l'Nj University of North Dakota
2 UND Scholarly Commons

Theses and Dissertations Theses, Dissertations, and Senior Projects

1978

Geology of the Flathead Formation (Middle
Cambrian) on the perimeter of the Bighorn Basin,
Beartooth Mountains, and Little Belt Mountains in
Wyoming and Montana

Joel A. Degenstein
University of North Dakota

Follow this and additional works at: https://commons.und.edu/theses
b Part of the Geology Commons

Recommended Citation

Degenstein, Joel A., "Geology of the Flathead Formation (Middle Cambrian) on the perimeter of the Bighorn Basin, Beartooth
Mountains, and Little Belt Mountains in Wyoming and Montana" (1978). Theses and Dissertations. 71.
https://commons.und.edu/theses/71

This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact

zeinebyousif@library.und.edu.


https://commons.und.edu?utm_source=commons.und.edu%2Ftheses%2F71&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F71&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/etds?utm_source=commons.und.edu%2Ftheses%2F71&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F71&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=commons.und.edu%2Ftheses%2F71&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/71?utm_source=commons.und.edu%2Ftheses%2F71&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:zeineb.yousif@library.und.edu

R

GECLGGY OF THE FLATHEAD FORMATION (MIDDLE CAMBRIAN)
ON THE PERIMETER OF THE BIGHORN BASIN,
BEARTOOTH MOUNTAINS, AND LITTLE
BELT MOUNTAINS I¥ WYOMIKNG

AND MONTANA

by
Joel A. Degenstedn

Bachelor of Science in Geology, University of North Dakota, 1976

A Thesis
Submitted to the Graduate Faculty
of the
University of North Dakota
in partial fulfillment of the requirements
for the degree of

Master of Science

Grand Forks, North Dakoata

[ VS— A 7 oo 1 i e s

GEQLCBY LIBRARY

August University of Nortb Dakote
1978

B T TR R

F“




&
i
5
1
¥
i
t

This Thesig submicted by Jeel A, Degenstein in partial fulfill-
ment of the requirements for the Degree of aster of Science frow vae
University of North Dakota is hereby approved by the Faculty Advisory
Committee under whom the work has been dons.

/, - 4 ”:';__M__w
(/’?’ W /?> g‘i Ei et

AL




Permission

Title GEQOLOGY OF THE FLATHEAD FORMATION (MIDDLE CAMBRIAN) ON THE

PERIMETER OF THFE BIGHORN BASIN, BEARTOOTH MOUNTAINS, AND LITTLE

BELT MOUNTAINS TN WYOMING AND MONTANA

Department GEOLOGY

Degree  Master of Science

In presenting this thesis in partdal fulfillment of the
1 requirements for a graduate degree from the University of
North Dakota, I agree that the Library of this University
shall makée it freely available for inspection. T further
agree that permission for extensive copying for schelarly
purposes may be pgranted by the professor who supetvised my
thesis work or, in his absence, by the Chairman of the De~
partment or the Dean of the Graduate School. It is under-
gtood that any copying or publication or other use of this
thesis or part thereof for financial gain shall not be al-
lowed without my written permission. It is also understood
that due recognition shall be given to me and to the Und-
versity of North Dakota in any scholarly use which may bhe
made of any material in my thesis.

B I

Signature ;;0?/? Q , ﬁ?ﬁﬁfm{’
Date szm 5’\ /?757
(7 S

iii




ACKNOWLEDGEMENTS

I would 1like to express my appreciation to my Advisory Commit-—
tee: Dr. Lee Clayton, Dr. Walter Moore, and Dr. é&iﬂ Christensen, for
their training, encouragement, and guldance during my master’'s and
undergraduate work at the University of North Dakota. Dr. Lee Clayton's
gxpertise in editing and his field review of the thesis area was
especially 3p§reciéted. Dr. Walter Moore and Dr. Odin Christensen,
rrus field geclogists, are sincerely thanked for their untiring effort
to train this studsnt and other geclogy students in fileld and applied
geology.

The writer would like to thank Exxon Minerals Company without
whose help this thesis would not have been possible. Exxon provided
field expenses, a fileld vehicle, topographic and geclogic maps, and
other help. The geologists and secretary of Exxon's Casper district
office are thanked for their help and criticism. Special thanks go to
W. B. Bickley. who acted as field supervisor the summers of 1976 and
1977, His encouragement, suggestions, and evaluations that helped the
writer define the thesis problem and results are greatly apprecilated.

The writer would like to thank all the faculty memwbers and the
Geology Department at the University of North Dakota for their instruc-

tion and financial assistance during my undergraduwate and graduate

iv




training. A tsaching assistantship during four semesters of graduate

study provided living expenses and the opportunity to teach laboratories.
I would like to dedicate this thesis to my wife, Rachel. Her

moral support anﬁ untiring help as my field assistant and typist are

sincerely appreclated. My master’s work was completed in part due to

her excitement and encouragement.




TABLE OF CONTENTS

S&CKNOWLWGKMEHTS..;..-.......'..,-.....‘-- i’f

LIST OF ILLUSTRATIONS B ix

LIST OF TABLES 4 v c ¢ + 4 5 2 2 2 o = 2 % 2 s 2 = o = s s 5 2 = xid

A.B STR}A{:{E - « » @ * a - - . & & 4 L I I % . * w LI « % s }Ci ii

iNTROBgCTION - - - - - L] * - L3 - - - - L4 * - - - - - * - - - - L2 l
S TUDY A’REAS - L L] - - * L] * + - - * * - 4 L - £ ] - - L] L] » L] £l * * 6
Owl Creek Mountain AT@E + & + o« v v o « « 5 o o « e v 2 « o« o 7
Sunlight Basin, Clarks Fork Canyon, Cody Area . + + « + + 4 10
Beartooth Butte and Cocke City Area . « « = + » =« = & + « « » 13

Red Lodge Ar@a .+ . . v ¢ ¢ 4 ¢ « 2 s o v 2 2 » s » » » + 5 a 16
Livingston and Manhattan ATed « « « o v « o « o 2 2 = « s + 18
Bighorn Mountain ATS8 . +« « o 5 v 4 2 o » s & o = » 4 » 2 « 22
Little Belt Mountain and Smith River Basin Area . . « + « ¢ « 25

SEDIMENTARY STRUCTURES & & v« v & v & % 5 o 2 = s = « » & s & « » 31

Primary StrUCLULES & 4+ 4 = = « v o = s ® = 2 + = = 5 o =« = 31
Cross bedding
General
Small-scale crosg bedding
Large-scale cross bedding
Parallel bedding
Channels
Origin of bedding
Secondary SETUCEUTEE  + . & =« « o o o 3 + + ¥ s+ « & 4 4 5 & 38
Mudcracks
Biogenic structures

PALEONTOLOGY .+ =& v 4 5 4 4 2 = o % o % = 2 s 3 s s 2 » s » » 2 =« 40

Trace Fosslla v v o 4 v o s o & o » 6 & & « 2 2 5« 2 s« » s = 40
Horizontal tubes
Bilobate lmpressions
Vertical tubes

Crigin of vertical tubes
Summary
Brachiopods + v &+ 4 4 4 o & = o 5 » s s % & o « o 8 2 » & = 54

vi

S ——




STRA’{IGMPHY - e * - L » L] - * - " L] - - * * - - * * * * - * - * 5&

Owl Creek Mountaln Area . « o « & » & 4 o + 2 % « s s+ &« » s « 58
General
Member A
HMember B
Menber C
Member D
Precambrian rock
Gros Ventre Formation

Sunlight Basin, {larks Fork Canyon, and Cody Area . . + « + « 54
General
Member E
Member F
Member &
Precamhrian rock

Beartooth Butte and Cooke City Area . . . . « ¢ v & & = « + = 70
General
Member H
Member L
Member J
Precambrian and younger lgnecus rock units

Red Lodge Area . o . o v & o ¢ 4 & = % = 2 & « » % s s & o » 75
General
Member K
Member L
Membey M
Precambrian rock

Livingston and Manhattan Aresd « v « + « 4 ¢ o+ s & + & « v o o 8O
General
Member N
Member 0O
Member P
Precambrian rock

Bighorn Mountain AYea + v + » 4 5 & v 4 & 5 o 4 o o % » s a » 85
General
Member @
Member R
Member S
Precambrian rock

wii




Little Belt Mountain and Smith River Basin Area . . . .
General
Member T
Member U
Member V
Precambrian rock and younger igneous rock units

Sumary L] = - » . L] - % - L] = * - [3 = » - . - * - L * *
General
Correlation

?&EOTGPOGRAPEY . = *® = .« . L ] LI ¥ . « 4 « 2 8 ¥ ¢ .

Owl Creek Mountaln ATea . + + « « +« « & = » » » « & = »
Sunlight Basin, Clarks Fork Canyon, and Cody Area . . .
Beartooth Butte and Cooke City Area . + » v » 2 o = » =
Other Study ATeds . + 4 « 4+ o = & & & &+ 5 « & 2 + = «

DEPOSITIONAL ENVIRONMENTS . . « v v ¢« ¢ o s o o & = o s o«

Introductdon .« v« v ¢ 4 ¢ 4 v 4 s 4 s s s e e e s e s
Low=energy enviromments wilith wave-induced currents
Low and high-energy enviromments with tide—induced
currents
High~energy enviromments with wave—~induced currents
Depositional Enviromments of the Flathead Formation . .
History of Deposition « « 4 « ¢« v v v v « ¢ v ¢ & & «
Anclent and Modern Analogs . + « & v o o ¢ & 2 o v & =

A?PENDICES - - L] » * L] * - - - - * L L] - * * ¥ L] * - L - -
Introduction to Appendigces . ¢ « &+ & ¢« v ¢ & ¢ 2 s s s

APPENDIX A: TOPOGRAPHIC MAPS AND AIR PHOTOS USED
IN THE THESIS STUDY AREA . . + « « « v & «

APPENDIX B: SAMPLE MEASURED SECTION ON QUTCROP
I} ATA SHEETS - » Ll L] - L] * # Ll - - L] * - L] -

APPENDIX C: TABLES OF LOCATIONS AND THICKNESSES
OF MEASURED SECTIONS AND OUTCROP
DESCRIPTIONS + o & v & ¢ + 4 ¢ « 2 4 + & s »

REFERENC ES LI » - . o« * = s = =+ & = « ¥ LI 2 LI ] E T

viidi

89

94

99

99
108
111
1186

- 118

118

134
137
138
140

141

143

147

150

159




LIST OF ILLUSTRATIONS

Figure
1. Map Showing the Location of the Study Areas « . + « « + « .3

2. Location of Measured Sectlons and Outcrop
Descriptions in the Owl Creek Mountain
Area, Wyomilig .+ « o « « » o o o « o o 5 4 » & o v s 3 s x 8

3., Location of Measured Sections in the Sunlight
Basin, Clarks Fork Canyon, and Cody Area,
wyom ing * £ * - * . ] * - 1 3 ] » L] L] » L * * L] * -+ » * * L] il

4. Locatlon of Measured Sections in the Beartooth
Butte and Cooke City Area, Wyoming and
?‘Iontiana e ¥ ¥ ®w 8 % mm & & = ® + & % ® mw = = & ¥ ® * w * = 15

5. ‘Location of Measured Sectlons and OGutcrop
Descriptions in the Red Lodge Area,
'E'IQ ntan& - - - * * . * - - - L] L] 3 * » - - - - - L] L] E ] - & l ?

6. Location of Measured Sections in the
Livingston and Manhattan Area, Montama . . « v « » & « 20

7. Location of Measured Sectloms &nd Outerop
pescriptions in the Bighorn Mountaln
Area’ Wy@mi‘ﬂg - Ed - - - - - = " = E ] . * » L] L] L3 » * - - - 23

8. Location of Measured Sections and Outcrop
Descriptions in the Little Belt Mountain
Ar ea 3 Montam L * - - L - - - * Ll = L 4 - L] * - - - - = . L) 2 7

9. Location of Measured Sections and Outcrop
Descriptions in the Smith River Basin
Area, MOMLATIA + + + ¢ & « & s % 3 = & 2 * » 2 a4 £ 1 o s = 29

10. Photograph of Small-scale Cross Bedding
Exposed at Section 41 » « o « « & v v 4 @ e 0 4 a0« 0 33

11. Photograph of Large-scale Cross Bedding
i Exposed at Sectlon 24 « . . . o 0 s s e s e e w8 e e 35

12, Photograph of Rugophycus Exposed
at Section 32 . + x4 2 ¢ & a2 o w s w8 m ox s s o2 o« = % = % 42




Figure

13.

14,

15.

16.

17.

18.

19,

20.

21,

24,

23,

26.

23.

26‘

?hetagraph of Skolithes Exposed
a-t SﬁCtiQn 41 * . L2 - L] * * £ ) * - » - L4 * *

Photograph of Monocraterion
Exposed at Sectdion 41 . . + . . . . . o .

Photograph of Large Vertical Tubes
that Are Exposed at Section 41 .. . . .

Stratigraphic Cross Section of the Flathead
Formation and Lower Gros Ventre Formation
in the Owl Creek Mountain Area, Wyoming . .

Stratigraphic Cross Section of the Flathead
Formation in the Sunlight Basin and Clarks
Fork Canyon Area, Wyoming - + » « « &+ « & »

Stratizraphic Cross Section of the Flathead
Formation in the Beartooth Butte and Cooke
City Area, Wyoming and Montana .+ .+ « . . .

‘Stratigraphic Crosg Section of the Flathead

Formation in the Red Lodge Area, Montana .

Stratigraphic Cross Section of the Flathead
Formation in the Livingston Area, Montana .

Stratigraphic Cross Section of the Flathead
Formation in the Bighorn Mountain Area,
wyéming * £ L * - # » * - * * * * - * Ed L -

Stratigréphic Cross Section of the Flathead
Formation in the Little Belt Mountain and
Smith River Basin Area, HMontana . . + . .

Fence Diagram Showing Correlation of Members
in the Thesis Study Area . . . + » &+ « + &

Paleotupographic Map of the Precambrian Sur~
face at the Beginning of Deposition of the
Flathead Formation . . « ¢ + « + « » o =« =

Map Showing Rock Units with Lower Gros Ventre
Formation and Younger Rock Stripped Off . .

Map Showing Rock Units with Upper Gros Ventre
Formation and Younger Rock Stripped Off . .

45

47

50

57

65

71

76

81

88

aG

97

103

104

106




Figure

27.

28.

25.

SG‘

A1,

32.

33.

34.

"Worm‘s-e?ewview” Map of Strata Overlying
the Precambrian Rock . + ¢ « » & ¢ + o« «

Cross Sectlon Showing Relief and Topography
of the Precambrlan Surface In Shoshone
Canyon and the Sunlight Basin . . . ¢ . .

