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GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

CRETACEOUS AND EARLY TERTIARY DEPOSITIONAL AND
TECTONIC HISTORY OF THE LIVINGSTON AREA,
SOUTHWESTERN MONTANA

By Avsert E. ROBERTS

ABSTRACT

Cretaceous and lower Tertiary rocks exposed near Livingston,
southwestern Montana, form a marine and continental sequence
of sedimentary and volcanic rocks more than 20,000 feet thick.
Correlation of these rocks with those in other areas of Montana
and Wyoming is based on recent studies of structure, facies
relations, and paleontology of the Livingston sequence. The
Lower Cretaceous Series is 1,250 feet thick and includes the
Kootenai Formation, the Thermopolis Shale, and the Mowry
Shale. The Upper Cretaceous Series is 10,830 feet thick and is
correlated with or consists of the Frontier Formation, Cody
Shale, Telegraph Creek Formation’,"Eagle Sandstone, Cokedale
Formation, Miner Creek Formation, Billman Creek Formation,

Hoppers Formation, and the basal 980 feet of the Fort Union

Tormation. The Paleocene Series consists of the upper 5,635
feet of the Fort Union Formation. The Eocene Series is more
than 1,700 feet thick and consists of the Crandall(?) Conglom-
erate, Cathedral Cliffs(?) Formation, and the Golmeyer Creek
and Hyalite Peak Volcanics.

The Cretaceous and Tertiary tectonic history of the Living-
ston area is complex. Uplift to the west at the close of the Juras-
sic initiated the continental deposition of the Kootenai
Formation.

From the end of Kootenai time through Bagle time, epicon-
tinental Cretaceous seas transgressed and regressed across the
relatively stable Livingston area. Late in the Coniacian or early
Santonian Stage of Late Cretaceous time, epeirogenic arching
began in western Montana, and the Eagle sea regressed to the
east. Beds as old as the Lodgepole Limestone of Early Mississip-
plan age were exposed by erosion. Periodic uplift and erosion
were accompanied by the most extensive volcanism that has
occurred in western Montana. Contemporaneousiy, the Living-
ston area was gradually warped downward as part of the Crazy
Mountains basin, and more than 13,000 feet of sedimentary
rock—derived predominantly from the western voleanic rocks—
was deposited as the Livingston Group and the Fort Union
Formation. This continuous sequence of continental rocks grades
laterally to the east and northeast beyond the Livingston area
into finer grained marine and nonmarine units. Subsidence and
deposition were greater in the western part of the basin than
in the eastern part and were accelerated in both parts in late
Campanian and Maestrichtian time.

During deposition of the Fort Union Formation, the borderland
in the area now occupied by the northern part of the Gallatin
Range and the Bridger Range continued to rise and thereby re-
stricted the western limit of the Fort Union of Montana to the
longitude of the Crazy Mountains basin. Sedimentary units of
the Fort Union were folded, probably near the close of the
Paleocene Epoch. Major thrusting then occurred in areas bor-
dering the thickest deposits. South of Livingston the ancestral
Gallatins, which formed the southwestern edge of the basin,

“were covered in early Eocene time by conglomeratic units equiva-

lent to the Crandall Conglomerate and the Cathedral Qliffs
Formation of northwestern Wyoming. None of these units ex-
tended northward into the basin. These Eocene deposits remain
relatively undeformed in contrast to the underlying folded
formations, a fact indicating that the last major period of fold-
ing for this area occurred near the end of Paleocene or the
beginning of Eocene time. The conglomeratic units are overlain
by Eocene volcanic rocks—generally flows, flow breccias, and
mudfiows—that correlate with the oldest volcanic units in the
Yellowstone Park region.

Both the Livingston Group and the Fort Union Formation at
Livingston vary rapidly in lithology, vertically and laterally;
these rocks probably represent fluvial channel systems associated
with extensive flood-plain deposits near sea level, judging by
their similarities to deposits on present-day flood plains. The
major source of these sediments was west of the Crazy Moun-
tains basin; lesser amounts of sediment came from areas north-
west and south of the basin. The character of the rocks at the
base of the Fort Union differs markedly from that of rocks of
the underlying Livingston Group. The conglomerates in the
Livingston Group are composed almost entirely of volcanic
rocks like those presently exposed in the Elkhorn Mountains of
western Montana, whereas the conglomerates in the Fort Union
contain igneous, metamorphic, and sedimentary rock fragments
derived from rocks of Precambrian, Paleozoic, and Mesozoic age.
This significant change in provenance suggests a closer source
area for the Fort Union and one in which there were greater
dissection and more vigorous erosion than for the earlier de-
posited Livingston Group.
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C2 GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

INTRODUCTION
LOCATION

The area of this report, hereafter referred to as the
Livingston area, is at the junction of the northern end
of the Gallatin Range, the southern end of the Bridger
Range, and the western end of the Beartooth Range in
east-central Gallatin County and west-central Park
County, southwestern Montana (fig. 1).

The Gallatin Range is bounded on the east by Para-
dise Valley, through which the Yellowstone River
flows. The Gallatin River valley delimits the west edge
of the range.

The Livingston area includes part of the southwest-
ern edge of the Crazy Mountains basin. This basin is
elongated northwest and is approximately 40 to 75 miles
wide and 100 to 130 miles long. The Crazy Mountains
basin is bordered by the Beartooth Range to the south,
the Gallatin Range to the southwest, the Bridger Range
to the west, the Big Belt and Little Belt Mountains to
the north, and the Lake Basin fault zone and Pryor
uplift and related structures to the east (see pl. 3).
‘The sedimentary deposits of Cretaceous and Paleocene
age in the southwest part of the Crazy Mountains basin,
chiefly in the area between Bozeman and Livingston,
Mont., are the principal subject of this report.

ACKNOWLEDGMENTS

W. A. Cobban, C. L. Gazin, E. B. Leopold, R. H.
Tschudy, and D. W. Taylor identified fossils collected
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Gantnier. Clay-mineral identifications were made by
L. G. Schultz. The writer has benefited from discussions
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indebted to W. A. Cobban, J. R. Gill, W. R. Keefer,
M. R. Klepper, W. J. Mapel, L. W. McGiew, W. J.
McMannis, B. A. L. Skipp, and H. W. Smedes.

GEOLOGIC SETTING

The distribution of outcropping rock units in the
Livingston area, as shown on plate 1, reflects a complex
Cretaceous and early Tertiary history. The following
“Stratigraphic Summary” and “Laramide Deforma-
tion” place the formations of this period into a histori-
cal framework for better understanding the depositional
sequences and tectonic events.

STRATIGRAPHIC SUMMARY

The oldest rocks exposed in this area are Precam-
brian gneiss, granite, and schist in the cores of the
major anticlines and in the uplifted blocks of the Bear-
tooth, Bridger, and Gallatin Ranges. The overlying
sedimentary rocks range in age from Middle Cambrian
to Tertiary and are more than 20,000 feet thick (Rob-
erts, 1964a~h). Only two systems, the Silurian and
Triassic, are not represented. The Paleozoic rocks, more
than 3,000 feet thick, are generally exposed along the
axes of the major anticlines. Rocks of Jurassic age
are 700 feet thick and form a prominent narrow belt
along the flanks of anticlines. The stratigraphic se-
quence of the Jurassic and older formations is sum-
marized on plate 2. Nearly 12,000 feet of Cretaceous
rocks are also exposed along the flanks of anticlines, as
well as in the troughs of intervening synclines. Lower
Tertiary rocks include about 5,000 feet of Paleocene
strata in the southwestern part of the Crazy Moun-
tains basin and approximately 1,700 feet of volcanic
and sedimentary rocks of Eocene age that cap ridges
in the northern part of the Gallatin Range. A nearly
complete cross section of the Paleozoic and Mesozoic for-
mations is exposed in the eastern part of the area on
walls of the lower canyon of the Yellowstone River
just south of Livingston, Mont. (pl. 1).

Periodically, during Paleozoic and early Mesozoic
time the Livingston area was part of a broad marine
shelf that bordered the east side of the Cordilleran mio-
geosyncline, where predominantly carbonate rocks were
deposited in shallow epicontinental seas. For approxi-
mately half of Paleozoic and early Mesozoic time, how-
ever, the area was above sea level and was subjected
to subaerial erosion or was the site of deposition for
thin layers of continental sedimentary rocks. For a
résumé of the depositional and structural history of
these rocks, the reader is referred to McMannis (1965).

In Late Jurassic time, the Ellis sea that had covered
most of Montana withdrew northward into northern
Canada. During the period of nonmarine deposition that
followed, the Morrison Formation (Upper Jurassic)
and Kootenai Formation (Lower Cretaceous) and their
stratigraphic equivalents were deposited. Near the be-
ginning of the late Albian of the Early Cretaceous, a
northward transgressing Skull Creek (Thermopolis)
sea covered most of Montana, and late in the Early Cre-
taceous a southward transgressing Mowry sea again
covered most of Montana. During middle Albian
through Campanian time, the western edge of the Cre-
taceous Interior basin of Montana was the site of sev-
eral alternating westward transgressions and eastward
regressions of the sea. Oscillations of the Cretaceous
epicontinental sea that formed these stages probably

—
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4 GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

resulted from differential crustal movemerits. Regional
studies of Upper Cretaceous shorelines by J. R. Gill
and W. A. Cobban (oral commun., 1968) indicate that,
while subsidence was taking place in one locality, uplift
and erosion were taking place in another; thus trans-
gression in one area was not necessarily accompanied
by transgression in another. Rocks deposited during
major Cretaceous regressions of the sea in southwest-
ern Montana include the Frontier Formation, Eagle
Sandstone, and parts of the Livingston Group and Fort
Union Formation, or their stratigraphic equivalents.
Prominent sandstone units, such as the lower and upper
members of the Thermopolis Shale and the Eldridge
Creek Member of the Cody Shale, represent near-shore
marine deposition.

The Cretaceous System and Paleocene Series near
Livingston, Mont., consist of sedimentary rocks that
overlie the Morrison Formation of Late Jurassic age.
These rocks were briefly described and correlated with
Cretaceous and lower Tertiary rocks in other areas of
Montana and Wyoming by Roberts (1965). This 17,715-
foot-thick sequence includes the Kootenai Formation,
Thermopolis Shale, Mowry Shale, Frontier Formation,
Cody Shale, Telegraph Creek Formation, Eagle Sand-
stone, Cokedale Formation, Miner Creek Formation,
Billman Creek Formation, Hoppers Formation, and

the Fort Union Formation. Columnar sections illustrat-

ing the stratigraphic sequence of these formations are
presented on plate 2. The correlation and stratigraphic
relations of the Cretaceous rocks of the Livingston area,
Montana, with other areas in Montana and Wyoming
are shown in figure 2. The Paleocene Series consists of
sedimentary rocks of the middle and upper parts of the
Fort Union Formation.

Volcanism occurred intermittently throughout Creta-
ceous and early Tertiary time; volcanic ash or other
volcanic detritus are major constituents of the Kootenai
Formation, Mowry Shale, Livingston Group, Fort
Union Formation, Cathedral Cliffs(?) Formation, and
Golmeyer Creek and Hyalite Peak Volcanics. Volcanic
ash, represented by bentonite, is also present in the
Kootenai, Thermopolis, Mowry, Frontier, and Cody
Formations and in the Livingston Group.

The Jurassic Period closed with uplift west of the
Livingston area, probably near central or southeastern
Idaho. Coarse clastic materials shed from this western
upland were repeatedly reworked and formed a mas-
sive chert-pebble conglomerate that marks the begin-
ning of Cretaceous deposition; this is the Pryor Con-
glomerate Member of the Kootenai Formation. During
the remainder of Kootenal time, sandstone, limestone,
and very fine grained clastic sediments accumulated on

extensive alluvial plains and in a large fresh-water lake

or lakes. The Kootenai Formation at Livingston is
probably equivalent to the Lakota Formation of north-
eastern Wyoming and to the Cloverly Formation of
central Wyoming (fig. 2).

The Thermopolis Shale unconformably overlies the
Kootenai Formation and represents deposits of the ini-
tial transgression of the Cretaceous sea. The Thermo-
polis is subdivided into a lower sandstone member, a
middle shale member, and an upper sandstone member.
Exposures are generally poor; otherwise these members
could be mapped as individual units. The Thermopolis
Shale is dominantly soft, dark-gray to black, marine
shale overlain and underlain by prominent sandstone
ridges or ledges formed by the lower and upper
members.

The lower sandstone member rests unconformably on
the Kootenai Formation, commonly filling topographic
depressions on the underlying erosion surface. The hia-
tus between the Kootenai Formation and the lower sand-
stone member of the Thermopolis Shale is presumed to
be short inasmuch, as the index fossil Protelliptio dou-
glassi occurs immediately above and below the wide-
spread disconformity separating the two formations
(W. A. Cobban, oral commun., 1963). The lower mem-
ber is a clean quartzose sandstone that in local areas of
intense folding is a quartzite ; it was probably deposited
in a transgressive near-shore marine environment. The
lower sandstone member of the Thermopolis Shale 1is
approximately equivalent tothe “Rusty beds” and Grey-
bull Sandstone Member of the Thermopolis of north-
central Wyoming, the Fall River Formation of the
Black Hills area of northeastern Wyoming, and the
Flood Member of the Blackleaf Formation of north-
western Montana (fig. 2).

The conformably overlying middle shale member is a
black marine shale that contains numerous thin beds
of siltstone and very fine grained sandstone. The middle
shale member contains an excellent succession of plant,
microfossils similar to that of the Skull Creek Shale
of north-central Wyoming. It is also correlative with
the Taft Hill Member of the Blackleaf Formation of
northwestern Montana (fig. 2).

The upper sandstone member of the Thermopolis
overlies the middle shale member, probably conform-
ably. It is a fine-grained arkosic sandstone unit that
contains some interbedded shale in the middle part and
represents deposition in a regressive near-shore marine
and brackish-water environment. This sandstone differs
from the lower sandstone member in that it contains
feldspar and abundant heavy minerals. Glauconite is
present in the upper part of the upper sandstone mem-
ber. The upper sandstone member is probably equiva-
lent to the Muddy Sandstone Member of north-central

el
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Wyoming and the Newcastle Sandstone of the Black
Hills area of northeastern Wyoming and part of the
Vaughn Member of the Blackleaf Formation in north-
western Montana (fig. 2).

The Mowry Shale conformably overlies the Thermo-
polis Shale. It consists of dark-gray to brownish-gray
shale and mudstone interbedded with siltstone and
sandstone. Near Bozeman the Mowry is very carbona-
ceous and contains plant fragments and thin streaks
of coal, which suggests relatively quiet brackish-water
deposition. Near Livingston the Mowry is micaceous
and pyritic and commonly glauconitic; it contains
spores and pollen which suggest deposition in a shallow
restricted marine environment. The Mowry in the Liv-
ingston area is equivalent to the Mowry of Wyoming
and is probably equivalent to the Bootlegger Member
of the Blackleaf Formation in northwestern Montana
(fig. 2).

At the base of the Upper Cretaceous are massive
ridge-forming sandstones of the Frontier Formation—

which overlies the Mowry Shale, probably conformably. .

The boundary between the two formations is at the base
of the Boulder River Sandstone Member. All the sand-
stones of the Frontier contain abundant heavy minerals
and dark-gray chert, which give them a “salt-and-
pepper” appearance. Sedimentary features and faunal
assemblages indicate that the sediments of the Frontier
Formation in the Livingston area were deposited in an
oscillating regressing sea that was shallow and brackish.
The Frontier Formation at Livingston has not been pre-
cisely dated, but spores and pollen suggest that it ap-
proximately spans the lower half of the Cenomanian
(fig. 2).

The Cody Shale conformably overlies the Frontier
in the Livingston area and represents a transgressive
return to deeper water marine conditions with the shore-
line to the west. The Cody Shale consists of dark-gray to
dark-brown shale interbedded with siltstone and sand-
stone. In the middle of the Cody is a persistent thin-
bedded glauconitic sandstone, named the Eldridge
Creek Member by Roberts (1964c). This is an excellent
marker bed and contains a shallow-water marine fauna
that includes the short-ranging ammonite Scaphites
depressus. The Cody Shale at Livingston is equivalent
to the Niobrara Formation, Carlile Shale, and upper
part of the Frontier Formation of central Wyoming.

The Telegraph Creek Formation is a shallow-water
marine unit transitional between the underlying off-
shore marine Cody Shale and the overlying near-shore
Virgelle Sandstone Member of the Eagle Sandstone.
The gradual transition in sedimentation in this area
reflects the gradual uplift of the Elkhorn Mountains and
other structural units to the west and an eastward move-

)

C5

ment of the Cretaceous strandline. The Telegraph Creek
Formation consists of thin beds of sandy siltstone and
sandstone. Weed (1893, p. 16) referred to this part of

| the stratigraphic section at Cokedale as the “Tombstone

sandstones.” The Telegraph Creek Formation in this
area very gradually changes in texture upward from the
very fine grained upper shale member of the Cody Shale
to the fine- to medium-grained Eagle Sandstone.

The Eagle Sandstone conformably overlies the Tele-
graph Creek Formation in the area west of Livingston
and consists of sandstone with intercalated beds of coal
and carbonaceous siltstone. These strata represent la-
goonal, estuarine, deltaic, and swamp deposits laid down
near ancient shorelines. The coal beds are commonly
lenticular, but the zones in which they occur are lat-
erally persistent. Some of the coal is commercial, and
estimated reserves of more than 300 million tons are
present (Roberts, 1966, p. A49-A51). A massive per-
sistent quartzose sandstone at the base is called the
Virgelle Sandstone Member. Locally, the uppermost
beds of the Virgelle contain 1 percent or more magnetite
concentrated in a regressive beach deposit.

Late in the Coniacian or early Santonian Stage of
Late Cretaceous time, epeirogenic arching began in
western Montana, and the Eagle sea regressed to the
east. This period of orogeny and erosion was accom-
panied by volcanism, which formed the thick Elkhorn
Mountains volcanic pile (Klepper and others, 1957,
p. 31-41).

After withdrawal of the Late Cretaceous Eagle sea
in western Montana, the area east of the Bridger Range
and north of the Beartooth Range was gradually
warped downward and formed the Crazy Mountains
basin. This structural feature is elongated northwest
and is approximately 40 to 75 miles wide and 100 to 130
miles long. The basin is asymmetrical, and more than
13,000 feet of sediment was deposited in its deeper
(western) part during Late Cretaceous and Paleocene
time (Roberts, 1963, p. B86). The sediment was derived
predominantly from andesitic volcanic rock of the Elk-
horn Mountains volcanic pile. The stratigraphic
sequence for this part of the basin indicates that deposi-
tion was continuous and that the rocks grade laterally
to the east and northeast into finer grained marine and
nonmarine beds. The continental section near Living-
ston, Mont., is subdivided into the Livingston Group,
which includes four formations of Late Cretaceous age,
and the Fort Union Formation of Late Cretaceous and
Paleocene age (Roberts, 1963). Formations of the Liv-
ingston Group are thick alternating series of coarse-
and fine-grained rocks that are characterized by rapid
vertical and lateral variations commensurate with pulses
of the Laramide orogeny. These rocks probably were
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Predominantly volcanic rock

F1eure 2.—Correlation and stratigraphic relations of Cretaceous rocks of the Livingston area, Montana, with other areas in Montana and Wyoming.
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C8 GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

deposited in fluvial channel systems or on associated ex-
tensive flood plains, near sea level, judging by their
similarities to Holocene deposits found in such environ-
ments. The Livingston Group has been subdivided, in
ascending order, into the Cokedale, Miner Creek, Bill-
man Creek, and Hoppers Formations.

The Cokedale Formation is a nonmarine unit com-
posed of siltstone and sandstone, and lesser amounts of
mudstone, tuff, bentonite, and coal in the lower part;
it correlates eastward with the Claggett Shale, the
Judith River Formation, and Bearpaw Shale and in
northwestern Montana with the Two Medicine Forma-
tion (fig. 2). The Cokedale rests conformably on the
Eagle Sandstone at the type section at Cokedale, Mont.
The Miner Creek Formation conformably overlies the
Cokedale Formation and consists largely of alternating'
beds of nonmarine siltstone and sandstone—including a
prominent ridge-forming unit, the Sulphur Flats Sand-
stone Member, at the base. The Miner Creek correlates
eastward with the lower part of the Hell Creek Forma-
tion, and the Sulphur Flats Sandstone Member is the
nonmarine facies of the marine Lennep Sandstone and
Horsethief Sandstone (fig. 2). The Billman Creek
Formation is a nonmarine sequence of red, purple, and
green mudstone, tuff, and bentonite, including a few
intercalated beds of sandstone; it correlates northward
and eastward with the middle part of the Hell Creek
Formation (fig. 2). The Billman Creek rests conform-
ably on the Miner Creek Formation at the type section
on Billman Creek, near Cokedale, Mont. The type
Hoppers Formation, also nonmarine, is mostly sand-
stone and conglomerate interbedded with some siltstone,
mudstone, and tuff; it correlates northward and east-
ward with the upper part of the Hell Creek Formation
(fig. 2).

The Livingston Group at Cokedale, Mont., is overlain
by nonmarine sandstone and conglomerate that alter-
nate with siltstone and mudstone; this sequence is
assigned to the Fort Union Formation (Roberts, 1963,
p- B89). The Fort Union includes three lithologic units :
a lower conglomeratic sandstone member, a middle
member of sandstone and mudstone, and an upper con-
glomeratic sandstone member ; the top is everywhere an
erosion surface. The lower member is assigned a Late
Cretaceous age because of plant microfossils, strati-
graphic position, and degree of erosion in source areas
as implied by constituent rock types.

During deposition of the Fort Union Formation near
Livingston, streams from the west dropped their sedi-
ment and created alluvial fans, channel-fill sands,
deltas, and flood-plain deposits. The character of the

rocks at the base of the Fort Union differs markedly

from that of rocks of the underlying Livingston
Group. The conglomerates in the Livingston Group
are composed almost entirely of Cretaceous vol-
canic rock, whereas the conglomerates in the Fort Union
contain mostly igneous, metamorphic, and sedimentary
rock fragments derived from rocks of Precambrian,
Paleozoic, and Mesozoic age. This significant change
in provenance and an increased size of rock fragments
suggest a closer source area and greater depth of
erosion in the source area during deposition of the Fort
Union Formation than during the deposition of the
Livingston Group. Deposition of the Livingston Group
was not restricted at the beginning to the Crazy Moun-
tains basin. Sediments similar and equivalent to the
Cokedale and Miner Creek Formations were deposited
in the southern part of the Gallatin Range and the
northwest corner of Yellowstone Park, in the southern
part of the Madison Range, in areas immediately south
of the Elkhorn Mountains, and at Maudlow. At some
time during the deposition of the upper part of the Liv-
ingston Group, or Hell Creek equivalent, sedimentation
ceased to the west and south; and near the close of
deposition of the Livingston Group, sedimentation
ceased to the north.

During deposition of the Fort Union Formation in
the southwestern part of the Crazy Mountains basin,
the borderland in the northern part of the present
Gallatin Range was elevated and eroded. Later, in early
Eocene time, the northern part of this ancestral Galla-
tin Range was covered by volcanic or volcanic-derived
sedimentary rocks. At their northern extent—15 miles
southwest of Livingston, near Chimney Rock, Mont.
(Roberts, 1964e)—these are primarily coarse clastic
rocks, flows, flow breccias, and mudflows, including the
Crandall (?) Conglomerate at the base of the sequence.
This boulder conglomerate consists of clasts of Pre-
cambrian igneous and metamorphic rock, Paleozoic and
Mesozoic sedimentary rock, and lower Tertiary volcanic
rock. Plant microfossils from a local carbonaceous clay-
stone near the base of this sequence, stratigraphic and
structural relations, and lithologic similarities with
stratigraphic units of known age in the northern Ab-
saroka Range and Yellowstone National Park area,
Wyoming, indicate a correlation with the oldest units
of the Eocene.

Post-Eocene bolson and fluvial deposits occur at the
western edge of the area of this report (pl.-1). For the
depositional and structural history of these Cenozoic
rocks, the reader is referred to Hackett, Visher, Me-
Murtrey, and Steinhilber (1960) and Robinson (1961).
Glacial and other Pleistocene deposits at the eastern
edge of this report are discussed by Horberg (1940).

-
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LARAMIDE DEFORMATION

The interval of time for the Laramide orogeny varies
geographically in the Rocky Mountain region. There-
fore, locally one must identify the interval of moun-
tain building and basin development assigned to the
Laramide. In the Livingston area, volcanic pebbles in
the Virgelle Sandstone Member of the Eagle Sandstone
suggest a beginning of uplift to the west in early Eagle
time. However, a flood of volcanic debris in the basal
part of the overlying Livingston Group indicates that
the first major tectonic pulse that began Laramide de-
formation took place in the Livingston area at the end
of Eagle time. The final uplift of the Laramide orog-
eny in the Livingston area is of early Eocene age. North
of Livingston this uplift was accompanied by major
intrusions in the Castle, Crazy, and Little Belt Moun-
tains; south of Livingston this uplift produced the
Crandall(?) Conglomerate. Thus, for the purposes of
this report, the term Laramide refers only to those
tectonic events transpired from the beginning of
deposition of the Livingston Group (late Santonian
Stage of Late Cretaceous time) to the close of deposi-
tion of the Crandall(?) Conglomerate (early Eocene
Epoch of early Tertiary time). The structural pattern
established during the Luramide deformation was sub-
sequently modified by normal faulting and volcanism.

Epeirogenic arching in the vicinity of the Elkhorn
Mountains, near Boulder, Mont., late in the Coniacian
or early Santonian Stage of Late Cretaceous time (fig.
2) was accompanied by erosion and truncation of beds
as old as the Lodgepole Limestone of Early Mississip-
pian age. This episode of uplift and erosion was fol-
lowed by the volcanism which created the thick Elk-
horn Mountains volcanic pile (Klepper and others,
1957). Contemporaneous with this period of orogeny,
the Eagle sea gradually withdrew from western Mon-
tana and the area east of the Bridger Range and north
of the Beartooth Range gradually subsided to form
the Crazy Mountains basin (pl. 3).

"The Crazy Mountains basin is bounded by major
Laramide structures: the Beartooth and Bridger up-
lifts on the south and west; the Little Belt and Big
Belt uplifts on the north and northwest ; the Lake Basin
fault zone on the northeast; and the Nye-Bowler linea-
ment, the Pryor uplift, and a narrow connection with
the Bighorn Basin on the southeast (pl. 3). Also,
stratigraphic information from drilling suggests that
a slight arch connects the Pryor and Little Belt uplifts
and provides additional definition to the northeast
side of the basin.

Although the Crazy Mountains basin formed during
the period of Laramide basin development, its geome-
try was probably influenced by Precambrian structural

/
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and sedimentary elements. Along the northeastern edge
of the basin is the Lake Basin fault zone or Lake Basin
lineament and along the southeastern edge is the Nye-
Bowler lineament. These Laramide features that bor-
der the basin probably represent reactivated Precam-
brian wrench faults or fault zones at depth. The Nye-
Bowler lineament, mapped and described by Wilson
(1936), is a compound feature that includes folds, en
echelon faults, and a few small volcanic centers which
extend from the Pryor Mountains northwestward par-
allel to the Beartooth uplift (pl. 3). The en echelon
folds between Livingston and Bozeman may be a west-
ern extension of the Nye-Bowler lineament. The surface
en echelon faults trend northeast, which suggests left-
lateral movement. Wilson (1936, p. 1182) concluded
that these faults were produced near the surface by lat-
eral movement along a buried fault plane in the base-
ment complex. A similar origin had previously been
proposed by Chamberlin (1919) for en echelon faults
of the Lake Basin fault zone (pl. 3). Osterwald (1961)
and Smith (1965) summarized the earlier work of
Chamberlain and Wilson and extended these lineaments
regionally as transcurrent fault zones.

. Battle Ridge, a prominent northeast-trending topo-
graphic feature in the western part of the Crazy

- Mountains basin (pl. 3) is also probably a surface ex-

pression of a reactivated Precambrian fault at depth.
This structural element, projected northeastward,
divides the Crazy Mountains basin in two dissimilar
parts. In the northern part, the basin is underlain by
a thick sequence of sedimentary rock, the LaHood For-
mation of the Belt Supergroup of late Precambrian age,
whereas in the southern part.these rocks are absent. Mc-
Mannis (1963, p. 415) reported 10,250 feet of LaHood
Formation north of the Pass fault in the Bridger Range,
and his generalized isopach map (1963, p. 412) suggests
thicknesses for the Belt deposits that range from 0 to
15,000 feet in the northern part of the Crazy Mountains
basin. The presence of this thick wedge of Belt Super-
group must have influenced the structural response of
the younger rock units to regional stresses. Paralleling
the Battle Ridge element to the south are the Emigrant
fault and related structures (pl. 3). Extension or projec-
tion of this structural element to the north-northeast,
approximately to the intersection of the Shawmut and
Big Coulee-Hailstone structures, suggests structural
control similar to that of the Battle Ridge element.
Appalachian or symmetrical folding is characteristic
of the northern part of the Crazy Mountains basin, and
asymmetrical folding and en echelon fold axes are char-
acteristic of the southern part. Also, in the northern part
of the basin most of the intrusive rocks are alkalic, and
in the southern part most are calc-alkalic. A fourth
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significant difference is that in the southern part there
are numerous calcite dikes—some of optical quality
(Stoll and Armstrong, 1958)—whereas none are re-
ported in the northern part (pl. 3).

The Bridger Range on the west edge of the Crazy
Mountains basin is the result of a complex uplift and
basinward (eastward) thrusting, and the Beartooth
Range on the southwest edge is the result of a complex
uplift and basinward (northeastward) thrusting. For
a detailed study of the structural geology of the Bridger
Range, the reader is referred to McMannis (1955) and,
for the Beartooth Range, to IFoose, Wise, and Garbarini
(1961). These uplifts developed slowly during deposi-
tion of the Livingston Group and Fort Union Forma-
tion, and the thrusting occurred after deposition of the
Fort Union. Lateral forces that produced the thrusting
were accompanied by a lesser opposing force from
within the basin, and as the Bridger and Beartooth
~uplifts evolved, these structural elements were forced
basinward. In the area between Bozeman and Living-
ston, arcuate northwest-trending en echelon folds
formed, each convex toward the southwest and parallel
to the axis of the Crazy Mountains basin (pls. 1, 3).
In the Livingston area, folding that accompanied
thrusting produced asymmetric anticlines that had the
steeper dips on the southwest flanks. The Canyon Moun-
tain anticline grew until it became recumbent on its
southwest flank (Roberts, 1964 a, b). The Canyon Moun-
tain anticline is related to the complex Beartooth uplift
and represents essentially a pivot at the Beartooth
uplift’s west end with basinward movement increasing
to the east.

Subsidence and deposition were greater in the western
part (west of the Emigrant fault trend) of the Crazy
Mountains basin than in the eastern part; both were
greatest in late Campanian and Maestrichtian time. The
asymmetric subsidence of the basin may have been re-
lated to rock transfer at depth and to the consequent
extrusion of the Elkhorn Mountains Volcanics and the
intrusion of the Boulder batholith in nearby areas to
the west; however, an asymmetric configuration seems
common to most Laramide intermontane basins of Mon-
tana, Wyoming, and Colorado (Prucha and others, 1965,
p. 975). Deposition was continuous during latest Creta-
ceous and Paleocene time in the deepest part of the
basin, where more than 18,000 feet of sediments, derived
. predominantly from volanic rock, was deposited. The
physical similarities of rocks of the Livingston Group
and Fort Union Formation suggest that deposition in
the western part of the basin took place near sea level
and that the rate of sedimentation closely balanced the
rate of subsidence.

GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

Extensive erosion accompanied the uplift, and by Late
Cretaceous time parts of the Bridger and Beartooth
uplifts were truncated to expose Precambrian rocks (as
shown by the basal conglomerate of the Fort Union
Formation, which in the Livingston area contains rock
fragments derived from Precambrian, Paleozoic, and
Mesozoic rocks).

During folding, lateral movement of thick competent
sandstone beds, such as in the Eagle Sandstone, caused
local folding and shearing of the intervening incompe-
tent finer grained clastic beds. Squeezing that accom-
panied this movement produced lenticular beds, and in
local areas of intense folding, bedding-plane faults de-
veloped under shear. Where lateral compressional
forces were most severe, failure of the folds occurred
and large thrust or high-angle reverse faults developed
(fig. 3).

Most thrusts in the Bridger Range initially dipped
west and those in the Beartooth Range generally dipped
southwest. Basinward dips are present locally and are
the result of subsequent folding. In the area west of
Livingston, thrust faults developed in an en echelon
arrangement paralleling the folds. Field relations of the
Livingston faults suggest that the direction of compres-
sive force was toward the southwest and that initial dips
of the faults were to the north. Individual thrust faults,
in this area, commonly vary from low-angle thrust
faults to high-angle reverse faults. Similar structural
features also occur along the perimeter of the Bighorn
Basin (Chamberlin, 1940) and the Wind River Basin
(Keefer, 1970).

Folding and thrusting continued during post-Fort
Union and pre-Wasatch time in the Livingston area, but
with less magnitude than during Fort Union time.
Earlier thrust plates, such as those on the south flank of
the Canyon Mountain anticline, were folded during
this post-Fort Union and pre-Wasatch time, locally
changing the dip to a basinward direction. Thrust faults
with an initial basinward (north) dip then developed
on the north flank of the Canyon Mountain anticline.
On the southwest flank of the Canyon Mountain anti-
cline a complex arrangement of thrust faults separated
by zones of oxidized sedimentary rocks suggests several
pulses of thrusting with intervening periods of weather-
ing and erosion (Roberts, 1964 a, b).

During deposition of the Fort Union Formation in
the southwestern part of the Crazy Mountains basin,
the borderland in the northern part of the Gallatin
Range and the Bridger Range continued to rise and
restricted the western limit of the Fort Union of Mon-
tana to this basin. The Fort Union and older rocks were
folded, probably near the close of the Paleocene or
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beginning of the Eocene. South of the Canyon Moun-
tain anticline, which formed the southwestern barrier
of the basin, the ancestral Gallatins continued to be
eroded, and no Fort Union sediments have been reported
in this area. In early Eocene time the area of the Gal-
latin Range was covered by sedimentary and volcanic
rocks, none of which extended north of the Canyon
Mountain anticline. These Eocene deposits remain rela-
tively undeformed in contrast to the underlying folded
formations (Roberts, 1964e), which indicates that the
last major period of folding for this area occurred near
the end of Paleocene or the beginning of Eocene time.
This conclusion was also reached by W. J. McMannis
(written commun., 1962) in the Garnet Mountain area
south of Bozeman, Mont. He observed a carbonaceous
siltstone of Wasatchian provincial age at five separate
localities, which do not differ in elevation by more than
800 feet. McMannis attributes the differences in elevation
to post-volcanic (Wasatchian) tilting and warping re-
lated to post-Laramide normal faults bordering the
Gallatin Range and to initial differences in elevation on
the pre-volcanic erosion surface.

In post-Paleocene time, after the folding and thrust
faulting, rocks in the Livingston area were intruded
by a few dikes and sills of diorite. These intrusions gen-
erally occur along tension fractures or faults that are
parallel to fold axes (fig. 4). Northeast of the Livings-
ton area, laccoliths, stocks, sills, and several generations
of dikes were also intruded at this time (pl. 3) along the
axis of the Crazy Mountains basin (Wolff, 1938, p.
1625), along tension and shear joints produced during
the syclinal folding. Wolff (1938) described an older

F16Uure 4.—Andesitic dikes cutting mudstones and sandstones
of the Billman Creek Formation in the NE1 sec. 13, . 2 8.,
R. 8 E. The dikes have intruded along parallel tension frac-
tures without offsetting parts of the lower massive sandstone.
The dike left of the center of the photograph did not pene-
trate the upper massive sandstone.

GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

calcalkalic series, chiefly in the south-central part of the
Crazy Mountains basin, and a younger alkalic series,
found chiefly in the north-central part of the basin. Up-
lift and erosion have now bared these igneous bodies
which form the Crazy Mountains.

Post-Laramide epeirogenic uplift, near the close of
the Tertiary, raised the Crazy Mountains basin and
adjacent areas about 5,000 feet above their previous
elevations. Large-scale faulting has also characterized
the latest tectonic activity in the area and may have ac-
companied the regional uplift. The dominant movement
was nearly vertical on normal faults. Displacement
along these faults ranges from a few feet to the more
than 5,000 feet on the Emigrant fault (Horberg, 1940).
The faults of small displacement are generally parallel
to fold axes and are most abundant near the crests of
anticlines (pls. 1, 3), whereas the faults of large dis-
placement, such as the Emigrant fault, trend north-
northeast. The association of the smaller normal faults
with the folds indicates that they are older than the
larger faults. The Emigrant fault may have been ac-
tive since Late Cretaceous time, as its northeast trenc
parallels other structural elements of this age. Evidence
in the adjacent Gallatin Range that the Emigrant fault
was active in Eocene time includes the greater tilting of
Focene volcanic rocks that are low stratigraphically in
the Hyalite Peak Volcanics, compared with the tilting
of those higher in the sequence (R. A. Chadwick, writ-
ten commun., 1969). Horberg (1940, p. 293) presented
evidence that the Emigrant fault was intermittently
active from Miocene to Holocene time.

CRETACEOUS SYSTEM

LOWER CRETACEOUS SERIES

The Lower Cretaceous Series in the area west of Liv-
ingston consists of the Kootenai Formation, Thermo-
polis Shale, and Mowry Shale. The series is 1,250 feet
thick and consists of continental clastic and carbonate
rocks in the Kootenai Formation and marine shale and
mudstone interbedded with quartzose sandstone in the
Thermopolis and Mowry Shales.

KOOTENAI FORMATION

The Kootenai Formation is a nonmarine sequence of
conglomerate, sandstone, siltstone, claystone, mudstone,
limestone, and tuff of Early Cretaceous age (fig. 2) that
unconformably overlies the Morrison Formation (Ju-
rassic). The Kootenai may be divided into two units:
(1) a basal massive crossbedded conglomerate, conglo-
meratic sandstone, and coarse-grained sandstone called
the Pryor Conglomerate Member, and (2) an unnamed
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sequence of variegated siltstone, claystone, mudstone,
limestone, and tuff interbedded with calcareous sand-
stone. The Kootenai Formation is 245 to 295 feet thick,
including the basal 24- to 37-foot Pryor Conglomerate
Member, and is unconformably overlain by the lower
sandstone member of the Thermopolis Shale at its ref-
erénce section. A reference section of the Kootenai
is shown in figure 5 and is described in measured
section 1.

Lower Cretaceous rocks of the Kootenai Formation
in the area west of Livingston were first mapped by
Iddings and Weed (1894) as the Dakota Sandstone.
Calvert (1912a, p. 31) later correlated the sequence with
the Kootenai Formation as established near Great Falls,
Mont., by Fisher (1908, p. 78-80; 1909, p. 30). Fisher
(1908, p. 93) pointed out that the Kootenai near Great
Falls extended southward through Montana into the
southern part of the Bighorn Basin, Wyoming, where
equivalents were called the Cloverly Formation. The
correlation was later extended southward to Colorado
Springs, Colo., by Lee (1927, p. 26) who established
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that equivalents of the Cloverly were part of the Dakota
Group of Colorado.

A comprehensive review of the conglomerate of the
Cloverly Formation and its equivalents was made by
Lammers (1939, p. 113). He suggested an unconformity
(1939, p. 118) at the base of the Cloverly conglomerate
or its equivalents and assigned coal-bearing rocks be-
neath the conglomerate to the Upper Jurassic. The un-
conformity was later confirmed and described by
Cobban (1945, p. 1270, 1281), and nonmarine rocks be-
neath the unconformity were assigned to the Morrison
Formation. The unconformity described by Cobban
(1945, p. 1270) near Great Falls, Mont., is correlative
with the unconformity at the base of the Kootenai at
Livingston, Mont.

The basal conglomerate, conglomeratic sandstone, and
sandstone are referred to as the Pryor Conglomerate
Member of the Cloverly Formation in north-central
Wyoming (Hares, 1917, p. 429; Bowen, 1918, pl. 25)
and the Pryor Conglomerate Member of the Kootenai
Formation in southwestern Montana (Roberts, 1965,

=

Thermopolis Shéle

F16URE 5.—Reference section of Kootenal Formation on the west flank of Chestnut Mountain anticline in the NE14 seec. 25,
T. 2 8., R. 6 E. (measured section 1). View is south: west end of Rocky Canyon at the left edge of the photograph.
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p. B55). Equivalent beds elsewhere in Montana include :
the Cut Bank and Sunburst Sandstone Members of the
Kootenai Formation on the northwest flank of the
Sweetgrass arch area of northwestern Montana, the
Sunburst Sandstone Member in the subsurface over
much of the Sweetgrass arch (Cobban, 1955, p. 107), the
Third Cat Creek Sand of central Montana (Reeves,
1927, p. 48; 1931, p. 139), and the Lakota Formation of
southeastern Montana and northeastern Wyoming
(Darton, 1901; Rubey, 1931; Waagé, 1959; and Post
-and Bell, 1961).

The Pryor Conglomerate Member is not exposed be-
tween the type section in the Pryor Mountains and Nye,
Mont. (about 35 miles west of Red Lodge, Mont.). It
is either buried by younger deposits or cut out by fault-
ing. Gardner, Hendricks, Hadley, and Rodgers (1945)
extended the Pryor across this area in the subsurface.
The Pryor crops out as a persistent ridge along the
north flank of the Beartooth Range from Nye to Living-
ston. South of Livingston along the north end of the
Gallatin Range the basal conglomeratic sandstone of
the Kootenai forms prominent cuestas and hogback
ridges. The overlying fine-grained clastic rocks and
limestones are poorly exposed and generally form red
clay soil-covered slopes and valleys.

LITHOLOGIC COMPOSITION

The lower lithologic unit, the Pryor Conglomerate
Member of the Kootenai Formation, is a persistent mas-
sive ridge-forming unit of conglomerate, conglomeratic
sandstone, and sandstone. At stratigraphic section 1 on
the west flank of the Chestnut Mountain anticline, the
Pryoris 37 feet thick and is crossbedded, well indurated,
poorly sorted, and has scour-and-fill structures. The
lower part of the unit is conglomerate or conglomeratic,
and the upper part is sandstone. The coarser fragments
are mostly subrounded to rounded pebbles in a matrix
of poorly sorted sand grains. The pebbles are generally
less than 1 inch in diameter but may be as much as 2
inches. The pebbles are dominantly gray or black chert,
and a few are quartzite and limestone; they resemble
rocks from the Madison Group and the Amsden, Quad-
rant, and Phosphoria Formations. Pebbles are com-
monly concentrated on some of the cross-stratification
surfaces. Along the southern flank of Canyon Mountain,
about 12 miles southwest of Livingston, the Pryor Con-
glomerate Member contains repeated reverse graded
bedding (fig. 6). The sandstone is gradational with the
conglomerate, both laterally and vertically. Sandstone
also forms channel-fill deposits as well as the matrix
within the conglomerates. The sandstones are composed
mainly of angular to subrounded grains of quartz,
quartzite, and chert cemented by silica.
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Fi1cure 6.—Pryor Conglomerate Member of the Kootenai Forma-
tion in see. 28, T. 3 8., R. 9 K., showing repeated reverse graded
bedding.

The source for the conglomeratic unit was probably
upper Paleozoic and Mesozoic rocks to the west (Lam-
mers, 1939, p. 114), where uplift had taken place during
Late Jurassic and Early Cretaceous time. This uplift
was probably in central or southeastern Idaho as sug-
gested by Armstrong and Oriel (1965, p. 1854). A west-
ern source is also implied by the southeastward pinchout
of the Pryor Conglomerate Member in the northern part
of the Bighorn Basin (Moberly, 1960, p. 1147). Direc-
tional features that include cross stratification, pebble
imbrication, current lineations, and ripple marks indi-
cate sediment transport by northeastward-flowing cur-
rents. The conglomerate, conglomeratic sandstone, and
sandstone of rather uniform thickness were deposited on
a surface of very little relief, generally on Morrison
coal-bearing swamps. In the vicinity of Livingston,
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Mont., characteristics such as scour-and-fill structures,
crossbedding, poor sorting, local wood fragments,
rounded chert pebbles, and current bedding indicate a
fluvial origin. The widespread distribution and the gen-
erally polished surface, roundness, and concentration
of the pebbles suggest that these accumulations were
repeatedly reworked, leaving only the most resistant
rocks as a lag gravel. The well-rounded and polished
chert pebbles were originally interpreted as gastroliths
(Hares, 1917); however, additional observations of
these widespread pebbles throughout similar sequences
led Stokes (1942, p. 18-19) and others to abandon this
interpretation in favor of wind polishing prior to
deposition.

Overlying the basal Pryor Conglomerate Member is
a very poorly exposed sequence of variegated red, pur-
ple, green, and gray siltstone, claystone, mudstone,
limestone, and tuff that contains nonpersistent beds of
sandstone (refer to measured section 1). The unit is of
terrestrial origin; the limestone is lacustrine. Some of
the beds are tuffaceous or contain claystone of probable
volcanic origin.

The part of the Kootenai Formation above the Pryor
Conglomerate Member in the area west of Livingston
and in the northern part of the Gallatin Range was
deposited on an extensive lowland bordered on the west
by highlands. Streams from the west dropped their
sediment on alluvial fans, in channels, and on flood
plains. The grain size of sandstones decreases from west
to east, as shown in the stratigraphic sections near
Bozeman and Livingston (refer to measured sections
1-3). During the close of deposition of the Kootenai,
a very large region including the Livingston area was
covered by a lake in which mudstone and limestone
were deposited. This lake or series of lakes extended at
least from Teton County in northwestern Wyoming
(Love, 1956, p. 77) northward into Canada and from
Bozeman eastward to Harlowton in central Montana.
Aphanocrystalline limestones near Bozeman contain
molds of unidentifiable leached fossils; however, south-
east of Bozeman, in the NE1 sec. 25, T.3 S., R. 6 E. in
the Mystic Lake quadrangle (Roberts, 1964g) and in
the SE4 sec. 3, T. 4 S., R. 7 E. in the Maxey Ridge
quadrangle (Roberts, 1964e), a very fossiliferous lime-
stone is exposed. This limestone is almost a coquina of
small fresh-water gastropods, pelecypods, and ostra-
codes and is an excellent marker bed for the Kootenai in
this part of the report area.

Tuffs and claystones or mudstones in the Kootenai
were probably derived, in part, from volcanic ash. Rich-
ards (1955, p. 43) described bentonite and bentonitic
shale from the middle unit of the Cloverly Formation
along the northeast flank of the Bighorn Mountains.
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In the Bighorn Basin, equivalent strata contain
bentonitic mudstone (Moberly, 1960, p. 1145). The vol-
canic source for these rocks has yet to be defined.

AGE AND CORRELATION

The Kootenai Formation in Montana is considered
to be of Early Cretaceous age (fig. 2). In some parts of
Montana and northern Wyoming, it contains dinosaur,
fish, and turtle bones; plant impressions; fresh-water
mollusks; and ostracodes. Over most of western Mon-
tana there are one or more limestones, commonly near
the top of the formation, that locally contain abundant
molds and casts of fresh-water gastropods, pelecypods,
and ostracodes. A collection of fresh-water mollusks
from the Xootenai Formation near Harlowton,
Mont., was described by Stanton (1903, p. 194), who as-
sumed that the fauna was not older than Early Cre-
taceous and was more probably at about the base of the
Upper Cretaceous. R. W. Brown (1946, p. 238) reviewed
the floras of the Kootenai and Morrison Formations of
Montana and their equivalents in Alberta, Canada, and
concluded that the flora above what is now considered
the basal part of the Iootenai is Early Cretaceous in
age, and the flora below the unconformity at the base
of the Kootenal is equivalent to that in the Morrison
Formation of Late Jurassic age. Peck (1941, p. 286)
identified the charophytes A topochara trivolvis, Aclisto-
chara mundula, and Clavator harisi and the ostracode
Metacypris angularis from the upper part of the
Kootenai of southwestern Montana and correlated the
Kootenai with part of the Trinity Group (Aptian) of
Texas. Cobban and Reeside (1952b) also assigned an
Aptian age to the Kootenai Formation. Yen (1951, p. 2)
described a fluviatile fauna from the Kootenai near
Harlowton, Mont. (originally described by Stanton
1903) and correlated part of the formation with the
Cloverly Formation in Wyoming and part with the
Peterson Limestone of the Gannett Group in Wyoming
and Idaho. Near the south border of Glacier National
Park the shale and limestone unit at the top of the
Kootenai contains Unio reesideanus Yen (Cobban,
1955, p. 109), which is presently known only from the
Kootenai of Montana or its equivalent.

Along the north shore of Mystic Lake (Roberts,
1964g) in the NE1 sec. 25, T. 3 S., R. 6 E., a limestone
contains ostracodes that are mostly steinkerns. Occa-
sionally, a few poorly preserved fossils were found;
however, preservation is generally too poor for generic
determination. One species resembles Oypridea anomala
described by Peck from the Kootenai Formation (I. G.
Sohn, written commun., 1963). The same limestone, in
sec. 3, T. 4 S., R. 7 E., contains at least two kinds of
fresh-water snails. Southwest of Livingston, near Vir-
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ginia City, Mont., the Kootenai Formation contains
Botryococcus, a fresh-water algae whose presence sug-
gests lacustrine or possibly deltaic deposition (R. H.
Tschudy, written commun., 1962).

THERMOPOLIS SHALE

The Thermopolis Shale was named and described by
Lupton (1916, p. 168) for about 700 feet of dark-gray
shale and some lenticular sandstone beds exposed in the
Bighorn Basin near Thermopolis, north-central Wy-
oming. Lupton’s original Thermopolis Shale was under-
lain by the Greybull Sandstone Member of the Cloverly
Formation that is now included as the basal member of
the Thermopolis (as used by Eicher, 1960) (fig. 2). The
upper half of his Thermopolis Shale is now the lower
part of the Mowry. The Muddy Sandstone is the upper
member. of the Thermopolis (fig. 2), or a separate
formation.

Reeside (1944 ) first used the term Muddy Sandstone
Member of the Thermopolis Shale; however, he con-
tinued using Thermopolis Shale as it was originally de-
fined by Lupton (1916, p. 168) and made the Muddy
Sandstone the medial member of the Thermopolis. Love
(1948, p. 106) and Thompson, Love, and Tourtelot
(1949) proposed that the Thermopolis Shale be re-
stricted to the interval between the Cloverly Forma-
tion and the Muddy Sandstone Member ; that the Muddy
Sandstone be considered a formation ; and that the shale
interval between the Muddy Sandstone and the Mowry
Shale be included with the Mowry. Most stratigraphers
have adopted these redefinitions as in the Buffalo-Lake
De Smet area, Wyoming, Mapel (1959, p. 41) and in
the Shotgun Butte area southwest of Thermopolis,
Wyo., Keefer and Troyer (1964, p. 18) placed the
Thermopolis-Mowry boundary at the top of the Muddy
Sandstone Member. In certain areas of central Wyo-
ming the Muddy Sandstone is a mappable unit, but in
other areas it is not and is included as the upper member
of the Thermopolis Shale (fig. 2).

The basal member of the Thermopolis Shale near
Livingston includes a clastic unit equivalent to the
Greybull Sandstone Member. Darton (1904, p. 398-399)
originally included a similar clastic unit, exposed along
the east side of the Bighorn Basin, Wyoming, in the
Cloverly Formation. Later, Hintze (1915, p. 15) named
the Greybull Sandstone Member and assigned it to the
upper part of the Cloverly Formation in north-central
Wyoming. Hewett and Lupton (1917, p. 19) defined
the boundary between the Thermopolis Shale and Clo-
verly Formation as the top of the Greybull Sandstone
Member of the Cloverly. Subsequent work, however, has
shown that the Greybull Sandstone disconformably
overlies older rocks, is gradational with the overlying
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“Rusty beds,” and should not be included in the Clo-
verly. The “Rusty beds” were described by Washburne
(1908, p. 350) as the basal member of the Colorado
Formation in the Bighorn Basin, Wyoming. Eicher
(1960) reviewed the stratigraphy and nomenclature of
the Thermopolis Shale and “Rusty beds” and included
the “Rusty beds”-Greybull Sandstone interval in the
Thermopolis. He also considered the base of the Ther-
mopolis to be disconformable on the Cloverly Formation
(1960, p. 15). Most stratigraphers now include these
units in the Thermopolis as shown in figure 2. The
“Rusty beds” and Greybull Sandstone Member are a
persistent transgressive sequence at the base of the ma-
rine Cretaceous in north-central Wyoming and south-
central Montana.

Iddings and Weed (1894) mapped a unit, the Colora-
do Formation, in the northern Gallatin Range, which
probably includes the Thermopolis Shale, Mowry Shale,
and Frontier Formation of this report. They correlated
their Colorado Formation with the Benton Shale and
the Niobrara Limestone (Iddings and Weed, 1894,
p- 2). The massive quartzite in the upper member of
their Dakota Sandstone was correlated with the Grey-
bull Sandstone Member of the Cloverly Formation of
north-central Wyoming by Lee (1927, p. 65). Calvert
(1912a, p. 31) combined the Colorado and Montana
Formations of Iddings and Weed as the Colorado Shale.
Skeels (1939, p. 817) included the rocks above the Clo-
verly Formation and beneath the Telegraph Creek( %)
Formation as the Colorado Group. He (1939, p. 817)
divided the Colorado Group into a lower unit that in-
cludes the Thermopolis Shale, Mowry Shale, and Fron-
tier Formation and an upper unit that includes the
Carlile and Niobrara Formations. McMannis (1955, p.
1406), in the adjoining area to the northwest in the
Bridger Range, combined the poorly exposed sections
between the Kootenai Formation and the Eagle Forma-
tion as the Colorado Formation. In the adjoining area
to the east, Richards (1957, p. 414) mapped the inter-
val between the KXootenai Formation and the Virgelle
Sandstone (basal member of the Eagle Sandstone) as
the Colorado Shale.

In the Livingston area, the Thermopolis Shale un-
conformably overlies the Kootenai Formation and is
overlain, apparently conformably, by the Mowry Shale.
The Thermopolis consists of marine shale and sand-
stone, including a basal sandstone member that is 35
to 50 feet thick; a middle mudstone or shale member,
350 to 390 feet thick; and an upper sandstone member,
90 to 105 feet thick. The lower sandstone member is
probably a near-shore deposit of a transgressing sea;
the basal part of the sandstone commonly fills topo-
graphic depressions on an underlying erosion surface.



CRETACEQOUS AND EARLY TERTIARY DEPOSITIONAL AND TECTONIC HISTORY

The middle shale member is probably an offshore ma-
rine deposit, and the upper sandstone member is prob-
ably a regressive near-shore marine and brackish-water
deposit. In the Livingston area the upper sandstone
member is commonly nonresistant, and for geologic
mapping purposes the Thermopolis and overlying
Mowry Shales were undifferentiated (Roberts, 1964a—
h). The Thermopolis-Mowry unit generally is unex-
- posed between the ridges formed by the Kootenai and
Frontier Formations.

LITHOLOGIC COMPOSITION

The Thermopolis Shale in the Livingston area con-
sists of three members (refer to measured section 4).
The lower sandstone member consists of thin- to thick-
bedded, crossbedded, yellowish-gray, fine- to medium-

grained sandstone. The sandstone is composed of well-
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sorted subrounded grains of quartz and chert and a few
grains of magnetite and muscovite. It commonly is ir-
regularly cemented with silica or calcium carbonate.
Unequal resistance to weathering of the irregularly
or partly cemented sandstone results in raised fretworks
on the bedding surfaces on the south flank of Canyon
Mountain (figs. 7, 8).

Some beds in the lower sandstone member are
quartzose sand. Commonly in local areas of tight fold-
ing these sandstone beds have become well indurated
and form prominent quartzite ridges. The lower mem-
ber also contains some interbeds of siltstone that have
abundant tracks and trails ascribed to marine bottom-
dwelling organisms.

The middle shale member is dominantly shale inter-
bedded with very fine grained sandstone, siltstone, clay-
stone, and bentonite. This member at Livingston is dark

F1cure 7.—Excellent exposure of the lower sandstone member of the Thermopolis Shale, NE1; sec. 28, T. 3 S., R. 4 E. Outlined
area enlarged in figure 8.
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F1cure 8.—Fretwork, which is on a cliff of crossbedded sand-
stone of the Thermopolis Shale, is caused by unequal resist-
ance to weathering of the irregularly cemented sand grains.
Enlarged view of part of figure 7.

gray and weathers to light gray, whereas the overlying
Mowry Shale is dark grayish brown and weathers to
grayish yellow green and yellowish gray. The shale is
carbonaceous, commonly contains macerated plant frag-
ments, and is commonly calcareous. Sandstones inter-
bedded in the middle shale member are thin bedded,
very fine grained, silty, calcareous, and commonly con-
tain plant fragments. Most sandstone bedding sur-
faces are covered with marine worm trails, groove casts,
and other sole marks of undetermined origin.

The upper sandstone member consists of medium-
to thick-bedded, crossbedded, medium-gray, fine- to very
fine grained (table 1), well-sorted, calcareous sandstone.
The sandstones are micaceous, glauconitic, and feld-
spathic, and they contain a limited heavy-mineral suite
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of magnetite, pyrite, and biotite. A few sandstone beds
contain claystone pebbles. Some large plant fragments
and carbonaceous trash were noted on bedding surfaces.
Bedding surfaces are commonly ripple marked, and
many have worm (%) trails and groove and small flute
casts.

AGE AND CORRELATION

In the rorthern part of the Gallatin Range and to
the southeast in Wyoming the Thermopolis Shale con-
sists of three members: a lower sandstone member, cor-
relative with the “Rusty beds” and Greybull Sandstone
Member of north-central Wyoming; a middle shale
member, correlative with the Skull Creek Shale of
northeastern Wyoming; and an upper sandstone mem-
ber correlative with the Muddy Sandstone Member in
central Wyoming (fig.2).

The lower sandstone member correlates with the
“First Cat Creek Sand” in central Montana and is in
the stratigraphic position of the Fall River Formation
of the Black Hills area (Cobban, 1951, p. 2173-2175) ;
however, between central Montana and the Black Hills
this interval of rock changes to a silt or shale facies.
The Birdhead Sandstone Member of the Thermopolis
Shale as used by Thom, Hall, Wegemann, and Moulton
(1935, p. 47) southeast of Billings, Mont., and the lower
sandstone member at Livingston have similar miner-
alogy and clay-pebble constituents and are presumed to
be stratigraphic equivalents. The upper sandstone mem-
ber is also in about the same stratigraphic position as
the Newcastle Sandstone of the Black Hills area but the
sand facies is discontinuous between the two areas.

The hiatus between the Kootenai Formation and the
Thermopolis Shale is presumed to be short inasmuch
as the index fossil Protelliptio douglassi occurs im-
mediately above and below the widespread disconform-
ity that separates the two formations. Stanton (1903,
p. 195) and Yen (1951, p. 3) identified this fossil from
beds near the top of the Kootenai Formation in south-
central Montana, near Harlowton. Cobban (in Waagé,
1959, p. 63, 72) identified this fossil from the basal bed
of the Fall River Formation in northeastern Wyoming,
near Devils Tower. Waagé (1959, p. 52-55) referred
to this stratigraphic break as a transgressive discon-
formity and discussed its different features at various
localities in the Black Hills. Waagé (1955, p. 47-48)
had previously discussed a stratigraphically similar dis-
conformity along the northern Front Range in Colo-
ado. In the Bighorn Basin, Eicher (1960, p. 15) and
Moberly (1960, p. 1155) believe that this same discon-
formity is present at the top of the Cloverly Formation.
The evidence thus indicates that the disconformity ap-
parently extends over much of Montana, Wyoming, and

Colorado.
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TasLE 1. —Gram-szze distribution and heavy-mineral content in sandstones of the Thermopolzs Shale, Frontier Formation, Cody Shale,
Telegraph Creek Formation, and Eagle Sandstone near Livingston, Moni.

