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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.



THE TRANSITION FROM.THE JUDITH RIVER FORMATION'.

TO THE BEARPAW SHALE (CAMPANIAN),
NORTH-CENTRAL MONTANA

by

Roger Elmer. Braun

s

A thesis submitted in partial fulfillment -
of the requirements for the degree

of
Master of Science
in

Earth Sciences_

MONTANA STATE UNIVERSITY
Bozeman, Montana

March 1983




ii

APPROVAL

of a thesis submitted by

Roger Elmer Braun

This thesis has been read by each member of the thesis committee
and has been found to be satisfactory regarding content, English usage,
format, citations, bibliographic style, and consistency, and is ready
for submission to the College of Graduate Studies.

Date airpersoh, Graduate Committee

Approved for the Major Department

Date ~ Hedd, MaJ epartment

Approved for the College of Graduate Studies

Eiatls e 2 /. /////%Z’ g

Date Graduate Dean




STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fu]fiJ]ment of the requirements
for a master's degree at Montana State Univérsity,‘l agree that the
Library shall make it available to boerwefs under rules of the Library.
Brief quotations from this thesis are allowable without spéciaf per-
mission, provided that accurate acknowledgment of source is made.

Permission for extensive quotation from or reproduqtion of this
thesis may be granted by my major professor, or in his/her absehce,
by the Director of Libraries when, in the opinion of either, the pro-
posed use of the material is for scholarly purposes. Any copying or
use of the material in this thesis for financial gain shall not be

allowed without my written permission.

(" . ! )
Signature ,’éﬂw 4 Lot

Date ?i/;é{;/éffs'




ACKNOWLEDGMENTS

Great appreciation is extended to Dr. Donald L. Smith (Committee
Chairman), Dr. Stephan G. Custer, and Dr. Robert A. Chadwi@k of the
Reading Committee, who provided many suggestions, much guidance, and
sevefa] criti;a1 reviews of the thesis. _ |

Appreciation is also extended to Dr. JLIP. Wehrenberg for sug-
gesting the project to the author, and to the Fort Belknap Indian
Reservatfon Tribal Cquncil for funding and cooperation during field
work. |

Special thanks to my wife, Mary, for her understanding, patience,
and support during the preparation and coﬁp]etion of the thesis.




vi

TABLE OF CONTENTS

Page

LIST OF FIGURES:«seeeanaernnernnns.t ey
ABSTRACT e ettt e tateresesesesasnsasasasasnsssansasasasasaannans X
INTRODUCTION. c et eeeteneneetocesosncansnnosscansassososonssas 1
o Yo & v o 1 1S e _ 1
Purpose........ et eeseceaettecasetraststtantesaosesenanns 1
Procedure.......... eecteseetesacsenetsestattcacraeresonnuas ' 1
General GeolOgY.e.cverevieervosencsosensenanssncosannons eee 2
Previous InvestigationS...ceeeeenenesenrcesoscncassananns 6
PALEOGEOGRAPHY AND TECTONIC SETTING...........c...onnnn eeeas 7
STRATIGRAPHY ¢ v et itieiieeeverecnesesosesoasssocncrvansoansaes 14
Regional Stratigraphy.:..ceeeeiiiieiiiiiiininninnivenn, ‘... 14
Stratigraphy of the Judith River/Bearpaw Trans1t1on ....... 16
LITHOLOGY OF THE JUDITH RIVER/BEARPAW TRANSITION.......u.nn. 20
INtrodUCETON. et e et iiininneenerenonsssaccsoscnnsoassnennes 20
Judith River Mudrock............. ceeresaene feeessstssesrenas 20
Judith River Sandstone BedS....eceviverinenrenennnannnns .o 21
Judith River Coal and Lignite............... rieeaaeaaaas 27
Bearpaw Silty Shale...vveiiriiiienninneinnnnnn, Ceeseasens . 28
Bearpaw Clayey, Silty Sandstone........cvvevivviieaiaane.. : 30
Bearpaw Bentonite......covvviiiiiiiiiiianet, eetesesaesenns ‘ 30 .
DESCRIPTIONS AND INTERPRETATIONS OF SPECIFIC OUTCROPS...... . 31
Three Mile CreeK.ee e er e eireeeenensnncaasnans eeesereeans 31
Peoples Creek.ceeeeen i ieieienennennnans P ecerene 34
COW CreeK . v eeeveaeennnceoasosassssssssasnsanssasssascnnsns 36
DEPOSITIONAL MODELS ..« vvvvvrnnnnnnaeeeeenanes e 40
Development of a Model..vveeeuiirenieininnneennnennnss 40

Environments of Deposition During the Transgress1on ....... 44




10.
11.

“vii

TABLE OF CONTENTS--Continued

Page

BEARPAN TRANSGRESSION....'ueevvunnnniernnnnnnnn. O (¢
Interpretations in the Literature.........ccvvvvnin.e. e 50
Rate of Transgression......... N - . 50
Causes of the Bearpaw Transgression................... 51
Evidence for a Rapid Transgression in the Study Area..... 56
CONCLUSIONS...vvvueennnn e ieereneaaaanes [ P 59

REFERENCES CITED.uvuiereennrieaenienenennecansssnsnnsnnanes 61




Figure

10.

11.

12.

viii

LIST OF FIGURES

Generalized geologic map of the study area.........cvev.ns

Stratigraphic correlation chart of Upper Cretaceous rocks
in Montana and adjacent ared......ceveeeseescecesccnceccnns

North American paleogeographic map during. the Cretaceous..

Schematic reconstruction showing migration of the Rocky
Mountain foredeep from the Jurassic to the Tertiary.......

Schematic east-west cross section from northwest Montana
to northwest Minnesota showing the geometry of the West-
ern Interior basin and general stratigraphic relation-
SNIPS . ettt ieeritereosnsocsosenssnscscasesnsssonosansenns

Paleogeographic map showing shoreline and positions of 5
deltaic complexes just prior to the Bearpaw transgression.

Diagrammatic east-west cross section through northern
Montana showing the general relationships of the Montana
GIrOUP e eessvosscsncssssanoscocssnsassosososnsosens PPN .