Block Diagram Showing Northeast-Southwest
Orientated Channels on the Precamhrian
Surface at the Northeast Corner of Besr-
tooth Butte . +« &+ « « &+ o = s 2 3+ 3 + +

Terminology Used in Shallow-Marine and
Marginal-Marine Envirowsents . . « . . «

Classification of Shallow-Marine and
Marginal-Marine Environments . . . .« « .

Vertieal Sequence through Sediments
Deposited in Envirommen:t I of
Figure 31 by a Transgressing Sea . . . .

Vertical Sequence through Sediments
Deposited in Enviromment XIT of
Figure 31 by a Transgressing Sea . . .

Vertical Sequence through Sediments

Depogited in Environment XI of
Figure 31 by a Transgressing Sea . . . .

xi

109

112

114

119

121

125

128

132




LIST OF TABLES

1. Locations and Thicknesses for Measured
Sections in the Owl Creek Mountain Area,
wyeming = - » L - L] . L] * * - L] * E ] » - * - » L) - E ] » - - - ls :}m

2. Locatlons ¢f Outcrop Descripticons in the
0wl Creek Mountain Area, Wyoming . . « « « ¢« ¢ o 4+ o & + « 152

3. Locatlons and Thicknesses for Mesasured
Sections in the Sunlight Basin, Clarks
Fork Canmyon, and Cody Area, Wyoming . « + + « v = 4w o 5 4 153

4, Locations and Thicknesses for Measured
Sections in the Beartooth Butte and
Cooke City Area and the Red Lodge
"Area, Wyoming and Montana . .+ + &« « + ¢ = s & & 2 s e a = 154

5. Locatlons of Outcerop Descriptlons in
th’ﬂ Red Leﬁdge }Xrﬁ&, Montana « + = L4 L] « ¥ = 8 LA A * = 155

5. Lecations and Thicknesses of Measured
Sections and Outcrop Descriptions in
the Livingston Area and Other Areas
in Western Montama . + « + v o & s o = & = 5 x & 3+ & w & = 156

7. Locations and Thicknesses of Measured
Sections and Qutcrop Deseriptions in
the Bighorn Mountain Area, Wyoming . . « + « +» « « & o« « » 157

8. Locations and Thicknesses of Measured
Sections and Outcrop Descriptions in
the Little Belt Mountaln and Smith
River Basin Area, Montana . . v « ¢« o + « &+ o« o « = + o = 158

xii




ABSTRACT

The Flathead Fermation, which is 4 to &0 metres thick in the
middle and northern Rocky Mountains of Wyoming and Montana, countains
crosg~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, RBeartooth 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 fessiis are present in the middle and upper intervals.

Skolithoa, Monocraterion, and Rusophycus have been identified. Hori-

zontzal 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 ancmones

moving upwards in their dwelling tubes. Inarticulate brachiopods are

xiid




present in che upper interval 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 ¥larhead Formation
with wmodern shaliowwmarine and marginal-marine enviromments Indicates
the sandstone was deposited in a high-energy enviromment 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 rocl exlsted

as islands in the 0wl Creek Mountain area.




INTRODUCTION

The middle Cambrian Flathead Formation is the basal Faleozoic
rock unit in the middle and northern Rocky Mountains of Montana and
Wyoming. 1t consists predominantly of sandstone, but it does contain
some conglomerate and shale. The Flathead uncomformably overlles Fre~
cambrian sedimentary rock in western Montana and Frecambrian crystaliine
rock In central Montapa and Wyoming. The Flathead 1z overlain by shale
apd sandstene of the middle Cambrian Woelsey or Gros Ventre Formations.

This study was copducted to determine the stratigraphy, the
paleontolegy, the sedimentary structures, the depositiomal enviromment
of the Flathead Formation, and the palectopography 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 asQChe overlying, more fossiliferocus Cambrian formations.

The Flathead Formation and other Paleozolc feormations in the
thesis area have been described by several geologists. A historical
summpary of the stratigraphy and termipology of the Cawbrian System in
Montana and Wyoming was published by Deiss (1936) and Bell (1868).

Even though the Flathead had been described previously, only a few
geologlsts have conducted a detalled study of the stratigraphy, paleon—
tology, and the depositional enviromment of the formation., The Flathead

of the Sunlight Basin, Clarks Fork Canyon, Cody, and Beartooth Butte




areas was the topic af a master's thesis by Rell (1968). The study by
Rell (1968) dealt primarily with the petrologlc aspects of the Flathead
Formation. Bell (1968) concluded that the Flathead was primariiy de-
posited in a tidali-flat envivomment.

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 Paleszoic rocks have beep uplifted and exposed to erosion.

The region arcound the flanks of the Bighorn Basin in northwestern and
north-central Wyoming and along the margins of the Beartooth Mountains
in south-central Meontana and northwestern Wyoning contalns numerous,
moderately to well-exposed outcrops of the Flathead Formatiom. 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 ﬁcntana and in the Little Belt.Mountains of central
Montana. The Little Belt Mountain area was included because 1t 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 af
1977.. The fileldwork dnvolved measuring, describing, and sawmpling strat-
igraphic sections. Samples were collected only of sandstone represent~
ing different lirhologles and of sandstone containing trace ovr

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

of individual beds. Filfty-two sectlons were measured and 31 cutcrops




B

Fig. 1. Map showing the location of the study areas. The en-—
tire thesis study area is showm within bold linpes.
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were described in the thesis study area. A substantial amount of hiking
was required to reach some outcrops. Other outcrops along roadcuts
ware easily aCCeésible. A four~wheel drive truck was used as a field
vehicle., Without it, ocutcrops in some areas could not have heen 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
paleontelogy. The lower interval commonly consists of conglomerate and
codarse to very coarse sandstone with quartz pebbles. It is parallel or
crogs bedded. The middle interval commeonly contains medfum to coarse,
cross—bedded sandstone., The upper interval consists ¢f fine to medium,
parallel or cross-bedded sandstone. The formation ranges in thickoness
from 4 to 50 metres. Trace fossils are present, and they form a
characteristic assemblage that is common in Cambrian sandstone in other
parts ¢f the world. The first inarticulate brachiopods that have been
reported from the Flathead were found in three of the study areas. The
Flathead Formaticn has been interpreted to have been deposited in a

high-energy nearshores and shere environmment with wave-induced currents.




STUDY AREAS

General

An extengive literature gearch, 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 Bunlight 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 Appendiz A. In areas where adequate mapping had not been
done, a reconnalssance was necessary to determine if the Flathead was
present. In some places ocutcrops of the Flathead were found, but the
Flathead was absent because of faulting or nondepositicn 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 atea. In places where sections were not measured, Outcrop
desceriptions were made.

The general geology of the Flathead Formatlion 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 fleld data was plotted. Tables in




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 Mountalin area Includes outcrops of the Flathead
Formation along the south edge of the mountainsg from Wind River Canyon
on thé west to Cottonwood Pass on the east, Paleozoic formations dip
gently northward 4in 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 vock are exposed In an
gast-west band. TFurther south, complexly folded and faulted Faleozeic
formations are exposed. Access is good to all measured sections and
all outcrop description localities,

Nine sections were measured and four outcrops wére described in
the Owl Creel Mpuntains, 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 sectlons in this area include Sections 1, 2,
3, 40, 41, 42, 43, 44, and 51, Ouncrops described in this area include
Outcrops 21, 22, 23, and 24. -

Table 1 and Table 2 in Appendix C contain a list and lecations
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.




Fig. 2. Locatlon of measured sections and outcrop descriptions

in the Dwl Creek Mountain area, Wyoming. SEC 3 is a measured section

number. 024 1s an outcrop description nurber. The area inside the

dashes represents the area of Figs. 19, 20, 21, and 22,
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The naps and descriptions of Deiss (1338}, Fanshawe (1939), and
Lochman~Balk (1972) were used to locate some of the cutcrops in the Owl

Creek Mountains.

Sunlight Basin, Clarks Fork Canyon, Cody Area

The Sﬁalight Basin, Clarks Fork Canyon, and Cody area includes
outerops of the Flathead Formation In the Sunlight Basin, along Clarks
Fork Canyon from Antelope Mountaln in the west to the mouth of the can-
yon in the east, and in Shoshone Canyon west of Cody. 1In the Sunlight
Basin and most of Clarks Fork Canyon, the Flathead Formation and other
lower Paleozole formations are horizontal or dip less than 10 degrees.
At the mouth of Clarks Fork Canyon and in Shoshone Canyon, the Flathead
Formation dips sastward 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 Shoshene Canyon teo 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 sectlons include only tha Flathead
Formation. The measured sections range in thickness from 7.2 to 36.9
metres. Measured sections in this area include Sections 4, &, 9, 10,
i1, 12, 13, 14, 15, 16, 17, 18, 19, and 20. Table 3 in Appendix € con-
tains & list and locations of the measured sections in this area.
Figure 3 shows the location of the measured secticons in the Sunlight

Bagin, Clarks Fork Canyon, and Cody area in Park County In northbwestern

Wyoming.
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Fig. 3. Location of measured
Clarks Fork Canyon, and Cody area, Wyoming.

tion number. Area insid
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Dascriptions by Bell (1968), Stipp (1947), and Johnson (1934)
were useful in determining outcrop locations in this area. Geologic
maps by the folléwing authors were used in this area: Pilerce (1965a),
Pierce {1965b), Pierce {1966), Plerce (1970), Filerce and Nelson {1968},

and Pierce and Nelson (1869).

Beartcoth Butte and Cocke City Area

The Beartooth Butte and Cooke City area lncludes outcrops of the
Flathead Formation along Crandall Creek, at the south end of Table Moun-
tailn, along the Beartcoth Highway, at the northeast and scuthwest sides
ef Beartooth Butte, and north and sourh of Cooke Clty. The Flathead
Formation and other lower Paleczoic formations are horizontal or dip
less than 15 degrees to the south. Hikes of Z to 4 hours are necessary
to reach exposures at Table Mountain, at the northeast corper of Bear-
tooth Butte, and north of Cooke City. A hike of less than 1 hour is
required to reach cutcrops along the Beartooth Highway, at the southwest
end of Beartooth Butte, at Crandall Creek, and south of Coocke City.

Ten sections were measured in the Beartooth Butte and Cooke
City area. All sections Imclude 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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Works by the following geologists were helpful in finding out=-
erops of the Flathead Formation in this area: Dorf (1934}, Lovering

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

Red Ledge Area

The Red Ledpge 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 numercus faults south of Red Lodge.
South 5nd west of Red Lodge the Flathead 1s absent in many places due
te complex faulting related to the Beartooth Thrust Fault. Hikes less
than 1 hour arehneéessary to reach most outcrops of the Flathead Forma-
ticn in the Red Lodge area. Three to ﬁrhours of hiking are necessary
to reach outcrops of the Flathead Formation along the north ferk of
Grove Creek. To reach Section 31 and Section 32 it is necessary te use
the good jeep trall that goes into the area along the scuth fork of
Grove Creek.

Two sections were measured in the Red Lodge area. Both sec-
tions include only the Flathead Formatlon. The measured sectlons range
in thickness from 8.8 to 19.4 metres. Section 31 and Sectlon 32 were
measured In the area of the south fork of Grove Creek. Sixteen out—
croﬁs were described in this area. They include Outcreps 1 teo 14, 25,
and 26. Table 4 and Table 5 in Appendix C centsin a list and leocations

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

location of measured gections and outcrop descriptions in thlg area.




Fig. 3. Location of measured sections and cutcrop descriptions

in the Red Lodge area, Montana.
025 is an outcrop deseription number.
stratigraphic cross section in Fig. 14,

SEC 31 is a measured section number.

A and B show the location of the

[ ——
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Publications by Field (1932), Foese (1958), and Foldervaart and
Bentley (1938} 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 Fiathead dips 10 degrees southeast
at Section 50, 45 degrees north and nertheast at Section 48 and Section
45, and 34 deprees northwest at Section 49. Complex feolding and fault-
ing is.prasemn throughout the area.

The Manhattan area includes outcrops of the Flathead Formation
in Nixon Gulch ﬁarth of Manhattan. The Flathead dips 26 degrees north-
west at Secticn 47 in Nixon Gulch. The Paleozoic and Mesczolce rock in
this area have been folded and intruded by igneous rock.

A 4 hour hike is necessary o reach Section 48, but other secw
tions are easily accessible by jeep traills 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 thls area in-
clude Sections 43, 47, 48, 49, and 50. Table 6 1n Appendix C contains
a 1list and locations of the measured gections. Figure 6 shows the lo-
cation of measured sections In this area.

Maps and articles by the following authors were used in the

Livingston area to study the geology and locate Flathead outcrops:
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Fig. 6. Location of measured sectlons in the Livingston and
Maphat tan area, Montana.  SEC 43 is a measured section number. A and
B show the location of the stratigraphic cross section in Fig. 15.
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Peale (1893), Lammers (1937), Skeels (1939), Hansom (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. Bighways 14, l4a, 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 easlly accessible from
U. 5. Highways 14, l4a, 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 Mountains. One out-
crop (Jutcrop 30) was described in the area. All include only the Flat-
head Formation. The measured sections range in thickness from 4.0 to
23.0 metres. Ileasured 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. Filgure 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 HMountain area to study the geology and locate the Flathead out-
crops: Darton (1906), Bucher and others (1934), Shaw (1954), Lochman

(1957), and Osterwald (1959).
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Fig. 7. Location of measured sections and ocutcrop descriptions
in the Bighorn Mountain area, Wycming. SEC € is a measured section num-
ber. 030 is an outcrop description number. A and B show the location
of the stratigraphic cress 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 9ill or laccolith along part
of its exposure along Belt Creek. The dicrite in some places occurs In
# 3ill between sandstone beds in the upper member, but in clogely 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 Whire Sulphur Springs. At the north
end of the basin the Flathead has been folded and faulted and dips 60
degrees Lo the southeast and the south. A diorite siil 1s present be-
tween the Precambrian rack and the bottom of the formation. At the
south end of tée basin the Flathead has also been folded and fzulted
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 frem highways or maintained
dirt roads.

Seven sectlons were measured in this area. 8ix sections Include
only the Flathead Formation. OUne sectlion (Section 33) was measurad of
thé Precambrian Niehart Quartszire. The measured sectiong range in
thickuness from 6.3 to 60.3 metres. Measured sections in this area In—
clude Sections 33, 34, 35, 36, 37, 38, and 3%. 8ix outcrops were de-

scribed in this area. They include Guterops 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 2 show the lo-

cation of the me#sureé sections and ocutcrop descriptions in this area.
In this area, publications by Weed {1900), Deilss (1936), and

Hanson {(1957) were used to locate outecrops of the Flathead Formation.
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Location of measured sec
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SEDIMENTARY STRUCTURES

Primary Structures

Crogss bedding

General

The sandstone in the Flathead Formation is cross bedded 1n most
of the sections in the thesis study area. The sandstone dn the lower
and middle members 1s characteristically cross hedded; the sandstone in
the upper member is parallel bedded in most places. The cross bedding
is well exposed in moét of the study areas, but where the sandstone has
been well inéurated‘beth the grain size and the primary structures are
difficult to determine.

