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Abstract:
The Frontier Formation in Montana has been studied only generally until this time. In the Bridget
Range in Gallatin County and in the hills northeast of the range there are exposures of the early Upper
Cretaceous Frontier Formation on the western margin of the Crazy Mountains Basin. The formation
conformably overlies the Mowry Shale Formation and is overlain by the Cody Shale Formation in the
study area. Stratigraphic, petrographic, and depositional environment aspects of the formation are
studied.

The Frontier Formation is about 520 feet thick in the study area, and three members are observed: A
Basal Member about 60 feet thick composed of sandstone, a Middle Member about 380 feet thick
containing sandstones, siltstones, and claystones, and an Upper Member about 80 feet thick consisting
of sandstone. The Middle Member contains a distinctive zeolite-bearing unit and a black siliceous
mudstone unit containing white calcareous bivalve fossils. A chert pebble conglomerate zone in the
Upper Member may be associated with a disconformity in the formation. The members and units
correlate uniformly throughout the study area.

Thin sections of rock specimens are analyzed for qualitative and quantitative grain, matrix, and cement
relationships. Evidence is assembled that explains the provenance of the sediment, the processes by
which it was deposited, and the environment it was deposited in.

Proposed sources of the sediment are Precambrian rocks in central Idaho and Paleozoic chert-bearing
carbonate and quartzite sedimentary rocks in western Montana. The sediment was deposited by streams
discharging into the Cretaceous seaway that extended across central Montana Movement along major
Precambrian fault systems displaced basement structures sufficiently to render the basin a favorable
location for deposition. Volcanic ejecta was also deposited both from streams and as airborne ash fall
from explosive volcanoes presumed to have been associated with emplacement of the Idaho Batholith.
A north-trending coastline fluctuated east and west across south central Montana. Fluvial, deltaic,
lagoonal and marine sediments were deposited. Steady accumulation and progradation of sediment
forced the margin of the sea eastward. The sediment supply diminished near the end of Frontier time
and the sea transgressed to western Montana. 
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; ABSTRACT

The Frontier Formation in Montana has been studied only generally 
until this time. In the Bridget Range in Gallatin County and in the 
hills northeast of the range there are exposures of the early Upper 
Cretaceous Frontier Formation on the western margin of the Crazy Moun
tains Basin. The formation conformably overlies the Mowry Shale Forma
tion and is overlain by the Cody Shale Formation in the study area. 
Stratigraphic, petrographic, and depositional environment aspects of the 
formation are studied.

The Frontier Formation is about 520 feet thick in the study area, 
and three members are observed: A Basal Member about 60 feet thick
composed of sandstone, a Middle Member about 380 feet thick containing 
sandstones, siltstones, and claystones, and an Upper Member about 80 
feet thick consisting of sandstone. The Middle Member contains a dis
tinctive zeolite-bearing unit and a black siliceous mudstone unit - con
taining white calcareous bivalve fossils. A chert pebble conglomerate 
zone in the Upper Member may be associated with a disconformity in the 
formation. The members and units correlate uniformly throughout the 
study area.

Thin sections of rock specimens are analyzed for qualitative and 
quantitative grain, matrix, and cement relationships. Evidence is 
assembled that explains the provenance of the sediment, the processes 
by which it was deposited, and the environment it was deposited in.

Proposed sources of the sediment are Precambrian rocks in central 
Idaho and Paleozoic chert-bearing carbonate and quartzite sedimentary 
rocks in western Montana. The sediment was deposited by streams dis
charging into the Cretaceous seaway that extended across central Montana 
Movement along major Precambrian fault systems displaced basement struc
tures sufficiently to render the basin a favorable location for deposi
tion. Volcanic ejecta was also deposited both from streams and as 
airborne ash fall from explosive volcanoes presumed to have been asso
ciated with emplacement of the Idaho Batholith. A north-trending coast
line fluctuated east and west across south central Montana. Fluvial, 
deltaic, lagoonal and marine sediments were deposited. Steady accumu
lation and progradation of sediment forced the margin of the sea east
ward. The sediment supply diminished near the end of Frontier time and 
the sea transgressed to western Montana.



CHAPTER I. INTRODUCTION

A. Location

The region under study comprises nearly 400 square miles including 
the east side of the Bridger Range and the hills northeast of the range. 
This region is in south central Montana and is bounded by the communi
ties of Bozeman, Maudlow, Ringling, and Livingston (Figure I). The 
range extends nearly 30 miles in a north to northwest direction from 
Rocky Canyon on U.S. Interstate 90 about 12 miles east of Bozeman. The 
mountains are folded Precambrian to Tertiary sedimentary rocks and are 
faulted normally upwards exposing Precambrian igneous and metamorphic 
crystalline rocks on the west side. The highest peak is Sacagawea Peak 

with an elevation of 9665 feet. The mountains mark the eastern end of 

the Three Forks Valley. The city of Bozeman is in this part of the 
valley and has an elevation of 4675 feet. The range forms a distinctive 

skyline visible for many miles in all directions of approach to Bozeman.
Along the crest of the range are palisades that trace the steep 

eastward dipping to overturned (westward) resistant strata of the 
Mississippian Madison Limestone Formation. On the east side, the 
Mesozoic and Cenozoic formations are recumbent folds and tightly com
pressed and faulted concentric folds that become less strongly folded 
but dip steeply eastward into the Crazy Mountains Basin. The hilly 
area northeast of the range contains these sediments in a less inten

sely folded series of partially eroded anticlines and synclines. Nota

ble structures are the major folds northwest of Wilsall, Montana.
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These are, west to east, Elkhorn anticlin'e, Wallrock syncline and 
Ringling anticline. Prominent anticlinal and synclinal noses form 
erosional escarpments at Wallrock Basin and Elk Ridge about six miles 
northwest of Wilsall. The canyon on the Middle Fork of Sixteenmile 
Creek from Maudlow to Ringling is incised into these sediments, and 
affords the only west to east access to study through the Bridger Range.

The Crazy Mountains are 25 miles east of the Bridger Range, and in 
the area between the two mountains, the Paleozoic sediments are estima
ted to be nearly 17,000 feet deep (Garrett, 1972). The Crazy Mountains

/

are located approximately over the center of the Crazy Mountains Basin. 
The Bridget Range and the Crazy Mountains Basin are Laramide structures 
(McMannis, 1955), and the Crazy Mountains are a post-Laramide igneous 

intrusive that apparently pierced the sedimentary sequence. The sedi
mentary rocks are observed to dip gently into the basin along U.S. 

Interstate 90 from Livingston to Billings, Montana, a distance of nearly 

130 miles.
B. Purpose of the Study

The initial purpose of this study is to locate exposures of the 
Frontier Formation in the heavily forested complex structures on the 
east side of the Bridget Range and along the Middle Fork of Sixteenmile 
Creek. The formation has been mapped in the course of general geologic 

mapping of the area, however, the formation has not been studied in

detail.
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Principal purposes are to measure stratigraphic sections of the 
formation, to correlate the lithologic relationships, and to study thin 

sections in order to determine the environment of deposition of the 
formation on the western margin of the Crazy Mountains Basin.

Other purposes are to propose sources of the sediment, and to com
pare the formation in the study area with the literature regarding the 
formation in adjacent areas.
C. Method

During the summer and autumn of 1974, a total of seven weeks was 
spent in the field measuring stratigraphic sections and collecting 

specimens. j
Aerial photographs were used to judge the terrain for lateral 

extent and quality of rocky exposures of the Frontier Formation. Stra

tigraphic sections were measured by traverses with steel tape and Jacob 

staff.

D. Previous Work
The Frontier Formation is most thoroughly studied in Wyoming. It 

is named for the town of Frontier, a small coal mining town in Lincoln , 

County two miles north of Kemmerer, Wyoming (Knight, 1902)
In the exposures at the type locality, the formation consists of 

2600 feet of interbedded sandstones, siltstones, dark shales, pyroclas
tic sediments, and coal. A 200-foot thick, fossil mollusk-bearing, 
muddy sandstone bed 600 feet from the top of the formation forms a



5

topographic feature known as Oyster Ridge.
Veatch (1907) described the formation as lying stratigraphically 

between the marine Mowry Shale Formation and the overlying marine 
Hilliard Shale Member of Colorado Shale Formation.

W.A. Cobban and J.B. Reeside, Jr. assembled considerable informa

tion about the formation during the years prior to the Korean War.
They published a correlation paper for the Frontier Formation through
out Wyoming and the adjacent areas of Utah, Colorado, Idaho and Montana 
(Cobban and Reeside, 1952a). This work was accompanied by a contribu
tion correlating all of the Cretaceous formations of the western 
interior of the United States (Cobban and Reeside, 1952b). - These pub
lications still serve as principal references for Cretaceous stratigra

phic research in the western states.
In these papers, Cobban and Reeside described the Frontier Forma

tion sediments, and organized the field exposures and oil well drilling 
data and samples by extensive lithological and paleontological correla

tions .
The work of Cobban and Reeside was extended by stratigraphers and 

sedimentologists, who commenced to interpret the lithofacies of the 
formation and to evaluate the provenance of the sediements and the 
environment of deposition (Goodell, 1962; Van Houten, 1962). Goodell's 
work included the Frontier Formation in Wyoming where the main mass of 
sediment appears to have been deposited. He utilized the terminology
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used by petroleum geologists who often describe the Frontier Formation 
in terms of three major sandstone zones: the First Wall Creek, Second
Wall Creek, and Third Wall Creek in the order they are intercepted 
during drilling. Sometimes these are referred to as formations, but 
more often they are considered members of the Frontier Formation 
(Goodell, 1962).

Goodell concludes that the Third Wall Creek Sandstone Member 
reflects an increase in clastic material from an uplift to the west.
The sandstone intertongues with, and, in part, conformably overlies the 
Mowry Shale Formation.

The Second and then the First Wall Creek Sandstone Members are 

interpreted to represent subsequent progradations of sediment in 
response to continued tectonism and uplift. Uplift, batholithic intru

sion thrust faults, and volcanism were establishing the Northern 

Rocky Mountains at this time (Scholten and Ramspott, 1968).
During temporary relaxation of these orogenic events, the Creta

ceous Sea transgressed into reentrants along the irregular coastline 
east of the emerging mountains. The First Wall Creek Sandstone, for 
example, contains clean, better rounded quartz grains - than the lower 

sandstones and evidences a prominent transgressive phase.
Attempts were made to extend the Wyoming correlations into Montana. 

The dark line in Figure I depicts the easternmost extent of the Frontier 

Formation in Montana. The formation has been correlated north from the
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Big Horn Basin to the area southwest of Billings at Bridget, Montana. • 
Specifically, the Peay Formation and Torchlight Formation have been 

correlated with the Third Wall Creek Member and First Wall Creek Member, 
respectively (Knappen and Moulton, 1931; Goodell, 1962).

In the Harlowton area, a 248-foot thick sandstone called the Big 
Elk Sandstone Fromation was described by Bowen (1918). This sandstone 
represents the Frontier Formation in that area, and may correlate with 
the Boulder River Sandstone Member of the Frontier Formation near 
Livingston (Roberts, 1972). Forty miles west of Harlowton a 232-foot 
massive sandstone has been suggested to correlate with the Big Elk 
Sandstone (Tanner, 1949). The sandstone is 15 miles northwest of the 

study area. In Judith Basin County 50 miles northwest of the study 
area, the Frontier Formation is not recognized. The Colorado Group 

there is a 1500-foot thick dark shale with a few thin sandstone units 

(Zimmerman, 1966).
In a series of lithologic correlations with minor paleontological 

work, the Frontier Formation has been extended to Mc Leod (Richards, 
1957), where the Peay Formation is the Basal Member and is termed the 
Boulder River Sandstone Member of the Frontier Formation. The Upper 

Member is considered correlative with the Torchlight Sandstone of 
Knappen and Moulton (Roberts, 1972). Northwest of the study area, the 

Frontier Formation is lithologically similar to the sandstone, silt- 
stone and bentonite units of the Vaughn and Bootlegger Members of the
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Blackleaf Formation in the Sweetgrass Arch area (Cobban, and others, 

1959).
Emmons and Calkins (1913) extended the Frontier Formation litholo

gically to Philipsburg in western Montana where at least one marine 
sandstone is even observed. The major part of the Colorado Group, 
including the Frontier Formation, in western Montana is nonmarine. 

Klepper (1957) noted a nonmarine "salt and pepper" sandstone and con
glomerate of possible Frontier correlation near Radersburg east of the 

Elkhorn Mountains and about 30 miles west of the study area. At a few 

localities in western Montana, sandstones, siltstones,.dark shales, and 
conglomerates are part of the Colorado Formation and may correlate with, 
the Frontier Formation. McGill (1959) mapped coarse, conglomeratic 
sandstone interbedded with dark shales as part of the Colorado Formation 
in the Flint Creek Range along the western margin of the Deer Lodge 

Valley not far from Phlipsburg. These may be terrestrial equivalents 
of the Frontier Formation. Other lithologic correlations have been 

made to nonmarine volcanic and terrestrial sandstone and shales in the 

Drummond area (Gwinn, 1961; 1965).
In southwestern Montana the Frontier Formation is apparently 

missing due either to nondeposition or erosion (McMannis and Chadwick, 

1964). The formation may be covered in parts of southern Montana by 

extensive ash and tuff flows from Yellowstone National Park (Hall,
1961). In a few exposures lithologic equivalents of the Frontier
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Formation have been found and some shale units have been correlated with 
the Mowry Shale Formation (Hall, 1961).

Marine sandstones, shales and clay of Frontier Formation have been 
measured at Cinnabar Mountain in the Yellowstone Valley (Wilson, 1934; 
Fraser, 1969). A 45-foot sandstone unit said to be correlative with 
the Basal Member at Cinnabar Mountain was measured on Mr. Everts in 

Yellowstone National Park a few miles south of Gardinar, Montana (Ruppel, 
1972).

Recently, Roberts (1972) concluded section measurement, geologic 
mapping, and lithologic correlation of Cretaceous and Tertiary sedimen
tary rocks in the Livingston area. Skipp and Hepp (1968) mapped the 
Hatfield Mountain Quadrangle noting the Frontier Formation to be a 500- 

foot thick sandstone and sandy shale formation with oyster banks and a 
conglomerate zone. An earlier geologic map of the Maudlow Quadrangle 

(Skipp and Peterson, 1965) includes 600 to 900 feet of similar lithology 
as the Middle Member of the Colorado Group with the suggestion that the 

member correlates with the Frontier Formation. Roberts, Skipp and 
McGraw, respectively, have many maps that include the study area on 

Open File with the U.S. Geological Survey and these are all noted in 
the List of References at the end of this paper.



CHAPTER II. STRATIGRAPHY OF THE FORMATION

A. Stratigraphic and Field Relationships of the Frontier Formation

Field examination of the Frontier Formation indicates that the 
formation is light gray to greenish-gray, medium- to coarse-grained 
"salt and pepper" sandstone interbedded with fine-grained sandstone and 
silty shale. The formation averages 500 feet in thickness. It is 
positioned stratigraphically between two thick dark shale zones. The 
underlying shale is the Mowry Shale Formation and the overlying shale 

is the Cody Shale Formation.
The dark soil in the swales of the covered intervals has a blue or 

green tint, and is rich in montmorillonite clay. It is possible to 
auger through the soil and collect chips of gray to black fine-grained 
sandstone and siltstone. Soil crusts in the grass covered swales form 
"popcorn" soil clods due to shrinking of the montmorillonite clay. The 

fine sand and silt texture of these soils drains them better than the 

soils covering the two dark shale zones.
The chart in Figure 2 shows the formations observed in the study

area.
The Mowry and Thermopolis Shale Formations form grass covered 

swales at all sections measured. They are 940 feet thick in the 
Livingston area (Roberts, 1972). The formations are thinner and mea
sure only 250 to 300 feet in the study area. It is suggested that the 
shale is thin due to its incompetence relative to the competent sand
stones and carbonate rocks in the folded strata. Numerous small faults
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may also thin the shale units. This was observed in very erratic sec
tion measurements of these shales over short distances near Radersburg 
(Klepper, and others, 1957). In the Livingston.area the lower shale 
member of the Cody Shale Formation is 590 feet thick (Roberts, 1972).
In the hills on the east side of the Bridger Range at the southern end 

of the measured sections, for example, this shale member is only about 

120 feet thick.
The Eldridge Creek Sandstone Member of the Cody Shale Formation is 

of special local interest. It is a thin-bedded, platy, very fine
grained, glauconitic sandstone that forms a distinctive outcrop of green 
flagstone. The Member was named by Roberts (1972) for exposures of over 
100 feet in thickness at Eldridge Creek 15 miles east of Bozeman. Only 
about 25 feet of this sandstone is observed on the east side of the 
Bridget Range. The formation appears to thin to the north of Beasley 

Creek, but it is persistent and was found at most sections of the Fron

tier Formation.
The Mowry Shale Formation is distinguished in the field as brown 

marine shale and sandstone with siliceous mudstones. Iron oxide and 
calcareous mud cracked concretions, and black color distinguish the 
lower shale member of the Cody Formation. Both shales form dark, muddy 
soils. Snow melt and rainwater collect in shallow sinks in the swales 

formed by both formations, and this tends to distinguish the shaly 
swales from the fine sandstone and siltstone covered swales of the

,1
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Frontier Formation.
The correlation chart in Figure 2 shows how the nomenclature of the 

Lower Cretaceous and early Upper Cretaceous formations changes from the 
Livingston area northwestward through the study area to the Sweetgrass 
Arch north of Great Falls.

The columns represent reports of actual thicknesses of the various 
formations. The uniform time line is the top of the Mowry Formation. 

Paleontological evidence has been used to define the top of the Boot

legger Formation as time equivalent with the top of the Mowry Foundation 
(Cobban, and others, 1959). Roberts (1972) utilized paleontological 
evidence and correlated the top of the Mowry Formation in the Livingston 
area with the top of the Bootlegger Formation. Tanner (1949) collected 
fossil evidence from marine shales just below d 232-,£oot .sandstone bed 

near Loweth, Montana, and suggested that these shales were correlative 
with the Mowry Shale Formation. Fox and Groff (1966) did not use 
paleontological data, but made lithological correlations from the Sweet- 
grass Arch area forty miles south to Ulm, a small town near Great Falls. 
The top of the Mowry Shale Formation is probably the end of Upper Albian 

time near Livings ton according to Roberts (1965; 1972). The top of the 

Bootlegger Member of the Blackleaf Formation marks the end of Upper" - .

Albian time on the Sweetgrass Arch (Cobban, and others, 1959). Unless 
these correlations are revised, it is evident that the Frontier Forma

tion was being deposited in the Livingston area at a time when there
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was a condition of non-deposition or erosion in the Sweetgrass Arch 
area. A brief hiatus in the upper part of the Frontier Formation is 
suggested by Roberts (1972). Tanner (1949) proposes a disconformity 
before deposition of a 3-foot conglomerate zone overlying the 232-foot 
sandstone that he suggests to be correlative with Big Elk Sandstone 
Formation near Harlowton. A hiatus is proposed herein during deposition 
of the Upper Member of the Frontier Formation at the County Line sec

tion. Shallow to emergent conditions and nondeposition or erosion there 
is consistent with the Cenomanian hiatus in the Sweetgrass Arch area.

The measured sections at Troy Creek and County Line and Tanner's 
section at Loweth indicate that a Cretaceous time correlation between 
Livingston and the Sweetgrass Arch area would be most helpful to further 
lithologic correlations.
B. Location of the Exposures and Measured Sections

Nine stratigraphic sections forming a south-north line and west- 
east line are suitable for measurement. Additional exposures of por
tions of the formation are present hear Ringling (Section 30, T 7 N,
R 8 E), Meadow Greek Ranch (Sections 27 and 34, T 6 N, R 7 E), Rocky 
Canyon (Section 20, T 2 S, R 6 E), and Trail Creek (Section 29, T 3 S,
R 8 E)., The reference section of Roberts (1972) is near Livingston 
(Sections 26, 27, T 2 S, R 9 E). Scattered exposures of the formation 

at many places in the study area afford an opportunity to examine the 

various lithologies, but the stratigraphic position of the rocks cannot
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be determined.

The south-north line of sections include six exposures: Beasley
Creek (NE 1/4, Section 23, T I S, R 6 E), Slushman Creek (SE 1/4, Sec
tion 25, T I N ,  R 6 E), Brackett Creek (NE 1/4, Section 12, T I N ,
R 6 E), Troy Creek Ranger Section (SE 1/4, Section 4, T 3 N, R 6 E),
East Flank of Sixteenmile Anticline (NE 1/4, Section 11, T 4 N, R 6 E), 
and Gallatin and Meagher County Line (SW 1/4, Section 16, T 5 N, R 7 E).

