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Abstract:

The upper 15 m of the Judith River Formation on and adjacent to the Fort Belknap Indian Reservation,
north-central Montana is composed mostly of overbank mudrock, siltstone, fine-grained sandstone, and
coal, with some cross-stratified channel sandstone in the lower part. The lower 15 m of the overlying
Bearpaw Shale is a transgressive deposit composed primarily of concretionary silty shale with some
clayey, silty sandstone zones and one bentonite bed. The source area for both formations was primarily
in western Montana and Idaho, with the Elkhorn Mountains volcanics a major source of debris.

The contact between the Judith River and Bearpaw formations is abrupt and lacks a transgressive
sandstone facies. The transgression of the Bearpaw sea across the study area is considered to have been
a nearly isochronous event because of the nature of the transition, small east-west differences in
thickness between marker horizons, and similar elevations of the contact from east to west across
undeformed parts of the study area.

The Bearpaw transgression was caused mainly by tectonic thickening in the western Cordillera, which
created subsidence primarily in the western and central portions of the Western Interior basin. The
transgression was a nearly isochronous event that took place approximately 72 m.y. ago according to
radiometric age dates on bentonite beds. Discrepancies between these radiometric dates and faunal
zonation that implies a diachronous transgression can be explained by paleogeography and salinity
stratification of the Bearpaw sea before and at the beginning of the transgression. The marine nektonic
organisms used in the faunal zonation studies are thought to have been excluded from the initial
transgressive pulse because of low salinity water in the surface layer of the sea. The sea probably
invaded subsided areas through inlets that formed around topographic highs, which are major Judith
River Formation deltaic complexes in central Montana and southern Alberta and Saskatchewan.
Nektonic fauna probably did not occupy the newly subsided basin until well after the entire region was
inundated, thus giving the impression of a diachronous transgression throughout the region.
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ABSTRACT

The upper 15 m of the Judith River Formation on and adjacent to
the Fort Belknap Indian Reservation, north-central Montana is composed
mostly of overbank mudrock, s11tstone, fine- gra1ned sandstone, and coal,
with some cross-stratified channel sandstone in the lower part The
lower 15 m of the overlying Bearpaw Shale is a transgressive deposit com-
posed primarily of concretionary silty shale with some clayey, silty
sandstone zones and one bentonite bed. The source area for both
formations was primarily in western Montana and Idaho, with the ETkhorn
Mountains volcanics a major source of debris.

The contact between the Judith River and Bearpaw formations is
abrupt and lacks a transgressive sandstone facies. The transgression
of the Bearpaw sea across. the study area is considered to have been a
nearly isochronous event because of the nature of the transition, small
east-west differences in thickness between marker horizons, and similar
elevations of the contact from east to west across undeformed parts of
the study area.

The Bearpaw transgression was caused mainly by tectonic thickening

“in the western Cordillera, which created subsidence primarily in the
western and central portions of the Western Interior basin. The trans-
gression was a nearly isochronous event that took place ‘approximately
72 m.y. ago according to radiometric age dates on bentonite beds. Dis-
-crepancies between these radiometric dates and faunal zonation that
implies a diachronous transgression can be explained by paleogeography
and salinity stratification of the Bearpaw sea before and at the begin-
ning of the transgression. The marine nektonic organisms used in the
faunal zonation studies are thought to have been excluded from the
initial transgressive pulse because of low salinity water in the sur-.
face layer of the sea. The sea probably invaded subsided areas through
inTets that formed around topographic highs, which are major Judith
River Formation deltaic complexes in central Montana and southern
Alberta and Saskatchewan. Nektonic fauna probably did not occupy the
newly subsided basin until well after the entire region was inundated,
thus g1v1ng the impression of a diachronous transgress1on throughout
the region.




INTRODUCTION
Location

The study area is'in north-central Montana and includes 511 of .
the Fort Belknap Indian Re§e#vation as well as an adjacent area to the
west. It is bounded on the north By the Milk River, on the east and
south by the reservation boundary, and on the west by 109° west longi-
tude. The area lies just north of the Little Rocky Mountains and
approximate1y 30 km east of the Bearpaw Mountains 1in Blaine and Phillips

counties.

