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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 o f the Jud ith  R iver Formation on and ad jacen t to  
the F o rt Belknap Ind ian  R eservation , n o rth -c e n tra l Montana is  composed 
m ostly o f overbank mudrock, s i l t s to n e ,  f in e -g ra in e d  sandstone, and c o a l,  
w ith  some c r o s s -s t r a t i f ie d  channel sandstone in  the lower p a r t .  The 
low er 15 m o f the o v erly in g  Bearpaw Shale is  a tran sg ress ive  deposit com 
posed p r im a r ily  o f co n cre tio n ary  s i l t y  shale w ith  some c la y e y , s i l t y  
sandstone zones and one b en to n ite  bed. The source area fo r  both 
form ations was p r im a r ily  in  western Montana and Idaho, w ith  the Elkhorn 
Mountains vo lcan ics  a m ajor source o f d e b ris .

The contact between the Jud ith  R iver and Bearpaw form ations is  
abrupt and lacks a tran s g res s iv e  sandstone fa c ie s . The transgression  
o f the Bearpaw sea across the study area is  considered to  have been a 
n e a rly  isochronous event because o f the nature  o f the t r a n s it io n ,  small 
east-w est d iffe re n c e s  in  th ickness between marker h o rizo n s , and s im ila r  
e le v a tio n s  o f  the contact from eas t to  west across undeformed parts  o f  
the  study a rea .

The Bearpaw tran sg ress io n  was caused m ainly by te c to n ic  th icken ing  
in  the western C o r d i l le r a ,  which created  subsidence p r im a r ily  in  the  
western and c e n tra l p ortions  o f the Western In te r io r  b as in . The tra n s ­
gression was a n e a rly  isochronous event th a t  took place approxim ately  
72 m .y. ago according to  ra d io m e tric  age dates on b en to n ite  beds. D is­
crepancies between these ra d io m e tric  dates and faunal zonation  th a t  
im p lies  a diachronous transgress ion  can be expla ined by paleogeography 
and s a l in i t y  s t r a t i f ic a t io n  o f the Bearpaw sea before and a t  the begin­
ning o f the tra n s g res s io n . The marine nektonic  organisms used in  the  
faunal zonation  s tud ies  are  thought to  have been excluded from the  
i n i t i a l  tran s g res s iv e  pulse because o f low s a l in i t y  w ater in  the sur­
face  la y e r  o f  the sea. The sea probably invaded subsided areas through 
in le ts  th a t  formed around topographic h ighs , which are m ajor Judith  
R iver Formation d e lta ic  complexes in  c e n tra l Montana and southern  
A lb e rta  and Saskatchewan. Nektonic fauna probably d id  not occupy the  
newly subsided basin u n t i l  w ell a f t e r  the e n t ire  region was inundated, 
thus g iv in g  the im pression o f a diachronous transgress ion  throughout 
the reg io n .
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INTRODUCTION

Location

The study area is  in  n o rth -c e n tra l Montana and includes a l l  o f 

the Fort Belknap Ind ian  Reservation as w ell as an ad jacent area to  the  

w est. I t  is  bounded on the north by the M ilk  R iv e r, on the east and 

south by the re s e rv a tio n  boundary, and on the west by 109° west lo n g i­

tude . The area l ie s  ju s t  north o f the L i t t l e  Rocky Mountains and 

approxim ately  30 km east o f the Bearpaw Mountains in  B la in e  and P h ill ip s  

co u n ties .

Purpose

This study focuses on the s tra tig ra p h y  o f the upper 15 m o f the  

Jud ith  R iver Formation and the lower 15 m o f the Bearpaw Shale and, 

s p e c i f ic a l ly ,  on the ra te  o f transgress ion  o f the Bearpaw sea. Toward 

th is  end, an understanding o f reg io nal s tra t ig ra p h ic  re la t io n s h ip s ,  

d ep o s itio n a l environm ents, provenence, and d ire c tio n  o f sediment tra n s ­

p o rt is  necessary.

Procedure

A f i e ld  study was conducted on and ad jacent to  the F o rt Belknap 

Ind ian  R eservation during the summer o f 1981. F ie ld  work was in i t ia t e d  

by f i r s t  fin d in g  exposures through the use o f a e r ia l photographs and 

1\ m inute topographic maps. Because o f the f l a t - l y in g  a t t i tu d e  o f the
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s tra ta  and the  propens ity  o f the Jud ith  R iver and Bearpaw form ations  

to  erode and slump, most exposures were found only near a c t iv e ,  modern 

drainage systems.

F ie ld  work consisted o f measuring s tra t ig ra p h ic  sections a t a 

to ta l  o f 64 lo c a l i t ie s  w ith  s te e l tape and Jacob's s t a f f .  S p e c ific  

in fo rm atio n  recorded a t  each lo c a l i t y  inc ludes: ( I )  th ickness and

geometry o f beds; (2 ) azim uth, d ip , and th ickness o f c r o s s -s t r a t i f ie d  

s e ts ; (3 ) d e s c rip tio n  o f c r o s s -s t r a t i f ic a t io n ;  (4 ) n o ta tio n  o f o ther  

prim ary sedim entary fe a tu re s  such as graded bedding, fo s s i ls ,  and 

ic h n o fo s s ils ; (5 ) d ia g en e tic  fe a tu re s  such as concretions and degree o f . 

in d u ra tio n ; (6 ) d e s c rip tio n  o f l i th o lo g y ;  and (7 ) v e r t ic a l  and horizon­

ta l  v a r ia t io n  o f l i th o lo g ie s .  Samples were c o lle c te d  a t  every change 

o f sedim entary s tru c tu re  o r l i th o lo g y .

Laboratory analyses included th in  section  and b in o c u la r m icro­

scope exam ination o f se lected  samples from various lo c a l i t i e s .  Stan­

dard th in  sections and ring-m ount th in  sections o f poorly  consolidated  

sediments were examined under the petrograph ic  mircoscope. Precise  

d eterm ination  o f m ineralogy was not an o b je c tiv e  o f th is  study. However, 

analyses confirm ed more d e ta ile d  petrograph ic  stud ies o f Rubey (1 9 3 0 ),

McLean (1 9 7 1 ), and S chu ltz and others (1 9 8 0 ).
:

General Geology

Bedrock in  the study area is  predom inantly o f Cretaceous age, 

except fo r  several T e r t ia r y  in s tru s io n s  in  the  southern and western 

p ortions  (F ig . I ) .  The la rg e r  in tru s io n s  have t i l t e d  Paleozoic  and 

Precambrian rocks around t h e i r  p erim eters .
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Figure I . G eneralized  geologic  map o f the study area (m od ified  from 
Al verson, 1965; o th e r data from Ross and o th e rs , 1958).



4

Upper Cretaceous sedim entary rocks o f the region are p a rt o f the  

Montana Group (F ig . 2 ) .  Two u n its  near the top o f th is  group are the  

focus o f th is  study: the Jud ith  R iver Formation and the o v erly in g  Bear-

paw Shale. The Jud ith  R iver Formation is  p r im a r ily  a fre s h w a te r, reg res -
i

s iVe depos it o f sandstone, s i l t s to n e ,  and mudrock . The Bearpaw is  a 

tran sg ress ive  marine deposit composed p r im a r ily  o f d ark -co lo red  shale .

Much o f the study area is  covered by a veneer o f a llu v iu m  or 

g la c io f lu v ia l  m a te ria l up to  30 m th ic k  (Hauptmann and Todd, 1953). 