Composite stratigraphic section of the upper 15 m of the
Judith River Formation and the lower 15 m of the Bearpaw
Shale in the study ar€a...cveeeceeeiiesirencescescessannns

Photograph of large-scale omikron cross-stratification
that occurs in the thicker, Tower sandstone beds in the
upper 15 m of the Judith River Formation in the study

Current rose diagram showing azimuths of foresets of 74
cross-stratified sandstone beds in the upper part of the
Judith River Formation in the study area..................

Map of the study area showing locations of various out-

crops referred to in the text................. eeeecnenaees ,

Photograph of climbing ripples of ripple-drift cross-
Tamination from near the top of the Judith River Forma-

tion in the study area.......... emeeeenearaees EET TR .

11

12
15

17

22

23

25

26




Figure

13.

14,

15.

16.

17.
18.

19.

20.
21.

22,

23.

ix

LIST OF FIGURES--Continued

Photograph of in situ silicified tree stump in lignite
at 1oca11ty "A" in the upper part of the Judith River

Formation in the study area....c.cveeieencenecnennns ceecaes

Lithologic log and description of the Three Mile Creek

BXPOSU e ettt eesmeetunesnseeoeanasasncannsasnscasecanennns

Lithologic log and description of the Peoples .Creek

EXPOSUINE e e v eereneenanennacanannnnnes eeseeecratesnaenens

Lithologic log and description of the Cow Creek

BXPOSU e et eeeeneronsesosecassasosasssssansasosonnsansos

Idealized fining upward sequénce‘of a point bar deposit...

Diagrammatic oblique view showing alluvial, deltaic,

and marine environments approximately 72.5 m.y. B.P.......

Diagrammatic oblique view showing alluvial, deltaic,

and marine environments approximately 72 m.y. B.P.........

Diagrammatic oblique view showing alluvial, deltaic,

and marine environments approximately 71.5 m.y. B.P.......

Diagrammatic oblique view showing alluvial, deltaic,

and marine environments approximately 70 m.y. B.P.......

Paleogeographic map of Montana and adjacent area showing
inferred position of shoreline, major deltaic comp]exes,

and direction of sediment transport................... veos

Map and cross section showing major Judith River deltaic
complexes and circulation of water during initial Bear-

paw transgression near study aread.......ceeeviiiiiiiiieennn

Page

29
32
35

37
42

45
46
47

48
53

55




X

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).




16

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
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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.
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cross-stratified sets ranges up to 40 cm. Seventy-four azimuths of
cross-stratified sandstone beds in the upper 15 m of the Judith River
Formation were measured throughout the study area and are plotted on

a rose diagram shown in Figure 10.
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Figure 10. Current rose diagram showing azimuths of foresets of 74
cross-stratified sandstone beds in the upper part of the
Judith River Formation in the study area. Compass head-
ings were taken in the direction toward which foreset beds
dipped.
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Coset§ of the 1ower,_thick sandstone beds display a finihg-dﬁward
grain size sequence and upward decreased thickness of cross-stratified
sets. At Tocality "A" (Fig. 11) the fluvial sysfem produced cyclic
deposits és'follows. |
2 m ‘Mudrock with thin lenses of very fine-grained sand;

stone containing climbing r1pp1es interpreted as
levee or overbank deposits.

TOP D O

C 0-1m Coal and coal. fragment mudstone: interpreted as
floodplain and swamp deposits.

B 1 -3m Clayey sandstone and mudrock: 1nterpreted as levee,
crevasse splay, and chute depos1ts '

30TTOM A 3 - 6 m Omikron cross-stratified sandstone with upward

decrease in grain size, sometimes capped with rip-
ple drift cross-lamination: interpreted as migrat-
ing fluvial point bar deposits.
-The cycTes are often mu]tistoriéd with a “étackedf sequence thét fo]Tows
a (n)A - B - (n)A - B - € - D pattern where (n) cou]d'be a number from
f to 3, giving several repetitioné of omﬁkron'cro§s-stratified sand-
stones, eéch with an erosional upper'surfaqe. This pattern is similar
to that described by Allen (1965b) for fining-upward cycles of meander-
ing streams. | '
Thin, well sorted sandétoné beds  that contain small-scale cross-
stratffication often occur with a thicker sequencé of mudrock, é to
10 m below the Judjth Riyer/Bearpaw contaﬁt (Fig. 8). These thin
sandstone beds accumulated to a max1mum thickness of 1 m and often
display climbing ripres.or ripple-drift cross-]aﬁinae (Fig.'12).
At someiexposuresrthe thin sandstone beds éohtéin burrows and smé1]

coal fragments. . Small-scale cross-stratification also occurs as a
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Figure 12. Photograph of climbing ripples or ripple-drift cross-
lamination from near the top of the Judith River Forma-

tion in the study area.
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"cap” on top of thick, 1arge-sca1e crosswstrétified sandstone beds,
usually 12 to 13 m.below the Judith River/Béarpaw contact (Fjg, 8).
Climbing Eipp]es or ripple drift.cross-lamination is indicative of
rapid sedimehtafion and is producgd by migrating small-scale current
ripples with both the stoss and lee side of the ripple preserved |
(Allen, 1965b). | |

. Other isolated beds of crosﬁ-stratified, moderately we11;sdrted
sandstone have fofeséts that dip as much as 32°. These sandstone beds
pinch out Taterally and grade into Taminated mudrock and 1light-colored
sj1tsfonéu In the sﬁudy'area, these beds occur just below the contact
with the over1y1ngiBearpaw_Sha1e énd.usual]y above the coallseam

1] .

(Fig. 8). No recurring sequences occur in these steeply dipping beds.

