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Abstract:

Northwest trending, west dipping thrust—faulted and folded rocks of Paleozoic and Mesozoic age
comprise the Sawtooth Range of northwestern Montana. The configuration of crystalline basement may
have controlled the development and geometry of the Sawtooth Range, a part of the Northern
Disturbed Belt. Primary influences include the Sweetgrass Arch and a series of northeast trending
features which may reflect a fundamental structural grain in the Precambrian basement. Timing of
Sevier-style deformation within the Northern Disturbed Belt is bracketed to have occurred primarily
during the Paleocene.

The Swift Reservoir culmination is defined by a doubly-plunging thrust sheet anticlinorium which is
structurally higher than adjacent areas along strike. Fold axes within the culmination plunge away from
the culmination center. Kinematic development of the culmination is a result of polyphase deformation
of the Backbone thrust sheet. Uplift, rotation, and folding of the Backbone thrust by footwall
imbrication and potential duplex formation is responsibe for development of the Swift Reservoir
culmination.

Major structures within the culmination include thrust faults, tear faults, and folds. Thrust faults are
dominantly bedding-plane thrusts with their location strongly controlled by stratigraphic zones of
weakness. Concentric folding by flexural-slip mechanisms is the dominant folding style. Folds are
commonly asymmetric with vergence in the direction of tectonic transport.

Deformational style and intensity within the culmination are controlled by lithologic variability and
structural level of development. Ductility contrasts and mechanical behavior of different
lithostratigraphic packages partition thrust sheet deformation within the Swift Reservoir area. Because
of these factors, the Cambrian lithostratigraphic package exhibits the greatest deformational intensity as
penetrative structures are developed. Orogenic shortening across the Swift Reservoir culmination due
to structural thickening is approximately 64%. Development of penetrative fabrics such as boudinage,
pencil structure, and axial-planar solution cleavage accounts for an estimated 10 to 25% internal
shortening superimposed on the translational shortening observed for the culmination.
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ABSTRACT

Northwest trending, west dipping thrust-faulted and folded rocks
of Paleozoic and Mesozoic age comprise the Sawtooth Range of north-
western Montana. The configuration of crystalline basement may have
controlled the development and geometry of the Sawtooth Range, a part
of the Northern Disturbed Belt. Primary influences include the
Sweetgrass Arch and a series of northeast trending features which may
reflect a fundamental structural grain in the Precambrian basement.
Timing of Sevier-style deformation within the Northern Disturbed Belt
is bracketed to have occurred primarily during the Paleocene.

The Swift Reservoir culmination is defined by a doubly-plunging
thrust sheet anticlinorium which is structurally higher than adjacent
areas along strike., Fold axes within the culmination plunge away from
the culmination centet., Kinematic development of the culmination is a
result of polyphase deformation of the Backbone thrust sheet. Uplift,
rotation, and folding of the Backbone thrust by footwall imbrication
and potential duplex formation is responsibe for development of the
Swift Reservoir culmination.

Major structures within the culmination include thrust -faults,
tear faults, and folds. Thrust faults are dominantly bedding-plane
thrusts with their location strongly controlled by stratigraphic zones
of weakness. Concentric folding by flexural-slip mechanisms is the
dominant folding style. Folds are commonly asymmetric with vergence
in the direction of tectonic transport. :

Deformational style and intensity within the culmination are
controlled by lithologic variability and structural level of develop-
ment, Ductility contrasts and mechanical behavior of different
lithostratigraphic packages partition thrust sheet deformation within
the Swift Reservoir area. Because of these factors, the Cambrian
lithostratigraphic package exhibits the greatest deformational
intensity as penetrative structures are developed. Orogenic
shortening across the Swift Reservoir culmination due to structural
thickening is approximately 64%. Development of penetrative fabrics
such as boudinage, pencil structure, and axial-planar solution
cleavage accounts for an estimated 10 to 25% internal shortening
superimposed on the translational shortening observed for the culmina-
tion,
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CEBAPTER 1
INTRODUCTION

PurBose

The Northern Disturbed Belt of northwestern Montana forms the
eastern margin of the foreland portion of éhe structurally complex
Cordilleran Fold and Thrust Belt (Figure 1). The Sawtooth Range is
part of the. Montana Disturbed Belt and consists of closely sfaced
imbricate thrust faults. ‘The purpose of this study is to provide a
structural analysis of the Swift Reservoir culmination located within
the northern Sawtooth Range. This analysig will then be appliea to an
interpretation of the structural development of both the study area
and the Sawtooth Range. In addition to the structural analysis, this
project will include detailed geologic mapping, interpretation of

timing of deformation, mechanical significance of deformation, and

evaluation of hydrocarbon potential in the region.

'Study Area

The Sawtooth Range is located directly south of Glacier ﬁational
Park and forms the front ranges of the Rocky Mountains in northwgstern
Montana. Thg study area is 15 miies (24 km) west of the town of
Dupuyer, Montana, and is bounded on the north by Swift Reservoir -
Birch Creek and on the south by the North Fork of Dupuyer Creek

(Figure 2). The map area is contained within portions of the United
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4
States Geological Survey 7.5 minute topographic quadrangles of Fish
Lake, Swift Reservoir, Volcanq Reef, and Walling Reef, Montana.
Access to the area is pro@ided by an improved dirt road that
leads to the dam site at Swift Reservoir. Although the region has
considerable topographic.relief, numerous foot and horse tfails pro-

vide access.

Field Methods

Approximately 65 days during the summer of 1983 were spent in thé
field conducting stratigraphic reconnaisance and geologic mapping. An
area of 36 square miles (93 km2) was mapped at a scale of 1:24,000.
Geologic contacts and structural elements were recorded on USGS 7.5

minute topographic quadrangles based on field inspection. Some

.geologic contacts were extended or inferred based on air photo inter—

pretation and field checking.

Stratigraphic reconnaisance was undertaken prior to field mapping
to facilitate stratigraphic differentiation in the field. No strati-
graéhic sections were measured within the map area during this study.
Rather, previous stratigraphic studies completéd in the area were
relied on to enable differentiation of mappable units and to determine

stratigraphic position within units.

Previous Investigations

Previous geologic studies in the Sawtooth Range and surrounding
areas have allowed for a better understanding of the regional geology.

Stratigraphic studies, primarily by Deiss (1939, 1943a), Cobban (1945,




5
1955), Mudge and others, (1962), and Mudge (1972a) have delineated
mappable units and 1ithologic:characteristics of Precambrian,
Paleozoic, and Mesozoic straté.

Geologic mapping by the Qnited States Geological Survey in the
Gibson Reservoir — Sun River Canyon area aﬁd the Northern Disturbed
Belt (Mudge, 1966a, 1966b, 1967, 1968; Mudge and Earhart, 1983; and
Mudge et al, 1982) provide an understanding of the structural frame-
work for the Sawtooth Range. Stebinger (1918), Deiss (1943b), Alpha
(1955), Weimer (1955), Childers (1963), Mudge and Earhart (1980), and
Mudge (1970, 1972b, 1977, 1982) provide additional knowledge of the
structural geology in the Sawtooth Range and surrounding area. Theée
publications form the basis for much of the structural interpretation
of'development‘and evolution of the Sawtooth Range.

A number of'master's theses have been completed in the Swift
Reservoir region. A study of the area west of Swift Reservoir ﬁas
done by Feucht (1971). His work was 1arge1§ descriptive and empha-
sized stratigraphy and deformatiaﬁal style. Egan (1971) studied the
area east of the range front from Badger Creek southward to Birch
Creek. This study mainly emphasized Mesozoic strg;igraphy and'
deformation observed within this strata. To the south of Swift
Reservoir, Ore (1959), Hansen (1962), and Osborne. (1963) have
completed thesés in the Blackleaf Canyon.afea. These theses mainly
emphasize stratigraphy and deal with structural geology of £he map

areas in a generalized and descriptive manner.