G la c io f lu v ia l deposits are  u s u a lly  associated  w ith  uplands and 

a lluv ium  w ith  modern stream drainages as w ell w ith  the. p re g la c ia l 

M issouri R iv e r.

The dominant s tru c tu ra l fe a tu re s  in  the area were formed in  response 

to  stresses th a t  formed the L i t t l e  Rocky and Bearpaw m ountains. S tra ta , 

dip  s te ep ly  o f f  the L i t t l e  Rocky Mountains as w ell as o f f  associated  

o u tly in g  in tru s iv e  bodies ( K nechte l, 1959 ). In the north and n orth ­

west p arts  o f the study a re a , however, sedim entary s tra ta  are nearly  

f l a t - l y i n g ,  u s u a lly  d ipping less than one degree (A lverson, 1965 ). ■

Two low -angle  th r u s t - fa u l t  systems, the trends o f which are  

m utually  p e rp en d ic u la r, are depicted on maps by Erdmann and Koskinen 

(1953) and Alverson (1 9 6 5 ). The th ru s t f a u l t  system in  the northwest 

p a rt o f the study area has a N40°W tre n d ; the  system in  the southwestern 

corner trends N30°E. These are be lieved  to  be g ra v ity  s lid e  fa u lts

The term mudrock, as used h ere , re fe rs  to  a n o n fis s ile  m ixture  o f c la y ,  
s i l t ,  and sand p a r t ic le s  o f in d e f in ite  p ro p o rtio n s .
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associated  w ith  the Bearpaw Mountains (Reeves, 1946). Numerous normal 

fa u lts  are associated, w ith  domal fe a tu re s  near the L i t t l e  Rocky Mountains 

(Al verson, 1965 ). ■ . .

Previous In v e s tig a tio n s

S tra tig ra p h y  o f Upper Cretaceous rocks has been the sub ject o f  

numerous d e ta ile d  s tud ies throughout the Western In t e r io r .  The studies  

mentioned here are those considered most p e rtin e n t to  th is  study and are  

only a f ra c t io n  o f the to ta l  published m a te r ia l.

E arly  d e sc rip tio n s  and mapping o f the Jud ith  R iver and Bearpaw f o r ­

mations were done by Meek and Hayden (1 8 5 6 ), Hatcher and Stanton (1 9 0 3 ), 

Pepperberg (1908, 1 91 0 ), and Bowen (1912, 1915). The s tra tig ra p h y  and 

b io s tra t ig ra p h y  o f Upper. Cretaceous rocks in  Montana and ad jacent areas 

were stud ied  by Cobban (T 9 5 5 ), Reeside (1 9 5 7 ), G i l l  and Cobban (1966, 

1 97 3 ), and Tschudy (1 9 7 3 ). Geologic maps were produced on and ad jacent 

the study area by K n ech te l.(1 9 5 9 ) ,  Hearn and others (1 9 6 4 ), Schmidt and 

others (1 9 6 4 ), and Alverson (1 9 6 5 ). Studies th a t focused on the tra n s ­

gression o f the Bearpaw sea are those o f McLean (1 9 7 1 ), G i l l  and Cobban 

(1 9 7 3 ), and Lorenz (1 9 8 1 ). .

Rocks o f th is  area deposited during the Campanian Stage o f the Upper 

Cretaceous have been stud ied  from many vantage points and a t  numerous 

sca les . I t  is  g e n e ra lly  agreed th a t the Ju d ith  R iver Formation was 

deposited in  nonmarine environments by streams th a t flowed from the 

C o rd ille ra n  highland eastward toward the  Cretaceous e p e ir ic  sea. The 

Bearpaw Shale is  considered to  be o f marine o r ig in ,  but the  ra te  o f .
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transgress ion  o f the Bearpaw sea is  v a r io u s ly  in te rp re te d  by several 

authors w ith in  the re g io n .■

PALEOGEOGRAPHY AND TECTONIC SETTING

The Cretaceous Western In te r io r  basin was an asym m etrica l, e longate  

s tru c tu ra l trough ly in g  east o f the C o rd ille ra n  g e a n tic lin e  (Kauffman, 

1977). The e p e ir ic  sea th a t  occupied th is  basin was up to  1 ,600 km w ide, 

more than 5 ,000  km long , and connected the present-day G u lf o f  Mexico 

w ith  the p ro to -A rc tic  Ocean (F ig . 3 ) .

The development o f the Western In t e r io r  basin began in  the Late  

Jurassic  as a re s u lt  o f the acc re tio n  o f e x o tic  te r r a in  onto the North 

American craton during subduction o f the P a c if ic  p la te  (P r ic e ,  1973).

With the development o f the re s u lt in g  orogen and subsequent c ru sta l 

sh o rten in g , the mass o f the eastw ard-d isp laced  supracrusta l rocks i n i ­

t ia te d  subsidence along the western margin o f the basin (P r ic e , 1973). 

This te c to n ic  th icken in g  on top o f "an o ld , c o o l, th ic k ,  lith o s p h e r ic  

p la te "  (C a ld w e ll, 1982, p. 296) and re s u lta n t  subsidence probably  

a ffe c te d  a la rg e  p a rt o f the eventual basin a rea .

Is o s ta t ic  adjustm ent o f  the lith o s p h e re  due to  te c to n ic  th icken ing  

was supplemented by th a t from sediment loading east o f the  fo ld  and 

th ru s t b e l t .  These th ic k ,  eas tw ard -b u ild in g  prisms o f sediment gave 

r is e  to  the "m igrating  foredeep" concept o f  B a lly  and others (1966)

(F ig . 4 ) .

Orogenic pulses in  the C o rd ille ra n  highland to  the west provided  

source areas fo r  most o f the sediment supplied  to  the b as in , w ith  very  

l i t t l e  d e tr itu s  derived  from the North American craton to  the east (G i l l
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LAND AREA

Figure 3 . North American paleogeographic map showing general maximum 
d is tr ib u t io n  o f Cretaceous e p e ir ic  sea. S ta te  o f Montana 
is  o u tlin e d , study area shown in  b lack . Dashed l in e  in d i­
cates approximate p o s itio n  o f sh o re lin e  ju s t  p r io r  to  
Bearpaw transgression  (m odified  from G il l  and Cobban, 
1973).
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THE MIGRATI NG

Figure 4 . Schematic reco n stru c tio n  showing eastward m ig ra tio n  o f the 
Rocky Mountain foredeep from the Jurassic to  the T e r t ia ry .  
Note te c to n ic  th icken ing  by successive th ru s t fa u lt in g  and 
is o s ta t ic  adjustm ent o f Precambrian basement rocks (from  
B a lly  and o th e rs , 1966, p. 3 6 6 ).



and Cobban, 1973 ). The geometry o f the basin evolved in to  an asymmetric 

p r o f i le ,  w ith  much th ic k e r ,  coarser, deposits  along the more ra p id ly  sub­

s id in g  western margin (F ig . 5 ) .

Most o f  the sediment from the C o rd ille ra n  highland was d e liv e red  

to  the basin by streams th a t  formed a t  le a s t  f iv e  major d e lta ic  com­

plexes in  the northern  p a rt o f  the basin during the Campanian Stage 

(F ig . 6 ) .  Weimer (1970) showed d e lta ic  complexes located  in  northern  

Colorado, c e n tra l Wyoming, and c e n tra l Montana, and W illiam s and S te lk  

(1975) found evidence fo r  two o th e rs , one in .n o rth e rn  A lb e rta  and a 

second in  southern A lb e rta  and Saskatchewan. Numerous minor d e lta ic  

systems fed  by sm alle r streams probably e x is te d  between the major com­

plexes (McLean, 1971 ).