[All dats, in percent; indicated diameter, in millimeters. Tr., trace; N.d., not determined. Analyses, by R. F. Gantnier]

Stratigraphic name, measured section,  Soluble Grain-size distribution for indicated diameter Heavy
and unit sumpled in acid minerals
4.0 2.0 1.0 0.5 0.25 0.126 0.062 ©~ <0.062 0.05 0.006 0.002 <0.002 insample
Eagle Sandstone:
Section 14, unit 59_______ 33. 4 e 389 510 10.1 . ______________ 0. 40
30._.__.. 15,7 Tr. 1.2 613 16.1 _______ 1.4 6.4 07 29 .28
Eagle Sandstone, Virgelle
Sandstone Member:
Section 14, unit 23_______ 20,14 . ____ . ___ 0.01 1259 64.30 11.96 11.14 ______________________ 59
21 ______ 23.75 _____ 0.8 0.17 .44 18 78 47.28 14.96 1826 ___._.__________________ 15
1(op).- 19.5 o ____ .01 62.2 259 ____-_.27 56 1.2. 24 N.d
1 (base). 57.02 _____.______.__. 03 .28 33.21 44.94 21.54 . ._.___ 17
Telegraph Creek Formation:
ection 12, unit 7_______ 35,16 _ .. 03 7.45 61.79 30.73 _ . ____ 32
Cody Shale, Eldridge Creek
Member:
Section 11, unit 13_._____ 130 e -- 5.5 682 __._.__ 53 16.6 .8 3.6 16
Frontier Formation:
Section 10, unit 26_______ .9 02 .3 .2 .1 26,9 66.4 2.8 3.0 . N.d.
18 _____. .19 _____ .1 Tr .1 7.8 756 8.9 OO .21
6. 81 ... .04 7.74 75.78 10.01 6.43 ______________________ . 40
Thermopolis Shale, upper
sandstone member:
Section 5, unit 17_______ 1770 oo .05 20.54 62,11 17.30 _____________________. .37

A fairly complete succession of plant microfossils
from measured stratigraphic section 4 of the middle
shale and upper sandstone members of the Thermopolis
Shale and from measured section 7 of the lower Mowry
Shale of the Livingston area is listed in table 2. Photo-
graphs of these assemblages are given in Tschudy and
Veach (1965). R. H. Tschudy (written commun., 1965)
made the following generalizations pertaining to this
faunal succession:

1. The S,-p group (S,-p13, S,—pl4, and S,~p15) char-
acterizes the lower Thermopolis Shale samples.

2. Only one species of angiosperm tricolpate pollen is
present in the composited lower Thermopolis sam-
ple from U.S. Geological Survey (USGS) Paleo-
botany localities D3512-A, B, C, and D; the num-
ber of species of this pollen type increases in the
sample from TUSGS Paleobotany locality
D3512-H. ‘

3. Few angiosperm pollen were found, and all species
found belong to the tricolpate group. This finding
agrees with information from other parts of the
world that unequivocal angiosperm pollen first ap-
peared in the Albian, and there only as tricolpate
pollen. No evolutionarily more advanced forms are
known from the Albian.

4. In samples from USGS Paleobotany localities
D3512-N and U large spores are dominant, par-
ticularly species of Cicatricosisporites a,nd Ap-
pendicisporites.

5. The easily recognized and distinctive species of cf.
T'rilobosporites (TT-rt11) is absent from the
Thermopolis, but common in the Mowry samples.

Samples from the Skull Creek Shale on the east side
of the Bighorn Mountains, measured section 6 (USGS
Paleobotany locs. D3842-A, B), yielded a diagnostic
pollen and spore flora (table 3) according to R. H.
Tschudy (written commun., 1967). He found that sam-
ples from localities D3842-A (42 feet above the base
of the Skull Creek Shale) and D3842-B (58 feet above
the base of the Skull Creek Shale) contained eight spe-
cies of monosulcate pollen and two species of tricolpate
pollen. This assemblage suggests a correlation with lo-
cality D3512-H (167 feet above the base of the Ther-
mopolis Shale at the Livingston reference section 4, unit
18). The number of monosulcate pollen species found de-
creases with decreasing age in this part of the section.

Few macrofossils have been reported from the middle
shale member or its equivalent Skull Creek Shale, and
none was collected in the Livingston area during the
present investigation. Cobban (1951, p. 2176) listed
an Early Cretaceous (Albian) marine fauna collected
in central Montana from equivalent black shales as-
signed to the Colorado Shale.

MOWRY SHALE

Darton (1904, p. 400) named the “Mowrie beds” from
exposures of marine shale on Mowrie Creek northwest
of Buffalo, Wyo., in the northern end of the Bighorn
Mountains. Mowry has been the approved spelling since
1906 (Darton, 1906, p. 53). Darton and O'Harra (1909,
p. 4), in their brief description of the Cretaceous section
in the Belle Fourche quadrangle in the Black Hills,
S. Dak., considered the Mowry.to be a member in the
Graneros Shale of the Benton Group of Late Cretaceous
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TaBLE 2.—Checklist of plant and miscellaneous microfossils from the Thermopolis and lower Mowry Shales near Livingston, Mont
[Identifications by R. H. Tschudy]

Mowry Shale (measured

Thermopolis Shale (measured section 4, section 7, USGS
Provisional palynomorph genera Code specles USGS Paleobotany locality D3512-) Paleo%%tsalrg)locality
A,B,C,D H N U A B

Gleicheniidites .. .. . - o ___ cf. Gleich 2______._.__.__ X
Gleicheniidites. - .- .- ____ o ___ Gleich 9. _______________ X

cf. Cyathidites_ _ . ______ o ___. TC-sm9- . X

cf. Concavissimisporites. . - ____________________ TT-r3B. .. X
Lycopodiumsporites_ . - ___ . ____________._____.__ TO-rt14B___ . _________ X

cf. Concavisstmisporites_ - ________________._.__. TC-spl_ oo .. X -
Clicatricosisporites . _________________.________ AN-13_ ... X
Abietineaepollenites. - - ______________________ VoS-sm9. .. __ e X
Abietineaepollenites_ - _______________________ Vol-r5_ _ . ____ oo X
Abietineaepollenites ___________________________ Vol-sm21_ _____________ X
Rugubivesiculites. - ___ e e VoS—rugd- - oo ______ X
Vitreisporites - - - o - oo Vo L-sm2_________ e X
Classopollis_ - _ - ... Classo 1o _________ X
Inaperturopollenites. - __ ____________________._. of, Tax—pl3_______ e X
Inaperturopollenites . - __ ____ __________________ Tax-sm1_________ e X
Inapertuyropollenites . - - . __ . __._ . _.________._.__ Tax—r6___ . .cooeo- e X
Araucariacites . - - - oo Si-sm16_____-___. e X
Monosuleites_ - - - _____ e Si-smbe_ - _- RS X
Monosulcites - - - - - _- e S—132. - e X
Monosulcites . _ _ .- e Si—pld_ - e X
Monosulottes_ - .-~ S Si—plo- oo e X
Monosuleites . _ .- .- ___________________. Si-p183. oo e X
Tricolpopollenites . - - - - __ .. Cyrtd_ oo I X
Alga-dinoflagellate . - ______________________ Din-D_ . ___.___.._ e X
Alga-hystrichosphere_ .. ______________________ Hys-sim14_______ e X
Lycopodiumsporites___ - _ JE U TT-1t17 oo e
Gleicheniidites . _ .. ____- e ef. Gleich 2¢. - ________.______..__
Abietineaepollenites. . . __________________ VoL-sm4._ . _---
Alga-dinoflagellate.. - -~ ______________________ DOn-A17 e e
e TT-p28.. oo S
Cicatricosisporites_ .- .- e e An-15_______.__ JE
S SO To-splb .- ---- S
Klukisporites . - o ._. TT-rt16B_ . .-
Lycopodiumsporites_-_ . __ . ___________________._ b S Y S

cf. Stereisporites_ - ____ . ______ Ea-rl_____ - o

of. Osmundacidites .- _____________________ TO—P7Cecmoe oo e oo
Tricolpopollenites_ _ _ _ _ - e e Cs—rt34_ . oo _- e
Tricolpopollenites_ - _ _ - e e Cs-r16B.__._-._-- e
Eucommiidites. .- ____ e Cs—sm 18 oo
Tricolpopollenites_ _ _ ___ e CsT116. oo
Tricolpopollenites. - - - ___________________.__ Csrtb_ - oo - JE U
Araucartacites - - - ____ . __- Si—ri5_ - e
Decussosporites_ - - o - _ - S1—T30 . oo e
Inaperturopollenites_ - - ____ _____ . ___________. Tax-T2___.----- [
Monosuleites. - - - oo __._. Sy-sm6__ - [,
Monosulcttes . - - - - ool .- Si—T31 e
Abietineaepollenites. - ________________________. VoL-sm20. - oo .
Lycopodiumsporites.__ _______________________. TO-Tt14 - - o oo e
e O-spll______._. .
Alga-dinoflagellate .- - ________________________ Din-Cpe oo oo -
Hamulatisporis_ - - .. ___________________. TO-rugl - - oo
cf. Plicatella_ - - _____ App-12 ..
cf. Todisporites . ______ TT=sm 10 oo

__________________________________________ TO-rY . e
Eucommiidites . - - __________________________ Cay—sm 15, oo oo ____
of. Applanopsis_ . - ___. Vun-rug2_ - - oo _-__ P
Taurocusporites. . - _ - _ o _________ Tauro=6 . - - oo oo e e
Alga-?Pachysphaera - - - ______.__________ ef. O—fovl e
Aequitriradites. .. ___________________________ Fmem—Sp3 - - - oo oo
D e o o e e O-8PD oo oo
Appendicisporiles. - - .- _____________ App-11 . .
cf. Parvisaccttes __ __ _ o ______ Vzirt3 _________________________________
Araqucariacites? . - __ . ______ of. 8;-P1._ .
.......................................... TT-p29. oo

. TC—p4
cf. Deltotdospora_ - - __________________ P —sm36- e
Hamulatisporis_ . - __________ TO-rug24B.__ ...
e o o e T O-P2. e o e
Clicatricosisporites . ... _________________ An-19C . e

Cicatricosisporites . - oo An—Y e eeeeean
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TaBLE 2.—Checklist of plant and miscellaneous microfossils from the Thermopolis and lower Mowry Shales near Livingston, Mont.—Con.

Provisional palynomorph genera

Code species

Mowry Shale (measured
section 7, USGS
Paleobotany locality
D3513-)

Thermopolis Shale (measured section 4,
USGS Paleobotany locality D3512-)

A,B,C,D ' H N U A B

Cicalricosisporites - - oo ool
ATauUcariacules o - - oo oo oo
{?‘lbietineaepollenites ___________________________
CicalricoStSPOribes - o o o o oo oo iceeceao
cf. Cingulatisporites_ - - .
Alga-dinoflagellate . - - o oo _____
gf. Deltotdospora - -« oo oo

ef. Plicatella oo A
?ppendicisporites ____________________________
Alga-hystrichosphere. .
Alga-dinoflagellate - .- _._____...._
Tricolpopollenites - - - oo oo
cf. Deltordospora - - - - oo ..
Verrucostsporites _ - - o oo oo .__
Appendicisporites . - ...
Lycopodiumsporites . - - - o ________
cf. Aequitriradites- - - - - oo o_-
ef. Deltotdospora - - oo oo oL
Pilostsporites - - - oo
Abietineaepollenites. . - - ______._.__ )
#bietineaepollenices ___________________________
Trilobosporites -« - v oo ool
ef. Plicatella - - - oo ___
cf. Trilobosporites_ _ - .o ___
Acanthotriletes. - - - - o o ____
of. Bucommaidites - - - - o _____._
Monosulciles - - o o oo oo oo ..
Tricolpopollenites_ - - - .o _____.
VilreiSporites - - - - oo oo oo
Tricolpopollenttes_ _ - - . __________
Cicatricosisporites
Trilobosporites. - - - - .
cf. Deltordospora_ - - - - __.
of. BiretiSporites - o - oo o e
cf. Deltordospora_ - - - - ___
cf. Cyathidites. - - oo _.___
Operculites . o - oo oo ..
Abietineaepollenites. - - . ...

cf. Concsavisporttes ..o oo oo . TC-sm8___.__
T'rilobodporites - - o - oo ef. TC-pl____
ADPENTCICISPOTTES - - o o o e App—4__.____
Lecanlplla - - ___. O-rt11_______
Tricoaopollenites. - . - .o . Cy—rt18B._____
?Araucriacz’tes ................................ cf. S;—r10_____

f{flbietincacpollcnites ___________________________ V,L-sm8____.

Acanthotriletes. ... _________________________. TO-spld_____
Monosuleites - - - - oo S;-rt21_______

KAXAXKX AKX XXX XK

age. In the western Black Hills of Wyoming, Hancock
(1920, p. 39) similarly placed the-Mowry as a member
in the Graneros Shale, but of the Colorado Group.
Collier (1922, p. 76) separated the basal 25-50 feet of
the Mowry Member of the Graneros Shale and desig-
nated these soft, dark-shale beds and thin sandy lenses
as the Nefsy Shale Member of the Graneros. Rubey
(1931, p. 4), in discussing the lithologies of Upper

- Cretaceous formations in northeastern Wyoming and

southeastern Montana, used the name Mowry Siliceous
Shale Member of the Graneros Shale, which included
beds equivalent to the Nefsy. The Mowry Shale was con-
sidered of formation rank by Reeside (1944) in his
study of Cretaceous deposits in the western interior of
the United States, and many later geologists agreed
with this rank. For a comprehensive historical treat-
ment of the application of the name Mowry, the reader
is referred to Reeside and Cobban (1960).
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TABLE 3.—Checklist of plant and miscellaneous microfossils from the Skull Creek Shale and Mowry Shale reference section near Buffalo, Wyo.
[Identifications by R. H. Tschudy]

Skull Creek Shale (USGS Mowry Shale
: Paleobotany locality (USGS Paleobotany locality D3843-)?
Provisional palynomorph genera Code specles D3842-)t
A B (o] A B (o] D E F
Modern contaminants_.___.____________ Compositae and pine X X aao- K e dccacae
contaminants.

Alga-dinoflagellate_ _ .. ________________ Din-C2________________ X X e D, G
Alga-dinoflagellate . ___________________ Din-A17_______________ X X e mieeeel
Alga-hystrichosphere___________________ Hystrichospheres________ X X e dmceo X D G,
Alga-Pterospermopsis_ - ..o ______ Pterospermopsis_ .- _____. X X e X X X X
Acanthotriletes . - - _ - _____________ TT-spl2________.___ X e
Monosuleites_ - - - - _____________.___ Si—pl4. . ) G X e
Abletineaepollenites. .- - ___________ VoS—-sm9__ .. __. X e
Araucariacites . . __ . ______________.____ Si—rl18. .. h G X .- D G
Gleicheniidites . _____________________.__. Gleich-2__ ____________. X X . X X X -
Inaperturopollenites_ - _ . __ ______________ Tax—sp- . ________ K e
cf. Applanopsis________________________ Vun-rug2_______________ X e
Abietineaepollenites_____________________ VyS-sm29_______________ X e
Monosulcites_ _ _ - _______________.____ Si—r32. .. X eelooos X e el
Monosulcttes.. - - - .. Si-sm5C_ _ _ . ______ X e e X
cf. Concavisporites_ .- _______. TC-sm8_ . __. X X e .
Tricolpopollenites . - - ________________ Ca—rt6_ ool X e X e
Abietineaepollenites_ . ______ U, VoL-sm20__ __________________ X X e X - X X
Momnosulcites - - - _ - _____ Si—r3l . e X e
Monosulcites - - . ___ Si-ploo .. X e
Araucariacites . - . __ . ________._ Sy-sm16__ . __ X K oot X e
Vitreisporttes . _ - .. Vol-sm2__ o __ K e X X X -
Tricolpopollenites - _ . __________ Cy-r16. .. X - K e
Monosulcttes - - . - ... Sy-rt (new) - - . X ... e
Alga?-Schizocystta - - - - __________ Schizocystia- - - - . X X X K e
Inaperturopollenites_ _ - _________________ Tax-sml_______ . ______ X e ceiceeen
Monosulcites . - - oo Sy—sm11._________ o ___ X e
Araucariaciles _ _ .- ___________ Sy—r10. - X e eman
Ovodites .- ____ Ovotdites_ .- . _____ X e
Monosuleites.. . . - o Si-sm6C _ _ _ . X - D,
Alga-Tetraporing_ .. ._.____ Tetraporing - - - - oo K e
Schizosporus_ - __.__ Schizosporis_ - .- o _____ X e
Monosulecites .- - - ___ . __ STt e X e
Alga?-Lecantella - - - O-rtll e D S X eea-
e O-8pl Lo X D SO
Inaperturopollenites . _________________ T aX—T2 . e X b G
Rugubivesiculites . .- _________________ Vo S—rugd. e X oo X L.
Classopollis_ . - __ Classo-1 - o e X X X -
cf. Todisporites_ - - ____ TT-sm10. e D S
Eucommaidites. - - - _________.___.__ Ca-sm 8 - X oeao- X X
Lycopodiumsporites. . _______________.__ TO-Tt14 e X oemeeee X olooo

____________________________________ Vun-rugdB._ o X ..
Alga-dinoflagellate_ . __________________ Din-DA4_ . e D G
Inaperturopollenttes_ _ - _________________ T aX—T6 . - o - o e X D
Tricolpopollenites. . . - __________.________ Gt e X X eeao-
of. Eucommiidites . - - ________ Ca—sml4 - Do S
cf. Cyathidites . _ - - __________________ TC-sm10. _ - e X ) G
Tricolpopollenites. - - - __ . __________ Ca—Tt14 oo X ) G
Cicatricosisporites_ - _____ e An—18 e D G
cf. Cingulatisporites. . . _____________. Pdens—sm8 - - o . e X aeoa-
Tricolpopollenites. . - . ___.____ Ca—T10 - o e K e
Abietineaepollenites_ - . __ . __________ VaL—SM8 e X X
cf. Deltoidospora_ - . __________ T ST - - e e X oo
Araqucariacites? - - _ o . _____ S1=P ] - oo e X oo
Hamulatisporis_ . - _______ T O-TuUgl - - e X eeoaa-

.................................... O-8p10. _ - oo X oLl
cf. Concavisstmisporites _ . __ .. ____ T T-r3 B e X -
Cicatricostspoygtes . - ______._____ - An-16C . e X eeoo-
Tricolpopollenstes_ . - - __________________ Ca—rt (MeW) o e D G
Lycopodiumsporites.__ .. ________________ T O-Tb] . o e h G
Eucommaidites. . - - . _____ Ca=SM e = D S,
Alga-dinoflagellate. .. _____ . _________ Dino (MewW) - oo o e X X

1 For measured section refer to Mapel (1959, p. 39) and measured section 6 of the present report; A, 42 ft above base of Skull Creek Shale; B, 58 It above base of Skull Creek

Shale; and C, 144 {t above base of Skull Creck Shale.
2 For measured section refer to Mapel (1959, p. 42); A, 5 ft above base of Mowry Shale; B, 35 {t above base of Mowry Shale; C, 172 {t above base of Mowry Shale; D, 332 ft
base of Mowry Shale; E, 476 ft above base of Mowry Shale; and F, 510 ft above base of Mowry Shale.

N
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Mapel (1959, p. 42) measured and described the
Mowry Shale 114 miles south of Darton’s undescribed
section, and Mapel’s section is herein designated the
typical section for the Mowry. Mapel included 202 feet of
grayish-black shale and interbedded bentonite as the
basal “black shale member” that was earlier part of the
Thermopolis Shale (refer to discussion under general
features of the Thermopolis Shale in this report).

The Mowry Shale is characteristically siliceous, and,
according to Rubey (1929), the silica owes its origin to
the alteration of volcanic ash. Reeside (1957, p. 517)
indicated that the thin and regular bedding of the
Mowry Shale suggests deposition in quiet and perhaps
deep water. Rubey (1929, p. 156, 168) suggested
extremely slow deposition on the basis of the large
amount of organic material and the widespread abun-
dance of fish scales and other chemically resistant parts
of fish, in contrast with the relative scarcity of shells
and bones.

The Mowry Shale in the Livingston area conform-
ably overlies the upper sandstone member of the
Thermopolis Shale, and it ranges in thickness from 430
to 500 feet. Near Buffalo, Wyo., the Mowry typical sec-
tion is 527 feet thick (Mapel, 1959, p. 42). Near Ther-
mopolis, Wyo., the Mowry is 560 feet thick (Xeefer and
Troyer, 1964, p. 18). At the north end of the Pryor
Mountains, Mont., the Mowry is 495 feet thick. Near
Great Falls, Mont., the stratigraphic equivalent of the
Mowry is 330 feet thick (Cobban and others, 1959,
p. 2793).

LITHOLOGIC COMPOSITION

The Mowry Shale in the Livingston area consists of
thin-bedded to massive, silty, micaceous, dark-gray to
dark-brown shale and mudstone that contain scattered
interbeds of sandstone, siltstone, claystone, and benton-

ite. The shale is tuffaceous and readily weathers to’

clay. The sandstones are very fine to coarse grained,

are poorly sorted, contain much silt in the matrix, and

are generally calcareous or siliceous.

Two measured sections (7, 8) of the Mowry Shale are
about 15 miles apart and are remarkably different. The
entire sequence at Rocky Creek Canyon is dominantly
tuffaceous; it contains very carbonaceous beds, which
bear large plant fragments and thin streaks of coal that
suggest deposition in quiet brackish water. On the north
flank of Canyon Mountain, the formation is dominantly
massive-bedded mudstone and silty shale that is mica-
ceous, pyritic, and generally glauconitic; these rocks
suggest shallow restricted marine deposition. The sec-
tion at Rocky Creek Canyon is 25 percent sand, whereas
the section at Canyon Mountain is only 5 percent sand.

In the Livingston area, the Mowry Shale can gener-
ally be distinguished from the Thermopolis Shale on
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the basis of lithology, weathering characteristics, and
color. The Thermopolis is dominantly fissile, and the
Mowry is dominantly nonfissile. Also, the Thermopolis
Shale is dark gray, weathers to light gray, and is not
very tuffaceous; whereas, the Mowry Shale is brownish
gray, weathers to yellowish gray, and is very tuffaceous.
Porcelanitic sandstones are present in the upper 200 feet
of the Mowry.
AGE AND CORRELATION

Before 1951, most workers considered the Mowry
Shale to be Late Cretaceous in age. Cobban and Reeside
(1951) first assigned the Mowry Shale of the western
flanks of the Black Hills and Mowry equivalents in
Colorado, Montana, and Wyoming to the Early Creta-
ceous. On the basis of ammonites, they indicated that
the age of the Mowry was late Albian (as shown in
fig. 2).

Nine samples from measured sections 6 and 9 (the
Skull Creek Shale and the Mowry Shale typical section
near Buffalo, Wyo.) were collected to obtain pollen
floras for comparison with floras from the Thermopolis
and Mowry Shales near Livingston, Mont. The Wyo-
ming samples (table 3), with exception of those from
USGS Paleobotany localities D3842-A, D3842-B, and
D3843-E, contained corroded assemblages that had few
pollen or spores but many marine forms such as hystri-
chospheres, dinoflagellates, or Pterospermopsis; all the
samples lacked the large spores so characteristic of sam-
ples of the Thermopolis and Mowry near Livingston
(table 2). These facts suggest that the shales at Buffalo,
Wyo., were deposited farther from shore under more
open water marine conditions than were the equivalent
shales at Livingston, Mont.

According to R. H. Tschudy (written commun.,
1967), the absence of the larger spores in the Wyoming
samples makes direct correlation very difficult. However,
when considered as a whole, the fossil assemblages
shown on table 8 demonstrate several trends that may
be useful. The samples have been plotted in strati-
graphic sequence, and changes in fossil content are
evident. The most prominent changes are seen if one
compares the samples that yielded the best assemblages.
The possible correlation of samples from USGS Paleo-
botany localities D3842-A (42 feet above the base of the
Skull Creek Shale) and D3842-B (58 feet above the
base) with the sample from USGS Paleobotany locality
D3512-H (167 feet above the base of the Livingston
Thermopolis Shale reference section) has already been
discussed. The number of monosulcate pollen species
found decreases with decreasing age in this part of the
section. The Mowry Shale samples from Wyoming,
particularly those from locality D3843-E, contained a
few species found only in the Mowry Shale—namely,
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Vun-rug3B, V,L-sm8, O-sp10, O-rt11, TT-sm?7, and
C;-—rt14. This assemblage correlates with those (table 2)
from the Livingston Mowry section.

UPPER CRETACEOUS SERIES

The Upper Cretaceous Series in the Livingston area
consists of the Frontier Formation, Cody Shale, Tele-
graph Creek Formation, Eagle Sandstone, Cokedale
Formation, Miner Creek Formation, Billman Creek
Formation, Hoppers Formation, and the basal part of
the Fort Union Formation. These strata are 10,830 feet
thick and are characterized by dark-gray shale inter-
bedded with quartzose siltstone and sandstone. Con-
glomerates derived from Precambrian metamorphic,
Paleozoic and Mesozoic sedimentary, and Cretaceous
volcanic rocks occur, in addition, in the upper part.

FRONTIER FORMATION

The Mowry Shale (Lower Cretaceous) is overlain
with apparent conformity by a sequence of conglomer-
ate, sandstone, siltstone, and shale that contains thin
interbeds of carbonaceous shale and coal. These strata
are assigned to the Frontier Formation of Late Creta-
ceous age. The boundary between the Mowry Shale and
Frontier Formation in the Livingston area is the base
of the lowest well-defined sandstone of the Boulder
River Sandstone Member of the Frontier (Roberts,
1965). The top of the Frontier Formation is placed at
the top of the uppermost thick sandstone unit. In this
area, the Frontier Formation is conformably overlain
by the Cody Shale. :

Knight (1902, p. 721) named and described the Fron-
tier Formation from exposures near Kemmerer in south-
western Wyoming. Subsequent workers have assigned
the name Frontier to equivalent or partly equivalent
beds in Wyoming and adjacent States. For a compre-
hensive review of the nomenclatural history of the
Frontier before 1952, the reader is referred to Cobban
and Reeside (1952a). They include a detailed section
of the type Frontier in Cumberland Gap near Kem-
merer and make lithologic and faunal comparisons of
the type section with Frontier sections in nearby areas
of Colorado, Montana, Utah, and Wyoming.

Hintze (1915) proposed the names Peay Sandstone
and Torchlight Sandstone for prominent sandstone
units in the Colorado Formation in a part of the Big-
horn Basin of northern Wyoming. Lupton (1916) as-
signed the sequence in the Bighorn Basin that includes
these two sandstone units and the intervening shale to
the Frontier Formation and retained Hintze’s Peay and
Torchlight Sandstones as members. Knappen and Moul-
ton (1931, p. 32-33) applied the formation and member
names that were established by Lupton to correlative

rocks in the Bridger area of southern Montana. Cobban
and Reeside (1952a) extended the use of the name Fron-
tier westward to Columbus, Mont.; Garbarini (1957)
continued the correlation westward to McLeod, Mont.;
and Roberts (1965) extended the use of the name far-
ther west into the area near Livingston, Mont.

East of the Livingston area, Richards (1957, p. 415)
named a prominent 100-foot-thick sandstone unit ex-
posed along the west side of the Boulder River valley
near McLeod, Mont., the Boulder River Sandstone
Member of the Colorado Shale. This unit represents the
basal part of the Frontier Formation of McLeod, Mont.,
and adjacent areas and was redesignated as the basal
member of the Frontier Formation by Roberts (1965,
p. B58). ’

Thickness of the Frontier Formation in southwestern
Montana seems uniform on the basis of a few control
points. At Livingston the thickness is 415 feet; to the
south at Gardiner, Mont., the thickness is 416 feet
(Brown, 1957, p. 89) ; and to the east at Bridger, Mont.,
the thickness is 418 feet (Knappen and Moulton, 1931,
p- 33).

LITHOLOGIC COMPOSITION

The Frontier Formation near Livingston is divided
into two general lithologic units—a basal series of well-
indurated sandstone in the Boulder River Sandstone
Member, and less well-indurated sequence of shale, silt-
stone, and sandstone in the overlying part of the forma-
tion. The basal sandstone forms ridges along the flanks
of the major anticlines south of Livingston, opposite the
north end of the Gallatin Range. The overlying sequence
is not generally exposed, except in the beds of a few
consequent intermittent streams.

The lithology and other physical characteristics of
the Frontier Formation are presented in measured sec-
tion 10. The Boulder River Sandstone Member is a se-
quence of light- to dark-gray to grayish-green, poorly
sorted, very fine grained to conglomeratic sandstone
that contains fairly abundant heavy minerals, lithic
chert, glauconite, and rounded gray or brown chert peb-
bles. The sandstone is commonly cemented by a cal-
careous matrix of silt or clay. The beds are thin to mas-
sive and locally crossbedded (fig. 9). Thickness of the
Boulder River Sandstone Member is uniform in the
Livingston area and ranges from 115 to 120 feet.

The upper part of the Frontier Formation in the Liv-
ingston area consists of 300 feet of sandstone and shale
or siltstone in alternating beds. The sandstone is gen-
erally calcite cemented and forms low ridges. The silt-
stone and shale are commonly carbonaceous and locally
contain very thin beds of coal. Sandstone beds are thin
to massive, and the sandstone is gray to greenish gray,
glauconitic, and fairly well sorted to poorly sorted. The

v
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F16URE 9.—Prominent 10-foot-thick sandstone unit 32 feet above
the base of the Boulder River Sandstone Member of the Fron-
tier Formation, exposed in the SE1 sec. 27,T. 2 8., R. 9 E. Unit
contains abundant chert pebbles typical of the Frontier
Formation.

sand grains are mostly quartz, andesine-feldspar, and
chert. Heavy minerals include magnetite, zircon, biotite,
muscovite, hornblende, anatase, epidote, sphene, silli-
manite, staurolite, tourmaline, corundum, garnet, and
topaz. Grain-size distribution in the sandstones is domi-
mantly 0.25 mm t0<0.062 mm as shown on table 1 and is
similar to sandstones in the Virgelle Sandstone Member
of the Eagle Sandstone.

A conglomerate bed 300 feet above the base of the
Frontier, mapped as “C” bed southwest of Livingston by
Roberts (1964b; 1964e; 1964f), is a persistent lag de-
posit that consists of pebbly sandstone in local shallow
channels. The unit is thickest and most conglomeratic
in the Chimney Rock quadrangle on the north flank of
Antelope Butte (Roberts, 1964b). The conglomerate
generally contains well-rounded chert pebbles less than
2 inches in diameter in a sand matrix. Garbarini (1957,
p- 98) noted a similar chert-pebble conglomerate 300 feet
above the base of the Frontier at McLeod, Mont., and
L. W. McGrew (oral commun., 1968) found a similar
chert-pebble conglomerate in the Frontier near Ring-
ling, Mont. Sandstone units at the top of the Frontier
Formation in the northwestern part of the Wind River
Basin, Wyo., contain numerous black and brown chert
pebbles (Keefer, 1957, p. 184).

Many fine-grained sandstone units in the Frontier
contain silt and (or) clay that has been extensively re-
worked by bottom-dwelling organisms. Casts of Ophio-
morpha (Halymenites) in sandstone beds of the Boulder
River Sandstone Member are common (fig. 10). Ripple-
marked surfaces and crossbedding are also conspicuous
in beds of the Boulder River Sandstone Member.

Porcelanite beds, commonly present in the Frontier
Formation in other parts of Montana and Wyoming,
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are absent near Livingston, although a 45-foot-thick
sandstone unit at the top of the Boulder River Sand-
stone Member has some resemblance to porcelanite
(measured section 10, unit 6). The rock is mottled dark
gray and medium light gray; it is very fine grained,
feldspathic, and micaceous and contains some heavy
minerals. Mottling, resembling porcelanite texture, is
due to crystallization clusters of analcime in the cement-
ing material. Weathered surfaces have a knobby con-
glomeratic appearance caused by the erosion of less
resistant material between the clusters of analcime (fig.
10). This distinctive surface texture makes this unit an
excellent marker bed. It was mapped as the “A” bed by
Roberts (1964b, d—£, h).

Bentonites are common in the Frontier Formation
in parts of south-central Montana and northwestern
Wyoming ; however, none were observed in the Frontier
near Livingston. This is probably because the strand
line was near Livingston during Frontier time, and the
volcanic ash that elsewhere formed bentonite was

Freure 10.—Boulder River Sandstone Member of the Frontier
Formation in the SE14 sec. 27, T. 2 8., R. 9 E. Upper: Casts
of Ophiomorpha and other burrows on a bedding surface near
the base of the member. Lower: Analcime-bearing sandstone
in the upper part of the member; conglomeratic appearance
caused by weathering of less resistant material between elus-
ters of analcime in the cement.
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dispersed in the high-energy near-shore or beach envi-
ronment. Many of the sandstone units, however, con-
tain zeolite minerals as a part of the cementing matrix.
Bradley (1930, p. 4-6 and Slaughter and Earley (1965,
p. 70) identified the zeolite minerals in the Frontier-
Mowry sequence in parts of Wyoming as alteration
products of volcanic ash.

Sediments of the Frontier Formation in the Living-
ston area were deposited in shallow, brackish water in
an oscillating but generally regressing Late Cretaceous
sea. Alternating fine- and coarse-grained units, lenticu-
larity of beds, rapid lithofacies changes, a high car-
bonaceous content including very thin coal beds, and the
spore and pollen floras suggest this interpretation. The
sudden deposition in much of Montana and western
Wyoming of coarse sand and pebbles of the Frontier
over the shale of the Mowry suggests an onset of re-

gional uplift, at that time, in the source area for the

Cretaceous rocks. The gradual increase in grain size to
the west indicates an uplift that may have been cen-
tered in western Montana and (or) Idaho. In a com-
prehensive regional study of bentonites in the Mowry
Shale and Frontier Formation, Slaughter and Earley
(1965, p. 91) - suggested that the airborne ash, which
now forms the bentonites, came ‘rom multiple scattered
sources in the vicinity of, or just east of, the present
Idaho batholith, and that the bentonites may be the
product of volcanism accompanying emplacement of
the batholith.

Many writers, including Cobban and Reeside
(1952a), Knechtel and Patterson (1956, p. 18; 1962,
p- 914), Hose (1955, p. 59), Van Houten (1962, p. 225),
and Slaughter and Earley (1965), have described ben-
tonite beds in the Frontier Formation in different parts
of Montana and Wyoming; near Harlowton and Mec-
Leod, however, bentonite beds are absent, and the ben-
tonite may have been altered to siliceous beds, or the
volcanic ash may have been destroyed in the high-energy
shallow-water depositional environment.
~ Richards (1957, p. 416) noted that intercalated dark-
gray shales in a 290-foot-thick interbedded shale and
sandstone unit above the Boulder River Sandstone
Member at McLeod are similar to the dark-gray shales
of the Mowry. In the Livingston area, however, the
shale above the Boulder River Sandstone differs in sev-
eral ways from shale in the Mowry. The Mowry Shale
is generally. massively bedded, dark grayish brown,
micaceous, pyritic, and interbedded with thin to medium
beds of well-sorted glauconitic sandstone. Several of the
shale units contain reddish-brown specks of hematite in
their upper part. The shale units in the Frontier Forma-
tion are generally thin bedded, dark gray to black,
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silty, very carbonaceous with streaks of coal and are
interbedded with thin- to massive-bedded, commonly
crossbedded, fine-grained to conglomeratic sandstone.
Approximately 10 percent of the Frontier Formation
at Livingston contains chert pebbles, and according to
Hares (1916, p. 246), Knappen and Moulton (1931,
p- 33), Thom, Hall, Wegemann, and Moulton (1935, p.
49), Cobban and Reeside (1952a, p. 1960), Hose (1955,
p. 54), Richards (1955, p. 49; 1957, p. 416), Van Houten
(1962, p. 225), and many others, chert pebbles are
typical of the Frontier Formation.

AGE AND CORRELATION

The lower half of the type Frontier Formation in
southwestern Wyoming has not been precisely dated,
but it is probably Cenomanian according to Cobban
and Reeside (1952a, p. 1913). They dated the top of
the formation at its type area as early Niobrara (Conia-
cian) age. In their regional study of the Frontier, Cob-
ban and Reeside (1952a, p. 1958-1959) demonstrated
that the upper part of the formation is progressively
older from west to east across Wyoming. The upper
beds range in age from early Niobrara at the type
locality in southwestern Wyoming to late Carlile and
Greenhorn ages in central Wyoming.

The Frontier Formation in the Livingston area con-
tains a few poorly preserved specimens of /noceramus
sp. and many casts of Ophiomorpha and other animal
burrowings preserved as sand-filled tubes of a size simi-
lar to those of Ophiomorpha, but parallel to the bedding
surfaces (fig. 10). In a roadcut along U.S. Highway 10
just south of Livingston, Mont. in the SW1; sec. 19,
T. 2 S, R. 10 E. (USGS Paleobotany loc. D-1785) a
sample collected from the Frontier Formation yielded
corroded palynomorphs unidentifiable as to species. The
fauna, identified by R. H. Tschudy (written commun.,
1962) included the following:

Tricolpate pollen Trilete fern spores

Triporate pollen Clicatricogisporites
Monosulcate pollen Monolete fern spores
Taxodiaceous pollen Hystrichospheres
Classopollis Dinoflagellates
Eucommiidites? Pterospermopsis

Bisaccate pollen

The presence of the triporate pollen supports the
assignment, of these rocks to the post-Albian Cretaceous.
The marine organisms—hystrichospheres and dinoflag-
ellates—are evidence for marine, or at least brackish-
water, deposition. Specimens of Ophiomorpha
(Hoalymenites) (Hintzschel, 1962, p. W251) in Creta-
ceous sandstones have been interpreted (Brown, 1939,
p- 254) as being the burrows of a decapod crustacean
that lived in littoral or shallow neritic sandy environ-
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ments similar to those inhabited by the modern crusta-
cean Callianassa major Say (Weimer and Hoyt, 1964).

Bowen (1918, p. 196-197) named- a sandstone unit
exposed in the northern part of the Crazy Mountains
basin the Big Elk Sandstone Member of the Colorado
Shale. According to Bowen, the Big Elk Sandstone is
248 feet thick and in the approximate stratigraphic
position of the Frontier Formation. Near the type sec-
tion in the Big Elk dome, southwest of Harlowton,
Mont. (pl. 3), Reeside and Cobban (1960, p. 37) col-
lected Neogastroplites maclearni (index fossil for upper
faunal zone of the Albian Stage) from the Mowry Shale
30 feet beneath the Big Elk Sandstone Member. Their
fossil identification supports Bowen’s tentative correla-
tion of the Big Elk Sandstone with the Frontier; how-
ever, most succeeding workers have overlooked Bowen’s
correlation. '

East of the Livingston area, near McLeod, Mont.,
siliceous shale occurs above the Boulder River Sand-
stone Member ; this relation led Richards (1957, p. 415)
to suggest that the Boulder River Sandstone may be
partly late Albian in age, the same as the upper part
of the Mowry. Cobban and Reeside (1952a, p. 1961)
use similar reasoning for suggesting that the Big Elk
Sandstone may be of Albian age.

It is the opinion of this writer that the Boulder River
Sandstone and overlying sandy sequence at McLeod
(Richards, 1957, p. 416) is correlative with the Big
Elk Sandstone and that both are lithogenetic equiva-
lents of the Frontier Formation as recognized in adja-
cent areas (fig. 2). The Frontier Formation is older
in the Livingston-Shawmut area than it is farther east
because of the gradual withdrawal of the sea to the
east.

Sandstone in the upper part of the Frontier Forma-
tion at Livingston grades eastward in southern Mon-
tana to shale. Young (1951, p. 36-37) proposed to rede-
fing the Frontier south of Hardin, Mont., to include the
shale; however, in that area the shale facies was as-
signed by Thom, Hall, Wegemann, and Moulton (1935,
p- 49) to the Carlile Shale and by Richards (1955, p.
49) to the lower member of the Cody Shale.

West of Hardin, near Bridger, Mont., the Peay Sand-
stone Member of the Frontier Formation of Knappen
and Moulton (1931, p. 32-33) is probably correlative
with part of the Boulder River Sandstone Member.
The Torchlight Sandstone Member of the Frontier of
Knappen and Moulton (1931, p. 32-33) is probably
correlative with the upper part of the Frontier Forma-
tion at Livingston. These correlations are based on uni-
formity of lithology and thickness of the Frontier and
on the presence in both areas of the underlying Mowry
Shale and the overlying Cody Shale.
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} CODY SHALE

In the Livingston area the Cody Shale is a nonre-
sistant sequence between the Frontier and Telegraph
Creek Formations. The Cody forms grassy slopes and
valleys along the flanks of the major folds in the area.
Exposures are generally weathered and discontinuous.

The Cody Shale was named by Lupton (1916, p. 171)
for 3,360 feet of shale and sandy shale between the
Frontier and Mesaverde Formations near Basin, Wyo.
Lupton (1916, p. 171) also referred to the Cody as
being similar to a lithologic sequence, 2,150 feet thick,
that Hewett (1914, p. 98) briefly described along the
Shoshone River at Cody, Wyo. Fox (1939, p. 5) later
redescribed Hewett’s section along the Shoshone River
2 miles east of Cody and urged that it be accepted as the.
standard section of the Cody Shale because of its loca-
tion at the town for which it was named and because
of its completeness of exposure and its completeness of
microfauna, including arenaceous forms of a western
sandy facies and calcareous forms of an eastern shaley
facies. Fox’s (1939, p. 18-22) section is now generally
accepted as the standard section by most stratigraphers.

Iddings and Weed (1894) mapped a unit, the Mon-
tana Formation, in the Livingston area, which probably
includes the Cody Shale and Telegraph Creek Forma-
tion of this report. They correlated their Montana For-
mation with the Fox Hills Sandstone and the Pierre
Shale (Iddings and Weed, 1894, p. 2).

The Cody Shale, which conformably overlies the
Frontier Formation in the Livingston area, represents a
transgressive return to deeper water marine conditions,
with the shoreline to the west. The Cody in this area is
subdivided into a lower shale member, a middle sand-
stone member named the Eldridge Creek Member, and
an upper shale member (Roberts, 1965, p. B59). The
Cody ‘Shale ranges in thickness from 1,285 to 1,375 feet.
The Eldridge Creek Member, named by Roberts
(1964¢) is a tongue of shallow-water marine sandstone
in the middle part of the Cody Shale; it represents a
temporary regression of the Cretaceous sea during mid-
dle Niobrara time. The type section of the Eldridge
Creek is located near the abandoned townsite of Coke-
dale along Eldridge Creek in the NE1 sec. 27, T. 2 S,,
R. 8 E. Eldridge Creek was named for George H. Eld-
ridge, the outstanding pioneer geologist who first

‘studied the coal deposits of this area.

LITHOLOGIC COMPOSITION

In'the Livingston area, the Cody Shale consists chiefly
of nonresistant, dark-brownish-gray, partly silty and
sandy, marine shale and contains thin interbeds of ben-
tonite and sandstone (refer to measured section 11).
Shale constitutes most of the lower part; sandstone, the
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middle part; and shale, siltstone, and sandstone, the
upper part.

The lower member, which overlies the Frontier For-
mation with apparent conformity, is 400 to 590 feet
thick and is dark-gray to dark-brown marine shale inter-
bedded with siltstone throughout.

The Eldridge Creek Member is a persistent unit of
thin-bedded greenish-gray fine-grained sandstone (fig.
11). This member is very glauconitic and widespread
in southwestern Montana, and for these reasons it is an
excellent marker bed. In the Livingston area the El-
dridge Creek Member ranges in thickness from 90 to 120
feet.

Conformably overlying the Eldridge Creek Member
is the upper shale member, which consists of 500 to 845
feet of dark-gray to brown marine shale and siltstone
interbedded with very fine grained sandstone. The pro-
portion of sandstone gradually increases toward the
top of the member, and the member appears to be con-
formably and gradationally overlain by siltstone and
sandstone of the Telegraph Creek Formation.

The Cody Shale is commonly pyritic and glauconitic,
and in the lower shale member there is a persistent zone
of calcareous shale (fig. 2). The sandstone is generally
greenish gray, thin bedded, silty, glauconitic, and very
fine grained (table 1). It is composed mostly of sub-
rounded grains of quartz and contains lesser amounts
of glauconite, mica (generally biotite), lithic chert, and
a heavy-mineral suite that is dominantly magnetite.

Thickness of the Cody Shale or its stratigraphic
equivalents is generally uniform in much of western
Montana and northwestern Wyoming. It is 1,285 feet
thick at Livingston ; 1,272 feet thick at Mount Everts in
Yellowstone Park (Fox, 1939, p. 25) ; 1,320 feet thick
just west of the Pryor Mountains at Wade, Mont. (Fox,
1939, p. 29) ; and 900-1,200 feet thick in the Great Falls,
Mont., area (Cobban and others, 1959, p. 2793). The

Fieure 11.—Thin-bedded glauconitic very fine grained sandstone
of the Eldridge Creek Member of the Cody Shale in the SE%
sec. 27, T.2S,R.9 E.
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Cody thickens markedly to the southeast into the Big-
horn Basin, where it is 2,120 feet thick at Cody (Fox,
1939, p. 19) and 3,360 feet thick at Basin, Wyo. (Lup-
ton, 1916, p. 171). Similarly, the Cody increases in thick-
ness from 3,600 feet in the northwestern part of the
Wind River Basin to more than 5,000 feet in the south-
eastern part (Keefer and Rich, 1957, p. 72).

AGE AND CORRELATION

The lower shale member of the Cody Shale is cor-
relative with the Greenhorn Formation, Carlile Shale,
and the lower part of the Niobrara Formation of north-
eastern Wyoming (fig. 2). A persistent limy shale unit
or calcareous zone in the lower part of the lower shale
member is correlative with the Greenhorn Calcareous
Member of the Cody Shale of south-central Montana
and the Cone Calcareous Member of the Marias River
Shale of northwestern Montana.

A marine fauna was first collected from the Eldridge
Creek Member of the Cody Shale near Livingston by
W. M. Davis and identified by R. P. Whitfield (in Eld-
ridge, 1886, p. T47). Whitfield classed the fauna as
characteristic of the Fort Benton and Niobrara faunal
divisions of the Colorado Group.

The Eldridge Creek Member in the Livingston area
contains the following fauna identified by W. A. Cob-
ban (written commun., 1955) :

USGS Mesozoic locality no. D581 (in the SE14 see. 27, T. 2 8.,
R.9E.):
Pelecypods :
Pinna Sp.
Inoceramus cf. I. involutus Sowerby
cf. I. stantoni Sokolow
Ostrea congesta Conrad
Gryphaea Sp.
Ezxogyra sp.
Anomia subquadrata Stanton
Gastropods:
Gyrodes depressa Meek
Turritella sp.
Actaeon propinquus Stanton
Cephalopods :
Baculites asper Morton
Scaphites sp.
Actinocamaa n. sp.
USGS Mesozoic locality D1779 (in sec. 14, T.3 8., R. 7T E.) :
Pelecypods :
Inoceramus cf. I. involutus Sowerby
cf. 1. stantoni Sokolow
Pteria sp.
Ostrea congesta Conrad
Anomia subquadrate Stanton
Pholadomya papyracea Meek and Hayden
Crassatella sp.
Legumen Sp.
Panope Sp.
Gastropod :
Gyrodes depressa Meek
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USGS Mesozoic locality D2692 (in sec. 26, T.3 S, R. TE.) :
Pelecypods :
Pinng sp.
Inoceramus cf. I. involutus Sowerby
Pteria cf. P. linguaeformis (Evans and Shumard)
Ostrea congesta Conrad
Ezogyra sp.
Anomie subquadrate Stanton
Crassatella andrewsi Henderson
Gastropods:
GQyrodes conradi Meek
Turritella sp.
Cephalopods :
Baculites asper Morton
Scaphites cf. 8. depressus Reeside
cf. S. binneyi Reeside

According to W. A. Cobban (written commun., 1955)
the fauna is similar to that from the lower part of the
Smoky Hill Chalk Member of the Niobrara Formation.
The diagnostic short-ranging ammonite, Scaphites de-
pressus, places the Eldridge Creek Member in a limited
part of the upper Coniacian (fig. 2). Cobban further
commented that the fragmentary condition of the fos-
sils and presence of abundant oysters suggested a shal-
low-water near-shore marine environment of normal
salinity.

W. A. Cobban (written commun., 1957) identified the
following fauna collected by G. S. Garbarini from the
Eldridge Creek Member near McLeod, Mont., east of
Livingston.

USGS Mesozoic locality D1282 (in sec. 8, T. 3 S,R.13E.):
Pelecypods:
Nucule cf. N. coloradoensis Stanton
Inoceramus involutus Sowerby
Pteria cf. P. linguaeformis (Evans and Shumard)
Egogyra sp. i
Pholadomya papyracea Meek and Hayden
Orassatella cf. C. wyomingensis Sidwell
Gastropods :
Gyrodes sp.
Tessarolaz hitzii White
Anisomyon Sp.
Cephalopods :
Butrephoceras sp.
Baculites asper Morton
codyensis Reeside
Scaphites tetonensis Cobban
Actinocamasz sp.

W. A. Cobban (in Richards, 1957, p. 417) collected
and identified the following ammonite of late Niobrara
(Santonian) age from the upper shale member of the
Cody Shale, approximately 120 feet below the Telegraph
Creek Formation-Cody Shale contact, near Livingston.

USGS Mesozoic locality 23026 (in sec. 18, T.2 S, R. 10 E.) :
Cephalopod :
Qlioscaphites choteauensis Cobban

W. A. Cobban (written commun., 1957) identified the
following late Niobrara (Santonian) fauna collected
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by Garbarini (1957, p. 101) from the upper shale mem-
ber of the Cody Shale, east of Livingston near McLeod,.
Mont.:
USGS Mesozoic locality D1283 (in sec. 6, T.8 S, R. 183 E.) : -
Brachiopod :
Lingula subspatulata Hall and Meek
Pelecypods:
Inoceramus sp.
Ostrea sp.
Pholadomya papyracea Meek and Hayden
Cephalopods :
Baculites codyensis Reeside
Clioscaphites vermiformis (Mee): and Hayden)
Fish scales:
Ichthyodectes sp.
Echidnocephalus? sp.

TELEGRAPH CREEK FORMATION

The Telegraph Creek Formation is a shallow-water
marine siltstone unit transitional between the underly-
ing Cody Shale and the overlying Virgelle Sandstone
Member of the Eagle Sandstone. _

The Telegraph Creek Formation was named by Thom
(1922, p. 38) for a marine sequence of sandy shale and
calcareous sandstone at the head of Telegraph Creek
southeast of Billings, Mont. Concretionary sandstone
near the middle of the same sequence in the Bighorn
Basin, Wyo., was earlier named the Elk Basin Sand-
stone Member of the Eagle Sandstone by Hares (1917,
p- 429), but later (in Bowen, 1918) he assigned the Elk
Basin Sandstone Member to the Telegraph Creek -
Formation.

Knappen and Moulton (1931, p. 35) extended the
name of Telegraph Creek to strata west of Billings,
near Park City, Mont.; however, according to W. A.
Cobban (oral commun., 1968) they used the Elk Basin
Sandstone as the base of their formation, and they
placed the lower half of the Telegraph Creek of Hares
(in Bowen, 1918) in their Niobrara Shale. Richards
(1955, p. 57) used the name Telegraph Creek in the
type area as a member of the Cody Shale. In the area
southeast of Livingston, Richards (1957, p. 417) in-
cluded equivalent strata in the Colorado Shale.

South of Livingston, Wilson (1934) designated 318
feet of Upper Cretaceous rocks at Gardiner, Mont., as
the Telegraph Creek Formation. Near Livingston,
Skeels (1939, p. 817) assigned 350 feet of sandy shale
and sandstone to the Telegraph Creek(?) Formation.
At McLeod, Mont., Garbarini (1957, p. 102) measured
370 feet of Telegraph Creek Formation, including a
lower resistant unit 94 feet thick and an upper non-
resistant unit 276 feet thick.

Weed (1893, p. 16, 18) referred to the upper 150 feet
of the Telegraph Creek Formation at Cokedale, Mont.,
as the Tombstone Sandstone. At this locality, individual
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thin platy well-indurated sandstone beds dip 45° into
the grassy slopes and weather into forms that resemble
rows of tombstones in a cemetery.

The Telegraph Creek Formation consists of thin beds
of calcareous sandy siltstone and sandstone and is ap-
proximately 275 feet thick at Cokedale, Mont., 9 miles
west of Livingston, and 295 feet thick at Livingston
(fig. 12).

In the Livingston area the Telegraph Creek Forma-
tion is rarely exposed ; it generally forms a belt of light-
yellowish-gray soil and talus beneath the prominent
ridge-forming Virgelle Sandstone Member of the Eagle
Sandstone. The formation is usually identified on the
basis of lithology and stratigraphic position. The lower
and upper contacts of the Telegraph Creek are grada-
tional and are picked arbitrarily in most places. The
base of the Telegraph Creek is generally covered by
Quaternary deposits; however, in the few localities
where it is exposed, the contact with the Cody Shale is
placed at the lowermost biotitic sandstone bed (Roberts,
1965, p. B59).

LITHOLOGIC COMPOSITION

In general, the Telegraph Creek Formation consists
of thin-bedded light-olive-gray siltstone interbedded
with fine-grained to very fine grained light-gray cal-
careous sandstone and dark-gray mudstone and shale.
The formation weathers to a distinctive yellowish gray.
At Cokedale (measured section 12), the Telegraph
Creek Formation is predominantly siltstone and sand-
stone at a ratio of approximately 3 to 1. At Livingston
the formation (measured section 13) is approximately
one-third shale and mudstone and two-thirds siltstone
and sandstone. Calcite cements the formation through-
out. Sandstones are moderately well sorted and com-

Virgelle
Sandstone

F1GURE 12.—Telegraph Creek Formation immediately east of
Livingston, Mont., on the east bank of the Yellowstone River
in the NE1 sec. 18, T. 2 8., R. 10 E. At this locality the Tele-
graph Creek is a transitional unit between the Cody Shale and
the Virgelle Sandstone Member of the Eagle Sandstone.
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posed of angular to subrounded grains that have a size
distribution very similar to that of the upper sand-
stone member of the Thermopolis Shale (table 1). The
sandstones consist predominantly of quartz and contain
lesser amounts of potassium feldspar, plagioclase, chert,
and some heavier minerals—which (listed approxi-
mately in order of decreasing abundance) include mag-
netite, zircon, tourmaline, biotite, apatite, augite, garnet,
and hornblende. The grain size of the sandstone gener-
ally increases in coarseness upward from very fine
grained or silty in the basal part of the formation to
fine grained to medium grained at the top and in the
overlying Eagle Sandstone. This transition from very
fine grained to medium grained reflects a gradual up-
lift in the area of the Elkhorn Mountains to the west.

AGE AND CORRELATION

Thom (1922, p. 38) reported that the fauna from the
Telegraph Creek includes species typical of both the
Niobrara Shale and the Eagle Sandstone but contains
more species of the latter. Reeside (1927) described some
cephalopods from the Telegraph Creek and later (in
Thom and others, 1935, p. 54-56) listed a more com-
plete fauna from the formation. According to Reeside
the Telegraph Creek contains a mixed Eagle and Nio-
brara fauna; however, he considered the formation to
be the basal part of the Montana Group. Cobban and
Reeside (1952a) assigned a Santonian age to the Tele-
graph Creek, and according to their chart the forma-
tion forms the base of the Montana Group.

Differences in defining the Telegraph Creek Forma-
tion are due partly to the unit’s being transitional be-
tween the Cody Shale and the Eagle Sandstone. Sand-
stones designated as the Elk Basin Sandstone Member
in the vicinity of the type Telegraph Creek by various
authors are not everywhere the same as the type Elk
Basin Sandstone near Elk Basin, Wyo. According to
W. A. Cobban (oral commun., 1968) the type Elk Basin
Sandstone contains Scaphites hippocrepis, and a dif-
ferent sandstone identified as Elk Basin by Knappen
and Moulton (1931) is older and contains Desmosca-
phites bassleri. Also, prominent sandstones are known
in the Telegraph Creek Formation only in south-central
Montana ; such marker beds are lacking in the formation
in other areas. This problem of defining the Telegraph
Creek is further complicated in that the formation be-
comes older westward and the three units—Cody, Tele-
graph Creek, and Eagle—become coarser grained in the
same direction.

EAGLE SANDSTONE

The Eagle Sandstone near Livingston, Mont., con-
sists of sandstone, siltstone, rock types intermediate be-
tween the two, and coal beds.
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Rocks deposited in the vicinity of Livingston during
the latest part of Cretaceous time and in Paleocene time
show m gradual upward transition from the marine
Telegraph Creek Formation to the brackish-water ma-
rine and nonmarine Eagle Sandstone into continental
deposits of the Livingston Group and Fort Union For-
mation. This sequence is a typical regressive relationship
in which coarser near-shore and continental sediments
were spread seaward over penecontemporaneously de-
posited finer grained marine sediments. The regional
uplift that produced this regression was accompanied
by a little volcanic activity as indicated in the Virgelle
Sandstone Member of the Eagle by thin lenticular sand-
stones derived from andesitic volcanic rocks and near
the middle of the Eagle Sandstone by two microlitic
tuffs. Volcanic sedimentary rocks make up only a small
part of the Eagle, but they are an indication of early
voleanic activity to the west, probably in the Elkhorn
Mountains near Boulder, Mont.

Weed (1899a, p. 2) named the Eagle Formation from
exposures along the Missouri River at the mouth of
Eagle Creek in Chouteau County, north-central Mon-
tana. At the type locality the formation consists of
three lithologic units—an upper unit of light-gray thin-
bedded sandstone, a middle coal-bearing unit of silt-
stone and carbonaceous rocks, and a persistent lower
unit of hard massive sandstone. The lower sandstone
unit was later named the Virgelle Sandstone Member
of the Eagle Sandstone by Bowen (in Stebinger, 1914b,
p- 62) from exposures along the Missouri River near
the town of Virgelle, Mont. Calvert (1908, p. 108) and
Stone (1909, p. 78) first used the name Eagle Sand-
stone for the coal-bearing sandstone and siltstone
sequence in central Montana.

Weed (1893, p. 11) separated the nonvolcanic coal-
bearing formation (Eagle Sandstone) from the overly-
ing volcanic-derived sediments of his Livingston For-
mation (Cokedale Formation of this report) on

lithology and stated that the two were separated by an’

unconformity. Stone and Calvert (1910, p. 761) cor-
rectly described Weed’s Livingston Formation as con-
formably overlying the coal measures. Roberts (1957,
p- 47; 1963, p. B90) arbitrarily assigned the top of an
arkosic sandstone that overlies the uppermost minable
coal bed (Cokedale No. 5) as the contact between the

Cokedale Formation and the underlying Eagle Sand- -

stone.
In the Livingston area strata of the Eagle Sandstone

consist of a sequence of lagoonal, estuarine, deltaic,.

swamp, and beach deposits. These strata interfinger
with marine nearshore and offshore deposits that are
mainly to the east and with continental deposits, mainly
to the west.
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The Eagle Sandstone gradationally overlies the Tele-
graph Creek Formation and is gradationally overlain
by the Cokedale Formation. The lithologic difference
between the Eagle Sandstone and the Cokedale Forma-
tion is a conspicuous flood of andesitic volcanic detritus
in the Cokedale.

Near Livingston the thickness of the Eagle Sandstonc
ranges from 515 to 860 feet and averages about 600 feet.
The Eagle Sandstone is best exposed at Cokedale, 9
miles west of Livingston, where it is 645 feet thick, in-
cluding the 110-foot-thick Virgelle Sandstone Member
at its base (measured section 14).

The Eagle Sandstone is about twice as thick at Coke-
dale as it is a few miles to the north or east. At Loweth,
Mont., the Eagle Sandstone is 470 feet thick and at
Columbus, Mont., it is 245 feet thick (J. R. Gill, oral
commun., 1962). At the southern end of the Bridger
Range the Eagle is about 600 feet thick but thins to
about 100 feet thick at the northern end of the range
(McMannis, 1955, p. 1388,1407) . Thickness of the Eagle
Sandstone increases southward from Livingston, and
at Mount Everts near Gardiner, Mont., it is 777 feet
thick (Fraser and others, 1969, p. 106). West of the
Livingston area the Eagle has been truncated (Robin-
son, 1963, p. 58). Varying thicknesses among localities
is due to an eastward depositional thinning and to differ-
ences among workers in placement of the formation con-
tacts. In north and south-central Montana the Eagle is
overlain by marine shale and interbedded sandstone of
the Claggett Shale. In areas where the Claggett is
present, the top of the Eagle Sandstone is the upper-
most nonmarine bed ; however, in areas where the Clag-
gett equivalent is nonmarine, the top of the Eagle is
generally placed at the lithologic change where volcanic
detritus becomes abundant. In some areas near Living-
ston, coal-bearing rocks in the lower part of the non-
marine Claggett equivalent lie conformably on
coal-bearing rocks of the Eagle, making separation of
the two formations difficult.