CHAPTER 2
STRATIGRAPHY

The lithologic character of the various stratigraphic units
exposed in the Sawtooth Range plays an important role in determina-
tion of the location and nature of thrust belt deformation in £he i
Disturbed Belt. Because many faults in the Disturbed Belt are 1ow
‘angle bedding plane thrusts, a Qorking knowledge of stratigraphy is
necessary for detailed structural mapping. In order to resolve
possible conflicts in prior work, the stratigraphy of the study area
is discussed in relation to field mapping;

Strata of Proterozoic, Paleozoic, and Mesozoic age are exposed in
the Sawtooth Range, bué only Paleozoic and Mesozoic sequences are
present in the Swift Reservoir study area. Figure 3 shows a general-

ized stratigraphic column for the Swift Reservoir area.
Paleozoic

The Paleozoic sequence within the Sawtooth Range is comprised of
up to 4000 feet (1200 m) of predominantly carbonate strata with minor
amounts of fine-grained clastic rocks (Mudge, 1972a). Cambrian,
Devonian, and Mississippian age rocks are preseﬁt within the range.
Regional unconformitieé account for gaps in the Paleozoic strati-

graphic record in northwestern Montana.
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Cambrian

Rocks of Middle and Late Cambrian agé are the oldest strata
exposed within the éﬁift Reservoir study area. Deiss (1939, 1943a)
divided the Cambrian section into nine formations within the Lewis and
Clark Range. in the Swift Reservoir area, only the Middle Cambrian
Steamboat Limestone, and Upper Cambrian Switchback Shale and Devils
Glen Dolomite are present.

Steamboat Limestone. The Steamboat Limestone consists primarily

of thinly bedded micritic and dolomitic limestone. The limestone is
grayish—bfown in color and commonly contains yellow—orange quartz silt
grains oﬁ bédding sﬁrfaces.‘ Intraformational conglomerate layers, 1
fo 6 inches (25 - 150 mm) thick, occur locally within thé limestone
units. These conglomerates are comprised of shingled flat micrite
pebbles and may have resulted from strong storm-—-generated waves or
currents. Approximately 220 feet (70 m) of Steamboat Limestone is
present within the study ares.

The basal part of the Steamboat Limestone is a greenish~gray
shale ﬁnit that Feucht (1971) assigned to the Pentagon Shale. Mudge
(1972a) .states that the Pentagon Shale‘asldescribed by Deiss (1939)'is
of local extent and is not presenf in‘thé,Sﬁn River Canyon area. The
uﬁit assigned by Feucht (1971) to the Peﬁtagon is herein considered a
shaly facies of the Steamboat_Limesfone, since i£ contains many inter-
beds and lenses of calcareous siltstone and limestone similar to shaly

‘units within the Steamboat in the Sun River Canyon area as described

by Mudge (1972a).
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The Steamboat Limestone.is the most commonly exposed Cambrian
unit within the study area. The base of this unit is not observed in
the study area since it likely forms the major decollement surface

within the Cambrian section.

Switchback Shale. The Switchback Shale rests éonformably upon
the Steamboat Limestone with a sharp and distinct contact (Mudge,
1972a). It is typically poorly exposed beneath covered areas between
the underlying Steamboat and overlying Devils Glen Dolomite when
associated with folds.

The Switchbaék is predominantly a noncalcareous, light-green
shale that weathers téva buff color, and contaiﬁs thin interbeds of
dolomitic limestone and conglomerate; The yellowish color is commonly
imparted to the soil in covered areas. Mudge (1972a) interprets one
of the conglomerate layers to represent the Middle-Upper Cambrian
boundary.

No,well—exfoéed section of Switchback Shale is present within the
study area. Deiss (1939) states that the.Switchback ranges in thick-
nessg from 70 to 250 feet (20-80 m) in northwestern Montana. The
estimated thickness of the Switchback within the study area is approx-
imateiy 120 feet (40 m), a value consistant with the thicknesses of

Feucht (1971) and Deiss  (1943b).

Devils Glen Dolomite. The Devils Glen Dolomite is the youngest
Cambrian unit within the Sawtooth Range. An intraformational
conglomerate, up to 3 feet (1 m) thick, marks the base of the Devils
Glen Dolomite (Feucht, 1971), and appears to rest conformabiy upon the

Switchback Shale (Mudge, 1972a). Where exposed, the Devils Glen
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Dolomite is a distinctive thick-bedded, white to light gray dolomite
that forms massive light colored ledges stratigraphically above the
Switchback Shale. Faint cross-lamination is locally apparent on well—
weathered surfaces of some of the dolomite beds (Mudge, 1972a)

Thickness of the Devils Glen varies widely in northwestern
Montana, ranging from 179 to 565 feet (55-172 m) (Deiss, 1939). A
thickness of 130 feet (40 m) was measured by Feucht (1971) within the

study area.

Devonian

A major unconformity representing a time span from Late Camﬁrian
to Middle Devonian exists at the base of Devonian strata iﬁ the
Sawtooth Range. Sloss and Laird (1947) described strata of thg
Devonian System in central and northwest Montana using Devonian ter—
minology from the Logan area of south~central Montana. Wilson (1955)
measured a complete Devonian section at Featherwoman Mountain approx-
imately four miles (6 km) north of the study area. Wilson's measured
section of 800 feet (240 m) is used herein as an average thickness of
Devonian strata for the study area. Thickness of Devoniaﬁ strata
varies widely in the Sawtooth Range due to unconformities that exist
at the bottom and top of the section.

Devonian rocks of the Sawtooth Range are divided into, in
ascénaing order: the Maywood, Jefferson, and Three Forks qumations.
In the study area, Devonian rocks were mapped as a single undif-
ferentiated unit because of lack of stratigraphic control and exposed

complete sections. The gray-brown Devonian rocks contrast sharply
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with the underlying light gray Upper Cambrian Devils Glen Dolomite and

overlying gray to dark gray rocks of the Mississippian Madison Group.

Maywood Formation. The Middle and Upper Devonian Maywood Forma-

tion is divided into two members: a lower mudstone member and an
upper limestone member (Mudge, 1972a). AThe lower member consists
primarily of greenish-gray to reddish-gray dolomitic mudstone and
shale. Interbeds of dolomitic limestone and dolomite are common. The
upper member is thinly bedded, gray to brown dolomitic limestone and
dolomite. Most beds have a mottled appearance.due to silty inclusions
(Mudge, 1972a). i

Jefferson Formation. The!Jefferson Formation is a dark brown
. ]

dolomite which consists of two members: an unnamed lower member'and
the overlying Birdbear Member (Mudge, 1972a). The lower member con-
sists of thickly bedded, dark brown dolomite and lesser dolomitic
limestone that has a sucrosic texture. Massive séromatoporoids are
widespread throughout, and a strong fetid odor is characteristic.

The overlying Birdbear Memgér is mostly thin to medium bedded, finely
crystalline dolomite that forms a yellowish-gray slope above the dark
brown lower mémber of the Jéffersop Formation (Muage, 1972a). The
upper portion of the upper member locally exhibits well developed
solution breccia, '

Three Forks Formation. The Three Forks Formation within the

northern Sawtooth Range consists almost entirely of dolomite and
evaporite solution breccia. The breccia is composed of angular blocks
of fine to medium crystalline, brown dolomite and dolomitic limestone

(Mudge, 1972a). It is usually well cemented with carbonate, but
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locally may be very porous énd contain large cavities. Commonly, the
upper portions of solution breccias contain fragments and blocks of
Lower Mississippian rock. The;e relations require dissolution of
evaporite beds within the Three Forks Formationuto have .occurred after

the Early Mississippian.

Mississippian

The most resistant stratajin the Sawtooth Range afe Mississippian
Madison Group‘récks. These rocks act as a structural beam and form
many of the high, northwest trending ridges that comprise the Sawtooth
Range. Mudge and others (1962) describe in deéail the reference
section of Madison strata in the Sun River Canyon area. In the
Sawtooth Range, the Madison Group is subdivided into two formations:
the Lower Mississippian Allan Mountain Limestone, and the Lower‘to
Upper Mississippian Castle Reef Dolomite (Mudge et al, 1962). Nichols
(1984) has revised the stratigraphic nomenclature for the upper part
of the Madison Group in the Sawtooth Range, Eased on recognition’of
primary depositional units.y Figure 4 shows the revised nomenclature
for the Madison Group within the Sawtooth Range. 1In this‘investiga—
tion, the existing formal stratigraphic nomenclature of Mudge and
others (1962) was used in mapping because of simplicity and ease of
unit differentiation. r

Thickness of the Madison Group in the Sawtooth Range rénges from
1200 to 1700 feet (370-520 m). The variation in thickness appears to

be the result of pre-Jurassic erosion at the top.of the Mississippian

section (Mudge, 1972a). An average thickness of 1200 feet (370 m) for
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The Allan Mountain Liﬁestone has been divided into three dis-
tinct, unnamed members by Mudge and others (1962). Thellower member
is predominantly dark gray, very thinly bedded argillaceous limestone
(Mudge, 1972a). Interbeds of calcareous, silty mudstone occur in the
lower portions. The middle member of the Allan Mountain Limestone is
composed of thinly bedded, dark gray limestone and dolomitic limestone
(Mudge, 1972a). Lenses and nodules of bedded chert, 3 to 6 inches
(75-150 mm) thick, are characteristically interbedded throughout the
middle member. The chert is quite irregular in shape and weathering,
but is fairly evenly distributed at 10 to 20 inch (250-450 mm) inter-
vals throughout the limestone units. The upper member contains thinly
to thickly bedded, fine grained, and dark gray limestone and dolomitic
limestone (Mudge, 1972a). Nodules and lenses of g?ay—brown chert are
common throughout the member, but are not as abundant as the chert
layers of the middle member. All three membefs of the Allan Mountain
Limestone are very fossiliferous with corals, bryozoans, and brach-
iopods most abundant.

