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Abstract:
The Jack Creek basin is located in the Madison Range of southwestern Montana, adjacent to a major,
year-round recreational complex. The basin forms a natural avenue through the range along which a
161 kilovolt electrical transmission line and a road have been tentatively routed. Almost the entire
basin is primitive and roadless and has been included in an addition to the proposed Spanish Peaks
wilderness area, which lies on the northern margin of the basin.

The Jack Creek basin is a downdropped block bounded on the south by two intrusive complexes. The
intrusions consist of highly jointed andesite-dacite sills. Two of these sills are exposed by Jack Creek.
The sills intruded Upper Cretaceous rocks. The Upper Cretaceous rocks crop out in the majority of the
basin. Glacial deposits veneer much of the basin.

Geologic hazards are common in the Jack Creek basin. The most frequently encountered hazards are
rockfalls, slump-earthflows, snow avalanches, and seismic intensity hazards. The Intermountain
seismic belt (ISB) is an area of high seismicity located immediately west of the basin. In addition to the
seismic intensity hazards associated with the ISB, the earthquakes which occur along this belt may act
as catalysts for other geologic failure.

The jointed igneous intrusions are very susceptible to rockfall. This is indicated by the extensive talus
slopes which have accumulated in the areas where these rocks are exposed. The most widespread
geologic hazard, slump-earthflows, have developed on Upper Cretaceous rocks. These rocks are
characterized by expansive clays, impermeability, and low shear strength. Most of the precipitation
received by the Jack Creek basin occurs in the form of snow. The combination of high snowfall and
large areas in slope results in snow avalanches. 
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ABSTRACT

The Jack Creek basin is located in the Madison Range of south
western Montana, adjacent to a major, year-round recreational complex. 
The basin forms a natural avenue through the range along which a 161 
kilovolt electrical transmission line and a road have been tentatively 
routed. Almost the entire basin is primitive and roadless and has 
been included in an addition to the proposed Spanish Peaks wilderness 
area, which lies on the northern margin of the basin.

The Jack Creek basin is a downdropped block bounded on the 
south by two intrusive complexes. The intrusions consist of highly 
jointed andesite-dacite sills. Two of these sills are exposed by 
Jack Creek. The sills intruded Upper Cretaceous rocks. The Upper 
Cretaceous rocks crop out in the majority of the basin. Glacial 
deposits veneer much of the basin.

. Geologic hazards are common in the Jack Creek basin. The most 
frequently encountered hazards are rockfalls, slump-earthflows, snow 
avalanches, and seismic intensity hazards. The Intermountain seismic 
belt (!SB) is an area of high seismicity located immediately west of 
the basin. In addition to the seismic intensity hazards associated 
with the !SB, the earthquakes which occur along this belt may act as 
catalysts for other geologic failure.

The jointed igneous intrusions are very susceptible to rockfall 
This is indicated by the extensive "talus slopes which have accumulated 
in the areas where these rocks are exposed. The most widespread 
geologic hazard, slump-earthflows, have developed on Upper Cretaceous 
rocks. These rocks are characterized by expansive clays, impermeabil
ity, and low shear strength. Most of the precipitation received by 
the Jack Creek basin occurs in the form of snow. The combination of 
high snowfall and large areas in slope results in snow avalanches.



Chapter I

INTRODUCTION

Statement of Problem

The geology of the Jack Creek basin is complex; within the 

boundaries of the basin, active and potential geological hazards exist. 

The numerous slopes mantled by landslide deposits and rockfall debris 

attest to the' general geologic instability. The basin is located 

immediately west of one of the most seismically active areas in the 

Rocky Mountains, and active faults are known throughout the region.

To ensure the wisest and most resourceful use of the area, existing 

geologic constraints must be identified.

The mountainous regions of Montana have been traditionally the 

last areas of the state to be developed. Historically, most of man's 

activities were confined to the lower elevations- and less rugged 

terrain. However, increased recreational time and improved access has 

led to the development of Montana's mountainous areas.

The Jack Creek basin adjoins a major recreational complex. Big 

Sky of Montana, Inc. The basin forms a natural corridor which connects 

the Madison Valley and the upper Gallatin Valley. The corridor is a 

natural avenue along which several engineering projects have been 

tentatively routed. These include a 161,000 volt electrical trans

mission line and a road connecting Ennis and Big Sky (Figure I).

Much of the western portion of the basin has been included in



an addition to the proposed Spanish Peaks Wilderness Area. Obviously 

these proposals suggest that the area possesses true wilderness 

character.

Purpose

Numerous formations are exposed in the deformed strata of 

Montana's mountains, and each formation has a different potential for 

development. This report is an attempt to identify the inherent 

geological limitations of the Jack Creek basin. The general geological 

relationships, structure, stratigraphy, and geomorphology, are 

discussed primarily as they relate to the geologic limitations of 

the area.

Location

The Jack Creek basin is located in the Madison Range of south

western Montana (Figure I), approximately 8 miles (13 km) east of 

Ennis. To the north, the basin is bounded by the Spanish Peaks, an 

uplifted block of Precambrian metamorphic rocks. The western boundary 

coincides with the north-trending Madison Range piedmont fault zone. 

Lone Mountain and Fan Mountain delineate the eastern and southern 

borders of the basin respectively (Figure I).

This report is primarily concerned with the geology along the 

course of upper Jack Creek. A corridor, approximately eight miles 

(12.8 km) long and two miles (3.2 km) wide, centered on the creek
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Figure I. Index Map

would be the most likely site for future development.

Access

The Jack Creek Campground, a U. S. Forest Service primitive
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campground, is located approximately 10 miles (16 km) east of Ennis 

on the western edge of the basin. Improved gravel roads are main

tained to the Jack Creek campground from Ennis. The Big Sky road, 

which terminates at Tilery's Lake, connects U. S. Highway 191 with the 

eastern border of the basin.

Within the confines of the basin, roads are practically non

existent; however, numerous trails provide access to the more remote 

points. This network of trails is well-maintained by the U. S.

Forest Service. The proposed addition to the Spanish Peaks wilderness 

and U. S. Forest Service land is shown on Figure 2.

Geographic Setting

Jack Creek, a tributary of the Madison River, drains the rugged, 

mountainous area. Elevations in the basin range from 4,900 feet 

(1,737 km) to an impressive 11,100 feet (3,403 km) at summit of Lone 

Mountain. The basin is characterized by steep, densely forested slopes 

and broad meadows drained by clear, cold, high-gradient streams.

The Madison Range is included in the southwestern Montana moun

tain group of the Northern Rocky Mountain physiographic province 

(Thornbury, 1965). The topography of southwestern Montana is dominated 

by numerous linear ranges and lntermontane basins. The basins are 

locally called valleys despite the fact that they are structurally 

controlled. According to Thornbury (1965), "If it were not for the 

intervening Snake River lava plain, these mountains could logically
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Figure 2. Addition to the Proposed Spanish Peaks 
Wilderness and U. S. Forest Service 
Lands.



6
be included in the Basin and Range province."

Climate

The climate of the Jack Creek basin is more similar to that of 

West Yellowstone (Figure I) than that of Ennis. Records from the U. S. 

Weather Bureau station at West Yellowstone, Montana, reveal the 

following data:

Mean annual precipitation 21.11 in. (53.62 cm)

Mean annual snowfall 155.2 in. (394.2 cm)

Mean annual temperature 51.5° F (12.8° c)

Mean maximum temperature . .55.0° F (10.8° c)

Mean minimum temperature 18.5° F (-7.5° c)

Lowest temperature recorded -66.0° F (-54.4'’ c)

Hall (1961) compared the data reported from the West Yellowstone 

■ weather station with the other Montana- stations and- concluded, • ■■■’-.

"I. Only five stations report a lower mean annual temperature, 
and none of these is as much as 1° lower.

2. No station reports as low a mean minimum temperature.
3. No other station has recorded as low an indiviudal temper

ature (-66°).
4. ■ Only four stations report a greater mean annual snowfall.
5. No region in the state appears to have a shorter growing 

season."

Hall believed these observations are significant, and an appreciation 

of their implications will lead to a better understanding of the 

geomorphic history of the area. The climate definitely affects the ■ 

geologic limitations of the basin. Frost-wedging is a very effective
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weathering agent in this climate and is responsible of the maintenance 

of the rockfalls in the basin. Snow avalanches must be considered in 

a climate which has a mean annual snowfall of 155.2 in. (394.2 cm).

Drainage

Tributaries that unite to form Jack Creek include; Hammond 

Creek, Mill Creek, Aspen Creek, Levi Creek, Wickiup Creek, Moonlight 

Creek, the South Fork of Jack Creek, Long Creek and several smaller 

unnamed streams. Jack Creek flows into the Madison River upstream of 

Ennis Lake. Sediment is filling this lake, and heating of the water 

occurs during the summer. This has had an adverse affect upon the 

fisheries of the Madison River.

Methods of Study
2Approximately twenty-eight square miles (72. km ) of the Jack 

Creek basin were mapped by the author during ten weeks of the summer 

of 1976 (Figure 3). These field observations are shown on Plate I,

The Geology of the Jack Creek Basin. The base map for this study was 

photographically prepared from two U. Si Geological Survey fifteen- 

minute topographic maps, the Ennis quadrangle and the Spanish Peaks 

quadrangle. These were enlarged to a scale of 1:24,000. This scale 

was chosen.so that this report could be augmented by Soil Conservation 

Service soil surveys.

The area mapped straddles the course of upper Jack Creek, the
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Jack Creek "corridor" (Figure 3). The remaining geology of the basin 

was transferred by inspection from the maps of Swanson (1950) and C. 

Montagne (1971). A slope map (Plate II) was prepared using the 

Spanish Peaks and Ennish quadrangle maps. The geologic hazards of the 

basin are shown on Plate III. A glossary has been included in the 

Appendix. Hopefully, this will allow this report to be used by the 

layperson.

Previous Work

Peale (1896) published the first study of the geology of this 

region. Swanson (1950) (Figure 3) mapped the northern Madison Range 

as part of a U. S. Geological Survey open-file report. Hall mapped 

part of the southern Madison Range in his work on the upper Gallatin 

Valley (Hall, 1961). Bolm (1969), Kehew (1971), C. Montagne (1971) 

(Figure 3) and Walsh (1971) studied the geology of the West Fork.basin, 

which is located immediately east of area considered in this report 

(Figure I). The geology of the West Fork basin is summarized by 

J. Montague (1976). C. Montague (1976) also examined the landslide 

deposits of the region in an attempt to quantify slope stability. 

Becraft and Kiilsgaard (1970) studied the mineral resources of the

Jack Creek basin in detail.
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Chapter 2

GEOLOGIC HISTORY

This section is provided to acquaint the reader with the general 

aspects of the geologic history of the Jack Creek basin. The summary 

presented in this report can be substantially supplemented by the work 

of Hall (1961). Because the present landscape of the Jack Creek basin 

is largely the result of the Laramide orogeny, Tertiary uplift and 

subsequent erosion, the pre-Cretaceous history of the area is greatly 

simplified.

The pre-Cretaceous sedimentary rocks exposed in the Jack Creek 

basin are interpreted as shallow-marine, stable shelf deposits. The 

stable shelf, the sedimentary-tectonic feature, occupies a neutral 

cratonic position, being neither as negative nor as positive as other 

cratonic elements.

As the supply of sediment is usually small in comparison with 

the area of the stable shelf, the sediment is repeatedly reworked 

prior to deposition. Weathering occurs in the subaerial and littoral 

zones. Hence stable minerals predominate the lithologies.