The cross-bedding terminology of Reineck amd 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 ¢ross bedding occurs in all parts of the Flathead
Formation and in assoclation with parallel bedding and Iargafscale
crosg 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 sclitary sets are present. The cross beds occcur in
fine to coarse sandstone.

In sowe of‘tha small-scale crogs beds in medium to coarse sand-
stone, the tops of sets heave been truncated. The truncation is usually
cbserved 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-sgcale 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 (ody area, many foresets dip nerth or
gouth in the middle member. The upper contacts of the foresets in most
places are tangential or angular. The shape of the lower‘conﬁaCCs of
the foresets in most places is tangential ovr concave, although angular
contacts do occur in some cross beds. The sets commonly range in thick-
ness from 0.05 to 5.5 metres., The most common sets sige is 0.1 metre,
but sets up to 2.0 metres thick are found In the farmg;ion. Solitary
and grouped, tabular and trough-shaped sests are equally agbundant. The
cross beds oceur in fime to very coarse sandstone. Figure 11 is a
photograph of the large—scale cross bedding that 1z present at Section

24,

Parallel bedding
Parallel bedding is the predominant bedding type in the upper
part of the Flathead Formation in most places., Small-scale cross bed-

ding commonly occurs with parallel bedding.




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.







Parallel bedding, which cccurs in fine to coarse sandstone,
shaly sandstone, and shale beds, 18 present in beds iess than 10 milld-

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

;
-
b
3
1
;
.
4
§

Channels, 2 to 5 metres deep and 10 to 50 metres across, are
present in the middlé member in the Owl Creek Mountain and the Sunlight
; Basin area. The chapnnels, which are orientated in an east-west direc~
tion, truncate the underlying strats and are Internally cross bedded. e ?
Some of t&e bedding at the edges of the channels is draped in relation
to the underlying ercsional surface. These channels were cut by

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

Origin of heddins

The nontruncated, small—scale cross bedding in sandstone beds
with graln sizes sﬁailar than Q.65 millimetres (coarse) was formed by
the migration of ripples that were produced hy unidirectional water cur~
rents, The migration of straight and curved-crested ripples formed by

the dnidirectional curvents resulted in tabular and trough-shaped cross

beds. The straight-crested ripples were more abundant and were produced
; by westerly~-flowling water currents in most places.
The large-scale ¢ross bedding was produced by the migratiom of
dunes that formed as 2z result of water currents. Because ripples can
not form in sand that is larger than 0.65 willimetres (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
tabuiar and trough-shaped cross bedding. Many dunes were greater than
0.1 metre high, but in their wmigration 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 gome plaéas. 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 Bingh {1975, p. 21} suggest that a tangential and concave,
Jower foreset contact becomes more common with increasing current veloc~
ity and suspensicn. 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 elther
the lower or the uppér flow regime. The parallel bedding in the coavser

sandstone probably formed in the upper flow regime {(Allen, 1970, p. 70}.
Secondary Structures

Mudcracks
Mudcracks are foupd in the lower member of the Flathead Forma-

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

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

cast was preserved on the lower surface,
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giogenic structures

A Bedding in the upper members in most study areas has been dige
rurbed or destroved by the action of burrowing organlsms. Evidence, in
the form of disturbed or destroyed bedding and the presence of crace
fossils, 1s 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 egspecially
well exposed in Sections 3, 30, 31, 32, 37, and 41. The trace fossils

will be discussed in greater detail in the chapter on paleontelogy.



PALEONTOLOGY

Trace Fossils

Horizeontal tubes

Horizontal tubes are the most abundant trace fossils in the
¥lathead Formation in the thesis study area, especiaily 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 erosion. They are circular to sub-
circular in cross section and are aligned in all directions on the
bedding plane. The tubes are 5 to 253 millimetres in diameter and 20 to
150 millimetres long. They are well exposed at Sectiens 30, 31, 32,
and 37. Annelid worms or trilobites are believed to have made these
tubes (Banks, 19?0}. The same type of horizontal tubes have been found
in upper Precambrian and lower Cambrian samdstone beds in Norway (Banks,

1970} and Eagt Greenland {(Cowie and Spencer, 1%70).

Bilobate impressions

Rusophycus, which is a short, bilobate impression 20 to 50 wil-

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

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

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

the impressions are gurved and have their concave slde facing another,

40
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Rusophvcus in this form locks much like a deer track. This bilcbate

impression is commonly found with horizontal tubes on the undersides

of sandstone beds. Rusophycus has been identified in Sections 21, 27,
f\ 30, 31, and 32. Figure 12 is a photograph of Ruscphycus that is ex-—
posed at Section 32.
Rusophvcus was probably formed by a trilobite as it dug a rest-
ing burrow {Osgood, 1975) on the ccean 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 o
crawling and walking on the ocean floor, are not found in the Flathead. §
However, these trace fogsils are preseat in beds of the overlying Gros T

Yentre Formation 4t 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. Three types of vertical tubes have been iden-

Fra a3 w3

? tified. # b
; Skolithos 1s a vertical tube that is 2 to 5 millimetres im dia- @
meter and 20 to 100 millimetres in height. The Skolithos tubes are

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

more resistant to erosion tham the surrounding sandstone. The tubes

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

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

sandstone in the Owl Creek Mountalin area. Skolithos 1s abundant at




Fig..12. Photograph of Rugophycus expesed at Section 32. For

scale, the pen Ls 0.15 metres long.







gection 41 and is also present at Sections 40 and 42. The bedding in
the'beds that containlskcliﬁhos has been destroyed. Figure 13 is a
photograph of Skolithos at Section 4l.

The vertical tubes that are less than 3 millimetres in diamster

and 5 to 15 millimetres high are Monccraterion (Hintzschel, 1975,

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

their lower ends, are sliphtly 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., BSmall impressions are

formed on the tep of beds that contain Monocraterien. These pitted

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

in the sandstone that contains Monocraterion has not been desgtroved.

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

in beds that contain Momocraterion. Monocratericn is especially con~

gpicuous at Sections 4, 11, 34, and 41, but it is also present at Sec—
tiens 31, 32, 42, and 43 and at Outcrop 30. Figure 14 is a photograph

of Monocraterion that is exposed at Section 41.

Large vertical tubes, which are 30 to 40 millimetres in diameter
and 0.2 to 0.5 metres high, occcur only at Section 41 in the upper mem
ber of the Flathead. Thege tubes are 30 to 30 millimetres apart and
cccur 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 Skeolithos 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 Skelithos exposed at Section 41. 3Black
numbers on the measuring tape are 0.10 metre apart.
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Fig. l4. Photograph of Monocraterion exposed at Section &1.

Black numbers on the measuring tape are (.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 Skeolithos 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

Skolirhos and Monocraterion vertical tubes are the preserved,

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 thelr dwelling structure. Monocra-
terion probably represents a mucous tube and dwelling structure 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. 1l07-

108). Boyd (1966) studied the large vertical tubes in the Flathead
Formation and concluded that Arenicola, which is an annelid worm that
produces UU-shaped burrows, could not have formed the vertical tubes.

Other annelid worms and burrowing sea anemones secrete mucous tubes and
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cal tubes that are exposed
0.1 metre apart.

Fig. 15. Photograph of large verti
at Sectioen 41.

Black numbers on the measuring tape are
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iive in vertical dwelling structures (8chifer, 1972, ﬁa 287-299). Both
animals have worn-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
anemonas (Schifer, 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 (Schidfer, 1972, p. 288~289), moving upward after

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

e

e el L

the Flathead Formation. Frey (1970) reported that a sez anemone that .

lives below the low tide mark in the nearshore zone off the coast of
North Carolina buildé a durable, mucous tube as lining for its dwelling
burrow. The mucous tube of this sea anemone permits preservation of
the sediment that f£l1ills the burrow as the animal moves upwards. Schion
{1968) describes 'nested-cone” structures in the burrows that were pro-
duged as the animal moved upwards in its burrow responding to sedimen—

tation. These sea anemones live in cross~badded colitlc sandstone in

the Bahama Banks. Qwﬂ?%
Ty
Some burrowing sea anemones produce resistant vertical mucous
tubes without escape structures {(Frey, 1970). These tubes are very

similar te Skelithos and Monocraterion in the Flathead Formation.

The large vertical tubes in the Flathead probably are escape

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

Monocraterion probably are resistant muccus 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 thesls area
form a characteristic assemblage. The overlying Gros Ventre Formation
in the Owl Creek Mountain area contains an abundant assemblage of

Crugziana, Rusophycus, and many different kinds of horizontal tubes.

This Gros Ventre assemblage together with the assemblage of trace
fossils found 1n the Flathead Formation form two of the assemblages of
the bathvmetric zonation of trace fossils proposed by Seilacher (1967).
In ﬁost places, the Flathead contains the Skolithos assemblage and the
Grog Ventre contains the C;uziana assemblage. The Skolithos assemblage
contains trace fossils formed in high and low-energy shore and nearshore
environmente. The Cruziana assemblage contains trace fossils formed in
guleter nearshore and offshore enpviromments (Seilacher, 1967).

The trace fosells In the Flathead Formation in the thesis area
form an assemblage that is common in Cambrian sandstone throughout the
world. Hallam ana Swett (1963) have described Skolithos and

Mongocratericn 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 Norwav. Skolithos and Rusophvcus have been described from
iower Cambrisn sandstone in southern Sweden (Bergstrdm, 1970). In east
Greenland, Cowie and Spencer {1970) have described lower Cambrian gand-

stone containing Skolithos, Diplichmites {trilobite tralls}, Cruzlana,

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

degcribed Rusophyeug and Cruzianz in the Cambrian sandstone in central

Poland. 1In scuthern Jordan, Selly {1970} has described Cruziana,
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piplichnites, Rusophvcus, Skolithos, and Monocraterion in the lower

grdovician sandstone.

Assemblages of trace fosgils in the upper Cretacecus of the

western interior of the Unilted Statesz are Qery similar to those found

.

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

have described trace fossils that belong to the Cruziana 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 enviromment for the upper Cretaceous

Blackhawk Formation 1in Utah.

Brachiopods
Srachiopods 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 tep sandstone bed in the Red Ledge area at Sectiom
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 brachiopods in that

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

concentrations of these fossils occeur in a2 bed 0.1 to 0.2 metres thick.

Three genera of inarticulate brachicpods 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 vounded or elliptical va}ves that are wider than
the? are high. Micromitra ds about 7 millimetres high and 12 milli-
metres wide. Growth iines 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 bealk, rugae, and 1s 10 millimetres high and 10 milli-
metres wide.
Lingulella is more elongate and has a more polnted beak than

Obolus (Walcott, 1912, p. 469~474). Lipgulella is teardrop shaped.

Lingulella and Obolus belong to the Order Lingulida, Lingulella 1s 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 brachiépoég that have been reported from the Flathead
Formation. Brachiopods have been found in the Deadwood Formation,
which 4is a stratigraphic equivalent of the Flathead Formation, in the
Black Hills in South Dakota {(Walcott, 1912, p. 825). Lochman (1964)
identified brachicpods in the Deadwood Formation in the subsurface of
the Williston Basin in Montana.

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).




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

the stratigraphy, lithologic, and pzleontelogic relationships of the

Flathead Formation. For each measured section showa in the cross sec—

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

gils, brachiopocds, and cross-bed set size have been shown. The loca—
tion of each cross section in the study area 1s shown on an index map

on the cross—section figure or on the study area locatlon map.

Owl Creek Mountain Area

The Flathead Formation in the 0wl Creek Mountain area can be

divided into four members. This four-fold stratigraphie division can . RN
g3 |
be applied to most of the Flathead Formation in thils area with little e

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

making application of this four—fold division difficulct.
Figure 16 shows the four members in five sectlons im the study
area, The sections include the overlying Gros Ventre Formation, the

Flathead Formation, and the underlying Precambrien rock.

56




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




58

% w . “e
E) E-2E] s s =

R e R e e e e =

S SR
i : o P ; : T T LT

-4

\
A
b

+OriGat

L)
el

Do
ke horssondal
TN A

DRI

s
W™ Bkaopods
-

SIOMS Ty

) sl bedding

L
i
LitRQuiBIc amb MORIEL Aramdi

et

T g acuie reghenghe B
ooty g
3 gl acie vonegm |

|

T OB
<O e

rack

£ Peacumirns mecamcoiic

B oo panchiorn 2
ﬁ wwﬁwmnn o
1 comad wewial

m &‘wmaﬁnmw

&m
£] thaw

pre

LeaCHD
TE TGO
W zemk ot dusignca 13 (o

sAREE maP

B\t
! i f—3 . | TN EES i S R O

Cedik e e e BB T o
3 §§¥§ P [ W_mt%m il T i Ein%:i

Habiymuggy

Mamber
A

ITLWIA SOy

sk

P d %

: L : 2 i i : B
R A BT j*
- : - LI L 2




29

Member A

Member A way overlie the weathered zone or lile directly on
Precambrian reck. This member contains poorly sorted, subangular,
medium to very coarse, quartz sandstone. Quartz pebbles 5 to 30 milli-
matres 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 te 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 metresg
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,

Largewscaie 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. 8ets throughout this area are mest commonly 0,1
metre thick. The cross beds in these sets dip west. Some cross beds
are graded. Congiomerate 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_meﬁbet is 7.0 metres. No trace fossils

are present in this member.




£0

Member B

Member B, which overlies Member A, consists of medium to poorly
gsorted, 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 sandstome beds. These shale beds are believed to cccur through-
out the area but in most cutcrops ocecur in covered intervals. The sand-
stone is brown or tan, and the shale is red.

This member is either cross bedded or parailel bedded. All
three types of bedding are present in varying amounts at each section. e
For example, at Section 41 this member has mostly large-scale cross ”
bedding with a small amount of the other two types of bhedding. At
Section 3, this member consists mostly of sandstone with parallel bed-
ding and small-scale cross bedding, with oaly one bed of sandstone with
large~scale crosg bedding. At section 43, this mewmber consists of
equal amounts of ail three types of bedding. Local variations in the
sedimentary enviromment explain these differences. The sets of cross
bedding are (.1 metre thick in most cutcrops, hut 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
iccal ervsion 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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& horizontal burrow in Section 41 is the only trace fossil that

has been found in this member.

Member C
Member €, which overlies Member B, contains medium to poorly
sorted, subrounded, medium to coarse, gquartz sandstone. Shale beds,
0.6 to 1.0 metres thick are also exposed in thls member in Section 41
in Wind River Canyoun. 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 ra%ge in thickness from 0.1 to 0.4 metres are present at Section 3.
The crosg beds in thege sets dip west. At Section 41, the medium sand-
stone of this meﬁber is mostly parallel bedded. At Section 41,
small-scale cross bedding predominates iﬁ the medium to cosrse sandstone.
Sandstone beds in Member C are characteristically thinner than
in adjacent members. The common bed thickness is 0.3 to (.9 netres.
The member is 10.0 to 13.5 metres thick.
Horizontal tubes are pregent 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-sgcale cross beddisg is ob-~

served in beds that contain these vertical tubes.
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Member T

Member ), which overlies Hember C, contains medium-sorted, sub-
rounded, coarse, quartz sandstene. Some interbedded shale occurs in
the upper part of this member. The sandstone is brown or tan. The in-
terbadded shale is green. A color change from the brown and tans of
the Flathead Formation to the greens of rthe lower Gros Ventre Formation
can be easily seen througheut this study area.

