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INTRODUCTTION

Exposures of the lower two thirds of the Tongue
River Member of the Paleocene Fort Union Formation
were measured along the Powder River valley in
southeastern Montana in the Moorhead and Birney-
Broadus coalfields., This report documents the
stratigraphic variations, lateral continuity of
partly eroded coal beds aleng the line of sec-
tion, and shows ten sections for the Tongue River
Member in this study area. This report is a com-
panion to the report by Flores and Canavello
(1979). The study area represents a linear dis-
tance of 35 miles along the Powder River valley
and extends from the Wyoming-Montana State line
to a point 7 miles southeast of Broadus. Mont.

(see index map). Within this area are relatively
continuous outcrops of the middle and lower parts
of the Tongue River Member.

The Tongue River Member of the Fort Union
Formation in the Moorhead coalfield where this
study is mainly located was described by Bryson
and Bass (1973) as interbedded yellow to gray sand-
stone, sandy shale, gray shale, some carbonaceous
shale, and coal. The total thickness of the Tongue
River Member in the Moorhead coalfield is about
1600 feet and is slightly thinner compared to the
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Tongue River sequence in the Spotted Horse coalfield
(Olive, 1957) immediately to the south-southwest and
in the Birney-Broadus coalfield (Warren, 1959)
immediately to the north-northwest.

The study consisted of measuring and correlating
a total of 54 stratigraphic sections along a 35-mile
long, relatively continuous exposure, and yielding
an average lateral spacing of about 0.6 mile between
sections. Lateral spacing of sections was determined
by the degree of exposure and continuity of beds.
Preliminary investigations of the outcrops showed
that most beds could be traced for at least 0.25
mile. Thus, in order to observe the lateral con-
tinuity of beds showing the greatest variation, it
was determined that the lateral spacing of sections
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should be 0.5 to 0.75 mile. The exact spacing is
largely dependent on the availability of exposure
and the amount of vertical section that is exposed
at each locality. Each measured section contains
key units of sandstone, limestone, and coal that
are physically traceable to adjoining sections.
Each section was correlated with adjoining sections
by these key beds. All stratigraphic sections were
assembled into panels of restored cross sections.
Three restored cross-section panels which show
detailed vertical and lateral relationships of the
rock types and facies variations of the Tongue
River Member are identified as panels A-A', B-B',
and C-C'. These cross sections represent continuous
panéié—élong the Powder River valley from southwest
to northeast. 1In addition, ten sections were es-
tablished at well exposed localities and are iden-
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O 15KM ‘ tified in the cross sections as representative
l : prees : | vertical distributions of rock types of the Tongue
6 10M| River Member. Each of the sections is a segment

of the Tongue River sequence and the sections
taken together represent a composite stratigraphic
section of the middle and lower parts of the member.

LITHOLOGY

The The lithologic classification of the Tongue
River Member as represented in surface exposures
consists of 6 basic lithologic units: coal, sand-
stone, siltstone, shale, carbonaceous shale, and

limestone.
Coal: The coal beds in the study area are sub-

bituminous and range in thickness from few inches to
29 feet. The coal beds range in lateral extent from
1 to 12 miles along the line of section. Some of the
coals have been traced considerably farther than 12
miles in the subsurface and on the surface in other
parts of the coalfield (Bryson and Bass, 1973). The
lateral continuity of coal beds is controlled by
splitting and merging of the beds. Coal beds and roof
rocks that were burned occur as red clinker units.
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Sandstone: Sandstones make up the bulk, about 55
percent, of the Tongue River Member along the Powder
River. The sandstones vary in color from medium gray
to light gray in fresh outcrops and weather yellow.
The beds vary in thickness from few inches to 160
feet. The sandstones consist of two lithogenetic types:
channel and crevasse. These lithogenetic types are
identified according to their internal sedimentary
structure, grain size, and basal contact. The channel
sandstone is basally erosional, is fine to coarse
grained including lag deposits of siderite nodules,
and is festoon crossbedded, planar crossbedded, and
ripple laminated. The crevasse sandstone which prob-
ably includes overbank or splay deposits, displays
sharp to gradational base, is very fine to medium
grained, and is characterized by small scale festoons,
ripples, climbing-ripples, parallel laminations and
some burrows. The channel sandstone ranges in thick-
ness from 12 to 160 feet and the grain size becomes
finer upward, whereas, the crevasse sandstone ranges
from 1 to 50 feet thick and coarsens upward. In several
exposures the channel sandstone is in erosional contact
with the underlying crevasse sandstone.