Provenance o f the Ju d ith  R iver Formation and p a r t ia l  tim e - 

s tra t ig ra p h ic  eq u iva len ts  in  western Montana was studied by McLean 

(1 9 7 1 ), McMannis (1 9 6 5 ), Roberts (1 9 6 3 ), V ie le  and H a rris  (1 9 6 5 ), and 

Mudge and Sheppard (1 9 6 8 ). These authors agree th a t the m a jo r ity  o f 

c la s ts  in  these form ations were d erived  from vo lcan ic  sources. The 

prim ary vo lcan ic  source was the Elkhorn Mountains, although the Deer 

Creek vo lcan ic  centers  probably supplied some vo lcan ic  d e tr itu s  in  

southwest Montana (Parsons, 1942 ). V ie le  and H arris  (1965) studied  

v o lc a n ic la s t ic - r ic h  Upper Cretaceous rocks in  northwest Montana and 

speculated th a t the source o f the la rg e  vo lcan ic  fragments th ere  was a 

northern  extension o f the Elkhorn Mountains. They po stu la ted  th a t the  

Elkhorn Mountains vo lcan ics  extended north o f th e ir  present d is t r ib u ­

t io n  and have since been covered by th ru s t sheets emplaced during the  

Paleocene. Other im portant source rocks fo r  the Jud ith  R iver Formation

10



STUDY

Figure 5 . Schematic east-w est cross section  from northwest Montana to  northwest Minnesota 
showing the geometry o f the Western In te r io r  basin and general s tra t ig ra p h ic  
re la tio n s h ip s  (data  from Schultz and o th e rs , 1980; G i l l  and Cobban, 1965; Hansen, 
1958; and McGooky and o th e rs , 1972).
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Study
area

Figure 6 . Paleogeographic map showing sh o re lin e  and p o s itio n s  o f f iv e  
d e lta ic  complexes ju s t  p r io r  to  the Bearpaw tran sg ress io n . 
Northern two from data o f W illiam s and S te lk  (1 9 7 5 ), southern 
th ree  from data o f Weimer (1 9 7 0 ).
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are the B e lt Supergroup, Archean metamorphic rocks, and Paleozoic and 

Mesozoic sedim entary rocks, a l l  o f which were u p lif te d  during the  

S ev ie r and e a r ly  p a rt o f the Laramide orogeny (McLean, 1971).
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STRATIGRAPHY 

Regional S tra tig ra p h y

The Montana Group was named by E ld rid g e  (1889) fo r  Upper Cretaceous 

sedim entary rocks which a fe  best exposed in  the s ta te  o f Montana. With 

more recen t re v is io n s  by Cobban and Reeside (1 9 5 2 ), the form ations o f  

th is  group a re , in  ascending order: Eagle, C la g g e tt, Ju d ith  R iv e r,

Bearpaw, and Fox H i l ls  (F ig . 2 ) .  E qu iva len t ro c k -s tra t ig ra p h ic  u n its  

also  included in  the Montana Group are the P ie rre  S hale , Telegraph Creek 

Form ation, V irg e l le  Sandstone, Parkman Sandstone, Two Medicine Forma­

t io n ,  Lennep Sandstone, and H o rs e th ie f Sandstone (F ig . 2 ) .  These u n its  

g e n e ra lly  co n s is t o f eastw ard -th in n in g  wedges o f re g re s s iv e , nonmarine 

and m arginal marine deposits th a t enclose w estw ard-th inn ing wedges o f 

tra n s g re s s iv e , marine s t r a ta .  Figure 7 is  a diagrammatic east-w est . 

cross section  showing the general re la tio n s h ip s  o f the Montana Group.

The s tra t ig ra p h ic  u n its  o f in te r e s t  in  th is  study are the Judith  

R iver Formation and the o verly in g  Bearpaw Shale. The Ju d ith  R iver 

Formation is  an eas tw a rd -th in n in g , p r im a r ily  freshw ater d ep o s it th a t  

accumulated during the m iddle Campanian. The Bearpaw Shale is  a 

complimentary westward th in n in g  form ation  deposited in  marine e n v i­

ronments during the la t e r  Campanian and the e a r l ie s t  p a rt o f  the  

M a e s tric h tia n  (F ig s . 2 and 7 ) .

In  western Montana, the t im e -s tra t ig ra p h ic  e q u iva len t o f the  

Jud ith  R iver Formation is  the upper p a rt o f the Two Medicine Formation.
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Glacier 
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Figure 7. Diagrammatic east-w est cross section  through northern Montana 
showing the general re la tio n s h ip s  o f the Montana Group (modi­
f ie d  from Rice and S h u rr, 1980).

On the west s ide o f the Sweetgrass Arch, approxim ately 250 km west o f 

the study a re a , the Two Medicine Formation is  g re a te r than 600 m th ic k  

and is  almost e n t ir e ly  nonmarine sandstone, s i l ts to n e ,  and shale (Cobban, 

1955). The l i t h o lo g ic a l ly  s im ila r  t im e -s tra t ig ra p h ic  e q u iva len t o f the  

Jud ith  R iver Formation in  southern A lb e rta  and Saskatchewan is  c a lle d  

the B e lly  R iver Group th a t  is  d iv ided  in to  the Oldman and Foremost 

form ations (McLean, 1971 ). In Wyoming, the Jud ith  R iver eq u iva len t is  

the Mesa Verde Formation which has been reported  as being unconformably 

o v e rla in  by the Meeteetse S hale , the Bearpaw Shale e q u iva len t (G i l l  and 

Cobban, 1966 ).



16

S tra tig ra p h y  o f the Jud ith  R iver/Bearpaw T ra n s itio n

This study focuses oh the s tra tig ra p h y  o f the upper 15 m o f the  

Jud ith  R iver Formation and the t ra n s it io n  in to  the low er p a rt o f  the  

Bearpaw Shale . A composite l i th o lo g ic  sequence fo r  th is  in te rv a l is  

shown in  F igure 8 . This diagram i l lu s t r a t e s  the r e la t iv e  p o s itio n s  o f  

a l l  s ig n if ic a n t  horizons and l ith o lo g ie s  in  the upper p a rt o f the Judith

R iver and low er p a rt o f the Bearpaw w ith in  the study a rea . No s in g le
'

outcrop stud ied  included a l l  horizons or l i th o lo g ie s  shown in  the f ig u re .  

The upper p a rt o f  the Ju d ith  R iver is  a l ig h t-c o lo re d , heterogenous mix­

tu re  o f sandstone, s i l ts to n e , and mudrock w ith  a few th in  coal beds near 

the to p . Although the l i th o lo g y  o f a c e r ta in  bed may remain constant 

fo r  several hundred m eters , la te r a l  and v e r t ic a l  v a r ia t io n  e f fe c t iv e ly  

e lim in a te s  use o f most beds as reg io nal marker horizons.

The geometry o f in d iv id u a l beds w ith in  the upper p a rt o f the Judith  

R iver Formation in  the study area is  g e n e ra lly  le n t ic u la r ,  although some 

coal and mudrock beds appear ta b u la r  across short exposures o f is o la te d  

outcrops. Mudrock and sandstone lithosom es are commonly intertongued  

a t both la rg e  scale (beds up to  3 m th ic k )  and small scale  (beds less  

than 5 cm t h ic k ) .  Contacts between f in e  and o verly in g  coarse l i t h o ­

somes are u s u a lly  sharp, and a g rad atio n a l t ra n s it io n  u s u a lly  occurs 

between coarse and o verly in g  mudrock fa c ie s .