This wember contains all types of bedding, but large-scale cress
bedding is the most comwon. Well-exposed cross bedding is present at 1o
Section 41, where sats 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 cress 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 crasé bedding is commonly present with this
large-scale cross bedding at Section 3. At Section 51, tabular and
trough-shaped sets 5f cross bedding as thick as 2.0 metres are exposed.
The cross bedﬁ'in the sets dip south.

Beds in this member are thicker than in the underlying member

and range from 0.2 to 5.0 metres in thickness. Member D averages 12.4 ;
e
metres in thickness.
One of the wost characteristic features of this member is the
presence of vertical tubes in almost every section throughout the study
area. The tubes occur near the tep of the Flathead Formation, which
is the top of the predominant sandstone section, and just below the

Interbedded flne sandstone and shale of the Gros Ventre Formation., The

beds that centain vertical tubes form a reliable marker horizon.
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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
Formarlon, but large rumbers 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 centains crumbly, intenssly-weathered, granitic rock or i

metasediment. Large blocks of weathered granire up to 1.0 metre in

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

quartz cobbles 0.15 o 0.2 metres in diameter are present in the weath- b

ered metasediment. No bedding {s present in the weathered zome. When

present, this zome is 1.5 to 2.0 metres thick.

Gros Ventre Formation

The interbedded sandstone and shale of the lower Gros Ventre
Formation 1s 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
Formatdon. The formation boundary has been drawn at the point where
sandstone and shale are equally abundant and the color changes. The
Gros Ventre Formation gradually changes upward into shale.

The lower part of rhe urog Ventre Formation contsins an abundant

asgemblage of trace fossils. Cruziana, Rusophycus, Diplichpites, and




64

horizontal tubes are characteristically well exposed in the Gros Ventre
Formationm., Vertical tubes were alse found in one section.

Lingulid brachiopods occur in some sandstone beds between the
shale beds. The brachioped sandstone is commonly red and forms resist-
ant ledges that crop out in otherwige covered intervals., Some of these
gandstones 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 coneentration.

The brachiocpod 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 ints three mgmbers. In the Sunlight
Bagin, 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 sizeg and primary structures difflcult.

Figure 17 is a cross section of measured sections in the Sun-
light Basin and Clarks Fork Canvon. 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, gquartz sandstone. Quarty pebbles 5 toe 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. gtratigraphic cross section of the Flathead Formation
Wyoming. Location

in the Sunlight Basin and Clarks Tork Canyon ared,
of cross sectlons is shown on Fig. 3
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at Section & and Section 20 have‘quartz and potassium feldspar grains
up to 5306 millimetres in diameter. This bed contains approximately &0
percent quartz, 30 éercent 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 bted 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 wmetres thick with reunded gquartz
pebbles up to 0.15 metres in diameter, lies directly oo Precambrian
rock. The sandstone and conglomerate are brown or tan, and the shaly
sandstone is green, brown, and red.

Parailel bedding is the predominant bedding type of this member.
Howaver, small-scalé and large-scale cross badding 1s 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 écvered, but good outcrops are present at Section 4,

14, 20, and 8.

Member ¥

Member ¥, which overlies Member E, consists of medium to poorly
sorted, subangular to subrounded, medium to coarse, quartz sandstone.
Beds of shale 30 to 150 wmillimetres thick are present throughout this
member. A bed of medium to very coarse sandstene 1.2 metreas thilck,
which has subrounded to rounded guartz grains, was found in two sections

in this member. This member is brown and tan.
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Cross bedding 1s the predominant bedding type in this member,
lLarge-scale and smail-scale cross bedding occurs in equal amounts.
Parallel bedding is uncommorn, exceptlin shale beds, Large-scale, tabu—~
lar and trough-shaped sets are 0.1 zo 1.0 metres thick. The most common
set size is 0.1 metre thick. Most cross beds in these sets dip west but
at Section 10 and Section 4 some cross beds in some sets dip north and
south. & channel orientated in an east-wast 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
ercsion.

The most common sandstone bed thickness is 1.3 to 2.5 metres.
Member ¥ ds 1.7 to 22.0 metres thick.

The lower part of this member in many places is covered. Geood
outcrops in Sections 14, 20, 8, and 4 show the contact between the lower
part of Member ¥ and the underlying Member E. The upper surface of
Menber ¥ forms a résistant 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 easlly recog-
nizable and separates the cross-bedded Member F from the overlying
parallel~bedded member. In many places in the Sunlight Basin the strata
overlylng the resistant bench have been removed by glaclal eveosion. Im
all sections, except Section 4 and Section 8, the sandstome has been
well irdurated. 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.

A7

HER
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Member G

Member ¢ contains medium to poorly seorted, subangular to sub-—
younded, fine to cearse, quartz 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 predeminant bedding type in this member,
but small-scale cross bedding 1s common throughout the member,
Large—scale cross bedding is present in the lower part of the mewmber at
Section 4. Bedding is hard to distinguish in some beds in this member,
fr is thought the bedding in these beds has been destroved or disturbed ;¥%3i

. o
by burrowing organisms. P L

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 G ranges in thickness from 4,0 to 17.0 metres. At Sectlon 4,
17.0 metres of Member G are overlain by sandy shale of the Gros Veptre
Formation.

Trace fogsils in this member have been found in only twe places,

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

4 and Section 8. DBrachiopod fossils were found in the upper bed at Sec- :}Qf
tion 8, but the specimens were poorly preserved and no identification

was posszible.

Precambrian rock

Precambrian granite and granitic gneiss underlie the Flathead
Formation. A weathered zone of Precambrian rock overlies the Precambrian

at Section 4 1n Shoshone Canyon near Cody. 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 metra. The weathered zone 1ig variable in thickness and is

not prasent @V&r?wbara peneath 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 hés been divided inteo three members. The Flathead Formation at
Cocke City has been slightly metamorphesed to quartzitic sandstone near
intrusive roaks,'

Figure 18 is a cross section of measured sections in the Bear-
tooth Butte and Coocke City area. An east~west and north—south cross

section is shown.

Member H

Member H lies directly on Precamﬁrian rock, This member con—
tains conglomerate and poorly sorted, angular, medium to very coarse,
guartz sandstone. Quartz pebbles 20 to 70 millimetres in diameter are
present throughout this member. A conglomerate bed at Section 30 con-
rains guartz cobbles (.)] metre in diameter and fragments of Precambrian
rock. A sandstone bed at Section 22 contains approximately 10 percent

potaasivm feldspar.  The sandstone and conglomerate are brown and red.
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Fig. 18. Stratigraphic cross section of the Flathead Formation
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 sawndstone. The larpge—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 commonly covered but the rest of the
member ig well expoged In most sections. A conglomerate bed 0.3 to 1.7
metres thick is present in many exposures; especlally at Beartooth Butte.

Mo trace fossils were found in this member.

Member I

Member I, whilch overlies Member H, conslsts of poorly sorted,
angular to subangular, medium to very coarse, guartz sandstone, The
sandstone is brown and red. 3

Cross bedding is the predominant bedding type in this member.
Large-scale and small-scale cross bedding occurs in equal amounts.
Parallel bhedding is uncommon. Large-scale, tabular and trough~shaped o
sets are 0.1 to 1.4 metres thick, The most common set slze iz 0.2
metres. Most cross beds in these sets dip west or southwest. Mud- e

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 te 1.7 metres thick are most common. The upper part of
Member I is covered by landslide deposits in many placea. At Section
27 near Cooke City, Member I hasg been slightly metamorphosed to guartz-

itic sandstone by an overlying s1l11.




Horizontal tubes were found in thils member at Sections 21, 43,
24, 27, and 30. Most beds that contain these trace foszsils are red.

Rugophycus wias found with horizontal tvbes in Sections 21, 27, and 30.

Member J

Member J contains medium to poorly sorted, subangulsr to sub-
roundad, medium £o coarde, qusrtz sandstone, but most beds contain
medium to fine sandstonme. The sandstone 1s brown, red and green. -

Parallel bedding is the most common bedding type, but sone
small-scais cross bhedding 1s present. Bedding has been destroyed by
burrowing organisms at Section 22, These beds at Section 22 are the
same as Meﬁber G in the Sunlight Basin., Ripple marks were found at
Section 27 near Cooke City.

The member is 1.3 to 10.5 metres thick. The member 1Is commonly
covered by landslide deposits. The horizontal tubes preseunt at Section

38 are rhe only irace fossils that were found in this member.

Precambrian and younger ioneous vock units

The Flathead Formation overlies Precambrian igneous and meta-

morphic gracite, granltic gneiss, and gabbro. The Flathead Formation

north and south of {ooke City has been intruded by monzonite sills and
dikes of Tertiary age.

A weathered zome of Precambrian rock was not exposed In this
area, but may exist because the basal Flathead contact was covered in

mast sections.
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Red Lodge Area
General
The Fiathead Formetion in the Red Lodge area has been divided
into three members. Figure 19 shows the three members in Section 31

and Section 32 south of Red Lodge.

Member K
Member ¥ lies directly on a weatrhered zone at Section 32, but
the contact is covered in other outcrops in the Red Lodge areas. The
sember conrains medium to poorly sorted, angular to subangular, fine to g

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

diameter are present in several beds In this member, but no conglomerate e
was found. A sandstone bed at Section 32 contains approximately 5 ro 10

percent potassium feldspar. Shale beds 10 millimetres thick ceccur be-

tween the beds of sandstone in the lower and middle part of the member.
The sandstone is green, red, and brown, and the shale is red.

Parallel bedding is the predominant bedding type at Section 31,
but small—-scale cross bedding iz also present in the upper part of the

mamber. {rosg bedding iz the predomimant bedding type at Section 32.

Large~scala cross bedding is wmost common; the sets are 0.1 metre thick,
and cross beds in the set dip south. Some parali&l bedding is also
present in the lower part of the member at Section 32. Bedding in part
of this member at Section 32 has been destroved by burrowing organisms.
.The menber ranges In thickness from 4.6 to 9.5 metres. Most
beds in this member are 1.0 to 1.4 metres thick znd 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, Montanz. Location of cross section is shown on
Fig. 5.
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caetion 32 is very similar to a bed of shaly sandstone at the base of
Section & in Shoshone Canyon and Section 20 in Clarks Fork Canyon.
Trace ﬁcésils are abundant and well exposed in this member in
the Rad Lodgs area. Horizontal tubes are present in all parts of the
member, and sre well ewposed in the upper part of the member at Secticon

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

weathersd zone of Precambrian rock.

Member L 5
Member ., which overlies Member K, consists of medium to poorly
sorted, suhapgular te subrounded, medium to coarse, quartz sandstone. e

At Section 31 this member congists of medium sandstone. The sandstone it

is brown to tan. .
Pavailel bedding is the only bedding type present in this wem- e

‘H'q

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

B4 metres at Section 31. At Section 31, & thick, resistant bed of

sandsteone 7.3 metres thieck is present. This bed forms a steep cliff, ot
1§
sl
-which makes thorough description of the sandstone difficult. This bed My

is not present at Section 32. Local variations in depositional condi-
tions probably explain the presence of this bed at Section 31. The
upper part of Member L forms a resistant bench in the study area. XNo

trace fossils or brachiopods were found in Member L.




member “

Member M contains well to medium sorted, subrounded, fine to
medium, guartz sandstone, 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 Sectlon 32. The absence of

bedding iz probably dus to the action of burrowing organisms.

The mamber is 1.5 to 2.4 merres thick, The member forms an im-

portant correlation hwrizon in the Red Lodge Area because of its abun—

dant lingulid brachiopods. The hed containing brachiopods in the Red
Lodge area is the same ag the top part of Member G at Section 8 in the 7 g
mouth of Clarks Fork Canyon. Horizontal tubes are preseat at both R
Section 31 znd 3sction 32.
The member is made up of three baeds. The lowest, fine to

medium, brown sandstone bed contains few brachiocpods and is 1.0 to 1.4
metres thick. The middle, fine-grained, green sandstone bed contains
abumlant brachiopoé%, and is 0.1 metre taick. The upper, fine-grained,
red sandstone bed contains horizontal tubes and few brachiopods, and is

0.4 to 0.9 metre thick.

Precambrian rock

The Flathead Formation overlies Precambrian gabbro, granite, and
granltlc gneiss. The Precambrian rock is well exposed In the area of
the secuth fork of Grove Creek. At Section 32, Precambrien metamorphic
rock has been intrudad by a younger Precambrian gabbro.

A weathered zone of Precambrian granitile gneiss 0.4 metres thick

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

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

well-exposed norizontal tubes and Rusophycus.

Livingston and Manhsttan Area
General
The Flathead Formation in the Manhattan and Livingston area has
been divided intc three members. Figure 20 shows the three members in

Sections 45, 4B, 49, and 50 south and southeast of Livingston.

Member N

Member N overlies Precambrian granitic gneiss and amphibolite
at Section 48. 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
sandstona. Quartz peébies 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=-
lies the Precambrian rock at Section 43, This conglomerate bed contains
rounded guartz 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 (.1 metre thick, is the
predominant bedding type at Section 45 and Section 47. Small-scale
cress 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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Fig. 20. Stratigraphic cross section of the Flathead Formation
in the Livingston area, Montana. Location of cross section is shown on




oy iR

PR P Gden far g
LR TR OTTREL RS
<L . T DT &

Agiquny
BOYINAS PANSWI i DEY
*juos P ——
01 184 SOORISIRT  oRpE 188 PAY-S0IR 10
TN LIOR

spd SIydaceesae puw =
.v&ﬁm“wu ST R b A NN

wItoNTIeY YN
IPAINIG] PRLRA0D E

LT T

oJ
[<a] STOTNAS TISROL NV JITMIIORLEY
fupped w3 3
,_uLcu!_ 4. wrpwE B
Susppoq seaE> wwIgoE ¥

#aoa-1pvme » 31 pma
Smippeq vepas | UTIE0D 430
sirar-vilaey 1 10198019009 51 awaad

X

3

STRALSNELE KWL TLES NIVED ! nugaq m_
1 9l 144

4l
gunal 284

CTORHAS 29 [
178504 W %.” { 11




83

The membear is 3.9 to 6.3 metres thick. No trace fossils were

found in this memher.