The west-east line of sections includes three additional sections: 
Maudlow (NE 1/4, Section 14, T 4 N, R 4 E) and Jensen Ranch near 

Josephine, Montana (SW 1/4, Section 6, T 4 N, R 6 E) west of the east 
flank of Sixteenmile Anticline, and Elkhorn Ridge in the upper Cotton
wood Creek area east of the anticline (1/4 section corner. Sections 3 
and 10, T 4 N, R 7 E). Abbreviated names such as "Beasley Creek" and 

"East Flank" will be used for reading convenience. The map in Figure I 
shows the location and road access to each measured section.

Exposures may be observed near Fairy Lake, Flathead Pass, and Haw 
Gulch on the east side of the Bridger Range; at Warm Springs anticline. 

Horse Butte, and Elk Ridge east and south of Ringling; and at the Nesbit 
Ranch area on Trail Creek road several miles southwest of Livingston.

■ The exposures are on steep cliffs and covered by timber and glacial 

debris in the Bridger Range (Plate I) .
Sections of the Frontier Formation may be found by pacing about 

250 yards over grass covered swales from distinctive, red, coarse-
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grained sandstone ledges of the Kootenai Formation to prominent gray- 
green "salt and pepper" sandstone ridges (Plate 2).

The Jensen section has a gentle normal west dip, but all of the 
other sections have vertical or overturned dips on the flanks of folds. 
All sections are partially soil, grass, and forest covered. The best 

exposures are in erosional cuts in steep hillsides even though these 

offer limited opportunities for lateral examination of the rocks. The 

sandstone units form resistant ridges that tend to stand out in most 
sections as four or five ridges between the grass covered swales of the 
Mowry Shale Formation and Cody Shale Formation. A soil auger and mattax 
are useful to expose thinly covered units of the formation.
C. Lithologic Correlation of Measured Stratigraphic Sections

The Frontier Formation is divisible into different lithologic mem
bers and units within the study area. Three members are proposed. A 

Basal Member is predominately gray to green, medium- to coarse-grained., 

silica cemented sandstone with one or more bentonitic clay units. Over- 

lying this sandstone member is a thick Middle Member of dark gray to 
black fine-grained sandstone and siltstone with some medium-grained 
sandstone beds, a zeolite-bearing sandstone unit, and a fossil mollusk 

unit. The Upper Member is thin-bedded and cross-bedded medium-grained 
silica and calcareous cemented sandstone with a distinctive thin con

glomerate unit near the base.
Figure 3 contains the correlation diagram for the six sections
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measured from Beasley Creek north to County Line. Figure 4 contains the 

correlation diagrams for the four sections from Maudlow to Elkhorn Ridge. 
The two lines of section intersect at the East Flank section. The mea
sured intervals for each section are included in the appendix as Appendix 
I through IX, inclusive.
1. The Basal Member

The Basal Member thickness ranges from 48 feet at Beasley Creek to 
82 feet at County Line. The thickness averages about 75 feet. At 
Maudlow and Elkhorn Ridge, the member has a thickness of 156 feet and 
262 feet, respectively. This variation is due to thick marine shales 
that are interstratified with the sandstone units. The cumulative 

thickness of sandstone at Maudlow is about 80 feet, which includes the 

40 feet of measured sandstone and about an equal thickness covered and 

observable as float. At Elkhorn Ridge, the cumulative sandstone thick

ness is 76 feet.
At or near the base of the outcrops is a 2 to 4-foot thick greenish- 

yellow montmorillonite clay zone. In the middle to top part of the mem
ber is a persistant two-foot sandstone bed with calcareous cement. Iron 
in the sandstone oxidizes and weathers to dark brown and contrasts with 
the greenish-gray color of the other sandstone beds of the Basal Member 

that are mostly calcareous cemented sandstones.
2. The Middle Member

A Middle Member is approximately 375 feet thick and consists of
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five distinct units. These units are designated by the letters A 
through E from the bottom upward in the section. Units B and D are 
very distinctive in the field. Unit B is a sandstone zone that contains 
analcite. This zeolite forms distinctive white to light gray spots or 
bands as mottles on the weathered surfaces. The unit is approximately 

15 feet thick and is located stratigraphically about in the middle of 
the formation. No mottled rocks appear at County Line and Elkhorn 
Ridge.

In the Beasley Creek section, the rock has white spots against a 
dark brown weathered sandstone surface. At the East Flank section the 
whole unit contains thin gray, green, and black bands in swirl patterns 
in a white siliceous claystone. White spots of analcite crystals are 
concentrated in dark colored, oval shaped features in the rocks, and 
the swirl patterns may be due to slumping during burial.

Unit D is a fossil mollusk unit that also is a good marker bed for 
the formation in the study area. White bivalve fossils embedded in black 

siliceous mudstone form a black and white banded rock that (is found 

approximately half way between the analcite unit and the top of the 

formation.
Units A, C, and E are characterized by fine-grained sandstone and 

siltstone beds with a few medium-grained sandstone beds. The medium

grained sandstone beds do not exceed more than about 10 feet in most 
sections. Because the Middle Member is poorly exposed, precise
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measurements of the thickest sandstone beds are not possible. Units C 
and E contain some white to pale green siliceous rock zones with biotite 
mica specks. Unit E has a high amount of claystone and siltstone inter- 
stratified with thin-bedded, yellow sandstones and sandy shales. This 
unit at Elkhorn Ridge contains the only carbonaceous rock found at any 
of the sections in a 24-foot, gray carbonaceous siltstone zone. The 
rock weathers to blue and light gray-colored, thin-bedded to fissile 
slabs that show a reflection sheen of black carbonaceous matter. Thin 
shale and yellow montmorillonite clay zones are common in the sediments 
of the Middle Member.

Two thick medium- to coarse-grained sandstone beds are present in 
Unit A. A sandstone about 45 feet thick is found at the same strati
graphic position in Unit A at both Slushman Creek and Brackett Creek. 
This sandstone unit is designated the A (i) Sandstone Zone of Unit A.

Another prominent sandstone zone is designated the A (ii) Sandstone 
Zone of Unit A. It is a coarse sandstone about 10 feet thick at East 

Flank that correlates with other coarse sandstones at County Line, 

Jensen, and Elkhorn Ridge. These two zones are shown in the illustra

tions in Figures 3 and 4.
3. The Upper Member

The Upper Member is mostly medium- to coarse-grained sandstone. 

Throughout the study area the member is uniformly about 100 feet thick. 
Three zones are recognizable in the member: a lower sandstone zone, a
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thin conglomerate, and a zone of interstratified sandstones and silt- 
stones at the top.

A lower sandstone tongue about 40 feet thick is along the west to 
east line of sections. The sandstone tongue is not found in the south 
to north line of sections, except in the intersection exposure at East 
Flank.

A persistant 3 to 8-foot thick conglomerate zone seems to be 
associated with the lower portions of the sandstone beds of the top 
zone. The conglomerate overlies the sandstone tongue along the west to 
east line of sectins. The zone is composed of gray, brown and white 
chert pebbles in a white to maroon cement with a coarse sand matrix.
The pebbles measure up to 3 inches in diameter with an average size of 
about 1/2 inches. The grains and pebbles are loosely 'cemented and are 
coated with black iron and manganese oxide and organic matter.

The sandstones at the top of the member are yellow to white, cross- 
bedded to thin-bedded sandstone interstratified with siltstones. This 

zone makes the most friable outcrops of the formation. Its thickness 

is uniformly about 75 feet.
The member is overlain at all sections by the Cody Shale Formation. 

Evidently the contact Is conformable because gray to green, thin-bedded 
sandstones similar to the top sandstone zone of the Upper Member are 

interstratified with the dark shale beds.



CHAPTER III. PETROGRAPHY OF THE SEDIMENTS
A. General Remarks

The samples that best represent the predominant lithology in the 
different beds of each outcrop interval are analyzed. Each analysis is 
preceded by a description of the gross features of the outcrop and fol
lowed by a brief discussion of the depositional environment. In Chapter 
IV, the conclusions are presented regarding the environment bf deposi
tion.

Specimens are examined by consistent use of a 10-power ocular and 

10-power objective (100 X) to estimate grain percentages. Point count 
analysis is used as a control over visual estimates. Point counts on 

the basis of 200 counts per thin section are done for 5 samples from the 
Basal Member and 4 samples from the Upper Member.

Many of the grains are angular, subangular or spindly. This makes 
grain size measurements difficult to average. Three size ranges of 
grains are observed and are described as fine, medium, and coarse 
grained to express just the size relationships. The average size of 
the matrix and fine sandstone grains is .1 mm or less. The grains 
observed in the range of .I mm to .3 mm are described as medium-grained. 
Coarse-grained particles are observed over .3 mm and are generally not 

larger than 1.2 mm.
The "salt" appearance of the rocks is attributed to white quartz 

and light colored feldspar. The "pepper" is dark colored chert and 

dark lithic fragments. In some specimens, the "pepper" is increased by
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biotite mica specks. Because many intervals of the Middle Member are 
0

covered, that member is studied by analysis of various rocks collected
from sections where the interval is exposed and by then relating those

\samples to the float and chips dug from the covered intervals. The 
Middle Member consists mostly of fine-grained sandstone with silt and 
clay matrix material.

The Frontier Formation contains conspicuous grains of quartz, 
orthoclase, plagioclase and chert. The feldspars include many varieties 

of perthitic textured grains. Biotite mica, shards, lithic fragments, 
clay particles, glauconite, chlorite, and some heavy minerals such as 

zircon also are present.
Silica cement completely engulfs the grains, and most sandstones 

are tightly cemented. A few sandstone beds have an intermixture of 
silica and calcareous cement. The analcite unit (designated Unit B) of 
the Middle Member is primarily sandstone and siliceous mudstone cemented 

by silica with analcite mixed with the cement.
The cement was developed by solution of siliceous detritus and sub

sequent recrystallization in the form of overgrowths on the grains or 
as silica cement between the grains. Some plagioclase grains are nearly 
fully altered to chert cement, and this suggests that a principal dia
gnostic alteration process may have been dissolution of plagioclase 

grains and recrystallization of that siliceous material as silica 

cement. The sandstones contain siliceous volcanic sediment and clay
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particles, and these, too, are observed to be nearly dissolved in the 
cement. Grain boundaries are poorly defined suggesting in situ altera
tion.

Cryptocrystalline chert, microfibrous chalcedony, black flint, and 
grains composed of unidentified siliceous organic structures (diatoms?) 
are observed as a wide range of, chert grain types. Some grains contain 
black inclusions, possibly of some organic material. Many of the chert 
grains are also iron and manganese oxide. Silica cement with microcry

stalline texture looks like chert.
Rough,, hackly lithic fragments present in most thin sections may be 

felsite fragments from volcanic lavas. Heavy minerals with high bire

fringence are described elsewhere in the Frontier Formation, but only a 
few distinct grains are observed in the specimens examinedThere are 
well rounded opaque grains that may be metallic grains.

Numerous tan grains of claystone or argillite with an oval grain 

form resemble chert. The chert, felsite and argillite grain distinction 
poses a problem in analysis because the grains are similar in appear
ance. They differ mainly in the intensity of light that transmits 

through the particular grains. The darker chert grains look like fel

site or clay grains.
Patches of amorphous silica not bonded to any particular grain 

interfere with judgements regarding porosity. In some specimens there 

is sufficient pore space that it may be observed in plain light as spots
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of low relief between grains.
The matrix grains with low birefringence are probably feldspar and 

quartz. An estimate is made of the ratio of the volume of matrix mate
rial to the volume of cement. These are reported, for example, as 4 
parts matrix to I part cement (4:1). These observations assist in 
determining the extent to which the sediments were reworked during 
deposition.
B. The Basal Member
I. Relationships of Mowry Shale Formation to Basal Member .

Some judgement is involved in locating the base or the lowest sand
stone bed of the Frontier Formation. All sections have some stray sand

stone beds associated with the dark shale of the Thermopolis Shale For

mation or the Mowry Shale Formation that underlie the Frontier Forma

tion. At most exposures, these sandstone beds are only about 6 inches 
to I foot thick, but at Maudlow, for example, there is an 8-foot "salt 
and pepper" sandstone bed below a poorly exposed 116 foot thick shale 
and sandstone zone. The large volume of sandstone in the poorly exposed 
interval prompts association of these units with the main group of beds 
that comprise the"Frontier Formation.

Two shale zones of 64 and 80 feet, respectively, separate lower 

sandstones at Elkhorn Ridge. The lowest sandstone bed considered to be 
part of the Frontier Formation at Elkhorn Ridge is 48 feet thick. The 

shales are above thick sequences of dark shale, and are here considered



29

part of the Frontier Formation. Shaly sequences at both Maudlow and 
Elkhorn Ridge make the distinction between the Mowry Shale Formation and

' ' t Ithe Frontier Formation difficult.
Samples of these shales have been compared with a shale from 

Beasley Creek considered definitely to be a part of the Mowry Shale 
Formation. Shards occur in both samples, and the relationship suggests 
the conformable but gradational character of the contact between the 
two formations (Slaughter, 1965).
2. Petrographic Analysis of the Basal Member

a. Outcrop Description
The Basal Member sandstones are light to dark gray or greenish- 

gray, coarse- to medium^grained, feldspathic sandstones. The member 
forms resistant ledges and ridges. Most of the sandstones are cemented 
by silica, but a few contain patchy calcareous cement. The beds range 
in thickness from a few inches to about two feet. More massive beds 
range up to 8 or 10 feet thick. These beds are interstratified with 
siltstone. Cross-bedded zones are not traceable laterally for more than 
15 or 20 feet. This seems to be due to the poor exposures, but a few 

beds clearly pinch out along strike. The only consistent calcareous 
cemented sandstone is an 18 inch bed stained brown by iron oxide that 

forms a ledge about 25 feet from the base.
b , Thin Section Analysis

The Beasley Creek and Slushman Creek specimens contain medium- to _
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coarse-grained sand with little or no matrix material. The sand grains 
are subangular to rounded quartz grains with thick silica overgrowths. 
These grains were nearly rounded when deposited and later developed the 
silica overgrowth. This indicates transportation to one site or deposi
tion and subsequent development of the cement or overgrowth probably in 
a quartzite rock. This occurred prior to the grain being deposited in ■ 

the Frontier Formation and, therefore, indicates two generations for 
the sand grain., The first generation grain is observed inside the sili

ca overgrowth of the present angular grain (Plate 3). These grains are 
observed in most, of the sandstones of the formation, but the coarse 

sandstones have thicker silica overgrowths and show this relationship 
best. The grains have strain shadow extinction suggesting a metamorphic 
provenance. The strain shadow extinction is not always in harmony with 
the silica overgrowth extinction pattern and this may be due ro deforma
tion of the quartzite source rock or pressure between the grains by 
deformation of the Frontier Formation during folding in the Bridget 

Range.
At Beasley Creek, the Basal Member sandstone contains 72 percent 

sand grains with 28 percent matrix and silica cement. The percentage of 
sand-sized grains is 53 percent quartz, 30 percent chert, 8 percent 

orthoclase, and 10 percent plagioclase. Porosity is conspicuous and 
estimated to be at least 2 percent. These percentages are visual estir- 

mates and the actual porosity is probably greater. The Slushman Creek
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PLATE 3. Subangular quartz grain containing a rounded quartz 
grain. Silica overgrowths (OG) bonded the rounded grain, 
presumably in a quartzite. (Crossed Nicols)

PLATE 4. Feldspar (plagioclase?) grain (F) with center partially 
dissolved. Grain is intergrown with plagioclase grain showing 
multiple twinning (T). Note quartzite grain (Q), high birefringent 
specks of sericite (SC), and chert (C). (Crossed Nicols)
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specimen was point counted. The grain-sized material comprises 64 per
cent of the volume of the sample. This material is 62 percent quartz,

23 percent chert, 9 percent orthoclase and 6 percent plagipclase. The 
matrix, cement and pore space comprises 36 percent of the volume with a 
ration of 1:1. Conspicuous pore space makes up nearly 12 percent of the 
volume.

The sandstone is not exposed at Brackett Creek, and in the Troy 
Creek and East Flank area, the character of the sediments changes. The 
quartz percentage increases to 68 percent, and there is more matrix 
material. The matrix to cement ratio is 3:1 in a specimen from East 

Flank. Orthoclase and plagioclase grains comprise up to 22 percent of 

the sand grains and there are slightly more orthoclase than plagioclase 
grains. Glauconite grains are conspicuous. Porosity is minimal, 
approximately I percent, because the grains have interlocking texture, 
and considerable matrix in the cement.

At Maudlow, Jensen-, County Line, and Elkhorn Ridge there is a 

marked increase in feldspar in the basal sandstone member. Angular 
grains of coarse plagioclase (andesine?) comprise up to 24 percent of 
the sand grains. The coarse-grained sandstones show diagenetic dissolu
tion of plagioclase. The grains have holes dissolved in the centers and 

the dissolved material presumably provided some of the siliceous and 
calcareous cement (Plate 4). Although not counted as a major grain in 
visual estimates, biotlte mica is 4 percent and lithic fragments 2 to 8 
percent of the volume where determined by point count. The biotlte is
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in large, shredded books that are distorted and wedged between the sand 
grains (Plate 5).

The matrix volume is greater at Maudlow (4:1) than at Elkhorh (1:1 
and 0:1). Glauconite is conspicuous in the lowest sandstone zone at 
Elkhorn Ridge and may constitute 6 percent of the grains as determined 
by point count of a part of the specimen where glauconite grains were 
concentrated in the field of view (low power: 23X). Pore spaces are
larger in the coarse sandstones at East Flank, County Line, and Elkhorn 
Ridge but point counts of porosity remain no greater than about 2 
percent. The grain percentage relationships of all samples of the Basal 

Member are set forth in Figure 5, and are tabulated in Appendix X.
The dark chert grains in the plain light show inclusions of micro

crystalline quartz, hematite, and black organic material (Plate 6).
The chert grains have sharp grain boundaries. Some are a sooty gray 
in plain light and very dark in crossed nicols. These, grains may be 
dark flint. Many chert grains of lighter color are in these sandstones, 
but have black iron oxide or organic matter grain coatings. Often 
"salt and pepper" sandstones indicate dark flint and lighter colored 
quartz and feldspar but in the Frontier Formation many of the dark 

grains may be due to exterior black stain on lighter colored chert 

grains.
In the more porous sandstones (Plate 7),'the grains are loosely
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FIGURE 5. BASAL MEMBER PETROGRAPHIC DIAGRAMS
Plot of 14 samples of the basal sandstone member showing 
distribution of quartz, chert, and feldspar (including 
perthite) grains. The grains average 64.6% of the rock 
volume.
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PLATE 5. Coarse grain of biotite with ends expanded (B); wedged 
between quartz grain (Q) and chert grain (C). Translucent red 
(black in photo) hematite crystals (H) are alteration product of 
biotite. Perthite grain (P). (Crossed Nicols)

PLATE 6. Coarse grain of microcrystalline chert (C) with numerous 
inclusions of black organic matter and low birefringent quartz and 
feldspar detritus. Biotite grain (B) has light brown pleochroism. 
(Plain Light)
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PLATE 7. Basal member sandstone grains: chert (C), quartz (Q), 
orthoclase or perthite (0), and convergent crystals form radial 
aggregate of chalcedony (CD). Outlined opaque area is pore space 
(PO); other dark areas are extinct grains. (Crossed Nicols)

PLATE 8. Gray, coarse grained, feldspathic, "salt and pepper" 
sandstone with green argillite pebbles up to I inch in diameter. 
Exposure of Frontier Formation at Meadow Creek Ranch 4 miles north 
of County Line section.
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bonded with silica cement. This cement usually has undulose extinction 
and is an overgrowth of fibrous chalcedony. The extinction pattern 
radiates perpendicularly away from the grain edges.

Sericite is a high birefrigent speck in the field of view in polar
ized light. The mineral is concentrated around the edges of chert 
grains and within microfractures of the grains and may be an alteration 
product. Sericite is a common alteration product of feldspar ,and chert 
in brackish or high pH waters (Moorhouse, 1959). The sericite is in 
tiny splinters, however, and it is not possible to rule out the material 
as primary detritus. Its presence in the matrix with silica cement 
suggests it may be present as both a primary grain and as a diagenetic 
alteration product of chert and feldspars.

The glauconite grains are both oval-shaped pellets and plate
shaped flakes. The pellets suggest ingestion of mica by organisms.

