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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 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 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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CHAPTER I 

INTRODUCTION 

Purpose

The Northern Disturbed Belt of northwestern Montana forms the 

eastern margin of the foreland portion of the structurally complex 

Cordilleran Fold and Thrust Belt (Figure I). The Sawtooth Range is 

part of the Montana Disturbed Belt and consists of closely spaced 

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 analysis will then be applied to an
A

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 National 

Park and forms the front ranges of the Rocky Mountains in northwestern 

Montana. The study area is 15 miles (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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Figure I. Generalized tectonic map of northwest Montana (after 
Harrison et al, 1974; Bregman, 1976).
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Figure 2. Study area location map. Sawtooth Range.
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States Geological Survey 7.5 minute topographic quadrangles of Fish 

Lake, Swift Reservoir, Volcano Reef, and Walling Reef, Montana.

Access to the area is provided 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 trails pro

vide access.

Field Methods

Approximately 65 days during the summer of 1983 were spent in the 

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

graphic sections were measured within the map area during this study. 

Rather, previous stratigraphic studies completed 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,
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1955), Mudge and others, (1962), and Mudge (1972a) have delineated 

mappable units and lithologic characteristics of Precambrian, 

Paleozoic, and Mesozoic strata.

Geologic mapping by the United States Geological Survey in the 

Gibson Reservoir - Sun River Canyon area and 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. These 

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 was 

done by Feucht (1971). His work was largely descriptive and empha

sized stratigraphy and deformational style. Egan (1971) studied the 

area east of the range front from Badger Creek southward to Birch 

Creek. This study mainly emphasized Mesozoic stratigraphy and 

deformation observed within this strata. To the south of Swift 

Reservoir, Ore (1959), Hansen (1962), and Osborne (1963) have 

completed theses in the Blackleaf Canyon area. These theses mainly 

emphasize stratigraphy and deal with structural geology of the map 

areas in a generalized and descriptive manner.
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CHAPTER 2 

STRATIGRAPHY

The lithologic character of the various stratigraphic units 

exposed in the Sawtooth Range plays an important role in determina-
I

tion of the location and nature of thrust belt deformation in the I 
Disturbed Belt. Because many faults in the Disturbed Belt are low 

'angle bedding plane thrusts, a working 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, but 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 present within the range. 

Regional unconformities account for gaps in the Paleozoic strati

graphic record in northwestern Montana.
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Figure 3
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Cambrian

Rocks of Middle and Late Cambrian age are the oldest strata 

exposed within the Swift 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-brown in color and commonly contains yellow-orange quartz silt 

grains on bedding surfaces. Intraformational conglomerate layers, I 

to 6 inches (25 - 150 mm) thick, occur locally within the 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 area.

The basal part of the Steamboat Limestone is a greenish—gray 

shale unit that Feucht (1971) assigned to the Pentagon Shale. Mudge 

(1972a) states that the Pentagon Shale as described by Deiss (1939) is 

of local extent and is not present in the Sun River Canyon area. The 

unit assigned by Feucht (1971) to the Pentagon is herein considered a 

®^Aly facies of the Steamboat Limestone, since it 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 conformably upon 

the Steamboat Limestone with a sharp and distinct contact (Mudges 

1972a). It is typically poorly exposed beneath covered areas between 

the underlying Steamboat and overlying Devils Glen Dolomite when 

associated with folds.

The Switchback is predominantly a noncalcareous, light-green 

shale that weathers to a buff color, and contains 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-exposed section of Switchback Shale is present within the 

study area. Deiss (1939) states that the Switchback ranges in thick

ness from 70 to 250 feet (20-80 m) in northwestern Montana. The 

estimated thickness of the Switchback within the study area is approx

imately 120 feet (40 m), a value consistent 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 (I m) thick, marks the base of the Devils 

Glen Dolomite (Feucht, 1971), and appears to rest conformably 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 Cambrian 

to Middle Devonian exists at the base of Devonian strata in the 

Sawtooth Range. Sloss and Laird (1947) described strata of the 

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 Devonian 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 

ascending order: the Maywood, Jefferson, and Three Forks Formations.

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). The 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 stromatoporoids are 

widespread throughout, and a strong fetid odor is characteristic.

The overlying Birdbear Member is mostly thin to medium bedded, finely 

crystalline dolomite that forms a yellowish-gray slope above the dark 

brown lower member of the Jefferson Formation (Mudge, 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 and contain large cavities. Commonly, the 

upper portions of solution breccias contain fragments and blocks of
I

Lower Mississippian rock. These relations require dissolution of 

evaporite beds within the Three Forks Formation to have occurred after 

the Early Mississippian.

Mississippian

The most resistant strata in the Sawtooth Range are Mississippian 

Madison Group rocks. 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 detail 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, based on recognition of 

primary depositional units. Figure 4 shows the revised nomenclature 

for the Madison Group within the Sawtooth Range. In 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.

Thickness of the Madison Group in the Sawtooth Range ranges 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



13

the Madison Group within the study area is herein assigned. This value 

is similar to the 1300 foot (400 m) thickness assumed by Egan (1971) 

and Feucht (1971) in the same area.

MUDGE AND 0TH ERS|1962)  
MU DG E 11972)

N IC H O LS  11984)

E L L I S  GROUP

D u p u y e r  C r e e k  
u n i t  ___________

Sun R i v e r

Member
G a t e w a y  Pass  

un i t

L o w e r  m e m b e r

U p p e r  m e m b e r
U p p e r  m e m b e r

M i d d l e  m e m b e r M i d d l e  m e m b e r

L o w e  r m e m b e r L o w e r  m e m b e r

T H R E E  FORKS F ORMATI ON

Figure 4. Comparison of stratigraphic nomenclature of Mississippian 
rocks in the Sawtooth Range (from Nichols, 1984).

Allan Mountain Limestone. The Devonian - Mississippian boundary 

is thought to be at a disconformity at the base of the Madison Group 

(Mudge, 1972a). Locally this contact is complex. Fragments of the 

Allan Mountain Limestone are frequently found as clasts in the solu

tion breccias of the Devonian Three Forks Formation.
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The Allan Mountain Limestone has been divided into three dis

tinct, unnamed members by Mudge and others (1962). The lower 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 gray-brown chert are 

common throughout the member, but are not as abundant as the chert 

layers of the middle member. All three members 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-Jurassic
I

erosion. Within the study area, an average thickness of 700 feet 

(210 m) is assumed for the Castle Reef. Mudge and others (1962) 

divide the Castle Reef Dolomite into two members: an unnamed lower

member, and the overlying Sun River Member. Nichols (1984) 

subsequently divided 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 include 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 dolomitic limestone that is thickly bedded, 

medium to coarsely crystalline, and medium to light gray in color 

(Mudge, 1972a). The thick bedding and light gray color of the lower 

member contrasts sharply with the underlying much thinner bedded, dark 

gray Allan Mountain Limestone. The abundance of chert nodules and 

lenses also decreases upward from the Allan Mountain to the lower 

member of the Castle Reef. The lower member contains a large and 

diverse fauna. Locally extensive, coarse grained dolomite beds are 

primarily composed of crinoidal. debris (Mudge, 1972a), while the whole 

member has abundant silicified rugose corals, Syringopora, spirifid 

brachiopods, and fenestrate 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 gradational, and is controlled 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 fills
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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 age are 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 consist of the marine Ellis Group and overlying 

nonmarine Morrison Formation. Cobban (1945) divided the Ellis Group 

into, in ascending order: the Sawtooth, Rierdon, and Swift Forma

tions. Each formation of the Ellis Group has its type section in the 

Sawtooth Range. Cobban (1945) measured a 472 foot (144 m) section of 

Ellis Group along the north shore of Swift Reservoir and designated 

the top 134 feet (41 m) as the type section for the Swift Formation.

The Ellis Group rests unconformably upon the Upper Mississippian 

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 Dolomite (Madison Group). Locally, the unconformable 

surface at the top of the Castle Reef exhibits extensive pelecypod 

borings which have been filled with sand grains from the Jurassic
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Sawtooth Formation (Mudge, 1972a). This extensively bored contact is 

well exposed in the dam spillway, just east of Swift Reservoir. The 

Ellis Group is overlain either conformably by nonmarine deposits of 

the Morrison Formation or unconformably 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 members -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 limestone layers. The upper, silt- 

stone member consists of highly calcareous, orange-yellow weathering 

siltstone with some minor interbedded shale.

Rierdon Formation. The Upper Jurassic Rierdon 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 Rierdon Formation 

at Swift Reservoir. ■

Swift Formation. Disconformably qverlying the Rierdon Formation 

is the Upper Jurassic Swift Formation. , 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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primarily of noncalcareous, dark gray shale with 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 thinly bedded, gray-brown, 

sandstone. The sandstone contains abundant ripple marks, ripple cross 

lamination, and black-gray micaceous shale partings (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 the Upper Jurassic nonmarine Morrison Forma- . 

tion. The Morrison is characterized by variegated, green to maroon 

mudstone interbedded with lenticular 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 feet (12 in) 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 

Cretaceous rocks are approximately 2100 feet (640 m) 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 lenticular sandstone. 

Lower Cretaceous strata unconformably overlie either the Jurassic 

Ellis Group or Morrison Formation 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 conglomerate in the 

lower part and variegated mudstone interbedded with sandstone and 

freshwater 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 (Mudge and Rice, 1982, Figure 2, p. A), but a basal 

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 locally 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 (HO 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 present 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 average 

thickness 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)i
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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 Shale, 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 study 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 overlying Virgelle Sandstone (Cobban, 1955). It is 

■ composed of thinly bedded sandy shale, siltstone, and sandstone. 

Sandstones become more abundant in the upper part of the formation and 

commonly 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

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. I well 

(Cobban, 1955, p. 115). Where significant exposures of Two Medicine 

Formation occur, the unit characteristically weathers to form badlands 

topography.

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 to Danian 

age are exposed in thrust sheets.
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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 the Montana 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 thrust plates carrying Proterozoic strata (Grasshopper and 

Medicine Lodge plates) and by a frontal imbricate zone involving 

primarily Paleozoic rocks (Ruppel and Lopez, 1984). In central 

Montana, the thrust belt forms the Helena Salient and is dominated by 

the Lombard and Eldorado thrust faults (Figure I). The zone of imbri

cation and folding structurally below the Lombard and Eldorado 

thrusts, extends eastward into the western margin of the Crazy 

Mountains Basin, and appears to be underlain by a regional decollement
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(Woodward, 1980). The apparent offset between the Southwest Montana 

thrust belt and the Helena Salient is accommodated by thrust faults 

with a large component of right—lateral motion in the Southwest 

Montana Transverse Zone (Schmidt and O'Neill, 1982). The transverse 

zone separates thrust belt structures to the north from Rocky Mountain 

Foreland uplifts to the south. The Southwest Montana Transverse 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 Salient, the 

thrust belt is dominated by the Eldorado, Hoadley, and Lewis 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 (Mudge, 1982, 

p. 91). The belt extends northward from the Little Belt Mountains to 

Canada. While terminology changes, the structural 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 boundary 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 Northern Disturbed Belt is considered to be 

thin-skinned with no crystalline basement involved in thrust faulting 

(Mudge, 1972b). The basal decollement in this region climbs strati

graphic ally 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 crystalline basement 

involvement in thrust structures based on geophysical-evidence. These 

basement thrust slices are plausible as crustal thickening is a neces

sity of balanced otogenic 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 subbelt II.

Subbelt I consists of imbricately thrust faulted and folded 

Cretaceous strata. Subbelt I is the easternmost subdivision of the 

Disturbed Belt, and is bounded on the east by the Sweetgrass Arch and 

on the west by the first outcrop of Paleozoic 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 than 1800 

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



26

CANADA

E as te rn  Edge  Of  
^  D is t u r b e d  B e l t

A r b i t r a r y
W este rn  E d g e  Of 

D is tu r b e d  B e l t

■STUDY AREA

L E W I S  _ 
T H R U S T

. E L D O R A D O  V  T H R U S T

S T E I N B A C K
^ T H R U S T

40  Km

Figure 5. Subbelt division of the Northern Disturbed Belt (from 
Mudge, 1982).

