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ABSTRACT 

The Flathead Formation, which is 4 to 60 metres thick in the 

middle and northern Rocky Mountains of Wyoming and Montana, contains 

cross-bedded and parallel-bedded, quartz sandstone. The formation con

tains marginal-marine and shallow-marine sediment that was deposited 

unconformably on Precambrian crystalline and sedimentary rock by an 

eastward-transgressing sea during middle Cambrian time. 

This field study of the Flathead Formation on the perimeter of 

the Bighorn Basin, Beartooth Mountains, and Little Belt Mountains re

veals that the formation consists of three intervals. The lower inter

val contains medium to very coarse, pebbly, cross-bedded sandstone 

and conglomerate. The middle interval contains medium to coarse, 

cross-bedded, quartz sandstone. Cross beds dip to the west in most 

places, but some cross beds dipping north, south, and east are present. 

The upper interval contains fine to coarse, parallel-bedded, quartz 

sandstone. 

Trace fossils are present in the middle and upper intervals. 

Skclithos, Monocraterion, and Rusophycus have been identified. Hori

zontal tubes on bedding planes are the most common trace fossils. 

Large vertical tubes containing smaller Skolithos tubes and bedding 

deflected downward in a cone-in-cone fashion were formed by anemones 

moving upwards in their dwelling tubes. Inarticulate brachiopods are 
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present in che upper incerval in some places. The brachiopods, which 

are the first to be identified in the formation.belong to three genera. 

Comparison of the characteristics of the Flathead Formation 

with modern shallow-marine and marginal-marine environments indicates 

the sandstone was deposited in a high-energy environmenc with 

wave-induced currents. A barrier island was not present in most places. 

The sandstone was deposited on a weathered Precambrian surface 

with 3 metres of relief, but up to 70 metres of relief was present in 

some places. The thickness of the Flathead Formation varies with the 

amount of surface relief, Resistant knobs of Precambrian rock existed 

as islands in the Owl Creek Mountain area. 
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INTRODUCTION 

The middle Cambrian Flathead Formation is the basal Paleozoic 

rock unit in the middle and northern Rocky Mountains of Montana and 

Wyoming. It consists predominantly of sandstone, but it does contain 

some conglomerate and shale. The Flathead uncomformably overlies Pre

cambrian sedimentary rock in western Montana and Precambrian crystalline 

rock in central Montana and Wyoming. The Flathead is overlain by shale 

and sandstcne of the middle Cambrian Wolsey or Gros Ventre Formations. 

This study was conducted to determine the stratigraphy, the 

paleontology, the sedimentary structures, the depositional environment 

of the Flathead.Formation, and the paleotopography of the Precambrian 

surface before the Flathead was deposited. Because the Flathead does 

not contain abundant fossils, it has not previously been studied in as 

much detail as the overlying, more fossiliferous Cambrian formations. 

The Flathead Formation and other Paleozoic formations in the 

thesis area have been described by several geologists. A historical 

summary of the strat.lgraphy and terminology of the Cambrian System in 

Montana and Wyoming was published by Deiss (1936) and Bell (1968). 

Even though the Flathead had been described previously, only a few 

geologists have conducted a detailed study of the stratigraphy, paleon

tology, and the depositional environment of the formation. The Flathead 

of the Sunlight Basin, Clarks Pork Canyon, Cody, and Beartooth Butte 
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areas was the topic of a master's thesis by Bell (1968), The study by 

Bell (1968) dealt primarily with the petrologic aspects of the Flathead 

Formation. Bell (1968) concluded that the Flathead was primarily de

posited in a tidal-flat environment, 

The Flathead Formation is exposed at the surface only where 

tectonic forces have uplifted or deformed the Paleozoic rock. There

fore this study, which was a field-orientated project, had to.be con

ducted on the flanks of structural basins and in the mountainous areas 

where the Paleozoic rocks have been uplifted and exposed to erosion. 

The region around the flanks of the Bighorn Basin in northwestern and 

north~central Wyoming and along the margins of the Beartooth Mountains 

in south-central Hontana and northwestern Wyoming contains numerous, 

moderately to well-exposed outcrops of the Flathead Formation. This 

region was selected as the major part of the thesis study area. The 

Flathead was also studied in the Manhattan area near Three Forks in 

south-central Montana and in the Little Belt Mountains of central 

Montana. The Little Belt Mountain area was included because it contains 

the type section of the Flathead Formation. Figure 1 shows the location 

of the thesis study areas. 

Some preliminary aspects of the study were investigated in the 

summer of 1976, but most of the fieldwork was done in the summer of 

1977 •. The fieldwork involved measuring, describing, and sampling strat

igraphic sections, Samples were collected only of sandstone represent

ing different lithologies and of sandstone containing trace or 

brachiopod fossils. A metre tape was used to determine the thicknesses 

of individual beds. Fifty-two sections were measured and 31 outcrops 
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Fig. 1. Map showing the location of the study areas. The en
tire thesis study area is shown within bold lines • 



• • 

4 

: 

.. 
:,: 

. ~ i ,_ il -t-.:7~~- f-'.,,,=-:;_:;· -----. . .. 
0 ..... 
ii, •• ... ,, -·· • • • ~ 

' 
l 
'7 
• 
7 .,.., 

• c 

i 
I 

i 
' ·-+-
I 

I 

; 
j 

" • 
i 

• -~ 

-
i 

-e 

-·- --

N 



5 

were described in the thesis study area, A substantial amount of hiking 

was required to reach some outcrops. Other outcrops along roadcuts 

were easily accessible, A four-wheel drive truck was used as a field 

vehicle. Without it, outcrops in some areas could not have been easily 

reached. Horses were used to reach distant outcrops in two areas in 

the Beartooth Mountains, 

The Flathead Formation consists of three intervals, which are 

distinguished from each other mostly on the basis of lithology and 

paleontology. The lower interval commonly consists of conglomerate and 

coarse to very coarse sandstone with quartz pebbles, It is parallel or 

cross bedded. The middle interval commonly contains medium to coarse, 

cross-bedded sandstone. The upper interval consists of fine to medium, 

parallel or cross-bedded sandstone. The formation ranges in thickness 

from 4 to 50 metres. Trace fossils are present, and they form a 

characteristic assemblage that is common in Cambrian sandstone in other 

parts of the world. The first inarticulate brachiopods that have been 

reported from the Flathead were found in three of the study areas. The 

Flathead Formation has been interpreted to have been deposited in a 

high-energy nearshore and shore envirorunent with wave-induced currents. 



STUDY AREAS 

General 

An extensive literature search, prior to fieldwork, helped to 

locate the areas in which the formation had previously been measured or 

described. Many geologic and topographic maps were used before and 

during the field season to locate good, reasonably accessible outcrops. 

Air photos of the Sunlight Basin and of the eastern Beartooth Mountain 

front from Red Lodge to the Sunlight Basin were also used for mapping 

and location. The topographic maps and air photos used in the study 

are listed in Appendix A. In areas where adequate mapping had not been 

done, a reconnaissance was necessary to determine if the Flathead was 

present. In some places outcrops of the Flathead were found, but the 

Flathead was absent because of faulting or nondeposition in many other 

places. 

The thesis study area has been divided into seven smaller study 

areas. At least two, and as many as fourteen sections, were measured 

in each study area. In places where sections were not measured, outcrop 

descriptions were made. 

The general geology of the Flathead Formation and the surround

ing rock has been described in this chapter for each of the seven areas. 

Appendix B contains an example of a measured section on the specially

adapted outcrop sheet on which field data was plotted. Tables in 

6 



7 

Appendix C contain lists and locations of the measured sections and 

outcrop descriptions for each of the seven study areas. 

Owl Creek Mountain Area 

The Owl Creek Mountain area includes outcrops of the Flathead 

Formation along the south edge of the mountains from Wind River Canyon 

on the west to Cottonwood Pass on the east. Paleozoic formations dip 

gently northward in this area and are bounded on the south by the 

east-west Boysen Fault. The Flathead Formation and other lower Paleo

zoic formations are generally well exposed in this area. South of this 

fault, Precambrian granitic and metamorphic rock are exposed in an 

east-west band, Further south, complexly folded and faulted Paleozoic 

formations are exposed. Access is good to all measured sections and 

all outcrop description localities. 

Nine sections were measured and four outcrops were described in 

the Owl Creek ~l.ountains. Of these nine measured sections, four included 

the Flathead Formation only, three included the Flathead Formation and 

part of the overlying Gros Ventre Formation, and two included the Gros 

Ventre Formation only. The measured sections range in thickness from 

10 to 80 metres. Measured sections in this area include Sections 1, 2, 

3, 40, 41, 42, 43, 44, and 51. Outcrops described in this area include 

Outcrops 21, 22, 23, and 24. 

Table 1 and Table 2 in Appendix C contain a list and locations 

of the measured sections and outcrop descriptions in the Owl Creek 

Mountains. Figure 2 shows the locations of measured sections and out

crop descriptions in this area. 
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Fig. 2, Location of measured sections and outcrop descriptions 
in the Owl Creek Mountain area, Wyoming. SEC 3 is a measured section 
number. 024 is au outcrop description number. The area inside the 
dashes represents the area of Figs. 19, 20, 21, and 22, 
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10 

The maps and descriptions of Deiss (1938), Fanshawe (1939), and 

Lechman-Balk (1972} were used to locate some of the outcrops in the Owl 

Creek Mountainsu 

Sunlight Basin, Clarks Fork Canyon, Cody Area 

The Sunlight Basin, Clarks Fork Canyon, and Cody area includes 

outcrops of the Flathead Formation in the Sunlight Basin, along Clarks 

Fork Canyon from Antelope Mountain in the west to the mouth of the can

yon in the east, and in Shoshone Canyon west of Cody. In the Sunlight 

Basin and most of Clarks Fork Canyon, the Flathead Formation and other 

lower Paleozoic formations are horizontal or dip less than 10 degrees. 

At the mouth of Clarks Fork Canyon and in Shoshone Canyon, the Flathead 

Formation dips eastward from 10 to 90 degrees. In the Sunlight Basin 

the Flathead Formation is offset by many normal faults. Access is very 

good in the Sunlight Basin and Shoshone Canyon to all measured sections. 

In the Clarks Fork Canyon three to four hours of hiking are necessary 

to reach the measured sections. 

Fourteen sections were measured in the Sunlight Basin, Clarks 

Fork Canyon, and Cody area. All the sections include only the Flathead 

r'ormation. The measured sections range in thickness from 7. 2 to 36. 9 

metres. Measured sections in this area include Sections 4, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, and 20. Table 3 in Appendix C con

tains a list and locations of the measured sections in this area. 

Figure 3 shows the location of the measured sections in the Sunlight 

Basin, Clarks Fork Canyon, and Cody area in Park County in northwestern 

Wyoming. 



11 

Fig. 3. Location of measured sections in the Sunlight Basin, 
Clarks Fork Canyon, and Cody area, Wyoming. SEC 4 is a measured sec
tion number. Area inside dashes is the Sunlight Basin. A-Band C-D 
show the locations of the cross sections in Fig. 12. 



--..-.!- ... ______ _ 

f Cooke c'.l 
City Cl Cody 

I 

12 

• Tnermopolis 

I 
I 

\ 
I 
I 

'Casper \ 

L_ ____ _ 

T53N 
T52N 

Rl03W 

Snoshone._...f---~
River 

Snosnone 

Canyon 

Rl02W 

1 mile Cody 
L-J .-, 
1 km 

RlOlW 

Beartooth Mountains 

Antelope 
Mtn 

, 

D 
SEC 19\ --Clarks Fork Canyo 

Sunlight Basin 
/" Road 

,, ~ \- -- -
SEC 17 • 

7 , ., ., 

9 

Rl04W 

I 
l 

\ 
I 
I 

WYO~U 

1 mile 

1 km 

Creek 

T57N 
T56N 

1 6 

SEC 8 B 

moutn of 
Clarks 
Canyon 

Clarks 
Fork of 
the 

~ Yellows ton 
River 

Bald 

Ridge 

36 

T55N 

1 

12 



13 

Descriptions by Bell (1968), Stipp (1947), and Johnson (1934) 

were useful in determining outcrop locations in this area. Geologic 

maps by the following authors were used in this area: Pierce (1965a), 

Pierce (1965b), Pierce (1966), Pierce (1970), Pierce and Nelson (1968), 

and Pierce and Nelson (1969), 

Beartooth Butte and Cooke City Area 

The Beartooth Butte and Cooke City area includes outcrops of the 

Flathead Formation along Crandall Creek, at the south end of Table Moun

tain, along the Beartooth Highway, at the northeast and southwest sides 

of Beartooth Butte, and north and south of Cooke City. The Flathead 

Formation and other lower Paleozoic formations are horizontal or dip 

less than 15 degrees to the south. Hikes of 2 to 4 hours are necessary 

to reach exposures at Table Mountain, at the northeast corner of Bear

tooth Butte, and north of Cooke City, A hike of less than 1 hour is 

required to r~ch outcrops along the Beartooth Highway, at the southwest 

end of Beartccth Butte, at Crandall Creek, and south of Cooke City. 

Ten sections were measured in the Beartooth Butte and Cooke 

City area. All sections include only the Flathead Formation. The 

measured sections range in thickness from 8.8 to 25.3 metres. Measured 

sections in this area include Sections 21, 22, 23, 24, 25, 26, 27, 28, 

29, and 30. Table 4 in Appendix C contains a list and locations of the 

measured sections in this area. Figure 4 shows the location of measured 

sections in this area. 
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Fig. 4. Location of measured sections in the Beartooth Butte 
and Cooke City area, Wyoming and Montana. SEC 22 is a measured sec-

tion number\ 
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Works by the following geologists were helpful in finding out

crops of the Flathead Formation in this area: Dorf (1934), Lovering 

(1929), Foose and others (1961), and Hague and others (1899). 

Red Lodge Area 

The Red Lodge area includes outcrops of the Flathead Formation 

along the Beartooth Mountain front south of Red Lodge near the north 

and south forks of Grove Creek and west of Red Lodge near the Red Lodge 

ski area. The Flathead Formation south of Red Lodge dips east at 25 to 

65 degrees. West of Red Lodge the Flathead dips north at 10 to 90 de

grees. The Flathead is offset by numerous faults south of Red Lodge. 

South and west of Red Lodge the Flathead is absent in many places due 

to complex faulting related to the Beartooth Thrust Fault. Hikes less 

than 1 hour are necessary to reach most outcrops of the Flathead Forma

tion in the Red Lodge area. Three to 4 hours of hiking are necessary 

to reach outcrops of the Flathead Formation along the north fork of 

Grove Creek. To reach Section 31 and Section 32 it is necessary to use 

the good jeep trail that goes into the area along the south fork of 

Grove Creek. 

Two sections were measured in the Red Lodge area. Both sec

tions include only the Flathead Formation. The measured sections range 

in thickness from 8.8 to 19.4 metres. Section 31 and Section 32 were 

measured in the area of the south fork of Grove Creek. Sixteen out

crops were described in this area. They include Outcrops 1 to 14, 25, 

and 26. Table 4 and Table 5 in Appendix C contain a list and locations 

of the measured sections and outcrop descriptions. Figure 5 shows the 

location of measured sections and outcrop descriptions in this area. 
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Fig. 5. Location of measured sections and outcrop descriptions 
in the Red Lodge area, Montana. SEC 31 is a measured section number. 
025 is an outcrop description number. A and B show the location of the 
stratigraphic .cross section in Fig. 14. 
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Publications by Field (1932), Foose (1958), and Poldervaart and 

Bentley (1958) were used to locate some of the outcrops of the Flathead 

Formation. 

Livingston and Manhattan Area 

The Livingston area includes outcrops of the Flathead Formation 

along the Beartooth Mountain front south and southeast of Livingston. 

The area is bounded on the west by the Yellowstone River and on the 

east by the East Boulder River. The Flathead dips 10 degrees southeast 

at Section 50, 45 degrees north and northeast at Section 48 and Section 

45, and 34 degrees northwest at Section 49. Complex folding and fault

ing is present throughout the area. 

The Manhattan area includes outcrops of the Flathead Formation 

in Nixon Gulch north of Manhattan. The Flathead dips 26 degrees north

west at Section 47 in Nixon Gulch. The Paleozoic and Mesozoic rock in 

this area have been folded and intruded by igneous rock. 

A 4 hour hike is necessary to reach Section 48, but other sec

tions are easily accessible by jeep trails and 1 hour hikes. 

Four sections were measured in the Livingston area. One section 

was measured in the Manhattan area. The measured sections range in 

thickness from 11.1 to 40.2 metres. Measured sections in this area in

clude Sections 45, 47, 48, 49, and 50. Table 6 in Appendix C contains 

a list and locations of the measured sections. Figure 6 shows the lo

cation of measured sections in this area. 