Castle Reef Dolomite. The Castle Reef Dolomite varies con-—

siderably in thickness within the Sawtooth Range due to pre—Jurass;c
erosion. Within the study area, an avera;e thickness of 700 feet
(210 m) is assumed for the Castie Reef. Mudge and others (1962)
divide the Castle Reef Dolomité into two members: an unnamed lower
member, and the overlying Sun River Member. Nichols (1984)
subsequently dividea the Castle Reef Formation into two well defined

primary depositional units: the lower Gateway Pass unit, and the

overlying Dupuyer Creek unit. These revisions have restricted the
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Castle Reef Formation to includé only the upper 335 feet (102 m)'of
the type Castle Reef Dolomite proposed by Mudge and others (1962)
(Nichols, 1984). | |

The lower member of the Castle Reef Dolomite consists pre-
dominantly of dolomite and dolémitié limestone that is thickly bedded,
medium to coarsely crystalline; and mgdium to light gray in color
(Mudge, 1972a).. The thick bedding and light gray color of the lower
member contraéts sharply with the underlying much thinner bedded; dark
gray Allan Mountain Limestone. The sbundance of chert nodules and
lenses alsé decreases ugward from the Allan Mountain to the lower
member of the Castle Reef. The lower member contains a large and
diverse fauna. Locally extensive, éoarse grained dolomite beds are
primarily composed of crinoidal. debris (Mudge, 1972a), while the whole
member has abundant silicified rugose corals, Syringopora, spirifia
brachiopods, and feneétrate bryozoans.

The overlying Sun River Member of the Castle Reef Dolomite con-
sists of variably bedded, light gray dolomite which weathers to a
characteristic very light gray color (Mudge, 1972a). Petrographic
study of the Castle Reef Dolomite by Nichols (1984) indicates that
secondary dolomitization decreases in intensity downward through the
Castle Reef sequence. Therefore, the contact between the Sun River
Member and underlying member is gr;dational, and is contrbiled by
degree of secondary dolomitization. The dolomitic grainstones of the
Sun River Member have well developed vuggy and intergranular or inter-

crystalline porosity (Nichols, 1980). Dead oil commonly f£ills
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many of these pores as best observed in outcrop on the anticline at

the Swift Reservoir dam site.
Mesozoic

Mesozoic strata within the study area consist predominantly of
clastic rocks with minor carbonate interbeds. Rocks of Middle and
Late Jurassic and Cretaceous agerare exposed within the study area.
Marine and nonmarine Mesozoic sedimentary strata within the Disturbed

Belt attain a thickness of greater than 7000 feet (2100 m) (Mudge,

1972a; Cobban, 1955).

Jurassic

Jurassic strata conéist of the marine Ellis Group ana oveflying
nonmarine Morrison Formation. Cobban (1945) divided the Ellis Group
into, in ascending order: the Sawtooth, Rierdon, and Swift Forma-—
tions. Each formation of the,Ellié Group has its type section in the
Sawtooth Range. Cobban (1945) measured a 472 foot (i44 m) section of
Ellis Group along the north shore of Swift Reservoir and designated
the top 134 feet‘(41 m)‘q; the type section for the Swift Formation.

The Ellis Group rests unconformably upon the Upper Missiésippian X
Castle Reef Dolomite. This unconformity represents a time span from
Late Mississippian to Middle Jurassic (Mudge, 1972a) and is repre-
sented by an irregular and weathered erosional surface‘at the top of
the Castle Reef Dolomife (Madison drqup). Locally, the unc;nformablé
surface at the top of the Castle Reef exhibits extensive peleéypod

borings which have been filled with sand graing from the Jurassic
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Sawtooth Formation (Mudge, 1972a). This extensively bored contact is
well exposed in the dam spillway, just éast of Swift Reservoir., The
Ellis Gfoup is overlain either conformably by nonmarine deposits of
the Morrison Formation or\unconforﬁably by the Lower Cretaceous Mount
Pablo Formation (Mudge and Rice, 1982).

Sawtooth Formation. The Middle Jurassic Sawtooth Formation has

been subdivided into three unnamed lithologic mémbers-which, in
ascending order are: sandstone, shale and siltstone (Cobban, 1945;
Mudge, 1972a). At Swift Reservoir, the Sawtooth Formation is 198+
feet (60+ m) thick {Cobban, 1945). The sandstone member consists of
thinly bedded, fine-grained sandstone. A thin basal conglomerate is
commonly present at the base. The shale member is predominantly dark
gray laminated shale with a few 1imestoné layers. The uppér, silt-
stone member consists of highly calcareous, orange-yellow wegthering

siltstone with some minor interbedded shale.

Rierdon Formation. The Upper Jurassic ﬁier@on Formation consists
primarily of gray, calcareous shale with many interbeds of gray,
nodular limestone, and characteristically weathers to form a dark gray
slope upon which vegetation does not grow (Mudge, 1972a). Cobban

.(1945) measured a 140+ foot (43+ m) section of the kierdon.Formation
at Swift Reservoir.:

Swift Formation. Disconformably overlying the Rierdon Formation

is the Upper Jurassic Swift Formation. K At its type section on the
north shore of Swift Reservoir, the Swift Formation is 134 feet (41 m)
thick, and is divided into a lower shale member and an upper sand-

stone member (Cobban, 1945). The lower shale member is composed
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ﬁrimarily of noncalcareous, dark gray shale‘witﬁ minor amounts of
siltstone. The upper sandstone member is the most resistant unit in
the Ellis Group and commonly forms a small prominent ledge (Mudge,
1972a). The sandstone member is composed of fhinly bedded, gray-brown
sandstone. The sandstone confains abundént ripple marks, ripple cross
lamination, and.black—gray micaceous shale paftings (Mudge, 1972a).
Commonly, the sandstone member of the Swift Formation exhibits
abundant trails and burrows on bedding surfaces.

‘Morrison Formation. Overlying the marine Ellis Group are mud-

stones and sandstones of thevUppef Jurassic nonmarine Morrison Forma-
tion. The Morrison is characterized by variegated, green‘to maroon
mudstone interbedded with lenti¢ular sandstones. Minor limestone
layers are also present. Mudge (1972a) reports approximately 200

feet (60 m) of Morrison in the Sun River Canyon area. Feucht (1971)
and Egan (1971) report approximately 40 fee£ (12 m) of Morrison strata
just east of Swift Reservoir in a composite section. No definitive
Morrison strata are present within the study area (Mudge, personal

communication, 1983).

Cretaceous

Cretaceous strata in northwestern Montana range in thickness from
5600 feet (1700 m) to approximately 8000 feet (2400 m) (Mudge, 1972a;
Cobban, 1955). Egan (1971) measured 7200 feet (2200 m) of Lower and
Upper Cretaceous rocks within the Blackfeet Indian Reservation. Lower
Cretgcéous rocks are approximately 2100 feet (640 m5 thick.(Egan,

1971). Actual thickness of the Lower Cretaceous sequence in the Swift
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Reservoir study.area is difficult to determine because of structural
complications and lack of well exposed complete sections.

Lower Cretaceous strata, in northwest Montana, consist primarily
of nonmarine and marine shale and interbedded lenticplar ;andstone.
Lower Cretaceous strata unconformaﬁly overlie either the Jurassic
Ellis Group or Morrison Formatién throughout the Disturbed Belt.

Mount Pablo Formation. The Early Cretaceous Mount Pablo Forma—

tion, as established by Mudge and Rice (1982), is the oldest
Cretaceous unit in the Sawtooth Range and is equivalent to the lower
member of the Kootenai Formation of Cobban (1955). The Mount Pablo
Formation was mapped as part of the Kootenai Formation by the author
because of difficulty in differentiation of Cretaceous units. The
Mount Pablo consists of nonmarine sandstone and congloﬁerate in the
lower part and variegated mudstone interbedded with sandstone and
freshwafer limestone in the upper part (Mudge and Rice, 1982). The
lower member of the Mount Pablo Formation.is the Cut Bank Sandstone
Member, and is composed of a basal conglomerate with overlying cross-
bedded, coarse-grained sandstone. The Cut Bank Sandstone is absent in
the study area kMudge and Rice, 1982, Figure 2, p. 4), but a basél
conglomerate is locally present.