The tr a n s it io n  from the Jud ith  R iver in to  the Bearpaw is  d is t in c t  

in  a l l  exposures but is  most abrupt in  the eastern  p o rtio n  o f the study 

area . The co n tact is  c h ara c te rize d  by an upward decrease in  g ra in  s iz e ,  

an increase in  f i s s i l i t y ,  and darker c o lo r . Because the Bearpaw Shale 

is  a r e la t iv e ly  n o n re s is ta n t u n it  con ta in ing  a s ig n if ic a n t  amount o f
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Figure 8 . Composite s tra t ig ra p h ic  section  o f the upper 15 m o f the  
Jud ith  R iver Formation and the lower 15 m o f the Bearpaw 
Shale in  the study a rea .
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expandable c la y , i t  forms a subdued topography th a t supports l i t t l e  vege­

ta t io n ,  which fu r th e r  d e lin e a te s  the c o n ta c t.

The low er p a rt o f  the Bearpaw is  composed o f d ark -co lo red  s .ilty  

shale th a t  weathers l ig h t  gray and contains a t le a s t  one y e llo w -w h ite  

to  w h ite  b en to n ite  bed. Sanidine and b io t i t e  from b en to n ite  beds in  

the Bearpaw Shale have been dated by potassium-argon techniques  

( Folinsbee and o th e rs , 1961, 1965) and these ages have been app lied  to  

ammonite and fo ra m in ife ra n  zonation fo r  g re a te r  re s o lu tio n  o f tim e r e la ­

tio n sh ip s  in  the Western In t e r io r  (G i l l  and Cobban, 1973; North and 

C a ld w e ll, 1 97 5 ). However, the lower p a rt o f  the Bearpaw Shale lacks  

the b io s tra t ig ra p h ic  co n tro l used throughout the re s t o f  the form ation  

(Hearn and o th e rs , 1965; C a ld w e ll, 1968 ). This lack  o f fo s s ils  may have 

been caused by unfavorab le  cond itions  fo r  faunal occupation and w i l l  be 

addressed in  a l a t e r  s e c tio n . In  the study a re a , the low er p a rt o f the  

Bearpaw Shale contains numerous concretions but none were found th a t  

contained ammonites as described from h igher parts  o f the  form ation  

elsewhere (G i l l  and Cobban, 1973; Schu ltz and o th e rs , 1 98 0 ).

Exposures o f the Bearpaw Shale e x h ib it  a popcorn-weathered surface  

th a t  compacts e a s ily  under w eight and, when w etted , produces a very  

s tic k y  or gumbo su rfa ce . This type o f weathering is  due to  expansion 

and c o n tra c tio n  by sm ectite  c lays th a t  lo c a l ly  comprise a la rg e  propor­

t io n  o f the shale (S ch u ltz  and o th e rs , 1980 ).

Although the Bearpaw Shale was reported  to  conta in  numerous bento­

n ite  beds ( K nechte l, 1959; G i l l  and Cobban, 1973; C a ld w e ll, 1968; Schultz  

and o th e rs , 1 98 0 ), the lower 15 m in  the study area contains only one 

d is c re te , r e la t iv e ly  continuous bed. This ben ton ite  bed occurs
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approxim ately 13 to  15m  above the Ju d ith  River/Bearpaw contact in  the  

northern p a rt o f the study area and has a maximum th ickness o f 0 .65  m. 

A pparently  th is  b en to n ite  bed was deposited in  lo c a l ly  a g ita te d  w ater, 

since the th ickness v a rie s  considerab ly  w ith in  in  few meters la t e r a l ly  

and the upper surface is  ir r e g u la r  and appears scoured. Currents may 

have s h ifte d  the vo lcan ic  ash from one area to  another where tra n q u il 

conditions allow ed abnorm ally th ic k  accum ulations.

Other b en to n ite  beds occur in  the study area a t  a le v e l approx­

im ate ly  30 to  35 m above the Jud ith  R iver/Bearpaw c o n ta c t. These beds 

appear less  d isru p ted  than the lower b en to n ite  bed and may not have been 

subjected to  cu rren ts  during or s h o rtly  a f t e r  d e p o s itio n .

Sandstone tongues were reported  w ith in  the Bearpaw Shale by Knechtel 

(1959) and Caldwell (1 9 6 8 ). Caldwell described these sandstone tongues
i

as w e ll-s o r te d , f in e -g ra in e d , and lo c a l ly  c r o s s -s t r a t i f ie d .  No compar­

ab le  sandstone l ith o lo g ie s  occur in  the lower p a rt o f the Bearpaw in  

the study a re a , although zones o f c layey and s i l t y  sandstone do occur 

a t  various horizons (F ig . 8 ) .  The maximum thickness o f these zones in  

the study area is  0 .5  m and they u s u a lly  pinch out w ith in  50 m la t e r a l l y .  

M ineralogy o f g ra in s  w ith in  the sandstone zones suggests they are re la te d  

to  the Jud ith  R iver Form ation. These may be o ffshore  or d e lta  fro n t  

bars th a t accumulated in  response to  increased sediment in p u t from the  

a l lu v ia l  system.
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LITHOLOGY OF THE JUDITH RIVER/BEARPAW TRANSITION 

,In tro d u c tio n

The .upper 15 m o f the Jud ith  R iver Formation is  an heterogenous 

m ixture  o f l ig h t-c o lo re d  mudrock and sandstone w ith  some th in  l ig n i t e  

beds in  the upper p a r t .  Ju d ith  R iver sandstone is  t e x tu r a l ly  and min- 

e r a lo g ic a lly  immature and is  c la s s if ie d  as fe ld s p a th ic  l i t h a r e n i t e  (F o lk , 

1974 c la s s if ic a t io n  t r ia n g le ) .  Mudrbck c o n s titu te s  a m ajor p a rt o f the  

Ju d ith  R iver Formation and is  g e n e ra lly  poorly  sorted and h ig h ly  bento­

n i t i c .  M ineralogy o f the s i l t - s i z e  g ra in s  in  the mudrock is  s im ila r  to  

the m ineralogy o f Jud ith  R iver sandstone.

The lower 15 m o f the Bearpaw Shale is  composed p r im a r ily  o f d ark- 

colored  s i l t y  shale th a t contains numerous s id e r i te  co n cre tio n s . Bento­

n ite  and gypsum beds and several l ig h t-c o lo re d  clayey and s i l t y  sand­

stone zones a lso  occur in  the lower p a rt o f the fo rm atio n .

Jud ith  R iver Mudrock

In the upper 15 m o f the Jud ith  R iver Formation in  the study a rea , 

mudrock is  the  predominant rock type w ith  some in te r f in g e re d  sandstone 

and th in  coal beds. The mudrock is  u s u a lly  l ig h t  brown to  g ray , massive, 

poorly  s o rte d , and co n cre tio n ary . McLean (1971) determined th a t the mud­

rock was composed o f montmoriI Io n i t e ,  i l l i t e ,  k a o l in i te ,  and c h lo r ite ,  

and s i l t - s iz e d  g ra in s  o f q u a rtz , fe ld s p a r , c l in o p t i lo l i t e ,  do lom ite , 

cal c i t e ,  b io t i t e ,  and p y r ite .  Both septan* an and nonseptarian
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concretions occur w ith in  the mudrock. Most concretions are composed o f  

si d e r ite  although some conta in  abundant c la s ts  s im ila r  to  those in  th e  

host rock. The cementing agent in  c la s t ic - r ic h  concretions is  u su ally  

s id e r i t e ,  c a lc i t e ,  or sometimes a w e ll- in d u ra te d  s il ic e o u s , c la y  m a tr ix . 