Haps and articles by the following authors were used in the 

Livingston area to study the geology and locate Flathead outcrops: 



20 

Fig. 6. Location of measured sections in the Livingston and 
Manhattan area, Montana. SEC 48 is a measured section number. A and 
B show the ~ocation of the stratigraphic cross section in Fig. 15. 
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Peale (1893), Lammers (1937), Skeels (1939), Hanson (1952), Alexander 

(1955), Page and others (1973a), and Page and others (1973b). 

Bighorn Mountain Area 

The Bighorn Mountain area includes outcrops of the Flathead 

Formation along U. S. Highways 14, 14a, and 16 and along the east side 

of the mountains southwest of Sheridan, Wyoming, The lower Paleozoic 

rock units have not been extensively folded or faulted in this study 

area; the Flathead Formation is horizontal or dips very gently east or 

west. Sections 5, 6, and 7, and Outcrop 30 are easily accessible from 

U. S, Highways 14, 14a, and 16, Section 52 is reached by a good dirt 

road that goes west into the Bighorn Mountains southwest of Bighorn, 

Wyoming. 

Four sections were measured in the Bighorn l'-lountains. One out

crop (Outcrop 30) was described in the area. All include only the Flat

head Fonnation.· The measured sections range in thickness from 4. 0 to 

23.0 metres. :Heasured sections in this area include Sections 5, 6, 7, 

and 52. Table 7 in Appendix C contains a list and locations of the 

measured sections and outcrop descriptions. Figure 7 shows the loca

tions of measured sections and outcrop descriptions in this area. 

The publications of the following authors were used in the Big

horn !fountain area to study the geology and locate the Flathead out

crops: Darton (1906), Bucher and others (1934), Shaw (1954), Lechman 

(1957), and Osterwald (1959). 
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Fig, 7. Location of measured sections and outcrop descriptions 
in the Bighorn Mountain area, Wyoming. SEC 6 is a measured section num
ber. 030 is an outcrop description number. A and B show the location 
of the stratigraphic cross section in Fig. 16 . 
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Little Belt Mountain and Smith River Basin Area 

The Little Belt Mountain area includes outcrops of the Flathead 

Formation along Belt Creek between Niehart and Monarch in the northern 

part of the mountains. The Flathead Formation in that area dips gently 

to the northeast at 5 degrees. The formation has not been folded or 

faulted but has been intruded by a diorite sill or laccolith along part 

of its exposure along Belt Creek, The diorite in some places occurs in 

a sill between sandstone beds in the upper member, but in closely adja

cent areas the diorite body has more characteristics of a laccolith 

than a sill. 

The Smith River Basin area includes outcrops of the Flathead 

Formation northwest and south of White Sulphur Springs. At the north 

end of the basin the Flathead has been folded and faulted and dips 60 

degrees to the southeast and the south. A diorite sill is present be

tween the Precambrian rock and the bottom of the formation. At the 

south end of the basin the Flathead has also been folded and faulted 

and dips 15 to 30 degrees to the southeast and northeast. 

All measured sections in the Little Belt Mountains and the 

Smith River Basin can be reached easily from highways or maintained 

dirt roads. 

Seven sections were measured in this area. Six sections include 

only the Flathead Formation. One section (Section 35) was measured of 

the Precambrian Niehart Quartzite. The measured sections range in 

thickness from 6.3 to 60.3 metres. Measured sections in this area in

clude Sections 33, 34, 35, 36, 37, 38, and 39. Six outcrops were de

scribed in this area. They include Outcrops 15, 16, 17, 18, 19, and 
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20. Table 8 in Appendix C contains a list and locations of the measured 

sections and outcrop descriptions. Figure 8 and Figure 9 show the lo

cation of the measured sections and outcrop descriptions in this area. 

In this area, publications by Weed (1900), Deiss (1936), and 

Hanson (1957) were used to locate outcrops of the Flathead Formation. 
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Fi~. 8. Location of measured sections and outcrop descriptions 
in the Little Belt Mountain area, Montana, SEC 33 is a measured section 
number. 016 is an outcrop description number. A and B show the locd
tion of part of the stratigraphic cross section in Fig. 17, 
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Fig. 9. Location of measured sections and outcrop descriptions 
in the Smith River Basin area, Montana. SEC 36 is a measured section 
number. 018 is an outcrop description number. C and D show the loca
tion of part of the stratigraphic cross section in Fig. 17. 
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SEDIMENTARY STRUCTURES 

Cross bedding 

General 

Primary Structures 

The sandstone in the Flathead Formation is cross bedded in most 

of the sections in the thesis study area. The sandstone in the lower 

and middle members is characteristically cross bedded; the sandstone in 

the upper member is parallel bedded in most places. The cross bedding 

is well exposed in most of the study areas, but where the sandstone has 

been well indurated both the grain size and the primary structures are 

difficult to determine. 

The cross-bedding terminology of Reineck and Singh (1975, 

p. 85) and the bedform terminology of Allen (1970, p. 70) and Reineck 

and Singh (1975, p. 24) have been used in the following discussion. 

Small-scale cross bedding 

Small-scale crose bedding occurs in all parts of the Flathead 

Formation and in association with parallel bedding and large-scale 

cross bedding. The cross beds dip at high angles, from 15 to 35 de

grees, mostly in a westerly to northwesterly direction. The sets of 

cross bedding are less than 50 millimetres thick. Tabular-shaped sets 

are most common, but trough-shaped sets also occur. Grouped sets are 
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most common, but solitary sets are present. The cross beds occur in 

fine to coarse sandstone. 

In some of the small-scale cross beds in medium to coarse sand

stone, the tops of sets have been truncated, The truncation is usually 

observed in the coarser sandstone. Figure 10 is a photograph of the 

small-scale cross bedding that is present at Section 41. 

Large-scale cross bedding is the predominant bedding type in the 

Flathead Formation. This type of bedding occurs more commonly with 

small-scale cross bedding than with parallel bedding. The foresets dip 

15 to 35 degrees, predominantly west to northwest. In the Sunlight 

Basin, Clarks Fork Canyon, and Cody area, many foresets dip north or 

south in the middle member. The upper contacts of the foresets in most 

places are tangential or angular. The shape of the lower contacts of 

the foresets in most places is tangential or concave, although angular 

contacts do occur in some cross beds. The sets commonly range in thick

ness from 0.05 to 0.5 metres. The most common sets size is 0.1 metre, 

but sets up to 2.0 metres thick are found in the formation. Solitary 

and grouped, tabular and trough-shaped sets are equally abundant. The 

cross beds occur in fine to very coarse sandstone. Figure 11 is a 

photograph of the large-scale cross bedding that is present at Section 

24. 

Parallel bedding 

Parallel bedding is the predominant bedding type in the upper 

part of the Flathead Formation in roost places. Small-scale cross bed

ding commonly occurs with parallel bedding. 

!(,. 

! { 



33 

Fig. 10. Photograph of small-scale cross bedding exposed at 
Section 41. Black numbers on the measuring tape are 0.1 metre apart. 
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Fig. 11. Photograph of large-scale cross bedding exposed at 
Section 24. The set is 0.14 metres thick. 
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Parallel bedding, which occurs in fine to coarse sandstone, 

shaly sandstone, and shale beds, is present in beds less than 10 milli

metres to 10 metres thick. This bedding is horizontal in most places 

but a low angle (less than 15 degrees) dip is present in some places. 

Channels 

Channels, 2 to 5 metres deep and 10 to 50 metres across, are 

present in the middle member in the Owl Creek Mountain and the Sunlight 

Basin area. The channels, which are orientated in an east-west direc

tion, truncate the underlying strata and are internally cross bedded. 

Some of the bedding at the edges of the channels is draped in relation 

to the underlying erosional surface. These channels were cut by 

west-flowing currents that later formed dunes in the channels. 

Origin of bedding 

The ru:>ntruncated, small-scale cross bedding in sandstone beds 

with grain sizes smaller than 0.65 millimetres (coarse) was formed by 

the migration of ripples that were produced by unidirectional water cur

rents. The migration of straight and curved-crested ripples formed by 

the unidirectional currents resulted in tabular and trough-shaped cross 

beds. The straight-crested ripples were more abundant and were produced 

by westerly-flowing water currents in most places. 

The large-scale cross bedding was produced by the migration of 

dunes that formed as a result of water currents., Because ripples can 

not form in sand that is larger than 0.65 millbnetres (Allen, 1970, 

p. 78), the truncated small-scale cross bedding in medium to coarse 

sandstone probably represents large-scale cross bedding that has been 
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eroded. The migration of straight and curve-crested dunes resulted in 

tabular and trough-shaped cross bedding. Many dunes were greater than 

O.l metre high, but in their migration they formed cross-bed sets 0.1 

metre thick. The currents flowed predominantly west, but currents flow

ing north, south, and east were present in some places. The association 

of small-scale and large-scale cross bedding resulted from changing de

positional conditions and was probably produced by dunes migrating over 

ripples. The tangential and concave upper contacts of the foresets in 

the large-scale sets indicates that many of the bedforms were probably 

not extensively eroded before other bedforms migrated over them. 

Reineck and Singh (1975, p. 21) suggest that a tangential and concave, 

lower foreset contact becomes more common with increasing current veloc-

ity and suspension. This suggests the currents that formed these cross 

beds probably were fast and contained suspended sediment. 

Parallel bedding was produced in the plane-bed phase of either 

the lower or the upper flow regime. The parallel bedding in the coarser 

sandstone probably formed in the upper flow regime (Allen, 1970, p. 70). 

Secondary Structures 

Mudcracks are found in the lower member of the Flathead Forma

tion at Beartooth Butte. The mudcracks were formed on mud that was ex

posed to the air. The surface was then covered with sandstone and the 

cast was preserved on the lower surface. 
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J!iogenic structures 

Bedding in the upper members in most study areas has been dis

turbed or destroyeJ by the action of burrowing organisms. Evidence, in 

the form of disturbed or destroyed bedding and the presence of trace 

fossils, is especially abundant and well exposed in the Owl Creek Moun

tain, the Beartooth Butte, and the Red Lodge study areas. Vertical 

tubes, horizontal tubes, and Rusophycus trace fossils are especially 

well exposed in Sections 3, 30, 31, 32, 37, and 41. The trace fossils 

will be discussed in greater detail in the chapter on paleontology. 
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PALEONTOLOGY 

Trace Fossils 

Horizontal tubes 

Horizontal tubes are the most abundant trace fossils in the 

Flathead Formation in the thesis study area, especially in the middle 

and upper members. They consist of tubes of cemented sandstone on bed

ding plans. They are most commonly observed on the undersides of sand

stone beds that overlie beds of shale. The tubes stand out in relief 

because ·they are more resistant to erosion4 They are circular to sub

circular in cross section and are aligned in all directions on the 

bedding plane. The tubes are 5 to 25 millimetres in diameter and 20 to 

150 millimetres long. They are well exposed at Sections 30, 31, 32, 

and 37. Annelid worms or trilobites are believed to have made these 

tubes (Banks, 1970). The same type of horizontal tubes have been found 

in upper Precambrian and lower Cambrian sandstone beds in Norway (Banks, 

1970) and East Greenland (Cowie and Spencer, 1970}. 

Bilobate impressions 

Rusophycus, which is a short, bilobate impression 20 to 50 mil

limetres wide and 30 to 70 millimetres long, is present in the middle 

and upper members of the Flathead Formation. Rusophycus consists of two 

subparallel impressions that are joined at one end. In some specimens, 

the impressions are curved and have their concave side facing another* 
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Rusophycus in this form looks much like a deer track. This bilobate 

impression is commonly found with horizontal tubes on the undersides 

of sandstone beds. Rusophycus has been identified in Sections 21, 27, 

30, 31, and 32, Figure 12 is a photograph of Rusophycus that is ex

posed at Section 32. 

Rusophycus was probably formed by a trilobite as it dug a rest

ing burrow (Osgood, 1975) on the ocean floor. However, the sandstone 

of the Flathead Formation did not provide optimum conditions for the 

preservation of the trilobites that made Rusophycus. 

Cruziana and Diplichnites, other burrows formed by trilobites 

crawling and walking on the ocean floor, are not found in the Flathead. 

However, these trace fossils are present in beds of the overlying Gros 

Ventre Formation at Section 41. 

Vertical tubes 

Vertical tubes, which are perpendicular to bedding, are present 

in the middle and upper members of the Flathead Formation in many parts 

of the thesis study area. 

tified. 

Three types of vertical tubes have been iden-

Skolithos is a vertical tube that is 2 to 5 millimetres in dia

meter and 20 to 100 millimetres in height. The Skolithos tubes are 

filled with medium to coarse sandstone and are a lighter color and 

more resistant to erosion than the surrounding sandstone. The tubes 

are parallel to each other, 10 to 20 millimetres apart, and do not 

branch. Skolithos has been found only in the upper, medium to coarse 

sandstone in the Owl Creek Mountain area. Skolithos is abundant at 

1,1 

~:: ,'' 
~i 1,/' 



42 

Fig, 12. Photograph of Rusophycus exposed at Section 32. For 
scale, the pen is 0.15 metres long, 
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section 41 and is also present at Sections 40 and 42. The bedding in 

the beds that contain Skolithos has been destroyed. Figure 13 is a 

photograph of Skolithos at Section 41. 

The vertical tubes that are less than 3 millimetres in diameter 

and 5 to 15 millimetres high are Monocraterion (Hantzschel, 1975, 

p. 82-83). The tubes, which are funnel-shaped and taper to an apex at 

their lower ends, are slightly curved to vertical. The Monocraterion 

tubes are hollow and tend to be darker colored than the surrounding 

fine to coarse sandstone. These tubes are parallel to each other, 2 

to 10 millimetres apart, and do not branch. Small impressions are 

formed on the top of beds that contain ;1onocraterion. These pitted 

surfaces are well exposed at Section 41. In most places, the bedding 

in the sandstone that contains Monocraterion has not been destroyed. 

At Section 41, small-scale cross bedding has been partially disturbed 

in beds that contain Monocraterion. Monocraterion is especially con-

spicuous at Sections 4, 11, 34, and 41, but it is also present at Sec

tions 31, 32, 42, and 43 and at Outcrop 30. Figure 14 is a photograph 

of Monocraterion that is exposed at Section 41. 

Large vertical tutes, which are 30 to 40 millimetres in diameter 

and 0.2 to 0.5 metres high, occur only at Section 41 in the upper mem

ber of the Flathead. These tubes are 30 to 50 millimetres apart and 

occur in a resistant bed 0.25 to 0.50 metres thick. The tubes have 

circular horizontal cross sections. In a vertical section these tubes 

contain well-preserved, cone-in-cone, downward-deflected bedding. 

Smaller Skolithos vertical tubes 3 to 5 millimetres in diameter were 

found in the same bed as the large vertical tubes. The top of the beds 
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Pig. 13. Photograph of Skolithos exposed at Section 41. Black 
numbers on the measuring tape are 0.10 metre apart. 
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Fig. 14. Photograph of Monocraterion exposed at Section 41. 
Black numbers on the measuring tape are 0.10 metre apart. 
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containing the large vertical tubes have circular depressions 20 to 30 

millimetres in diameter that have been eroded to form a pitted surface, 

A bed containing only Skolithos vertical tubes overlies the bed con

taining large vertical tubes in the upper member at Section 41. 

Figure 15 is a photograph of the large vertical tubes that are exposed 

at Section 41. 

Origin of vertical tubes 

Skolithos and Monocraterion vertical tubes are the pr_eserved, 

resistant, mucous tubes that were secreted by suspension feeding ani-

mals (Crimes, 1975), These soft-bodied animals secreted the tubes to 

protect and stabilize the walls of their dwelling structure. Monocra

terion probably represents a mucous tube and dwelling stn1cture of an 

animal that was smaller than the animal which produced Skolithos. The 

funnel-shaped end of Monocraterion could represent an escape structure 

(Hallam, 1975). The_apex-down, cone-in-cone bedding structure in the 

large vertical tubes represents an escape structure (Schinn, 1968) that 

an animal formed as it moved upwards in its dwelling structure in 

response to increasing sedimentation (Hallam, 1975). 

Animals such as annelid worms, brachiopods, phoronid worms, and 

sea anemones have been proposed by some authors to have formed the 

Skolithos and Monocraterion vertical tubes (Hantzschel, 1975, p, 107-

108). Boyd (1966) studied the large vertical tubes in the Flathead 

Formation and concluded that Arenicola, which is an annelid worm that 

produces U-shaped burrows, could not have formed the vertical tubes. 

