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ABSTRACT

A complex structural association, the frontal zone, was mapped along the eastern edge of the
presently preserved Lewis thrust sheet in southeastern Glacier National Park, Montana. This
structural association was developed by multiple episodes of faulting and folding. In contrast to
most structures in the Lewis thrust sheet, structures in the frontal zone are truncated by the un-
derlying Lewis thrust, suggesting that the evolution of the frontal zone predates the Lewis thrust
in the study area. Although the absolute age for the development of the frontal zone is not known,
the trends of folds and faults are compatible kinematically with structures related to evolution of
the Lewis thrust system, suggesting the zone was related to emplacement of the Lewis thrust
sheet. Kinematic reconstruction of the frontal zone indicates that its formation was characterized
by (1) conjugate contraction faulting, (2) west-directed, bedding-parallel faulting, and (3) top-to-
the-east simple shear that rotated primary, east-dipping contraction faults to apparent west-dip-

ping normal faults.

INTRODUCTION

Our understanding of thrust kinematics has been significantly
improved in the past three decades (e.g., Bally et al, 1966;
Dahlstrom, 1969, 1970; Price, 1981; Boyer and Elliott, 1982;
Davis et al, 1983; Suppe, 1983; Woodward et al, 1985). Such an
improvement was achieved by the interaction of four approaches:
systematic field mapping, seismic-reflection studies, theoretical

modelling, and cross-section balancing. A major assumption in

most cross-section balancing techniques is that the sole fault
below a thrust plate is a boundary above which deformation oc-
curs in a closed system without any mass addition or subtraction
during emplacement of the thrust sheet. Recent geologic mapping
along the eastern edge of the presently preserved Lewis thrust
sheet in southeastern Glacier National Park, Montana, reveals a
suite of complexly deformed structures which is truncated by the
Lewis thrust below, indicating that the volume of deformed rock
-above the Lewis thrust is not conserved locally. The purpose of
this paper is to describe in detail the geometry of this local struc-
tural complex and present a kinematic model for its development.

GEOLOGIC SETTING

The Lewis thrust fault, first recognized by Willis (1902), is
one of the best described thrust faults in the world. The fault has
been cited in textbooks (e.g., Suppe, 1985, p. 283; Hatcher, 1990,
p. 202), field-trip guidebooks (e.g., Gordy et al, 1977), and nu-

merous papers (e.g., Rubey and Hubbert, 1959; Dahlstrom, 1970;
Bover and Elliott, 1982; Price, 1988) as a classic example to il-
lustrate the geometry, kinematics, and mechanics of large-scale
thrust faults.

The Lewis thrust is a major Late Cretaceous and/or early Ter-
tiary structural element in the Cordilleran foreland fold and thrust
belt of the southern Canadian Rockies (Fig. 1; Bally et al 1966;
Dahlstrom, 1970; Price and Mountjoy, 1970; Price, 1981; Harri-
son et al, 1980) and western Montana (Mudge and Earhart, 1980,
1983). Total shortening of about 200 km (124 mi) along a detach-
ment between Middle Proterozoic to Paleozoic supracrustal rocks
and Precambrian crystalline rocks has occurred across this part of
the foreland fold and thrust belt (Price, 1981). A significant pro-
portion of this shortening was accommodated by a single disloca-
tion surface, the Lewis thrust fault. Near the international bound-
ary, the Lewis thrust displaced the Proterozoic Belt Supergroup at
least 60 km (37 mi) over Cretaceous sedimentary rocks in its
footwall (Price, 1962; Bally et al, 1966).

In his pioneering work on the Lewis thrust, Willis (1902) rec~
ognized widespread low-angle bedding-parallel faults within the
Lewis thrust sheet (Willis, 1902, p. 335). At Chief and Yellow
Mountains in northwestern Montana, he noted that minor steeply
dipping thrusts are bounded above by a major bedding-parallel
fault and below by the Lewis thrust. Similar structures were ob-
served in the Lewis thrust sheet by Douglas (1952) in the Water-
ton area, Canada, by Fermor and Price (1976, 1987) in the Cate

The Mountain Geologist, Vol. 28, No. 2/3 (April/July 1991), pp. 91-103, The Rocky Mountain Association of Geologists



A.Yin

50 miles

Canada R
49

48°
l I

116° 115°

I
114°

Figure 1. Regional map of the Lewis thrust and adjacent structures after Dahlstrom (1970), Price (1981), and Harrison et al (1980), showing location
of Figure 2; GNP, Glacier National Park; EG, East Glacier; WG, West Glacier; K, Kalispell.

