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Abstract:
The Tongue River Member of the Fort Union Formation (Paleocene) is a fluvial deposit of sandstone,
siltstone, shale, and coal. A depositional model of the Tongue River Member was developed based on
sedimentary structures, paleocurrent direction measurements, and grain size studies of large,
well-exposed outcrops of cross-bedded sandstone in the northern part of the Powder River Basin, near
Decker, Montana (Fig. 1).
A meandering stream flowing from northwest to southeast, and having a width of approximately 117m
and a depth of 13.6m is suggested as the type of fluvial system responsible for the fluvial deposits of
the Tongue River Member. Quantitative geomorphologic parameters of Leopold and Wolman (1957,
1960) have been determined for the stream (Fig. 19).
An alluvial flood plain model (Fig. 21) is presented which infers a very broad, flat-lying (slope =
9.41x10-4 m/m) flood plain on which a meandering stream slowly migrated. The Powder River Basin
was slowly subsiding in response to regional tectonic events in the early Paleocene. However, the area
near Decker was stable during multiple intervals of time as evidenced by widespread, thick
accumulations of coal throughout the Tongue River Member. The eastern front of the Rocky
Mountains in western Montana is postulated as the source area for Tongue River sediments in the
Decker area.
An economic evaluation of the usefulness of the depositional models is presented. Ground water
aquifer potential of sandstone and coal is discussed with respect to the models and ease of discovery of
aquifers. Coal and uranium prospecting is also presented as it relates to model interpretation.
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ABSTRACT
The Tongue River Member of the Fort Union Formation (Paleocene)
is a fluvial deposit of sandstone, siltstone, shale, and coal. A
depositional model of the Tongue River Member was developed based
on sedimentary structures, paleocurrent direction measurements, and
grain size studies of large, well-exposed outcrops of cross-bedded
sandstone in the northern part of the Powder River Basin, near Decker,
Montana (Fig. I).
A meandering stream flowing from northwest to southeast, and
having a width of approximately 117m and a depth of 13.6m is suggested
as the type of fluvial system responsible for the fluvial deposits of
the Tongue River Member. Quantitative geomorphologic parameters of
Leopold.and Wolman (1957, 1960) have been determined for the stream
(Fig. 19).
'
An alluvial flood plain model (Fig. 21) is presented which infers
a very broad, flat-lying.(slope = 9.41x10“^ m/m) flood plain on which
a meandering stream slowly migrated. The Powder River Basin was
slowly subsiding in response to regional tectonic events in the early
Paleocene. However, the area near Decker was stable during multiple
intervals of time as evidenced by widespread, thick accumulations of
coal throughout the Tongue River Member. The eastern front of the
Rocky Mountains in western Montana is postulated as the source area
for Tongue River sediments in the Decker area.
An economic evaluation of the usefulness of the depositional
models is presented. Ground water aquifer potential of sandstone and
coal is discussed with respect to the models and ease of discovery of
aquifers. Coal and uranium prospecting is also presented as it relates
to model interpretation.

Chapter I
INTRODUCTION
Scope and Objectives
The stratigraphic record of the late Cretaceous and Paleocene
periods in the Powder River Basin reflects uninterrupted deposition
as the region underwent a transition from marine to non-marine
sedimentation.

The Fort Union Formation of Paleocene age is the

first unit of the non-marine environment.

It is part of a clastic

wedge of sediment that spread eastward from the Rocky Mountains and
were trapped in the gradually subsiding Powder River Basin.

The

Fort Union Formation is a heterogeneous accumulation of sandstone,
siltstone,
deposition.

and

shale representing various phases of alluvial plain

Much attention has been directed toward economic prospects

of coal and uranium in the Fort Union Formation.

Aside from the eco

nomic aspects, very little information has been published about the
sedimentation and stratigraphy of the formation.
The main purpose of this investigation is to determine the
depositional environment of the Tongue River Member, youngest member
of the Fort Union Formation, in the Decker, Montana area.

The Tongue

River Member, is a fluvial package of sediment consisting of interstratified fine-grained sandstone, siltstone, organic-rich shale, .
and thick layers of subbituminous coal.

The lateral relationships

of the different lithologies are indicative of flood plain
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sedimentation.

A model has been developed which delineates the

proximal relations of the Tongue River sedimentary rocks.
A second facet of this report is to describe the origin of the
Tongue River sandstone beds.

In the study area, large, well-exposed

outcrops of cross-bedded sandstone provide information about the type
of stream system that was responsible for the thick Tongue River
Member alluvial deposits.

From detailed observations of the vertical

sequence of sedimentary structures, the sandstones are interpreted
as point bar deposits of a low gradient, meandering stream.

Values

for stream parameters such as stream depth, velocity, Froude numbers,
depositional rates, and flow direction are obtainable from the point
bar deposits of the study.
The point bar and alluvial plain models developed in this paper
should prove useful in mineral and energy resource exploration.

A

good understanding of the alluvial plain model may aid in the dis
covery of isolated coal and uranium deposits in the northwest part
of the Powder River Basin near Decker.

Likewise, a good alluvial

plain model could be invaluable when evaluating groundwater potential.
Sandstone and coal beds in the Decker area are sources of water for
domestic and agricultural use.

A knowledge of the lateral extent of

these water-bearing units is needed to determine availability and
usefulness of water in the semi-arid region near Decker.
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Location

The Powder River Basin is a Cenozoic structural basin that is
open to the north and is flanked by the Bighorn Mountains on the
west, the Black Hills on the east, the Hartville uplift, Laramie
Range, and the Casper arch on the south (Fig. I).
an area of about 19,350 square km.

The basin includes,

The axis of the basin parallels

the eastern flank of the Bighorn Mountains (Curry, 1971).

The moun

tains are the source area for the major streams which drain to the
northeast.

In the Decker area just north of Sheridan, Wyoming, all

of the streams are first- and second-order distributary streams of
the Tongue River which flows northeastward to join with the Yellow
stone River system.

The distributary streams are ephemeral because

of the low moisture regime of the area.

The region is classified as

semiarid, and receives 27-33cm of precipitation annually.
Field studies were conducted in the western portion of the basin
in southeastern Montana, approximately 30km north of Sheridan,
Wyoming.

Concentrated research was conducted in the Pearl School

Ih minute quadrangle, along Squirrel Creek and Dry Creek (Fig. 2).
Additional studies were performed in an area 19km east of the Pearl
School quadrangle study site.

The area to the east is currently

being examined for its groundwater hydrology potential; the project
is being conducted by request of the Environmental Protection Agency.
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Precise location of the 16 sites of the study is listed in Appendix
I.

Procedure

Field work was conducted during the summers of 1975 and 1976.
A two-phase investigation was implemented which included, (I) detailed
stratigraphic section measurements of sandstone beds and adjacent
lithologies, and (2) textural, depositional, and paleocurrent analyses
of isolated thick sandstone deposits.

Standard field methods with

Jacob staff were employed in the measurement of stratigraphic sections
of the Tongue River Member (SCI, SC2, SC6, SC16).

Lithologic details

were observed on minute scale (i.e., a one inch sand lens was included
in the lithologic description if it appeared within a thicker silty
unit).

Details of this extent were deemed necessary to more fully

comprehend the vertical and lateral lithologic variability within the
study area.
Large outcrops of cross-bedded, homogeneous sandstone, 12-19
meters thick, occur throughout the area.

Twelve sandstone outcrops

were chosen for use in this study based on quality of exposure,
presence and variability of sedimentary structures, and accessibility.
At five sites, these sandstone beds were measured in detail (SC3,
SC7, SC8, SC9, SC12).

Data included lithologic descriptions, thick

ness measurements, sedimentary structures, and paleocurrent direction
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measurements.

Samples were"taken at every change of sedimentary

structure or lithology.

Seven additional sites (SC4, SC5, SC10,

SCll, SC13, SC14, SC15) were studied in less detail; special attention
was directed at the vertical sequence of sedimentary structures and
paleocurrent measurements as they compared to the five detailed sand
stone sites.
■Laboratory analyses included thin section examination of sand
stone samples of section SC3.

Each sample was examined for mineral

composition using a point-count .technique (Chayes, 1949; van de Plas
and Tobi, 1965) on the Swift point counter.

In addition, all samples

from the five detailed sites were subjected to size analysis.

Samples

were easily disaggregated by hand, and the less than 4 phi fractions
were sieved to % phi intervals using procedures delineated by Folk
(1974).

The greater than 4 phi portions of the sieved samples under

went pipette analysis according to procedures by Folk (1974).

Chapter 2
GEOLOGIC SETTING
Structural Geology
Broad, open folding is the characteristic structure of the Montana
portion of the Powder River Basin (Brown, 1958) .

Dips of as milch'as

35° are found in the basin sedimentary rocks along the front of the
Bighorn Mountains,

whereas, dips of less than 5® are predominant in

the central portion of the basin.
The Decker area is situated on the northern flank of the Ash
Creek anticline.

Strata are nearly horizontal, with dips less than

3° to the southwest.

Local reversals in the dip direction reflect

the gently folded nature of the area.

One of the more conspicuous

features in the area is the parallel alignment of the stream drainages.
The drainage patterns emphasize the northeast- and northwest-trending
■
lineations that were most probably caused by tensional releases as a
result of the Bighorn uplift.

This trend is also displayed as frac

ture patterns in the surface rocks of the area.

More than 2000

readings were obtained in the Squirrel Creek area, and greater than
6000 readings were taken in the East pecker area near SC8 (Fig. ,I) .
These fracture patterns indicated two common trends, N 25-30° E, and
N 55-60° W.

There was no significant change in the orientation of

the fracture patterns in the 20km area; therefore, it is believed
that these fracture trends are representative of a regional struc
tural pattern.

Seven northeast trending faults have been identified
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in T. 9 S., R. 38, 39, 40, and 41 E.

These faults have the down-

dropped block on the southeast side; apparent displacement along the
faults ranges from 10 meters to as much as 72 meters.
Three of these faults are located in the general vicinity of
the study area (Fig. 2),

The fault in sec. 25, T. 9 S., R. 39 E.
i

and in sec. 30, T. 9 S., R. 40 E. delineates the southeastern limit
of the study area.
observations.

Fault displacement is 65m, as estimated by field

The second fault, located in sec. 26, 27, and 28,

T. .9 S., R. 39 E., is to the west of the study area and does not
disrupt any of the lithologies of the study.

This fault extends to •

the southwest through Tanner Creek; offset appears to be 60m.

The

third fault parallels the other two faults of the study area.

In

sec. 10, 11, and 15, T. 9 S., R. 39 E., the third fault offsets
lithologies by approximately 73m.

Like the previously mentioned

fault, this one extends southwest into the Tanner Creek area.

Sites

SCll and SC12 are located on the up side (northwest) of the fault.
The study sandstone beds of SCll and SC12 were correlated with the
other sites in Squirrel Creek-Dry Creek based on the stratigraphic
position of the study sandstone with respect to the Roland Coal bed.
The Roland Coal occupies the ridge tops and the study sandstone is
70m below the base of this coal bed.

The interval between the

sandstone and Roland Coal is a constant thickness throughout the
study area.
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Geologic History

Most of the literature on the early Tertiary in southeastern
Montana and northeastern Wyoming is centered on the economic worth
of the Bighorn and Powder River Basins.

Early research was initiated

largely due to coal, gas, and oil reserves in the two basins (Barton,
1904, 1906; Taff, 1909; Rogers and Lee, 1923; Thom, et al, 1924;
Hares, 1928; Baker, 1929; Thom, et al, 1935; Mackin, 1937; Richards,
1955; Olive, 1957; and Matson and Blumer, 1973).

However, a compre

hensive evaluation of the sedimentologic interrelationship between
these two basins during Laramide tectonic events has never been
performed.

Such a study might help to determine the exact time of .

the Laramide orogeny.
Many authors support the notion that the Laramide orogeny in
northeastern Wyoming began in very late Hell Creek time (Cretaceous),
reached, maximum activity during Fort Union time (Paleocene), and was
in its waning stages during Wasatch deposition (Eocene).

An isopach,

of both the youngest member of the Fort Union Formation and the
Wasatch Formation indicates maximum Laramide subsidence of the Powder
River Basin, and therefore helps substantiate that the Laramide
progeny was at its peak of activity at that time,.

The lower two

members of the Fort Union Formation, the Tullock and Lebo Members,
are predominantly very fine sandstone and siltstone.

"It is
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interesting to note that when the Laramide structural movements in
this area were [supposedly] finally active, a thick,, fine-grained
mudstone unit, rather than coarse fans of elastics derived from
mountain uplifts, filled the basin" (Curry, 1971).
Sharp (1948), Brown (1948), Richards (1955) and Hoppin and
Jenning (1971) support the idea that major movement along the Bighorn
Range did not take place until Eocene time.

It was not until Eocene

that any significant accumulation of conglomerate appear in the rock
record.

The presence of the Kingsbury Conglomerate (Dafton, 1906;

Sharp, 1948; Hoppin and Jenning, 1971) at the base of the Wasatch
Formation indicates that tectonic activity in the immediate vicinity
of the Powder River Basin was intensifying.
of Mesozoic and Paleozoic rock fragments.

The conglomerate consists
The lack of Precambrian

fragments indicates that the metamorphic core of the Bighorn Mountains
had not been dissected by this early deformation (Hoppin and Jenning,
1971).' The first significant accumulation of Precambrian detrital
material is found in the Moncrief Conglomerate of middle Eocene time
(Hoppin and Jehning, 1971).

Thus, the age and composition of the

two Eocene conglomerates is evidence of an Eocene maximum for the
Laramide orogeny.

This age conflict of the orogeny certainly merits,

further research so that an accurate picture of the Tertiary Powder
River Basin history can be developed.
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Stratigraphy

During the late middle Cretaceous Period, the area of southeastern
Montana, northeastern Wyoming, and western North and South Dakota was
occupied by the Pierre Sea. Marine shale (Bearpaw Shale) and to a lesser
extent beach sands (Fox Hills Sandstone) were the typical deposits of
the area (Fig. 3).
These were the last marine deposits in this area as the Late
Cretaceous sea withdrew toward the southeast.