Siltstone;' This rock type varies in color from
light to dark gray and consists of fine silt to very
fine sand; the grain size in most beds is medium silt.
The bedding types include ripple lamination, lenticular
bedding, and climbing ripples. The siltstone contains
abundant ferruginous nodules and concretions, and
layers that are limy. Fossils include silicified tree
trunks, large woody remains, and macerated plant frag-
ments. Freshwater fossil mollusks are found in this
rock type.

Shale: Shale in the Tongue River Member varies
from gray to dark gray and is largely composed of clay
size particles and some fine silt. The stratification
includes parallel lamination and crude ripple lamina-
tion produced by alternating layers in which silt is
concentrated. The shale contains ferruginous concre-
tions and nodules and'abundant plant fragments.

Carbonaceous Shale: This rock type is black in
fresh outcrops and is reddish-brown in weathered out-
crops. It consists of clay-sized particles and the
impressions of many large plant stems and leaves.
Silicified tree trunks are common in .the carbonaceous
shale. Carbonaceous shales locally form interbeds in
coal as well as overlie and underlie coal beds. In
addition, coal beds laterally grade into carbonaceous
shale. '

Limestone: This rock type is the least common
deposit. The limestone varies from gray in fresh out-
crops to yellow in weathered outcrops. Some beds are

.cross laminated but most are nonbedded. Most lime-

stones are classified as wackestone-packstone types
although some lime mudstone is present. The lime-
stone is barren of fossils.

RESTORED STRATIGRAPHIC CROSS SECTIONS
AND COAL CORRELATTIONS

Restored cross section A-A' shows the vertical
and lateral lithic distributions of the middle part of
the Tongue River Member in the southwesternmost part
of the study area. The cross section includes litho-
igenetic units from 90 feet above the .Canyon coal to
250 feet below the Pawnee coal (Bryson and Bass, 1973).
The Canyon-Cook interval of this restored cross section
is equivalent to and correlated with the Anderson-Wall
dinterval of restored cross section D-D' of Flores and
(Canavello. (1979). The Tongue River Member in cross
section A-A' consists largely of thick channel sand-
stones some of which locally cut out crevasse sand-
stone. The lower part of the restored cross section
contains thick, laterally extensive channel sandstones.
In the middle part of the cross section, the channel
sandstones are well developed to the northeast indicat-
iing an offset arrangement. In the upper part of the
cross section, the channel sandstone formed above the
Canyon coal is slightly offset to the southwest of the
underlying channel sandstones in the middle part of
the cross section. The offset arrangement of the
c:hannel sandstones controlled the area of development,
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thickness, and lateral continuity, and thus the corre-
lation of coal beds such as the Canyon, Cook, and

'Pawnee. As shown in the cross section most of the

coal beds were developed in the marginal overbank

areas adjacent to the offset channel sandstones. Since
these subenvironments existed contemporaneously, coals
formed in the overbank areas impinged into the channels;
thus, making correlation of coals formed on the opposite
overbank areas very difficult. The overbank areas
probably formed poorly drained swamps in contrast to
well-drained overbank areas which contain freshwater
mollusk fossils (as shown in the upper part of the
cross section). Few coal beds are formed in a well-
drained overbank area. In addition to overbank

areas, coal deposits are formed immediately above
channel sandstones. These areas probably formed

poorly drained swamps distributed along abandoned
channel ridges (Flores, 1979a). The splitting and
merging characteristics of the coal beds, particu-

- larly those formed marginal to the channel sand-

stones, are controlled by occurrence of overbank-
crevasse sandstones. These sandstones as well as
associated fine-grained detritus commonly separate
the coal deposits. Splitting of coal beds over
short distances is shown by the Cook coal which
splits to the northeast and the Pawnee coal which
splits to the southwest. Thus, correlations of

the Cook and Pawnee coal beds can best be determined
by recognition of the intervening crevasse detrital
wedges that caused separations of otherwise thick
coal beds. Splitting and merging of coal beds are
common to the fluvial-channel dominated environment
which characterizes these deposits (as described by

- Flores, 1979a,b). Section 1 represents the vertical

distribution of lithogenetic units in .this part of
the Tongue River Member, It includes well-exposed.
channel sandstones of the lower part and the coaly
overbank deposits of the upper part.