No fo s s ils  were found in  any concretions in  the mudrock. The mudrock 

is  g e n e ra lly  poorly  indurated  and on weathered exposures o ften  contains  

gypsum and ja r o s i t e .

Jud ith  R iver Sandstone Beds

Sandstone beds w ith in  the upper 15 m o f the Jud ith  R iver Formation 

are o f two types: those th a t are g re a te r .th a n  3 m th ic k ,  th a t  are mod­

e r a te ly  s o rte d , and d is p la y  la rg e -s c a le  c r o s s -s t r a t i f ic a t io n ,  and those 

th a t  are less  than 3 m th ic k ,  are w e ll-s o r te d , and d is p la y  sm all-sca le  

c r o s s -s t r a t i f ic a t io n  or r ip p le - d r i f t  lam inae. The th ic k ,  la rg e -s c a le  

c r o s s -s t r a t i f ie d  sandstone beds g e n e ra lly  occur lower in  the sequence, 

and the th in ,  s m a ll-s c a le  c r o s s -s t r a t i f ie d  u n its  u s u a lly  occur higher 

in  the Ju d ith  R iver Formation near the c o n ta c t, although they sometimes . 

are found ju s t  above the th ic k e r  sandstone beds' (F ig . 8 ) .  Both types o f . 

sandstones are composed m ainly o f p la g io c la s e , rock fragm ents, q u a rtz , 

and potassium fe ld s p a r , w ith  c a lc ite  and g lau co n ite  as minor c o n s t it -  . . 

uents.

The th ick-bedded sandstone fa c ie s  is  g e n e ra lly  poorly  to  moderately  

sorted  and up to  6 m th ic k . Sedimentary s tru c tu res  w ith in  the th ic k e r ,  

low er sandstone beds are la rg e -s c a le  omikron c r o s s -s t r a t i f ic a t io n  •

(F ig . 9 ) .  Most c r o s s -s t r a t i f ie d  sets are  c h arac te rized  by ta n g e n tia l 

bases and erosional upper su rfaces . The th ickness o f in d iv id u a l
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Figure 9 . Photograph o f la rg e -s c a le  omikron c r o s s -s t r a t i f ic a t io n  th a t  
occurs in  the th ic k e r ,  lower sandstone beds in  the upper 
15 m o f the Jud ith  R iver Formation in  the study a rea .
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c r o s s -s t r a t i f ie d  sets ranges up to  40 cm. Seventy-four azimuths o f 

c r o s s -s t r a t i f ie d  sandstone beds in  the upper 15 m o f the Jud ith  R iver 

Formation were measured throughout the study area and are p lo tte d  on 

a rose diagram shown in  Figure 10.

N

Percent 
of total

Figure 10. Current rose diagram showing azimuths o f fo re s e ts  o f 74 
c r o s s -s t r a t i f ie d  sandstone beds in  the upper p a rt o f the 
Jud ith  R iver Formation in  the study a rea . Compass head­
ings were taken in  the d ire c tio n  toward which fo re s e t beds 
dipped.
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Cosets o f  the low er, th ic k  sandstone beds d isp lay  a fin ing-upward  

gra in  s ize  sequence and upward decreased thickness o f  c r o s s - s t r a t i f i e d  

s e ts .  At l o c a l i t y  "A" (F ig .  11) the f l u v i a l  system produced c y c l ic  

deposits as fo l lo w s .

TOP D 0 -  2 m Mudrock w ith  th in  lenses o f  very f in e -g ra in e d  sand­
stone contain ing climbing r ip p le s :  in te rp re te d  as
levee or overbank depos its .

C O - I m  Coal and coal fragment mudstone: in te rp re te d  as
f lo o d p la in  and swamp deposits .

B I -  3 m Clayey sandstone and mudrock: in te rp re te d  as lev e e ,
crevasse sp lay , and chute deposits .

BOTTOM A 3 -  6 m Omikron c r o s s - s t r a t i f i e d  sandstone w ith  upward
decrease in  g ra in  s iz e ,  sometimes capped w ith  r ip^  
pie  d r i f t  c ro ss -lam in a tio n : in te rp re te d  as m ig ra t­
ing f l u v i a l  p o in t bar deposits .

The cycles are o ften  m u lt is to r ie d  w ith  a “stacked" sequence th a t  fo llow s  

a (n)A -  B -  (n)A -  B -  C - yD p a tte rn  where (n ) could be a number from 

I to  3 ,  g iv ing  several r e p e t i t io n s  o f  omikron c r o s s - s t r a t i f i e d  sand­

stones, each w ith  an erosional upper surface . This p a tte rn  is  s im i la r  

to  th a t  described by A lien  (1965b) fo r  fin ing-upw ard cycles o f  meander­

ing streams.
!

T h in , well sorted sandstone beds th a t  contain s m a ll-s ca le  cross- 

s t r a t i f i c a t i o n  o ften  occur w ith a th ic k e r  sequence o f  mudrock, 9 to  

10 m below the Judith  River/Bearpaw contact (F ig .  8 ) .  These th in  

sandstone beds accumulated to a maximum thickness o f  I m and often  

d isp lay  climbing r ip p le s  or r i p p l e - d r i f t  cross-laminae (F ig .  1 2 ) .

At some exposures the th in  sandstone beds contain burrows and small 

coal fragments. Sm all-sca le  c r o s s - s t r a t i f i c a t io n  a lso occurs as a
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Figure 12. Photograph o f  climbing r ip p le s  or r i p p l e - d r i f t  cross­
lam ination  from near the top o f  the Judith R iver Forma­
t io n  in  the study area.
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"cap" on top o f  t h ic k ,  la rg e -s c a le  c r o s s - s t r a t i f i e d  sandstone beds, 

u su a lly  12 to  13 m below the Judith  River/Bearpaw contact (Fig.. 8 ) .  

Climbing r ip p le s  or r ip p le  d r i f t  c ross -lam in ation  is  in d ic a t iv e  o f  

rap id  sedimentation and is  produced by m igrating  s m a ll-sca le  current  

r ip p le s  w ith  both the stoss and le e  side o f  the r ip p le  preserved  

(A l le n ,  19,65b).

Other is o la te d  beds o f  c r o s s - s t r a t i f i e d ,  moderately w e l l -s o r te d  

sandstone have fo rese ts  th a t  dip as much as 32° .  These sandstone beds 

pinch out l a t e r a l l y  and grade in to  laminated mudrock and l ig h t -c o lo re d  

s i lts tone-. In the study a rea , these beds occur ju s t  below the contact
I

w ith  the o ver ly in g  Bearpaw.Shale and u s u a lly  above the coal seam 

(F ig .  8 ) .  No recu rr in g  sequences occur in these s teep ly  dipping beds.