Other formative processes of localized reduction in an oxidizing envi
ronment may have produced the flakes by alteration of mica. These pro

cesses can occur in sediment containing decomposing plant material 
(Grim, 1968). In the absence of organic reactions, the replacement of 
iron, calcium, and aluminum ions in biotite with potassium and magnesium 
ions and water is a diagenetic alteration of biotite mica that can pro

duce glauconite (Galliher, 1955). Fully altered grains may even retain 
a platy structure. These two processes generate glauconite during 

deposition. It is also possible that some of the rounded glauconite
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grains weathered from Precambrian Belt Series sediments, which are known 
to contain abundant glauconite (Gulbrandsen, 1963).
c. Indication of the Depositional Environment

A major tectonic uplift in the western Montana area is offered as 
an explanation of the influx of coarse- and medium-grained sand. A 
broad sheet of sand and clastic sediment poured over south central 
Montana probably as far northeast as Harlowton and southeast into the 

Big Horn Basin.
The uniform presence of glauconite indicates a marine dominated 

influence on the sediments. The sands at the south at Beasley Creek and 
Slushman Creek contain medium- to coarse-grained quartz, chert, ortho- 
clase, and plagioclase grains. No chert pebbles are noted like those in 
the Boulder River Sandstone Member at Livingston. The sand is coarse, 

however, and the Basal Member seems to represent a lateral facies change 

from the coarse sandstone and conglomerate at Livingston.
The quartz grains are subangular. The coarse chert grains preclude 

an environment of very much reworking after deposition because chert and 
quartz are very resistant as boulders or pebbles, but as the sediment is 
transported or reworked, the chert grains more quickly disintegrate.
The microcrystalline nature of chert makes it vulnerable to the mechani
cal forces of stream or oceanic waters (Plumley, 1948). Up to 30 per
cent "of the sand-sized material is chert. The subangular grains and 
high percentage of rounded chert suggest stream transport and deposition
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as deltaic sediment. The main channel of discharge probably was closer 
to Livingston where gravels and pebbles were deposited as conglomeratic 
detritus.

Another coarse sandstone trend appears in the sediments of the 
Basal Member along the west to east line of sections. An increase in 
fledspar, biotite mica, and lithic fragments in coarse-grained sand

stones there suggest south moving currents or streams transported sedi
ment to the study area from the northwest,

At Maudlow, 60 percent of the rock volume is coarse quartz, ortho- 

cIase, plagioclase, biotite mica, and lithic fragment grains. These 

sediments suggest rapid fluvial discharge at Maudlow from volcanic 

fields west or northwest of there. The pattern continues to Elkhom 
Ridge where the feldspar content is high (30 percent) and the sandstones 

are coarse. There is less matrix than at Maudlow indicating that the 
coarse-grained sands were deposited toward an opening to the sea where 
oceanic waves winnowed the matrix material out of the sediments.

The process suggested is one of rapid progradation of sediment as 
a deltiac deposit. Many sandstone beds contain large (1/2 inch to 2 

inch) green argillite inclusions (Plate 8). The sediment was reworked 
by burrowing worms, snails and other organisms. Many of the bedding 
planes have helicoid funnels of Asterosoma, the trace fossil of a worm 

that borrowed in sediment at the lower shoreface and on delta slopes 
(Howard, 1972). Trace fossil evidence of the environment is considered
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separately in Chapter IV.
C. The Middle Member
I. Fine-Grained Sandstone (Unit A)
a. Outcrop Description

Overlying the Basal Member is a poorly exposed unit approximately 
210 feet thick. It is designated Unit A of the Middle Member. The unit 
is well-exposed at Elkhorn Ridge in intermittent streams.

The sediment is very fine-grained gray to black sandstone and silt- 
stone with a shaly texture..and fissile bedding. Where dug out with an 

auger or mat tax, . the sample's are hard, well-lithif ied rocks. The sedi

ment contains a large amount of black organic matter. Most of the 
cementing material is siliceous, but some calcareous units exist. This 

type of material comprises the dominant lithology of the unit.
The very fine-grained sandstone and siltstone is interstratified 

with thin shales and some medium-grained sandstones. The Beasley Creek, 

Slushman Creek, Maudlow and Elkhorn Ridge sections contain many arena
ceous shale intervals. At Beasley Creek and Slushman Creek there is one 
thin zone of approximately 10 feet of argillaceous shale.

A few 10- to 15-foot medium-grained sandstone beds are found in the 
sections. This sandstone ranges in composition from yellow, clay-rich 
feldspathic sandstone to light gray "salt and pepper" sandstone. The 
sandstones exhibit no uniform depositional pattern, and are thin- to 
cross-bedded at some sections and massive at others. The variation is
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vertical as well as lateral. A thick zone of sandstone almost 50 feet 
thick at Slushman Creek and Brackett Creek is correlated as the A (i) 
Sandstone Zone in Figure 3. In Figures 3 and 4 another zone 9 to 17 
feet thick at Jensen, East Flank and Elkhorn Ridge is correlated as the 
A (ii) Sandstone Zone. Both are situated about 100 feet above the top 
of the Basal Member in the middle of Unit A.

There are yellow montmorillonite clay zones and white siliceous 

tuff and ash beds in the unit, but only float was observed and no inter
vals could be measured.
b. Thin Section Analysis

About 55 to 65 percent of the rock volume consists of very fine
grained sand and silt-sized particles of quartz, feldspar, chert and 

biotite mica. Even the shale samples have nearly 40 percent silt-sized 

quartz grains and other low birefringent, unidentified grains.

The quartz grains are subangular to rounded and show conspicuous 
strain shadows. Extinction angles of albite twinned plagioclase mea
sure 33° to 46°. This suggests andesine and oligoclase plagioclase. 
These grains are sharp, spindly crystals with tattered, altered ends.
The chert and plagioclase are altered to sericite, which is observed as 
small, high birefringent, blade-shaped specks in the tattered ends of 

the feldspar grains and around the grain edges of the chert. Plate 9 
is a photomicrograph of a specimen representative of the Unit A litho

logy. The grain ratio is typically 60 percent quartz, 20 percent chert.
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PLATE 9. Siltstone composed of stream sediment: fine, angular 
quartz, feldspar, chert, biotite and clay particles. Silica 
cemented specimen in representative of lithology of Unit A of 
Middle Member. (Crossed Nicols)

PLATE 10. Microfractured, angular crystals of albite twinned 
plagioclase showing banded extinction (PG). Perthite (P) and 
quartz (Q) grains also in this coarse A (ii) sandstone in Unit A 
at County Line and East Flank. (Crossed Nicols)

mm
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and 20 percent feldspar. \
An 8-foot coarse-grained sandstone at County Line shows a rich

"pepper" look in the outcrop. The thin section, however, shows that 
many of the dark grains are not chert, but are grains of biotite and a 
coated mineral. There are many grains of long-fibered biotite mica. 
Most of these are bent flakes that are expanded at the ends. The bio
tite is also in short, stubby books, but it is coarse. The orthoclase 
and plagioclase grains total 38 percent (Plate 10). This coarse sand 
is that A (ii) Sandstone Zone that is correlated with similar sandstone 
zones at East Flank and Elkhorn Ridge.

The A (i) Sandstone Zone at Slushman is not positively correlated

to the sandstone zone at Brackett Creek (Figure 3). The Brackett Creek 

section is faulted and the thickness of this sandstone could not be com

pletely measured.
The matrix to cement ratios for sediments of Unit A vary from' 3:1 

to 0:1. Quartz, felsite, argillite, lithic fragments, glauconite, and 

plant detritus comprise the matrix material.
Calcite patches are observed in some specimens, but silica is the 

major cementing material. Iron oxide-stained grains and organic detri
tus explain the black or dark gray color of the fine sandstone and silt- 

stone zones in the outcrops.
A thin calcareous zone with brown specks is present at Slushman 

Creek. The specks are altered orthoclase crystals with brown iron
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oxide stains on the rims. Blotchy chert matrix material and calcite 
fill in the microfractures, and in plain light the grains and cement 
are observed to be stained black with organic matter. The rock seems 
to be a lagoonal carbonate.
c. Indication of the Depositional Environment

The silty sandstone is characteristic of two possible environments: 
a prodelta environment or a paludal lagoon coastal environment. The 
fine-grained sand, silt, and clay is poorly sorted. The rocks have much 
matrix and plant detritus with glauconite in the matrix material.
Marine or saline waters are indicated because the fine sediment was 
reworked by burrowing worms, snails, and other organisms associated 

with marine waters.
2. The Analcite Unit (Unit B)

a. Outcrop Description and Zeolite Mineral Chemistry

A zeolite zone about 15 feet thick is found in one stratigraphic 

position approximately 20 feet above the base.

Zeolites are formed in a number of environments but are commonly 

associated with either hydrothermal or marine waters. The latter are 
low temperature zeolites associated with the deposition of silica-rich 
sediments in saline waters (Degens, 1965). The zeolite minerals develop 
by diagenetic alteration of marine sediments (Kossowskaya, 1973). Zeo
lites are calcium, potassium, or sodium hydrous aluminum silicates, and 
are similar to clay minerals but have less included water and a
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different molecular arrangement.

Low temperature diagenetic zeolite minerals develop contempora
neously with the deposition of sediment or during early burial when 
there is compaction, increase in temperature, and the presence of base- 
rich waters (Bradley, 1929). Zeolites develop where there is rapid 

burial of sediment. Slow burial tends to hydrate the aluminosilicates 
and form montmorillonite clay rather than a zeolite (Hay, 1966). Zeo

lites often develop from pyroclastic debris that is washed into marine 
waters or deposited in those waters as volcanic ash falling from explo
sive volcanic centers. Explosive volcanoes near marine environments 
offer the right conditions for the development of zeolites by contribu
ting acidic volcanic ash rapidly into waters that have a high pH or 

base element content (Coombs and Whetten, 1967).

Analcite is a low temperature zeolite that develops contempora

neously with the deposition of or during early burial of silicous pyro
clastic sediment. Analcite (NaAlSi^O^’H^O) crystallizes in constricted 

seas or shoreline lagoons (Degens, 1965; Coombs and Whetten, 1967).
The Mowry Shale Formation contains partially preserved shards, and 

is considered to be a marine shale formation that incorporated a consi

derable amount of volcanic and terrestrial material from volcanoes pro- 
' bably associated with the emplacement of the Idaho Batholith (Slaughter, 

1965). Airborne ash fell into the Cretaceous seaway and was mixed with 

the shale and also the clastic sediment of the Frontier Formation. The
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ash fell over a wide radius from Idaho eastward to the Dakotas (Reeside 
and Cobban, 1960). In the study area, the Mowry Shale Formation con
tains shards.

Most studies of the Frontier Formation in Wyoming and adjacent 
areas report porcelanite beds, which are siliceous and cherty shales. 
Percelanite is not zeolite, but both are derived with pyroclastic sedi
ment. Porcelanite, zeolite and bentonite are usually associated with 
sedimentary formations derived from volcanic sources, and all three 
lithofacies are usually found in such sediments.

The presence of analcite in the Frontier Formation was initially 
reported by Roberts (1965) in connection with Cretaceous sections mea
sured by him in the Livingston area. Zeolites are reported from other 

Cretaceous formations in Montana and seem to reflect the continuation of 
volcanism in the Northern Rocky Mountain area during much of Cretaceous 

time.
Analcite-bearing rocks from the Frontier Formation at the Living

ston section measured by Roberts (1972) were collected for comparison 

with mottled rocks observed in the study area.
The analcite is identified in the field by small bumps, spots, 

bands, or swirl patterns on the weathered surfaces. Analcite crystal 

clusters form a reddish, bumpy mottled surface. The bumpy mottles are 
raised 1/4 to 3/8 inches and resemble a waffle iron surface. In the 
Livingston area, the rocks show this type of weathered surface.
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At Beasley Creek, the weathered surface is more subdued and consists 
of white spots• The spots stand out as lines of white beads parallel 
with the bedding planes against a dark, brown weathered rock surface.
At Brackett Creek and Troy Creek, the rock is spotted and banded. 
Alternating green and light gray bands appear to be due to a cross- 
bedded sedimentary pattern. At East Flank, the bumpy and banded surface 

is not found. The analcite unit has black, gray and dark green swirl 
patterns in a white siliceous rock. The swirl patterns suggest slump
ing during deposition.

Plate 11 is a photograph of spotted rock at Beasley Creek, banded 

rock at Brackett Creek, and the swirl-patterned rock with white analcite 
spots at East Flank.

The weathered configurations are important because the specimens do 

not have a distinctive appearance in freshly broken hand specimens. The 

analcite, fossil and conglomerate units of the Frontier Formation in 

Montana are the only distinctive rocks in the weathered outcrops.

b. Thin Section Analysis
In thin section, the analcite forms poorly developed crystals mixed 

with silica cement. The white analcite spots in the weathered outcrop 
are opaque in their section under crossed nicols because analcite cry
stallizes in the isometric crystal system and is isotropic in this sec
tion. Under plain light, the mineral is colorless or a very faint 
brown. Analcite has a low index of refraction (1.488).
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PLATE 11. Analcite in the outcrops. Beasley Creek (left): alignment 
of white spots on brown rock; Brackett Creek (center): green and gray 
bands; and East Flank (right): white specks in dark parts of white 
swirl-patterned rock.

PLATE 12. Dark areas of analcite (outlined with ink) concentrated 
in silica cement in sample from Beasley Creek. (Crossed Nicols) 
The dark bands are the white spots aligned parallel with the 
bedding planes in the left hand specimen in PLATE 11.
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PLATE 13. Analclte zeolite aggregate crystals. The dark forms above 
are analcite crystals with low birefringent grain inclusions. These 
are the white specks in the East Flank specimen (right hand specimen 
PLATE 11). (Crossed Nicols)

PLATE 14. Analcite masses (AM) and fine sand inclusions in analcite 
crystals (A) indicate that the zeolite developed by diagenesis 
probably during deposition and burial of fresh pyroclastic debris. 
Note shards (S). (Crossed Nicols)
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Thin sections establish a pattern of marked increase in analcite 
cementing material northward from Beasley Creek to East Flank. Isotro
pic volcanic glass shards are present at Beasley Creek, but no opaque 
crystals are present. There are dark banded zones in the silica cement 
that may be concentration of analcite in the silica cement (Plate 12).

Brackett Creek,. Troy Creek and East Flank specimens contain well- 
preserved "Y"-shaped and arcuate, "eyebrow"-shaped shards in mud indica
ting that volcanic glass was deposited as airborne ash and settled 
gently in a muddy environment. Subsequent alteration of that material 
produced analcite crystals and silica cement. Some shards remain, but 
most of the airborne volcanic ash materials were consumed.

In the East Flank section, analcite is abundant. The samples con
tain nearly anhedral crystal clusters of analcite (Plate 13). The 
matrix inclusions in the crystals indicate that the analcite developed 
after burial and incorporated the fine material during crystal growth. 
The clusters appear as white specks against a black, gray or dark green 
siliceous groundmass in the hand specimen. There are numerous shards 

in the groundmass (Plate 14).
c. Indication of the Depositional Environment

The evidence suggests that the analcite developed from volcanic 
explosions that disturbed volcanic ash and glass ejecta over a paludal 

lagoon environment in the study area. An airborne ash fall contributed 
the abundant fresh aluminosilicates that form zeolites when rapidly
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deposited and buried.

The analcite is associated with sandstone at Livingston and Beasley 
Creek. It seems to be disseminated in the sandstone. The analcite is 
more abundant in the Troy Creek and Brackett Creek sections in silt- 
stone and mudstone. Mottled and banded samples from there contain more 

clearly defined crystals of analcite. The heaviest concentration of the 
zeolite is at East Flank in the swirl-patterned rocks. Analcite is 
apparently absent at County Line and Elkhorn Ridge. Those sections have 
a high concentration of glauconite in sandstones at the approximate 
analcite unit stratigraphic interval. It is suggested that there was 
fluvial discharge at County Line and deeper marine water at Elkhorn 
Ridge. Waters agitated by fluvial processes would retard zeolite cry
stal growth. Deeper marine environments alter the pyroclastic debris 

to more stable minerals such as glauconite. The zeolite seems to have 

formed in the greatest amounts in the Brackett Creek, Troy Creek and 
East Flank areas where there probably was rapid deposition of ash and 

glass in a more constricted environment such as a paludal lagoon envi

ronment.
3. Fine-Grained Sandstone (Unit C) \

a. Outcrop Description
Unit C consists of a poorly exposed interval between the analcite 

unit (Unit B) and the fossil unit (Unit D). The unit ranges in thick
ness from about 40 feet at Beasley Creek to 96 feet at East Flank.
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The sediments are composed of very fine-grained sandstone and silt- 
stone interstratified with siliceous zones and medium-grained sandstone 
beds. These latter rock types were studied in thin section.
b. Thin Section Analysis

A medium-grained sandstone bed at Slushman Creek contains subangu

lar to rounded quartz (45 percent), chert (48 percent), and feldspar 
(10 percent) grains. The sand grains constitute less than 50 percent of 
the rock material. The chert grains are large and well-rounded. They 
are equal in size with the quartz grains (approximately 0.3 mm).

The matrix to cement ratio is 3:1, and the matrix is primarily 
quartz, feldspar and argillaceous material. There are silica over
growths on the grains. Clusters of grains with interlocking texture 

may be quartzite particles. Porosity is estimated to be 2 percent. The 
rims of the pores are hematite stained and some of the pore space may 

represent recent deep ground water leaching of the outcrop.
The large size of the chert grains suggests proximity to the source 

of fluvial discharge (Plumley, 1948; Barrell, 1925).
At Beasley Creek, a light-colored, silicified claystone just below 

the fossil unit contains numerous shards and fine sand grains of quartz, 

zoned othoclase, perthite, and biotite mica. The grains constitute less 
than 15 percent of the rock material, but indicate the presence of con

siderable sand and silt in the claystone beds of Unit C. At Troy Creek, 
most of this unit is black siliceous mudstone and siltstone.
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| Unit C is 64 feet thick at Elkhorn Ridge and the samples contain 
conspicuous glauconite from the approximate stratigraphic interval of 
the analcite unit at the other sections. The rock is fine-grained sand
stone estimated by visual analysis to have 72 percent quartz grains.

The grains are subangular to rounded. Some quartz grains have inter

locking texture among groups of about 6 or 7 grains. Chert,cement is 
difficult to distinguish from chert grains because of similar color and 
alteration of the chert grains. Chert is estimated to comprise 17 per
cent of the grains. Less than 10 percent feldspar is present; much of 
it has been altered to sericite and patchy calcite in the cement. Par
tially altered plagioclase grains are observed indicating possible 
development of sericite and calcite from plagioclase dissolution and 

recrystallization.
Glauconite is abundant. Many of the glauconite grains appear to be 

marine water alteration products of biotite mica because the grains are 
platy mica grains partially altered to glauconite. Brown pleochroism 

is observed in plain light on the unaltered end and glauconite is 
observed in the fan-like, expanded opposite end. This interval con

tains typically 52 percent quartz, 38 percent chert, and 10 percent 

feldspar grains, and has a matrix to cement ratio of 0:1. The feldspar 
is mostly orthocla.se and perthite, The sandstone contains little clay 

and is loosely bonded by silica cement. The silica cement and chert 
grains are difficult to distinguish, but large, oval-shaped chert grain
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forms are distinguishable. The sandstone is a moderately well-sorted 
sandstone deposited probably close to the high energy of a shoreline.
The high chert content and large size of the grains (about 0.7 mm) indi
cates short transport and rapid deposition and burial. Also, the bio- 
tite grains that are altered to glauconite'may have been derived from 

the volcanic airborne ash fall that contributed the material that was 
altered to analcite at this stratigraphic interval in the other sec
tions. At Elkhorn Ridge and County Line, the analcite is absent but 
glauconitized biotite is abundant. Marine waters would destroy the ash 
except for the biotite which is more resistant. Marine waters can alter 
biotite to glauconite (Carozzi, 1960).
c. Indication of the Depositional Environment

This lithofacies tends to support an interpretation of a paludal 

lagoon environment with one or more major openings to the sea. The 

rocks from Beasley Creek to Troy Creek contain little or no glauconite 
and are considered to be lagoonal in nature. At Beasley Creek, silici- 
mudstones occur just below the fossil unit, and contain abundant shards. 

At the Slushman Creek section, the quartz and chert content is nearly 
equal and the grains are coarse- to medium-sized detrital material and 

suggest stream sediment deposited in a lagoon. Plate 15 shows coarse, 

angular quartz and feldspar grains in a dense, matrix that indicates 
these sediments were transported by rivers or streams. Chert and quartz 
remain nearly equal in size in fluvial systems until the grains are
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PLATE 15. Medium grained, angular plagioclase grains in 
siliceous-cemented siltstone. Specimen is representative 
of the lithology of Unit C. Simple albite twinning in one 
grain (ST), and lamellar twinning in the other (LT). 
(Crossed Nicols)

mm
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rounded to the sand sizes. In the sand sizes, the microcrystalline 
character of the chert causes it to mechanically disintegrate faster 
than quartz, and this has been observed in Frontier Formation sandstone 
in Wyoming (Goodell, 1962).