Subbelt II is the Sawtooth Range, and consists of complexly 

thrust faulted and folded rocks of Paleozoic and Mesozoic age. Thrust 

faults are closely spaced, west dipping, and generally exhibit greater 

displacement than those of subbelt I. Thrust faults commonly place 

Paleozoic strata over Lower Cretaceous rocks, and have stratigraphic 

throws of 3000 to 6000 feet (900 to 1800 m) (Mudge, 1982, p. 97). The 

Swift Reservoir culmination is located within the eastern portion of 

subbelt II.

Subbelt III contains thrust faulted Mesozoic rocks in the broad 

valley west of the Sawtooth Range. Most thrusts in subbelt III repeat 

Cretaceous strata (Mudge, 1982). Subbelt III is bounded to the west 

and overridden by major thrust sheets of subbelt IV.
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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, Hoadley, and 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 normal faults occured during the middle 

Tertiary as evidenced by synorogenic sedimentation into developing 

grabens during this time (Gonstenius, 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 Disturbed Belt may be 

interpreted as a complex imbricate fan related to ramping of the basal 

decollement west of the Sweetgrass 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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the Sweetgrass Arch (Mudge, 1972b; Lorenz, 1982). Compression at the 

feather edge of stratigraphic sequences results in stress concentra

tion and potential development of thrust ramps (Wiltschko and Eastman, 

1983, p. 178) (Figure 6-a). Basement faults also influence the loca

tion and formation of thrust ramps. Pre-existing basement faults 

(e.g., Pendroy fault, Scapegoat-Bannatyne trend) may control ramp 

development and lateral structural variation on a local scale within 

the Northern Disturbed Belt.

(a)

w

(b)

(c)

STRATIGRAPHIC  CHANGE

V L U ^ < I  > V ^

BASEMENT WARP

I . z A  A  , -> A v V . <

BASEMENT FAULT

Figure 6. Influences of pre-existing structures on thrust ramp forma
tion (from Wiltschko and Eastman, 1983).
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Figure 7. Structure map of top of the crystalline basement, in feet 
below sea level (after Mudge, 1982).

The Lewis thrust may also play an important role in the develop

ment of the Northern Disturbed Belt. Boyer and Elliott (1982, 

p. 1221) discuss the development of thrust belts with a dominant 

thrust sheet such as the Lewis thrust. They stress that the evolution 

of a region which has a dominant overlying thrust sheet, whose dis

placement is much greater than that of other thrusts, is controlled by 

motion on that dominant thrust sheet. The Lewis thrust extends north

ward from northwest Montana for a length of 280 miles (450 km) into 

southern Alberta (Mudge and Earhart, 1980). Maximum displacement on 

the Lewis thrust is 40 miles (65 km) and may be as much as 50 miles
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(71 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 angles in the Sawtooth 

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 east, and 

exhibit minor displacement relative to that on the Lewis thrust.

Initiation of duplexes commonly occurs 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 continued 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 structural 

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 the 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 at least 10 

miles (16 km) beyond its present eastern extent. Burial of the 

Sawtooth Range by major thrust sheets of subbelt IV results in the 

high thermal history observed within the Sawtooth Range (Clayton 

et al, 1982, p. 789). Additionally, the Lewis thrust at Marias Pass 

dips north-northwest and climbs up-section toward the south 

(Dahlstrom, 1970). This configuration 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 

scanner (MSS) imagery of the northern Sawtooth Range 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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features that are commonly the surface expression of structural ele

ments (Goetz and Rowan, 1981). A northwest trending lineament set is 

oriented at N50W to N55W, and corresponds to the regional trend of 

imbricate thrust faults and associated folds in the Swift Reservoir 

area as indicated by field mapping (see Plate I). The more prominent 

lineament trend is oriented nearly normal to regional Tertiary struc

tures. These northeast trending lineaments have an orientation of 

N40E to N50E, and occur both within the Sawtooth Range proper and to 

the east of the range front in subbelt I.

Figure 8. Computer output of edge enhanced Landsat image of the Swift 
Reservoir area showing northwest and northeast trending 
lineament sets. Cursor crosshair is located on Swift 
Reservoir (in the upper left hand corner).

Northeast trending lineaments are parallel to sub-parallel to 

local structural features (i.e.. Spillway and Split Mountain tear
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faults) and larger regional features such as the Pendroy fault and 

Scapegoat-Bannatyne trend. Northeast trending features are 

interpreted to represent a fundamental structural grain in the 

crystalline basement beneath the Northern Disturbed Belt. This struc

tural grain has been periodically reactivated up to the present where 

it is manifest as a control on surficial features.

Regional northeast trending features in northwest Montana reflect 

structural discontinuities in the crystalline basement (Mudge8 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 gravity features occur 

transverse to the Sweetgrass Arch. These features trend approximately 

NSSE (Smith, 1970). 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 fractures (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 acted as a loci for the emplacement of various igneous 

bodies.

Mudge (1982) suggests that these northeast trending structural 

features may have exerted considerable influence on the development 

and formation of 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 coincident 

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 zone. The Great Falls tectonic zone is a belt of 

diverse northeast trending geologic features traced from the Idaho 

Batholith to southwestern Saskatchewan (O'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 experienced periodic 

recurrent movement, and may mark the northwest boundary of the Archean 

Wyoming province.

Timing of Deformation

Timing of thrusting in the Montana Disturbed Belt is bracketed 

primarily by radiometric age dates and structural relationships.

This is in contrast to the Idaho-Wyoming-Utah thrust belt where timing 

of deformation is constrained by well documented stratigraphic 

evidence. Deformation in the Northern Disturbed Belt occurred 

primarily during the Paleocene (Mudge, 1982, p. 101).
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Radiometric dates for Cretaceous bentonites in the Disturbed Belt 

record a thermal event which resulted in low-grade metamorphism of 

smectite dominant bentonites into mixed-layer illite/smectite 

bentonites within potassium rich Cretaceous shales (Hoffman and Hower8 

1979). The metamorphism represents 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 reached shortly after 

thrust emplacement, and therefore the dating of related metamorphism 

gives a close 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 from phenocrystal 

material (biotite and potasssium feldspar) was avoided by dating only 

the 0.2 to 0.5 urn fraction of the bentonites (Hoffman et al, 1976, 

p. 19). Dating reveals that thrust emplacement began no earlier than 

72 Ma and ended by 56 Na, with a date of 65 Ma obtained in the Swift 

Reservoir area (Figure 9). Recalculation of the meta-bentonite K/Ar 

dates using ^0K abundance and decay constants after Steiger and Jager 

(1977) establishes a revised range of 66 Ma to 51 Ma for thrust 

emplacement 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 58.3 Ma (Schmidt, 1978, p. 62). The emplacement of this
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Figure 9. Timing of deformation in the Northern Disturbed Belt.
□  - date of 65 Ma in the Swift Reservoir area (Hoffman et 
al, 1976). O -  date of 58.3 Ma for quartz monzonite 
porphyry sill in the Wolf Creek area (Schmidt, 1978).

sill, which is clearly younger than last motion on the Eldorado 

thrust, gives an upper age bracket to timing of movement of one of the 

major thrusts in the Northern Disturbed Belt. A hornblende monzonite 

dike, which cross-cuts small thrusts and folds in the Wolf Creek area, 

has been dated at 46.3 Ma (Schmidt, 1978, p. 63) suggesting that 

thrusting had ceased by Middle Eocene time in this area.
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Stratigraphic evidence of orogensis associated with development 

of the Montana Disturbed Belt allows a general overview of the timing 

of deformation in northwestern Montana. Regional unconformities may 

record distinct pulses of orogensis and give an indication of the 

progression of deformation. In northwestern Montana, the Jurassic 

Ellis Group, which unconformably overlies the Mississippian Madison 

Group, is a clastic wedge shed from a source area to the west 

(Peterson, 1981). Uplift in western Montana and adjacent Idaho pro

vided a source of clastic detritus which may reflect initiation of the 

development of the fold and thrust belt in the region. The basal 

conglomerate in the Lower Cretaceous Kootenai (Mt. Pablo) Formation 

indicates continued uplift to the west and unroofing of chert rich 

strata as the encroaching thrust belt moved progressively eastward. 

Cretaceous rocks of the Colorado and Montana Groups were deposited in 

a sequence of at least five transgressive-regressive cycles. These 

strata grade westward from marine facies into increasingly coarser- 

grained nonmarine facies (Peterson, 1981). The transgressive- 

regressive cycles may represent distinct pulses of structural uplift 

and igneous activity to the west resulting in coarse clastic detritus 

being shed into the Cretaceous seaway.

Conglomeratic zones associated with these transgressive- 

regressive cycles contain abundant igneous clasts reflecting 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 active thrust sheets to the west. The 

uplift and resultant supply 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 to 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 sediments of the 

Kishenehn Formation within the Flathead Valley (Constenius., 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, p.l). 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, Flathead fault (Constenius, 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 evidence 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 folded and thrust 

faulted indicating that deformation must have occured after Early 

Paleocene deposition of the unit (Schmidt, 1978; Mudge1 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 relationship in which 

the Campanian Two Medicine Formation has been thrust over the 

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

that the deformation must have been partially contemporaneous with 

emplacement of the volcanics and must have occured predominantly 

during the Paleocene.

In general, the age of thrusting in western Montana appears to 

become older toward the west, in a manner similar to that observed by 

Royse and others (1975) for the Idaho^Wyoming-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; Eisbacher8 

1974), and also corresponds to the timing of deformation in western 

Montana. The majority of shortening, including movement of the 

McConnell and Lewis thrusts, in the eastern Canadian Rockies is repre

sented by the thick Early Campanian 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 

STRUCTURAL GEOLOGY 

Thrust Faults

Thrust faults, ranging from low-angle to bedding-plane faults, 

are the most common structures in the Swift Reservoir area. Major 

thrust faults in the study area (Plate I) are herein named and charac

terized. 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 

(Dahlstrom, 1970; Royse et al, 1975). The faults are generally 

younger and cut up—section in direction of tectonic transport. A 

listric geometry is inferred for the major thrust faults in the area 

as they flatten at depth and sole into a regional decollement. The 

thrust faults also tend to be parallel to bedding in incompetent 

strata (treads) and oblique to bedding in relatively competent strata 

(ramps).

Displacement 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 displace

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 certain stratigraphic horizons (Mudge8 1972b; 

Singdahlsen8 1984). Many variables influence the location and pre

ference of thrust faults for particular stratigraphic horizons. These 

variables include gross lithology, lithostatic pressure, pore pres

sure, and various other minor factors. Within the Sawtooth Range, it 

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 basal 

decollement steps up progressively in stratigraphic position and ele

vation to the east within the Sawtooth Range (Mudge, 1972b, p. B38).
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In the Swift Reservoir area, this decollement is located in the shaly 

facies at the base of the Middle Cambrian Steamboat Limestone. Above 

the basal decollement, the Paleozoic section is a thick sequence of 

carbonate strata which forms a rigid "structural beam" in the 

Sawtooth Range. Slight inconsistencies and variations in lithology 

within the carbonate strata allow for development of footwall treads
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Figure 10. Stratigraphic position of thrust fault ramps and treads in 
the Swift Reservoir area. Sawtooth Range, Montana. Dashed 
lines indicate stratigraphic correlation of treads or 
horizons of weakness. (Modified after Mudge, 1972b,
Plate 5).
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in the Paleozoic section. As thrust faults cut Up-section out of the 

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 Palebzoic section include the, top of the Devonian, 

approximately 100 to 200 feet (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 structurally over lower Mesozoic 

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. Abundant footwall 

treads occur in the Kootenai, Blackleaf, and Marias River Shale forma

tions where imbrication is common. These thrust faults have small 

stratigraphic displacements and commonly repeat the same stratigraphic 

unit.

Thrust faults will be discussed in ascending structural order. 

Fish Lake Thrust Fault

The Fish Lake thrust fault is herein named based on the proximity 

of its surface trace to Fish Lake, east of Swift Reservoir (Plate I). 

The trace of the Fish Lake thrust has an average trend of N42W. The 

dip of the fault plane is between 20° and 25° toward the southwest as 

determined from cross-section construction.