Purpose

This study focuses on the stratigraphy of the upper 15 m of the
Judith River Formation and the Tower 15 m of the Bearpaw Shale aﬁd,
specifica]ly, on the rate of transgression of the Bearpaw sea. Toward
~ this end, an understandfng of regioﬁal stratigraphic re]ationships,
debositiona] environmenfs, provenence, and directfon of sedihent»trans-

port is necessary.
Procedure

A field study was conducted on and adjacent to the Fort Belknap
Indian Reservation during the summer of 1981. Field work was initiated
by first finding exposures through the use of aerial photographs and

7% minute topographic maps. Because of the flat-lying attitude of the
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strata and the propensity of the Judith River and Bearpaw formétions
to erode and slump, most exposures were found only near active, modern
drainage systems.

Field wofk consisted of measuring stratigraphic sections at a
total of 64 localities with steel tape and Jacob's staff. Specific
information recorded at each Tocality includes: (1) thickness and
geometry of beds; (2) azimuth, dip, and thickness of cross-strétified
sets; (3) description of cross-stratification; (4) notation of other
primary sedimentary features ‘'such as graded bedding, fossils, and
ichnofossils; (5) diagenetic featurés such és concretions and degree of
induration; (6) description of lithology; and (7).vertica1 and horizon-
tal variation of Tithologies. Samples were collected at every change
of sedimentary structure or lithology.

Laboratory analyses included thin section and binocular wicro-
scope examination of selected samples from various localities. Stan-
dard thin sections and ring-mount thin sections of poorly consolidated
sedimeﬁts were examined under the petrographic mircoscope; Precise
determination of mineralogy was not an objective of this study. Hdwever,
analyses confirmed more detailed petrographic studies of Rubey (1930),

McLean (1971), and Schultz and others (1980).

s

General Geology

Bedrock in the study area is predominantly of Cretaceous age,
except for several Tertiary instrusions in the southern and western
portions (Fig. 1). The larger intrusions have tilted Paleozoic and

Precambrian rocks around their perimeters.
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Study area
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Figure 1. Generalized geologic map of the study area (modified from
Alverson, 1965; other data from Ross and others, 1958).
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Upper Cretaceous sedimentary rocks of the region are part of the
Montana Group (Fig. 2). Two units near the top df this group are the
focus of this study: the Judith River.Formétion and the over1y1ng:Bear-
paw Shale. The Judith RiQer Formation is primarily a %reshwatér; regres-~
sive deposit of sandstbne, siltstone, and mudrockl. The Bearpaw is a
transgressive marine deposit composed primarily of dark-co]bred.sha1eu

Much of the study area is covered by a veneer of.-alluvium or
glaciofluvial material up to 30 m thick (Hauptmann and Todd, i953).
“Glaciofluvial deposits are usually assbciated.w1th upiands_and
alluvium with modern stream drainages as well with the. preglacial
Missouri River. | |

The dominant structura] features in the area were forméd in response
to stresses that formed the Little Rocky and Bearpaw mountains. Strata.
dip steeply off the Little Rocky Mounta{ns as well as off associated
outlying 1ntrusivé bodies (Knechtel, 1959). In thennorth and'ﬁorth-.
west parts of the study area, however, sedimentary strata are neér]y
flat-lying, usually dippinglless than one degree (Alverson, 1965). -

Two low-angle thrust-fault systems, the trends of which are
mutually perpendicular, are depicted on maps by Erdmann and Kbskinen
(1953) and Alverson (1965). The thrust fault system in the northwest

part of the study area has a N40°W trend; the system in the southwestern

corner trends N30°E. These are believed to be gravity slide faults

]The term mudrock, as used here, refers to a nonfissile mixture of clay,
silt, and sand particies of indefinite proportions.




adjacent areas (from Balster, 1980).
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associated with the Bearpaw Mountains (Reeves, 1946). Numerous normal
faults are associated with domal features near the Little Rbcky Mountains

(Alverson, 1965).