According to Hall (1961), the Morrison Formation represents a 

stable shelf deposit exposed by regressing seas. Subaerial exposure 

of the unit is the result of withdrawal of the seas, not uplift due 

to tectonic activity.
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The chert-pebble conglomerate at the base of the Kootenai 

Formation marks a distinct change in the depositional environment.

The conditions are markedly different from those which existed through

out the Paleozoic and much of the Cenozoic Eras. The conglomerate 

indicates an actively eroding source, probably the Sweetgrass Arch of 

central Montana. As the arch was reduced to low relief, the finer 

grained elastics of the Kooternai Formation were deposited. Limestones 

were then precipitated in fresh water lakes. Renewed uplift, probably 

to the west of the Madison Range, followed. During this time the 

quartz arenites of the Kootenai Formation were deposited.

The source area was then leveled by erosion and the shales of 

the Thermopolis Formation were deposited under marine to brackish 

water conditions.

The Albino Formation contains large amounts of volcanic mater

ial.. The source of the early Late Cretaceous volcanics was to the 

west, possibly the Elkhorn volcanics of western Montana. The remainder 

of the Cretaceous rocks were deposited under similar conditions. They 

reflect the tectonically unstable conditions which prevailed during 

that time, the first deformations associated with the Laramide orogeny.

The structures developed during the Laramide orogeny were 

predominantly compressive. Thrust faulting and folding took place in 

the Madison Range and Spanish Peaks. It was during this period that 

the Lower Basin syncline, Spanish Peaks fault and the compressive



12
structures of the western edge of the Madison Range were formed.

• Emplacement of the andesite-dacite intrusive complexes of Fan 

Mountain and Lone Mountain followed in post-Paleocene time. These 

' intrusives are probably Eocene in age.

Block-faulting of the basins and ranges of southwestern Montana 

was initiated in either the Miocene or Pliocene epochs. Extensive 

erosion of the broad uplifts followed. Faults along the trends 

initiated during the early Tertiary may still be active.

The Quaternary period is characterized by glaciation. Valley 

glaciers which gathered in the Spanish Peaks, Lone Mountain and Fan 

Mountain extended into the basin at least twice during the Quaternary. 

Recent mass wasting has since altered the surface of the basin exten

sively. •



Chapter 3

SEDIMENTARY ROCKS

Introduction

Those aspects of the sedimentary rocks which affect the stabil

ity and limitations of the various units will be stressed in the 

following discussion. Hall (1961) described the stratigraphy in a 

more conventional manner.

Over 75 percent of the Jack Creek basin is underlain by 

sedimentary rocks (Plate I), and it is within these rocks that the 

majority of slope failure has occurred. Table I is a description of 

the pre-Cretaceous sedimentary.rocks exposed in the basin. These.rocks 

are exposed only along the borders of the basin, where rocks have been 

intensely folded and faulted. Sedimentary units exposed along the 

Jack Creek "corridor" include the Swift, Morrison,.Kootenai, Therma- 

polis, and Albino formations', an undetermined thickness of undiffer

entiated upper Cretaceous sedimentary rocks (Figure 4), small patches 

of Tertiary deposits and various surficial deposits. Extensive 

Quaternary deposits cover large areas of the basin, and Holocene mass 

wasting has created numerous landslide and talus deposits (Plate I).

The surficial deposits are treated in detail under a subsequent 

heading. Geomorphology.

Much of the basin is underlain by non-resistant rocks and 

covered by dense forest. This combination results in few and poorly
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exposed rock outcrops.

Swift Formation

The oldest formation exposed along the Jack Creek "corridor" 

(Figure 4) is the uppermost unit of the Ellis Group, the Swift 

Formation of Late Jurassic age (Imlay, 1952). The Swift is 115 feet 

(35 meters) thick northeast of the basin and H O  feet (33 meters) thick 

in the West Fork basin (Kehew, 1971). Hall (1961) found the formation 

to be H O  feet (33 meters) thick in the upper Gallatin area.

The Swift Formation is a yellow-brown to greenish gray sand

stone. This sandstone is calcareous and consists of fossil fragments, 

oysters, and fine to medium grained quartz, chert and glauconite.

The formation .is thin to medium bedded, cross-stratified and ripple- 

marked .

Distribution of this formation is limited to a- small portion of 

the study area on Levi Creek, where it is restricted to slopes of 

greater than 30 degrees (Plates I, II).

Morrison Formation

The Morrison Formation conformably overlies the Swift Formation 

and represents the first major terrestrial deposit preserved in the 

region (Hall, 1961). According to Imlay (1952), the Morrison Formation 

is middle Late Jurassic in age. Hall (1961) included 300 feet (91 m) 

of terrestrial claystone and sandstone in this formation.
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Table I

GENERALIZED PRE-CRETACEOUS STRATIGRAPHY

PERIOD LITHOLOGY

Jurassic Morrison
Formation

Variegated red, green, and gray mudstone, 
shale, and siltstone with thin interbedded 
yellow to brown very fine grained sand
stone or siltstone beds.

Swift
Formation

Yellow, calcareous, cross-stratified, 
very fine grained to medium grained 
fossiliferous sandstone.

Rierdon
Formation

Gray-brown coolitic limstone and calcar
eous shale.

Sawtooth
Formation

Grayish, thin-bedded, fine grained lime
stone shaly limestone and calcareous shale

Triassic Dinwoody
Formation

Dark to light brown, thick bedded, sandy 
limestone and calcareous siltstone .

Permian . Shedhorn
Formation

Dark brown, dolomitic, sandstone with 
abundant chert. '

Pennsylvanian Quadrant
Formation

Pale cream to white, clean washed, 
dolomitic sandstone.

Amsden
Formation

Red shale, gray to cream colored limestone 
and siltstone.

Mississippian Mission
Canyon
Formation

Light gray, medium to thick bedded and 
"massive dolomite, dolomitic limestone 
and limestone.

Lodgepole
Formation

Yellow, thin to medium bedded limestone 
and interbedded argillaceous limestone
or calcareous shale. Medium dark gray 
dense, thin-bedded, fossiliferous lime
stone.
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Table I, Continued

PERIOD LITHOLOGY

Devonian

Cambrian

Sappington- Yellow to brownish calcareous siltstone, 
Formation mud-stone, sandy limestone and sandstone.

Three Forks 
Formation

Jefferson
Formation

Maywood
Formation

Snowy Range 
Formation

Pilgrim
Formation

Park
Formation

Meagher
Formation

Wolsey
Formation

Gray, dense, thin-bedded dolomite or 
dolomitic limestone. Red, yellor or 
greenish-orange argillaceous carbonate 
breccia and massive dolomite.

Gray and brown, medium bedded to massive 
dolomitic limestone, and limestone with - 
interbedded greenish argillaceous dolo
mite or limestone and solution breccia 
zones.

Pale brownish-gray, silty, sandy and 
dolomite. Yellow-gray to yellow-orange, 
dolomitic, sandy and congl. siltstone.

Limestone pebble congl., chert nodules 
and stringer's, ribbony algal siltstone - 
and conquina. Gray-green fissile shale 
with interbedded yellow.-brown fine- ■ 
grained quartz sandstone or siltstone.

Green and gray, fossiliferous, glauconitic 
limestone, oolitic in part with some flat- 
pebble congl. Green-brown, medium bedded 
to massive, limestone and dolomite.

Gray-green and maroon, fissile, micaceous 
shale with interbedded brown, very fine 
grained glauconitic quartz sandstone or 
siltstone.

Dark gray, blue and gold mottled, brittle, 
massive limestone.

Gray-green and maroon fissile micaceous 
shale with interbedded micaceous sandstone 
and siltstone.
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Table I, Continued

PERIOD LITHOLOGY

Cambrian Flathead White, yellow-brown and red, medium to
■ Formation coarse grained, cross-stratified sand

stone.

Precambrian Gneiss, schist, amphibolite, pegmatite 
and basic dikes.
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The lithology includes beds of non-calcareous, green , gray, olive, 

and red claystone with intercalations of orange siltstone and tan 

limestone (Figure 4). Lenses, up to 40 feet (12 m) thick, of very 

fine grained sandstone are common. These sandstones are light gray, 

to buff and often cross-stratified.

Most of these rocks are non-resistant and topographically 

expressed as swaled. Blocks of the overlying Kootenai often coyer the 

Morrison swales. Landslides commonly occur in the Morrison Formation 

in the Northern Rocky Mountains (C. Montagne, 1976), but no failures 

were observed in the study area. This is due to the limited distri

bution of the formation. Like the Swift Formatio, outcrops of the 

Morrison are restricted to Levi Creek (Plate I).

Kootenai Formation

The Early Cretaceous Kootenai formation (Cobban, and Reedside,

1952) disconformably overlies the Morrison Formation and consists of 

three distinct lithologies (Figure 4). The basal sandstone ranges 

from 80 to 150 feet (24 to 45 m) in thickness, the middle unit is 

250 feet (76 m) of nodular claystone, limetstone, and calcareous 

siltstone (McMannis and Chacwick, 1964, Kehew, 1971), and the upper 

unit contains 100 feet (30 m). of clean, well-sorted sandstone (Hall, 

1961), salt and pepper sandstone and conglomerate. The conglomerate 

consists of well rounded chert pebbles. The sandstone is massive.
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and the conglomerate is commonly cross-stratified.

Yellowish-tan to red, nodular claystone, limestone, and cal

careous siltstone form the middle unit. A twenty foot (6 m) thick 

limestone lens occurs in the middle of this unit and is continuous 

throughout the region.

The upper unit is a white, well-sorted, fine grained, quartz 

arenite, and this unit weathers to a distinctive dark brown to 

brownish red. This sandstone is tightly cemented.

This formation is widely distributed along the Jack Creek 

"corridor" (Plate I). Cliffs are commonly formed by the two sand

stone units, and the less resistant middle unit forms moderate slopes. 

Large blocks of talus derived from the basal sandstone and conglomerate 

cover the underlying Morrison Formation. The .Kootenai Formation is 

one of the most stable formations' exposed in the Jack Creek "corridor". 

No slope failures were observed in this unit.

Colorado Group and Montana Group

Conformably overlying the Kootenai Formation is a thick sequence 

of shale with minor amounts of sandstone (Figure 4). The lithologies 

which comprise the Colorado Group are nonresistant, and the three 

units present, the Thermopolis Formation, the Albino Formation, and the 

undifferentiated Upper Cretaceous strata, were mapped as one unit 

(Plate I). Although the uppermost portion of the undifferentiated
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Upper Cretaceous rocks is probably Montanan in age (Hall, 1961), 'the 

lithologic similarities warrant mapping of units as one. Because 

the lithologies are so similar the units react identically to the 

conditions which bring about slope failure (Plate III).

• Thermopolis Formation. The Thermopolis Formation forms the 

basal unit of the Colorado Group and consists of 150 feet (45 m) of 

interbedded shale, siltstone, and sandstone (Figure 3). The lower 

100 feet (33 m) of the formation is dark gray fissile, carbonaceous 

shale and.siltstone. The upper 50 feet (15 m) is a medium gray to 

greenish-gray sandstone. This unit, the Muddy Member, is thin to 

medium bedded and cross-stratified. The Muddy Member forms a resis

tant ledge in an otherwise non-resistant unit.

Albino Formation. The Albino Formation was named by Hall (1961) 

for exposures near Albino Lake in the Taylor Fork drainage basin, south 

of Jack Creek. The Albino Formation is a time equivalent of the Mowry' 

Formation; however, the lithologic differences, according to Hall, 

were great enough to warrant separate formation names. Although the 

formation name does not meet the procedural requirements, set forth 

by the American Commission on Stratigraphic Nomenclature, for 

establishing new formation names, it will be used in this report. 