Stratigraphic displacement along the fault trace is variable and 

primarily dependent upon changes in footwall configuration. Data from 

the Texaco #1 Government—Pearson well indicate that the Fish Lake
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thrust places Devonian strata structurally over lower Blackleaf 

Formation, yielding a stratigraphic separation of 3200 feet.(1000 m). 

Stratigraphic displacement decreases rapidly upward along the thrust, 

as the fault plane cuts up-section in the hanging wall. The surface 

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

separation of 1600 feet (490 m) where Blackleaf Formation structurally 

overlies Marias River Shale. Stratigraphic separation increases 

northward along the trace of the Fish Lake thrust as a result of a 

northwest plunging syncline in the footwall, which trends obliquely to 

the fault trace. Maximum stratigraphic displacement along the surface 

trace places Blackleaf Formation over lower Two Medicine Formation. 

Farther north, stratigraphic displacement changes as the Fish Lake 

thrust intersects both footwall and hanging wall imbricate thrust 

faults. At the north end of the field area, the Fish Lake thrust 

places Kootenai Formation structurally over lower 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



47

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 geometry. 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 the 

Fish Lake thrust plane. According to terminology of Boyer and 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 across the 

zone. It is inferred that the development of the Eagle Creek imbri

cate zone occurred during motion on the Fish Lake thrust fault, and 

represents a minor transfer of displacement from the main thrust into 

the hanging wall. The 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 asymptotically sole into both a floor 

thrust and a roof thrust, the system is known as a duplex fault zone 

(Boyer and Elliott, 1982). The Eagle Creek imbricate zone may repre

sent a duplex zone although definitive evidence was not observed in 

the field. The Fish Lake thrust has been identified as the floor 

thrust of the system, but a roof thrust relationship is more difficult
)
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to identify. 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 Eagle 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 uncertainty in 

identifying a roof thrust, and because leading-edge or hanging wall 

imbrications are unlikely to anastomose at a roof and form duplexes 

(Butler, 1982; Dahlstrom, 1970). The Humble Oil #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 panel (Plate 2, cross- 

section A-A'). Because of the greater displacement on the bounding 

thrusts, this system is interpreted to be a duplex zone. The rela

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 

Formation at the base of Volcano Reef, just south of the map area. 

Within the map area, the Volcano Reef thrust is interpreted to merge 

with the Old Man thrust both at the surface and at depth. Strati- 1 

graphic displacement on the Volcano Reef thrust is transferred to the 

Old 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 Formation structurally 

overlies strata of the Blackleaf Formation.

Old Man Thrust Fault

The Old Man thrust fault is herein named for the thrust at the 

base of Old Man of the Hills, south of the map area. At Old 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 thrust fault is 

truncated by sinistral offset along the Split Mountain tear fault 

(Plate I). The southern extent of the fault is unknown. The eastern

most exposure of Mississippian strata occurs in the Old 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 fault 

within the map area. Stratigraphic separation ranges from 2100 feet 

(640 m) where Allan Mountain is thrust over Kootenai Formation to 

approximately 3000 feet (900 m) where strata of the Blackleaf 

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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Figure 11. Looking north at Old Man thrust (OMT) and Walling Reef
thrust (WRT). Stratigraphic symbols are the same as those 
used in Plate I.

anticline is interpreted to be the northern, lateral termination of 

the trace of the Walling Reef thrust. Displacement is transferred 

from the thrust fault to folding and imbrication in the hanging wall. 

To the south, Walling Reef thrust continues beyond the map area for an 

unknown distance.

Along its surface trace, the Walling Reef thrust fault occurs at 

or near the base of the Allan Mountain Limestone. Stratigraphic 

displacement along the fault trace varies slightly due to lateral 

ramping of the thrust in the footwall section. South of Swift anti

cline, the Walling Reef thrust places Allan Mountain Limestone 

structurally over Ellis Group strata. Stratigraphic separation along
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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 the 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).

Intrafprmational 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 exposed within the Walling Reef thrust sheet. 

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 I). 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 Mississippian "competent structural 

beam" directly above major displacement thrust faults.
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Figure 12. Walling Reef thrust fault showing Allan Mountain Limestone 
structurally overlying Kootenai Formation. Note the near 
bedding-plane attitude and sharp contact exhibited by the 
thrust fault.

Figure 13. Intraformational thrust within the Allan Mountain Lime
stone in the hanging wall of the Walling Reef thrust fault 
(WRT). Stratigraphic symbols same as those in Plate I.
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Also of considerable interest within the Walling Rdef 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, 

R9W). 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 Group into the Kootenai Formation. As the thrust ramps 

up-section in the footwall, it is also cutting up-section from the
I

base of the Allan Mountain Limestone in the hanging wall. The lateral 

ramp is responsible for a change in stratigraphic separation at the 

ramp, along the fault trace of approximately 150-200 feet (45-60 m).

A very tight drag fold is developed within sandstones of the Kootenai 

Formation beneath the ramp (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 thrust fault at the base of the 

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 (Figure 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



54

Figure 14. Lateral ramp in the Walling Reef thrust (WRT) just north 
of Dupuyer Creek. Note that the thrust is cutting up- 
section in both the hanging wall and footwall. Cliff 
above WRT is approximately 500 feet (150 m) high.

Figure 15. Closeup view of lateral ramp shown in Figure 14. Note 
drag fold developed in the Kootenai Formation.
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Peak thrust may be kinematically related to the lateral termination of 

the Walling Reef thrust and development of Swift anticline. Displace

ment may be transferred to the Peak thrust as the Walling Reef thrust 

loses displacement northward into Swift anticline. The exact rela

tionship between these three structures is not clear.

Stratigraphic displacement along the Peak thrust varies according 

to footwall configuration. The Peak thrust obliquely overlaps the 

west flank of Swift anticline, and therefore, stratigraphic separation 

along the fault trace increases northward. Maximum observed strati

graphic separation along the fault trace is greater than 1100 feet 

(340 m).

Figure 16. Looking north at Walling Reef thrust (WRT) and Peak
thrust (PT). Note small imbricate splay fault to the west 
of Peak thrust.
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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 face 

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 location of the prominent ridge (Major Steele 

Backbone) in the hanging wall of the thrust just north of Swift 

Reservoir (Plate I). 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 

fault 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 Oil #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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40o-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 culmination will be discussed at greater detail in the 

following chapter.

Deformation within the Backbone thrust sheet is complex due to 

lithologic variability, structural level of development, and polyphase 

deformation. Numerous tight folds and imbricate faults within 

Cambrian strata occur in the hanging wall of the Backbone thrust. A 

high strain history is indicated for these units based on development 

of penetrative fabrics and structures in many of the Cambrian folds. 

The high intensity of this deformation is related to development in 

close proximity to the regional decollement horizon (base of Steamboat 

Limestone). Figure 17 shows an imbricate splay of the Backbone thrust 

located where the North Fork of Birch Creek enters Swift Reservoir. 

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 Steamboat 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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thrust. Maximum stratigraphic separation along the Backbone thrust 

trace occurs at the northern end of the map area where Steamboat 

Limestone is thrust over Kootenai Formation. This structural rela

tionship yields a stratigraphic separation of up to 3300 feet (1010 m) 

(Figure 18). Minimum stratigraphic separation is approximately 1500 

feet (460 m) along the fault trace where Steamboat Limestone overlies 

a thrust slice of Allan Mountain Limestone (Figure 18). The Backbone 

thrust exhibits the greatest amount of displacement and stratigraphic 

separation within the Swift Reservoir study area.

Figure 17. Looking south at an imbricate splay of the Backbone 
thrust. Cambrian Steamboat Limestone is thrust over 
complexly deformed Steamboat Limestone in the footwall. 
Note person to right of fold for scale.



S
tr

a
ti

g
ra

p
h

ic
 

S
u

c
c

e
s

s
io

n

59

NORTH

Kb

SOUTH

Kk ' x
F O O T W A  L L

- 4 0 0 0 f t .
(1 2 2 0 m )

Je

Mc

Ma

Du

C u

uIlI«0, H A N G I N G WA LL

- 3 0 0 0 f t .
(9 1 5 m )

- 2 0 0 0 f t .
(6 1 0 m )

- 1 0 0 0  ft.
( 3 0 5 m )

A
O OC(A

A
CCCA 3 mi. 6 mi.

(4 .8  k m ) (9 .6 k m )

D i s t a n c e  A l o n g  S u r f a c e  T r a c e

A
O
Q

Figure 18. ^
locations are denoted along the fault trace. SR is Swift 
Reservoir and DC is the North Fork of Dupuyer Creek.

\

Tear Faults

Dahlstrom (1970) describes tear faults as a type of strike-slip 

fault which terminate vertically in both directions against movement 

planes that may be thrust faults or low-angle normal faults. Within 

thrust-faulted terranes, two basic types of tear faults commonly
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exist. The first type occurs completely within one thrust sheet or 

package of thrust sheets and allows differential shortening or move

ment on either side of the tear fault (Dahlstrom, 1970). The second 

type of tear fault occurs as an integral thrust sheet boundary in the 

form of a near-vertical lateral ramp. This type of tear fault 

commonly results in rapid transverse changes in stratigraphic level of 

bedding-plane thrusting (Dahlstrom, 1970). Tear faults observed in 

the Swift Reservoir area appear to be the first type of tear fault and 

accommodate both stratigraphic and overall displacement transfer.

Spillway Tear Fault

The Spillway tear fault is herein named for the tear fault 

located adjacent to the north side of the Swift Dam spillway. This 

tear fault truncates the nose of the large, north plunging anticline 

which forms the dam site at Swift Reservoir (Plate I). Highly con

torted Jurassic Ellis Group is juxaposed against, asymmetrically folded 

Mississippian Castle Reef Dolomite by sinistral offset on the Spillway 

tear fault (Figure 19). The surface trace of the tear fault trends 

N48E, or nearly perpendicular to the trend of thrust faults in the 

area. The lateral extent of the Spillway tear fault is unknown.

The Spillway tear fault is interpreted to accommodate 

differential movement within a thrust package. This differential 

movement results in shortening primarily by folding (Swift anticline) 

to the south, and imbricate shortening north of the tear. If this 

interpretation is correct, then the tear fault must have formed during 

the early stages in development of the thrust package, and would be
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Figure 19. Spillway tear fault showing highly contoured Jurassic 
Ellis Group sinistrally offset against Mississippian 
Castle Reef Dolomite. Location of the tear fault is 
within the shadow in the center of the photo.

classified as a primary transverse tear fault using terminology of 

Dahlstrom (1970). Alternatively, the Spillway tear fault may be 

interpreted to be a late-stage mechanism resulting in larger-scale 

regional offset and displacement transfer. The first interpretation 

is favored for the development of the Spillway tear fault, although 

larger-scale offset may occur superimposed upon or parallel to the

structure.
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Split Mountain Tear Fault

The Split Mountain tear fault is herein named for the occurrence 

of a fault on the northern flank of Split Mountain (Plate I). The 

Split Mountain tear fault displays sinistral offset and forms the 

southern boundary of the Eagle Creek imbricate zone. Laterally, the 

tear fault terminates against the Old Man thrust to the east and the 

Walling Reef thrust to the west.

The tear fault is interpreted as a secondary transverse tear 

fault based on terminology of Dahlstrom (1970). The tear fault is 

also interpreted to provide a mechanism for transfer of displacement 

at the northern termination of the Old Man thrust sheet. North of the 

tear fault, the Old Man thrust abruptly terminates, and displacement 

is transferred to imbricates within the Cretaceous Kootenai Formation 

(Eagle Creek Imbricate Zone). An outcrop of Castle Reef Dolomite is 

observed to be offset along the north side of the tear fault. Because 

of its highly choatic and brecciated nature, the outcrop is believed 

to be a small thrust sliver or horse, and may possibly not be related 

to development of the tear fault.

The development of tear faults in the Swift Reservoir area is 

interpreted to have occured during the kinematic development of the 

surrounding thrust faults, and jtherefore, must be an integral part of 

the structural fabric in the area. Control of the location of the 

tear faults may be related to the northeast trending structural grain 

observed for the region. The development of the tear faults may have 

profoundly influenced the formation of the Eagle Creek imbricate zone 

and Swift anticline. The tear faults have effectively isolated these
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structures# and may provide a mechanism for displacement transfer both 

to the north and south of the isolated panel and also to the east of 

Swift anticline.