Judith  R iver Coal and L ig n ite

/

Near the top o f  the Judith  R iver Formation, thin.seams o f  l i g n i t e  

and subbituminous coal occur w ith in  mudrock beds (F ig .  8 ) .  The maxi- . 

mum l i g n i t e  or coal thickness in  the study area is  1 .06  m, but a seam 

2 .5  m th ic k  was described by Pepperberg (1910) w ith in  the upper part.
i-

o f  the Jud ith  R iver Formation about 25 km west o f  the study area . In .  

those l o c a l i t i e s  where coal could be studied in outcrop (F ig .  1 1 ) ,  

the deposits were g e n e ra l ly  l e n t i c u l a r ,  in v a r ia b i ly  pinching out w ith in  

a few hundred m eters; Weathered exposures o f  coal o ften  conta in  the 

mineral j a r o s i t e  id e n t i f i e d  by J. P. Wehrenberg using X -ray  d i f f r a c t io n  

techniques a t  the U n iv e rs i ty  o f  Montana (personal communication, 

1 0 /1 6 /8 1 ) .  J a ro s i te  (KFe3 (OH)6 (SO4 ) 2 ) apparently  forms as a weather­

ing product o f  p y r i t e  and probably would, not occur in unweathered coal
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(Warshaw, 1956).  The coal contains abundant fragments o f  s i l i c i f i e d  

and/or carbonized wood. At the Peoples Creek exposure (F ig .  11) an 

in s i tu  stump o f  s i l i c i f i e d  wood w ith  roots in ta c t  appears to  have 

grown a t  an angle oblique to  the coal seam (F ig .  1 3 ) .

Bearpaw S i l t y  Shale

The lower 15 m o f  the Bearpaw Shale in the study area is  composed 

p r im a r i ly  o f  d a rk -co lo re d , popcorn- or f ro th y -w e a th e r ing s i l t y  shale. 

Most d e f in i t io n s  o f  shale emphasize the f i s s i l e  charac te r  o f  the f i n e ­

grained d e t r i t a l  rock and th is  is  tru e  o f  a l l  rocks re fe r re d  to  here as 

s i l t y  shale . The percentage o f  s i l t - s i z e  grains in  th is  u n i t  varies  

from place to  place but averages 15 to 20 percent as estimated from 

b inocu la r  microscope analyses.

Schultz  and others (1980) analyzed the lower Bearpaw Shale a t  a. 

lo c a t io n  approximately 55 km south o f  the study area and found th a t  the  

s i l t - s i z e  p a r t ic le s  were composed o f  mostly q u a r tz ,  p la g io c la s e ,  b io t i t e  

potassium fe ld s p a r ,  cal c i t e ,  do lom ite , and 'c r i s t o b a l i t e .  Clay minerals  

comprise 75 to 80 percent o f  the f r o t h y -  o r popcorn-weathered Bearpaw 

Shale. M inerals  include m ixed -layer c la y s ,  i l l i t e ,  c h lo r i t e *  and 

k a o l in i t e  (Schultz  and o th e rs , 1980). M ixed -layer c lay  in f r o t h y -  or 

popcorn-weathered shale is  composed o f  a high proportion o f  montmoril- 

lo n i t e  and i l l i t e  w ith  subordinate b e i d e l l i t e  (Schultz  and o th ers , 1980) 

The popcorn- or f ro th y -w e a th e r ing is  u s u a lly  explained as the r e s u l t  o f  

sw elling  and shrinking  o f  clays r ic h  in  the exchangeable cations Na. 

and Ca+ .
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Figure 13. Photograph o f in s i tu  s i l i c i f i e d  t re e  stump in
l i g n i t e  a t  lo c a l i t y  "A" (F ig .  11) in the upper part  
o f the Judith  R iver Formation in  the study area.  
Diameter o f  stump is  approximately 20 cm.
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Bearpaw Clayey, S i l t y  Sandstone

Several t h in ,  poorly  sorted and poorly  indurated zones o f  sandstone 

occur in  the lower p a r t  o f  the Bearpaw Shale in  the study area . . Miner­

alogy o f  the s i l t  and sand f r a c t io n  o f  these nonres is tan t beds is  s im i­

l a r  to  th a t  o f  the upper p a rt  o f  the Judith  R iver Formation except th a t  

quartz  is  the major co n s t itu e n t fo llow ed in abundance by fe ld s p a r  and 

rock fragm ents. Clay mineralogy w ith in  the sandy tongues was not 

determined.

Bearpaw Bentonite

The s in g le  d is c re te  benton ite  bed in  the lower 15 m o f  the Bearpaw 

Shale in  the study area is  white  to y e l lo w is h -w h ite  and has a maximum 

thickness o f  0 .65  m. Compositional analyses were not performed on th is  

b e n to n ite .  However, Schultz and others (1980) used X -ray  d i f f r a c t io n  

analyses and determined th a t  a ty p ic a l  Bearpaw bentonite  is  composed o f  

80 to  100 percent c la y  m inerals o f  which 100 percent is  b e i d e l l i t e -  

m on tm o ril lo n ite  m ixe d -la y e r .  They found q u a r tz ,  p la g io c la s q ,  and b io -  

t i t e  to  comprise up to  20 percent o f  the ty p ic a l  ben ton ite ;
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DESCRIPTIONS AND INTERPRETATION OF SPECIFIC OUTCROPS

Three w idely  separated locations  (F ig .  11) were se lected  fo r  

d e ta i le d  l i t h o lo g ic  study and in te r p r e t iv e  discussion. Al I th ree  

include good exposures o f  the Judith R iver fo rm ation ; t r a n s i t io n a l  

beds, and the o verly in g  Bearpaw Shale. Included w ith  the discussion  

o f  each l o c a l i t y  is  a f ig u re  showing the s t ra t ig ra p h ic  section  and a 

l i t h o lo g ic  d e sc r ip t io n  o f  the Judith  River/Bearpaw t r a n s i t io n  a t  th a t  

lo c a t io n .

Three M ile  Creek Exposure

This outcrop is  located  in the northwest p a rt  o f  the study area 

near the center o f  Sec. 11, T31N, R22E along the in te r f lu e v e s  o f Three 

M ile  Creek and the M ilk  R iver . A s t r a t ig r a p h ic  section and d escrip t ion  

o f th is  l o c a l i t y  is  given in  Figure 14.

The basal u n i t  o f  th is  exposure is  a l ig h t -c o lo r e d ,  sm all-sca le  

c r o s s - s t r a t i f i e d  sandstope th a t  may represent the upper p a r t  o f  a po int  

bar deposit or an accumulation w ith in  a crevasse splay or levee . The 

o verly ing  f in e -g ra in e d  sandstone, s ilts to ne,;m udrock  and coal/beds are  

in te rp re te d  as overbank deposits th a t  re s u lte d  from la t e r a l  stream migra­

t io n ,  which brought the f lo o d p la in  environment over the former channel. 

Above the coal seam are l ig h t -c o lo re d  s i l t s t o n e ,  mudrock, and carbo­

naceous shale beds w ith  a to t a l  thickness o f  2 .5  m. These beds may be., 

a continuation , o f  overbank deposits o r ,  a l t e r n a t i v e ly ,  the r e s u l t  o f
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White to yellowish-white bentonite (45 cm) with 
overlying dark gray to brown s ilty  shale.

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

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

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

Dark gray to gray gypsiferous s ilty  claystone 
and mudrock (I m).

Medium gray to brown, massive, gypsiferous, 
sandy shale with jarosite (I 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, jarosite, 

and petrified wood (I 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).