Judith River Coal and Lignite

Near fhe top of the Judith River Forh&tion, thin seams of lignite .
and subbituminous coal occur within mudrock beds (Fig; 8). The maxi-
mum Tignite or coal thickness in the study area is 1.06 m, but a seam
2.5 m thick was described by Pepperberg (1910) within the upper part,
of the J;dith.River Formation abdut 25 km west of tHe study area. In.
those Tocalities Where coal could be stUdiediin outcfop (Fig. 11),
the deposits were generally 1ent{cu1ar, 1nvar1abf1y pinching outIW1thin
a few hundred meters. Weathered éxposures of coal often contain the
mineral jarosite idenfified by J. P. Wehrenberg using X—ray'diffraction
techniques at the University of Montana (personal comﬁunication,
10/16/81). Jarosite (KFe3(OH)6(SO4)2) apparently forms ‘as a weather-

ing product of pyrite and probably wod1d.not'occur in ‘unweathered coal
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(Warshaw, 1956). The coal contains abundant fragments of si]iéified
" and/or carbonized wood. At the Peoples Creek exposure (Fig; 11) an

in situ stump of silicified wood with roots intact appears to have

grown at an angle oblique to the coal seam (Fig. 13).

Bearpaw Silty Shale

The Tower 15 m of the Bearpaw Shale in the study area is composed
primarily of dark-coiored, popcorn- or frbthy—weafhering silty shale.
Most definitions of shale emphasize the fissile character of the fine-
grained detr%ta] rock and this is true of all rocks referred'to‘hefé'aS'
silty shale. The percehtagé of silt-size grains in this unit vafies '
from place to plahe but averages 15 to 20 percent as estimated_from;
Binocu]ar microscope analyses. ‘

~ Schultz and others (1980) analyzed the lower Bearpaw Shale at a..
Tocation approximately 55 km south of the study area and found that -the
silt-size particles weré composed of mostly quartz, plagioclase, biotfteg
potassium feldspar, calcite, dolomite, and cristobalite. Clay minerals
comprise 75 to 80 percent of the frothy- or.popcorn-weathered Bearpaw
Shale. . Minerals inc]ude mixed-layer clays, illite, chlorite, and'
kaolinite (SchQ]tz éndlothers, 1980). 'Miked—]ayér clay in frothy- or
popcorn—weathered shale is composed of a high proportion of méntmbril-
Tonite and i119te with subordinate beidellite (Schu]fé and others, 1980).
The popcorn- or frothy-weathering is usually explained as fhe result of
swelling and shrinking of c1éys rich in the exchangeable cations Na© -

and Ca+.
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Figure 13. Photograph of in situ silicified tree stump in
lignite at locality "A" (Fig. 11) in the upper part
of the Judith River Formation in the study area.
Diameter of stump is approximately 20 cm.
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Bearpaw Clayey, Silty Sandstone

Several thin, poorly sorted and poorly indurated zones of sqndétohe
occur in the Tower part of the Bearpaw Shale in the study area. Miner-

alogy of the silt and sand fraction of these nonresistant beds is simi-

lar to that of the upper part of the Judith River Formatiqn'exéept that =

quartz is the major constituent followed in abundance by fe]dspaf and" -
rock fragments. Clay mineralogy within the sandy tongues was not

determined.

Bearpaw Bentonite

The single discrete bentonite bed in the lower 15 m of the Bearpaw
Shale in the study aréa is white to ye]]owish—white and. has a maximum |
thickness of 0.65 m. Compositiohal analyses were ﬁot performed on this
bentonite. Howevér; Schultz énd.othgﬁs‘(j980) used X-ray difffaqtibn
analyses_and.determined that a typical Bearpaw bentonite is compoﬁed of
80 to 100 perceht clay minerals of which 100 percent is beideliitef
montmor111onité mixed-layer. They found qﬁértz; plagioclase, and bib-

tite to comprise up to 20 percent of the typ{cal bentonite.




31

DESCRIPTIONS AND INTERPRETATION OF SPECIFIC OUTCROPS

Three widely separated 1ocatiohs (Fig. 11) were selected for
detailed 1ithologic study andiinterpretive discussion. A1l three
include good exposures of the Judith River Formation; transitional
beds, and the overlying Bearpaw. Shale. Included with the diséu;sion
of each 1oca11ty is a‘figure showing the stratigraphic section and a
Tithologic description of the Judith River/Beafpaw transition at that

location.

Three Mile Creek Exposure

This outcrop is located 1n the northwest part of the study area
near the center of Sec. 11, T3IN, R22E aiong the interflueves of Thfee
Mile Creek and the Milk River. A stratigraphic section'and Qesériptibn
of this Tocality is given in Figure 14. |

The basal unit of this exposure is a light-colored, small-scale
cross-stratified sandstone that may represent:the upper part of a»pojﬁt

bar deposit or an accumulation within a crevasse splay or levee. The

overlying fine-grained sandstone, siltstone,.mudrock and coal beds are -

interpreted as overbank deposits that resg]ted'from lateral stream migra-
tion, which brought the floodplain environment over the former channel.
Above the coal seam are']ight-co1oréd siltétone,-mddrock, and carbo-
naceous shale beds with a’tota1 fhickness of 2.5 m. These beds may be”'

a continuation. of overbank deposits or, alternatively, the result of
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White to yellowish-white bentonite (45 cm) with
overlying dark gray to brown silty shale.

Dark gray to brown silty shale, locally concretion-
ary and gypsiferous (2.5 m).

Buff to gray, poorly sorted, clayey, silty
sandstone (.05 m).

Dark gray to brown silty shale, locally con-
cretionary and gypsiferous (4.5 m).

Dark gray to gray gypsiferous silty claystone
and mudrock (1 m).
Medium gray to brown, massive, gypsiferous,
sandy shale with jarosite (1 m).
Buff to gray, fine- to medium-grained. friable
gypsiferous clayey sandstone with jarosite
and hematite (1.5 m).
Dark brown carbonaceous shale with hematite (0.5 m).

Buff to gray laminated mudrock and siltstone (0.5 m).

Black subbituminous coal with gypsum, jJarosite,
and petrified wood (1 m).