Other annelid worms and burrowing sea anemones secrete mucous tubes and 
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Fig, 15. Photograph of large vertical tubes that are exposed 
at Section 41. Black numbers on the measuring tape are 0.1 metre apart. 
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live in vertical dwelling structures (Schafer, 1972, p. 287-299). Both 

animals .have worm-like forms and respond to increasing sedimentation by 

moving upward. Both animals can form characteristic escape structures 

in their burrows when they move upward after being buried. The annelid 

worms do not form escape structures that look like those formed by sea 

anemones (Schafer, 1972, p. 287-299). The escape structures of annelid 

worms are inclined from vertical and do not produce downward-deflected 

bedding. However, the escape structures formed by a modern burrowing 

sea anemone, Cerianthus (Schlifer, 1972, p. 288-289), moving upward after 

being buried, are very similar to the large vertical burrows found in 

the Flathead Formation, Frey (1970) reported that a sea anemone that 

lives below the low tide mark in the nearshore zone off the coast of 

North Carolina builds a durable, mucous tube as lining for its dwelling 

burrow. The mucous tube of this sea anemone permits preservation of 

the sediment that fills the burrow as the animal moves upwards. Schinn 

(1968) describes "nested-cone" structures in the burrows that were pro

duced as the animal moved upwards in its burrow responding to sedimen

tation. These sea anemones live in cross-bedded oolitic sandstone in 

the Bahama Banks. 

Some burrowing sea anemones produce resistant vertical mucous 

tubes without escape structures (Frey, 1970). These tubes are very 

similar to Skolitl1os and Monocraterion in the Flathead Formation. 

The large vertical tubes in the Flathead probably are escape 

structures that were made by a burrowing sea anemone. Skolithos and 

Monocraterion probably are resistant mucous tubes that were made by 

smaller burrowing sea anemones or annelid worms. 
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summary 

The trace fossils in the Flathead Formation in the thesis area 

form a characteristic assemblage. The overlying Gros Ventre Formation 

in the Owl Creek Mountain area contains an abundant assemblage of 

Cruziana, Rusophycu_,;i_, and many different kinds of horizontal tubes. 

This Gros Ventre assemblage together with the assemblage of trace 

fossils found in the Flathead Formation form two of the assemblages of 

the bathymetric zonation of trace fossils proposed by Seilacher (1967). 

In most places, the Flathead contains the Skolithos assemblage and the 

Gros Ventre contains the Cruziana assemblage, The Skolithos assemblage 

contains trace fossils formed in high and low-energy shore and nearshore 

environments. The Cruziana assemblage contains trace fossils formed in 

quieter nearshore 'and off shore environments (Seilacher, 1967). 

The trace fossils in the Flathead Formation in the thesis area 

form an assemblage t;1at is conunon in Cambrian sandstone throughout the 

world. Hallam and Swett (1965) l1ave described Skolithos and 

Monocraterion in the lower Cambrian Pipe Rock of northwest Scotland. 

Banks (1970) has described Cruziana, Rusophycus, horizontal tubes, and 

vertical tubes from the Precambrian and lower Cambrian marine sandstone 

of northern Norway. Skolithos and Rusophycus have been described from 

lower Cambrian sandstone in southern Sweden (Bergstrom, 1970). In east 

Greenland, Cowie and Spencer (1970) have described lower Cambrian sand

stone containing Skolithos, Diplichnites (trilobite trails), Cruziana, 

and horizontal tubes. Orlowski, Radwanski, and Roniewicz (1970) have 

described Rusophycus and Cruziana in the Cambrian sandstone in central 

Poland. In southern Jordan, Selly (1970) has described Cruziana, 
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piplichnites, Rusophycus, Skolithos, and Monocraterion in the lower 

Ordovician sandstone. 

Assemblages of trace fossils in the upper Cretaceous of the 

western interior of the United States are very similar to those found 

in the Flathead and Gros Ventre Formations. Frey and Howard (1970) 

have described trace fossils that belong to the ~.ill!!! and Skolithus 

assemblages from the marine and marginal-marine sandstone of the upper 

Cretaceous in Utah. Howard (1972) used the primary structures and 

trace fossils belonging to the Cruziana and Skolithos assemblages to 

interpret a marginal-marine environment for the upper Cretaceous 

Blackhawk Formation in Utah. 

Brachiopods 

Brachiopods have been found in the upper beds of the upper mem

ber of the Flathead Formation in the Red Lodge area, the Clarks Fork 

Canyon area, and. the Livingston area, They form an important correla

tion horizon in the top sandstone bed in the Red Lodge area at Section 

31 and Section 32. Specimens found in other areas were poorly pre

served, and therefore no identification was possible, but in the Red 

Lodge area three genera have been identified. The brachia pods in that 

area occur in Member M, which is 2 metres thick. However, the greatest 

concentrations of these fossils occur in a bed O.l to 0.2 metres thick. 

Three genera of inarticulate brachiopods belonging to two dif

ferent orders have been identified. Although preservation is good, 

identification to the species level was not attempted, 
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Micromitra has rounded or elliptical valves that are wider than 

they are high. Micromitra is about 7 millimetres high and 12 milli

metres wide. Growth lines or rugae may be present on the shell sur

faces. Micromitra belongs to the Order Paterinida. 

Obulus has a valve with higher vertical dimensions than 

Micromitra, but it is not as elongate as Lingulella. Obolus has a 

slightly pointed beak, rugae, and is 10 millimetres high and 10 milli-

metres wide. 

Lingulella is more elongate and has a more pointed beak than 

Obolus (Walcott, 1912, p. 469-474). Lingulella is teardrop shaped, 

Lingulella and 9bolus belong to the Order Lingulida. Lingulella is 10 

millimetres high and 5 millimetres wide. 

All three of ·these brachiopods have been described by other 

geologists in the lower and middle Cambrian sandstone, shale, and lime

stone throughout the world (Walcott, 1912, p. 120). However, these 

are the first brachiopods that have been reported from the Flathead 

Formation. Brachiopods have been found in the Deadwood Formation, 

which is a stratigraphic equivalent of the Flathead Formation, in the 

Black Hills in South Dakota (Walcott, 1912, p. 825). Lechman (1964) 

identified brachiopods in the Deadwood Formation in the subsurface of 

the Williston Basin in ~!ontana. 

Inarticulate brachiopods such as those found in the Flathead 

Formation probably lived in burrows on the sandy ocean bottoms of 

the nearshore zone (Tasch, 1973, p. 294-295), 
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STRATIGRAPHY 

Introduction 

The Flathead Formation in each study area has been divided into 

three or four informal members. The members are distinguished from each 

other on the basis of grain size, primary structures, paleontology, 

color, and resistance to erosion. 

A cross section has been included for each study area to show 

the stratigraphy, lithologic, and paleontologic relationships of the 

Flathead Fonnation. For each measured section shown in the cross sec-

tion, the lithology, primary structures, grain size, color, trace fos

sils, brachiopods, and cross-bed set size have been shown. The loca

tion of each cross section in the study area is shown on an index map 

on the cross-section figure or on the study area location map. 

OWl Creek Mountain Area 

The Flathead Formation in the Owl Creek Mountain area can be 

divided into four members. This four-fold stratigraphic division can 

be applied to most of the Flathead Formation in this area with little 

difficulty. However, the formation can be quite uniform in some places, 

making application of this four-fold division difficult. 

Figure 16 shows the four members in five sections in the study 

area. The sections include the overlying Gros Ventre Formation, the 

Flathead Formation, and the underlying Precambrian rock. 
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Fig. 16. Stratigraphic cross section of the Flathead Formation 
and lower Gros Ventre Formation in the Owl Creek Mountain area, Wyoming. 
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Member A 

Member A may overlie the weathered zone or lie directly on 

Precambrian rock. This member contains poorly sorted, subangular, 

medium to very coarse, quartz sandstone. Quartz pebbles 5 to 30 milli

metres in diameter are present throughout the sandstone. Two beds of 

conglomerate and some shale are also present in this member. The con

glomerate contains potassium feldspar grains 30 millimetres in diameter 

and quartz grains that average 30 to 50 millimetres in diameter. How

ever, quartz grains as large as 0.2 metres in diameter were found in 

the conglomerate. At Section 3, one bed of conglomerate 0.5 metres 

thick directly overlies the weathered zone. A second bed of conglomer

ate 0,1 metre thick, which contains fragments of Precambrian metasedi

ments, is present 2,5 metres above the first conglomerate. The sand

stone and conglomerate are normally brown and tan, but colors may range 

from white to red. The shale is red. 

Large-scale cross bedding, with tabular and trough-shaped sets 

0.1 to 0.4 metres thick, is the predominant bedding type in the sand

stone of this member. Sets throughout this area are most commonly 0,1 

metre thick. The cross beds in these sets dip west. Some cross beds 

are graded. Conglomerate and thin shale beds 0.1 metre thick are the 

only beds that show parallel bedding, 

Individual beds in this member are 0.1 to 2,2 metres thick, 

The average thickness of the member is 7,0 metres. No trace fossils 

are present in this member. 
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Member B 

Member B, which overlies Member A, consists of medium to poorly 

sorted, subangular, medium to coarse, quartz sandstone. Several beds 

of shale occur in the middle part of this member. At Section 41, sev

eral beds of shale 0.1 to 0.4 metres thick are well exposed between 

thicker sandstone beds. These shale beds are believed to occur through

out the area but in most outcrops occur in covered intervals. The sand

stone is brown or tan, and the shale is red. 

This member is either cross bedded or parallel bedded. All 

three types of bedding are present in varying amounts at each section. 

For example, at Section 41 this member has mostly large-scale cross 

bedding with a small amount of the other two types of bedding. At 

Section 3, this member consists mostly of sandstone with parallel bed

ding and small-scale cross bedding, with only one bed of sandstone with 

large-scale cross bedding. At section 43, this member consists of 

equal amounts of all three types of bedding. Local variations in the 

sedimentary environment explain these differences. The sets of cross 

bedding are 0.1 metre thick in most outcrops, but the sets are 1.2 

metres thick in some places. The cross beds in the sets dip west to 

northwest. Channels, 2.0 metres thick, are exposed in a roadcut through 

the Flathead Formation in Section 41 in Wind River Canyon. The channels, 

which truncate underlying strata, are believed to have been formed by 

local erosion during the deposition of the sandstone. 

The most common sandstone bed thickness is 2,3 to 3.3 metres. 

The member is 20 to 25 metres thick. 
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A horizontal burrow in Section 41 is the only trace fossil that 

has been found in this member. 

Membe.r C 

Member C, which overlies Member B, contains medium to poorly 

sorted, subrounded, medium to coarse, quartz sandstone. Shale beds, 

0.6 to l.Q metres thick are also exposed in this member in Section 41 

in Wind River Canyon. The sandstone is tan and brown, and the shale 

is red. 

This member consists predominantly of sandstone with parallel 

and small-scale cross bedding. Some large-scale sets of cross bedding 

that range in thickness from 0.1 to 0,4 metres are present at Section 3. 

The cross beds in the~e sets dip west. At Section 41, the medium sand

stone of this member is mostly parallel bedded, At Section 41, 

small-scale cross bedding predominates in the medium to coarse sandstone, 

Sandstone beds in l,fember C are characteristically thinner than 

in adjacent members. The common bed thickness is 0.3 to 0,9 metres. 

The member is 10,0 to 13.5 metres thick. 

Horizontal tubes are present in several sandstone beds at Sec

tion 41. The tubes are found on the bottom sides of sandstone beds that 

lie above shale beds. Monocraterion is present at both Section 41 and 

Section 3. These vertical tubes are used as a local marker horizon. 

The bedding generally was not disturbed by the vertical burrowers who 

made these tubes, and in some places small-scale cross bedding is ob

served in beds that contain these vertical tubes. 
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Member D 

Member D, which overlies 11ember C, contains medium-sorted, sub-

rounded, coarse, quartz sandstone, Some interbedded shale occurs in 

the upper part of this member. The sandstone is brown or tan. The in

terbedded shale is green. A color change from the brown and tans of 

the Flathead Formation to the greens of the lower Gros Ventre Formation 

can be easily seen throughout this study area. 

This member contains all types of bedding, but large-scale cross 

bedding is the most common, Well-exposed cross bedding is present at 

Section 41, where sets from 0.1 to 0,3 metres thick are present, The 

cross beds in the sets dip both to the east and to the west, 

Trough-shaped cross bedding is exposed in the lower part of the member 

at Section 41, Sets·of cross bedding up to 0.5 metres thick are present 

at Section 3. Small-scale cross bedding is commonly present with this 

large-scale cross bedding at Section 3. At Section 51, tabular and 

trough-shaped sets of cross bedding as thick as 2,0 metres are exposed, 

The cross beds in the sets dip south, 

Beds in this member are thicker than in the underlying member 

and range from 0.2 ta 5,0 metres in thickness. Member D averages 12.0 

metres in thickness, 

One of the most characteristic features of this member is the 

presence of vertical tubes in almost every section throughout the study 

area. The tubes occur near the top of the Flathead Formation, which 

is the top of the predominant sandstone section, and just below the 

interbedded fine sandstone and shale of the Gros Ventre Formation, The 

beds that contain vertical tubes form a reliable marker horizon. 

,-

' 
··,,-, 

'' -' 



63 

Skolithos, large vertical tubes, and Monocraterion are present. The 

bedding has been destroyed by burrowing organisms in some places in 

this member. Horizontal tubes are found near the top of the Flathead 

Formation, but large numbers of horizontal tubes are found only in the 

lower Gros Ventre Formation. 

Precambrian rock 

The Precambrian granitic and metamorphic rock is unconformably 

overlain by a weathered zone in some parts of the study area. The 

weathered zone contains crumbly, intens.ely-weathered, granitic rock or 

metasediment. Large blocks of weathered granite up ta 1.0 metre in 

diameter dre present at Section 40 in Wind River Canyon, At Section 3, 

quartz cobbles 0.15 to 0.2 metres in diameter are present in the weath

ered metasediment. No bedding is present in the weathered zone, When 

present, this zone is 1. 5 to 2. 0 metres thick. 

Gros Ventre Formation 

The interbedded sandstone and shale of the lower Gros Ventre 

Fonnation is gradational from the sandstone in the upper part of the 

Flathead Formation. The lower Gros Ventre Formation is mostly green 

and contrasts noticeably from the underlying brown or tan Flathead 

Formation. The formation boundary has been drawn at the point where 

sandstone and shale are equally abundant and the color changes. The 

Gros Ve"ntre Formation gradually changes upward into shale. 

The lower part of the .;ros Ventre Formation contains an abundant 

assemblage of trace fossils. Cruziana, Rusophycus, Diplichnites, and 
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horizontal tubes are characteristically well exposed in the Gros Ventre 

Formation. Vertical tubes were also found in one section. 

Lingulid brachiopods occur in some sandstone beds between the 

shale beds. The brachiopod sandstone is commonly red and forms resist

ant ledges that crop out in otherwise covered intervals. Some of these 

sandstones are cross bedded and have trough-shaped sets, showing that 

these brachiopods may have been mechanically concentrated. Other 

brachiopod sandstones show no evidence of mechanical concentration. 

The brachiopod sandstone beds form marker horizons. 

Sunlight Basin, Clarks Fork Canyon, and Cody Area 

General 

The Flathead Formation in the Sunlight Basin, Clarks Fork Canyon, 

and Cody area has been divided into three members, In the Sunlight 

Basin, the middle member has been well indurated to a quartzitic sand

stone. The quartzitic nature of the sandstone in many places makes 

field identification of grain sizes and primary structures difficult. 

Figure 17 is a cross section of measured sections in the Sun

light Basin and Clarks Fork Canyon. An east-west and north-south cross 

section is shown in Figure 17, 

Member E 

Member E overlies a weathered zone or lies directly on Precam

brian rock. This member contains poorly sorted, angular to subangular, 

medium to very coarse, quartz sandstone. Quartz pebbles 5 to 50 milli

metres in diameter are present throughout the member. Conglomerate and 

shaly sandstone are also present in this member. Beds of shaly sandstone 
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Fig. 17. Stratigraphic cross section of the Flathead Formation 
in the Sunlight Basin and Clarks Fork Canyon area, Wyoming. Location 

of cross sections is shown on Fig. 3. 
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at Section 4 and Section 20 have quartz and potassium feldspar grains 

up to 50 millimetres in diameter. This bed contains approximately 60 

percent quartz, 30 percent potassium feldspar, and 10 percent mica. 

The shaly sandstone is poorly sorted; it contains thin beds of shale 

and large quartz and potassium feldspar grains. At Section 4 in 

Shoshone Canyon, this bed of shaly sandstone forms a wedge 0.0 to 4.0 

metres thick and lies directly on weathered Precambrian rock, At 

Section 20, a conglomerate bed 0.2 metres thick with rounded quartz 

pebbles up to 0.15 metres in diameter, lies directly on Precambrian 

rock. The sandstone and conglomerate are brown or tan, and the shaly 

sandstone is green, brown, and red. 

Parallel bedding is the predominant bedding type of this member. 

However, small-scale and large-scale cross bedding is present in this 

member in a few places. The large-scale sets are 0.1 metre thick, 

The member ranges in thickness from 0.7 to 8.0 metres. The 

member is commonly covered, but good outcrops are present at Section 4, 

14, 20, and 8. 