LITHOLOGIC COMPOSITION

The Eagle Sandstone at Cokedale consists generally
of well-bedded to massive, well-indurated, crossbedded
sandstone intercalated with beds of coal, carbonaceous
siltstone and shale, and tuff or tuffaceous siltstone
(measured section 14). All gradations between sand-
stone and siltstone are found, but sandstone beds
predominate. The sandstone is very light gray to yellow-
ish gray and of variable composition and texture—in
some localities, massive and coarse grained; in others,
banded or laminated and fine grained.

The upper part of the Eagle Sandstone includes an
upper carbonaceous unit and a lower sandstone unit



C32 GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

(fig. 13). The carbonaceous unit, or upper coal zone,
consists of coal beds, carbonaceous siltstones, and sand-
stones. The lower sandstone unit consists.of well-bedded
to massive, medium- to well-sorted, light-olive-gray,
quartzose sandstone and siltstone. The indurated beds
are generally calcareous. A mechanical analysis of a
representative sandstone sample is shown in table 1.
Sand grains are angular to subangular and have the
following distribution : 38.9 percent fine sand, 51.0 per-
cent very fine sand, and 10.1 percent silt and clay. The
sample is 33.4 percent carbonate by weight and has a
distinctive heavy-mineral suite. The héavy minerals
(listed approximately in order of decreasing abun-
dance) are magnetite, zircon, tourmaline, augite, rutile,
staurolite, apatite, anatase, muscovite, biotite, corundum
(colorless), epidote, and garnet (colorless).

The lower half of the Eagle Sandstone contains two
carbonaceous units alternating with two sandstone units.

The lowest sandstone unit is the Virgelle Sandstone |

Member. Above it are the two carbonaceous units and
an intervening sandstone unit which constitute the lower
coal zone. The carbonaceous units consists of coal, car-
bonaceous siltstone, and fine-grained sandstone. The
medial sandstone unit is hard, massive, light gray, fine
grained, calcareous, and quartzose and contains a variety*
of heavy minerals. Oysters, /noceramus, and large plant
fragments are present in the middle of this unit. This
medial sandstone unit lenses out along its strike and
is not present east of sec. 26, T. 2 S., R. 8 E., or west of
sec. 21, T. 2 S., R. 8 E. A representative sample from
lower in the Eagle contains angular to subrounded
grains in the following distribution: trace of coarse
sand, 11.2 percent medium sand, 61.3 percent fine sand,
17.5 percent very fine sand, and 10.0 percent silt and
clay (table 1). The sample is 15.7 percent carbonate
by weight. The heavy minerals (listed approximately
in order of decreasing abundance) are magnetite, zircon,
tourmaline, garnet (colorless), brookite, rutile, apatite,
staurolite, epidote, muscovite, biotite, and corundum
(colorless).

The two coal zones in the formation, above the Vir-
gelle Sandstone Member, are persistent throughout the
area (Roberts, 1957, p. 43) and contain many commer-
cial-grade coal beds (Roberts, 1957 ; 1966, p. A24—A29).
The coals are high-volatile A, B, and C bituminous in
rank, some of coking quality. The estimated coal reserves
remaining in the Eagle Sandstone in the Livingston
coal field, as of January 1965, totaled more than 300
million short tons (Roberts, 1966, p. A49-A51). These
reserves are in beds 14 inches or more thick and within
3.000 feet of the surface.

The Virgelle Sandstone Member is firmly cemented,
massive to crossbedded, very light gray, generally fine

grained quartzose sandstone. It contains a few channel-
fill pebble-conglomerate zones, and near its center a few
lenticular beds contain fragments of microporphyritic
and fine-grained andesite. Locally the uppermost beds
of the Virgelle contain 1 percent or more magnetite. The
magnetite and other heavy minerals were concentrated
in a beach environment during regression of the sea. A
mechanical analysis of the insoluble residue of a repre-
sentative sample from the middle of the Virgelle indi-
cated that the angular to subrounded (generally sub-
angular) grains have the following Wentworth distri-
bution: 0.08 percent medium sand, 66.67 percent fine

sand, 14.96 percent very fine sand, and 18.26 pereent silt

and clay (table 1). The sample is 23.75 percent carbon-
ate by weight. Heavy minerals in the sample (listed
approximately in order of decreasing abundance) are
magnetite, zircon, tourmaline, muscovite, biotite (green
and brown), apatite, diopside, corundum (colorless and
red), rutile, staurolite, garnet (pink), hornblende
(green), and epidote(?).

Petrographic examination of the Eagle Sandstone
indicates that it consists predominantly of quartz (15-
50 percent) and contains lesser amounts of plagioclase
(andesine), potassium feldspar (orthoclase), and rock
fragments of fine-grained andesite, microlitic and
microporphyritic andesite, quartzite, and chert. Most

. quartz grains have straight to slightly undulose extinc-

tion and a few vacuoles and inclusions, which suggest
a plutonic source. Some of the quartz grains, however,
have strongly undulose extinction and no inclusions or
vacuoles, which suggest a metamorphic source. Other
minerals present in thin section are hematite, ilmenite,
leucoxene, allanite, chlorite, pyrite, sericite, and clay
minerals. Carbonaceous material is abundant. Samples
from units 38 and 41 in measured section 14 contain
greater than 1 percent pyrite.

Secondary carbonate commonly replaces feldspar and
makes it difficult to distinguish between rock fragments
and matrix. Carbonate is present as a cement, and silica
and zeolite minerals are present in the cement in trace
amounts.

Tuffs in the Eagle Sandstone generally consist of a
fine-grained matrix or groundmass that contains
abundant plagioclase microlites and laths. Numerous

- cavities are present which are filled with carbonate and

silica. Many siltstones in the upper part of the forma-
tion contain enough volcanic ash or very fine grained
volcanic debris to be termed tuffaceous (measured sec-
tion 14).

AGE AND CORRELATION

Fossil leaves collected by members of the Northern
Transcontinental Survey from beds presumably in the
lower part of the Livingston Group were described by

<
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EXPLANATION

Claystone

Siltstone

Sandy siltstone

Calcareous siltstone

Carbonaceous siltstone

Silty sandstone

Sandstone

Conglomerate sandstone

Calcareous sandstone

Tuffaceous sandstone

Arkosic sandstone

—

Coal

Concealed probable
lithology shown

=Y
Concretion

Marine fossil

r4
Plant fossil

FEET
200

100

50

1100

Generally massive to poorly bedded, poorly
sorted dusky-yellow-green sandstone with
some interbedded waterlaid tuff. Sediments
derived chiefly from volcanic rocks.

Cokedale Nos. 4 and 5 coal beds, two un-
named lenticutar coal beds, siltstone, and
fine-grained sandstone. :

OVERLYING ROCKS NOT SHOWN

(PART)

GROUP

SERIES

SYSTEM

COKEDALE FORMATION

Livingston
(part)

Massive to well-bedded, medium-to well-
sorted light-olive-gray arkosic sandstone
and siltstone. Some beds are calcareous.
Most beds contain a heavy-mineral suite.

600:

500

(Cokedale No. 5)

(Cokedale No. 4)
Storrs No. 3 bed

Middle bed T

Cokedale Nos. 2 and 3 coal beds, siltstone,
and fine-grained sandstone.

Hard massive light-gray fine-grained calcareous
arkosic sandstone containing good heavy-%
mineral suite. This unit lenses out both
east and west and is not present behind the
coke ovens:oyster bed near middle of unit.

Carbonaceous siltstone and lenticular beds of ¢
impure coal, siltstone,and fine-grained sand-
stone. Unitis immediately below lower coal
zone at Cokedale No. 2 mines-

300

Hard massive to crossbedded very light gray

generally fine-grained arkosic sandstone.

Unit contains a heavy-mineral suite and a

few channel-fill conglomerates. Near the

middle of unit are a few lenticular beds of
sandstone derived from volcanic rocks.

Transition zone

100
Thin-bedded to massive light-olive-gray, very

fine grained, calcareous arkosic sandstone
and siltstone.

50

0.

(Cokedale No. 3)

Maxey bed
") (Cokedale No. 2)

—Big Dirty bed J
(Cokedale No. 1)

Paddy Miles bed » UPPER COAL ZONE

EAGLE SANDSTONE

>LOWER COAL ZONE

VIRGELLE SANDSTONE MEMBER

(PART)

BASE NOT EXPOSED

TELEGRAPH CREEK
FORMATION

Montana

Upper Cretaceous

CRETACEOUS

FI1ouRE 13.—Stratigraphic reference section of the Eagle Sandstone in the NW1; sec. 26, T. 2 8., R. 8 E., at Cokedale, Park
County, Mont.
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Lesquereux (1873, p. 404—417) and assigned to the early
Eocene. Knowlton (1892, p. 153-154) examined this
and subsequent collections from other localities in this
area, including some collections from the Eagle Sand-
stone, and designated the entire collection as the fossil
flora of the Bozeman coal field of Laramie age. Accord-
ing to Pumpelly (1886, p. 692) the coal-bearing horizon
at the Bozeman coal field was “about 3,700 feet above the
Jurassic and some distance above fossils of Benton or
Niobrara age and yet so low in the Cretaceous column
as to be apparently below the Laramie.” Davis (1886,
p. 698) stated, on the basis of paleontological studies
by R. P. Whitfield, that “the horizon of workable coals
near the Muir tunnel (Bozeman Pass—5 miles west
of Cokedale) is without question lower than the Laramie
Formation to which the lignitic coals of the Rocky
Mountain region have generally been referred.” How-
ever, Weed (1893, p. 18) again assigned the coal-bearing
formation at Livingston, Mont., to the Laramie Forma-
tion; partly on the basis of Knowlton’s work and partly
on the conformable relation with underlying rocks (Tel-
egraph Creek Formation) believed to be of Montana
age. The basal massive sandstone (Virgelle Sandstone
Membér of the Eagle Sandstone) was assigned by Weed
(1893, p. 19) to the Fox Hills Sandstone. The Laramie
Formation, according to Weed (1893, p. 34), was over-
lain unconformably by his Livingston Formation. Stan-
ton (in Stone and Calvert, 1910, p. 659-660) identified
marine fossils of early Montana age from beds at the
base of the coal- -bearing formation east of the Bridger
Range and correlated the formation with the Eagle
Sandstone in the northern part of the Crazy Mountains
basin as established there by Stone (1909, p. 78).

The first comprehensive study of a “megafauna from
the Eagle Sandstone and related formatlons in the
western interior of the United States was made by
Reeside (1927). Strata north of Livingston that con-
tain a marine fauna were assigned to the lower part of
the Montana Group of the Upper Cretaceous (Reeside,
1927, p. 1).

At Cokedale the Eagle Sandstone contains a few
sporadic poorly preserved /noceramus sp. and Ostrea
sp. To the north in the SE1, sec. 24, T. 4 N, R. 7 E.,
J. R. Gill and the author collected /noceramus sp.,
Ostrea sp., Crassatella sp., and Tellina sp. from the
Eagle Sandstone. G. D. Fraser (written commun.,
1961) collected the following fossils, which were iden-
tified by W. A. Cobban, from the upper part of the
Eagle near Gardiner, Mont., 0.9 mile east-southeast
of the mouth of the Gardner River on the south bank of
the Yellowstone River: Znoceramus sp., Crassostrea cf.
C. soleniscus (Meek), Anomia sp., Ostrea coalwillensis
Meek, and Cymbophora arenaria (Meek). According to
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W. A. Cobban (written commun., 1961), this fauna
indicates that the top of the Eagle Sandstone at Gardi-
ner is no younger than the lower part of the Eagle of
central Montana and that an even older age is possible
(fig. 2).

Near the middle of the Eagle Sandstone at USGS
Paleobotany locality D4121 (refer to measured section
14, unit 37), R. H. Tschudy (written commun., 1969)
identified the following palynomorphs from a sample
of the Cokedale No. 3 coal bed :

Gleicheniidites Eucommiidites
Ephedra 10B Polypodiacidites
Microfoveolatisporis Stereisporites
Anemia and the code species:
Inaperturopollenites Cs-r 10
Proteacidites CPs—fov 2
Appendicisporites Pas-sm 10B

Most of these are long-ranging forms. Ephedra 10B and
CP,; —fov 2 are the only forms present that are limited
to the Eagle Sandstone.

LIVINGSTON GROUP

The name Livingston Formation was first applied by
Weed (1893, p. 21) to the thick sequence of sedimentary
rocks that consist chiefly of debris of andesitic lava and
other volcanic rocks “typically developed in the vicinity
of Livingston, Mont.” (fig. 14). He divided the forma-
tion into three units—the leaf beds (lowest), the vol-
canic agglomerates, and the conglomerates. The volcanic
agglomerate unit occurs only locally, 35 miles east of
Livingston (Ross and others, 1955; fig. 14), and its
stratigraphic position is uncertain. For a discussion of
this unit the reader is referred to Vhay (1934, p. 57-71),
Parsons (1942), and Garbarini (1957, p. 113-117). Vhay
(1934, p. 66-71) concluded that the agglomerate unit
is a series of mudflows that have modified pyroclastic
ejecta. Peale (1896) extended the name Livingston west-
ward to include predominantly pyroclastic deposits in
Jefferson Canyon, southwest of Three Forks, Mont.;
near Sphinx Mountain in the Madison Range; and in
the Maudlow area at the north end of the Bridger Range
(Peale,in Weed, 1893, p. 21). Iddings and Weed (1894)
and Weed (1899b) assigned strata younger than the
Eagle Sandstone in most of the Crazy Mountains basin
to the Livingston Formation. Coal-bearing rocks in the
northern part of the basin were first correlated with
the Eagle Sandstone of Cretaceous age by Stone (1909,
p- 78-79) ; however, he placed the Livingston in the
Tertiary. Two years later, Stone and Calvert (1910, p.
551) demonstrated that the Livingston Formation
grades laterally northeastward into marine and non-
marine beds of the Claggett, Judith River, Bearpaw,
Lennep, and Lance (Hell Creek) Formations of Late
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Ficure 14.—Distribution of the Livingston Group in relation to the Crazy Mountains depositional basin and the Elkhorn Moun-
tains source area in southwestern Montana.

(retaceous age and the Lebo Andesitic Member of the
Fort Union Formation of Paleocene age. Transgressive
and regressive relations of these stratigraphic units
were described by Stebinger (1914b, p. 67). No further
stratigraphic studies of the Livingston were made in
the southwestern part of the basin until McMannis
(1955, p. 1407) and Richards (1957, p. 420) divided the
formation into five generalized lithologic units, includ-
ing the Fort Union Formation. Roberts (1963) named
these units, raised the term Livingston to group rank,
and excluded the Fort Union Formation.

Weed (1893, p. 18) assigned the coal-bearing forma-
tion (Eagle Sandstone) at Livingston, Mont., to the
Laramie Formation, partly on the basis of Knowlton’s
work (1892, p. 153-154) and partly on the conformable
relation with underlying rocks (Telegraph Creek For-
mation) believed to be of Montana age. The basal mas-
sive sandstone (Virgelle Sandstone Member of the
Eagle Sandstone) was assigned by Weed (1893, p. 19)
to the Fox Hills Sandstone. The Laramie Formation,
according to Weed (1893, p. 34), was overlain uncon-
formably by his Livingston Formation. Stanton (in
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Stone and Calvert, 1910, p. 659-660) identified marine
fossils of early Montana age from beds at the base of
the coal-bearing formation east of the Bridger Range
and correlated the formation with the Eagle Sandstone
established by Stone (1909, p. 78) in the northern part
of the Crazy Mountains basin.

Stone and Calvert (1910, p. 551) correlated Weed’s
Livingston Formation (1893, p. 21) as a “shore phase”
of the Claggett Shale, Judith River Formation, Bear-
paw Shale, Lennep Sandstone, Lance Formation, and
Lebo Andesitic Member of the Fort Union Formation.
Roberts (1963) subdivided this sequence of nonmarine
sedimentary rocks into five formations, the lower four
being restricted to the Livingston Group and the upper
formation being assigned to the Fort Union Formation.
The Livingston Group, as restricted by Roberts (1963),
includes (in ascending order) the Cokedale, Miner
Creek, Billman Creek, and Hoppers Formations. The
correlation and stratigraphic relations of the type Liv-
ingston Group near Livingston, Mont., with rocks in
other areas in Montana and Wyoming are shown in fig-
ure 2. Stratigraphic assignments of these nonmarine
formations were aided by comparing pollen and spore
assemblages. These microfossils were identified by E. B.
Leopold and R. H. Tschudy and are listed in table 4.

The Cokedale Formation is a4 nonmarine unit com-
posed largely of siltstone and sandstone and lesser
amounts of mudstone, tuff, bentonite, and lignite which
occur mostly in the lower part. The Cokedale rests con-
formably on the Eagle Sandstone and correlates in cen-
tral Montana with the Claggett Shale, Judith River
Formation, and Bearpaw Shale and in northwestern
Montana with part of the Two Medicine Formation.
The Miner Creek Formation conformably overlies the
Cokedale and consists largely of alternating beds of
nonmarine siltstone and sandstone including a promi-
nent ridge-forming unit, the Sulphur Flats Sandstone
Member, at the base. The Miner Creek correlates east-
ward with the lower part of the Hell Creek Formation,
and the Sulphur Flats Sandstone Member is probably
the nonmarine facies of the marine Lennep Sandstone
and Horsethief Sandstone to the north. The overlying
Billman Creek Formation is a nonmarine sequence of
red, purple, and green mudstone intercalated with a few
beds of tuff, bentonite, and sandstone. The Billman
Creek rests conformably on the Miner Creek Formation
and. correlates northward and eastward with the middle
part of the Hell Creek Formation. The upper part con-
tains the same pollen and spores as the type Colgate
Member of the Fox Hills Sandstone at Glendive, Mont.
The overlying Hoppers Formation, also nonmarine, is
a sequence of sandstone and conglomerate interbedded
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with some siltstone, mudstone, and tuff. The Hoppers
correlates northward and eastward with the upper part
of the Hell Creek Formation.

The Livingston Group at Cokedale, Mont. (pl. 2),
is a thick alternating series of coarse- and fine-grained
continental deposits that have rapid vertical and lateral
variations in lithology. The Livingston rocks probably
represent fluvial channel systems and extensive flood-
plain deposits near sea level as indicated by their simi-
larities to Holocene deposits that have these origins. The
strata are characterized by poor sorting; angularity of
grains; crossbedding; thick sequences in which mud-
stone and sandstone alternate; mudstone-pebble con-
glomerates; oxidized zones; and the presence of fresh-
water gastropods and pelecypods, fragments of dinosaur
bones, and wood and leaf debris. The continental
sequence of the Livingston Group at Cokesdale could
be the result of large variations in the quantity of sedi-
ment deposited in the rapidly subsiding western part
of the Crazy Mountains basin. Changes from coarse- to
fine-grained clastic rocks may represent fluctuations in
supply of sediment along the basin margin that resulted
from periodic uplift in slightly different locales,
changes in elevation by volcanic eruptions, and the
extrusion of volcanic rocks of different susceptibility to
erosion in the source area. Renewed erosional activity
resulting from any of these conditions, and (or) re-
newed downwarping of the basin, periodically caused
the coarser grained sediment to spread farther basin-
ward across finer grained offshore marine sediments.
Conversely, a decrease in the amount of erosion from the
source areas, and (or) uplift of the basin, periodically
permitted the finer grained offshore marine sediments
to transgress westward across the coarse-grained near-
shore deposits.

Many sandstone units within the Livingston Group
are conglomeratic. The cobbles and pebbles of these
units consist mainly of various kinds of andesitic vol-
canic rock. Certain heavy minerals—such as sillimanite,
corundum, staurolite, and garnet—in the sandstone
units indicate a Precambrian source of lesser impor-
tance than the volcanic source; however, lithic frag-
ments of Precambrian rock are not present, suggesting
very little exposure or uplift of Precambrian rocks in
the source area in comparison with the andesitic vol-
canic rocks. Some conglomeratic sandstones contain
coarse sand to pebble-sized tabular fragments of mud-
stone in scour-and-fill structures. The edges of these
fragments are generally rounded, which indicates a
short distance of transport. These coarse-grained clastic
deposits thin eastward.
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TasLe 4—Checklist of plant and miscellaneous microfossils from the type Livingston Group and the Fort Union Formation near
Lavingston, Mont.

[Ldentifications by E. B. Leopold and R. H. Tschudy. Numbers preceded by D indicate USGS Paleobotany localities)

Upper Cretaceous Paleocene

Livingston Group Fort Union Formation
(Measured section 20)

Miner Creek Billman Creek

Provislonal palynomorph genera Code species Cokedale Formation Formation Formation Basal Middle
(Measured section 16) (Measured (Measured member member
section 17) section 18) (upper) (lower)

Lower Middle Lower Upper Middle Upper

DI1815-1 D1782
DI1610  D161L and  DI612 DI613 DI6l4 D4104A and DI1783 D1784
_ D4120 D4105
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______________________________ TC-sm12 . X .
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Engelhardtioidites . - .- . _.______ Py-sm8_____________ X e
Trivestibulopollenttes. .- _________ Py—sml13.____________ X e
Proteacidites - .o ________ Po-rt6_ . X X - X oo ) G D
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Proteacidites oo oo _______ Pert4__ . X e X o
Triatriopollenites .. o - oo - ______ Py-smib_ _________________ K e X ..
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Tricolpopollenites_ _ - . ____________ [0 Y X o e e e
Cicalricosisporites . .. - ___ PR An-1__ ... D G K
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Proteacidites oo oo _____ P—rt 3C_ ... X e
Proteacidites. - - - - oo oo P-rt4B_ . _. X e e
Tricol poriles o - oo CPy—sm _ .. X e e
Hematelia - - o oo ____._. Hemi-4__ . __ X o e
0 e oo e eeedmceiao TO-sp (tetrad) . ___________ X e e
Cupaneidites_ - - ... ____________ Ca—syn—T__ . __.___ X el
Agqualapollenites . _____________ Aquila 4var.? __________________ X e
Aqulapollenites_ .. ______________ Aquila 29_______________________ X e
Vatreisporites. - - _________ Vol-sm2_ - __ X oo
D e e e O—sp (large) ____________________ X e
RN 6 S0 o K e
ANEMEQ SP - - e o e X e e e
Abietineaepollenites_ . __._._.__ VoS-rug 3. . X e
Polycolpites . - - oo (O K i
Appendicisporstes_ - - - ___._ cf. App-lo_____________________ K e
Alnus. o oo ___ Pag—sm 10______________________ X e
Ghoshispora. - oo Charon-1_______________________ D S X eeieeooos
cf. Aequitriradites . - .o oo __ 8 ) X e oo
D e e e e TO—SIn]z ................................ X DS S
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TaABLE 4.—Checklist of plant and miscellaneous microfossils from the type Livingston Group and the Fort Union Formation near’

Livingston, Mont.—Continued

Upper Cretaceous

Paleocene

Livingston Group

Fort Union Formation
(Measured section 20)

Miner Creek Billman Creek
Provisional palynomorph genera Code species Cokedale Formation Formation Formation Basal Middle
. {Measured section 16) (Measured (Measured member member
section 17) section 18) (upper) (lower)
Lower Middle Lower Upper Middle Upper
1! y—
D1610 D161l and  DI1612 DI1613 DI1614 D4104A Dalnd D1783 D1784 "
D4120 D4105
Verrucosisporites .. .. __________ TO—p1- L X X DS
cf. Baculatisporites_ . _____________ T —Po- - e X X e
cf. Verrucosisporites_ - - __________ O P10 m o o oo el X e
ef. Verrucosisporites_ - _________ T O—Patm o oo X X K e
Cicatricosisporites . . ___________ An-13_ L X e
Lycopodiumsporites.______________ TT-rte- - e _ X e -
Cyathidites . _ .. ___._._ TC—SmMg oo oo X X . D )
e Fmem-smy. . _____. K i
Qleichenitdites - - - ________ Gleich 2____ ... o X e X
Laevigatosporites . - _______.___ M-smg. oo _____. X e
cf. Inaperturopollenites_ ... ______._ Ot .. X el
Inaperturopollenites.. . - - __._______ D S X X e
e O P e X X e dieo-
Abietineaepollenites_. . .. ___________ VoS—pa K e e
Moucrhystridium oo ___________ Mier-1. .. X e .
Tricolpopollenites. - - - _ ... _______ Gy 90 o e DS S
Tricolpopollenites_ - - .. _______ L K e e
Tricolpopollenites . - - - _______ CaP10m o m o oo oL K e
Tricolporites_____________________ CPy—sms_ . X e
e e e e e e e e e e e m— e ———— Ps—p4 ----------------------------------- X e e e
Proteacidites - .. _____________ Prt A . K e D
cf. PaliurusS_ - - oo Py—Tio oo X e
Agquilapollenttes_ .- _____________ Aquila 2A__ . X X el
Aquilapollenstes_ - ___________ Aquila 17 ____ X e K
i =8P - - e oo X el
cof. Stereisporites. - ______________ Fmem-—sma_ X e
______________________________ TT—plz__-______--____-.----------------------- X B e e e e e e e e e e e e e et ———— =
Verrucosisporites_ - . _____________ TO—Pa e X o
Microreticulatisporites . - - - . ___ T Ity o o oo X e
Triplanosporites. - - . ______ Tplan—sms- - - . _____ X
cf. Tricolpopollenites .. _________ Ca=8b1e o oo .. X el
Tricolporvtes ... . ______ CP3—SM oo e X e
Tricolporites - . . ___________ CP3=8Mg3 -~ o oo X e
Tricolporites_ - _________________ CPg—smipqo o oo oo X e icicilaoo.
Tricolporites_ - ________________ CPs—smgo_ o _._ X e iecceeaoo- )
Kurtziprtes oo o _________ Ca—SMagg_ — oL X e X oo
Ulmipollenstes _ _ _________________ Pyrugy . X e
Aquilapollenites__________________ Aquila 19______________ . . X el
Agquilapollenites. .. _______________ Aquila 6 ___________________________ X e
Agquilapollenttes. .. _____________.__ Aquila 6. X e
Ericiprtes . oo __ Tet—rpm e X e
Abtetineaepollenites. .- _______ Vo lSMg - o e X e lll_.
Tricolporites— o _.._____ CPs-rtB__ - X e
Tricolpopollenites  _ . ___________ Ce-rt 16B_ ... D G
Proteacidites___ . __________ Pa-rt 2B e X e
Inaperturopollenites_______________ O-rt 18C_ _ o ie__. X e
Ulmapollenites - - ________ Paz—p 4B o K e
Erdtmannipollis .. _____________ Pperi—pPao o oo D X eeooo
Hamulatisporis_ - - . _________ TO-rug 22B_________________ e e D G
ATQUCArTacttes - _ _ o o e - X dceceooo
Gleichenivdites - - - _____________ Gleich 4_ - - e I X ciddeeaoo
cf. Cyathidites_ . _________ TT-smlC e D
Verrucosisporites_ . _ . ___________ TO-p20C e X oo
Tricolpopollenites_ - - - ________ Ca—rt 36 . e D G
Schizosporus. - - . ________ Si=Tt4 . e X e
Lycopodiumsporites_ .- .. _______ TO-1t 14 e D
Aquilapollenstes. - . _______ Aquila 4B _ e X oio--
dinoflagellate__ .- _ . _________.__.___ dino . _ e X oo X
hystrichosphere_ - ___ ____________ hyst_ ool e X aaoos X
Triatriopollenites__ - . _________ Pa—SING - - o e X aoooa-
Ca"'ya? _________________________ Pa—Sm“B? _______________________________________________________________ D G
Tricolpopollenstes_________________ CaTtyB e ) G
ef. Betula_ - - __.__ PS4 T - o o i X -
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TaBLe 4.—Checklist of plant and miscellaneous macrofossils from the type Livingston Group and the Fort Union Formation near
. Livingston, Mont.—Continued

Upper Cretaceous Paleocene

Fort Union Formation

Livingston Group ]
: (Measured section 20)

Miner Creek Billman Creek

Provisional palynomorph genera Code species Cokedale Formation Formation Formation Basal Middle
(Measured section 16) (Measured (Measured member member
section 17) section 18) (upper) (lower)
Lower Middle Lower Upper Middle Upper
D1815-1 D1782
D1610 D161l and D1612 D1613 DI1614 D4104A and D1783 D1784
D4120 D4105
cof. Tetrapolles- - o oo _ Py ? e X oo
Erdtmannipollts. .- .o ___ P e P o o o o e X -
Betula- ... A P8 oo e e X oaao--
cf. Ulmipollenites. - . .. _______ PP o e e e emmeeeeee X e
Trecolpites - - - oo G SN e = — e e = X o=
cf. Tetra pollis_ - _ . ___..__ PSS - o e men X
Momipites.. o oo ____ P SIMg - - - e mmm oo - X
cf. Cupaneidites_ ... ___________. Gy N =T3 o o o o o e e X
Momipites. . - - oo Pa—Smy A e X

Crossbedded or cross-laminated strata that are mostly
foreset beds are common throughout the coarser clastic
units of the Livingston Group, particularly within the
sandstone units. Individual foreset beds range in thick-
ness from laminae to beds more than 4 feet thick.

The Livingston Group thins progressively eastward
from Livingston toward Columbus, Mont. (Roberts,
1963, p. B87). At Cokedale the sequence is 6,445 feet
thick, but it is represented by only 2,750 feet of marine
and nonmarine beds near Columbus, Mont. It also thins
from Livingston northward to Lennep, Mont., where
it includes 4,900 feet of marine and nonmarine beds.
The overlying Fort Union Formation likewise thins
markedly from Livingston to the east and north. In
both directions, rocks of the Livingston and Fort Union
become finer grained, better sorted, thinner bedded,
lighter in color, and less andesitic in composition
(McMannis, 1955) because of an increase in the pro-
portions of quartz and orthoclase. The nonmarine Liv-
ingston Group interfingers with marine equivalents in
both directions (fig. 2).

In the Livingston type section near Livingston, two
prominent tuffaceous zones have regional significance
in correlation. A lower tuffaceous Zone in the lower part
of the Cokedale Formation contains fossils of the Bac-
ulites obtusus faunal zone, which is found in the basal
part of the Claggett Shale at the horizon of the Ard-
more Bentonite Bed of the Sharon Springs Member of
the Pierre Shale in other parts of Montana and in Wy-
oming. ‘An upper tuffaceous zone in the lower part of
the Miner Creek Formation represents the Baculites
compressus and Baculites cuneatus faunal zones found
in the upper part of the Judith River Formation and
lower part of the Bearpaw Shale elsewhere in Mon-

tana and in Wyoming. The regional stratigraphic sig-
nificance of bentonitic shale zones at these horizons in
the Pierre Shale or its formational equivalents in the
northern Great Plains was discussed by Gill'and Cobban
(1966).

The composition of the volcanic fragments and min-
erals of volcanic origin in the Livingston Group and
Fort Union Formation indicates that they were derived
principally from the Elkhorn Mountains volcanic field
near Boulder, Mont. (fig. 14). Smedes (1966, p. 21)
described the petrology of the Elkhorn Mountains Vol-
canics as “a lower unit dominantly of andesitic,
rhyodacitic, and basaltic pyroclastic and epiclastic vol-
canic rocks, autobrecciated lavas, and related mudflows.
and a few thin partly welded quartz latitic ash flows;
a middle unit characterized by sheets of rhyolitic ash
flows, most of which now are welded tuff, and inter-
calated debris similar to that of the lower unit; and an
upper unit dominated by bedded and water-laid tuff
and andesitic sedimentary rocks.”

Lindgren (1886, p. 719) first mapped and examined
petrographically the eruptive rocks in and adjacent to
the Crazy Mountains basin of which many were source
rocks for the Livingston Group and Fort Union Forma-
tion. He described many rock types, andesites being the
most common. Lindgren (1886, p. 736-737) concluded
from his regional study of the eruptive rocks in the
Big Belt Mountains that the andesitic eruptions prob-
ably began late in the Cretaceous Period or in Laramide
time and lasted with different intensity until or after
the end of that orogenic period. Later Billingsley (1915,
p- 35) examined these rocks and stated that the ande-
site conglomerate at Maudlow (equivalent to a part
of the lower Livingston) (Skipp and Peterson, 1965)
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could have no other source than the lavas of the Elkhorn
Mountains. Berry (1943, p. 22-23), McMannis (1955,
p. 1412), and Klepper, Weeks, and Ruppel (1957, p. 40)
also concluded that the thick deposits of volcanic mate-
rial in the Elkhorn Mountains were most likely the
source of much of the Livingston.

Several small source areas of much less extent than
the Elkhorn Mountains volcanic pile contributed to the
sediments near the southern, western, and northwestern
margins of the Crazy Mountains basin. A local source
near Flathead Pass in the Bridger Range was sug-
gested by Weed (1893, p. 29), and another source area
near the Castle Mountains was suggested by Tanner
(1949, p. 86). A local source south of Big Timber,
Mont., was first described by Weed (1893, p. 26-29) for
his “volcanic agglomerates” unit and later by Parsons
(1942, p. 1177) for the “Livingston igneous series.” In
the vicinity of Nye, Mont., volcanic breccias consid-
ered to be part of the “Livingston igneous series” by

[aBLE 5.—~—Chemical (rapid rock) analyses of very
the Telegraph Cree
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Parsons were derived from small local vents, probably
as mudflows (Vhay, 1939, p. 436-437), and are inter-
bedded with the Judith River Formation (Wilson, 1936,
p. 1168). The volcanic activity which produced the var-
lous rocks assigned to the “Livingston igneous series”
probably ceased prior to Hell Creek time (Parsons,’
1942, p. 1183).

An eastward increase in abundance of quartz and
other minerals of nonvolcanic origin, a decrease in grain
size eastward across the Crazy Mountains basin, the
presence of volcanic rock known only from the Elkhorn
Mountains Volcanics in conglomerate beds of the Liv-
ingston Group, and the eastward wedging out of the
extrusive units at Maudlow, Mont., corroborate the con-
clusion of Billingsley, Berry, McMannis, and Klepper
that the major volcanic source was to the west and
northwest of the basin (fig. 14).

Volcanic material in the Livingston Group includes
fragments of several types and textures of andesitic and

fne grained clastic rocks from the Livingston Group and of comparative samples from
Formation and Eagle Sandstone at Cokedale, Mont.

[Data in percent. Sampled by L. G. Schultz; analyses by L. Artis, S. Botts, G. Chloe, P. Elmore, and H. Smith]

Formation_ ... e _. Billman Creek Miner Creek Cokedale Eagle Telegraph Creek
Data stem N O m e e D 0000638 D 0000639 D 0000640 D 0000641 D 0000642 D 0000643 D 0000644 D 0000645 D 0000646 D 0000647
ab. No_ ... T 159822 159823 169824 159825 159826 159827 159828 159829 159830 159831

1 2 3 4 5 6 7 8 9 10

SiOg. o o ___ 57. 7 57.7 60. 0 60. 1 59. 3 61. 1 70. 7 57.7 56. 1 60. 1
AlLOs o ___ 15. 1 15. 5 14. 3 16. 0 16. 6 18.0 13. 8 11. 3 11 2 16. 1
FeoOs o __ 5. 8 6.0 5.2 5.3 5.3 4.5 2.1 1.8 2.2 5.3
FeO___ .. . 54 . 47 . 60 . 36 . 62 . 47 .85 1.5 .98 . 80
MgO._ o ____. 2.7 2.9 3.1 1.3 1.2 .79 1.4 3.5 3.7 L9
CaO. o ____ 1.8 2.8 2.2 2.1 2.5 3.7 . 58 7.5 8.4 . 46
NagOo ... 1.0 2.0 1.8 1.2 1.6 3.3 . 50 .49 .79 1.2

3O . 2.5 3.0 2.7 2.2 2.3 1.6 4.1 2.7 2.4 2.4
TiOs oo . 64 .59 . 57 .55 .53 . 56 .53 . 45 .45 . 66
P05 .. . 26 .11 .29 .21 .08 .13 .07 .24 .22 .11
MnO.__ ... 11 .09 .09 .05 . 05 .10 .02 .04 .03 . 02
Lossonignition.____________________. 11, 2 7.9 8.8 10. 4 9.9 6.0 5 3 12, 2 13.7 10. 2

---------------------------------- (*) (*) * ™ (* (*) (*) (" ™ . 00
Acid soluble 8O3 __________________ * * (*) * (*) *) (*) *) (*) .75

Sum . - ___ 99 99 100 100 100 100 100 99 100 100
H,0— ... 6. 8 3.7 5.0 6. 4 5.7 2.6 1.6 1.3 1.7 4.3
H,O+ . 4.7 40 4.0 4.1 4.4 3.6 3.6 3.5 3.6 54
COy .. <. 05 .20 <.05 <.05 <.05 <.05 . 20 7.6 85 .12
Powder density by air pycnometer_____ 2. 47 2. 57 2. 52 2. 49 2. 48 2. 59 2. 65 2.70 2.70 2. 63
*Less than 0.2 percent S as SO;.

1. Volcanic silty claystone; SESWYNWY sec. 18, T. 2 S, R. 9 E.; 1,800 ft above base of formation.

2. Volecanic siltstone, NESW¥SWI{ sec. 18, T. 2 8., R. 9 E.; 915 ft above base of formation.

3. Volcanic claystone; SEANEXSWI, sec. 13, T 28, R. 8 E.; 560 ft above base of formation.

4. Volcanic siltstone; NWYSWHN W sec. 20 .28, R.9E.; 1,100 ft above base of formation.

5. Volcanic clayey sﬂtstone NELNEUSEY sec. 19, T.2 S o R 9 E 505 ft above base of formation.

6. Volcanic sandy cla,ystone SEMNWYSWY, sec. 23, T. 2 8., E 1,125 ft above base of formation.

7. Clayey siltstone; SE}/SW% sec. 24, T. 2S.,, R. 8 E.; 315 t above base of formation.

8. Clayey s1ltstone NW%NE%NW% sec. 26, T.28. ., R. 8 E.; 200 ft above base of formation.

9. Clayey siltstone; SEMN WY N W14 sec. 26, T 2 S., R. 8 E.; 200 ft above base of formation.
10. Silty claystone; SE%NW%NW sec. 26, T. 2 8., R. 8 E.; 150 ft above base of formation.
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possibly some latitic rocks, as well as beds of bentonite
and andesitic ash. Samples from very fine grained
clastic rocks were chemically analyzed, and the analy-
ses are summarized in table 5. Also present in smaller
amounts are lithic fragments of welded tuff, spherulitic
and devitrified rocks that may be dacitic in composition,
crystal fragments of volcanic and nonvolcanic origin,
and clay minerals. The Livingston Group contains a
distinet heavy-mineral suite which is summarized to-
gether with grain-size distribution in table 6.

The dominant mineral in the heavy-mineral fraction
from the Livingston Group, as well as in the overlying
Fort Union Formation, is clinopyroxene (table 6). The
optical properties of the clinopyroxene mineral place
it in the salite-diopsidic augite field, the typical clino-
pyroxene of intermediate to basic volcanic rocks (R. E.
Wilcox, written commun., 1968).

A copper mineral present in most samples from the
Livingston Group (table 6) is whitneyite (Fred A.
Hilderbrand, oral commun., 1966). This mineral is a
copper arsenide and was identified by X-ray analyses.
It has some physical characteristics similar to those of
gold, such as color and malleableness, that can be mis-
leading; thus detailed examination, such as X-ray or
chemical analysis, is required for identification. These
characteristics become apparent only after the rock
sample has been chemically disaggregated ; this process
removes the thin oxidized coating on the whitneyite
grains. The presence of copper arsenide suggests a prob-
able Precambrian source south of Livingston, such as
the Jardine mining district near Gardiner, Mont.,

because that area is rich in arsenic and related minerals,

including native copper (Seager, 1944). Also, the area
near Gardiner seems a likely source because beds in the
lower part of the Cokedale Formation of the Livingston
Group that contain the oldest occurrences of whitneyite
are believed to be slightly older than the mineralization
of a possible alternate source, the Boulder batholith area
of western Montana (fig. 1).

Plagioclase feldspar is the most abundant mineral of
probable volcanic origin in the Livingston Group and
the Fort Union Formation, after which, in order of
decreasing abundance, are diopsidic augite, magnetite,
biotite, and hornblende (table 6). The plagioclase
ranges from oligoclase to labradorite; andesine is the
most common. Potassium feldspar (orthoclase) and
quartz are the principal nonvoleanic constituents. The
feldspars are generally altered, in part to laumontite
and other zeolite minerals, and in part to zoisite, sericite,
and clay minerals. With the exception of two atypical
quartzose sandstones in the Cokedale Formation and one
at the base of the Sulphur Flats Sandstone Member of
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the Miner Creek Formation, quartz content increases
progressively from trace amounts in the lower part of
the Livingston to as much as 12 percent in the upper
part. Orthoclase content also increases from trace
amounts in the lower part to 15 percent in the upper
part; this increase suggests a very gradual increase in
the size of the source area in which pre-Elkhorn Moun-
tains Volcanics rocks were exposed. Heavy minerals in
the Livingston Group, such as sillimanite, corundum,
staurolite, and garnet, were derived only from Precam-
brian metamorphic rocks; however, lithic fragments of
these rocks are rare to absent, suggesting that the Pre-
cambrian exposures were much farther west or south or
were not elevated as high and therefore were less ex-
posed to erosion during deposition of the Livingston
Group than later during deposition of the basal con-
glomeratic member of the Fort Union Formation in
which such fragments are present.

Biotite grains in the quartzose sandstones are dark
brown and similar to those in the pre-Livingston Group
sedimentary rocks; however, biotite in the sandstones
that contain volcanic detritus ranges from very light
brown to dark brown. Commonly the light-colored
variety is difficult to distinguish from muscovite, and
the two mica minerals are combined in table 6. Bronze-
colored biotite is a characteristic variety in the sand-
stones of the Miner Creek Formation. The different
shades of brown of biotite in the Livingston Group
probably represent differences in deuteric or hydrother-
mal alteration of rocks in the source area.

The finer grained rocks (claystones and mudstones)
contain approximately 45 percent montmorillonite and
55 percent mixed-layer montmorillonite-illite-vermi-
culite; some also have small amounts of illite and
chlorite (L. G. Schultz, oral commun., 1962). Kaolinite
is generally absent.

Zeolite minerals are common in interstices in the
sandstone. Reddish-brown heulandite is the most con-
spicuous zeolite and is present throughout the Living-
ston, but it is most abundant in the Miner Creek Forma-
tion. Analcime is present in some units as cement,
producing a mottled texture because it has crystallized
in clusters. Traces of laumontite and clinoptilolite are

allso present in some units. Other cementing agents are

silica, calcite, nontronite, and chloritic minerals.

Stratigraphic sections described in this report ex-
tend from the abandoned coal-mining town of Coke-
dale, Mont., 9 miles west of Livingston, Mont., north to
the axis of the Fleshman Creek syncline. Locations of
these sections of the type formations in the Livingston
Group are shown in figure 15. The total thickness of the
Livingston Group is 6,455 feet.
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TaBLE 6.—Heavy-mineral content and grain-size distribution in sandstones

[All data, in percent; indicated diameter,

Heavy

Heavy minerals t

minerals in
the very Biotite

" Stratlgraphic name,
finesand  Zircon and

measured section, and

Sphene Sillima- Hyper- Corun- Stau- Tour- Epidote Anatase Topaz Garnet Horn- Diop-

unit sampled fraction musco- nite sthene dum rolite maline blende  sidic
(0.088 and vite 2 . augite
0.062 mm)
Fort Union Formation:
Section 20 __.___ unit 242_. 20,71 7.7 1.2 0.9 0 1.9 0.5 0.4 0 2.1 0 0.2 2.4 0.5 65,1
234 23.76 5.4 1.4 .6 0 3.2 0 .2 0 .8 0 0 1.4 .8 56. 2
147__ ‘5. 32 5.7 L1 2.0 0 2.4 .2 0 .4 1.8 .4 0 5.3 0 72.0
81.. 3.72 9.0 1.0 .8 0 3.2 0 0 0 2.2 0 .2 2.4 .3 72.8
35_. 5. 88 4.9 .6 1.0 0 4.4 0 0 0 .8 0 0 2.9 0 62.3
1_. 13.01 7.9 1.0 .9 0 16 .6 .2 0 L6 0 0 .6 1.1 82.4
Livingston Group, Hoppers
Formation: .
Section 19___..__. unit 48._. 15. 19 8.1 0 1.0 0 1.2 1.0 0 0 1.0 0 0 0 .2 71.9
38._. 11.16 6.6 .6 .6 0 1.3 .7 0 0 .9 0 0 .6 .4 79.8
28__ 29.79 7.5 1.5 .8 0 L0 1.0 0 0 .2 0 0 (] .6 83.0
10. 5.62 7.8 2.0 1.4 0 1.8 1.2 .2 0 1.0 0 0 .4 0 64.1
Billman Creek Formation:
Section 18_____ .. unit 158. . 5. 88 4.3 .6 2.4 0 2.4 .5 0 0 0 0 0 1.0 .2 70.0
135.. 23.94 4.4 .b 1.5 0 3.1 0 0 0 0 0 0 .2 7 83.7
91 12,43 5.4 .6 0 0 1.3 0 0 0 0 0 0 1.1 0 84.4
52 14. 48 2.8 .9 0 0 2.1 0 .2 0 .9 0 0 0 .6 8.3
28 11.07 2.6 7 0 0 2.6 0 0 [} 0 0 0 0 .4 90. 8
- 26. 24 3.7 .3 .2 0 .7 0 0 0 7 0 0 0 .7 83.4
Miner Creek Formation:
Section 17_______ unit 155 _ 23.72 4.0 0 0 0 1.7 .6 0 0 0 0 0 0 .9 92.4
121 0. 88 5.7 1.1 .7 0 .7 0.7 .2 0 5.3 0 .9 0 8.8 13.4
83__ 5.16 17 1.0 0 .2 2.9 0 0 0 3.8 0 0 .2 9.1 78.7
78_. 0.20 12,9 .8 0 .3 1.4 L1 .3 .3 1.6 0 1.1 1.4 2.2 7.7
54__ 0.07 6.5 2.2 .2 .9 .9 .6 0 0 L7 0 0 0 0 12.4
47_. 0.07 17. 4 5.1 0 .2 1.2 2.2 0 .5 0 .2 0 .2 .2 2.9
45__ 2.60 7.0 7 0 0 .7 7 0 .6 1.0 0 0 0 .6 70.0
Miner Creek Formation, Sul-
phur Flats Sandstone
Member:
Section 17._.__.__ unit 43__ 0.49 1.3 .5 0. 3.8 .8 2.2 0 1.3 1.9 0 0 0 3.8 38.9
25_. 9. 58 4.8 0 0 0 .5 .2 0 .6 .8 0 0 0 0 89.1
- 0.23 21.7 5.2 1.0 0.2 2.1 1.7 2.6 2.6 6.2 0 .2 24.0 0 21.0
Cokedale Formation:
Section 16.__.___ unit 159_. 9.17 2.6 11 0 0 0 0 0 0 2.1 0 0 0 0 93.1
123._ 0.26 13.8 3.0 1.1 7 1.9 0 .4 .4 2.6 2.2 0 W7 0 10.8
93.. 0.09 10.3 5.1 .6 1.0 L5 1.6 4.1 .6 4.1 4.6 0 1.0 5 4.1
82_. 0.12 30.2 14.3 2.6 L5 12.4 .6 15 6.4 9.4 15 1.0 1.0 0 5.0

1 Percent of heavy-mineral fraction of the size fraction (0.088 and 0.062) used for heavy-mineral analysis, percent to nearest 0.1.

2 Biotite commonly is a very light colored variety and is included with muscovite.

COKEDALE FORMATION

The Cokedale Formation was named by Roberts
(1963) for exposures in the Sl5 sec. 23 and the NE1j
sec. 26, T. 2 S., R. 8 E. (fig. 15), immediately north of
the former coal-mining town of Cokedale, Mont. At the
type section, the formation conformably and grada-
tionally overlies the Eagle Sandstone and is 1,550 feet
thick (fig. 16). '

Weed (1893, p. 11) described the difference in lith-
ology that is the basis for separating the Livingston
Formation from the underlying Eagle Sandstone and
stated that the two formations were separated by an
unconformity. As a result of their regional studies in
the Crazy Mountains basin, Stone and Calvert (1910,
p. 761) recognized the Livingston Formation at the type
locality as conformably overlying the Eagle. Roberts
(1957, p. 47; 1963, p. B90) arbitrarily designated the
top of an arkosic sandstone that overlies the uppermost
minable coal bed of the Eagle Sandstone as the contact
with the Livingston, and this horizon is taken as the
base of the Cokedale. Some andesitic sandstone occurs
in the upper part of the Eagle Sandstone, and some
arkosic sandstone and coal occurs in the lower part of

the Cokedale Formation; nevertheless, the indicated
boundary is the most easily recognized contact in the
Livingston area. A difference in physical and chemical
properties of the coals in the upper part of the Eagle
(bituminous-coking) compared with those in the lower
part of the Cokedale (lignite-noncoking) is also a good
reason to choose this boundary. A thin, black chert-peb-
ble conglomerate that marks the top of the Eagle or
base of the Claggett throughout much of south-central
Montana (Hancock, 1918, p. 115; Knappen and Moul-
ton, 1931, p. 37) was not found in the section at
Cokedale.

LituorLocic CoMPOSITION

The Cokedale Formation consists of siltstone, sand-
stone, mudstone, water-laid tuff, bentonite, and carbo-
naceous claystone; and coal is present in the lower part
(measured section 16). The sedimentary rocks were de-
rived mostly from volcanic rocks of andesitic
composition.

Siltstone forms about 50 percent of the Cokedale
Formation. The siltstone is generally massive bedded,
tuffaceous, and commonly olive gray, weathering to

4
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in the type Livingston Group and Fort Union Formation, Cokedale, Mont.

in millimeters. Analyses by R. F. Gantnler]

Heavy minerals i—Continued

Magnetite Soluble Grain-size distribution for indicated diameter
Rutile Blotite Leuco- and Whit- Hema- Pyrite Cassit- in acid
xene ilmenite  neyite tite erite

1.0 07 05 035 025 0175 0.125 0.088 0.062 0.031 0.004 0.002 <0.002

0.4 0.7 0.7 13.8 0 2.1 0 0 20.2 0 0 0.1 0.9 13.2 19.2 16.5 9.1 6.2 120 17.1 1.8 3.9
0 .6 1.8 22.4 0 5.8 0 0 170 .1 .1 10 6.5 239 16.7 119 7.9 4.0 9.8 135 L5 3.0
.2 0 .9 6.4 0 11 0 0 18.6 0 0 0 .1 6.8 4.2 219 8.8 6.3 8.9 156.4 2.1 6.5
.3 0 b 6.6 .2 .3 0 0 18.2 0 .1 .6 L6 6.2 17.8 15.3 7.9 10.8 6.2 23.6 3.6 6.6
0 0 1.0 19.7 0 2.3 0 0 16,6 1.6 2.6 9.2 11.2 16.0 9.3 7.2 4.8 4.9 8.6 16.3 2.0 6.3
.2 .4 .2 1.1 0 .6 0 0 16,7 5.6 4.1 4.6 8.2 16.1 8.6 8.5 7.4 7.1 1564 10.0 1.9 2.5
0 0 .4 7.7 2 1.3 0 0 15.8 0 Tr. Tr. 1.6 7.3 1856 9.6 7.0 6.4 10,1 29.7 4.0 8.9
0 .2 W7 7.5 0 7 0 0 14.8 0 0 0 .3 9.0 179 163 1.0 7.4 7.7 23.6 L7 6.1
0 .2 .8 2.8 0 .8 0 0 26.2 .2 .2 256 9.0 181 160 120 9.2 8.1 6.6 14.3 .8 3.0
0 0 1.0 16. 8 2 3.3 0 0 23.7 0 0 0 0 .7 108 246 17.8 12.7 8.4 1756 2.5 5.0
0 [\] .7 15.1 0 2.9 0 0 21.2 0 0 0 0 L1 1726 27.2 11.4 8.5 7.8 20.7 1.4 4.4
0 .2 .b 4.6 0 .7 0 0 2.9 0 0 1] Tr. b 205 26.3 1561 10.7 5.2 16.7 L7 3.3
0 0 .6 6.3 0 .2 0 0 30.4 .1 .1 .4 .3 .3 103 105 13.1 19.5 7.6 27.8 3.0 7.0
0 0 7 9.3 .2 1.2 0 0 2.0 0 0 0 0 .1 .1 7.6 16.8 241 129 20.5 2.5 6.4
0 0 .4 2.2 0 .2 0 0 2.2 0 Tr. .1 .3 10 6.7 16,7 13.1 114 6.7 34.7 3.0 6.3
0 0 .9 7.1 .3 19 0 0 32.7 .4 L5 45 6.5 13.1 127 120 8.6 7.9 7.9 185 2.1 4.3
0 0 0 .6 0 0 0 0 16.7 0 0 0 0 2,7 159 167 1.0 8.3 7.6 20.6 2.9 5.3
0 .4 1.6 58.9 .7 13 0 0 12.6 0 0 0 .1 6.2 162 140 10.5 86 10.7 260 3.2 6.6
0 0 .2 1.7 .2 .2 0 0 16.2 0 0 0 .1 113 199 140 116 8.6 9.0 9.4 3.8 2.4
0 0 2.7 60. 8 3.8 1.6 0 0 9.7 0 0 Tr. .1 179 364 10.9 6.9 5.9 5.3 13.6 1.2 1.8
.2 0 .9 68.8 2.4 19 0 TN T ) P
0 .5 0 62.0 5.6 .7 0 1.6 1.7 0 0 0 0 .1 L7 17.2 16.1 1.9 7.6 34.1 3.2 8.1
.3 0 1.8 14.0 .7 1.8 .3 0 211 0 Tr. 3.6 10.1 13.4 123 10.6 8.9 9.3 6.1 19.4 2.6 3.8
.3 0 .6 13.3 1.1 1.6 .b 0 [ AP
.b 0 0 3.3 0 .2 0 0 [ P
.b 0 19 3.8 4.5 .7 0 0 18.7 0 0 0 4] 1 3.6 21.4 220 133 9.9 214 3.3 5.1
0 0 0 .6 0 0 .6 0 18.3 0 0 0 0 .1 108 189 1564 121 10,2 23.9 4.3 4.3
0 0 8.6 41,0 4.5 6.3 1.9 0 4.7 5.0 6.7 7.1 6.8 53 41 13.4 12.4 9.7 10.0 13.3 1.6 4.7
0 0 4.6 34.9 12.8 3.6 5.1 0 34.4 .3 1.3 37 13.2 10.1 9.5 7.8 7.5 7.4 129 220 3.1 1.2
0 0 3.9 3.9 4.4 b 0 0 6.4 0 0 0 0 0 0 4.3 23.8 266 169 221 256 3.8

3 Too firmly silica-cemented for mechanical analysis; sample crushed and separated for heavy-mineral analysis.

yellowish gray. In the lower part of the Cokedale, car-
bonaceous siltstone that contains abundant leaf impres-
sions, pollen, and spores indicates a transition from
brackish-water marine deposition of the Fagle Sand-
stone to continental deposition of the Cokedale. Locally,
in the upper part of the formation, fresh-water mol-
lusks are preserved.

Hard ridge-forming sandstone makes up about 35
percent of the formation. The sandstone beds are gen-
erally dusky yellow green, weathering to light olive;
they are massive to thin bedded, crossbedded, fine to
coarse grained, and locally conglomeratic. Many con-
glomeratic sandstones occur in scour-and-fill structures;
mudstone fragments are common constituents of these
deposits. Sandstone beds contain angular to subrounded
grains of volcanic rock (predominantly microporphyri-
tic and porphyritic andesite), plagioclase (andesine),
heavy minerals, and quartz. The heavy minerals (in
order of decreasing abundance) are diopsidic augite,
magnetite, zircon, copper mineral, leucoxene, hematite,
biotitemuscovite, epidote, pyrite, anatase, staurolite, hy-
persthene, sillimanite, garnet, sphene, corundum, tour-
maline, and hornblende (table 6). Pebbles of volcanic

rock include a distinctive welded tuff known to be indig-
enous only to the Elkhorn Mountains Volcanics west of
this area (M. R. Klepper, oral commun., 1958). The old-
est beds that contain these pebbles occur 600 feet above
the base of the Cokedale Formation. Sandstone in the
Cokedale contains much petrified wood and rare dino-
saur bones. The sandstones are cemented mainly by
silica, but the cement includes lesser amounts of calcite,
zeolite minerals, and montmorillonitic clay. The domi-
nant zeolite is heulandite, which commonly has a char-
acteristic orange color.

Prominent beds of light-gray calcareous quartzose
sandstone similiar to sandstone in the Eagle crop out
340 and 510 feet above the base of the Cokedale Forma-
tion (measured section 16) ; the uppermost sandstone is
16 feet thick and probably is the western tongue of the
Parkman Sandstone of areas farther east (fig. 2). These
sandstones are better sorted than other sandstones in the
Cokedale and consist of 35 to 55 percent quartz grains
and lesser amounts of plagioclase (andesine) and po-
tassium feldspar (orthoclase). These sandstones also
contain a heavy-mineral suite similar to that in the
Eagle Sandstone at Cokedale. The heavy minerals (in
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Ficure 16.—Type Cokedale Formation near the former coal-mining town of Cokedale, Mont. At this locality the Cokedale
conformably overlies the coal-bearing Eagle Sandstone and is overlain by the ridge-forming Sulphur Flats Sandstone

Member of the Miner Creek Formation.

order of decreasing abundance) are zircon, biotite-
muscovite, hypersthene, epidote, tourmaline, diopsidic
augite, copper, magnetite, leucoxene, sphene, sillimanite,
staurolite, anatase, topaz, garnet, corundum, and hema-
tite (table 6).

AGE AND CORRELATION

Mudstone and sandstone from 660 to 680 feet above
the base of the Cokedale Formation in the SW1/ sec. 23,
T. 3 S., R. 8 E., contain an abundant pollen and spore
flora (table 4). According to R. H. Tschudy (written
commun., 1962), this flora is definitely older than the
flora in the Mitten Black Shale Member of the Pierre
Shale and most nearly resembles the flora from the Blair
Formation of the Rock Springs region, Wyoming.

Samples (D1815-1 and D4120) collected near the
middle of the Cokedale yielded a palynomorph assem-
blage common to the type Claggett Shale and the lower
part of the type Judith River Formation (R. H.
Tschudy, oral commun., 1968). This flora (table 4) sug-
gests a deltaic environment of deposition to Tschudy.

Fragments of 2 onoclonius sp. that commonly occur
in the Judith River Formation in Montana and in the
“Pale Beds” at the top of the Belly River Formation in

443-754 O -
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©
&

Alberta were identified by G. E. Lewis (written
commun., 1963) from a sandstone 710 feet above the base
of the Cokedale. The stratigraphic position of the Judith
River Formation and its correlation with the Belly
River Formation was first described by Hatcher and
Stanton (1903).

In a siltstone bed (measured section 16, unit 167) 140
feet below the top of the Cokedale, the following fresh-
water snails were collected by the writer and identified
by D. W. Taylor (written commun., 1962) :

Viviparus
cf. Lioplacodes tenwicarinata (Meek and Hayden)
Physa?

The Cokedale Formation is the westward nonmarine
equivalent of the Claggett Shale and part of the Judith
River Formation of central Montana, or part of the
Two Medicine Formation of northwestern Montana
(fig. 2). The Cokedale is the lower part of the leaf beds
member of Weed’s (1893, p. 22) Livingston Formation.

Tuffs in the middle part of the Cokedale Formation
are persistent laterally and may correspond to Mem-
ber D of the Livingston Group at Maudlow, Mont.
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(Skipp and Peterson, 1965). Mapping in the Sedan
quadrangle by B. A. Skipp and W. J. McMannis (oral
commun., 1967) supports this correlation. Member D
is a distinctive welded tuff unit similar to the welded
tuffs of the middle member of the Elkhorn Mountains
Voleanics. Robinson and Marvin (1967) compared the
similar chemical composition and potassium-argon ages
of the volcanic glass in these rocks. Radiometric studies
by J. D. Obradovich (oral commun., 1968) indicate an
age of 78 m.y. (million years) for the basal member of
the Elkhorn Mountains Volcanics and 74=2 m.y. for
the Butte Quartz Monzonite that cuts the middle mem-
ber of the Elkhorn Mountains Volcanics; an age of
762 m.y. for the middle member of the Elkhorn
Mountains Volcanics seems reasonable. This age is
inferred for the middle part of the Cokedale Formation.