Previous Investigations

Stratigraphy of Upper Cretaceous rocks has been the subject of
numerous detailed studies throughout the Western Interior. -The studiés-
mentioned here are those considered most pert%nent to this study and are
only a fraction.of the total pub1ished'mater1a1.

Early descriptions and mapping of the Judith River and.Bearpaw for-
mations were done-by-Meek'and Hayden (1856), Hatcher‘and Stanton (1903),
Pepperberg (1908; 1910), and Bowen (19]29 1915). The stratigraphy;and'
biosfratigraphy of Uppér Cretaceous rocks in Mdntana and adjacent areas
were studied by Cobban (1955), Reeside (1957), Gill and Cobban (1966,
1973), and Tschudy (1973). Geo]ogib maps were prdduced:bn and adjaéent‘
the study area by Kngcﬁte],(1959), Hearn and others (1964), Schmidt and
others (1964), and Alverson (1965). Studies that focused on the trans-
gression of the Bearpaw sea are those of McLean (1971), Gill and Cobban
(1973), and Lorenz (1981). . ' _

Rocks of this_érea deposited during the Campanian Stage of the Upper
Cretaceous have been stu@ied from many vantage points énd at numerous |
scales. It 15 genera11y égreed that the Judith River Formétibn was.
-deposifed in -nonmarine environments by streams tﬁat flowed from the’
Cordilleran hTQhTénd eastwarq toward the Cretaceous epeiffc sea. The-

Bearpaw Shale is considered to be of marine origin, but the rate of .
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transgreséion of the Bearpaw sea is variously interpreted by several -

authors within the region.*
PALEOGEOGRAPHY AND TECTONIC SETTING

The Cretaceous Western Interior basin was an asymmetrical, e1ongate'
structural trough lying east of the Cordilleran geantic]ine.(Kauffman,
1977). The epeiric sea that occupied this basin was up to 1,600 km wide,
more than 5,000 km long, and connected.the present-day Gulf of Mexico
with the proto-Arctic Ocean (Fig. 3).

The deve]bpment'of the Western Interior basin began in the Léte
Jurassic as a result of the accretion of exotic terrain onto the North
American craton during subduction of the Pacific plate (Price, 1973).
With the development of the resulting orogén and subsequent crustal
shortening, the mass of the eastward-displaced supracrustal rocks ini-
tiated subsidence along the western margin of the basin (Price, 1973).
This tectonic thickening on top of "an old, cool, thick, 1ithospher1c
plate" (Caldwell, 1982, p. 296) and resultant subsidence probably
affected‘a large part of the eventual basin area.

Isostatic adjustment of the 1ithosphere due to tectonic thickening
was supplemented by that from sediment 1oadihg east of the'foid and
thrust belt. These thick, eastwérd-bui]ding prisms of sedimeﬁt gave
rise to the "migrating foredeep" concept of Bally and others (1966)
(Fig. 4). | B

Orogenic pulses in the Cordilleran highland to the west provided
source areas for most of the sediment supplied to the basin, with Very

Tittle detritus derived from the North American craton to the east (Gill




Figure 3.

LAND AREA

North American paleogeographic map showing general maximum
distribution of Cretaceous epeiric sea. State of Montana
is outlined, study area shown in black. Dashed Tine indi-
cates approximate position of shoreline just prior to
Beargaw transgression (modified from Gill and Cobban,
1973).
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Bally and others, 1966, p. 366).
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and Cobban, 1973). The geometry of.the'basin evolved into an asymmetric
profile, with much thicker, coarser,deposits along the more rapidly sub-
siding western margin (Fig. 5).’ -

Most of the sediment from the Cordilieran highland was delivered
to the basin by streams that formed at least five major deltaic com-.
plexes in the northern part of the basin during the Campanian Stage
(Fig. 6).. Weimer (1970) showed de]taiﬁ complexes located in northern
Colorado, central Wyoming, and centra]iMontana, and Williams.and Stelk
(1975) fouﬁd evidence for two others, one in northern Alberta and a
second in southern Alberta and Sagkatchewan. .Numerous minor deltaic
systems fed by smaller streams propab1y~existed between the major com--
plexes (McLean, 1971).