Creek and Haig Brook areas in southeastern British Columbia
and southwestern Alberta, and by Davis and Jardine (1984) in.the

Yellow Mountain area in northeastern Glacier National Park. The.

structural associations described by Willis and Douglas were
later cited as examples of duplex fault zones (Dahlstrom, 1970).

The most complete summary of the geology of the Lewis
thrust sheet in Glacier National Park was presented by Ross
(1959), who described the stratigraphy and gross structural
framework. Although some local structural complexities were
described, the overall structure of the Lewis thrust sheet was con-
sidered to be a simple, broad syncline with little internal defor-
mation. This conclusion apparently influenced later structural
syntheses of this area (e.g., Mudge, 1977, 1982; Gordy et al,
1977; Boyer and Elliott, 1982).

Systematic mapping at a scale of 1:24,000 was conducted
along the east and south sides of the park by G. A. Davis (unpub-
lished map), Jardine (1985), Kelty (1985), Hudec (1986), Yin
(1988), and M. Winn (unpublished map) as part of a USGS pro-
ject to update the geology of the park. This work has revealed
that the portion of the Lewis thrust sheet in Glacier Park is in fact
complexly deformed. Yin et al (1989) and Yin and Kelty (in
press) have discussed the geometry and kinematic evolution of
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series of duplexes and beddin g-parallel faults lying above the
Lewis thrust fault on the south side of the park. Davis and Jardine

. (1984), Yin and Davis. (1988), and Hudec and Davis.(in. press)

have discussed complex geometries and kinematic evolution of
structures along the base of the Lewis thrust sheet on the east side
of the park. Hudec (1986), Yin and Davis (1988), and Hudec and
Davis (in press) observed that structures along the eastern edge
of the Lewis thrust sheet are truncated by the Lewis thrust below.
They have attributed this relationship to multiple-phase develop-
ment of a sole thrust system that was responsible for emplace-
ment of the Lewis thrust sheet.

GEOMETRY

The structural framework of the Lewis thrust sheet in south-
ern Glacier National Park is shown in Figure 2. The Lewis thrust
juxtaposes the Proterozoic Belt Supergroup in its hanging wall
with the Cretaceous sedimentary rocks in its footwall. The
stratigraphy of the Belt Supergroup in Glacier Park was de-
scribed by Whipple et al (1984). Detailed stratigraphy of the Belt
strata in southern Glacier National Park was also described by
Kelty (1985) and Yin (1988). From older to younger, the Belt Su-
pergroup in Glacier National Park consists of Altyn, Prichard,
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Figure 2. Simplified geologic map of southern Glacier National Park (after Yin et al, 1989) and location of Figure 4. E, Elk Mountain; B, Brave Dog
Mountain; H, Mt. Henry; R, Mt. Rockwell; S, Squaw Mountain; SM, Summit Mountain; SP, Scenic Point; CC, Cloudcroft Peaks; RW, Rising Wolf Moun-

tain; LT, Lewis thrust, BF, Blacktail fault; LWF, Lone Walker fault.

Appekunny, Grinnell, Empire, Helen, Mt. Shields, and Bonner
Quartzite formations (Fig. 3).

The study area is located in the southeastern corner of Glacier
National Park (Figs. 2, 4a). In order to map the detailed structures
in the Lewis thrust sheet, the Appekunny Formation is further di-
vided into four informal members in the study area (Yapl-4 in
Figs. 4a, 4b), which are separated by four laterally continuous
quartz arenite units of marker beds C, D, and E (Yin, 1988).

The frontal zone is bounded by the Rising Wolf Mountain du-
plex to the west and the trace of the Lewis thrust to the east. In
general, the intensity of deformation in the frontal zone increases
eastward. The western part of the frontal zone is characterized by
gentle to open symmetric folds which are widely spaced (several
hundreds of meters apart) and contraction faults (McClay and
Price, 1981) dippihg both to the west and east (Figs 4a, 4b), on
which the displacement ranges from 15 to 50 m (49-164 ft). The
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eastern part is much more complex and is characterized by west-
dipping (synthetic) and east-dipping (antithetic) contraction faults
with displacement of 50 to 150 m (164-492 ft), west-directed
bedding-parallel faults, open to tight west-verging concentric
folds, and apparent west-dipping normal faults (see discussion
below). The presence of west-directed contraction faults in the
Lewis thrust sheet is unique in southern Glacier Park because
faults there are dominantly east-directed. Minor west-directed
contraction faults in the Lewis thrust sheet have also been docu-
mented in the northwestern part of the Cate Creek window,
southeastern British Columbia (Price, 1965; Fermor and Price,
1987), although their structural significance has not received
much attention.