Gray, clay-rich, massive mudrock with jarosite (0.5 m).
Dark brown carbonaceous shale (10 cm).
Light gray to buff, fine-grained massive, hematitic
sandstone with small-scale cross-stratified
sandstone at base (base covered).
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brackish-water estuary, lagoonal, or delta plain sedimentation. ‘Laék
of brackish-water fossils favors the former exp]anétion but is not con-
clusive. Overlying the floodplain deposits is-a 4 m fﬁick, generally
darker colored sequence of clayey sandstone, sandy shale, and mudrock
beds. These are interpreted as crevasse splay, levee, and delta plain
deposits that accumulated in fresh or brackish-water environments, Simi-
Tar deposits were described by Coleman and Prior (1982) from the Missis-
sippi delta. No fossils were found at this stratigraphic horizon at the
Three Mile Creek outcrob that might confirm this environment of deppéi-
tion. |

Sharply overlying the last mudrock bed is dark‘gfayish-brOWn shale
that is interpreted as the initial deposit of the Bearpaw transgression.
Approximately 3 m above the first appearance of dark-colored shale, is a
thin zone of poorly sorted, massive, clayey sandstone that may be the
result of storm activity or increased sediment input from the fluvial
system. Currents were épparent]y strong enough to bring in sand grain;,
but of insufficient duration or magnitude to produce a.we11-sdrted
deposit. The thickness and lateral extent of this coarse-grained facies
varies signiffcant1y within 50 m.

Approximately 8 m above the Towest marine deposit, a 30 to 45 cm
thick bentonite bed occurs. This ashfall deposit has variable thick-
_ness and an irregu1a}, apparently scoured upper surface that suggéSts
some erosion occurred before burial and, therefore, deposition within

wave ‘base.
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Peoples Creek Exposure

This outcrop is 1océfed in the east-central part of the study area
in the NE% of Sec. 21, T29N, R25E. A stratigraphic section and descfip-
tion of this locality is given in Figure 15. |

The sequence of lithologies at this outcrop is similar to that at
Three Mile Creek with a basal fiﬁe-grained, small-scale and rfpp]e-drfft
cross-laminated sandstone.bed. This type of cross-stfatification can
occur in two environments of a fluvial system.(A11en, 1965a): as the
fiha] deposit in point bar sequences, or on levees and crevaése splays.

Above the basal sandstone, a gradual upward decrease in grain size
occurs. Moderately sorted, fine-grained sandstone is interbedded with -
mudrock that grades upward into a thick bed of sandy mudrock containing
lTenses of carbonaceous shale and a .1 m thick coal seém. A thin bed con-
sisting of light-colored, fine-grained, massive silty sandstone con-
taining abundant coal fragments overlies the coal-mudrock sequence.

The entire Tower 7 m of the exposure is interpreted as an accumulation
that occurred in overbank environments, beginning with levee deposits
that were succeeded by fine-érained f]oodp1§in and swamp déposits. The
vertical juxtaposition of 1ithologfes may be'explained by shifting
environments as a stream channel migrated, as pdstq]ated'by Allen
(1965b) from similar recent deposits.

Overlying these overbank lithologies is a bioturbated, dark gray
shale that contains numerous "floating" fine-grainéd sand particles
near the base of the unit. This bed is brobab]y of marine origin and

may have been deposited on a flooded delta plain or in a ‘lagoon created
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Glaciofluvial deposits.

Dark gray, coarsely laminated, gypsiferous silty
shale with some hematite staining (1 m).

Medium gray, laminated, gysiferous mudrock with
brackish-water gastropods (Euspira subcrassum) (0.5 m).

Dark gray to brown, coarsely laminated, gypsiferous,
concretionary shale with some hematitic patches
(3 m).

White selenite gypsum in dark gray silty shale (15 cm).

Dark gray to brown, coarsely laminated, gypsiferous,
concretionary silty shale with some hematite
staining (1.5 m).

Dark gray, bioturbated sandy shale and mudrock (1 m).

Light gray to buff, fine-grained, massive sandstone
with coal fragments and jarosite (1 m).
Buff to gray, massive mudrock and siltstone (20 cm).

Bl?ck subbituminous coal with gypsum and hematite
s2sm)s

Buff to light gray, wavy bedded sandy mudrock with
thin carbonaceous shale lenses (1.5 m).

Light gray, wavy bedded to massive, moderately
sorted, fine-grained sandstone and interbedded
mudrock (1 m).

Buff, fine-grained, ripple-drift laminated and
small-scale cross-stratified sandstone (base
covered).
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Figure 15. Lithologic log and description of the Peoples Creek

exposure.
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during a transgressive pulse of the Bearpaw sea. The bioturbated
sandy shale grades upward into a dark gray, coarsely laminated,
gypsiferous shale interpreted as the initial deposit of the advancing
Bearpaw'sea.
The juxtaposition of.strata at this horizon suggest; that some

fluctuation of the depositional environment occurred at this location.

A 0.5 m thick mudrock containing Euspira subcrassum, a brackish-water
gastropod (W. A. Cobban,-pefsonal communication, 2/3/82), occurs approx-
imately 5 m above the Judifh River/Bearpaw confact within the Bearpaw
Shale. Fluctuation of marine and brackish-water environments méy have
been caused by slight regressions of thé sea or locally decreased tidal
range. Overlying this brackish-water deposit is dark grayish-brown,
concretionary, gypﬁiferous, silty shale typical of the Bearpaw Forma-

tion.

Cow Creek Exposure

This outcrop is located in the southwest part of the sfudy area in
Sec. 33, T26N, R21E, approximateiy 0.5 km east'of Cow Creek- (Figs. 11
and 16).

The lowest strata exposed are an alternating sequence of carbon-
aceous shale and buff to light gray, very fine-grained, hematite-
stained sandstone, which has small-scale cross-stratification at the
base. The inferred dgpositiona1 environment "is a levee fo]lbwed'by
overbank swamps that were occasionally coveféd by crevasse splay sedi-

mentation similar to recent deposits described by Collinson (1978).
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Glaciofluvial deposits.

Dark brown to gray, gypsiferous, concretionary,
fissile, silty shale (5 m).

Bearpaw Shale

Light gray, friable, fine-grained silty sandstone
interbedded with dark brown carbonaceous shale (1 m).
Light gray, well indurated, fine-grained sandstone
and mudrock with Euspira subcrassum (0.5 m).

Light gray to buff, concretionary, fine-grained
sandstone with mudballs and large and small-scale
cross-stratification near the middle (2.5 m).

Light gray to buff, poorly indurated, poorly sorted,
very fine- to medium-grained sandstone and mud-
stone (2.5 m).

Judith River Formation

Buff, massive, fine-grained sandstone (1 m).
Light gray, massive mudrock containing Ostrea

subtrigonalis (0.5 m).