Kootenai Formation. The Early Cretaceous Kootenai Formation is

composed mainly of variegated green and maroon shale with interbedded
dark green to gray lenticular sandstone. Sandstone lenses are con=
glomeratic 16ca11y and weather to form resistant ledges in the
Kootenai sequence. Commonly, a distinctive coquinoid limestone unit,

informally called the gastropod limestone, occurs at or near the top
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of the formation (Mudge, 1972a). This distinctive limestone unit was
not observed in thrust slices within the study area, and may indicate
that the top of the Kootenai Formation is not exposed.

Because of intense folding and faulting that occurs within the
Kootenai Formation, an accurate total thickness for the formation is
difficult to determine. The Kootenai ranges in thickness from 350
feet (110 m) to more that 1300 feet (400 m) thick in the Disturbed
Belt (Cobban, 1955). Mudge (1972a) reported from 650 to 800 feet
(200-240 m) of Kootenai (including that now assigned to the Mount
Pablo Formation) exposed in the Sun River Canyon area. The author has
assigned a minimum thickness of 600 feet (180 m) to the Lower
Cretaceous rocks beneath the Colorado Group;

" Blackleaf Formation. The Early Cretaceous Blackleaf Formation

consists of four members as subdivided by Cobban and others (1959a;
1959b). Only'the lower three members, Flood Shale, Taft Hill, and
Vaughn are presenf within the Sawtooth Range (Mudge, 1972a). Thick- .
ness of the Blackleaf Formation ranges from 665 to 1600 feet (200-
490 m) in northwestern Montana (Mudge, 1972a), and has an avérage
fhickneSs of 850 feet (260 m) in the study area. Discontinuous expo-
sures have lithologic affinities similar to the Flood Shale Member
although no exact stratigraphic position could be determined. Out-
crops consist predominantly of sandstone with minor layers of shale.
Sandstones are tan to gray, medium to coarse grained, non-glauconitic,
and contain abundant trails and burrows on Bedding surfaces. The
Blackleaf Formation lies disconfomably on the Kootenai Formation

(Cobban et al, 1959b, p. 2787):
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Marias River Shale. The early Late Cretaceous Marias River Shale
consists predominantly of dark marine shales with minor interbeds of
limestone (Cobban et al, 1959b; Mudge, 1972a). The Marias River Shale
was subdivided into four members (Floweree Sha;e, Cone, Ferdig Shale,
and Kevin Shale) by Cobban and others (1959a; b). A thickness of 1200
feet (370 m) is assigned to the formaion in the stuéy area. Exposures
are of primarily very dark gray to black, calcareous, fissile shale
that is poorly exposed and very discontinuous. A slight disconformity
may exist between the Blackleaf and Marias River Shale based upon the
absence of the Bootlegger Member of the Blackleaf Formation in the
Sawtooth Range (Mudge, 1972a, p. A65).

Telegraph Creek Formation. The Late Cretaceous Telegraph Creek

Formation is a transitional unit between the underlying Marias River
Shale and the OVeriying Virgelle Sandstone (Cobban, 1955). It is
‘composed of thinly bedded sandy shale, siltstone, and sandsfone.
Sandstones become more abundant in the upper part of the formation and
comﬁonly exhibit ripple markings‘and crossbedding (Mudge, 1972a). The
sandstones are very fine to fine grained and commonly contain
carbonaceous matter along bedding planes (Viele and Harris, 1965).
The Telegraph Creek Formation attains a thickness of 340 to 550 feet
(100-170 m) in the Sun River area (Mudge, 1972a, p. A71).

Virgelle Sandstone. The Late Cretaceous Virgelle Sandstone con-

sists of'thickly bedded, light—gray sandstone which is commonly
resistant. The sandstones are well sorted, fine grained, calcareous,
and commonly arkosic (Mudge, 1972a). Iron rich sandstones occur near

the top of the formation, and Cobban (1955, p. 115) has identified the
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top of the Virgelle as a titaniferous magnetite sandstone with
abundant magnetite and ilmenite grains. The Virgelle Sandstone has an
average thickness of 160 feet (50 m) (Cobban, 1955).

In the Swift Reservoir study area, the Telegraph Creek Formation
and Virgelle Sandstone were mapped as one unit after Mudge and Earhart
(1983). The thickness of the Telegraph Creek-Virgelle interval in the
study area is 500 feet (150 m).

‘"Two Medicine Formation. The Late Cretaceous Two Medicine Forma-—

tion is a nonmarine clastic sequence of mudstone, siltstone, and
lenticular sandstone. The volcanic~rich facies, or Big Skunk Forma-
tion as identified south of Augusta by Viele and Harris (1965), is not
present in the study area. The Two Medicine consists predominantly of
greenish-gray to gray mudstone with abundant lenticular bodies of gray
to green sandstone. Many interbeds of reddish-gray and purple mud- B
stone exist in the lower part of the formation (Mudge, 1972a). In-
the upper part of the formation, conglomeratic layers are common
(Cobban, 1955). Locally, horizons abundant in vertebrate bones are
present. Northwest of Dupuyer, the Two Medicine Formation attains a
thickness of 2125 feet (648 m) in the Cobb's Alloted 223 No.. 1 well
(Cobban, 1955, p. 115). Where significant exposures of Two Medicine
Formation occur, the unit‘characteristically'weathers to form badlands
fopography.

No rocks younger than the Campanian Two Medicine Formation were
observed in the study area with the exception of recent surficial
deposits. East of the study area, rocks of Late Campanian Fo-Danian

age are exposed in thrust sheets.




23

CHAPTER 3
REGIONAL TECTONIC SETTING

Montana Thrust Belt

The Montana thrust belt comprises a small portion of the 8000 km
long Cordilleran thrust-fold system. In general, the frontal or
foreland portion of thevMontana thrust belt is composed of major
thrust sheets containing Proterozoic Belt Supergroup strata which
structurally overlie relatively narrow zones of imbricate thrust
faults and folds involving Paleozoic and Mesozoic strata. The Montana
thrust belt can be subdivided into four general parts identifiable by
dominant structural features and geographic location.

In southwest Montana, the thrust belt is approximately 200 km
wide, and is bounded by foreland uplifts of Archean basement to the
east and the Idaho Batholith to the west. The region is dominated by
two major thfust plateé carrying Proterozoic strata (Grasshopper and
Medicine Lodge plates) and by a frontal imbricate zone involving
primarily Paleozoic rocks (Ruppel and Lopez, 1984). 1In central
Montana, the thrust belt forms tge Helena Salient and is dominated by
the Lombard and Eldorado thrust faults (Figure 1). The.gone of imbri-
cation and foiding structurally below the Lombard and Eldofado
thrusts,.extends eastward into the Qestern margin of the Crazy

Mountains Basin, and appears to be underlain by a regional decollement




24
(W;odward. 1980). The apparent offset between the Southwest Montana
thrust belt and the Helena Salient is accommoéated by thrust faults
with a large component of right-lateral motion in the Southwest
Montana Transverse Zone (Schmidt and (ﬂNeill, 1982). The tfansverse
zone separates thrust belt structures to the north from Rocky Mountain
Foreland uplifts to the south. The Southwest Montana Traﬁs?erse Zone
is also coincident with the southern margin of the Middle Proterozoic
Belt basin (Harrison et al,.1974), and may have developed as a reacti-
vation of the basin margin. To the north of the Helena Sélient, the
thrust belt is dominated 5y the Eldorado, Hoadley, and ﬁewis thrust
faults. These major thrusts and the imbricately faulted‘and folded
rocks of Paleozoic and Mesozoic age to the east, comprise the Northern

Disturbed Belt. The eastern margin of the Northern Disturbed Belt

onlaps the Sweetgrass Arch.