Restored cross section B-B' is a panel constructed
immediately to the northeast of restored cross section
A-A'. The upper part of the cross section is dominated
by channel sandstones and the lower part is mainly
composed of overbank-crevasse sandstones and associated
finer grained detritus. The channel sandstones are
equivalent to those of the middle and upper parts of
cross section A-A'. The crevasse sandstones and fine-
grained detritus of the lower part of cross section
B-B' represent marginal overbank detritus of the chan-
nel sandstones formed in the lower and middle parts of
cross section A-A'. As in cross section A-A', the
difference in environment of deposition of the lower
and upper parts of cross section B-B' controlled the
distribution of the coal beds. Most of the thick coal
beds including Cache, Pawnee, Nio. 5, and No. 8 coals
occur interbedded in the overbank deposits developed
in the lower part of the cross section. As in cross
section A-A' numerous splits within short distances
characterize these coal beds. The thick Pawnee coal
which splits in cross section A-A' also splits into
thin coals to the northeast, and No. 8 coal splits
into 2 thin coals to the southwest; the upper split
eventually pinches out. Thus, correlation of these
thick coals as individual beds can only be carried
for up to 5.5 miles along the line of section. Sec-
tions 2, 3, 4, and 5 are established to represent a
composite section of this part of the Tongue River
interval.

Restored cross section C-C' is a panel construct-
ed immediately northeast of crosis section B-B' and
shows the rock sequence in the mortheasternmost part
of the study area. The northeasiternmost end of the
restored cross section is approxiimately 7 miles
southwest of Broadus, Mont. Croiss section C-C' shows
the vertical and lateral lithic distribution of the
lowermost part of the Tongue Rivier Member down to the
contact with the underlying Lebo Shale Member. It
includes lithogenetic units that are 500 feet below
the Cache coal. As in cross secttion A-A', cross
section C-C' consists almost entﬁrely~bf_channel

sandstones. The pattern of offsect channel sandstones
in different stratigraphic levels is more regular in
section A-A' than in section C-C". The overbank areas

TONGUE RIVEIR MEMBER OF THE FORT UNION FORMATION, POWDER RIVER AREA, MONTANA
B

adjacent to the channel sandstones produced relatively
thinner and laterally less extensive coal deposits in
comparison to the overbank coal deposits of cross
sections B-B' and C-C'. Perhaps the overbank areas
in cross section C-C' in contrast to the other areas
to the southwest were well drained, as strongly sug-
gested by the abundance of freshwater mollusk fossils
in this part of the Tongue River Member. Notwith-
standing these differences, the lateral extent of
coal beds in these areas is complicated by splitting
and merging within short distances. In addition, in
cross section C-C', several coal beds (i.e. Cache)
appear to be eroded by the channel sandstones; other
unnamed coal beds abut against the channel sandstones.
These lateral characteristics of the coal beds curtail
correlation beyond the boundaries of subenvironments
(i.e. overbank basin, channels). The vertical dis-
tributions of the lithogenetic units .of the lowermost
part of the Tongue River Member are represented in
sections 6, 7, 8, 9, and 10. The limited amount of
vertical exposure of the Tongue River interval re-
quires several reference sections to represent the
entire interval.

In summary restored cross sections A-A', B-B'
and C-C' represent a continuous stratigraphic panel
showing a thickness of approximately 1050 feet of
the middle and lower parts of the Tongue River Member.
These restored sections cover a linear distance or 35
miles and include detailed correlation of the major
coal beds including the Canyon, Cook, Pawnee, Cache,
No. 5, and No. 8 coals. These restored cross sections
are continued southwestward in a set of restored sec-
tions described in a separate report (Flores and
Canavello, 1979) in which lithologic variations in
the upper part of the Tongue River Member of the
Fort Union Formation along the Powder River valley
in Wyoming are described and illustrated.
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