At Slushman Creek, the sand detritus is estimated to be less than 
50 percent of the rock material with a considerable amount of claystone 
and mud as matrix. The matrix to cement ratio is 3:1. The fossil unit 
is fifteen feet above the sandstone studied there and the fossils in the 
Slushman Creek section are among the best preserved specimens collected. 
This indicates a muddy lagoon environment protected from the brunt of 
the wave action of the sea. An opening from the paludal lagoon to the 
sea is suggested to be northeast from Brackett Creek past Troy Creek to 
the east of Elkhorn Ridge.

At Elkhorn Ridge, there is a marked increase in coarse sand with 

less matrix. The clean, better-sorted character of the grains at Elk- 

horn Ridge indicates discharge directly to the open sea. Conspicuous 

amounts of biotite altered to glauconite suggest deeper marine condi

tions of deposition than those at Troy Creek. There probably was a 
steady influx of sediment from sources northwest of Elkhorn Ridge and 
County Line. The sediment was held against the coast by seaway currents 
that removed most of the matrix during deposition. Vertically, in the 
Elkhorn Ridge and County Line sections, the sandstone accumulated up
wards through Unit C as coarse, angular feldspathic sandstone.
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4. The Fossil Unit (Unit D)
a. Outcrop Description

A very distinctive black mudstone and white fossil shell unit 
occurs in the upper half of the formation about 50 feet above the anal- 
cite unit and some 150 feet below the top of the formation. Plate 16 is 
a photograph of a slab of the black and white fossil rock, and Plate 17 
is an enlarged picture of black siliceous mudstone bivalve casts and 
white calcareous shell material.

The fossils are mollusks with complete or separated white valves 
embedded in black siliceous mudstone. At most sections, the valves are 

calcareous, but there are some thin zones where the calcium carbonate 
has been dissolved and the whole rock is siliceous.

The unit forms a persistent unit about 6 feet thick and is found at 

all sections except Maudlow and Brackett Creek. Oyster banks are 
reported to have been found in the Maudlow Quadrangle area (Skipp and 

Peterson, 1965). The lateral persistance of this unit might not exist 
west of the study area closer to the presumed terrestrial environment 

because the bivalves lived in muddy reentrants along the coast. At 
Brackett Creeki the section is faulted close to this stratigraphic 

interval.
At Beasley Creek, the unit is 20 feet thick and is separated by an 

eight foot sandstone that apparently represents a sudden discharge of 

sand into the muddy environment of the fossils. In the Slushman Creek



58

E

PLATE 16. Slab of black siliceous mudstone containing white cal
careous fossil bivalves (Note dime on slab for scale). PLATE 17 
is enlargement to actual size of black mudstone cast inside remnant 
of white shell. Smaller, "obese" specimen on the left has sulcus
like indentation on dorsal valve between the beak and the valve 
margin (M).
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section, there are well-preserved fossils. Unit D is thickest at Troy 
Creek where the total thickness is 32 feet. Apparently, the back sub
sided and the shells became embedded into the mud.

In the Jensen section, there are two zones of fossils. The lower 
zone corresponds with Unit D of the Middle Member. The upper zone, how
ever, contains the same fossil forms, but the fossils are pressed 
against the bedding planes of interstratified shales, claystones, and 
siltstones. The shell zones are separated by the shaly rocks and are 
not pressed together.

At Elkhorn Ridge, the fossil unit is only one foot thick and it. is 
3 feet from the base of carbonaceous siltstone that is 24 feet thick.
b. Diagnostic Features and Identification

The bivalves are mollusks or pelecypods of infaunal muddy environ
ments (Shimer and Shrock, 1965). The shells resemble brachiopods and 

have a faint sulcus-like indentation on the dorsal valve. In cross- 
section some of the rocks show brachiopod form. Stereobinocular micro

scope examination of the rock specimens collected show that this form 

is due to a sliding of one valve slightly away from ,the other with com

pression then pressing the hingeline of the dorsal valve into the ven- 
valve. The dorsal valve does have a prominent beak, and the cross- 
sectional view makes the shells look deceptively like brachiopods. The 
fossils have interlocking teeth and are taxodont bivalves. The valves 
are separated along the hinge lines and the separated valves are convex
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upwards, downwards, and even vertical to bedding. No pattern is ob

served other than that the valves were separated and moved from each 
other in the muddy environment that now cements them.

The bivalves are in many different sizes but most measure less than 
2 inches across the valves. A suite of representative specimens has 
been identified as Trigonarca bivalves. These moHusks are of the 
family Glycymerididae (W. A. Cobban, personal communication).

Selected measurements were made of the length, height, and thick
ness of the most commonly observed bivalves in order to determine a 
trend. Length is measured from the anterior end to the posterior end, 
height from the umbo or beak to the ventral margin, and thickness across 

both valves of from the plane of symmetry of just one (Shrock and 

Twenhofel, 1953).
Generally, the fossils are obese, having nearly similar dimensions 

in length, height, and thickness. For example, the smaller fossils are 
1.5 cm. in length, 1.1 cm. in height, and 0.4 cm. in thickness. The 

valves are slightly pressed together by compaction or the thickness 
would be greater. This measurement was made of smaller specimens at 

Beasley Creek, Slushman Creek, and Jensen Ranch.
The size variation increases north of Beasley Creek. At Troy 

Creek, there are many specimens slightly larger than those described 
above. In addition, there are several specimens that have larger dimen

sions. The best specimen found measures 5 cm. in length, 4 cm. in
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height, and is 2.8 cm. thick. This larger bivalve seems to have an 
oblique valve configuration. The umbonaS angle for the line that would 
bisect the valve is 60°.

At Elkhorn Ridge, where the, fossil unit is only 1-foot thick, a
large valve was found. It measures 5.2 cm. in length and 7.8 cm. in 
height. No thickness measurement was able to be obtained because the 
valve is pressed nearly flat to the muddy bedding surface. This was the 
largest fossil in any of the sections.

No determination is made whether the fossils have an internal 
resilium or external elastic ligament. The shells do not appear to have 
a posterior escutcheon or anterior lunule when viewed along the edges 
of the rock samples where one end or the other of the valves can be 

viewed. The absence of these features suggests that the valves operated 

by an internal resilium or cartilage.
No internal shell markings in the valves can be observed because

Z
the shells were filled with siliceous mud that dissolved most of the 
calcareous features that the soft parts would have impressed upon the 
shells. The fossils may have a pallial sinus indentation inside the 
valves that establish them to be a siphonate bivalve.

c. Indication of the Depositional Environment
Obese forms with the nearly equal dimensions may burrow or lie on 

the subagueous surface without attachment by cementation of the shells 
or byssal threads. The Glycymeris prefer a shallow-water environment
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(Moore, 1969). With the exception of the large shell from Elkhorn 
Ridge, all of these bivalves, are different sizes of Trigonarca. The 
specimens are smooth-shelled fossils with thin growth lines that radiate 
concentrically from the beak to the margin of the valve. Shell forms 
lacking valve ornamentation are usually burrowing organisms. The valves 

have left black siliceous mud casts where the calcareous shell material 
has been leached away. It is suggested that the fossils resided in the 
mud in which they are now found and where not washed into a muddy envi
ronment from some other position on the shore profile.

The shells that indicate a possible association with higher energy 
waters are the large shell specimen from Troy Creek and the large shell 
found from Elkhorn Ridge. The size may indicate proximity to the open 
marine environment in the deeper shelf waters where larger shells could 
grow. This may be support for the proposal of the paludal lagoon envi
ronment at all sections with an opening at the Troy Creek area to a 

marine environment east of Elkhorn Ridge. Thick mudstone is present at 

Troy Creek in association with lagoonal fossils. The 1-foot thick unit 

at Elkhorn Ridge is in carbonaceous siltstone and suggests limited 

development of a paludal lagoon fauna. The barconaceous siltstone in
terval is assigned to Unit E and it may represent the deposition and 
rapid burial of plant and woody detritus on the leeward side of a marine 

sandbody such as a spit.
At County Line the sandstones of Unit C are gradational upwards to



63

a 6 foot fossil unit. Overlying the fossil unit is a coarse, maroon to 
red silica-cemented sandstone and the conglomerate unit of the upper 
member. This vertical sequence is construed to be a progression from 
shallow to emergent conditions after deposition of the fossil-rich mud
stones.

5. Fine-Grained Sandstone (Unit E)

a. Outcrop Description
Unit E represents a poorly exposed fine-grained sandstone and silt- 

stone unit. The Unit contains some coarse sandstones and chert pebble 
zones as determined from the float. However, no coarse sandstones or 
chert pebble zones were found in place to be measured. It overlies the 
fossil unit and is just under the Upper member. The unit thickness 
ranges from 60 to 90 feet, and the unit is not recognized at County Line. 
At Brackett Creek, 102 feet of Section is assigned to the unit but the 

fossil unit was not found at that location and the measurement may be 

too thick.
Snail and worm trace fossil imprints are on the bedding planes of 

the silty mudstone units. The more resistant sandstone zones of this 
unit have red iron oxide-stained, plug-shaped burrows of Ophiomorpha 

and some vertical tubes of Asterosoma. Bottom dwelling organisms 

apparently were active in the fine silts and sands.

b. Thin Section Analysis
The sediment is better rounded than the fine-grained sandstone and
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silty material in the lower units of the Middle Member (Units A and C). 
One sample contains only 45 percent sand-sized material, nearly 60 per
cent of which are quartz grains.

The fine sand and silt particles are silica cemented. The matrix 
material is tan-colored clay that cemented in with the grain material.

The quartz, chert, and feldspar percentages are estimated by visual 
analysis to be 58 percent, 30 percent, and 12 percent, respectively.

Sericite, biofite mica, glauconite, and heavy minerals are conspic
uous in the silty material. Orthoclase predominates over plagioclase 
although it is not possible to identify enough of the minerals in the 
very fine sand sizes to be certain. Plate 18 shows large amounts of low 
birefringent grains found in the siltstones and very fine-grained sand
stones of Unit E. There are a few fibrous grains of glauconite that may 
represent .altered biotite mica. The fine sand and silty material is 

cemented in part by hematite and the sample is high in organic matter.
The siliceous rocks from this unit contain numerous shards in dense 

silica cement (Plate 19). There are also many medium-grained, angular 

sandstone particles mixed in with the silt and clay and this is typical 

of the rocks in Unit E. In plain light numerous pleochroic biotite 

mica flakes are observed.
Some fibrous clay particles may be alteration products derived from 

the sediment. Dickite is a clay mineral that is in long fibers that . 
exceed the longest dimensions of the sand grains by many times and form
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PLATE 18. Angular, low blrefringent quartz and feldspar grains in 
typical specimen of siltstone from Unit E. Angularity of the grains, 
and the presence of rounded chert grains of equal size (C) suggests 
a fluviatile origin. (Crossed Nicols)

PLATE 19. Light green siliceous claystone beds containing angular 
sand grains (G) and "Y"-shaped shards (S). The intermixture indicates 
introduction of airborne volcanic ash into a fluvial or lagoonal 
environment. (Crossed Nicols)



66

as alteration products of heavy minerals. Some fibers are cloth conta
minants in the slide, but dickite clay is recognized as a crystal form 
that is fibrous, highly birefringent, and has diagonal cleavage lines 
(Carozzi, 1960).

The 24-foot thick carbonaceous rock at Elkhorn Ridge is a coal

like substance and in thin section is opaque except for numerous low 
birefringent sand grains.

c. Indication of the Depositional Environment
This unit is associated with a lagoon environment near the stream 

discharge sites. The coarse sandstones and chert pebbles found in float 
may represent terrestrial sediments that were spread across the back 
lagoon environment. Chert pebbles have been found loose in Colorado 
Group sediments (Tanner, 1949), and there may be some unconsolidated 
chert pebble zones in Unit E of the Middle Member.

The glauconite grains suggest a marine environment. The mixture 
of fluvial and marine environments occurs in lagoons where coarse chert 

grains and also glauconite grains can become embedded in clay and mud 

sediments.
The lithologic character of the formation changes from Unit E to 

the Upper Member. This change is considered to mark the end of the 

slow, sustained accumulation of sediment. A prominent tongue of coarse 
sand heralds a second major tectonic uplift in the western Montana area.
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D. The Upper Member
I. The Sandstone Units and Conglomerate Zone, of the Upper Member 
a. Outcrop Description 1

It is difficult to be certain of the thickness of the Upper Member. 
Talus from the more resistant sandstone covers the Frontier Formation 

and Cody Shale Formation contact. Average measurements from the con

glomerate unit to spots in the meadow where the Cody Shale Formation 
can be augered out indicate a thickness of between 60 and 80 feet.

On the west to east line, at Maudlow over 160 feet of section has 
been assigned to the Upper Member, and there are other sandstone units 
in the overlying Cody Shale Formation that have lithologies similar to 
these sandstones and may be confused with the Upper Member. The contact 
was chosen in accordance with the contact noted on the geologic map of 
the Maudlow Quadrangle (Skipp and Peterson, 1965). About 8 miles east 
of Jensen, the top is more easily located because glauconitic sandstones 
occur that may be the Eldridge Creek Member of the Cody Shale Formation. 

Over 140 feet of Upper Member sandstone is measured at Jensen. This 

includes a 31-foot arenaceous shale zone that has fossil bivalves pressed 

between bedding planes somewhat similar to those described in Unit D.
A separate sandstone unit not observed in the south to north line 

of sections extends from Maudlow to Elkhorn Ridge along the west to 
east line. This sandstone is consistently about 40 feet thick. It is 
medium-grained sandstone with some coarse-grained beds. It contains a
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few glauconite grains and some small shell fragments. This sandstone 
tongue represents different conditions of deposition than the balance 
of the Upper Member.

Overlying this sandstone tongue are the most friable sandstones in 

the formation at the sections studied. Cross-bedding is evident but of 

short lateral extent in the massive sandstone ledges. The sandstones 
are very light gray. Near the top there are thin-bedded, light tan to 
yellowish-brown sandstones interstratified with shale and siltstone.

A conglomerate zone lies between the medium- to coarse-grained
sandstone tongue and the tan to yellow, thin-bedded sandstones. It is

(

composed of chert pebbles in a matrix of coarse-grained quartz sand.
The unit weathers in blocky chunks with the pebbles often broken across 
the pebble face. The oval-shaped pebbles range in length from 1/4 to 
nearly 3 inches along the long axis. The average length is about 1/2 

inch. The conglomerate contains brown, gray, and white chert pebbles 
covered with a black rind. Where the conglomerate clasts are found as 

float, they have lost the black rind. Iron oxide (hematite?) imparts a 
distinctive maroon color to the cement. The pebbles and sand are loosely 
cemented by chalcedony. Plate 20 is a photograph of hand specimens of 
the conglomerate. Float blocks the size of these photographed speci

mens can be found several yards away from the outcrops. 

b. Thin Section Analysis
The sandstone tongue at the base of the Upper Member consistently
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PLATE 20. Silica-cemented conglomerate. Loosely cemented sample 
with large chert pebble (left foreground) was broken from sample 
with the cavity. More tightly cemented sample (right foreground) 
breaks across the pebbles.

PLATE 21. Shell fragment from sandstone tongue of upper member. 
Calcite prisms form at right angles to the shell surface, which 
has dissolved away. Grains enclosing shell remnant are quartz 
(Q) and flint (F). (Plain Light)
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contains more chert and feldspar than the other sandstones of the Upper 
Member. Figure 6 shows the percentage distribution of quartz, chert, 
and feldspar in the Upper Member, and Appendix XI contains data from 
the petrographic analysis of these sediments. At Jensen, for example, 

the specimen was point counted and found to contain 43 percent quartz,

35 percent chert, 15 percent plagioclase, and 7 percent orthoclase. The 
grains range in size from fine to coarse and have claystone and silt- 
stone particles embedded in the silica cement. These sediments have

I

trace amounts of glauconite. In addition, some small shell fragments, 
possibly of Inoceramus, are observed in the sediment (Plate 21).

The sandstones at the top of the Upper Member are better sorted and 
have less clay and matrix material. Sand-sized grains make up an aver

age of 72 percent of the total detritus (Figure 6). These are subangu

lar to rounded quartz, chert, and feldspar grains. Plagioclase consti
tutes only about 2 to 6 percent of the grains except at Jensen, East 
Flank, County Line and Elkhorn Ridge where plagioclase ranges from 7 to 

14 percent. Plagioclase is most abundant at Jensen (14 percent).

Quartz comprises nearly 60 percent of the sand grains. The thin-bedded 

upper sandstone at Elkhorn Ridge was point counted and found to contain: 

quartz (62 percent), chert (28 percent), orthoclase (6 percent) and 

plagioclase (4 percent). These medium-grained sands are 52 percent of. 
the rock volume; the remainder is matrix and silica cement. Well-sorted, 

massive sandstones are also found in this top part of the Upper Member.
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FIGURE 6. UPPER MEMBER PETROGRAPHIC DIAGRAMS
The grain distribution (0) and average (67%, column A) 
for the sandstone tongue of the upper member is similar 
to the basal member sandstones (FIGURE 5)» The upper sand
stones (•) are better sorted (71,)%, column B).
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The Troy specimen (also point counted) contains: quartz (72 percent,
chert (20 percent), orthoclase (6 percent), and plagioclase (2 percent). 
The sediment is 78 percent medium- to fine-grained sandstone by volume 
and 22 percent silica cement with only a little matrix material. The 
quartz is about 50 to 60 percent, the chert, content ranges from 20 to 30 
percent and feldspar comprises nearly 20 percent of the grains. The 
vertical graphs in Figure 6 show the decrease in matrix and cementing 
material towards the top of the Upper Member. More matrix is in the 
sandstone tongue (Plate 22).

The plagioclase grains are spindly with sharp cleavage edges. Seri- 
cite is associated with the tattered ends of plagioclase grains. Small, 
thin flakes of high birefringent sericite seem to be matrix material 

from some primary sericite source.
Most of the chert is obscured in the dense silica cement, but is 

estimated to be 15 to 30 percent of the sand-sized grains. These sand

stones also have coarse fibrous chalcedony grains that may have devel

oped as a recrystallization product of biotite.
The Upper Member at Troy Creek contains a thin, gray to brown cal

careous mudstone of limestone zone 2 feet thick and 31 feet from the top 

of the formation. This carbonate rock contains many stems and cellular 
fibers of plant detritus (Plate 23). The limestone is very rich in 

black organic material and clay.
Glauconite is present but it is not as abundant as it is in the
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PLATE 22. Silica-cemented grains of quartzite with silica over
growths (Q), orthoclase (0), plagioclase (PG), chert with matrix 
inclusions (CM), and light colored, sericitized chert (CS) in 
upper member sandstone beds at Brackett Creek section. (Crossed Nicols)

PLATE 23. Plant detritus and clay particles (CL) in siliceous 
limestone from upper member at Troy Creek section. The carbonate 
(LS) forms a lighter colored field than the siliceous portions 
(S) of the rock. (Crossed Nicols)
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PLATE 24. Quartzite grains (Q) and chert pebbles (CP) comprise 
the conglomerate. Silica recrystallized at the pebble edges and 
forms banded fibrous chalcedony overgrowths (FC) that have radial 
extinction parallel to the fibers. (Crossed Nicols)

PLATE 25. Black organic matter (CM) and white siliceous organic 
structures in chert pebbles suggest the chert was originally 
deposited by silica-secreting life forms. (Plain Light)
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sediments of the Middle and Lower Members.
The sandstones are estimated to have at least 2 percent porosity. 

The Upper Member is very calcareous; most of the pore space is cemented 
by calcite. The porous sands are also cemented by silica but the grains 
are loosely bonded.

A thin section of well-cemented pebbles of conglomerate shows that 

the pebbles are cemented by banded chalcedony and speckled chert cement. 
The quartz grains have strain shadow extinction (Plate 24). Consider
able void space permits the conglomerate to crumble easily. The chert 
seems to contain diatoms and some black organic staining material (Plate 
25).
c. Indication of the Depositional Environment

The sandstone tongue at the bottom of the Upper Member is inter
preted as regressive or progradational sand. Large, angular chert and 

feldspar grains indicate little or no reworking during deposition. The 

high clay content suggests rapid deposition.
Overlying the sandstone tongue and near the bottom of the Upper 

Member in all sections is the laterally persistant conglomerate zone.
The lateral pers!stance of this zone requires an environment that would 
spread conglomerate over a wide area. Marine waters provide a process 
whereby conglomeratic material might be spread over a broad standplain 
during regression, and later be reworked and buried with transgressive

sediments.



