Sheeprock
thrust sheet underwent cataclasis that overprinted all ear-
lier structures and is observable at mesoscopic and mi-
croscopic scales [15]. Late stage cataclasis is also seen
in the Sheeprock footwall, both in the southern Sheeprock
Mountains and in the Tintic Valley thrust sheet in the Gilson
Mountains [70]. As in the adjoining Canyon Mountains the
late-stage deformation in the Gilson Mountains occurred in
the EF regime and was accomplished by block-controlled
cataclastic flow [3, 70]. The late-stage deformation shows
significant vertical axis rotation of local transport planes
along the lateral boundaries of the Provo salient where
the thrust sheets were emplaced over regional scale lat-
eral and oblique ramps [70]; this results in a truly three-
dimensional strain field for the salient as a whole. Over-
all thickening of the middle of the salient continued by
fault propagation folding and faulting. This continued defor-
mation in the hanging wall and footwall of the Sheeprock
thrust resulted in active thickening of the entire rear wedge
that enhanced overall wedge taper and allowed thrusting
to propagate toward the foreland.

3.4.3. Regional Cross-Sections and Restorations

A regional cross-section (Figure 11b) is drawn along
the line of section shown on Figure 11a [11]. Because
of extensive basin-fill in the normal faulted basins formed
during Tertiary Basin and Range extension there is only
limited information available from surface geologic maps
in this segment of the Sevier FTB. This, together with a
paucity of subsurface data, results in a regional cross-
section that is only approximately balanced [11]. Signifi-
cant strains (axial ratios averaging 1.5–1.6) are observed
in the internal thrust sheets [65] and are incorporated in
the cross-section; the external sheets also show some
penetrative deformation (strain axial ratios ∼1.28) (Fig-
ure 11b-H).

A stepwise kinematically feasible retrodeformation in-
cludes removal of late-stage extension as a first step
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(Figure 11b-H) [11, 68]. Each of the major thrust sheets
involves limited translation along the fault but shows re-
gional scale fault propagation folding extending up through
the Proterozoic–Mesozoic section. Each sheet is restored
using line-length and area balancing using the basement–
cover contact as the detachment depth, since Proterozoic
cover rocks are always observed in the hanging walls of
these sheets and the basement is not seen (Figure 11b-
J). The depth of this contact is estimated by using regional
stratigraphic data and return to regional dip arguments.

The final restoration suggests that the sedimentary
prism was strongly tapered (∼10◦) over a short distance
on the outboard side of the miogeocline–shelf hinge, with a
steep basement slope. This is consistent with the interpre-
tation of the Provo salient (particularly the strongly convex
Charleston–Nebo thrust system) as having evolved from a
deep embayment that extended eastward from the main
miogeoclinal margin during the Proterozoic and into mid-
Paleozoic (Oquirrh) time [65, 71]. Beyond the edge of the
miogeocline the sedimentary prism is thick but has a low
basal slope and therefore a low taper (∼4◦). Removal of
the LPS strain as a last step in the retrodeformation (Fig-
ure 11b-K) [54] lowers the taper even more (to ∼3◦).

The low initial taper at the back of the tectonic wedge
required significant taper enhancement prior to wedge em-
placement along a sole thrust. Since much of the lower
part of the wedge was below the EF-QP transition for
quartzites much of the shortening and thickening took
place by plastic deformation processes, with a dominance
of fault propagation folding over translation along thrust
faults, and the development of a penetrative cleavage
in the Proterozoic quartzites (Figure 11b-K). With little
lithotectonic contrast between successive internal thrust
sheets they all continued to actively shorten and thicken
during the later stages of deformation as thrusting propa-
gated onto the foreland. Some of this late-stage deforma-
tion in internal sheets took place by cataclasis as the rocks
were brought progressively closer to the surface as a result
of erosion off the top of the tectonic wedge.

4. Discussion

The internal (hinterland) thrust sheets in different seg-
ments of the Sevier FTB show similarities and differ-
ences in their deformation patterns. Because of their large
size and great displacement, they are clearly dominant in
their roles in the evolution of the FTB as a whole within
each segment. Lateral variations in initial basin geometry,
stratigraphy, lithotectonic characteristics (Figure 13) and
geothermal gradient all contribute to the deformation char-
acteristics of the dominant sheets, and this in turn affects
the overall evolution of the external segments of the FTB.

In each of the FTB segments described above the
dominant internal sheet has the largest displacement of
any sheet within that segment and is active through the
entire period that FTB deformation takes place [11]. The
displacement may be differently partitioned into translation
and internal deformation in the different cases. In all cases

the dominant sheets are repeatedly reactivated to create
higher elevations in the back of the wedge and maintain
critical taper within the wedge. Timing information sug-
gests that this is directly instrumental in driving thrusting
in the external portion of the FTB [6, 11].