Folds

Folds are an integral part of all foreland fold and thrust belts. 

Folding accounts for a great percentage of the shortening that occurs 

in addition to thrust faulting within these orogenic belts. Concen

tric folding is characteristic of deformation at relatively low temp

erature and pressure such as that responsibe for the development of 

the Montana Disturbed Belt. Folds exposed in the Swift Reservoir area 

exhibit a concentric or parallel fold geometry, and occur on a wide 

variety of scales.

Fold Type and Classification

Concentric folding is the dominant style of folding during thin- 

skinned deformation. Folds which exhibit a concentric geometry are 

characterized by conservation of stratigraphic thickness and volume 

during deformation, and can only develop in bedded sequences that 

permit interbed slipage during folding (Dahlstrom, 1970). Variation 

in concentric geometry dominates the folding style in the Swift 

Reservoir area.. Types of folds observed in the study area include 

simply-curved (concentric), kink, and psuedo-similar. These types of 

folds have also been documented in the Canadian Foothills and Front 

Ranges by Dahlstrom (1970) and in the Wyoming-Idaho Thrust Belt by 

Lageson (1980).
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Various systems of fold classification have been proposed in the 

geologic literature. Fold classification ranges from geometric 

description to mechanisms of formation. A brief review of the more 

commonly used classification schemes will allow a better understanding 

of fold description in the Swift Reservoir area.

Donath and Parker (1964) propose fold classification based on 

folding mechanism. Relative ductility and interlayer cohesion are the 

primary factors determining type of fold mechanism operative during 

deformation and resultant fold geometry (Donath and Parker, 1964, 

p. 49-50). This classification system suggests three general classes 

of folds: flexural, passive, and quasi-flexural. Flexural fold

mechanisms are dependent on the presence of mechanical anisotropy in 

the folded sequence resulting in slip between layers (flexural-slip) 

or flow within layers (flexural-flow) (Donath and Parker, 1964). The 

majority of folds in the Swift Reservoir area are flexural-slip.

These folds characteristically exhibit constant bed thickness across 

the parallel fold geometry, and commonly have well developed 

slickensides on bedding planes indicating interlayer slip during fold

ing. Other folds in the Swift Reservoir area exhibit flexural-flow or 

quasi-flexural fold mechanisms. These minor folds commonly develop in 

Cambrian shale units which occupy the cores of larger concentric 

folds. The distinction between flexural-flow and quasi-flexural folds 

is a matter of the scale of observation and disharmonic relationships. 

The presence and dominance of flexural—slip folding in the Swift 

Reservoir area has also been documented by Egan (1971) and Feucht

(1971).
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Ramsay (1967) proposes geometric classification of folds based on 

the shape of profile section of folded layers. This classification 

considers the relative rate of change in the inclination of bounding 

surfaces of the fold in question. The change in inclination of bound

ing surface is best determined by construction of dip isogons or lines 

of equal slope within the fold (Ramsay, 1967, p. 363). This system of 

classification allows differentiation of three general fold classes; 

folds with convergent dip isogons (Class I); folds with parallel dip 

isogons (Class 2); and folds with divergent dip isogons (Class 3) 

(Ramsay, 1967, p. 366-369). Folds in the Swift Reservoir area are 

predominantly Class IB - parallel folds which exhibit constant 

orthogonal thickness across stratigraphic layering. Dip isogons for 

Class IB folds are always perpendicular to the surfaces of the folded 

layers (Ramsay, 1967, p. 367). Class IB folds are concentric and 

therefore are the most commonly observed fold type within foreland 

portions of fold and thrust belts.

Structural Domains

The Swift Reservoir study area has been subdivided into four 

structural domains (Figure 20). Domain differentiation is based on 

structural style and stratigraphic character. Individual domains are 

characterized by different stratigraphic involvement, folding style, 

and overall deformational intensity. These structural domains 

represent deformational zonation controlled by both lithostratigraphy 

and structural level of development.



66

DOMAIN 
- Ill

DOMAIN
IV

/  //

DOMAIN
DOMAIN

IV

DOMAIN

Structural domain map. Swift Reservoir area (tectonic map 
modified from Plate I).

Figure 20



67

To a large extent, deformation style and intensity are controlled 

by the lithologic and stratigraphic character of the rocks within 

which the structures have developed. In addition to structural domain 

subdivision within the study area, the stratigraphic section can also 

be divided into tectonostratigraphic packages based on gross 

lithology.

Two major lithostratigraphic packages are present in the Swift 

Reservoir area. The first package is the Paleozoic section which is 

predominantly comprised of carbonate strata. The Paleozoic package 

can be further subdivided into three smaller lithostratigraphic 

packages: Cambrian, Devonian, and Mississippian. The Cambrian

package consists of alternating 200 foot (60 m) intervals of micrite 

and mudstone. Because of the high ductility contrast of the alternat

ing layers, the Cambrian package exhibits a high deformational inten

sity and strain history. The Devonian package is dominantly dolomitic 

limestone and dolomite. The upper part of the Devonian has abundant 

solution breccia zones which allow development of glide horizons. The 

Mississippian package consists of 1200 feet (370 m) of limestone and 

dolomite which usually behaves as a coherent "structural beam". 

Deformation within the Mississippian package is controlled by changes 

in thickness of stratigraphic units. The thinnly bedded lower section 

contains numerous decollement horizons while the more massive upper 

portion of the package commonly deforms uniformly. The remaining 

major lithostratigraphic package is the Mesozoic clastic section. 

Interbedded marine and nonmarine sandstones and shales of Jurassic 

through Cretaceous age comprise the Mesozoic lithostratigraphic
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package. Deformation within the Mesozoic package occurs as numerous 

small imbricate thrust faults and folds.

Ductility contrasts and mechanical behavior of the different 

lithostratigraphic packages partition thrust sheet deformation in the 

Swift Reservoir area. In addition to gross lithology, the different 

structural patterns observed in thrust sheets may also be controlled 

by confining pressure or depth of burial at the time of deformation 

(Mudge, 1972b; Allmendinger, 1981). The use of burial depth as a 

controlling factor in thrust sheet deformation is complicated by 

polyphase deformation, common in foreland thrust-fold belts, which 

results in rotation and structural uplift due to footwall imbrication.

Domain I. Structural domain I consists of imbricately thrust 

faulted and folded rocks located east of the range front. The domain 

is bounded on the west by a series of faults (Volcano Reef, Walling 

Reef, Split Mountain) and Swift anticline which juxtapose Paleozoic 

strata on Mesozoic strata (Figure 20). Domain I correlates with 

subbelt I of Mudge's (1972b) structural subdivision of the Northern 

Disturbed Belt. The rocks in Domain I belong to the Mesozoic litho

stratigraphic package and are dominantly clastic.

Abundant imbricate thrust faults are the most common structural 

features in Domain I. Figure 21-a shows the Pi (S-pole) diagram for

42 poles to bedding in Domain I. Interpretation of the S-pole diagram
:

yields a point maximum and corresponding great circle which strikes 

N25W and dips 20° SW. A very faint fold girdle may exist which shows 

a Beta axis of 6° , N40W. Field evidence from the numerous small 

folds in Domain I supports a northwest plunge of folds.
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Figure 21. Structural Domain Pi Diagrams.

(a) Domain I: 42 poles to bedding, contoured at
20%, 15%, 11%, 6%, and 2% per 1% area.

(b) Domain II: 100 poles to bedding, contoured at
25%, 15%, 8%, 4%. and 1% per 1% area.

(c) Domain III: 27 poles to bedding, contoured at
28%, 20%, 15%, 7%, and 2% per 1% area.

(d) Domain IV: 53 poles to bedding, contoured at
15%, 10%, 7%, 5%, and 1% per 1% area.
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Folds within Domain I vary with respect to size and mechanical 

development. The majority of folds are tight, gently plunging, and 

asymmetric with vergence toward the east. Fold size is dependent on 

stratigraphy, and wavelengths range from tens to hundreds of feet 

(I to 300 m). Smaller parasitic folds are present, but are uncommon. 

Fold size also appears to be dependent upon proximity of folds to 

decollement surfaces. Smaller folds are observed in the closely 

spaced thrust sheets of the Eagle Creek imbricate zone, while larger, 

more open folds occur in the footwall and hanging wall of the Fish 

Lake Thrust. Mechanically, folds in Domain I develop by a combination 

of flexural-slip and flexural-flow. The dominant mechanism is 

flexural-slip, but commonly the cores of folds exhibit flexural-flow 

within shaly units.

Domain II. Domain II consists of the Old Man, Walling Reef, and 

Peak thrust sheets. These thrust sheets contain primarily Mississip- 

pian strata, but locally also contain Jurassic and lower Cretaceous 

strata which has been carried "piggy-back” with the Mississippian 

rocks. The western boundary of Domain II is the Backbone thrust which 

places Cambrian strata structurally over Mississippian rocks.

There are no major folds in the domain as the major structural 

features are thrust faults which place upper Paleozoic strata over 

lower Mesozoic strata (Figure 11). Pi diagram plotting of 100 poles to 

bedding for Domain II (Figure 21-b) reveals a point maximum with 

corresponding great circle which strikes N22W and dips 30° SW. A very 

faint fold girdle and Beta axis which plunges 10° with a trend of N43W 

may be interpreted from the S-pole diagram. Field evidence to support
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this interpretation is minimal. A series of folds within the Jurassic 

Ellis Group, which plunge northwest, were mapped just south Of the 

Split Mountain tear fault (see Plate I). These folds are not observed 

to involve the underlying Mississippian strata, and therefore are 

interpreted to be underlain by a decollement surface which is not 

observable in autcrop. Folds in this complex have axial trends of 

approximately N35W and are not thought to greatly influence the Beta 

axis orientation in Figure 21—b.

A number of factors may be responsible for the problematic S-pole 

girdle and Beta axis orientation. Although not readily observable in 

outcrop, a slight change in dip of strata, due to rollover on hanging 

wall cutoffs of the thrust sheets in Domain II, may be responsible for 

the S-pole distribution. Another potential source of the girdle might 

be folding of the individual thrust sheets by structurally lower 

faults. Finally, the S-pole girdle may not be real, and may result 

from a statistically invalid distribution of data points.

Domain III. Domain III is Swift anticline which is bounded on 

the east by the Eagle Creek imbricate zone and on the west by the Peak 

and Backbone thrust faults. The northern end of Swift anticline is 

truncated by offset along the Spillway tear fault. Domains II and III 

are genetically and strucurally related as Swift anticline is 

interpreted to be the lateral and vertical termination of the Walling 

Reef thrust fault. Mississippian and Jurassic strata are exposed in 

the anticline.

Swift anticline is a large, northwest plunging, asymmetric fold 

with vergence toward the east. Figure 22 shows steep to vertically
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dipping bedding in the Mississippiari Castle Reef Dolomite with over

turned Jurassic Ellis Group strata on the east limb of the anticline. 

More gently dipping Mississippian strata on the west limb of the fold 

can be seen in the background. Average dip on the steep east limb is 

73° while the west limb has an average dip of 24° to the west. Plot

ting of 27 poles to bedding on a S-pole diagram for Domain III reveals 

a Beta axis orientation of IO0s N35W (Figure 21—c). This orientation 

closely corresponds to the observed fold axis orientation at the 

northern end of the anticline where bedding attitude data is concen

trated.

The development of Swift anticline is due to thrust fault 

propagation and flexural-slip folding. Flexure during folding is 

accommodated by slip along bedding planes in the Mississippian strata. 

Because Swift anticline has a concentric geometry, the radius of 

curvature of the fold decreases with depth and the fold is interpreted 

to be cored by a thrust. The fold developed above an eastward 

propagating thrust, and is kinematically related to the formation of 

the Walling Reef thrust. Swift anticline is interpreted to accom

modate much of the hanging wall shortening at the northern termination 

of the surface trace of the Walling Reef thrust fault. A similar 

relationship has been documented by Evans and Spang (1984) for the 

Crawford thrust termination. As the fold continued to grow above the 

propagating thrust tip, a "room problem" developed in the core of the 

fold, and shortening above the thrust, due to folding, ceased.