MINER CREEK FORMATION

The Miner Creek Formation was named by Roberts
(1963, p. B90) for exposures along Miner Creek in the
K15 sec. 19 and the NW1/ see. 20, T. 2 S., R. 9 E. (fig.
15). The Miner Creek in the type section conformably
overlies the Cokedale Formation and is 1,350 feet thick.
The Miner Creek consists largely of alternating beds of
siltstone and sandstone (fig. 17). The basal unit consists
of a prominent ridge-forming sandstone and inter-
bedded silicified tuff 160 feet thick. This unit is called
the Sulphur Flats Sandstone Member, named for the
section exposed along Miner Creek near Sulphur Flats
inthe SE1/4 sec 19, T.2S.,R. 9 E.

At Loweth, Mont., near the type Lennep Sandstone,
J. R. Gill (oral commun., 1967) measured 785 feet of
Miner Creek Formation overlying the Lennep Sand-

Fieure 17.—Overturned sandstone and siltstone beds of the
Miner Creek Formation exposed in roadcut at Bozeman Pass
in the NE sec. 13, T. 2 8., R. 7 B. View is east.

GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

stone, and near Columbus, Mont., he measured 203+
feet of Miner Creek overlying the Lennep.

LitroLocic CoMPOSITION

The Miner Creek Formation consists of tuffaceous
siltstone, volcanic lithic sandstone, voleanic sandstone,
silicified tuff, and bentonite (measured section 17).

Massive-bedded tuffaceous siltstone forms 75 percent
of the Miner Creek Formation. The siltstone in the
upper part of the formation is olive gray and weathers
to light olive gray. In the middle of the formation it
is dusky yellow green and weathers to grayish yellow
green, and in the lower part it is generally grayish olive
green and weathers to grayish yellow green.

Sandstone forms about 20 percent of the formation.
The sandstones are generally well bedded, fine to
medium grained, subangular, and poorly to moderately
sorted. Sandstone of the Sulphur Flats Sandstone Mem-
ber, however, is massive, crossbedded, and poorly sorted.
The sandstones are grayish green, weathering to light
olive gray.

The sandstones of the Miner Creek Formation are
composed primarily of volcanic rock fragments and
plagioclase, which occurs as oscillation-zoned crystals
and as crystal fragments. Very little quartz and potas-
sium feldspar are present. The plagioclase feldspar
ranges from andesine to labradorite and the potassium
feldspar is orthoclase. Rock fragments are devitrified
glass, fine-grained andesite, porphyritic and micropor-
phyritic andesite, chert, and a few quartzose rocks. The
feldspar and rock fragments are highly altered to car-
bonate and clay minerals.

Magnetite and diopsidic augite contents exceed 1 per-
cent. Hematite is abundant as an iron oxide stain and as
disseminated grains. Heavy minerals present (in order
of decreasing abundance) are diopsidic augite, magne-
tite, zircon, hornblende, epidote, copper mineral, bio-
tite-muscovite, hypersthene, hematite, leucoxene, corun-
dum, topaz, cassiterite, garnet, sillimanite, tourmaline,
sphene, rutile, staurolite, pyrite, and anatase (table 6).
Other minerals identified are chlorite, nontronite, cal-
cite, and apatite.

The grains are cemented by calcite, silica, and zeolite
minerals (generally heulandite and lesser amounts of
analcime and laumontite). Some heulandite cement has
an orange tint due to included fine hematitic dust.

SuLPHUR FLATS SANDSTONE MEMBER

The Sulphur Flats Sandstone Member consists mainly
of tuff, quartzose sandstone, volcanic lithic sandstone,
and conglomerate.

The tuffs are composed dominantly of plagioclase
(laboradorite to andesine), volcanic rock fragments,
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and a clayey silt matrix. The distinguishable rock frag-
ments are fine-grained andesites, porphyritic andesites,
and devitrified glass. These fragments are generally very
fine grained but contain plagioclase microlites, laths,
and fragments dispersed in the matrix. An X-ray analy-
sis of a water-laid tuff (measured section 17, unit 9) in-
dicates that it contains approximately 17 percent quartz.
Other samples may contain more silica. The tuffs are
commonly silicified and form indurated chert-like beds
that are pale pink or green.

Zeolite minerals are characteristic of the Miner Creek
Formation and are present in the Sulphur Flats Sand-
stone Member in quantities exceeding 1 percent. The
zeolites are present as void fillings between grains and
as cavity fillings (1 to 13 percent). Some have an orange
tint due to fine hematitic dust dispersed through the
zeolite. Optical properties and X-ray analysis indicate
that the zeolites are predominantly heulandite; anal-
cime, laumontite, and clinoptilolite are present in trace
amounts.

The dominant clinopyroxene is diopsidic augite. Con-
centration of this mineral and clinoptilolite gives the
formation a distinctive green color. The heavy minerals
present (in order of decreasing abundance) are diop-
sidic augite, zircon, magnetite, epidote, biotite-mus-
covite, copper mineral, tourmaline, corundum, horn-
blende, hypersthene, staurolite, hematite, leucoxene, ru-
tile, sphene, pyrite, topaz, garnet, and sillimanite (table
6). Biotite in the Miner Creek Formation and particu-
larly in the Sulphur Flats Member, is abundant and
characteristically light bronze in color.

Magnetite content exceeds 1 percent in nearly all beds
in the Sulphur Flats Member (table 6), and it is gen-
erally concentrated along bedding laminations. Mag-
netite content in the Sulphur Flats Member increases
northward from the type section. In this direction the
nonmarine Sulphur Flats Sandstone Member grades
laterally to the marine Lennep Sandstone. Magnetite
and other heavy minerals are concentrated along the
ancient strand line between these stratigraphic units.
Such a sedimentary magnetite deposit can be observed
near Wilsall, Mont., in sec. 25, T. 4 N, R. 8 E. Stebinger
(1914a, p. 329-337) studied similar deposits in the
Horsethief Sandstone (stratigraphic equivalent of the
Lennep) in northwestern Montana and attributed those
strata to deposition along ancient beaches. Houston and
Murphy (1962), in a regional study of similar deposits,
concluded that the magnetite-bearing sandstones were
concentrated as placer deposits along the margin of an
ancient shore line complex formed during the eastward
regression of the Late Cretaceous sea. Stratigraphically
above the Sulphur Flats Member, sandstone beds of the
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Miner Creek Formation also contain concentrations of
magnetite (table 6).

The basal and top sandstone beds of the Sulphur Flats
Sandstone Member are distinctly different from other
sandstone beds of the Livingston Group. The basal bed
(measured section 17, unit 1) is a fine-grained calcare-
ous mottled yellowish-gray quartzose sandstone, 6 to 20
feet thick. This excellent marker bed is persistent
throughout the Livingston area. The sandstone is com-
posed predominantly of quartz and contains lesser
amounts of plagioclase (andesine), potassium feldspar,
and bronze biotite; it is cemented by silica and zeolite
minerals. A few volcanic rock fragments are also
present. Sand grains are subangular to subrounded and
moderately sorted. The basal sandstone is similar. in
mineralogy, grain size, color, mottling, sorting, and cal-
careous and zeolite cement to sandstone units of the
Lennep Sandstone at Loweth, Mont. The mottling is due
to differential weathering of less resistant calcareous
material between clusters of zeolite minerals in the
cement. At the top of the Sulphur Flats Member, in-
durated sandstone beds that form ridges are composed
predominantly of subangular volcanic rock fragments
and contain lesser amounts of plagioclase (andesine)
crystals (measured section 17, unit 43). The fragments
include a variety of volcanic debris; however, porphy-
ritic and microporphyritic andesite and devitrified glass
are most common. The sandstone is fine to coarse
grained, poor to moderately sorted, and commonly cross-
bedded. :

AGE AND CORRELATION

Stanton (in Stone and Calvert, 1910, p. 665) identi-
fied a Late Cretaceous marine fauna from sandstone
assigned by Stone and Calvert to the Livingston Forma-
tion near Wilsall, Mont., in the NE1j sec. 25, T. 4 N, -
R. 8 E. The sandstone at this locality occupies a sandy
transitional zone between the Bearpaw Shale and the
overlying Lennep Sandstone. J. R. Gill and the writer
visited this locality (USGS Mesozoic loc. D3082) and
obtained the following fossils identified by W. A.
Cobban: '

Calcareous worm tube:
Serpula sp.

Pelecypods :
Pteria nebrascana (Evans and Shumard)
Pteria cf. P. linguaeformis (Evans and Shumard)
Ostrea cf. 0. russelli Landes
Crenella n. sp.
Tancredia americane (Meek and Hayden)
Callistra? sp.
Mactrae cf. M. alte Meek and Hayden
Panope sp.

Cephalopods :
Baculites cf. B. compressus Say
Placenticeras meeki Boehm
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Only one baculite fragment was complete enough to
suggest a species assignment. According to W. A. Cob-
ban (written commun., 1961), this fragment most closely
resembles an ornate variety of Baculites compressus,
and the collection would be in the Baculites compressus
zone or possibly the slightly younger Baculites cuneatus
zone in the upper Campanian of Late Cretaceous age
(fig. 2). The marine rocks from which these fossils
were obtained can be traced from Wilsall northward
into the type section of the Lennep Sandstone at the
north end of the Crazy Mountains (J. R. Gill, oral
commun., 1962). East of Livingston at Columbus,
Mont., the Bearpaw Shale contains Baculites reesidei
(W. A. Cobban, oral commun., 1968) indicating a
younger age and marine environment for these rocks in
that direction. South of Wilsall, in the Livingston area,
these beds are represented by the nonmarine Sulphur
Flats Sandstone Member of the Miner Creek Forma-
tion.

Near the close of Cokedale deposition the Bearpaw
sea transgressed westward across the Crazy Mountains
basin to the longitude of Wilsall, Mont. (fig. 2). Per-
haps a decrease in the elevation and amount of erosion
from the source area and (or) a slight uplift of the basin
permitted marine deposition in the western part of the
basin. When the Bearpaw sea subsequently withdrew
eastward from the Crazy Mountains basin, the non-
marine Sulphur Flats Sandstone Member of the Miner
Creck Formation and the marine Lennep Sandstone
were deposited as regressive units.

In the area between Augusta and Wolf Creek, Mont.,
the St. Mary River Formation overlies the Horsethief
Sandstone as shown.in figure 2. The St. Mary River
Formation is a thick sequence of continental rocks de-
rived from a volcanic terrane, probably the Elkhorn
Mountains Volcanics. The St. Mary River Formation
closely resembles the upper part of the Livingston
Group and can be similarly subdivided. The lower 1,200
feet of the St. Mary River Formation consists of green-
ish-gray sandstones and mudstones similar to the Miner
Creek Formation. Overlying this lower member is 1,000
to 3,000 feet of grayish-red mudstone very similar to
the Billman Creek Formation. Approximately 900 feet
of volcanic sandstone similar to the Hoppers Formation
overlies the grayish-red mudstone member.

A carbonaceous claystone 420 feet above the base of
the Miner Creek Formation in sec. 19, T. 2 S., R. 9 E.
(USGS Paleobotany loc. D1612) and a similar clay-
stone 1,330 feet above the base of the Miner Creek in
sec. 20, T. 2 S., R. 9 E. (USGS Paleobotany loc. D1613;
table 4) contain a diagnostic pollen and spore flora (R.
H. Tschudy, written commun., 1967). The genus of
greatest stratigraphic significance in these samples is

Aquilapollenites, of which the following species were
found in the two samples: 4 quilapollenites attenuatus,
A. polaris, A. calvus, and A. reticulatus. Aquilapol-
lenites calvus and A. polaris are species whose ranges
include the Campanian and Maestrichtian. 4 quilapol-
lenites attenuatus and A. reticulatus have ranges lim-
ited to the upper one-fourth of the Campanian and the
Maestrichtian. The pollen assemblage is closely similar
to that of a zone rich in A quilapollenites in the upper
part of the Pierre Shale. The plant microfossils in
samples from USGS Paleobotany localities D1612 and
D1613 correlate with those in the upper part of the
type Judith River Formation.

The Miner Creek Formation correlates eastward with
the lower part of the Hell Creek Formation; and the
basa lsandstone unit, the Sulphur Flats Sandstone Mem-
ber, is the nonmarine facies of the marine Lennep Sand-
stone and the Horsethief Sandstone (fig. 2). The Miner
Creek is the upper part of Weed’s leaf beds (1893), p.
22).

BILLMAN CREEK FORMATION

The Billman Creek Formation was named by Rob-
erts (1963, p. B91) for the nonmarine section exposed
near Billman Creek in the S14 sec. 13, T. 2 S,, R. 8 E.,
and the W14 sec. 18, T. 2 S., R. 9 E. (measured sections
5-7; fig. 15). The Billman Creek at the type section
conformably overlies the Miner Creek Formation and
is 2,590 feet thick. The Billman Creek is mostly mud-
stone but includes lesser amounts of sandstone, siltstone,
claystone, and conglomerate (fig. 18). Tt is less resistant
to weathering than adjacent formations and generally
forms valleys. Throughout the western part of the
Crazy Mountains basin, the formation is characteristi-
cally and conspicuously grayish red.

Weathering of volcanic deposits, which probably in-
cluded a large volume of ash, west of Livingston during
a period of reduced aggradation in the source area is
suggested as the cause for this red-bed sequence.

LitHoLocic COMPOSITION

The Billman Creek Formation consists of alternately
bedded mudstone, claystone, siltstone, and sandstone
(measured section 18). Mudstone and claystone make
up about 65 percent of the Billman Creek Formation
and are commonly massive bedded and generally tuf-
faceous. Three representative samples of claystone av-
erage 40 percent montmorillonite, 50 percent mixed-
layer montmorillonite-illite-vermiculite, 5 percent illite,
and 5 percent chlorite (L. G. Schultz, oral commun.,
1962). Mudstone and claystone in the upper part of the
formation are olive black to olive gray and weather to
light olive gray; in ‘the middle part they are mostly
grayish brown and weather to pale yellowish brown;
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Freure 18.—Massive mudstones interbedded with sandstones
and claystones typical of the Billman Creek Formation, ex-
posed in large railroad cut in NE14 sec. 15, T. 2 S, R. 8 E.
The formation at this locality is overlain by a Quarternary
pediment deposit (Qp). Note several small thrust faults; in-
dicated direction of thrust is east.

and in the lower part they are mainly dusky red and
weather to grayish red. Some beds in the lower part are
grayish green, weathering to grayish yellow green.
These multicolored very thick mudstones, particularly
the grayish-red beds, characterize the Billman Creek
Formation.

Sandstone and conglomerate channel fillings make up
about 25 percent of the formation. These rocks are gen-
erally dusky yellow green and weather to grayish
yellow green; they are composed of volcanic rock frag-
ments, plagioclase (andesine), diopsidic augite, horn-
blende, magnetite, biotite, quartz, and orthoclase and
are cemented by silica, calcite, clay, or zeolites. A 20-
foot-thick persistent andesitic sandstone unit 95 feet
above the base of the Billman Creek Formation con-
tains abundant spherical calcareous sandstone concre-
tions, generally 1 to 2 feet in diameter, and is an excel-
lent marker bed (fig. 19).

EARLY TERTIARY DEPOSITIONAL AND TECTONIC HISTORY
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F1cure 19.—Massive to crossbedded andesitic sandstone 95 feet
above the base of the Billman Creek Formation in the NE14
sec. 19, T. 2 8., R. 9 E. Unit contains abundant spherical cal-
careous concretions which are persistent laterally.

The sandstones are composed predominantly of feld-
spar (3-17 percent) and rock fragments (20-80 per-
cent). The feldspars include orthoclase and plagioclase
(generally andesine) and are generally altered, some
completely to clay. Quartz is present in amounts less
than 10 percent. The rock fragmetns are fine-grained
andesite and microporphyritic and porphyritic andesite.
Many of these fragments are stained with hematite
Many of these fragments are stained with hematite. The
sand grains are very fine to medium, mainly subangular,
and poorly to moderately sorted. The grains are
cemented by calcite, silica, clay, and zeolite minerals,
generally heulandite. '

Diopsidic augite and magnetite are present in quan-
tities exceeding 1 percent. The heavy minerals present
(in order of decreasing abundance) are diopsidic augite,
magnetite, zircon, hypersthene, hematite, sphene, leu-
coxene, biotite-muscovite, hornblende, garnet, epidote,
copper mineral, corundum, and staurolite (table 6).
Other minerals present are sericite, chlorite, and non-

tronite.
AGE AND CORRELATION

At the base of the upper third of the Billman Creek
Formation a massive brownish-gray mudstone (meas-
ured section 18, unit 105) contains sporadic small cal-
careous concretions and fresh-water mollusks and gas-
tropods. The mudstone yielded a distinct palynomorph
assemblage (table 4) equivalent to microflora found in
the type Colgate Member of the Fox Hills Sandstone at
Glendive, Mont. (R. H. Tschudy, oral commun., 1968).
A siltstone (measured section 18, unit 137) near the top
of the Billman Creek contains macerated plant frag-
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ments and a poor palynomorph assemblage of Creta-
ceous age that suggests deposition in a brackish-water
environment (R. H. Tschudy, oral commun., 1968).

Dinosaur bones of Maestrichtian (Lancian) age were
described from several localities in the upper part of the
Billman Creek Formation 13 miles east of Bozeman,
Mont., by McMannis (1955, p. 1408).

The following fresh-water mollusks were collected
from the middle part of the Billman Creek (measured
section 18, unit 105) by the writer and identified by D.
W. Taylor (written commun., 1962) :

Fresh-water clams:
Sphaerium?
Unionidae indet.
Fresh-water snails:
Viviparus sp.
cf. Lioplacodes tenuicarinate (Meek and Hayden)
Physa sp.

According to Taylor, these species are known from
much of the Cretaceous and could not be precisely dated
but were in accord with a Late Cretaceous age assigned
on the basis of plant microfossils and fossil vertebrates.

The Billman Creek Formation is approximately the
same age as the middle part of the Hell Creek Forma-
tion in central Montana (fig. 2). The Billman Creek is in
the lower part of the conglomerate member of Weed’s
(1893, p. 30) Livingston Formation.

HOPPERS FORMATION

The Hoppers Formation is a nonmarine unit named

by Roberts (1963, p. B91) for exposures near Hoppers

Siding on the Northern Pacific Railway in the SW1j
sec. 7, and the NW1/ sec. 18, T. 2 S, R. 9 E. (fig. 15).
The Hoppers Formation at the type section conform-
ably overlies the Billman Creek Formation and is 965
feet thick. The Hoppers consists largely of massive sand-
stone beds that form valley walls above the easily eroded
Billman Creek Formation.

Lituorocic CoMPOSITION

The Hoppers Formation is dominantly a volcanic
lithic sandstone interbedded with mudstone and silt-
stone (measured section 19). Ridge-forming sandstone
makes up 60 percent of the Hoppers Formation. The
sandstone ranges from massive to thin bedded and is
generally crossbedded. It is dusky yellow green and
generally weathers olive gray; however, the basal 140
feet weathers a conspicuous yellowish gray and weathers
to massive spheroidal shapes. The sandstones are mainly
composed of quartz (7-12 percent); feldspar (10-22
percent, including orthoclase and plagioclase, generally
andesine) ; and rock fragments (20-35 percent). The
plagioclase composition is questionable due to intense

alteration to clay. Rock fragments are fine-grained
andesite, microporphyritic and porphyritic andesite,
chert, and quartzite. The quartz has straight to strongly
undulose extinction, and the grains have a few vacuoles

and inclusions. The grains are cemented by calcite, silica, .

and zeolite minerals. The zeolite mineral is generally
heulandite that has an orange tint due to inclusions of
dispersed hematitic dust. The sandstone is fairly uni-
form in grain size (table 6) and moderately to well
sorted. Grains are subangular to subrounded.

Much of the sandstone occurs as channel-fill deposits,
which contain pebbles of mudstone and volcanic rock
and fragments of wood and other plant debris. The
basal sandstone beds of the Hoppers are massive, cross-
bedded, calcareous, generally conglomeratic, and cliff
forming. Thin layers of ferromagnesian minerals, par-
ticularly magnetite, are common in these beds.

Clinopyroxene (dominantly diopsidic augite) and
magnetite contents in two of the sandstone samples ex-
ceed 1 percent. Magnetite is concentrated in zones which
accentuate bedding laminations. Heavy minerals pres-
ent (in order of decreasing abundance), are diopsidic
augite, magnetite, zircon, hematite, hypersthene, corun-
dum, sphene, biotite-muscovite, epidote, leucoxene,
hornblende, garnet, copper mineral, and staurolite
(table 6). Other minerals present are nontronite, chlo-
rite, and allanite.

About 25 percent of the formation is massive-bedded
mudstone, which is olive gray and weathers to light
olive gray. A few beds contain calcareous claystone con-
cretions, and one was found that contains fresh-water
mollusks.

Siltstone, which forms about 15 percent of the for-
mation, is generally gradational with sandstone and
is similar in color and mineral composition.

AGE AND CORRELATION

Fossils are rare in the Hoppers Formation, and the
few that were found are not very helpful for precise
dating. A massive siltstone (measured section 19, unit
42) in the upper part of the Hoppers yielded poorly
preserved palynomorphs. According to R. H. Tschudy
(oral commun., 1968) the presence of Araucariacites,
code species V,S-r6, Classopollis, and Vitreisporites
suggests a Cretaceous age for this unit, and the pres-
ence of hystrichospheres and dinoflagellates suggests
brackish-water depositional conditions.

In a dark-brown calcareous siltstone 395 feet from
the top of the formation (measured section 19, unit 35),
the following fauna was collected by the writer and
identified by D. W. Taylor (written commun., 1962) :

Fresh-water clam :
Rhabdotophorus aldrichi (White)

«
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Fresh-water snails:
Viviparus meeki Wenz
Lioplacodes indet.

According to Taylor, both Rhabdotophorus aldrichi
and Viviparus meeki are known from the latest Creta-
ceous through the Focene.

The Hoppers Formation correlates approximately
with the upper part of the Hell Creek Formation of
central Montana (fig. 2). The Hoppers is in the lower
part of Weed’s (1893, p. 30) conglomerate member.

CRETACEOUS AND TERTIARY SYSTEMS
UPPER CRETACEOUS AND PALEOCENE SERIES

FORT UNION FORMATION

The Fort Union Formation of Late Cretaceous and
Paleocene age (Roberts, 1963, p. B89) overlies the type
Livingston Group with apparent conformity. The Fort
Union at Livingston, Mont., is a nonmarine sequence
6,615 feet thick (fig. 20) and consists of sandstone and
conglomerate alternately bedded with siltstone and
mudstone. It is subdivided into a lower conglomeratic
sandstone member 980 feet thick, a middle member of
sandstone and mudstone 3,835 feet thick, and an upper
conglomeratic sandstone member 1,800 feet thick. The
top is the present ground surface. These designations
are somewhat general because the units vary consider-
ably in average grain size and they are lenticular. The
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bedding and sedimentary structures of these rocks sug-
gest flood-plain deposits on an extensive alluvial pied-
mont alternating with delta deposits in lakes. The
source of the sediments was predominantly west of the
Crazy Mountains basin; lesser amounts of sediment
came from northwest and south of the basin.

The lithology of the rocks at the base of the Fort
Union Formation differs markedly from the rocks of
the underlying Livingston Group. Clasts in conglom-
erates of the Livingston are almost exclusively volcanic
rock, whereas the conglomerates in the Fort Union
contain igneous, metamorphie, and sedimentary clasts
derived from Precambrian, Paleozoic, and Mesozoic
formations. This significant change in provenance of
the rocks, from a monolithologic to a heterolithologic
unit, and an increase in fragment size suggest that the
Fort Union Formation had a closer source area of addi-
tional relief and lithology subjected to greater erosion
than did rocks of the Livingston Group. The lithology
and size of clasts in the conglomeratic sequence at the
base of the Fort Union indicate that the source area
was probably a part of the Bridger uplift, which at
this time was probably a broad feature that included
most, if not all, of the Gallatin Valley. The abrupt
change in lithology might indicate a short hiatus at the
top of the Livingston ; however, geologic mapping and
similar spores and pollen immediately above and below

F1cure 20.—Maximum thickness of the Fort Union Formation near the axis of the Fleshman Creek syncline. Reference section
20 was measured along the ridges at the left side of the photograph. View is northwest, parallel to the synclinal axis, from
near Livingston, Mont.
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the Fort Union-Livingston contact support a conform-
able designation.

Brown (1949) prepared a reconnaissance map of the
contact between strata he assigned to the Cretaceous
and those he assigned to the Paleocene around the edge
of the Crazy Mountains basin.

LITHOLOGIC COMPOSITION

The thick sequence of continental sedimentary rocks
of the Fort Union Formation includes coarse- to fine-
grained clastic strata that vary rapidly in lithology and
other characteristics (measured section 20). Massive
conglomerates are common in the Fort Union in the
westernmost part of the Crazy Mountains basin and
are thickest, coarsest, and most abundant near the east
flank of the Bridger Range (fig. 21). Cobbles and
pebbles in the conglomerates are dominantly porphy-
ritic and microlitic andesite but include lesser amounts
of Precambrian igneous and metamorphic rock and
Paleozoic and Mesozoic sedimentary rock. The conglom-
eratic units thin progressively eastward and south-
eastward by grading and interfingering laterally with
sandstone, and the sandstones merge in turn with the
finer grained clastic rocks in the central part of the
basin.

Ficure 21.—Basal part of the upper conglomeratic sandstone
member of the Fort Union Formation at Grassy Mountain in
sec. 21, T 1 N.,, R. 7 E. Cobbles and pebbles are dominantly
porphyritic and microlitic andesite with lesser amounts of
Precambrian igneous and metamorphic rock and Paleozoic and
Mesozoic sedimentary rock. Photograph by W. J. McMannis.
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The sandstone units of the Fort Union Formation
commonly are crossbedded or cross laminated and lentic-
ular. Most of the crossbeds are foreset beds. In contrast,
conglomerate units within the Fort Union are laterally
extensive and apparently were deposited on a near-
horizontal surface.

Most sandstone beds within the Fort Union Forma-
tion contain some interbedded conglomerate. Sandstones
in scour-and-fill structures commonly contain scattered
mudstone pebbles, which are tabular fragments of
laminated mudstone that generally have rounded edges.
Most mudstone pebbles were apparently derived from
underlying beds or from the sides of the channels during
periodic torrential floods. Exposed surfaces of these
deposits have characteristic indentations or cavities be-
cause the mudstone fragments weather out more readily
than the enclosing sandstone.

One striking characteristic of the Fort Union Forma-
tion near Livingston is a cyclic alternation of sand-
stone and mudstone (pl. 2; measured section 20) in
graded beds. Thick- to thin-bedded sandstone units are
commonly coarse grained in the lower part and grade
upward to fine grained at the top. Bedding in these
sandstone units changes gradually from thick bedded
at the base to thin bedded in the upper part; also, these
sandstone units become better sorted and more calcareous
progressively upward.

Most of the calcareous sandstone beds weather dark
yellowish brown or brownish gray, whereas the non-
calcareous beds weather light olive gray or grayish
yellow green. The calcareous or slightly calcareous beds
and the coarser grained conglomerate beds form ridges,
whereas the noncalcareous beds and the finer grained
sandstone and mudstone form slopes. In general, sand-
stones in the Fort Union become gradually lighter
colored toward the top of the formation.

The sandstone units contain a large quantity of feld-
spar and lithic fragments of volcanic, metamorphic, and
sedimentary rock ; the grains are angular to subrounded.
Samples examined for grain-size distribution indicate
poor sorting (table 6). Feldspars include both ortho-
clase and plagioclase; the latter ranges in composition
from andesine to labradorite. The cement consists of
varying amounts of silica, calcite, or zeolite mineral.

The heavy minerals present (in order of decreasing
abundance) are diopsidic augite, magnetite, zircon, hy-
persthene, garnet, hematite, epidote, sphene, leucoxene,
biotite-muscovite, hornblende, corundum, rutile,
staurolite, tourmaline, anatase, topaz, and copper min-
eral (table 6). Other minerals present are quartz, non-
tronite, chlorite, and zeolite. Quartz grains that have
straight to strongly undulose extinction and a few
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vacuoles or inclusions suggest a possible metamorphic
source for some of the sedimentary rock.

" AGE AND CORRELATION

The lower part of the Fort Union Formation near
Livingston, Mont., was assigned to the uppermost part
of the Late Cretaceous by Roberts (1963, p. B89; 1965,
p. B60). This assignment was based on paleontological
data and tectonic implications of the rock types in the
basal conglomeratic member of the Fort Union com-
pared with conglomerates of the Livingston Group.
Correlations and stratigraphic relations of the Fort
Union at Livingston and adjacent areas are shown in
figure 22.

Formations of the Livingston Group and members
of the Fort Union Formation in the western part of the
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Crazy Mountains basin are so similar that it is dif-
ficult to distinguish one from the other. Weed (1893,
p. 35) recognized the Fort Union Formation on the
east side of the Crazy Mountains; however, on the west
side of the Crazy Mountains near Livingston he included
the Fort Union in his Livingston Formation. Weed
(1893, p. 31) was well aware that his upper (con-
glomerate) unit might be separated from underlying
rocks with additional field studies and that it probably
correlated with the Fort Union. Later (Iddings and
Weed, 1894), the Fort Union was included in the
underlying Livingston Formation in the southern half
of the Crazy Mountains basin. Stone and Calvert (1910,
p- 555) were able to trace Upper Cretaceous formations
westward along the Musselshell River in the north-
eastern part of the basin and show that these forma-
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tions grade into Weed’s Livingston Formation. They
demonstrated that Weed’s Livingston Formation is a
highly volcanic facies of the Claggett, Judith River,
Bearpaw, Lennep, Lance (Hell Creek), and Fort Union
Formations. Stone and Calvert (1910, p. 746) subdi-
vided the Fort Union Formation near Harlowton,
Mont., into two members and named the basal unit the
Lebo Andesitic Member. Stone and Calvert (1910, p.
659) tentatively correlated the well-formed conglom-
erate on Brackett Creek on the east side of the Bridger
Range (upper conglomeratic sandstone member) with
light-colored sandstones near Clyde Park, Mont., that
contained a Fort Union flora.

In the northeast part of the Crazy Mountains basin
near Melville, Mont., Simpson (1937, p. 16-20), sep-
arated a Cretaceous-Tertiary transitional unit between
what he defined as Hell Creek and Fort Union Forma-
tions and named the unit the Bear Formation. He
assumed that beds up to and including the true dino-
saur-bearing Lance and Hell Creek faunas belong in
the Cretaceous and that overlying beds without dino-
saurs (except by redeposition), but with Tertiary-type
mammals, are Tertiary. His Bear Formation was given
separate formational rank because it contained no diag-
nostic vertebrates and could not positively be included
in either the Hell Creek or Fort Union; however, Simp-
son (1937, p. 21) favored inclusion with the Fort
Union. The basal 80 feet of the Bear Formation (Simp-
son, 1937, p. 17) contained fragmentary dinosaur spec-
imens which he interpreted as being redeposited from
eroded underlying Hell Creek beds. The arbitrary top
of the Bear Formation (Simpson, 1937, p. 17) was
assigned to a 1-foot-thick bed that contains a fresh-
water invertebrate fauna. This fauna was presumed
to be of Paleocene age. However, later studies of similar
collections that contain this fauna in the western part
of the basin indicate that the fauna is nondiagnostic. On
the basis of a collection of plants from the Bear Forma-
tion that contained more Paleocene species than Cre-
taceous, Brown (1962, p. 7) assigned the formation to
the Tertiary and placed the Cretaceous-Paleocene
boundary at the contact of the Bear and Hell Creek
Formations. .

Simpson (1937, p. 21) divided the Lebo Andesitic
Member of Stone and Calvert (1910) into two locally
mappable units—the Lebo No. 1 (lower) and the Lebo
No. 2 (upper). Simpson (1937, p. 25) proposed the
_ name “Melville” for the formation overlying the Lebo
No. 2 unit and suggested that future work might estab-
lish correlation with the Tongue River and perhaps
Sentinel Butte Members of the Fort Union formation of
eastern Montana. Stow (1946), as a part of his regional
lithologic studies of Upper Cretaceous and Paleocene

basin-fill sediments in the southeastern part of the
Crazy Mountains basin, mapped the Tullock Formation
from south-central Montana west to include Simpson’s
Bear Formation. He (1946, p. 678) also traced Simp-
son’s Melville Formation southeast to Heart Mountain,
Wyo., and considered the Melville to be equivalent to the
Tongue River Formation. McMannis (1955, p. 1407)
also recognized the Fort Union Formation along the
western side of the basin including subdivisions cor-
responding to the ones recognized in the Livingston
area.

Brown (1962, p. 17) collected fossil plants on Brack-
ett Creek in sec. 9, T.1 N, R. 7 E., southwest of Wilsall,
Mont., which were the same species found in the Lebo
and Simpson’s Bear Formation on the east side of the
Crazy Mountains. Although these collections were not
strictly diagnostic, Brown assigned an early Paleocene
age to about 1,500 feet of the upper part of Weed’s
Livingston Formation. He also commented that the
strata at this locality are not clearly separable from
the underlying Cretaceous beds by recognizable litho-
logic differences and well distributed unequivocal fos-
sils. Dorf (in McMannis, 1955, p. 1409) assigned a pro-
bable Paleocene age to a flora from beds near Wilsall,
Mont., which McMannis correlated with the middle
sandstone and mudstone member near the Bridger
Range.

Fine-grained clastic sedimentary rocks from the Fort
Union (measured section 20) were sampled and exam-

ined for spores and pollen. On the basis of fauna from

these samples (plant microfossils listed in table 4), the
Cretaceous-Tertiary boundary is tentatively placed in
the lower part of the Fort Union Formation, at the
boundary between the lower and middle members. Ac-
cording to R. H. Tschudy (written commun., 1962), the
lowest fossiliferous sample (D4105), 750 feet above the
base, contains a Cretaceous assemblage similar to that
obtained from the Hell Creek Formation. R. H.
Tschudy (written commun., 1962) examined a sample
(D1783) from 1,625 feet above the base and a sample
(D1784) from 2,050 feet above the base and did not
find Cretaceous fossils such as 7'»icolpites interangulus,
Schizosporus complewus, or Aquilapollenites spp. The
few species listed in table 4 (under D1783 and D1784)
are characteristic of the early Tertiary or transgress
the Cretaceous-Tertiary boundary.

The hystrichospheres and dinoflagellates in the up-
permost Cretaceous palynomorph assemblage (sample
D4105) indicate brackish-water deposition and the
Ghoshispora probably grew in fresh-water lakes or
ponds. As a whole, the palynomorph assemblage sug-
gests that this sample was deposited in a deltaic en-
vironment.
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On Willow Creek, in the NW1/ sec. 4,T.1S.,R. 9 E.,
9 miles north of Livingston, the writer collected a jaw
and three teeth of a condylarth in Fort Union strata
approximately 3,100 feet above the base (in Brown,
1962, p. 8, 17; Roberts, 1965, p. B60). This specimen
was the first Paleocene mammal found west of the
Crazy Mountains; it was identified by C.L. Gazin (writ-
ten commun., 1958) as Z'etraclaconodon cf. T. symboli-
cus Gidley of middle Paleocene age, which has been
described from the Lebo Member of the Fort Union.
From beds at this locality, the writer also collected
fresh-water mollusks identified by D. W. Taylor (writ-
ten commun., 1962) as Unionidae indet., Lioplacodes?
sp., and Viviparus meeki Wenz. These mollusks do not
provide a precise age determination, but are in accord
with the middle Paleocene age assignment of C. L.
Gazin.

HEAVY-MINERAL SUITES IN THE FORT UNION
FORMATION AND LIVINGSTON GROUP

Examination of heavy-mineral suites from Upper
Cretaceous and lower Tertiary rocks has contributed to
a better understanding of the regional stratigraphic re-
lations. Stow (1938; 1946) first demonstrated a chrono-
logic relationship between sedimentation and orogeny
in the Crazy Mountains basin by heavy minerals. He
identified characteristic mineral assemblages from
known Upper Cretaceous and lower Tertiary forma-
tions in the northern part of the Bighorn Basin of
Wyoming and, on the basis of relative frequency of
significant minerals, extended correlations into the
eastern part of the Crazy Mountains basin of Montana.
In the western part of the Crazy Mountains basin, near
Livingston, stratigraphic equivalents were similarly
studied during the present investigation and the tabu-
lation of data is shown in table 6. Stow (1938, p. 749)
found that garnet, hornblende, kyanite, staurolite,
tourmaline, and zircon were valuable for stratigraphic
correlation or for ascertaining the source of the sedi-
mentary rocks. In the Livingston area, anatase, diop-
sidic augite, garnet, rutile, tourmaline, and sillimanite
have proved to be valuable minerals for these purposes.
Diopsidic augite is limited to and common throughout
the Livingston Group and Fort Union Formation and
indicates a source from the Elkhorn Mountains Vol-
canics. Anatase is present in significant amounts only in
the Cokedale Formation. Tourmaline and sillimanite are
virtually restricted to the Cokedale and Miner Creek
Formations. Zircon is present in all parts of the Living-
ston and Fort Union; however, its content is generally
doubled in the Cokedale and Miner Creeck Formations
over its content in other parts of the sequence. The
copper mineral, whitneyite, is present in significant
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amounts in the Cokedale and Miner Creek Formations,
but also occurs in the underlying Eagle Sandstone. Gar-
net-and rutile are common constituents in the Fort Un-
ion Formation, whereas they are uncommon in the Liv-
ingston Group. The nonopaque heavy minerals, except
diopsidic augite, indicate a Precambrian source; how-
ever, Precambrian lithic fragments of pebble size or
larger did not become common until the basal member
of the Fort Union was deposited.

EOCENE SERIES

Volcanic and sedimentary units of Eocene age cap
ridges in the northern part of the Gallatin Range. The
sedimentary units consist chiefly of conglomerate and
sandstone derived from lower Eocene volcanic rocks,
Mesozoic and Paleozoic sedimentary rocks, and Pre-
cambrian metamorphic rocks. The volcanic units are
dominantly flows and flow breccias. The source area for
the sedimentary units was the uplifted parts of the
Beartooth Range to the southeast and the Gallatin
Range to the south. Volcanic vents in the Gallatin
Range and perhaps vents in the Beartooth Range con-
tributed andesitic rock to the sedimentary units. The
volcanic extrusive units were from vents in the Gallatin
Range to the south and the Emigrant Peak area in the
Beartooth Range to the southeast. Thickness of the
Eocene Series varies due to the amount of relief at the
base of the sequence; the units thin northward; some
units extend farther north than others; and the sequence
is truncated northward by post-Eocene erosion.

CRANDALL(?) CONGLOMERATE

At the base of the Eocene sequence at Chimney Rock,
15 miles southwest of Livingston in T. 3 S., R. 8 E., are
two conglomerate units. The lower conglomerate is
probably the Crandall Conglomerate of Pierce (1957)
in northwestern Wyoming, on the basis of its strati-
graphic position, age assignment of the overlying unit,
and lithologic similarities. The Crandall Conglomerate
was tentatively assigned to the lower Wasatchian of
early Eocene age by Pierce (1957, p. 613). Brown (1961,
p. 1175) extended use of the name Crandall(?) Con-
glomerate west into north-central Yellowstone Park,
and Rubel (1964, p. 42) described a similar con-
glomerate at Monument Peak north of Yellowstone
Park.

The Crandall(?) Conglomerate at Chimney Rock is
160 feet thick and is a cliff-forming coarse conglomerate
(fig. 23). The formation is composed dominantly of
boulders and contains lesser amounts of cobbles and
pebbles. Some boulders are as much as 5 feet in diam-
eter; however, most are 1 to 2 feet in diameter. The
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Fi6urE 23.—Sedimentary and volcanic rocks of Wasatchian and Bridgerian ages overlying the Eagle Sandstone of Late
Cretaceous age at Maxey Ridge at the northern end of the Gallatin Range. Outlined area enlarged in figure 24. Chimney
Rock, prominent landmark in the area, is on the skyline on the upper left. View toward west.

clasts are subangular to well rounded but are commonly
subrounded as shown in figure 24. Clasts are dominantly
dacitic volcanic rock but include lesser amounts of Pre-
cambrian igneous and metamorphic rock and Paleozoic
and Mesozoic sedimentary rock. The matrix is poorly
sorted sand derived from similar rocks.

Stratification in the Crandall(?) Conglomerate is
poor or absent. Sandstone lenses in the conglomerate are
generally the only indication of bedding, Scour-and-fill
structures are common.

Elsewhere in the Crazy Mountains basin, con-
glomerate of possible Eocene age occurs only in one
very small area near the junction of the Crazy Moun-
tains basin and Bighorn Basin. This conglomerate
rests unconformably on tilted and eroded beds of the
Fort Union Formation and is lithologically similar to
the Crandall Conglomerate. Calvert (1917, p. 203)
named this unit the Linley Conglomerate. There are no
reported occurrences of rocks equivalent to the Crandall,
north of the Canyon Mountain anticline in the western
part of the Crazy Mountains basin.

CATHEDRAL CLIFFS(?) FORMATION

The Crandall(?) Conglomerate is overlain by 60 to
80 feet of loosely consolidated slope-forming con-
glomerate. Its stratigraphic position and petrologic
composition suggest that this upper conglomerate is a
facies of the lower part of the “early acid breccia” of
Hague (Hague and others, 1899) in the Absaroka
Range, the Reese Formation of Calvert (1912b, p. 56)
in the southern part of the Gallatin Range, or the
Cathedral Cliffs Formation of Pierce (1963) in the
Clarks Fork area of northwestern Wyoming. The unit
consists of boulders (largest observed was 8 feet in
diameter), cobbles, pebbles, and sand. The heterogene-
ous mixture indicates very rapid deposition. The
Cathedral Cliffs(?) Formation is composed entirely of
volcanic rock fragments, generally of andesitic composi-
tion, and may be a lateral sedimentary facies of the
lower part of the Golmeyer Creek Volcanics (R. A.
Chadwick, written commun., 1969) or the Golmeyer
Creek’s equivalents in the Beartooth and Absaroka
Ranges (H. W. Smedes, oral commun., 1968). Locally
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Ficure 24.—Crandall(?) Conglomerate exposed on north side of Maxey Ridge in N4 sec. 31, T. 3 8., R. 8 E. Conglomerate
composed dominantly of dacitic volcanic rock but contains lesser amounts of Precambrian igneous and metamorphic rocks
and Paleozoic and Mesozoic sedimentary rocks. Note circled man for scale.

at the base of the Cathedral Cliffs(?) Formation in the
Garnet Mountain area is a carbonaceous siltstone
(McMannis and Chadwick, 1964, p. 18) that contains
plant spores and pollen which were identified by
R. H. Tschudy (written commun., 1962) as being of late
early Eocene or Wasatchian provincial age of Wood
and others (1941).

GOLMEYER CREEK VOLCANICS

A sequence of several thousand feet of andesitic flows,
flow breccias, mudflows, and lahars in the central part
of the Gallatin Range was named the Golmeyer Creek
Volcanics by Chadwick (1969), and that name is herein
adopted. This volcanic unit overlies the Cathedral
Cliffs(?) Formation about 10 miles south of the Living-
ston area in the central part of the Fridley Peak quad-
rangle. This forn ‘ion is not present at Maxey Ridge

in the north end of the Gallatin Range. The Golmeyer
Creek Volcanics, together with the underlying Cathe-
dral Cliffs(?) Formation, form the “early acid breccia™
of Hague (Hague and others, 1899) for the northern
part of the Gallatin Range.

HYALITE PEAK VOLCANICS

The youngest voleanic unit in the northern part of
the Gallatin Range is a sequence of andesitic flows and
flow breccias named the Hyalite Peak Volcanics by
Chadwick (1969), and that name is herein adopted.
This voleanic unit unconformably overlies the Cathe-
dral Cliffs(?) Formation in the northern part of the
Gallatin Range (fig. 25). At Maxey Ridge this forma-
tion is approximately 1,500 feet thick and thickens
southward. This andesitic unit is probably equivalent
to the “early basic breccia” of Hague (Hague and
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F1cUre 25.—Volcanic agglomerate or lahar in the Hyalite Peak
Voleanics that overlie the Cathedral Cliffs(?) Formation at
Maxey Ridge in the N4 sec. 31, T. 3 S, R. 8 E.

others, 1899), which has a Bridgerian age in the north-
ern Absaroka Range and in the Yellowstone National
Park area, Wyoming.

SELECTED STRATIGRAPHIC SECTIONS

Sedimentary sections measured, described, and
sampled for stratigraphic and paleontologic control in
southwestern Montana and north-central Wyoming as
part of the investigation of the Livingston coal field
are presented in the following pages. Twenty strati-
graphic sections were selected as the most useful to
provide a framework for stratigraphic and paleonto-
logic studies of Cretaceous and Paleocene formations of
southwestern Montana. More than one measured sec-
tion is given for certain formations in which significant
lateral variations in lithology are meaningful for a
better understanding of its stratigraphy. These varia-
tions in lithology are best illustrated in selected sec-
tions that are normal to what was the strand line
during deposition of that formation. Stratigraphic rela-
tions are summarized graphically in figures 2 and 22,
and microfossil data are presented in tabulated form

THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

in tables 2 to 4. Four of the selected sections are type
sections; one is redefined as a typical section; seven
are designated as reference sections; and eight provide
additional stratigraphic and paleontologic control.

The sections are arranged by formation in order of
decreasing geologic age. Beds containing fossils are
designated by their assigned fossil-collection number,
for example, USGS Paleobotany locality D3512-T or
USGS Mesozoic locality D581.

In the bed descriptions, rock names consist of a noun
denoting the dominant constituent followed by adjec-
tives denoting other constituents present. Terms de-
seribing grain size, hardness, thickness of bedding,
color, and additional information—such as the presence
of an unusual or distinctive mineral—are given.

METHODS OF STUDY AND DEFINITIONS OF TERMS

Stratigraphic sections were selected for completeness
of the sequence and minimal structural complexity. The
sections were measured by planetable and alidade and
by tape and Brunton traverse. Representative samples
were collected, generally from the middle of each litho-
logic unit. Descriptions of the stratigraphic units in-
clude megascopic and petrographic determinations of
physical properties. Color designations were based on
the “Rock-Color Chart” of the National Research Coun-
cil (Goddard and others, 1948). The terminology
applied to fragmental volcanic rocks is mainly that of
Wentworth and Williams (1932, p. 45-53) and Wil-
liams, Turner, and Gilbert (1954, p. 149-150).

In referring to the bedding of the rocks, the following
standard was used : massive means greater than 4 feet
in thickness; thick bedded means 2 to 4 feet; medium
bedded, 6 inches to 2 feet; thin bedded, 2 to 6 inches;
and very thin bedded, 14 to 2 inches. Platy refers to
beds 14¢ to 14 inch thick, and laminae are less than
14 ¢ inch.

Grain-size distributions for detrital rocks were de-
termined by conventional sieve and pipette analyses.
The following grain sizes are used : granule means more
than 2 mm; very coarse, 1.00 to 2.00 mm ; coarse, 0.50
to 1.00 mm; medium, 0.25 to 0.50 mm; fine, 0.125 to
0.25 mm; and very fine 0.0625 to 0.125 mm. Sorting
refers to the distribution of individual grain-size classes.
The following terms are used: well sorted means 90
percent of grains concentrated in one or two size classes;
medium sorted or fairly well sorted, 90 percent of
grains distributed in three or four size classes; and
poorly sorted, 90 percent of grains scattered in five
or more size classes. Claystone designates a rock com-
posed essentially of clay-size particles. Mudstone desig-
nates nonfissile rocks that are predominantly of clay-
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size particles but contain lesser amounts of silt and
very fine sand. Shale is regarded as a structural term
for a fissile mudstone.

In describing the relative abundance of fossils, and
occasionally of rock types or other material, the fol-
lowing standard was used : very abundant means that
the fossils (or other constituents) compose most of
the rock or unit; abundant means that they make up a
considerable part; plentiful, that they can be found
with ease; common, that they can be found in most
hand specimens of rocks; rare, that they are generally
difficult to find; and very rare, that considerable
searching is necessary.

KOOTENAI FORMATION

Three stratigraphic sections of the Kootenai Forma-
tion are considered typical of the formation in the area
west of Livingston. These are measured section 1 on
the west flank of Chestnut Mountain anticline, meas-
ured section 2 on the south flank of the Canyon Moun-
tain anticline, and measured section 3 on the north flank
of the Canyon Mountain anticline. The lateral varia-
tion in lithology but uniform total thickness of the
formation is well illustrated. Average grain size of the
sandstone decreases from west to.east. The well-exposed
and accessible section on the west flank of the Chestnut
Mountain anticline is here designated a reference
section.

SECTION 1

Reference section of the Kootenai Formation, measured in the
NEY; sec. 26, T. 2 8., R. 6 E., Gallatin County, Mont.

[Measured by A. E. Roberts, 1956. See fig. 5]

Lower Cretaceous—Thermopolis Shale.

Lower Cretaceous—XKootenai Formation: Ft In.
33. Claystone, olive-gray (5Y 4/1), calcareous;
weathers to light olive gray (5Y 6/1)______ 7

32. Sandstone, thin-bedded, greenish-gray (5GY
6/1), very fine grained, silty, calcareous;
weathers to dark yellowish orange (10YR
6/6) - o ieeiiio. 7
31. Limestone, massive, dense, light-olive-gray
(5Y 5/2), very fine grained, fossiliferous;
probably of fresh-water origin; weathers to
pale yellowish brown (10YR 6/2); contains
abundant ostracodes_._.___._. [ 4 0
30. Siltstone, dusky-yellowish-brown (10YR 6/2),
sandy, calcareous; contains stringers of
carbonaceous material; weathers to mod-
erate vellowish brown (10YR 4/2)________.
29. Siltstone, dusky-yellowish-brown (l10YR 2/2),
sandy, calcareous; weathers tc moderate
yellowish brown (10YR 5/4) . ____.._.___. 3
28. Claystone, dark-olive-gray (5Y 3/1), calcare-
ous; weathers to pale yellowish brown (10YR
6/2) e 3

[

SECTION 1—Continued

Reference section of the Kootenai Formation, measured in the
NEY4 sec. 26, T. 2 8., R. 6 E., Gallatin County, Mcnt.—Con.

Lower Cretaceous—Kootenai Formation—Continued Ft  In.
27. Limestone, irregularly bedded, thick-bedded,
dense, silty, light-olive-gray (5Y 6/1), fine-
to medium-grained, fossiliferous; probably of
fresh-water origin; contains ostracodes and
gastropods; weathers to yellowish gray (57

72) o __ e e e e 2 4
26. Mudstone, olive-gray (5Y 4/1); weathers to
light olive gray (5Y 6/1) .. __________._____ 1 0

25. Siltstone, grayish-green (10GY 5/2), non-
calcareous; contains small (2-4 in. thick)
irregularly shaped concretions near base;
weathers to grayish yellow green (5GY 7/2)__ 4 6

24. Siltstone, dark-reddish-brown (10R 3/4),
clayey; weathers to grayish red (10R 5/2)_. 14 7

23. Sandstone, massive, grayish-green (10G 5/2),
medium-grained, poorly sorted, moderately
indurated; grains composed of voleanic rock;
weathers to greenish gray (5GY 6/1)______ 5 0

22. Sandstone, medium-bedded, greenish-gray
(5GQY 6/1), very fine grained, slightly in-
durated; weathers to light olive gray

BY 6/1) . 1 0
21. Siltstone, thin-bedded, grayish-red (10R 4/2),
caleareous_ . _________________________ 7

20. Limestone, medium-bedded, grayish-red (10R
4/2), argillaceous; weathers to pale reddish
brown (10R 5/4). Three inches of grayish-
red (10R 4/2) calcareous siltstone 3 ft above
the base of unit. This limestone unit is
probably equivalent to the fossiliferous
limestone that contains fresh-water gastro-
pods and ostracodes and crops out on the
north shore of Mystic Lake in sec. 25, T. 3

S, R.6E_ ... 4 8
19. Siltstone, thin-bedded, grayvish-red (10R 4/2),

caleareous__ - ______________________.l____ 4
18. Limestone, thin-bedded, grayish-red (10R 4/2),

argillaceous____ . ________________________ 4

17. Siltstone, grayish-red (108 4/2), slightly cal-

careous; weathers to pale reddish brown

(LOR 5/4) o . 1 0
16. Sandstone, crossbedded, mottled grayish-red

(10R 4/2) and grayish-green (5G 5/2), very

fine grained, silty, slightly calcareous, mod-

erately indurated; weathers to pale reddish

brown (10R 5/4) and grayish yellow green

(5GY 7/2). oo -_ 1 0
15. Siltstone, grayish-red (10R 4/2), slightly cal-
CATEOUS - — - o o oo oo eeeean 6

14. Sandstone, crossbedded, mottled grayish-red
(10R 4/2) and grayish-green (5G 5/2), very
fine grained, silty; weathers to pale reddish
brown (10R 5/4) and grayish yellow green
BGY 7/2) @ o e 3 6

13. Sandstone, very thin bedded and crossbedded,
grayish-red (10R 4/2), very fine grained,
slightly calcareous, indurated; weathers to
pale reddish brown (10R 5/4) __ . ___.______



C60

GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

SECTION 1—Continued

Reference section of the Kootenat Formation measured in the NEY;
sec. 25, T. 2 8., R. 6 E., Gallatin County, Mont—Continued

Lower Cretaceous—Kootenai Formation—Continued F¢

12.

11.

10.

Siltstone, thin-bedded to massive, multicolored
(red, brown, purple, and green); contains
some small channel-fill deposits of fine-grained
sandstone and nodular concretions__________

Sandstone, thin-bedded to massive, mottled
grayish-red (10R 4/2) and light brownish-
gray (5YR 6/1), very fine grained, silty,
poorly  sorted, calcareous, indurated;
weathers to mottled yellowish gray (5Y 8/1)
and pale red (10R 6/2) .- __________________

Siltstone, thin-bedded and crossbedded, multi-
colored (red and green), sandy; unit varies
in thickness; lower 4 ft is a channel-fill de-
posit; contains small (6 in. in diameter or
less) concretions and lenticular beds (1 ft
thick or less) of caleareous sandstone_______

. Limestone, medium- to thick-bedded, grayish-

red (10R 4/2), argillaceous; some dendritic
manganese staining; weathers to pale red
(I0R 6/2) - oo __.

. Siltstone, thin-bedded and crossbedded, multi-

colored. (red, purple, and green), sandy, cal-
careous; contains lenticular calcareous sand-
stone beds (1 ft thick or less) and calcareous
sandstone coneretions_ - . ________________

. Claystone, multicolored (red, purple, yellow,

and green), silty__ ___ . ____________________

. Sandstone, thin-bedded to massive grayish-red

(10R 4/2), very fine grained, silty, indurated,
calcareous; mottled locally grayish red (10R
4/2) and greenish gray (5GY 6/1)____________

. Mudstone, multicolored (purple and green),

silty, soft_ . o ___

. Siltstone, massive, grayish-red (10R 4/2), in-

durated, slightly calcareous; locally some
greenish-gray (6GY 6/1) mottling; weathers
to grayish orange pink (5YR 7/2)____________

. Mudstone, massive, multicolored (purple, red,

and green); upper 9 ft indurated, lower 5 ft
thin to medium bedded containing lenticular
beds of calcareous very fine grained sand-
stone; unit contains many calcareous very
fine grained sandstone concretions as large as
2-3 ft in diameter________________________

. Sandstone, massive, medium-dark-gray (N4),

very fine grained, silty, indurated; weathers
to yellowish gray (6Y 7/2); lower contact
gradational with underlying conglomerate._

Pryor Conglomerate Member:

1.

Conglomerate, poorly bedded and crossbedded
to massive; much of the unit is conglomeratic
sandstone; pebbles are dominantly chert;
sand grains of matrix composed dominantly
of quartz and chert; lower half of unit contains
several thin-bedded siltstones (1 ft or less in
thickness) _ __ _ - o e _.

15

24

17

10

26

18

10

Total thickness of Kootenai Formation____ 255
Upper Jurassic—Morrison Formation.

In.

10

SECTION 2 -

Kootenat Formation measured in the NWY{ sec. 22, T.3S., R. 9

E., Park County, Mont.

{Measured by A. E. Roberts and C. A. Saadberg, 1959]

Lower Cretaceous—Thermopolis Shale.
Lower Cretaceous—XKootenai Formation:

13.

12.

11.

10.

[V

. Claystone,

. Mudstone,

Siltstone and mudstone, massive, grayish-red
(10R 4/2), calcareous in part; also some inter-
bedded pale-yellowish-brown (10YR 6/2)
claystone; approximately 20 ft above base
is a nodular chert zone and about 5 ft below
this zone the color changes to grayish red
purple GRP 4/2)_ . __ __ o ___.

Tuff, thin- to thick-bedded, pale-yellowish-
brown (10YR 6/2), silty; weathers to mod-
erate yellowish brown (10YR 5/4); slight
tendency to form ridges; considerable man-
ganese staining on joint and fracture sur-

Claystone, massive, grayish-red (5R 4/2), very
calcareous; slight tendency to form ridges__._
Mudstone, massive, light-brownish-gray (5YR
6/1); contains streaks of grayish red (5R
6/2); poorly exposed; upper few feet is tran-
sitional with overlying unit________________
massive, grayish-red (GR 4/2);
poorly exposed; forms saddles in slopes...___

. Limestone, irregularly bedded, light-olive-gray

(5Y 6/1) and mottled yellowish-gray (5Y 8/1)
and light-olive-gray; in part silty and sandy,
containing rounded grains of quartz and
chert; some thin discontinuous beds of silt
and some small scour-and-fill channels that
are less than 1 ft thick and contain small
chert pebbles_ _ __________________________
massive, grayish-red (5R 4/2);
poorly exposed______ e

. Siltstone, thin- to medium-bedded, pale-yellow-

ish-brown (10YR 6/2), very calcareous;
weathers to grayish orange (10YR 7/4); some
manganese staining within the rock_____.____

. Sandstone, thin- to thick-bedded, pale-yellowish-

brown (LO0YR 7/2), fine- to medium-grained,
very. calcareous; weathers to pale yellowish
brown (10YR 6/2); contains some hematite
nodules; contains some ferromagnesian grains
that are generally altered to limonite_______

. Sandstone, massive and crossbedded, yellowish-

gray (5Y 8/1), poorly sorted; quartz and chert
grains cemented by calcite; weathers to
grayish orange (10YR 7/4); scour-and-fill
channel 4.5 ft above base: channel is 3.5 ft
thick, 20 ft wide, and filled with quartz gran-
ules and chert pebbles; lower 3 ft contains
many pebbles_ . _____________

. Covered, probably light-yellowish-gray silt-

. Sandstone, medium- to thick-bedded, pinkish-

gray (5YR 8/1), medium-grained; quartz
grains cemented by calcite; unit slightly
indurated but poorly exposed_ .. ______.__._.

Ft In.

120 o

7 0
8 0
25 0
5 0
70
6 0
5 0
8 0
20 0
8 0
4 O

,
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SECTION 2—Continued

Koolenai Formation measured in the NW3{ sec. 22, 7.3 8., R. 9
E., Park County, Mont.—Continued

Lower Cretaceous—Kootenai Formation—Continued

Pryor Conglomerate Member: Ft  In.

1. Conglomerate, massive and crossbedded, yel-

lowish-gray (5Y 8/1); quartz and chert grains,

granules, and pebbles cemented by calcite;

much of unit is conglomeratic sandstone and

contains many scour-and-fill channel deposits;
ridge former_. ... ______-_. 24 0

Total thickness of Kootenai Formation..__ 247 0

Upper Jurassic—Morrison Formation.

SECTION 3

Composite section of the Kootenat Formation, measured on the north

side of Canyon Mountain in sec. 35, T. 2 8., R. 9 E., and |

adjusted with section of the Deerfield Oil Corp. Strong 1 well in
sec. 11, T. 2 8., R. 9 E., Park County, Moni.

[Measured by A. E. Roberts and J. S. Hollingsworth, 1955.]

Lower Cretaceous—Thermopolis Shale.