Several previous reports have employed the formation name; therefore, 

to reduce confusion, it will also be used in this report.
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The Albino Formation rests with apparent conformity on the 

Thermopolis Formation and may be equivalent to the Red Speck Zone of 

Cobban (Hall, 1961). The Red Speck Zone, part of the Colorado Group, 

is assigned an early Late Cretaceous age (Cobban, 1951, 1955).

Kehew (197.) measured approximately 500 to 600 feet (152 to 183 

m) of Upper Cretaceous section in the West Fork basin, east of Lone 

Mountain. These figures include the Albino Formation and the 

undifferentiated Upper Cretaceous rocks.

The Albino Formation is composed of claystone, bentonite, 

siliceous shale, siliceous ash, and vitric tuff (Figure 4). Hall 

(1961) stated,

"The claystones, bentonites and shales predominate in the 
lower part of the unit.and are commonly pastel shades of 
brown, yellow, pink or green; they are very commonly 
speckled heavily tiny red-orange crystals and grains of an 
undetermined mineral, which may be heulandite. The siliceous 
shale, ash arid tuffs predominate in the upper part of the 
formation, and are usually almost white, pink, or sometimes 
bright red."

Montmorillonite, a 2:1 lattice clay, was identified by Kehew (1971) 

and is the predominant clay in the Albino Formation.

This formation is a non-resistant unit and forms a swale. 

Earthflows and slumps are common in this widely distributed formation.

Undifferentiated Upper Cretaceous rocks. The tectonically 

unstable conditions which existed during deposition of the post-Jurassic 

sedimentary rocks makes regional correlation a difficult task.
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According to Hall (1961),

"Because so little geological work has been done in the 
region the younger units are less well understood than 
the older ones; this is mainly because they were deposited 
under tectonically unstable conditions in contrast to the 
relatively stable shelf deposits environment prevailing 
throughout Paleozoic and much of Mesozoic time.. Thus, the 
younger units are not laterally continuous nor lithologically 
so uniform over thousands of square miles, as are some older 
units, and cannot be easily interpolated from information 
in surrounding areas. Even a satisfactory nomenclature has 
been lacking for many units, due to a lack of definite 
information upon which to base correlations."

The undifferentiated Upper Creataceous rocks are tentatively considered 

to be equivalent to the upper Colorado Group and most or all of the 

Montana Group (Hall, 1961). Fish scales similar to those found in 

the Mowry Formation of central Wyoming are found in the undifferentia

ted Upper Cretaceous rocks, and the two units resemble each other 

lithologically.

The Albino Formation is overlain with apparent" conformity by 

the undifferentiated Upper Cretaceous rocks. This unit contains 

approximately 8,000 feet (2438 m) of shale and sandstone. The basal 

portion of these rocks consists of several hundred feet of inter- 

bedded shale and sandstone (Figure 4). The shale, which predominates, 

is dark gray and non-siliceous; the sandstone is light gray and fine

grained. This unit is topographically expressed as a gentle slope or ' 

swale.

Above the non-resistant lower unit is a siliceous zone. This
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zone is probably 200 to 600 feet (61 to 183 m) thick and is probably 

equivalent to the Mowry Formation (Hall, 1961). Lithologically it 

consists of shale with beds of bentonite and sandstone. The white

weathering shale is siliceous and this zone is expressed as a ridge.

The remaining 7,000 feet (2134 m) of this unit has been men

tioned in only a few reports, and a detailed lithologic description 

of these rocks is lacking. The predominant lithologies observed in 

the Jack Creek basin were a dark-gray shale and a brownish-tan sand

stone. Additionally, Hall (1961) reports the presence of a few 

lignite seams. This part of the stratigraphic section is non-resistant 

and forms swales and gentle slopes. These rocks do not crop out in 

the Jack Creek "corridor".

Tertiary Sedimentary Rocks

Swanson (1950) mapped several patches of Tertiary basin fill. 

These desposits are found north of Jack Creek (Plate I). The thickness 

of these deposits is variable because large portions have been removed 

by erosion. These unnamed basin fill deposits consist of gravel, the 

clast lithology of which is extremely variable, ranging from Precam- 

brian metamorphic rocks to Cretaceous volcanic and sedimentary rocks. 

The deposits form a portective cap on the underlying, non-resistant 

Cretaceous shales and support ridges. The unit is relatively uncon

solidated; it is not nearly as highly cemented as most detrital 

sedimentary rocks in the basin.



Chapter 4

IGNEOUS ROCKS

Introduction

Fan Mountain and Lone Mountain lie along the southern and 

eastern borders of the Jack Creek basin, respectively, and are 

composed of Mesozoic and Cenozoic sedimentary rocks intruded by ■ 

andesite-dacite sills (KI\ , Plate I). The two mountains form the 

northern half of an extensive intrusive complex; the remaining centers 

of intrusion are in Pioneer Mountain and Cedar Mountain. This 

intrusive complex lies near the north-western limit of the Absaroka- 

Gallatin volcanic province (Chadwick, 1970). Fan and Lone.mountains

are "Christmas-tree" laccoliths. Multi-horizon sills, which form
»

the branches of the "Christmas-tree", have intruded and doubled the ’

thickness of the predominantly Cretaceous country rock. Swanson (1950)

estimated a cumulative thickness of 1500 to 2000 feet (457 to 610 m)

for the intrusive rock. The laccolithic complex (KT , Plate I) con-h
sists of andesite-dacite sills and Cretaceous country rock in a ratio 

of approximately 1:1. The outcrops are labeled KT_̂  (Plate I) in 

areas where the igneous rock is the predominant lithology and KT^ 

where the igneous rock and country rock are evenly distributed.

Two small limbs of the "Christmas-tree" laccolith are exposed 

along the course of. upper Jack Creek (Plate I). The exposed igneous 

rock is highly jointed and in places large talus slopes have
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accumulated (Plate III).

Regional Relationships

Numerous andesite-dacite intrusions, associated with the 

Absaroka-Gallatin volcanic province, have been emplaced along zones 

of crustal.weakness parallel to the lineaments of southwestern 

Montana. Intrusions along this trend may be traced from the Madison 

Range southeast to the Sunlight basin, Wyoming (Rouse, 1937). North

west of the Madison Range, the intrusives extend to the Tobacco Root 

Mountains (Figure I) (Chadwick, 1970).

Chadwick (1970) subdivided the Ahsaroka-Gallatin volcanic rocks 

into two belts of eruptive centers which parallel the northwest trend 

of the volcanic province. The two belts, the eastern Absaroka belt 

and the western Absaroka belt. The western Absaroka belt, of which 

the Jack Creek basin intrusives are a part, is characterized by a ■ 

calcalkaline suite. The eastern belt, in addition to the calcalkaline 

suite, contains mafic and potassium rich lithologies.

Lithology

Thin-sections prepared from samples obtained from the two 

intrusive bodies exposed along Jack Creek (Plate I) show an andesite 

prophyry lithology. The phenocrysts consist of subhedral to euhedral 

hornblends, subhedral to anhedral zoned plagioclase, and subhedral 

biotite. The matrix consists of plagioclase, orthoclase, and quartz.
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Because the plagipclase crystals exhibit zoning, the optical 

determination of the plagioclase composition is not precise. Bolm 

(1969) calculated a norm for samples collected from the Lone Mountain 

laccolith. The norm of the andesite was found to be 63 percent 

plagioclase (An 33), 21 percent hornblende, 7 percent orthoclase,

6 percent biotite, and 3 percent quartz.

Age

Fan and Lone Mountains are composed of alternating layers of 

sedimentary rock and andesite-dacite sills of the "Christmas-tree" 

laccolith. The sedimentary sequence of the Upper Cretaceous strata 

exposed in Lone Mountain and Fan Mountain has not been studied in 

detail. An age determination based upon the cross-cutting relation

ships between the igneous intrusions and the country rock would be 

premature. However, south of the- Jack Creek, basin, Hall (1961). 

reported andesite sill intrustions in Paleocene strata. The strata 

was dated by fossil fern remains.

Absolute age dates for the Absaroka-Gallatin volcanic province . 

are available. Igneous rocks from this province have yielded radio- 

metric age dates ranging from 49.0 + 1.7 m.y. to 53.5 +2.3 m.y. 

(Chadwick, 1970). However, the Eocene igneous rocks of the Gallatin 

Range are unlike the igneous rocks of the Jack Creek basin. The 

andesites of the Gallatin Range contain phenocrysts of pyroxene, while
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hornblende is the most common phenocryst in the andesites of the fan 

and Lone mountains (Chadwick, pers. commun.). A hornblende andesite 

porphyry sill in the Squaw Creek area, which is approximately 15 miles 

(24 km) east of the Jack Creek basin, bears some lithologic resemblance 

to the intrusions of Fan and Lone mountains. The Squaw Creek sill has 

been dated at 103 m.y. (Chadwick, pers. commun.). Therefore, the 

intrusive complex was probably emplaced sometime during the Late 

Cretaceous to Eocene time span.



Chapter 5

STRUCTURE

Regional Setting

The latest structural imprint on the mountain ranges of 

southwestern Montana and adjacent intermontane basins is largely the 

result of block faulting similar to that of the Great Basin. The 

mountain ranges of the region were uplifted in middle Tertiary time 

(Pardee, 1950).. The steeply dipping normal faults, which outline the 

basins and ranges of the region, trend north to northwest and east- 

west (Figure 4).

The Madison, Gallatin, and Henry’s Lake ranges are all com

ponents of a single structural entity, and the separate names denote 

highland segments demarked by two large canyons, the -upper canyon of 

the Madison and the Gallatin Canyon (Hall, 1961). The Gallatin River 

is superposed along the block in a north-south direction and separates' 

the Gallatin and Madison ranges (Figures 1,4). The west flowing 

segment of the Madison River delineates the geographic border between 

the Madison and Henry'e Lake ranges, but both ranges are part of the 

same uplifted block (Figures I, 4).

The predominantly tensional orogenic episode which begin in 

middle tertiary time was preceded by the Laramide orogeny. The 

stresses produced during this orogeny were predominantly compressive. 

The resulting strike systems of the faulted and folded strata trend
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both northwest and east-west. The dominant northwest trending 

system parallels the numerous lineaments of southwestern Montana.

Madison Range

The northern Madison Range is a syncline which trends slightly 

north of west. Its west flank consists of highly deformed strate; 

thrust faulted and overturned strata (.figure 5) are found along the 

western edge of the basin. Precambrian rocks are exposed in this 

area.

Madison Range piedmont fault. The Madison Range piedmont fault 

(Hall, 1961) -delineates the western border of the Madison Range (Figure 

4). Recent movement along this north-trending fault zone is marked 

by a series of an echelon fault scarps which extend from Reynolds 

Pass to Jack.. Creek (Figure 5). Pardee (1950), using data obtained 

from tree ring dating, estimated that the scarp was formed late in 

the eighteenth century, sometime near 1770.

Spanish Peaks fault. The northern, boundary of the Madison 

Range is the Spanish Peaks fault, a high angle reverse fault trending 

approximately N 60° W  (figure 5, Plate I). The north block has moved 

up and slightly south, and as much as 13,500 feet (4115 m) of dis

placement has occurred along this fault. The Spanish Peaks fault is 

part of an extensive west-northwest trending fault system found in 

southwestern Montana. The fault appears to be an extension of the
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Figure 5. Structural Index Map of Part of the Madison 

Range and Gallatin Range.
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Gardiner fault to the southeast (Swanson, 1950; McMannis- and Chadwick, 

1965). Northwest of the Madison Range, in the Tobacco Root Mountains 

(Figure I), the Bismark .fault appears, to be an extension of the same 

fault system.