Dark brown carbonaceous shale and thin lignite
interbedded with buff to gray, very fine- to
fine-grained, well indurated, hematitic sandstone
with small-scale cross-stratification at base (2 m).
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Figure 16. Lithologic log and description of the Cow Creek exposure.
Vertical scale in meters.
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The next lithology in the sequence is a Tight gray, massive mudrock
containing numerous Brackish-water oysters, including Ostrea sub-
trigonalis. This 0.5 m thick brackish-water facies occurs between
thicker sequences of freshwater alluvial deposits. The environmenf
that produced the brackish-water deposit'may have.formed by Tocal
subsidence and tidal flooding or in an estﬁary by a brief advance of .
the Bearpaw sea.

The oyster-bearing horizon is overlain by a massive, nonresistént
fine-grained sandstone, which grades into a poorly sorted, massive to
poorly beddéd, fine-grained sandstone and mudrock. Overlying the sand-
stone and mudrock sequence is a well indurated, fine- to medium-grained,
cross-stratified Qandsfong bgd up to 3 m thick.. Cross-strata dip és |
much as 22° and contain calcareous concretions and mudballs. Cross-
strata are in sets up to 60 cm thick with erosional upper surfaces
and tangential bases and are classified as omikron cross-strata (Allen,
1963). Grain size decreases upward in cosets, with some climbing rip-
ples in the upper part of the chies.

From the top of the brackish-water oyster horizon upward, the
environments of depositiqﬁ apbear to have been dominated by alluvial
processes as indicated by primary sedimentary structures and facies
relationships. The thin, massive sandstone and overlying mudrock is
similar to thosé described by Collinson (1978) as. crevasse splay and
floodplain deposits. fhé cross-stratified sandstone is .interpreted as
a point bar deposit that accumulated on top of the f1oodp1ain facies

as a channel migrated Taterally.
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Overlying the cross-stratified sandstone is a thin, 1light gray,
gypsiferous, concretionary, éastropod-bearing, fine-grained ;andstone
with interbedded mudstone; The gastropods were identified by W. A..

Cobban (personal communication, 2/3/82) as Euspira subcrassum (Meek

and Hayden) that he presumed to be shallow water forms from their
association with other proven marine fauna. This facies probably

was deposited in .an ehvironhent that resU]ted.from another brief advance
of the sea or by lateral shift of facies.

Overlying this gastropod bed is a succession of alternating silty
sandstone and dark brown carbonaceous shale beds, the latter pre-
dominating in the upper part. These are interpreted as coastal or
delta plain swamp deposits that formed as the Beafpaw sea advanced,.
creating a higher ground-water table. The carbonéceous shale grades
upward into dark gray, gypsiferous, silty shale, the first Bearpaw

Tithology.
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DEPOSITIONAL MODELS

Development of a Model

Sedimentary rocks at the Juaith River Formation/Bearpaw Shale
transition are so varied that no single environmental model satisfac-
torily explains them. The technique used here has been to describe the
characteristics of the deposits and then apply different models as
they fit, resulting in a composite model.

A model can be devised using modern analogues by exercisihg some
restraint. Several authors have observed that modern fluvial systems .
do not parallel conditions that affected most ancient fluvial environ- -
ments. Differences between modern and ancient conditions pointed.out
by Friend (1978) include different climates, vegetation, and orogenfc
conditions. Leeder (1978), Friend (1978), and McLean and Jerzykiewicz
(1978) all agreed that the thickness and 1aterq1 extent of floodplain
deposits of ancient river systems is far greater than thosé of modern
analogues. This is especially true when subsidence allows frequent _
flood events that provfde the accumulation and burial of floodplain -
sediments, which may have Been the case during Judith River'time;

A number of factors suggest that streams which deposited the
Judith River Formation were relatively stable and not prone to Tateral
migration. Grain size, composition, and sedimentary_pgckaging indiéates
that the upper 15 m of the Judith River Formation in the study areé is

composed of 50 to 60 percent overbank deposits. Gant (1982)‘p01hted :
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out that when stream banks are composed of fine-grained, cohesive sedi-
ments with thick vegetative growth, there is a high resistance to ero-
sion and channel migration. Overbank accumulation of peat, a f{brous,
cohesive material also resists erosion and the developmenf of a new
channel across it by river avulsion (Ryer, 1981). Channel migration
would also be inhibited by clay plugs formed in abandoned meanders.
Another factor to be considered is that Judith River streams may héve
been confined to broad, incised valleys produced initially by Towering
of base level during regression of the Claggett sea and possibly sus-
tained by sporadic uplifts -in the west: A1l of these faqtors proBably
contributed to laterally stable streams that confined deltaic comp]éxes
to areally limited centers o% deposition for relatively 1ong periods of
time. .

Determination of alluvial environments is often facilitated by
recognition of point bar deposits that display charactéri;tic sequen-
tial properties (Allen, 1965a; Reineck and Singh, 1973; and Leeder,
1978). 'This ideal point bar model is distinguished by a distinct
vertical pattern that displays an upward'decrease in grain size and:an
upward decrease in thickness of sedimentary units, which.a1low§ the -
deposit to be divided into upper and lower parts.

Figure 17 is a diagram showing a complete sequence in a point
bar deposit as described by Reineck and Singh (1973). The base of an
ideal sequence is characterized by a scoured surface fo11owed by chan-
nel lag deposits’and large-scale, relatively coarse-grained, cross-
stratified sandstone. _Transition to the upper point bar is often

marked by a zone of horizontal lamination. The upper portion of an
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ideal point bar displays small-scale cross-stratification and ripple

drift cross-lamination, which are sometimes capped by a mud layer.

NEW SEQUENCE

MUD LAYER j
SMALL-SCALE CROSS-STRATIFICATION

RIPPLE-DRIFT CROSS-LAMINATION
SMALL-SCALE CROSS-STRATIFICATION

RIPPLE-DRIFT CROSS-LAMINATION
SMALL-SCALE CROSS-STRATIFICATION
HORIZONTAL LAMINA TION

LARGE-SCALE CROSS-STRATIFICATION

CHANNEL LAG DEPOSIT

Figure 17. Idealized fining upward sequence of a point bar deposit.
Grain size and sedimentary unit thickness decrease upward
(from Reineck and Singh, 1973, p. 240).