Most faults in the frontal zone strike approximately N25°W,
sub-perpendicular to the transport direction of the Lewis thrust
(Fig. 5a). The dip angles of the faults vary from 10° to 50° (Fig.
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Figure 3. Generalized stratigraphy of Belt Supergroup in southern
Glacier National Park after Whipple et al (1984), Kelty (1985), and Yin
(1988).

5a). Hinges of mesoscopic-scale folds are shown in Figure 5b.
The trend of folds and the strike of faults in the frontal zone.are

compatible with other structures that-are associated with em- -

placement of the Lewis thrust sheet (e.g., the Brave Dog and Ris-
ing Wolf Mountain duplexes; Yin et al, 1989) (Fig. 2).

Eastern Frontal Zone

The complexity of the eastern frontal zone is evident in a
cross-sectional exposure (Fig. 6; see Fig. 4 for location). This
N50°E-S50°W section is sub-parallel to the direction of tectonic
transport of the Lewis thrust (N65°+10°E; Yin, 1988) inferred
from striations measured on the Lewis thrust surface. The cliff-
forming unit in the lower part of Figure 6 is the Altyn Formation,
which is separated by the Lewis thrust from the slope-forming
Late Cretaceous Marias River Shale below, described by Mudge
and Earhart (1983). Three quartz arenite units of the Appekunny
Formation exposed in this area are named marker beds A, B, and
- C (MBA, MBB, and MBC in Fig. 6). MBA direcily overlies the
Altyn Formation. MBB is not clearly identified in Figure 6a due
to its poor color contrast. It is, however, easily identified in the
field and is sketched in Figure 6b. The thick cliff-forming unit in
the upper part of Figure 6 is MBC.

The Rocky Mountain Association of Geologists

94

In the eastern frontal zone, the Altyn Formation and the lower
part of the Appekunny Formation are folded and overturned to
the northeast. The major fold shown in Figure 6 is cut by a north-
east-dipping fault system (faults B, C, D, and H) and two west-
dipping, high-angle faults (faults E and F) which show a normal
sense of displacement. The west-dipping high-angle faults (faults
E and F) are terminated to the west by the northeast-dipping,
contraction fault zone consisting of faults B, C, and D. Faults E
and F can be either splays of fault D, or faults that were truncated
and offset by the northeast-dipping fault zone (faults B, C, and
D). The positions of the two faults in the footwall of the north-
east-dipping fault zone can be predicted if fault E and F were in-
deed offset because the amount of displacement along the fault
zone is precisely determined by the offset of marker bed C. The
predicted faults were, however, not found in the footwall. Be-
cause of this relationship, faults E and F are interpreted to be the
splays of the northeast-dipping contraction fault zone that con-
sists of faults B, C, and D.

In the northeast-dipping fault zone, faults B and C are inter-
preted to correlate with faults B’ and B” (Fig. 6b) because faults
B, B’, and B” sole into the upper part of MBA. Fault D is inter-
preted to correlate with faults D’ and D” because they all lie
along the top of MBA. Between faults C and D is a duplex-like
structural complex. The northeast-dipping fault zone truncates
fault A from above (Fig. 6b). MBA lies in the hanging wall of
fault A but below the northeast-dipping fault zone. Both fault A
and MBA are tightly folded. A reverse fault, fault H, is present in
the hanging wall of the east-dipping fault zone. Fault H can be ei-
ther the upper part of fault A that was displaced by the northeast-
dipping fault zone, or a splay of the northeast-dipping fault zone
like faults E and F in its hanging wall. It is interpreted that faults
H and A were the same fault and were later offset by the east-dip-
ping fault zone because the amount of displacement along faults
A and H are similar (about 50-60 m [164-197 ft]). Fault A was
folded and locked after it was offset by the east-dipping fault
zone. Part of the kinematic model presented next (Fig. 7) is based
on this interpretation.