Late Cretaceous rocks are offset by the Spanish Peaks fault in 

the Jack Creek basin. To the southeast the trace of the fault is 

covered by the Gallatin-Absaroka volcanic rocks. The most recent date 

for these rocks is late early Eocene to early middle Eocene (Smedes 

and Prostka, 1972), which is in good agreement with the dates published 

by Chadwick (1970) for the Gallatin-Absaroka volcanic rocks.

Jack Creek basin. The Jack Creek basin is a downdropped block 

bounded on the north by the Spanish Peaks fault (Figure 5, Plate I).

The western edge of the basin is coincident with the highly faulted 

and deformed western flank of the Madison Range. -The- instrusive■cen-- 

ters of Fan and Lone Mountain form the southern and eastern borders 

of the basin respectively.

The structure within the basin is controlled by the proximity 

to the Spanish Peaks fault, the instrusive complexes of Fan and Lone 

mountains, and the compressive structures developed on the west flank 

of the Madison Range.

The northern third of the basin is an extension of the Lower 

Basin syncline of Hall (1961). Drag folding along the Spanish Peaks
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fault resulted In the formation of this strucutre. This syncline 

represents the major Laramide compressional structure in the basin.

An overturned anticline, which strikes north, runs the length of the 

western edge of the basin. Remaining compressive structure are 

probably due to the stresses introduced during emplacement of the 

igneous rocks. The highest peaks and ridges within the basin are not 

structurally controlled; they represent the more erosion resistant. 

rocks.

Several normal faults strike perpendicular to the long axis of 

the igneous intrusion exposed by Jack Creek in sections 5 and 6; T. 

6S., R. 2E (Plate I). These were probably produced by stresses 

introduced during emplacement of the igneous rock, similar to the 

genesis of an epanticlincal fault. The movement along these faults 

is not great; the greatest offset occurs along the Levi Creek fault, 

where only 800 feet (244 m) of dip-slip movement has occurred.

Contemporary Seismicity

The region of the Rocky Mountains adjacent to the Intermountain 

Seismic Belt (!SB) is an area of frequent earthquake activity (Smith 

and Sbar, 1974). The ISB is a zone of seismicity which extends from 

the Great Basin and Colorado Plateau-Middle Rocky Mountains boundary 

northward to the Northern Rocky Mountains. In southwestern Montana 

this anomaly parallels the Madison Range Piedmont Fault zone and is
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immediately west of the Jack Creek basin.

The seismic activity along the ISB generally consists of earth

quake swarms concentrated at shallow focal depths, usually less than 

15 kilometers (Smith and Sbar, 1974). Earthquake swarms are one-of 

three general earthquake types described by Mogi (1963). In an earth

quake swarm the number of seismic events increases per unit time to a 

maximum; this is followed by a corresponding decrease in the number 

of events.

Historically,, earthquake swarms have been noted in three areas 

along the ISB in Montana. With the exception of the swarms centered 

near the south end of Flathead Lake, swarm activity in Montana occurs 

in association with geothermal features (Smith and Sbar, 1974). The 

areas of pronounced swarm activity which are found in conjunction with 

areas of abnormal heat flow include the Marysville area,, where a 

significant heat flow anomaly has been reported (Blackwell and Baag, 

1973), and the west side of Yellowstone National Park, including the 

Norris Geyser basin (Smith and Sbar, 1975).

The Jack Creek basin is only some 50 miles (80 k) northwest of 

Yellowstone National Park and its Norris Geyser basin. Volcanism, 

high heat flow and uplift, all of which are known in the Yellowstone 

region, are thought to be the surface expression of a mantle plume 

(Wilson, 1973). A mantle plume is one of the mechanisms proposed as 

the driving force, of the Earth's crustal plates. Stresses produced
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by the mantle plume centered in the Yellowstone region may be respon

sible for the seismic activity in this part of Montana (Smith and 

Sbar, 1974).

C



Chapter 6

GEOMORPHOLOGY.

Introduction

Geomorphology is the study of the shape of the Earth's surface, 

and it deals with the description, classification, origin, and develop

ment of landforms. Analysis of landforms is perhaps the most important 

tool in the interpretation of geologic limitations, because geologic 

hazards are largely restricted to or revealed by surficial deposits.

The topography of an area is the product of the complex inter

action of weathering and erosional processes with the rocks exposed 

at the Earth's surface. Structure influences the landscape because 

it is responsible for the configuration of the rocks cropping out at 

the surface. Additionally, climate plays an important role in the 

development of a landscape because it controls the geomorphic pro- . 

cesses and agents which predominate.

In the formation of this particular landscape, the processes 

of erosion and weathering prevail. The most effective and pervasive 

agents responsible for the development of the Jack Creek basin are 

streams, glaciers, and mass wasting. In this climate, physical 

weathering appears to be the most important weathering agent, and . 

frost wedging is especially active.

The landscape of the Jack Creek basin is largely in slope and
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little of the original upland remains. Flat lowlands are beginning 

to develop in parts of the basin. In the Davisian classification 

scheme, the landscape is indicative of an early mature age.

Relief

The relief present along the western and northern edges of the 

Jack Creek basin is structurally controlled. The peaks and ridges, 

therein, comprise the northern Madison Range and consist of sedimentary 

and metamorphic rocks folded and faulted to their present topographic 

positions. The prominent ridges in the basin and Fan and Lone moun

tains, the two highest peaks in the Madison Range, are the result of 

differential erosion. In these areas the primary control of relief 

appears to be lithologic. The topographically high areas consist of 

intruded Mesozoic rocks. The hornfels, produced during the emplacement 

of these laccolithic complexes, and associated igneous rocks are durable, 

forming highlands which coincide with the more erosion-resistant rocks. 

The lowlands of the basin are generally coincident with the less 

resistant rocks, such as the lithologies of the Colorado and Montana 

groups.

Streams

Jack Creek, the master stream of the basin, is a subsequent 

stream, since it follows the synclinal valley formed by the folding 

which preceded rupture along the Spanish Peaks fault. The tributaries
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of Jack Creek, are generally subsequent streams, following weak strata 

or faults. Where the streams drain the two "laccolithic" mountains 

they are consequent.

The drainage of the basin consists of two patterns. Radial 

drainage has developed on the flanks of Lone Mountain and Fan Mountain 

while streams- in the remainder of the basin form a trellis drainage 

pattern. These tributaries and the master stream are, for the most 

part, parallel to the predominant strike systems, an indication of 

structural control

'Glaciation

The climate of the Madison Range is severe. Ice remains 

throughout the year in protected portions of the basin. It is not 

difficult to imagine that during the colder climatic episodes of the 

Pleistocene Epoch, the Madison Range'' was the .site of extensive glacial 

activity. Much of the basin' is- veneered by glacial deposits.

Numerous cirques are visible on the peaks which form the 

southern margin of the basin. Steep walled "!!"-shaped canyons occur 

below the cirques, indicating that several valley glaciers were present 

during the Quaternary Period. Valley glaciers at one time occupied 

the valleys now drained by Aspen Creek and the South Fork of Jack 

Creek. Although subsequent erosion has removed the majority of the 

till adjacent to the course of Jack Creek, several large erratics
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remain. The till is thicker in the area drained by the South Fork.

The glaciers on the east face of Fan Mountain and the west face of 

Lone Mountain probably coalesced to form one large glacier which 

occupied the South Fork valley.

On the north border of the basin smaller valley glaciers 

occupied the valleys of the northern Madison Range. The large cirques 

■present on Lone Mountain and Fan Mountain are absent on these south 

facing slopes. The most extensive glacial deposits in this portion 

of the basin are found along Hammond Creek. The glacier extended 

from the head of West Hammond Creek, where ice probably overflowed 

from the Spanish Peaks, to the confluence of Aspen Creek and Jack 

Creek. Precambrian metamorphic erratics are found at the confluence 

of' these two creeks. A somewhat smaller glacier occupied the Wickiup 

Creek drainage. The snout of this glacier apparently abutted the 

snout of the South Fork glacier, possibly blocking the course-of Jack 

Creek between Aspen and Wickiup creeks to glaciation. However, stream 

erosion, subsequent to the glacial episode, may have removed any 

evidence of glaciation along this section of Jack Creek. Since the 

competence of Jack Creek is high, the creek may have been an effective 

agent in the transport of even the largest erratics.

The range of ages for the glacial deposits in this region is 

wide; deposits range in age from Illioian to Neoglaciation. The most 

extensive glaciation occurred during the Bull Lake episode (Walsh,
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1971); these deposits have been dated as being 130,000 years old 

(Richmond, 1965). The Pinedale glacial episode is perhaps the second 

largest in the region; the maximum extent of the Pinedale glaciations 

occurred about 30,000 years ago (J. Montagne, 1976).

The Pinedale and Bull Lake deposits are segregated according to 

surface appearance. Fresh, hummocky deposits associated with undrained 

depressions were interpreted as being the younger Pinedale deposits.

The older Bull Lake glacial tills have a more subdued topographic 

expression.

Glaciation has profoundly affected the slope stability of the 

basin. Glaciers oversteepened the slopes and deposited permeable tills 

over impermeable bedrock. Lateral and vertical abrasion, a result of 

moving ice, oversteepened the walls of the valleys, leaving the char

acteristic "U"-shape. These modifications of former "V" shaped stream 

valleys altered the metastable equilibrium which previously existed . 

and set the stage for widespread mass wasting in the basin.

Mass Wasting

Mass wasting is a general term which includes the dislodgement 

and transport of material downslope by gravitational forces. The 

material is not carried within or on another medium. Earthflow, rock- 

slide, avalanche,. rockfall, creep, and solifluction are generally 

included as forms of mass wasting. Solifluction and rockslide are the
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only forms of mass wasting not presently active in the basin. However, 

solifluction was an important process during the Pleistocene Epoch.

Creep. Creep is a form of mass wasting in which movement is 

continuous; entire slopes may move by creep. Mapping of slopes in 

creep is practically impossible, because no distinct boundaries may 

be drawn between slopes in creep and slopes at rest. The movement of 

slopes in creep is almost imperceptible; commonly such slopes may 

move on the order of a few millimeters per year.

Creep is the most widespread mass wasting process in the Jack 

Creek basin. The fundamental strength of the Colorado Group and 

Montana Group lithologies is relatively low. Nearly every slope 

underlain by these rocks is in creep. Because every slope is under 

the influence of surface creep, it is not practical to represent this 

process on a map in any useful way..

Landsliding. A landslide is the rapid displacement of a mass 

of rock, soil or sediment, in which the center of gravity of the moving 

mass advances in a downward and outward direction (Terzaghi, 1950).

The velocity increases from zero to a value greater than one foot per 

hour; then returns to zero. Tbie most common form of landslide in the 

basin is the slump-earthflow. The slump-earthflow.landslide is best 

described by Bailey (1972),

"These landslides combine the process of sliding and flow.
■ The upper part slides downward in one or more blocks that 
commonly rotate slightly about axes that are horizontal and
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parallel to the slope in which the landslide forms. The 
movement is similar to a slump as described by Sharpe 
(1938, p. 65). The movement of the lower part corresponds 
to earthflow or lateral spreading described by Terzaghi 
(1950) and Varnes.(1958)."

C. Montagne (1976) has studied the slopes of the region and. has 

correlated frequency of landslides with certain bedrock conditions. 