Locking of the fold resulted in development of a splay thrust which 

ramped upward through the Mississippian section and into the Jurassic



73

Figure 22. Structural Domain III. Looking south at the steep to
overturned east limb of Swift anticline with the gently 
dipping west limb in middle background.

Figure 23. Structural Domain IV. Looking south across Swift Reser
voir at a series of folds in Cambrian Steamboat Limestone. 
All folds plunge gently south and have eastward vergence.
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strata as observed directly east of Swift anticline (Plate I). Brown 

and Spang (1978) have shown that when fold shortening in the hanging 

wall ceases, the fault must propagate further in the transport direc

tion in order to conserve displacement and net shortening. Thus, net 

shortening is transferred from the Walling Reef thrust to Swift anti

cline and to a splay fault both laterally and upsection.

Domain IV. Structural domain IV consists of the complexly 

deformed Backbone thrust sheet. The domain is located at the western 

edge of the study area, and is bounded on the east by the Backbone 

thrust. Domain IV contains Cambrian through Mississippian strata 

within the map area. Deformational style and intensity, vary greatly 

within Domain IV due to lithologic differences of involved strata. 

Within the thrust sheet, deformational intensity decreases upward from 

the Cambrian into the Missis'sippian.

Folds within Cambrian strata of Domain" IV exhibit a tight to 

isoclinal interlimb angle. All folds plunge gently to the southeast, 

are asymmetric, and commonly are overturned toward the east 

(Figure 23). Figure 23 shows a Cambrian fold complex at the southwest 

end of Swift Reservoir where the South Fork of Birch Creek enters the 

reservoir. Because of differences in mechanical properties of the 

alternating shale and limestone layers within the Cambrian section, 

buckle folds develop during layer parallel shortening (Davis, 1984, p. 

391). These folds have a very regular wavelength which is controlled 

by the thickness of the "stiff" layer (Steamboat Limestone) in the 

stratigraphic sequence (Figure 23). The dominant wavelength of 

Cambrian folds throughout Domain IV is 500 to 700 feet (150-220 m).
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Cambrian buckle folds are also concentric, and therefore must be 

bounded above and below by decollement horizons (Dahlstrom, 1970).

The lower shaly section at the base of the Steamboat Limestone is 

interpreted to be the basal detachment within the study area. This 

decollement horizon combined with smaller horizons in the Switchback 

Shale effectively bounds the fold complexes in the Steamboat 

Limestone.

Interpretation of the plotting of 53 poles to Cambrian bedding on 

a Pi diagram for Domain IV indicates a strong S-pole great circle and 

Beta axis (Figure 21-d). Beta axis orientation is 6°, S30E which 

corresponds to field observations of the numerous folds in the 

Cambrian section. Figure 21-d also shows the strong asymmetry and 

eastward vergence characteristic of folds within Domain IV.

Folds within Domain IV are concentric and form primarily by 

flexural-slip mechanisms. Chevron or kink folds often develop within 

Cambrian shaly units in the cores of larger folds. Flexural-flow of 

material into the cores is an important mechanism in the overall 

development of folds within Domain IV. Figures 24 and 25 show fold 

geometries within shale units in the core of the central anticline of 

the fold complex in Figure 23. These small folds within the cores are 

disharmonic with respect to the larger enveloping folds into which 

they have flowed. The folds in Figure 24 approach kink geometry in 

that they exhibit nearly planar limbs and very sharp hinges (Faill, 

1973). The thin-bedded nature, fairly uniform ductility contrast, and 

high shear strength between layers in the shale units results in kink 

fold development by flexural-slip (Ramsay, 1967). Classification of
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Figure 24. Kink folds developed in the cores of larger concentric
folds within the Steamboat Limestone. Note nearly planar 
limbs and sharp hinges. Scale is in inches and 
centimeters.

Kink folds developed in the basal shale unit of the Steam
boat Limestone. Note disharmonic relationship between 
folded limestone interbeds. Scale in inches and 
centimeters.

Figure 25.
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these folds is a matter of the scale of observation. On the scale of 

individual kink folds, fold formation is due to flexural-slip. 

Flexural-flow appears to be responsible for the movement of shaly 

units into the cores of larger flexural-slip folds developed in the 

Steamboat Limestone. Overall, folds within the Cambrian section would 

be classified as quasi—flexural (Donath and Parker, 1964) based on the 

lack of symmetrical relations between continuous folds and the 

presence of significant disharmonic relations within individual folds.

Folds within the Devonian and Mississippian section in Domain IV 

are not observed in the study area. This relationship requires a 

decollement horizon in the Switchback Shale which acts to 

compartmentalize folds developed in the Steamboat Limestone. To the 

north of the map area (north of Major Steele Backbone), a box fold 

anticline involving Devonian and Mississippian strata is observed 

(Figure 26). This box anticline is cored with disharmonically folded 

Cambrian strata, and is located within Domain IV (Backbone thrust 

sheet). Box folds are concentric folds where the flanks and crests of 

the fold are tabular rather than curved (Dahlstrom, 1970). Box folds 

are a variety of kink fold geometry and form as conjugate kink bands.

Fold Development

Fold asymmetry appears to be characteristic of many foreland fold- 

thrust belts. In the Swift Reservoir area, most folds are asymmetric 

to overturned with east to northeast vergence. The direction of fold 

vergence corresponds to the direction of tectonic transport in the 

study area. While asymmetric folds are common occurences in thrust
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Figure 26. Large box anticline developed in Devonian strata north of 
Swift Reservoir.

belts, the asymmetry does not always develop in the same direction as 

that of tectonic transport. Chappie and Spang (1974, p. 1529-1530) 

list three mechanisms for development of asymmetric folds:

I) modification by superimposed shear strain; 2) progressive develop

ment during the course of folding; and 3) "inherited" development 

during early stages of folding. Asymmetric folds observed in the 

Swift Reservoir area are interpreted to have formed as a result of 

progressive development during deformation. Fold asymmetry in the 

direction of tectonic transport is due to fold modification by 

additional shortening in the hanging wall concurrent with thrust

transport.
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Box or kink folds have been described as the dominant fold style 

in many parts of the Cordilleran thrust belt (Dahlstroms 1970; Brown 

and Spang, 1978; Lageson, 1980; Allmendinger1 1981). The scarcity of 

such folds in the study area and Sawtooth Range in general is 

conspicuous. Suppe (1983) has noted that kink folding and box fold 

development is the result of fault-bend folding caused by the bending 

of a fault block as it is transported over a non-planar fault surface 

(thrust ramp). Various conjugate kink geometries develop in folds 

formed over ramps by fault—bend folding. Possible explanations for 

the scarcity of these geometries in the study area include unsuitable 

stratigraphy and thrust geometry. In a gross sense, the stratigraphic 

packages are similar to those in the Canadian and Wyoming thrust belts 

where box folds are common. Stratigraphy is therefore discounted as 

being the main influence on the lack of box folds in the study area. 

The closely spaced nature and steep dip of thrust faults in the study 

area may inhibit the formation of box folds. The development of folds 

over ramps is not considered to be a dominant folding mechanism in the 

Sawtooth Range, and may therefore explain the general absence of box 

folds in the Swift Reservoir area.

Thrust-Fold Relationships

Controversy exists concerning the timing of initiation of folding 

and thrust faulting within foreland thrust—fold belts. Dahlstrom 

(1970) lists three possible temporal relationships: thrust faulting

first, concentric folding first, and contemporaneous development.

The faulting first relationship assumes that the original stair

step geometry of thrust faults results in thrust sheet folding. Folds
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develop as thrust sheets travel over ramps and are forced to conform 

to the geometry of the footwall (Rich, 1934), Rich model or ramp 

anticlines have been extensively documented throughout the Appalachian 

and Cordilleran thrust belts (Rich, 1934; Rodgers, 1950; Royse et al, 

1975; Gretener, 1972).

The folding first hypothesis assumes that faulting is a con

sequence of concentric folding and the resultant development of decol- 

lement parallel to bedding (Dahlstrom, 1970). Fore-limb thrusts in 

which progressive overturning and oversteepening of the fold limb 

results in brittle failure have also been assigned to the fold first 

model. Dahlstrom (1970) and Mudge (1972b) favor this fold-thrust 

temporal relationship for the Canadian Foothills and Sawtooth Range 

respectively.

The third fold-thrust relationship model suggests contemporaneity 

of folding and faulting during deformation. Field evidence supporting 

contemporaneous development shows that thrust faults commonly 

propagate upward within growing folds (Dahlstrom, 1970; Williams and 

Chapman, 1983). A mechanism for contemporaneous fold-thrust develop

ment is given by Williams and Chapman (1983). They propose that a 

ductile bead migrating with the propagating tip of a thrust fault 

imparts an internal strain to the thrust sheet in the form of 

asymmetric folds. Modeling by Rodgers and Rizer (1981) also support 

the concept of growing folds forming above and in front of propagating 

thrust tips. Thus, the propagation of thrust faults and development 

of folds can occur contemporaneously.
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In the Swift Reservoir study area, no definitive evidence was 

observed which solves the temporal relationship controversy. All 

three relationships may be operative, but nearly contemporaneous 

development of thrust faults and folds is favored. The Swift anti

cline - Walling Reef thrust relationship provides evidence supporting 

contemporaneous development of folds and thrusts in the study area. 

Swift anticline is interpreted to be cored by a thrust fault which is 

the lateral (northern) termination of the Walling Reef thrust. Propa

gation of the fault tip resulted in fold growth at Swift anticline. 

Farther to the south, the growing fold became progressively overturned 

and eventually failed brittly to form a fore-limb thrust fault 

(Walling Reef thrust). The lateral and vertical transfer of displace

ment from the Walling Reef thrust to Swift anticline is similar to 

that proposed for the Turner Valley structure by Dahlstrom (1970). 

Thompson (1981) has also documented fold growth above blind thrusts in 

the northern Canadian Rocky Mountains.

Strain

Variations in structural style and strain distribution are common 

within thrust sheets as a result of differences in gross lithology and 

structural level. Studies of strain distribution and variability by 

Coward and Kim (1981) and Sanderson (1982) suggest that complex strain 

paths develop as a result of irregular footwall topography and 

polyphase deformation. Thrust sheets also commonly exhibit vertical 

zonation with regard to deformational style and intensity.
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In the Swift Reservoir area, deformational style is primarily 

controlled by lithology and structural position (Singdahlsen, 1984). 

Variations in deformation also occur vertically within individual 

thrust sheets and appear to be primarily dependent upon the distance 

from decollement horizons. As previously discussed, structural style 

and deformational intensity are different in individual. Iitho- 

stratigraphic packages. Because of the high ductility contrasts and 

close proximity to major thrust surfaces, the Cambrian litho- 

stratigraphic package exhibits the greatest deformational intensity. 

Within Cambrian units, penetrative structures such as pencil struc

ture, boudinage, and axial-planar solution cleavage are developed.

This penetrative deformation may account for a significant amount of 

internal shortening within individual thrust sheets.

Penetrative Structures

Penetrative structures are observed in nearly all Cambrian out

crops. The best developed and most intense penetrative deformation is
I

observed related to fold generation within the Cambrian Steamboat 

Limestone.

Boudinage

Boudinage develops when layers of contrasting competence are 

subjected to layer-parallel extension (Davis, 1984). Figure 27 shows 

boudinage developed on the flank of a nearly isoclinal fold in Steam

boat Limestone. The boudins are composed of micrite while the sur

rounding rock mass is mudstone. Separation of boudins allows plastic
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flow of the less competent mudstone into the gaps created between 

boudins. There appears to.be some solid body rotation between the 

lower two boudins in Figure 27. Boudins are oriented parallel to fold 

axes and show elongation normal to the direction of principle shorten

ing.