Faults B, C, and D are cut'by a west-dipping high-angle fault,
fault G, which juxtaposes the Appekunny Formation in.its hang-
ing wall with the Altyn Formation in its footwall (Fig. 6). Fault G
and beds in both the Appekunny and Altyn formations are cut by
the Lewis thrust below. Several minor thrusts, faults I, J, and K,
branched off the Lewis thrust, and offset older faults B” and D”.

Minor splays of major east-dipping reverse faults show nor-
mal-fault geometry (e.g., faults E and F in Fig. 6). These faults
are characterized by “drag” folds developed only in their foot-
walls. Because “drag” folds are commonly present in the hanging
walls of reverse faults in the Lewis thrust sheet in the study area,
the minor west-dipping normal faults are interpreted to have been

.rotated from original east-dipping reverse faults to become appar-

ently west-dipping extension faults. Additionally, some east-dip-
ping contraction faults change their dip directions along strike-
For example, fault G in Figure 4 dips about 80° to the west on the
east side of Bison Mountain, and shows a normal-fault geomefry.
It dips about -50° to the east on the northeastern corner of Head
Mountain, 1.5 km (.9 mi) to the northeast, and exhibits a reverse-
fault geometry. Because of this localization of normal-fault ge-
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Figure 5. a: Stereographic projection of poles of contraction faults in
the frontal zone; n=32. b: Stereographic projection of fold hinges in the
frontal zone; n=54.
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ometry, faults in the eastern frontal zone are interpreted to be pri-
mary east-dipping reverse faults that were rotated 30-40° locally
to an apparent normal fault geometry by top-to-the-east simple
shearing. This argument is further supported by the field relation
that fault G in the Bison Mountain area is in general parallel to
the bedding in its present footwall and at a high angle to the bed-
ding in its hangingwall, a geometry consistent with an east-dip-
ping listric reverse fault, but inconsistent with a west-dipping
normal fault. Other evidence for simple shear deformation dur-
ing evolution of the Lewis thrust system, including numerous
bedding-parallel faults and east-verging intraformational folds
above the Lewis thrust, and the geometry of duplexes bounded
by the bedding-parallel faults, was presented by Yin et al (1989)
and Yin and Kelty (in press). Although structures in the eastern
part of the frontal zone may have been rotated, there is little evi-
dence to suggest that the conjugate confraction faults in the west-
ern part of the frontal zone were affected by this rotational event.
The difference in rotational strain in the frontal zone can be at-
tributed to (1) the western and eastern parts of the frontal zone
having formed at different times (one predates and the other
postdates the rotation), and (2) the eastward subhorizontal shear-
ing being distributed inhomogeneously.

Western Frontal Zone

The western frontal zone is characterized by reverse faults
that dip both to the west and east and symmetric open folds (Fig.
4b). The faults commonly occur as conjugate sets and exhibit
planar geometry. Listric reverse faults were, however, locally ob-
served. The structures in the western frontal zone together with
the Scenic Point structural complex (see Yin (1988) for detailed
descriptions) are truncated from below by the Lewis thrust. This
results in the unbalanced geometries of cross sections in Figure
4b. A similar truncational relationship between conjugate reverse
faults and the Lewis thrust fault along the eastern edge of the
Lewis thrust sheet were also observed in the Mad Wolf Mountain
area 7 km (4.35 mi) north of the study area by Davis (personal
communication, 1984) and in the Spot Mountain area by Hudec
(1986). The crosscutting relationship between the Lewis thrust
and structures in the western frontal zone support the interpreta-
tion that here the formation of this portion of the Lewis thrust
postdates development of the frontal zone.

KINEMATICS

The geometrical relationships discussed above provide a
foundation for the kinematic reconstruction of the frontal zone.
Figure 7 consists of a series of diagrams which attempt to restore
deformation history of the frontal zone based on the geometry
and crosscutting relationships shown in Figure 6. The major as-
sumptions in the kinematic model presented in Figure 7 are (1)
the thicknesses of stratigraphic units are constant, and (2) flexu-
ral folding is the principal mechanism during the development of
folds in the frontal zone. Field observations indicate that these
assumptions are justified.