Silty shale

Mudrock

X-sratified
sandstone

Siltstone

LEGEND

I Massive 
I sandstone

Carbonaceous
shale

: .  « I Sand and 
’  I gravel

Coal

<Y,' I Gypsum

i Bivalves 
A A A  !Gastropods

Bentonite

Concretions

Figure 14. Lithologic log and description of the Three Mile Creek
exposure. Vertical scale in meters.
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b rack ish -w ater e s tu ary ,  lag o o n a l, or d e lta  p la in  sedim entation. Lack 

o f  b rack ish -w ater fo s s i ls  favors the former explanation  but is  not con­

c lu s iv e .  O verly ing the f lo o d p la in  deposits is  a 4 m t h ic k ,  g en era lly  

darker colored sequence o f  c layey sandstone, sandy sha le , and mudrock 

beds. These are in te rp re te d  as crevasse sp lay , lev e e ,  and d e l ta  p la in  

deposits th a t  accumulated in fresh  or b rack ish -w ater environments. Simi 

I a r  deposits were described by Coleman and P r io r  (1982) from the M iss is ­

s ipp i d e l ta .  No fo s s i ls  were found a t  th is  s t ra t ig ra p h ic  horizon a t  the  

Three M ile  Creek outcrop th a t  might confirm  th is  environment o f  deposi­

t io n .

Sharply o verly ing  the l a s t  mudrock bed is  dark grayish-brown shale  

th a t  is  in te rp re te d  as the i n i t i a l  deposit o f  the Bearpaw transgress ion .  

Approximately 3 m above the f i r s t  appearance o f  dark-co lored  shale , is  a 

th in  zone o f  poorly  so rted , massive, c layey sandstone th a t  may be the  

r e s u l t  o f  storm a c t i v i t y  or increased sediment input from the f lu v ia l  

system. Currents were apparently  strong enough to  bring in sand g ra in s ,  

but o f  i n s u f f i c ie n t  dura tion  or magnitude to  produce a. w e l l -s o r te d  

d ep o s it .  The thickness and la t e r a l  ex ten t  o f  th is  coarse-gra ined fa c ie s  

v ar ies  s ig n i f i c a n t l y  w ith in  50 m.

Approximately 8 m above the lowest marine d ep o s it ,  a 30 to 45 cm 

th ic k  benton ite  bed occurs. This a s h fa l l  deposit has v a r ia b le  th ic k ­

ness and an i r r e g u la r ,  apparently  scoured upper surface th a t  suggests 

some erosion occurred before b u r ia l  and, th e re fo re ,  deposit ion  w ith in

wave base.
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Peoples Creek Exposure

This outcrop is  located  in the e a s t -c e n tra l  p a r t  o f  the study area  

in  the NEi o f  Sec. 21 , T29N, R25E. A s t ra t ig ra p h ic  section  and descrip ­

t io n  o f  th is  l o c a l i t y  is  given in  Figure 15.

The sequence o f  l i th o lo g ie s  a t  th is  outcrop is  s im i la r  to  th a t  a t  

Three M ile  Creek w ith  a basal f in e -g r a in e d ,  sm all-sca le  and r i p p l e - d r i f t  

cross-lam inated  sandstone bed. This type o f  c r o s s - s t r a t i f i c a t io n  can 

occur in  two environments o f  a f l u v i a l  system (A l le n ,  1 96 5 a ): as the

f in a l  deposit in p o in t bar sequences, o r on levees and crevasse splays.

Above the basal sandstone, a gradual upward decrease in  g ra in  s ize  

occurs. Moderately so rted , f in e -g ra in e d  sandstone is  interbedded with  

mudrock th a t  grades upward in to  a th ic k  bed o f  sandy mudrock containing  

lenses o f  carbonaceous shale and a i m  th ic k  coal seam. A th in  bed con­

s is t in g  o f  l ig h t - c o lo r e d ,  f in e -g r a in e d ,  massive s i l t y  sandstone con­

ta in in g  abundant coal fragments o v e r l ie s  the coal-mudrock sequence.

The e n t i r e  lower 7 m o f  the exposure is  in te rp re te d  as an accumulation  

th a t  occurred in  overbank environments, beginning w ith  levee deposits  

th a t  were succeeded by f in e -g ra in e d  f lo o d p la in  and swamp depos its . The 

v e r t ic a l  ju x ta p o s it io n  o f  l i th o lo g ie s  may be explained by s h i f t in g  

environments as a stream channel m igrated , as postulated by A llen  

(1965b) from s im i la r  recent deposits .

Overly ing these overbank l i th o lo g ie s  is  a b io tu rb a te d , dark gray 

shale th a t  contains numerous " f lo a t in g "  f in e -g ra in e d  sand p a r t ic le s  

near the base o f  the u n i t .  This bed is  probably o f  marine o r ig in  and 

may have been deposited on a flooded d e l ta  p la in  or in. a lagoon created
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'  Glaciofluvial deposits.

Dark gray, coarsely laminated, gypsiferous s ilty  
shale with some hematite staining (I 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 s ilty  shale (15 cm).
Dark gray to brown, coarsely laminated, gypsiferous, 

concretionary s ilty  shale with some hematite 
staining ( I .5 m).

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

o
U-

£
>
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£
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Light gray to buff, fine-grained, massive sandstone 
with coal fragments and jarosite (I m).

Buff to gray, massive mudrock and s iltstone (20 cm). 
Black subbituminous coal with gypsum and hematite 

( I .2 m).

, 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 (I m).

e Buff, fine-grained, rip p le -d rift laminated and 
I small-scale cross-stratified sandstone (base
1 covered).

LEGEND

Silty shale

Mudrock

Cross-stratified
sandstone

Siltstone

Massive
sandstone

Carbonaceous
shale
Sand and 
gravel

Coal

« \V  Gypsum< » ' I
Bivalves 
Gastropods

Bentonite 

Concretions

Figure 15. Lithologic log and description of the Peoples Creek
exposure. Vertical scale in meters.



36

during a transgress ive  pulse o f  the Bearpaw sea. The b io turbated  

sandy shale grades upward in to  a dark g ray , coarsely  lam inated ,  

gypsiferous shale in te rp re te d  as the i n i t i a l  deposit o f  the advancing 

Bearpaw sea.

The ju x ta p o s it io n  o f  s t ra ta  a t  th is  horizon suggests th a t  some 

f lu c tu a t io n  o f  the depos it iona l environment occurred a t  th is  lo c a t io n .

A 0 .5  m th ic k  mudrock conta in ing  Euspira subcraSsum, a brackish -w ater  

gastropod (W. A. Cobban, personal communication, 2 /3 / 8 2 ) ,  occurs approx­

im ate ly  5 m above the Judith  River/Bearpaw contact w ith in  the Bearpaw 

Shale. F lu c tu a tio n  o f  marine and b rack ish -w ater environments may have 

been caused by s l ig h t  regressions o f the sea or lo c a l ly  decreased t id a l  

range. Overly ing th is  b rack ish -w ater deposit is  dark grayish-brown, 

co n cre tio n ary , gypsiferous , s i l t y  shale ty p ic a l  o f  the Bearpaw Forma­

t io n .

Cow Creek Exposure

This outcrop is  located  in the southwest p a rt  o f  the study area in  

Sec. 33 , T26N, R21E, approximately 0 .5  km east o f  Cow Creek (F ig s . 11 

and 1 6 ) .

The lowest s t r a ta  exposed are an a l te rn a t in g  sequence o f  carbon­

aceous shale and b u ff  to  l i g h t  gray, very f in e -g ra in e d ,  hem atite -  

sta ined sandstone, which has sm all-sca le  c r o s s - s t r a t i f i c a t io n  a t  the 

base. The in fe r re d  deposit ional environment is  a levee fo llow ed by 

overbank swamps th a t  were occas iona lly  covered by crevasse splay sed i­

mentation s im i la r  to recent deposits described by Collinson (1978 ).
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Glaciofluvial deposits.

Dark brown to gray, gypsiferous, concretionary, 
f is s ile , s ilty  shale (5 m).