Northern Disturbed Belt

The Northern Disturbed Belt is an arcuate zone of closely spaced,
west dipping thrust faults, folds, and minor tear faults (Mgdge,:1952,
p. 91). The belt extends northward‘from the Little Belt Mountains to
Canada. While terminology changes, the stfuctural configuration of
the Disturbed Belt remains the same into southern Alberta. The
eastern boudary of the Disturbed Belt corresponds to the east limit of
decollement-style deformation while the western boupdary has been
arbitrarily drawn along the North Fork of the Flathead River by Mudge
(1982). The thrust belt in this portion of Montana extends well

beyond the western boundary of the Northern Disturbed Belt, and
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thrust—£fold structures have been identified as far west as western
Idaho (Harrison et at, 1980), According to the terminology of Boyer
and Elliott (1982) the geometry of the Northern Disturbed Belt is that
of a trailing imbricate fan.

Deformation in the quthern Disturbed Belt is considered td be
thin-skinned with no crystalline‘basement involved in thrust faulting
(Mudge, 1972b). The basal deFoliement'in this region climgs strati-
graphically up-section toward the east, from Proterozoic Belt strata‘
into Lower Paleozoic strata, and finally into Cretaceous units along
the eastern margin of the belt. To the west of the Disturbed Belt,
Harrison and others (1974; 1980) propose pre-Belt crystaliihe basement
involvément in thrust structures based on geophysical-efidence. These
basement thrust slices. are plausible as crustal thickening is a neces-
sity of balanéed orogenic shortening across the thrust belt.

Mudge (1982) has divided the Northern Disturbed Belt into four
subbelts on the basis of stratigraphic and structural characteristics
(Figure 5). The Swift Reservoir study area is within the western por-
tion of subbelt I and the eastern part of subbeit II.

Subbelt I consists of imbricatel& fhrust faulted and folded
Cretaceous strata. Subbelt I is the eaSternmoét subdivision of the
Disturbed Belt, and is bounded on the eést by the Sweetgrass Arch and
on the west by the first outcrop of Paleézoic and older strata of
subbelts II and IV. Thrust faults in subbelt I generally repeat Lower
and Upper Cretaceous rocks and have displacements of less fhén 1800

feet (550 m) (Mudge, 1982, p 94).

/
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Subbelt IV consists of thrust faulted and folded Proterozoic and
Paleozoic strata which extends to the arbitrary western boundary of
the Northern Disturbed Belt. The subbelt includes Glacier National
Park, the Lewis and Clark, Flathead, and Whitefish ranges. Subbelt IV
is dominated by a relatively few major thrust faults in contrast to
the closely spaced imbricate geometry of the other subbelts. These
major thrusts place Belt Supergroup strata over Paleozoic and Mesozoic
rocks of subbelts I through III. Major thrust faults of subbelt IV
include the Lewis, Eldorado, Hoadiey, énd Steinback (Figure 5). Large
open folds and listric normal faults are also common structures in
subbelt IV. Major normal faults include the Flathead, Roosevelt, and
South Fork faults. These faults are west dipping, and are interpreted
to sole at depth into ramps of:the major thrusts of subbelt IV.
Movement on the listric normaléfaults occured during the middle
Tertiary as evidenced by synorogenic sedimentation into developing

grabens during this time (Constenius, 1982).

Development of the Northern Disturbed Belt

The configuration of the Precambrian crystalline.basement in
northwestern Montana may to a great extent have controlled the devel-
opment and geometry of the Northern Disturbed Belt (Mudge, 1982,

p. 120). Structures which may have influenced this development
include the Belt Basin, Sweetgrass Arch, and a series of northeast
trending basement discontinuities.

Wiltschko and Eastman (1983) propose that pre-existing basement

warps and faults may control the location and development of thrust
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belt ramps. On a regional scale, the Northern Disturged Belt may be
interpreted as a complex imbricate fan related to ramping of the basal
decollement west of the Sweetgrasé Arch. The development of the
Northern Disturbed Belt may therefore be controlled by the pre-
existing configuration of the basement in the region.

Basement surface irregularities and stratigraphic inhomogeneities
play an important role in the localization of thrust fault ramps
(Wiltschko and Eastman, 1983). Figure 6 shows three conditions which
exert considerable influence on the development of thrust ramps. All
three of these conditions may play a role in the development of the
Northern Disturbed Belt. The Sweetgrass Arch, composed of the Kevin-
Sunburst Dome and South Arch, has been an active and periodic high at
least since the Proterozoic as evidenced by stratigraphic thinning and
development of unconformities across the arch (Lorenz, 1982).
Crystalline basement is involved in the formation of the Sweetgrass
Arch (Figure 7), and may influence development of the Disturbed Belt
by concentrating stress in front of the basement warp (Figure 6-b).
Basement warps primarily deflect faults by acting as a buttress which

causes the regional principal stress to bend (Wiltschko and Eastman,

1983, p. 177). Thus, the Northern Disturbed Belt formed west of the
Sweetgrass Arch due to ramping, resulting from concentration and
deflection of regional stress. |

Eastward ramping of the basal decollement in the Sawtooth Range
from levels within the Belt Supergroup upward into Cretaceous strata
also plays an important role in the development of the Disturbed Belt.

Belt strata thins markedly and is truncated on the western flank of
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t%l km) with a stratigraphic throw of approximately 21,000 feet
(6500 m) (Mudge and Earhart, 1980; Mudge, 1982).

Childers (1963, p. 161) proposes that imbrication beneath the
Lewis thrust developed in a west to east progression on the basis of
footwall rotation of thrust sheets to high angies in the Saﬁtooth
Range. A consequence of footwall imbrication in the Disturbed Belt
may be that the Sawtooth Range developed as a duplex with the Lewis
thrust serving as the roof thrust. According to Boyer and Elliott
(1982), duplex fault zones are a type of "piggy-back" thrust system in
which imbricates splay from a basal or floor thrust and asymptotically
rejoin a roof thrust, with imbricates progressively younger in the
direction of tectonic transport. Displacement on the imbricates is
minor in relation to that on the roof and floor thrusts. Imbricates
of the Sawtooth Range appear to conform to these duplex rules as they
sole into the regional decollement, are younger toward the eést, and
exhibit minor displacement relative to that on the Lewis thrust.

Initiation of duplexes commonly Qccur; when the thickened section
of a dominant thrust sheet encounters a footwall ramp. Failure of the
footwall and formation of imbricates results because less work is
required to initiate a new thrust than to carry the thickened section
over the footwall step (Boyer, 1978, p. 29). Such a structural setting
is observed on reflection seismic data where the Lewis thrust is
transported over the large Flathead frontal ramp, directly west of the
Sawtooth Range. These conditions result in the roof thrust being
transported "piggy-back™ by continﬁed footwall imbrication. Movement

on the Lewis thrust began earlier and probably continued later than
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motion on the smaller thrusts to the east (Childers, 1963). This
would be expected if the Lewis thrust was transported passively by
footwall imbrication and duplex development.

Although erosion has removed many of the critical sfructural
relationships, several lines of evidence exist which support the
contention that the Lewis thrust and.Sawtooth Range may have developed
as a duplex fault zone. In map view, the geometry of tﬁe Sawtooth “
Range and Lewis thrust system is very similar to the distinctive
tectonic half-windows formed by duplexes as observed by Boyer (1978)
and Lageson (1980). Thermal evidence cited by Clayton and others
(1982) indicates that the Lewis thrust must have extended atlleast 10
miles (i6 km) beyond its preseﬁt'eastern extent. Burial of the
Sawtooth Range by major thrust sheets of subbelt IV results in the
high thérmal history observed within the Sawtooth Range (Clayton
et al, 1982, p. 789). Additionally, the Lewis thrust at Marias Pasé
dips north-northwest and climbs up;éection toward the south
(Dahlstrom, 1970). This configuratibn may be indicative of a lateral

ramp in the Lewis plate as it formed a roof over the Sawtooth Range.

Northeast Trending Structural Features

Computer digital-image enhancement of Landsat multispectral
scariner (MSS) imagery of the northern Sawtooth Raﬁge reveals two
distinct, well-developed linear trends. Figure 8 shows computer out-

put of the lineament sets in the Swift Reservoir area. Structural

lineaments are defined as alignments of regional morphological

features such as streams, escarpments and range fronts, and tonal
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faults) and larger regional features such as the Pendfoy fault and
Scapegoat—~Bannatyne trend. Northeast trending features are
iﬂterpreted to represent a fundamental structural grain in the
crystalline basement beneath the Northern Disturbed Belt. This strué—
tural grain has been periodically reactivated up to the present where
it is manifest as a control og surficial features.