The Lance Formation

(the Wyoming equivalent of the Hell Creek Formation in Montana) is
the first continental deposit subsequent to the regression of the
Pierre Sea.

It is composed of gray and brown sandstone, dark gray

to black carbonaceous shale, and coal.

These sediments were deposited

on low flood plains, estuaries, and brackish water ponds in close
proximity to the open sea.

According to Brown (1958), the only coal

in the Hell Creek is near the base of the formation just above the
Fox Hills Sandstone.

The thickness of the Hell Creek Formation varies

from approximately 215m along the basin margins to over 1,000m in the
center of the basin.
The contact between the Hell Creek and the Fort Union formations
was initially determined to be the base of the first persistent coal
seam above the Fox Hills Sandstone, excluding the small basal coals
of the Hell Creek.

Poor exposures, and lack of conclusive evidence .
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of the regional extent of the coal has led to confusion over the
Cretaceous/Tertiary boundary.
A more reliable determination is based on floral and faunal
changes.

The Hell Creek contains distinctive floras and various kinds

of fauna including reptiles, a few mammals, and fresh water molluscs
which are found in what is commonly referred to as the Triceratops
beds of eastern Wyoming.

According to Dorf (1940), there is a dis

tinct discontinuity between Hell Creek and Fort Union floras.

"Less

than 10% of the type Lance species occur also in the type Fort Union
formation or other beds of definite Paleocene age" (Dorf, 1940).
Vertebrate evidence helps support the position of the contact
delineated by the floral evidence.

The Fort Union Formation begins

at the base of the non-dinosaur-bearing Tullock Member, at the top
of the Triceratops beds of the Hell Creek Formation.
The Fort Union Formation is the first Tertiary unit in the Powder
River Basin.

It was named in 1862 by Meek and Hayden from outcrops

at the mouth of the Yellowstone River near the North Dakota-Montana
line (Brown, 1952).

"Except a distance of 25 miles between Banner

and Buffalo (Wyoming) on the west side of the Powder River Basin, the
Fort Union formation, in whole or in part, encircles the entire basin"
(Brown, 1958).

The formation varies in total thickness from about

1,130m near Sheridan, Wyoming to less than 665m in the Dakotas.

It
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accumulated as a flood plain deposit and therefore represent a
variety of depositional environments that were areally in juxtaposition.
In the central part of the basin, the Fort Union displays depo
sitional continuity with the underlying Hell Creek Formation but, near
the edges of the basin, a marked angular unconformity exists with
upper Cretaceous strata (Brown, 1948).
The Fort Union Formation of Montana has been divided into three
parts:

the Tullock, Lebo, and Tongue River Members.

The Tullock Mem

ber is composed of light brown, cross-bedded sandstone and gray shale.
According to Curry (1971), the Tullock Member is approximately 180m
thick near Sheridan, Wyoming and is as thick as 650m approximately
31km southwest of Bill, Wyoming.

Associated with these flood plain

deposits are numerous coal beds that are lenticular and less than 2m
thick.
The Lebo Shale Member is principally composed of dark gray,
olive, and black shale interbedded with several thin, discontinuous
sandstone beds.

The Lebo Member is noted for the many ferruginous

concretions contained in both the sandstone and shale beds.

Curry

(1971) estimated the Lebo to be 365m thick in the Sheridan area, and
as great as 830m near the town of Ross, Wyoming.
None of the previously described Cretaceous and Tertiary strati
graphic units are exposed in the Decker area.

Knowledge of these

units was obtained by stratigraphic accounts of nearby coal field
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reports; notably Taff (1909), Rogers and Lee (1923), Thom, et al,
(1924), Baker (1929), Thom, et al, (1935), Brown (1952, 1958).

The

first strata exposed in the Decker area are the upper 150m of the
Tongue River Member of the Fort Union Formation.

Chapter 3
TONGUE RIVER MEMBER, FORT UNION FORMATION

.

Stratigraphy
The Tongue River Member is heterogeneous, composed of dull gray
and yellow fine-grained sandstone, medium gray and brown siltstone,
shale, conglomerate,,and coal.

During Tongue River time, thick

sequences of lithologically homogeneous sediments were deposited in
flood plain environments.

An aggrading system suggests a near-balance

between basin subsidence and rate of sedimentation (Fisher, et al,
1969).

The environment was sufficiently stable during Tongue River

time to allow periods of uninterrupted coal deposition over large
areas of the basin.

In the Decker area, the Tongue River Member is

600m thick; however, near Lake De Smet northwest of Buffalo, Wyoming,
Curry (1971) estimated the Tongue River Member to be in excess of
1320m.
The upper limit of'the Fort Union Formation has been highly
contested in the past 55 years.

Color change is often used as a

quick method to determine the Tongue River Member-Wasatch Formation
boundary.

In many places in the, basin, the Tongue River Member has

light yellow, light buff, and light gray outcrops, while the overlying
Wasatch Formation has a darker gray and brown appearance (Royse, 1970;
Jacob, 1976).

However, in the Decker area the Eocene Wasatch Forma

tion exhibits the same composition and outcrop appearance as the
Tongue River Member.

Near Sheridan, Taff (1909) defined the
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Paleocene/Eocene boundary as the top of the Roland Coal (Fig. 3b.).
At a later date, Baker (1929) mapped the Sheridan area and likewise
placed the Fort Union/Wasatch contact at the top of the Roland Coal.
Unfortunately, T a f f s Roland Coal is stratigraphically below Baker's
Roland Coal by approximately 60m.

Taff was unknowingly mapping the

Smith Coal as the Roland Coal (Fig. 3b).

At present, the United

States Geological Survey is using Baker's contact for the Paleocene/
Eocene boundary (Law and Grazis, 1972).
In the Decker and Sheridan areas, the Roland Coal can be traced
for tens of kilometers without any significant changes in its thick
ness or stratigraphic position.

However, the use of the Roland Coal

seam as the position of the Paleocene/Eocene contact implies that the
Roland is a synchronous, basinwide coal deposit.
this occurrence is very small.

The probability of

At best, there were a number of coal

swamps forming quasi-simultaneously under similar environmental con
ditions.

The reality of the depositional environment is that these

coals are spatially arranged in such a way as to grade laterally into
flood plain deposits and channel sandstones.

Therefore, the use of a

coal seam as a major stratigraphic divider should be employed as a
convenient field technique for local mapping purposes only.
Because of the poor definition of the Paleocene/Eocene contact,
many workers in the Powder River and Williston Basins are developing
more quantitative differentiation techniques.

A powerful tool which

Figure 3a.
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is readily usable in the field is the grain size change between the
Fort Union and Wasatch formations. Working in the Williston Basin,
Royse (1970) discovered that sandstone of the Eocene equivalent of
.

the Wasatch Formation (the Sentinel Butte Formation) was coarsergrained than Tongue River samples.

Sentinel Butte samples displayed

average mean and median diameters of 5.87 and 5.76 phi, while those
of the Tongue River were 6.62 and 6.07 phi.

Along the western boundary

of the basin, the use of grain-size differentiation is very easy.
" [In much of the basin] the uppermost Fort Union Formation and the
lowermost Wasatch Formation are not readily distinguishable by eye.
However, at Kingsbury Ridge, about 4 miles southwest of Buffalo on
the west side of the Powder River Basin, the situation is clear.
There the lignitic Fort Union strata are overlain unconformably by
conglomeratic [Kingsbury Conglomerate] and greenish to variegated
sandy beds" (Brown, 1952).
Brown (1948, 1952), Sharp (1948), and Hoppin and Jenning (1971)
studied the Kingsbury Conglomerate extensively and delineated it as
the basal member of the Wasatch Formation.

It is preserved along the

eastern foothills of the Bighorn Mountains, but less spectacular con
glomeratic units are commonly found at the same stratigraphic level
throughout the Powder River Basin.
Denson and Pipiringos (1969) analyzed Paleocene and Eocene rocks
of Wyoming.and discovered that there is a distinct heavy minerals
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suite differentiation between the Fort Union and Wasatch formations.
In the Fort Union Formation, they found a plutonic assemblage of
heavy minerals represented by tourmaline and zircon.

The source of

these minerals is Paleozoic and Mesozoic sedimentary rocks.

In the

Wasatch Formation, the heavy mineral suite is dominated by first-cycle
blue-green hornblende, epidote, and garnet.

Denson and Pipiringos

determined that these heavy minerals were first-cycle based on
angularity and compositional instability of the grains.

This suite

was weathered from the Precambrian metamorphic and igneous rocks of
the Bighorn Mountains.

Denson and Pipiringos’ conclusions support

an idea presented earlier— that the time of Fort Union and Wasatch
deposition represents the development of progressive dissection of
the Bighorn Mountains (Hoppin and Jenning, 1971).
As stated previously, a relatively successful field method for
locating the Paleocene/Eocene contact is based on floral assemblages.
"Throughout the [Fort Union] formation, nearly every shale, clay and
sandstone contains well-preserved fossil plants, palms, water lilies,
birches, hazels, hickories, oaks, viburnums, and many other
dicotyledons....The aspect of the flora, taken as a whole, is so
characteristic that, a representative collection can be distinguished
easily from Cretaceous or Eocene assemblages" (Brown, 1952).
In the Squirrel Creek-Dry Creek area, there is a common occur
rence of a leaf-imprinted orange-brown siltstone.

Most often, this
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siltstone is found between the Smith and Roland Coal beds of Baker
(1929).

The. collection of leaves closely resembles the description

of the flora by Brown (1952).

One leaf in the study areg has been

identified as Corylus insignis, Heer, a hazel which Brown considered
a characteristic Paleocene plant.

Based on this and other field

observations, the author considers the Fort 'Union/Wasatch contact to
be at the top of the Roland Coal of Baker (1929) in the Decker area. .
Geologists working in the Williston and Powder River Basins are
dissatisfied with the status of this Paleocene/Eocene contact because
it is nearly impossible to do basinwide correlation studies.

The

inconsistency of nomenclature between states, plus the different
methods of distinguishing the contact are sufficient proof that more
research is needed in this "area.

Lithology

Siltstone

According to data from measured sections, siltstone comprises an
average of 28% of the outcrops in the Pearl School and Decker quad
rangles (Fig. 4 and Plate I).

Most of the siltstone is medium brown

to dark gray, and is poorly indurated.

These units range from a frac

tion of a centimeter to as great as 10 meters in thickness.

They

weather into smooth, vegetated surfaces unless protected from erosion

Figure 4 .
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by an overlying consolidated sandstone bed.

One third of the siltstone

beds have 10% or more organic matter in the form of twigs, roots, coal
chips, and leaf debris.

These organic components are concentrated in

thickly laminated beds intermixed with thin layers of siltstone and
very fine sandstone.

The other two thirds of the siltstone beds are

similar in appearance to the above mentioned beds, except contain no
organic material.
In any stratigraphic section examined in the field area, there
were one or two siltstone beds with distinctive outcrop appearances.
They are dark-orange to brown, very well indurated, highly calcareous
siltstone beds that maintain prominent outcrop exposures.

The colora

tion of these beds make them very recognizable in the otherwise dull
brown and gray colors of the remainder of the Tongue River Member.
These colorful siltstone beds are characterized by the abundance of
leaf imprints of Corylus insignis, Heer (Brown, 1952) and other
Paleocene flora.

These leaf-imprinted siltstone beds, are laterally

continuous for less than 440m, where they grade into nonleaf-imprinted
siltstone and shale.

Shale

There are two types of shale in the study area which make up 35%
of the surface exposures of the Tongue River Member (Fig. 4 and Plate
I).

The first type is characteristically dark brown-to gray,

x
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noncalcareous shale, the beds ranging in thickness from a few centi-r
meters to more than 12m.

These shale beds are, for the most part,

thickly laminated, poorly consolidated units which, on drying, break
into chips 3mm x 3mm.
The second type of shale is dark reddish-brown, thinly laminated,
and noncalcareous, with greater than 40% organic matter,

The organic

material is densely packed in paper-thin layers and resembles highly
decomposed leaf matter that has been composted.

In addition to the

organic matter, small lenses, less than 5mm, of sublignite coal are
commonly interbedded with the shales.

Along the bedding planes of

the shale there is often an accumulation of light yellow, powdery
sulfur compounds and abundant gypsum crystals.

Coal

In the Decker area, there are at least nine coal beds in the upper .
part of the Tongue River Member (Fig. 3b).

Many coal beds maintain

constant bed thickness and good lateral continuity.

However, some

seams split and rejoin in an apparently random fashion in the 127 square
km area of the Pearl School and Decker quadrangles.
this is in the Squirrel Creek area.

A good example of

It can be seen from drill data that

the Anderson, Dietz No. I, and the Dietz No. 2 coal beds join to form
a 26 meter thick seam.
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Coal beds of the Tongue River Member have been exposed due to
dissection of the landscape by stream erosion.
beds often undergo spontaneous combustion.

On exposure, the coal

Burning is a function of

the oxygen supply to the outcrop, and complete destruction of a coal
seam at the surface is common.

As a result of the intense burning,.

the surrounding strata have become highly altered and are referred
to as "clinker."

These clinker beds are the most resistant rocks in

the area, forming the ridge tops.

Usually red amid the drab grays and

browns of the sandstone, siltstone, and shale, these clinker units are
readily, visible at a distance and simplify local and regional litho
logic correlation.
The Smith, Squirrel Creek, and Roland coal seams are the only
Tongue River coal beds exposed in the Squirrel Creek area.

The

Roland Coal has been completely burned and almost entirely eroded
from all but the highest ridges.

The Squirrel Creek Coal (a local

coal) is of very poor quality and is often too impure to burn.

For

this reason, there are only patches of clinker associated with this
coal.

The Smith Coal is buried in valley alluvium in most of the

Squirrel Creek area.

It has been burned where it is exposed in

sec. 25, T. 9 S., R. 41 E.
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Conglomerate

x

Conglomerate beds consisting of matrix-supported clay pebbles
appear to be randomly distributed throughout the thick sandstone beds
of the Tongue River Member.

Commonly, the conglomerate beds are less

than .5m thick and occur in lenses less than 2.4m wide.
are various sizes ranging from 2mm x 2mm to 30cm x 50cm.

The pebbles
The smaller

pebbles have subsequent, subrounded shapes whereas the large pebbles
are irregularly shaped and subangular (Fig. 5a).