Cretaceous bedrock terrain was found to be the terrain most susceptible 

to landsiiding. Cretaceous sedimentary rocks are the most common 

rocks in the basin.

The shales of the Cretaceous rocks provide abundant clay. Kehew 

(1971), in an adjacent area, identified monmorillonite, a smectite 

clay, in the Albino Formation. These clays when wetted tend.to swell 

and disperse, reducing the shearing resistance of the mass. Mont- 

morillonite may increase in volume eight-fold when water is absorbed. 

The majority of the slope failures in the basin are due to the presence 

of monmorillonite and large quantities of water. These landslides have 

the form of slump-earthflows.

The most notable landslide that displays, such form and which is 

the result of a clay mineralogy dominated by montmorillonite is 

located in section 31, T. 5 S., R. 2 E., and section 36, T. 5 S., R.

2 E., directly northeast of the Diamond J Ranch (Plate I). This 

slunip-earthflow encompasses some 350 acres, and is the second largest 

landslide in the basin. It is developed in the shales of the Colorado 

Group. Several small springs emanate from the Colorado Group at the
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head of the slump-earthflow. The presence of water is further 

indicated by the growth of hydrophytes, such as spruce and aspen, at 

the head of the slump.

The slump-earthflow located along Aspen Creek is situated along 

the trace of the Aspen Creek fault, section 12, T . 6 S., R. I E  

(Plate I). This area, as indicated by its name, contains numerous 

aspen and an abundant supply of water. Apparently water circulating 

along the fault serves to wet the rocks of the Colorado Group, thereby 

reducing their shearing resistance and inducing flowage.

A third landslide, similar in form to the two previously des

cribed slump-earthflow landslides, is located near the confluence of 

Wickiup Creek and Jack Creek, in portions of sections 3, 4, 9 and 10,

T. 6 S., R. 2 E (Plate I). A spring, which heads in the permeable 

Muddy sandstone, provides the necessary water (Figure 6). A small 

pond is present near the bulbous toe of the slump, another indication 

of the abundant water. The toe of the slide is located adjacent to 

Jack Creek (Figure 7). Undermining of the toe of the slump-earthflow 

by the creek produces an increase of shearing stress upslope.

Another group of landslides, similar in form to the slump-earth- 

flows in the Cretaceous bedrock terrain, has developed in the permeable 

glacial tills which overlie impermeable bedrock. Water entering the 

system causes the piezometric surface to rise. A corresponding 

decrease in the shearing resistance of the slope occurs. When the
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Figure 6. Head of slump-earthfIc 7̂, showing "drunken 
forest", located near the confluence of 
Wickiup Creek and Jack Creek.
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Figure 7. Toe of the slump-earthflow at the con
fluence of Wickiup Creek and Jack Creek.
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pore water pressure along the potential surface of sliding becomes 

great enough the permeable material "floats", and failure of the 

slope occurs (Terzaghi, 1950).

The largest landslide in the basin is developed in glacial till. 

Several scarps are visible in sections 12, 13, T. 6 S., R. 2 E., and 

sections 7, 18, T. 6 S., R. 3 E. This landslide was first described 

by Montague (1971). Becraft and Kiilsgaard (1970) interpreted this 

deposit as an avalanche-ice deposit. However, the presence of scarps 

at the head of the landform favors the interpretation of Montague 

(1971). This slump-earthflow encompasses approximately 1600 acres 

(648 hectare). Indicators of water include several small lakes, ponds, 

swamps and numerous hydrophytes.

Several sections of the Jack Creek basin exhibit the above con

figuration, permeable material overlying impermeable material. These 

areas are considered to be potentially unstable. 1

Rockfall is a common hazard when cliffs of jointed, broken, or 

faulted bedrock is found in association with steep slopes. The repeated 

freeze-thaw of water is the major cause of rockfall. In the Jack 

Creek basin the most extensive rockfalls have developed on the south 

facing slopes along Jack Creek in association with' the highly jointed 

igneous intrustions (Figure 8). During the winter the south facing 

slopes are exposed to more freeze-thaw cycles than the north facing 

slopes. The ice probably does not melt as frequently on the shaded
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Figure 8. Rockfall and associated talus slope present 
along the course of Jack Creek, visible in 
background.
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north facing slopestherefore, the talus slopes which have developed 

are less extensive. Seismic activity also plays an important role 

in the evolution of rockfall.



Chapter 7

GEOLOGIC LIMITATIONS

Introduction

A geologic hazard, as defined by the state of Colorado (Rogers, 

et al., 1974) is,

"... a geologic phenomena which is so adverse to past, 
current, or foreseeable construction or land use as to 
constitute a significant hazard to public health and 
safety or to property."

The geologic environment of an area must be studied thoroughly if 

active and potential geologic hazards are to be identified and ade

quately planned for. In the mitigation of geologic hazards three 

solutions are recognized; they are compatible or non-conflicting use, 

■designs critically engineered to circumvent hazardous conditions, or 

total avoidance.-

The preceding,sections.of this report have shown that the 

engineering properties of the rocks most commonly exposed in the Jack 

Creek basin, the Colorado and Montana groups, are considered poor, 

unstable configurations of surficial materials exist, and the region 

is seismically active. Obviously this is not a complete listing of 

the factors which contribute'to the genesis of geologic hazards in 

the basin. These examples serve to emphasize a point, namely that an 

understanding of the geologic environment is essential to and forms 

the basis for efficient and resourceful land use. In the remainder



50

of this section the various geologic hazards and conditions responsible 

for their genesis are examined.

Seismicity

Although there is much speculation about the causes of earth

quakes , the surface trace of an earthquake, the epicenter, can be 

precisely determined. Figure 9 shows the epicenter locations for 

earthquakes which occurred in southwestern Montana between the years 

1925 and 1971. The epicenters were redetermined by Dewey, et al., 

(1973), using the joint epicenter determination (JED) method. This 

method is used to locate more accurately the epicenters of groups of 

earthquakes in small geographical areas.
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(adapted from Dewey.et al, 1973)

Figure 9. JED epicenters for earthquakes 1925-1971.
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The JED method was employed by Dewey, et al. (1973) to determine 

what correlation, if any, existed between the faults presently mapped 

and large earthquakes in the region. This study, an attempt to develop 

a seismic zoning technique, required accurate epicenter locations in 

order to determine the relationship between the tectonic features and 

earthquake activity. Dewey, et al. (1973) concluded that it was not 

possible to correlate the presently mapped faults with earthquake 

activity. However, subsequent detailed studies of the area by Trimble 

and Smith (1975) revealed a northeast bias in the epicenter distribu

tion of Dewey, et al. (1973). The presently mapped faults are the 

surface traces of faults on which large earthquakes have occurred 

(Trimble and Smith, 1975).

Although the earthquakes which occur along the ISB in Montana do

not usually have large magnitudes, they can be very destructive.

According to Dewey, et al. (1973),

"Significant earthquake 'swarm' activity has occurred in 
. Montana and Idaho since 1925; the swarms should be con
sidered capable of causing appreciable economic loss and 
must be taken into account in seismic zoning."

Locating active fault traces is the first step in a seismic

hazard study. A fault is considered active if it has moved once in

the past 35,000 years or more than once in the past 500,000 years

(Atomic Energy Commission, 1971). Recognition of faults may involve

subtleties apparent only to the trained professional. However, the
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traces of active faults commonly exhibit geomorphically young land- 

forms (e.g., fault scarps, offset streams, sand volcanoes, sag ponds, 

etc.), which aid in their identification.

The only fault in the area considered to be active is located 

along the west flank of the Madison Range, immediately west of the 

area mapped in this report. Prominent fault scarps are visible at the 

mouth of the canyon formed by Jack Creek (Figure 10). The most recent

Figure 10. Recent fault scarp west of Jack Creek basin 
(Dog in lower right corner for scale).

movement along the northern part of this fault was late in the eight

eenth century, circa 1770 (Pardee, 1950). The southern portion of the
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fault last moved during the 1959 Hebgen Lake earthquake (Witkind,

1960). This normal fault is expressed as a series of en echelon 

faultline scarps which extend from the Jack Creek canyon south-south

east to Reynolds Pass (Figure 3), paralleling the Madison Range 

Piedmont fault of Hall (1961). The offset of ground surface along 

this fault scarp measures approximately 10 to 15 feet (3 to 4.6 m), 

and the west side was downdropped. The scarps developed along this 

fault are offset nearly as much as the scarps formed along, the Red 

Canyon fault during the Hebgen Lake earthquake of 1959 (Woodard, 1960). 

Undoubtedly the forces responsible for the offset along the scarps 

were capable of producing strong ground motions.

There are a number of faults in the Jack Creek basin (Plate I), 

but these are not presently active. The majority of these faults last 

experienced movement either during the Laramide orogeny or during the 

Early Tertiary Period. Although these faults have been inactive for 

several million years, considerable hazard can be associated even with 

inactive faults. If rocks with markedly differing physical properties 

are juxtaposed along the fault the seimic intensity may be greatly 

increased (Table II). Although this relationship does not occur within 

the basin, it was observed near the southwestern edge of the basin, 

where Precambrian metamorphic rocks were thrust faulted onto the rocks 

of the Colorado Group.

A structure does not have to be located oh, or even near, an
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active fault in order to be damaged by an earthquake. In fact, the 

most destructive waves generated by earthquakes are not recorded close 

to the epicenter. The greatest damage done by the Prince William 

Sound earthquake of 1964 was in the Anchorage area, some 60 miles 

(100 km) from the epicenter (Nichols and Buchanan-Banks, 1974).

Ground motion or seismic shaking is the result of ground acceleration 

induced by trains of earthquake waves. It is this seismic shaking 

which is most often the cause of earthquake induced damage (Nichols 

and Buchanan-Banks, 1974).

Earthquake intensities are a measure of the effect of ground 

motions upon man, structures, and the Earth's surface. Numerous 

intensity scales have evolved; however, in the United States the 

Modified Mercalli scale is generally employed. Several attempts to 

correlate acceleration and earthquake intensity have been made (Housner,■ 

1965). Because the ground motion of an earthquake is so complex, the 

use of Modified Mercalli intensities to estimate ground acceleration 

has been largely successful.

The overlap of Modified Mercalli intensities is so great that 

Housner (1965) -suggested that the intensity scale not be used to 

estimate ground acceleration. Seismic shaking is the most difficult 

seismic hazard to predict and quantify. Ground motion can be controlled 

by a number of factors. According to Housner (1970), these include,

"I. The nature of the source mechanism; the dimensions
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and orientation of the slipped area of the.fault; 
the stress drop; the nature.of the fault movement; 
its amplitude, direction, time, and history.

2. The travel path of the seismic waves; the physical 
properties of the rock, discontinuities; layering; 
etc.

3. Local geology; physical properties of soil alyers 
and sedimentary rock; vertical and horizontal di
mensions of bodies of soils and rock; orientation 
of bedding planes, etc."

Prediction of ground motion is virtually impossible. Only when 

specific sites have been subjected to careful exploration and analysis 

can absolute predictive capability become a possibility. Seismic 

studies have not been conducted in the Jack Creek basin; and therefore, 

no seismic data is available. However, several general trends of 

seismic response of geologic materials have been noticed.

Quantitative intensity differences for various geologic con

figurations have been determined by Medvedev' (1952-, •1952b, ■1961) and - 

Popov (1959). Granite is chosen as the standard material, because it 

is the most stable.- Only the most intense earthquake will deform it. 