Lower Cretaceous—Kootenai Formation: Ft  In.
18. Mudstone, thick-bedded, grayish-red (10R
4/2), 80fto o oo __ 4 0
17. Siltstone, thin-bedded, light-gray; contains
interbedded grayish-red shale__._______..__ 18 0

16. Mudstone, thin-bedded, micaceous, gray;

contains interbedded medium-gray siltstone. 9 0
15. Mudstone, thin-bedded to massive, silty, gray-

ish-red to purple; contains thin interbedded

shale, siltstone, and limestone.__.___.______ 72 0
14. Limestone, medium-bedded, silty, mottled gray
and grayish-red, finely crystalline._.___.__ 4 0

13. Silistone, thin-bedded, micaceous, grayish-red;
contains thin interbedded grayish-red shale. 20 0
12. Mudstone, massive, silty, motiled light-gray

and purple (5RP 4/2) and grayish-red_____._ 8 0
11. Limestone, medium-bedded, light-gray, finely
erystalline_ . _ . _____________._.__ 7 0

10. Mudstone, thin-bedded to massive, silty,
micaceous, grayish-red and purple; contains

thin interbedded siltstone and shale..___.__ 45 0
9. Claystone, thin-bedded, light-gray to green

(altered tuff bed?). .- .. __.______ 3 0
8. Mudstone, thin-bedded to massive, mottled

gray and reddish-gray. ... __.___.__.______ 22 0

7. Mudstone, thin- to thick-bedded, silty, pyritic,

grayish-red; contains thin interbedded silt-

stone and purple shale_ ... _______________ 20 0
6. Claystone, thick-bedded, grayish-red, calcar-

eous; weathers to pale yellowish brown

(I0YR 6/2) - .. 3 0
5. Sandstone, medium-bedded, silty, pyritic, in-

durated yellowish-gray (5Y 7/2), fine- to very

fine grained; angular grains______.___.___.___ 8 0
4. Mudstone, medium-bedded, sandy, calcareous,

grayish-red; weathers to pale yellowish

brown (10YR 6/2). . _ ... 2 0

443-754 O - 72 - 5.
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SECTION 3—Continued

Composite section of the Kootenai Formation, measured on the north
side of Canyon Mountain in sec. 36, T. 2 8., R. 9 E., and
adjusted with section of the Deerfield Oil Corp. Strong 1 well in
sec. 11, T. 2 8., R. 9 E., Park County, Mont.—Continued

Lower Cretaceous—Kootenai Formation—Continued Ft In.
3. Sandstone, massive, crossbedded, pyritic, in-
durated, gravish-orange (1(YR 7,4), veéry
fire to fine-grained; ferromagnesian minerals
altered to limonite give the orange color;
weathers to moderate yellowish brown (10YR
5/4); angular to subrounded grains; ridge
former_ ____ .. e___. 16 0
2. Sandstone, irregularly bedded, yellowish-gray
(5Y 7/2) very fine to fine-grained, very poorly
sorted, silty; weathers to dark yellowish
orange (10YR 6/6); contains sporadic sand
grains as large as granulesize_ _____________. 7 0
Pryor Conglomerate Member:
i. Conglomerate and sandstone, massive, cross-
. bedded, calcitic, very poorly sorted; indurated
Conglomerate composed mainly of subround-
ed chert pebbles. Sandstone composed dom-
inantly of angular to subrounded quartz and
quartzite grains. Unit has graded bedding—
coarse at the base. Very prominent ridge
former. ____.________ e e 24 0

Total thickness of Kootenai Formation____ 292 0
Upper Jurassic—Morrison Formation.
THERMOPOLIS SHALE
Two stratigraphic sections of the Thermopolis Shale
are considered to be typical of the formation in the
area west of Livingston. These sections are approxi-
mately 15 miles apart and normal to what was the
strand line during deposition of the Thermopolis. Clas-
tic sedimentary rocks in the measured sections change
systematically in grain-size distribution and sorting
from west to east. Section 4 was measured on the north
side of Rocky Creek Canyon, and section 5 was meas-
ured on the north side of Canyon Mountain. The
section in Rocky Creek Canyon is here designated a ref-
erence section because of its completeness, accessibility,
and contained microflora (table 2). Section 6, the Skull
Creek Shale section of Mapel (1959, p. 39), was sampled
for paleobotanical control for measured sections 4 and
5 and is included here as a reference section.

SECTION 4

Reference section of the Thermopolis Shale, measured on the north

side of Rocky Creek Canyon in the SWY s«c. 20, T.28.,,R.? E.,

Gallatin County, Mont.

[Measured by A. E. Roberts, 1964.]
Lower Cretaceous—Mowry Shale.
Lower Cretaceous—Thermopolis Shale:
Upper sandstone member: Ft  In

28. Sandstone, fine-grained, uncemented;
partly altered to a moderate-yellowish-
brown (10YR 5/4) clay._ . .. _..__. 1 0
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SECTION 4—Continued

Reference section of the Thermopolis Shale, measured on the north

side of Rocky Creek Canyon in the SW¥ sec. 20, T.2S., R. 7 E.,

Gallatin County, Mont.—Continued

Lower Cretaceous—Thermopolis Shale—Continued
Upper sandstone member—Continued

27. Sandstone, medium- to thick-bedded, very
fine to fine-grained, well-sorted, calcar-

eous, indurated, medium-gray (N5);
weathers to yellowish gray (5Y 7/2).
Contains heavy-mineral suite that ex-
cellently marks individual layers. These
layers are commonly crossbedded in

beds as much as 6 in. thick. Scme large

plant fragments were found on bedding
surfaces, and a few bedding surfaces are
ripple marked. A few of the sandstone

beds contain claystone pebbles. In
weathered outcrop, heavy minerals alter

to limcnite and hematite_____________

26. Mudstone, massive, carbonaceous, olive-
' black (5Y 2/1); weathers to light gray
- (N7); USGS Paleobotany loc. D3512—

U, 7 ft above base of unit____________

25. Sandstone, medium- to thick-bedded,
very fine to fine-grained, indurated,
medium-light-gray (N6); weathers to
vellowish gray (5Y 7/2). Bedding sur-

faces are covered with carbonaceous
trash. Some bedding surfaces are rippled
marked, and many have marine worm(?)

trails and groove and small flute casts.
Contains heavy-mineral suite. Between

the sandstone beds are thin layers of
carbonaceous claystone or siltstone. USGS
Paleobotany loc. D3512-T, 9.5 ft above

base of unit_ _______________________

Total thickness of upper sandstone

Middle shale member: .

24. Mudstone and interbedded siltstone and
sandstone. The volume of sandstone in
this unit gradually increases upward;
the unit is a transition zone between the
underlying shale unit and the overlying
sandstone unit. The upper 5 ft is dom-
inantly sandstone. The "mudstone is
massive, olive black (5Y 2/1), and weath-
ers to medium light gray (N6). The
sandstone is thin bedded, very fine
grained, silty, medium gray (N5), and
weathers to light olive gray (5Y 5/2).
Most beds contain plant fragments.
Bedding surfaces are commonly ripple

23. Shale, massive, carbonaceous, tuffaceous,
olive-black (5Y 2/1); weathers to me-
dium light gray (IN6). Lower 10 ft
contains poorly sorted sand grains.
Bentonite beds were noted as follows:

Thickness
Feet above base of unit  * in inches

Ft

29

30

31

92

37

In.

10

Reference section of the Thermopolis Shale, measured on the north
side of Rocky Creek Canyon in the SW% sec. 20, T. 2 8., R. 7 E,

SECTION 4—Continued

Gallatin County, Mont.—Continued

Lower Cretaceous—Thermopolis Shale—Continued
Middle shale member—Continued

Feet above base of unit 7;;‘%7:;‘:;
15, 4
34.5_ o _.__ 2
503 . 1
53.2___.___ e 2 7
581 ... 1

USGS Paleobotany loc. D3512-M
is 5 ft above base of unit; USGS Paleo-
botany loc. D3512-N, 31 ft above base
of unit; USGS Paleobotany loc. D3512-0,
48 ft above base of unit; and USGS
Paleobotany loc. D3512-P, 63 ft above
base of unit_ _ ______________________

22. Sandstone, thin-bedded, very fine to

21

20

19

18

medium-grained, poorly sorted, car-
bonaceous (?), tuffaceous, medium-
dark-gray (N4); weatheirs to very

~ light gray (N8) and has some limo-

nitic alteration. Very small selenite
crystals in areas of limonitic altera-
tion. Also contains approximately 10
percent interbedded brownish-black
(YR 2/1)y shale. ... ________.___

. Sandstone and interbedded shale (sand-

stone approximately 75 percent). Sand-
stone is thin bedded, very fine grained,
silty, light gray (N7), and weathers to
light olive gray (5Y 5/2). Basal 1 ft is
bentonitic. Shale is brownish black
(YR 2/1) and weathers to medium
light gray (N6) _ _ _ . ______________

. Shale, tuffaceous, brownish-black (5YR

2/1); weathers to medium light gray
(N®6); contains very small selenite crys-
tals throughout; unit is partly altered._

. Sandstone, thin-bedded, very fine grained,

silty, light-gray (N7); weathers to light
olive gray (5Y 5/2); much limonitic
weathering; some very small selenite
crystals in small rosettes on bedding
surfaces. oo ooooo

. Shale, dark-gray (N3); weathers to

medium light gray (N6); contains very
few (less than 5 percent) thin beds or
lenses of very fine grained sandstone.
USGS Paleobotany loc. D3512-F, 1 ft
above base of unit; USGS Paleobotany
loc. D3512-G, 15 ft above base of unit;
USGS Paleobotany loc. D3512-H, 30 ft
above base of unit; USGS Paleobotany
loc. D3512-1, 45 ft above base of unit;
USGS Paleobotany loc. D3512-J, 60 ft
above base of unit; USGS Paleobotany
loc. D3512-K, 75 ft above base of unit;
and USGS Paleobotany loc. D3512-L,
90 ft above base of unit____________--

Ft

101

10

13

In.

]
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SECTION 4-—Continued SECTION 4—Continued
Reference section of the Thermopolis Shale, measured on the north | Reference section of the Thermopolis Shale, measured on the north
stde of Rocky Creek Canyon in the SW sec. 20, T.2 8., R. 7 E,, side of Rocky Creek Canyon in the SW sec. 20, T. 2 8., R. 7 E.,
Gallatin Counly, Mont.—Continued Gallatin County, Mont.—Continued
Lower Cretaceous—Thermopolis Shale—Continued Lower Cretaceous—Thermopolis Shale—Continued
Middle shale member—Continued Ft In Middle shale member—Continued Ft  In.

17. Sandstone and interbedded shale (sand- and USGS Paleobotany. loc. D3512-C, 28
stone approximately 70 percent). Sand- ft above baseof unit_ _ . ______________ 20 4
stone is thin bedded, very fine to fine i
grained, silty, indurated, calcareous, Total thickness of middle shale mem-
medium gray (N5), and weathers to ber_ _ o __..__ 352 0
light gray (N7). Shale is carbonaceous, Lower sandstone member:
dark gray (N3), and weathers to 12. Sandstone, thin- to medium-bedded, very
medium light gray (¥6)._____________ 22 10 fine grained, silty, light-brownish-gray

16. Shale and interbedded sandstone (shale (5YR 6/1); weathers to light gray (N7).. 4 5
approximately 60 percent). Shale is 11. Claystone, massive, olive-gray (5Y 4/1);
carbonaceous, dark gray (N3), and weathers to yellowish gray (5¥ 8/1); con-
weathers to medium light gray (N6). tains some carbonaceous material _ ___ __ 3 8
Sandstone is thin bedded, very fine to 10. Sandstone, thin-bedded, very fine grained,
fine grained and silty. Although litho- silty, light-brownish-gray (5¥ R6/1); wea-
logically similar to unit 15, this unit is thers to light gray (N7) and has some
less indurated_. ... _______ 7 10 limonitic staining; bedding surfaces are

15. Sandstone and interbedded shale (sand- covered with marine worm(?) trails and
stone is approximately 80 percent). groove casts and "other sole marks of un-
Sandstone is thin bedded, very fine to determined origin..______.____________ 8 5
fine grained, silty, indurated, calcare- 9. Sandstone, thin- to medium-bedded, fine-
ous, medium gray (N5), and weathers grained, well-sorted, well-indurated (al-
to light gray (N7). Most bedding sur- most a quartzite), very pale orange
faces are covered with worm (?) trails (10YR 8/2); weathers to grayish orange
and groove and small flute casts. Con- (10YR 7/4); composed domingntly of
taing plant fragments. Shale in very thin clean quartz grains and contains a few
interbeds is carbonaceous, dark gray laminae of heavy minerals..___________ 6 6

" (N3), and weathers to medium light 8. Sandstone, very thin bedded, very fine
R R - 197 grained, silty, micaceous, ' quartzose,

14. Shale and interbedded sandstone (shale is medium-gray (N5); weathers to yellow-
approximately 80 percent). Shale is ish gray (5Y 7/2) - oo 4 8
dark gray (V3) and weathers to medium 7. Sandstone, thin- to medium-bedded, fine-
light gray (N6). It is very carbonaceous, con- grained, well-indurated (almost a quartz-
taining abundant plant fragments. Sand- ite), mottled light-brownish-gray (5YR
stone is thin bedded, very fine grained, 6/1) and brownish-gray (5YR 4/1); ir-
calcareous, very light gray (NV8), and regular base due to filling of mud cracks
weathers to yellowish gray (5Y 8/1) and at the top of the underlying unit_.____ 1 1
moderate yellowish brown (10YR 5/4). 6. Claystone, thick-bedded, carbonaceous,

Some bedding surfaces are covered with brownish-gray (5YR 4/1); weathers to
worm(?) trails and groove and small light olive gray (5Y 6/1)___________.__ 3 2
flute casts. USGS Paleobotany loc. 5. Sandstone, massive, fine-grained, well-
D3512~-D, 5 ft above base of unit_ ____ 10 2 sorted, well-indurated (almost a quartz-

13. Shale, dark-gray (N3); weathers to medi- ite), very pale orange (10YR 8/2);
um light gray (N6). Contains many weathers to grayish orange (10YR 7/4);
calcareous lenses and a few nodules and ~composed dominantly of clean quartz
septarian concretions that weather to grains and contains few heavy minerals. 7 1
grayish\orange (10YR 7/4) to yellowish 4. Sandstone, thin- to medium-bedded, very
gray (5Y°7/2). This unit is less indurated fine grained, micaceous, quart;z;:ose, me-
than the ovaorlying unit. The weathered dium-light-gray (N6); weathers to light
surface of the outcrop has an overall yel- li 5Y 6/1) and b iderabl
lowish-gray (5Y 7/2) appearance due to olve gray (. . a.n. cars con§1 erab’e
the presence of the many weathered dark-hematitic staining; contains few
calcareous chips, whereas the overlying scattered carbonaceous fragments...... 2 2
unit is a uniform medium light gray 3. Sandstone, very thin bedded, very fine
(N6). USGS Paleobotany loc. D3512-A, grained, silty, micaceous, quartzose,

1 ft above base of unit; USGS Paleobotany medium-gray (N5); weathers to yellowish’
loc. D3512-B, 15 ft above base of unit; gray (5Y 7/2) ... 2 5
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SECTION 4—Continued

. Reference section of the Thermopolis Shale, measured on the north
stde of Rocky Creek Canyon in the SW¥ sec. 20, T.2 8., R. 7 E.,
Gallatin County, Mont.—Continued

Lower Cretaceous—Thermopolis Shale—Continued
Lower sandstone memher—Continued Ft In.
2. Sandstone, thin- to medium-bedded, fine-
grained, well-sorted, well-indurated (al-
most a quartzite), very pale orange
(10YR 8/2); weathers to grayish orange
(10YR 7/4); composed dominantly of
clean quartz grains and contains few
laminae of heavy minerals_____________ 2 10
1. Sandstone, thin-bedded, fine-grained, well-
sorted, quartzose, indurated (but less
than overlying unit), mottled light-gray
(N7) and medium-light-gray (N6);
weathers to mottled yellowish gray (5Y
7/2) and very light gray (N8); the lower
6in. is hematitie. .. __________________ 2 3

Total thickness of lower sandstone
member_________________________ 48 8

Total thickness of Thermopolis Shale. 493 0
Lower Cretaceous—Kootenai Formation.

" SECTION 5

Composite section of the Thermopolis Shale, measured on the north
side of Canyon Mountain in sec. 35, T. 2 8., R. 9 E., and ad-
justed with section of the Deerfield Oil Corp. Strong 1 well in
sec.11,T.2 8., R. 9 E., Park County, Mont.

[Measured by A. E. Roberts, 1961]

Lower Cretaceous—Mowry Shale.
Lower Cretaceous—Thermopolis Shale:
Upper sandstone member: Ft In.
19. Sandstone, thin-bedded, silty, micaceous,
glauconitic, feldspathic, slightly cal-
careous, very fine to fine-grained, light-
gray; contains reddish-orange specks of
hematite; angular grains______________ 24 0
18. Mudstone, thin-bedded to massive, silty,
micaceous, pyritic, dark-gray; con-
tains thin interbedded siltstone._______ 42 0
17. Sandstone, thin- to thick-bedded, well-
indurated micaceous, pyritic, very fine
to fine-grained, greenish-gray (5G' 6/1);
weathers ‘to dark yellowish brown
(10YR 4/2); contains a heavy-mineral
suite and a few sporadic claystone

pebbles____________________________ 39 0
Total thickness of upper sandstone -
member__________ ... ________ 105 0
Middle shale member:

16. Siltstone, thin-bedded, sandy, micaceous,
slightly calcareous, light-medium-gray
(transitional unit between underlying
shale and overlying sandstone)_._____ 10 0
15. Mudstone, thin-bedded to massive, silty,
micaceous, pyritic, dark-brownish-gray;
slightly carbonaceous near top of unit. 39 0

SECTION 5—Continued

Composite section of the Thermopolis Shale, measured on the north
side of Canyon Mountain in sec. 35, T. 2 S., R. 9 E., and ad-
Jjusted with section of the Deerfield Oil Corp. Strong 1 well in
sec. 11, T. 2 8., R. 9 E., Park County, Mont.—Continued

" Lower Cretaceous—Thermopolis Shale—Continued

Middle shale member—Continued Ft In.
14. Sandstone, thin-bedded, calcareous, mi-
caceous, very fine grained, gray._.____.___ 6 0
13. Shale, silty, calcareous, dark-gray________ 5 0
12. Riltstone, thin-bedded, calcareous, light-
brownish-gray_ - __ . __________________ 4 0
11. Shale, silty, dark-brownish-gray ... ____..__ 9 0

10. Shale, silty, slightly calcareous, pyritic,
glauconitic in lower part, carbonaceous
in upper part; dark-gray; contains abun-

dant spores and pollen________________ 125 0
9. Siltstone, thin-bedded, caleareous pyritie,

dark-gray . ______________.__. 5 0
8. Shale, pyritic, dark-gray to black; con-

tains spores and pollen..______________ 95 0

7. Siltstone, thin-bedded, calcareous, pyrit-
ic, medium-gray; contains thin interbed-

ded dark-gray shale_ - _________._______ 33 0
6. Siltstone, thin- to thick-bedded, slightly

calcareous, medium-gray______________ 35 0
5. Shale, dark-gray to black________________ 24 0

Total thickness of middle shale member_ 390 0

Lower sandstone member:

4. Sandstone, thick-bedded, fine-grained,
quartzose, yellowish-gray (5Y 8/1);
weathers to grayish orange (100YR7/4).. 3 0

3. Siltstone, thin-bedded, yellowish-gray_____ 6 0

2. Sandstone, thick-bedded, fine- to medium-
grained ‘quartzose, yellowish-gray (5Y
7/2); weathers to dark yellowish orange
(10YR 6/6); subrounded, well-sorted
grains; ridge former_ . _ ______________ 23 0

1. Sandstone, thin-bedded, very fine grained,
very light gray (N8); weathers to
grayish yellow (5Y 8/4); contains some
very thin beds of medium-gray (N5)
siltstone_____ ________________________ 3 0

Total thickness of lower sandstone
member.________________________ 35 0

Total thickness of Thermopolis Shale. 530 0
Lower Cretaceous—Kootenai Formation.

SECTION 6

Reference section of the Skull Creek Shale, measured in the SW1/4
sec. 26, T. 49 N., R. 83 W., near Buffalo, Wyo.

[Modified from Mapel (1959, p. 39)}

Lower Cretaceous—Newecastle Sandstone.
Lower ACretaceous—Sk’ull Creek Shale: Ft In.
6. Shale, grayish-black, laminated; some inter-
laminated light-gray siltstone in basal 10-15 -
ft; USGS Paleobotany loc. D3842-C, 55 ft
above base of unit_______.__.________.__.___ 8 0

R
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SECTION 6—Continued

Reference section of the Skull Creek shale, measured in the SW
sec. 26, T. 49 N., R. 83 W., near Buffalo, Wyo.—Continued

Lower Cretaceous—Skull Creek Shale—Continued Ft  In.
5. Siltstone, tan to light-gray, calcareous, thin-
bedded, contains a few plant fragments; forms
ledge- - - ... 2 6
4. Shale and siltstone, interbedded and inter-
laminated; becomes more silty toward top;
grayish-black shale; brown siltstone___._____ 19 0
3. Siltstone, brown, calcareous, thin-bedded; con-
tains a few large steel-gray calcareous siltstone
concretions; forms ledge.. ... ___________ 2 0
2. Shale and siltstone, interbedded and inter-
laminated; grayish-black shale; brown silt-
stone. USGS Paleobotany loc. D3842-B, 39
ft above base of unit; USGS Paleobotany

loc. D3842-A, 23 ft above base of unit______ 47 0

1. Shale, gray to black, bentonitic; a zone of fer-
ruginous siltstone concretions near middle of
unit; poorly exposed______________________ 19 0

Total thickness of Skull Creek Shale_.____ 174 6.

Lower Cretaceous—Cloverly Formation.

MOWRY SHALE

Two stratigraphic sections of the Mowry Shale are
considered to be representative of the formation in the
area west of Livingston. Section 7 was measured on the

_north side of Rocky Creek Canyon, and section 8 was
measured on the north side of Canyon Mountain, The

sequence at Rocky Creek Canyon is dominantly tuffa-
ceous and carbonaceous, which suggests relative quiet
brackish-water deposition. The sequence at Canyon
Mountain is dominantly massive-bedded mudstone and
silty shale, which suggests shallow restricted marine
deposition. The section in Rocky Creek Canyon is here
designated a reference section because of its microflora
(table 2) and accessibility. Section 9, the Mowry Shale
section of Mapel (1959, p. 42), was sampled for paleo-
botanical control for measured sections 7 and 8; it is
included here as the typical section of the Mowry Shale.

SECTION 7

Reference section of the Mowry Shale, measured on the north side
of Rocky Creek Canyon in the SWY sec. 20, T. 2 8., R. 7 k.,
Gallatin County, Mont.

[Measured by A. E. Roberts, 1964]

Upper Cretaceous—Frontier Formation.
Lower Cretaceous—Mowry Shale: Ft  In.
28. Shale and mudstone, tuffaceous, brownish-
gray (5YR 4/1) and grayish-olive-green
(5GY 3/2); weathers to yellowish gray (5Y
7/2); contains some (approximately 25 per-
cent) interbedded siltstone and porcelanitic

sandstone; very poorly exposed. _ ______.__ 185 0
27. Bentonite, badly weathered and poorly ex-
Posed. - - e 2 0

SECTION 7—Continued

Reference section of the Mowry Shale, measured on the north side
of Rocky Creek Canyon in the SWY sec. 20, T. 2 8., R. 7 E.,
Gallatin County, Mont.—Continued

Lower Cretaceous—Mowry Shale—Continued Ft In,

26. Sandstone, thin- to medium-bedded, very fine

to fine-grained, indurated, calcareous, light-

olive-gray (5Y 6/1); weathers to yellowish

gray (5Y 8/1). Unit contains approximately

20 percent interbedded claystone_____.__.__ 38 8
25. Shale, tuffaceous, brownish-gray (5YR 4/1);

weathers to yellowish gray (5Y 7/2) and light

gray (N7). Between 7 and 13 ft above base,

unit contains some thin interbedded very fine

grained sandstone_ __________________.___ 34 8
24. Sandstone, thin- to thick-bedded, fine- to

coarse-grained, poorly sorted, indurated,

calcareous, light-olive-gray (5Y 6/1); weath-

ers to yellowish gray (5Y 8/1). Between 9 and

11 ft above base, unit is very fine grained to

silty and is thin bedded-_________________ 14 10
23. Shale, tuffaceous, brownish-gray (5YR 4/1);

weathers to yellowish gray (5Y 7/2) and light

gray (N7) e 18 0
22. Siltstone, thin-bedded, calcareous, indurated,

carbonaceous, medium-gray (N5); weathers

to grayish yellow green (5GY 7/2) . _______.._ 1 0
21. Shale, tuffaceous, brownish-gray (5YR 4/1);

weathers to yellowish gray (5Y 7/2) and light

gray (N7) e 23 0
20. Sandstone, thin-to thick-bedded, fine-to coarse-

grained, poorly sorted, indurated, calcare-

ous, light-olive-gray (5Y 6/1); weathers to

yellowish gray (5Y 8/1); contains zones of

abundant clay pebbles and cobbles and some

large plant fragments__._________________ 24 0
19. Shale, tuffaceous, brownish-gray (5YR 4/1);

weathers to pinkish gray (5YR 8/1). At 30

ft above base, a 1-ft-thick layer of very car-

bonaceous claystone contains thin streaks of

coal . o aoo. 76 0
18. Claystone, very tuffaceous (probably a weath-

ered bentonite), olive-gray (5Y 4/1); weath-

ers to light gray (N8) .. ___.____.__ 2 8
17. Claystone, light-olive-gray (5Y 6/1) at base;

gradually darkens upward to olive black

(5Y 2/1). Upper part contains reddish-orange .

specks of heulandite. . .- ________________ 4 7
16. Sandstone, thin-bedded, very fine grained,

silty, friable, light-gray (N7); weathers to

light olive gray (5Y 5/2) . ________________ 1 ©
15. Siltstone, thin-bedded, indurated, calcareous,

carbonaceous, medium-gray (N5); weathers

to grayish yellow green (5GY 7/2) ____.____ 1 0
14. Sandstone, thin-bedded, very fine grained,

silty, tuffaceous, friable, light-gray (N7);

weathers to light olive gray (5Y 5/2)____.__ 9 7
13. Claystone, tuffaceous, olive-gray (5Y 4/1);

weathers to yellowish gray (5Y 8/1)__.____ 1 0
12. Bentonite ... ________ 3

11. Claystone, carbonaceous, brownish-black (5
YR 2/1); weathers to light brownish gray .
(BYR 6/1) .. 1 5
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SECTION 7-—Continued

Reference section of the Mowry Shale, measured on the north side
of Rocky Creek Canyon in the SW4 sec. 20, T. 2 8., R. 7 K.,
Gallatin County, Mont.—Continued

Lower Cretaceous—Mowry Shale—Continued Ft In.
10. Sandstone, thin-bedded, very fine grained,
silty, tuffaceous, friable, light-gray (N7);
weathers to light olive gray (5Y 5/2); con-
tains plant fragments. Approximately 90
percent of unit is composed of uncemented

sand grains__ - ... 16 0
9. Claystone, tuffaceous, grayish-olive-green (5GY
3/2) ; weathers to pale olive (10Y 6/2)______ 1 4

8. Sandstone, thin-bedded, very fine grained,
silty, light-gray (N7); weathers to light olive

gray (Y 5/2) . 1 8
7. Claystone, tuffaceous, grayish-olive-green (5GY
3/2) ; weathers to pale olive (10Y 6/2)_____. 4 2

6. Sandstone, thin-bedded, very fine grained,

silty, light-gray (N7); weathers to light olive

gray (Y 5/2) . . 2 0
5. Claystone, tuffaceous, olive-gray (5Y 4/1);

weathers to yellowish gray (5Y 8/1). USGS

Paleobotany loc. D3513-B_ _ _ ____________ 5 10
4. Sandstone, thin-bedded, very fine grained,

silty, light-gray (N7); weathers to light olive

gray (5Y 5/2) .. 1 0
3. Claystone, tuffaceous, grayish-olive-green

(5GY 3/2); weathers to pale olive (10Y 6/2)__ 11 4
2. Sandstone, thin-bedded, very fine grained,

silty, light-gray (N7); weathers to light olive

gray (BY 5/2) . ___. 2 0
1. Claystone, tuffaceous, light-olive-gray (5Y 6/1)

at base; gradually darkens upward to olive

black (5Y 2/1). Upper 6 in. is very carbona~-

ceous—almost a dirty coal. USGS Paleo-

botany loe. D3513-A_ _ __________________ 3 0

~ Total thickness of Mowry Shale______.__ 497 0
Lower Cretaceous—Thermopolis Shale.

SECTION 8

Composite section of the Mowry Shale, measuréed on the north side of
Canyon Mountain in sec. 34, T. 2 8., R. 9 E., and adjusted with
section of the Deerfield Oil Corp. Strong 1 well in sec. 11, T. 2 8.,
R. 9 E., Park County, Mont.

[Measured by A. E. Roberts, 1961]

Upper Cretaceous—Frontier Formation.

Lower Cretaceous—Mowry Shale: Ft  In.
17. Siltstone, thin-bedded, dark-grayish-brown.__. 4 0
16. Shale, silty, dark-grayish-brown_____________ 26 O
15. Shale, silty, dark-gray_____________________ 24 0

14. Mudstone, massive, silty, mottled grayish-

green and grayish-brown; contains reddish-

brown specks and floating sand grains__.___ 16 0
13. Shale, silty, micaceous, pyritic, dark-brownish-

gray; contains very thin beds of coal and

siltstone_____________________ . ______._ 58 0
12. Sandstone, medium-bedded, micaceous, glau-

conitic, very fine grained, greenish-gray_.___ 5 0

SECTION 8—Continued

Composite section of the Mowry Shale, measured on the north side of
Canyon Mountain in sec. 34, T. 2 8., R. 9 E., and adjusted with
section of the Deerfield Oil Corp. Strong I well in sec. 11, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Lower Cretaceous—Mowry Shale—Continued Ft In.
11. Claystone, greenish-gray . _ __________________ 5 0
10. Siltstone, thin-bedded, micaceous, pyritic,

By e e 12 0
9. Shale, silty, micaceous, dark-grayish-brown_.___ 4 0

8. Sandstone, medium-bedded, slightly calcareous,
micaceous, pyritic, very fine to fine-grained,
light-greenish-gray; subrounded grains______ 11 0

7. Siltstone, thin-bedded, gray; contains inter-
bedded gray shale; siltstone contains reddish-

brown specks_ - __________________________ 18 0
6. Shale, silty, micaceous, pyritic, dark-gray;
contains thin interbedded siltstone_ _ . ______ 30 0

5. Mudstone, thin-bedded to massive, silty, mi-

caceous, pyritic, dark-brownish-gray mot-

tled with red and green; contains thin inter-

bedded siltstone____ ______________________ 67 O
4. Sandstone, thin-bedded, micaceous, glauconi-

tic, indurated, greenish-gray; angular grains. 4 0
3. Mudstone, thin-bedded to massive, silty, mi-

caceous, pyritic, dark-brownish-gray; con-

tains thin interbedded siltstone____________ 22 0
2. Shale, glauconitic, greenish-gray_._____._._.____ 4 0
1. Mudstone, thin-bedded to massive, silty, mi-

caceous, pyritic, dark-brownish-gray; con-

tains thin interbedded siltstone and very fine

grained sandstone_ _ . _____________________ 110 O

Total thickness of Mowry Shale__________ 420 0
Lower Cretaceous—Thermopolis Shale.
SECTION 9

Typical section of the Mowry Shale, measured about one-half of a
mitle north of the North Fork of Sayles Creek in secs. § and 6,
T.61 N., R. 83 W., near Buffalo, Wyo.

[Modified from Mapel (1959, p. 42)]

Upper Cretaceous—Frontier Formation.
Lower Cretaceous—Mowry Shale:
Siliceous shale member: Ft In
23. Shale, dark-gray to black; weathers to
dark gray. Brittle 6-in.-thick bed of hard
silty sandstone near middle of unit;
USGS Paleobotany loc. D3843-F, 10 ft

above base of unit___________________ 27 0
22. Sandstone, silty to very fine grained, thin-

bedded; forms ledge_ ________________ 14 0
21. Bentonite, pale-yellow_________________ 2 0

20. Shale, gray, siliceous, brittle; weathers to

light gray; contains abundant fish scales.

USGS Paleobotany loc. D3843-E, 2 ft

above base of unit___________________ 10 0
19. Siitstone, light-gray, hard; forms ledge... 2 0
18. Shale, dark-gray; weathers to light gray,

contains a few beds of light-gray silt-
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17. Bentonite, pale-green to light-gray______ 2 0
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SECTION 9—Continued

Typical section of the Mowry Shale, measured about one-half of a
mile north of the North Fork of Sayles Creek in secs. § and 6,

T. 61 N., R. 88 W., near Buffalo, Wyo.—Continued

Lower Cretaceous—Mowry Shale—Continued
Siliceous shale member—Continued
16. Shale, gray, siliceous, brittle; weathers to
light gray; contains abundant fish scales
and several thin beds of bentonite less
than 1 ft thick. USGS Paleobotany loc.
1D3843-D, 30 ft above base of unit____
15. Bentonite, light-gray_ - _ .. ______.___
14. Shale, gray, brittle, locally slightly silty;
weathers to light gray_ _________.____
13. Bentonite, light-gray_ _ _ .o ___---___
12. Shale, gray, brittle; weathers to light
gray; contains several thin beds of
bentonite less than 1.5 ft thick________
11. Bentonite, light-gray_ - ____.-_._
10. Shale, gray, brittle; weathers to light
gray; contains fish scales; thin beds of
bentonite about 1 ft thick near middle

Total thickness of siliceous shale
member__ _ . .. _____

Black shale member:
9. Mostly concealed; appears to be mainly
soft black shale that contains ironstone
concretions which weather. to purplish
black; USGS Paleobotany loc. D3843-C,
11 ft above base of unit-__________.____
. Bentonite, light-yellowish-gray.__.__.._.___
. Shale, grayish-black, soft, poorly exposed._
. Bentonite, light-gray .. . _______________
. Shale, grayish-black, poorly exposed; con-
tains a few ironstone concretions_._____
. Bentonite, light-gray____ ______________
3. Shale, grayish-black, soft, bentonitic. USGS
Paleobotany loc.- D3843-B, 13 ft above
base of unit_ _ _ . _ .. . . _.._____
2. Bentonite, grayish-yellow_______________
1. Shale, grayish-black; slightly sandy in
lower part. USGS Paleobotany loc.
D3843-A, 5 ft above base of unit_._____

(2 B =7 B (e o]

'S

Total thickness of black shale member_

Total thickness of Mowry Shale__.___
Lower Cretaceous—Neweastle Sandstone.

FRONTIER FORMATION
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One stratigraphic section of the Frontier Formation,
section 10, is considered to be representative of the for-
mation in the area west of Livingston. The section was
measured on the north side of Canyon Mountain. This
readily accessible section is here designated a reference

section.

SECTION 10

Ce7

Reference section of the Frontier Formation, measured on the north
side of Canyon Mountain in secs. 26 and 27, T. 2 S., R. 9 E.,

Park County, Mont.
[Measured by A. E. Roberts and J. S. Hollingsworth, 1955]

Upper Cretaceous—Cody Shale.
Upper Cretaceous—Frontier Formation:

27. Sandstone, massive, micaceous, very fine to
fine-grained, indurated, light-greenish-gray
(5GY 7/1); weathers to medium light gray
(N6) and contains reddish-brown specks of
hematite; ridge former___________________

26. Sandstone, thin-bedded, micaceous, very fine
grained, gray._ ___ . ____________._________

25. Shale, silty, dark-gray to black______________

24. Sandstone, thin-bedded, silty, micaceous, very
fine grained, gray_ . _____________________

23. Sandstone, thin- to medium-bedded, silty,
very fine grained, micaceous, calcareous,
indurated, light-greenish-gray (5GY 7/1);
weathers to yellowish orange (10YR 7/6);
ridge former____________________________

22. Sandstone, thin-bedded, silty, calcareous, car-
bonaceous, very fine grained, medium-gray .-

21. Siltstone, thin-bedded, carbonaceous,
ceous, medium-gray

mica-
20. Shale, silty, carbonaceous, micaceous, pyritic,
dark-gray; contains streaks of siltstone_____
19. Siltstone, thin-bedded, calcareous, medium-
light-gray_ _ _ ...
18. Sandstone, medium-bedded, silty, micaceous,
carbonaceous, very fine to fine-grained, in-
durated, light-greenish-gray (5GY 8/1);
weathers to light olive gray (5Y 6/1)___.___
17. Shale, silty, dark-gray_ . _______________ -
16. Conglomerate; pebbles less than 2 in. in diam-
eter of well-rounded chert in sand matrix;
“C” bed on geologic maps (Roberts, 1964b,
e,andf) ..
15. Sandstone, massive to crossbedded, yellowish-
gray (5Y 8/1), poorly sorted, pebbly; promi-
nent ridge former; weathers to dark
yellowish-orange (10Y R 6/6). Sand grains are
chiefly quartz, feldspar, and gray or brown
chert that are angular to subrounded____._
14. Siltstone, thin-bedded, indurated, dark-gray. -
13. Sandstone, medium-bedded, calcareous,
feldspathic, glauconitic, very fine to fine-
grained, gray; contains sporadic chert
pebbles_ _ _ _ _______ o ___.__
12. Siltstone, thin- to medium-bedded, greenish-
gray (5GY 6/1); weathers to yellowish gray
BY 8/1) ..
11. Sandstone, thin- to medium-bedded, greenish-
gray ' (5GQY 6/1), very fine grained, in-
durated; ridge former; weathers to a mot-
tled surface of yellowish gray (5Y 8/1)
and light gray (N7); contains heavy-mineral
suite concentrated in very thin bands.._.___
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SECTION 10—Continued

Reference section of the Frontier Formation, measured on the north
side of Canyon Mountain in secs. 26 and 27, T. 2 8., R. 9 E.,
Park County, Mont.—Continued

Upper Cretaceous—Froutier Formation—Continued Ft. In.
10. Sandstone, thick and crossbedded, light-gray
(N7), very fine- to fine-grained, slightly cal-
careous; weathers to yellowish-gray (5Y 8/1);
contains a heavy-mineral suite, commonly

in dark bands 0.25 in. or less in thickness__. 2 0
9. Siltstone, platy to thin-bedded, feldspathic,
glauconitic, grayish-olive (10Y 4/2) to olive-
gray (5Y 3/2); weathers to light olive gray
(5Y 5/2); contains a few interbeds of thin-
bedded, very fine grained, calcareous sand-
stone and dark-grayish-brown carbonaceous

shale that includes very thin beds of coal.___ 70 0
8. Sandstone, thin- to thick-bedded, crossbedded,
grayish-yellow-green (5GY 7/2), fine- to
coarse-grained, micaceous, glauconitic, in-
durated; weathers to dark yellowish brown
(10YR 4/2); contains a heavy-mineral suite;

very prominent ridge former.__.___________ 30 0
7. Shale, silty, dark-brown; contains very thin
beds of coal _____________________________ 10 0

Boulder River Sandstone Member:
6. Sandstone, thin-bedded, mottled dark-gray
(N3) and medium-light-gray (N6), very fine
grained, feldspathic, micaceous; weathers to a
mottled greenish gray (6GY 6;1) and very light
gray (N8). Mottling due to crystal clusters of
analcime in the cementing material. “A’’ bed
on geologic maps (Roberts, 1964b,d-f,and h)_ 45 0
5. Sandstone, thin-bedded, silty, very fine grained,
grayish-green; contains interbedded silty dark-
grayish-brown shale______________________ 27 0
4. Sandstone, thin-bedded, grayish-olive-green
(6GY 3/2), very fine grained, calcareous,
micaceous; weathers to light olive gray
(5Y 5/2) and contains reddish-brown specks. 5 0
3. Sandstone, massive, light-gray (N7), very fine
to fine-grained, poorly “sorted; weathers to
yellowish gray (5Y 7/2); calcareous and more
indurated in upper 5 in.; contains a heavy-
mineral suite; contains sporadic rounded
dark-gray (N3) chert pebbles and a few small
channel-fill deposits ot chert pebbles and
granule-size sand near top (fig. 9)__.________ 10 0
2. Sandstone, very thin bedded, grayish-yellow
green (bGY 7/2), silty, very fine grained,
caleareous, micaceous, glauconitic; weathers
to light olive gray (5Y 6/1) and contains
reddish-brown specks; contains Inoceramus

1. Sandstone, thin- to thick-bedded, crossbedded,
grayish-green (10GY 5/2), very fine to fine-
grained, micaceous, glauconitie, feldspathie,
calcareous, poorly sorted; weathers to brown-
ish gray (5YR 4/1); contains heavy-mineral
suite; contains a few interbeds of very thin
to thin-bedded siltstone. Almost every bed-
ding plane has a ripple-marked surface, and

SECTION 10—Continued

Reference section of the Frontier Formation, measured on the north
side of Canyon Mountain in secs. 26 and 27, T. 2 S., R. 9 E.,
Park County, M ont.—Continued

Upper Cretaceous—Frontier Formation—Continued
Boulder River Sandstone Member—Continued Ft  In.
many have abundant casts and molds of
Ophiomorpha and other burrows (fig. 10). A
few poorly preserved plant fragments were

alsonoted.______________________________ 24 0
Total thickness of Boulder River Sandstone
Member._ _ _ _____ o _____._ 119 0
Total thickness of Frontier Formation____ 415 0
Lower Cretaceous—Mowry Shale.
CODY SHALE

The Cody Shale is not well exposed in the area west
of Livingston. The most complete section was measured
on the north side of Canyon Mountain, and descriptions
of the covered intervals in this section were added from
the Deerfield Oil Corp. Strong 1 well. The description
of section 11 is considered to be typical of the formation
for this area.

SECTION 11

Composite section of the Cody Shale, measured on the north side
of Canyon Mountain in sec. 27, T. 2 8., R. 9 E., and adjusted
with section of the Deerfield Oil Corp. Strong 1 well in sec. 11,
T.28., R.9 E., Park County, Mont.

[Measured by A. E. Roberts, 1961]

Upper Cretaceous—Telegraph Creek Formation.
Upper Cretaceous—Cody Shale:
Upper shale member: Ft  In.
32. Siltstone, thin-bedded to massive, mica-
ceous, calcareous, dark-gray to dark-
brownish-gray__________ [ 30 0
31. Sandstone, thin-bedded, silty, mica-
ceous, calcareous, pyritic, very fine
to fine-grained; contains thin inter-
bedded dark-brownish-gray shale____ 24 0
30. Shale, calcareous, dark-brownish-gray;
contains thin interbedded dark-gray
siltstone_ _ - _ - - __________________ 16 0
29. Sandstone, thin- to medium-bedded,
silty, calcareous, pyritic, glauconitic,
micaceous, very fine grained; con-
tains thin interbedded calcareous
dark-brownish-gray shale___________ 40 O
28. Mudstone, thin-bedded to massive,
silty, pyritic, dark-brownish-gray;
contains thin interbedded calcareous
siltstone_ . - _____________________ 25 0
27. Sandstone, thin- to medium-bedded,
silty, calcareous, pyritic, glauconitic,
micaceous, very fine to fine-grained,
gray; contains thin interbedded silty
dark-brownish-gray shale; bears red
specks of heulandite(?)__.___._.___._. 38 0
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SECTION 11—Continued

Compostite section of the Cody Shale, measured on the north side
of Canyon Mountain in sec. 27, T. 2 8., R. 9 E., and adjusted
with section of the Deerfield Oil Corp. Sirong 1 well in sec. 11,
T.2 8., R. 9 E., Park County, Mont.—Continued

Upper Cretaceous—Cody Shale—Continued

Upper shale member—Continued Ft I
26. Mudstone, massive, silty, pyritic, dark-
brownish-gray . _ . ______________ 12 0

25. Siltstone, thin- to medium-bedded,

micaceous, pyritic, gray; contains

thin interbedded silty dark-brownish-

gray shale.______________________ 19 0
24. Mudstone, massive, silty, calcareous,

micaceous, pyritic, dark-brownish-

-4 &SRS 21 0
23. Sandstone, thin- to medium-bedded,

fine- to coarse-grained, subrounded

grains, light-gray__________________ 10 0
22. Shale, silty, calcareous, pyritic, dark-

grayish-brown; contains thin inter-

bedded siltstone_______ R - 24 0
21. Sandstone, thin- to medium-bedded,

calcareous, glauconitic, micaceous,

very fine grained; contains thin

interbedded silty, calcareous, dark-

grayish-brown shale_________ [ 22 0
20. Mudstone, thin- to thick-bedded, silty,

calcareous, sideritic, pyritic, dark-

grayish-brown; contains thin inter-

bedded, fine- to coarse-grained,

quartzose, light-gray sandstone that

bears subrounded grains______.______ 43 0
19. Sandstone, thin-bedded, silty, calcare-

ous, pyritic, micaceous, very fine to

fine-grained, gray; contains inter-

bedded silty, dark-grayish-brown

shale_ _ _ . ________.. 21 0
18. Siltstone, thin-bedded, sandy, calcare-
ous, micaceous, sideritic, gray._..___ 10 0

17. Shale, pyritic, dark-gray to  dark-

brownish-gray; contains thin inter-

bedded gray siltstone______________ 50 0
16. Siltstone, thin-bedded, sandy, calcare-

ous, micaceous, sideritic, gray; con-

tains interbedded dark-gray shale.___ 15 0
15. Sandstone, medium-bedded, silty, cal-

careous, micaceous, very fine grained,

white_______ ... 5 0
14. Shale, silty, calcareous, pyritic, mica-

ceous, dark-gray; contains thin, inter-

bedded, calcareous, gray siltstone____ 150 0

Total thickness of upper shale
member.._._______.__________ 575 0

Eldridge Creek Member:
13. Sandstone, platy to thin-bedded, silty,
calcareous, very glauconitic, mica-
ceous, pyritic, very fine grained,

SECTION 11—Continued

C69

Composite section of the Cody Shale, measured on the north side
of Canyon Mountain in sec. 837, T. 2 S., R. 9 E., and adjusted
with section of the Deerfield Oil Corp. Strong 1 well in sec. 11,
T.28., R. 9 E., Park County, Mont.—Continued

Upper Cretacecus—Cody Shale—Continued
Eldridge Creek Member—Continued

greenish-gray; weathers to grayish
yellow green; contains thin inter-
bedded calcareous siltstone and silty,
calcareous, dark-brownish-gray shale;
fossiliferous; USGS Mesozoic loc.

D581; slight ridge former (fig. 11)___.

Total thickness of Eldridge Creek
Member________._____________

Lower shale member:

12.

11.

10.

Shale, silty, calcareous, micaceous, py-
ritic, dark-brownish-gray; contains
thin interbedded very fine grained
sandstone and siltstone. . ___________

Shale, silty, calcareous, micaceous, py-
ritic, glauconitic, dark-grayish-brown;
contains lenses of gray siltstone______

Siltstone, thin-bedded, shaly, calcare-
ous, micaceous, pyritic, glauconitic,
gray; contains thin interbedded dark-
gray, silty shale.___________________

. Shale, silty, calcareous, micaceous,

glauconitic, dark-brownish-gray; con-
tains thin interbedded, very fine
grained, calcareous, gray sandstone
and siltstone; calcareous concretions
(commonly septarian)_______________

. Siltstone, thin-bedded, clayey, calcare-

ous, micaceous, glauconitic, dark-
grayish brown_____________________

. Shale, silty, micaceous, pyritic, dark-

. Shale, silty, calcareous, micaceous, py-

ritic, dark-gray; contains thin inter-
bedded very fine grained, silty, calcar-
eous sandstone_____________________

. Shale, silty, micaceous, pyritic, dark-

brownish-gray; contains thin inter-
bedded calcareous siltstone; fossilifer-

. Sandstone, medium-bedded, conglomer-

atic, calcareous, micaceous, very fine
to coarse-grained; contains pebbles of
well-rounded chert___ . _____________

. Shale, silty, calcareous, micaceous, py-

ritic, dark-grayish-brown____________

. Sandstone, medium-bedded, indurated,

very fine grained, light-greenish-gray;
weathers to yellowish orange; contains
heavy-mineral suite including much
biotite; ridge former________.__.__.____
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SECTION 11—Continued

Composite section of the Cody Shale, measured on the morth side
of Canyon Mountain in sec. 27, T. 2 8., R. 9 E., and adjusted
with section of the Deerfield Oil Corp. Strong 1 well in sec. 11,
T.28., R.9 E., Park County, Mont.—Continued

Upper Cretaceous—Cody Shale—Continued
Lower shale member—Continued Ft  In
1. Shale, silty, calcareous, micaceous, pyritic,
dark-gray to dark-brownish-gray; con-
tains thin interbedded calcareous gray
siltstone; bentonite bed near middle of

Total thickness of lower shale member. 590 0

Total thickness of Cody Shale______ 1,285 0
Upper Cretaceous—Frontier Formation.

TELEGRAPH CREEK FORMATION

Two stratigraphic sections of the Telegraph Creek
Formation are considered to be representative of the
formation in the area west of Livingston. These are
measured section 12, near the abandoned townsite of
Cokedale, Mont., and measured section 13, on the north
side of Canyon Mountain. The sequence at Cokedale is

siltstone and sandstone at a ratio of approximately

three to one. The sequence at Livingston is approxi-
mately a third of shale and mudstone and two-thirds of
siltstone and sandstone.

SECTION 12

Telegraph Creek Formation, measured in the NW{ sec. 26, T. 2 S.,
R. 8 E., Park County, Mont.

[Measured by A. E. Roberts and J. S. Hollingsworth, 1955]

Upper Cretaceous—Eagle Sandstone.
Upper Cretaceous—Telegraph Creek Formation: Ft  In.

10. Sandstone, thin-bedded (0.5 in. or less), light-
gray (N7), fine-grained, quartzose, very
calcareous; weathers to yellowish gray
(5Y 7/2); contains heavy-mineral suite;
has salt-and-pepper appearance. Unit is

very uniform throughout_______________ 43 0
9. Siltstone, thin-bedded to massive, sandy;
contains thin interbedded, very fine
grained, quartzose sandstone. This unit is
poorly exposed. Siltstone is generally mot-
tled olive gray (5Y 4/1) and dark greenish
gray (5GY 4/1), is generally carbonaceous,
contains disseminated plant fragments,
and weathers to pale olive (10Y 6/2). Unit
resembles a brackish-water tidal-flat de-
posit. Sandstone is very minor, 5 percent
estimate, and is thin bedded (0.5 in. or less)

and generally very calcareous._._._______ 78 0
8. Siltstone, massive, medium-dark-gray (N4),
slightly carbonaceous; weathers to a yel-

lowish gray (5Y 7/2); very calcareous__.. 29 0

SECTION 12—Continued

Telegraph Creek Formation, measured in the NWY{ sec. 26, T'. 2 S.,
R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Telegraph Creek Formation—Con. Ft  In.

7. Sandstone, thin-bedded to massive, very fine

grained, very calcareous, light-gray (N7),

quartzose, indurated; contains some dis-

seminated plant fragments; contains heavy-

mineral suite; ripple marked; weathers to

yellowish gray (5Y 7/2). Worm(?) tubes

noted on bedding surfaces_______________ 4 0
6. Siltstone, thin-bedded, olive-gray (5Y 4/1),

slightly carbonaceous, very calcareous;

contains some disseminated plant frag-

ments; weathers to yellowish gray (5Y

72 . 23 0
5. Sandstone, thin-bedded, light-olive-gray (5Y

6/1), very calcareous, indurated, very fine

grained, -quartzose; weathers to yellowish

gray (5Y 7/2) ____ L ________ 4 0
4. Siltstone, thin-bedded, (bedding is 0.5 in.

thick or less), olive-gray (5Y 4/1), slightly

carbonaceous, very calcareous; contains

disseminated plant fragments; weathers to

yellowish gray (5Y 7/2)_________________ 5 0
3. Sandstone, thick-bedded, very calcareous,
) very fine grained, light-olive-gray (5Y 6/1),

indurated, quartzose. Pronounced sphe-

roidal weathering in large concentric sheets.

The unit is continuous, but the spheroidal

weathering makes it appear concretionary_ 3 0
2. Siltstone, thin-bedded, olive-gray (5Y 4/1),

slightly carbonaceous, very calcareous;

weathers to yellowish gray (5Y 7/2)______ 164+ 0
1. Concealed; probably thin-bedded siltstone
and fine-grained sandstone______________ 70—~ 0
Total thickness of Telegraph Creek For-
mation______ . _____________________ 275 0
Upper Cretaceous—Cody Shale.
SECTION 13

Composite section of the Telegraph Creek Formation, measured on
the north side of Canyon Mountain in sec. 27, T. 2 S.,, R. 9 E.;
and adjusted with the section of the Deerfield Oil Corp. Strong 1
well in sec. 11, T. 2 8., R. 9 E., Park County, Mont.

[Measured by A. E. Roberts, 1961]
Upper Cretaceous—Eagle Sandstone.
Upper Cretaceous—Telegraph Creek Formation: Ft  In.

11. Siltstone, thin-bedded, sandy, micaceous, pyrit-
-ic, sideritic, medium-gray; contains inter-

bedded shale_ . __ __ e 40 0
10. Sandstone, thin-bedded, silty, micaceous, pyrit-
ic, very fine grained_ - - . _________________ 15 0

9. Siltstone, massive, sandy, micaceous, cal-
careous, pyritic, dark-gray; contains thin
interbedded shale and very fine grained

sandstone beds__.___ . _________________ 40 0
8. Mudstone, massive, micaceous, sandy, cal-
careous, dark-brownish-gray.._____________ 15 0

7. Sandstone, thin-bedded, silty, micaceous, pyrit-
ic, calcareous, very fine to medium-grained,
gray; contains interbedded shale_ . __._____ 30 0

i -
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SECTION 13—Continued

Composite section of the Telegraph Creek Formation, measured on
the north side of Canyon M ountain in scc. 27, I'. 2 8., R. 9 E.;
and adjusted with the section of the Deerfield Oil Corp. Strong .1
well in sec. 11, T. 2 8., R. 9 E., Park County, M ont.—Con.

Upper Cretaceous—Telegraph Creek Formation —Con.  Ft In.
6. Shale, silty, micaceous, pyritic, calcareous,

dark-brownish-gray; contains thin inter-

bedded very fine grained sandstone._______ 20 0
5. Sandstone, thin-bedded, silty, sideritic, feld-

spathic, very fine grained, gray.___._______ 8 0

4, Mudstone, thin-bedded to massive, silty, sid-
eritic, calcareous, light-gray to gray and
green; contains interbedded calcareous silt-
sbone _ - - 42 0

very fine grained, light-gray; contains abun-

dant heavy minerals and thin, interbedded,

calcareous, silty shale____________________ 43 0
2. Shale, silty, calcareous, dark-gray

brownish-gray _ - _ . ______ 12 0
1. Sandstone, thin- to thick-bedded, silty, cal-

careous, feldspathic, micaceous, pyritic,

sideritic, very fine to fine-grained, light-

gray; contains abundant heavy minerals._._. 30 0

Total thickness of Telegraph Creek For-

Upper Cretaceous—Cody Shale.

EAGLE SANDSTONE

Two stratigraphic sections of the Eagle Sandstone
are considered to be typical of the formation in the area
west of Livingston. These are measured section 14, near
the abandoned townsite of Cokedale, Mont., and section
15, measured near Livingston, Mont., on the west side
of the Yellowstone River. Comparison of these two
stratigraphic sequences indicates that the sandstone has
an eastward decrease in average grain size and that the
formation has an eastward decrease in coal content and

_in thickness.

SECTION 14

Reference section of the Eagle Sandstone, measured on the north
side of Miner Creek in the NWY sec. 26, T. 2 8., R. 8 E., Park
County, Mont.

[Measured by Albert E. Roberts and J. Stewart Hollingsworth in 1955]

Cokedale Formation (Upper Cretaceous).
Eagle Sandstone (Upper Cretaceous): Ft in
104. Sandstone, thick-bedded, indurated (slight
ridge former), calcitic, very fine grained,
light-olive-gray (5Y 6/1), arkosic. Weath-
ers to pale-olive (10Y 6/2) slabs about 3-6
in. thick. Sorting, fair. Quartz grains
comprise 50 percent. Contains heavy-
mineral suite. . . ... __________.___.___ 3 0

C71

Reference section of the Eagle Sandstone, measured on the morth
stde of Miner Creek in the NWY sec. 26, T. 2 S., R. 8 E., Park
County, Mont.—Continued

Eagle Sandstone (Upper Cretaceous)—Continued Ft In.

103. Siltstone, thick-bedded, tuffaceous, olive-
gray (5Y 4/1), and thin interbedded very
fine grained sandstone Weathers to
dusky yellow (5Y 6/4). Contains frag-
ments (fine grained) of volcanic rocks and
plant fragments. Unit poorly exposed._._. 2 0
102. Siltstone, very carbonaceous, tuffaceous,
clayey (roof) . 5 0
101. Coal (Cokedale coal bed or locally the Coke-
dale No. 5 bed), attitude N. 84° W., 40°

NE e 5 0
Siltstone, very carbonaceous, tuff- in
BCEOUS _ _ oo 2
Siltstone, tuffaceous- . __________ 1
Bone. . ... 3
Coal. . 8
Siltstone, altered, tuffaceous, car-
bonaceous____________________ 2.5
Coal .. 11
Siltstone, altered, tuffaceous, car-
bonaceous._ .. _________________ .5
Bone._ - .. 5
Coal___ o ______ 19
Bone__ . 2
Siltstone, very carbonaceous,
clayey . e 6

100. Siltstone, massive, light-gray (N7), clayey.
Poorly exposed. Weathers to light-olive-
gray (5Y 6/1) soil . ________ ... .__ 6 0

99. Sandstone, indurated (slight ridge former),
very fine grained, dusky-yellow-green
(5GY 5/2). Sorting, fair. Weathers to
yellowish orange (10YR 7/6). Rock
appears to be transition of Eagle Sand-
stone and Livingston Group lithologies.
Weathers along fractures (N. 60° W.) and
bedding planes. Attitude N. 80° W., 40°

98. Siltstone, thick-bedded, light-olive-gray (5Y
6/1), clayey, carbonaceous. Weathers to
moderate yellowish brown (10YR 5/4).

Small granule-size grains near base__.__._ e 0

97. Coal (probably Paddy Miles coal bed or
locally the Cokedale No. 4 bed) _____._ 1 0

in.

Bone. ... 3

Coal .. 9

96. Siltstone, medium-bedded, olive-gray

(5Y 4/1). Weathers to moderate

yellowish brown (10YR 5/4) ____________ 1 6
95. Siltstone, very carbonaceous (almost bone) . . 2
94. Siltstone, massive, pale-olive (10Y 6/2),

tuffaceous. Weathers to moderate green-

93. Sandstone, indurated, slabby, crossbedded,
very fine grained, yellow-green (5G'Y 6/2);
slight ridge former. Irregular thickness,
from4to6ft . ... 5 0
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92. Siltstone, massive, olive-gray (5Y 4/1), car- 80. Sandstone, thick-bedded, indurated, very
bonaceous. Poorly exposed____________ 13 0 fine grained, arkosic, very calcareous, light-

91. Siltstone, thick-bedded, medium-dark-gray olive-gray (5Y 6/1). Weathers to yellow-
(N4), carbonaceous. Weathers to light ish gray (5Y 7/2). Contains heavy-min-
olive gray (5Y 6/1). Slightly more in- eralsuite.. ... _________ __ 3
durated than overlying siltstone. Breaks 79. Sandstone, massive, poorly consolidated,
with conchoidal fracture. = Manganese light-greenish-gray (5GY 8/1), fine-grained
stain common on fracture surfaces. Spher- to very fine grained, arkosic. Very poorly
oidal weathering. . ... _._____ fmmmmeeen 2 0 exposed. Weathers to yellowish gray (5Y

90. Coal, probably Storrs No. 3 coal bed (upper 7)) . 4
part) ; not described, as bed is burned along 78. Sandstone, massive, indurated, fine-grained,
the outcrop from the valley to top of the calcareous, light-gray (N7), arkosic.
hill o e 2 0 Weathers to yellowish gray (5Y 7/2).