2. Transgressive Character of the Upper Member
A comparison of Elkhorn Ridge and Troy specimens that were point 

counted with hand samples from other sections indicates that the sedi
ments are generally better sorted and were reworked, possibly by a 
transgressing sea. Other sandstone beds with medium-grained, angular 

fragments and matrix suggest less reworking. The thin beds are inter- 
stratified with siltstones and arenaceous shales indicating gradual

76

transgression.
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CHAPTER IV. DEPOSITIONAL ENVIRONMENT OF THE FORMATION 
A. Structural Geology and Character of the Depositional Basin

The Crazy Mountains Basin is ellipsoidal in shape with its long
axis nearly parallel with northwest-southeast trending Precambrianll -

A,basement fault zones. The uplifts around the margins of the basin 

are Laramide structures that move principally after Lower and early, 
Upper Cretaceous time and became source areas for Upper Cretaceous 
and Cenozoic sediments (Roberts, 1972). The Crazy Mountains are late 
Laramide or post-Laramide igneous rocks that were intruded into Upper 
Cretaceous and Tertiary sediments.

Major structural1 features bordering the Crazy Mountains Basin are 
the folded and uplifted sediments of the Bridger Range on the western 
margin, the Big Belt Mountains, Little Belt Mountains and Big Snowy 
Mountains on the northern margin and the Beartooth Mountains uplift 
along the southern margin. The structural relationships are shown 

in the map in Figure 7.
The Big Horn-Pryor Mountains uplift extends northwestward into 

Montana from Wyoming. This uplift does not completely, encircle the 
southeastern end of the basin and the two basins are connected.

Along the northeastern side is a series of en echelon faults 
along a left-lateral fault zone that trends northwest-southeast." This 
fault zone, the Lake Basin fault zone, is roughly parallel with the 
Nye-Bowler lineament, another left-lateral fault zone along the
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northern edge of the Beartooth Mountains block. A right-lateral 
fault pattern trending northeast-southwest also exists. This system 
may reflect a conjugate fault pattern in the Precambtian basement 
rocks. Much work has been done to define these structures (Garrett, 

1972). These structural lineaments have been recurrently active since 
Precambrian time (Hoppin, 1974).

The northwest fault trend is known to have influenced deposition 
of the La Hood Formation in the Belt Series of late Precambrian age 
(McMannis, 1963). These faults also influenced Paleozoic and Jurassic 
sedimentary depositional patterns (McMannis, 1965). It has been 
suggested that basement faults influenced the depositional patterns 
of Upper Cretaceous sediments prior to Laramide deformation (Thom, ■ 
1923; McMannis, 1965). The late Upper Cretaceous sediments contain 

thick basal conglomerates that clearly reflect the structural in
fluences of uplifts associated with the Laramide Orogeny in south 
central Montana (Roberts, 1972).

It is suggested that movement along the northwest-trending fault 
zones moved the basement infrastructure on the north and south margins 
of the basin, respectively.

,It seems the landmass south of the Nye-Bowler lineament and the 
landmass north of the Lake Basin fault zone were structurally higher 
relative to the Crazy Mountains Basin. Recurrent normal vertical 
movement along the northeast-trending faults, the "Shift Zone" of
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Garrett (1972) , may have elevated the basement complex along the 
western margin of the basin.

Shallow to emergent conditions may have caused a brief hiatus 
prior to deposition of the conglomerate unit near the top of the 

Frontier Formation in the study area. However, with the possible 
exception of some temporary source area exposed during this hiatus 
in the Big Belt Mountains northwest of the basin, the major structural 
features around the periphery of the basin probably were not sources 
of sediment for the Frontier Formation.
B. Progradational Delta
I. Paleogeography

After Jurassic time, a narrow Cretaceous landmass arose in Idaho 
and the terrestrial sediments of the Kootenai Formation were spread 

eastward across central Montana (Roberts, 1972) The Cretaceous Sea 

advanced south into Montana from the Arctic Ocean and north across - 

Colorado and Wyoming from the Gulf of Mexico. In mid-Cretaceous time 
these seas connected to form the Cretaceous seaway (Weimer, 1960).
The Colorado group of formations, of which the Frontier is one, were 
deposited as marine and non-marine sediments between the landmass and 

seaway (Peterson, 1966). Terrestrial sediments intertongue with 

transitional sediments along the margins of the seaway. Hydrological 
conditions ranged from non-marine to marine, and included fluvial, 

lacustrine, deltaic, and oceanic processes. The transitional sediments 
intertongue further eastward with marine sediments.



The study area is north of a large lobe of Frontier Formation 
deltaic stone that extends southeastward across Wyoming from a complex 
fluvial distributing system postulated to have existed in south
western Montana and southeastern Idaho west of the Yellowstone National 
Park area (Goodell, 1962).

North and northwest of the study area smaller, deltaic-like 
lobate features undoubtedly extended out into the seaway. The strand
line and sediment distributary discharge points probably were along a 
coastline that trended northwest of the source area of the Wyoming 
delta.

The whole study area is a web of coastal and interdeltaic litho-1 
facies between the Wyoming delta and small deltaic features of the 
north central Montana area.

Fluvial distributary systems into the basin seem to have been 
jammed against seaway longshore currents, eddys, and tides in a 

narrow marine embayment of estuary aligned roughly parallel with the 
present axis of the Crazy Mountains Basin. A number of observations 
suggest prograding sediments sought a path eastward across the Crazy 
Mountains Basin.

The sections at County Line and Elkhorn Ridge are almost all 
sandstone especially in the upper part of each section. The sand may 
have concentrated there as a spit, barrier island, or sand hook that 
grew by southerly flowing lateral currents and longshore drift.

81
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This observation relates the study area to the two litho

logically correlative sandstones northeast of the study area. The 
232-foot sandstone of Tanner (1949) near Loweth about 12 miles north
west of Ringling cannot be traced far laterally. Tanner notes the 
similarity of the sandstone to the 240-foot Big Elk Sandstone 

Formation (Bowen, 1918) 45 miles northeast of the study area near 
Harlowton but does not correlate the sandstone zone to the Big Elk 

Sandstone Formation. The Middle Member is mostly fine- to medium
grained sandstone beds at County Line and Elkhorn Ridge. The Middle 
and Upper Members at both places have a cumulative sandstone thick- ' 
ness of about 250 feet, and suggest a relationship to the Big Elk 
Sandstone Formation and the 232-foot sandstone described by Tanner.

This sandstone may represent the shift of a spit or sand hook west
ward during deposition of the Frontier Formation.

The fossils from shales below the Big Elk Sandstone Formation- 

are related to the Mowry Shale Formation (Tanner, 1949). The Big 
Elk Sandstone Formation is only correlated with the Frontier Formation 
on the basis of lithologic similarity (Roberts, 1972). The thick sand
stone of Tanner is more clearly related to the Upper Member of the 
Frontier Formation in the study area on the basis of a 3-foot con
glomerate unit overlying the 232-feet of sandstone. This suggests the 
Tanner sandstone zone may be younger than the Big Elk Sandstone 

Formation, and this is some evidence for a westward shifting sand hook.
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South to southeast moving longshore currents are observed in the 
Frontier Formation in the Big Horn Basin (Van Houten, 1972). Studies 
of current direction during deposition of the Blackleaf Formation in 
central Montana also suggest southeast moving seaway currents existed 
during late Blackleaf time just before deposition of the Frontier 
Formation in the study area. These current directions continued during 
this part of the Cretaceous and are observed in patterns in the Mafias 
River Formation (Cannon, 1966). A large volume of sediment may have 
been distributed to the sea northwest of County Line and was steadily 
transported to the northern part of the study area.

Deltaic sediment from the southwest probably was transported 
towards the Crazy Mountains Basin from the large delta in Wyoming. 
Currents moving south across Montana would transport sediment to the 
basin and also confine sediment from the northern part of the delta to 
the basin.

The distributing systems observed in, the sections at Beasley Creek 
and County Line and shown in the correlations in Figures 3 and 4 as the 

A (i) and A (ii) Sandstone Zones respectively, may represent these 
sediments that were transported to the basin to supplement the steady 
accumulation of sediment transported directly to the basin from western 
Montana and central Idaho.

The paleoenvironmental relationships are expressed in Figure 8. 
This map depicts the environment of deposition after initial rapid
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progradation of the Basal Member and transgression of the sea slightly 
to the west. Numerous marine sandstones of early Upper Cretaceous age 
are reported in the Radersburg (Klepper and others, 1975) and Philips- 
burg (Emmons and Calkins, 1913) areas and the map has been drawn to 
position the coastline of the embayment feature a few miles west of 

Radersburg. The Middle Member was deposited by the accumulation of 
sediment that slowly prograded the lagoonal environment eastward.
The approximate eastward limit of progradation of the Middle Member 
environment is depicted in the paleoenvironmental map in Figure 9.

During deposition of Unit E of the Middle Member, another rapid 
progradational phase occurred. The phase slowly subsided and after 
this second phase concluded the sea transgressed. Sediments were 
reworked by marine processes and the top sandstone beds of the Upper 
Member were deposited. The formation was then covered by marine shales 
of the Cody Shale Formation.
2, Proposed Shoreline Profile •

The typical modern shoreline profile has seven possible environ

mental zones: fluvial, deltaic, paludal lagoon, barrier island, shelf,
slope, and basin.

The fluvial environment is the stream discharge environment at a 

level above tidal influence. A delta forms where the ocean does not 

remove sediment faster than the streams supply it. The streams deposit 

coarse clastic detritus in this zone as the velocity of the streams
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decreases., Stream flow from distributaries spreads sediment over 

the delta plain.

The paludal environment is influenced by tides but may be pro
tected from direct oceanic wave action. The width of this zone varies 
depending upon the steepness of the gradient to the depositional basin. 
Saline or even fresh water lagoons exist where the gradient is low.

On a typical modern shoreline the paludal lagoon environment is 
a swamp with intermixed fresh and saline waters. Constantly meandering 
streams flow through this zone depositing sediment at varying places.

The barrier island is the high tide area or strandline where sand 
is concentrated by wave, action. Channelways may connect the paludal 

lagoon with the sea through the barrier island and from the ends of the 
island. The channelways permit the tide to fluctuate in the swamp. 
Without channelways the tide fluctuates against the barrier island.

The fluvial, deltaic, paludal, and barrier island zones are 

characterized by transitional sediments that may contain sand, silt, 
mud, plant debris, coal, evaporites, and fresh or saline water marl 
or limestone. r

The shelf, slope and basin environments of modern shorelines 
contain distinctive, lithofacies that are gradational from sandstone 
on the shelf to shale and limestone in the abyssal deeps.

Deltas that accumulated by fluvial discharge at the shorelines 
of epicontinental seas.involve the same processes observed on modern
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coastline but the shallow seas created certain differences in result.

Depths of 200-feet or less were common near the costal margins of the 
Cretaceous Sea (Kauffman, 1967).

Prior to the Laramide Orogeny, Cretaceous shoreline profiles 
have low-angle gradients (Weimer, 1970). Relief between the 
terrestrial plains and the basins is low. Most wave energy seems to 
have been dissipated before reaching the strandline. Shallow-water 
shelf zones were brushed by epicontinental oceanic waves and currents.
The gentle slope of the shoreline profile of epicontinental sea coasts 
has not been emphasized by many stratigraphers. A proposed shoreline 
profile model for the depositional environment of the Frontier Formation 
in the study area is set forth in Figure 10. The model represents the 

environmental profile along line A - A ’ in Figure 8. The Basal Member 
rapidly prograded eastward and is composed of an intermixture of pro- 

gradational and some transgressive sandstones. The environment 
stabilized as a paludal lagoon after the initial deposit of sediment 
and this system prograded eastward as the lagoon filled with sediment.

The environment near the end of Middle Member time is depicted in Figure 9.
The strandplain sandstone zone is the equivalent zone of the 

modern barrier island But it constitutes a major difference in the 
result of oceanic processes between the modern barrier island sandstone 
and the strandplain sandstone suggested to have developed at the coast 

of Cretaceous epicontinental seas. The strandplain sand is deposited in



This figure depicts the environmental zones across the shoreline profile from 
the terrestrial environment on the left to the basin environment on the right 
(line A to A1 in FIGURE 8). The Basal Member is a strandplain sandstone that 
rapidly prograded across the Crazy Mountains Basin. Subseouent transgressive 
adjustment created a paludal lagoon environment that slowly prograded east
ward. The steady accumulation of sediment deposited the Middle Member litbo- 
facies units. All units prograded eastward with the possible exception of 
Unit B (the anaIcite unit). This zeolite mineral may have formed when a 
large volume of airborne pyroclastic debris fell across the lagoon during a 
prominent volcanic episode. As such, this unit represents a process re
stricted to one period of time during deposition of the Frontier Formation, 
The Upper Member was deposited during a second rapid progradation that 
spread sandstone tongues across the basin that were lithologically similar 
to the Basal Member sandstone. Apparently these tongues were reworked and 
deposited as transgressive marine conglomerate and sandstone in the Upper 
Member.

S ^ —  C A Strandplain Sandstone / /
KIDDLE MEMBER Paludal Lagoon Facies BASAL MEMBER / / r-V----------------------------

Trace fossils are observed in the Frontier Formation 
in the study area that are similar to trace fossils 
described in Upper Cretaceous formations in Utah by 
Howard (1972). The trace fossils illustrated are 
related by Howard to different environments in the 
shoreline profile from the beach to the basin. 
Plug-shaped burrows represent the foreshore or beach 
environment. Horizontal tubular and vertical heli
coid funnel forms are associated with the shoreface 
or slope environment. Grazing trails and other 
markings on the bedding planes and the vertical 
tubes indicate an offshore environment.

Plug-shaped Burrow .. .
(Ophlonorpha) horizontal Beddlng Plane P o m e

Helicoid Funnel 
(Asterosoma)

Vertical Tube 
(Asterpsoma)

FIGURE 10. Shoreline Profile Model
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thin sheets in response to the interaction of periodic fluvial 

flooding and marine hydrological processes. The system concentrates 
sand on a wide strandplain or tidal flat by continual introduction of 
sediment to a basinal feature that may not be subsiding. Floods 
prograde sediment to the paludal environment and periodic turbid 
oceanic waters briefly shift the sand before it is buried by a sub
sequent sheet of sediment.

The marine environment was made transgressive, regressive, or 
held at a stable sea level through time depending almost exclusively 
upon the volume of sediment introduced. The Frontier Formation in 
the study area is thought to have developed a large strandplain sand
stone by the steady introduction of fresh sediment during.Middle Member 
time.

3. Relationship of Trace Fossils to the Shoreline Profile

Paleoichnology is the study of trace fossil forms (Moore, 1962) . 

There are numerous features on the bedding planes in the formation that 
indicate that suspension-feeding and bottom-dwelling organisms were 
active during deposition. Most of the features are horizontal bedding 
plane forms that are tracks, trails, and grazing 'trails made by annelid, 
gastropod, and echinoderm organisms. Other, features are perpendicular 
to the bedding planes and are plug-shaped burrows of suspension feeding 
crustaceans and vertical tubes of annelids. Sometimes the vertical tubes 
have a helicoid funnel or trumpet flare opening upwards through the bed
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to the bedding plane. The forms observed in the Frontier Formation 
resemble those discussed by Howard (1972). The terminology in that 
paper is utilized in this study because of the similarity of the 

• forms. Classification and the establishment of nomenclature for 
trace fossils is a relatively new endeavor (Teichert, 1975).

The similarity between trace fossil forms made by bioturbation 
of sediments by bottom-dwelling marine organisms and suspension
feeding organisms recognized by Howard in the Upper'Cretaceous sedi
ments in Utah and those forms observed in the Frontier Formation in 
Montana are of some assistance in interpreting the paleoenvironment.
The trace fossils are useful in relating various lithologies from/ '
offshore siltstone and shale facies to the well sorted shallow water' 
sandstone facies of the foreshore or beach.

Offshore sediments are reworked by suspension-feeding organisms 

such as Ophiomorpha (a shrimp-like crustacean), and substrate burrowing 
organisms such as Scolicia and Astersoma (worms).

On the slope of the shoreface the same organisms make different 
trace fossil forms. Asterosoma burrows are straight tubes vertical 
to the bedding in offshore sediments, but are helicoid funnels or 
trumpet-shaped holes in lower shoreface sediments. Studies of modern 

forms of these organisms indicate that they continually roll around 
the rim of the hole to keep it from filling up with sediment settling
down the shoreface.
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The lithofacies that represents the upper shoreface and beach 
area is well sorted sand that contains few trace fossil markings.
The biogenic structures are lost by the turbulence of wave 
impingement on the sediments. Nevertheless, tubular trails of 
Ophiomorpha are preserved where these crustaceans agitated the sediment 
while foraging for food.

Some of these forms are observed in the Frontier Formation in 
Montana. To be consistent with Howard's study, which extends from the 
foreshore or beach to the offshore environment, the trace fossil forms 
observed are sketched in Figure 10 only from the beach area of the 

strandplain sandstone to the basin. This paper considers the possibility 
that these trace fossil forms also can be found in the paludal lagoon 

environment on the landward side of a prograding strandplain sandstone.
The trace fossils are useful in relating lithofacies in the column 

of rocks to an environmental position in the idealized shore profile.

The pattern suggested by the trace fossil forms in the Frontier 
Formation in Montana is restricted primarily to the offshore and lower 

shoreface facies of Howard. Numerous beds have vertical tubes of 
Asterosoma that suggest offshore facies and these are found erratically 

through the sections. Helicoid funnels (Asterosoma) are in the Basal 
Member at Beasley Creek (Plate 26). They are also abundant in many 
parts of the Middle Member. According to Howard's study the funnel- 
shaped trace fossil should be indicative of lower shoreface sediments
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PLATE 26. Funnel-shaped, vertical trace fossil burrow from sand
stone bed of Basal Member at Beasley Creek. Bedding plane (BP) is 
on exaggerated angle to show the slope the organism is thought to 
have lived on.

PLATE 27. Gray, coarse-grained, feldspathic, "salt and pepper" 
sandstone with red iron oxide-stained, plug-shaped trace fossil 
burrow. The plug was impressed into the bedding plane by a 
crustacean foraging in the sand for organic detritus.
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of fine-grained sandstone with dispersed organic detritus and clay.
The Basal Member sandstone at Beasley Creek is medium- to coarse
grained and does not contain large amounts of dispersed organic 
detritus. The Middle Member, which contains many beds of fine-grained 
sandstone and siltstone stained black with organic detritus have more 
nearly vertically shaped holes.

Overall distribution of the trace fossils from the base of the top 
does suggest a change in the environment from an offshore environment 
to a shallow water environment created by the build-up of sand. The 

progradation process not only shifts the shoreline seaward but also 
develops a progressively shallower water depth. The vertical tubes of 

Asterosoma and horizontal bedding plain tracks of Scolicia (?)
(offshore forms) are mixed with trumpet or helicoid funnels of Asterosoma 

and tube-shaped trails of Ophiomorpha (lower shoreface forms) in the 
lower part of the formation.

‘Ring or plug-shaped burrows of a larger species of Ophiomorpha 
(lobster-sized crustacean species larger than the shrimp-like species 
responsible for the offshore trace fossil trail forms) are found in 
light gray, partially sorted sandstone beds in the upper part of the 
formation (Plate 27). These burrows are indicative of the upper shore- 
face or top of a delta slope according to Howard's scheme.

Though the trace fossil forms are randomly distributed throughout 

the formation a general statement may be made that the Asterosoma
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funnels are associated with the Basal Member and lower Middle Member 
and the plug-shaped burrows of Ophiomorpha are associated with the 
Middle Member and especially the Upper Member. This is good evidence 
of a build-up of sediment in the Frontier Formation creating an 
environment with progressively shallower water through time.

The sedimentary sequence studied by Howard is of Upper Cretaceous 
sandstones several hundred feet thick that are well exposed in high 
cliffs. Thick sandstones like this are associated with the steeper" 
shoreline gradients and large delta and basin deposits of late Upper 
Cretaceous time when deformation enhanced the relief between the 
source areas and the depositional basins. That form of deltaic 
development on a steeper shoreline profile would more clearly 

differentiate between the offshore and foreshore trace fossil forms. 

The sediment of the Frontier Formation in Montana suggest a shallow 
marine environment that prograded into a basinal feature that probably 
was not downwarped until Laramide time. In this environment a mixture 
of offshore and shoreface trace fossils and offshore and shoreface 

lithologies is observed. Further, the organisms may have resided on 
both sides of the strandplain sandstone because this sandstone is 

visualized as a sand reef that is only slightly above sea level and 
nearly completely encircled by marine waters. If trace fossils are to 
be used to study the depositional environment of pre-Laramide pro- 

gradational sandstones of the Lower and early Upper Cretaceous then
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it is submitted that the possibility that the trace fossil faunal 
assemblages may be duplicated on both the seaward and the landward 
side of the strandplain sandstone.
4. Deposition by a Process of Progradation

Sediment prograded across the basin rapidly during deposition 
of the Basal Member but slowly and more evenly during deposition of 

the Middle Member. After the second rapid progradational event and- 
deposition of the Upper Member there was transgressive adjustment to 
a more stable marine environment.