At the initial stage, a west-directed fault (fault A) developed
along the base of MBA. This fault cut upsection abruptly through
the lower part of the Appekunny Formation to the southwest
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Figure 6. a: View of structures.in frontal zone from southeast, east side of Bison Mountain. See Figure 2 for location. b: Sketch of structures shown in
a. Faults are labeled by letters from A to H. MBA, MBB, and MBC are marker beds in Appekunny Formation.
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(Fig. 7a). This fault may sole into a bedding-parallel fault that is
structurally lower than the present Lewis thrust surface, forming
a triangle zone that is similar to those described by Price (1986)
in the southern Canadian Rocky Mountains thrust belt. The for-
mation of faults B, C, and D followed the development of fault
A. These faults sole into the middle and top pérts of marker bed
A, and cut upsection to the southwest (Fig. 7b). Faults B, C, and
D offset fault A (Fig. 7c). Faults B, C, and D merge upward with
each other and produced a duplex-like structural complex be-
tween faults C and D (Fig. 7d). The order of deformation se-
quence for the formation of the three faults (B, C, and D) can be
interchangeable. : R '

Folding of the lower segment of fault A and MBA in the foot-
wall of fault B (Fig. 7d) was caused by movement along fault B.
It is also likely that fault A was tightly folded first and then trun-
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cated and displaced by fault B. This alternative interpretation is
not favored because it is not compatible with the observed field
relationships. First, fault A was offset by faults B, C, and D, and
displacement along faults B, C, and D collectively. This is known
based on offset of MBC. However, no tight folds adjacent to the
offset part of fault A (fault H in Fig. 6) in the hangingwall of
faults B, C, and D are present. The major open anticline in the
hangingwall of faults B, C, and D, is probably the result of move-
ment along the listric fault surfaces of faults B, C, and D.

Small splays of reverse faults, faults E and F, branched Off
from fault D (Figs. 7c, d). As faults E and F were transportﬁd
along a listric fault (fault D), they were rotated to the east_g}ilf’g to
the curviplanar geometry of fault D. Such a rotation in addition f0
a possible late top-to-the-east simple shear (see discussion below)
may have caused transformation of the primary east-dipping 1€

100



MBC
MBB
FAULTI FAULTJ ,
MBA e
ALTYNEM. _Z%  _ZreaulTaA
— ‘:__‘_ ______
MINOR THRUSTS
FAULT B,C,D — X
MBC
FAULT B
FAULT C
MBB —
FAULTI FA
MBA o
ALTYN FM. =

’i"

/

Lewis Thrust Kinematics, Glacier Park, Montana

FAULT lID

/
FAULTK ,/ FAULT ¢

. = —

FUTURE LEWIS THRUST

FAULT G

)

FAULTD

/

/
FAULTK _, / FAUL‘E/C

FAULT B

MINOR THRUSTS

verse faults (E and F) to apparent west-dipping normal faults.
This interpretation explains the presence of (1) “drag” folds in
the footwall of some west-dipping high-angle faults (faults E and
F in Fig. 6), which is unusual in the Lewis thrust sheet in south-
ern Glacier National Park, and (2) changes in dip directions (fault
G) along strike in the frontal zone.

Two kinematic processes may have occurred following the
development of faults E and F. First, fault G cuts faults B, C, and
D (Figs. 7e, f)."Similar to fault A, fault G may sole into a bed-
ding-parallel fault below the present Lewis thrust surface. Fault

G was then folded and rotated by east-directed bedding-parallel .

LEWIS THRUST

simple shear (Fig. 7g). The simple shear event rotated fault G to
the east, creating an apparent normal fault geometry. The Lewis
thrust fault cut this folded west-dipping contraction fault (fault
G), and displaced its upper-plate portion to the northeast (Fig.
7h). Alternatively, the structures developed in the previous
stages were folded and were later cut by a west-dipping high-
angle extension fault, fault G (Fig. 7i). The west-dipping fault
was in turn truncated and offset below by the Lewis thrust (Fig.
7j). Finally, the younger west-dipping thrust faults (faults I, I,
and K) were developed following the formation of the Lewis
thrust. They branched off from the Lewis thrust, forming synk-
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inematically with movement along the Lewis thrust. The first
kinematic interpretation is preferred because it not only explains

" the rotation of structures shown in Figure 6, but the change in
the dip directions along some faults (e.g., fault G) in the frontal
zone. In addition, stretching mineral lineations defined by quartz
on bedding surfaces and east-verging mesoscopic folds which
are common in the frontal zone could be the result of bedding-
paralle] simple shearing.