Member O

Memhor O overlies Member N at Sectiens 45, 47, and 48. The
lower contact of this member at Section 49 and Bection 30 is covered.
This member consists of medium to poorly sorted, subrounded to rounded,
fine to coarse, guartz sandstone. Quartz pebbles 5 to 30 millimetres

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

]
TR

pebbles occur either dispersed through the sandstone or in layers hLe-

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

P

at Section 49 and Secticn 48. The sandsione i858 mostly red at Sections
48, 45, and 59, §ut it is brown at Section 50 and Section 47.

Parallel bedding is the pradominant bedding type in thié menber ,
but some small-scale cross badding occurs at Section 45 in the middle of o

the membar.

This member is 9.1 to 12.0 metres thick. The most common bed ;f
thickness is 1.4 to 2.0 metres. A covered intexrval of approximately %;
52

15 metres, which 1s thought to contain a body of intrusive rock, splits 5?
the exposures of Member O at Bection 47 into two parts. The sandstone h

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

49.

Hember ¥
Member P, which overlies Member 9, consists of medium to poorly

sorted, subangular to subrounded, fine to coarse, quartz sandetons.

Some very coarse sandstone 1s present in this member at Sections 47, 48,




and 49, Atv Sections 45, 47, and 50 fine to medium sandstone occurs in
the upper part oF this member. Quartz pebbles 10 to 30 millimetres are
prasent in this member at Saction 47 and Section 48. Potassium feldspar
grains 10 miilimetres in diameter are preseant in this member at Section
47. The predominant colors are brown and tan, but red sandstone is alsc
present,

Small-scale cross beddlng is the most common bedding type in
this member at Secrions 4%, 48, and 49. At Section 47, large-scale
cross bedding and parailel bedding are present in equal amounts. Crossa
hed sets are (.1 merre thick.

The member 1s 2.0 to 9.3 metres thick. This member hag been
indurated o « guartzitic sandstone at Sections 47, 49, and 50,

Horizontal tubes were found in two beds in this member at Sec—
tion 48. 7The 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 Séction 45 and Secticn 50, but the fossils could not

be identified because of their poor preservation.

Precambrian rock

The Flathead Formaticn in the Livingston area overlies Precam~
brian granltic gnefss, metasediment, and amphlbolite., The Precambrian
rock is exposed only at Section 48 and vear Secticn 45, In the Manhat-
tan arsa, the Flathead Formation over}ies the Precambrian Lahood Forma-
tion. The Lahood Formation, which is part of the Belt Supergroup, cop~
tains arkose. 4 weathered zome was not exposed in the Manhattan area

or in the Livingston area.
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Bighorn Mountain Area

General

thead Formation in the Bighorn Meuntain area has been

o _
BN S 7 B

o

divided into three membars. Figure 21 shows the lower twoe members in

Sections 5, &6, 7, and 52.

Member

Member (] either overlies the weathered zone or liles directly on
Precambrian rock. This member ceontains poorly sorted, angular to sub-
angular, madium o very coarse, quartz sandstone and conglomerate,
Quartz pebbles 10 to 100 millimetres are present in the conglomerate
heds at Section 5 and Section 6. The pebblea at Sectiom 5, where 4
metres of conglomzratse is present; are subrounded. The conglomerate
bed at Secticn &, which is 2.4 kilometres (1.5 wmiles) from Section 5.
is only 0.1 metre thick. The sandstone is red, brown, and tan, and the
conglomersats iz rad..

Cross pedding is the predominant bedding type of this member.
Large-scale cross bedding, with sets (0.1 to 1.0 metre thick, 1s present
at Section 7 amd fectlon 52. At Saction 52, crass beds in the sets dip
southwest. Small~scale c¢rosg bedding is present at Section 6. Conglom-
erate beds and a few sandstone beds sre parallel bedded.

This member 4s 4.0 to 6.5 metres thick. No trace fossils were

found in this member. Member Q is very similar to Member A in the Owl

Creek Mountain area.
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Fig. 21. Stratigraphic cross section of the Flathead Formation
in the Bighern Mountain area, Wyoming.
shown on Fig. 7.
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Location of cross section is
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Member R

Member R overlies Member Q at Section 52 and Outcrop 30. The
membar consists of medium sorted, subangular, medium, gquartz sandstone.
The sandstone is browa and red.

lLarge—scale cross bedding, with sets 0.1 te 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.

Member §

Member S, which is red and brown, fine to medium, quartz sand-
stone, overlies Member ¥ at Cuterop 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 gquality of the outcerop no thick-
nesses were measured. Member $ is= similar to Member C in the Owl Creek

¥ountain area.

Precambrian rock

The Flathead Formation overlies Precambrian granite and granitic
gneiss. A weathered zone of Precambrian rock 0.6 metres thick is ex—
poged at Section 6, and may exist in other areas, although such a zone

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




Little Belt Mountain and Smith River Basin Area

| General

The Flathand Formation in the Livtle Belt Mountain and Smith
River Basin area has been divided into three members. 1In the Smith
River Basin the Flathead Formation has bzen well indurated to a quartz-
itic sandstone. The guarczlile pature of the sandsrone in many places
makes field identification of grain size and primary structures diffi-
cult., Figures 22 ig a cross section of the measured sectlons in the

Little Belt Mountain and Smith River Basin area.

HMember T

Member T overlies Precambrian igneous, metamorphic, and sedi-
mentary rock. This member which is exposed only at Section 34 and Secw
tion 36, contains poorly sorted, angular to subangular, medium te very
coarse quartz sandstone and conglomerate. Quartz pebbles 10 millimetres
in diameter and o conglomerate bed 0.5 mzitres thick, are present in
this member at Section 36. The sandstone and conglomerate are red and
brown.

Large-scale cross bedding, with sets ¢.1 to 0.2 metres thick,
is the predcminant bedding type observed in this member at Sectiom 34,
but one bed with small-scale cross bedding is also present. No bedding
was found 4t Sectlon 36 where the beds hive been dndurated to quartzitic
sandetone.

This member is 12.9 to 32.0 metres thick, bhut the lower and mid-
dle parts of the member are covered in all sections. The thicknesses

of the covered intervals is approximate because of the poor gquality of
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in the Little Belt Mountain and Smith River Basin area, Hontana.
tion of cross section is shown on Fig. 8§ and Fig. 9.

o
it

’ Fig. 22. Stratigraphic <ross section of the Flathead Formation
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the exposures. The outcreops of the upper part of the member at Section
34 and Section 36 are 9.1 and 2.9 metres respectively. No trace fos-

8ils wers Iound in this member.

Member U

Mamber U, which overlies Member T, consists of medium to poorly
sorted, subangular to subrounded, medium to very cosarse, 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 consiste of 5.3 to 6.4 metres of medium to very coarse,
guartz sandstone with thin beds of shale. At Section 37, 3.9 metres of
rounded, medium to coarse, guartz sandstome is present in the middle
part of the member. At Qutcrop 15 petassium feldspar makes up approxi-
mately 10 percent of the grains in the lower part of the member. The
sandstone is red or brown, and the shale is red.

Large-scale cross Dedding is the predominant bedding type in
this member. Trough and tabular-shaped sets are (.05 to 0.2 metres
thick, but a set 0.5 metres thick was found in this member at Qutcrop
15, The wmost coomon set size is 0.1 metre thick. Parallel bedding and
small-scale cross bedding are also preseat in this member,

The member ranges in thickness from 6.3 to 34.5 metres., At
Sections 33, 38. and 39, the upper and lower contacts of the member is
covered. AU Sections 36, 39, and 38, the sanéston&gis guartzitic where
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 menmber in the

study area.




Member V

Member V, which is present at Sections 34, 36, and 37, overlies
Member U. It consists of medium to well sorted, subangular to sub-
rounded, fine to medium, quartz sandstome. At Section 34 the lower
part of the member consists of medium to coarse, quartz sandstone.
The sandstens of this member is green and brown.

Parallel bedding is the predominant bedding type in this member,

but large-scale and small-gcale cross bedding is present in this menmber
at Section 36. b

This member ranges in thickness from 11.% to 40.6 metres. The
lower part of the member at Bection 37 has been intruded by a gray, k
diorite sili. At Section 34, the member has not been intruded, but 0.3
kilometreg (1000 feet) to the north, the lower part of the member has fli

been intruded by a dicrite sill.

Horizontal tubes are common in thils member at Section 34 and
Section 37. Im thé upper part of the member at Section 34, horizontal
and vertical tubes are abundant in the green and brown, fine to medium ‘;
sandstene. At OQutcrop 16, Flathead sandstone with hordizontal tubes 1s
present above a diorite sill.

Precambrian rock and younger
igneous rock units

The Flathead Formatiom in the Little Belt Mountain area overlies
Precambrian granlte and granltic gneiss. The Precambrian rock 1s 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 gections. In the Smith River Basin the Flathead overlies
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the Precambrian Spokane Formation. The Spokane Formation, which is part
of the Belt Supergroup, is a ved shale and siltstone. A weathered zone

v

was not exvosed in this area or in the Little Belt Mocuntains.
One section, Section 353, was measured of the Precambrian Niehare
Quartzite. The Niznart Quartzite, which iz the basal part of the Belt

Supergroup in the Little Belt Mountains, i3 very similar in graln size

and primary structures to the Flathead Formation. The Niehart Quartzite

and the Flathead Formation probably were deposited in similar deposi-

tional enviromments.

The Fiathead Formation in the Little Belt Mountain and Snith i!
River Basin area has been intruded by diorite sills and laccoliths. Lo

8ills oceur ai the base and at the top of the formation.

Summary

-

General

The Flathead Formation has been livided into informal members

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

mEE, e L

oniy within their own study area. Generally, these members can be

———

grouped into thiee iptervals that characrerize the Flathead Formation.
These intervals can be correlated throughout the entire thesls study
area.

The lower interval is medium to sery coarse, guartz sandstone
that contains large-scale cross bedding with sets (0.1 to (.2 metres
thick, Small-scale cross bedding and parallel bedding is present in
Conglomerate beds are found in many places at or near

smaller amounts.

Shale and shaly sandstone are not QnCOBMoN.

the base of the formation.




(S
151

guartz pebbles 5 to 50 millimetres in diamerer are common in every study
. area. Potassium feldspar and mica grains are present in many places in
the basal san€sﬂ§na beds. Guarrz and Precambrian rock fragments 0.1 to
3.4 metres in diameter were found in four areas. Possils are not pres-—
ent in this interval. The interval is 2 to 8 metres thick,

The middiz interval is medium to coarse, gquartz sandstone that
is cross bedded. Small-scale cress bedding is more abundant in this
interval than in the lower interval, but large~scale cross bedding is
most abundapt., 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
26 metres thick., A few horizontal and vertical tubes are present inm this
member. Rusophycous burrows were found in two sections.

The upper interval is fine to coarse, quartz sandstone that ie
praedomivantly parallel bedded, but small-scale cross bedding doea 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 i
formation. The interval is 2 to 15 metres thick. Trace fossils are
most common in this interval. Horizontal tubes are found in every study
area. Vertlcal tubes are found in most of the study areas. Inarticu~

late brachiopods in the upper part of this interval were found in thres

areas.
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correlation

Figure 23 is a fence dlagram which shows a correlation of the
members in the seven study areas., All pembers are ceorrelated as strati-
graphic equivalents on the basis of their stratigraphic pesition, grain
size, primary structures, and paleontology.

The key criteria used in correlating the lower members are the
graln size asd the presence 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 the uppear member ars the parallel bedding, the thin bed size,
the evidence of burrowing, the horizontal and vertical tubes, and the
brachiopods. The brachiopods in the uppser sandstone bed of the upper
member providse an important correlation zone in the Clarks Fork Canyen,
Red Lodge, and Livingston areas.

The lowest member present in the Reartooth Butte and Sunlight
Zasin arzas ig not present in the Red Lodge area. Member K in the Rad
Lodge area correlates with Members I and F in the Beartooth Butte and
Sunlight Basin areas., Member L in the Red Lodge area correlates with
Members J and & din the Beartooth Butte and Sunlight Basin areas. Mem—

ber M in the Red Lodge area correlates with the upper part of Meuwbers J

and G in the Bearteooth Butte amd Sunlight Basin areas.

The upper member in some areas is not always eguivalent to the
upper meémber in other areas. This is illustrated in the Little Belt
Mcuntaiﬁ and Livingston areas. The middle and upper members (Members O
and P} in the Livingston area correlate with the middle member (Member

U) and lower part of the upper member (liember V) in the Little Belt

Mountailn area.
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Fig. 23. Fence diagram showlng correlation of members in the
thesis study area. Relative thicknesses of the members are shown for
each study area. The dashed lines represent a correlation line behind
a column.
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1. Sunlight Basin, Clarks Fork Canyon,
and Cody Area

2. Red Lodge Area

3. Owl Creek Mountain Area

4, Beartooth Butte and Cooke City Area

5. Bighorn Mountain Area

6. Livingston and Manhattan Area

7. Little Belt Mountain and Smith River
Basin Area
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FALECTOPOGRAPHY

Cwl Creek Mountain Aren

Field observations in the 0wl Creek Mountains suggest that the
Flathead Formation was deposited in most places on & Precambrian surface
that was alumost flat, but with a relief up to 3 metres. In a few placses
the surface had maximum relief of 70 metres. The almost-£flat Precam~
brian surface probably had some local, small knobs and pits, but deep
charnels and high, resistant knobs also existed., Near Qutcrop 22, roczk
relationshipse suggest that the lower part of the Flathead Formation was
deposited in 2 chennel sbout 10 metres desp. At Cuterop.24 a large
knob of Precambrian rock cutcrops above the lower Gros Ventre Formation.

Chgervations at Cutcrop 24 suggest that the Precambrilan knob
existed a8 an island throughout the deposition of the Flathead and lower
Gros Ventre Fmrmatioﬁs. The granitic Precambrian rock forms an outcrop
0.4 kilometres {(0.25 mile) across. The knob stands 13 to 45 metres
above the lower Gros Ventre Formation. The Precambrian rock is com-
plexiy iginted and has been weathered to form g rounded outerop. The
granitic rock in the lower flanks of the knob is crumbly, indicating
intense weathering. Circular and eleongate pits 0.2 metre deep and 0.6
metre in diameter sre present on some of the Precambriar 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 kanob dip 3 degrees
in a northerly direction, but sround the margins of the knob the Gros
Ventre Fogzasion dizs gantly away from the Precambrizn rock. Rounded
gquartz pebbles 30 millimetres in dismeter were found at the contact be~
twean the Precambrian and the lower Gros Ventre Formation. The sand—
stone iz coarser znearer the kpob than it is farther away. The lower ‘g

Gros Ventre samdstone contains large~scale cross bedding with

trough~shaped sets 0.3 to 1.0 metre thick. The beds in the set dip
southwest, azway from the knob. This probably indicates that the cross 3_}
bedding was formed by currents that flowed outward from the Island as |
the water washed up by waves returned o the sea. Gros Ventre sandstone
was alse faund in cracks on the Precawmbrian keob. This szandstone was
probably deposited as the island zlowly became buried bensath Gros i
Ventre sediments.