Entire ideal point bar sequences seldom occur. The upper or fine-
grained deposits are often missing due to either erosion during reoccupa-
tion of an old channel by a stream or by simple nondeposition. However,
most point bar sequences display sufficient diagnostic features for
confident interpretation of the deposit.

In the study area, the thickness of point bar sequences in the

upper 15 m of the Judith River Formation indicates deposition by
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relatively small, well organized fluvial systehs on altuvial and
deltaic plains. Much larger alluvial and deltaic systems exisfed 100
to 200 km to the north and the south (Weimer, 1960; Williams and Stelk,
1975). |

The marine depositional environment of the Bearpaw Shale has been
established through paleontologic evidence. However, oceanographié
conditions in this marine environment are not as easily documented.
Ryer and Kauffman (1980) éuggested.mesotida] ranges existed in the_Cre;
taceous epeiric sea of the Western Interior. As evidence they cited
Tinear sand bars and thick foreshore sequences.. Ryer and Kauffman
also proposed the existencekof tidal inlets, tidally influenced reaches
of river systems, and tidal flats. However, linear sand bars and thick
fofeshore seqhences do not occur in the'study area; which may réf]ect a
smaller tidal range before the Bearpaw transgression or simply a lack
of detritus for such accumulations. The possibility of daily wave
activity was suggested by Caldwell (1968) from evidence he found in
the Tower Bearpaw Shale in southern Saskatchewan. This evidence
includes thanatocoenosis, primary sedimentary strqctureé within éand;
stone tongues, and scoured bentonite beds, all suggesting deposition
within wave base. However, no shoreface sequences or 1ate¥a11y con-
tinuous delta front sandstones, whicﬁ Ryer (1981) consjdered as evi-
dence of significant wave activity, occur in the study area.

Lacking detailed 1ithologic or paleontologic evidence,'it'is diffi-
cult to precisely characterize the depositioﬁa] environment of the Tower
Bearpaw Shale in the study area. However, the presence of brackish-.

water fauna and a séoured bentonite bed at-some:1ocations in the'study
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area, and stratigraphic relationships that indicate a rapid transgres-
sion, all suggest shallow marine and brackish-water environments existed

during deposition of the lower Bearpaw Shale.

Environments of Deposition During the Transgression

As subsidencé occurfed in the western part of the basin,-sedimenta-
tion of the Judith River Formation in the study area probably decreased
and sea Tevel rose, shifting depositional environments to the west.
Figures 18 through 21 are a series of p]ock diagrams showing the
alluvial, deltaic, and marine systems believed responsible for deposi-
tion of the upper Judith River Formation and the Tower Bearpaw Shale.
The diagrams show a'time-transgressive sequence with the encroachment
of the Bearpaw sea over the top of the Judith River Formation and the
inferred. environments proQuced dqring the transgression. The locations l
of the stratigraphic sections shown in Figures 14, 15, and 16'aré indi-
cated in Figures 18 through 21.

Figure 18 shows the environments\af approximately 72.5‘m.y. B.P.,
before the major transgressive pulse of the Bgarpaw sea.. At this time,
" development of Judith'Rivef alluvial and deltaic facies was probably
approaching the final stage. With the initiation of increased sub-
sidence in the western part of the Western Interior basin due to
tectonic thickening, peat bogs were probably common in overbank and
deltaic swamps. The lack of well developed point bar deposits at
this stage suggests decreased stream load and thérefore decreaéed

stream gradients.
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Figure 18. Diagrammatic oblique view showing alluvial, deltaic, and
marine environments approximately 72.5 m.y. B.P. Numbers
indicate locations of stratigraphic sections shown in
Figures 14, 15, and 16. Number 1 refers to Three Mile
Creek section; 2 refers to Peoples Creek section; and
3 refers to Cow Creek section.
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Figure 19. Diagrammatic oblique view showing alluvial, deltaic, and
marine environments approximately 72 m.y. B.P. Numbers
indicate locations of stratigraphic sections shown in
Figures 14, 15, and 16. Number 1 refers to Three Mile
Creek section; 2 refers to Peoples Creek section; and 3
refers to Cow Creek section.




47

sea level

\

approximate
scale 4’0;

LEGEND
Judith River Formation

I
i

I
i

Mudrock with some siltstone, shale, and Coal and lignite;
coal; overbank and delta plain deposits E overbank deposits

Sand-rich mudrock; == _—_-E Bar finger sandstone and siltstone;

over bank deposits ——| delta front and delta margin deposits

il

Large-scale cross-stratified sandstone;
point bar and channel deposits Bearpaw Shale

Ripple~drift and small-scale
==3 cross-stratified sandstone; crevasse
splay and upper point bar deposits

Silty shale with minor bentonite;
Marine deposits

Figure 20. Diagrammatic oblique view showing alluvial, deltaic, and
marine environments approximately 71.5 m.y. B.P. Numbers
indicate locations of stratigraphic sections shown in
Figures 14, 15, and 16. Number 1 refers to Three Mile
Creek section; 2 refers to Peoples Creek section; and
3 refers to Cow Creek section.
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marine environments approximately 71 m.y. B.P. Numbers
indicate locations of stratigraphic sections shown in
Figures 14, 15, and 16. Number 1 refers to Three Mile
Creek section; 2 refers to Peoples Creek section; and 3
refers to Cow Creek section.
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In Figure 19 the initial transgressive pulse of the Bearpaw sea
is shown with attendant westward migration of alluvial and deltaic

systems. A further decrease in Judith River sedimentation is implied,

probably caused reduced sediment supply due to reduced étream gradiénts;

Deltaic accumulations were probably negligible, lacking sufficient time
and detritus for development.