Pencil Structure

Weakly developed pencil structure occurs within mudstone units 

near the base of the Steamboat Limestone in the core of folds. Pencil 

fragments are defined by the high angle intersection of two fracture 

sets, bedding fissility and cleavage (Reks and Gray, 1982). Pencils 

are elongate parallel to local fold axes and to the maximum principle 

extension direction. Pencil structure is a strain dependent fabric 

which is transitional between bedding fissility and cleavage develop

ment. As such, the presence of pencil structure can be used as an 

indicator of progressive strain. Reks and Gray (1982, p. 171,

Figure 15) propose that pencil structure only develops during the 

range of 9 to 26% internal shortening. For shortening less than 9%, 

bedding is the dominant fabric and pencil structure is absent. In 

rocks which have undergone greater than 26% internal shortening,
I

pencil structure is overprinted by cleavage development. The develop

ment of pencil strucure indicates, within a range, the amount of ■ ■ 

internal shortening that a rock has undergone.
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Figure 27. Boudinage developed in Steamboat Limestone. Scale in 
inches and centimeters.

Cleavage

Folds involving Cambrian limestone locally exhibit well developed 

axial-planar cleavage. The presence of cleavage indicates that the 

relatively shallow (structural level) thrust sheets in the Swift 

Reservoir area have undergone significant internal deformation. 

Cleavage has been documented in other foreland thrust belts by 

numerous workers (Alvarez et al, 1976; Engelder and Engelder, 1977; 

Alvarez et al, 1978; Mitra et al, 1984; Johnson, 1985).

Figure 28 shows well developed cleavage in a tight fold of Steam

boat Limestone within the Backbone thrust sheet. The cleavage in this 

and other folds is axial-planar and fans slightly about the hinge



85

zone. According to the classification of Alvarez and others (1978), 

the cleavage developed in the Swift Reservoir area would be considered 

"moderate". Moderate intensity cleavage exhibits discrete cleavage 

planes which have a spacing of I to 5 cm (Alvarez et al, 1978, 

p. 264). This type of cleavage would be termed spaced cleavage as it 

consists of numerous discontinuity surfaces bounding undeformed slabs 

of rock. Within the Backbone thrust sheet, cleavage is oriented 

subparallel to fold axial planes. This orientation also corresponds 

to cleavage produced nearly perpendicular to the principle shortening 

direction in buckel folds (Groshong, 1975).

As cleavage is oriented nearly perpendicular to the maximum 

shortening direction in folds, but exhibits a fanning geometry, the 

cleavage must have developed in an early stage of layer-parallel 

shortening and have been nearly contemporaneous with fold train 

development. Microscopic examination of the discrete cleavage sur

faces reveals a pressure solution origin for cleavage formation. 

Formation of cleavage by pressure solution has been documented in 

other foreland thrust belts (Groshong, 1975; Alvarez et al, 1976;

Mitra et al, 1984). Cleavage surfaces show truncation of soluble 

sedimentary fabrics and the presence of an insoluble residue. Removal 

of material by pressure solution accounts for the vast majority of 

internal shortening associated with penetrative deformation. Rock 

volume remains dominantly constant during the formation of pressure 

solution spaced cleavage as much of the removed material is redepos

ited in extensiohal fractures and as syntectonic cement (Alvarez et 

al, 1976). Figure 29 shows tension gashes in Steamboat Limestone
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which formed during folding and are integrally related to the forma

tion of spaced cleavage by pressure solution.

Figure 28. Axial-planar cleavage development in tight fold of
Cambrian Steamboat Limestone. Note fanning of cleavage at 
hinge of fold. Fold amplitude is approximately 9 feet 
(3 m).

No attempt was made to measure the amount of internal shortening 

resulting from the formation of solution cleavage and other penetra

tive fabrics in the study area. A minimum estimate of 10 to 25% 

agrees with the experimental and field data gathered by Groshong 

(1975), Engelder and Engelder (1977), and Alvarez and others, (1978).
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Figure 29. Calcite filled extensional fractures developed in the 
Steamboat Limestone. Scale in inches and centimeters.

Groshong (1975) accounted for a minimum of 18% shortening due to 

solution cleavage formation. Engelder and Engelder (1977) calculated 

that fossil distortion associated with solution cleavage was indictive 

of 10 to 15% layer-parallel shortening, normal to fold trends.

Alvarez and others (1978) suggest in their classification of solution 

cleavage intensity, that moderate intensity cleavage characteris

tically would produce 4 to 25% internal shortening as a consequence of 

cleavage development. The estimate of 10 to 25% internal shortening 

within the Backbone thrust sheet appears to be reasonable based on the 

pervasive nature of penetrative structures in the thrust sheet. The 

estimated amount also corresponds to values for solution cleavage 

shortening reported by other workers, and for the range of values
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resulting from the formation of pencil structure (Reks and Gray,

1983).

The pervasive nature of penetrative deformation in the Backbone 

thrust sheet, and the estimated amount of corresponding internal 

shortening have significant implications to the construction of cross- 

sections across similar zones. Internal deformation is rarely con

sidered when determining net orogenic shortening across thrust-fold 

orogens. The internal shortening observed at certain structural 

levels must be balanced vertically in thrust sheets, and may add 

significantly to the net orogenic shortening of thrust systems.
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CHAPTER 5

SHIFT RESERFOIR CUMIMTION

A structural culmination is the highest point along a structural 

axis or fold system, away from which folds plunge (Spencer, 1977). 

Structural culminations have been widely recognized in thrust belts 

both in North America and Europe (Bally et al, 1966; Dahlstrom, 1970; 

Boyer and Elliott, 1982; Cooper et al, 1983; Lageson, 1984).

General Characteristics

The Swift Reservoir culmination is herein named for the struc

turally elevated area within the Sawtooth Range, centered at Swift 

Reservoir. The culmination is evident on the geologic map of the 

Northern Disturbed Belt (Mudge and Earhart, 1983) by its character

istic outcrop pattern. The outcrop pattern is an elongate.oval, 

resembling a large anticline in which the oldest rocks (Cambrian 

strata) occur in the center of the structure. The culmination is 

approximately 10 miles (16 km) in length with an average width of 3 

miles (5 km). The axial trend of the culmination is approximately 

N40W.

The Swift Reservoir culmination is a doubly-plunging 

anticlinorium in the Backbone thrust sheet. The culmination is struc 

turally higher than adjacent areas along strike to the north and 

south. Regionally, fold axes plunge toward the north while folds
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within the culmination plunge away from the culmination center. Field 

and aerial inspection of folds within the Backbone thrust sheet 

reveals that fold axes north of Swift Reservoir plunge toward the 

north, while south of the reservoir, the axes plunge gently southward. 

These observations indicate that the culmination apex is located at 

Swift Reservoir. Warping or folding of the Backbone thrust sheet is 

indicated by changes in dip of the thrust sheet along strike within 

the study area, and by down-plunge projection of the northern end of 

the culmination. As such, the Backbone thrust sheet is a doubly- 

plunging anticlinorium which defines the Swift Reservoir culmination.

Kinematic Development

In general, structural culminations are a result of structural 

thickening due to development of thrust belt anticlinoria. Culmina

tions in thrust surfaces are commonly produced after initial thrust 

emplacement by polyphase folding of thrust sheets. Several mechanisms 

potentially contribute to the development of structural culminations. 

Mechanisms include uplift and folding of pre-existing thrust sheets by 

structurally lower thrusts, lateral ramping and imbrication of a 

thrust along strike, local variation in stratigraphic thickness, 

uplift of underlying autochtonous or parautochthonous basement, and 

differential post-orogenic warping (Lageson, 1980; 1984, p. 412). The 

mechanism of uplift and rotation of a dominant thrust sheet into an 

anticlinorial geometry by footwall imbrication is favored by many 

workers to be the primary cause of culmination development (Dahlstrom, 

1970; Boyer and Elliott, 1982; Butler, 1982c). Folding of a thrust
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sheet by footwall imbrication is independent of the structure in the . 

overlying thrust sheet.

Duplexes develop by the accretion of foreland horses beneath a 

roof thrust. Duplex development commonly results in the formation of 

structural culminations (Boyer and Elliott, 1982). Butler (1982c, p. 

235) proposes that lateral shape changes in duplexes and progressive 

transport over footwall corregations will fold structurally higher 

thrust sheets and give rise to the development of culminations. 

Vertical and lateral stacking of duplex zones will also form complex 

systems of culminations and depressions (Butler, 1982b). These varia

tions in duplex shape ultimately control the geometry of resultant 

culminations.

Folding of the Backbone thrust sheet by motion on structurally 

lower thrust faults appears to be responsible for the formation of the 

Swift Reservoir culmination. Uplift and rotation of the Backbone 

thrust sheet is evident from the change in dip of the fault along its 

trace, and by down—plunge projection. At the southern end of the 

culmination, the Backbone thrust is inferred to dip approximately 40° 

toward the west based on balanced cross-section cnstruction. At Swift 

Reservoir, the dip on the fault flattens to 15®. Rotation of the 

fault is caused by footwall imbrication, while the change in dip along 

fault trace is a function of structural position and elevation along 

the culmination axis. Steepening of the fault near Dupuyer Creek 

results from rotation by listric motion on structurally lower thrusts. 

With progressive footwall imbrication, the Backbone thrust is folded 

and transported passively or "piggy-back" by motion on the underlying
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imbricates. This folding of the Backbone thrust results in a flatten

ing of the fault at structurally higher positions as it is carried 

over , imbricates in the footwall. This flattening of the fault is 

observed at Swift Reservoir which is also the location of the culmina

tion apex. The greatest stratigraphic separation (Figure 18) also 

occurs at the culmination apex. Down-plunge projection of the 

northern end of the culmination shows folding of the Backbone thrust 

sheet. The culmination axis in the folded Backbone allochthon occurs 

just east of Swift Reservoir and is observable in down-plunge projec

tion. Imbricate faults in the hanging wall of the Backbone thrust 

sheet are also folded at the northern end of the culmination.

As proposed by many workers, duplex formation is a primary 

mechanism for the formation of•structural culminations. The Swift 

Reservoir culmination may result from duplex development although no 

definitive evidence for the formation of a large duplex is observed in 

the study area. Evidence supporting duplex development of the Swift 

Reservoir culmination includes the fact' that all thrusts in the area 

apparently splay from the, same basal decollement system, and thrusts 

structurally below the Backbone thrust may merge upward and rejoin the 

thrust in a duplex geometry. If this scenerio is correct, then the 

Backbone thrust represents the roof thrust of the duplex zone while 

the basal decollement is the floor thrust. Uplift, rotation, and 

folding of the Backbone thrust is easily explained by footwall accre

tion of structural horses and resultant duplex development. The Peak 

thrust sheet (Plate I) may be such an accreted footwall horse on the 

basis of its branch line geometry. Additional supporting evidence for
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duplex formation is a small duplex interpreted in the subsurface on 

the basis of data from the Humble #12-1 Blackfeet Tribal well, on the 

northwest side of Swift Reservoir (Plate 2, cross-section A-A'). 

Vertical stacking of duplexes is well documented to influence culmina

tion development (Boyer and Elliott, 1982; Butler, 1982b). The 

location of the subsurface duplex coincides with the culmination apex 

and the duplex may have resulted in increased structural relief along 

the culmination axis. Although many critical structural relationships 

supporting duplex formation were not observed, the geometry of the 

culmination,strongly suggests that duplex development played an 

integral role in the formation of the Swift Reservoir culmination. 

Footwall imbrication and resultant duplex formation folded the 

Backbone allochthon into a doubly-plunging anticlinorium which com

prises the Swift Reservoir culmination. The Swift Reservoir culmina

tion is therefore the result of polyphase deformation.

Orogenic Shortening

A series of geologic cross-sections are constructed across the 

southern portion of the Swift Reservoir culmination, (Plate 2). Cross- 

sections are balanced according to the concepts of Dahlstrom (1969). 

Balanced cross-sections assume that rock volume does not change 

significantly during deformation. Volume conservation during deforma

tion implies that in two dimensional cross-sections, the lengths and 

thicknesses (area) of stratigraphic units remain constant, and there

fore the cross-sections should be restorable to an undeformed state.
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Balancing methods result in cross-sections that are geometrically 

possible and therefore may be geologically valid.