-Provenencé of the Judith River Formation and partial time--
stratigraphic equivalents in western Mbntana was studied by McLean
(1971), McMannis (1965), Roberts (1963), Viele and Harris (1965), and
Mudge’and Sheppard (1968). These authors agree that the majority of
clasts in these formations were derived from vo]canic-soufces. -The'
primary volcanic source.was the Elkhorn Mountains,_glthough the Deer
Creek volcanic centers probably supplied some volcanic detritus in'
southwest Montana (Parsons, i942). Viele and Harris (1965) studied
volcaniclastic-rich Upper Cretaceous rocks -in northwest Montana and
speculated that.the source of the large volcanic fragments thefe was a
‘northern extension of the Elkhorn Mountains. They pdstu]ated that the
Elkhorn Mountains volcanics extended hofth of their present distribu-
tion and have since been covered by thrust sheets emp1aced.dur1ng the

Paleocene. Other important source rocks for the Judith River Formation
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relationships (data from Schultz and others, 1980; Gill and Cobban, 1965; Hansen,
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Figure 6. Paleogeographic map showing shoreline and positions of five
deltaic complexes just prior to the Bearpaw transgression.
Northern two from data of Williams and Stelk (1975), southern
three from data of Weimer (1970).
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are the Belt Supergrodp, Archean metamorphic rbcks, and Paleozoic and
Mesozoic sedimentary rocks, all of which were uplifted during the

Sevier and early_part of the Laramide orogeny (McLean, 1971).
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- STRATIGRAPHY

Regional Stratigraphy

The Montana Group was named by Eldridge (1889) for Upper Cretaceous
sedimentary rocks which are best exposed in the state of Montana. With
more recent revisions by Cobban andvReeside (1952), the formatjons of
this group are, in ascending ordef: Eag}e, Claggett, Judith River,
Bearpaw, and Fox Hills (Fig. 2). Equivalent rock-stratigraphic units
also included in the Montana Group are the Pierre Shale, Telegraph Creek
Formation,.Virge11e Sandstone, Parkman Sandstone, Two Medicine Forma-
tioﬁ, Lennep Sandstone, and Horsefhief Sandstone (Fig. é). These units
generally. consist of eastward-thinning wedges of regressive, nonmarine
and marginal marine deposité that enclose westward-thinning wedges of .
transgressive, marine strata. Figure 7 is a diagramﬁatic east-west
cross section showing the general relationships of the Montana Grbup.

The stratigraphic units pf interest in this study are the Judfth
River Formation and the overlying Bearpaw Shale.: The Judith-River
Formation is an eastward-thinning, primafi]y freshwater'deposit that
accumulated during the middle Campaﬁiah. The Bearpaw Sha]e is a
complimentary westWard‘thinning formation deposited in marfne envi-
ronments~dur1hg the later Campanian and the.ear1ie§t part of the
Maestrichtian (Figs. 2 and 7);

In western Montana, the time-stratigraphic equivalent of the

Judith River Formation is the upper part of the Two Medicine Formation.
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Figure 7. Diagrammatic east-west cross section through northern Montana
showing the general relationships of the Montana Group (modi-
fied from Rice and Shurr, 1980).
On the west side of the Sweetgrass Arch, approximately 250 km west of
the study area, the Two Medicine Formation is greater than 600 m thick
and is almost entirely nonmarine sandstone, siltstone, and shale (Cobban,
1955). The lithologically similar time-stratigraphic equivalent of the
Judith River Formation in southern Alberta and Saskatchewan is called
the Belly River Group that is divided into the Oldman and Foremost
formations (McLean, 1971). In Wyoming, the Judith River equivalent is
the Mesa Verde Formation which has been reported as being unconformably
overlain by the Meeteetse Shale, the Bearpaw Shale equivalent (Gill and

Cobban, 1966).
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Stratigraphy of the Judith River/Bearpaw Transition

This study focuses on the stratigraphy of the upper 15 m of the
Judith River Formation and the transition into the Tower part of the

Bearpaw Shale. A composite 1lithologic sequence for this interval is

“shown in Figure 8. This diagram illustrates the relative positioné of

all significant horizons and lithologies in the upper part of the Judith.
River and Tower part of the Bearpaw within the study area. No single
oﬁtcrop studied 1né]udéd ajl'horiions or lithologies shown in the figure.
The upper part of the Judith River 1s‘a light-colored, heterogenous mix-
turé of sandstone,. siltstone, and mudrockvwith a few thin coal beds néér.“
the top. Although the 1ithology of‘a certain bed ﬁay remain cbnstant
for several hundred meters, 1atéra1 and vertical variation effeétivély
eliminates use of most beds as regional marker horizons.