In the Lewis segment the sedimentary prism had suf-
ficient initial taper (Figure 13) to allow the dominant Lewis
sheet to be emplaced with little or no internal deformation.
Although the rocks at the base of the sheet were initially
deformed at depths of ∼20 km, the lack of plastic deforma-
tion features in quartz-rich rocks suggests that deforma-
tion took place at very low metamorphic grades; the most
likely explanation for this is a low geothermal gradient in
this portion of the FTB. During the later stages of defor-
mation there was sufficient lithologic contrast between the
quartz-rich Proterozoic Lewis hanging wall rocks and the
weaker clay- and carbonate-rich Paleozoic–Mesozoic foot-
wall rocks (Figure 13) for deformation to be confined to the
footwall and to allow the Lewis sheet to be uplifted and
translated passively (Figure 3d).

In the Central Utah segment, by contrast, the sedi-
mentary prism had a lower initial taper even though the
back end of the wedge had approximately the same thick-
ness as in the Lewis segment (Figure 13). In spite of the
lower taper, the coarse recrystallized quartz-rich rocks that
make up the lower third of the wedge (Figure 13) gave the
wedge sufficient strength to allow the dominant Canyon
Range thrust sheet to be emplaced with very little inter-
nal shortening. The quartzites show plastic deformation
features indicating higher metamorphic grades than in the
Lewis sheet and suggesting a higher geothermal gradi-
ent in this FTB segment. In the late stages of thrusting
there was very little lithologic contrast between the Canyon
Range sheet and its footwall (Figures 9 and 13) and the
entire back of the wedge was actively shortened and thick-
ened by cataclastic processes to maintain critical taper
(Figure 3e).

The adjoining Provo segment has a thicker sedimen-
tary prism but the hinterland portion had very low initial
taper (Figure 13). The wedge required significant shorten-
ing and thickening to achieve critical taper. Much of the
lower half of the wedge was in the QP regime and de-
formation in the Proterozoic siliciclastic rocks took place
by plastic deformation mechanisms (Figures 10 and 13).
Most of the displacement in the back of the wedge was
absorbed in penetrative grain-scale deformation and fold-
ing (Figure 10c,d) to achieve critical taper, and the dom-
inant Sheeprock thrust shows relatively small translation.
As in the case of the Central Utah segment, here too there
was little lithologic contrast between the Sheeprock hang-
ing wall and footwall rocks during the late stages of de-
formation (Figures 11b and 13), and the entire back end of
the wedge was actively shortened and thickened by plastic
deformation in the lower part of the wedge and cataclas-
tic processes closer to the surface; this helped to maintain
critical taper in the wedge as a whole as thrusting pro-
gressed into the external portions of the FTB.
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Figure 13. Comparison of lithotectonic configurations and initial tapers of the sedimentary prisms in three segments of
the Sevier FTB. For each area the real wedge taper is shown in the grey cross-section (with equal vertical and horizontal
scales); the lithotectonic makeup of the wedges are shown in colored cross-sections with 2x vertical exaggeration. In all
cases the Proterozoic sections are quartz-rich although there are significant variations in grain-size from one segment
to another affecting rock strength. The Paleozoic sections are typically carbonate-rich, although the Middle Paleozoic
(Oquirrh) section in the Provo segment is quartz-rich. The Mesozoic sections are dominantly fine-grained clastics. The
variations in taper and lithotectonic packaging result in significantly different deformation histories, both during the initial
emplacement of the dominant internal thrust sheets and during continued deformation as thrusting progresses toward
the foreland (see details described in the text).
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5. Conclusions

Studies on internal thrust sheets in different parts of
the Sevier FTB allow us to come to the following conclu-
sions about their behavior.

1. Internal (hinterland) thrust sheets are dominant
sheets in an FTB in terms of both size and displace-
ment.

2. They tend to be active over the entire period of defor-
mation in an FTB and are instrumental in maintaining
critical taper in the FTB wedge as a whole.

3. Some internal sheets (e.g. Lewis sheet of the Lewis
segment) are passively uplifted (by footwall deforma-
tion) in the late stages of FTB evolution in order to
maintain critical taper.

4. Other internal sheets (e.g. Canyon Range sheet of
the Central Utah Segment, Sheeprock sheet of the
Provo Salient) are actively shortened and thickened
in the late stages of FTB evolution to maintain critical
taper.

5. The actual behavior of internal sheets are controlled
by the combined effects of a number of factors, in-
cluding initial taper of the sedimentary prism and its
lithotectonic makeup, the geothermal gradient, the
mechanisms and rates of deformation, and the pres-
ence or absence of fluids (that might affect some of
the other factors).
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