Continuation of the transgression of ﬁhe Bearpéw séa'is shown in
Figure 20 with the alluvial nnvironment'shifted farther west. In the
study area at this stage, stream discharge and gradient were probqb]y
reduced to the point where sediment accumulation was insignificant.
Manine and brackish~water conditions dominated ét this tihe éxcept for
proximal continental env1ronments in western Montana

Figure 21 shows probable env1ronments at approx1mate1y 71 m.y.
ago with inundation by the Bearpaw sea across the entire study area.
The resulting marine silty shale and occasional clayey sandstone and
bentonite beds accumulated on top of the fresh and brackish-water

Judith River Formation.
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BEARPAW TRANSGRESSION

Interpretations in the'Literatyre

Rate of Transgression

The rate of transgression of the Bearpaw seaﬂin the northern United -
States and southern Canada has long been debated with several authors
supporting a rapid transgression using stratigraphicandradiohetriq
evidence, while others found faunal evidence that suggested a dia-
chronous event. | -

Russell (1939) first suggested that the Bearpaw transgreséion was
a nearly isochronous event from stratfgraphic work in southern Alberta.
McLean (1971) also considered the transgression to have been rapid -over
much of Alberta and western Montana because he found no transgressive
sandstones at the Judith River/Bearpaw contact. In northern Montana, -
Lorenz (1981) showed the transgressive Bearpaw shorefine migrated
rapidly, at a rate of approximately 450 km/m.y. Folinébee and others
(1961, 1965) radiometrically dated bentonite beds at the base of fhe
Bearpaw.Sha1e from Tocations in south;centra1 Alberta in the Cypruss'
Hills, in southern Saskatchewan along the Saskatchewan River; and along
the Missouri River in north-central Montana. These potassium-argoh
dates were obtained from sanidine and biotite and indicated a rabid'
transgréssion of the Bearpaw sea. Folinsbeé and othefs (1965) dated this
isochronous transgression at 72 - 73 m.y. ago with a maximym deviétion

of +5 percent.
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Cbnverse]y, Caldwell (1968, 1978, 1982) used ammonite zonation to
show that the transgression in southern Alberta and Saskatchewan was_‘
markedly diachronous. Gill and Cobban (1973) provided similar evidence.
in central and southern Montana and adjacent areas where they used-
ammonite zonation to calculate that the transgressive shore]ine'had
migrated about 110 km/m.y. Both studies found considerable age dif-
ferences indicated by faunal change in the lowest fossj]s found in the
Bearpaw Shale from east to wést. | | | |

In some areas of the Western Interior basin, transgressive hove;
ment of the Bearpaw shoreline has been reported as minimal to nonexist- -
ant. Gill and Cobban (1966) reported a major'uncbnfqrmity;at the base
of the Teapot Sandstone Member of thé Mesa Verde Formation in seVera]
basins of Wyoming. Gill and Cobban placed a date of 72 m.y. B.P. on the
unconformity and suggested it resulted from erosion following a broad
regional uplift. This occurred at about the same time as the re]atiye]y'
rapid transgression of the Bearpaw sea in northern Montana, which was

radiometrically dated at about 72 m.y. (Folinsbee and others, 1965).

Causes of the Bearpaw Transgression

Interpretations of the cause of the Bearpaw transgression are
divided between tectonoeustasis and local tectonic control. Hancoék..
and Kauffman (1979) proposed a eustatic contfo] on sea level fluc-
tuation in the Western Interior as well as in northwest Europe, Nigeria;
and India. Conversely, Gill and Cobban (1966, 1973) and Jeletsky (1971,
1977) considered tectonic mechanisms Targely responsible for éhifts of

the strand line. Bally and others (1966), McLean and Jerzykiewicz

(1978), and Lorenz (1981) related tectonic thickening along the western
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Cordillera to basin subsidence, which they postulated initiated the
Bearpaw traﬁsgression. Considering the various 1nterpretatfoﬁs regard-
ing the transgression of the Bearpaw sea and mechanisms that éaused it,
no single explanation is 1ikely to be correct for the entire Western
Interior basin.

Tectonoeustasis was probably a major cause for the initial forma-
tion of the Cretaceous epeiric sea because simj]ar seas existed at the |
same time on other continents (Hancock.and_Kauffman, 1979). Hdwéver,
transgressions and regressions apparently occyrred too rapidly to have
been caused by changes in mid;ocean ridée spreading fates. Pitman
(1978) considered the maximum rate of sea level rise due to changes in
mid-ocean ridge spreading would be about 10 m/m.y. Other causes of
eustagy suggested by Donovan and Jones (1979) such as glaciation or
desiccated basins are not known to have occurred during the Cretaceous.

Figure 22 is a paleogeographic map'of Montana and adjaceni areas
during deposition of upper Judith River rocks (approximately 72 m.y.
ago) showing the inferred shoreline and major deltaic centers. Lorenz
(1981) suggested a mechanism of gtrandline movement that 1nones regional
thrust events that modified the large reentrant deltas, which appears to
account for widely different ratés of transgression reported for the
Bearpaw sea in different regions (Fig. 22). The rate of transgression .
created would have varied from piace to place depending‘on the relative
position with respect to the thrust sheets (and therefore subsidence)
and deltaic centers. According to this model, the transgréssion‘was'-
nearly isochronous in rapidly subsiding areas and slower over 1§rge,

recently abandoned deltas. Lorenz (1981) postulated that the Bearpaw
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iy

Figure 22. Paleogeographic map of Montana and adjacent area showing
inferred position of shoreline, major deltaic complexes,
and direction of sediment transport (data from Weimer,
1970; Williams and Stelk, 1975; Williams and Burke, 1964;
Wilson, 1970).
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transgression was slowest in that area occupied by the major Judith River
Formation deltaic complexes in central Montana and southern Alberta and
Saskatchewan. In addition, the radiometric age date of 72 m.y. B.P.
obtained by Hoffman and others (1976) for the beginning of the last
episode of thrusting in northwestern Montana correlates very well with
the 72-73 m.y. B.P. date given by Folinsbee and others (1965) for the
isochronous advance of the Bearpaw sea.