" The geometry of individual beds within the upper part of the Judith
River Formation in the study area is generally 1enticu1ar,-a1thbu§h some
coal and mudrock beds appear tabular across short eiposures of isolated
outcrops. Mudrock and sandstone'11thosomes are cbmmdn]y intertongued
at both large scale (beds up to 3m thick) and small scale (beds less
than 5 cm thick).-1Contacts between fine and overlying coarse Titho-
somes are usually sharp, and a gradational transitionusualiy occurs
between coarse and overlying mudrock facies.

The transition from the Judith River into the Bearpaw is distinct
in ai] exposures but is most abrupt in the eastern portion.of the ;tudy_
area. The contacf is characterized by an upward'decrease in grain size,
an increase in fissility, and darker color. Because the_BéérpaW Shale

is a relatively nonresistant unit containing a significant amount of




17

~—

—a
= Vertical

Lower & — meters

scale

Bearpaw =

Shale LEGEND

Massive
sandstone

Carbonaceous
shale

m Sand and
gravel

Cross~-stratified
sandstone

Siltstone

-~ |Bivalves
& 44 |Gastropods

Upper

Judith River

Formation
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Judith River Formation and the lower 15 m of the Bearpaw
Shale in the study area.
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expandable clay, it forms a §ubdued'topograbﬁy that supports-Titt]é vege-
tation, which further delineates the contact. .

The Tower part of the Bearpaw is composed of dark-colored silty
shale that weathers light gray and contains at least one yellow-white
to white bentonite bed.. Sahidine and biotite from bentonite beds ih
the Bearpaw Shale have beén déteé by potassﬁﬁm-argon techniques |
(Folinsbee and others, 1961, 1965) and these ages havé been applied to.
| ammonite and foraminiferan zonation for greétef réso]ution_of time rela-
tionships'ih the Western Interior (Gill and‘Cobban, 1973; North and
Caldwell, 1975). However? the Tower part of the Bearpaw Shale 1acks '
the biostratigraphic control'used throughout the rest of the formaﬁion
(Hearn and éthers, 1965; Caldwell, 1968). This lack of fossils may have
been caused by unfavorable conditions for faunal occupation and Wf11,be
addressed in a later section. In the study area, the lower part of the
Bearpaw Shale contains numerous concretions but none wére found that
Eontained ammonites as described from higher parts of the formation
elsewhere (Gill ahd Cobban, 1973; Schultz and others, ]986).-

Exposures of the Bearpaw Shale exh151t~a popcorn-weathered surface
that compacts easily under weight and, when wetted, produces'a very
sficky or gumbo surface. This type of weathering is due to expansion
and contraction by smectite claysAthat Tocally comprise a large propor-
tion of the shale (Schultz and others, 1980). |
. Although the Bearpaw Shale was reported to cbntain numerous ben@o—
'nite beds (Knechtel, 1959; Gi11 and Cobban, 1973; Caldwell, 1968; Schultz
and others, 1980), the Tower 15 m in the study area contains 6n1y one

discrete, relatively continuous bed. This bentonite bed occurs
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approximately 13 to 15 m above the Judith River/Bearpaw contact jn the
‘northern part of the study area and has a maximum thickness of 0.65 m.
Appérent]y this behtonite bed-was deposited in locally agitated watér;
since the thickness varies considerably within in few meters Taterally
and the upper surface is irregular and appears- scoured. Currents may
have shifted the volcanic ash from one area to another where tranquil
conditions allowed abnormally thick accumulations. .