89. Siltstone, very carbonaceous, grayish-brown Contains heavy-mineral suite.  Vertical
(5YR 3/2), weathers to pale yellowish worm tubes. Little banding along in-
brown (10YR 6/2). Contains plant frag- distinct bedding planes noted in middle
NS o oo em 1 0 of unit______._ TR R TP 5

88. Siltstone, massive, greenish-gray (5GY 6/1). 77 Sandstone., thlck-bedded,‘ fine-grained,
Weathers to yellowish gray (5Y 8/1). poorly indurated, very light gray (NS),
Poorly exposed-- - - oo 6 0 g}‘i()oslc. Weathers to yellowish gray (5Y \

87. CO;;SIObably Storrs No. 3 coal bed (lower 2 0 76. Sandstone, massive, fine-grained, light-olive-

T T T T gray (5Y 6/1), indurated, calcareous,

arkosic. Weathers to light brown (5YR

gzny 008l oo oomo oo oo ! 6/4). Conspicuously jointed N. 75°-85°

O 8 W I to base of 2

Siltstone, very carbonaceous...____. 3 - normal to base of bed. Lower 1-2 ft

Co8l. o o e 8 shows faint, indistinct bedding. A few

worm tubes(?) associated with irregular

Bony coal...oo-cooeonoo oo ! lenses and pods of poorly sorted mottled
Siltstone, very carbonaceous.._.____ 3 sandy siltsﬁ}))ne poorly s 12

86. Siltstone, massive, light~olive-gr£.a.y (5Y 6/1), | 75. Sandstone and siltstone, thin-bedded, light-
tuffaceous; weathers to yellowish gray (5Y olive-gray (5Y 6/1), arkosic, indurated,
8/1). Poorly exposed....._-- SomTmTTes u 0 calcareous (very calcareous in lower

85. Sandstone, massive, very light gray (N8), half), very fine grained; weathers to
fine-grained, arkosic. ‘“Salt-and-pepper” yellowish gray (5Y 7/2). Contains heavy-
appearance. Contains heavy-mineral mineral suite. .. .- 2
suite. Somewhat porous; considerable i
limonitic staining near top of unit. Slightly Siltstone - - - - - o 4
crossbedded.  Sorting, fair.  Massive Sandstone. - ___ 7
spheriodal weathering. Weathers to yel- Siltstone.. - — - 2
lowish gray (6Y 7/2) . oo 6+ 0 Sandstone. o 7

84. Concealed; probably fine-grained very light Siltstone — — - — 4
gray arkosic sandstone.....-.---—--.--- 36 6| 74, Sandstone, indurated, very fine gained,

83. Sandstone, massive, very light gray (N8), light-gray (N7), arkosic, very calcareous.
fine-grained, arkosic. “Salt—and-pepper” Weathers to yellowish gray (5Y 7/2).
appearance.  Contains heavy-mineral Contains heavy-mineral suite. Sorting,
suite. Sorting, fair. Massive spheroidal fair. Attitude N. 75° W., 39° NE______ 1
weathering. ~Weathers to yellowish gray 73. Siltstone, light-olive-gray (5Y 6/1), calcare-
BYT/2) - oo 18+ 0 ous. Weathers to yellowish gray (5Y

82. Sandstone, massive, slabby, arkosic, calcare- 2) . g
ous, mixture of very fine grained sand and 72. Sandstone, platy, light-gray (N7), arkosic,
pods or lenses of silt (definite brackish- fine-grained, calcareous. Weathers to
water deposit), yellowish-gray (5Y 7/2). yellowish-gray (5Y 7/2) thin sheets (}4 in.
Mottled where silt is concentrated. or less thick). Contains a heavy-mineral
Weathers to grayish yellow (5Y 8/4). suite that is banded along many bedding
Many worm tubes or pelecypod burrow- planes like varves_ ... __.______.____ 6
ings (some 12in.long) oo 15 0 | 71. Sandstone, medium-bedded, very fine

81. Siltstone, thick-bedded, mottled, yellowish- grained, light-olive-gray (5Y 6/1), silty,
gray (5Y 7/2), sandy.  Brackish-water poorly sorted, carbonaceous, arkosic,
deposit. Weathers to grayish yellow (5Y slightly calcarcous; contains calcareous
8/4) - e 2 0 lenses 1 ft thick. Weathers to yellowish

“
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gray (5Y 7/2). Contains macerated plant 57. Sandstone, platy, light-olive-gray (5Y 6/1),
fragments and heavy minerals. _________ 1 6 calcareous, arkosic, very fine grained.
70. Sandstone, massive, very fine grained, light- Weathers to slabs about % in. thick. Con-
olive-gray (5Y 6/1), arkosic, very cal- tains heavy-mineral suite and plant frag-:
careous. Weathers to yellowish gray (5Y mentS. - - - - e o e 4 0
7/2). Contains a few plant fragments and 56. Concealed; probably thin-bedded silty very
heavy minerals. Poorly developed sphe- fine grained sandstone_ _ _._____._.______ 8 0
roidal weathering__. ____________________ 5 0 | 55. Sandstone, platy, indurated (slight ridge for-
69. Siltstone, platy (} in. or less), olive-gray mer), calcareous, arkosic, very fine
(5Y 4/1), slightly carbonaceous, very cal- grained, light-olive-gray (5Y 6/1). Angu-
careous. Weathers to yellowish gray (5Y lar to subangular grains. Sorting, fair.
£ 1 0 Crossbedded. Weathers to yellowish gray
68. Sandstone, platy, very fine grained, light- (5Y 7/2). Few poorly preserved leaf im-
olive-gray (5Y 6/1), arkosic, very cal- pressions. Calcite veinlets <! in. thick
careous, indurated. Weathers to light along fracture surfaces. . _________.._._.... 2 0
olive gray (5Y 5/2). Contains heavy- 54. Concealed; probably thin-bedded silty very
mineral suite.________________________ 2 0 fine grained sandstone_ _ .. _ .. _._.__.____ 20 0
67. Siltstone, very carbonaceous__.___.________ 3 | 53. Sandstone, platy, indurated (slight ridge
66. Sandstone, massive, poorly indurated (ex- former), calcareous, arkosic, very fine
cept for very calcareous pods and lenses), grained, light-olive-gray (5Y 6/1). Angu-
poorly sorted, silty, very fine grained, lar to subangular grains. Sortiag, fair.
arkosic, pale-olive (10Y 6/2); contains Crossbedded. Weathers to yellowish gray
very calcareous pods and lenses. In BY 7/2) - oo 3 0
places, mottled by concentration of silt. 52. Concealed; probably thin-bedded silty very
Typical of brackish-shallow-water deposit. fine grained sandstone._ - - - o _____ 8 0
Contains plant fragments and heavy min- 51. Sandstone, platy, indurated, calcareous,
@TalS. . 5+ 0 arkosic, very fine grained, light-olive-gray
65. Concealed; probably thin-bedded very fine " (5Y 6/1). Weathers to yellowish gray
grained arkosic sandstone. Considerable (5Y 7/2). Attitude N. 83° W., 49° NE___ 3 0
sandstone float for this interval.________ 6 0 | 50. Concealed; probably thin-bedded silty very
64. Sandstone, thin-bedded, light-olive-gray fine grained sandstone. . ... [ 17 0
(5Y 6/1), fine-grained, arkosic, calcareous. 49. Sandstone, platy, indurated (slight ridge
Bedding <) in. thick, marked by bands former), calcareous, arkosic, very fine
of heavy minerals. Weathers to yellow- grained, light-olive-gray (5Y 6/1). Angu-
ish-gray (6Y 7/2) }4~2-in. slabs. Contains lar to subangular grains. Sorting, fair.
disseminated plant fragments. Attitude Crossbedded. Weathers to yellowish gray
N.84° W, ,41°NE._ .. ... ____ 2 0 (BY 7/2) - o e 3 0
63. Sandstone, thin-bedded, silty, very fine 48. Concealed; probably thin-bedded silty very
grained, arkosic, calcareous, light-olive- fine grained sandstone_. ... ____._______ 12 0
gray (5Y 6/1). Weathers to yellowish 47. Sandstone, platy, indurated (slight ridge
gray (5Y 7/2). Less indurated than over- former), calcareous, arkosic, very fine
lying sandstone. Base not exposed._.___ 4+ 0 grained, light-olive-gray (5Y 6/1). Angu-
62. Concealed; probably thin-bedded silty- very lar to subangular grains. Sorting, fair.
fine grained sandstone_____________-___ 23 0 ?;;s;b;;ided' Weathers to yellowish gray 9 0
61. Sandstone, thin-bedded, light-olive-gray (5Y / T T T T T T
6/1), indurated (slight ridge former), very 46. CO{_.? cealed.; p;obal()il}; thin-bedded silty very 4 0
fine grained, calcareous. Weathers to yel- 45. S r:le graine lsan swone.. - - ;l_"i‘- _h"-_’;l“ 5
lowish-gray (5Y 6/2) slabs %-2 in. thick. - Sandstone, platy, indurated (slight ridge
Contains plant fragments and heavy-min- forxper), (‘:alcare-ous, arkosic, very fine
eral suiten - - 2+ 0 grained, light-olive-gray (5Y 6/1). An-
i . : gular to subangular grains. Sorting, fair.
60. Concea.led‘; probably thin-bedded silty very Crossbedded. Weathers to yellowish
fine grained sandstone_ . ____._________. 12 0 gray (5Y 7/2). Large very calcareous
59. Bandstone, platy, light-olive-gray (5Y 6/1), : olive-gray (5Y 5/1) concretionary lenses of
calcareous, arkosic, very fine grained. sandstone (some as large as 2X5 ft).
Weathers to slabs about % in. thick. Con- They weather to yellowish gray (5Y 6/2)
tains heavy-mineral suite and plant frag- with pronounced spheroidal weathering. 4 0
ments—one fair quality leaf impression 44. Sandstone, platy, slightly indurated, ar-
noted. Attitude N. 89° W, 42° NE___.. 4 0 kosic, calcareous, very fine grained, light-
58. Concealed; probably thin-bedded silty very olive-gray (5Y 6/1); interbedded thin-
fine grained sandstone. . .. __.__.____.___ 4 0 bedded silty very fine grained sandstone.
Weathers to yellowish gray (5Y 6/2).... 14 0

786-073 O-66—2
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Eagle Sandstone (Upper Cretaceous)—Continued '

43. Sandstone, thin- to medium-bedded, indu-
rated (slight ridge former), calecerous, very
fine grained, arkosic, light-olive-gray (5Y
6/1). Angular to subangular grains.
Sorting, fair. Weathers to yellowish gray
(BY 6/2) ...

42. Sandstone, thin-bedded, silty, very fine
grained, light-olive-gray  (5Y 6/1).
Weathers to yellowish gray (5Y 6/1).
Poorly exposed _____ . __________________

41. Tuff, microlitic, medium-bedded, medium-
dark-gray (N4), indurated, silty, very fine
grained, calcareous (few small secondary
calcite crystals), andesitic. = Angular
grains. Poorly sorted. Weathers to olive
gray (5Y 3/1). Rock composed mostly of
volcanic rock fragments and plagioclase
(andesine). Many vugs <1/4 in. in di-
ameter. Attitude N. 68° W., 38° NE___

40. Sandstone, thick-bedded, dark-greenish-gray
(5GY 4/1), poorly sorted, silty, medium-
grained, angular grains, slightly calcar-
eous, andesitic. Composed of volcanic
rock fragments and plagioclase. Weathers
to greenish gray (5GY 6/1). Faint,
poorly formed bedding. Poorly sorted.___

39. Siltstone, massive, tuffaceous, light-olive-
gray (5Y 5/2). Contains disseminated
plant fragments. Weathers to yellowish
gray (BY 7/2)._._______ R

Possible fault of less than a few feet dis-
placement.

38. Tuff, microlitic, massive, calcareous, medium-
light-gray (N6), indurated, very fine
grained, andesitic.  Angular grains.
Poorly sorted. Breaks with conchoidal
fracture. Composed of volcanic rock frag-
ments and plagioclase (too altered for
composition determination). Weathers to
dark yellowish brown (10YR 4/2). Many
small vugs—some coated first with calcite
and later with silica_ .- _______________

37. Coal (Middle coal bed or locally the Coke-
dale No. 3 bed)- - ______________

Coal o ____ 5
Siltstone, carbonaceous____________ 1
Bone_____ . ______ 2
Siltstone, very carbonaceous.._.____ 2
Siltstone, carbonaceous._ - _____.____ 2

36. Sandstone, indurated, thin- to medium-
bedded, fine-grained, slightly arkosic,
yellowish-gray (5Y7/2). Contains heavy-
mineral suite. Weathers to yellowish
brown (10YR 5/2) .. _____________._

35. Siltstone, poorly exposed, carbonaceous.___

34. Sandstone, thin-bedded to massive, yellowish-
gray (5Y 7/2), slightly arkosic, very fine
grained, very calcareous. Weathers to
yellowish gray (Y 6/2) - ____________.

Ft In.
2 6
2 6
1 0
3 0
4 0
4 0
1 0
1 0
3 0

12 0
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Eagle Sandstone (Upper Cretaceous)—Continued

33. Siltstone, platy, greenish-gray (5GY 6/1),
sandy. Contains disseminated plant
fragments. Weathers to yellowish gray
(BY 8/1) oo o-

32. Coal (Maxey coal bed or locally the Coke-

dale No. 2 bed) .- . _______
Siltstone, very carbonaceous, with F¢
coaly streaks (almost bone)______ 1
Siltstone, very carbonaceous, ap-
proaches character of coal bed.
Many tuffaceous siltstone partings. 5

31. Sandstone, platy, carbonaceous, light-olive-
gray (5Y 5/1), very ecalcareous, silty,
very fine grained, arkosic. Weathers to
grayish-yellow (5Y 7/4) slabs -2 in.
thick. Few plant fragments. Attitude
N.89°W,35°NE_______________._.___

30. Sandstone, very massive (cliff former di-
rectly opposite Miner Creek junction),
light-gray (N7), fine-grained, crossbed-
ded, arkosic. Good heavy-mineral suite.
Calcareous. Massive spheroidal weath-
ering. Weathers to grayish yellow (5Y
7/4). Unit lenses out eastward and west-
ward and does not occur behind the coke
ovens. Large plant fragments (some
several feet across) and several beds of
oysters near middle of unit on east side.
Many intraformational breccias about 1-2
ft thick_ - - ...

29. Siltstone, platy, carbonaceous, sandy; cal-
careous concretions <3 in. diameter, dark
yellowish brown (10YR 4/2), moderate
yellowish brown (10YR 5/4). Carbonized
plant fragments. Poorly exposed. Im-
mediately east of section this unit becomes
very carbonaceous (almost characteristic
of coal bed) . __ . __.___

28. Sandstone, massive to thin-bedded, light-
olive-gray (5Y 6/1), very fine grained,
indurated, calcareous, slightly carbona-
ceous. Contains heavy-mineral suite.
In places, resembles brackish-water dep-
osition. Weathers to yellowish gray (5Y
8/1). Unit thins abruptly eastward.
Contains leaf impressions. A few vertical
worm tubes_ _ _____________________.___

27. Siltstone, massive, greenish-gray (5GY 6/1);
poorly exposed .. .. _________.___

26. Siltstone, very carbonaceous, with coaly
streaks_ - ______

25. Siltstone, massive, dark-greenish-gray (5GY
4/1). Contains disseminated plant frag-
inents.  Limonitic concretions noted.
Weathers to light olive gray (5Y 6/1) __.

24. Siltstone, bone, and streaks of coal, very
carbonaceous. Many carbonaceous, tuf-
faceous, sandy siltstone partings (as much
as 3 in. thick, generally <2 in.). Just
east of section the unit is cut out by a
fault. Behind the coke oveps this unit is

42

18

-4
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Reference section of the Eagle Sandstone, measured on the north
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Eagle Sandstone (Upper Cretaceous)—Continued
approximately the same thickness. Much
of the adjustment during the orogeny of
folding and thrusting was taken up in the
coal and siltstone beds, which display con-
siderable shearing and many tight folds
that do not occur in overlying and under-
lying resistant sandstones. There are
undoubtedly many bedding-plane faults
as indicated by bedding-plane shears.
Many partings now have a boudinagelike
structure. Some carbonaceous siltstone
beds contain macerated plant fragments.
This unit correlates with the Big Dirty
coal bed or, locally, the Cokedale No. 1

Virgelle Sandstone Member:

23. Sandstone, massive, indurated (cliff former),
generally noncalcareous, very light gray
(N8), fine-grained, arkosic. Although
very massive, bedding can be delineated
by dark Y%-}i¢—in. bands of heavy minerals.
Unit is almost entirely crossbedded.
Crossbedding is generally 2-3 ft long, or
less, and generally truncated. Massive
spheroidal weathering. Weathers to yel-
lowish gray (5Y 7/2). Contains a few
channel-fill deposits of pebbles and cobbles
of siltstone_ - . __ . ________._.__.___

22. Sandstone, medium-bedded, fine-grained,
light-olive-gray (5Y 5/2), calcareous, ar-
kosic. Weathers to moderate yellowish
brown (10YR 5/4) .- . ...

21. Sandstone, medium-bedded, very poorly
sorted, olive-gray (§Y 4/1), fine- to medi-
um-grained, noncalcareous; derived from
voleanic rock. Bottom 5 in. is olive-black
(5Y 2/1) tuffaceous siltstone. Entire unit
contains many small channel-fill deposits
of silt andsand_ _ ... ___________

20. Sandstone, massive, generally noncalcareous,
very light gray (N8), fine-grained, arkosic.
Less indurated than overlying units_____

19. Sandstone, massive, indurated, generally
noncalcareous, very light gray (N8), fine-
grained, arkosic. Siltstone-pebble con-
glomerate generally at base_____________

18. Sandstone, thin-bedded (}4—4 in. thick),
indurated, calcareous, greenish-gray (5GY

© 6/1), very fine grained, arkosic. Weathers
to olive gray (5Y 4/1). Has 2-in. silt-
stone both in middle and at base of unit___

17. Sandstone, medium-bedded, calcareous, very
light gray (N8), fine- to medium-grained,
arkosic. Contains abundant heavy-min-
eral suite. Many small channel-fill de-
posits of siltstone pebbles. Bed is irregu-
lar in thickness and generally crossbedded.

Ft

In.
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‘Angular to subrounded grains. Sorting,

fair. Weathers to yellowish gray (5Y 7/2)_

16. Sandstone, medium-bedded, indurated, cal-
careous, greenish-gray (5GY 6/1), very

fine grained, arkosic. Weathers to olive

gray (3Y 4/1)_______ L ______

15. Sandstone, medium-bedded, very light gray,
fine-grained, arkosic. Contains calcareous

pods or lenses. Crossbedded. A few

plant fragments. Contains heavy-mineral
suite. Poorly sorted; some small channel-

fill deposits of coarse-grained sandstone__ _

14. Sandstone, poorly sorted, very fine grained,
dark-greenish-gray (5GY 4/1), noncal-
careous, andesitic. Crossbedded. Weathers

to light olive gray (5Y 5/2) . __ ___________

13. Siltstone, thin-bedded, olive-gray (5Y 4/1).
Weathers to light olive gray (5Y 5/2).
Contains disseminated plant fragments_ __

12. Sandstone, massive, very poorly sorted,
coarse-grained, pale-olive (10Y 6/2)
Weathers to yellowish gray (5Y 7/2).
Contains sporadic pebbles of siltstone.
Contains 4-in. olive-gray siltstone bed in
middle of unit_ - ________________._____

11. Sandstone, medium-bedded, indurated, cal-
careous, fine-grained, pale-olive (10Y 6/2).
Weathers to yellowish gray (5Y 7/2)______

10. Sandstone, thick-bedded, very light gray,
fine-grained, arkosic_ .. ____.___________

. Transition to overlying sandstone__________
8. Sandstone, indurated, olive-gray (5Y 4/1),
very fine grained, andesitic. Weathers to
dark yellowish brown (10YR 4/2). Non-
calcareous. - - _ ... . ___._____.__.

. Transition from underlying sandstone.____.
6. Sandstone, massive, very light gray, fine-
grained, arkosie_______________________

5. Sandstone, medium-bedded, poorly sorted,
very fine grained, andesitic, dusky-yellow-
green (5GY 5/2). Weathers to moderate
yellowish brown (10YR 5/4) ____________

4. Sandstone, medium-bedded, poorly sorted,
‘medium- to coarse-grained, very light
gray (N8), arkosic, crossbedded. Weath-

ers to yellowish gray (6Y 7/2)___________

3. Sandstone, medium-bedded, very light gray,
fine-grained, arkosic. . _________________

2. Sandstone, platy, very light gray (N8),
indurated, calcareous, fine-grained, arkosic,

with thin (2 in. or less) stringers of coarse-
grained sandstone. Crossbedded in part.
Weathers to olive gray (3Y 4/1)_______._

1. Sandstone, massive, very light gray (N8),
fine-grained, arkosic, slightly calcareous,
crosshedded. Contains quartz, orthoclase,

0

N

andesine, heavy minerals, and fragments of °

andesite. Contains many vertical worm(?)
tubes. Cliff-former. 4-ft zone of very
poorly sorted sandstone containing silt

In,
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that gives rock a mottled appearance 4
ft from top of unit. Massive spheroidal
weathering.  Angular to subrounded
grains. Sorting, fair. Weathers to yel-
lowish gray (5Y 7/2) . __________.___.

Total thickness of Virgelle Sandstone
Member__ - ______________________

Total thickness of Eagle Sandstone.____

Telegraph Creek Formation.

SECTION 15

Ft

In.

Br

Composite section of the Eagle Sandstone, measured on west side of
the Yellowstone River in the NEY, sec. 27, T. 2 8., R. 9 E., and
adjusted with section of the Deerfield Oil Corp. Strong 1 well in
SW sec. 11, T. 2 8., R. 9 E., Park County, Mont.

[Measured by Albert E. Roberts in 1961]

Cokedale Formation (Upper Cretaceous)
Eagle Sandstone (Upper Cretaceous):

28.

27.

26.

25.
24.

23.

22.

21.

20.
19.

18.

17.

Sandstone, medium-bedded, feldspathic, mi-
caceous, fine- to medium-grained, light-
olive-gray; rounded to subrounded grains;
contains heavy-mineral suite and chert
grains_ o _._..

Siltstone, thin- to medium-bedded, carbona-
ceous, olive-gray; thin interbedded coal
beds (correlates with Cokedale coal bed)_

Sandstone, medium- to thick-bedded, calcar-
eous, micaceous, voleanic rock fragments,
dusky-yellow-green; transition of Eagle
Sandstone and Livingston Group lithol-
ogies; angular grains. Thin coal bed near
middle of unit (correlates with Paddy Miles

Shale, massive, silty, pyritic, pale-olive_____
Sandstone, thick-bedded, calcareous, very fine
grained to fine-grained, yellow-green; angu-
lar grains__ . _______.___.__ -
Siltstone, thin-bedded, olive-gray; thin inter-
bedded olive-gray shale_________________
Shale, thin-bedded, sandy,- carbonaceous,
gray; contains abundant orange (heuland-
ite(?)) speeks_ ... ___._____.
Sandstone, medium-bedded, calcareous, mica-
ceous, pyritic, medium- to coarse-grained,
very light gray; contains heavy-mineral

Shale, massive, silty, pyritic, olive-gray_____
Sandstone, medium-bedded, silty, calcareous,
micaceous, very fine grained, light-gray;
contains heavy-mineral suite_.___________
Shale, massive, sandy, olive-gray; contains
abundant orange (heulandite(?)) specks;
thin interbedded olive-gray siltstone_____.
Sandstone, thick-bedded, calcareous, mica-
ceous, medium- to coarse-grained, very
light gray; contains heavy-mineral suite___

Ft in
2 0
8 0

24 0

20 O

16 0

45 0

10 0

8§ O
22 0
10
18 0
27 0

Composite section of the Eagle Sandstone, measured on west side of
the Yellowstone River in the NEY sec. 27, T. 2 8., R. 9 E., and
adjusted with section of the Deerfield Ol Corp. Strong 1 well in
SW, sec. 11, T. 2 8., R. 9 E., Park County, Mont.—Continued

Eagle Sandstone (Upper Cretaceous)—Continued

16.

15.

14.

13.

12,

11.

10.

. Sandstone,

Sandstone, thin- to medium-bedded, silty,
calcareous, micaceous, very fine grained to

fine-grained, very light gray; contains
heavy-mineral suite_____________________
Sandstone, thin-bedded, silty, calcareous,
micaceous, very fine grained to medium-
grained, light-olive-gray; thin interbedded
siltstone andshale_____________________
Sandstone, thick-bedded, calcareous, mica-

ceous, pyritic, fine- to coarse-grained, light-
gray; contains orange (heulandite(?))
specks; contains heavy-mineral suite; an-
gular grains_ _ . ________________________
Sandstone, thin-bedded, silty, calcareous,
very fine grained to fine-grained, light-
olive-gray; thin interbedded siltstone and

Sandstone, thick-bedded, calcareous, mica-
ceous, very fine grained to fine-grained,
light-olive-gray; thin interbedded silt-

Shale, massive, sandy, pyritic, light-gray;
contains orange (heulandite(?)) specks and
thin interbedded siltstone_ _ _____________

Siltstone, thin-bedded, sandy, micaceous,
medium-dark-gray ; thin interbedded shale .

. Shale, massive, silty, micaceous, olive-gray_._
. Sandstone, thick-bedded, calcareous, very fine

grained to coarse-grained, light-gray; pre-
dominantly quartz grains; rounded to sub-
angular grains_ __________________.______

. Sandstone, thin-bedded, silty, calcareous, very

fine grained to fine-grained, light-gray; con-
tains orange (heulandite(?)) specks.__.___

. Shale, massive, sandy, pyritic, medium-gray

to olive-gray with orange (heulandite(?))

massive, arkosic, medium- to
coarse-grained, light-olive-gray (5Y 6/1);
interbedded silty very fine grained sand-
stone and carbonaceous siltstone in the
lower 10 ft. _ - ___________________

. Coal (Big Dirty coal bed—measured at caved

portal of Williams mine) - _____________

In.
Bone_ . ... 1
Coal. .. 26
Bony coal . _________ . __________ 4
Siltstone, carbonaceous, sandy .. _____ 3
Siltstone, very carbonaceous._.__.____ 3
Coal___ .. 2
Sandstone, fine-grained, arkosic._____ 2
Siltstone, carbonaceous. - _ ______._.___ 12
Coal___ .. 5
Bone. o L_.__ 1
Coal_____ ... 1
Siltstone, carbonaceous. - . _ ________.. 12
Sandstone, fine-grained, arkosic_.____ 9
Siltstone, very carbonaceous_________ 3
Coal . ____ 21

Ft In.
10 0
30 O
32 0
18 0
25 0
27 0

8 0
15 0
32 0
8 0
36 0
28 0
17 0

k.
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Compostte section of the Eagle Sandstone, measured on west side of
the Yellowstone River in the NEY sec. 27, T. 2 8., R. 9 E., and
adjusted with section of the Deerfield Oil Corp. Strong 1 well in
SWY sec. 11, T. 2 8., R. 9 E., Park County, Mont.—Continued

Eagle Sandstone (Upper Cretaceous)—Continued Ft  In.
Sandstone, very fine grained_ . ________._____ 2
Coal . - . 2
Siltstone, very carbonaceous; stringers of

coal - .. 16
Sandstone, very fine grained, arkosic________ 10
Bone. .. 3
Sandstone, very fine grained_ _ . _._____._____ 2
Siltstone, carbonaceous_____.______________ 4
Coal . ... 20
Siltstone, carbonaceous_ ___ . ____________.___ 3
Coal - - .. 1
Sandstone, very fine grained_ _ - ____________ 3
Bone. o .. 4
Bony coal . __________ . ________ 10
Coal - e 4
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Total Eagle Sandstone above Virgelle
Member__ . ____

'
(3=
[=2]
[=]

Virgelle Sandstone Member:

3. Sandstone, massive, indurated, calcareous,
light-gray (N7), fine- to medium-grained,
arkosic; weathers to grayish yellow
(BY 7/4) - .- 62 0

2. Siltstone, micaceous, carbonaceous; inter-
bedded fine- to medium-grained sandstone. 27 0

1. Sandstone, massive, indurated, light-gray
(N7), fine-grained, arkosic. Contains
heavy-mineral suite. Weathers to yellow-

ish gray (5Y 7/2) . __ 28 0
Total thickness of Virgelle Sandstone
Member. _ _ ... _____ 117 0
Total thickness of Eagle Sandstone_____ 613

Telegraph Creek Formation.

COKEDALE FORMATION

Stratigraphic section 16 of the Cokedale Formation
of the Livingston Group, measured at the abandoned
townsite of Cokedale, Mont. (sections 1 and 2, fig. 15),
is the type section of the formation.

SECTION 16

Type section of the Cokedale Formation of the Livingston Group,
measured tn the S% sec. 23 and the NEY, sec. 26, T. 2 S., R.
8 E., Park County, Mont.

[Measured by A. E. Roberts and A. L. Benson, 1961]

Upper Cretaceous—Livingston Group—Miner Creek
Formation.

443-754 O - 72 - 6

SECTION 16—Continued

Type section-of the Cokedale Formation of the Livingston Group
measured in the S¥ sec. 23 and the NEY sec. 26, T. 2 S, R
8 E., Park County, Munt.—Continued

Upper Cretaceous—Livingston Group—Cokedale
Formation: Ft  In.
186. Siltstone, thick-bedded, tuffaceous, olive-
gray (5Y 3/2); weathers to light olive
gray (Y 5/2) . ____________________.__ 3 4
185. Sandstone, volcanic, . thin- to medium-
bedded, fine-grained, andesitic, calcare-
ous, olive-gray (5Y 3/2); weathers to

light olive gray (5Y 5/2) - ____________._ 2 2
184. Covered interval—probably siltstone, light-
olive-gray _ __________________________ 20 6

183. Sandstone, volcanic, massive, crossbedded,

fine- to coarse-grained, poorly sorted,

andesitic, light-olive-gray (5Y 5/2);

weathers to pale yellowish brown (10YR

6/2); ridge former_ ___________________ 7 5
182. Siltstone, thick-bedded, tuffaceous, light-

olive-gray (5Y 5/2) ; weathers to yellowish )

gray (8Y 7/2) _____ ___ . __ 5 9
181. Sandstone, volcanic, massive, crossbedded,

fine- to medium-grained, andesitic, in-

durated, greenish-gray (5GY 6/1);

weathers to light olive gray (5Y 6/1);

ridge former_________________________ 7 8
180. Siltstone, medium-bedded, tuffaceous, light-

olive-gray (5Y 5/2) ; weathers to yellowish

gray (8Y 7/2) o _____. 2 9
179. Sandstone, volcanic, massive, very fine

grained, silty, andesitic, olive-gray (5Y

4/1); weathers to light olive gray (5Y

6/1) - L 8 0
178. Sandstone, volcanic, thin-bedded, cross-

bedded, fine-grained, andesitic;indurated,

light-olive-gray (5Y 5/2); has banded

character imparted by thin (less than

%4 in.) layers of ferromagnesian minerals

on bedding planes; weathers to yellowish

gray (5Y 7/2); ridge former—__.________ 12 3
177. Siltstone, massive, tuffaceous, grayish-olive

(10Y 4/2); weathers to greenish gray

BGY 6/1) e ___ 17 10
176. Sandstone, volcanic, massive, fine-grained,

andesitie, indurated, light-olive-gray (5Y

5/2); has pronounced crossbedding; con-

tains bronze-colored biotite; has banded

character imparted by thin (less than

0.25 in.) layers of ferromagnesian miner-

als on bedding planes; weathers to

yellowish gray (5Y 7/2); ridge former... . 6 6
175. Siltstone, medium-bedded, tuffaceous, olive-

gray (5Y 2/2); weathers to yellowish gray

BY7/2)_____ e e ———— 1 5
174. Sandstone, volcanic, thin-bedded, fine-

grained, andesitic, light-olive-gray (5Y

5/2) ; weathers to yellowish gray (5Y 7/2)_ 1 2
173. Siltstone, thick-bedded, tuffaceous, olive-

gray (5Y 3/2); weathers to yellowish

gray (8Y 7/2) .. 2 3
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SECTION 16—Continued

Type section of the Cokedale Formation of the Livingston Group,
measured in the SY% sec. 23 and the NEY, sec. 26, T. 2 8., R.
8 E., Park County, Mont.—Continued

Upper

Cretaceous—Livingston Group—Cokedale

Formation—Continued
172. Sandstone, volcanic, medium-bedded, fine-

171

170.

169.

168.

167.

166.

165.

164.

163.

162.

161.

160.

159.

158.

grained, andesitic, light-olive-gray (5Y
5/2) ; weathers to yellowish gray (5Y 7/2)_

. Covered interval—probably siltstone, olive-
LAY - oo e
Sandstone, voleanic, thin-bedded, fine-

grained, andesitic light—olive-gray 5Y
5/2) ; weathers to yellowish gray (5Y 7/2)_

Covered interval—probably siltstone, olive-
BraY s e
Sandstone, volcanic, massive, fine- to

medium-grained, poorly sorted, andesitic,
indurated, light-olive-gray (5Y 5/2);
weathers to yellowish gray (5Y 7/2);
ridge former_.._ . _:_ ... ___
Siltstone, massive, tuffaceous, olive-gray
(5Y 3/2); weathers to yellowish gray (5Y
7/2); contains fresh-water gastropods;
USGS Mesozoic loc. 28593___________.
Sandstone, volcanic, massive, crossbedded,
fine-grained, andesitic, indurated, dusky-
yellow-green (5GQY 5/2); weathers to
yellowish gray (5Y 7/2); slight tendency
to form ridges_ - _______________
Siltstone, massive, tuffaceous, light-olive-
gray (5Y 5/2); weathers to yellowish gray
(6Y 7/2); contains heulandite__________
Sandstone, volcanic, thin- to medium-
bedded, fine- to medium-grained, poorly
sorted, andesitic dusky-yellow-green
(5GY 5/2); weathers to moderate yellow-
ish brown (10YR 5/4); ridge former____
Siltstone, massive, tuffaceous, olive-gray
(5Y 3/2); weathers to yellowish gray
(5Y 7/2); poorly exposed. .. _________._
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 6/2); weathers to pale yellowish
brown (10YR 5/2) - . __________

Covered interval—probably siltstone, olive-
BTAY o oo e
Sandstone, volcanic, thin- to medium-

bedded, fine-grained, andesitic, light-
olive-gray (5Y 5/2), weathers to pale
yellowish brown (10YR 6/2); top bed of
of prominent ridge-forming sandstone

Sandstone, volcanic, thin-bedded, fine-
grained, silty, clayey, andesitic, dark-
greenish-gray (5G 4/1); contains red
specks of heulandite; weathers to yellow-
ish gray (Y 7/2) . ________________

Sandstone, voleanic, thin- to thick-bedded,
fine-grained, andesitic, dusky-yellow-
green (5GY 5/2); contains some clay
lenses or layers, generally less than 3 in.
thick; weathers to light olive gray (5Y
5/2); ridge former__ . ___ ______________

Ft

20

142

11

39

16

10

In.

10

SECTION 16—Continued

Type section of the Cokedale Formation of the Livingston Group,
measured tn the SY% sec. 23 and the NEY sec. 26, T. 2 S., R.
8 E., Park County, Mont.—Continued

Upper

Cretaceous—Livingston Group—Cokedale

Formation—Continued

157.

156.

155.

154.

153.

152.

151.

150.

149.

148.

147.

146.

145.

Siltstone, medium-bedded, olive-gray (5Y
3/2); weathers to light olive gray (5Y
5/2) - e __

Sandstone, voleanic, conglomeratic, mas-
sive, fine- to coarse-grained, very poorly
sorted, andesitic, light-olive-gray (5Y
5/2); contains pebbles of voleanic rock
and mudstone; weathers to pale yellowish
brown (10YR 6/2); ridge former________

Siltstone, thick-bedded, olive-gray (5Y 3/2);
weathers to light olive-gray (5Y 5/2)____

Sandstone, voleanic, conglomeratic, thick-
bedded, fine- to coarse-grained, very
poorly sorted, andesitic, light-olive-gray
(8Y 5/2); pebbles are small (as much as
1 in. in longest dimension but generally
less than 0.25 in.), composed of volcanic
rock and mudstone and not abundant;
weathers to pale yellowish brown (10YR
6/2); ridge former. _ __________________

Siltstone, medium-bedded, olive-gray (5Y
3/2); weathers to light olive gray (5Y

Sandstone, volcanic, massive, fine- to very
fine grained, silty, andesitic, indurated,
light-olive-gray (5Y 5/2); weathers to
light olive gray (5Y 6/1); contains macer-
ated plant fragments_________________

Siltstone, thick-bedded, olive-gray (5Y 3/2);
weathers to light olive gray (5Y 5/2)....

Sandstone, volcanic, thick-bedded, fine-
grained, andesitic, light-olive-gray (5Y
5/2); weathers to yellowish gray (5Y 7/2);
very slight ridge former_ ______________

Siltstone, massive, tuffaceous, clayey,
poorly sorted, olive-gray (5Y 4/1); con-
tains some fine sand grains and granules
and pebbles of mudstone; weathers to
yellowish gray (5Y 7/2)_ _____________._

Siltstone, massive tuffaceous, clayey. light-
olive-gray (5Y 5/2); contains some very
fine sand grains; weathers to dusky yel-
low BY 6/4) . _ o ___

Sandstone, volcanic, thin- to medium-
bedded, fine-grained, andesitic, indu-
rated, light-olive-gray (5Y 5/2); weathers
to pale yellowish brown (10YR 6/2); top
of prominent ridge-forming sandstone

Sandstone, volcanic, thick-bedded, very
fine grained, silty, andesitic, olive-gray

(5Y 4/1); weathers to light olive gray

Sandstone, volcanic, medium-bedded, cross-
bedded, fine:grained, andesitic, light-
olive-gray (5Y 6/1); has banded character
imparted by thin (less than Y¢ in.)
layers of ferromagnesian minerals on

Ft

22

23

In.

11

a
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SECTION 16—Continued

Type section of the Cokedale Formation of the Livingston Group,
measured in the S sec. 23 and the NEY sec. 26, T. 2 S., R.
8 E., Park County, Mont.—Continued

Upper

Cretaceous—Livingston Group—Cokedale

Formation—Continued

144.

143.

142.

141.

140.

139.

138.

137.

136.

135.

134.

133.

bedding planes; weathers to pale yellow-
ish brown (10YR 6/2). . ___ ... ______
Sandstone, volcanic, massive, very fine
grained, silty, andesitic, olive-gray (5Y
4/1); weathers to light olive gray (5Y

Sandstone, volcanic, medium- to thick-
bedded, fine-grained, andesitic, dusky-
yellow-green (5GY 5/2); weathers to pale
yellowish brown (10YR 6/2); ridge
former_ . _ . _________

Siltstone, massive, tuffaceous, olive-green
(5Y 5/2); weathers to yellowish gray
(BY T/2) e oo

Sandstone, volcanic, medium-bedded to
massive, crossbedded, fine-grained, an-
desitic, dusky-yellow-green (56GY 5/2);
weathers to pale, yellowish brown (10
YR 6/2); very prominent ridge former._._

Siltstone, volecanic, medium-bedded to
massive, crossbedded, fine-grained, ande-
sitic, dusky-yellow-green (5GY 5/2);
weathers to pale yellowish brown (10YR
6/2); very prominent ridge former______

Sandstone, volcanic, thick-bedded, fine-
grained, andesitic, indurated, medium-
light-gray (N6); has banded character
imparted by thin (less than ¥ in.)
layers of ferromagnesian minerals on
bedding planes; weathers to light olive
gray (5Y 6/1); slight ridge former_______

Siltstone, massive, tuffaceous, olive-gray
(5Y 4/1); weathers to light olive gray
(5Y 6/1) - e

Sandstone, volecanic, medium-bedded, fine-
grained, andesitic, slightly indurated,
medium-light-gray (N6); has banded
character imparted by thin (less than %
in.) layers of ferromagnesian minerals on
bedding planes; weathers to light olive
gray (5Y 6/1) o o _-

Siltstone, massive, tuffaceous, clayey, olive-
gray (5Y 4/1); weathers to light olive
gray (5Y 6/1) . o ..

Sandstone, volcanic, medium- to thick-
bedded, fine-grained, andesitic, slightly
indurated in the lower half, greenish-gray
(5@Y 6/1); weathers to yellowish gray
(5Y 7/2) and light olive gray (5Y 6/1);
contains a few plant fragments_________

Siltstone, massive, -tuffaceous, olive-gray
(5Y 4/1); weathers to light olive gray
(BY 6/1) - oo oo ... e

Sandstone, volcanic, conglomeratic, mas-
sive, fine-. to coarse-grained, clayey,
poorly sorted, andesitic, olive-gray (5Y
4/1); weathers to dark yellowish brown
(10YR 4/2); pebbles and cobbles are
andesite; slight tendency to form ridges.-

Ft

21

13

18

18

In.

10
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Type section of the Cokedale Formation of the Livingston Group,
measured in the Sk sec. 23 and the NEY, sec. 26, T. 2 S., R.
8 E., Park County, Mont.—Continued

Upper

Cretaceous—Livingston Group—Cokedale

Formation—Continued

132.

131.

130.

129.

128.

127.

126.

125.

124,

123.

122

121.

120.

Siltstone, massive, tuffaceous, olive-gray
(5Y 4/1); weathers to light olive gray
(5Y 6/1); a 2-ft-thick zone in the middle
of the unit and a 6-in.-thick zone 1 ft
from the base of the unit are well-
indurated. - - - oo _______

Sandstone, voleanic, medium- to thick-
bedded, very fine grained, silty, andesitic,
medium-gray (N5); weathers to pale
yellowish brown (10YR 6/2); slight
tendency to form ridges.____________._

Siltstone, massive, tuffaceous, olive-gray
(5Y 4/1); weathers to light olive gray (5Y
6/1) ..

Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated in
lower 7 in., dusky-yellow-green (5GY
5/2); weathers to. pale yellowish brown
(10YR 6/2) o __._.

Siltstone, massive, tuffaceous, olive-gray
(5Y 4/1); weathers to light olive gray
(BY 6/1) - ..

Sandstone, volcanic, thick-bedded, very
fine grained, andesitic, yellowish-gray
(5Y 7/2); weathers to light olive gray
(5Y 6/1); slight tendency to form ridges.

Siltstone, massive, tuffaceous, olive-gray
(5Y 4/1); weathers to light olive gray
(BY /1) .. '_

Sandstone, volcanic, massive, fine-grained,
andesitic, yellowish-gray (5Y 7/2);
weathers to light olive gray (5Y 6/1);
prominent ridge former_ ______________

Siltstone, massive, clayey, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) . -

Sandstone, voleanic, massive, crossbedded,
medium- to coarse-grained; contains
some granule-size grains of mudstone on
some bedding planes; poorly sorted;
andesitic; dusky-yellow-green (5GY 5/2);
weathers to dark yellowish brown (10YR
4/2) ; contains a 6-in.-thick well-indurated
zone at topof unit___________________

Sandstone, volcanic, thin-bedded, fine-
grained, well-indurated, andesitic, olive-
gray (5Y 4/1); weathers to brownish gray
(BYR 4/1) o

Siltstone, massive, clayey, olive-gray (5Y
4/1); weathers to light olive.gray (5Y
6/1) . ___ e

Sandstone, volecanie, conglomeratic, thin-
to medium-bedded, crossbedded, fine-
to medium-grained, andesitic, olive-gray
(5Y 4/1); pebbles are in lowest 28 in. of
unit and are of volcanic rocks, quartzite,
and chert; weathers to dark yellowish
brown (10YR 4/2); ridge former________

Ft
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17
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15
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SECTION 16—Continned

Type section of the Cokedale Formation of the Livingston Group,
measured in the SY¥% sec. 23 and the NEY; sec. 26, T. 2 8., R.
8 E., Park County, Mont—Continued

Upper Cretaceous—Livingston ~Group—Cokedale
Formation—Continued Ft In.
119. Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
contains a 4-ft.-thick lens of fine-grained
sandstone 1 ft frombase_______________ 27 8
118. Sandstone, volcanic, thin- to thick-bedded,
crossbedded, fine-grained, andesitic,
dark-greenish-gray (5GY 4/1); weathers
to dark yellowish brown; ridge former.._ 4 6
117. Siltstone, massive, light-olive-gray (5Y 5/2);
weathers to dusky yellow (5Y 6/4) ; poorly
exposed____ . _____________.____. 11 10
116. Sandstone, voleanic, medium-bedded, very
fine to fine-grained, andesitic, well-
indurated, medium-gray (N5); weathers.
to pale yellowish brown (10YR 6/2)____ -1 3
115. Sandstone, volcanic, thin- to thick-bedded,
crossbedded, fine-grained,  andesitic,
poorly indurated, medium-gray (N5);
weathers to pale yellowish brown (10 YR

114. Sandstone, voleanic, thin- to thick-bedded,
crossbedded, fine-grained, andesitic, me-
dium-gray (N5); contains a few scour-
and-fill deposits that bear mudstone
pebbles as much as 1 in. in longest
dimension; weathers to pale yellowish
brown (10YR 6/2); slight tendency to
form ridges__ _ - ____..___ 2 0

113. Siltstone, massive, clayey, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) - e 12 7

112. Sandstone, volecanic, thin- to thick-bedded,
crossbedded, fine- to medium-grained,
andesitic, medium-gray (N5); weathers
to olive gray (5Y 4/1); contains petrified
wood and dinosaur bones; slight ridge
former__.___________________________. 4 7

111. Siltstone, massive, tuffaceous, dusky-yel-
low-green (5GY 5/2); weathers to light
olive gray (5Y 5/2) - ____._____________ 18 7

110. Bentonite, poorly exposed._._____________ 6

-109. Siltstone, massiye, tuffaceous, dusky-yel-
low-green (5GY 5/2); weathers to light
olive gray (5Y 5/2) ___________________ 17 10

108. Sandstone, volcanic, thin-bedded, cross-
bedded, medium-grained, andesitic, dus-
ky-yellow-green (5GY 5/2); weathers to
light olive gray (5Y 5/2); contains
dinosaur bones and petrified wood; ridge
former. __ .. 3 0

107.. Siltstone, thick-bedded, well-indurated,
dark-gray (N3); weathers to pale brown
(BY R 5/2); contains petrified wood and
plant fragments; slight tendency to form
ridges; USGS Paleobotany loc. D4120__ 2 2

SECTION 16—Continued

Type section of the Cokedale Formation of the Livingston Group,
measured in the S} sec. 23 and the NEY sec. 26, T. ¢ 8., R.
8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Cokedale
Formation—Continued Ft. In.

106. Siltstone, thin-bedded, dusky-yellow-green

(5GY 5/2); weathers to light olive gray

(5Y 5/2); contains macerated plant frag-

105. Sandstone, voleanic, thin- to medium-
bedded, crossbedded, fine- to medium-
grained, andesitic, medium-gray (N5);
weathers to light olive gray (5Y 6/1)____ 1 3
104. Sandstone, volcanic, thin- to medium-
bedded, fine-grained, clayey, poorly
sorted, andesitic, dusky-yellow-green
(5@Y 5/2); weathers to light olive gray
(5Y 5/2); poorly exposed _ __________-__ 4 4
103. Sandstone,.volcanic, thin- to thick-bedded,
medium- to coarse-grained, very poorly °
sorted, andesitic, grayish-olive-green
(5GY 3/2); contains small-scale crossbed-
ding; weathers tolight olive gray (5Y 6/1);
slight tendency to form ridges.._____.___ 2 8
102. Siltstone, thin-bedded, well-indurated,
dark-gray (N3); weathers to pale brown
(5Y R 5/2) and light olive gray (5Y 6/1);
contains plant fragments; USGS Paleo-
botany loe. D1815-2_ _ _ _ _____________ 6
101. Mudstone, massive, tuffaceous, silty, olive-
gray (5Y 4/1); weathers to light olive
gray (5Y 6/1); contains macerated plant
fragments; poorly exposed; USGS Paleo-
botany loe. D1815-1_________________. 9 4
100. Sandstone, volecanic, medium- to thick-
bedded, fine to coarse grained, andesitic,
very poorly sorted, medium-gray (N5),
weathers to olive gray (5Y 4/1); locally
contains crossbedded and scour-and-fill
deposits 0.5-1 ft. thick; contains petrified
wood and some mudstone pebbles; slight
tendency to form ridges. .- - __.--____ 6 8
99. Siltstone, massive, olive-gray (57 4/1);
weathers to light olive gray (6Y 6/1);
very poorly exposed_ _________________ 9 6
98. Sandstone, volcanic, massive, crossbedded,
medium- to coarse-grained, poorly sorted,
andesitic, dusky-yellow-green (5GY 5/2);
weathers to brownish black (5Y R 2/1) or,
less commonly, to moderate yellowish
brown (10Y R 5/4); contains many small
channels filled with pebbles and granule-
size sand composed of lithic fragments;
contains petrified wood; ridge former._ . _ 15 0
97. Tuff, medium-bedded, water-laid, yellow-
green (5GQY 6/2); weathers to yellowish
gray (5Y 7/2); contains petrified wood;
overlying unit has channeled into this

96. Covered interval—probably water-laid tuff_ 10 ©

l
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Formation—Continued
95. Sandstone, volcanic, medium-bedded, coarse-

94.

93.

92.

91.

90.

89.

88.

87.

86.

85.

grained, very poorly sorted, andesitic,
dusky-yellow-green (5GY 5/2); weathers
to moderate yellowish brown (10YR 5/4);
contains pebbles and granule-size sand
composed of lithic fragments____________
Tuff, medium-bedded, water-laid, yellow-
green (5GY 6/2); weathers to yellowish
gray (5Y 7/2) o o _____
Sandstone, volcanic, massive, crossbedded
in part, coarse-grained, very poorly sorted,
andesitic, dusky-yellow-green (5GY 5/2);
weathers slightly to moderate yellowish
brown (10YR 5/4;) pebbles and granule-
size sand composed of lithic fragments are
rare to common; contains petrified wood;
ridge former_______________________.___
Sandstone, volcanie, conglomeratic, thick-
bedded, crossbedded, very coarse grained,
andesitic, dusky-yellow-green (5GY 5/2);
weathers to dusky yellow (5Y 6/4); con-
tains petrified wood.___ ____.___________
Tuff, medium-bedded, well-indurated, water-
laid, olive-gray (5Y 4/1); weathers to
moderate yellowish brown (10YR 5/4);
contains plant fragments_______________
Sandstone, volcanic, massive, fine- to coarse-
grained, very poorly sorted, andesitic,
grayish-olive (10Y 4/2); pebbles and
granules composed of lithic fragments
are rare to plentiful: weathers to pale
olive (10Y 6/2); recovered large frag-
ments of leg bones from the dinosaur,
Monoclonius, from this unit; poorly
exposed . __ __ e __._.
Sandstone, medium-bedded, very fine grain-
ed, well-indurated, fairly well sorted,
pale-grayish-green (10G 5/2); weathers to
moderate yellowish brown (10YR 5/4);
unit is transitional between underlying
quartzose sands and overlying volcanic

Covered interval—probably tuffaceous, fine-
grained sandstone similar to overlying
unit, except nonindurated _______________

Sandstone, quartzose, massive to thin-
bedded, fine-grained, fairly well sorted,
well-indurated, light-olive-gray (5Y 6/1);
weathers to yellowish gray (5Y 7/2); con-
tains heavy-mineral suite; ridge former;
units 87, 88, and 89 probably western
equivalent to part of Parkman Sandstone.

Covered interval—probably tuffaceous silt-
stone, light-olive-gray (5Y 5/2) . _______.

Sandstone, volcanic, thin- to medium-
bedded, very fine grained, andesitic, well-
indurated, calcareous, dark-greenish-gray
(5GY 4/1) ; weathers to pale brown (5Y R5/2)

Ft  In.
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84.

83.

82.

81.

80.

79.

78.

77.

76.

75.

74.

73.

72.

71.

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1); tuf-
faceous throughout; contains macerated
plant fragments; USGS Paleobotany loc.

Sandstone, volcanic, thin- to medium-
bedded, very fine grained, andesitic, well-
indurated, calcareous, dark-greenish-gray
(5GY 4/1); weathers to pale brown (5YR
5/2) e

Sandstone, quartzose, thin-bedded to mas-
sive, crossbedded, fine-grained, fairly well
sorted, resembles quartzose beds in the
Eagle Sandstone; medium-light-gray (N6);
weathers to yellowish gray (5Y 7/2) and
white; contains heavy-mineral suite._____

Tuff, bentonitic, pale-greenish-yellow (10Y
8/2) ; weathers to yellowish gray (5Y 8/1)._

Sandstone, volcanic, thin- to medium-
bedded, very fine grained, andesitic, well-
indurated, calcareous, dark-greenish-gray
(5GY 4/1); weathers to pale brown (5YR
52 e

Claystone, thick-bedded, dark-greenish-gray
(5GQY 4/1); weathers to greenish gray (56GY
6/1) oo

Sandstone, volcaniec, thin- to medium-
bedded, very fine grained, andesitic, well-
indurated, calcareous, dark-greenish-gray
(5GY 4/1); weathers to pale brown (6YR
L3 ) L PN

Claystone, massive, dark-greenish-gray (5GY
4/1) ; weathers to greenish gray (5GY 6/1)_

Sandstone, volcanic, medium-bedded, very
fine grained, andesitic, well-indurated,
olive-gray (5Y 4/1); weathers to light olive
gray (5Y 6/1); contains macerated plant
fragments; USGS Paleobotany loc.

Siltstone, massive, sandy, tuffaceous, clayey,
dusky-yellow-green (5GY 5/ 2) ; weathers to
yellowish gray (8Y 7/2) . ______________

Tuff, massive, bentonitic, pale-greenish-
yellow (10Y 8/2); weathers to yellowish
gray (Y 8/1) . ___

Sandstone, volcanic, massive, very fine
grained, andesitic, tuffaceous, silty, clayey,
dusky-yellow-green (5GY 5/2); weathers
to yellowish gray (5Y 7/2)_________.____

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
carbonaceous in the upper part_______

Sandstone, volcanic, thin- to thick-bedded,
fine-grained, andesitic, well-indurated,
medium-gray (N5);. weathers to light-
olive gray (5Y 6/1); contains petrified
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Upper Cretaceous—Livingston Group—Cokedale
Formation—Continued
70. Siltstone, massive, very carbonaceous, olive-
gray (5Y 4/1); weathers to light olive
gray BV 6/1) _________________________
69. Sandstone, volcanic, thin- to thick-bedded,
fine to coarse-grained, andesitic, well-
indurated, grayish-olive-green (5GY 3/2);
weathers to light olive gray (6Y 5/2); lo-
cally contains scour-and-fill channels that
bear granules to small (as much as 1 in. in
diameter) pebbles of voleanic rock and
mudstone; contains thin beds of inter-
bedded siltstone; contains petrified wood
and plant fragments; ridge former_______
Siltstone, thick-bedded, sanay, tuffaceous,
dusky-yellow-green (5GY 5/2); weathers
to yellowish gray (5Y 7/2) .. ____._______
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated, medium-
gray (N4); weathers to light olive gray
(8Y 5/2); contains petrified wood_._..____
Siltstone, thick-bedded, sandy, medium-
dark-gray (N4); weathers to light olive
gray Y 6/1)_________________________
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated, me-
dium-gray (N4); weathers to light olive
gray (5Y 5/2); contains petrified wood_ - _
Siltstone, massive, sandy, medium-dark-
gray (N4); weathers to light olive gray
(5Y 6/1); locally slightly calcareous; con-
tains abundant petrified wood—mostly
palm trees—and some macerated plant
fragments____-_____________l_________
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated, me-
dium-gray (N4); weathers to light olive
gray (5Y 5/2); contains petrified wood.___
Siltstone, medium-bedded, sandy, medium-
dark-gray (N4); weathers to light olive
gray (BY 6/1)_____ o ____.
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated, me-
dium-gray (N4); weathers to light olive
gray (5Y 5/2); contains petrified wood._ -_
Siltstone, thick-bedded, sandy, medium-
dark-gray (N4); weathers to light olive
gray (bY 6/1) . ___ . _____
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated, me-
dium-gray (N4); weathers to light olive
gray (5Y 5/2); contains petrified wood. - _
Sandstone, volecanic, thick-bedded, very fine
grained, andesitie, silty, clayey, dusky-
yellow-green (5G'Y 5/2); weathers to light
olive gray (5Y 6/1); contains macerated
plant fragments______ e

68.

67.

66.

65.

64.

63.

62.

61.

60.

59.

58.
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57. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, well-indurated, locally
calcareous, light-olive-gray (5Y 5/2);
weathers to light olive gray (5Y 6/1); con-
tains plant fragments and leaf prints._._

56. Claystone, massive, very carbonaceous,
dark-gray (N3); weathers to light olive
gray (8Y 6/1); contains macerated plant

fragments___________________________.
55. Sandstone, volcanic, medium- to thick-
bedded, crossbedded, fine- to coarse-

grained and locally conglomeratic with
pebbles of volcanic rock and mudstone as
much as 0.75 in. in diameter, very poorly
sorted, andesitic, medium-gray (N5);
weathers to light gray (N7); grains angular
to subangular; contains abundant feldspar
and biotite; slightly calcareous; contains
wood and plant fragments; ridge former__
54. Claystone, thick-bedded, very carbonaceous,
olive-gray (5Y 3/2); weathers to light
olive gray (5Y 5/2) - _ . _____________.
53. Tuff, devitrified, greenish-gray (5GY 6/1);
weathers to yellowish gray (5Y 7/2) to
white; contains euhedral crystals of
biotite and feldspar________________.____
52. Mudstone, massive, sandy, olive-gray (5Y
5/4) ; weathers to light olive gray (5Y 6/1);
contains abundant macerated plant frag-
51. Siltstone, massive, clayey, olive-gray (5Y
4/1); contains rare red specks of heulan-
dite: weathérs to light olive gray (5Y 6/1) -
50. Siltstone, thin- to medium-bedded, well-
indurated, grayish-olive-green (6GY 3/2);
weathers to grayish brown (5YR 3/2)__ ..
'49. Sandstone, volcanic, thin-bedded to massive,
fine- to coarse-grained but dominantly
fine-grained, andesitie, calcareous, dusky-
yellow-green (5GY 5/2); weathers to
grayish olive (10Y 4/2); locally contains
scour-and-fill channels that bear granule-
size grains; contains abundant petrified
wood; ridge former._ . _________________
48. Sandstone, volcanic, conglomeratic, thin- to
medium-bedded, crossbedded, fine- to
coarse-grained, very poorly sorted, ande-
sitic, dusky-yellow-green (5GY 5/2);
weathers to light olive gray (5Y 5/2);
pebbles, from granule size to 1 in. in
diameter, are composed of volcanic rock
and mudstone; contains lenses of clay—
grayish-olive-green (5GY 3/2); contains
abundant fossil wood, dominantly of palm
trees, and plant fragments; grades into
overlying sandstone_ _ _ _______________.
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47.

46.

45.

44,

43.

42,

41.

40.
39.

38.

317.

36.

35.

34.

33.

32.

31.

Sandstone, thin-bedded to massive, fine- to
coarse-grained, feldspathic (dominantly
plagioclase), medium-light-gray (N6);
grains angular to subangular; locally con-
tains calcareous lenses and stringers;
weathers to yellowish gray (8Y 7/2);
massive spheroidal weathering__________

Claystone, thin-bedded, very carbonaceous,
grayish-black (N2); weathers to medium
gray (N5); contains macerated plant
fragments_ ... ____________..

Sandstone, volcanic, thin-bedded, fine- to
medium-grained, tuffaceous, andesitic,
dusky-yellow-green (5G'Y 5/2) ; weathers to
dusky yellow (6Y 6/4) ; contains macerated
plant fragments_ ______________________

Claystone, thin-bedded, very carbonaceous,
grayish-black (N2); weathers to medium

gray. (N5); contains macerated plant
fragments_ . _________
Sandstone, volcanic, thin-bedded, fine-
grained, tuffaceous, andesitic, dusky-

yellow-green (5GY 5/2) ; weathers to dusky
yellow (6Y 6/4) .. ___L
Claystone, thin-bedded, very" carbonaceous,
grayish-black (N2); weathers to medium
gray (N5); contains macerated plant
fragments. . __________________________
Mudstone, thin-bedded, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)_____
Bentonite, sandy, devitrified.___._________ :
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)_____
Sandstone, volcanic, thin-bedded, very fine
grained, silty, bentonitic, andesitic, dusky-
vellow-green (5GY 5/2); weathers to dusky
yellow (5Y 6/4) .o ...
Claystone, medium-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y 6/1)_
Sandstone, volcanic, thin-bedded, very fine

"grained, silty, bentonitic, andesitie,
dusky-yellow-green (5GY 5/2); weathers
to dusky yellow (5Y 6/4)__ ___.______.____

Claystone, medium-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y 6/1)_
Sandstone, voleoanic, thin-bedded, fine-
grained, bentonitic, andesitic, dusky-
vellow-green (5GY 5/2); weathers to dusky
yellow (5Y 6/4) _______________________
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)______
Sandstone, volcanic, thin-bedded to massive,
fine- to medium-grained, poorly sorted,
andesitic, carbonaceous,. dusky-yellow-
green (5GY 5/2); weathers to dusky
yellow (5Y 6/4); contains macerated
plant fragments. __ ... _____________
Coal, bony, dull, soft_ . _____________..._..
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Upper

28.

27.
26.

25.

24.

23.

22.

21.

20.

19.

18.

17.

16.

15.

14.

13.

12.

11.

10.

Cretaceous—Livingston Group—Cokedale

Formation—Continued
30.
29.