The field observations fit with what aight be expected of an )
iszland and iis sﬁfzounding sediments, The fisld 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 contact zone arcund the kneb does not exist; rather the comntact
relationships of the surrounding rock suggest a &ed;mentary origin.
Furthermore, the lithology and texture of the Precambrian rock is not
typical of an dgneous Intrusive roek. The rock at the koob 1s 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

Figure 24 is a diagramacic topographic map and cross section of
the Precambrian surface at the beginning of the deposition of the Fiat-
head Formation. The resistani Pracsmbrian knob at Outcrop 24, the chan-
nel at Outcrop 22, and other hypothetical knobs and channels on the Fre-
cambrian surface are shown. The topography of the knob at OQutcrop 24
and the channel at Outcrop 22 are based on observed field data. The
configuration of the topography in other places 1s speculative. A
shoreline, a coast with cliffed and non~cliffed areas, an island, and
areas of inferred sand and mud deposiltion are alsc shown on Figure 24.
The area iﬁcluded in Figures 24, 25, 26, and 27 is shown by dashed
lines ou Figure 2.

Figure 25 is a map and cross section showing thz rock units
with the lower Grcé 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 éxisted as islands throughout the deposition of the Flathead
Formation, and one island existed throughout the time of deposiltion of
the lower Gros Ventre Formation. The area of the map 1s the same as
Figures 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
beginnlng of deposition of the Flathead Formation. B8EC 3 is a measured

section number. 024 is an outerop description number. Contour interval

{s 5 metres. Location of Fig. 24 is shown ipnside dashes on Fig. 2.
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25. Map showing rock units with lower Gros Ventre Forma—
SEC 3 is a measured section number.

Location of Fig. 25 is shown in—

Fig.
tion and younger rock srripped off.
024 is an outecrop descriptionm number .

side dashes on Fig. 2.
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Fig. 26, Map showing rock units with upper Gros Ventre Forma-
tion and younger rock stripped off. SEC 3 is a measured section number.
024 is an outcrop.descripcion number. Location of Fig. 26 is shown in-

side dashes on Fig. 2.
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island of Precambrian rock was not covered hy lower Gros Ventre deposi—
tion.

Figure 27 ds 2 "worm's-eve-view" map of the strata overlying
the Precawbrian rock. It shows the Flathead Formation except in those

areas where the Gros Ventre Formation covered the islands.

L
T

Sunlight Basin, Clarks Fork Canyon, and Cody Area

The Flathead Formation in the Sunlight Basin, Clarks Fork Can-
yon, and {ody area was deposited in most places on Precambrian surface Fay
of low reiief. This surface had a relief of approximately 3 metres. f
A maximum relief of 15 metres was present in a few places.

A gocd ocutcrop of the Precambrian surface exists 0.4 kilometres
{0.25 miles) wast of Section 156. The outcrop ¢f the Precambrian rock
is on the east side of Sunlight Creek. Small, shallow depressions give
the surface a relief of 1 metre. The existing depressions may be
pre~Flathead f=zatures, but even if they have been formed by recent
erosion, the present surface probably cloesely resewmbles what the Prew-
cambrian surfece was like in mest places. The Flathead Formation out-
crops east of this surfaze. The surface ls on the same horizental
plane as the hottom of rhe Flathead. The same type of Precambrian sur-
face is present in the vicimity of Sectiopn 20 and Section 8 in Clarks
Fork Canyon.

Other outcrops in the Sunlight Basin show the Precambrian sur-
face had up to 13 metres of relief in some places. Along the west gide
of Dead Indian Creek, near Sections 11, 12, and 13, the Frecambrian rock

has ridges and troughs oriented northwest—southeast on itz surface,

————-—-————-—.d
o
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Fig. 27. "Worm's—eye-view" map of strata overlying the Precam-
brian roek, B8SEC 3 is a measured section number, 024 1s an outerop
deseription number. Location of Fig, 27 is shown inside dashes on
Fig. 2.
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The lower and middle parts of the Flathead Formation (Members E and F}
in this area vary in thickness with relief on the Precambrian surface.
At Bectlon 4 in Shoshone Canyon, the weathered zone and a bed of shaly
gandstone 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 Fiathead Formation inm the Beartooth Butte and Cooke City
arsda was deposited In most places on a Precambrian surxface with 1 to 3 B
metres of relief. Figure 29 shows the Precambrian and Flathead rela-
tionships at the northeast corner of Beartooth Butte. At the northeast
corper of Beartooth Butte, up to 20 metres of relilef ig present on the
Precambrian surface., Seversl troughs orientated mnortheast—southwest
are present on the Precambrian surface. The lower member of the Flat-
head Formaticn outcrops In the bortom of these channels., The middle
member of the formatlon 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 2 chammel near Section 30, 0.8 te 1.2 metres of
conglomerate overlie the Precambrian reock. The conglomerate comtains
guartz cobbles 0.1 metre in diameter and fragments of gramite. Overly-
ing rhe congiomerate is 1.6 metres of medium to very coarse sandstone
that h#s 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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|
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# Fig. 28. Cross sections showing relief and topography of the

L Precambrian surface in Shoshone Canyon and the Sunlight Basin. A, cross
. section of the lower part of Sectlon 4 in Shoshone Canyon showing the
AT rellef 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 syrface along
the west side of 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 Baartooth
Butte. View locking southwest. Note the isolated outcrop of the lower
Flathead Formation in the bottom of a channel. SEC 30 is a measured
sectlon number.
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carried clastic material to the shoreline from the Precambrian land

gurface.

! Other Study Areas
] The Flathead Formation in the Red Lodge area was deposited on a

Precambrian surface with 1 to 3 metres of relief. {orrelation of Seec-

tion 31 and fsction 32 indicates that there was up to 8 metrss of re— 3
W
o
lief. Field relationships between the Flathasad and Precambrian rock 1

near Gutcrops‘Q, 10, 11, 12, and 13 suggest that part of the Flathead

in that area probably was deposited in 2 channel on the Precambrian j
surface that was orilentated in a northeast direction. In the area

gouth and west of Red Lodge an interpretation of the Flathead=Precambrian
relationship is difficult because faults have altered the original rock
relationships.

Thz Flathead Formation in the Bighorm Mountain area was depos—
ited 1in 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 matyres of sandstone, but in other places in the surrcunding

area the Gros Ventre Formation liles direectly on the Precambrian rock.

Knobs of Precambrian rock along U. S. Highway 14 suggest some lslands
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 nf the Gros Ventre Formation

_——_—-‘
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overlies rhe sandstone znd conglomerate of the Filathead Formation.
These ralationships sugpgest that the Flathead was deposited on a
relatirely rizher Precambrian surface in the west than Iin the east.
The relationships also suggest that the depesitional conditions were

probably different in these two areas.

The Fiathead-Precambrian contact is coverzd in zll but one sec- ‘ﬂg

tion in the Livingston and Manhattan area; therefore little information o
K
on the nature of the Precambrian surface was collected., However, the i

correlation of Section 48 and Secticn 45, which are 3.2 kilometres {2 i
miles) apart, shows that at least 3 metres of relief existed on the ‘

Precambrian surface in that area.

Littie information is avallable on the nature of the Precambrian
surface in the Little Belt Mountain and Smith River Basin area, because

the Precambrian rock is not extensively exposed and the

Flathead-Precambrian contfact was covered in all sections.




DEPOSITIONAL ENVIRONMENTS

Introduction

Shallow-marine and marginal-marine depositilonal environments
are iadicated by the brachiopods and trace fosgils in the Flathead Form—
ation. The Flathead sandstong, the overlying marine shale of the Wolsey
or Gros Ventre Formation, and the overlying marine limestone of the
Meagher or Gallatin Formation, are part of a transgressive marine
Sequence.

Sandstone can form in many deep—marine, shallow-marine, and
marginal-marine envircenments. Sandstone deposited by turbidity cur-
rents or deep-acean currents would not have the fossils, t&e shape, the
thickness, and the stratigraphic relationships thaﬁ are characteristic
of the sandstone in the Flathead Formation. However, the cross and
parallel-bedded sandatone that is formed in shallow and marginal-marine
environments does have many of the characteristics of the aaaéstone in
the Flathead Formation.

Shallow and marginal-marine enviromments include the shore, the
nearshore, and the offshore envircomments. The terminology used in this
digscussion of shallow-marine and marginal-marine enviromments is showm
in Figure 30. The shore and nearshore enviromments can be subdivided
into enviromments on the basis of their energy and whether the curreats

are created by tidal or wave actlon.  Figure 31 shows the combilnations

113
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Fig. 30. Terminology used in shallow-marine and marginal-marine
A, special terms used in high-energy environmments with

B, special terms used in low-energy enviromments
£, special terms used in high~energy envi-

environments.
wave-induced currents.
with wave-induced currents.
ronments with tide-induced currents.
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Fig. 31. C(lassification of shallow=-marine and marginal-marine
enviromments. Defining parameters are the energy of the environment
and wave or tilde-induced curremts. I to %Il dencte different combina-
tions that are referred to In the disucssion.
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of these enviromments. Twelve different combinations are possible if
the presence or absence of barrier islands and longshore bars are in-

cluded

[N

o the classification. Because longshore bars ars creatsd by
wave—induced currents, they are not included in the tide—induced-current
category.

Low—energey envirouments with
wave-induced curreats

The following description of a Texas low-energy environment has
been summarired from Dickinson and others (1972). Where barrier islands
are present in enviromments with wave—induced currents, a lagoon or
mar sh environment is commonly present landward of the island. The
lagcon or marsh comnitains mud and peat with some washover—fan sand. The
barrier isiand is commonly.covered with eolian sand dunes, but the
eolian dunes aligo 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 gand is deposited. Where longshore bars are present their
migration produces large-scale, landward-dipping, tabular-shaped,
cross—bedded sand. Unldirecticnal dunes and ripples-méy form in troughs
betwesn longshore bars. Sand with low-angle cross bedding and with
parallel beddihg 1s also deposited in this zone. In deeper water near
the offshere zone, interbedded sand and mud is present. Parallel-bedded

mud 1s deposited in the offshore zone. Bioturbation is common in the

nearsheore and offshore zeones.
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The cross-bedded and paraliel-bedded sand and mud previously
described in the upper shore, lower shore, nearshore, and of £shore zones
are depositsd in suviromments I, II, IV, and V of Figure 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 IT and V do not have cross bedding produced by migraticn of long- iﬁs
M
shore bars., Transgressive deposita left by enviromments IV and V lack z
%

the lower lagoon, marsh, and washovar-fan deposits. Enviromment I is
present alcng the Gulf of Mexico and Atlantic coast, and has been ex-

tensively studied along the Texas coast.

Low and hlgh-enersy environments
with tide-induced currents

Reineck and Singh (1875, p- 355~-372) and Reineck (1972} have
deseribed lov and high—energy enviromments with tide—induced currents,
The following discugsion has been summarized from thelr work.

Where tide~induced currents are weak, rthey commonly cannot move
medium and coarse sand but carry substantial amounts of suspended ma-
terial. The low-energy shore enviromment contains mixed-flat and
mud-flat subzones. A salt~marsh subzone can also be presant. 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 Iisland (enviromment III in Figure 31) results
in shore and nearshore sand deposits overlying mud deposits of the
mixed~flat, mud-flat, and galt-marsh subzones.

Where tide-induced currents are strong they carry medium to

coarse sand. The high~energy shore enviromment contalns sand~flat,

—-——-———-———d
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Fig. 3Z. Vertical sequence through sediments deposited in en-
vironment I of Fig. 31 by a tranegressing sea. Enviromment I is a
low-energy envivonment with wave~Iinduced currents, barrier islands, and
longshore bhars. .
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LITHOLOGY AMPR FRIMARY STRUCGTURES
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mixedwflgt, mud-flat, and sand-marsh subzones. The mixed-flat and
mud~flat subzones are sandier than under low-energy conditions. The
sand-flat subzove contains sand thar has Leen deposited by tidal cur-
rents that move in and out of the lower shore zone. Small-~scale,

trough and tabular, landward and seaward-dipping crosgs bedding 1s

2=

formed by the wmigration of ripples. Parallel bedding is also present.

Thin beds of mud are deposited in the sand~flat subzone in guilet water

T g

during high tide. The mud flat, mixed £lat, and sand flat are commonly
bioturbated.

The pearshore zong contazims tidal chanpnels that commonly have
curved, unidirectional dunesg in their bertoms. Large-scale,
traugh—shage&i seaward~dipping cross bedding is produced by dune wmigra-
ticn in the tidal ahannelé‘ Most of these tidal channels are orientated
perpendicular zo the coastline and they commonly dissect the lower shore
zone. Seaward of the nearshore zone is the offshore zome. which con~
tains parallel-bedded mud.

A vertical sequence through sediments deposited in enviromment

XITI of Figure 31 is shown in Figure 33 (Reineck, 1972). The seduence
could also inciude ghore and nearshore sand deposited in an enviromment
by wave-induced currents if a barrier island was present (environment
IX of Figure 31).

Enviromments in which tide-induced currents are dominant exist

along part of the Atlantic coast of Horth America and along the North

Sea coast of the Netherlands, Cermany, and Demmark.
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i,:*‘a,:% I
e Fig. 33. Vertical sequence through sediments deposited in en-
- vironment XII of Fig. 31 by a transgressing sea. Fnviromeent X11 is a

high-energy environment with rtide—~induced currents and without a har—
rier island.
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LITHOLOGY AND PRIMARY STRUCTURES
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High-energy environments with
wave~induced currents

in high-energy environments the waves are strong enough to pro-
duce strenger longshore currents, wider surf and swash subgzones,
stronger shoreward currents, and stronger backwash and rip currents
than are present in the low-energy envircmments. Therefore, larger bed-
forms and hence lzrger bedding forms can be formed in this anviromment. :
The following description of an Oregon high-energy enviromment with
Wave—inducedrcurrents has been summarized from Clifton and others (1971).
This is envircnment XX of Figure 31,

The swash subzone consists of horizontal or seaward-dipping
paraliel-bedded =zand and gravel. The surf subzone consists of
large~scale, trough-shaped, seaward-dipping, cross-hbedded sand. The
primary structures in these subzones are formed by seaward-moving
backwash currents which predominate 1n the swash and surf subzones.

When longshore rurrents are present, some of the cross-bedded sand in
the surf subzone dips perpendicular or at some angle to the shoreline.
Parallel-bedded sand 1s deposited in the breaker subzone. Large-scale,
trough—-shaped, 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-hedded
sand is also deposited in this zone. In the breaker subzone and in the
nearshore zomne landﬁard—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 condirions of waves, tildes, shore shape,
and many other factors any of the subzones and their deposits could be
zbsent, Whera Tunpshors currents and seaward-flowing rip currents arve
present, they can modify the deposits formed in the lower shore, near-
shore, and offshore zones. Both longshore and rip currents form dunes,
ami the cross bedding formed by their migration can be preserved. Al-
though longshore bars were not present in the Oregon environment studied
by Cliftron and others (1%71), they can exist in the nearshore zone, and
their landwszrd migration will result in large-scale, landward-dipping,
tabular-shaped, crose-hedded sand.