Regional northeast trending features in northwest Montana refiect
structural discontinuities in the crystalline basement (Mudge, 1982,
p. 92). According to.Smith (1970), gravity anomalies in a general
northeast trend suggest a genetic relationship to a pre—Paleozoic.
structural grain from southern Canada to the north-central United
States. In northwest Montana, two prominent gfavity features occur
transverse to the Sweetgrass Arch. These features\trend approximately
N58E (Smith, 1570). The Pendroy fault offsets the South Arch and
shows significant basement relief (Figure 7). The Scapegoat—Bannatyne
trend is a northeast trending linear feature which extends across the
Sweetgrass Arch and beneath the eastern portion of the Sawtooth Range
(Mudge, 1982). The Scapegoat—Bannatyne trend is a series of
structural anomalies which may represent a system of fractu?es (Alpha,
1955). Gravity and magnetic data from Klienkopf and Mudge (1972)
suggest that these northeast trending features may in fact be a frac-
ture zone which écted as a loci for the emplacement of various ignéous
bodies.

Mudge (1982) suggests that these northeast trending structural
features may have exerted considerable influence on the development

and formationlof the Northern Disturbed Belt. The Pendroy fault and
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Scapegoat—-Bannatyne trend appear to be aligned with significant
changes in curvature of the Sawtooth salient. These changes in curva-
ture of the salient have been interpreted to have formed in response
to thrust ramping over basement highs and lows which are coincidént
with northeast structural trends. Detailed study of the intersection
of the Scapegoat—Bannatyne trend .and the Disturbed Belt by Reinecke
(1984) reveals a change in thrust orientation at the intersection in
the Sawtooth Range as well as locally increased structural conplexity
and deformation.

Northeast trending structural lineaments and regional features of
the Northern Disturbed Belt may.be an extension of the proposed Great
Falls tectonic zonme. The Great Falls tectonic zone is a belt_of
diverse northeast trending geologic features traced from the Idaho
Batholith to southwestern Saskatchewan (0'Neill and Lopez, 1985).
O'Neill and Lopez (1985, p. 444) suggest that the Great Falls tectonic
zone is a zone of crustal weakness that has expérienced periodic
recurrent movement, and may mark the northwest boundary of the Archean

Wyoming province.

Timing of Deformation

Timing of thrusting in the Moﬁtana Disturbed Belt is bragketed
primarily by radiomet£ic age dates and structural relationships.
This is in contrasf to the Idaho-Wyoming-Utah thrust belt where timing
of deformation is constrained by well documented stratigraphic
évidence. Deformation in the Northern Distufbed Belt occurred

primérily during the Paleocene (Mudge, 1982, p. 101).

U L
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Radiometric dates for Cretaceous bentonites in the Disturbed Belt
record a thermal event which resulted in 1ow—grade‘metamorphism of
’smectite dominant bentonites into mixed-layer illite/smectite
bentonites within potaésium rich Cretaceous shales (Hoffman and Hower,
1979). The metamorphism repfesents the period of time at which maxi-
mum temperatures were reached in the Cretaceous shales as a
consequence of deep Burial beneath thrust sheets (Hoffman et al,
1976). These maximum temperatures were probably reachéd shortly after
thrust emplacement, and therefore the dating of related metamorphish
gives a‘clpse estimate for the timing of ‘initiation of thrusting in‘
the region. Whole rock radiometric dating (K/Ar) of Cretaceous meta-
bentonites was undertaken by Hoffman and others (1976) within the
Northern Disturbed Belt. Inherited radiogenic argon frém phenocrystal
material (biotite and potasssium feldspar) was avoided by dating only
the 0.2 to 0.5 um fraction of the bentonites (Hoffman et al, 1976,
p..19). Dating reveals that thrust emplacement begén no earlier than
72 Ma and ended by 56 Ma, with a date of 65’Ma obtained in the Swift
Reservoir area (Figure 9). Recalculation of the meta-bentonite K/Ar
dates using 40g abundance and decay constants after Steiger and Jager
(1977) establishes a revised range of 66 Ma to 51 Ma for thrust
e;placement in the Northern Disturbed Belt (Altaner et al, 1984).

Additional radiometric ages in the region help to bracket the
timing of deformation in the Disturbed Belt. In the Wolf Creek area
at the southern end of the Sawtooth Range, a quartz monzonite porphyry
sill which intrudes across and along the Eldorado thrust yields a K/Ar

age date of 583 Ma (Schmidt, 1978, p. 62). The emplacement of this
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Stratigraphic evidence of orpgensis associated with development
of the Montana Disturbed Belt allows a general overview of the timing
of deformation in northwestern Montana. . Regional uncénformities may
record distinct pulses of orogensis and .give an indication of the
progression of deformation. In northwestern Montana, the Jurgssic
Ellis Group, which unconformably overlies the Mississippian Madison

Group, is a clastic wedge shed from a source area to the west
2
(Peterson, 1981). Uplift in western Montana and adjacent Idaho pro-

vided a source of clastic detritus which may reflect initiation of fhe
development of the fold and thrust belt in the region. The basal
conglomerate in the Lower Cretaceous Kootenai (Mt. Pablo) Formation
indicates Eontinued uplift to the west and unroofing of chert rich
strata as the encroaching thrust belt moved progressively eastward.
Cretéceous rocks of the Colorado and Montana Groups were deposited in
a sequence of at least five transgressive—regréssive cycles. Thgse
strata grade westward from marine facies into increasingly coa?ser—
grained nonmarine facies (Peterson, 1981). The transgreééive—
regressive cycles may represent distinct pulsés of structural upliff
and iénéous activity to the west resﬁlting in coarse clastic detritus
being shed into the Cretaceous seaway.

Conglomeratic zones associated with these transgressive-
regressive cycles contain abundant igneous clasts refleéting emplace-
ment of Late Cretaceous batholiths and associated volcanism.
Volcanism appears to be contemporaneous with deposition of formations
within the Colorado and Montana Groups (Mudge and Sheppard, 1968), and

occurs both locally and as the more widespread Elkhorn and Adel
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Mountain volcanics. Lorenz and Gavin (1984, p. 183) have observed
Belt Supergroup clasts (pebbles) within sandstones of the Campanian
‘Two Medicine Formation on'the eastern margin of the Disturbed Belt.
They interpret these clasts to represent the unroofing of Precambrian
Belt-rocks,in comtemporaneously aétive thrust sheets to the west. .The
uplift and resultant supfly of Belt clasts during Two Medicine time
indicates that thrusting had progressed to a well developed state west
of the location of the latest Cretaceous tb early Tertiary Disturbed
Belt, |

An upper age limit on the timing of thrusting in the Disturbed
Belt can be established by the'dating of synorogenic sedimepts of the
Kishenehn Formation within the Flathead Valley (Cons;enius@ 1982;
Price, 1981; McMechan and Price,'1980). The age of the Kishenehn
Formation, based on mammal fossils and radiometric dating, is 33.2 +
1.5 Ma (Constenius and Dyni, 1983, pJ). This early Oligocene age for
the Kishenehn Formation is important because it reflects the timing of
change in regional deformation from horizontal shortening to initia-
tion of extension, as expressed by development of the Kishenehn
graben., Formation of the Kishenehn graben resulted from reactivation
of the frontal ramp of the Lewis thrust and subsequent down-dropping .
and rotation on the listric normal, Flathéad fault (Congtenius, 1982).
This reactivation of the Lewis thrust system signals the end of
regional shortening, and places an upper time limit on Sevier style
deformation in the Northern Disturbed Belt.