Coal, blocky, bright, brown when cut, hard.
Sandstone, volcanie, thin-bedded, very fine
grained, silty, andesitic, dusky-yellow-
green (5GQY 5/2); weathers to dusky yellow
(5Y 6/4) ; very micaceous..__.________._.
Shale, very carbonaceous, brownish-black
(5YR 2/1); weathers to brownish gray
(BYR 4/1) o ______
Coal, blocky, bright, brown when cut, hard.
Siltstone, thin-bedded, tuffaceous, clayey,
carbonaceous, brownish-black (5YR 2/1);
weathers to light brownish gray (5YR
6/1) e
Coal, bony, flaky, dull; contains a few bright
streaks. ... __.___.__
Shale, very carbonaceous, brownish-black
(5YR 2/1); weathers to brownish gray
GYR4/1) oo
Coal, bony, flaky, dull; contains a few bright
streaks ... ______
Sandstone, thin-bedded, very fine grained,
silty, dusky-yellow-green (5GY 5/2);
weathers to dusky yellow (5Y 6/4)_______
Coal, bony, flaky, dull; contains a few bright
Shale, very carbonaceous, brownish-black
(BYR 2/1); weathers to brcwnish gray
GYR4/1) . ..
Sandstone, thin-bedded, very fine grained,
silty, dusky-yellow-green (5GY 5/2);
weathers to dusky yellow (5Y 6/4)_______
Shale, very carbonaceous, brownish-black
(5YR 2/1); weathers to brownish gray
(BYR 4/1) - oo
Sandstone, thin-bedded, very fine grained,
silty, dusky-yellow-green (5GY 5/2);
weathers to dusky yellow (5Y 6/4)_______
Coal, bony, flaky, dull; contains a few thin
bright streaks_._.______________________
Sandstone, thin-bedded, very fine grained,
silty, dusky-yellow-green (5QY 5/2);
weathers to dusky vellow (5Y 6/4)______
Siltstone, thin-bedded, very carbonaceous,
brownish-black (5YR 2/1); weathers fo
light brownish gray (5YR 6/1)_________.
Coal, bony, flaky, dull; contains a few thin
(generally less than 14 in.) bright streaks. _
Siltstone, thin-bedded, very carbonaceous,
brownish-black (5YR 2/1); weathers to
light brownish gray (5YR 6/1)_ _._______
Sandstone, thin-bedded, very fine grained,
silty, dusky-yellow-green (5GY 5/2);
weathers to dusky yellow (5Y 6/4)______
Siltstone, thin-bedded, very carbonaceous,
brownish-black (5YR 2/1); weathers to
light brownish gray (YR 6/1)__.__.._____
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Cretaceous—Livingston Group—Cokedale
Formation—Continued
9. Sandstone, thin-bedded, very fine grained,
silty, dusky-yellow-green (5GY  5/2);
weathers to dusky vellow (5Y 6/4)_._.___
8. Sandstone, volcanic, massive to thin-bedded,
finu-grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to dusky yellow (5Y
6/4); locally calcareous, containing many
large (2-3 ft in diameter) calcareous spher-
oidal concretions; contains macerated
plant fragments__ ___ . ________________
. Bentonite, silty_ ... ________________
. Sandstone, volecanic, thin-bedded, very fine
grained, silty, andesitic, dusky-yellow-
green (5GY 5/2); weathers to dusky yellow
(5Y 6/4); contains streaks of coal and
plant fragments_______________________
5. Siltstone, medium-bedded, well-indurated,
olive-gray (5Y 3/2); weathers to light
olive gray (5Y 5/2); contains macerated
plant fragments_________________ SV
4. Claystone, medium-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y 6/1)_
3. Siltstone, thick-bedded,- well-indurated,
olive-gray (5Y 3/2); weathers to light olive
gray 5Y 5/2)_ _____________ e
2. Claystone, medium-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y 6/1)_
Mudstone, thin-bedded, very carbonaceous,
bentonitic, grayish-brown (5YR 3/2); wea-
thers to pale yellowish brown (10YR 6/2) _

Upper

o~

1~

Total thickness of Cokedale Forma-

Upper Cretaceous—Eagle Sandstone.

MINER CREEK FORMATION

It In.
8

12 6
3

11

10

1 3

2 10

1 9

1 1
1,550 O

Stratigraphic section 17 of the Miner Creek Forma-
tion of the Livingston Group, measured near the aban-
doned townsite of Cokedale, Mont. (sections 3 and 4,

fig. 15), is the type section of the formation.

SECTION 17

Type section of the Miner Creek Formation of the Livingston Group,
measured in the NWY sec. 20 and EY% sec. 19, T. 2 8., R. 9 E.,

Park County, Mont.
[Measured by A. E. Roberts and A. L. Benson, 1961}

Upper Cretaceous—Livingston
Creek Formation.

Upper Cretaceous—Livingston Group—Miner Creek
Formation:

155. Sandstone, volcanie, thin-bedded to mas-
sive, fine-grained, andesitic, dark-green-
ish-gray (5GY 4/1); weathers to greenish
gray (5GY 6/1); contains a few calcareous
concretions as much as 8 in. in diameter;
prominent ridge former_ ______________

Group—Billman
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152.

151.

150.
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148.

147.

146.

145.

144.

143.

142.

141.

140.

139.

138.

137.
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Upper Cretaceous—Livingston Group—Miner Creek
Formation—Continued

. Siltstone, massive, olive-gray (bY 4/1);
weathers to light olive gray (5Y 6/1);
USGS Paleobotany loc. D1613_________

. Sandstone, volcanic, medium-bedded to

massive, fine-grained, andesitic, grayish-
green (10G'Y 5/2); weathers to light olive
gray (5Y 6/1) . _________._______

Siltstone, massive, olive-gray (5Y 4/1);

weathers to light olive gray (5Y 6/1).___
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, medium-light-gray
(N6); weathers to light olive gray (5Y
6/1) ..
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, volcanic,” thin- to medium-
bedded, fine-grained, andesitic, medium-
light-gray (N6); weathers to yellowish
gray (5Y 7/2)__ L _____
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, volcanic, medium-bedded, fine-
grained, silty, andesitic, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1)
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)__..
Sandstone, volcanic, medium-bedded, fine-
grained, silty, andesitic, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) - - __._
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, voleanic, thin-bedded, fine-
grained, andesitic, medium-light-gray
(N6); weathers to light gray (N7)_._.__.
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1).___
Sandstone, volcanic, medium-bedded, cross-
bedded, fine-grained, andesitic, light-
gray (N7); has banded character im-
parted by thin (less than 146 in.) layers
of ferromagnesian minerals on bedding
planes; weathers to yellowish gray (5Y
8/1) e
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, volcanic, massive, fine-grained,
andesitic, medium-light-gray (N6);
weathers to light gray (N7)____________
Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, medium-light-gray
(N6); weathers to light gray (N7)_____.
Siltstone, massive, olive-gray (8Y 4/1);
weathers to light olive gray (5Y 6/1)____

21

146

145

14

26

11

39

Type section of the Miner Creek Formation of the Livingston Group,
measured in the NW4 sec. 20 and EY% sec. 19, T. 2 8., R. 9 E.,
Park County, Mont.—Continued

In.
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11

10

11

11
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135. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, medium-light-gray
(N6); weathers to light gray (N7)_____. 2 0
134. Siltstone, medium-bedded, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) .. 2 8
133. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, greenish-gray (5GY
6/1); weathers to light olive gray (5Y
6/1) el 2 8
132. Siltstone, medium-bedded, olive-gray (5¥
4/1); weathers to light olive gray (5Y

131. Sandstone, voleanic, thin-bedded, fine-
grained, andesitic, greenish-gray (5GY

6/1) ; weathers to light olive gray (5Y 6/1) 2 4
130. Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____ 7 1

129. Sandstone, volcanic, thick-bedded, fine-

grained, andesitic, greenish-gray (5GY

6/1); weathers to light olive gray (5Y

6/ 1) o ieil_l. 3 8
128. Siltstone, medium-bedded, olive-gray (5Y

4/1); weathers to light olive gray (5Y

6/1) oL R 1 9
127. Sandstone, volcanic, thin-bedded to mas-

sive, fine-grained, andesitic, greenish-

gray (5GY 6/1); weathers to light olive

gray (5Y 6/1) ; prominent ridge former._ __ 12 0
126. Siltstone, medium-bedded, olive-gray (5Y
4/1) ; weathers tolight olive gray (5Y 6/1) _ 1 2

125. Sandstone, volcanic, thin- to thick-

bedded, fine-grained, andesitic, grayish-

green (5G 5/2) ; weathers to yellowish gray

(8Y 7/2) . 3 9
124. Siltstone, massive, tuffaceous, olive-gray

(5Y 4/1); weathers to light olive gray

(8Y 6/1) .. 27 O
123. Sandstone, volcanic, thin-bedded to massive,

crosshedded, fine- to medium-grained,

andesitic, grayish-green (5G 5/2); weath-

ers to yellowish gray (5Y 7/2); promi-

nent ridge former._.______________.____ 9 0
122. Covered interval—probably siltstone, olive-
BTAY e - 5 10

121. Sandstone, volcanic, massive, crossbedded,
fine- to coarse-grained, poorly sorted,
andesitic, medium-light-gray  (N6);
weathers to yellowish gray (5Y 8/1) and

white_ .. _______ 4 6 |

120. Covered interval—probably siltstone, olive-

o3 ¥ 39 11
119. Sandstone, voleani¢, thin-bedded to mas-

sive, crossbedded, fine- to medium-

grained, andesitic, well-indurated, me-

dium-light-gray (N6); weathers to light

olive gray (5Y 6/1); contains dinosaur

bone fragments; ridge former___._______ 6 3

SECTION 17—Continued

Type section of the Miner Creek Formation of the Livingston Group,
measured in the NW; sec. 20 and E¥ sec. 19, T. 2 8., R. 9 E.,
Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Miner Creek

Formation—Continued Ft  In.
118. Covered interval—probably siltstone, olive-
BraY e 95 5

117. Sandstone, volcanie, thick-bedded, fine-
grained, andesitic, grayish-green (5G

5/2) ; weathers to olive gray (5Y 4/1)___ 3 6
116. Covered interval—probably siltstone, olive-
Iy e 23 3

115. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, grayish-green (5G

5/2) ; weathers to olive gray (5Y 4/1) _____ 1 4
114. Siltstone, medium-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y 6/1)- 1 8

113. Sandstone, voleanic, medium- to thick-
bedded, fine-grained, andesitic, grayish-
green (5G 5/2); weathers to olive gray

(5Y4/1) . S 3 8
112. Siltstone, thick-bedded, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) ___ 3 8

111. Sandstone, volcanic, thick-bedded, fine-
to coarse-grained, poorly sorted, ande-
sitic, grayish-green (5G 5/2); weathers to

olive gray (Y 4/1) ____________.____._ 5 2
110. Covered interval—probably siltstone, olive-
[0 2 S 35 5

109. Sandstone, volcanic, thin-bedded, very fine

grained, andesitic, greenish-gray (5GY

6/1); weathers to yellowish gray (5Y

7/2); contains abundant bronze-colored

biotite__ _ . __ _ o _____C S 1 2
108. Siltstone, medium-bedded, olive-gray (5Y

4/1) ; weathers to light olive gray (5Y 6/1)

contains wood and plant fragments_____ 5 2
107. Sandstone, volcanic, medium-bedded, fine-

to medium-grained, poorly sorted, ande-

sitic, medium-light-gray (N6); weathers

to light gray (N7)___________________. 1 4
106. Siltstone, massive, olive-gray (5Y 4/1);

weathers to light olive gray (5Y 6/1);

poorly exposed_______________ S, 32 8
105. Sandstone, volcanic, massive, fine-grained,

andesitic, well-indurated, grayish-green

(10GY 5/2); weathers to grayish yellow

green (5GY 7/2); ridge former_________. 12 8
104. Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) ____ 11 2

103. Sandstone, volcanic, medium- to thick-

bedded, crossbedded, fine-grained, silty,

andesitic; contains many mudstone

balls—generally along bedding planes;

grayish-green (5@ 5/2); weathers to

grayish yellow green (5GY 7/2) ________ 4 0
102. Siltstone, thick-bedded, dusky-yellow-green

(5GY 5/2); weathers to grayish yellow

green (5GY 7/2) ... 3 0
101. Sandstone, volcanic, medium-bedded, fine-

grained, andesitic, dusky-yellow-green

(5GY 5/2); weathers to pale yellowish.

brown (10YR 6/2) .. _.._._ ... _._.__ i 1
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100.

99.

98.

97.

96.

95.

94.

93.

92.

91.

90.

89.

88.

87.

86..

85.

Siltstone, medium-bedded, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow green (5GY 7/2) _______________

Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to pale yellowish
brown (10YR 6/2) __ ...

Siltstone, medium-bedded, dusky-yellow-
green (5GQY 5/2); weathers to grayish
yellow green (5GY 7/2) _______________._

Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to pale yellowish
brown (10YR 6/2) __ . _________________

Siltstone, massive, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2) ______________________

Sandstone, volcanic, thick-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to pale yellowish
brown (10YR 6/2) . ________________ -

Siltstone, massive, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2) ______________________

Sandstone, volcanic, massive to thin-
bedded, fine-grained, andesitic, well-
indurated, dusky-yellow-green (5GY
5/2); weathers to pale yellowish brown
(10YR 6/2); ridge former______________

Siltstone, thin-bedded, dusky-yellow-green

(5GY 5/2); weathers to grayish yellow
green (5GY 7/2) . ________
Sandstone, volcanic, thin-bedded, fine-
grained, silty, andesitic, light-olive-
gray (8Y 5/2); weathers to yellowish
gray (8Y 7/2) oo __
Siltstone, thin-bedded, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2) . ____________
Sandstone, volcanic, thin-bedded, fine
grained, silty, andesitic, light-olive-gray
(5Y 5/2); weathers to yellowish gray (5Y 7/2)._
Siltstone, thin-bedded, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2)_____________.________
Sandstone, voleanic, thin-bedded, fine-
grained, silty, andesitic, light-olive-gray
(5Y 5/2); weathers to yellowish gray (5Y
7/2) ..
Siltstone, massive, dusky-yellow-green
(5GQY 5/2); contains red specks of heulan-
dite; weathers to grayish yellow green
(5GY T/ ...
Sandstone, volcamc, thick-bedded, fine-
grained, silty, andesitic, well-indurated,
light-olive-gray (5Y 5/2); weathers to
yellowish gray (5Y 7/2); contains macer-
ated plant fragments; ridge former_____

sec. 19, T.2 S, R. 9 E.,

Fi In.
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Upper Cretaceous—Livingston Group—Miner Creek
Formation—Continued
84.

Siltstone, massive, dusky-yellow-green (5GY
5/2); red specks of heulandite common;
contains some ‘fine sand; weathers to
grayish yellow green (5GY 7/2) ._________

Sandstone, volcanic, thin- to thick-bedded,
fine-grained, andesitic, well-indurated,
grayish-olive-green (5GY 3/2); abundant
bronze-colored biotite and hornblende;
weathers to greenish gray (5GY 6/1)_____

Sandstone, volcanic, medium-bedded to
massive, fine- to medium-grained, ande-
sitic, well-indurated, greenish-gray (5GY
6/1); fills channels as much as 3.5 ft deep
in underlying siltstone; abundant bronze-
colored . biotite; weathers to moderate
brown (YR 4/4)__ ___________________ -

Siltstone, thick-bedded, grayish-olive (10Y
4/2); weathers to pale olive (10Y 6/2) ____

Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, medium-light-gray
(N6); weathers to light gray (N7)_.______

Siltstone, medium-bedded, grayish-olive (10Y
4/2); weathers to pale olive (10Y 6/2).

Sandstone, volcanic, medium- to thick-
bedded, fine-grained, andesitic, medium-
light-gray (N6); weathers to light gray
(N7 .

Siltstone, medium-bedded, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) ; contains macerated plant fragments;
USGS Paleobotany loc. D1612_________

Sandstone, volcanic, medium-bedded, fine-
grained, andesitic; contains red specks of
heulandite. . __________________._:_.____

Siltstone, thick-bedded, gra,ylsh—ohve-green
(5QY 3/2); weathers to grayish yellow
green (5GY 7/2)y_______________________

Sandstone, volcani¢, medium-bedded, fine-
grained, andesitic, medium-light-gray
(N6); contains red specks of heulandite;
weathers to light gray (N7)_____________

Siltstone, massive, grayish-olive-green, (5GY
3/2); weathers to grayish yellow green
BCY 7/2) ...

Sandstone, volcanic, medium-bedded, fine-
to medium-grained, andesitic, medium-
light-gray (N6); contains red specks of
heulandite; weathers to light gray (N7)__

Siltstone, thick-bedded, grayish-olive-green
(5GY 3/2); weathers to grayish yellow
green (5GY 7/2) __._ . _ . ___________ ...

Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, medium-light-gray
(N6); contains red specks of heulandite;
weathers to light gray (N7)________ -

Siltstone, medium-bedded, grayish-olive-
green (5GY 3/2); weathers to grayish
yellow green (5GY 7/2)________________.

Ft
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Type section of the Miner Creek Formation of the Livingston Group,
measured in the NWi sec. 20 and E% sec. 19, T. 2 S.,, R. 9 E.,
Park County, Mont.—Continued
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68.

67.

66.

65.

64.

63.

62.

61.

60.
59.

58.

57.

56.

55.

Sandstone, voleanic, thin-bedded, fine-
grained, andesitic, medium-light-gray (N6);
contains red specks of heulandite; weathers
to light gray (V7)o ..

Siltstone, thick-bedded, grayish-olive-green
(5GY 3/2); weathers to grayish yellow
green (5GY 7/2) . oo ...

Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, medium-light-gray
(N6); contains bronze-colored biotite;
weathers to light gray (N7); contains
macerated plant fragments_ ____________

Siltstone, massive, tuffaceous, graylsh-ohve-
green (5GY 3/2); contains red specks of
heulandite;  weathers to grayish yellow
green (5GY 7/2) . _________

Sandstone, volcanic, medium-bedded, very
fine grained, silty, andesitic, greenish-gray
(5GY 6/1); weathers to light greenish gray
(BGY 8/1) -

Siltstone,  massive, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2)_ . _____________

Sandstone, volcanic medium-bedded, very
fine grained, silty, andesitic, dark-yellow-
ish-brown (10YR 4/2); weathers to pale
yellowish brown (10YR 6/2); contains
macerated plant fragments_____________

Siltstone, thick-bedded, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2)_ . . __..__.

Bentonite. - - _______ ..

Siltstone, thick-bedded, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2) . ______________________

Sandstone, volcanic, thick-bedded, fine-
grained, silty, andesitic, dark-greenish-
gray (5GY 4/1); weathers to yellowish
gray (8Y 8/1). ...

Siltstone, massive tuffaceous, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow green (5GY 7/2) . ______

Sandstone, volcanic, massive, fine- to coarse-
grained, poorly sorted, andesitic, medium-
light-gray (IV6); contains granules to small

pebbles composed of volcanic rock at

base; weathers to light gray (N7)_______
Siltstone,  thick-bedded, dusky-yellow-
green (5GY 5/2); contains vienlets and
red specks of heulandite; "weathers to
grayish yellow green (5GY 7/2) __________

. Sandstone, volcanic, medium-bedded to

massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic, medium-
light-gray (N6); contains granules and
small pebbles composed of volcanic rocks;
weathers to light gray (N7), with limonitic
staining. . _____________ . .__ -

Ft
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53. Siltstone, massive, tuffaceous, olive-gray

(5Y 3/2); weathers to yellowish gray (5Y

52. Bentonite_ - ___._____ . 1 10
51. Siltstone, massive, tuffaceous, olive-gray

(5Y 3/2); contains silica-cemented concre-

tions—generally 3-6 in. in diameter; lower

2 ft grades downward into a very fine

grained silty sandstone; weathers to yel-

lowish gray (5Y 7/2) _ _ ________________ 48 2
50. Sandstone, volcanic, medium-bedded to mas-

sive, fine- to coarse-grained, poorly sorted,

andesitic, dark-greenish-gray (5GY 4/1);

contains mudstone pebbles; weathers to

moderate brown (5YR 4/4) _____________ 4 2
49. Siltstone, massive, dark-yellowish-brown

(10YR 4/2); weathers to pale yellowish

brown (10YR 6/2); contains macerated

plant fragments_______________________ 21 4
48. Siltstone, medium-bedded, tuffaceous, well-

indurated, medium-dark-gray (N4); con-

tains bronze-colored biotite; weathers to

moderate brown (OYR 4/4) _ ___________._ 8
47. Tuff, silicified, well-indurated, light-greenish-

gray (5GY 8/1); contains bronze-colored

*biotite; this unit might have originally

been dark gray and then leached;

weathers to yellowish gray (5Y 7/2)_____ 3 6
46. Siltstone, massive, olive-gray (5Y 3/2);

weathers to yellowish gray (5Y 7/2) ; poorly

exposed . _ . ____._ 18 1
45. Sandstone, voleanic, medium-bedded, fine-

to coarse-grained, andesitic, dusky-yellow-

green (5GY 5/2); weathers to light olive

gray (Y 5/2) . ___ L ______ 4 2
44. Siltstone, massive, olive-gray (5Y 3/2);

weathers to yellowish gray (BY 7/2);

poorly exposed_ - ____:____________ 23 11

Total Miner Creek Formation that lies
above the Sulphur Flats Sandstone
Member_ - _ . ___ 1,190 O

Sulphur Flats Sandstone Member:

43. Sandstone, voleanic, thin-bedded to mas-
sive, crossbedded, fine- to coarse-grained,
poorly sorted, well-indurated, andesitic,
light-brownish-gray (5YR 6/1) to grayish-
green (5G 5/2); contains bronze-colored
biotite; weathers to light olive gray (5Y

5/2); ridge former_ _ . __________________ 10 4
42. Siltstone, medium-bedded, olive-gray (5Y
4/1); weathers to pale olive (10Y 6/2)____ 1 0

41, Tuff, medium-bedded, grayish-green (5G

5/2) and light-brownish-gray (5YR 6/1);.

weathers to light olive gray (5Y 6/1)_____ 1 0
40. Sandstone, volcanic, thick-bedded, fine-

grained, andesitic, greenish-gray (5GY

6/1) ; weathers to olive gray (5Y 4/1)_____ 2 0
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39.

38.

37.

36.

35.

34.

33.

32.

31
30

29.

28.

27

26.

25.

Tuff, medium-bedded, grayish-green (5G
5/2) and light-brownish-gray (5YR 6/1);
weathers to light olive gray (5Y 6/1)_.___

Sandstone, volcanic, thick-bedded, fine-
grained, andesitic, greenish-gray (5GY
6/1); weathers to olive gray (5Y 4/1)_____

Sandstone, volcanic, massive, fine- to coarse-
grained, poorly sorted, andesitic, grayish-

green (5G 5/2); weathers to light olive -

gray (5Y 5/2); ridge former_____________
Tuff, medium-bedded, silicified, light-olive-
gray (8Y 5/2); weathers to moderate
yellowish brown (10YR 5/4); contains
macerated plant fragments_____________
Sandstone, volcanic, thin-bedded, medium-
grained, andesitic, greenish-gray (5GY
6/1) ; weathers to olive gray (5Y 4/1)_____
Siltstone, tuffaceous, well-indurated, light-
olive-gray (5Y 5/2) with streaks of light-
brownish-gray . (5YR 6/1); weathers to
light olive gray (5Y 6/1); contains a few
leaf imprints. ... _._____ .. ____._____
Sandstone, volcanic, thin-bedded, medium-
grained, andesitic, greenish-gray (5GY
6/1); weathers to olive gray (5Y 4/1)____
Tuff, thin-bedded, light-brownish-gray (5YR
6/1); weathers to light olive gray (5Y 6/1) .

‘Sandstone, volcanic, thin-bedded, medium-

grained, andesitic, greenish-gray (5GY
6/1); weathers to olive gray (5Y 4/1)____
Tuff, medium-bedded; light-brownish-gray
(5YR 6/1); weathers to light olive gray
(Y 6/1); lowest 10 in. well-indurated.__ - -
Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to medium-grained, an-
desitic, grayish-green (5G 5/2); has band-
ed character imparted by thin (less than
}{6 in.) layers of ferromagnesian minerals
on bedding planes; weathers to dark
yellowish brown (10YR 4/2) ; ridge former.
Siltstone, thick-bedded, medium-light-gray
(N6); weathers to olive gray (6Y 4/1)____
Sandstone, volcanic, medium-bedded, fine-
to coarse-grained, poorly sorted, andesitic
grayish-green (5G 5/2); weathers to light
olive gray (5Y 5/2) - ___________
Siltstone, medium-bedded, medium-light-
gray (N6); weathers to olive gray (5Y 4/1);
lowest 1 ft well-indurated_ - ____________
Sandstone, volecanic, locally conglomeratic,
massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic, grayish-
green (5G 5/2); weathers to light olive
gray (5Y 5/2); locally contains pebbles and
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24

23.

22,

21.
20.
19.
18.

17.

16.

15.

14.

13.

12.

11.

10.

cobbles of voleanic rock; contains frag-
ments of dinosaur bones; ridge former____

. Siltstone, thin-bedded, greenish-gray (5GY
6/1); contains  some clay and fine sand;
weathers to pale olive (10Y 6/2)______.__
Sandstone, voleanic, thin- to thick-bedded,
crossbedded, fine- to coarse-grained, poorly
sorted, andesitic, dusky-yellow-green
(5GY 5/2); weathers to light olive gray
(5Y 5/2); ridge former. _ _ .. _______.___._
Tuff, medium-bedded, light-olive-gray (5Y
6/1) ; weathers to yellowish gray (5Y 7/2)_
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, dusky-yellow-green
(6GY 5/2); weathers to pale yellowish
brown (10YR 6/2) . ____________
Tuff, medium-bedded, light-olive-gray (5Y
6/1); weathers to yellowish gray (5Y

T 2) e -
Sandstone, volcanie, massive, crossbedded,
fine- to coarse-grained, andesitic, well-
indurated, dusky-yellow-green (5GY 5/2);
weathers to pale yellowish brown (10YR
6/2); ridge former_ ____________________
Siltstone, medium-bedded, tuffaceous, olive-
gray (5Y 3/2); weathers to light olive
gray (5Y 5/2) ..
Siltstone, medium-bedded, tuffaceous, well-
indurated, pale-yellowish-brown (10YR
6/2) ; weathers to yellowish gray (5Y 7/2);
contains macerated plant fragments_____
Siltstone, medium-bedded, tuffaceous, olive-
gray (5Y 3/2); weathers to light olive gray
BY 5/2) .-
Siltstone, medium-bedded, sandy, tuffaceous,
medium-dark-gray (N4); weathers to
moderate brown (5Y R 4/4); contains mac-
erated plant fragments_________________
Siltstone, medium-bedded, tuffaceous, olive-
gray (5Y 3/2); weathers to light olive gray
(BY 5/2) - ...
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to greenish gray
(BGY 6/1) oo
Siltstone, medium-bedded, tuffaceous, olive-
gray (5Y 3/2); weathers to light olive gray

(BY 5/2) .. )

Siltstone, medium-bedded, tuffaceous, olive-
gray (5Y 4/1); weathers to light olive gray
(5Y 5/2); contains macerated plant frag-

gray (5Y 3/2); weathers to light olive gray
(BY 5/2) - o oo
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CRETACEQUS AND EARLY TERTIARY DEPOSITIONAL AND TECTONIC HISTORY

SECTION 17—Continued

Type section of the Miner Creek Formation of the Living&ton Group,
measured in the NW) sec. 20 and E% sec. 19, T.2 8., R. 9 E,,
Park County, M ont.—Continued

Upper Cretaceous—Livingston Group—Miner Creek
Formation—Continued

Sulphur Flats Sandstone Member—Continued Ft In

9. Tuff, medium-bedded, well-indurated, light-

brownish-gray (5YR 6/1); weathers to

yellowish gray (5Y 7/2); slight tendency to
form ridges_ - - 11

8. Siltstone, massive, tuffaceous, olive-gray

(5Y 3/2); weathers to light olive gray
(BY 5)2) o o oo 5 5

7. Sandstone, volecanic, massive, cross bedded,

fine- to medium-grained, andesitic, dusky-

yellow-green (5GY 5/2); weathers to pale

olive (10Y 6/2); mudstone pebbles as much

as 2 in. in diameter in lowest 1 ft of bed;
slight tendency to form ridges____..___. 2 8

6. Siltstone, thick-bedded, tuffaceous, olive-

gray (5Y 3/2); weathers to light olive
gray (8Y 5/2) - 3 10

5. Sandstone, volcanic, medium-bedded, fine-

grained, andesitic, grayish-yellow-green

(5GY 7/2); weathers to pale olive
(Q0Y 6/2) - - o oo 2 8

4. Siltstone, medium-bedded, tuffaceous, olive-

gray (5Y 3/2); weathers to light olive gray

(5Y 5/2); contains petrified wood sand
macerated plant fragments_________.____ 1 7

3. Sandstone, volcanic, massive, crossbedded,

fine-grained, andesitic, grayish-yellow-

green (5GY 7/2) weathers to pale olive

(10Y 6/2); contains petrified wood; ridge
former. . . _____ 8 11

2. Siltstone, massive, tuffaceous, grayish-olive-

green (5GQY 3/2); weathers to dusky yellow
green (5GY 5/2) . ___ ... 24 1

1. Sandstone, quartzose, thin- to thick-bedded,

fine-grained, mottled yellowish-gray (5Y

8/1) and yellowish-gray (5Y 7/2); contains

calcareous lenses and stringers as much as

4 in. thick; weathers to pale yellowish

brown (10YR 6/2); good marker bed due

to its lithology and mottled light color;
slight tendency to form ridiges. ... _--___ 6 6

Total thickness of Sulphur Flats Sand-
stone Member. ... __ . _____________ 160 0

Total thickness of Miner Creek Forma-

10N - - o e 1,350 0

Upper Cretaceous—Livingston Group—Cokedale Formation.

"BILLMAN CREEK FORMATION
Stratigraphic section 18 of the Billman Creek For-
mation of the Livingston Group, measured across the
valley of Billman Creek north of the abandoned town-
site of Cokedale, Mont. (sections 5-7, fig. 15), is the type
section of the formation.

SECTION 18

C89

Type section of the Billman Creek Formalion of the Livingston
Group, measured in the W% sec. 18, T. 2 S., R. 9 E., and the
S sec. 13, T. 2 8., R. 8 E., Park County, Mont.

[Measured by A. E. Roberts and A. L. Benson, 1961)

Upper Cretaceous—Livingston Group—Hoppers
Formation.
Upper Cretaceous—Livingston Group—Billman
Creek Formation: .
163. Claystone, massive, olive-black (5Y 2/1);

162.

161.

160.

159.

158.

157.

156.

155.

154.

153.

152.

151.

150.

149,

weathers to light olive gray (5Y 6/1)____
Siltstone, thick-bedded, clayey, dusky-
yellow-green (5GY 5/2); weathers to
light olive gray (5Y 5/2) . - ___________
Claystone, massive, olive-black (5Y 2/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, volcanic, thin-bedded to mas-
sive, fine-grained, andesitic, calcareous,
dusky-yellow-green (5GY 5/2); weathers
to light olive gray (5Y 5/2) _._________.
Claystone, massive, olive-black (5Y 2/1);
weathers to light olive gray (5Y 6/1)_.___
Sandstone, volcanic, thin-bedded to mas-
sive, fine-grained, andesitic, calcareous,
dusky-yellow-green (5GY 5/2); weathers
to light olive gray (8Y 5/2) ____________
Claystone, massive, olive-black (5Y 2/1);
weathers to light olive gray (5Y 6/1)_.__
Sandstone, volcanic, thin-bedded, cross-
bedded, fine-grained, andesitic, calcare-
ous, dusky-yellow-green (5GY 5/2);
weathers to grayish yellow green (5GY
7 D)
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____
Sandstone, volcanic, thin-bedded, cross-
bedded, fine-grained, andesitic, calcare-
ous, dusky-yellow-green (5GY 5/2);
weathers to grayish yellow green (5GY
)

Claystone, thick-bedded, olive-gray (5Y

4/1); weathers to light olive gray (5Y
6/1) - o eeeoo
Sandstone, volcanic, thin-bedded to mas-
sive, crossbedded, fine-grained, andesitic,
dusky-yellow-green (5GY 5/2); has
banded character imparted by thin
(less than ¥4 in.) layers of ferromagnesian
minerals on bedding planes; massive
spheroidal weathering; weathers to yel-
lowish gray (5Y 7/2); contains plant
fragments_ __________________________
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)___
Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)________.
Claystone, thick-bedded, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) ; contains calcareous nodules as much
as 8 in. in diameter

17
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Ca0 GEOLOGY OF THE LIVINGSTON AREA, SOUTHWESTERN MONTANA

SECTION 18—Continued

Type section of the Billman Creek Formation of the Livingston
Group, measured tn the W-sec. 18, T. 2 S., R. 9 E., and the
SY% sec. 13, T. 2 8., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Billman
Creek Formation—Continued Ft  In.
148. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)________ 1 0
147. Claystone, medium-bedded, olive-gray (5Y
" 4/1); weathers to light olive gray (57

146. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2) ; weathers to gray-

ish yellow green (5GY 7/2) ______.______ 2 8
145. Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____ 16 2

144. Sandstone, volcanic, thin-bedded to mas-
sive, fine-grained, andesitic, dusky-yellow-
green (5GY 5/2); has banded character
imparted by thin (less than %44 in.) layers
of ferromagnesian minerals along bedding
planes; contains calcareous nodules and
stringers; weathers to yellowish gray
(8Y 7/2); contains macerated plant frag-

ments; ridge former___.______________ 21 1
143. Claystone, massive, olive-black (5Y 2/1);
weathers to olive gray (5Y 4/1)______. 2 8

142. Sandstone, volcanic, thin- to medium-
bedded, fine-grained, andesitic, calear-
eous, dusky-yellow-green (5GY 5/2);
weathers to grayish yellow green (5GY

TI2) e 1 5
141. Claystone, massive, olive-black (5Y 2/1);
weathers to olive gray (5Y 4/1)._._ _____ 10 0

140. Sandstone, voleanic, thin- to medium-

bedded, fine-grained, andesitic, calcar-

eous, dusky-yellow-green (5GY 5/2);

weathers to grayish yellow green (5GY

7 ) P 1 0
139. Claystone, thick-bedded, brownish-black

(5Y R 2/1) and brownish-gray (5YR 4/1);

weathers to light brownish gray (5YR

6/1) - e 3 4
138. Sandstone, volcanic, thin- to medium-

bedded, fine-grained, andesitic, dusky-

yellow-green (5GY 5/2); weathers to

grayish yellow green (5GY 7/2) ________ 2 4
137. Siltstone, thick-bedded, olive-gray (5Y 4/1);

weathers to light olive gray (5Y 6/1) ; con-

tains macerated plant fragments; USGS

Paleobotany loc. D4104-B_____________ 3 4
136. Claystone, medium-bedded, olive-black

(8Y 2/1); weathers to light olive gray

BY 6/1) o __ 1 6
135. Sandstone, volcanic, thin- to thick-bedded,

fine-grained, andesitic, lower 2 ft and

upper 5 ft are calcareous, dusky-yellow-

green (5GQY 5/2); weathers to greenish

gray (5GY 6/1) ________ ... 10 8

SECTION 18—Continued

Type section of the Billman Creek Formation of the Livingston
Group, measured in the W4 sec. 18, T. 2 S., R. 9 E., and the
S¥% sec. 13, T. 2 8., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Billman
Creek Formation—Continued Ft  In.
134. Siltstone, massive, clayey, olive-gray (5Y
4/1); weathers to light olive gray (5Y
6/1) .. 10 5
133. Sandstone, volcani¢, medium-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to light olive gray
(8Y 5/2); -somewhat brecciated and
cemented by gypsum_________________ 11
132. Claystone, massive, olive-black (5Y 2/1)
and olive-gray (5Y 4/1); weathers to
light olive gray (5Y 6/1) ______________ 10 11
131. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to light olive gray

(BY 5/2) - . 3 8
130. Claystone, massive, olive-black (5Y 2/1);
weathers to light olive gray (5Y 6/1)____ 7 3

129. Sandstone, volcanic, medium-bedded, fine-

grained, andesitic, dusky-yellow-green

(5GY 5/2); weathers to light olive gray.

(BY 5/2) - o 1 2
128. Claystone, massive, olive-black (5Y 2/1) :

and olive-gray (5Y 4/1); weathers to

light olive gray (5Y 6/1)______________ 5 5
127. Sandstone, voleanic, thin-bedded to mas-

sive, crossbedded, fine- to coarse-grained,

poorly sorted (pebbles of voleanic rock

as much as 2 in. in diameter are rare to

common), adesitic, dusky-yellow-green

(5GQY 5/2); weathers to light olive gray

BY 5/2) e 13 2
126. Mudstone, massive, olive-gray (5Y 4/1);

weathers to light olive gray (5Y 6/1);

poorly exposed___ __ __________________ N 1
125. Sandstone, volecanic, thin-bedded to mas-

sive, crossbedded, fine- to coarse-grained,

very poorly sorted (contains grains as

large as granules), andesitic, dusky-

yellow-green (5GY 5/2); weathers to

light olive gray (5Y 5/2); ridge former.-. 12 4
124. Sandstone, volcanic, massive, crossbedded,

fine- to medium-grained, andesitic,

dusky-yellow-green (5GY 5/2); has

banded character imparted by thin (less

than ¢ in.) layers of ferromagnesian

minerals on bedding planes; spheroidal

weathering; weathers yellowish gray (5Y

7/2); ridge former_ _ ___ . __ - .. _____.__ 20 8
123. Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____ 7 3

122. Sandstone, voleanic, thin-bedded, cross-
bedded, fine- to medium-grained, ande-
sitic, dusky-yellow-green (5GY 5/2);
weathers to grayish yellow green (5GY

TI2) e 1 10
121. Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)____ 12 1



CRETACEOUS AND EARLY TERTIARY DEPOSITIONAL AND TECTONIC HISTORY

SECTION 18—Continued

Type section of the Billman Creek Formation of the Livingston
Group, measured in the Wb sec. 18, T. 2 8., R. 9 E., and the
S sec. 18, T. 2 S., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group— Billman
Creek Formation—Continued

120. Sandstone,

119.

118.

117.

116.

115.

114.

113.

112,

111,

110.

109.

108.

107.

voleanie, thin-bedded, cross-
bedded, fine- to medium-grained, ande-
sitic, dusky-yellow-green (5GY 5/2);
weathers to grayish yellow green (5GY
T2 e
Siltstone, massive, dusky-yellow-green
(5GY 5/2); weathers to pale olive (10Y
6/2); poorly exposed_ - .- _._____.__
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to medium-
grained, silty, andesitic, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow . green (5GY 7/2); slight ridge
former__ . _ ...
Claystone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
(BYR 6/1) e
Sandstone, volcanic, massive, crossbedded,
fine-grained, andesitic, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow green (5GY 7/2)___________.____
Covered interval—probably mudstone,
dusky-yellow-green_ - _______._______
Sandstone, volcanic, thin-bedded to
massive, crosshedded, fine- to medium-
grained, andesitic, dusky-yellow-green
(5G@Y 5/2); weathers to yellowish gray (5Y
T2 e e e
Sandstone, volcanic, massive, very fine
grained, silty, andesitic, calcareous,
dusky-yellow-green (5GY 5/2); weathers
to yellowish gray (5Y 7/2) .. __________
Sandstone, volcanie, thin-bedded to
massive, crossbedded, fine- to medium-
grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2); weathers to
yellowish gray (5Y 7/2); contains wood
and plant fragments; ridge former______
Covered interval—probably mudstone,
dusky-yellow-green_________________.__
Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine to medium-grained,
andesitic, dusky-yellow-green (5GY
5/2); weathers to a yellowish gray (5Y
7/2); slight ridge former_ _____________
Mudstone, massive, grayish-brown (5YR
3/2); weathers to pale yellowish brown
(10YR 6/2); poorly exposed-._____.___
Sandstone, volecanic, thin-bedded to mas-
sive, fine- to medium-grained, poorly
sorted (contains some interbedded layers
composed of granules), dusky-yellow-
green (5GY 5/2); weathers to yellowish
gray (5Y 7/2); contains macerated plant
fragments._ .- . _______.__
Covered interval—probably  siltstone,
brownish-gray__ _ _____ .. __________
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SECTION 18—Continued

o1

Type section of the Billman Creek Formalion of the Livingston
Group, measured tn the W% sec. 18, T. 2 8., R. 9 E., and the
Sk sec. 13, T. 2 S., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Billman
Creek Formation—Continued

106.

105.

104.

103.

102.

101.

100.

99.

98.

97.

96.

Sandstone, volcanic, massive, crossbedded,
fine- to medium-grained (contains some
mudstone pebbles in scour-and-fill de-
posits), andesitic, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow

green (5GY 7/2); ridge former__________ O

Mudstone, massive, brownish-gray (5YR
4/1); lower 20 in. is siltstone that grades
upward from the underlying sandstone;
contains rare small (less than 10-in. diam-
eter) calcareous concretions; upper 4 ft
is silty and fossiliferous, containing fresh-
water mollusks and gastropods; weathers
to light brownish gray (5YR 6/1); USGS
Mesozoic loc. 28594; USGS Paleobotany
loc. D4104~A __ . _ ..

Sandstone, voleanic, massive, fine-grained,
silty, andesitic, olive-gray (5Y 3/2); con-
tains calcareous concretions as much as
9 in. in diameter; weathers to light olive
gray (5Y 5/2); gradational contacts with
units above and below_ _______.________

Mudstone, massive, brownish-gray (6YR
4/1); weathers to light brownish gray
(5YR 6/1); contains rare small (less than
6-in. diameter) calcareous concretions___

Sandstone, volcanic, thin-bedded, very fine
grained, silty, andesitic, olive-gray (5Y
3/2); weathers to light olive gray (5Y

+5/2); gradational contacts with units
above and below_.__________ e

Mudstone, massive, brownish-gray (5YR

4/1); weathers to light brownish gray

(BYR 6/1) - .
Covered interval—probably mudstone,
brownish-gray _ ______________________
Sandstone, volcanic, medium-bedded to

massive, crossbedded, medium- to coarse-
grained, andesitic, dusky-yellow-green
(5GQY 5/2); weathers to light olive gray
(8Y 5/2); contains macerated plant frag-
ments; ridge former; top 1 ft is thin
bedded and fine grained; upper 7.5 ft is
thin bedded_ - ______________________

Covered interval—probably mudstone,
olive-gray . - _ .. o --
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, dusky-yellow-green

(5GY 5/2); weathers to light olive gray
(5Y 5/2) -
Mudstone, massive, olive-gray (5Y 3/2);
weathers to light olive gray (5Y 5/2);
poorly exposed_ . _______________._____

. Sandstone, volcanic, thin-bedded to mas-

sive, crossbedded, fine- to medium-
grained, poorly sorted, dark-yellowish-
brown (10YR 4/2); weathers to pale

Ft
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SECTION 18—Continued

Type section of the Billman Creek Formation of the Livingsion
Group, measured in the W% sec. 18, T. 2 8., R. 9 E., and the
8% sec. 13, T. 2 8., R. & E., Park County, Mont.—Continued

Upper Cretaceous—Livingston ~ Group—Billman
Creek Formation—Continued Ft  In.

yellowish brown (10YR 6/2); lower 1 ft

is composed of granules and are mudstone
pebbles as much as 2 in. in diameter___: 8 0

94. Mudstone, massive, silty, dark-yellowish-

brown (10YR 4/2); weathers to pale

yellowish brown (10YR 6/2); poorly
exposed.- - - - .24 4

93. Sandstone, volcanic, massive, crossbedded,

fine- to. medium-grained, poorly sorted,

light-brownish-gray (5YR 6/1); weathers

to light olive gray (5Y 6/1); contains

small scour-and-fill channels and bedding

often marked by thin (less than 14 in.) »

layers of ferromagnesian minerals_______ 6 7

92. Siltstone, massive, clayey, brownish-gray

(5YR 4/1); weathers to light brownish
gray(5YR 6/1); poorly exposed_________ 12 5

91. Sandstone, volcanic, massive, crossbedded,

fine- to medium-grained, poorly sorted

(contains some disseminated granules),

andesitic, light-brownish-gray (5YR 6/1);
weathers to light olive gray (5Y 6/1) ____ 8 0

90. Covered interval—probably mudstone,

brownish-gray ... ... ________ 50 6

89. Sandstone, volcanic, thick-bedded, coarse-
grained, poorly sorted, andesitic, olive-
gray (5Y 4/1); weathers to brownish gray
(BYR 4/1) .. 2 2
88. Sandstone, volcanic, massive, crossbedded,
fine-grained, andesitic, pale-yellowish-
brown (10YR 6/2); weathers to light

brownish gray (5YR 6/1) ________._ NI 4 9
87. Covered interval——probably mudstone,
brownish-gray_ _ _____________________ 38 0

86. Sandstone, volcanic, massive, crossbedded,
fine-grained, andesitic, pale-yellowish-
brown (10YR 6/2); weathers to  light

brownish gray (YR 6/1)______________ 11 6
85. Covered interval—probably mudstone,
‘brownish-gray_______________________ 10 9

84. Sandstone, volcanie, massive, crossbedded,
fine-grained, andesitic, pale-yellowish-
brown (10YR 6/2); has banded character
imparted by very thin (less than X in.)
layers of ferromagnesian minerals on bed-
ding planes; weathers to light brownish

gray (6YR 6/1); ridge former_ . ______ 4 6
83. Covered interval—probably mudstone,
brownish-gray_______________________ 12 0

82. Sandstone, volcanic, thin-bedded to mas-
sive, crossbedded, fine-grained, andesitic,
dusky-yellow-green (5GY 5/2); weathers
to grayish yellow green (6GY 7/2)______ 7 3
8i. Mudstone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
(BYR6/Y) e 24 2

SECTION 18—Continued

Typé section of the Billman Creek Formation of the Livingston
Group, measured in the Wi sec. 18, T. 2 8., R. 9 E., and the
S} sec. 13, T. 2 8., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston  Group—Billman
Creek Formation—Continued Ft  In.
80. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, medium-light-gray
(N6); weathers to light olive gray
(5Y 6/1) - o _____ 1 4
79. Covered interval-—probably  mudstone,
brownish-gray__ ______________________ 26 10
78. Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, medium-light-gray
) (N6) ; weathers to light olive gray (5Y 6/1)_ 10
77. Mudstone, massive, brownish-gray (5YR
' 4/1); weathers to light brownish gray
(8YR 6/1) . _______ 8 1
76. Sandstone, volcanic, massive, crossbedded, :
fine-grained, andesitic, medium-light-gray
(N6), has banded character imparted by
thin (less than Y in.) layers of ferromag-
nesian minerals on bedding planes;

weathers to light olive gray (5Y 6/1) __.___ 5 0
75. Claystone, massive, brownish-gray (5YR
4/1) ; weathers to light olive gray (5Y 6/1)_ 6 6

74. Sandstone, volcanic, massive, medium- to

coarse-grained, very poorly sorted, an-

desitic, medium-light-gray (N6); weath-

ers to light gray (N7)_________________ 4 7
73. Mudstone, massive, brownish-gray (5YR

4/1); weathers to light olive gray (5Y 6/1);

poorly exposed; USGS Paleobotany loc.

Di1614._ . _ . 31 10
72. Sandstone, volcanic, massive, medium- to

coarse-grained, very poorly sorted (con-

tains rare pebbles of volecanic rock),

andesitic, medium-light-gray - (N6);

weathers to light gray (N7)__..__.._____ 8 8
71. Mudstone, massive, interbedded grayish-red

(5R 4/2) and grayish-green (10GY 5/2);

weathers to pale red (5R 6/2) and grayish

yellow green (5G'Y 7/2); poorly exposed.-_ 59 7
70. Sandstone, volcanic, medium-bedded, very

fine grained, andesitic, medium-dark-gray

(N4); weathers to brownish gray (57

4/1) . . - 1 9
69. Claystone, medium-bedded, very dusky red

(10R 2/2); weathers to grayish red (5R

4/2) el 1 6
68. Sandstone, volcanic, medium-bedded, very

fine grained, andesitic, medium-dark-gray

(N4); weathers to brownish gray (5YR

4/1) . 1 11
67. Claystone, medium-bedded, very dusky red

(10R 2/2); weathers to grayish red (5R

4/2) oo 1 4
66. Sandstone, volcanic, massive, very fine

grained, andesitic, medium-dark-gray

(N4); weathers to brownish gray (5YR

4/1) ol _- 4 0
65. Claystone, medium-bedded, very dusky red

(10R 2/2); weathers to grayish red (5R
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SECTION 18—Continued

Type section of the Billman, Creek Formation of the Livingston
Group, measured in the W% sec. 18, T. 2 8., R. 9 E., and the
8% sec. 13, T. 2 S., R. 8 E., Park County, Mont.—Continued

Upper

Cretaceous—Livingston Group—Billman

‘Creek Formation—Continued

64.

63.

62.

61.

60.

59.

58.

57.

56.

55.

54.

52.

51.

50.

Sandstone, voleanic, medium-bedded, very
fine grained, andesitic, medium-dark-gray
(N4); weathers to brownish gray (5YR 4/1)_

Mudstone, massive, very dusky red (10R
2/2); weathers to grayish red (5R 4/2)____

Covered interval—probably mudstone, gray-
ish-red and dusky-yellow-green_.._______

Claystone, thick-bedded, mottled dusky-
yellow-green (5GY 5/2) and grayish-red
(5R 4/2); weathers to grayish yellow green
(5GY 7/2) and pale red (5K 6/2)...._-._.

Sandstone, volcanic, massive, fine- to
medium-grained, silty, poorly sorted,
andesitic, mottled dusky-yellow-green
(5GY 5/2) and grayish-red (5R 4/2); weath-
ers to grayish yellow green (5GY 7/2)
and palered 5R 6/2) .. oo ____

Mudstone, massive, very dusky red (10R
2/2); weathers to grayish red (5R 4/2)___

Sandstone, volcanic, massive, crossbedded,
fine- to coarse-grained, andesitic, pale-red
(5R 6/2); weathers-to light brownish gray
(5YR 6/1); channel-fill deposit that cuts
13 ft into underlying siltstone; contains
rapid lateral changes in grain size and
interfingers with grayish-red mudstone.._

Siltstone, massive, olive-gray (5Y4/1) ; weath-
ers to light olive gray (5Y 5/2); over-
lying sandstone fills a channel cut 13 ft
deep into thisunit_ ... ____.___________

Sandstone, volcanic, medium-bedded, fine-
grained, silty, andesitic, dusky-yellow-
green (5GY 5/2); weathers to yellowish
gray (5Y 7/2) oo oL

Siltstone, thin-bedded, dusky-yellow-green
(5GY 5/2); weathers to light greenish gray
(5GY 8/1); brecciated and cemented with'
CYPSUM - _ oo

Mudstone, medium-bedded, grayish-red
(10R 4/2) ; weathers to pale red (10R 6/2) - _

. Sandstone, volcanic, medium-bedded, very

fine grained, andesitic, pale-red (5R 6/2);
contains red specks of heulandite; weathers
to light brownish gray (5YR 6/1)________
Sandstone, volcanic, massive, finé- to coarse-
grained, very poorly sorted, andesitic,
pale-red (5R 6/2); weathers to light
brownish gray (5YR 6/1); scour-and-fill
deposits that contain small pebbles of
mudstone and volcanic rock in .lower
half; generally thin bedded and fine
grained in upper half__________________
Covered interval—probably mudstone, very
dusky red_ __ . _ ... -
Sandstone, volcanie, thin-bedded to massive,
crossbedded, fine to medium-grained,
poorly sorted, andesitic, calcareous, dusky-

443-754 O - 72 - 7
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Type section of the Billman Creek Formation of the Livingston
Group, measured in the Wi sec. 18, T. 2 S., R. 9 E., and the
SY sec. 13, T. 2 8., R. § E., Park County, Mont.—Continued

Upper

49

48.

47.

46.

45.

44,

43.

42.

41.

40.

39.

38,

37.

36.

35.

34.

33.

Cretaceous—Livingston Group—Billman
Creek Formation—Continued
yellow-green (5GY 5/2); weathers to dark
yellowish brown (10Y R 4/2) ;ridge former. _
. Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
poorly exposed. - - . ___________.___
Sandstone, voleanic, thin- to medium-
bedded, fine-grained, andesitic, dusky-
yellow-green (5QY 5/2); weathers to light
olivegray (5Y' 5/2) .. ____.______.___
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
poorly exposed. - - _________________
Sandstone, volcanic, thin- to medium-
bedded, fine-grained, andesitic, dusky-
yellow-green (5GY 5/2); weathers to light
olive gray (5Y 5/2); ridge former- .. ______
Mudstone, massive, very dusky red (10R
2/2); weathers to grayishred (5R 4/2).____
Sandstone, volcanic, thin-bedded, very fine
grained, silty, andesitic, olive-gray (5Y
4/1); weathers to dark yellowish brown
(MOYR4/2) . -
Mudstone, massive, very dusky red (10R
2/2) ; weathers to grayishred (5R 4/2)__.__
Sandstone, voleanic, thin-bedded, fine-grain-
ed, andesitic, medium-light-gray (N6);
weathers to light gray (N7) ... .. _______
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) ______
Siltstone, thin-bedded, well-indurated, dark-
gray (N3); contains red specks of heulan-
dite; weathers to greenish gray (5G'Y 6/1) -
Siltstone, massive, olive-gray (57 4/1);
weathers to light olive gray (57 6/1);
contains red specks of heulandite._______
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
contains abundant bronze-colored biotite.
Siltstone, medium-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y 6/1);
contains red specks of heulandite..______
Sandstone, volcanic,” medium- to thick-
bedded, crossbedded, fine-grained, ande-
sitic, dusky-yellow-green (5GY 5/2); has
banded character imparted by thin (less
than Xe in.) layers of ferromagnesian
minerals on bedding planes; weathers to
light olive gray (5Y 5/2); contains abun-
dant bronze-colored biotite_ .- _______
Claystone, massive, greenish-gray (5GY 6/1);
weathers to light greenish gray (5G'Y 8/1)_
Sandstone, volcanic, thin- to medium-bedded,

fine-grained, andesitic, dusky-yellow-green-

(5GY 5/2); weathers to grayish yellow
green (5GY 7/2); ridge former - ________
Siltstone, massive, olive-gray (5Y 4/1);
weathers to greenish gray (5GY 6/1)_____

Ft
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Type section of the Billman Creek Formation of the Livingston
Group, measured in the W% sec. 18, T. 2 8., R. 9 E., and the
S sec. 13, T. 2 8., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Billman
Creek Formation—Continued

32.

31.

30.

29.

28.

27.

26.

25.

24.

23.

22.

21.

20.

19.

Sandstone, volcanic, massive in lower half
and thin- to medium-bedded in upper half,
fine- to coarse-grained, poorly sorted
(pebbles of volcanic rock are rare to
common), dusky-yellow-green (6GY 5/2);
weathers to light olive gray (5Y 5/2)_____

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) _____

Sandstone, volcanic, massive, crossbedded,
fine- to coarse-grained, poorly sorted,
andesitic, dusky-yellow-green (5GY 5/2);
weathers to grayish yellow green (5GY
7/2) ; contains some calcareous concretions
in the upper half . _____________________

Covered interval—probably mudstone, dus-
ky-yellow-green.__ _____________________

Sandstone, volcanic, medium- to thick-
bedded, fine- to medium-grained, andesitic,
dusky-yellow-green (5GY 5/2); contains
abundant diopsidic augite; weathers to
grayish yellow green (5GY 7/2)__._______

Mudstone, thick-bedded, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (6GY 7/2) . __ o _________________

Sandstone, volcanic, thin- to medium-
bedded, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic, dusky-
yellow-green (5GY 5/2); weathers to gray-
ish yellow green (5GY 7/2)__________.__

Mudstone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
GBYR6/1) .

Sandstone, volcanic, massive, crossbedded,
fine- to medium-grained, andesitic, dusky-
yellow-green (5GY 5/2); weathers to gray-
ish yellow green (5GY 7/2); lower 2 ft is
poorly sorted, coarse-grained sandstone,
which contains grains as large as granules;
some calcareous concretions in upper 3 ft_ .

Mudstone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
BYR6/1) o ..

Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to coarse-grained,
poorly sorted, andesitic, grayish-green
(10GY 5/2); weathers to yellowish gray
(5Y 7/2); contains calcareous concretions. .

Mudstone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
(BYR6/1) ...

Sandstone, volcanic, medium-bedded, fine-
grained, andesitic, medium-gray (N5);
weathers to light olive gray (5Y 6/1)____

Mudstone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
GBYRG/1) ...
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SECTION 18—Continued

Type section of the Billman Creek Formation of the Livingston
Group, measured in the W% sec. 18, T. 2 8., R. 9 E., and the
S} sec. 18, T. 2 S., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Billman

17.

16.

15.

14.

13.

12.

11.

10.

. Siltstone,

Creek Formation—Continued
18.

Sandstone, volcanje, thin-bedded to mas-
sive, crossbedded, fine- to coarse-grained,
poorly sorted, andesitic, grayish-green
(10GY 5/2); weathers to yellowish gray
BY 7/2) .

Mudstone, massive, brownish-gray (5YR
4/1); weathers to light brownish gray
BYR6/1) -~

Sandstone, volcanic, thin-bedded to mas-
sive, crossbedded, fine- to coarse-grained,
poorly sorted, andesitic, grayish-green
(10GY 5/2); weathers to yellowish gray
(5Y 7/2); ridge former__ - .. ____________

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)__.__

Sandstone, volcanic, thin-bedded to mas-
sive, crossbedded, fine-grained, andesitic,
grayish-green (10GY 5/2); weathers to
light olive gray (6Y 5/2); contains a few
calcareous concretions; ridge former.._._

Siltstone, massive, clayey, light-olive-gray
(5Y 5/2); weathers to yellowish gray (5Y

Sandstone, volcanic, medium-bedded, me-
dium- to coarse-grained, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
yellowish gray (5Y 8/1) . ________

Siltstone, massive, moderate-olive-brown (5Y
4/4); weathers to dusky yellow (5Y 6/1)

Sandstone, volcanic thick-bedded to mas-
sive, fine-grained, andesitic, dusky-yellow-
green (5GY 5/2); weathers to yellowish
gray (5Y 7/2); locally conglomeratic at
base, where it contains granules and peb-
bles (as much as 0.5 in. in diameter) of

- volcanic rocks; ridge former____________
massive, moderate-olive-brown

(5Y 4/4); weathers to dusky yellow (5Y

6/4) -

. Sandstone, volcanic, massive, crossbedded,

fine- to medium-grained, andesitic, med-
ium-light-gray (N6); weathers to light
gray (N7) and to very light gray (N8);
slight tendency to form ridges_-_____.__

. Mudstone, massive, light-olive-gray (5Y 5/2);

weathers to yellowish gray (5Y 7/2).____.

. Sandstone, volcanic, thin- to medium-bed-

ded, fine-grained, andesitic, grayish-green
(10GY 5/2); contains abundant diopsidic
augite; weathers to pale yellowish green
(QOGY 7/2) oo e

. Claystone, massive, grayish-red (5R 4/2);

weathers to palered (5R6/2) oo ______ .

. Sandstone, volcanic, thin- to thick-bedded,

fine- to medium-grained, andesitic, dark-
greenish-gray (5GY 4/1); weathers to
greenish gray (5GY 6/1); contains macer-
ated plant fragments________.___._____._

Ft In.
6 0
21 2
13 0
15 0
10 1
12 3
10 O
5 2
13 0
19 2
17 8
7 3
9 2
7 5
5 3
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SECTION 18—Continued

Type section of the Billman Creek Formation of the Livingston
Group, measured in the W% sec. 18, T. 2 S., R. 9 E., and the
S sec. 13, T. 3 S., R. 8 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Billman
Creek Formation—Continued Ft  In.
3. Siltstone, very thin bedded, grayish-olive
(10Y 4/2); weathers to light olive gray
(5Y 5/2); contains abundant macerated
plant fragments______________.__._.____ 2 7
2. Sandstone, volcanic, thick-bedded to massive,
crossbedded, fine- to coarse-grained, poorly
sorted, andesitic, calcareous, medium-gray
(N5); weathers to light olive gray (5Y
5/2); contains abundant diopsidic augite;
contains abundant calcaréous concretions,
which are spherical (fig. 19) and persistent
laterally; along some bedding planes are
layers (a few inches thick) of granule and
pebble conglomerate and layers of mud-
stone; most pebbles are mudstone but
some are volcanic rock; concretions wea-
ther to grayish brown (5YR 3]2); ridge
former______________________ P 19 2
1. Mudstone, massive, grayish-brown (5YR
3/2) and grayish-green (10GY 5/2); wea-
thers to pale brown (5YR 5/2) ._____.____ 95 9

Total thickness of Billman Creek For-
mation - o ______ 2,590 0
Upper Cretaceous—Livingston Group—Miner Creek
Formation.