Storms can have a drastic effect on the deposits of a high-energy
enviramment. During = storm or in the wintzr, sand is transperted sea-—
ward and the seaward-dipping bedding forwms formed by the seaward migra-
ticn of bedforms will be preserved.

A vertical sequence through deposits formed in an Cregon high-
energy environmsnt (enviromment XI of Figure 31) by a transgressing
sea is shown in Figure 34.

If barrier islands are present the vertical segquence in Figure
34 could be underlain by eclian-dune, lagoon, marsh, washover-fan, or
tidal deposits. These deposits would result in enviromments VII and
VIILI. If longshore bars and thelr associated cross bedding are present
the vertical sequence in Figure 34 would represent environment X of
Figurs 31.

High-~energy enviromments with wave~induced currents are present
along the Pacific coast of Califernia and Oregon. This environment has

not been studied extensively because of the strength and size of the

W
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Fig. 34. Vertical sequence through sediments deposited in en-

. vironment XI of Fig. 31 by a transgressing sea. Environment X1 1s a
high—energy environment with wave-induced currents and without barrier

: islands and longshore hars.
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LITHOLOGY AND PRIMARY STRUCTURES

Parallel-bedded mud and thin, cross-bedded sand

Small-scale, landward-dipping, cross-bedded sand;
parallel-bedded sand

Large~scale, trough-shaped, landward-dipping,
cross-bedded sand; small-scale, cross-bedded sand

Parallel-bedded sand

Large-scale, trough-shaped, seaward-dipping,
cross-bedded sand; cross~-bedded sand dips at some
angle to shoreline if longshore currents are
present

Horizontal or seaward-dipping, parallel-bedded
sand and gravel

Coastline bedrock

ZONES AND
SUBZONES OF
DEPOSITION

OFFSHORE

NEARSHORE

(wave-build-up
subzone)

LOWER
SHORE

{(breaker
subzone)

(surf
subzone)

UPPER

SHORE

{swash
subzone)

LAND
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wave and bthe wave-induced currents in the lower shore and nearshore
zones,
Depositional Eaoviromment of
the Flathead Formation

The Flathead Formation appears to have been deposited in a
high-energy envirormment by wave-~induced currents at the margin of an
eastward—-transgressing gea. 4 north-south shorelime with land on the
east and & ses on the west has been assumed in the interpretation of
the enviropmant of depesition.

The lower interval of the Flathead Formation contains
paralliel-bedded conglomerate and coarse to very coarse sandstone with
quartz pebbles that formed in the swash subzone in a high-energv envi-
romment .

The middle interval of the Flathead in most places consists of
large—scale, cross—-bedded, medium to coarse sandstone. The seis 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 lengshore currents. In some places sev—
eral east-wast chapnels 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.

The upper interval of the formation in most places contains
fine to medium sandstbne 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 interbedded shale and sandstone or parallel-bedded shale
that wa§ depcsited in the offshore zone.

Becsuze =eolian-dune, lageon, marsh, washover—fan, mud-flar,
mirxed-flat, and salt-marsgh deposits are not present&in the Flathead, a
barrier island was prcbably not part of the depositional emvironment.
Therefore, rhe Flathead Formation probably was not deposited in envi-
vonments I, IL, III, VII, and VIII of Figure 31 which contain barrier
islands,

The bedding in the Flathead Formation is not the same as the
bedding that la formed in the upper and lower shore zenes or in the
nearshore zone in a low-energy environment with wave-induced currents
and without barrier islands. Therefore, the Flathead Formatien probably
was not deposited in envirorments IV and V in Figure 31,

The bedding in the sand-flat subzone and in the nearshere zone
in a high—en=rgy epviromment with tide-induced currents ig siwilar in
some ways to bedding In the Flathead, but the bedding differences be-
tween the Flathead and this enviromment are more common. Channels with
large-scale, szaward~dipping, trough~shaped cross bedding are present
in this environment and in the Flathead. The large-scale,
seaward—-dipping cross bedding in the tidal enviromment is commonly re~
stricted to tidal-channel bottoms. However, large-scale,
seaward-dipping, cross bedding, which 1% most common in the Flathead,
is not restricred to the channels in the Fiathead. The small-scale,
seaward and landward-dipping cross bedding which is the most common bed—

ding in 2 tidal environment ie¢ not commonly present in the Flathead.

The thin lavers of mud that are devosited in the sand-fla: subzone
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batween tidal currents in a tidal envirorment are not commonly present
%etween‘the beds of sandstone in the Flathead Formatlion. The energy of
tidal curvxenie may a0t be strong enough to winucw, concenirate, and de-
posit the cobbles, pebbles, and very cearse sand that is present in the
conglomerate and sandstons in the lower part of the Flathead. The Flat—
head Formation probably was not deposited in a high-energy enviromment
with tide-induced currents with or withoutr barrier islands (enviromments
IX and XII 4in Figure 31).

The Flathead Formation probably wazs not deposited in a
low—energy environment with tide-induced currents and without barrier
isiands (enviromment VI in Figure 31) because mud~flat, mived-flat, and
salt-marsh depesits are not present din the formation.

The bedding, graln size, geometry, and stratigraphic relation-
ships suggest the Flathead Formation was deposite& in a high-energy en-
viromment 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 eoviron-—
ments in Figure 31 hes shown that enviromments X and %I are the most
probable deposicional envirouments.

The high—-energy enviromment with wave~induced currents 1s, like
most shoreline systems, a very complex envircomment that 1ls affected by
many wairlables, The Flathead Formation is an example of this. Not all
of the primary structures described in this enviromment 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-

zoneg and the 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 formation in wmost places. The slope of the
heach, strength of the waves, and the effect of the rides could havs
been responsible for omission of these two facies, bHut 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 PBepesition

The Precambrian rock in the thesis area had undargone a long
period of weathering before a sea transgressed from the west in middle
Cambrian time and a thick zone of weathered materisl azccumulated in mest
areag, Some resistant hills of rock were present on & Fracambrian sur-—
face that in most places had little relief. A4As the land slowly subsided
the sea trzansgressed to the east. The shoreline in most places was
north-south, bur hays existed in some aress. The coastline consisted
of a gently sesaward-sloping surface, but cliffs did exdist in some
places, <Channels on the Precambrian surface suggest that in some places
rivers carrisd sediment to the shoreline, but because fluvial and
deltaic deposits were not found beneath the Flathesd, rivers and deitas
probgbly were not wldespread. Islands did exist in some places where
the Precambrian rock resisted the ercsive action of the sea. As the
sea transgtessed, a sheet sand was deposited in a high—energy enviren~
ment with wave-induced curreats. The weathered zone in most places was

eroded and only a relatively thin remnant of it was left before sand

snd gravel was deposited over it. The energy of the environment allowed
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the weatherad zone and fresh tock to be eroded and thoroughly winnowed,
leaving the deposits of sand free from the fine clastics that were

4

tranasportad ianto he offshere zone and depcsitsad. UThe sand was even—
rually overliain by offshore mud 25 the shoreline moved slowly sastward.

The cvonditions were such that the sand deposits of the swasgh 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, anpelid worms, triolobites, and insrticulate brachio-
pods thrived in the sandy bottom sediment seaward of the surf zone.
Burrows and tubas made by anemones, annelid worms, and trilobltes were

preserved as trace fossils in the sand. Inarticulate brachiopods were

preserved in only a few places,.

Ancient and Modern Analogs

Cne ssction (Section 335) was measured in the Lictle 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 Pllcher Formation in wastern Montana. The Pilcher Formation is
the youngest formation in the Belr Supergroup in western Montana, and
is overléin by the Flathead Formation. The primary structures of the
sandstong of both the Niehart Quartzite and the Pllcher Formation are

very similar to the primary structures of the Flathead Formation and

e
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could alsc have been deposited in a high~energy environment with
wavewinduceé currents.

The ivonton and falesville Formations in Illincis and Wisconsin
(Emrich, 1466) and the Potsdam Formation in New York (Otves, 1966} are
upper Cambrian transgresalve sandstone deposits that exbibit bedding,
grain size, geometry. and stratigraphic relationships that are very
aimilar to those characteristics in the Flathead Formation.

Depogits simllar to those of the Flathead ¥Formation are pres-—
ently ferming asiong the Pacific cossts of California and Oregon.
Clifton and others (1971) has described Pleistocene and Quarternary
marginal-marine sandstone in Oregon with structures similar to those
structures found in the Flathead.

Howszver, characteristics of published studies of modern
shallow-marine snd marginal-marine sandstone envircnments do not com-—
pletely accouny 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 comparisons with the
characteristics of Cambrian transgressive sandstone. However, nc anal-
ogous modern environment may exist, apnd the Cambrian

transgrassive~sandstone depositional environment may not have existed

gince Cambrian time.
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INTRODUCTION TO APPENDICES

Appendix A contains 2 list of topographic maps and air phoios
uged before and during fieldwork. The 7 1/2 and 15 minute quadrangles
are arranged in groups accordipg to study areas

Appendix B contains a sample measured section on the oubcrop
data sheets rhat was specially devised for use in the fileld. The first
sheet contains places for a column and the impertant characteristics
for each measured bed. The second sheet, which was on the back side

of the first sheet for fileld use, contains spaces for location descrip-

tions, weather, topography, sketches, and summaries for the geology
fleld data. Because of space limitations, abbreviations were used on

the outcrop date sheets. A key for the abbreviations is listed below!

b brown

hem hematitic
mnrn maroon

£ tan

W white

dk dark

1z light

uh horizeontal tubes
i Rusophycus
sl glight

£ fine

m medium

c coarse

ve VEery coarse

//bdd parallel bedding

h<lsec large-scale cross bedding
h<sse small~scale cross bedding
sms shal low—marine shore

88 sandstone

141
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cgl conglomerate
pbl pebble
Gr Gn granitic gneiss

Appendix © contains locations and thicknesses of the measured

sections and outercp descriptions for sach study area, A key for the

rock unit abbreviations is listed below:

Pebh
Feg
Pen

Precambrian Belt Supergroup (sedimentary rock)

Zrecgmbrian granite and granitic gneiss

Pracambrian Niehart Quartzite (sedimentary rock-—Balt
Supergroup)

Precambrian Pllcher Formation (sedimentary rock—Balt
Supergroup)

Flathead Formatiop—-Cambrian

Gros Ventre Formation—-Cambrian

Cretaceous sedimentary rock

Tertiary sedimentary rock
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TOPOGRAPHIC MAPS AND AIR PHOTOS USED

IN TEE THESLS STUDY AREA
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Topographic Maps of the U. 8§, Gecleogical Survey

1. Scale: 1:Z50 000

Hams Serisl Number
a. Arminto, Wyo. BE 13-1
b, Cody, Wyo. NL 12-12
2. Sheridan, Wyo. NL 13-10
d. Thermopolis, Wyo. NK 12-3
&, Billings, Mont. WL 12-9
f, Boseman, Mont. NL 12-3
g. Great Falls, Mont, NL 12-2
h. White Sulphur Springs, Mont. NL 12-5

2, 0wl Creek Mountain Area

MName Guadrangle size
a. Birdseye Pass, Wyo. 7% min
B. Boysen, Wyo 73% min
¢. DePass, Wyo. 7% min
d. Gates Butte, Wyo. 7% min
&. Guffy Peak, Wyo. 7% min
f. Picard Ranch, Wyo. 7% min
g. Wedding of the Waters, Wyo. 7% min

3. Sunlight Basin, Clarks Fork Canyon, and Cody Area

a. Clark, Wyo. 13 min
b. Cody, Wyo. 15 min
¢. Dead Indian Peak, Wyo. 15 min
d. Deep Lake, Wyo. 153 min
&, Devils Tooth, Wyo. 15 min
£, Pat 0'Hara Mountain, Wvo. 15 min

4, Beartooth Butte and Cooke City Avea

a. Beartcoth Buttre, Wyo. 15 min
b. Cooke City, Mont. 15 min
¢. Pilot Peak, Wyo. 15 min

5. 'Red Lodge Area

a. Alpine, Mont. ' 15 min
b. Mount Maurice, Mont. 15 min
¢. Red Lodge East, Mont. 7% min

d. Tolman Flat, Mont. 7% min
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Hame Guadrangle size

6. Livingston and Manhattan Area

2. EBechive, Mont. 7% min
b. Brisbin, Mont. 7 wmin
c. Emerald Lzke, Mont. 7% wmin
d. Eamigrant, Hent. 15 min
e. Mclaod Basin, Mont. 7 min
£. Manhattan, Mont. 15 win
2. Mission. Monmt. 7% min
. HMount Rae, Mont. 7% min
i. Mt. Cowen, Mont. 15 min
j. Ht. Douglas, Mont. 15 min
k. Mt. Wood, Mont. L5 min
1. Sliderock Mountain, Mont. 7% min
m. Squaw Peak, Mont. 7% min

7. Bighorn Mountain Area

@, Bald Mountain, Wyo. 7% min
k. Burgess Junction, Wyo. 7 min
¢. UGranite Pass, Wyo. Py owmin
d. Hidden Tepee Creek, Wyo. 7% win
e. Medicine Wheel, Wyo,. T min
f. Shell Falls, Wyo. 7% min

8. Little Belt Mountain and Smith River Rasin Area

a. BRelt Park Butte, Mont. 73 min
"b. Catlinm Spring, Mont. 7% min
¢. Checkerbeoard, Mont. 7% wmin
d. Fort Logan, Mont. - 7% min
e. Monarch, Mont. 7 wmin
f. Niehart. Mont. 7% min

Air Photos
Available from: U. 8. Forest Reproduction Lab
Room 548
San Francisce, Calif. 94111

1. Suniight Basin and Clarks Fork Canyon Area

Araa Line Photo
Bumber  Number  Numbers Area

ECF 12 80~90 cast RBearteooth Mountain front
ECF 1 195-1983 Clarks PFork Canvon

ECF 1 151~160 Clarks Fork Canyon
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Area Line Photo
Number Number Numbers Ares
HCF i 113~-120  Sunlight Basin
ECF 11 148~154  Antelope Mountain
ECF 11 119-122  we=t Clarks Fork Canyon
ECF 11 17-20 west Clarks Fork Canyon
ECF 10 123-125 west Clarks Fork Canyon
ECF 10 96~1000 west Clarks Fork Canyon
ECF g 131.135  west Clarks Fork Canyon
ECF 3 115-118  west Clarks Fork Canyon

Date flown: August 1, 1958. Photo scale 1:20 (00
Sheshone National Forest~-Wapiti districe