Sedimentary struc

tures such as graded bedding have not been observed in the conglom
erate beds; however, there are several instances of poorly developed
pebble imbrication.
The matrix of the conglomerate is composed of fine-grained sand
stone which is indistinguishable from the enclosing sandstone.

Data

obtained from size analyses of the matrix indicate the mean and median
grain sizes to be 3.47<1> and 3.15<j), respectively.

The mean and median

grain sizes for the surrounding non-conglomeratic sandstones were
3.87(f) and 3.37(f), respectively.

Similar conglomerates have been

reported in the Tongue River Member by.Woolsey, et al, (1917), and
Shurr (1972).
A large, well-preserved sequence of conglomerate and sandstone
beds is present in the outcrops of SC4.

This 10.2m thick isolated

outcrop is 70% matrix-supported conglomerate interbedded with
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Figure 5a. Conglomerate Bed. Typical conglomerate bed from SC4; shows
abrupt, concave contact with underlying sandstone, also shows random
orientation of pebbles, and size distribution-hammer is 30cm in length.

Figure 5b. Matrix-supported Clay Pebbles. Matrix-supported clay
pebbles that have been plastically deformed around another pebble
during deposition, located at site SC9; dime for scale.
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non-conglomerate sandstone beds.
conglomerate is 3.5m.

The average thickness of each

Composition of the pebbles is dominantly light

gray shale and medium brown siltstone.

Pebble composition is very

similar to siltstone and shale beds of the Tongue River Member.
Some pebbles are contorted and wrapped around other grains, appearing
as if they were plastically deformed (Fig. 5b).

These pebbles are

interpreted as derived from local deposits of semi-consolidated silt
stone and shale, intraformational clasts of the Tongue River Member. .

Sandstone '

Introduction.

Statistical estimates from field data indicate

that approximately 25% of the Tongue River Member consists of yellowgrey sandstone (Fig. 4 and Plate I).
U

Slightly more than 50% of these

Z

sandstones are less than 2. meters thick in the area.

The major

cementing agents of the sandstone beds are calcium carbonate and iron
oxide, the former being most prevalent.

The !sandstone is so poorly
I

consolidated that it is very easily disaggregated by hand.

••

The

topography reflects this characteristic of the sandstone beds, as
the units are weathered into smooth slopes.

Geometry.

There are two distinct sandstone body geometries

exhibited in the study area:

tabular deposits and sheet deposits.

The sheet deposits (Selley, 1970), or vertical accretion deposits
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of Wolman and Leopold (1957), Latterman (1960), and Allen (1970),
are widespread accumulations of sand that are usually less than one.
or two meters thick.

The sandstone beds have intercalated siltstone

and shale beds, and often contain organic material in the form of
coal chips and leaf debris.
Tabular deposits of sandstone are the second type of sandstone
body geometry in the Decker area.

These deposits have also been

referred to as lateral accretion deposits by Fenneman (1906) ,■ Wolman
and Leopold (1957), Visher (1965a), and Allen (1970), and as shoe
string sands by Pettijohn (1962), and Selley (1970).

In the study

area, one tabular sandstone body has been recognized on outcrop for
a distance of 8.8km.
meters.

Thickness of sandstone ranges from 10 to 19

These sandstone beds are more consolidated and resistant

than the sheet sandstones, and project above finer-grained alluvial
sediments to form small mesas.

The top of the tabular sandstone is

70m below the base of the Roland Coal bed.

Due to present weathering

patterns, good exposures are afforded on the northeast slopes.

The

sandstone body extends southwest and northeast of the study area but
is largely concealed by grass-covered slopes and younger strata.
sandstone body, where exposed, is a minimum of .4km wide.

The

However,

poor exposure and lack of drill, log data in adjacent areas make it
impossible for any further speculation as to the sandstone width.
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Composition.

In the 21 square km of the study area, 58 sand

stone samples were analyzed to determine composition.

All samples

were disaggregated and examined with a binocular microscope.
composition was determined by visual estimations.

Percent

In addition, nine

thin sections from SC3 (Fig. 6a and 6b) were prepared from which per
cent composition were ascertained by point count method (Chayes, 1949;
van der Plas and Tobi, 1965).
with estimated observations.

Point count data were then compared
The resulting values were statistically

determined to be within 5% deviation of the point count compositions
at the 95% level of confidence.

Major Constituents.

Results of these analyses show that quartz

and chert comprise an average of 59% of the total grain population.
Quartz occurs as dark green, rose, and clear grains, and chert is
predominately dark gray and brown; these grains are subrounded and
subsequent.

The second most common mineral is calcite, averaging

13% of the total composition.

Approximately 80% of the calcite is

present in the form of discrete, well-defined grains; the remaining
20% is secondary sparry calcite cement.

Calcite grains are approxi

mately the same size as quartz, and they have well preserved crystal
faces that show few signs of pitting or etching by solutions.
Plagioclase represents 10% of the total composition.

Grains are
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Figure 6a and 6b. Photomicrographs of Sandstone from SC3. Figure 6a
is a 4Ox magnification; Figure 6b is the same area as 6a but at IOOx
(crossed nicols); shows grain size, angularity, and composition.
Quartz (Q), plagioclase (P), mica (M), calcite (C).
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badly weathered as evidenced by their rough, irregular shape and .
small grain size— they are one-half the average size of quartz grains.

Accessory Minerals.

Micaceous minerals of muscovite, biotite,

and chlorite account for 4% of the sandstone composition.

Hornblende

comprises 3% of the grains, and augite is present in trace amounts.
The remainder of the grains is composed of hemitite-cemented aggre
gates of sand size.

The individual grains are composed of clusters■

of silt-sized particles.
sandstone samples.

Aggregates are disseminated throughout the

Because of their random distribution in the

sandstones, it is assumed that the aggregates were formed prior to
deposition, and were transported as individual sand-size aggregates
in the sediment load.

Texture

Grain Size and Shape.

Samples from SC3, SC9, and SC12 were

disaggregated and analyzed for partical size distribution according
to standard sieve and pipette procedures of Folk (1974).

Results of

the size analyses were plotted on cumulative curves with a probability
ordinate (cumulative percent versus.grain size measured as phi values)
Folk statistical parameters (1974, p. 44-48) of grain size were
extrapolated from these curves (Fig. 7).
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Figure 7. Cumulative Weight Percent Curve. Typical cumulative weight percent curve
exhibits grain size distribution for sandstone beds in Squirrel Creek. Line A repre
sents traction population, lines B and C are the saltation population, and Line D
indicates suspension population of sand sample according to Visher, 1969.
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Median grain diameters (Md) range from 2.52<J) to 3.78(f); average
diameter is 3.23(f).

The graphic mean (Mz) , a more sensitive repre

sentation of grain diameter than the median, shows a distribution of
2.74(f) to 3.93(f), with an average value of 3.43(f).

In the Wentworth

size classification (1922), these size ranges are equal to very fine
sand.
Phi quartile skewness values were all positive, indicating an
excessive amount of fines in the samples.

The amount of silt, and

clay (>4<j)) per sample ranged from as low as 11.6% by weight to 37.9%.
The average amount of fines from all sieve samples is 23.2%.
The high percentage of fines is also reflected in the inclusive
graphic skewness values which average 0.48(f) and vary from 0.30(f)
to 0.74(f).

According to Folk these values indicate strongly fine-

skewed samples.
The Tongue River sandstones have inclusive graphic standard
deviations (Oj) ranging from 0.94(f) to 1.82(f), with an average of
1.24(f).

Folk interpreted sandstones with these values as poorly sorted

deposits.

Poor sorting is a reflection of bimodal distribution in

the sandstones; the two modes are 2.75(f) and >4(j).
Folk defines kurtosis as a ratio between sorting in the central
portion of a probability curve and sorting in the "tails" of a curve.
Kurtosis values refer to the peakedness of a curve.

A curve is

leptokurtic (excessively peaked) if the central section is better
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sorted than the tails of the curve.

Transformed kurtosis values for

the samples are .6 and .8, average is .68, which are equivalent to
leptokurtic and very leptokurtic forms, respectively.
The statistical parameters most sensitive to small variations
in grain size are median, mean, and inclusive graphic standard
deviation.

Each sandstone bed in the study site reflects minor

changes in these parameters.

In Figure 9, grain size parameters of

SC3 are plotted in the vertical sequence.
be made about these patterns.

Several observations can

First, there does not appear to be

much variation in median and mean diameters in vertical profile.
However, the pattern of mean and median values suggests a slight
vertical decrease in grain size.
upward in vertical sequence.

Second, sorting values (aT) improve

Here, it is important to note that the

most poorly sorted samples usually have the coarsest mean and median
values.

Third, the most poorly sorted samples are associated with

trough-cross-stratification.

Matrix.

A fundamental question arises on examination of Tongue

River Member sandstone.

What is the source of the voluminous amount

of matrix, an average of 23% of the total composition, within the
sandstone beds?

Review of the literature indicated diverse opinions

on this subject. Matrix was originally thought to be a recrystalli
zation product of original detrital material-presumably mud.

If this
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is a correct assumption, one must explain the fluvial regime in
which both sand and mud were simultaneously deposited (Pettijohn, et
al, 1972).

Kuenen (1966), working with large suspended-load turbidite

experiments, showed that lutum (<0.04mm portion of sample) transported
with sand grains, can be trapped in pore spaces between sand grains
during deposition.

Kuenen believed that only a small amount of matrix

would be produced in this way, less than 5% of total composition.
Cummins (1962a, 1962b) and Kuenen (1966) proposed a diagenetic
origin of matrix.

Loading and thermal influences, as a result of

burial, cause pressure solutioning at grain contacts, the dissolved
matter being added to the matrix.

Rock fragments and feldspar are

most susceptible.to pressure solutioning.

Therefore, matrix produced

by loading is proportional to the amount of unstable constituents in
the initial deposit.

Hawkins and Whetton (1969) conducted temperature-

pressure experiments on sands with varying amounts of. unstable grains
and found that matrix minerals were produced at 2500C and a water
pressure of I kilobar.
Emery (1964, in Pettijohn, et al, 1972) and Klein (1963) believed
that matrix could be introduced into a porous sand deposit by the
influx of interstitial water from overlying or underlying beds.

This

process probably occurred in the Tongue River Member because the
fluvial sandstone beds were subjected to high groundwater table con
ditions along the stream bank subsequent to deposition of sedimentary
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units.

Tongue River Member sandstone probably acquired some matrix

by entrapment and some by pressure solutioning during compaction.
However, the most likely explanation of matrix in Tongue River sand
stone is mechanical introduction by migrating water through the sand
deposit.

Classification.

Many ternary systems of sandstone classification

have been developed in the United States.

Klein (1963) presented a

good review of the classification schemes prior to 1960, and implicated
some of the inherent weaknesses of the various systems.

The two

greatest drawbacks of most classification systems are their inflexi
bility and devotion to compositional characteristics only.
stated this problem very well:

Dott (1964)

"Clearly the ternary and quaternary

diagrams have imposed mental straitjackets upon rock classification;
as a consequence, much argument ensues directly from the supposed heed
to squeeze all major constituents into one of only three or four
categories."
Early classification schemes categorically neglect the textural
aspects of sandstone.

Compositionally, Tongue River Member sandstones

can be classified within a number of ternary systems that incorporate
quartz (including chert), plagioclase, and rock fragments as end
members of the compositional triangle.

However, such classifications

indicate very little about actual appearance of the sample. . Values

\
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of textural maturity (Folk, 1951), coupled with compositional, data,
give a more complete picture of the sandstone.

These data help

establish provenance, transportation distance from source area, nature
of flow regime, and to an extent, the character of the depositional
environment.

For this reason, Dott's classification system (1964)

is used in Tongue River Member sandstone identification.

Dott's

system is a compilation of Gilbert's (in Williams, et al, 1954)
silicate sandstone scheme, and Folk's (1951) ideas concerning textural
and compositional maturity.

According to Dott's classification, the

sandstone beds of the Tongue River Member are feldspathic wackes.

Lithologic. Sequences

General

Figure 4 depicts detailed stratigraphic relationships of the
surface exposures in the Squirrel Creek area.

It was developed as

a composite diagram, of the stratigraphy in SCI, SC2, SC6, and SC16.
This general sequence of lithologies resembles the characteristic
upward-fining sequence of Allen (1965a):

a transition from sand

stone, through siltstone, into shale, and culminating in a coal
deposit, or locally, a shale with high organic content-the rooty
shales of Casshyap (1975).

The upward-fining sequence often reverses
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itself to upward-coarsening deposits.

Eleven cycles are found in

Fort Union exposures of the Decker area.
The vertical and lateral distribution of these deposits is based
on interior (hydraulic parameters) and exterior (tectonic) influences.
Beerbower (1964) distinguished between autocyclic (interior) and
allocyclic (exterior) mechanisms of deposition on alluvial plains.
Autocyclic influences are generated in the alluvial system and include
processes of channel migration, channel diversion, and bar migration.
In contrast, allocyclic influences are the product of uplift, subsi
dence, climatic variation, and sea level changes.

Fisk's (1944) work

with modern sedimentation in the Mississippi River system showed that
the most common sedimentation pattern is (a-b-c/a-b-c) where:

'a'

is well bedded sandstone, 'b' is siltstone, and 'c ' is shale.

Less

frequently, a second pattern occurred:

(a-b/a-b/a-b).

Fisk inter

preted these two patterns as the result of channel migration on an
alluvial plain.

Specifically, the (a-b-c/a-b-c) pattern is the normal

lithologic sequence developed as a result of gradual channel migra
tion, whereas, the (a-b/a-b) sequence is an abbreviated form of the
(a-b-c/a-b-c) pattern.

The high energy channel is often well below

the depositional level of the other environmental elements.

As a

result, channel scour will locally reduce lithologic sequences to
(a-b/a-b).

The depositional style in the Squirrel Creek area exhibits

ten well developed periods of channel migration (Fig. 4).
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Cyclicity

The original cyclothem concept (Weller, 1930) was based on the
occurrence of sedimentary rock reflecting wide lateral distribution,
little vertical and lateral lithologic variability, and the alterna
tion of marine and nonmarine environments.