The most significant aspect of progradation is the absence of 
major subsidence of a basin during deposition. Stratigraphic problems 

are normally solved by study of source areas and depositional basins. 
Progradation is different. Uplift in Idaho and west central Montana 

generated sediment without the concurrent development of a subsiding 
basin. Eroded sediment moved to the terrestrial environment forming 
thick aggraded sediments. Eventually rivers moved the sediment to the 
sea and the sediment accumulated at. the coast. The continued supply 
of sediment spread each sheet across the prior deposit and the coastline 
migrated eastward as the deltaic lobate form developed.

Progradational processes continued during deposition of the Middle 

Member and the sustained accumulation of sediment gradually shifted 
the strandplain sandstone eastward. A paludal lagoon facies was 

prograded into the section consisting of fine sand, silt, clay and
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plant detritus. Had the initial supply of sediment tapered off then 
the sediments of the Middle Member would reflect reworking by a slowly 
transgressing sea. High contents of rounded, well sorted grains and 
sediments with high quartz percentages would dominate the lithology 
of the member. Plagioclase, chert and clay should have been eliminated 
by mechanical disintegration and chemical dissolution. Instead, fine

grained, angular to subangular quartz, chert and feldspar grains are 
common. Furthermore, argillite and clay particles have not been 
removed.

The fossil bivalve occurrence supports this concept. The bivalves 
are infaunal mollusks that favor non-turbulent muddy environments.

A shoreline with a steep angle would have muddy banks in topographic 
niches on the shoreface or delta slope. The strandplain sandstone of 
the basin is not a turbulent environment but it is turbulent compared 
to the back part of the paludal lagoon where mud is accumulated. It 
is proposed that the bivalves resided there rather than on the seaward 

side. Other marine fossils are not commonly found in the sediments of 
the Middle Member above or below the fossil bivalve zone (Unit D).

The open marine waters contained an abundant marine fauna including 
ammonifies (Cobban and Reeside, 1952a). Other than a few small shell 

fragments, there are no shells or remains of such fossils.
A second progradational cycle may be marked by the sandstone tongue 

of the Upper Member. The tongue is shown in Figure 9 as a progradational
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delta advancing towards the lagoon from the Big Belt Mountains area. 
Other tongues may have existed but were destroyed by north and south 
shifting of the westward transgressing sea.

The Upper Member sandstones overlying the sandstone tongue contain 
higher percentages of quartz and are better sorted sandstones. The 
sandstones are thin-bedded and interstratified with siltstones and were 

deposited with some reworking as the marine environment transgressed 
westward. These sandstones and the conglomerate zone at the base of 

these sandstones mark an end to the progradational processes that 
dominated the deposition of the Frontier Formation in south central 
Montana.

The conglomerate zone chert pebbles are black, and the cement has 
a maroon color (hematite) best observed in angular blocks of float.

The pebbles may be hand rubbed and the polished pebble will then look 
like desert varnish (iron and manganese oxide). The oxide minerals 

suggest exposure to the weathering before burial and indicate that the 

zone may have been developed as a terrestrial "red beds" deposit. A 
long trail of continuous sheet-like gravel can be left on shingle 

beaches abandoned by a retreating sea (Barrell, .1925). The inter
pretation would be consistent with the presence of the iron oxide which 

is presumably of subaerial origin. Conglomerate in the Frontier 
Formation probably developed as a terrestrial aggradation sediment.

Many chert pebbles are found in float in Unit E of the Middle Member.
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Thick conglomerates can be generated by regressive waters but preserva
tion of the deposits is best explained by transgressing seas. A regular 

rise in sea level and transgression over an aggraded surface can bury 
conglomeratic material whereas gravels stranded by retreating seas 
weather in place to finer material and are washed by streams to the sea 
and exposed to fluvial and marine energy until worn to sand-sized grains. 
Though poorly stratified, the conglomerate zone of the Upper Member has 
some stratification and consolidated conglomerate is concentrated in one 
thin persistant zone everywhere in the study area.

C. Provenance of the Sediment 
I. Lithologic Nature of the Source

Three assemblages of sandstone grains suggest the petrographic 
character of the source area. Some optical and physical properties, not 
specifically related to provenance, are included in the descriptions of 

the grain assemblages.

a. Precambrian Rocks
Quartz: matrix material and fine to coarse grains (.05 - .3 mm),

well-rounded, strain shadow extinction, some have thick silica over

growths indicating a quartzite source rock.
Potassic Feldspar: fine to medium grains (.05 - .1 mm), subangular

to rounded; orthoclase grains have numerous microfractures, Carlsbad and 

microcline grid twinning.
Perthitic-textured Feldspar: medium grains (.1 - .3 mm),
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intergrowths of plagioclase and orthoclase; plagioclase partially to 

fully altered diagenetically to silica with grain boundaries visible.

Mica: very fine grains (.01 mm), thin, needle-shaped grains with
high birefringence are sericite mica; many associated with tattered 
edges of plagioclase and chert grains and may be secondary alteration 
products of those grains; some biotite mica flakes may be weathered 
from schistose rock sources.
b. Paleozoic and Mesozoic Sedimentary Rocks

Quartzite: medium to coarse grains (.3 mm), clusters of grains
with interlocking texture and undulose extinction.

Glauconite: fine (.1 mm), pale green to very light brown or tan

grains.
Shale and Argillite: very fine specks and patchy grains (to .2 mm)

Chert: medium to coarse grains (.1 - .3 mm), rounded, oval-shaped;

some grains very dark (flint?).
Chert Conglomerate: 1/4 to 3 inch pebbles, rounded, white, brown,

gray, and black with red to yellow tint, diatom and other organic silica 

structural fragments.
c. Fresh Volcanic Igneous Rocks

Quartz: fine to coarse grains (.05 - 2.0 mm), angular to subangu-

Iar; many microfractures.
Orthoclase (sanidine?): medium to coarse grains (.3 -,1.0 mm),

subangular.
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Plagloclase (andesine and oligoclase?): medium to coarse grains
(.2 - 1.0 mm), angular, some zoned grains.

Biotite Mica: fine to coarse (.05 - 1,0 mm), thick books and long
fibrous grains.

Shards: "Y"-shaped and arcuate-shaped particles (.05 - .1 mm);
opaque undercrossed nicols, volcanic glass.

Lithic Fragments: fine to medium grains (.08 mm), angular, ragged
grain edges, opaque.
d. Miscellaneous

Heavy Minerals: very fine to fine grains (.01 mm), high birefrin-
gent grains; transparent, even grain boundaries and high relief in plain 
light. Zircon and tourmaline identified. Many fine-grained heavy 
minerals may be the well-rounded, opaque (coated?) grains observed in 

the thin sections.
Fibrous Clay; long (3,- 0 5.0 mm), vermicular fibers (dickite?), 

high birefringence (diagenetic alteration product of heavy minerals?).
Lithic Fragments: fine to medium grains (.03 mm), oval-shaped

opaque grains (coated heavy minerals?).

2, Distribution of the Sediment
The bulk of the sediment contains a uniform intermixture of detri- 

tal grains from all of the above source lithologic types.
The intermixture of material is amplified by the process of pro

gradation whereby aggraded sediments and coalescent alluvial fans in



the terrestrial environment are eroded to form a transitional and marine 
progradational or deltaic deposit.

In the southern part of the study area there is a predominance of 

quartz over plagioclase grains. Northward through the study area there 
is an increase in large, angular plagioclase grains and large biotite 
mica grains. The chert percentages are uniform in both the south and 
north parts of the study area.

Schematically, the compositional trend is explained on the paleo-* 
environmental maps (Figures 8 and 9) as due to stream discharge north 
into the study area from a delta in Wyoming and as longshore currents 

moving south across central Montana. The lithofacies change indicates 

that fresh, unaltered volcanic material was being discharged from the 

west and northwest of the study area. Most of the sediment was trans
ported to the study area from the western Montana area, and the main 
sources were in central Idaho and west Central Montana. The sediment 

probably was distributed in the basin, however, by west, north and south 

moving waters. As. the sediment accumulated in the basin area, the shore

line regressed eastward.
Progradation of the shoreline model (Figure 10) eastward is observed 

in the sections. Figure 11 is a cross-sectional diagram of the formation 
along the four west to west sections. The proposed sequence of deposit 
tion and an explanation of the process of progradation is included in 

this figure. Arrows indicate the directions of progradation and trans-
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gression. The strong influence of the progradation process from the 

northern margin of the basin is indicated by the arrows directed both 
ways away from the Elkhorn Ridge section. This process is presumed to 
have developed the A (ii) Sandstone Zone observed in the stratigraphic 
correlations (Figures 4 and 5).

The total volume of sediment deposited and the distribution of it 
in the study area is expressed by an isopachous map of the formation in 
the study area (Figure 12). The formation thins eastward from over 600 
feet in the Maudlow area to about 400 feet east of Elkhorn Ridge.
3. Proposed Source Areas

a. General Remarks About Source Areas

The Kootenai Formation of the Lower Cretaceous age was deposited 
when clastic material was eroded from the rising Cretaceous landmass in 

Idaho. This uplift seems to be associated with emplacement of the Idaho 
Batholith or the very early stages of the Laramide Orogeny.

As the sediments uplifted in the geosynclinal region, the initial 
rocks to be eroded were the Triassic, Jurassic and Paleozoic formations. 

Coarse chert pebbles in the Pryor Conglomerate Member at the base of the 
Kootenai Formation were derived from the chert-rich zones of the Paleo
zoic carbonates as uplift commenced (Roberts, 1972). Erosion continued 

during the Lower Cretaceous.
These erosional cycles probably removed the Paleozoic and younger 

rocks in central Idaho and exposed the Precambrian Belt Series rocks.

105
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The Belt Series sediments were apparently metamorphosed in central Idaho 
though they were and remain unmetamorphosed in northern Idaho and north
eastern Montana.

The Frontier Formation reflects a significant uplift also associated 
either with a new stage in the progressive eastward advancement of the 
Idaho Batholith or a second major pre-Laramide tectonic pulse. The geo
graphical relationships of these features are noted in Figure 8, the 
structural geology map.

Erosion of exposed Precambrian rocks in central Idaho and newly 
uplifted Paleozoic and Mesozoic sedimentary strata in west central 
Montana are major sources of the Frontier Formation sediments. The 

quartzite, sericite and perthitic-textured feldspar grain assemblage 
noted earlier was derived from the Precambrian rocks of central Idaho.

The coarse quartzite and chert assemblage was derived from the uplifted 

Paleozoic and Mesozoic strata in west central Montana. The volcanic 

grain assemblage is considered to have been derived from active volca
noes in the fault belt between the Idaho Batholith and the Sapphire 
Mountains in the present area of the Bitterroot Mountains.

b. Exposed Precambrian Rocks
One main source of sediment is the Precambrian Belt Series that was 

probably exposed at this time due to uplift associated with the intru
sion of the Idaho Batholith (Larsen and Schmidt, 1958). Terrestrial 

sediments derived from the Belt Series are suggested to have formed
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pediment surfaces and aggraded plains in central Idaho and western 

Montana. As these surfaces were eroded, sediment was transported east
ward and forced into the sea. The progradational process is a continua- 
tion of terrestrial aggradation of sediment to a marine environment.
The Ravalli Group of the Belt Series is composed of quartzite and slate i
with sericite in phyllite zones. The Grinnell Formation, for example, 
is an impure, arkosic quartzite (Ross, 1963). The sediments in central 
Idaho were metamorphosed by syenitic intrusions prior to the hydro- 

thermal and contact metasomatic processes associated with the intrusion 

of the batholith (Leonard, 1963; Robertson, 1959). The metasediments 
probably contained a variety of perthitic-textured grains developed by
alteration of the arkosic facies of the Belt Series. I

;■
Aggraded surfaces of Belt Series detritus in east central Idaho 

would contain quartz grains with strain shadow extinction, sericite, 
perthictic-textured feldspathic grains, and argillite particles.

Several units of the Belt Series are argillaceous and argillite 

particles have been found in Cretaceous sediments. The Precambrian 

argillite rocks are more resistant than younger, less indurated clay- 1I
stones. Red argillite from the Spokane Shale Formation is reported in 
Paleocene beds overlying the Upper Cretaceous sediments in the basin 
(McMannis, 1968). The Spokane Shale is presently exposed over an ’
intensive area from near Three Forks to the Big Belt Mountains. ,

The Piegan Group (Newland Formation) are younger Belt sedimentary

S
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rocks that may have been exposed during Frontier time in central Idaho. 
Argillaceous limestone from the Piegan Group may have been transported 

to the study area from central Idaho and then mechanically disintegrated 
into quartzite and fine-grained argillite material. The carbonate rock, 
probably dissolved during transport.

Numerous large clumps of green argillite are impacted'in several 
sandstone units of the formation, especially in the northern group of 
sections. The specimen in the photograph in Plate 8 is from Meadow 
Creek Ranch about 7 miles north of County Line.
c. Uplifted Paleozoic and Mesozoic Sedimentary Strata

The Bitterroot Mountains, Sapphire Mountains and Beaverhead Moun

tains were not uplifted until laramide time but probably were exposed 

during deposition of early and middle Upper Cretaceous rocks (SchoIten 
and Ramspott, 1968). Batholitic intrusion proceeded the laramide defor
mation and thrusted these structures eastward (McGill, 1959; Poulter, 

1956).
Numerous Paleozoic carbonate formations contain quartzite and chert 

zones: Jefferson Formation (Devonian), Madison Group (Mississippian),
Quadrant Formation (Pennsylvanian) and Phosphoria Formation (Permian). 
The Phosphoria Formation contains numerous variegated chert zones.

These carbonate units eroded from the Sapphire Mountain area at some 
unspecified time during the mid-Cretaceous (Cressman and Swanson, 1964). 

The carbonates are lost to solution after only about 25 miles of stream
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transport, but chert and quartzite continue to be transported as pebbles 
and coarse sand.

The large chert pebbles of the conglomerate zone may have been 
derived from these Paleozoic carbonate rocks. The stratigraphic corre

lations suggest a shallow to emergent environment at County Line. If 
this area was nearly exposed or briefly exposed, then it may be specu
lated that the.Big Belt Mountains 20 miles northwest of County Line may 
have been a gentle arch and a source area of Pdleozoic sedimentary rocks. 
The transport distance is consistent with Plumley's (1948) 25-mile attri
tion factor for dissolution of carbonate. Quartzite grains that were 
mechanically disaggregated and mixed with chert pebbles to form the con
glomeratic material.

d. Volcanic Rocks
The Idaho Batholith is a mixture of granitic, dioritic, and mon- 

sonitic igenous rocks. The volcanic rocks extended during batholithic 

emplacement were the chemical equivalents of the intrusives: rhyolite,

andesite and latite (Larsen and Schmidt, 1958). In the Frontier Forma

tion some coarse, angular quartz grains have straight extinction sug

gesting an -igneous source. Coarse, angular quartz and feldspar grains 
and large biotite mica books are found in the Frontier Formation and this 
is the pyroclastic mineral assemblage to be expected from the siliceous 
to intermediate volcanoes. A volcanic center for the debris is sugges

ted to have been in central Idaho just west of the Bitterroot Mountains.
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The Idaho Batholith intruded progressively from west to east during late 
Lower Cretaceous time (Robertson, 1959), and was only arching the sedi
ments in the area of the Bitterroot Range and Sapphire Mountains during 
early Upper Cretaceous when the Frontier Formation was being deposited 
(Langton, 1935). Later the batholith intruded the sediments and today 
the batholith is exposed in Bitterroot Range and metamorphosed Belt 

Series sediments are exposed in the Sapphire Mountain area (Scholten and 
Hait, 1968). Perhaps volcanic ejecta and lava was extruded from hypa- 
byssal igneous rock reported associated with the faults between the 
batholith and the Sapphire Mountains in the area of the Bitterroot Moun
tains (Langton, 1935).

D. Relationship of the Frontier Formation in the Study Area to Adjacent 
Areas

The Frontier Formation extends north and northwest from the study 

area but may be represented by a hiatus in the Sweetgrass Arch area 
(Cobban and Reeside, 1959). Correlation of the formation between the 
study area and the Cretaceous sediments in northern Montana and Western 
Canada will involve consideration of a complex intertonguing of terres

trial, transitional and marine sediments. The Blackleaf Formation of 
the Colorado Group contains several conglomerate and terrestrial depo

sits that support the suggestion in this study of a shallow to emergent 
environment and a hiatus in the upper part of the section at the north

ernmost section (County Line).
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The lithologies correlate south to Livingston (Roberts, 1972). The 
progradational character of the sediments in the study area is consis
tent with the large lobate deltaic pattern expressed by the Frontier 
Formation in Wyoming (Goodell, 1962).

The formation in the study area appears to prograde towards, and 
perhaps coalesce with, the Frontier Formation in the Big Horn Basin 
(Van Houten, 1962). The Peay Sandstone Formation has been correlated 
with the 3rd Wall Creek Sandstone Member of the Frontier Formation in 
Wyoming and with the Torchlight Sandstone Formation with the 1st Wall 

Creek Sandstone Member (Goodell, 1962). Subsequently, Roberts extended 
those correlations lithologically to the Basal or Boulder River Sand
stone Member and the Upper Member, respectively, at Livingston. Those 

correlations should be extended by paleontological work south to expo

sures of the Frontier Formation in Jackson Hole (Love, 1956) and near 
Du Bois, Wyoming (Keefer, 1957) and north through the study area to the 

Cretaceous formations in the Sweetgrass Arch area.

The correlation would be a major study, but the result could esta
blish time relationships essential to the ultimate and inviting task of 
relating the Frontier Formation of Wyoming and south central Montana 
with the Blackleaf and Marias River Formations in north central Montana.
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CHAPTER V. CONCLUSION

The Frontier Formation has not been studied in this area before, 

and the exposures are very limited. At the outset it is recognized that 
a .much larger area should be studied in order to confirm many of the con
clusions expressed herein.

It is concluded that there were local influences on the deposition 
of the Frontier Formation in the Crazy Mountains Basin controlled by the 
structures marginal to the basin and by hydrologic .processes in the 
Cretaceous seaway in the area of the basin. The coastline trended north
west across the basin from the Frontier Formation delta that extended 
southeast across Wyoming. Sediment from west of the study area was 
deposited directly into the basin by east flowing streams. Additionally, 

much sediment was transported north into the basin from the Wyoming 

delta, and other sediment was transported south by longshore currents 

moving from the Sweetgrass Arch area along the coastline and into the 

basin.
Throughout the study area the formation is composed of nearly uni

form lithologic zones, some of which are very distinctive. Lateral per
sist ance of the analcite, fossil, bivalve and conglomerate units is 
indicated by the lithologic correlations (Figure 8). In addition, the
Basal , Middle, and Upper Members of the formation correlate uniformly

* ■ • -
\throughout the study area.

The members are lithologically persistent but the thickness varies 

somewhat across the study area. The formation is thinner (about 400
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feet thick) at the south and north ends and over 500 feet thick approxi
mately in the middle of the area at Troy Creek. It is evident from the 
literature that the laterally persistent nature of the distinctive 
lithologic units and of the members of the formation does not continue 
north towards the Sweetgrass Arch area or south to the Frontier delta 
in Wyoming. The lateral thickness trend indicates that the basin sub
sided slightly along the western margin and that more sediment accumu
lated there.

The west to east line of sections from Maudlow to Elkhorn Ridge 

(Figure 4) is about 10 miles north of the proposed northwest-southwest 
trending synclinal axis of the basin. The lithologic correlations 

across this line show that the formation thins eastward into the basin.

The main source of sediment was from the west, and the sandstone 
thins to the east into marine shales. Several of these types of sand

stone tongues or clastic wedges are also observed extending to the south
east across Wyoming in the Frontier delta there.

The isopachous map (Figure 12) shows the degree of eastward thin

ning observed in the study area. The formation is over 600 feet thick 

at Maudlow and is projected to thin to less than 400 feet east of Elk- 
horn Ridge. Although the limit cannot accurately be determined on theJbasis of the sections measured, it is suggested that the sandstone thins 
into marine shale at a point approximately coincident with the Crazy 

Mountains. The Basal and Upper Members may extend further east as the
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Peay and Torchlight Formations, respectively. No wells are known to 
have been drilled and logged on the west side of the Crazy ,Mountains.
It is concluded that the proposed progradational system advanced east
ward by the accumulation of sediment until a lagoonal environment exten
ded across the study area and probably a few miles further. The strand- 

plain sandstone shown in the shoreline profile model (Figure 10) possi
bly prograded to a point about 10 miles east of the Wilsall area.

The shallowness of the sea and low angle of the shoreline gradient 
into the sea is emphasized. The formation was deposited by stream dis
charge into a lagoonal environment, and the strandplain sandstone repre
sents a concentration of the sand on the strandplain by the seaway hydro- 

logical processes of currents, waves, and tides. The epicontinental sea 

processes are the same as those observed on modern coastlines but are 
greatly subdued in magnitude by the shallowness of epicontinental seas. 