2. Red Lodge Avea {21l photos are of the eastern and
northern Beartooth Mountain front)

EXX 1 127-135

EXX 2 143-147, 137-141

EXX 3 201-202, 163-172, 208-212
EXX 4 177-179

E¥X ] 214-215

EXZ & 221-222

EXX 7 96~98

EXX 8 137-139

FEX 9 3840

EXE 16 32-33

Date flown: July 15, 1971. Photo scale 1:20 000
Cugter National Forest--Red Lodge district
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SAMPLE HMEASUREL SECTION ON OUTCROP DATA SHEETS
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SECTION NO.__ 30  UNIT Flathead Fm ___DATE 7 [ 19/ 77 STATE yy
LOCATION SWNW = BEC 30 T 58N R_105WCOUNTY k
AREA Beartootih Butte STRUCTURE: STRIKE N 80° B _DIP _¢° 8 .
GEOLOGIST J. Degenstein SAMPLES 2 (#23, #24) QUAD Beartooth Butte 157
SCALE: 1 vert. division= lm TOTAL THICKNESS 15,8 mOUTCROP QUAL _good
33 + 13 [} =
W e o0 n Q Uy ot a3 fot
N VR . 3 o} ¥ — i il 2l L4 - et
J 21288 42 elBul D (5 |58malcSloms aiRdiga
: - o B R B B L pt fegeedlon wt (O @ et QG O g tta = COMMENTS
: &oganh*‘og o o l1euio - hun«gz.z:wgn,.&o
A ERIEE v e R Y N i N EE e PR
g ot el o .ﬂm__ﬁu AFLW i Jw lwp lh vt Q. m b
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SECTION NO. 30 DATE 7 / 19 / 77 TIME 4:30 TIME AT OUTCROP_5 hrs,
WEATHER indy . eopl

LOCATION: STATE Wy COUNTY Park QUAD Beartooth Butte 157
SW kN Xk SEC_30 T 53@ R 1054 OTHER INFO,AGESS,

SPEC, DIRC.,NEAREST TOWN, ROAD ¢ CU&B., ion lies alo g

mila, 2 hour hike,
TOPOGRAPHY__ NE base of Beartooth Butte between butte and glacjated
Pre € land to north, Relief-0 to 60! ELEV. 10.,000°
GEOLOGY: UNIT Flathead Fm AGE middle Cambrian

LITHOLOGY ve-f grainmed ss and cgl
CONGL x _size 3-10 em C.GR. x M.GR. x F.GR, x 8H SLT

DESCR. Basal unit is cgl up to 1.7 m thick. Middle unit is vc-m
grained ss. Upper unit is f-c grained ss.
THICKNESS _15.8 m

PRIMARY STRUCTURES PRESENT hs«lsc, //bdd

BEDDING: CROSSBEDS x GROUSED x  SOLITARY x GRADED x SORTING poor

ARGLE: HI__x SCALE: LRG_x SET SIZE .l to l.4 m
LO SHL TROUGH PLANAR JINBEDDED

PARALLEL STRAT % SET SIZE: LAMINATED(LESS THAR lem)

THIN(1-60cm) X THICK(60-120cm) . MASSIVE(GR THAN 120cm)__
DESCE. Parallel beading is most common in the lower unit. helse 18
i 13 most mmon 1o er unit,

DISTURBED OR BURROWED___
FOSSILS: TRACE: VERTICAL TUBES HORIZ.TUBES_x _ CRUZIANA_x

BRACHIGFODS QTHER DESCR. Present in
both middle and upper umits, ‘

COLOR: FRESH w, it t. ved, b WEATHERED 1t t, t, b, dk b, Lt mrn
DESCR, and mro
STAINS tHEMATITIC_x LIMONITIC sl ALTERED
DESCR, most lower apnd mdddle units--mostly hem stained

NO, OF SAMPLES 2 (#23, #24) PYRITE ORGANICS
STRUCTURES: STRIKE N 8Q° E  DIP &° 8 JOINTS FAULTS

DESCR.,

RADTOMETRICS : / BG/NORMAL, / 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 OUTCROF DESCRIPTIONS




TABLE 1

LOCATIONS AND THICEMESSES FOR MEASURED SECTIONS IN THE
OWL CREEK MOUNTAIN AREA, WYOMING

Location
Section  Rock Thickness
{5EC) Units (metres) Quadrangle County State T b4 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 1

SEC 3 <f 37.2 Boysen 7% min Fremont Wyo. 38 6E 8 N NESE

SEC 40 €f 43.8 Boysen 7% min Hot Springs Wyo, &N 6E 2B NEWESW
£av 5.0

SEC 41 € 40.2 Boysen 7% min Hot Springs  Wyo. 6N 6 28 E SERW
€gv 7.7

SEC 42 €£ 44,2 Birdseye Pass 7% min Hot Springs  Wyo. 41 93w 28  BESE

SEC 43 €f 37.4 Guffy Peak 7% min Fremont Wyo. 39N 92w 5  NWSWRF

SEC 44 €gv %42.6 Picard Ranch 7% min Fremont Wyo, 398 92w 8  NWSWNE

8EC 51 €f 22.8 Cottonwood Pass 7% min Fremont Wyo. 40H 90W 13  SESWWW

161




TABLE 2

LOCATIONS OF OUTCROP DESCRIPTIONS IN THE OWL CREEK MOUNTAIN

AREA, WYOMING

Location
Qutcrop -
(0) Rock Units Quadrangle County State T R Secticn
021 €gv Boysen 7% min Hot Springs. Wyo. 6N 6E 28  NWNWSE
0 22 Peg,Ef Birdseye Pass 7% min Hot Springs Wyo. 41N 93W 34 SWNWNW
0 23a Peg De Pass 7% min Fremont Wyo. 40N 92W 34  SESENW
b Tert Cates Butte 7% min Fr emont Wyo. 39N 92W 10 NWNE
0 24a Peg,€ov Birdseye Pass 7% min Fremont Wyo., 40N  94W 1 swW
b €gv Guffy Peak 7% min Hot Springs Wyo. 4IN  93W 26  SW

—

1
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TABLE 3

LOCATIONS AND THICRNESSES FOR MEASURED SECTIONS IN THE SUNLIGHT
BASIN, CLARKS FORK CANYON, AND CODY AREA, WYOMING

Loecstion
Section  Rock Thickness

{SEC) Units {metres) Guadrangle Caunty State T R Section
SEC 4 £ 36,9 Cody 15 min Park Uyo. 82N 102¥W 6 N SW

SEC 8 £f 12.5 Deep Lake 15 min Park Wy, 568 103W & 8w

7 KWW

SEC 9 €f 20.8 Deep Lake 15 min Park Wya., 55N  104W g Nu
8EC 10 €f 7.2 Deep Lake 15 win Park Wyo. SON  104W B § NE
SEC 11 €£ 26.9 Deep Lake 15 min Park Wyo. 85N 104W 8  NESW
SEC 12 €f 35.2 Deep Lake 15 min Park Wyo. S58 104W 8  SWNW
SEC 13 €5 25.8 Deep Lake 15 min Park Wyo. 550 104w 8 NWNH
SEC 14 f 14.4 Deep Lake 15 min Park Wyo. 55N 104w 5  NWSE
SEC 15 €f 16.7 Beep Lake 15 min Park Wyo, 55N 104%W 5  SESW
SEC 16 €f 27.7 Deep Lake 15 min Park Wyo. 55N 104%W 5  Swsw
SEC 17 €f 13.2 Deep Lake 15 min Park Wy 36N 104W 32 SWSW
SEC 18 €f 20,8 Deep Lake 15 min Park Wye. S5N 104w 7 NWNE
SEC 19 €f 17.0 Deep Lake 13 min Park Wyo. 36N 104W 30 NESE
35 NWEY

SEC 20 ©f 18.1 Deep Lake 15 win Park Wyo. 56N 104w

£6T



TABLE 4

LOCATIONS AND THICKNESSES FOR MEASURED SECTICNS IN THE
BEARTOOTH BUTTE AND COOKE CITY ARFA AND THE
RED LODGE AREA, WYOMING AND MONTAWA

Location

Section Rock Thickness

{5EC) Units  (metres) Quadrangle County State T R Section
SEC 21 €f 15.4 Beartooth Butte 15 min Park Wyo. 568 1064 9  NWNW

4 S SW

SEC 22 €f 25.3 Beartooth Butte 15 min Park Wyo, 56N 106w 1 SENW
SEC 23 €f 11.0 Beartooth Butte 15 min Park Wyo, S7H  106W 3 SE
SEC 24 &f 18.6 Beartooth Butte 15 min Park Wyo. TR LO6W 1 NESW
Sec 25 ©f 12.7 Beartooth Butte 15 nin Park Wyo. 37N 106W 12  NEHW
SEC 26 €f 8.8 Beartooth Butte 15 min Park Wyo. 588 105W 30  NuNW
SEC 27 ©f 15.0 Cooke City 13 min Park Mont. 98 14 25 SWSE
SEC 28 £f 15.3 Cooke City 15 min Park Mont. 95  14E 1 NWSsw
SEC 29 €f 8.3 Beartooth Butte 15 min Park Wyo. 57H  105W 9 NWHRW
SEC 30 €f i5.8 Beartooth Butte 15 min Park Wyo. 38N 105W 30  SWNW
SEC 31 ©f 19.4 Tolman Flat 7% min Carhbon Mont. 88 20E 34 NESWSE
SEC 32 &f 8.8 Tolman Flat 7% min Carbon Mont. 88 20E 34 SWHE

#CT



TABLE 5

LOCATIONS OF OUTCROP DESCRIPTIONS IN THE RED LODGE AREA, MONTANA

Location
Qutcrop
(O Rock Units ‘ GQuadrangle County State T 13 Saction
n 1 Peg,€f Télman Flat 7% min + Carbon Mont. 86 20E 34  NENWSE
o 2 €f Tolman Flat 7% min Carbon Mont. 88 20E 34  SESWNE
o 3 €f Tolman Flat 7% min Carbon Mont. 8§ 20E 34  NWNWSE
o 4 £f Tolman Flat 7% min Carbon Mont. 85 20E 34 NWHWSE
0 5 €f Tolman Flat 7% min Carbon Mont. 85 208 34  NENWSE
0 & £f Tolman Flat % min Carbon Mont. 85 20E 34  NENWSE
o 7 £f Telman Flat 7% mi Carhbon Mont. 8 20E 34  SWSENE U
0 B8 €f Tolman Flat 7% min Carbon Mont. 85 20E 34  NESWNE
¢ 9 £f Tolman ¥lat 7% min Carhon Mont. BS 20F 34  SWNWNE
0 10 Peg Tolman Flat 7% min Carbon Mont., 88 20E 34  SENWHE
011 Peg Tolman Flat 7% min Carbon Mont. 88 20E 27  SESESE
012 Pog Tolman Flat 7% min Carbon Mont, 88 208 27  NESESE
013 £f Tolman Flat 7% min Carbon Mont. 85  20E 27  HKESESE
0 14 €f Tolman Flat 7% min Carbhon Mont. 98 20E 3 NENWNE
0 25 €f,Peg Tolman Flat 7% min Carbon Mont. 85 20E 26 NW
27 NE
0 26 £f Hount Maurice 15 min Carbon Mont . 75 19€ 26 E NE




TABLE &

LOCATIONS AND THICRNESSES OF MEASURED SECTIONS AND OUTCROFP
DESCRIPTIONS IN THE LIVINGSTON AREA AND OTHER
AREAS IN WESTERN MONTANA

Section Location

{8EC)
Outcrop ' Thickness

{0} Rock Units (metres) Quadrangle ) County State T R Section
SEC 45 €f 23.0 Livingston Peak 7% min Park Mont., 3§ 11E 7  SESE
8EC 46 Pep (E17?) 4.3 Alberton 15 min Missoula Mont. 15N 224 26 NW
SEC 47 £ 40,2 Manhattan 15 ain Gallatin Mont . 2N 3E 27 NENE
SEC 48  -€f - 21.7 Livingston Peak 7% min Park MYont. 3§ 10E 11 NE
SEL 49 €f 14.3 Brisbin 7% min Park Mont. 45 9E 12 N NE
8%C 350 €f 11.1 McLeod Basin 7% min Sweetgrass Mont. 35 13E 32 SENW

0 27 £ F Jeffercon Tsland 15 min  TJefferson Mont 28 AN 31

o 28 Pep (€£7) Fishtrap Lake 7% min Sander Mont. 24N 28W 26 NE

029 Pcg Mount Cowen 15 min Park Mont. 63 12E 4 BE

98T




TABLE 7

LOCATIONS AND THICKNEBSES OF MEASURED SECTIONS AND OUTCROP
DESCRIPTIONS IN THE BIGHORN MOUNTAIN AREA, WYOMING

Section Location

(SEC)
Outerop  Rock Thickness

{0) Units  (metres) Quadrangle County State T R Section
SEC 5  £f 4.0 Bald Mountain 7% min Bighern Wyo. 56N  91W 31 NW
SEC & <£ 6.5 Bald Mountain 7% min Bighorn Wyo. 56N 924 24  BE
SEC 7 €f 4.0 Shell Falls 7% min Bighorn Wya. 53N 89W 7 NW
8EC 52 £f 23.0 Park Reserveir 7% min Sheridan Wyo. 540 86W 25 NE

0 30 <f Meadowlark Lake 7% min Washakie Wye, 48N  BeW 3

A




LOCATIONS AND THICKNESSES OF MEASURED SECTIONS AND DUTCROP
DESCRIPTICNS IN THE LITILE BELT MOUNTAIN AND SMITH

TABLE 8

RIVER BASIN ARFA, MONTANA

Secticn Location
{SEC)
Outerop Thicknees
{0} Rock Units {metrres) Quadrangle County State T R Section
SEC 33 <f 6.3 Monarch 7% min Cascade Mont. 148 7E 2 N BW
SEC 34 € 60,3 Momarch 7% min Cascade Mont. 15N 7JE 25  SWNE
SEC 35 Pcn 30.5 Niehart 7% min Cascade Momt. 139  8E 10 NWNE
SEC 36 <f 59.2 Fort Logan 7% min Meagher Mont. 11N 56 31 NENE
SEC 37 €f 49.8 Monarch 7% min Cascade Mont. 15N JE 24  NWSWSW ¥
SEC 38 £f 16.1 Catlin Spring 7% min Meagher  Mont. 8N 7E 32 SWNW
SET 39 cf 14.3 Catlin Spring 7% min Meagher  Mont. JN  6E 1 E 8Y
0 15 <f about 40 Checkerboard 7% min Meagher Mont. 9N 98 13 E W
0 16 €f, Tert Monarch 7% min Cascade Ment. 15N 7JE 27  SENESE
017 Tert Niehart 75 min Cascade Mont. 14N 88 1& SE
0 18 Pcb Coxcombe Butte 7% min  Meagher Mont. 10N 7E 5  SE
0 19 <f abcut 7 Moose Mountain 73 min  Meagher Mont. 12N FE 25  8W
0 20 K Unfinilshed Maagher Mont, ™ 9K 4 SE
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