In the past 15 years, a

new cyclothem model has evolved which deals with strictly nonmarine
sedimentary rocks (Allen, 1964, 1965a; Beerbowef, 1964; Casshyap,
1970, 1975).

According to their studies, sandstone beds at the base

of each upward-fining cycle frequently manifest large- and smallscale cross-stratification.

The presence of sandstone beds with

these structures in the lower part of the system is indicative of
stream deposition.

It has been shown that the flow regime necessary

to produce these sedimentary structures is associated with point bar
and channel bar deposition (Frazier and Osanik, 1961; Harms, et al,
1963, 1965; Bernard and Majors, 1963; Lane, 1963; McGowen and Garner,
1970; and Casshyap, 1970).

Alternate beds of siltstone, claystone,

and very fine sandstone in the upper portion of the cyclic model have
geometrical, textural, and sedimentary structure characteristics
similar to overbank deposits (Reinemund, 1955; Wolman and Leopold,.
1957; Latterman, 1960; Walker, 1963; Allen, 1965b; Casshyap, 1970;
and Kesel, et al, 1974).
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Modes of Channel Migration

Cyclicity due to channel migration in meandering streams on
alluvial plains has been attributed to a number of different influences
and processes, such as, channel geometry, nature of bed material, avul
sion, and diastrophism.

Channels cut into sandstone will have higher

bed roughness, and consequently a wider, shallower cross section than those in shale and siltstone (Schumm, 1960).

Accordingly, channels

cut in sandstone are more susceptible to migration and diversion.
Accumulation of levee deposits that parallel the stream course
create topographic ridges on the flood plain.

During periods of

normal and low stream flow, levees help restrict lateral channel
migration and they completely isolate the flood plain from the stream
channel.

"The restriction of a stream to a meander belt, combined

with the complicated upward deposition therein, leads to substantial
local elevation of the floodplain surface" (Allen, 1965b). When
flooding conditions occur, streams leave their channels, destroying .
sections of the levee system.

Flood waters most often return to their

original stream channel, but occasionally avulsion occurs.

"Avulsion

is the sudden abandonment of a part or the whole of a meander belt by
a stream for some new course at a lower level on the floodplain"
(Allen, 1965b).

This process is a more rapid form of channel migra

tion than gradual channel wandering across an alluvial plain; however,
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both modes of channel migration produce similar sequences of
lithologies, such as those discussed in the previous section.
Another cause for channel migration and cyclicity in sedimenta
tion may be due to diastrophic controls imposed by tectonic events
(Reinemund, 1955; Weller, 1956; Allen, 1964, 1965a; Casshyap, 1970).
Sympathetic downwarping in response to tectonic uplift creates a
basin in which deposition can take place.

Weller (1956) assumed

that intermittent movements are synchronous in both the basin and
source area.

The actual sequence of basin responses to tectonism

is variable from basin to basin, but some general assumptions can
be made about the nature of deposition in basins.

Gradual basin

subsidence serves to initiate several processes related to alluvial
plain development:
(1)

Basin subsidence increases stream gradients which initiate
downcutting in the source area, resulting in increased sediment
supply to the basin.

(2)

Subsidence stimulates channel wandering because of increased
sediment load and alteration of stream gradient (Schumm, 1960,
1968b).

In effect, subsidence imposes an artificial base level

change to the area.
(3)

Periods of quiescence allow maximum development of the integrated
flood plain environments.

I
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Interpretation of the origin of cyclic sedimentation becomes
increasingly difficult when considering the various processes,
channel morphology, channel migration, avulsion, and diastrophism
described above.

Each process requires specific combinations of

hydraulic parameters and environmental responses, but the final
depositional products are similar.

These processes are not mutually

exclusive, rather, they are functions of each other.

A.better knowl

edge of the combination of the variables active in basin deposition
will allow more realistic interpretation of lithologic sequences in
alluvial plain sedimentation.

Depositional Environments

The Tongue River Member is an accumulation of sediments from an
alluvial flood plain system.

This fluvial system was dominated by

broad meandering stream systems and their associated flood plain
deposits.

In alluvial systems, sediments can be separated into five

genetic types:

(I) vertical accretion or overbank deposits (levee

and backswamp); (2) channel-fill deposits; (3) crevasse-splay deposits;
(4) lateral accretion deposits (point bar and channel bar); (5) channel
lag deposits.

Each lithology in the Tongue River Member will be dis

cussed in terms of these alluvial environments.
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Siltstone

There are several possible origins for siltstone in the Tongue
River Member.

In alluvial systems, siltstones are a significant part

of overbank and vertical accretion deposits.

Levee deposits are formed

during flood stages when suspended sediments are carried over the
stream banks.

Water velocity is rapidly reduced, causing much of

the suspended material to be deposited just outside the channel.

These

deposits are generally narrow, wedge-shaped deposits that parallel the
length of the main channel and are usually the highest topographic
feature on the flood plain.

Grain size and bed thickness decrease

laterally from the stream, and the deposit gradually interfingers with
flood plain siltstone and shale.
Crevasse-splay deposits are developed when levee systems are
breached during flooding.

Above-normal quantities of sediment-laden

water are diverted from the main channel and spill onto the flood
plain.

Water exits the main channel with sufficient force as to carve

"v"-shaped troughs in the alluvium and levee deposits.

Thus, crevasse-

splay deposits are commonly narrow tongues of sediment that pinch out
toward the flood plain.

Good three dimensional exposure is necessary

to distinguish crevasse-splay deposits; otherwise, they may be mis
interpreted as other types of flood plain siltstone deposits.
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On a flood plain, the vertical accretion deposits occupy the
transition zone between an active stream and the poorly drained flood
basin.

The flood basin occupies the lowest topographic position in

an alluvial system.
of flooding.

It is often subaerially exposed due to infrequency

Vegetation establishes itself on the flood plain and

stabilizes overbank deposits.

Subsequent flooding destroys the

shallow-rooted plants and incorporates them in the water column as
flood debris.

Suspended fine grain sediments gradually settle out

of the standing water and slowly accumulate as thinly laminated inter
beds of siltstone, shale, and organic litter.
Crevasse-splay, levee, and flood basin deposits display similar
characteristics.

They are poorly sorted sheets of sediment that

decrease in bed thickness and grain size away from the main channel.
The boundaries of each environment are imprecise and shift with each
new episode of flooding.

Flood basin deposits are most recognizable

because of their distinct bedding features.

Latterman (1960), Allen

(1965b), Kesel, et al (1974), and Reineck and Singh (1975) stress the
importance of body geometry and grain size variations when making
distinctions between crevasse-splay and vertical accretion,deposits,
Neither of these parameters is readily observable in siltstone beds
of the Tongue River rocks.

However, it is interesting to note that

the energy regime required to build levee deposits is approximately
the same one that would develop crevasse-splay deposits.

Therefore,

46
the inability to discern precise differences in siltstone environments
does not significantly .detract from one's ability to comprehend
alluvial plain sedimentation.
-

'

I

Shale

The gray and brown shale in the Squirrel Creek area is also the
product of flood basin sedimentation.

Like the siltstone, the shale

displays thin lamination, leaves, tree stumps and other amounts of
organic matter that suggest quiet conditions such as marshes, lakes,
and swamps.

The shale is adjacent to and merges with flood basin

siltstone and the meande,r belt sandstone.

Flood plain sediments form

a depositional continuum from the stream to the backswamp (Royse,
1968).

Coal

In flood plain environments, coal swamps represent on4 end member
of the depositional energy scale, assuming channel deposits as the
other end member..

In parts of the flood plain, there is nearly com

plete stagnation of flood water as backswamps.

Except during floods,

no new influx of water enters the swamps.
According to Reinemund (1955), coal is formed from organic matter
that accumulated in backswamps on stable flood plains.

Weller (1930)

believed that most of the organic matter was derived within the swamps
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Coal bed thickness is directly proportional to the rate of develop
ment of organic matter in the swamp, and the amount of compaction
that occurs during coalification.

Geometry of a coal deposit is a

function of lateral, extent and duration of the swamp.
the environment is related to basin stability.
quiescence, swamp environments flourish.

Duration of

During periods of

When subsidence begins,

equilibrium on the flood plain is destroyed.

As a result, the swamp

environment is generally buried by an influx of sediments to the
basin.

This process is one of the ways to account for the cyclicity

of coal deposits.

Conglomerate
X

Three dimensional exposure of conglomerate beds in the'area
indicates they were deposited in trough-shaped channels.

These beds

have an abrupt contact with the underlying non-conglomeratic sandstone
and grade upward into a second non-conglomeratic sandstone (Fig. 5a).
An hypothesis for the origin of the conglomeratic units in the
Tongue River sandstone is that of bank wall collapse (Lugn, 1927;
Fisk, 1947).

Undercutting of semi-consolidated bank sediments by

a meandering stream is a common observation in modern ,stream systems.
After sufficient undercutting, bank caving introduces large volumes
of sediment into the stream.
of normal stream flow.

This may cause temporary restriction

As this blockage breaks up, pebbles of
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varying sizes will either be disaggregated or incorporated as pebbles
into the normal sediment load of the stream.
of the pebbles may be variable.

Transportation distance

This hypothesis adequately accounts

for the observations made on the pebble conglomerates in the study
area:
(1)

Composition of the pebbles resembles that of the siltstone and
shale of the Tongue River Member.

(2)

Angularity and size variations of the pebbles indicate short
transport distance from the source area (i.e., bank collapse
occurs on one meander loop and deposition of the conglomerate
takes place on the next loop downstream).

(3)

The sandstone matrix of the conglomerate beds has the same
composition and grain size as surrounding nbn-conglomeratic
sandstone beds.

This suggests a gradual incorporation of

pebbles into the stream bedload.
(4) .The ubiquitous occurrence of conglomerate beds throughout the
sandstone in the study area indicates the source of the pebbles
was always at hand;

the process of bank undercutting is a

continuous action in stream channel development.

Sandstone

Two main approaches have been taken by scientists in their
interpretation of fluvial sand deposits:

quantitative hydraulic flow
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studies and interpretation of sedimentary structures.

A basic under

standing of each of these phases of sediment analysis is important
for a clear picture of the sedimentary environment.

A brief review

of the hydrodynamics of flow is presented here.

Hydrodynamic Factors.

I do not intend to present a lengthy

explanation of the various hydrodynamic principles involved in open
channel flow.

Several authors that admirably deal with this subject

are Simons and Richardson (1961), Allen (1965b), Briggs and Middleton
(1965), McGowen and Garner (1970), and Pettijohn, et al (1972,
p. 329-354).

A concise evaluation of the hydrodynamic variables can

be summarized in this definition of flow:
The type of flow may be classified in two different
ways: as laminar (= streamline) or turbulent depending
on whether the fluid particles move along smooth or
irregular paths, and as tranquil (streaming, subcritical)
or rapid (shooting, supercritical) depending on whether
the velocity of flow is exceeded by the velocity of propa
gation of long surface waves in still water or exceeds
that velocity. The transition from laminar to turbulent
flow takes place at a critical value of the Reynolds
number, and the transition from tranquil to rapid flow
takes place at a critical value of the Froude number.
(Ftom Glossary of Terms, SEPM Special Publication #12,
p. 247)
The Reynolds number (Rg) is a dimensionless number which is an inter
pretation of inertial and viscous forces acting in an alluvial
environment:
R =
e

VLp
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where: V = average fluid velocity
L = length representing geometry of the channel crosssection (the hydraulic radius)
p = density of fluid
y = viscosity of fluid
Another dimensionless number, the Frdude number (F), represents a
ratio between inertial and gravitational forces:
F = _i_

where:

■

V = average flow velocity
g = acceleration due to gravity
D = depth

Differences in these two numbers reflect changes in stream
velocity, depth, surface roughness, viscosity, channel geometry,
slope, and grain size parameters.
Correlations between these empirical numbers and actual bed forms
created in a stream environment were made by Simons and Richardson
(1961), Harms and Fahnestock (1965), and McGowen and Garner (1970)
(see Fig. 8).

They related hydraulic parameters such as Froude number,

grain size, and water depth to bed forms, thus producing the Flow
Regime concept. .Lower flow regimes are characterized by Froude numbers
less than I.

They are dominated by small-scale sedimentary structures .

such as ripples, sand waves and dunes.

Upper flow regimes exist where
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Fronde numbers are greater than I.

Horizontal or planar bedding,

standing waves, and antidunes are the bed forms most common within
this regime.

These evaluations make it easier to interpret flow

characteristics associated with sedimentary structures, preserved
in the rock record.

Bed Form Interpretation.

Much work has been done in the past 40

years on the interpretation of fluvial sand deposits.

One proven

method used in developing depositional models has been to compare a
vertical sequence of sedimentary structures preserved in the rock
record with sedimentary structures generated in modern stream environ
ments.

These comparative studies, coupled with flume experimental

data, provide invaluable information about hydrology of depositional
environments.

The following section is a description and evaluation

of the mode of deposition of the various sedimentary structures found
in.the vertical sequence of a representative tabular sandstone unit.

Sedimentary Structures.

Study site SC3 (Fig. 9 and Fig. 10) is

a 13.8 meter exposure of moderately well consolidated sandstone.

The

basal 2 meters consist of lithologically homogeneous, wedge-shaped,
cross-stratified coset beds, which display erosional, planar lower
boundaries (Fig. 9 and Fig. 11).
I meter and as small as .3 meters.

Bed set thicknesses are as great as
Allen (1963a) defined this type

of sedimentary structure as xi-cross-stratification.

The origin of
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Figure 10. Site SC3. Full-scale view of site SC3 showing outcrop
appearance, large-scale sweeping cross-strata at base, and small-scale
strata at center top of the photo.
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Figure 11. Xi-Cross-Stratification. Large-scale cross-stratification
of SC3, also called xi-cross-stratification. Shows tangential basal
contact and erosional upper surface of bedding plane; flow from right

Figure 12. Omikron-Cross-Stratification. Typical large-scale set of
tabular cross-strata from SCS, also called omikron-cross-strata, loca
ted in center of the picture; flow from left to right.
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these large-scale structures is not well understood, but they are
possibly formed by the migration of longitudinal dunes.
Above this basal unit is a 3.1 meter interval of large-scale sets
of tabular cross-strata (Fig. 9 and Fig. 12).