Orogenic shortening across thrust belts has been documented by 

numerous workers to average approximately 50% (Bally et al» 1966;

Royse et al, 1975; Boyer and Elliott, 1982). The average 50% shorten

ing across fold-thrust orogens is accommodated by a net doubling of 

the stratigraphic, section due to thrust faulting. Boyer and Elliott 

(1982, p. 1202, Table I) propose that shortening across idealized 

duplexes should also be 50%, but that actual shortening values for 

documented duplexes range from 29% to 58%. Shortening across the 

Swift Reservoir culmination is calculated to be approximately 64%.

Egan (1970) calculated the shortening for subbelt I, north of Swift 

Reservoir to be 56%. The high value for shortening across the Swift 

Reservoir culmination may result from locally increased structural 

thickening responsible for development of the culmination.

Orogenic shortening calculated from balanced cross-sections fails 

to account for the internal deformation and shortening observed in 

certain structural levels within thrust belts. The development of 

penetrative structures such as pencil structure and spaced or solution 

cleavage, as observed in the Swift Reservoir area, may account for an 

estimated 10 to 25% internal shortening at specific levels, super

imposed on the translational shortening of the thrust belt. Although 

development of penetrative structures may account for additional 

internal shortening in thrust belts, rock package volume remains 

constant during deformation because material removed during
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penetrative deformation is commonly redeposited in extensional 

fractures or as syntectonic cement.
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CHAPTER 6 

PETROLEUM GEOLOGY 

Exploration

The discovery of large reserves of oil and gas in the Wyoming- 

Utah thrust belt combined with the proven production of natural gas 

from the southern Alberta Foothills has renewed interest in hydro

carbon exploration within the Northern Disturbed Belt of western 

Montana. Geophysical surveys conducted during the late 1940’s and 

early 1950’s led to the discovery of numerous and significant gas 

fields in the Canadian thrust belt of Alberta (Bally et al» 1966).

The discovery of gas fields at Waterton and Pincher Creek, just north 

of Montana, sparked initial ,exploration in the structurally similar 

Northern Disturbed Belt (Figure 30). This phase of exploration 

resulted in the discovery of commerical gas at Blackleaf Canyon, in 

Teton County, by Northern Natural Gas in the summer of 1958 (Hurley, 

1959, p. 99). The discovery well, the Northern Natural Gas No. I 

Blackleaf-Federal 'A' (SE, NE, Sec. 13, T26N, R9W) tested at 6.3 , 

MMCFGD from the second of three thrust plates of■Mississippian 

carbonate encountered (Hurley, 1959). A second well, the No. I 

Blackleaf-Federal 'B' (NE, SW, Sec. 19, T26N, R8W) tested at 2.1 

MMQFGD from the lowest thrust plate and was completed for 969 MCFGD in
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late 1958 (Johnson, 1984). The Blackleaf Canyon wells were sub

sequently shut-in due to low gas prices and lack of pipeline.

In 1980, the Blackleaf Canyon Unit was formed by Williams 

Exploration, Superior Oil, and Milestone Petroleum. In December of 

that year, the Knowlton field discovery well. Rainbow Resources No. 1- 

8 Blackleaf-Federal (SE, SE, Sec. 8, T26N, R8W) was drilled and 

completed in the Mississippian for 5.1 MMCFGD (Johnson, 1984). An 

offset well, Williams Exploration No. 1-5 Blackleaf Canyon Unit (SE,

SW, Sec. 5, T26N, R8W) was drilled early the nekt year. This well 

tested at 9.0 MMCFGD and was placed on line in January 1983 with 

average production of 3.17 MMCFGD (Johnson, 1984). Cumulative produc

tion for the Knowlton field from September 1982 through February 1984 

has been 2.17 BCF (Johnson, 1984, p. 328). Recoverable reserves are 

estimated at 19.5 BCF (Napier, 1982).

The Blackleaf Canyon field experienced renewed drilling activity 

in 1981. The Williams Exploration No. 1-19 Blackleaf Canyon Unit (C, 

NW, Sec. 19, T26N, R8W) was completed for 1.5 MMCFGD from the middle 

plate containing Madison Group strata in October, while later that 

month, the No. I Blackleaf-Federal 1A1 was recompleted by Williams for 

1.41 MMCFGD (Johnson, 1984). The Blackleaf Canyon field remains 

shut-in awaiting pipeline connection.

To the north in Glacier County, Rainbow Resources has established 

gas production from the Mississippian Madison Group at the Two 

Medicine field. Initial exploration in the field began in the late 

1950*s with drilling of the Union Oil No. I Morning Gun (Sec, 18,

T31N, RllW) which tested at 10 MMCFGD and 250 barrels of distillate
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before it was plugged and abandoned (Hurley, 1959). Oil was 

discovered in 1980 at the Two Medicine field by the No. 1-11 Two 

Medicine well which was completed in the Cretaceous for 145 BO/D,

5OMCFGD, and 90 BW/D (Wash, 1981). This' well established the first 

oil production in the Montana Disturbed Belt.

Source Rock Evaluation

Evaluation of potential source rocks within the Northern 

Disturbed Belt reveals that the region has very good potential for 

generation of natural gas resources (Mudge et al, 1977; Rice, 1977; 

Clayton et al, 1982). Potential source rocks in the Northern 

Disturbed Belt are primarily marine shales which range in age from 

Devonian-Mississippian to Late Cretaceous.. Hydrocarbon generation is 

a thermally activated process and sediments in thrust belts experience 

very complex thermal histories due to thrust burial and erosion.

Thrust burial of immature source rocks may result in generation of oil 

or gas, but modeling by Angevine and Turcotte (1983) shows that burial 

beneath thick thrust loads (>8 km) results in source rocks passing 

through the oil window and into the gas zone, as early as 5 million i

years after thrust emplacement. As a result, the length of time 

before gas is produced at the expense of oil generation is strongly 

dependent on hanging wall thickness (Angevine and Turcotte, 1983).

Thus, the natural gas potential for the Disturbed Belt is consistent 

with deep burial of Cretaceous source rocks by thrust loading of 

between 6 and 12 km thickness (Clayton et al, 1982, p. 789).
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Source Rock Geochemistry

Total organic matter content, type of kerogen present, and level 

of thermal maturity are the three primary factors involved in the 

determination of hydrocarbon source rock potential (Tissot and Welte, 

1978). Mudge and others (1977), Rice (1977), and Clayton and others 

(1982) collected organic matter content samples from weathered sur

faces, and this weathering may result in total organic content values 

for samples being reduced by as much as 50% over equivalent 

unweathered samples (Mudge et al, 1977).

The oldest potential source rock is the Sappington Member of the 

Devonian-Mississippian Three Forks Formation. The Sappington is 

equivalent to the Bakken Formation in the Williston Basin and to the 

Exshaw Shale in the Sweetgrass Arch and southern Alberta Foothills 

(Mudge et al, 1977; Clayton et al, 1982). Although locally omitted by 

thrusting (Mudge et al, 1977), the Sappington-Exshaw may form a very 

important source rock within the Disturbed Belt because of an above 

average content of organic matter (Clayton et al, 1982) and proven 

source rock history in the Williston Basin and southern Alberta 

Foothills. Johnson (1984, p. 325) has interpreted a Sappington source 

for gas production from Mississippian reservoirs in the Blackleaf 

Canyon and Knowlton fields.

The marine Jurassic Ellis Group contains shale members which are 

locally rich in organic matter and may be. potential source rocks.

Rice (1977, p. 9) indicates that, the Sawtooth and Rierdon shales are 

the source for the oil and gas production at the Cut Bank field. 

Within the Northern Disturbed Belt, the shale members of the Sawtooth
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and Swift Formations are considered to be marginally adequate source 

rocks whereas the Rierdon Shale is not considered to be a potential 

source rock because of low organic content and pyrolitic hydrocarbon 

yield (Clayton et al, 1982).

Lower Cretaceous strata are considered to have very little 

potential as hydrocarbon sources although the Flood Shale Member of 

the Blackleaf Formation does exhibit organic matter contents greater 

than 1.0% (Clayton et al„ 1982). Members of the Upper Cretaceous 

Marias River Shale show the greatest potential as possible source 

rocks within the Disturbed Belt., The Cone Member has the overall 

highest organic matter content, with an average of 2.4% and some 

samples contained pyrolitic hydrocarbon yields in excess of 10,000 ppm 

(Clayton et al, 1982, p. 785). While containing lesser amounts of 

organic matter, the Kevin and Ferdig Members may be considered to have 

greater potential as source rocks than the Cone Member because of 

their greater overall thickness (Clayton et al, 1982).

In general, Cretaceous units, with the exception of the Cone 

Member, have a greater potential for the generation of gas based on 

organic matter type (Clayton et al, 1982). The Cone Member contains 

predominantly liquid-hydrocarbon-generating organic matter and is the 

probable source of oil in two wells at the Two Medicine field (Clayton 

et al, 1982, p. 789).

Clayton and others (1982, p. 786) interpret the high thermal 

maturity of potential source rocks within the Northern Disturbed Belt 

to be the result of increased temperatures generated by burial beneath 

major thrust sheets of subbelt IV in addition to burial by sediment
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loading. Evidence of heating due to thrust loading is the dramatic 

increase in thermal maturity westward from the Sweetgrass Arch area 

into the Disturbed Belt. Based on vitrinite reflectance values, 

Cretaceous marine shales in the Northern Disturbed Belt are. mature 

with respect to liquid hydrocarbon generation, but exhibit greatest 

potential for generation of gas (Clayton et al, 1982).

Swift Reservoir Area

All potential hydrocarbon source rocks in the Northern Disturbed 

Belt are present within the Swift Reservoir study area. Upper 

Cretaceous strata were only observed to crop out east of the Sawtooth 

range front within the study area. The extent of Upper Cretaceous 

source rocks in the Sawtooth Range is unknown as these strata are 

commonly omitted in outcrop by thrust faulting which places Lower 

Paleozoics over Lower Mesozoic strata. Potential Paleozoic source 

rocks are widely present in the study area. A full section of 

Devonian and Lower Mississippian rocks was observed west of Walling 

Reef. The organic rich shales and micrites of the Devonian and Lower 

Mississippian may be the prominent hydrocarbon source in the Sawtooth 

Range.

Reservoir Evaluation

Stratigraphic sequences with proven reservoir qualities are pre

sent within the Northern Disturbed Belt. Of greatest reservoir poten

tial within the region are Mississippian carbonates of the Madison 

Group. They form the primary reservoir in several fields along the
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Sweetgrass Arch and are stratigraphically equivalent to Mississippian 

reservoirs in the thrust belt of southern Alberta. The top of the 

Madison Group, the Sun River Dolomite member, serves as the reservoir 

for gas production in the Blackleaf Canyon and Knowlton fields. 

Reservoir quality is enhanced by extensive fracturing of the Madison 

Group (Johnson, 1984).

Study of the crinoidal grainstones in the Sun River Dolomite by 

Nichols (1980, 1984) reveals that surface exposures of the unit 

exhibit intergranular or intercrystalline porosity ranging from 4 to 

12% and permeability ranging from 6 to 12 millidarcies. These values 

are consistent with core values of 2.9 to 11.6% porosity and 

permeability of 0.1 to 37 millidarcies from the productive interval in 

the Blackleaf Canyon discovery well (No. I Blackleaf-Federal 1A') 

(Hurley, 1959; Johnson, 1984). The Sun River Dolomite has undergone 

eogenetic secondary dolomitization, and porosity development is likely 

the result of solution leaching during erosion and subaerial weather

ing prior to deposition of the overlying Jurassic Ellis Group 

(Nichols, 1980, p. 163).

Units within the Devonian, Jurassic, and Cretaceous are also 

productive hydrocarbon reservoirs in various fields on the Sweetgrass 

Arch, and may be secondary reservoir objectives within the Northern 

Disturbed Belt. Devonian strata serve as secondary reservoirs in gas 

fields of the Alberta Foothills and recent Devonian production has 

been established on the Kevin-Sunburst Dome (Rice, 1977). The upper 

member of the Jurassic Swift Formation (Ribboned Sand) is the main oil 

producer in the Flat Coulee field on the east side of the Sweetgrass
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Arch (Rice, 1977). Lower Cretaceous sandstones are important 

reservoirs east of the Disturbed Belt. The Cut Bank Sandstone member 

of the Mt. Pablo Formation is the reservoir for oil and gas production 

in the fields near Cut Bank (Mudge et al, 1977). The Sunburst 

Sandstone member, although not recognized in outcrop in the northern 

Sawtooth Range, is the major reservoir in the Kootenai Formation on 

the Kevin-Sunburst Dome (Mudge et al, 1977).