Lorenz' mechanism has several positive points. However, his trans-
gressive rates contradict those implied by faunal zonation reported by
Caldwell (1969, 1978) and Gill and Cobban (1973). This incongruity may
be explained by examining possible differences in paleotopography. The
rapid transgression occurred over the low-relief, near-sea level coastal
plain deposits of the Judith River Formation and not as rapidly over
the major deltaic complexes to the north and south. Small, shallow
inlets between the major deltaic centers may have allowed brackish-
water to invade the subsiding western part of the basin around and
adjacent to the topographically high deltaic complexes (Fig. 23).
Kauffman (1977, Fig. 11, p. 15) postulated there was a salinity strati-
fication in the Cretaceous sea with a slightly brackish, low-density
surface layer produced by freshwater inflow of river systems draining
adjacent land areas. Beneath the brackish-water surface layer, Kauffman
suggested the existence of a warm, normal-salinity marine bottom layer.
Because nektonic ammonites apparently preferred normal marine surface
water they may not have inhabited the surface brackish-water layer.

Thus, the brackish-water of newly subsided areas would have lacked the
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rich fauna of the rest of the basin, accounting for the east-west age.

differences of ammonites and the attendent diachronous interpretations.

Evidence for a Rapid Transgression in the Study Area

In the study area, several fines of evidence suggest a nearly
isochronous transgression of the Bearpaw sea. This‘evidencé includes
a lack of sandy transgressive deposits at the contact, small easf—west‘
differences in thickness between marker horizons, and apparently similar
elevations of the contact froﬁ east to west in undefdrmed areas.
Although none of these considerations is, by {tsélf,_cohclusive, when
considered together with other studies in the region, the 1hp11cations
'are convincing.

The most striking 11tho]ogic feature suggggting a nearly isochron-
ous transgression is the_1ack of a sandy transgressive shore1ine-fabies
at the contact. Russell (1939), McLéan (1971) and Lorenz (1981), among
others, inferred that the absence of nearshore, sand-rich depogitsAis
evidence that the Bearpaw transgression was so rapid that such deposits
never deve]obed. |

Swift (1968) and Ryer (1977) studied more diachronous transgres-
sive sequences that lacked nearshore sand facies. They explained this
absence as resulting from shoreface erosion and sediment dispersal
during the transgression. The resulting disconformity betweenhnonmarihe
and. marine deposits is termed a ravinement. .

Swift (1968) Tisted five criteria for recognizing a ravinement:

1) a sharp contact, 2) no nearshore sandstones, 3) a slight angular

unconformity, 4) few interfingering lithosomes of marine and nonmarine
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sediments, and 5) the presence of a basal lag gravel in the overlying
marine unit. Only the first and fourth of the five features Swift
described were found at the contact between the Judith River and Bear-
paw formations. Moreover, no evidence for an unconformity at this
horizon in this part of the Western Interjor basin has been reported
in the Titerature.

Another possible explanation for a lack of nearshore sands at the
contact may be that.insufficient detritus was delivered to the. marine
environment. If tectonic thickening to the west producéd contemporaneous
subsidence, stream gradients in the distal pért‘of the basin may have
decreased so that they were no longer able to carry sand-size grains,
with most coarse detritus deposited adjacent to the mpuntain front.

The second Tine of evidence suggesting a rapid transgression in
the study area is the small difference in thickness between certain
horizons from east to west. Bentonite beds within the Bearpaw Shale
can serve as isochronic horizons. Unfortunately, subsurface control
is insufficient and those bentonite beds found in isolated outcrops
could not be correlated with a high degree of confidence. However,"
coal beds can be used as marker horizons under some circumsténces.
Although coal seams near thé top of the Judith River are not laterally
continuous as discrete beds, they do serve as evidence that similar
environments existed at about the same time across the study area.
From the earlier discussion on specific strétigraphic sections,'it can .
be noted that coal seams of the widely separated sectfong all occur
within 6 to 9 m below the first occurrence of Bearpaw.Shale (Figs. 14-

16).
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The elevation of the contact between the Judith River and Bearpaw
formations is similar in several locations within the study area.
Because a large part of the study area appears to have escaped tectonic
disturbance with the beds still flat-lying, comparison of contact eleva-
tions in both the east and west may give a very gross first approxi-
mation of transgressive synchrony. In the case of stratigraphic sections
from Three Mile Creek (Fjg. 14) and Peoples Creek (Fig. 15), the Judith
River/Bearpaw contact occurs at an elevation of approximately 780'm
at both locations, which are separated by about 34 km (Fig. 11). If
contact elevations are valid indicators of the rate of transgression in
the study area, it would éppear that the tkansgression of the Begrpaw
sea occurred at about the same time at both locations. -

In summary, the rate of the Bearpaw transgressfon apparént]y
varied geographically in response to paleotopography. Those areas
that were the site of major deltas were topographically high and not
inundated as rapidly as adjacent coastal plains. The study area was
occupied by a coastal plain and relatively small f1uv1é1 systems dur-
ing Judith River depositiﬁn and was the site of rapid transgression by

the Bearpaw sea.
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CONCLUSIONS

(1) In the study area, the upper 15 m of the Judith River Forma-
tion was deposited primarily by sma]],lméandering streams that produced
a 1ow-refief f]uvia1 and deltaic plain. fhe Tower 15 m of the Bearpaw
Shale was deposited in a shallow, marine and brackish-watef environment.

(2) The transgression of the Bearpaw sea was probably rapid in
the study area because the area was relatively topographica]]y Tow.

Areas to the north and south were sites of major deltaic compliexes
during Judith River deposition, were topographically high, and were
inundated by the Bearpaw sea more slowly.

(3) Faunal zonation that suggeﬁts a diachronous transgressibn of .
the Bearpaw sea is probably misleading. The nektonic fauna used in
this zonation probably did not inhabit the surface brackish-water Tayer
that was the first water to flood the subsiding basin. This fauna may
not have occupied the western part of the basin unfi] well after the
initial transgression.

(4) The Bearpaw transgression was probably caused by subsidence in
response to tectonic thickening during the Sevier and Laramide orogenies.
The basin subsided most in the west with added subsidence due to:sediment'
loading. _ |

(5) Additional detailed study of the regional‘stratigraphy is
required before any firm conclusions can be made concerning the rate of

the Bearpaw fransgression. A careful study of the biostratigraphy of
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the Tower Bearpaw Shale should be made, precisely documenting horizons
where fossils are found. Local stratigraphic studies of the Judifh
River/Bearpaw transition shoy1d be done on and adjacent to the major
deltaic complexes to determine the impact these features had on the

transgression.
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