Member F 

Member F, which overlies Member E, consists of medium to poorly 

sorted, subangular to subrounded, medium to coarse, quartz sandstone. 

Beds of shale 50 to 150 millimetres thick are present throughout this 

member. A bed of medium to very coarse sandstone 1,2 metres thick, 

which has subrounded to rounded quartz grains, was found in two sections 

in this member. This mer.iber is brown and tan. 
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Cross bedding is the predominant bedding type in this member, 

Large-scale and small-scale cross bedding occurs in equal amounts. 

Parallel bedding is uncommon, except in shale beds, Large-scale, tabu

lar and trough-shaped sets are 0.1 to LO metres thick. The most common 

set size is 0.1 metre thick. Most cross beds in these sets dip west but 

at Section 16 and Section 4 some cross beds in some sets dip north and 

south, A channel orientated in an east-west direction was found at 

Section 16, This channel is 4,6 metres deep and approximately 10 to 15 

metres across. The channel is believed to have been formed by local 

erosion. 

The most common sandstone bed thickness is 1.5 to 2,5 metres. 

Member Fis 1,7 to 22,0 metres thick. 

The lower part of this member in many places is covered. Good 

outcrops in Sections 14, 20, 8, and 4 show the contact between the lower 

part of Member F and the underlying Member E. The upper surface of 

Member F forms a resistant bench in the Sunlight Basin area. This bench 

simplifies correlation in that area. In Shoshone Canyon at Section 4, 

and at Section 20 in Clarks Fork Canyon, this surface is easily recog

nizable and separates the cross-bedded Member F from the overlying 

parallel-bedded member. In many places in the Sunlight Basin the strata 

overlying the resistant bench have been removed by glacial erosion. In 

all sections, except Section 4 and Section 8, the sandstone has been 

well indurated, The sandstone in these areas is quartzitic. 

Trace fossils in this member have been found in only two places. 

Vertical tubes were found at Section 4 and Section 11. 
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Member G 

Member G contains medium to poorly sorted, subangular to sub

rounded, fine to coarse, ~uartz sandstone. The beds of this member be

come finer grained upwards. The sandstone is brown and tan but is 

characteristically lighter colored than the underlying member. 

Parallel bedding is the predominant bedding type in this member, 

but small-scale cross bedding is common throughout the member. 

Large-scale cross bedding is present in the lower part of the member at 

Section 4. Bedding is hard to distinguish in some beds in this member, 

It is thought the bedding in these beds has been destroyed or disturbed 

by burrowing organisms. 

Beds in this member are thinner than in the underlying members. 

A thickness of 0.05 ·to 0.1 metres is the most common bed thickness. 

Member Granges in thickness from 4.0 to 17.0 metres. At Section 4, 

17.0 metres of Member Gare overlain by sandy shale of the Gros Ventre 

Formation. 

Trace fossils in this member have been found in only two places, 

Horizontal tubes were found in the middle part of the member at Section 

4 and Section 8. Brachiopod fossils were found in the upper bed at Sec

tion 8, but the specimens were poorly preserved and no identification 

was possible. 

Precambrian rock 

Precambrian granite and granitic gneiss underlie the Flathead 

Formation. A weathered zone of Precambrian rock overlies the Precambrian 

at Section 4 in Shoshone Canyon near Gody. This weathered zone is up to 
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1.0 metre thick and contains weathered and unweathered rock fragments 

up to 0.2 metre, The weathered zone is variable in thickness and is 

not prasent t:n1ery-where beneath the Flathead Formation at Section 4.- A 

weathered zone is not present at Section 8 and Section 20 in Clarks Fork 

Canyon, where the Flathead sandstone and conglomerate lie directly on 

unweathered Precambrian rock. The Precambrian-Flathead contact is 

covered in all sections in the Sunlight Basin, 

Beartooth Butte and Cooke City Area 

General 

The Flathead Formation in the Beartooth Butte and Cooke City 

area has been divided into three members. The Flathead Formation at 

Cooke City has been slightly metamorphosed to quartzitic sandstone near 

intrusive rocks. 

Figure 18 is a cross section of measured sections in the Bear

tooth Butte and Cooke City area, An east-west and north-south cross 

section is shown. 

}!ember H 

Member H lies directly on Precfu~brian rock. This member con

tains conglomerate and poorly sorted, angular, medium to very coarse, 

quartz sandstone. Quartz pebbles 20 to 70 millimetres in diameter are 

present throughout this member. A conglomerate bed at Section 30 con

tains quartz cobbles 0.1 metre in diameter and fragments of Precambrian 

cock. A sandstone bed at Section 22 contains approximately 10 percent 

potassium feldspar. The sandstone and conglomerate are brown and red. 
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Fig. 13. Stratigraphic cross section of the Flathead Fonnation 
in the Beartooth Butte and Cooke City area, Wyoming and Montana. 
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Parallel bedding is the predominant bedding type in the conglom

erate. Large and small-scale cross bedding is the predominant bedding 

type in sandstone. The large-scale sets are 0.2 metres thick. 

The member ranges in thickness from 2.0 to 5.5 metres. The con

tact with the Precambrian rock is conuuonly covered but the rest of the 

member is well exposed in most sections. A conglomerate bed Q. 3 to L 7 

metres thick is present in many exposures; especially at Beartooth Butte. 

No trace fossils were found in this member. 

Member I 

Member I, which overlies Member H, consists of poorly sorted, 

angular to subangular, medium to very coarse, quartz sandstone. The 

sandstone is brown and red. 

Cross bedding is the predominant bedding type in this member. 

Large-scale and small-scale cross bedding occurs in equal amounts. 

Parallel bedding is uncommon. Large-scale, tabular and trough-shaped 

sets are 0,1 to 1,4 metres thick. The most common set size is 0.2 

metres. Most cross beds in these sets dip west or southwest. Mud

cracks were found in the lowest part of the member at the south and 

east side of Beartooth Butte. 

The member ranges in thickness from 6.0 to 12,5 metres. Sand

stone beds 1.4 to 1.7 metres thick are most common. The upper part of 

Member I is covered by landslide deposits in many places, At Section 

27 near Cooke City, Member I has been slightly metamorphosed to quartz

itic sandstone by an overlying sill. 
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Horizontal tubes were found in this member at Sections 21, 23, 

24, 27, and 30, Most beds that contain these trace fossils are red. 

Rusophycu§. ,..-as f->uud with horizontal tubes in Sections 21, 27, and 30 .. 

Member J 

Memi)e:?'.' .J contains medium to poorly sorted, subangular to sub

rounded, medium to coarse, quartz sandstone, hut most beds contain 

medium to fine sandstone. The sandstone is brown, red and green. 

Parallel bedding is the most common bedding type, but some 

small-scale cross bedding is present. Bedding has been destroyed by 

burrowing organisms at Section 22. These beds at Section 22 are the 

same as Member Gin the Sunlight Basin. Ripple marks were found at 

Section 27 ne2r Cooke City. 

The member is 1.3 to 10.5 metres thick. The member is commonly 

covered by landslide deposits. The horizontal tubes present at Section 

30 are the only- tra.ce fossils that were found in this member. 

Precambrian and younger igneous rock units 

The Flathead Formation overlies Precambrian igneous and meta

morphic gra.1ite, granitic gneiss, and gabbro. The Flathead Formation 

north and south of Cooke City has been intruded by monzonite sills and 

dikes of Tertiary age. 

A weathered zone of Precambrian rock was not exposed in this 

area, but may exist because the basal Flathead contact was covered in 

most sections. 
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Red Lodge Area 

General 

I'h":: F}athead Fonnation in the Red Lodge ar.ea has been divided 

into three merabers. Figure 19 shows the three raembers in Section 31 

and Section 32 south of Red Lodge. 

r•!ember K 

Member K lies directly on a weathered zone at Section 32, buc 

the contact is covered in other outcrops in the Red Lodge areas. The 

!!.,ember conr:ains mt:dium to poorly sorted, angular to subangular, fine to 

very coarse, quartz sandstone. Quartz pebbles up to 10 millimetres in 

diameter are present in several beds in this member, but no conglomerate 

was found. A sandstone bed at Section 32 contains approximately 5 to 10 

percent potassium feldspar. Shale beds 10 millimetres thick occur be

tween the beds of sandstone in the lower and middle part of the member. 

The sandstone is gr.een,. red, and brox.m, and the shale is red~ 

Parallel bedding is the predominant bedding type at Section 31, 

but small-scale cross bedding is also present in the upper part of the 

member. Cr~ss bedding is the predominant bedding type at Section 32. 

Large-seal~ cross bedding is most common; the sets are 0.1 metre thick, 

and cross beds in the set dip south. Some parallel bedding is also 

present in the lower part of the member at Section 32. Bedding in part 

of th1-s member at Section 32 has been destroyed by burrowing organisms. 

The member ranges in thickness from 4.6 to 9.5 metres. Most 

beds in this member are 1.0 to 1.4 metres thick and are separated from 

each other by thin beds of shale, A bed of green, shaly sandstone at 
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Fig. 19. Stratigraphic cross section of the Flathead Formation 
in the Red Lodge area, Montana. Location of cross section is shown on 
Fig. 5, 
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section 32 is very similar to a bed of shaly sandstone at the base of 

Section 4 in Shoshone Canyon and Section 20 in Clarks Fork Canyon. 

Trace fcssils are abundant and well e:xposed in this member in 

the Red Lodge area. Horizontal tubes are present in all parts of the 

member, and are well exposed in the upper part of the member at Section 

31. Rusophycus and Monocraterion were found in the lower and upper part 

of the member. At Section 32, horizontal tubes and Rusophycus are ex

cellently exposed on the bottom of a sandstone bed that lies on a 

weathered zone of Precambrian rock. 

Member L 

Member L, ~.vhich overlies Member K, consists of medium to poorly 

sorted_, sr:b&...ng:.;.J.ar to subrountled, :rtedium tu coarse, quartz sandstone. 

At Section 31 this member consists of medium sandstone. The sandstone 

is brown to tan. 

Parallei bedding is the only bedding type present in this mem

ber. The member ranges in thickness from 2.3 metres at Section 32 to 

S.4 metres at Section 31, At Section 31, a thick, resistant bed of 

sandstone 7,1 metres thick is present. This bed forms a steep cliff, 

-which makes thorough description of the sandstone difficult. This bed 

is not present at Section 32. Local variations in depositional condi

tions probably explain the presence of this bed at Section 31. The 

upper rart of Member L forms a resistant bench in the study area, !,'o 

trace fossils or brachiopods were found in Member L. 

,j,;• 

I:, 



79 

Hember H 

Member M contains well to medium sorted, subrounded, fine to 

medium, ::p;artz sandsto11e, which is brown, red, or green. Parallel bed-

ding is present in one bed at Section 32, but no bedding was found in 

the rest of the member at Section 31 and Section 32. The absence of 

bedding is probably due to the action of burrowing organisms, 

The member is 1.5 to 2.4 metres thick, The member forms an im

portant correlation horizon in the Red Lodge Area because of its abun

dant lingulid brachiopods. The bed containing brachiopods in the Red 

Lodge area is the same as the top part of Member G at Section 8 in the 

mouth of Clarks Fork Canyon. Horizontal tubes are present at both 

Section 31 and Section 32+ 

The member is made up of three beds. The lowest, fine to 

medium, brown sandstone bed contains few brachiopods and is 1,0 to 1.4 

metres thick The middle, fine-grained, green sandstone bed contains 

abundant brachiopods, and is 0,1 metre thick. The upper, fine-grained, 

red sandstone bed contains horizontal tubes and few brachiopods, and is 

0.4 to O. 9 metre thick. 

Precambrian rock 

The Flathead Formation overlies Precambrian gabbro, granite, and 

granitic gneiss, The Precambrian rock is well exposed in the area of 

the south fork of Grove Creek. At Secti~n 32, Precambrian metamorphic 

rock has been intruded by a younger Precambrian gabbro. 

A weathered zone of Precambrian granitic gneiss 0.4 metres thick 

is present at Section 32. The thickness of the weathered zone varies 
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along the outcrop. The weathered zone, which varies in thickness along 

the outcrop, is overlain by lower Flathead sandstone that has abundant, 

well-exposed norizontal tubes and Rusophycus. 

Livingston and Manhattan Area 

General. 

The! Flathead Fo1-mation in the Manhattan and Livingston area has 

been divided into three members. Figure 20 shows the three members in 

Sections 45, 48, 49, and 50 south and southeast of Livingston, 

Member N 

Member N overlies Precambrian granitic gneiss and amphibolite 

at Section /18, At Section 47 north of Manhattan, Member N overlies the 

Precambrian Lahood Formation, The underlying Precambrian rock is 

covered at all other sections in the Livingston area. This member con-

tains poorly sorted, angular to subangular, medium to coarse, quartz 

sandstone. Quartz pebbles up to 40 millimetres in diameter are present 

in the sandstone in some places. Some very coarse sandstone is present 

at the bottom of Section 47. A conglomerate bed 2,6 metres thick over

lctes the Precambrian rock at Section 43. This conglomerate bed contains 

rounded quartz and rock fragments up to 0.4 metres in diameter. The 

sandstone and conglomerate in this member are red and brown. 

Large-scale cross bedding, with sets 0.1 metre thick, is the 

predominant bedding type at Section 45 and Section 4 7. Small-scale 

cross bedding is also present at Section 45. Parallel bedding is also 

found in the member at Section 45 and Section 47. No bedding is present 

in the conglomerate at Section 48. 
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Stratigraphic cross section of the Flathead Formation 
area, Montana. Location of cross section is shown on 
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The member is 3.9 to 6.3 metres thick. No trace fossils were 

found in this member. 

Member 0 

Member O overlies Member Nat Sections 45, 47, and 48. The 

lower con.tact of this member at Section 49 and Section 50 is covered. 

This member consists of medium to poorly sorted, subrounded to rounded~ 

fine to coarse, quartz sandstone. Quartz pebbles 5 to 30 millimetres 

are present throughout the member at Section 50 and Section 48. These 

pebbles occc,;: either dispersed through the sandstone or in layers be

tween sandstone beds. Very coarse sandstone is present in a few places 

at Section 49 and Secticn 48. The sandstone is mostly red at Sections 

48, 45, and 49t but it is brown at Section 50 and Section 47. 

Parallel bedding is the predominant bedding type in this member, 

but some small-scale ~ross bedding occur; at Section 45 in the middle of 

the member. 

This member is 9,1 to 12.0 metres thick. The most common bed 

thickness is 1.4 to 2.0 metres. A covered interval of approximately 

15 metres, which is thought to contain a body of intrusive rock, splits 

the exposures of Member Oat Section 47 into two parts. The sandstone 

is quartzitic where it has been well indurated in Sections 47, 50, and 

49. 

Member P 

Member P, which overlies Member O, consists of medium to poorly 

sorted> subangular to subrounded, fine to coarse, quartz sandstone. 

Some very coarse sandstone is present in this member at Sections 47, 48, 
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and 49, At Sections 45, 47, and 50 fine to medium sandstone occurs in 

the upper part of this member. Quartz pebbles 10 to 30 millimetres are 

present ~n t~is member at Section 47 and Section 48~ Potassium feldspar 

grains 10 millimetres in diameter are present in this member at Section 

47. The predominant colors are brown a1;.d tan, but red sandstone is also 

present. 

Small-scale cross bedciing is the most common bedding type in 

this member at Sections 45, 48, and 49. At Section 47, large-scale 

cross beddi:trg 2.nd parallel bedding are p!'esent in equal amounts~ Cross 

bed sets are 0,1 metre thick. 

The member is 2.0 to 9.3 metres chick. This member has been 

indurated tc ,1 quartzitic sandstone at Sections 47, 49 1 and 50. 

Horizontal tribes were found in two beds in this member at Sec-

tion 48, The action of the burrowing organisms that created the tubes 

has destroyed part of the bedding at Section 48. Brachiopods were found 

in the top beds at Section 45 and Section 50, but the fossils could not 

be identified because of their poor preservation. 

Precambrian rock 

The Flathead Formation in the Livingston area overlies Precam

brian granitic gneiss, metasediment, and amphibolite. The Precambrian 

rock is exposed only at Section 48 and near Section 45, In the Manhat

tan ar;a, the Flathead Formation overlies the Precambrian Lahood Forma

tion. The Lahood Formation, which is part of the Belt Supergroup, con

tains arkose. A weathered zone was not exposed in the Manhattan area 

or in the Livingston area. 
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Bighorn ~.ountain Area 

General 

Th!1 E'J..at.:hc:;ftd Formation in the Bighorn Mountain area has been 

divided into three members. Figure 21 shows the lower two members in 

Sections 5, 6, 7, and 52, 

Member Q either overlies the weathered zone or lies directly on 

Precambrian rock, This member contains poorly sorted, angular to sub

angular ! madinl!':. to very coarse, quartz sandstone and conglomerate. 