All other geologic materials are less stable, and these have seismic 

intensities added (Table II). Acceleration on unconsolidated materials 

may be 22 times that on adjoining areas underlain by granitic outcrops 

(Neumann and Cloud, 1955). Table II is an adaptation of Barosh1s 

(1969) interpretation of the works by Medvedev and Popov. It lists 

the various geologic configurations and their respective intensity
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difference corrections. This provides a method by which the seismic 

response of the various geologic configurations of the basin can be 

estimated.

The Colorado and Montana groups are generally considered safe. 

Normally the seismic intensity is increased by approximately 1.5 units 

(Table II). However, if the rock is wet it may become seismically 

dangerous. When wetted these units become subject to permanent defor

mation and dislocation. The zones of moderate seismic intensity 

hazards (M3, Plate III) surrounding the igneous intrusions (KT^,

Plate I) are sometimes very hazardous. Contacts of intrusive rocks 

with sedimentary rocks are seismically hazardous especially at contacts 

between rocks with sharply differing physical properties. The seismic 

intensity of such a configuration may be increased by as much as 4 

units (Table II). However, since the contact between the igneous 

intrusions and the Colorado Group is gradational the seismic intensity 

hazard is somewhat less. The most hazardous area is located in the 

vicinity of Ulerys Lakes (Plate III). This is a very swampy area. 

Continually wet, unconsolidated material that is saturated to the 

surface, is very hazardous seismically. These materials have a low 

seismic stability. The increase in the seismic intensity in this 

situation is approximately 4 units (Table II). Along the margins of 

the basin the Madison Group is exposed (Plate I). Karst topography 

has developed on parts of this group, and unequal settling may occur.
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Table II

SEISMIC INTENSITY HAZARDS OF THE JACK CREEK BASIN

Schematic Seismic
Cross Geology Intensity
Section Difference

Massive, crystalline, unweathered rocks 
of great thickness- e.g. metamorphic 
rocks, gneiss, schist; igneous rocks, 
granite, basalt
Local example: Precambrian metamorphic 
rocks of the Spanish Peaks

0

Massive, well indurated, unfractured, 
sedimentary rocks of great thickness-
e.g., sandstone, limestone, conglomerate 

Local examples: Kootenai Fm., Madison 
Group

0.2- 0.8

Thick layers of dry argillaceous rocks, 
gently dipping or folded- e.g., shale 
Local example: Colorado and Montana groups

Thin (less than 10 m), unconsolidated for
mations- e.g., glacial till, stream sedi
ments
Local examples: Quaternary glacial tills and 
stream deposits
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Table II Continued

SEISMIC INTENSITY HAZARDS OF THE JACK CREEK BASIN

Schematic Seismic
Cross Geology Intensity
Section __________________________________________ Difference

Continually wet or swampy argillaceous 
formations- e.g., saturated shales,
saturated glacial till 2.3-3«9

Local example: Quaternary glacial till 
near Ulerys Lakes

Unstable, gravitating formations, talus 
slopes- e.g., landslides and talus slopes 

Local examples: Any of the numerous land- 2.0-4.0 
slides or talus slopes

Karst carbonate,solution cavities- e.g 
caves arid sinkholes in carbonates 
Local example: Madison Group

2.0-4.0

Contacts of rocks which have sharply 
different physical properties- e.g., 
contact between igneous rocks and in
competent sedimentary rocks 
Local examples: Contact between the 
Colorado Group and the laccolithic com
plex, contact between Precambrian meta- 
morphic rocks and the Colorado Group

I.0-4.0
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The increase of seismic intensity in this area is approximately 2.0 

(Table II).

In addition to the effects of seismic shaking discussed above, 

the ground accelerations produced during a seismic event can act as 

a catalyst for various geologic failures. Earthquake shocks may 

dislodge rocks along the cliffs formed in the igneous intrusions 

along Jack Creek (KT^, Plate I). The high-frequency vibrations which 

accompany the earthquake can damage intergranular bonds. This results 

in a decrease of cohesion with a corresponding increase of shearing 

stresses. The accelerations may also increase the shearing stresses 

along potential sliding surfaces (Terzaghi, 1943 and 1950), increasing 

the possibility of slope failure.

Slope Stability •

Unstable slopes take several forms in the Jack Creek basin.

The morphology and location of these were discussed previously. The 

unstable slopes are largely the result of the physical properties of 

the lithologies which are present in the basin. The Cretaceous 

rocks, which crop out in a large portion of the basin, are weak, 

having low material strengths. A uniaxial compression test using the 

facilities of the Montana State University Civil Engineering laboratory 

was employed to determine the compressive strength of ten samples of 

the Colorado Group shales. These samples failed at loads ranging from 

42 to 334 pounds per square inch. For. comparative purposes five samples
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of the Swift sandstone were also run. The average load at failure for 

these samples was 16,400 pounds per square inch. However, rock 

strength is generally more a function of anisotropic properties of the 

rock (e.g., bedding planes, jointing, foliation, etc.). Therefore, 

these values indicate a range of shear strengths.

The highly jointed rocks of the intrusions along Jack Creek 

are very susceptible to rockfall. Although these rocks typically fail

ed under uniaxial compression at loads of 16,450 pounds per square 

inch, they are very weak under tension and thus they form one of the 

most hazardous rockfall areas.

The slope stability hazards are located on Plate III. Those 

slopes which appear to be stable were assigned to the "little or none" 

category. Slopes, presently stable, which have a high probability of 

failing were assigned to the "moderate" category. Active hazards (e. 

g., active slump-earthflows and rockfalls) were rated as "severe".

The most common geologic hazard in the basin is landsliding.

The combination of incompetent bedrock, steep slopes, a relatively 

abundant supply of water, and seismic activity results in numerous 

potential slope failures within the basin.

C. Montagne (1976) provides a method for the rapid evaluation 

of slope stability in the Northern Rocky Mountains. This method of 

slope evaluation is superior to engineering methods when the areas . 

requiring evaluation are large, because it is less time-consuming and
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much less expensive. However, this method also has its limitations. 

It is much less exacting than conventional engineering methods, a 

necessity when expensive designs are involved.

The majority of the rocks exposed in the basin are Cretaceous; 

therefore, the following key developed by Montagne for Cretaceous 

bedrock terrain is reproduced. The stability hazard of slopes can be 

rapidly evaluated.

"I. Slope O to 9 degrees - stability hazard unlikely

II. Slope 10 to 19 degrees - Presence of each of the 
following is worth one point:
a. Slope 10 to 19 degrees
b . Shale bedrock
c . Free water
d. Old landslide terrain
e. Vegetation indicator of water
f. Roadcut
g. Coarse mantle over impermeable material

A total score (by adding one point for each feature 
present) of ^  4-of 7 indicates potential for slope • 
failure. .

III. Slopes 20 to 39 degrees - Presence of each of the 
following is worth one point.
a. Slope 20 to 39 degrees.
b . Shale
c . Dip slope, tight folds or oversteepening
d. No bedrock control
e. Old landslide terrain
f. Free water
g. Vegetation indicator of water
h. . . Coarse mantle over impermeable material
i. Roadcut

A total score of j> 5 of 9 indicates a potential for 
slope failure.

IV. Slopes greater than 40 degrees - must have competent
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TABLE III

SLOPE STABILITY HAZARDS OF THE JACK CREEK BASIN

LOCATION (PLATE III) HAZARD SLOPE STABILITY 
RATING

COMMENTS

sec. 31,36,T.5S..R.IE. S2 U Active
NEi sec.I, T.6S.,R.1E. S2 N
SEi sec.I, T.6S..R.1E. S2 S
SEi sec.31,T.5S.,R.2E. SZ T slump-
NWi sec.lO,T.6S.,R.2fi. SZ A
sec. 12,13.T.6S.,R.2E; S2 B
sec. ?, 18,T.6S.,R.3E. L earthflows

E
sec. 3fT.6s.,R.2E. M2 I Slope 20-39 Slope 20-39;I Shale score of 5 pts.

I Free water or more;poten-
I Vegetative in- tial slope

dicator of failure
water

I Coarse mantle
5 pts.

sec. 10, T.6S..R.2E. M2 I Slope 20-39
I Shale
I Free water
I Veg. Ind. of

water
4 pts.

sec.11,14,1.6.S..R.2E. M2 I Slope 20-39
I Shale
I Free water
I Coarse mantle
I Veg. ind. of

water
5 pts.

sec. 30.T.53.R.2E. K2 I Slope 10-19 Slope 10-19;
I Shale score of 4 pts.
I Veg. ind. of or more; poten-

water tial slope
" I Free water failure

4 pts.
sec.32,T.53.,R.2E.;sec. I Slope I0-19
5 T.6S..R.2E. M2 I Shale

I Free water
I Readout
4 pts.

sec. 33.T.5S..R.2E. M2 I Shale
I Free water
I Coarse mantle
I Veg. ind. of

water
4 pts.
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TABLE III, Continued

SLOPE STABILITY HAZARDS OF THE JACK CREEK BASIN

LOCATION (PLATE III) HAZARD SLOPE STABILITY COMMENTSRATING
sec.21.22,27,28,T.6S., M2 I Slope 10-19
R.2E. I Free water

I Veg. ind. of
water

I Coarse mantle
4 pts.

sec.16,21,T.6S.,R.2E. M2 I Slope 10-19
I Shale
I Free water
I Coarse mantle
4 pts.

sec. 20,T.6S.,R.2E. M2 I Slope 10-19
I Free water
I Coarse mantle
I Veg. ind. of

wa ter
4 pts.

sec. 13.T.6S. ,R.2E. ;sec, M2 I Shale
18,T.6S.,R.3E. I Coarse mantle

I Free water
I Veg. ind. of

water
4 pts.

sec.24,25.36,T.53.,R.2E. L2 I Slope 10-19
I Shale
2 pts.

sec.29.30.31.32.T.53.. L2 I Shale
R.2E. I Coarse mantle

2 pts.
NE^ sec.32,sec.29.T.53. L2 I Shale
R.2E. I Coarse mantle

2 pts.
sec.2,3,ll,T.6S.,R.2E. L2 I Shale

I Coarse mantle
2 pts.

sec.3,T.6S.,R.2E.,sec. L2 I Coarse mantle
34,T.5S..R.2E. I Shale

2 pts.
Ei sec.25,T.53.,R.1E.; L2 I Shale
Wi sec. 30.T.5S..R.2E. I Coarse mantle

2 pts.
sec.l,12,T.6S.,R.2E.i L2 I Slope 10-19
sec. 7.T.6S.,R.2E. I Shale

2 pts.
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TABLE III, Continues

SLOPE STABILITY HAZARDS OF THE JACK CREEK BASIN

LOCATION (PLATE III) HAZARD SLOPE STABILITY COMMENTS
RATING

sec. 23.T.6S..R.2E. L2 I Slope 10-19
I Free water
I Veg. Ind. of

water
3 pts.

sec .9,15,l6,T.6S., L2 I Shale
R.2E. I Coarse mantle

I Free water
3 pts.

sec. 17.T.6S..R.2E. L2 I Slope 10-19
I Coarse mantle
I Free water
3 pts.

sec. I,12,T.6S.,R.IE L2 I Slope 10-19
I Shale
I Free water
3 pts.
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bedrock control and no free water to be rated as 
stable."

The slope stability ratings for the various slopes in the 

basin are summarized in Table III. The key developed by C. Montagne 

(1976) is used to formulate the slope stability ratings for the basin. 

These ratings are shown in Tables III and Plate III.

Although many of the slopes in the basin are presently stable, 

they are subject to change. Many of the slopes are presently in 

metastable equilibrium, a state easily changed by man. Alteration of 

slopes without regard for the geologic environment may cause deter

ioration of the slope stability. This may ultimately result in failure 

of the slope.