Field evidénce also helps to bracket the age of thrusting in the

Northern Disturbed Belt. In subbelt I, the very Late Cretaceous to
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Early Paleocene Willow Creek Formation has been foided and thrust
faulted indicating that deformation must have occured after Early
Paleocene deposition of the unit (Schmidt, 1978; Mudge, 1982). Field
relationships of the Paleocene Adel Mountains volcanics in the Wolf
Creek area further bracket the timing of deformation. Undeformed Adel
Mountains volcanics commonly overlie deformed Mesozoic strata. How-—
ever, exposures in the Wolf Creek area show a ;eiationship in which

the Campanian Two Medicine Formation has been thrust over the

" volcanics (Séhmidt, 1978; Mudge, 1982). These relationships suggest

that the deformation must have been partially contemporaneous with
emplacement of the volcanics and mﬁst have occured predominently
during the Paleocene. |

In éeneral, the age of thrusting in western Montana appears to
become older toward the west, in a manner similar to that observed byl
Royse and others (1975) for the IdahOeWyoming—Utah thrust belt.
Deformation in the Northern Disturbed Belt is equivalent in age with
movement on the easternmost thrusts of the Wyoming salient. Motion on
the Prospect, Darby, and Absaroka thrusts have been assigned an age>of
Early to Late Paleocene by.Wiltschko and Dorr (1983, p. 1306). In the
eastern Canadian Rockies, deformation occured across the thrust belt
from Early Campanian to Late Eocene time (Price, 1981; Eisbacher,
1974), and also corresponds to the timing of deformation in wéstern
Montana. The majority of shoftening, includiﬁg movement of the
McConnell and Lewis thrusts, in the eastern Canadian Rockies is repre—
sented by the thick Early Camp;nian to Paleocene molasse sequence of

the Belly River through Paskapoo Formations (Price, 1981, p. 441).
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This brackets much of the deformation in the Canadian thrust belt to a

30 million year interval similar to that of thrust belt deformation in

Montana and Wyoming.
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CHAPTER 4

£l

STRUCTURAL GROLOGY

Thrust Faults

Thrust faults, ranging from low-angle to bedding—-plane faults,
are the most common structures in-the Swift keservoir area., Major
thrust faults in the study area (Plate 1) are herein named and,charac;
terizgd. They include, from east to west, Fish Lake thrust, Volcano
Reef thrust, Old Man thrust, Walling Reef thrust, Peak thrust, and

Backbone thrust fault. These thrust faults have stratigraphic dis-

placements from tens to hundreds of meters, and commonly place upper
Paleozoic strata over lower Mesozoic rocks.

Thrust faults in the study area obey general thrust belt rules
(Dahl;trom, 1970; Royse et al, 1975). The faults are generally
younger and cut up-section in direction of tectonic transpoft. A
listric ge;metry is inferred for the major thrust faults in the area
as they flatten at depth and sole into a regionalidecollement. The
thrust faulté also tend to be parallel to bedding in incompetent
strata (treads) and oblique go bedding in relatively competent strata
(ramps).

Dispiacemeht transfer is well documented for thrust faults in the
Sawtooth Range (Goldburg, 1984). Within the study area, displacement

transfer occurs on a variety of scales, and is common both parallel
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and perpendicular to transport direction. Stratigraphic displacement
varies widely between thrust sheets and commonly changes along strike
within individual thrust sheets. In general, stratigraphic disflace—
ment decreases upward within'thrust sheets and eastward between thrust
sheets.

Stratigraphy plays an important role in the location and
character of the various thrust faults in the study area. Thrust
faults commonly exhibit a stair-stepped configuration in which thrusts -
tread in incompetent units and ramp obliquely across competent units.
Field studies in the Sawtooth Range indicate that thrust faults pre-
ferentially exploit certaiﬁ stratigraphic horizons (Mudge, 1972b;
Singdahlsen, 1984). Many variables influence the location and pre—
ference of thrust faults for particular stratigraphic horizons. These
variables include gross lithology, lithostatic pressure, pore prés—
éure, and various other minor factors. Within the Sawtooth Range, i;
appears that lithology and confining pressure are the primary factors
influencing stratigraphic preference of thrust faults (Mudge, 1972b).

Major decollement surfaces in the study area include the upper
Cambrian, the Devonian, and the lower and upper Mississippian.
Abundant smaller thrust faults occur at various horizons throughout
the Mesozoic section. Figure 10 shows the stratigraphic column_and'
preferred horizons of decollement in the Swift Reservoir area. This
diagram is in general agreement with the observations of Mudge (1972b)
for zones of weakness in the Sun River Canyon. The regional baéaln
decollement steps up progressiveiy in stratigraphic position and ele-

vation to the east within the Sawtooth Range (Mudge, 1972b, p. B38).
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in the Paleozoic section. As thrust faults cut up;section out of thé
Cambrian, they generally ramp up through the Devonian section.
Although not observed along fault trace exposures, a tread is inferred
to occur near the middle of the Devonian. Other common footwall
treads in the Paleozoic section include: the top of the Devonian,
approximately 100 to 200 féet (30-60 m) above the base of the Allan
Mountain Limestone, and the base of the Castle Reef Dolomite. These
treads commonly place Paleozoic rocks structuraiiy over lower Mesézoic
strata. The Mesozoic section is more heterolithologic than the
Paleozoic section, and this results in an abundance of small magnitude
ramps and treads within the Mesozoic section. Abuﬂdant footwali
treads occur in the Kootenai, Blackleaf, and Marias River Shale forma-
tions ﬁhere imbrication is common. These thrust‘faulté have small
stratigraphic displacements and cémménly repeat the same stratigraﬁhic
unit.

Thrust faults will be discussed in ascending structural order.

Fish Lake Thrust Fault

The Fish Lake thrust fault is herein named based én the proximity
of its surface trace to Fish Lake, east of Swift Reservoir (Plate 1).
The trace of the Fish Lake thrust has an average trend of N42W. The.
dip of the fault plane is betﬁeen 20° and 25°\to&afd_;he southwest as
deterﬁinea from cross—section constructi&n.

Stratigraphic displacemént along the fault trace is ya:iéﬁle and
primarily dependent upon changes in footwall‘configﬁration. Data from

the Texaco #1 Government—Pearson well indicate that the Fish Lake
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thrust places Devonian strata structurally over lower Biacklegf
Formation, yielding a stratigraphic separation of 3200 feet. (1000 g).
Stratigrapﬁicldisplacement decreases rapidly upward along the thrust,
as the fault plane cuts up—section in the hanging wall. The'surfaée

trace, at the southern end of the field area, shows a stratigraphic '

geparation of 1600 feet (490 m) where Blackleaf Formation‘étructurally )
overlies Marias River Shale. Stratigraphic sepafétion inbregses
northward along the trace of the Eiéh Lake thrust aé é~resg}t'b£.a
northwest plunging syncline in the fdotﬁall. which tréndé obliquely to
the fault trace. Maximum stratigraphic displacement along thé_surface
trace places Blackleaf Formation over lower Two Medicine Formation.- H
Farther north, stratigraphic displécement,qhanges as the Fish Lake
thrust intersects both footwall and hanging wall imbricate thrust
faults. At the north eﬁd of the field area, the Fish Lake thrust
places Kootenai Formation structurally(over iower Marias River Shale
resulting in a stratigraphic separation of approximately 1600 feet

(490 m).

Eagle Creek Imbricate Zone

The Eagle Creek imbricate zone is herein named for the group of
closely spaced imbricate thrust slices within the Fish Lake thrust
sheet east of Swift Reservoir. The western boundary of the imbricate
zone is the large north plunging anticline (Swift anticline) which
forms:the dam site at Swift Reservoir. The imbricate zone appears to

be bounded, both to the north and south, by tear faults with sinistral
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offset. These tear faults may provide a mechanism for the transfer of
displacement in the thrust packages surrounding the imbricate zone.
Imbricate thrust faults typically sole into a master floor fault

and exhibit a listric geoﬁetry. Since the zone of imbrication is
located in the hanging wall of the Fish Lake thrust fault, the imbri-
cates of tHe Eagle Creek zone are inferred to sole, at depth, into thé
Fish Lake thrust plane. According to terminology of Boyeriand Elliott
(1982), the Eagle Creek imbricate zone would.be classified as a lead-
ing imbricate fan. Imbricate zones are an effective way to shorten
and thicken a sequence without much stratigraphic displacement. The
imbricate faults in the Eagle Creek zone display minor stratigraphic
displacement as they repeat Cretaceous Kootenai Formation. This
stratigraphic repetition by imbrication effectively shortens and
.doubles the sequence, and thus maintains net shortening ac?oss the
zone. It is inferred that the devélopment of the Eagle Creek imbri-
cate zone occurred during motion on the Fish Lake thrust faulf. and
represents a minor transfer of displacement from the main thrust‘into
the hanging wall, Th? development of the imbricate zone is also
thought to be contemporaneous with and integrally related to formation
of the surrounding thrust panels and tear faults.

| When imbricate systems ;symptotically sole into both a floor
th#ust and a roof thrust, the system is known as a duplex fault‘zqhe
(Boyer and Elliott, 1982). The Eagle Creek imbricate zone may repre-
sent a duplex éone although definitive evidence was not observed in
the field. The Fish Lake thrust has been identified as tﬁe.floor

thrust of the system, but a roof thrust relationship is more difficult

)