Quartz pebbles 10 to 100 millimetres are present in the conglomerate 

beds at Section 5 and Section 6. The pebbles at Section 5, where 4 

metres of conglomerate is present, are subrounded. The conglomerate 

bed at Section 6, which is 2.4 kilometres (1.5 miles) frOl!l Section 5, 

is only 0.1 metre thick. The sandstone is red, brown, and tan, and the 

conglomerat.e is red~ . 

Cross bedding is the predominant bedding type of this member. 

Large-scale cross bedding, with sets O.l to 1,0 metre thick, is present 

at Section 7 and Se.otion 52, At Section 52, cross beds in the sets dip 

southwest. Small-scale cross bedding is present at Section 6, ConglOl!l

erate beds and a few sandstone beds are parallel bedded. 

This member is 4.0 to 6.5 metres thick. No trace fossils were 

found tn this member. Member Q is very similar to :1ember A in the Owl 

Creek Mountain area. 
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Fig. 21. Stratigraphic cross section of the Flathead Formation 
in the Bighorn Mountain area, Wyoming. Location of cross section is 

shown on Fig. 7. 
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Member R 

Member R overlies }!ember Q at Section 52 and Outcrop 30. The 

member consists of medium sorted, subangular, medium, quartz sandstonea 

The sandstone is brown and red. 

Large-scale cross bedding, with sets 0.1 to 0.2 metre thick, is 

the predominant bedding, but some parallel bedding is also present, 

The member is 18 metres thick at Section 52, but the lower 10 

metres are covered. The strata above the member at Section 52 were also 

covered. Horizontal tubes, found in two beds at Section 52, were the 

only trace fossils found. Member R is similar to Member B in the Owl 

Creek Mountain area. 

I>ieraber S 

Members, which is red and brown, fine to medium, quartz sand

stone, overlies Member R at Outcrop 30. No bedding was noted, but in 

the top bed some evidence of burrowing was found in a bed that contained 

vertical tubes. Because of the poor quality of the outcrop no thick

nesses were measured. Member Sis similar to Member C in the Owl Creek 

Mountain area. 

Precambrian rock 

The Flathead Formation overlies Precambrian granite and granitic 

gneiss, A weathered zone of Precambrian rock 0,6 metres thick is ex

posed at Section 6, and may exist in othar areas, although such a zone 

was not exposed at the other sections in this study area. 

."f 
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Little Belt Mountain and Smid, River Basin Area 

General_ 

T;1e. Flath~:1,,J. Forn.ation in the Little Belt Hountain and Smith 

River Basin area has been divided into three members. In the Smith 

River Basin the Flathead Formation has been well indurated to a quartz

itic sandstone. The quartzitic nature of the sandst:one in many places 

makes field ident:ification of grain size and primary structures diffi

cult. Figure 22 is a cross section of the measured sections in the 

Little Belt Hountain and Smith River Basin area. 

Member T 

~!ember T overlies Precambrian ig:1eous, metamorphic, and sedi

ment:ary rock. Thi.s member which is exposed only at Section 34 and Sec

tion 36, contains poorly sorted, angular to subangular, medium to very 

coarse quartz sandstone and conglomerate. Quartz pebbles 10 millimetres 

in diameter and a ccr..glomerate bed O .. 5 m2tres thick, are present in 

this member at Section 36. The sandstone and conglomerate are red and 

brown. 

Large-scale cross bedding, with sets 0.1 to 0.2 metres thick, 

is the precominant bedding type observed in this member at Section 34, 

but one bed with small-scale cross bedding is also present. No bedding 

was found at Section 36 where the beds h1ve been indurated to quartzitic 

sandstone a 

This member is 12.9 to 32.0 metres thick, but the lower and mid

dle parts of the member are covered in all sections. The thicknesses 

of the covered intervals is approximate ~ecause of the poor quality of 
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Fig, 22, Stratigraphic cross section of the Flathead Formation 
in the Little Belt Mountain and Smith River Basin area, Ifontana. Loca
tion of cross 'section is shown on Fig. 8 and Fig. 9. 
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the exposures. The outcrops of the upper part of the member at Section 

34 and Section 36 are 9.1 and 2.9 metres respectively. No trace fos-

sils wer\:: found i.n this mezuber ~ 

u 

Member u, which overlies Member T, consists of medium to poorly 

sorted• sub angular to ::n.ibrounded, medium to very coarse; quartz sand

stone, The lower and middle parts of this member consist of medium to 

coarse, quartz sandstone, The upper part of the member at Sections 33, 

34, and 37 consists :of 5.3 to 6.4 metres of medium to very coarse, 

quartz sandstone with thin beds of shale. At Section 37, 3.9 metres of 

rounded, medium to coarse, quartz sandstone is present in the middle 

part of the member. At Outcrop 15 potassium feldspar makes up approxi

mately 10 perc:ent of the grains in the lower part of the member. The 

sandstone is red or brown, and the shale is red. 

Large-scale cross bedding is the predominant bedding type in 

this member. Trough and tabular-shaped sets are 0.05 to 0.2 metres 

thick, but a set 0.5 metres thick was found in this member at Outcrop 

15, The mc,st co,nmcm set size is 0,1 metre thick. Parallel bedding and 

small-scale cross bedding are also present in this member, 

The member ranges in thickness from 6.3 to 34.5 metres. At 

Sections 33, 33, and 39,the upper and lcHer contacts of the member is 

covere~. At Sections 36, 39, and 38, the sandstone is quartzitic ~here 

it has been well indurated. 

Horizontal tubes in the upper part of the member at Section 37 

are the only trace fossils that have been found in this member in the 

study area. 
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:'!ember V 

Member V, which is present at Sections 34, 36, and 37, overlies 

Member U. I~. ccnsists of medium to well sorted, subangular to sub

rounded, fine to medium, quartz sandstone. At Section 34 the lower 

part of the member consists of medium to coarse, quartz sandstone. 

The sandstc~e of this member is green and brown. 

Parallel bedding is the predominant bedding type in this member, 

but large-scale and small-scale cross beJding is present in this member 

at Section 36, 

This member ranges in thickness from 11.9 to 40.6 metres. The 

lower part of the member at Section 37 has been intruded by a gray, 

diorite sill, At Section 34, the member has not been intruded, but 0.3 

kilometres (1000 feet) to the north, the lower part of the member has 

been intruded by a diorite sill. 

Horizontal tubes are common in this member at Section 34 and 

Section 37. In the upper part of the member at Section 34, horizontal 

and vertical tubes are abundant in the green and brown, fine to medium 

sandstone. At Outcrop 16, Flathead sandstone with horizontal tubes is 

present above a diorite silL 

Precambrian rock and younger 
igneous rock units 

The Flathead Formation in the Little Belt Mountain area overlies 

Precambrian granite and granitic gneiss. The Precambrian rock is well 

exposed in the valley of Belt Creek south of the measured sections, but 

an exposed contact with the Flathead is not present at the base of any 

of the measured sections. In the Smith River Basin the Flathead overlies 
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the Precanbrian Spokane Formation. The Spokane Formation, which is part 

of the Belt Supergroup, is a red shale and siltstone. A weathered zone 

was not E:X\>ossC, in this area or in the Little Belt ~ountains~ 

One section, Section 35, was measured of the Precambrian Niehart 

Quartzite. The Niehart Quartzite, which is the basal part of the Belt 

Supergroup in the Little Belt Mountains, is very similar in grain size 

and primary structures to the Flathead Formation. The Niehart Quartzite 

and the Flathead Formation probably were deposited in similar deposi-

t.ional environments~ 

'fhe Flathead Formation in the Little Belt Mountain and Smith 

River Basin area has been intruded by diorite sills and laccoliths. 

Sills occv.r ac. the base. and at the top of the formation,. 

Summary 

General 

The Flathead Formation has been ,Hvided into informal members 

in each of the seven study areas. These members have been correlated 

only within their o,m study area. Generally, these members can be 

grouped into three intervals that charact.e:c:!.ze the Flathead Forraation,, 

These intervals can be correlated throug:1out the entire thesis study 

area. 

The lower interval is ~edium to Jery coarse, quartz sandstone 

that contains large-scale cross bedding .ith sets 0.1 to 0.2 metres 

thick. Small-scale cross bedding and parallel bedding is present in 

smaller amounts. Conglomerate beds are found in many places at or near 

the base of the formation. Shale and shaly sandstone are not uncommon. 
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Quartz pebbles 5 to 50 millimetres in diamecer are common in every study 

area. Potassium feldspar and mica grains are present in many places in 

the basal sandstcme beds. Quacctz and Precamorian rock fragments 0.1 to 

0.4 metres in diameter were found in four areas. Fossils are not pres

ent in this interval. The interval is 2 to 8 metres thick. 

The mi<ldla inte::val is medium to coarse, quartz sandstone that 

is cross bedded. Small-scale cross bedd.ing is more abundant in this 

interval than in the lower interval, but large-scale cross bedding is 

most abundant. Very coarse sandstone is present in about 25 percent of 

the sections~ In several sections some sandstone beds are separated by 

thin beds of red shale. The sandstone is brown. The interval is 6 to 

20 metres thick. A few horizontal and vertical tubes are present in this 

member. Rusophycus burrows were found in two sections. 

The upper interval is fine to coarse, quartz sandstone that is 

predomL,antly parallel bedded, but small-scale cross bedding does occur. 

Burrowing has disturbed or destroyed bedding in many places. In some 

places the top of this unit contains some interbedded sandstone and 

shale that gradationally changes upward into the shale of the overlying 

formation. The inter,al is 2 to 15 metres thick. Trace fossils are 

most common in this interval. Horizontal tubes are found in every study 

area. Vertical tubes are found in most of the study areas. Inarticu

late brachiopods in the upper part of this interval were found in three 
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Correlati0":1 

Figure 23 is a fence diagram which shows a correlation of the 

members in the seven Stltdy areas. All members are correlated as stra.ti-

graphic equiva::.ents on the basis of their stratigraphic position, grain 

size, primary structures, and paleontology. 

The key c,~teria used in correlating the lower members are the 

grain size ,uc' t'.1e prese.nce of quartz pebbles and conglomerate beds. 

The key criteria used in correlating the middle members are the cross 

bedding, the grain size, and its resistance to erosion, The key cri

teria in !:he upper member are the parallel bedding, the thin bed size, 

the evidence of burrowing, the horizontal and vertical tubes, and the 

brachiopods. The brachiopods in the upper sandstone bed of the upper 

;nember prov:i.d •?:. an important correlation zone in the Clarks Fork Canyon, 

Red Lodge, and Livingston areas. 

The lowest member present in the Beartooth Butte and Sunlight 

Basin are.2.s is not present in the Red Lodge area~ Member K in the Red 

Lodge area correlates with Members I and I,' in the Beartooth Butte and 

Sunlight Basin areas. Member Lin the Red Lodge area correlates with 

Members J and Gin the Beartooth Butte and Sunlight Basin areas. Mem

ber Min the Red Lodge area correlates with the upper part of Members J 

and Gin the Beartooth Butte and Sunlight Basin areas. 

The upper member in some areas is not always equivalent to the 

upper member in other areas. This is illustrated in the Little Belt 

Mountain and Livingston areas. The middle and upper members (Members O 

and P) in the Livingston area correlate ~ith the middle member (Member 

U) and lower part of the upper member (t;ember V) in the Little Belt 

Mountain area. 
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Fig. 23. Fence diagram showing correlation of members in the 
thesis study area, Relative thicknesses of the members are shown for 
each study area •. 'fhe dashed lines represent a correlation line behind 
a column. 
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PALEOTOPOGR.APHY 

Gwl Creek Mountain Area 

Field observations in the Ow'l Creek Mountains suggest that the 

Flathead Formation was deposited in most places on a Precambrian surface 

that was aL~ost flat, but with a relief up to 3 metres. In a few places 

the surface had maximum relief of 70 metres. The almost-flat Precam

brian surfiice probably had some local, small knobs and pits, but deep 

channels and high, resistant knobs also existed. Near Outcrop 22~ rock 

relationships suggest that the lower part of the Flathead Fonnation was 

deposited in a ch:-nnel about 10 metres deep~ At Outcrop 24 a large 

knob of Precambrian iock outcrops above the lower Gros Ventre Formation~ 

Observations at Outcrop 24 sugge3t that the Precambrian knob 

existed as an island throug-!1out the deposition of the Flathead and lower 

Gros Ventre Formations. The granitic Precambrian rock forms an outcrop 

0.4 kilometres (0.25 mile) across. The knob stands 15 to 45 metres 

above the lower Gros Ventre Formation. The Precambrian rock is com

plexly jointed and has be~n weathered to form a rounded outcrop. The 

granitic rock in the lower flanks of the knob is crumbly, indicating 

intense weathering. Circular and elongate pits 0.2 metre deep and 0.6 

metre i~ diameter are present on some of the Precambrian rock surfaces. 

The pits·on the Precambrian knob might have been scour pits formed as 

water currents oscillated around the base of the island. 
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The Paleozoic formations in the area of the knob dip 5 degrees 

in a northerly direction, but around the margins of the knob the Gros 

3.way from the Precambrian rock~ Rounded 

quartz pebbles 30 millimetres in diameter were found at the contact be

tween the Precambrian and the lower Gros Ventre Formation, The sand-

stone is coarser nea;:'.'er the knob than it is farther away. The lower 

Gros Ventre sandstone contains large-scale cross bedding with 

trough-shaped sets 0.5 to LO metre thici<. The beds in the set dip 

southwest, away £r0m the knob. This probably indicates that the cross 

bedding was formed by currents that flowed outward from the island as 

the water washed up by waves returned to the sea. Gros Ventre sandstone 

was alsc f ~'J.-'Dd in cracka on the Precambrian knob~ This sandstone was 

probably deposited as the island slowly 0ecame buried beneath Gros 

Ventre sediments. 

The field observations fit with what might be expected of an 

island and its surrounding sediments. The field observations do not 

suggest that this large Precambrian knob was pushed up by tectonic 

forces because the sediments do not dip steeply away from the knob. An 

igneous contac.r: zone around the knob doea not exist; rather the contact 

relationships of the surrounding rock suggest a sedimentary origin. 

Furthermore, the lithology and texture of the Precambrian rock is not 

typical of an igneous intrusive rock. The rock at the knob is a 

coarse-grained granite; it is not fine grained or of the composition 

typical of a Tertiary intrusive igneous rock. The Precambrian rock in 

the knob is the same as other Precambrian granitic rock that is present 

below the Flathead Formation in other places in the study area. 
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Four figures are included in this discussion to illustrate the 

relationships between the Precambrian island and the Flathead and Gros 

Figura 24 is a diagramacic topographic map and cross section of 

the Precambrian surface at the beginning of the deposition of the Flat-

head Form3.tioIL The resistant Precambrian knob at Outcrop 24, the chan-

nel at Outcrop 22, and other hypothetical knobs and channels on the Pre-

cambrian surface are shown. The topography of the knob at Outcrop 24 

and the. channel at Outcrop 22 are based on observed field data. The 

configuration of the topography in other places is speculative. A 

shoreline, a coast with cliffed and non-cliffed areas, an island, and 

areas of i:nfer.::ed. sand and mud deposition are also shown on Figure 24e 

The area included in Figures 24, 25, 26, and 27 is shown by dashed 

lines on Figure 2. 

Figure 25 i.s a map and cross section showing the rock units 

with the lower Gros Ventre Formation and younger rocks stripped off. 

It shows the Flathead Formation except in those areas where an island 

of Precambrian rock was not covered by Flathead sediment. These resist-

ant knobs existed as islands throughout the deposition of the Flathead 

Formation, and one island existed throughout the time of deposition of 

the lower Gros Ventre Formation. The area of the map is the same as 

Figur,~ 24. 

Figure 26 is a map and cross section showing the rock units with 

the upper Gros Ventre Formation and younger rock units stripped off. It 

shows the lower Gros Ventre Formation except in the area where the 
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Fig, 24. Paleotopographic map of the Precambrian surface at the 
beginning of deposition of the l''lathead Formation. SEC 3 is a measured 
section number. 024 is an outcrop description number, Contour interval 
is 5 metres. Location of Fig. 24 is shown inside dashes on Fig, 2, 
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Fig. 25. Map showing rock units with lower Gros Ventre Fonna
tion and younger rock stripped off, SEC 3 is a measured section number. 
024 is an outcrop description number, Location of Fig. 25 is shown in-

side dashes on Fig, 2. 
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Fig, 26. Map showing rock units with upper Gros Ventre Fonna
tion and younger rock stripped off. SEC 3 is a measured section number. 
02~ is an outcrop.description number. Location of Fig, 26 is shown in
side dashes on Fig. 2. 
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island of Precambrian rock was not covered by lower Gros Ventre deposi

tion. 