Gentle longshore currents, low energy waves, and tides with little or no 
hydrologic energy are suggested. ' This environment creates sandstones 
that reflect the influences of a large body of water such as a sea but 
which contain much organic detritus, silt and clay that would be win

nowed, out in most modern marine environments. Further, at any given 
time the sea could easily wash over the strandplain and create an off
shore marine environment in which deposits of marine shales are laid 
over the strandplain sandstones.

The Basal Member is suggested to represent the western limit of
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strandplain sandstone in south central Montana. A lagoonal environment 
existed west of the strandplain between the strandplain sandstone and 
the terrestrial environment. A steady accumulation of sediment in the 
lagoon caused progradation of the lagoonal environment eastward with 
numerous brief transgressive marine interruptions. The interruptions 
are best observed in the Basal Member at Elkhorn Ridge where this member 

is an alternating sequence of marine shales and sandstones (Figure 4). 
Therefore, though the strandplain sandstone is believed to have prograded 
several miles east of the study area it is probably highly interstrati
fied with marine shales. A second rapid progradational phase occurred 
near the end of Frontier time in Montana, and deposited the sandstone 
tongue of the Upper Member.

The conclusion reached from the trace fossil study is that the 

intermixture of foreshore (beach), shoreface (slope), and offshore forms 

in short vertical distances in the sections suggests that there was a • 

gentle slope seaward from the strandplain sandstone and also a gentle 
slope landward from this sandstone into the paludal lagoon environment. 
The intermixture of trace fossil forms vertically in the stratigraphic 
section is suggested ,to be due to the duplication of the slope and off
shore environments on both sides of the strandplain sandstone.

The provenance of the sediment is concluded to be Precambrian rocks 
in central Idaho, Paleozoic and Mesozoic sediments in western Montana,

and fresh volcanic material from volcanoes in the area of the Bitterroot
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Mountains. The terrestrial environment from which the sediments of the 
formation were derived was composed of Precambrian argillites and meta

morphosed arkosic quartzites. These sediments formed one petrographic 
province in central Idaho. The terrestrial environment east of there 
was a petrographic province of Paleozoic chert-rich carbonate and quart
zite sedimentary rock debris. Explosive volcanoes probably were active 
between these two provinces in a faulted belt east of the Idaho batho- 
Iith. The composition of the load carried by eroding streams included 
quartzite blocks, chert-rich carbonate boulders, argillite cobbles, and 
angular explosive volcanic ash and silica glass. The carbonate rock 
dissolved early in the transport process but the chert became rounded 
and was transported further. Quartzite boulders tended to disintegrate 

by mechanical forces into sandstone grains. Argillite cobbles were 

broken to sand-sized particles,. None of these rock types would be 
preserved if reworked against a beach by wave action. This type of 

sediment suggests river or stream transport and rapid deposition at the 

coast.
The north to south persistence of the distinctive stratigraphic 

zones coincides with the western structural margin of the Crazy Moun
tains Basin, and is evidence of structural control over deposition. 
Subsidence and uplift in the basin area was pronounced in Laramide time 
starting in the Late Cretaceous. Before this time, and during deposi

tion of the Frontier Formation, minor displacement along the Precambrian
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structural trends in response to increasing erogenic movements seems to

way in the basin area to permit progradation of sediment eastward across 
the basin.

Coarse sandstone and conglomeratic sandstone in the Basal Member at 
Livingston (Boulder River Sandstone Member) suggests that the landmass 
south of the Nye-Bowler lineament was higher than the basin early in - 
Frontier time and coarse sediment flowed from the delta in Wyoming into 
the basin.

The analcite unit (Unit B of the Middle Member) marks a major vol
canic event that occurred during deposition when conditions favorable 
for the development of a zeolite mineral existed. A delicate, shallow 

water environment is required for preservation of volcanic ash and 

alteration of it to a zeolite. The nonturbulent waters of a paludal 

lagoon environment are a favorable environment for the formation of 

analcite zeolite. Analcite forms a useful time line in the study area 

but seems to have limited areal extent beyond that.

Many muddy fossil zones are reported in the Frontier Formation in 
Wyoming, but the fossil unit in the study area marks a single, persis
tent lithologic departure from clastic sedimentation. The analcite unit 
and fossil unit focus attention on the possibility of a localized depo- 
sitional environment for the Frontier Formation in the Crazy Mountains 

Basin.

v
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After the initial rapid progradational phase that deposited the 
basal sandstone it is concluded that sedimentation proabbly slowed but 
did not cease. The shoreline model (Figure 10) depicts the paludal 

lagoon environment that prograded eastward across the basin due to the 
steady accumulation of sediment. A cross-sectional diagram of the for
mation is contained in Figure 11.

There was a second rapid progradation of sediment; less intense 
than the initial one. The occurrence of fossil bivalves over this sand
stone tongue at Jensen indicates a return to a muddy lagoonal environ
ment after this second progradation. Most of the sediment prograded 

during this second phase was probably destroyed by a transgressive sea.
The area north and northwest of the study area seems to have been 

rising relative to the basin and a shallow or emergent environment caused 
a hiatus to develop in the Upper Member of the formation. A hiatus is 

noted for almost all of Frontier time in the sediments on the Sweetgrass 
Arch, and it can be concluded from this study that the hiatus probably 

existed during late Frontier time in the northern part of the study area. 
It is not known, however, whether the hiatus represents nondeposition or 

erosion.
A significant conclusion is that Paleozoic sediments may have been 

slightly above sea level in the area of the Big Belt Mountains near the 
end of Frontier time in Montana. During the hiatus period, chert pebble 
conglomerate sediments were spread across the exposed landscape. During



transgression the terrestrial sediemnts were destroyed and the conglo
merate and .Upper Member sandstones were reworked and buried by the trans
gressing sea. The overlying marine shale of the Lower Cody Formation 
covers the Frontier Formation over the entire study area and represents 
the culmination of the major marine transgression.
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APPENDIX I

Beasley Creek Measured Stratigraphic Section 
NE 1/4, Section 23, T I S, R 6 E
Measured in the ruts on an abandoned mountain road. 
LOWER CODY SHALE FORMATION 
FRONTIER FORMATION:

Cumulative
Unit Thickness Thickness Lithology

24 503 23 Sandstone, covered, yellow, medium
grained, silica cement, thin-bedded, 
numerous float blocks.

23 480 7 Conglomerate, covered, black coated, 
variegated chert pebbles 1/4 to 1/2 
inch diameter, coarse sand matrix, 
silica cemented, few float blocks.

22 473 20 Sandstone, covered.
21 ; 453 15 Sandstone, gray green, medium-grained, 

salt and pepper, silica cement, 
argillaceous, horizontal tubular trace 
fossil marks on bedding planes.

20 438 11 Sandstone, partially covered, dark gray 
to black, very fine grained, silica 
cement, weathers yellow.

19 427 21 Claystone, partially covered, light 
green, silica cement, mica grains.

18 406 62 Siltstone, partially covered, light to 
dark gray, siltstone to very fine 
grained, silica cement clay matrix.

17 344 12 Sandstone, gray to green, medium-
grained, cross bedded to thin-bedded, 
black organic matter and clay, silica 
cement..

/

I
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Beasley Creek
Frontier Formation
(continued)

Unit
Cumulative
Thickness Thickness Lithology

16 332 3 Mudstone, black, siliceous, white 
calcareous, pelecypod fossils.

15 329 8 Sandstone, light gray to tan, medium
grained, salt and pepper, silica cement, 
yellow iron oxide stain, weathered 
outcrop.

14 321 9 Mudstone, black, siliceous, white cal
careous, pelecypod fossils.

13 312 5 Siltstone, black and white thin bands, 
silica cement.

12 307 6 Claystone, white to cream with thin 
green bands, silica cement.

11 301 14 Siltstone, partially covered, dark gray 
to black, siltstone to very fine-grained 
sandstone, silica cement.

10 287 13 Sandstone, heavy gray to buff, medium
grained, salt and pepper sandstone, 
silica cement, very resistant.

9 274 17 Sandstone, mottled, gray to green, medium
grained, silica cement, white analcite 
spots.

8 257 31 Siltstone, dark gray to black, argillace-
ous, silica cement, weathers green.

2 Sandstone, partially covered, gray to green,
fine-grained, calcareous cement, medium- 
bedded.

7 226
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Beasley Creek
Frontier Formation
(continued)

Unit
Cumulative
Thickness Thickness Lithology

6 224 83 Siltstone, partially covered, black 
very fine-grained, weathers brown.

5 141 11 Shale, partially covered, black, 
arenaceous, weathers brown.

4 130 82 Siltstone, partially covered, dark gray, 
silica cement.

3 48 17 Siltstone, partially covered, gray to light 
gray, medium to coarse-grained, salt and 
pepper sandstone, glauconite, thin-bedded, 
some 10 inch thick beds, cross-bedded, 
numerous helicoid funnel trace fossil forms

2 31 3 Clay, greenish yellow, montmorillonite 
(bentonite).

I 28 28 Sandstone, gray, green to black, salt and
pepper sandstone, coarse-grained, silica 
cement, thin-bedded, some 6 inch to 10 
inch calcareous cemented beds, glauconitic 
zones, numerous black organic matter and 
clay inclusions.

MOWRY SHALE FORMATION



APPENDIX II

Slushman Creek Measured Stratigraphic Section 

SE 1/4, Section 25, T I N, R 6 E
Measured in freshly avalanced exposure in Upper Slushman Creek gulch. 
LOWER CODY SHALE FORMATION 
FRONTIER FORMATION:

Cumulative
Unit Thickness Thickness Lithology
24 540 74 Sandstone, partially covered to covered 

gray to green, medium-grained, silica 
cement.

23 466 3 Conglomerate, black coated, variegated 
chert pebbles, 1/4 to 1/2 inch diameter 
coarse sandstone matrix, loose silica 
cement.

22 463 10 Siltstone, partially covered, black to 
dark gray, siliceous.

21 453 22 Sandstone, dark gray to buff, medium-
grained, salt and pepper sandstone, 
glauconite, silica cement, black organic 
matter, calcareous shell fragments, hori
zontal tubular trace fossil marks on 
bedding planes and plus burrows.

20 431 39 Sandstone, dark gray to black, medium
grained, silica cement, black organic 
matter, forms thin ledges to 6 inches.

19 392 12 Sandstone, covered, as above 
Unit 20.

described.

18 380 12 Mudstone, partially covered, 
siliceous, white calcareous.

black,
pelecypod

fossils well preserved.
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Cumulative
Unit Thickness Thickness Lithology

Slushman Creek
Frontier Formation
(continued)

17 368
16 353

15 332

14 317

13 308

12 255

11 253

10 250

9 186

15 Covered, siltstone ?

21 Sandstone, gray to yellow, medium
grained, argillaceous, silica cement, 
black organic matter, thickness to 2 
feet, 1/2 inch diameter, iron oxide 
stained plug burrow.

15 Sandstone, mottled, as above described
Unit 16, brown analcite spots.

9 Sandstone, dark gray to brown, medium to
very fine grained, silica-cemented, 
vertical and horizontal trace fossil 
burrowing forms.

53 Siltstone, black to dark gray,
siliceous and calcareous, thin-beds.

2 Claystone, green argillite, pebbles in 
brown siltstone,- siliceous, pinches in 
and out over 20 feet of strike.

3 Sandstone, gray, medium to coarse-grained,
calcareous cement, brown crystals (iron 
stained orthoclase?), pinches in and out 
with Unit 12.

64 Siltstone, black to gray, very fine-grained
sandstone to siltstone, argillaceous, 
siliceous to calcareous.

12 Sandstone, black, very fine-grained,
calcareous, thin, very calcareous shaly 
lenses.

I Shale, green.8 174
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Cumulative
Unit Thickness Thickness Lithology

Slushman Creek
Frontier Formation
(continued)

7 173

6 142

5 80

4 73

3 53

31 Sandstone, gray to dark gray, medium
grained, argillaceous, glauconite, black 
organic matter, silica cement, numerous 
helicoid trace fossil forms.

62 Siltstone, black, very fine-grained sand
stone to siltstone, siliceous, thin- 
bedded.

7 Shale, black, arenaceous, weathers brown.
20 Siltstone, black, very fine-grained sand

stone to siltstone, siliceous, thin- 
bedded.

2 Sandstone, dark gray, medium-grained,
calcareous cement.

2 51 9 Siltstone, black, very fine-grained,
sandstone to siltstone.

I 42 42 Sandstone, light gray, salt and pepper
feldspathic, silica cement, light gray 
clay zones, massive beds.

MOWRY SHALE FORMATION



APPENDIX III

Brackett Creek Measured Stratigraphic Section 
NW 1/4, Section 12, T I N ,  R 6 E

■=*p

Measured along abandoned logging trail near wood pile on Middle 
Fork Brackett Creek on east flank of faulted anticline.
LOWER CODY SHALE FORMATION

FRONTIER FORMATION:
Cumulative

Unit Thickness Thickness Lithology

9 410 80 Sandstone, tan, medium-grained to coarse
grained, salt and pepper, feldspathic, 
argillaceous, silica cement, cross-bedded 
to thin-bedded, numerous horizontal trace 
fossil burrowing forms on bedding planes.

8 338 8 Conglomerate, black coated, variegated 
chert pebbles 1/4 to 3/4 feet diameter, 
coarse sandstone matrix, loosely cemented 
by silica.

7 330 84 Siltstone, partially covered, dark gray, 
very fine-grained, weathers black.

6 246 18 Sandstone, light gray, medium-grained,
salt and pepper sandstone, glauconite, 
silica cement, medium-bedded, circular f
iron oxide stains 1/2 inches diameter, -
forms resistant ledge.

5 228

4 178

50 Siltstone, partially covered, dark gray,
very fine-grained, siliceous, weathers !
black. I;

31 Sandstone, partially covered, mottled,
gray and green banded to cross-bedded, 
medium-grained, silica cement, light |
gray analcite bands. '

[
100 Siltstone, partially covered dark gray, '

very fine-grained, weathers black. , (
3 147
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Brackett Creek
Frontier Formation
(continued)

Cumulative
Unit Thickness Thickness Lithology

2 47 17 Sandstone, dark to light gray, medium
grained, salt and pepper, glauconite, 
silica-cemented, helicoid funnel trace 
fossil forms.

I 30 30 Covered, float of black, very fine
grained, siliceous siltstone, numerous 
blocks of float of calcareous cemented, 
medium-grained, gray sandstone.

Incomplete section; bottom not exposed due to faulting.



APPENDIX IV

Troy Creek Measured Stratigraphic Section 
SE 1/4, Section 4, T 3 N, R 6 E
Measured ontridge at confluence of Troy Creek and South Fork of 
Sixteenmile Creek near abandoned U.S. Forest Service Troy Creek 
Ranger Station.

LOWER CODY SHALE FORMATION
FRONTIER FORMATION:

Cumulative
Unit Thickness Thickness Lithology

26 509

25 490

24 478

23 476

22 468

19 Sandstone, gray green, very fine
grained to medium-grained, salt and 
pepper sandstone, silica cement, thin 
bands, dark grains, thin-bedded.

12 Sandstone, partially covered, dark gray,
siltstone interbedded with thin beds, 
silica cement, argillaceous sandstone.

2 Limestone, partially covered, light
brown to dark brown, arenaceous, weathers 
dark gray to black.

8 Sandstone, partially covered, light gray
to buff to green, fine to medium-grained, 
siltstone to calcareous, thin-bedded to 
cross-bedded, crumbly outcrop.

36 Sandstone, partially covered, light gray
to buff to green, fine to medium-grained, 
interstratified with siltstone, partly 
calcareous, thin-bedded to cross-bedded, 
crumbly outcrop, prominent ridge former.

30 Sandstone, partially covered, dark gray
to black, very argillareous, silica 
cement.

21 432
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Troy Creek
Frontier Formation
(continued)

Unit
Cumulative
Thickness Thickness Lithology

20 402 .6 Conglomerate, black coated, variegated 
chert pebbles, 1/4 to 1/2 inch diameter, 
coarse sandstone matrix, densely cemented 
by silica.

19 396 38 Siltstone, partially covered, gray-green, 
glauconite, thin-bedded, some medium
grained sandstone zones.

18 358 36 Siltstone, gray to green, very fine 
grained sandstone to siltstone, glauco
nite, black organic matrix, ridge former.

17 322 20 Sandstone, partially covered, dark gray 
to black, very fine grained, silica 
cement, well preserved calcareous 
pelecypod fossils in base.

16 302 2 Sandstone, partially covered as above 
described Unit 17.

15 300 16 Mudstone, black, siliceous, white 
calcareous, pelecypod fossils.

14 284 3 Mudstone, black and white, siliceous, 
only fossil form visible in banded rock.

13 281 9 Mudstone, black and white, banded 
siliceous.

12 272 2 Clay, montmorillonite (bentonite), 
yellow to very light gray.

11 270 12 Sandstone, buff and pink, medium-grained, 
salt and pepper, oscillation ripple 
marks, quartzose, silica cement, massive.

10 258 16 Sandstone, gray green, medium-grained, 
salt and pepper, silica cement, cross- 
bedded to thin-bedded.
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Troy Creek 
Frontier Formation 
(continued)

Unit
Cumulative
Thickness Thickness Lithology

9 242 11 Sandstone, mottled, white spots and 
light gray, bands of analcite, re
sistant ridge former with Unit 10.

8 231 15 Covered.
7 216 10 Sandstone,,gray, medium-grained, 

calcareous cement.
6 206 129 Siltstone, partially, covered, gray to 

green, very fine-grained sandstone to 
siltstone, siliceous.

5 77 6 Sandstone, buff to tan, medium-grained, 
black organic matter, quartzose.

4 71 26 Sandstone, buff to tan, medium-grained, 
black organic matter, quartzose, 
slightly calcareous cement.

3 45 2 Clay, yellow montmorillonite (bentonite)
2 43 3 Sandstone, gray green, medium-grained, 

silica cement, float observed.
I 40 40 Sandstone, partially covered, gray

green, medium-grained, silica cement, 
-float observed, prominent ridge former.

MOWRY SHALE FORMATION



APPENDIX V
East Flank Sixteenmile Anticline Measured Stratigraphic Section 
NE 1/4, Section 11, T 4 N, R 6 E

Measured on north side of county road on east side of Sixteenmile 
Canyon.

LOWER CODY SHALE FORMATION 
FRONTIER FORMATION:

Cumulative
Unit Thickness Thickness Lithology
24 527 18 Sandstone, gray, medium-grained, silica 

cement, some beds calcareous cemented, 
thin-bedded, forms ledge.

23 509 68 Sandstone, partially covered, con
glomerate, 1/2 inch chert pebbles 
found in float.

22 441 38 Sandstone, gray to tan, argillaceous, 
calcareous to siliceous, black organic 
matrix, circular iron oxide stains, 
medium-bedded, forms ledges.

21 403 67 ' Siltstone,.partially covered, chert 
pebble conglomerate (float?).

20 - 336 6 Mudstone, black, siliceous, white 
calcareous pelecypod fossils.

19 330 15 Covered, black to dark gray, claystone, 
siliceous float.

18 315 16 Sandstone, dark green to gray, fine to
medium-grained, very glauconite, 
circular red iron oxide stains 1/2 inch, 
silica cement, thin-bedded, ledge 
former.

18 Covered.17 299
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East Flank Slxteenmile Anticline
Frontier Formation
(continued)

Unit
Cumulative
Thickness Thickness Lithology

16 281 4 Sandstone, gray to white, thin brown 
grains in bands, medium-grained, 
silica cement, medium-bedded.

15 277 38 Covered, gray, medium-grained, silica 
cement, numerous sandstone float blocks.

14 239 2 Sandstone, gray, medium-grained, salt and 
pepper sandstone, black organic matter, 
forms ledges.

13 237 3 Sandstone, gray, medium-grained, silica • 
cement.

12 234 8 Mudstone, mottled, white with dark gray,
green and black, siliceous swirl patterns, 
white analcite specks.

226 Sandstone, partially covered, gray, 
medium-grained, silica cement, medium- 
bedded .

214 Siltstone, partially covered, dark gray 
to black, siliceous.

182 Sandstone, light gray to buff, medium- 
grained, salt and pepper sandstone, 
silica cement.

8 180 Sandstone, gray to brown, medium-grained, 
salt and pepper, thin bands of dark 
grains, silica cement, quart'zose, ledge 
former.
Covered, dark siltstone.7 171
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East Flank Slxteenmile Anticline
Frontier Formation
(continued)

Cumulative
Unit Thickness Thickness Lithology
6 150 9 Sandstone, buff to tan, very coarse, 

salt and pepper sandstone, siliceous, 
numerous black grains (flint?).

5 141 70 Covered, dark siltstone.
4 71 52 Sandstone, light gray, medium-grained, 

salt and pepper sandstone, silica 
cement, thin-bedded to cross-bedded, 
numerous trace fossil burrowing forms 
on bedding planes.