The kinematic model presented above is mainly based on
crosscutting relationships observed in the eastern part of the
frontal zone. As discussed above, there is little evidence indicat-
ing that the conjugate contraction faults in the western frontal
zone were rotated. If we assume that the rotational strain was ho-
mogeneous throughout the frontal zone, then the western frontal
zone must postdate the rotational event, and therefore, it must
postdate the formation of the eastern frontal zone. If the rota-
tional strain is heterogeneous, then the entire frontal zone could
have formed at the same time and predate the rotational event.
The deformation of the frontal zone predates the Brave Dog fault,
which lies structurally above the Lewis thrust, because the Brave
Dog fault truncates structures in the frontal zone (Fig. 4; also see
Yin, 1988).

DISCUSSION

The truncational relationship between structures in the frontal
zone and the Lewis thrust suggests that the formation of the
frontal zone was not directly related to movement along the
. presently exposed Lewis thrust, and that its development predates
the formation of the Lewis thrust in the study area. The absolute
age for the development of these pre-Lewis structures is not
known. However, as discussed above, the trend of structures and
kinematic indicators are compatible with the transport direction
of the Lewis thrust and are therefore probably related to the
Lewis thrust system. This relationship implies that emplacement
of the Lewis thrust sheet was probably, but not necessarily, ac-
commodated along a family of slip (fault) surfaces that were not
active all at once. If this interpretation is correct, it implies that
the frontal zone was formed along one of such fault surfaces that
lies structurally below the presently exposed Lewis thrust. The
truncational relationship between the Lewis thrust and structures
in the frontal zone indicates that the Lewis thrust is probably an
out-of-sequence thrust. The volume of rock in the Lewis al-

lochthon above the Lewis thrust was not conserved: the Lewis

thrust translated eastward a portion of the frontal zone and left
the remainder somewhere in its footwall to the west. Complex
evolution of a family of fault surfaces that may have been active
at different times and were responsible collectively for the final
position of thrust sheet emplacement, as discussed in this study
and by Hudec and Davis (in press), should also be considered.
The high intensity of deformation and variety of deformation
styles in the frontal zone contrasts strongly with deformation in-
tensity and styles of other structural elements in the Lewis thrust
system (Fig. 3). The kinematic reconstruction of the eastern
frontal zone presented above indicates that a wedge-shaped thrust
block was bounded above by a system of east-lipping contrac-
tion faults and below by an older sole thrust which lies struc-
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turally below the Lewis thrust and was responsible for the forma-
tion of the frontal zone.

Mechanisms for the rotation of structures in the frontal zorie
are conjectural. The rotation could have been related to emplace-
ment of the Brave Dog plate along the Brave Dog fault. This in-
terpretation is consistent with the fact that the Brave Dog fault
postdates the frontal zone because it cuts structures in its western
part. It, however, requires that the shear strain produced by em-
placement of the Brave Dog plate was distributed heteroge-
neously, which caused differential rotation between the western
and eastern part of the frontal zone.

CONCLUSIONS

In summary, the kinematic evolution of the frontal zone is
characterized by the development of conjugate contraction faults
in its western part and a complex east-dipping contraction fault
system in its eastern part. Part or all of the frontal zone was later
rotated by a top-to-the-east simple shear which may have been
related to the emplacement of the Brave Dog thrust sheet above.
The volume of rock in the Lewis thrust sheet above the Lewis
thrust was not conserved: the Lewis thrust translated eastward a
portion of the frontal zone and left the remainder somewhere in
its footwall to the west. The truncational relationship between the
Lewis thrust and structures in the frontal zone therefore suggests
that the frontal zone predates the Lewis thrust in this area. Al-
though the absolute age for the development of the frontal zone is
unknown, the trend of folds and faults in the frontal zone is con-
sistent with those developed synchronously with movement
along the Lewis thrust system. This kinematic compatibility, in
conjunction with the truncational relationships between the
frontal zone and the Lewis thrust, suggests that evolution of the
frontal zone was related to emplacement of the Lewis thrust
sheet, which was accomplished by slip along a family of sole
thrusts, active at different times and different structural levels.
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Red Rock Anticline in Dinosaur National Monument. This sharp fold is probably faulted at depth and at its hinge on the skyline.
Trail Draw Syncline to right.
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