Other bentonite beds occur in the study area at a level approx-
imately 30 to 35 m above the Judith River/Bearpaw contact. These beds
appear less disrupted thap the Tower bentonite bed and may not have been
subjected to currents during or shortly after deposition.

Sandstone tongues were reported within the Bearpaw Shale by Knechtg]
(1959) and Ca]dwe]] (1968). Caldwell described these sandstone tongues
as well-sorted, fine-grained, and Tocally cross-stratified. No compar-
able sandstone lithologies occur in the 1owér part of the Bearpaw in
the study area, although zones of clayey and silty sandstone do occur
at various horizons (Fig. 8). The maximum thickness of thésé zones 1in
the study area is 0.5 m and they usually pinch out within 50 m laterally.
Mineralogy of grains within the sandstone zones suggests they are related
to the Judith River Formation. These may be offshore or delta front
" bars that accumulated in response to increased sediment input from the

alluvial system.
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LITHOLOGY OF THE JUDITH RIVER/BEARPAW TRANSITION

JIntroduction

The upper 15 m of thé Judith River Formation is an heterogenous
mixture of 1ight-co}ored mudrock and sandstone with some thin Tlignite
beds in the upper bart. .Judith River sandstoné is fextUrally and. min-
eralogically immature and is classified as feldspathic 1itharenite (Fo]k,
1974 classification triané]e). Mudrock constitutes a major part of the
Judith River Formation and is generally poorly sorted and highly bento-
nitic. Mineralogy of the silt-size grains in the mudrock is similar to
the mineralogy of Judith River sandstone.

The Tower 15 m of the Bearpaw Shale is compbsed primarily of dérk-
colored silty shale that contains numerous siderite concretions. Bento-

nite and gypsum beds and several 1light-colored clayey and silty sand-

stone zones also occur in the lower part of the formation.

Judith River Mudrock

In the upper 15 m of the Judith Rivef Formation'in the study area,
mudrock is the predominant rock type with some interfiﬁgered sandstoneA
and thin coal beds. The mudrock is usually light brown to gray, massive,
poorly sorted,'and concretionary. McLean (1977) determined that the mud-
rock was composed of montmorillonite, illite, kaolinite, and chlorite,
and silt-sized grains of quartz, feldspar, c]inopti]o]ite;-dolomite,'

calcite, biotite, and pyrite. Both septarian and nonseptariah
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concretions occur within'the mudrock. Most concretions are composed of
siderite although some contain abundant clasts similar to those in the

host rock. The cementing agent in clastic-rich concretions fs usually

siderite, calcite, or sometimes a well-indurated siliceous, clay matrix.

No fossils were found in ahy'concretions in the mudrock. The mudrock
is generally poorly indurated and. on weathéred exposuﬁes'often contains

gypsum and jarosite;

Judith River Sandstone Beds

Sandstone bed§ within the-Qpper 15 m of the Judifh River Formation
are of fwo types: those thaf are greatér,than 3m thick,.that are mod-
erately sorted, and display large-scale cross-stfatification, and those
that are less than 3 m thick, are well-sorted, and display small-scale
cross-stratification or ripple-drift laminae. The thick, 1ar§e-s§a1e
'cross-stratified sandstone beds genera11& occur Tower in the sequence
and the thin, sma11-sca1e>cross-stratified units usually occur higher

in the Judith River Formation near the contact, -although they sometimes .

are found just above the thicker sandstone beds (Fig. 8).'.Both types of .

sandstones are composed mainly of plagioclase, rock fragments,:quartz,

and potassium feldspar, with calcite and .glauconite as,minor constit--. . -

.uents.

The thick-bedded sandstone facies. is generally poorly to moderately

. sorted and up to 6 m thick. Sedimentary structures within fhe thicker;
lower sandstone beds are large-scale omikron cross;stratificdtion :
(Fig. 9). Most cross-stfatified sets are characterized by tangential

‘bases and erosional upper surfaces. The thickness of individual
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Figure 9. Photograph of large-scale omikron cross-stratification that
occurs in the thicker, lower sandstone beds in the upper
15 m of the Judith River Formation in the study area.











































































































