Creep is perhaps the most widespread geologic process active in 

the basin'. However, this process generally does not constitute a haz

ard to man or his works, if adequately planned for. Accelerated creep 

precedes failure of a slope, and it presents considerable hazard to man 

and structures. Identification of accelerated" creep is somewhat dif

ficult . Slopes involved in accelerated creep exhibit soil ripples, 

"pistol-butted" trees , and tensional cracks in the soil.

Rockfall is the most dangerous hazard in the basin. This 

hazard is practically impossible to correct, and areas which exhibit 

it should be considered extremely hazardous. These areas should be 

avoided if it is practically possible (Plate III).
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Snow Avalanches

Snow is generally present in the Northern Rockies from October 

through July.' In some areas snowfields exist the entire year. Obvious 

Iy avalanches are a hazard which must be considered, in alpine areas. 

Every year several lives are lost as a direct result of avalanching 

snow in the Rocky Mountains.

Slopes between 40 and 45 degrees are usually the starting 

zones for snow avalanches. Steeper slopes continually "slough-off" 

any snow which may fall and will rarely accumulate enough snow for 

the production of large avalanches. Occasionally avalanches will 

start in slopes having gradients of less than 30 degrees.

Since not all avalanche paths run annually, the identification 

of' avalanche paths cannot Be determined by winter field observations 

alone. This is especially true of areas having low population 

densities in the winter. Field' observations in the summer can provide 

a great deal of information about the location of avalanches. Large 

avalanches, when occurring in forested areas will often topple trees, 

strip the uphill branches from the tree, or cut swaths through the 

forest. These paths are easily recognized, but avalanche paths 

. developed on non-fcrested slopes are not as easily recognized.

According to Martinelli (.1974) avalanches will generally develop on:

I. slopes between 30 and 45 degrees rather than on

steeper slopes because of their ability to accumulate
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enough snow on terrain steep enough to avalanche 

readily;

2. northern slopes rather than southern slopes, because 

the snow remains loose and unstable longer;

3. grassy slopes rather than brush covered slopes, 

because of the lesser surface roughness;

4. lee slopes rather than windward slopes, because of 

wind loading.

Large portions of the Jack Creek basin contain potential 

avalanche hazards. Several are identified on Plate III. This is not 

a complete listing of the avalanche hazards. Any use of the basin 

which is not compatible with avalanches should be preceded by a 

thorough winter field study. Hazardous slopes not identifiable in 

the summer may then be located.

Upper Cretaceous Rocks • ' 1

Many of the engineering properties of the Upper Cretaceous 

rocks are considered poor. The role played by them in the production 

of unstable slopes has been shown. Besides forming unstable slopes, 

the Upper Cretaceous bedrock has other undesirable characteristics and 

deserves to be discussed under a separate subheading.

The majority of the Upper Cretaceous rocks are shales. Expan

sive clays are common in these rocks. Therefore, the soils derived
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from them are clayey and have a large 2:1 lattice clay population.

The soils developed on the Upper Cretaceous are unsuitable for 

road subgrades. Anyone who has attempted to drive across unimproved 

roads on shales of the Upper Cretaceous is undoubtedly impressed by 

their plasticity. The slightest amount of water renders these roads 

impassable except to four-wheel drive vehicles. - The roads remain in 

this state for extended periods, because the shales are very imper

meable. Compare the Figures 5 and 6. These photographs were taken 

following a modest rain. The saturated and impermeable shales of 

the Upper Cretaceous require long periods of time for the water to 

dissipate. The drier roadbed is developed on a more permeable 

lithology, sandstone. The absorption of water by the 2:1 lattice 

clays causes expansion of the clay particles. This can have devastat

ing effects upon improved roads if not planned for, causing heaving' 

and cracking.

Expansion and contraction of soils developed on the Upper 

Cretaceous bedrock can also have a profound effect upon structures. 

Cracking and settling of foundations is a common problem in such 

terrain. The impermeability is responsible for the failure of septic 

tank drainfields, especially if water softeners are used. The 

sodium ions cause' dispersion of the clay particles and drainfield

failure follows.



Figure 11. Road traversing the Colorado Group
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Figure 12. Road traversing the Swift Formation
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Conclusions

The geologic constraints of the Jack Creek basin are shown 

on Plate III, Geologic Hazards of Jack Creek Basin. Many of the 

hazardous situations can be corrected by common engineering techniques 

making the area amenable to development. However, some geologic 

constraints, such as the rockfall along the course of Jack Creek, 

require perpetual maintenance if the area is developed. It is beyond 

the scope of this paper to recommend mitigations.. Just as the 

identification of geologic hazards requires trained geologists, 

development of hazardous' areas should utilize the expertise of the 

civil engineer.

■ ■ \
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APPENDIX



GLOSSARY

Andesite: A dark-colored, fine grained extrusive rock that when
porphyritic, contains phenocrysts of zoned acid plagioclase 
(esp. andesine) in the range of An , to A n ^  and one or more 
mafic minerals (e.g. biotite, hornblends, pyroxene) and a 
.groundmass composed generally of the same minerals as the 

' phenocrysts, although the plagioclase may be more acide and 
quartz is generally present.

anticline: A fold, the core of which contains the stratigraphically
older rocks; it is convex upward.

avalanche: A mass of ,snow, ice, soil, or rock, or mixtures of these
materials, falling or sliding very rapidly under the force of 
gravity.

basin: A general term for a depressed, sediment-filled area.

bentonite: A soft, plastic, porous, light-colored rock consisting
largely of colloidal silica and composed essentially of clay 
materials (chiefly of the monmorillonite group) in the form 
of minute crystals, and produced by the devitrification of and 
chemical alteration of grassy, igneous material. The rock is 
greasy and soap-like to the touch, and commonly has great 
ability to absorb large quantities of water accompanied by an 
enormous volume change (swelling to about 8 times its original 
volume). . . . . . . . .  .

biotite: A widely distributed and important rock-forming mineral of
the mica group. It is generally black, dark brown, or dark 
green, and forms a constituent of crystalline rocks or a 
detrital constituent of sandstones and other sedimentary rocks.

calc-alkalic: Said of an igneous rock containing plagioclase
feldspar.

calcareous: Said of a substance that contains calcium carbonate.

c e m e n t Chemically precipitated mineral material that occurs in the
Spaces among the individual grains of a consolidated sedimentary 
rock.

chert; A hard, extremely dense or compact, dull to semi-vitreous,
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cyrptocrystalline sedimentary rock, consisting dominantly of 
cyrptocrystalline silica.

Christmas-tree laccolith: A multi-horizon intrusion generally lens
like in form and roughly circular in plan, less than five miles 
in diameter.

cirque: A deep, steep-walled, flat- or gently-floored, half-bowl-like
recess or hollow, variously described as horseshoe- or cresent- 
shaped or semicircular in plan, situated high bn the side of 
a mountain and commonly at the head of a glacial valley, and 
produced by the erosive activity (frost activity, nivation, 
ice plucking) of mountain glaciers.

claystone: An indurated clay having the texture and composition, but
lacking the fine lamination or fissility, of shale.

compressive strength: The maximum compressive stress that can be
applied to a material, under given conditions, before failure 
occurs.

conformity: The mutual and undisturbed relationship between adjacent
sedimentary strata that have been deposited in orderly sequence 
with little or no evidence of time lapses; true stratigraphic 
continuity in the sequence of beds without evidence that the 
lower beds were folded, tilted, or eroded before the higher 
beds were deposited.

conglomerate: A coarse-grained, clastic sedimentary rock composed of
rounded (to subangular) fragments larger than 2 mm in diameter 
set in a fine-grained matrix of sand, silt, or any of the 
common natural cementing materials. The rock or mineral frag
ments may be of varied composition and range widely in size, 
and are usually rounded and smoothed from transportation by • 
water or wave action.

consequent: Said of a stream, valley, or drainage system whose course
or direction is dependent or controlled by the general form 
and slope of an existing land surface.

contact: A plane or irregular surface between two different types or
ages of rock.

country rock: the rock intruded by and surrounding an igneous intrusion.
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creep: The slow, gradual, more or less continuous, nunrecoverable
(permanent) deformation sustained by ice, soil, and rock 
materials under gravitational body stresses.

Cretaceous: The final period of the Mesozoic era, thought to have
covered the span of time between 136 and 65 million years 
ago; also the corresponding system of rocks.

cross-stratified: An internal arrangement of the layers in a stratified
rock, characterized by minor beds or laminae inclined more 
or less regularly in straight sloping lines or concave forms at 
various angles to the original depositional surface or principal 
bedding plane, or to the dip or contact of the formation. It 
is produced swift, local, changing currents of air or water, 
and is characteristic of granular sedimentary rocks (esp. sand
stone) and sand deposits.

dacite: A fine-grained extrusive rock with the same general composition
as andesite but having a less calcic feldspar.

detritus: A collective term for loose rock and mineral material that
is worn off or removed directly by mechanical means, as by 
disintergration or abrasion; esp. fragmental material, such as 
sand, silt, and clay, derived from older rocks and moved from 
its place of origin.

diastem: A minor or relatively short .interruption in sedimentation,
involving only a brief or temporary interval of time, with 
little or no erosion before deposition is resumed.

dip slip: •In a fault, the component of the movement or slip that is 
parallel to the dip of the fault.

dip slope: A slope of land surface, roughly determined by and approx
imately conforming with the direction and the angle of dip 
of the underlying rocks.

disconformity: An unconformity in which the bedding planes above and'
below the break are essentially parallel, indicating a signi
ficant interruption in the orderly sequence of sedimentary 
rocks, generally by a significant interval of erosion (or some
times of nondeposition), and usually marked by a visible and 
irregular or uneven erosion surface of appreciable relief.



82
dispersion: The variation of the velocity of seismic surface waves

with frequency, due to the varying elastic properties of the 
layers of the Earth.

earthflow: A mass-movement landform and process characterized by down
elope translation of soil and weathered rock over a discrete 
basal shear surface within well defined lateral boundaries.
The basal shear surface is more or less parallel with the 
ground surface in the downslope portion of the flow, which 
terminates in lobelike forms. Overall, little or no rotation 
of the slide mass occurs during displacement, although in the 
vicinity of the crown scarp, minor initial rotation is usually 
observed .in a series of slump blocks.

Eocene: An epoch of the lower Tertieary period, after the Paleocene
and before the Oligocene; also the corresponding series of 
rocks.

epanticlinal fault: A longitudinal or transverse fault that is
associated with a doubly plunging anticline and formed con
currently with the folding.

epicenter: That point on the Earth's surface which is directly above 
the focus of an earthquake.

erratic: A rock fragment carried by glacier ice and deposited when
the ice melted at some distance from the outcrop from which the 
fragment was derived.

euhedral: Said of an individual mineral crystal, in an igneous rock,
that is completely bounded by its own regularly developed 
crystal faces and whose growth was not restrained or interfered 
with by adjacent crystals.

exhumed: Said of a surface, landscape, or feature that has been
restroed to its original status by exhumation.

fault: A surface or zone of rock fracture along which there has been
displacement.

fault scarp: A steep -slope or cliff formed directly by movement along 
one side of a fault and representing the exposed surface of 
the fault before modification by erosion or weathering.

focus: That point within the Earth which is the center of an earth-
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quake and the origin of its elastic waves.

formation: The basic or fundamental rock-stratigraphic unit in the
local classification of rocks, consisting of a body of rock 
(usually a sedimentary stratum or strata) generally character
ized by some degree of Internal lithologic homogemeity or 
distinctive lithologic features (such as chemical composition, 
structures, textures, or gross aspect of fossils), by a pre
vailingly but not necessarily tabular shape, and by mappability 
at the Earth's surface or traceability in the subsurface.

fundamental strength: The maximum stress that a body can withstand,
under given conditions but regardless of time, without creep.

glauconite: A dull-green, amorphous, and earthy or granular mineral
of the mica group. It is the most common sedimentary iron 
silicate.

granite: A plutonic rock in which quartz constitutes 10 to 50 percent
of the felsic components and in which the alkali feldspar/total 
feldspar ratio is generally restricted to the range of 65 to 
90 percent.

group: A major rock stratigraphic unit next higher in rank than
formation, consisting of two or more, contiguous or associated 
formations having significant lithologic features in common.

ground motion: A general term for all seismic motion, including ground 
acceleration, displacement, stress and strain.