HOPPERS FORMATION

Stratigraphic section 19 of the Hoppers Formation
of the Livingston Group, measured near Hoppers Sta-
tion northeast of the abandoned townsite of Cokedale,
Mont. (sections 8 and 9, fig. 15), is the type.section of
the formation.

SECTION 19

Type section of the Hoppers Formation of the Livingston Group,
measured in the SWY; sec. 7 and the NWY; sec. 18, T. 2 8., R.
9 E., Park County, Mont.

[Measured by A. E, Roberts and A. L. Benson, 1961]

Upper Cretaceous and Paleocene—Fort Union
Formation.
Upper Cretaceous—Livingston Group—Hoppers
Formation: Ft  In.
52. Sandstone, volcanic, massive, crossbedded,
coarse-grained, very poorly sorted, andesitic,
dusky-yellow-green (5GY 5/2); weathers to
light olive gray (5Y 6/1) and yellowish gray

(5Y 7/2); cliff former_______________.____. 30 0
51. Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) . _____ 15 1

50. Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to coarse-grained, poorly
sorted, andesitic, dusky-yellow-green (5GY

5/2); weathers to light olive gray (5Y 6/1)__ 13 10
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Type section of the Hoppers Formation of the Livingston Group,
measured in the SWY; sec. 7 and the NWY; sec. 18, T. 2 8., R.
9 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Hoppers

Formation—Continued Ft In.
49, Siltstone, massive, olive gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) .. _.._. 7 0

48. Sandstone, volcanic, thin-bedded to massive,

crossbedded, fine- to coarse-grained, very

poorly sorted, andesitic, dusky-yellow-green

(5GY 5/2); weathers to light olive gray (5Y

6/1); contains many layers of coarse grains

to granules; contains a few layers composed

of small pebbles of voleanic rock and mud-

stone; slight tendency to form ridges_.___._ 49 1
47. Siltstone, massive, olive gray (5Y 4/1); weath-

ers to light olive gray (5Y 6/1); poorly

cexposed . ___ . ___ 4 7
46. Sandstone, volcanic, thin-bedded to massive,

crossbedded, fine- to coarse-grained, poorly

sorted, andesitic, dusky-yellow-green (5GY

5/2) ; weathers to light olive gray (5Y 6/1).. 7 0
45, Siltstone, massive, olive-gray (5Y 4/1);

weathers to light olive gray (5Y 6/1)__..___ 40 9
44. Sandstone, volcanic, thin-bedded to massive,

crossbedded, fine- to coarse-grained, poorly

sorted, andesitic, dusky-yellow-green (5GY

5/2); weathers to light olive gray (5Y 6/1);

upper 10 ft well-indurated________________ 26 3
43. Mudstone, massive, olive-gray (6Y 4/1) ; weath-

ers to light olive gray (5Y 6/1); poorly

exposed . - __o-. 13 9
42. Siltstone, massive, olive-gray (5Y 4/1); weath-

ers to light olive gray (5Y 6/1); USGS

Paleobotany loc. D4104-C_ . _____________ 15 4
41. Mudstone, massive, olive-gray. (5Y 4/1); weath-
ers to light olive gray (5Y 6/1).__________. 16 2

40. Sandstone, volcanic, thin-bedded to massive,

" crossbedded, fine- to coarse-grained, poorly

sorted, andesitic, dusky-yellow-green (5GY

5/2); weathers to greenish gray (5GY 6/1);
contains wood and plant fragments_______. 33 6

39. Siltstone, thick-bedded, dusky-yellow-green

(5GY 5/2); weathers to greenish gray (5GY

38. Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to coarse-grained, poorly
sorted, andesitic, dusky-yellow-green (6GY
5/2); weathers to greenish gray (5GY 6/1).. 32 5

37. Sandstone, thick-bedded, very fine grained,
silty, dusky-yellow-green (5GY 5/2); weath-
ers to light olive gray (5Y 5/2)______._-- 3 4

36. Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to coarse-grained, ande-
sitic, dusky-yellow-green (5GY 5/2); weath-
ers to light olive gray (5Y 5/2); contains
wood and plant fragments; a 5-ft-thick
zone in middle of unit is pooerly sorted,
coarse-grained to granule sandstone that
contains many mudstone balls and some
voleanic rock pebbles. - oo o_-
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Type section of the Hoppers Formation of the Livingston Group,
measured in the SWY, sec. 7 and the NWY; sec. 18, T. 2 8., R.
9 E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Hoppers
Formation—Continued .

35.

34.

33.

32.

31.

30.

- 29.

28.

27.

26.

25.

24,

23.

22.

21.

20.

Siltstone, thick-bedded, clayey, very calcareou
(contains small calcareous concretions),
brownish-black (5YR 2/1); weathers to light
brownish gray (5YR 6/1); USGS Mesozoic
loc. 28592 ..

Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to coarse-grained poorly
sorted, andesitic, slightly calcareous, dusky-
yellow-green (5GY 5/2); weathers to light
olive gray (5Y 5/2) _ o __

Siltstone, massive, olive-gray (5Y 4/1); weath-
ers to light olive gray (5Y 6/1)_.____.______

Sandstone, volecanie, thin-bedded to massive,
fine- to medium-grained, andesitic, dusky-
yellow-green (5GY 5/2); weathers to light
olive gray (5Y 6/1) ; contains wood and plant
fragments. . _ ...

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
contains calcareous concretions___ . ________

Sandstone, volcanic, thin-bedded, fine- to
coarse-grained, poorly sorted, andesitic,
dusky-yellow-green (5GY 5/2); weathers to
light olive gray (5Y 6/1) - - - . __.____

Siltstone, medium-bedded, dusky-yellow-green

(5GY 5/2); weathers to light olive gray
(5Y 6/1) - o e
Sandstone, volcanie, thin-bedded to massive,
fine- to coarse-grained, poorly sorted, an-
desitic, dusky-yellow-green (5GY 5/2);
weathers to light olive gray (5Y 6/1);
contains small rare calcareous concretions;
contains some petrified wood; ridge former. _

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) ________
Sandstone, volcanic, thin- to thick-bedded,

fine- to coarse-grained, poorly sorted, an-
desitic, dusky-yellow-green (5GY 5/2);
weathers to light olive gray (5Y 6/1) . _______
Claystone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) ________
Sandstone, volcanic, thin-bedded to massive,
fine- to coarse-grained, poorly sorted, ande-
sitie, slightly calcareous, dusky-yellow-green
(6GQY 5/2); weathers to light olive gray

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)________
Sandstone, volecanic, medium-bedded, fine-
grained, andesitic, dusky-yellow-green (5GY
5/2) ; weathers to light olive gray (5Y 6/1)__
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) __._____
Sandstone, volcanic, massive, crossbedded,
bedded, fine- to medium-grained, andesitic,

Ft

40

44

21

10

43

32

13

In.

10

SECTION 19—Continued

Type section of the Hoppers Formation of the Livingston Group:
measured in the SWY,; sec. 7 and the NWY sec. 18, T. 2 8., R.
9 E., Park County, Mont.—Continued

Upper

19.

18.

17.

16.

15.

14.

13.

12.

11.

Cretaceous—Livingston Group—Hoppers

Formation—Continued

dusky-yellow-green (5GY 5/2); weathers to
light olive gray (5Y 6/1)__ _ ______________
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1); poorly
exposed . ...
Sandstone, volcanic, thin-bedded to massive,
fine- to coarse-grained, poorly sorted, ande-
sitic, dusky-yellow-green (5GY 5/2) ; weathers

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)._..__.
Sandstone, volcanic, thin-bedded, very fine
grained, silty, andesitic, dusky-yellow-green
(6GY 5/2); weathers to light olive gray
(8Y 5/2) -
Siltstone, tbick-bedded, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) .....__
Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine-grained, andesitic, cal-
careous, dusky-yellow-green (5GY 5/2);
weathers to light olive gray (5Y 5/2); ridge
former. ____.___ e
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1); poorly
exposed _ _ .. .-
Sandstone, volcanic, thin-bedded, crossbedded,
fine-grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to light olive gray (5Y
5/2); poorly exposed. - ________________.__
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray €5Y 6/1); poorly
exposed . _ ... eeeo--

Total Hoppers Formation that lies above
the basal sandstone member__________

Basal sandstone member:

10.

9.

Sandstone, volcanic, thin-bedded to massive,
crossbedded, fine- to coarse-grained, very
poorly sorted (contains thin to medium
conglomeratic beds composed of small mud-
stone pebbles), andesitic, calcareous, dusky-
yellow-green (56GY 5/2); weathers to a
conspicuous yellowish gray (5Y 7/2): has
banded character imparted by thin (less
than 0.25 in.) layers of ferromagnesian
minerals on bedding planes; large massive
speroidal weathering; thin-bedded part is
finer grained and commonly more calcareous
then rest of unit, and it is commonly cut
out by the overlying massive sandstone;
cliff former; contains some wood and plant
imprints_ - . oo e

Mudstone, thick-bedded, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)______.

12
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17
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Type section of the Hoppers Formation of the Livingston Group,
measured in the SWY sec. 7 and the NWY sec. 18, T. 2 8., R.
9:E., Park County, Mont.—Continued

Upper Cretaceous—Livingston Group—Hoppers
Formation—Continued
Basal sandstone member—Continued Ft In.
8. Sandstone, volcanic, thin-bedded, fine- to
medium-grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2) ; weathers to yellowish
gray (5Y 7/2) oo 2 9
7. Siltstone, thick-bedded, clayey, dusky-yellow-
green (5GY 5/2); weathers to light olive
gray (5Y 5/2) e 2 8
6. Sandstone, volcanic, thin-bedded, fine- to
medium-grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2) ; weathers to yellowish

gray (5Y 7/2) o 1 4
5. Claystone, thick-bedded, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)__.______ 3 8

4, Sandstone, volcanic, thin-bedded, fine- to
medium-grained, andesitic, calcareous, dusky-
yellow-green (5GY 5/2) ; weathers to yellowish
gray (5Y 7/2); eastward this unit merges
with the underlying sandstone unit..___. .- 9 2

3. Sandstone, volcanic, massive, crossbedded, very
poorly sorted, andesitic, slightly calcareous,
dusky-yellow-green (5GY 5/2); weathers to
yellowish gray (5Y 7/2); composed of coarse
grains to granules; locally conglomeratic,
containing small mudstone pebbles; ridge

2. Mudstone, thick-bedded, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1); con-
tains a few calcareous concretions; this unit is
cut out to the east, where the overlying and
underlying sandstones form a large cliff__ __. 16 6
1. Sandstone, volcanic, massive, crossbedded, thin-

' bedded locally in upper part, fine-grained,
andesitic, slightly calcareous in upper part,
dusky-yellow-green (5GY 5/2); weathers to
yellowish gray (5Y 7/2); contains rare mud-
stone balls in lower part. ... ________.____ 18 11

Total thickness of basal sandstone member. 142 0

Total thickness of Hoppers Formation____ 965 0

Upper Cretaceous—Livingston group—Billman Creek
Formation.
FORT UNION FORMATION

Stratigraphic section 20 of the Fort Union Formation
is considered to be typical of the formation in the area
west of Livingston and is here designated a reference
section. This section was measured north of Hoppers
Station near the abandoned townsite of Cokedale, Mont.
(sections 10-18, fig. 15). The section at this locality is
the most complete (contains the youngest beds of the
formation in the western part of the Crazy Mountains
basin). '

Co7

SECTION 20

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18, 19,and 20, T. 2 8.,
R. 9 E., Park County, Mont.

[Measured by A. E. Roberts and A. L. Benson, 1961]

Paleocene—Fort Union Formation:
Topmost section of formation removed by erosion.
Upper conglomeratic sandstone member: ' Ft In.
242. Sandstone, volcanie, thin-bedded to
massive, crossbedded, fine- to me-
dium-grained, andesitic, calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
commonly contains pebbles of vol-
canic rock, quartzite, gneiss, and
limestone; contains wood and plant
fragments; ridge former_._______ - 23 0
241. Covered interval—probably siltstone,
similar to underlying unit__._____.__
240. Siltstone, thin-bedded to massive,
sandy, locally calcareous, light-olive-
gray (5Y 5/2); weathers to yellowish
gray (5Y 7/2); contains abundant
calcareous concretions less than 1 ft
in diameter.___________ @ eeemmm 26 6
239. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained (commonly contains pebbles
of volcanic rock, quartzite, gneiss,
and limestone), andesitic, calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
contains a few interbedded very fine
grained silty sandstones; contains
wood and plant fragments; ridge
former__ . _.___ 53. 0
238. Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, light-olive-gray
(5Y 5/2); weathers to light olive
gray (5Y 6/1) ; contains rare volcanic
rock pebbles; contains wood and
plant fragments; ridge former______ 15 0
237. Sandstone, volcanie, thin-bedded, very
fine grained, silty, andesitic, light~
olive-gray (5Y 5/2); weathers to
light olive gray (5Y 6/1); contains a
few calcareous concretions as much
as 6 in. in diameter (generally 2in.);
grades upward into siltstone in upper
part; poorly exposed__.___________ 26 4
236. Sandstone, volcanie, thin-bedded to
massive, crossbedded, fine-grained,
andesitic, calcareous, greenish-gray
(5GY 6/1); weathers to grayish yel-
. low green (5GY 7/2); contains a few
sporadic pebbles of volcanic rock;
contains wood and plant fragments;
ridge former_ ___ . _ . ___.___.____ 40 0

130 0
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SECTION 20—Continued -

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18,19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued

Upper conglomeratic sandstone member—Con. Ft .
235 Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, non-
calcareous, light-olive-gray (5Y 5/2);
weathers to light olive gray (5Y 6/1);

poorly exposed_ .- ___________ 18 4
234. Sandstone, voleanic, thin-bedded to
massive, crossbedded, fine-grained,
andesitic, calcareous, greenish-gray
(5GY 6/1); weathers to grayish yel-
low green (5GY 7/2); contains wood

and plant fragments; ridge former__ 13 0
233. Sandstone, volcanie, thin-bedded, very
fine grained, silty, andesitic, non-
calecareous, light-olive-gray (5Y 5/2);
weathers to light olive gray (5Y

6/1) ; poorly exposed_ - ____________ 67 8
232. Sandstone, volcanic, massive, fine- to
medium-grained, andesitic, calcar-
eous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); contains rare pebbles of
voleanic rock; contains wood and

plant fragments_.________________ 1 0
231. Covered interval—probably very fine
grained noncalcareous sandstone_.__ 156 0

230. Sandstone, voleanic, thin-bedded, fine-
to- coarse-grained, andesitic, calcar-

. eous, greenish-gray (5GY 6/1);
weathers to grayish yellow green

(5GY 7/2); ridge former.___________ 36 0
229. Covered interval-—probably very fine
grained sandstone. _..._._________ 62 0

228. Sandstone, volcanic, thin-bedded, fine-
to coarse-grained, andesitic, calcar-
eous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); poorly exposed in upper

part. ... 48 0
227. Covered interval—probably very fine
grained sandstone_ ___.____________ 47 0

226. Sandstone, volcanic, thin-bedded, fine-

to coarse-grained, andesitic, calcar-

eous, greenish-gray (5GQY 6/1);

weathers to grayish yellow green

(5GY 7/2); contains interbedded very

fine grained silty sandstone; slight

tendency to form ridges___._______ 120 0
225. Sandstone, volcanic, thin-bedded,

very fine grained, silty, andesitic,

light-olive-gray (5Y 5/2); weathers

to light olive gray (5Y 6/1); poorly

exposed._______________________. 22 3
224. Sandstone, volcanic, thin-bedded,

crossbedded, fine- to coarse-grained,

andesitic; contains sporadic pebbles

and cobbles of volcanic rock, granite,

AREA, SOUTHWESTERN MONTANA

SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 S., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T. 2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Upper conglomeratic sandstone member—Con. Ft In,
quartzite, welded tuff, and -clay;
calcareous in upper 10 ft.; greenish-
gray (5GY 6/1); weathers to grayish
yellow green (5GY 7/2); contains
wood and plant fragments; slight
tendency to form ridges___________ 66 O
223. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, locally calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
" contains interbedded fine-grained
silty sandstone.__________________ 64 O
222. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, locally calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
locally contains layers—generally at
the bottom of a channel deposit—of
pebbles and cobbles of volcanic
rock, quartzile, and gneiss; contains
wood and plant fragments; very
calcareous continuously in upper 20
ft., which makes it a very good ridge
former. _________ . _______ 111 6
221. Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, light-
olive-gray (5Y 5/2); weathers to
light olive gray (5Y 6/1) . . _________ 8 2
220. Sandstone, volcanic, thin-bedded to
massive (generally thin-bedded),
crossbedded, fine-grained, andesitic,
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GQY 7/2); slight tendency to form

ridges .- oo __ 18 4
219. Covered interval—probably very fine
grained sandstone_ _______________ 29 6

218. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, poorly sorted (commonly
contains pebbles and cobbles of
volcanie rock, quartzite, and gneiss),
andesitic, greenish-gray (5GY 6/1);
weathers to grayish yellow green

(5GY 7/2); poorly exposed-._____.__ 34 6
217. Covered interval—probably very ﬁne
grained sandstone_ _ _______...__._. 22 0

216. Sandstone, volcanic, thin-bedded to
massive (generally thin-bedded),
crossbedded, fine-grained, andesitic,
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); slight tendency to form

ridges e 31 6
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SECTION 20—Continued

: Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T. 2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Upper conglomeratic sandstone member—Con.

215.

214.

213.

212.

211.

210.

209.

208.

207.

206.

205.

204.

Covered interval—probably very fine
grained sandstone_ _ . ______.___..
Sandstone, volcanic, thin-bedded to
massive (generally thin-bedded),
crossbedded, fine-grained, andesitic,
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green

Covered interval—probably very fine
grained sandstone________________
Sandstone, volcanic, thin-bedded to
massive (generally thin-bedded),
crossbedded, fine-grained, andesitic,
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green

grained sandstone____________.____
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to
coarse-grained, slightly calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2)_._
Covered interval—probably very fine
grained sandstone_._________.____
Sandstone, volcanie, thin-bedded to
massive,  crossbedded, fine- to
coarse-grained, andesitic, slightly
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
BGY 7/2) ol
Sandstone, volcanic, thin-bedded,
very fine grained, silty, andesitic,
light-olive-gray (5Y 5/2); weathers
to.light olive gray (5Y 6/1); poorly
exposed._ . . _____
Sandstone, voleanic, thin-bedded, fine~
grained, andesitic, greenish-gray
(5QY 6/1); weathers to grayish yel-
low green (6GY 7/2) oo _.__
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, locally, calcareous
greenish-gray (5GY 6/1); weathers to
grayish yellow green (5GY 7/2);
contains sporadic pebbles, cobbles,
and boulders of volcanic rock, quartz-
ite, and gneiss; poorly exposed__._._
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); weath-
ers to grayish yellow green (5GY
_7/2); slight tendency to form ridges.__

46

38

31

23

49

17

14

24

99

18

In.

SECTION 20—Continued
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Reference section of the Fort Union Formation, measured in secs. ?,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T. 2 8., R. 8 E.; and secs. 7, 18, 19,and 20, T. 2 8.,

R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Upper conglomeratic sandstone member—Con.
203. Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, light-
olive-gray (5Y 5/2); weathers to
light olive gray (5Y 6/1); poorly
exposed _ . .o
202. Sandstone, volcanic, thin-bedded to
massive, crosshedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); weath-
ers to grayish yellow green (5GY 7/2)_
201. Claystone, thick-bedded, olive-gray
(8Y 4/1); weathers to light olive
gray Y 6/1) . ______
200. Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, light-
olive-gray (5Y 5/2); weathers to
light olive gray (5Y 6/1) .. _._.____
199. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, calcareous, green-
ish-gray (5GQY 6/1); weathers to
grayish yellow green (5GY 7/2);
contains pebbles, cobbles, and boul-
ders of volcanic rock, quartzite, and
gneiss—generally along the base of
channel deposits; ridge former. . __

Total measured upper conglom-
eratic sandstone member______

Middle sandstone and mudstone member:
198. Covered interval—probably yellowish-
gray siltstone_ . __________________
197. Sandstone, volcanic, thin-bedded to
massive (dominantly thin-bedded and
fine-grained), fine- to coarse-grained
(contains sporadic pebbles of vol-
canic rock and mudstone), andesitic,
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); cliff former_ .. __.__.__-.._
196. Siltstone, massive, clayey, grayish-
green (5GY 6/1); weathers to light
olive gray (5Y 6/1); contains mac-
erated plant fragments_._____._.____
195. Sandstone, volcanic, thin-bedded to
massive ' (dominantly thin-bedded
and fine-grained), fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); weath-
ers to grayish yellow green (5GY
7/2); contains layers of mudstone

194. Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1); poorly exposed_ ... _-..

Ft In.
21 7
35 0

3 10

16 10

56 0
1,80 0
64 O

87 6

38 4

20 O

14 3
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SECTION 20—Continued SECTION 20—Continued
Reference section of the Fort Union Formation, measured in secs. 7, | Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 83, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12, | 16, 17, 21, 28, 32, and 33, T. 1 S., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8., 13,and 23, T. 2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued R. 9 E., Park County, Mont.—Continued
Paleocene—Fort Union Formation—Continued Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.  Ft In. Middle sandstone and mudstone member—Con.  Ft In.
193. Sandstone, voleanic, thin-bedded to 182. Sandstone, volcanic, thin-bedded,
massive, fine- to coarse-grained cross-bedded, fine- to coarse-grained,
(dominantly thin-bedded and fine- andesitic, slightly calcareous, green-
grained), andesitic, slightly calcare- ish-gray (5GY 6/1); weathers to
ous, greenish-gray (5GY 6/1); weath- grayish yellow green (5GY 7/2)_____ 12 0
ers to grayish yellow green (5GY 181. Coveréd interval—probably massiv
12) e 25 0 olive-gray mudstone______.______-_ 90 0
192. Mudstone, massive, olive-gray (5Y 180. Sandstone, voleanic, thin-bedded to
4/1); weathers to light olive gray massive, crossbedded, fine- to coarse-
(5Y 6/1); poorly exposed ... - ______ 18 9 grained, andesitic, slightly calcar-
191. Sandstone, volcanic, thin-bedded to eous, greenish-gray (5GY 6/1);
massive, fine- to coarse-grained weathers to grayish yellow green
(dominantly fine-grained and thin- (5GY 7/2); ridge former_________.__ 55 0
bedded), andesitic, slightly calcare- 179. Mudstone, massive, olive-gray (5Y
ous, greenish-gray (5GY 6/1); weath- 4/1); weathers to light olive .gray
ers to grayish yellow green (5GY (5Y 6/1); poorly exposed..-_-_.____ 22 8
7/2); ridge former- ... _._________ 36 0 178. Sandstone, volcanie, thin-bedded to
190. Sandstone, volcanic, massive, very fine massive, crossbedded, fine- to coarse-
grained, silty, andesitic, greenish- grained, andesitic, slightly calcar-
gray (5GY 6/1); weathers to grayish eous, greenish-gray (5GY 6/1);
yellow green (5GY 7/2); very poorly weathers to grayish yellow green
exposed . . oo _______ 98 O (5QY 7/2); contains local zones of
189. Sandstone, volcanic, massive, cross- mudstone pebbles; contains wood }
bedded, medium- to coarse-grained, and plant fragments; ridge former__ 50 0
andesitic, slightly calcareous, green- 177. Sandstone, volcanic, massive, very fine
ish-gray (5GY 6/1) ; weathers to gray- grained, silty, andesitic, micaceous,
) ish yellow green (5GY 7/2)....____. 28 0 gregnish-gray (5GY 6/1); weathers
188. Sandstone, volcanic, thin-bedded, to light olive gray (5GY 6/1); con-
crossbedded, fine-grained, andesitic, tains macerated plant fragments;
slightly calcareous, greenish-gray poorly exposed___ __ .- -_-- 13 9
(5GY 6/1); weathers to grayish yel- 176. Claystone, massive, olive-gray (5Y
low green (5GY 7/2); slight ridge 4/1); weathers to light olive gray
former— ..o oo ... 19 0 (5Y 6/1); contains dark-olive-gray
187. Claystone, medium-bedded, olive-gray (5Y 3/1) calcareous concretions as
(5Y 4/1) ; weathers to light olive gray much as 6 in. in diameter; poorly
(BY 6/1) - oo ___ 1 4 €Xp0sed - - oo eeaa 40 0
186. Sandstone, volcanic, thin-bedded to 175. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse- massive, crossbedded, fine- to coarse-
grained (dominantly thin-bedded grained, andesitic; contains local
and fine-grained), andesitic, slightly zones of mudstone pebbles; slightly
caléareous, greenish-gray (5GY 6/1); calcareous; greenish-gray (5GY 6/1);
weathers to grayish yellow green weathers to grayish yellow green
BGY T/2) - 26 9 (5G@Y 7/2); contains wood and plant
185. Covered interval—probably mudstone fragments; ridge former______.____- 50 Y
that has about 10 ft of thin-bedded, - 174. Sandstone, volcanic, massive, very fine
medium-grained sandstone in the grained, silty, andesitic, greenish-
middle__ ________ . ____. 67 0 gray (5GY 6/1); weathers to light ‘
184. Sandstone, voleanic, thin-bedded to olive gray (5Y 6/1) . _o--coco-- 10 0
massive, crossbedded, fine- to coarse- 173. Sandstone, volcanic, thin-bedded to
grained, andesitic, greenish-gray massive, crossbedded, fine- to coarse-
(5GY 6/1); weathers to grayish yel- grained, andesitic; contains ‘local
low green (5GY 7/2); slight tendency zones of mudstone pebbles; slightly
to form ridges_ . _ - ______.________ 50 0 calcareous; greenish-gray (5GY 6/1);
183. Claystone, massive, olive-gray (5Y weathers to grayish yellow green
4/1); weathers to light olive gray (5GY 7/2); contains wood and plant
(8Y 6/1); poorly exposed_________._ 4 0 fragments; ridge former_.________- 38 9
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SECTI1ON 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7;
16, 17, 21, 28, 32, and 33, T. 1 S., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T. 2 S., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont—Continued

Paleocene—Fort Union Formation—Continued

Middle sandstone and mudstone member—Con.

172.

171.

170.

169.

168.

167.

166.

165.

164.

163.

162.

161.

160.

159.

158.

Siltstone, massive, sandy, greenish-
_gray (5GY 6/1);'weathers to light
olive gray (5Y 6/1) . . ______..

Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(BY 6/1) - o iecaeos

Sandstone, volcanic, massive, very
fine grained, silty, andesitic, green-
ish-gray (5GY 6/1); weathers to
light olive gray (5Y 6/1); grades
upward into the overlying mudstone. .

Mudstone, thick-bedded, olive-gray
(5Y 4/1); weathers to light olive
gray Y 6/1) . ______.

Sandstone, volcanic, massive, fine- to
coarse-grained, andesitic, calcareous
in middle, greenish-gray (5GY 6/1);
weathers to grayish yellow green

(G160 g b J
Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1) e
Sandstone, volcanic, massive, very

fine grained, silty, andesitic, calcar-
eous in upper 2 ft., greenish-gray
(5GY 6/1); weathers to light olive
gray (5Y 6/1)_ . ___
Mudstone, massive, calcareous, olive-
gray (5Y 4/1); weathers to light olive
gray (Y 6/1) .o ____
Sandstone, volcanic, thick-bedded,
very fine grained, silty, andesitic,
calcareous, greenish-gray (5GY 6/1);
weathers to light olive gray (5Y 6/1).
Siltstone, medium-bedded, greenish-
gray (5GY 6/1); weathers to light
olive gray (8Y 6/1) . ... ._._..____
Limestone, dense, microcrystalline, me-
dium-gray (N5); weathers to light
olive gray (5Y 6/1); probably of
fresh-water origin._ . _ ... _.._.__
Mudstone, massive, calcareous, olive-
gray (5Y 4/1); weathers to light
olive gray (5Y 6/1); contains calcar-
eous concretions as much as 8 in. in
diameter.. . ... ____
Siltstone, thick-bedded, greenish-gray
(5GY 6/1); weathers to light olive
gray (5Y 6/1) oo ...
Sandstone, volcanic, thick-bedded,
very fine grained, silty, andesitic,
greenish-gray (5G'Y 6/1); weathers
to light olive gray (5Y 6/1); grada-
tional into overlying siltstone.._.._
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, very calcareous,
_greenish-gray (6GY 6/1); weathers

Ft

14

28

13

12

In.
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Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18,19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued

Middle sandstone and mudstone member—Con.

157.

156.

155.

154.

153.

152.

151.

150.

149.

148.

to yellowish gray (5Y 7/2); contains
calcareous-concretions in upper part._
Sandstone, volcanie, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic,
locally conglomeratic in lower part
(containing pebbles of volcanic rock
ard mudstone), thin-bedded and
fine-grained in upper part, greenish-
gray (5QY 6/1); weathers to grayish
yellow green (5GY 7/2); slight ridge

Covered interval—probably very fine
grained sandstone_.______________
Sandstone, volcanic, thin-bedded,
slightly crossbedded, fine- to coarse-
grained, andesitic, calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
contains wood fragments; slight
tendency to form ridges..___.______
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to
coarse-grained, andesitic, slightly
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); slight tendency to form

ridges oo
Sandstone, volcanic,  massive, very
fine grained, silty, andesitic,

greenish-gray (5GY 6/1); weathers
to light olive gray (5Y 6/1)_.______
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to
coarse-grained (coarse in lower part
grading upward to fine), andesitic,
slightly calcareous, greenish-gray
(5GY 6/1); weathers to grayish yel-
low green (5GY 7/2) ... ________.
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to
medium-grained, andesitic, slightly
calcareous, greenish—gray (5GY 6/1);
weathers ‘to grayish yellow green
(5GQY 17/2); slight tendency to form

Covered interval-—probably very fine

grained sandstone. ______________. ’

Sandstone, volcanic, medium-bedded,
fine-grained, andesitic, slightly cal-
careous, greenish-gray (56GY 6/1);
weathers to grayish yellow green
BGY 72) e oo

Sandstone, volcanic, massive, very fine
grained, silty, andesitic, greenish-
gray (5GY 6/1); weathers to light
olive gray (5Y 6/1) .. ________.

Ft  In.
15 0
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10 6
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
18,and 23, T.2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued

Middle sandstone and mudstone member—Con.
147.

146.

145.

144.

143.

142.

141.

140.

139.

138.

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to med-
ium-grained, andesitic, slightly cal-
careous in upper part; greenish-gray
(5QY 6/1); weathers to grayish yel-
low green (5GY 7/2) in upper part
and yellowish gray (5Y 7/2) in lower
part; ridge former________________

Sandstone, volcanic, thick-bedded,
very fine grained, silty, andesitic,
greenish-gray (5GY 6/1); weathers
to light olive gray (5Y 6/1); contains
macerated plant fragments____.___

Sandstone, volcanic, medium-bedded,
fine-grained, andesitic, calcareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2)_.

Sandstone, volcanic, massive, fine-
grained, andesitic, greenish-gray (5
GY 6/1); weathers to light olive gray
(5Y 6/1); contains macerated plant
fragments.._____ e

Sandstone, voleanic, thin- to thick-
bedded, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1);
weathers to grayish yellow green

Sandstone, volcanic, massive, very
fine grained, silty, andesitic, green-
ish-gray (5GY 6/1); weathers to light
olive gray (5Y 6/1) . ___.___.______

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY  6/1);
weathers to grayish yellow green
(6GY 7/2); ridge former_ . _________

Sandstone, volcanie, massive, very fine
grained, silty, andesitic, greenish-
gray (5GY 6/1); weathers to light
olive gray (5Y 6/1); poorly exposed.

Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1); poorly exposed._ _________

Sandstone, voleanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); upper part thin bedded;
contains wood. fragments; ridge

26

15

18

23

65

In,

SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
18,and 23, T. 2 S., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 §.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.
137. Sandstone, volcanic, massive, very fine

136.

135.

134.

133.

132.

131.

130.

129.

128.

127.

126.

Sandstone,

Sandstone,

grained, silty, andesitic, greenish-
gray (5GY 6/1); weathers to light
olive gray (5Y 6/1) ; poorly exposed. .
Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1); poorly exposed. . _______.
volcanie, thin-bedded,
slightly crossbedded, fine-grained,
andesitic, slightly calcareous, green-
ish-gray (5GY 6/1) ; weathers to light
olive gray (5Y 6/1)._.____ emmeam
volcanic, thick-bedded,
very fine grained, silty, andesitic,
greenish-gray (5QY 6/1) ; weathers to
light olive gray (6Y 6/1)__._____._.
Sandstone, volcanie, thin-bedded to
massive, . fine- to medium-grained,
andesitic, slightly calcareous, green-
ish-gray (5GY 6/1); weathers to
grayish yellow green (5GY 7/2);
slight tendency to form ridges..-__
Sandstone, volcanic, massive, very fine
grained, silty, andesitic, greenish-
gray (5GY 6/1); weathers to light
olive gray (5Y 6/1) ; poorly exposed__
Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1); poorly exposed._________
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine-to coarse-
grained, andesitic, greenish-gray
(5GY 6/1); weathers to grayish yel-
low green (5GY 7/2) . ________
Sandstone, volcanic, thin-bedded to
massive, fine- to coarse-grained,
interbedded with very fine grained
massive sandstone, andesitic, green-
ish-gray (5GY 6/1); weathers to
grayish yellow green (5GY 7/2) ; forms
slabby rubble on slope; poorly ex-

Sandstone, volcanie, thin-bedded to

massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcar-
eous, greenish-gray (5GY 6/1);
weathers to grayish yellow green

Covered interval—probably very fine
grained sandstone. . __. R -
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained. (contains sporadic mud-
stone pebbles), andesitic, slightly
calcareous, greenish-gray (5GY 6/1);

Ft m.
35 8
19 3

5 0
3 9
22 0
11 8
22 4
1 3
72 6
18 0
4 6
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T. 2 S.,, R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.

125.

124.

123.

122,

121.

120.

119,

118.

117,

116.

(5GY 7/2) slight tendency to form
ridges weathers to grayish yellow
green (5GY 7/2); slight tendency to
form ridges.______ e
Mudstone, massive, olive-gray (5Y 4/1)
weathers to light olive gray (5Y
6/1); very poorly exposed____.___
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained (contains sporadic mud-
stone pebbles), andesitic, slightly
calcareous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); ridge former._________
Sandstone, volcanic, massive, very
fine grained, silty andesitic, dusky-
yellow-green (5GY 5/2); weathers
to light olive gray (5Y 6/1); con-
tains macerated plant fragments;
very poorly exposed_ __.._._____.__
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); con-
tains some layers of small pebbles
of mudstone, voleanic rock, lime-
stone, and quartzite; weathers to
grayish yellow green (5GY 7/2);
ridge former____________________.
Sandstone, volcanic, massive, very
fine grained, micaceous, andesitic,
greenish-gray (5GY 6/1); weathers
to light olive gray (5Y 6/1); poorly
exposed. . _______ .. _________..__
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5G'Y 6/1); weath-
ers to grayish yellow green (5G
7/2); ridge former._ . ._________.__
Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1); very poorly exposed....__
Sandstone, volcanic, thin-bedded to
massive, fine- to coarse-grained, an-
destic, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(5GY 7/2); contains some layers of
mudstone and voleanic rock pebbles.
Claystone, medium-bedded, olive-gray
(5Y 4/1) ; weathers to light olive gray
GY 6/1) ..
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); weath-
ers to grayish yellow green (5GY
2) o _

Ft

15

15

27

34

15

11

18

37

In.

10

SECTION 20—Continued

C103

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.

115.

114.

113.

112,

111,

110.

109.

108.

107.

106.

105.

Sandstone, volcanic, massive, fine-
grained, andesitic, greenish-gray
(5GY 6/1); weathers to yellowish
gray (5Y 7/2) ____________________

Sandstone, volcanic, thin-bedded,
slightly crossbedded, medium- to
coarse-grained, andesitic, locally cal-
careous, greenish-gray (5GY 6/1);
weathers to grayish yellow green
(BGY T/2) oo .

Mudstone, massive, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y
6/1) o ______

Sandstone, volcanic, thin-bedded to
massive, crossbedded, medium- to
coarse-grained, poorly sorted (con-
tains sporadic mudstone pebbles),
andesitic, slightly caleareous,
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
slight tendency to form ridges__ ____

Sandstone, volcanic, massive, fine-
grained, andesitic, greenish-gray
(5GY 6/1); weathers to yellowish
gray (5Y 7/2); massive spheroidal
weathering_ ____________________.

Sandstone, volecanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained (generally coarse-grained),
greenish-gray (5GY 6/1); weathers
to grayish yellow green (5GY 7/2);
ridge former________.____________

Sandstone, volcanic, massive, very fine

grained, silty, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
light olive gray (5Y 5/2); contains
plant fragments; poorly exposed...
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, greenish-gray
(5GY 6/1); weathers to grayish
yellow green (5GY 7/2) .. .. _____
Sandstone, voleanic, massive, very fine
grained, silty, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
light olive gray (5Y 5/2). .. ..___
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); weath-
ers to light olive gray (5Y 5/2);
ridge former_ - __ .. _______.______
Sandstone, volcanic; massive, very fine
grained, silty, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
light olive gray (5Y 5/2); contains
plant fragments_____.__.__________

Ft In.
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22 8
20 0
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22 1



C104

GEOLOGY OF THE LIVINGSTON 'AREA, SOUTHWESTERN MONTANA

SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18, 19,and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued

' Middle sandstone and mudstone member—Con.

104.

103.

102.

101.

100.

99.

98.

97.

96.

95.

94.

93.

Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(5Y 6/1); poorly exposed ... .____

Sandstone, volcanic, massive, very fine
grained, silty, andesitic, dusky-yel-
low-green (6GY 5/2); weathers to
light olive gray (5Y 5/2) _____._.____

Sandstone, voleanie, thin- to medium-
bedded, medium- to coarse-grained,
andesitic, greenish-gray (5GY 6/1);
weathers to grayish yellow green
BGY 7/2) o ..

Sandstone, volcanic, massive, very fine
grained, silty, andesitic, dusky-yel-
low-green (5QY 5/2); weathers to
light olive gray (8Y 5/2)._.________

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, greenish-gray (5GY 6/1); weath-
ers to grayish yellow green. (5GY
7/2); ridge former_ _______________

Claystone, thick-bedded, olive-gray
(8Y 4/1); weathers to light olive gray
BY 6/1) - o oeo e e

Sandstone, volcanie, thin-bedded to
massive, crossbedded, medium- to
coarse-grained, andesitic, greenish-
gray (5GQY 6/1); weathers to grayish
yellow green (5GY 7/2) . ____.______

Mudstone, massive, olive-gray (5Y
4/1); weathers to light olive gray
(85Y 6/1); poorly exposed_____.____

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained (generally coarse-grained),
andesitic, slightly calcareous, green-
ish-gray (5GY 6/1); weathers to
grayish yellow green (5GY 7/2);
contains sporadic mudstone pebbles;
thin bedded in upper part; slight
tendency to form ridges....._.__.

Sandstone, volcanic, massive, very
fine grained, silty, andesitic, dusky-
yellow-green (56GY 5/2); weathers to
light olive gray (5Y 5/2); contains
macerated plant fragments__.______

Mudstone, massive,
4/1); weathers to light olive gray
BY 6/1) - ____

Sandstone, volcanie, thin-bedded to
massive, crossbedded, fine- to coarse-
grained (generally fine grained),
andesitic, dusky-yellow-green (5GY
5/2); weathers to light olive gray

olive-gray (5Y .

Ft
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. ?,
16, 17, 21, 28, 32, and 33, T. 1 S., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T. 2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R, 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued

Middle sandstone and mudstone member—Con.

92.

91.

90.

89.

88.

87.

86.

85.

84.

83.

Sandstone, volcanic, massive, very fine
grained, silty, micaceous, andesitic,
dusky-yellow-green (5GY 5/2) ; weath-
ers to light olive gray (5Y 6/1);
poorly exposed.___ .. _____.______

Sandstone, volcanic, thin-bedded to
massive, slightly crossbedded, fine-
to coarse-grained (generally fine-
grained with fair sorting), andesitic,
slightly calcareous, greenish-gray
(5QY 6/1); weathers to grayish
yellow green (5GY 7/2); slight tend-
ency toformridges_ .. ____________

Mudstone, massive, olive-gray (57
4/1); weathers to light olive gray
(5Y 6/1); poorly exposed__.____.____

Sandstone, volcanic, thin-bedded to
massive, fine- to coarse-grained,
very poorly sorted, andesitic, con-
glomeratic locally (containing pebbles
of voleanic rock, quartzite, chert, and
limestone), slightly calcareous, dusky-
yellow-green (5QY 5/2); weathers to
grayish yellow green (5GY 7/2);
slight tendency to form ridges_ _ . ____

Sandstone, volcanie, massive, fine-
grained, andesitic, dusky-yellow-
green (5GQY 5/2); weathers to light
olive gray (5Y 6/1); poorly exposed.- - _

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcareous,
dusky-yellow-green (6GY - 5/2);
weathers to grayish yellow green
(5GQY 7/2); contains sporadic mudstone
pebbles; ridge former__ . ____________

Sandstone, volcanic, massive, fine- to
very fine-grained, silty, andesitic,
dusky-yellow-green (6GY 5/2);
weathers to light olive gray (5Y 6/1).

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, slightly calcare-
ous, dusky-yellow-green (6GY 5/2);
weathers to light olive gray (5Y 6/1);
ridge former________ . _____________

Sandstone, volcanic, massive, fine- to
very fine-grained, silty, andesitic,
dusky-yellow-green BGY 5/2);
weathers to light olive gray (5Y
6/1); poorly exposed..____._______

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, very poorly sorted, andesitic,
slightly calcareous, dusky-yellow-
green. (5GY 5/2); weathers to light
olive gray (5Y 6/1); contains sporadic
pebbles of voleanic.rock; ridge former.

Ft
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
13, and 23, T.2 S, R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 S.»
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con,

82.

81.

80.

79.

78.

77.

76.

75.

74.

73.

72.

Siltstone, massive, dusky-yellow-green
(6GY 5/2); weathers to light olive
gray (6Y 5/2) o _____

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, locally calcareous,
dusky-yellow-green 5bGY 5/2);
weathers to light olive gray (5Y 6/ 1);
ridge former__ . _________________:__

Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
locally clayey; contains macerated
plant fragments___________________

Sandstone, volcanic, medium-bedded,
fine-grained, andesitic, calcareous,
medium-light-gray (N6); weathers to
light olive gray (5Y 5/2); contains
macerated plant fragments_________

Siltstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
contains macerated plant fragments;
USGS Paleobotany loc. D1784_____

Sandstone, volcanic, thin-bedded to
‘massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic,
slightly calcareous, dusky-yellow-
green (5GQY 5/2); weathers to grayish
yellow green (5GY 7/2); locally con-
tains channel-fill deposits of con-
glomeratic sandstone that bears peb-
bles and cobbles of volcanic rock,
mudstone, quartzite, chert, and lime-
stone; unit becomes more conglomer-
atic to the west; contains some cross-
beds of granule-size grains; lower
62.5 ft poorly exposed; upper part is
prominent ridge former.______:____

Siltstone, sandy, clayey, micaceous,
olive-gray (5Y 4/1); weathers to light
olive gray (5Y 6/1); poorly exposed. .

Claystone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
poorly exposed__ - ___‘____________

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic,
slightly calcareous, dusky-yellow-
green {5GY 5/2); weathers to grayish
yellow green (5GY 7/2); contains
plant fragments_ . ___ .. ____________

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
poorly exposed.. . . _________________

Sandstone, voleanic, thin-bedded to
massive, crossbedded, fine- to coarse-
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Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 182,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18,19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.

71.

70.

69.

68.

67.

66.

65.

64.

grained, poorly sorted, andesitic,
slightly calcareous, dusky-yellow-
green (5GY 5/2); channel-fill sands of
varying grain size and color cut under-
lying beds of this unit; the coarser
grained beds are darker in color than
the finer grained beds; the poor sort-
ing is generally in the coarse-grained
beds; contains mudstone pebbles in
bottoms of channel deposits; coarser
grained part weathers to light olive
gray (5Y 5/2) and finer grained part,
to pale olive (10Y 6/2) to yellowish
gray (5Y 7/2); massive spheroidal
weathering; cliff former____________
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light ollve gray (57
6/1) - oo
Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, slightly
calcareous, dusky-yellow-green (5GY
5/2) ; weathers to light olive gray (5Y
5/ 2) e eceeal
Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic,
dusky-yellow-green (5GY 5/2); weath-
ers to pale olive (10Y 6/2); contains
plant fragments; ridge former...__._
Mudstone, massive, silty, slightly car-
bonaceous, olive-black (5Y 2/1);
weathers to olive gray (5Y 4/1)_____
Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, slightly
calcareous, dusky-yellow-green (5GY
5/2) ; weathers to light olive gray (5Y
5/2) e
Siltstone, thick-bedded, olive-gray (5Y
4/1) ; weathers to light olive gray (5Y
6/1) ; contains plant fragments; USGS
Paleobotany loc. D1783._._____._.__
Sandstone, volcanic, massive, cross-
bedded, medium- to coarse-grained,
poorly sorted, andesitie, calcareous in
upper part, dusky-yellow-green (5GY
5/2) ; weathers to light olive gray (5Y
5/2); massive spheroidal weathering
in lower part; contains sporadic peb-
bles of volcanic rock and mudstone;
contains crossbedded lenses of gran-
ule-size grains; contains plant frag-
ments; ridge former_ _ _ _________.._
Siltstone, massive, dusky-yellow-green
(5QY 5/2) ; weathers to light olive gray
(5Y 6/1); very poorly exposed.___.-_

Ft In.
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Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T.2 S, R.8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.

63.

62,

61.

60.

59.

57.

56.

55.

54,

. Siltstone,

Sandstone, volcanic, medium-bedded to
massive, fine- to coarse-grained,
poorly sorted, andesitic, dusky-yel-
low-green (56GY 5/2); weathers to
grayish yellow green (5GY 7/2); con-
tains sporadic pebbles of volcanic
rock; ridge former_._______________

Sandstone, volcanic, thin-bedded, very
fine grained, silty, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2);
poorly exposed. ... _._____

Sandstone, voleanic, thin- to medium-
bedded, fine- to coarse-grained, an-
desitic, slightly calcareous, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2).____.

Siltstone, thin-bedded, dusky-yellow-
green (5GY 5/2); weathers to light
olive gray (5Y 6/1); poorly exposed. _

Sandstone, thin- to medium-bedded,
fine- to coarse-grained, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow green (5GY 7/2); lower 12 ft
poorly exposed__ .- ______________

thin-bedded, dusky-yellow-
green (5GY 5/2); weathers to light
olive gray (5Y 6/1); contains macer-
ated plant fragments_____________ -

Sandstone, volcanic, medium-bedded to
massive, fine- to coarse-grained,
poorly sorted, andesitic, dusky-yel-
low-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2); con-
tains sporadic pebbles of wvolcanic
rock; ridge former___ . _____________

Mudstone, massive, olive-gray (5Y 4/1);
‘weathers to light olive gray (5Y 6/1)_

Sandstone, volcanic, thin-bedded to
massive, crossbedded, coarse-grained
to granule-size, very poorly sorted,
andesitic, locally slightly calcareous,
dusky-yellow-green (5GY 5/2); some
crossbedded sands weather to grayish
yellow green (5GY 7/2) and some
weather to yellowish gray (5Y 7/2);
the yellowish-gray beds have mas-
sive spheroidal weathering and are
very conspicuous compared to the
other unit; contains sporadic pebbles
of volcanic rock and mudstone in
channel-fill deposits; contains 1.5 ft
siltstone bed in the middle.________

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)_

Ft
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32

34

22
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31
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. ?,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T.2 8., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Paleocene—Fort Union Formation—Continued
Middle sandstone and mudstone member—Con.

53.

52.

51.

50.

49,

48.

47.

46.

45.

44.

43.

42.

41.

40.

Sandstone, volcanic, thin- to medium-
bedded, crossbedded, medium- to
coarse-grained, andesitic, slightly
calcareous, dusky-yellow-green (5GY
5/2); weathers to grayish yellow
green (5GY 7/2); ridge former______._

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1) -

Sandstone, volcanic, thin- to me-
dium-bedded, crossbedded, medium-
grained, andesitic, slightly calcare-
ous, dusky-yellow-green (6GY 5/2);
weathers to grayish yellow green
BGY T/2) e

Claystone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1)_

Sandstone, volcanic, massive, cross-
bedded, generally coarse grained,
andesitic, dusky-yellow-green (5GY
5/2); weathers to grayish yellow
green (6GY 7/2) . __ ..

Claystone, medium-bedded, olive-gray

(6Y 4/1); weathers to light olive gray

BY 6/1) .
Sandstone, volcanic, medium-bedded,
medium- to coarse-grained, andesitic,
dusky-yellow-green (5GY 5/2); weath-
ers to grayish yellow green (5GY 7/2).
Claystone, medium-bedded, olive-gray
(5Y 4/1); weathers to light olive
gray BY 6/1)__ . __________________
Sandstone, volcanic, thick-bedded,
crossbedded, generally coarse grained,
poorly sorted, andesitic, dusky-yel-
low-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)__._
Claystone, medium-bedded, olive-gray
(5Y 4/1); weathers  to light olive
gray (5Y 6/1) .
Sandstone, volcanic, thin-bedded, fine-
grained, andesitic, dusky-yellow-green
(5GQY 5/2); weathers to grayish yellow
green (5GY 7(2) . ____________ -
Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
poorly exposed_._____________._____
Sandstone, volcanie, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic,
dusky-yellow-green (BGQY 5/2);
weathers to grayish yellow green (5GY
7/2); contains fossil leaf prints; r/idge
former_ -/
Mudstone, massive, brownish-black
(5YR 2/1); weathers to . light olive
gray (5% 6/1) oo

Ft In.
27 6
28 3

1 10
2 0
5 0
1 0
1 4
10

2 4
g

3. 4
52 2
40 O
13 1
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
18,a0d 23, T. 2.S., R.8 E.; and secs. 7, 18, 19,and 20, T. 2 S.,

R. 9 E., Park County, Mont—Continued

Paleocene—Fort Union Formation—Continued

Middle sandsone and mudstone member—Con.
39. Sandstone, volcanic, thin-bedded to
massive, crossbedded, andesitic, very

poorly sorted, dusky-yellow-green

(5GY 5/2); weathers to grayish yellow

green (5GY 7/2) and yellowish gray

(5Y 17/2); contains coarse-grained
channel-fill deposits; contains some
calcareous lenses; ridge former_.____

38. Siltstone, thin-bedded, sandy, dusky-
yellow-green (5GY 5/2); weathers to

light olive gray (5Y 6/1) . __._____._

37. Mudstone, massive, olive-gray (5Y 4/1);
weathers to pale olive (10Y 6/2)-._._

Total thickness of middle sand-

Ft

61

50

stone and mudstone member.___ 3, 866

Upper Cretaceous—Fort Union Formation:
Lower conglomeratic sandstone member:

36. Sandstone, volcanic, thin- to medium-
bedded, coarse-grained, andesitic,
dusky-yellow-green (5GY  5/2);
weathers to grayish yellow green
(5GY 7/2); poorly indurated and
poorly exposed._ ... _______.

35. Sandstone, volcanie, thin- to medium-
bedded, generally coarse grained,
andestic, slightly calcareous, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)___.__

34. Siltstone, massive, sandy, dusky-yellow-
green (5QY 5/2); weathers to light
olive gray (5Y 6/1); poorly exposed.._

33. Sandstone, volcanic, thin-bedded, gen-
erally fine grained (contains a few
scattered layers of medium- to coarse-
grained sand), andesitic, calcareous,
dusky-yellow-green (bGY 5/2);
weathers to grayish yellow green
BGY 7/2) .

32. Sandstone, volcanic, medium- to thick-
bedded, coarse-grained, very poorly
sorted (contains sporadic pebbles of
volcanic rock and mudstone), slightly
calcareous, dusky-yellow-green (5GY
5/2) ; weathers to grayish yellow green
(5GY 7/2); contains macerated plant
fragments; ridge former_________ .-

31. Siltstone, thin-bedded, sandy, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)______

30. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-

26

20

15

In.

10

11

SECTION 20—Continued
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Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T.2 8., R.8 E.; and secs. 7,18, 19,and 20, T. 2 8.,

R. 9 E., Park County, Mont.—Continued

Upper Cretaceous—Fort Union Formation—Con.

Lower conglomeratic sandstone member—Con.
grained, very poorly sorted, andesitic,
slightly calcareous, dusky-yellow-
green (5GY 5/2); weathers to yel-
lowish gray (8Y 7/2); conglomeratic

in channel-fill deposits which contain
pebbles of volcanic rock and chert;

the channel-fill beds are in the lower
one-third of unit; above the channel-

fill beds the unit gradually becomes

fine grained and thin bedded, al-
though still crossbedded; ridge former

with unit 28_____________________.

29. Siltstone, thin-bedded, sandy, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2); con-

tains macerated plant fragments;
poorly exposed__. .. _ .. _______

28. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, very poorly sorted, andesitic,
slightly calcareous, dusky-yellow-
green (5GY 5/2); weathers to yel-
lowish gray (5Y 7/2); conglomeratic

in channel-fill deposits which contain

pebbles of volcanic rock and chert_._

27. Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y 6/1);
poorly exposed_______________ .

26. Sandstone, volecanic, thin-bedded, fine-
to very fine grained, silty, andesitic,
dusky-yellow-green 5GY 5/2);
weathers to pale olive (10Y 6/2);
poorly exposed___ _________________

25. Sandstone, voleanic, thin- to medium-
bedded, fine-grained, andesitic,
dusky-yellow-green BGY 5/2);
weathers to grayish yellow green
(G160 ) T

24. Sandstone, volcanic, thin-bedded, fine--

to very fine grained, silty, andesitic,
dusky-yellow-green (5GY 5/2);
weathers to pale olive (10Y 6/2);
contains macerated plant fragments;
USGS Paleobotany locs. D1782 and

D4105_ . --
23. Sandstone, volcanic, massive, cross-
bedded, coarse-grained (contains

sporadic pebbles of voleanic rock),
very poorly sorted, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)____-
22. Siltstone, massive, sandy, dusky-yellow-
green (5QGY 5/2); weathers to dusky
yellow (6Y 6/4); poorly exposed..--

Ft  In.
36 1
1 8

8 4
17 3
43 8
3 2

8 8
12 0
17 1
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SECTION 20—Continued

‘Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 3, 11, 12,
13,and 23, T. 2 8., R. 8 E.; and secs. 7; 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Upper Cretaceous—Fort Union Formation-—Con.

Lower conglomeratic sandstone member—Con. .
21.

20.

19.

18.

17

16.

15.

14.

13.

12.

11.

Sandstone, volcanic, thin-bedded to
massive, crossbedded, very poorly
sorted, conglomeratic (pebbles dom-
inantly composed of volcanic rock
and mudstone but include some
white pumice fragments), dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2);
prominent ridge former________.___

Sandstone, volcanic, massive, fine- to
coarse-grained, crossbedded, ande-
sitic, dusky-yellow-green (5GY 5/2);
weathers to yellowish gray (5Y 7/2);
consists of channel-fill deposits that
contain sporadic pebbles of volcanic

Sandstone, volcanic, thin-bedded to
massive, fine- to coarse-grained, con-
glomeratic (pebbles dominantly com-
posed of volcanie rock and mudstone),
dusky-yellow-green (5GY 5/2) ; weath-
ers to grayish yellow green (5GY 7/2);
slight ridge former._._____.________

Sandstone, volcanic, massive, fine- to
medium-grained, andesitic, dusky-
yellow-green (5GY 5/2); weathers to
grayish yellow green (5GY 7/2)...__.

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow green (5GY 7/2); contains
fragments of petrified wood_.______

Mudstone, massive, olive-gray (5Y 4/1);
weathers to light olive gray (5Y
6/1) e

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, dusky-yellow-green
(5GQY 5/2); weathers to grayish yellow
green (5GY 7/2) oo .

Mudstone, massive, olive-gray (5Y 4/1);
weathers. to light olive gray (5Y 6/1)_

Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, dusky-yellow-green
(5GY 5/2); weathers to grayish yellow
green (5GY 7/2); slight tendency to
form ridges_______________________

Covered - interval—probably dusky-
yellow-green siltstone______________

Sandstone, voleanic, thin-betided to
massive, crossbedded, fine- to coarse-
grained, andesitic, contains a few
thin channel-fill deposits that bear
pebbles of volcanic rock and mud-

Ft In.
13 6
23 4
24 6|
6 0
20 0
77 4
25 0
33 8|
16 3
52 9

SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 32, and 33, T. 1 8., R. 8 E.; secs. 2, 8, 11, 12,
13,and 23, T. 2 S.,,R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 S.,

R. 9 E., Park County, Mont.—Continued

Upper Cretaceous—Fort Union Formation—Con.
Lower conglomeratic sandstone member—Con.
stone, dusky-yellow-green (5GY 7/2);
cliff former_ _______________________
10. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine-grained to
conglomeratic, dusky-yellow-green
(56@Y 5/2); weathers to grayish yellow
green (5GY 7/2); contains channel-fill
deposits that bear pebbles dominantly
composed of volcanic rock and mud-

9. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, andesitic, thin-bedded in
upper 40 ft of unit, dusky-yellow-
green (5GY 5/2); weathers to grayish
yellow green (5GY 7/2); contains
macerated plant fragments and small
calcareous concretions; ridge former._ _

8. Covered interval—probably  dusky-
yellow-green siltstone_______________

7. Sandstone, volcanic, thin-bedded to
massive, crossbedded, coarse-grained
to conglomeratic, very poorly sorted,
andesitic, dusky-yellow-green (5GY
5/2); weathers to light olive gray
(5Y 5/2); contains channel-fill deposits_

6. Siltstone, massive, dusky-yellow-green
(5GY 5/2); weathers to yellowish gray

5. Sandstone, volcanic, thin-bedded to
massive, crossbedded, fine- to coarse-
grained, poorly sorted, andesitic,
dusky-yellow-green (5GY 5/2); weath-
ers to light olive gray (5Y 5/2); con-
tains wood and plant fragments._____

4. Siltstone, massive, dusky-yellow-green
(5GQY 5/2); weathers to yellowish gray
(5Y 7/2); poorly exposed________ .

3. Sandstone, volcanic, thin-bedded to
massive, crossbedded, coarse-grained
to conglomeratic, very poorly sorted,
dusky-yellow-green (5GY 5/2); weath-
ers to light olive gray (5Y 5/2); unit is
a channel-fill deposit; pebbles include
andesites, intrusive porphyries, welded
tuffs, Precambrian metamorphic rocks,
and lesser amounts of Paleozoic and
Mesozoic sedimentary rocks; many
individual beds would be termed
conglomerates; ridge former_________

2. Mudstone, massive, olive-gray, (5Y 4/1);
weathers to light olive gray (5Y 6/1)__

1. Sandstone, volcanic, thin-bedded to mas-
sive, crossbedded, coarse-grained to
conglomeratic, very poorly sorted, an-
desitic, dusky-yellow-green (5GY 5/2);
weathers to light olive gray (5Y 5/2);

Ft
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SECTION 20—Continued

Reference section of the Fort Union Formation, measured in secs. 7,
16, 17, 21, 28, 82, and 33, T. 1 S., R. 8 E.; secs. 2, 8, 11, 12,
13, and 23, T. 2 S., R. 8 E.; and secs. 7, 18, 19, and 20, T. 2 8.,
R. 9 E., Park County, Mont.—Continued

Upper Cretaceous—Fort Union Formation—Con.
Lower conglomeratic sandstone member—Con. Ft In.
this is a channel-fill deposit that cuts
into underlying units; cobbles and
pebbles include andesites, intrusive
porphyries, welded tuffs, Precambrian
metamorphic rocks, and lesser amounts
of Paleozoic and Mesozoic sedimentary
rocks as much as 4 in. in diameter;
ridge former. ___________._________.. 27 0

Total thickness of lower conglomer-
atic sandstone member__________

Total measured Fort Union For-
mation. - _________________ 6,647 O

Upper Cretaceous—Livingston Group—Hoppers Formation.
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