1:'igurc; Z7 ts a nworm' a-eye-view" map of the strata overlying 

the Precambrian rock. It shows the Flathead Formation except in those 

areas where the Gros Ventre Formation covered the islands. 

Sun1.ight Basini Clarks Fork Canyon, and Cody Area 

The Flathead Formation in the Sunlight Basin, Clarks Fork Can

yon, and Cody area was deposited in most places on Precambrian surface 

of low relief. This ourface had a relief of approximately 3 metres. 

A maximum relief of 15 metres was present in a few places. 

A good outcrop of the Precambrian surface exists 0.4 kilometres 

(0.25 mile$) wes, of Section 16. The outcrop of the Precambrian rock 

is on the east side of Sunlight Greek. Small, shallow depressions give 

the surface a relief of l metre. The existing depressions may be 

pre-Flathead features, but even if they have been forued by recent 

erosion, the present surface probably closely resembles what the Pre

cambrian surface was like in most places. The Flathead Formation out

crops east of this surfa~e. The surface is on the same horizontal 

plane as the bottom of the Flathead. The same type of Precambrian sur

face is present in the vicinity of Section 20 and Section 8 in Clarks 

Fork Canyon. 

Other outcrops in the Sunlight Basin show .the Precambrian sur

face had up to 15 metres of relief in some places. Along the west side 

of Dead Indian Creek, near Sections 11, 12, and 13, the Precambrian rock 

has ridges and troughs oriented northwest-southeast on its surface. 
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Fig. 27. "Worm's-eye-view" map of strata 
brian rock, SEC 3 is a measured section number. 
description number. Location of Fig. 27 is shown 
Fig. 2. 
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The lower and middle parts of the Flathead Formation (:1:embers E and F) 

in this area vary in thickness with relief on the Precambrian surface. 

At Section 4 in Shoshone Canyor,, the weathered zone and a bed cf shaly 

sandstone wedge out along the outcrop against the Precambrian rock. 

Figure 28 shows the relationships at Sections 11, 12, and 13, and at 

Section 4, 

Beartooth Butte and Cooke City Area 

The Flathead Formation in the Beartooth Butte and Cooke City 

area was deposited in most places on a Precambrian surface with l to 3 

metres of relief. Figure 29 shows the Precambrian and Flathead rela

tionships at the northeast corner of Beartooth Butte. At the northeast 

corner of Baartooth Butte, up to 20 metres of relief ia present on the 

Precambrian surface. Several troughs orientated northeast-southwest 

are present on the Precambrian surface. The lower member of the Flat

head Formation outcrops in the bottom of these channels, The middle 

member of the formation lies on the Precambrian rock at the edges of 

these channels. 

At an isolated outcrop of the lower part of the Flathead Forma

tion in the bottom of a channel near Section 30, 0.8 to 1.2 metres of 

conglomerate overlie the Precambrian rock. The conglomerate contains 

quartz cobbles 0.1 metre in diameter and fragments of granite. Overly

ing the conglomerate is 1.6 metres of medium to very coarse sandstone 

that has quartz grains 10 millimetres in diameter. 

The relationships of the channel and the Flathead Formation 

strongly suggest that the channels were paleodrainage channels that 
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Fig, 28, Cross sections showing relief and topography of the 
Precambrian surface in Shoshone Canyon and the Sunlight Basin. A, cross 
section of the lower part of Section 4 in Shoshone Canyon showing the 
relief on the Precambrian surface, and the lateral pinchout of the weath
ered zone and the bed of shaly sandstone against the Precambrian rock. 
B, cross section showing the topography of the Precambrian surface along 
the west side pf Dead Indian Creek in the Sunlight Basin. A maximum of 
15 metres of relief on the Precambrian surface is shown, SEC 11 is a 
measured section number. 
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Fig. 29. Block diagram showing northeast-southwest orientated 
channels on the Precambrian surface at the northeast corner of Beartooth 
Butte. View looking southwest. Note the isolated outcrop of the lower 
Flathead Formation in the bottom of a channel. SEC 30 is a measured 
section number. 
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carried elastic material to the shoreline from the Precambrian land 

surface. 

Other Study Areas 

The Flathead Formation in the Red Lodge area was deposited on a 

Precambrian surface with 1 to 3 metres of relief. Correlation of Sec

tion 31 and Section 32 indicates that there was up to 8 metres of re

lief. Field relationships between the Flathead and Precambrian rock 

near Outcrops 9, 10, 11, 12, and 13 suggest that part of the Flathead 

in that acea probs.bly was deposited in a channel on the Precambrian 

surface that was orientated in a northeast direction. In the area 

south and west of R,e<l Lodge an interpretation of the Flathead-Precambrian 

relationship is difficult because faults have altered the original rock 

relationships. 

The Flathead Formation in the Bighorn Mountain area was depos

ited in most places on a Precambrian surface that had low relief, Areas 

in which relief was higher did exist in some places. Near Shell Canyon, 

the Flathead Formation is present in only a few places, At Shell Falls 

there are 4 metres of sandstone, but in other places in the surrounding 

area the Gros Ventre Formation lies directly on the Precambrian rock. 

Knobs of Precambrian rock along U, S. Highway 14 suggest some islands 

probably existed in some places in the Bighorn Mountain area. 

The Flathead Formation is 23 metres thick at Section 52 on the 

east side of the Bighorn Mountains, but only 4 to 7 metres thick at 

Sections 5, 6, and 7 on the west side of the Bighorn Mountains. On 

both the west and east sides, the shale of the Gros Ventre Formation 
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overlies che sandstone and conglomerate of the Flathead Formation, 

These relationships suggest that the Flathead was deposited on a 

relat:L .. ,'"el~:7 f'i,;hcr ?·:::·scs:nb:cian surface in the. west than in the east~ 

The relationships also ~jggest that the depositional conditions were 

probably different in these two areas. 

The Flathead-Precambrian contact is cover:ad in all but one sec

tion in the Livingston and Manhattan area; therefore little in£ormation 

on the nature of the Precambrian surface was collected. However, the 

correlation of Section 48 and Section 45, which are 3.2 kilometres (2 

miles) apart, shows that at least 3 metres of relief existed on the 

Precambrian surface in that area. 

Li.tt:1,e: information is available on the nature of .:he Precambrian 

surface in the Little Belt Mountain and Smith River Basin area, because 

the Precambrian rock is not extensively exposed and the 

Flathead-Precambrian contact was covered in all sections~ 
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DEPOSITIONAL ENVIRONMENTS 

Introduction 

Shallow-marine and marginal-marine depositional environments 

are indicated by the brachiopods and trace fossils in the Flathead Form

ation. The Flathead sandstone, the overlying marine shale of the Wolsey 

or Gros Ventre Formation, and the overlying marine limestone of the 

~eagher or Gallatin Formation, are part of a transgressive marine 

sequence. 

Sandstone can form in many deep-marine, shallow-marine, and 

margine.1-·marine emrironments. Sandstone deposited by turbidity cur

rents or deep-ocean currents would not have the fossils, the shape, the 

thickness, and the stratigraphic relationships that are characteristic 

of the sandstone in the Flathead Formation. However, the cross and 

parallel-bedded sandstone that is formed in shallow and marginal-marine 

environments does have many of the characteristics of the sandstone in 

the Flathead For:nation. 

Shallow and marginal-marine envtronments include the shore, the 

nearshore, and the offshore environments. The terminology used in this 

discussion of shallow-marine and marginal-marine environments is shown 

in Figure 30. The shore and nearshore environments can be subdivided 

into environments on the basis of their energy and whether the currents 

are created by tidal or wave action •. Figure 31 shows the combinations 
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Fig. 30. Terminology used in shallow-marine and marginal-marine 
environments. A, special terms used in high-energy environments with 
wave-induced currents. B, special terms used in low-energy environments 
with wave-induced currents. C, special terms used in high-energy envi
ronments with.tide-induced currents. 
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Fig, 31. Classification of shallow-marine and marginal-marine 
environments. Defining parameters are the energy of the environment 
and wave or t1.de-induced currents. I to ·xII denote different combina
tions that are referred to in the disucssion. 
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of these environments. Twelve different combinations are possible if 

the presence or absence of barrier islands and longshore bars are in-

eluded ia tL2 c:l.;.3sificctioriQ Because longsho:re bars are created by 

wave-induced currents, they are not included in the tide-induced-current 

category. 

Low-ene,.. ~e? ~~:.:i.\ .. -iro,:1rnent i:3- with 
wave-induced currents 

The following description of a Texas low-energy environment has 

been suimnarized from Dickinson and others (1972). Where barrier is.lands 

are present in environments with wave-induced currents, a lagoon or 

marsh environment is commonly present landward of the island. The 

lagcon or .:r.arsh contains mud and peat with some washover-fan sand~ The 

barrier island is commonly covered with eolian sand dunes, but the 

eolian dunes also can be found on coasts without barrier islands. 

Sand and gravel with parallel bedding and landward-dipping cross 

bedding is deposited in the upper shore zone. Low-angle, 

seaward-dipping, parallel-bedded sand is deposited in the lower shore 

zone. In the nearshore zone, small-scale, landward and seaward-dipping, 

cross-bedded sand is deposited. Where longshore bars are present their 

migration produces large-scale, landward-dipping, tabular-shaped, 

cross-bedded sand, Unidirectional dunes and ripples may form in troughs 

between longshore bars. Sand with low-angle cross bedding and with 

parallel bedding is also deposited in this zone. In deeper water near 

the offshore zone, interbedded sand and mud is present. Parallel-bedded 

mud is deposited in the offshore zone. Bioturbation is common in the 

nearshore and offshore zones. 
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The cross-bedded al'ld parallel-bedded sand and mud previously 

described in the upper shore, lower shore~ nearshore, and offshore zones 

are deposit:::<.d in c~n~..rironments It II, IV'.) and V of Ftgu:ce 31, A vertical 

sequence through the sediment deposited in environment I of Figure 31 by 

a transgressing sea is shown in Figure 32, Deposits left by environ

ments II and V do not have cross bedding produced by migration of long

shore bars. Transgressive deposits left by environments IV and V lack 

the lower lagoon, marsh, and washover-fan deposits. Environment I is 

present alcng the Gulf of Mexico and Atlantic coast, ;md has been ex

tensively studied along the Texas coast. 

J.,ow and htg}:i-energy environments. 
with tide ... ·indu_c.:.:::d currents 

Reineck and Singh (1975, p. 355-372) and Reineck (1972) have 

described low end high-energy environments with tide-induced currents, 

The following discussion has been summarized from their work .. 

Where tide-induced currents are weak, they commonly cannot move 

medium and coarse sand but carry substantial amounts of suspended ma

terial. The low-energy shore environment contains mixed-flat and 

mud-flat subz'.lnes. A salt-marsh subzone can also be present. Where a 

sand-flat subzone is present, it is not likely to be extensive. Barrier 

islands may separate these subzones from the open ocesn. A transgres

sing sea with a barrier island (envirornnent III in Figure 31) results 

in shore and nesrshore sand deposits overlying mud deposits of the 

mixed-flat, mud-flat, and salt-marsh subzones. 

Where tide-induced currents are strong they carry medium to 

coarse sand. The high-energy shore environment contains sand-flat, 
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Fig. 32. Vertical sequence through sediments deposited in en
vironment I of Fig. 31 by a transgressing sea. Environment I is a 
lo-w-energy environment -with -wave-induced currents, barrier islands, and 
longshore bars. 
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LITHOLOGY AND PRil-'..ARY STRUCTURES 

! - - -- ........ -

Para~lel-bedded mud 

!nterbedded mud and sand; bioturbation 

Small-scale, landward and seaward-dipping, 
cross-bedded sand; low-angle and parallel-bedded 
sand; lax·ge-scale, landward-dipping, cross-bedded 
sB11.d :tf longshore bars are present; bioturbation 

Low"ar.gle seaward-dipping, parailel-bedded sand; 
bioturbation 

Parallel-bedded sand; large-scale, 
landward~di.pping, cross•bedded sand 

Large-scale, trough-shaped, cross-bedded aand 

Small-scale, landward-dipping, cross-bedded sand, 
large-scale, landward-dipping, cross-bedded sand 

f:larai'.:.el-bedded mud; peat; mudcracks; bioturbation 

Coastline bedrock 
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LAGOON 
or 

MARSH 

LAND 

' 



127 

mixed-flat, mud-flat, and sand-marsh subzones. The mixed-flat and 

mud-flat subzones are sandier than under low-energy conditions. The 

sand-fl&t s11bzc;·n_e, containa sand that has been deposited by tid.a.1 cur-

rents that move in and out of the lower shore zone. Small-scale, 

trough and tabular, landward and seaward-dipping cross bedding is 

farmed by the rrd.gration of ripples. Parallel bedding is also present. 

Thin beds of mud are deposited in the sand-flat subzone in quiet water 

during high tide. The mud flat, mixed flat, and sand flat are commonly 

bioturbated. 

The nearshore zone contains tidal channels that cmmnonly have 

curved, unidirectional dunes in their bottoms. Large-scale, 

trough-shaped, seaward-dipping cross bedding is produced by dune migra

tion in the tidal channels. Nost of these tidal channels are orientated 

perpendicular to the coastline and they commonly dissect the lower shore 

zone. Seaward of the nearshore zone is the offshore zone, which con

tains parallel-bedded mud, 

A vertical sequence through sediments deposited in envirol1l!lent 

XII of Figure 31 is shown in Figure 33 (Reineck, 1972). The sequence 

could also include shore and nearshore sand deposited in an environment 

by wave-induced currents if a barrier island was present (environment 

IX of Figure 31). 

Environments in which tide-induced currents are dominant exist 

along part of the Atlantic coast of North America and along the North 

Sea coast of the Netherlands, Germany, and Denmark. 

' I 
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Fig. 33, Vertical sequence through sediments deposited in en
vironment XII of Fig. 31 by a transgressing sea. Environment XII is a 
high-energy environment with tide-induced currents and without a bar
rier island. 
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LITHOLOGY AND PRIMARY STRUCTURES 

-.: .. : .!.' .!.. ..:...:: 

......... 

Paralle 1-bedded mud 

Large-scale, trough-shaped, seaward-dipping, 
cross-bedded sand in channels 

Small-scale, trough and tabular-shaped, landward 
or seaward-dipping, cross-bedded sand; parallel
bedded sand; thin bedded mud; large-scale 
trough-shaped, cross-bedded sand in channels 
perpendicular to shoreline; bioturbation 

Thin-bedded sand and mud; bioturbation 

Thick-bedded mud; thin bedded sand; mudcracks; 
bioturbation 

Peat and mud 

Coastline bedrock 

ZONES AND 
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DEPOSITION 

OFFSHORE 
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(mixed-flat 
subzone) 

(mud-flat 
subzone) 

UPPER 
ZONE 

(salt-marsh) 

LAND 



High-energy environments with 
wave-induced currents 
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In h~gh-·energy environments the waves are strong enough to pro-

duce stronger lcngshore currents, wider surf and swash subzones, 

stronger shoreward currents, and stronger backwash and rip currents 

than are present in the low-energy environments. Therefore, larger bed-

forms and hEnce Lsrger bedding forms can be formed in this environment~ 

The following description of an Oregon high-energy envirorunent with 

wave-induced currents has been sunnnarized from Clifton and others (1971). 

This is en1;irD~1ment XI of Figure 31. 

The swash subzone consists of horizontal or seaward-dipping 

parallel-bedded sand and graveL The surf subzone consists of 

large-scale, t:cough-shaped, seaward-dipping, cross-bedded sand, The 

primary structures in these subzones are formed by seaward-moving 

backwash currents which predominate in the swash and surf subzoneso 

When longs hare ~urrents are present, some of the cross-bedded sand in 

the surf subzone dips perpendicular or at some angle.to the shoreline, 

Parallel-bedded sand is deposited in the breaker subzone, Large-scale, 

trough-shaped 'j landward-dipping, cross-bedded sand is deposited in the 

wave-build-up subzone by the landward migration of dunes, Seaward of 

the wave-build-up subzone in the nearshore zone, small-scale, 

landward-dipping, cross-bedded sand is deposited. Some parallel-beaded 

sand is also deposited in this zone, In the breaker subzone and in the 

nearshore zone landward-flowing currents are dominant. The offshore 

zone consists of parallel-bedded mud and thin beds of parallel and 

cross-bedded sand. 
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Depending on the local conditions of waves, tides, shore shape, 

and many other factors any of the subzones and their deposits could be 

absent, VTt:1ere 7~or:..&;shore currents and seaward-flowing c1-1'.'rrents are 

present, they can modify the deposits formed in the lower shore, near

shore, and offshore zones. Both longshore and rip currents form dunes, 

and the cross bedding formed by their migration can be preserved. Al

though longshora bars were not present in the Oregon environment studied 

by Clifton and others (1971), they can exist in the nearshore zone, and 

their Lmdward migration will result in large-·scale, landward-dipping, 

tabular-shaped, cross-bedded sand. 