Holocene: An epoch of the Quaternary period, from the end of the
Pleistocene to the present time; also the corresponding rocks 
and deposits.

hornblende: The commonest mineral of the amphibole group. It is
commonly black, dark green, or brown, and occurs in monoclinic 
crystals or in columnar, fibrous, or granular forms. It is a 
primary constituent in many acid and intermediate igneous rocks.

hornfels: A fine-grained rock composed of a mosaic of equidimensional
grains without preferred orientation and typically formed by 
contact metamorphism.

hydrophyte: A plant that requires large quantities of water for its 
growth.
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igneous.; Said of a rock."or mineral that solidified from molten or 
partially molten material, i.e., from a magma; also, applied 
to processes leading to, related to, or resulting from the. 
formation of such "igneous" rocks constitute one of the three 
main classes into which all rocks are divieded (i.e., igneous, 
sedimentary, metafnorphic) :

impermeability: The condition of a rock, soil, or sediment that
renders■it incapable of transmitting fluids under pressure.

earthquake Intensity; A measure of the effects of an earthquake at
a particular place on humans and/or structures. The intensity 
at a point depends not only upon the strength of the earthquake 
but also upon the distance from the earthquake to the epicenter 
and local geology'at that point.

interbedded; Said of beds laid between or alternating with others of 
different character.

intrusion: The process of emplacement of magma in preexisting rock;
magmatic activity; also, the igneous rock mass so formed with 
the surrounding rock.

Jurassic: The second period of the Mesozoic period, thought to have
covered the span of time between 195-190 to 136 million years; 
also, the corresponding system of rocks.

■. *

■ kaolinite: A common, white to grayish' or yellowish clay mineral of: 
the kaolin group. It is a high-alumina clay that does not 
swell appreciably.

laccolith: A concordant igneous intrusion with a known or assumed
flat floor and a postulated dikelike feeder somewhere beneath 
its thickest point. It is generally, lenslike in form and 
roughly circular in plan.

landslide: A general term covering a wide variety of massmovement 
landforms and processes involving the moderately rapid to 
rapid downslope transport of soil and rock material.

lens: A geologic deposit bounded by converging boundaries (at least
one of which is curved), thick in the middle and thinning out 
towards the edge, resembling a convex lens.
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lignite: A brownish-black coal that is intermediate in coalification
between peat and subbituminous coal.

limestone: A sedimentary rock consisting chiefly of calcium carbonate
primarily in the form of the mineral calcite; spacif. a carbon
ate sedimentary rock containing more than 95 percent calcite 
and less than 5 percent dolomite.

lineament: Straight or gently curved, lengthy features of the Earth's
surface, frequently expressed topographically as depressions 
or lines of depression; these are peminent on relief models, 
high-altitude photographs, and radar imagery.

lithology: The description-of rocks on the basis of such character
istics as color, structures, mineralogic composition, and 
grain size.

littoral: Pertaining the'the depth zone in an ocean environment
between high water and low water; also pertaining to the 
organisms of that environment.

massive: Said of a stratified rock that occurs in very thick, homo
geneous beds, or of a stratum that is imposing in its thickness

mass wasting: A general term for the dislodgement and downslope move
ment of soil and rock material under the direct application of 
gravitational body stresses. In.contrast to other erosion 
processes, the debris removed by mass wasting processes is not 
carried on, within, or under another medium possessing "con
trasting properties.

Mesozoic: An era of geologic time, from the end of the Paleozioc to
the beginning of the Cenozoic.

metamorphism: The mineralogical and structural adjustments of solid
rocks to the physical and chemical conditions which have been 
imposed by depth below the surface zones of weathering and 
cementation, andwhich differ from the conditions under which 
the rock in question.

montmorlllonite: A group of expanding-lattice clay minerals.

normal fault: A fault in which the hanging wall appears to have moved
downward relative to the footwall. The angle of the fault 
is usually between 45 - 90°.
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orogeny: The process of formation of mountains.

overturned: Said of a fold, or the limb of a fold, that has tilted
beyond the perpendicular. Sequence of strata thus appears to 
be reversed.

Paleocene: An epoch of the lower Tertiary period, after the Cretaceous 
period and before the Eocene epoch; also, the corresponding 
series of rocks.

permeability: The property or capacity of a porous rock, sediment,
or soil for transmitting a fluid without impairment.

phenocryst: A relatively large, conspicious crystal in a porphyritic 
rock.

plagioclase: A group of feldspars of geberal formula: (NA,CA)Al(Si,
Al)Si 0„) At high temperatures it forms a complete solid- 
solution series from Ab (NaAlSi-Og) to An (CaAl Si^Og). The 
plagioclase.series is arbitrarily subdivided and named according 
to increasing mole fraction of the An component: albite
(An 0-10), oligoclase (An 10-30), andesine (An30-50), labadorite 
(An 50-70), bytownite (An 70-90), anorthite (An 90-100). 
Plagioclase are one of the commonest rock-forming minerals.

Precambrian: All geologic time, and its corresponding rocks, before
the beginning of the Paleozoic; it is equivalent to about 90 
percent of geologic time.

quartz: Crystalline silica, an important rock-forming mineral: SjC^.
It is, next to feldspar, the commonest mineral, occurring• 
either in colorless and transparent hexagonal crystals or in 
crystalline or cyrptocyrstalline masses.

Quaternary: The second period of the Cenozoic ers (following the 
Tertiary), thought to cover the last two or three million 
years. It consists of two epoch, the Pleistocene and the 
Holocene..

regression: The retreat of the sea from land areas, and the consequent
evidence of such withdrawal.

rejuvenation: The action of stimulating a stream to renewed erosive
activity, as by uplift or by a drop of sea level; the renewal 
of youthful vigor in a stream that has attained maturity or old 
age.
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ripple mark: One of the small and regular ridges of various shapes and 
cross sections, produced on a ripple-marked surface; esp. a 
ripple preserved in consolidated rock as a structural feature 
of original despoition on a sedimentary surface and useful in 
determining the environment and order of deposition.

rockfall: The relatively free falling or precipitous movement of
' a newly detached segment of bedrock of any size from a cliff 
or other very steep slope; it is the fastest moving landslide 
and is most frequent in mountain areas and during spring when 
there is repeated freezing and thawing.

rocksIide: A landslide involving a downward and usually sudden and
rapid movement of newly detached segments of bedrock sliding 
over an inclined surface of weakness, as a surface of bedding, 
jointing, or faulting, or other pre-existing structural feature

sag pond: A small pond of water occupying an enclosed depression
or sag formed where active or recent fault movement has im
pounded drainage.

sandstone; A medium-grained, clastic sedimentary rock composed of
abundant and rounded or angular fragments of sand size set in 
a fine-grained matrix of clay minerals or cemented by silica, 
carbonate, or other minerals.

sand volcano; An accumulation of.sand resembling a minature volcano
or low volcanic mound produced by the upward expulsion of sand
laden water from compaction of saturated cohesionless materials 
subjected to earthquake ground vibrations.

scarp: A steep surface on the undisturbed ground around the periphery
of a landslide, caused by movement of slide material away from 
the undisturbed ground.

seam: A thin layer of rock separating two distinctive layers ofy
different composition.

sedimentary rock: A rock formed' by the accumulation and cementation .
of mineral grains transported by wind, water, or ice to the 
site of deposition or chemically precipitated at the disposi
tional site.

shale: A very fine-grained detrital sedimentary rock composed of silt
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and clay which tends to part along bedding planes..

shear: It is the mode of failure of a body or mass whereby the portion 
of the mass on one side of a plane or surface slides past the 
portion on the opposite side.

siliceous: Said of a rock containing abundant silica, esp. free silica 
rather than silicates.

sill: A horizontal tabular intrusion with concordant contracts.

siltstone: An indurated or somewhat indurated silt having the texture
and composition, but lacking the fine lamination or fissility, 
of shale.

slump: A landslide characterized by a shearing and rotary movement
of a generally independent mass of rock or earth along a curved 
slip surface (concave upward)■and about an axis parallel to the 
slope from which it descends, and by backward tilting of the 
mass with respect to the slope so that the slump surface often 
exhibits a reversed slope facing uphill.

solifluction: The soil creep of material saturated with water and/or
■ ice; most common in polar regions.

sorting: A measure of the homogeneity of the sizes of particles in a
sediment or sedimentary rock. .

stratigraphy: The science of the■description, correlation, and class
ification of strata in sedimentary rocks, including the inter
pretation of the depositional environments of those strata.

stress: A quantity describing the forces acting on each part of a body
in units of force per unit area. .

strike: The angle between true North and .the horizontal line contained
in any planar feature; also the geographic direction of this 
horizontal line.

subaerial: Occurring beneath the atmosphere or in the open air.

subsidence: (a) A local mass movement that involved principally the
gradual downward settling or sinking of the solid Earth's . 
surface with little or no horizontal movement. (b) A gentle 
Broad movement where a large area of the crust sinks without 
appreciable deformation.
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subhedral: Said of an individual mineral crystal, in an igenous rock,
that is partly faced or incompletely bounded by its own 
crystal faces and partly bounded by surfaces formed against 

. preexisting crystals.

subsequent: Said of a stream, valley, or drainage system that is
developed independently of, and. subsequently to, the original 
relief of the land area, as by shifting of divides, stream 
capture, or adjustment to rock structure.

surficial: Pertaining to, situated at, or formed or occurring on the
surface of the Earth.

syncline: A large fold whose limbs are higher than its center; a
fold with the youngest strata in the center.

talus: A deposit of large angular fragments of physically weathered
bedrock, usually at the base of a cliff or steep slope.

tectonics: The study of movements and deformations of the crust on a
large scale, including epeirogeny, metamorphism, folding, 
faulting, and plate tectonics.

terrestrial: Pertaining to the Earth's dry land.

Tertiary:. The first period of the Cenozic era, thought to have covered 
the span between 65 and two to three million years. It is ' 
divided into' five epochs; the Paleocene, Eocene, Oligocene, 
and Pliocene. ■ ’

thrust fault: A fault with a dip of 45° or less in which the
hanging wall appears to have moved upward relative to the foot- 
wall. Horizontal'compression rather than vertical displacement 
is its characteristic feature.

till: An unconsolidated sediment containing all sizes of fragments
from clay to boulders, deposits by glacial action.

transgression: The spread or extension of the sea over land areas,
and the consequent evidence of such advance.

trellis drainage pattern:' A drainage pattern characterized by parallel 
main streams intersected at or. near right angles by their 

■ tributaries which in turn are fed by secondary tributaries 
parallel to the main stream.



tuff: A consolidated rock composed of pyroclastic fragments and. 
fine ash. . '
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