Individual bed sets

range from 40mm to 30cm in thickness and are enclosed by thin units
of horizontal strata.

These tabular cosets of strata closely resemble

Allen's omikron-cross-stratification.

According to Allen (1963a,

1965a), the major mode of formation of omikron strata is by the migra
tion of trains of large-scale, straight-crested, asymmetrical ripples.
There is some ripple crest preservation in omikron units of the study
sandstones, implying that, when omikron strata were formed, there was
an abundant amount of sediment available for deposition.

Ripple crest

preservation also implies that deposition apparently exceeded erosion.
A slightly different interpretation of tabular cross-strata is
by Harms, et al (1975).

They believe tabular sets were formed by the

migration of sand waves.

Tabular sets produced by sand waves or by

ripples can be formed in shallow waters, so long as water depths exceed
maximum thickness of a tabular bed set (in SC3, maximum thickness of
the bed sets is 30cm).

However,. there is a significant difference in

velocities between Harms' and Allen's interpretations.

According to

Harms (1969), sand waves are formed at 35% higher velocity gradients
than high-energy ripples (Fig. 13).

It is sufficient in this study

WATER

DEPTH

(cm )

57

WATER

VELOCITY

(cm /sec)

Figure 13. Flow Velocity Versus Depth Relationships for Current Bed
Forms.
(Modified from Harms, J. C., 1969; Fig. 10, p. 380).
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to state that omikron cross-strata were developed in shallow water
depths, by tranquil flow velocities, within the lower flow regime
(Fig. 8).
The next 5.6 meters of homogeneous sandstone is represented by
large-scale (<.5m), low-angle (<12°) cross-stratification of the
omikron type, interbedded with one meter thick units of pi-cross
stratification (Fig. 9).

The latter have broad, scoop-shaped

erosional surfaces that plunge in the downcurrent direction.

These

interbedded large-scale sedimentary structures grade upward into a
4 meter thick sequence of uninterrupted pi-cross-stratification
(Fig. 14).

The trough-shaped surfaces of the pi units are 2 to 3

meters across and as deep as I meter.

Figure 14. Pi-Cross-Stratification. Large-scale trough cross
stratification from SC8, also known as pi-cross-strata; shows 4 well
developed, overlapping trough sequences, hammer for scale.
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According to Allen (1963a), the most likely origin of pi-crossstratified units is from the migration of trains of large-scale
asymmetrical ripples which have linguoidal or lunate ripple forms.
However, Harms, et al (1963) and Harms, et al (1975) presented an
alternative hypothesis for the origin of pi-cross-stratification.
In their work with modern sediments of the Red River in Louisiana,
they encountered an abundance of trough-cross strata with erosional
bases and downstream plunges.

Dune migration, is the bed form that

they postulate is responsible for trough-cross stratification.
Troughs are formed by scour-and-fill action in front of the migrating
dune forms.

Movement downstream of the 'scour pocket * associated with

a given dune or ripple is probably responsible for the characteristic
scoop-shaped lower surface of trough-cross-bedding or micro-cross
lamination (Allen, 1963b; Briggs and Middleton, 1965; Harms and
Fahnestock, 1965).

The scoured surface is slowly filled with.sedi

ments; infilling first takes place in the 'upcurrent portion of the
scour pocket and continues to.fill in the downcurrent direction

..

(Reineck and Singh, .1975) .
"Thickness of trough-shaped sets suggests a minimum average flow
depth, that minimum being approximately twice the thickness of indi
vidual sets" (Harms, et al 1975).

Accordingly, estimated water depths

would have been approximately 2 meters deep during the deposition of
these features in SC3.

Simons, et al (1965) showed that tranquil flow
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regimes are sufficient to create scour troughs in shallow depths.
Flow depth and velocity relationships necessary for dune creation
(Fig. 13) would be similar to the regime under which scour troughs
are produced.

Frazier and Osanik (1961) also identified scour-and-

fill features similar to those described above.

They concluded that

the sands accumulated below mean low-river stage level and were not
subaerially exposed during their formation.
The upper 2 meters of SC3 consist of very well consolidated
sandstone in which small-scale sedimentary structures are preserved.
The succession of structures, as seen in the upper portion of. Figure
9 (and also Fig. 15), include alpha-cross-stratification, groups of
lambda-cross-stratification, medium-scale omikron-cross-stfata, and
horizontal beds.
Allen's alpha-cross-stratification is characteristically a soli
tary set of cross-strata that are discordant with respect to. the lower
bounding surface, and yet have not appreciably eroded the underlying
unit during time of deposition.

They are interpreted by Allen (1963a)

as having been created during times of high rates of sedimentation or
at times of low stream velocity.

Many authors, most notably Wolman

and Leopold (1957), McKee (1957), Harms and Fahnestock (1965), and
Boersma (1968), showed that alpha-cross-strata formed from avalanching
of sediments off slip-faces of bars built in shallow water.

Preserva

tion potential of these sets is low because they are subjected to

I

Figure 15. Climbing Ripple Sets and Flame Structures. Upper half of
picture has well developed ripple-drift, or climbing ripple sets from
SC8. Lower portion of picture has well preserved example of smallscale, sharply peaked anticlines, or flame structures. Flow from left
to right; dime for scale.

Figure 16. Soft Sediment Deformation. Convolute bedding structures
caused by slumping of sediments from oversteepened depositional slopes
from SC9.
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subsequent scour and reworking related to downstream migration of
other bed forms.
Lambda-cross-stratification is known by many other names including
ripple drift lamination, drift bedding, or climbing ripple laminae.
Essentially, it comprises a cross-stratified
deposit in which a more or less definite small-scale
ripple-topography can be seen and in which the climbing
of one ripple over the stoss-side of the next [ripple]
downstream is apparent.... Most workers agree that the
structures due to ripple climbing represent situations
where sediment deposition occurs simultaneously with
continuing transport in suspension and as bedload
(Allen, 1970).
There are two types of ripple drift laminae recognizable in the
sandstone beds of the study area.

The first type is defined by the

presence of climbing sets of lee-side laminae with no preservation on
the stoss-side of the bed form.

These ripple features are type I of

Walker (1963), type A of Jopling and Walker (1968), type A of Allen
(1970), and are similar to "laminae superimposed out of rhythm" of
McKee (1939).

The origin of these features is in a fluvial system

in which deposition slightly exceeds erosion,, and erosion is sufficient
to destroy any stoss-side laminae.

Jopling and Walker (1968) refer

to this depositional situation in terms of a suspension/traction ratio.
For a type A form to develop, bed traction must be the dominant form
of sediment transportation; in other words, a low suspension/traction
ratio must exist.
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The other type of ripple-drift lamination recognized in the
Decker area has preservation of both lee and stoss-side laminae.
These have been defined as type B of Jopling and Walker (1968), type
B of Allen (1970), and as "laminae superimposed in rhythm, lee side
concentration" of McKee (1939).

These features are created when

deposition greatly exceeds erosion.

According to Jopling and Walker

(1968), they form when there is a high suspension/traction ratio.
The presence of ripple-drift lamination in sedimentary rocks indicates
a shallow depositional environment that was subjected to large and
rapid sand accumulations (McKee, 1965).

Soft-Sediment Deformation.

Figures 15 and 16 depict two types

of deformed sedimentary structures found in Tongue River Member sand
stones.

The lower portion of Figure 15 shows micro-sedimentary

structures characterized by tight, peaked anticlines, and broad, open
synclines.

These features have been termed "flame structures" by

Walton (1956, in Potter and Pettijohn, 1963).

Most authors agree

that the origin of flame structures is due to differential density
stratification that occurs when sand is deposited on a less-dense,
water-saturated bed (Kuenen and Menard, 1952; Walton, 1956; Dzulynski
and Smith, 1963; Potter and Pettijohn, 1963; Davies, 1965; Pettijohn,
et a!,. 1972; and Reineck and Singh, 1975).
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The overburden pressure exerted by the newly deposited sand
initiates dewatering and compaction in the underlying sediments.
Kuenen and Menard (1952) described this process as "...local settling
and squeezing caused by the rapid accumulation of overburden on the
highly mobile foundation."

Thixotropic transformation of the under

lying sediments often accompanies release of pore water during
compaction and results in the formation of flame structures by the
upward movement of underlying sediments.
Figure 16 is an example of the second type of deformational
structure in Tongue River sandstone beds.

The distorted structures

are confined to a 36cm bed of very fine sandstone, enclosed by
undeformed beds of large-scale, cross-stratified sandstone of similar
composition.

Potter and Pettijohn (1963) noted that the deformation

is restricted to a particular bed and that the external bedding planes
were not involved in the deformation.

The distorted bed maintains

constant thickness and often extends the entire length of an outcrop.
Kuenen (1953, ui Potter and Pettijohn, 1963) designed these structures
"convolute bedding."
in Figure 16.

There are two causes for the convolute bedding

Deformation occurred because of oversteepened deposi

tions! slopes and excess pore water in the sediments.

An over-abundance ■

of sediments on fore-set beds of dunes, waves and other bed forms
initiates downslope movement.

I
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The presence of these two types of deformational structures in
the rock record helps identify hydraulic conditions that existed at
the time of deposition.
of sedimentation.

Soft-sediment deformation implies large rates

High sedimentation rates cause rapid burial of

grains and the entrapment of large volumes of. water in sediment pore
spaces.

Chapter 4
POINT BAR MODEL, TONGUE RIVER MEMBER
Point Bar Deposition
Vertical variation in sedimentary structures, grain size, and
hydrodynamic character similar to those in the Tongue River sandstones
have been found in both Recent and ancient fluvial sandstone deposits.
The most widely accepted interpretation of this vertical accumulation
is that of point bar deposition in a meandering stream (Frazier and
Osanik, 1961; Bernard and Majors, 1963; Allen, 1964, 1965a; Visher,
1965a, 1965b; McGowen and Garner, 1970; and Reineck aind Singh, 1975).

Stream Flow Processes

"A point bar is a deposit formed on the inside, or convex side,
of a river bend by lateral accretion" (Wolman and Leopold, 1957).
Deposition on a point bar is a function of the meander loop geometry.
According to Bagnold (1960), as water enters the upper end of a
meander loop, a transverse flow is initiated.

Flow vectors are always

tangential to the radius of curvature (R) of the meander.
flow triggers radial acceleration of the fluid (Fig. 17a).

Tangential
Accelera

tion effectively increases fluid pressure on the outer side of the
meander loop and creates a pressure deficit on the inside.

Fluids

migrate from areas of high pressure to low pressure and therefore,
water will naturally flow inward toward the point bar. (Fig. 17b).
Stream velocities decrease as flow enters shallow waters near the
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point bar.

These lower velocities induce deposition of bed load

sediments onto the point bar.

POINT

BAR

Figure 17a. Radial Acceleration of Fluid in a Meander. Length of
arrows indicate relative amount of flow acceleration. Dashed arrows
indicate direction of decreased pressure gradient due to radial
acceleration of fluid; (R) = Radius of curvature.
Figure 17b (right). Flow Motion in Meander Curves. Arrows signify path
of fluid flow; note helicoidal motion toward inner side of the meander.
This flow process is the essence of lateral migration in
meandering systems.

According to Reineck and Singh (1975) , streams

strive to maintain channel width equilibrium.

A stream will under

cut its outer meander bank in order to compensate for lateral accre
tion of point bar deposits toward the center of the channel.

Lateral

migration of the channel is necessary to maintain a constant channel
width.
I
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Depositional Facies

Deposition on point bars is a function of the flow geometry
which is dependent on water depth and stream velocity.

Combined

influence of changing water depths and velocities define three dis
tinct flow regimes (lower, transitional/lower, and upper) along the
front of a point bar.

The flow regime concept has previously been

discussed as its relates to Froude numbers and sedimentary structures
generated in each regime.
Figure 18 schematically depicts the diversity of sedimentation
on a point bar and the proximal relationship between flow regimes
and channel geometry. • As seen in this point bar model, if there is
sufficient water in the channel, all three flow regimes can coexist.
The result is simultaneous development of mutually exclusive sedi
mentary structures at different positions on the point bar.

Idealized Point Bar Sequence

In their work with ancient and Recent sediments, Frazier and
Osanik (1961), Bernard and Majors (1963), Allen (1964, 1965a), and
others identified a standard sequence of lower point bar deposits.
They described a basal scoured surface followed by channel lag
deposits and large-scale cross-bedding.

Large-scale cross-bedding

features are the most abundant sediment form in the lower point bar
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Figure 18. Fluvial Model of Point Bar Development. Idealized version of the vertical
distribution of sedimentary structures and grain size on a point bar. Depicts flow
regime, direction of point bar migration, and channel configuration (from Visher, 1965b;
Fig. 13, p. 132).
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(Fig. 18).

As much as 2/3 of the total point bar deposit consist

of large-scale sedimentary structures.
One of the more diagnostic features of point bar deposition is
the upward decrease in sediment grain size (Allen, 1965a).

Sedimentary

unit thickness also decreases upwardly in response to shallower water
depths.

In the lower point bar, units are commonly one or two meters

thick; in the upper point bar, units are often only a few centimeters
thick.

Transition to upper point bar deposition is roughly coincident

with the departure from large-scale features and the advent of smallscale sedimentary structures.

Often a zone of horizontal bedding

separates lower and upper point bar deposits.

Harms and Fahnestock

(1965) interpreted horizontal bedding as the produce of upper flow
regime conditions (Fig. 18).
The upper portion of an ideal point bar sequence displays thin
beds of ripple cross-bedding and climbing-ripple laminations.

These

structures are produced in very shallow water by tranquil flow.
Often the upper part of the point bar deposit is indistinguishable
from overbank deposits.

Both are characterized by low flow regime

sedimentary structures and very fine-grain sand- and silt-size sedi
ments.
floods.

Overbank units are deposited during final stages of receding
At this time, stream competency is reduced, and suspended

sediments are deposited as overbank strata.
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In summary, model point bar deposition is distinguished by a
distinct vertical pattern of sedimentary deposits beginning with
thick-bedded, coarse-grained, large-scale strata, which fine upward
to thin-bedded, fine-grained, small-scale ripple strata, and capped
by thickly laminated, interbedded siltstone and very fine sandstone
overbank deposits.
This ideal profile is often poorly developed, as is seen in
point bar deposits studied by Frazier and Osanik (1961) and Boersma
(1968).