48
to idgntify. The thrust fault which places Jurassic Ellis Group over
Kootenai Formation at the western boundary of the imbricate zone may
be the required roof thrust if the Eagie Creek imbricate zone is
indeed a duplex system. If uncertainty exists regarding the recogni-
zation of the roof thrust, Butler (1982, p. 241) states that the
structure should be termed an imbricate stack. This terminology is
accepted for the Eagle Creek zone because of the ﬁncertainty in
identifying a roof thrust, and because leading—edge or hanging wall
imbrications are unlikely to anastoﬁose at a roof and form duplexes
(Butler, 1982; Dahlstrom, 1970). The Humble Oii #12-1 Blackfeet
Tribal well encountered a panel of multiply repeated Kootenai Forma-—
tion bounded, structurally above and below, by thrust faults with
larger displacements than the intervening éanel (Plate 2, cross-—
séction A-A"). Because of the greater displacement on the bounding
thrusts, tﬁisbsystem is interpreted to be a duplex zone. The ;ela—
tionship between this duplex zone at depth and the Eagle Creek imbri-

cate zone in outcrop is uncertain.-

Volcano Reef Thrust Fault

The Volcano Reef thrust is named for the thrust fault which
places Mississippian strata structurally over Cretaceous Blackleaf
Fofmation at the base of Volcano Reef, just south of the map area.
Withiﬁ the map area, the Volcano Reef thrust is interpretéd to merge
with the 0ld Man thrust both at the surface and at depth. Strati-
graphic displacement on the Volcano Reef thrust is transferred to t£e

01d Man thrust as stratigraphic separation is lost. Where the thrusts
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merge, the Volcano Reef thrust has stratigraphic separation of
approximately 1000 feet (300 m) where Kootenai Formdtion structurally

overlies strata of the Blackleaf Formation.

01d Man Thrust Fault

‘The 01d Man thrust fault is herein named for the thrust at the
base of 0ld Man of the Hills, south of the map area., "At 0ld Man of
the Hills, the thrust fault places Mississippian Allan Mountain
Limestone over lower Cretaceous strata. This relationship continues’
northward along the trace of the fault until the thfust fault is’
truncated by sinistral offset along the Split Mountain tear fault
(Plate 1). The southern extent of the fault is unknown, Thé eastern-
most exposure of Mississippian strata occurs in the 0ld Man thrust
sheet and forms the.mountain front of the Sawtooth Range in the study
area (Figure 11),

Stratigraphic separation on the Old Man thrust is nearly constant
along the surface trace. The thrust fault occurs at or near the base
of ‘the Allan Mountain Limestone along the entire length of the faﬁlt
within the map area. Stratigraphic separation ranges from 2100 feet
(640 m) where Allan Mountain is thrust over Kootenai Formation to
approximately 3600 feet (900 m) where strata of fhe Blapkleaf

' Formation occurs in the footwall.

Walling Reef Thrust Fault

The Walling Reef thrust is herein named for the well exposed
thrust fault which occurs at the base of Walling Reef (Figure 11).

The trace of the thrust has an average trend of N34W. Swift
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this portion of the thrust trace is approximately 1700 feet (520 m).
To the south, the thrust laterally climbs up—section in thé footwall
until the thrust fault overlies sandstones of the Kootenai Formation.
Figure 12 shows the trace of the Walling Reef thrust exhibiting this
structural relationship which yields a stratigraphic separation of
2300 feet (700 m).

.Intraformational thrusts within the Mississippian stratigraphic
sequence are common in the study area. These intraformational
thrusts are observed in all thrust sheets containing Mississippian
strata, but are best éxposed within the Walling Reef thrust s#eet.
Intraformational thrusts occur as small bedding-plane faults most
commonly within the Allan Mountain Limestone. The thinly*bedded
character of the Allan Mountain section allows for the development of
bedding-plane thrusts of‘all sizes. These thrusts range in size from
minor detachments which show no stratigraphic displacement to mappable
thrusts which repeat the Allan Mountain section. Figure 13 shows a
well developed intraformational thrust fault located just south of
Sheep Creek (Plate 1). The number of intraformational thrusts mapped
during this study must be considered a minimum because of lack of
recognition of numerous poorly exposed faults which exhibit little or
no stratigraphic displacement. Intraformational thrusts increase in
abundance and decrease in size as their location approach major thrust
faults.. In this manner, intraformational thrusting may act as a mega-
brecciation mechanism within the Misgissippian “"competent structural

beam" directly above major displacement thrust faults.
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Also of considerable interest within the Walling Reef thrust
sheet is a well exposed lateral ramp along the trace'of the Walling
Reef thrust just north of Dupuyer Creek (Plate 1, Section 20, T27N,
ROW). Figure 14 is an aerial view looking west (down bedding) at the
lateral ramp. The Walling Reef thrust cuts up-section in the footwall
from the Ellis Gréup into the Kootenai Formation. As the thrust ramps
ustéction in the footwall, it is also cutting up—séction frém the
base of the Allan Mountain Limestone in the hanging wall. The lateral
ramp is responsible for a change in stratigraﬁhic separation at the
ramf, along the fault trace of approximately 150-200 feet (45—6d m).
A very tigﬁt drag fo;d is developed within sandstones of the Kootenai
Formation beneath the ramé (Figure 15). The overturned limb of this
fold has been truncated by the thrust fault. There also appears to be
some crenulation development in the Allan Mountain Limestone directly
above the fault plane. Much of the thickness of the Jurassic section
underlying the Kootenai Formation below the lateral ramp has been
structurally removed. A small thrqst fault at the base of tﬁe
Kootenai Formation is interpreted to result.in the structural thining
of the Jurassic section and dramatic change in dip of bedding between

‘Cretaceous and Jurassic strata.

Peak Thrust Fault ‘

The Peak thrust fault is herein named for the thrust exposed
beneath the summit of Peak 7115, west of Swift anticline (Figurg 16).
The thrust is interpreted to be a major splay fault off the Walling

Reef thrust and soles into the Walling Reef thrust at depth. The
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Numerous imbricate thrust splays are observed within the Peak
thrust sheet. Figure 16 shows one of these imbricate splays, to the
west of Peak 7115, which places nearly vertical Castle Reef Dolomite
over less steeply dipping strata of the same formation. The east faée
of Peak 7115 has numerous small (1-3 m thick) fault wedges and slices.
Also of interest is the location of Hell Roaring Spring in the south-
east corner of section 27 (T28N, R10W). This spring is interpreted to
be issuing directly from an imbricate thrust fault in the hanging wall

of the Peak thrust.

Backbone Thrust Fault

The Backbone thrust fault is herein named for the easternmost
thrust fault which places Cambrian strata structurally over Upper
Paleozoic and Lower Mesozoic strata. The name Backbone is applied to
the fault based on the iocation of the prominent ridge (Major Steele
Backbone) in the hanging wall of the thrust just north of Swift
Reservoir (Plate 1). Major Steele Backbone is comprised of Cambrian
strata thrust over clastic rocks of the Kootenai Formation.

Within the study area, the surface trace of the Backbone thrust
is approximately 8 miles (13 km) in length and has an average trend of
N37W. The northern and southern extent of the fault is unknown as the
faul£ trace continues in both directions outside of the map area. At
the northern end of the study area, the Backbone thrust dips approxi-
mately 15° to the west-southwest based on cross-section construction
and data from the Humble 0il #12-1 Blackfeet Tribal well. The dip on

the thrust near the southern end of the map area is inferred to be
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40°-45° toward the west from cross—section construction. Variable dip
on the Backbone thrust is due to folding and rotation of .the thrust
sheet by motion on structurally lower thrust faults. Folding of the
Backbone thrust and its relationship to the development of the swift
Reservoir culminati&n will be discussed at greater detail in thg
following chapter.

Deformation within the Backbone thrust sheet is complex due to
;ithologic variability, structural level of development, and polyphase
deformation. Numerous tight folds and imbricate faults witﬁin
Cambrian strata occur in the hanging wall of the Backbone thrﬁst. A
high strain history is indicated for these units based on dévelopment
of penetrative fabrics and structures in many of the Cambrian folds.
The high intensity of this deformation is related to develoément in
close proximity to the regional deco;leﬁent horizon (base éf Steamboat
Limestone). Figure 17 shows an imbricate splay of the Backbone thrust
located where the North Fork of Birch Creek enters Swift Resérvoir.
This imbricate thrust occurs within the Steamboat Limestone and
exhibits a complexly deformed footwall sequence. These structures
occur approximately 100-150 meters structurally above the Backbone
thrust fault.

Along its surface trace, the Backbone thrust occurs within the
shaly section at the base of the Cambrian Steam?oat Limestone. This
horizon is interpreted to be the basal decollement horizon in the
Swift Reservoir area (Figure 10). Stratigraphic displacement along
the fault trace varies as a result of splay faults in the Peak and

Walling Reef thrust sheets which occur in the footwall of the Backbone
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