Swift Reservoir Area

Potential reservoir quality rocks are exposed in the Swift 

Reservoir study area. The Devonian Jefferson Formation exhibits well 

developed dolomitization and common vuggy porosity. These features 

may indicate potential reservoir quality in the Devonian section. The 

Sun River Dolomite is well exposed throughout the study area, and dead 

oil is common in many large pores and vugs. Locally, the Sun River 

exhibits well developed fracturing which may enhance reservoir 

quality. The study area lies 3 miles (5 km) north of Blackleaf Canyon 

and Knowlton fields where the Upper Mississippian is a proven 

reservoir. Cretaceous sandstones are commonly discontinuous and may 

vary greatly with respect to porosity development due to volcano- 

clastic content. Extensive fracturing and jointing was observed in 

many lenticular Cretaceous sandstone units, and locally, these may 

form important hydrocarbon reservoirs in the study area.
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Structural Traps

Potential hydrocarbon traps in the Northern Disturbed Belt are 

structurally controlled, and exist in a variety of configurations. The 

primary type of structural traps potentially present in the Disturbed 

Belt are hanging wall cut-offs or wedge-edges as termed by Hurley 

(1959). Hanging wall cut-offs commonly juxtapose reservoirs in the 

hanging wall of thrusts over potential sources in the footwall 

section. These types of structures have been interpreted to be the 

trapping mechanism for gas production at the Blackleaf Canyon and 

Knowlton fields (Figure 31), and would be the most common type of 

trap east of the Sawtooth range front where cut-offs of potential 

Paleozoic reservoirs exist in the subsurface. Hanging wall cut-offs 

of Paleozoic strata occur within the Sawtooth Range proper, but do not 

show great potential as traps due to erosion and exposure of many of 

the cut-offs. Johnson (1984) has proposed a "pop-up" (Butler, 1982, 

p. 244) trapping mechanism for the Knowlton field (Figure 32) in 

which a back thrust elevates the reservoir structurally higher.

Hanging wall cut-offs involving formation of an anticline by 

fore-limb thrusting or folding over a ramp are the prominent 

hydrocarbon-trapping structure in the Wyoming - Utah thrust belt.

These hanging wall anticlines are present within the Sawtooth Range, 

but do not appear to be as common nor as large as those encountered in 

the productive areas of the Wyoming thrust belt. The close spacing of 

the imbricate stack in the Sawtooth Range, relative to the wider



106

spacing of major thrusts in the Wyoming - Utah thrust belt, may 

inhibit formation of large ramp anticlines.

Of additional importance in consideration of hanging wall cut

offs and anticlines is the role that strike-slip or tear faults play 

in the trapping mechanism. Tear faults are more common than 

previously recognized in the northern Sawtooth Range, and may play an 

important role in the development of potential traps. The juxtaposi

tion of an impermeable seal against the up-dip portions of plunging 

hanging wall cut-offs and anticlines by lateral motion on tear faults 

will produce four way closure and compartmentalization of these hang

ing wall structures.

Within the northern Sawtooth Range, anticlinal stacking of thrust 

sheets and possible duplex formation appear to have the greatest 

potential for structural trapping of hydrocarbons. These structures, 

which result from progressive imbrication and folding of thrust 

sheets, are well documented in the Canadian thrust belt (Jones, 1971), 

and form the trapping mechanism in the Savanna Creek and other gas 

fields of the southern Alberta Foothills (Bally et al, 1966;

Dahlstrom, 1970). Anticlinal stacking of thrust sheets occurs on a 

variety of scales in the northern Sawtooth Range, and has the 

potential both for the repetition of reservoir sections and develop

ment of very large hydrocarbon traps.

Also of considerable interest is the effect that previously 

discussed northeast trending structures may have on the development of 

structural traps and hydrocarbon accumulation. These northeast
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trending features appear to be a crustal structural grain which has 

been active throughout the evolution of the region. The intersection 

of northeast trending basement discontinuities and regional (northwest 

trending) thrusting may have resulted in increased development of both 

frontal and lateral ramps (Wiltschko and Eastman, 1983) and intensi

fied hanging wall deformation associated with ramp formation. There 

appears to be a strong correlation between ramp formation and develop

ment of structural traps in thrust belts. As such, basement irreg

ularities observed as northeast trending features may be responsible 

for the development of potential hydrocarbon traps in the Northern 

Disturbed Belt. Rice (1977) states that one of these northeast trend

ing features, the Pendroy fault zone, is responsible for the accumula

tion and trapping of hydrocarbons in the Gypsy Basin and Pondera 

fields. A southwestern extension of the Pendroy fault zone acting as 

a thrust buttress may have resulted in thrust stacking at higher 

structural levels and hydrocarbon trapping at Blackleaf Canyon and 

Knowlton fields (Johnson, 1984).

Swift Reservoir Area

The structural configuration of the Swift Reservoir area allows 

for the possible presence of potential hydrocarbon traps. Formation 

of the Swift Reservoir culmination by footwall imbrication has 

resulted in structural uplift and rotation of the culmination core. 

Gentle folding and anticlinal stacking of thrust sheets may also be a 

consequence of footwall imbrication beneath the core of the culmina

tion. This thrust stacking and potential duplex development at depth
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within the culmination would provide suitable trapping structures for 

the accumulation of hydrocarbons.

Hanging wall cut-offs involving upper Paleozoic strata are 

potentially present east of the range front in the study area. One of 

these structures, at the southern end of the field area, was tested by 

the Texaco #1 Government-Pearson well. While the well was plugged and 

abandoned, it had significant gas shows from a hanging wall cut-off of 

Devonian strata. Of particular interest is the possibility of a 

subsurface cut-off structure involving Madison Group directly east of 

Swift anticline (Plate 2, cross-section A-A'). A thrust sheet of 

Mississippian strata was encountered in the Humble #12-1 Blackfeet 

Tribal well on the northwest side of Swift Reservoir which does not 

apparently crop out to the south and east of the reservoir. This 

thrust sheet may be equivalent to the Old Man thrust plate and be 

offset along the Spillway and Split Mountain tear faults. Offset 

along these tear faults may effectively isolate and produce closure on 

this structure present beneath the Eagle Creek imbricate zone.

Potential

The Northern Disturbed Belt appears to contain the source rocks, 

reservoirs, and structural traps necessary to make the area highly 

potential for discovery and production of significant quantities of 

hydrocarbons. Continued geophysical exploration will yield a better 

understanding of the configuration and location of potential traps. 

Anticlinal stacking of thrust sheets juxtaposing Upper Paleozoic 

reservoirs over Mesozoic source rocks has the greatest potential for
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large hydrocarbon trapping within the Sawtooth Range. These struc

tures also exhibit potential for encountering, upon drilling, 

vertically repeated productive zones that enhance the potential 

reservoir size.

Significantly, at least 20 oil and gas fields have been 

discovered in the Alberta Foothills (Rice, 1977), a region which lies 

along strike with and has experienced a very similar depositions! and 

structural history to that of the Montana Disturbed Belt. These 

fields have recoverable reserves in excess of 12 TCF of natural gas 

(Rice, 1977, p. 15). Continued expectations exist for the discovery 

of similar gas fields in the Northern Disturbed Belt of Montana.
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CHAPTER 7 

CONCLUSIONS

Various pre-existing features may have influenced the structural 

development of the Northern Disturbed Belt, of which the Sawtooth 

Range is a part. The configuration of the crystalline basement in 

northwestern Montana controlled the development and geometry of the 

Northern Disturbed Belt. Influential structures include the 

Sweetgrass Arch and a series of northeast trending features which may 

reflect a fundamental structural grain in the Precambrian basement. 

These structures acted as buttresses to regional stress and resulted 

in the development of regional and local thrust ramp systems. The 

northeast trending crustal grain, observable as surficial features on 

computer enhanced Landsat images of the northern Sawtooth Range, may 

account for development of lateral structural variation within the 

range.

The Lewis thrust system may have also played an important role in 

the development and resultant geometry of the Sawtooth Range. Based 

on geometric and thermal evidence, the Sawtooth Range may have formed 

as a duplex fault system beneath the Lewis thrust. The Sawtooth Range 

and overlying Lewis thrust form a distinctive tectonic half-window 

similar to those observed for other duplex fault zones.

The Swift Reservoir culmination is defined by a doubly-plunging 

anticlinorium within the Backbone thrust sheet. The culmination is
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structurally higher than adjacent areas along strike, and fold axes 

within the culmination plunge both north and south away from the 

culmination center. Polyphase folding of the Backbone thrust sheet 

has resulted in formation of the Swift Reservoir culmination. Uplift* 

rqtation, and folding of the Backbone thrust sheet was accomplished by 

motion on structurally lower thrust faults. Evidence for folding of 

the Backbone sheet into an anticlinorial geometry includes changes in 

dip of the thrust along strike and down-plunge projection of the 

northern end of the culmination. Footwall imbrication and accretion 

of structural horses with resultant duplex development beneath the 

Backbone thrust sheet may have also played an integral role in forma

tion of the Swift Reservoir culmination.

Major structures within the culmination include thrust faults, 

tear faults, and folds. The location and character of thrust faults 

within the study area is controlled by lithologic variability in the 

stratigraphic section. Thrust faults exhibit a stair-stepped 

congiuration in which thrusts commonly form treads in incompetent 

units and obliquely ramp across competent units. Within the study 

area, the basal decollement occurs at of near the base of the Cambrian 

Steamboat Limestone. Other major decollement horizons include the 

middle of the Devonian, the base of the Allan Mountain Limestone, the 

base of the Castle Reef Dolomite, and various horizons throughout the 

Mesozoic section. Intraformational thrusts within the Mississippian 

Allan Mountain Limestone are common due to the thinnly-bedded nature 

of the unit. These intraformational thrusts may act as a mega- 

brecciation mechanism within the Mississippian "competent structural
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beam”. Tear faults observed in the Swift Reservoir area appear to 

occur completely within one thrust sheet or package of thrust sheets 

and accommodate both stratigraphic and overall displacement transfer.

Concentric folding by flexural-slip mechanisms is the dominant 

folding style within the study area. Folds are commonly asymmetric 

with vergence toward the east-northeast, in the direction of tectonic 

transport. The Swift Reservoir area has been subdivided into four 

structural domains characterized by different stratigraphic involve

ment, folding style, and overall deformational intensity. These 

structural domains represent deformational zonation controlled by both 

lithostratigraphy and structural level of development. Because of 

these factors, the Cambrian lithostratigraphic package exhibits the 

highest deformational intensity with the development of fold trains 

and penetrative fabrics. Folds in the Cambrian section exhibit a 

quasi-flexural geometry as flexural-flow appears to be responsible for 

the movement of shaly units into the cores of larger flexural-slip 

folds developed in the Steamboat Limestone. Kink folds are common 

within these shaly units.

Previously undocumented penetrative fabrics are observed in the 

Cambrian Steamboat Limestone within the Backbone thrust sheet. These 

penetrative fabrics are associated with fold development and include 

boudinage, pencil structure, and axial-planar solution cleavage. The 

material removed during the formation of solution cleavage is thought 

to be redeposited in kinematically related extensional fractures and 

as synorogenic cement. Penetrative structures account for an
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estimated 10 to 25% internal shortening superimposed on the estimated 

64% translational shortening observed for the Swift Reservoir 

culmination.

The Northern Disturbed Belt contains the source rocks, 

reservoirs, and structural trapping mechanisms necessary to give the 

area a high potential for the discovery and production of commercial 

quantities of hydrocarbons. Anticlinal stacking of thrust sheets 

juxaposing Paleozoic reservoirs over Mesozoic source rocks has the 

greatest potential for hydrocarbon trapping within the Sawtooth Range. 

These structures exhibit the potential for encountering vertically 

repeated productive zones due to the vertical stacking of thrust

sheets.
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PLATE 2

Cross Sections of the Southern Portion of the Swift 

Reservoir Culmination, Sawtooth Range, Montana
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