In the preserved record of these deposits, there is little

or no evidence of small-scale sedimentary structures characteristic
of upper point bar deposits.

There are two explanations for the

conspicuous absence of upper point bar deposits.

Feofilova (1954

in Potter, 1967) recognized the superposition of a sand body from
one cycle upon an earlier cycle, forming an unusually thick,sand
accumulation called a multistory sand deposit.

Multistory sand

stones are formed by reoccupation of an old channel site by a stream
as it migrates across the flood plain.

During reoccupation, a stream

could very easily erode the upper portion of the underlying sand
deposit (Potter, 1967).

An alternate explanation is that point bar

deposition was interrupted (perhaps by channel avulsion) prior to any
significant development of small-scale sedimentary deposits.
The possibility of finding two identical point bar deposits is
remote.

However, most point bar sequences adhere to similar patterns
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of deposition, and display many, if not all, of the diagnostic
features described above.

Comparison of Idealized Point Bar and
Tongue River Member Sequences

Comparison of a local section (SC3, Fig. 9) for the Tongue River
Member with a generalized section (Fig. 19) for meandering streams
(Allen,. 1970) shows a significant amount of correlation.

Squirrel

Creek sites have a 9:1 ratio of large-scale to small-scale strata,
while the generalized model has a 7:1 ratio.

Both models manifest

an upward decrease in the size of sedimentary structures— this is
a reflection of an upward decrease in stream flow energy regimes.
Accompanying the decreasing sedimentary structure size, there usually
is a correspondent decrease in bed thickness.

In the generalized

section, bed thickness gradually diminishes upward, with no inter
jection of beds with widely variable thicknesses.

SC3 shows a large

variation in bed thickness, but some of the variation is insignificant.
Some of the thin units of tabular cross-bedding that are included
within the large-scale structures are erosional remnants of much thicker
sedimentary units.

Evidence of erosion is demonstrated by the angular

and frequently uneven upper boundary of the tabular strata.
Grain size values in point bar sequences manifest a finingupward character.

In SC3 there is a slight upward decrease in grain

X

X.

Figure 19. Generalized Point
Bar Sequence: 0-2m = xicross-strata with channel lag
deposits at base; 2-3m =
omikron-cross-strata; 3-4.5 =
pi-cross-strata; 4.5-6m =
omikron-cross-stratification;
6-7.m = pi- and xi-crossstrata; 7.5-8m = climbing
ripple bedding; 8-9m = over
bank deposits with organic
matter; 9-IOm = new point
bar sequence; thick black
units are mud drapes; arrows
indicate average flow direc
tion for each set of strata
(modified from Allen, 1970).
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size, but it is not a very striking feature of the point bar deposit.
The principal reason for this peculiarity is the range of grain sizes
involved in the Squirrel Creek point bar.

It is relatively easy to

identify a fining-upward pattern in point bars that have a size range
from conglomerate pebbles to silt and clay.

By contrast, the coarsest

grain size in Squirrel Creek point bar is 2(j) (fine sand) .

It is

difficult to identify minute grain size differences between fine sand
and silt.

Sorting (a^) improves upwardly in both models.

Both models represent complete cycles of point bar deposition:
large- arid small-scale stratification capped by overbank deposits.
The capping sandstone bed in SC3 is a massive bedded, very well
consolidated unit that displays coarser grain size and poorer sorting
than the underlying small-scale cross-strata.

Overbank deposits fre

quently are coarser than upper point bar sands, and as a rule, are
very poorly sorted.
There are very few significant differences between the two sec
tions.

The base of the SC3 deposit is partially buried; therefore

there is no evidence of a basal scoured surface.

Likewise, there is

no channel lag deposit in any of the Squirrel Creek outcrops.

There

are several intraformational conglomerates associated with the Tongue
River sandstone beds, but they have never been located in a basal,
channal lag position in the point bar outcrops.
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Other dissimilarities between the models are the near absence
of horizontal strata and lack of mud drapes within the SC3 section.
Horizontally stratified deposits, as described earlier, are plane
bed forms developed during high discharges in the upper flow regime.
(Harms and Fahnestock* 1965).

Horizontal beds of the upper flow

regime usually grade into dune forms of the lower flow regime in
point bar deposits.

Horizontal beds were most probably deposited

in the point bar system in SC3, but the succeeding dune forms scoured
the stream bed and obliterated any evidence of plane bed forms.
Mud drapes, thin beds of mud that occur throughout the general
point bar sequence, are not present in the Squirrel Creek point bar.
Mud drapes are inferred to be overbank deposits (MeGowen and Garner,
1970).

The presence of mud drapes throughout a point bat indicates

that both lower and upper portions of the point bar were subaerially
exposed periodically.

Absence of mud drapes in SC3 suggests that

water depths were always sufficient to cover the point bar, or that
mud drapes were deposited on the subaerially exposed portions of the
point bar and eroded during subsequent high water levels.
Weighing the similarities and differences between the two models,
the differences seem very tenuous and insignificant as compared with
the well documented similarities of the two sequences.
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Channel Morphology

Introduction

Meandering streams are considered the intermediate channel form
between straight and braided stream systems.

Distinction between

shape and pattern of a river channel is determined by the simultaneous
interaction of discharge (Qw), bed load (Ig), width (W), depth (D),
velocity (V), slope (s), and bed roughness (Leopold and Wolman, 1957).
Schumm (1960, 1968a, 1968b) concluded that, for a given discharge,
the nature.of the sediment load is the most significant parameter
that determines channel shape.

This relationship is summarized in

the following statement:
Qs
where:

CC

W,L,s
D,P

Qs = the ratio of bed load (sediment >.074 mm) to total
sediment load
W = stream width
L = meander wavelength
s = channel gradient
D = stream depth
P = sinuosity (ratio of channel length ot valley length)

An increase in amount of suspended material will cause a decrease
in the ratio of bed load to total sediment load.

This in turn will
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cause a decrease in channel width, meander wavelength, and slope,
but an increase in channel depth and sinuosity (Schumm, 1968a).
Schumm (1963a) defined three types of stream channels based on
percentage of silt-clay (>.074 mm) in a stream channel; the stream
types are bed-load, mixed-load, and suspended-load.

Later, Schumm

(1968b) made a distinction between stream type, percent silt-clay,
and the width/depth (W/D) ratio of a stream.

A bed-load stream has

<5% silt-clay, and most commonly is associated with W/D ratios
exceeding 40.

In streams with 5 to 20% silt-clay, mixed-load streams,

the W/D ratio varies between 40 and 10, whereas in suspended-load
streams, silt-clay >20%, the W/D ratio is less than 10.
Meander wavelength, amplitude, channel width, mean radius of
curvature, and discharge are related as follows:
L = 10.9 W

1.1

A = 2.7 W
L = 4.7 Rm
36 Q

1.01

0.98

0.5

s = 0.06 Q

-0.44

Where L equals meander wavelength, W represents channel width, A
equals meander amplitude, Rm is the mean radius of curvature, Q equals
discharge, and s is the channel slope (Leopold and WoIman, 1957, I960);
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(Fig. 20).

From these parameters, an attempt is made to derive some

numerical values for channel geometry of the Squirrel Creek point
bar system.

Figure 20. Stream Hydraulic Parameters. Schematic diagram of a
meandering stream depicting stream parameters used in quantitative
geomorphology; see text for descriptions of parameters (from Allen,
1965b; Fig. 2, p. 95).

Length, Width, and Depth Parameters

Point bar deposition can only take place within the confines of
a channel and cannot exceed maximum channel depth.

Therefore, a point

bar deposit distinguished by a complete sequence of large-scale through
small-scale sedimentary structures should represent an estimate of
channel depth (Bernard and Majors, 1963).

This estimate does not take

into account any compaction of sediments after deposition, thus it is
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a minimum estimation of depth.

This value is accurate as long as

the point bar represents a single" cycle of sedimentation.

Care must

be taken to assure that the point bar is not an accumulation of multi
story sandstone deposits.

In the study sandstone beds, there is no

evidence of an erosional unconformity that would indicate multistory
sandstone development.

Sandstone composition and sequence of sedi

mentary structures conform to the vertical pattern for a single point
bar deposit described in an earlier section of this paper.

There

fore, the sandstone deposits in the Squirrel Creek area are interpreted
as the product of a single cycle of point bar sedimentation.

Average

total thickness of the point bars is 13.6 meters, and they range in
thickness from 10.7 to 18.3 meters.

Using a W/D ratio of 10, the

stream width would be approximately 117 meters.

Employing this

figure as an estimate of channel width, the following hydraulic
values were derived based on Leopold and Wo!man's (1957, 1960)
equations:

L = 1348m, A = 566m, Rm = 329m, Q = 35.8 m /sec,

s - 9.41x10 ^m/m (Fig. 20).

Schumm (1963b) presented data from some

modern streams that are analogous to data for the stream that deposited
Tongue River sedimentary rocks.

The Solomon River near Niles, Kansas

has the most similar hydraulic characteristics to those of the
Paleocene river near Decker (Appendix II). .
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Channel Sinuosity, Stability, and Migration

Schumm (1963b, 1968b) made correlative studies of the relation
ship of sinuosity to W/D ratios, and to silt-clay percentage for
modern streams.

According to his plotted values (Schumm, 1963b, Fig.

2 and 4), sinuosity values for the Tongue River Member in the Squirrel
Creek area varied between 1.8 and 2.0.

This represents sinuosities

ranging from "regular" to "tortuous," with the mean as "irregular"
or highly meandering.
Some inferences can be made about channel stability and migration
based on information presented thus far.

The presence of moderately

thick flood basin deposits of shale and coal beds in the Tongue River
Member (Fig. 4 and Plate I) implies that the stream remained within
the confines of its channel and only occasionally left its banks.
"A necessary requisite for backswamp shale and coal beds development
is channel stability; channels must be confined to well established
belts from which sediment escapes to protected backwater areas only
during periodic episodes of flood" (Royse, 1970).

Preservation of

point bar deposits indicates that stream migration occurred; however,
well-developed sequences of siltstone, shale, and carboniferous beds
suggest that stream migration was very slow across the flood plain.

Chapter 5
ALLUVIAL PLAIN MODEL
Lateral Relationship with Siltstone, Shale, and Coal
In the preceding portions of this paper, lateral and vertical
sedimentary accumulations have been discussed as separate entities .
of alluvial plain deposition.

This section will recapitulate impor

tant aspects of the lithologies of each environment as they relate
to spatial orientation in a regional alluvial plain model.
Channel deposits have traditionally been the central focus in
alluvial plain models (Fig. 21).

In the Tongue River Member near

Decker, the channel facies is dominantly composed of point bar
deposits from a high-sinuosity, low-gradient meandering stream.
Adjacent to point bar deposits are numerous, poorly-preserved levee
and crevasse-splay deposits composed of interbedded very fine sand
stone and siltstone.

In the rock record, levee and crevasse-splay

deposits are thin, wedge-shaped, laterally discontinuous units that
grade into flood basin deposits.

Flood basin deposits are character

istically very fine-grained, thinly-bedded sedimentary units that
represent quiet, undisturbed depositional environments.

In addition

to shale, large quantities of organic matter accumulate and form peat
and coal deposits.
Theoretically, lateral lithologic gradation from channel to
flood basin environments should be arranged in a predictable pattern
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Figure 21. Alluvial Flood Plain Model. Diagram depicting spatial relations of fluvial
lithologies on flood plain; vertical exaggeration.
(Modified from Jacob, 1976; Fig. 20,
p. 25).
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along each side of a channel deposit.

In reality, there are.many

vertical and horizontal lithologic combinations present in alluvial
plain sedimentation.

Plate I is a fence diagram depicting spatial

variations of Tongue River lithologies in 9.7 square km area located
12.9 km to the east of the study area near SC8 (Fig. I).

Data were

obtained from drill hole information, and correlations were based on
gamma log interpretations.

■
According to the dep.ositional scheme

described above, there should be few sedimentary units that are
laterally continuous for more than a few ten’s of kilometers.

The

fence diagram (Plate I) indicates two widely distributed sandstone
beds that maintain constant thickness throughout the area.

They are

interpreted as levee and crevasse-splay deposits on the alluvial
plain.

Other siltstone and very fine sandstone beds are considered

poorly-preserved deposits of similar origin.
as flood basin deposits.

Shale beds were developed

Coal strata in the area display isometric

distribution and constant bed thickness.

Both properties of the coal

beds imply that the fluvial channel of this alluvial system was con
siderably removed from the vicinity of the coal deposits— perhaps on
the order of several ten’s of kilometers from the area.

If the

migrating stream was close to the coal forming environment, there
would not be thick accumulations of uninterrupted coal deposits such
as those seen in Plate I.
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Lower Flood Plain Meandering System

Jacob (1973a, 1973b, 1976) presented the hypothesis of a highconstructive delta system as the depositional environment for the
Tongue River Member sedimentary rocks in the Williston Basin.

This

hypothesis suggests a close lateral relationship between the alluvial
deposits of the Tongue River Member and a deltaic system that bordered
a marine environment.

In the Williston Basin, Jacob’s model explains

the occurrence of Tongue River Member deposits adjacent to marine
sedimentary rocks of the Cannonball Formation, both of Paleocene time.
However, this model does not apply to the Tongue River Member near
Decker because there is no indication of Paleocene marine sediments
within many hundreds of kilometers of the study area (Curry, 1971;
Stratigraphic Atlas, Shell Oil Co., 1975).
Royse (1970) suggested a near-terminal fluvial environment of
deposition for the Tongue River sediments in North Dakota, based on
the abundance of backswamp deposits in the sedimentary sequence
(organic shale, peat, and coal).

"Backswamps generally increase in

area and thickness, relative to levees and channels, in a downstream
direction" (Royse, 1970).

Royse made an analogy between Tongue River

depositional environments and the lower reaches of the Mississippi
alluvial valley.
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Shurr (1972) worked with the Tongue River Member in central
Montana and concluded that the depositional environment of the Tongue
River deposits was that of a low-lying alluvial flood plain located
several hundreds of kilometers to the east of the sediment source
area.