Storms can have a drastic effect on the deposits of a high-energy 

enviror:.me:.yi:. During a. storm er in the win tar:.. sand is transported sea

ward and the seaward-dipping bedding forms formed by the seaward migra

tion of bedforms will be preserved. 

A vertical sequence through deposits formed in an Oregon high

energy environme~t (environment XI of Figure 31) by a transgressing 

sea is shown in Figure 34. 

If barrier islands are present the ,,ertical sequence in Figure 

34 could be urn:ierlain by eolian-dune, lagoon, marsh, washover-fan, or 

tidal deposits. These deposits would result in environments VII and 

VIII, If longshore bars and their associated cross bedding are present 

the vertical sequence in Figure 34 would represent environment X of 

Figure 31. 

High-energy environments with wave-induced currents are present 

along the Pacific coast of California and Oregon, This environment has 

not been studied extensively because of the strength and size of the 

• .. 
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Fig, 34. Vertical sequence through sediments deposited in en
virorunent XI of Fig. 31 by a transgressing sea. Environment XI is a 
high-energy environment with wave-induced currents and without barrier 
islands and longshore bars. 

l 
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LITHOLOGY AND PRIMARY STRUCTURES 
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wave and the wave-induced currents in the lower shore and nearshore 

zones. 

Depositional Environment of 
the Flathead Formation 

The Flathead Formation appears to have been deposited in a 

high-energy enviror.ment by wave-induced currents at the margin of an 

eastward-transgressing sea. A north-south shoreline with land on the 

east and a sea on the west has been assumed in the interpretation of 

the enviromn~nt of deposition. 

The lower interval of the Flathead Formation contains 

parallel-bedded conglomerate and coarse to very coarse sandstone with 

quartz pebbles that formed in the swash subzone in a high-e11ergy envi-

ronment. 

The middle interval of the Flathead in most places consists of 

large-scale, cross-bedded, medium to coarse sandstone. The sets of 

cross bedding dip predominantly west, but some sets dipping north or 

south are present. The north and south-dipping cross bedding repre

sents cross bedding formed by longshore currents. In some places sev

eral east-west channels are present with internal west-dipping cross 

bedding. This cross bedding probably represents the migration of dunes 

in rip-current channels. The middle interval of the Flathead formed in 

the surf subzone. 

Ihe upper interval of the formation in most places contains 

fine to medium sandstone with parallel bedding and with small-scale 

cross bedding. This part of the Flathead was deposited in the offshore 

and in the outer part of the nearshore zones. The Flathead Formation 
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is overlain by incerbedded shale and sandstone or parallel-bedded shale 

that was deposited in the offshore zone. 

Beeause eolian-duneJ lagoon, marsh, washover-fan~ mud-flat:, 

mixed-flat, and salt-marsh deposits are not present in the Flathead, a 

barrier island was probably not part of the depositional environment. 

Therefore, ,he F1-athead Formation probably was not deposited in envi

ronments I, Il, III, 11II, and VIII of Figure 31 which contain barrier 

islands. 

The bedding in the Flathead Fon:iation is not the same as the 

bedding that is farmed in the upper and lower shore zones or in the 

nearshore zone in a low-energy environment with wave-induced currents 

and without barrier islands. Therefore, the Flathead Formation probably 

v1as not deposited in environments IV and V in Figure 3.1. 

The bedding in the sand-flat subzone and in the nearshore zone 

in a high-energy environment with tide-induced currents is similar in 

some ways to bedding in the Flathead, but the bedding differences be

tween the Flathead and this environment are more common. Channels with 

large-scale, seaward-dipping, trough-shaped cross bedding are present 

in this environment and in. the Flathead. The large-scale, 

seaward-dipping cross bedding in the tidal environment is commonly re

stricted to tidal-channel bottoms. However, large-scale, 

seaward-dipping, cross bedding, which is most common in the Flathead, 

is not restricted to the channels in the Flathead. The small-scale, 

seaward and landward-dipping cross bedding which is the most common bed

ding in a tidal environment is not commonly present in the Flathead. 

The thin layers of mud that are deposited in the sand-flat subzone 
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between tidal cur~ents in a tidal environment are not commonly present 

between the beds of sandstone in the Flathead Formation. The energy of 

tidal currents '.'.'Gay :iot be strong enough to winnow, concen.t!'a.te, and de-

posit the cobbles, pebbles, and very coarse sand that is present in the 

conglomerate and sandstone in the lower part of the Flathead, The Flat

head Formation prcbably was not deposited in a high-energy environment 

with tide-induced currents with or without barrier islands (enviromnents 

IX and XII in Figure 31). 

The !?la thead Formation probably was not deposited in a 

low-energy environment with tide-induced currents and without barrier 

islands (environment VI in Figure 31) because mud-flat, mixed-flat, and 

salt-marsh deposits are not present in the for:nation. 

The bedding, grain size, geometry, and stratigraphic relation

ships suggest the Flathead Formation was deposited in a high-energy en

vironment with wave-induced currents and without barrier islands. In 

addition, the comparison of the characteristics of the Flathead Forma

tion with the characteristics of the other high and low-energy environ

ments in Figur.e 31 has shown that environments X and XI are the most 

probable deposii::ional envirorunEcnts. 

The high-energy environment with wave-induced currents is, like 

most shoreline systems, a very complex environment that is affected by 

many ,,a:.:iables. The Flathead Formation is an example of this, Not all 

of the primary structures described in this environment in Oregon by 

Clifton and others (1971) are represented in the formation. The lower 

two parts of the Flathead represent deposits of the swash and surf sub

zones and th~ upper part represents deposits of the outer part of the 
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nearshore zone, but deposits of the wave-build-up and breakEr subzones 

are not represented in the fo!'!llation in most places. The slope of the 

beach, streng!.h of the waves, a.nd the effect of the. r.:Ldes CO;J.ld have 

been responsible for omission of these two facies, but little informa

tion can be derived from the formation to explain these differences. 

The effect of storms could have had an important effect on the deposits 

and their primary structures. 

History of Deposition 

The Precambrian rock in the thesis area had undeigone a long 

period of weathering before a sea transgressed from the west in middle 

Cambrian timE and a thick zone of weathered material accumulated in most 

areas. Some resistant h:Uls of rock were present on a Precambrian sur

face that in most places had little relief. As the land slowly subsided 

the sea transgressed to the east. The shoreline in most places was 

north-south, but bays existed in some areas. The coastline consisted 

of a gently seaward-sloping surface, but cliffs did exist in some 

places, Channels on the Precambrian surface suggest that in some places 

rivers carried sediment to the shoreline, but because fluvial and 

deltaic deposits were not found beneath the Flathead, rivers and deltas 

probably were not widespread. Islands did exist in some places where 

the Precambrjan rock resisted the erosive action of the sea. As the 

sea transgressed, a sheet sand was deposited in a high-energy environ

ment with wave-induced currents. The weathered zone in most places was 

eroded and only a relatively thin remnant of it was left before sand 

and gravel was deposited over it. The energy of the environment allowed 
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the weathered zone and fresh reek to be erod.ad and rhoroughly wim1owed, 

leaving the deposits of sand free from the fine elastics that were 

transported .into '.:fie offshore zone and depcsit·.::.d~ The sand was even

tually overlai.n by offshore mud as the shoreline moved slowly eastward. 

The conditions were such that the sand deposits of the swash and 

surf subzones and the outer part of the nearshore zone were preserved. 

The thickness of the sand from the swash subzone varied in relation to 

the topography of the Precambrian surface on which it was deposited. 

The lower shore zone was affected by longshore and rip currents that 

modified deposits in the surf zone. Storms were common and produced 

seaward-dipping cross bedding. 

Anemones~ annelid worms, triolobites, and inarticulate brachia

pods thrived in the sandy bottom sediment seaward of the surf zone. 

Burrows and tnbes made by anemones, annelid worms, and trilobites were 

preserved as trace fossils in the sand. Inarticulate brachiopods were 

preserved in only a few places. 

Ancient and Modern Analogs 

One section {Section 35) was measured in the Little Belt Moun

tains of the Niehart Quartzite, which is the basal formation in the Belt 

Supergroup in central Montana. One section (Section 46) was measured 

of the Pilcher Formation in western Montana. The Pilcher Formation is 

the yocmgest formation in the Belt Supergroup in western Montana, and 

is overlain by the Flathead Formation, The primary structures of the 

sandstone of both the Niehart Quartzite and the Pilcher Formation are 

very similar to the primary structures of the Flathead Formation and 

• 



could also have been deposited in a high-energy environment with 

wave-induced currents. 

The Cr o::1tc,, and Galesv:!.lle Formations in Illinois and Wisconsin 

(Emrich, 1966) and the Potsdam Formation in New York (Otvos, 1966) are 

upper Cambrian transgressive sandstone deposits that exhibit bedding, 

grain size, geometry, and stratigraphic relationships that are very 

similar to those characteristics in the Flathead Formation. 

Deposits similar to those of the Flathead Formation are pres

ently forming along the Pacific coasts of California and Oregon. 

Clifton and others (1971) has described Pleistocene and Quarternary 

marginal-marine sandstone in Oregon with structures similar to those 

structures fr.,u,,-trl in the Flathead~ 

Howa'Ter, characteristics of published studies of modern 

shallow-marine and marginal-marine sandstone environments do not com

pletely account for all the characteristics of the Flathead Formation 

and other Cambrian transgressive sandstone (Pettijohn and others, 1973, 

p. 497). 

Further study of the high-energy nearshore and shore environ

ments with wave-induced currents may reveal better coc1parisons with the 

characteristics of Cambrian transgressive sandstone, However, no anal

ogous modern environment may exist, and the Cambrian 

transgr~ssive-sandstone depositional environment may not have existed 

since Cambrian time, 

• 
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INTRODUCTION TO APPENDICES 

Appendix A contains a list of topographic maps and air photos 

used before and during fieldwork. The 7 1/2 and 15 minute quadrangles 

are arranged in groups according to study areas 

Appendix B contains a sample measured section on the outcrop 

data sheets chat was specially devised for use in the field. The first 

sheet concains places for a column and the important characteristics 

for each measured bed. The second sheet, which was on the back side 

of the first sheet for field use, contains spaces for location descrip-

tions, weathe:::, topography., sketches., and summaries for the geology 

field data. Because of space limitations, abbreviations were used on 

the outcrop data sheets. A key for the abbreviations is listed below: 

b brown 
hem hematitic 
mrn maroon 
t tan 
w white 
dk dark 
lt light 
uh horizontal tubes 
ru Ruso12h:zcus 
sl slight 
f fine 
m medium 
C coarse 
Ve very coarse 
//bdd parallel bedding 
h<lsc large-scale cross bedding 
h<ssc. small-scale cross bedding 
sms shallow-marine shore 
ss sandstone 
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cgl 
pbl 
Gr Gn 
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conglomerate 
pebble 
granitic gneiss 

AppewHx C cont:ains locations and thicknesses of che measured 

sections and outcrop descriptions for each study area. A key for the 

rock unit abbreviations is listed below: 

Pcb 
?cg 
Pen 

Pep 

-££ 
-£gv 
K 
Tert 

Precambrian Belt Supergroup (sedimentary rock) 
Precambrian granite and granitic gneiss 
Precambrian Niehart Quartzite (sedimentary rock--Belt 

Supergroup) 
Precambrian Pilcher Formation (sedimentary rock~Belt 

Supergroup) 
Flathead Formation--Cambrian 
Gros Ver,tre Fo11nation--Cambrian 
Cretaceous sedimentary rock 
Tertiary sedimentary rock 

I 
' 
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Topographic Maps of the U.S. Geological Survey 

1. Scale: 1:250 000 

Nam"= 

a. Arminto, Wyo. 
b. Cody, Wyo. 
c. Sheridan, Wyo. 
d. Thermopolis, Wyo. 
e. Billings, Mont. 
f. Boseman, Mont. 
g. Great Falls, Mont. 
h. White Sulphur Springs, Mont. 

2. OWl Creek Mountain Area 

Serial Number 

NK 13-1 
NL 12-12 
NL 13-10 
NK 12-3 
NL 12-9 
NL 12-8 
NL 12-2 
NL 12-5 

Name Quadrangle size 

a. Birdseye Pass, Wyo. 7!,; min 
b, Boysen, Wyo 7~ min 
c. DePass, Wyo. 7!,; min 
cL Gates Butte, Wyo. 7\ min 
e. Guffy Peak, Wyo. 71, min 
f. Picard Ra.nch, Wyo. 71, min 
g. Wedding of the Waters, Wyo. 7~ min 

3. Sunlight Basin, Clarks Fork Canyon, and Cody Area 

a~ Clark, Wyo. 15 min 
b. Cody, Wyo. 15 min 
c. Dead Indian Peak, Wyo. 15 min 
d. Deep Lake, Wyo. 15 min 
e. Devils Tooth, Wyo. 15 min 
f. Pat O'Hara Mountain, Wyo. 15 min 

4. Beartooth Butte and Cooke City Area 

a. Beartooth Butte, Wyo. 15 min 
b. Cooke City, Mont. 15 min 
c. Pilot Peak, Wyo. 15 min 

5. Red Lodge Area 

a. Alpine, Mont. 15 min 
b. Mount Maurice, Mont. 15 min 
c. Red Lodge East, Mont. 7~ min 
d. Tolman Flat, Mont. 7~ min 
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Quadrangle size 

6. Livingston and Manhattan Area 

b~ 
c. 
d. 
e, 
f. 
g. 
h. 
i. 
j. 
k, 
1. 

Bt<'~hive, Mont u 

Brisbin, Mont. 
Emerald Lake, Mont. 
Emigrant, Mont. 
McLeod Basin, Mont. 
Manl1attan, Mont. 
tfission, Mont .. 
'i:1:ount R.8.1?., Mont. 
Mt. Cowen, Mont. 
Mt. Douglas, Mont. 
Mt. Wood, Mont. 
Sliderock Mountain, Mont. 
Squaw Peak, Mont. 

712 mia 
7l,. min 
7~ min 

15 min 
7!, min 

15 min 
7~ min 
7~ min 

15 min 
15 min 
15 min 

7l,; min 
7>:; min 

7. Bighorn Mountain Area 

a. Bald Mountain, Wyo. 
b. Burgess Junction, Wyo~ 
\~.. Granite Passt Wyo. 
d. Hidden Te.pee Creek, Wyo. 
e. Medicine Wheel, Wyo. 
f. Shell Falls, Wyo. 

7\ min 
7!;; min 
7), min 
7>,. min 
7!, min 
71:. min 

8. Little Belt Mountain and Smith River Basin Area 

a.. Belt Park Butte, Mont. 
b. Catlin Spring, Mont. 
c. Checkerboard, Mont. 
d. Fort Logan, Mont. 
e. Monarch, Mont. 
f. Niehart, Mont. 

Air Photos 

71:. min 
7!, min 
7l, min 
7'1,_ min 
7!2 min 
7'1,_ min 

Available from: U. S, Forest Reproduction Lab 
Room 548 
San Francisco, Calif. 94111 

1. Sunlight Basin and Clarks Fork Canyon Area 

Area Line Photo 
Number Number Numbers ~ 

ECF 12 80-90 east Beartooth Mountain 
ECF 1 195-198 Clarks Fork Canyon 
ECF 1 151-160 Clarks Fork Canyon 

front 
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Area Line Photo 
~e_I. Number ~~ ~ 

ECF 1 113-120 Sunlight Basin 
ECF 11 148-154 Antelope Mountain 
ECF 11 119-122 west Clarks Fork Canyon 
ECF 11 17-20 west Clarks Fork Canyon 
ECF 10 123-125 west Clarks Fork Canyon 
ECF 10 96-100 west Clarks Fork Canyon 
ECJi' 9 131.135 west Clarks Fork Canyon 
ECF 8 115-118 west. Clarks Fork Canyon 

Date flown: August 1, 1958. Photo scale 1:20 ODO 
Shoshone National Forest--Wapiti district 

2. Red Lodge Area (all photos are of the eastern and 
northern Beartooth Mountain front) 

EXX 1 127-135 
EXX 2 143-147, 137-141 
EXX 3 201-202, 165-172, 208-212 
RXX 4 177-179 
EX.,"\: 5 214-215 
EXX 6 221-222 
EXX 7 96-98 
EXX 8 137-139 
EXX 9 38-40 
E...XX 10 32-33 

Date flown: July 15, 1971, Photo scale 1:20 ODO 
Custer National Forest~Red Lodge district 
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SECTION NO. 30 UNIT Flatheag l!l!l DATE 7 / 12 / 77 STATE..JiL 

LOCATION SWNW SEC_Jl,Q_T 58N R lOSWCOUNTY Park 
AREA Beartooth Butte STRUCTURE: STRIKE N Sif' E DIP 6. la 
GEOLOGIST J. Degenatein SAMPLES 2 (#23, #24) QUAD ]lear;;oo!b ll!.!t!il 15 
SCALE: l vert. division= lm TOTAL THICKNESS 1 S • 8 m OU'l'CRO P QUAL good 
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SEcnoN NO. 30 DATE 7 / 19 / 7Z TIME 4•30 TIME AT OUTCROP 2 h[§1 
WEATHER clami~. w:iodi, cgal 
LOCAnON: STATE WY COUNTY Pai;:k QUAD Bearso2th Butte 1~' 

SW }; NW }; SEC 30 T :is~ R io:iw OTHER INl'O,ACESS, 
S.!'EC. DIRC. ,NEAREST toWH, ROAD COND., §egtj,on ltes atoiu: Im ,oi:lll:C Qf 
Beartooth Butt~ and !!!!I he tia,l!!i!g hI D!!,!i;:toosh ti:.iil l§2, ~bi~h 
leaves Beartooth Lak, samggi;oyll!l ing hl:.gds N, Agat~ime!ttlx I J 
mile 2 hour hike 

TOPOGRAPHY NE base of Beai;:tQoSb ~Ytte between hutt~ 195! s11,ta,1d 
Pre ,e land to north. Relief-0 to 60 1 !LEV. 10,000' 

GEOLOGY: UNIT Flathead Fm AGE middle Cambrian 
LITHOLOGY vc•f grained ss and cgl 

CONGL x size 3-10 cm C.GR • ...i,_ M.GR,..,2!._F .GR • ...i,_SH_SLT_ 
DESCR. Basal unit is cgl ue to 1.7 m thick. Middle unit is vc-m 
11rained ss. ueeer unit is f-c grained ss. 