3 19 I Sandstone, light gray, medium-grained, 
salt and pepper, calcareous cement, 
weathered dark brown.

2 18 3 Clay, gray to green, arenaceous, 
montmorillonite (bentonite).

I 15 15 Sandstone, light gray, very fine-grained, 
interbedded with black siltstone, black 
organic matter.

MOWRY SHALE FORMATION



APPENDIX VI

County Line Measured Stratigraphic Section 
SW 1/4, Section 16, T 5 N, R 7 E
Measured on ridge above creek east of,county road at countyline 
separating Gallatin and Meagher counties.
LOWER CODY SHALE FORMATION

FRONTIER FORMATION
Cumulative

Unit Thickness Thickness Lithology

21 392 30 Sandstone, partially covered, gray con
glomeratic sandstone bed with abundant 
float blocks, near base variegated chert 
pebbles, coarse sandstone matrix, reddish 
silica cement.

20 362 . 8 Sandstone, gray, medium-grained, maroon 
tinted, silica cement.

19 354 6 Mudstone, black, siliceous, white cal- 
- careous pelecypod fossil.

18 348 25 Sandstone, buff to light gray, medium
grained, salt and pepper sandstone, silica 
cement, circular iron oxide stains, 
numerous bedding plane trace fossil forms 
including plug burrows and some vertical 
tubes.

17 323 55 Covered, buff to light gray, medium-
grained salt and pepper, silica cement, 
thin zones of brown grains, quartzose, 
circular iron oxide stains, numerous 

' trace fossils bedding plane forms, plug 
burrows some vertical tubes.

20 Siltstone, partially covered, dark gray
to black, silica cement.

16 268
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- "7

County Line 
Frontier Formation 
(continued)

Cumulative
Unit Thickness Thickness Lithology
L5 248 12 Siltstorie, partially covered, black to 

gray-green, interbedded with very fine 
grained sandstone,a ridge in swale 
covered with dark soil.

.4 236 32 Sandstone, gray to dark gray and green, 
medium-grained, silica cement, sand- , 
stone blocks in float.

.3 204 8 Sandstone, light gray, medium to coarse
grained, salt and pepper sandstone, 
silica cement, brown grains in thin bands

.2 196 6 • Sandstone, dark gray, medium to fine 
grained, calcareous cement.

LI 190 7 Sandstone, dark gray green, medium
grained, silica cement, quartzose, 
argillaceous interbeds.

.0 183 4 Sandstone, dark gray green, medium
grained,. silica cement, quartzose, 
argillaceous interbeds, pillowed bedding 
surfaces, black organic matter.

9 179 9 Sandstone, light gray to brown, medium to 
coarse-grained, silica cement, quartzose.

8 170 • 14 Sandstone, partially covered.
7 156 16 Sandstone, strike N 10-15 VJ, normal dip 

45-60 west, salt and pepper sandstone.
silica cement with maroon tint, quartzose. 

28 ■ Covered forested slope.6 140
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Cumulative
Unit Thickness Thickness Lithology

County Line
Frontier Formation
(continued)

5 112

4 104

8 Sandstone, dark gray, very coarse
grained, salt and pepper, micaceous, 
siliceous cement, partly calcareous.

22 Covered, aspen grove, right lateral
transcurrent fault?

3 82 24 Sandstone, strike N 30 W, normal dip
39 west.

2 58

I 56

2 Sandstone, buff, fine to medium
grained , argillaceous, rounded or 
pillowed, bedding surfaces at 
6 inches x 6 inches, looks like 
muddy sandstone depositional surface, 
very soft.

56 Sandstone, gray, medium-grained, salt
and pepper sandstone, siliceous to 
calcareous, argillaceous, friable 
o/c, massive with some cross beds, 
numerous trace fossil burrows on 
bedding planes - no vertical burrowing 
forms.

MOWRY SHALE FORMATION



APPENDIX VII

Maudlow Measured Stratigraphic Section 

NE 1/4, Section 14, T 4 N, R 4 E
Measured on ridge south of Sixteenmile Creek one mile west of 
Maudlow community.
LOWER CODY SHALE FORMATION

FRONTIER FORMATION
Cumulative

Unit Thickness Thickness Lithology
21 627 33 Sandstone, gray, medium-grained, salt 

and pepper, silica cement, thin-bedded.
20 594 90 Covered.
19 504 22 Sandstone, gray, medium-grained, salt 

and pepper, silica cement, some cal
careous cement, friable, massive outcrop, 
some thiri-bedded zones, yellow circular 
iron oxide stains 1/2 inch in diameter.

18 482 17 Sandstone, gray, medium-grained, salt and 
pepper sandstone, calcareous cement, 
thin bands of fossil shell fragments, 
thin-bedded to cross-bedded.

17 465 64 .Covered, dark siltstone, much glacial 
debris.

16 401 4 Sandstone, gray, medium-grained, salt 
and pepper sandstone, silica cement.

15 397 13 Siltstone, partially covered, black, 
siliceous.

14 384 5 Sandstone, gray to dark gray-green, 
medium-grained, salt and pepper sand-
stone, glauconite, black organic matter.
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Maudlow
Frontier--Formation 
(continued)

Unit
Cumulative
Thickness Thickness Lithology

13 379 7 Sandstone, dark gray to black, medium
grained, salt and pepper sandstone, 
silica cement.

12 372 6 Sandstone, mottled, light gray to white, 
medium-grained, white analcite spots on 
dark brown, weathered outcrop surface.

11 366 12 Sandstone, gray, medium-grained, salt 
and pepper sandstone, silica cement, 
massive, re's istant.

10 354 65 'Siltstone, black, silica cement, some 
crumbly sandstone beds.

9 289 40 Sandstone, partially covered, gray, 
medium-grained, silica cement, I inch 
beds dark shale.

8 249 2 Sandstone, partially covered, gray, 
medium-grained, calcareous, ledge former

7 247 91 Siltstone, partially covered, dark gray
to black, silica cement, argillaceous, 
thin montmorillonite clay zones.
Sandstone, gray, medium-grained, salt 
and pepper sandstone, silica cement, 
cross-bedded to massive, friable.
Sandstone, gray, medium-grained, salt 
and pepper sandstone, black organic matter, 
silica cement, numerous trace fossil forms 
on bedding planes.

5 149
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Maudlow
Frontier Formation 
(continued)

Cumulative
Unit Thickness Thickness Lithology

4 132 8 Sandstone, gray, medium-grained, 
silica cement, yellow montmorillonite 
clay zones.

3 124 116 Sandstone, partially covered, green to 
yellow, montmorillonite, clay inter- 
bedded with very poorly exposed black 
shale and gray, medium-grained, salt 
and pepper sandstone, silica cement, 
beds.

2 8 3 Sandstone, gray green to black, fine
grained to medium-grained, argillaceous.

I 5 5 Sandstone, gray, medium-grained, salt 
and pepper, silica cement, friable.

. MOWRY SHALE FORMATION



APPENDIX VIII

Jensen Ranch Measured Stratigraphic Section
SW 1/4 , Section 6, T 4 N, R 6 E

Measured on north side of road 7.5 miles east of MaudIow along 
Middle Fork Sixteenmile Creek.
LOWER CODY SHALE FORMATION
FRONTIER FORMATION

Unit
Cumulative
Thickness Thickness Lithology

35 618 18 Sandstone, gray green, medium-grained, 
salt and pepper sandstone, very 
glauconitic, silica cement, black 
organic matter, thin-bedded to 10 inch 
ledges.

34 600 I Sandstone, gray, medium-grained, cal
careous cemented, weathers brown.

33 599 27 Sandstone, gray to light gray, medium
grained, glauconite, argillaceous, 
silica cement, thin-bedded to platy, 
numerous trace fossil burrowing forms, 
crumbly outcrop.

32 572 6 Conglomerate, black-coated, variegated 
chert pebbles, 1/4 to 3/4 inch diameter, 
coarse sandstone matrix, very loosely 
cemented with silica.

31 566 . 20 Sandstone, gray, medium-grained, salt 
and pepper sandstone, glauconite, cal
careous cement, thin-bedded to platy, 
1/4 inch to 1/2 inch circular iron 
oxide stains.

30 > 546 31 Siltstone, brown siliceous, weathers
black, numerous well preserved white cal
careous pelecypod fossils, on bedding planes, 
thin bedded, interstratified with shale.
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Jensen Ranch
Frontier Formation
(continued)

Unit
Cumulative
Thickness Thickness Lithology

29 515 17 Sandstone, gray to buff, medium
grained, silica cement., black organic 
matter, thin-bedded, trace fossils 
forms on bedding planes.

28 498 I Shale, black, arenaceous, weathers brown.
27 497 20 Sandstone, gray to buff, medium-grained, 

silica cement, black organic matter, thin- 
bedded with circular iron oxide stains.

26 . 477 56 Sandstone, partially covered, gray, medium
grained, salt and pepper sandstone, silica 
cement, very resistant, some chert pebbles 
found in float.

25 421 6 Sandstone, gray, medium-grained, reddish 
silica cement, some thin, coarse sand
stone beds.

24 415 42 Covered, heavy glacial debris.
23. 373 4 Mudstone, black, siliceous, white cal

careous, pelecypod fossils.
22 369 I Claystone, light yellow to cream, mica 

grains, siliceous.
21 368 2 Mudstone, black, siliceous, white cal

careous, pelecypod fossils, alternating 
mudstone and claystone, light yellow to 
cream, mica grains.

20 366 2 Siltstone, black, siliceous.

19 364 14 Sandstone, gray to buff, medium-grained, 
feldspathic, siliceous thin-bedded 4 inches 
to 9 inches, some cross-bedded zones.
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Jensen Ranch
Frontier Formation
(continued)

Cumulative
Unit Thickness Thickness Lithology

350 Claystonei gray, arenaceous, siliceous, 
thin bedded, interstratified with silt- 
stone.

318 Sandstone, mottled, gray to buff, medium
grained, feldspathic, silica cement with 
some calcareous cemented beds, white spots 
of analcite, bedding plane trace fossil 
forms, thin-bedded to cross-bedded, forms 
ledge.•

Claystone, light green, siliceous, weathers 
white.

316 Sandstone, mottled, gray to buff, medium
grained, feldspathic, siliceous with some 
calcareous cemented beds, white spots of 
analcite, bedding plane trace fossil forms, 
thin^bedded to cross-bedded.

14' 292 Claystone, partially covered, gray, 
arenaceous, upper 2 feet interstratified 
with montmorillonite clay and mottled 
sandstones. (Units 14, 15 and 16 form 
ridge)

13 258 18 Sandstone,
cement.

gray, very fine grained, silica

12 240 9 Sandstone, gray, medium-grained, salt and 
pepper sandstone, silica cement, cross- 
bedded.

11 231 20 Siltstone, black to gray, black organic
matter, resistant ledge, weathers brown.

Shale, partially covered, black, 
arenaceous, weathers brown.

10 211
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Jensen Ranch 
Frontier Formation 
(continued)

Unit
Cumulative
Thickness Thickness Lithology

9 169 I Clay, gray, montmorillonite (bentonite).
8 168 41 Siltstone, brown, argillaceous, weathers 

black.
7 127 11 Sandstone, gray green, medium-grained, 

thin bands (heavy mineral grains), 
silica cement, cross-bedded.

6. 116 , 38 Sandstone, partially covered, as above 
described Unit 7.

■ 5 78 6 Shale, gray, weathers green to yellow, 
arenaceous, interstratified with gray 
siltstone.

4 72 I Siltstone, gray to green, silica cement, 
well indurated.

3 71 8 Shale, gray, weathers green to yellow, 
arenaceous, interstratified with gray 
siltstone.

2 63 12 Sandstone, gray to green, medium-grained 
salt and pepper sandstone, black organic 
matter, thin beds, montmorillonite clay 
(bentonite), massive outcrop.

I 51 51 Sandstone, gray to green, medium-grained
salt and pepper sandstone, black organic 
matter, thin beds, montmorillonite clay 
(bentonite), massive outcrop. East of 
line camp cabin on north side of road.

MOWRY SHALE FORMATION



Elkhorn Ridge Measured Stratigraphic Section
APPENDIX IX

1/4 section post between Sections 3 and 10, T 4 N, R 7 E
Measured in ephemeral stream gully on section line in upper Cotton
wood Creek canyon two miles west of Elk Ridge.
LOWER CODY SHALE FORMATION

FRONTIER FORMATION
Cumulative

Unit Thickness Thickness Lithology
28 582 28 Sandstone, gray, medium-grained, salt and 

pepper sandstone, siliceous to calcareous 
cement, thin-bedded to platy, cross-bedded, 
some thin, yellow to buff siltstone beds.

27 554 ■ 55 Sandstone, partially covered, gray to light 
gray, siliceous float.

26 . 499 4 Conglomerate, black coated, variegated chert 
pebbles, 1/4 inch to 3/4 inch diameter, 
coarse sandstone, matrix, loosely to 
tightly cemented with silica.

25 495 13 Sandstone, gray to buff with yellow 
mottles, medium-grained, salt and pepper 
sandstone, feldspathic, silica cement, 
medium-bedded.

24 482 22 Sandstone as above described Unit 25 with 
black organic matter, interstratified 
with gray claystone.

23 460 2 Sandstone as above described Unit 25, 
very resistant.

22 458 20 Shale, black, arenaceous, weathers bluish 
to light gray, carbonaceous.

21 438 I Mudstone, black, siliceous, white cal
careous pelecypod fossils.
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Elkhorn Ridge
Frontier Formation
(continued)

Unit
Cumulative
Thickness Thickness Lithology

20 437 3 Shale, black, arenaceous, weathers 
light gray, carbonaceous.

19 434 21 Sandstone, gray to buff, medium-grained, 
quartzose, silica cement, black organic 
matter.

18 413 3 Shale, black, arenaceous, weathers brown 
to gray-green.

17 410 20 Sandstone,'gray to buff, medium-grained, 
quartzose, silica cement ■, black organic 
matter.

16 390 2 Shale, black, arenaceous, weathers brown 
to gray-green.

15 388 18 Sandstone, gray to buff, medium-grained, 
quartzose, silica cement.

14 370 4 Sandstone, light gray to white, medium
grained, salt and pepper, heavy minerals 
in thin bands, silica cement, some beds 
calcareous cemented, thin to medium- 
bedded.

13 366 10 Sandstone, gray to green, feldspathic, 
glauconite, interbedded with salt and 
pepper sandstone and claystone.

12 356 3 Sandstone, gray to green, feldspathic, 
glauconite, interbedded with claystone, 
some cross-bedded sandstone beds.

11 353 12 , Sandstone, gray, medium-grained.
calcareous cement.
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Elkhorn Ridge 
Frontier Formation 
(continued)

Unit
Cumulative
Thickness Thickness Lithology

10 341 10 Sandstone, gray to green; feldspathic, 
glauconite, interbedded with, black, 
salt and pepper sandstone and clay- 
stone.

9 331 8 Shale, black, weathers brown.
8 323 5 Shale, black, weathers brown., arenaceous
7 318 56 Shale, partially covered, brown, 

arenaceous, weathers black.
6 262 14 Sandstone, gray, medium to coarse

grained , micaceous, black organic matter 
silica cement, quartzose.

5 248 42 Siltstone, black, siliceous.
4 206 64 Siltstone, black, interstratified with 

gray shale, some montmorillonite 
(bentonite) clay beds near base.

3 142 14 Siltstone, offset 100 yards south from 
ephemeral stream, sandstone to siltstone 
dark gray to black, medium-grained, 
argillaceous, black organic matter, 
siliceous.

2 128 80 Siltstone, partially covered, black, 
interstratified with black claystone.

I 48 48 Sandstone, gray, buff to light green,
medium-grained, salt and pepper sandstone, 
glauconite, silica cement, thin-bedded to 
massive cross-bedded, numerous trace fossil 
forms on horizontal bedding planes.

MOWRY SHALE FORMATION



A P P E N D I X  X

P E T R O G R A P H I C  A N A L Y S I S  O F  THE B A S A L  S A N D S T O N E  M E M B E R
BS BS SL * TY TY* E F EF CL CL* M D * M D JN EH EH*

G r a i n  Size C - M M M M - F M - F F M F M - F C C C C C
Q u a r t z 53 50 62 60 64 68 50 44 46 50 44 60 44 42
Chert 30 25 23 25 23 20 28 28 26 32 30 20 32 32
O r t h o c l a s e 8 5 9 12 8 2 6 6 4 6 10 2 10 8
P l a g i o c l a s e 10 20 6 3 5 10 16 22 24 12 16 18 14 18
A l l  F e l d s p a r 17 25 15 15 13 12 22 28 28 18 26 20 24 26
T o t a l  G r a i n  % 72 64 64 68 66 65 60 63 58 52 60 64 72 78
M a t r i x  & C e m e n t  % 28 38 36 32 34 35 40 37 42 48 40 36 28 22
M a t r i x :  C e m e n t  R a t i o 1:1 0:1 1:1 2:1 3:1 3:1 2:1 1:1 2:1 4:1 2:1 2:1 0:1 0:1
M i c a C T T T T C C C C C
L i t h i c  F r a g m e n t s T C C C C C C
C l a y  o r  A r g i l l i t e T T C T C C T C T T T T C C
P e r t h ! t i c - t e x t u r e d  G r a i n s C C
H e a v y  M i n e r a l s T

G l a u c o n i t e T T T T C C T T C T T T C
P o r o s i t y C C C C C T T C

* P o i n t  Count: 2 0 0  p o i n t s  p e r  s l i d e

- G r a i n  s i z e  r e p o r t e d  as (C) c o a r s e  - 0.3 m m  to 0 . 5  mm, (M) m e d i u m  - 0 . 1  m m  to 0.3 mm, and (F) 
f i n e  - 0.1 m m  o r  l e s s .

- M i s c e l l a n e o u s  g r a i n s  and p o r o s i t y  r e p o r t e d  as (C) c o n s p i c u o u s  or (T) trace.
- B e a s l e y  C r e e k  ( B S ) , S l u s h m a n  C r e e k  ( S L ) , B r a c k e t t  C r e e k  (BK), T r o y  C r e e k  ( T Y ) , East F l a n k  ( E F ) , 

C o u n t y  L i n e  (CL), M a u d l o w  (MD), J e n s e n  ( J N ) , and E l k h o r n  R i d g e  ( E H ) .



A P P E N D I X  X I

P E T R O G R A P H I C  A N A L Y S I S  O F  T H E  U P P E R  S A N D S T O N E  M E M B E R
S A N D S T O N E  T O N G U E  T O P  S A N D S T O N E S

M D J N * EH EH* BS BK T Y * EF CL MD JN EH*
G r a i n  Size M - F M C - M M M M - C M - F C - M M M C M
Q u a r t z 52 43 50 45 88 58 72 58 55 60 42 62
Che r t 34 35 41 37 5 30 20 32 28 32 36 28
O r t h o c l a s e 6 7 5 8 5 10 6 2 10 6 8 6
P l a g i o c l a s e 8 15 4 10 2 2 2 8 7 2 14 4
A l l  F e l d s p a r 14 22 9 18 7 12 8 10 17 8 22 10
T o t a l  G r a i n  % 68 78 6- 62 78 68 78 76 60 80 78 52
M a t r i x  & C e m e n t  % 32 22 40 38 22 32 22 24 40 20 22 48
Mat r i x :  C e m e n t  R a t i o 1:1 1:1 2:1 1 : 1 1:1 1:1 0:1 0:1 1:1 0:1 0:1 2:1
M i c a T T C C T T T T C T
L i t h i c  F r a g m e n t s C T T T T T
Clay or A r g i l l i t e T T C C T T T T T
P e r t h i t i c - t e x t u r e d  Grains T C C C
H e a v y  M i n e r a l s C C T C
G l a u c o n i t e T T T T T T T T
P o r o s i t y C C C

*Poi n t  C o u n t : 200 p o i n t s  p e r  s l ide

- G r a i n  s i z e  r e p o r t e d  as (C) c o a r s e  - 0.3 m m  to 0.5 mm, (M) m e d i u m  - 0.1 m m  to 0.3 mm, and (F) fine 
- 0 . I m m  o r  l e s s .

- M i s c e l l a n e o u s  g r a i n s  a n d  p o r o s i t y  r e p o r t e d  as (C) c o n s p i c u o u s  or (T) trace.
- B e a s l e y  C r e e k  ( B S ) , S l u s h m a n  C r e e k  ( S L ) , B r a c k e t t  C r e e k  (BK), T r o y  C r e e k  ( T Y ) , East F l a n k  ( E F ) , 

C o u n t y  L i n e  (CL), M a u d l o w  (MD), J e n s e n  ( J N ) , a n d  E l k h o r n  R i d g e  ( E H ) .
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