He made no mention of the proximal relationship between the

alluvial flood plain and Paleocene delta systems.

Based on inter

pretive maps by the Shell Oil Company (1975), the marine and deltaic
environments were located in southeastern Texas during Paleocene time.

Paleocurrent Analysis

Measuring sedimentary structures preserved in point bar deposits
provided information about the hydrodynamic parameters of sediment
deposition in the Squirrel Creek area.

Paleocurrent data were also

collected so that the prevailing stream direction could be established.
In order to determine the sampling size necessary to obtain
reliable data related to paleocurrent analysis, a pilot study was
conducted on four outcrops in the Squirrel Creek, Coal Creek, and
Tanner Creek valleys (SC7, SC8, SC14, and SC15).

This study indicated

there was considerable variability in flow data obtained from different
sedimentary structures in an outcrop.

However, there was no appre

ciable variation in flow data within any given sedimentary structure.
Therefore, in the main study, only two or three representative mea- ■
surements were taken from each sedimentary structure unit in an
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outcrop.
flow.

All paleocurrent readings reflect downstream direction of

To insure that flow measurements adequately portray actual

direction of flow, understanding of the three dimensional aspects
of internal sedimentary structures is necessary.

Many sedimentolo-

gists have dealt with interpretation of sedimentary structures and
the bedforms from which they were produced; the more definitive works
relating to bedforms, their origin, and directional attributes include
Allen (1963a, 1966, 1970), Harms and Fahnestock (1965), Reineck and
Singh (1975), Simons, et al (1965).

Outcrops in the study area were

sufficient to allow delineation of three-dimensional geometry of the,
internal structures of the sandstone beds.

Flow directions were

determined by locating a unit vector in the "a" direction of a
standard reference system for cross-bedding (Fig.-22).

Because

structural dips are less than 5° in the study area, no corrections
were required on the cross-bedding azimuths (Potter and Pettijohn,
1963).
Sedimentary structures in point bar sequences, especially smallscale features, often delineate the downcurrent direction of the
stream but may not be a true reflection of the downstream direction
(Davies, 1966).

Flow directions from small-scale sedimentary struc

tures were not significantly different from flow measurements in the
large-scale structures in the study area.
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Figure 22. Standard Flow Reference System. Block diagram showing
trough cross-strata in vertical, horizontal, and longitudinal sections
(from Potter and Pettijohn, 1963; Fig. 4-2, p. 70).
Davies cautions that the reliability of primary sedimentary
structures of river point bars as directional indicators can only be
accepted if no current bifurcation has taken place.

Extensive field

reconnaissance in the Squirrel Creek-Dry Creek area indicated that
the point bar sandstone deposits of the study are laterally continuous
and therefore were deposited by the same stream system.
Because of the diversity of flow directions within any given site,
it was necessary to calculate the average flow direction for each site.
This was done by tallying all compass readings from a site and recording
total number of occurrences per IO0 cluster (i).
divided by the total number of readings (n).

This value (i) was

The resulting number

represents the percent frequency of occurrence of each 10° cluster.
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This is a convenient representation of the data because it permits
comparison of a site that has 30 flow readings with a site that has
only 15 readings„

Percent frequency flow data were plotted as rose

diagrams on polar co-ordinate paper and the moving averages
(Pelletier, 1958; Spiegel, 1961) were determined.

When the graph

of a moving average is superimposed on its rose diagram, the average
flow direction is obtained (Fig. 23).

The average flow direction

for each study site is plotted in Figure 24.

The overall paledcurrent

direction for the Dry Creek-Squirrel Creek area is N 20 W; flow was
from northwest to southeast.

Possible Provenance Areas

Based on a size analysis hypothesis by Pettijohn, et al (1972),
the distribution of grain sizes of Tongue River Member sandstone
suggest sediment transport distances of no less than a few 100's
of kilometers.

Accordingly, it seems reasonable that the Bighorn

Mountains, located 37km from Decker, were not the source area for
sediments of the Tongue River Member.

Curry’s (1971), isopach study

of the Powder River Basin intimates that the Bighorn Mountains became
a significant source area for sediments during the Eocene time.

This

notion is supported by the occurrence of a major conglomerate accumu
lation in early Eocene time consisting of Paleozoic and Mesozoic
clasts, and a middle Eocene conglomerate composed of Precambrian
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clasts.

The origin of all the conglomeratic material is considered

to be the Bighorn Mountains (Sharp, 1948; Brown, 1948, 1958; Hoppin
and Jenning, 1971).
If the Bighorn Mountains were not the source of sediments for
the Tongue River Member, a more westerly source area must be respon
sible for the sediments.

Shurr (1972) conducted paleocurrent studies

in the Tongue River Member sandstones 240 km northwest of Decker near
Billings, Montana.

The regional flow direction was to the east.

He

also performed sediment size analyses on the Tongue River sandstones
and found the mean grain size range to be 3.75-2.25<j).

Based on

i

paleocurrent and grain size data, Shurr postulated that his study
area was located on the distal margin of a Paleocene clastic wedge
that originated several hundreds of kilometers to the west, i.e.,
the eastern edge of the Rocky Mountains in western Montana.

It is

likely that Shurr1s study area and the study area of this paper were
part of the same alluvial flood plain system and shared similar
provenance regions.

Chapter 6
ECONOMICS
Introduction
The Powder River Basin is the center of many forms of economic
exploration.

The formations older than Paleocene age are known to

contain large accumulations of oil and gas; however, there are no
reported findings of oil and gas in formations of Paleocene age or
younger in the basin.

The Fort Union Formation is of great economic

worth because it contains vast amounts of subbituminous coal and other
economic resources.

The following sections treat each of these re

sources separately.

Groundwater Hydrology

Much attention has been directed toward the groundwater regime
near Decker due to the development of strip coal mining in the area.
Emphasis has been placed on the availability of water for mining uses
as well as the effects of mining on water quality and disruption of
previously existing wells in the area.
There are conflicting opinions about the nature of aquifers near
Decker.

According to Van Voast (1974), the Decker area has several

significant aquifers.in the form of alluvial deposits beneath the
Tongue River flood plain, clinker from burned coal beds, and beds of
siltstone, sandstone, and coal in the Tongue River Member of,the Fort
Union Formation.

Alluvium is often not used as a groundwater source
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because of the availability of nearby surface water in the Tongue
River.

Clinker from burned coal beds is very permeable as a result

of fracturing and collapse into voids created when the coal burned;
however, no wells draw water from clinker in the area (Van Voast,
1974).

The remaining aquifers of sandstone and coal have the largest

potential as water sources.

As stated earlier, sandstone, siltstone,

and shale beds cannot be correlated for more than a few kilometers in
any direction, whereas coal beds are known to be continuous over large
areas.

Because of the lateral discontinuity of sandstone beds in the

Tongue River Member, they are considered a subordinate source of
groundwater as compared with the coal seams which have wide-spread
continuity.

An actual comparison of aquifer characteristics in sand

stone beds versus coal beds has never been reported in the literature;
therefore the purpose of this section is to make such a comparison.

Groundwater Aquifer Parameters

In hydrology, aquifer potential is discussed in terms of hydraulic
conductivity and transmissivity.

Hydraulic conductivity of a saturated

sample, as defined by Darcy’s equation, is:
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K

J2L
AAh

where:
K = Hydraulic conductivity
Q = Discharge in cnrVhr
I = Length of sample through which fluid.passes
A = Cross-sectional area of sample
Ah = Head loss
Hydraulic conductivity of an aquifer, also known as permeability,
is defined as the ability to transmit water.

This parameter is

dependent upon the size of pore spaces in the aquifer and their degree
of interconnection.

The ease with which water flows through an aquifer

V

is expressed as T, the coefficient of transmissivity.

This value is

determined to be the hydraulic conductivity multiplied by the saturated
thickness of the aquifer (Taylor, 1968).
Three representative sandstone samples from SC3 were analyzed for
hydraulic conductivity and transmissivity according to procedures out
lined by Marshall (1959), Linsley, et al (1975), and Ward (1975).

Each

sandstone sample is representative of the types of sandstone present
in the study area.

Sample SC3-1 is a moderately consolidated, homo

geneous sandstone that has grain size, angularity, and cementation
characteristics typical of the sandstone in the area as described in
an earlier section.

Sample SC3-16 is a very well consolidated
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sandstone which also displays similar textural characteristics found
in the sandstones of the area, and has silica and calcium carbonate
cements.

It is the most consolidated sandstone in the area, and most

often has an outcrop thickness of less than I meter.

Sample SC3-9

was disaggregated and tested as an unconsolidated sample so as to
obtain maximum values of hydraulic conductivity and transmissivity
for the sandstones in the area.

The hydrologic data were then compared

with Van Voast and Hedges' (1975) aquifer data of coal seams in the
decker area (Appendix III).

Interpretation of Aquifer Potentials

Several assumptions were made about the sandstone samples used
in this hydrology study.

First, the three samples are representative

of the kinds of sandstones exposed on the surface in the Decker area.
Second, it is assumed that the textural values of surface sandstone
outcrops are comparable to subsurface sandstone values.

Third, the.

geometry of the surface sandstone beds is similar to subsurface sand- ■
stone beds.

If these assumptions are valid, then the hydrologic

parameters of hydraulic conductivity and transmissivity obtained from
surface sandstone samples should provide an accurate range of values
for subsurface sandstone beds in the area.

/'
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Some qualitative classifications are associated with hydraulic
conductivity values.

According to Smith and Browning (1946), the

permeability classes for saturated subsoils are as follows:
Hydraulic conductivity,
_______K, cm/hr

Class
Extremely slow

<.00254

Comments pertaining to
crop suitability
So nearly impervious
that leaching process
is insignificant

Very slow

.00254-.0254

Poor drainage results in
straining; too slow for
artificial drainage

Slow

.0254-.254

Too slow for favourable
air-water relations and
for deep root develop
ment

Moderate

.254-2.54

Adequate permeability

Rapid

2.54-25.4

Very rapid

>25.4

Excellent water holding
relations as well as
excellent permeability
Associated with poor
water holding conditions

These class values of permeability were developed for subsoils; how
ever, the range of classifications and the comments pertaining to root
development and water availability could be transposed to aquifer
suitabilities.
From the data in Appendix III, it is apparent that the coals in
the Decker area have higher values of hydraulic conductivity and
transmissivity than the two consolidated sandstone samples.

The coal
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aquifers have permeability values that are associated with moderate
to rapid classifications, whereas the consolidated sandstone samples .
have permeability values comparable with slow and moderate classifi
cations.

Higher permeability values coupled with excellent lateral

continuity of the coal beds makes them the best aquifers in the region
However, the sandstone beds in the area make adequate local aquifers
that can sustain the domestic and agricultural needs of inhabitants.
Personal communications with ranchers near Decker indicate that the
sandstone beds are continuous, reliable sources of water for farming
and domestic purposes; however, there are fewer chances of locating
reliable sandstone aquifers versus coal aquifers in the area.

Coal

Quality

Coal beds in the Decker area are classified as subbituminous A
coals based on their heating values; average heating value of the coals
in the area is 10,500 Btu.

The average heating value for individual

coal beds near Decker are tabulated in Appendix IV.
including moisture,
in Appendix IV.

Other statistics,

ash, and sulfur contents, are also represented
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Reserves

Coal reserve calculations are based on the amount of coal that
is economically feasible for mining in a given area, expressed as
tons/acre of coal.

What criteria are used to establish the economic

feasibility of a coal seam?

A calculation is made based on thickness

of overburden versus thickness of the coal seam; this is called the
overburden ratio.

In strip mine activities, any coal that has an

overburden ratio of 10:1 or less is considered an economically
feasible coal.

In the Decker area, large coal deposits are within

83 meters of the surface.

The overburden ratios are generally less

than 5:1 for this area.
Appendix V lists data necessary to calculate coal reserves for
the Roland, Anderson, Dietz #1, and Dietz #2 beds.

The Squirrel

Creek Coal is too thin to be mined, and therefore is not included
in the coal reserve calculations.

According to Matson and Blumer

(1973), coal reserves in the Decker Coal field total 2,239,990,000
tons in the Anderson, Dietz #1, and Dietz //2 Coal beds.

Reserves in

the Deer Creek Coal field total 495,650,000 tons, reported as
410,470,000 tons indicated and 85,180,000 tons inferred.

Reserves

in the Roland Coal field total 218,040,000 tons, and in the Squirrel
Creek Coal deposit, 133,410,000 tons.

The Tongue River Member of
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the Fort Union Formation in these four quadrangles is estimated to
contain 3.1 billion tons of potentially strippable coal.

Uranium

Origin

Uranium in the Powder River Basin has accumulated in permeable
sandstone as roll-front deposits, and as organic compounds in lignite
beds.

Roll-front deposits are associated with the sandstones of the

Wasatch Formation, and to a lesser extent,, the Fort Union Formation.
Uraniferous lignite deposits are found in the Hell Creek, Fort Union,
and Wasatch formations.

Uranium exploration in the Powder River Basin

is presently confined to the souteastern portion, near Pumpkin Buttes
(Fig. I).
There are three hypotheses on the origin of uranium:
(1)

Uranium was transported into the basin along with terrigenous
sediments during the Cenozoic Era.

Speculated origin of the

uranium is from Paleozoic sedimentary rocks which were the
source materials for the Fort Union and Wasatch Formations
(Denson and Gill, 1956).
(2)

It is postulated that uranium was originally associated with
volcanic tuffs of Oligocene (White River Groups), Miocene
(Arikaree Formation), and Pliocene age.

Through the process
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of devitrification, uranium ions were released from the tuffs
(Denson and Gill, 1956; Vine, 1962; Denson and Gill, 1965;
Davis, 1970; and Jacob, 1973, 1976).
(3)

The most recent hypothesis is by Seeland (1976).

In certain

areas in the southern part of the Powder River Basin, anomalous
uranium occurrences have been found associated with Paleocene
and Eocene arkosic sandstones.

Seeland believes that the

source of uranium is from Precambrian granitic rocks that are
located at the cores of the Cenozoic uplifted landmasses.