T!!ICKNESS 15,8 m 
PRIMARY STRUCTURES PRESENT hdsc- //bdd 

BEDDING: CROSSBEDS.J!.._GROUl'ED.J!... SOLITARY.J!...GRADED.2L_SORT!NG 2oor 
ANGLE: HI x SCALE: LRG x SET SIZE .ltol.4m 

LO- SML - TROUGH PLANAR UNBEDDED 
PARALLEL STRAT-2:_SET sffi: LAMINATED(LESS TiiAi!lcm) 

THIN(l-60cm) x THICK(60•120cm) MASSIVE(GR TIIAli 120cm) 
DESCR, Parallel bedding is l!IDSt common"'i:n""the lower unit, h<lscis 
mQ§t ~OmmQg Ln midgl, YQ!t& ll2gg Ls l!l!!St somwon ia uell!£ unit, 

DISTURBED OR BURROWED 
FOSSILS: TRACE: VERTICAL TUIIES HORIZ.TUIIES X CRUZIANA X 

BRACHIOFODS OTHER DESCR. Present in 
both middle and Ul!e!!r units. 

COLOR: FRESH w lt t red b WEATHERED lt t, t, b, dk b, lt mrn 
DESCR. and mrn 

STAINS:HEMt.TIT!C X LIMONITIC sl ALTERED_ 
DESCR. most lower and middle units••mostl! hem stained 

NO. OF SAMPLES 2 (#23, f24} 
STRUCTURES: STRIKE N 80 E DIP 6. 

PYRI'm_ORGANICS 
s JOINTS FAULTS 

DESCR. 
RADIOMETRICS: 7 BG/NORMAL, I BG/ANOM 

DESCR. 

SHOWS: GOOD POOR PREC, READING BG 
PREC. LITH. DESCR. 

COMMENTS AND SKETCHES: 



APPENDIX C 

TABLES OF LOCATIONS AND THICKNESSES OF MEASURED 

SECTIONS AND OUTCROP DESCRIPTIONS 

-



TABLE 1 

LOCATIONS AND THICKNESSES FOR MEASURED SECTIONS IN THE 
OWL CREEK MOUNTAIN AREA, WYOMING 

······················--~= ...... -=:c· ==;;...=: ·--~ 

Location 

---·---· Section Rock Thickness 
(SEC) Units (metres) Quadrangle County State T R Section 

-
SEC 1 £gv 12.0 Birdseye Pass 7~ min Fremont Wyo. 40N 94W 1 SW 
SEC 2 €f 28.6 Birdseye Pass 7\ min Fremont Wyo. 40N 94W 11 swswsw 

€gv 8.5 
SEC 3 £f 37.2 Boysen 7\ min Fremont Wyo. 5N 6E 8 N NESE 

€gv 13 .9 
I-" 

SEC 40 £f 43.8 Boysen 7), min Hot Springs Wyo. 6N 6E 28 NENESW ~ 
£gv s.o 

SEC 41 £f 40.2 Boysen 7), min Hot Springs Wyo, 6N 6E 28 E SENW 
£gv 37. 7 

SEC 42 €f 44. 2 Birdseye Pass 7\ min Hot Springs Wyo. 41N 93W 28 SESE 
SEC 43 £f 37.4 Guffy Peak 7\ min Fremont Wyo. 39N 92W 5 NWSWNE 
SEC 44 £gv 42.6 Picard Ranch 7!, min Fremont Wyo, 39N 92W 8 NWSWNE 
SEC 51 £f 22.8 Cottonwood Pass 7Y, min Fremont Wyo. 40N 90W 13 SESWNW 

"' I ,.,__ =-·,_.,.,..,,,,.,,.....,..,.p.a~-~· ------.,__,_ 



TABLE 2 

LOCATIONS OF OUTCROP DESCRIPTIONS IN THE OWL CREEK MOUNTAIN AREA, WYOMING 

Location 

Outcrop 
(0) Rock Units Quadrangle County State T R Section 

0 21 -egv Boysen 7\ min Hot Springs. Wyo. 6N 6E 28 NWNWSE 
0 22 Peg ,-ef Birdseye Pass 7\ min Hot Springs Wyo, 41N 93W 31, SWNWN\o! 
0 23a Peg De Pass 7\ min Fremont Wyo, 40N 92W 34 SESENW 

b Tert Gates Butte 7\ min Fremont Wyo. 39N 92W 10 NWNE 
0 24a Peg ,-egv Birdseye Pass 7\ min Fremont Wyo, 40N 94W 1 SW 

b -€gv Guffy Peak 71, min Hot Springs Wyo, 41N 93W 26 SW 
01 

"" 



TABLE 3 

LOCATIONS AND THICKNESSES FOR MEASURED SEC'rIONS IN THE SUNLIG!fr 
BASIN, CLARKS FORK CANYON, AND CODY AREA, WYOMING 

--- - - :::=··===--==-==:a-::,_.,_-_.,~,-·~·-==·=---·..oo· 

Loct.tion 

----·--------~----
Section Rock Thickness 

(SEC) Units (metres) Quadrangle County State T R Section 

SEC 4 ,.;f 36.9 Cody 15 min Park Wyo. 52N 102W 6 N SW 
SEC 8 -£f 12.S Deep Lake 15 min Park Wyo, 56N 103W 6 SW 

7 NW 
SEC 9 £f 20.8 Deep Lake 15 min Park Wyo. 55N 104W 9 NW 
SEC 10 -£f 7,2 Deep Lake 15 min Park Wyo. 55N 104W 8 S NE ,_, 
SEC 11 -££ 26.9 Deep Lake 15 min Park Wyo. 55N 104W 8 NESW u, ,~ 
SEC 12 €f 35.2 Deep Lake 15 min Park Wyo. 55N 104W 8 SWNW 
SEC l3 €f 25,8 Deep Lake 15 mi.n Park Wyo. 55N 104W 8 NWNE 
SEC 14 ££ 14.4 Deep Lake 15 min Park Wyo. 55N 104W 5 NWSE 
SEC 15 ££ 16.7 Deep Lake 15 min Park Wyo. 55N 104W 5 SESW 
SEC 16 ££ 27.7 Deep Lake 15 min Park Wyo. 55N 104W 5 swsw 
SEC 17 ££ 13.2 Deep Lake 15 min Park Wyo. 56N 104W 32 swsw 
SEC 18 €£ 20.8 Deep Lake 15 min Park Wyo. 55N 104W 7 NWNE 
SEC 19 -££ 17 .o Deep Lake 15 min Park Wyo. 56N 104W 30 NESE 
SEC 20 -£f 18,1 Deep Lake 15 min Park Wyo. 56N 104W 35 NWSW 

--------



TABLE 4 

LOCATIONS AND THICKNESSES FOR MF.ASURED SECTIONS IN THE 
BEARTOOTH BUTTE AND COOKE CITY AREA AND THE 

RllD LODGE AREA, WYOMING AND MONTANA 
.,.- -- -- -- ~ "- ·-·-·---·- --- •::'.c:c=--===-O"ccc '-·=a>· 

Location 

-----"-~-·-------Section Rock Thickness 
(SEC) Units (metres) Quadrangle County State T R Section 

·---~-e--·· ----------·· 
SEC 21 ,£f 15.4 Beartooth Butte 15 min Park Wyo. 56N 106W 9 NWNW 

4 SSW 
SEC 22 -€f 25.3 Beartooth Butte 15 min Park Wyo. 56N 106W 1 SENW 
SEC 23 -ef 11.0 Beartooth Butte 15 min Park Wyo. 57N 106W 9 SE r" 

SEC 24 -€f 18.6 Beartooth Butte 15 min Park Wyo. 57N 106W 1 NESW Cn ,,. 
Sec 25 -E:f 12.7 Beartooth Butte 15 min Park Wyo. 57N 106W 12 NENW 
SEC 26 -ef 8.8 Beartooth Butte 15 min Park Wyo. 58N 105W 30 NWNW 
SEC 27 -ef 15,0 Cooke City 15 min Park Mont. 9S 14E 25 SWSE 
SEC 28 -€f 15.3 Cooke City 15 min Park Mont. 9S 14E 1 NWSW 
SEC 29 -€f 9.3 Beartooth Butte 15 min Park Wyo. 57N 105W 9 NWNW 
SEC 30 ££ 15.8 Beartooth Butte 15 min Park Wyo. 58N 105W 30 SWNW 
SEC 31 £f 19.4 Tolman Flat 7~ min Carbon Mont. as 20E 34 NESWSE 
SEC 32 -€f 8.8 Tolman Flat 71, min Carbon Mont. 8S 20E 34 SWNE 



TABLE 5 

LOCATIONS OF OUTCROP DESCRIPTIONS IN THE RED LODGE AREA, MONTANA 
----

Location 

--------·---------·-· Outcrop 
(0) Rock Units Quadrangle County State T R Section 

0 1 Pcg,£f Tolman Flat 7\ min Carbon Mont. 8S 20E 34 NENWSE 
0 2 t:f Tolman Flat 7l2 min Carbon Mont. 8S 20E 34 SESWNE 
0 3 £f Tolman Flat 7\ min Carbon Mont. as 20E 34 NWNWSE 
0 4 £f Tolman Flat 7\ min Carbon Mont. 8S 20E 34 NWNWSE 
0 5 -€f Tolman Flat 7~ min Carbon Mont, 8S 20E 31, NENWSE 
0 6 £f Tolman Flat 7!, min Carbon Mont. 8S 20E 34 NENWSE 

>-" 0 7 £f Tolman Flat 7~ min Carbon Mont. 8S 20E 34 SWSENE (.)I 
ln 

0 8 £f Tolman Flat 7~ min Carbon Mont. 8S 20E 31, NESWNE 
0 9 -Bf Tolman Flat ]le, min Carbon Mont. 8S 20E 34 SWN'WNE 
0 10 Peg Tolman Flat 7~ min Carbon Mont. BS 20E 34 SENWNE 
0 11 Peg Tolman Flat 7~ min Carbon Mont. as 20E 27 SESESE 
0 12 Peg Tolman Flat 7\ min Carbon Mont. 8S 20E 27 NESESE 
0 13 £f Tolman Flat 7\ min Carbon Mont. 8S 20E 27 NESESE 
0 14 £f Tolman Flat 7\ min Carbon Mont. 9S 20E 3 NENWNE 
0 25 £f ,Peg Tolman Flat 7l, min Carbon Mont. 8S 20E 26 NW 

27 NE 
0 26 -€f Mount Maurice 15 min Carbon Mont. 7S 19E 26 ENE 



TABLE 6 

LOCATIONS AND THICKNESSES OF MEASURED SECTIONS AND OUTCROP 
DESCRIPTIONS IN THE LIVINGSTON AREA AND OTHER 

AREAS IN WESTERN MONTANA 
. - - -·--='="' - =---- -== -=- -~ =r==,.....;;= 

Section Location 
(SEC) 

Outcrop Thickness 
(0) Rock Units (metres) Quadrangle County State T R Section 

SEC 45 €£ 23.0 Livingston Peak 7~ min Park Mont, 3S llE 7 SESE 
SEC 46 Pep (£f?) 64.3 Alberton 15 min Missoula Mont. 15N 22W 26 NW 
SEC 47 €f 40,2 Manhattan 15 min Gallatin Mont, 2N 3E 27 NENE 
SEC 48 -€£ 21.7 Livingston Peak 7~ min Park Mont. 3S lOE 11 NE 

'-' SEC 49 €f 14.3 Brisbin 7!, min Park Mont. 4S 9E 12 N NE '-" 
"' SEC 50 €f 11.1 McLeod Basin 7\ min Sweet grass Mont. 3S 13E 32 SENW 

0 27 ~,F Jeff,,rson Tsland 15 min Teff"::rson Mont, 2N 2W 31 
0 28 Pep (Bf?) Fishtrap Lake 7~ min Sander Mont, 24N 28W 26 NE 
0 29 Peg Mount Cowen 15 min Park Mont, 6S 12E 4 SE 



Section 
(SEC) 

Outcrop 
(O) 

SEC 5 
SEC 6 
SEC 7 
SEC 52 

0 30 

Rock 
Units 

-£f 
£f 
€£ 
-ef 
,£f 

TABLE 7 

LOCATIONS AND THICKNESSES OF MEASURED SECTIONS AND OUTCROP 
DESCRIPTIONS IN THE BIGHORN MOUNTAIN AREA, WYOMING 

Thickness 
(metres) Quadrangle County State 

4.0 Bald Mountain 7J,. min Bighorn Wyo. 
6.5 Bald Mountain 7~ min Bighorn Wyo. 
4.0 Shell Falls 7\ min Bighorn Wyo. 

23.0 Park Reservoir 7\ min Sheridan Wyo. 
Meadowlark Lake 7\ min Washakie Wyo. 

-----------------···--·~- -~ 

Location 

T R Section 

56N 91W 31 NW 
56N 92W 24 SE 
53N 89W 7 NW 
54N 86W 25 NE 
48N 86W 3 ..... 

Ln 

" 



==-=-c.~~~=-=c 

Section 
(SEC) 

Outcrop 
(0) 

SEC 33 
SEC 34 
SEC 35 
SEC 36 
SEC 37 
SEC 38 
SEC: 3~ 

0 15 
0 16 
0 17 
0 18 
0 19 
0 20 

Rock Units 

-ef 
-Bf 
Pen 
-££ 
-Bf 
,£f 
£f 
-ef 
-€f, Tert 
Tert 
Pcb 

-£f 
K 

TABLE 8 

LOCATIONS AND THICKNESSES OF MEASURED SECTIONS AND OUTCROP 
DESCRIPTIONS IN THE LITTLE BELT MOUNTAIN AND SMITH 

RIVER BASHI AREA, MONTANA 

Thickness 
(metres) 

6.3 
60.3 
30,5 
59.2 
49 .a 
16.1 
14 .3 

about 40 

about 7 

=-=~==="' --

Quadrangle County 

Monarch 7>, min Cascade 
Monarch ?1·; min Cascade 
Niehart 7\ min Cascade 
Fort Logan 7', min Meagher 
Monarch ii min Cascade 
Catlin Spring ?I, min Meagher 
Catlin S;,r:!ng ?I, min ~eagher 
Checkerboard 7l, min Meagher 
Monarch 7\ min Cascade 
Niehart 7J, min Cascade 
Coxcombe Butte 7\ min Meagher 
Moose Mountain 7), min Meagher 
Unfinished Meagher 

State 

Mont. 
Mont, 
Mont. 
Mont. 
Mont, 
Mont. 
Hont. 
Mont. 
Mont. 
Mont. 
Mont, 
Mont. 
Mont, 

-- - ----------

Location 

T R Section 

14N 7E 2 N SW 
15N 7E 25 SWNE 
13N BE 10 NWNE 
llN 5E 31 NENE ..,, 
15N 7E 24 NWSWSW V, 

a, 

8N 7E 32 SWNW 
7N 6E 1 E SW 
9N 9E 13 E NW 

15N 7E 27 SENESE 
14N BE 16 SE 
ION 7E 5 SE 
12N 7E 25 SW 

7N 9E 4 SE 
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