Method of Uranium Accumulation
It is generally agreed that under oxidizing groundwater condi
tions, uranium-bearing rocks will relinquish uranium in the form of
dissolved solids— specifically, as uraniumtricarbonate ions.

The

major leaching agents in ground are alkaline bicarbonates of Ca, Mg,
and Na.

In the southern part of the Powder River Basin, the most

permeable materials through which uranium-enriched groundwater
migrated are relatively clean channel sandstone beds of the Fort Union
and Wasatch formations.

When groundwater comes in contact with, or

in the vicinity of a reducing environment (one with large amounts of
carbonaceous matter), precipitation of uranium is induced.

Uranium

roll-front sandstone deposits are generally enclosed by organic-rich
shale and siltstone which have reducing environments.
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In the northern part of the basin, tabular sandstone deposits
are often too fine-grained to transmit large quantities of groundwater.
However, lignite beds are known to be good aquifers.

Precipitation

of uranium is inevitable in the presence of lignite.

Fixation of

uranium in lignite is not by ion exchange, rather, uranium is present
in the form of organouranium complexes (Davis, 1970).
In the Decker area, uranium concentration in the Anderson Coal
is approximately .5 ppm, and only .3 ppm in the Dietz coals. (Matson
and Blumer, 1973).

Ore-grade uraniferous lignites must have more than

.I percent uranium.

At present, exploration for uranium deposits is

by airborne radiometric surveys.

This method of exploration is used

because large areas of land can be surveyed in short periods of time.
However, a major deficiency of this technique is that only surface
and near-surface anomolies are identified.

Moderate soil cover and

valley fill tend to mask host rocks of uranium.

More obscure deposits

of uranium may be discovered by identifying regional sandstone depos
its and comparing their sedimentary characteristics with known point
bar deposits.

Implications of the Model to Economic Exploration

The depositional model of the Tongue River Member is based on
the location and interaction of point bar deposits with surrounding
flood plain deposits.

The model is an interpretation of the spatial
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relationships of various flood plain deposits.

Point bar deposits of

both the Fort Union and Wasatch formations are known host rocks for
uranium in the southern part of the Powder River Basin.

The ability

to recognize point bar deposits as such requires a knowledge of
sedimentary structures and their origin, as well as meander channel
geometry.

These parameters have been discussed in some detail, and ■

their significance has been incorporated in the depositional model.

Chapter 7
SUMMARY
In the northern part of the Powder.River Basin, the Tongue River
Member of the Fort Union Formation (Paleocene) is a heterogeneous
accumulation of fluvial sandstone, siltstone, shale, and coal deposits.
An interpretive depositional model was developed based on field obser
vations of sandstone beds of the Tongue River Member in the Decker,
Montana area.
The Tongue River sandstone deposits display two distinct bed
geometries.

Sheet sandstones, which are very thin, and poorly sorted,

are interpreted as levee and crevasse-splay deposits.

Tabular sand

stone, or lateral accretion deposits, consist of thick accumulations
of homogeneous, cross-stratified sandstone.

The sandstone beds are

fine-grained, feldspathic wackes which contain an average of 23.2%
silts and clays.

These tabular sandstone beds are inferred as point
:

bar deposits based on the following evidence:
(I)

Documentation of a continuous sequence of sedimentary structures
grading from large-scale trough-cross-stratification at the base
of the tabular sandstone deposit, to small-scale ripplestratification in the upper portion of the sandstone outcrop
(Fig. 9, and 10).

Good correlations have been made between the

vertical sequence of sedimentary structures found in the study
area, and known point bar sequences from modern stream systems
(Frazier and Osanik, 1961; Bernard and Majors, 1963; Allen,
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1964-, 1965a; Visher, 1965a, 1965b; McGowen and Garner,
1970; and Reineck and Singh, 1975).
(2)

Textural analyses of the sandstone samples have supplemented
the evidence supporting a point bar origin (Fig. 9):
a.

Fining-upward of grain size diameters.

b.

Upward improvement in sorting values.

Paleocurrent studies were conducted on the sedimentary structures
in the point bar sandstone deposits (Fig. 23, and 24).

Average flow

direction for the Squirrel Creek study area is NlOW, stream flow was
toward the southeast.
A synthesis of current ideas is presented about Powder River
Basin development as it related to Laramide tectonics.

The accepted

theory is that Laramide erogenic activity was at a maximum during
Paleocene time in the Powder River Basin.

The basin was developed

in response to tectonic uplifts along its perimeter— the Bighorn
Mountains, Hartville uplift,

Casper arch, Laramie Range, and the

Black Hills (Fig. I), (Barton, 1904, 1906; Taff, 1909; Rogers and
Lee, 1923; Thom, et al, 1924; Hares, 1928; Baker, 1929; Thom, et al,
1935; Mackin, 1937; and Olive, 1957).

The Bighorn Mountains are

assumed the source area for Fort Union sedimentation in the Powder
River Basin.
A second hypothesis has been proposed by Sharp (1948), Brown
(1948), Richards (1955), and Hoppin and Jennin (1971) .

They believe

105
that major Laramide activity in the northern Powder River Basin took
place in Eocene time.

Several lines of evidence support this

supposition:
(1)

There is a regional, angular unconformity between the Fort Union
and Wasatch formations in the northern portion of the Powder
River Basin.

(2)

The Wasatch Formation contains two conglomerates:

The Kingsbury

Conglomerate, which is composed of Paleozoic and Mesozoic clasts
of sedimentary rocks, is located at the base of the Wasatch
Formation.

The Moncrief Conglomerate, of middle Eocene age, is

composed of Precambrian fragments.

It is believed that these

conglomerates are the produces of the dissection of the uplifted
Bighorn Mountains in Eocene time.

These authors have not specu

lated on the source area for the sediments of the Fort Union
Formation in the Powder River Basin.
Grain size analysis of the Tongue River Member sandstones
indicated the mean grain diameters ranging from 2.52-3.78<j), with an
average value of 3.23(f).

According to Pettijohn, et al (1972), sands

with such small grain diameters indicate long transport distances
in fluvial systems, on the order of several 100's of kilometers.
The source area for the Tongue River Member sediments -has been
speculated to be the eastern edge of the Rocky Mountains in western
Montana (Shurr, 1972).

The sediments were transported eastward
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across central and southeastern Montana, and deposited as alluvial.
plain sediments in the Powder River Basin.

It is suggested that the

Bighorn Mountains were a small positive area that influenced basin
development, but were not a significant contributor of sediments to
the Powder River Basin during the Paleocene Epoch.

This tectonic

hypothesis should be tested in stratigraphic studies.
Hydrologic studies were conducted on several representative
sandstone samples from the Squirrel Creek area to determine aquifer
potential.

Hydraulic

conductivity and transmissivity values from

sandstones were compared with aquifer data from coal seams in the
Tongue River Member (Appendix III).

The study indicated that coal

beds had higher values of hydraulic conductivity and transmissivity.
Coal beds, therefore, are better aquifers than sandstone in the
Decker area; however, sandstone beds can be utilized as local aquifers
for domestic and agricultural needs.
Usefulness of the point bar and alluvial plain models is dis
cussed with respect to economic exploration in the Powder River Basin.
A good knowledge of spatial relationships on an alluvial flood plain.
will assist in locating isolated deposits of coal and sandstone that
may be host rocks for uranium deposits, or groundwater aquifers.

APPENDICES

APPENDIX I
TOWNSHIP— RANGE DESIGNATION OF THE
16 STUDY SITES NEAR DECKER, MT
Site

Location

SCI

SW Sec. 25 T 9 S 4 39 E

SC2

NE Sec. 15 T 9 S R 39 E

SC3

NE Sec. 15 T 9 S R 39 E

SC4

NE Sec. 23 T 9 S R 39 E

SC5

NE Sec. 23 T 9 S R 39 E

SC6

SW Sec. 33 T 8 S R 39 E

SC?

SE Sec. 32 T 8 S R 39 E

SCS

NE Sec. 24 T 9 S R 40 E

SC9

SE Sec. 24 T 9 S R 39 E

SClO

SE Sec. 24 T 9 S R 39 E

SCll

NW Sec. 15 T 9 S R 39 E

SC12

NW Sec. 15 T 9 S R 39 E

SC13

NE Sec. 32 T 8 S R 39 E

SC14

SE Sec. 10 T 9 S R 38 E

SC15

NE Sec. 15 T 9 S R 38 E

SC16

NE Sec. 25 T 9 S R 39 E

APPENDIX II
AVERAGE SEDIMENT AND CHANNEL CHARACTERISTICS
OF CHANNEL PATTERNS (From Schmnm, 1963b)
Weighted Median
Stream
Valley
W/D
Means
Grain
Slope M/M Slope M/M Ratio Silt-Clay % Size (#)

Channel
Pattern

Sinuosity

tortuous

2.3

9.SxlO-4

2.23xl0-3

5.2

43.4

1.25

irregular

1.8

6.2x10-4

1.16xl0-3 19.0

14.0

0.50

regular

1.7

7.7x10-4

1.32x10-3 25.5

,8.8

0.50

Solomon R.
Niles, Kansas

1.9

2.3xl0-4

4.SxlO-4

16.6

20.4

Paleocene
River System,
Decker, MT

1 .8—
2.0

9.4xl0-4

10.0

23.2

Examples

—

APPENDIX III
HYDROLOGIC PARAMETERS OF SANDSTONE AND
COAL IN THE DECKER AREA
Hydraulic conductivity and transmissivity values of selected Tongue
River Member sandstone samples as compared with Tongue River Member
coal seams in the Decker area. Coal data obtained from Van Voast
and Hedges (1975; Table I, p. 5). Coal nomenclature is that of
Decker Coal Co., Sheridan, Wyoming, as used by Van Voast and Hedges.
Dl = Dietz No. I Coal (Fig. 3b); D2 = Dietz No. 2 Coal (Fig. 3b);
D3 = Canyon Coal (Fig. 3b); and Smith Coal is the same in both
nomenclature systems.

Sample

Average
Hydraulic Conductivity
cm/hr ft/J*
Al

Average
Transmissivity*
m^/hr
0.16

SC3-1

1.13

SC3-9

3.26

SC3-16

0.04

.03

0.006

Dl

3.24

0.37

D2

6.39

2.ST
Z-Oi

D3

3.43

2.no

0.23

Smith

2.03

t.hO
cA

0.10

0.45

0.28

*A thickness value of 13.7 meters was used to obtain transmissivity
data for sandstone samples.

COAL QUALITY STATISTICS OF MAJOR COAL SEAMS, DECKER AREA
Coal statistics of moisture, ash, sulfur, and heating values for mineable coal seams
near Decker, Montana. Data are averaged values obtained from Matson and Blumer (1973).
Volatile
Matter
%

Fixed
Carbon
%

Ash
%

Sulfur
%

Sulfate
%

Pytitic
%

Organic
%

Heating
Value
(BTU)

Roland

31.265

38.978

46.066

6.809

0.394

0.016

0.113

0.267

10,394

Anderson

23.176

36.647

46.997

8.627

0.815

0.022

0.270

0.522

10,666

Smith

27.900

. 40.905

44.345

8.174

0.772

0.118

0.193

0.461

10,808

Dietz

25.095

38.855

49.770

4.513

0.642

0.015

0.113

0.515

11,667

Coal

APPENDIX IV

Moisture
%

APPENDIX V
COAL QUANTITY STATISTICS OF MAJOR
COAL SEAMS, DECKER AREA
Coal reserves, overburden, overburden ratio, acres, and tons/acre.
Decker area (from Matsoni an Blumer, 1973; Table 2 , p. 19).

Thickness
of Overburden,ft

Indicated
Reserves,
million
tons

Overburden
and Interburden,
million
cu.yd.

Overburden
and Interburden ratio.
cubic
yards/ton

Acres

Tons/acre

Decker■ Coal Deposit— Anderson , Dietz I, and Dietz 2 Beds
0
50
100
150
200

to
to
to
to
to

50
100
150
200
250

Total

87.54
355.35
668.18
716.35
412.57

78.40
697.73
1,743.36
1,887.62
1,250.34

2,239.99

5,657.45

0.89
1.96
2.60
2.63
3.03
2.52
(Average)

.

1,433.6
5,689.6
8,467.2
6,553.6
3.379.2

61,063.1
62,456.1
78,913.9
109,306.3
122,091.0

25,523.2

87,763.5
(Average)

Deer Creek Coal Deposit— Anderson, Dietz I, and Dietz 2 Beds
0 to 50
50 to 100
100 to 150

82.06
184.87
143.54

372.87
1,443.81
1,787.75

4.54
7.8
12.45

2,400
5,344
4,064

34,191.7
34,593.9
35,319.9

Total

410.47

3,604.43

8.78
(Average)

11,808

34,762
(Average)
I

Squirrel Creek Coal Deposit— Roland Bed
0 to 50
50 to 100
100 to 150
Total

76.91
43.87
12.63

17.28
246.26
122.29

133.41

385.83

0.22
5.61
9.68
2.89
(Average)

3,571.2
2,035.2
601.6

21,537.4
21,558.7
21,000.7

6,208.0

21,490.9
(Average)
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Fence Diagram of Subsurface Stratagraphic
Correlations. Subsurface data of 6.4 square
kilometers near Decker, MT.

inkvi
cm

AND D | L = D I E T Z
= DIETZ

NO. 2

= CANYON

LOST

NO. I

COAL

COAL

C OA L

(SEE

C O R E , NO

DAT A

FIG. 3 b )

DBRAR Y
M O NTANA S i
.!v n v jil
BOZEMAN

' .

.

l

I# # " ;

i

I
N3 7 8
W 633
cop.2

Widmayer, Margaret A
Depositional model of
the sandstone beds in
the Tongue River Member
of the Fort Union
Formation ...
ISSUED TO

DATE

2 WEEKS
A im 6

n r r w w jr w i A W LiJM
fo yff

Wese+A
C ^ z
S 6>^r
7y

//O J ?

OCC

«

J

^ ik .« L # V e
,

INTERUBRAir

r>l uvaJoiu*. INTERUBRJ

INTERU
Z

IN v
f

J

m

JiA L tJ

<•—/

/ / / /
^Lz
C-ZfyR ,

/

-rp r f
v