Light gray, friab le , fine-grained s ilty  sandstone 
interbedded with dark brown carbonaceous shale (I 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).

3 -

O-

Buff, massive, fine-grained sandstone (I 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).

LEGEND

Silty shale 

Mudrock

Massive
sandstone

Carbonaceous
shale

""I Cross-stratified | : « » I Sand and 
L ____ sandstone I" » I gravel

Siltstone

I" " I gravel 

Coal

< k , I Gypsum

r— r r = ]  Bivalves 
A A A  !Gastropods

Bentonite

Concretions

Figure 16. Lithologic log and description of the Cow Creek exposure.
Vertical scale in meters.
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The next l i th o lo g y  in the sequence is  a l i g h t  g ray , massive mudrock 

conta in ing  numerous b rack ish -w ater o y s te rs ,  inc lud ing  Ostrea sub-  

t r ig o n a l  i s . This 0 .5  m th ic k  brack ish -w ater fa c ie s  occurs between 

th ic k e r  sequences o f  freshw ater a l lu v ia l  depos its . The environment 

th a t  produced the b rack ish -w ater deposit may have formed by local  

subsidence and t id a l  f lo o d in g  or in  an estuary  by a b r i e f  advance o f  . 

the Bearpaw sea.

The o ys te r -b ear in g  horizon is  o v e r la in  by a massive, nonresis tant  

f in e -g ra in e d  sandstone, which grades in to  a pobrly s o rte d , massive to  

poorly  bedded, f in e -g ra in e d  sandstone and mudrock. O verly ing the sand­

stone and mudrock sequence is  a well in dura ted , f i n e -  to  medium-grained, 

c r o s s - s t r a t i f i e d  sandstone bed up to  3 m t h i c k . . C ro ss -s tra ta  dip as 

much as 22° and contain  calcareous concretions and mudballs. Cross­

s tra ta  are in  sets  up to  60 cm th ic k  w ith  erosional upper surfaces  

and ta n g e n tia l  bases and are c la s s i f ie d  as omikron c ro s s -s tra ta  (A l le n ,  

1963). Grain s ize  decreases upward in cosets , w ith some climbing r i p ­

ples in  the upper p a r t  o f  the fa c ie s .

From the top o f  the brack ish -w ater oyster  horizon upward, the  

environments o f  deposit ion  appear to have been dominated by a l lu v ia l  

processes as in d ica te d  by primary sedimentary s truc tu res  and fac ies  

re la t io n s h ip s .  The t h in ,  massive sandstone and overly ing  mudrock is  

s im i la r  to  those described by Collinson (1978) as crevasse splay and 

f lo o d p la in  depos its . The c r o s s - s t r a t i f i e d  sandstone is  in te rp re te d  as 

a p o in t bar deposit th a t  accumulated on top o f  the f lo o d p la in  fac ies  

as a channel migrated l a t e r a l l y .
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Overly ing the c r o s s - s t r a t i f i e d  sandstone is  a t h in ,  l i g h t  gray, 

gypsiferous , co n cre tio n ary , gastropod-bearing , f in e -g ra in e d  sandstone 

with  interbedded mudstone. The gastropods were id e n t i f i e d  by W. A. 

Cobban (personal communication, 2 /3 /8 2 )  as Euspira subcrassum (Meek 

and Hayden) th a t  he presumed to be shallow water forms from t h e i r  

assoc ia tion  w ith  o ther proven marine fauna. This fa c ie s  probably  

was deposited in  an environment th a t  re su lte d  from another b r i e f  advance 

o f the sea or by la t e r a l  s h i f t  o f  fa c ie s .

Overly ing th is  gastropod bed is  a succession o f  a l te r n a t in g  s i l t y  

sandstone and dark brown carbonaceous shale beds, the l a t t e r  pre­

dominating in  the upper p a r t .  These are in te rp re te d  as coastal or 

d e lta  p la in  swamp deposits  th a t  formed as the Bearpaw sea advanced, 

c rea t in g  a h igher ground-water t a b le .  The carbonaceous shale grades 

upward in to  dark g ray , gypsiferous , s i l t y  sha le , the f i r s t  Bearpaw 

l i th o lo g y .
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DEPOSITIONAL MODELS 

Development o f  a Model

Sedimentary rocks a t  the Judith  R iver Formation/Bearpaw Shale 

t r a n s i t io n  are so var ied  th a t  no s in g le  environmental model s a t is fa c ­

t o r i l y  exp la ins  them. The technique used here has been to  describe the  

c h a ra c te r is t ic s  o f  the deposits and then apply d i f f e r e n t  models as 

they f i t ,  r e s u l t in g  in  a composite model.

A model can be devised using modern analogues by exerc is ing  some 

r e s t r a in t .  Several authors have observed th a t  modern f l u v i a l  systems ■ 

do not p a r a l le l  conditions th a t  a f fe c te d  most ancient f l u v i a l  environ­

ments. D iffe rences  between modern and ancient conditions pointed out 

by Friend (1978) include d i f f e r e n t  c lim a te s ,  veg e ta t io n , and orogenic  

co n d it io n s . Leeder (1 9 7 8 ) ,  Friend (1 9 7 8 ) ,  and McLean and Jerzykiew icz  

(1978) a l l  agreed th a t  the thickness and la t e r a l  e x ten t o f  f lo o d p la in  

deposits o f  ancien t r i v e r  systems is  f a r  g re a te r  than those o f  modern 

analogues. This is  e s p e c ia l ly  tru e  when subsidence allows frequent  

f lood  events th a t  provide the accumulation and b u r ia l  o f  f lo o d p la in  

sediments, which may have been the case during Judith R iver tim e.

A number o f fa c to rs  suggest th a t  streams which deposited the  

Judith  R iver Formation were r e la t i v e l y  s ta b le  and not prone to la t e r a l  

m ig ra t io n . Grain s iz e ,  composition, and sedimentary packaging ind ica tes  

th a t  the upper 15 m o f  the Judith  R iver Formation in  the study area is  

composed o f  50 to 60 percent overbank depos its . Gant (1982) pointed



41

out th a t  when stream banks are composed o f  f in e -g ra in e d ,  cohesive sed i­

ments w ith th ic k  v eg e ta t iv e  growth, there  is  a high res is tance  to ero ­

sion and channel m ig ra t io n . Overbank accumulation o f  pea t ,  a f ib ro u s ,  

cohesive m ate r ia l  a lso re s is ts  erosion and the development o f  a new 

channel across i t  by r i v e r  avuls ion ( Ryer, 1981). Channel m igration  

would a lso be in h ib i te d  by c la y  plugs formed in abandoned meanders. 

Another fa c to r  to  be considered is  th a t  Judith  R iver streams may have 

been confined to  broad, inc ised v a l le ys  produced i n i t i a l l y  by lowering  

o f base le v e l  during regression o f  the C laggett sea and possib ly  sus­

ta ined  by sporadic u p l i f t s  in  the west. A l l  o f  these fa c to rs  probably

contr ibuted  to l a t e r a l l y  s ta b le  streams th a t  confined d e l ta ic  complexes
'

to  a r e a l ly  l im ite d  centers o f  deposit ion  f o r  r e la t i v e l y  long periods o f  

t im e.

Determ ination o f  a l lu v ia l  environments is  o ften  f a c i l i t a t e d  by 

recogn it ion  o f  p o in t bar deposits th a t  d is p la y  c h a r a c te r is t ic  sequen­

t i a l  p ro p e rt ies  (A l le n ,  1965a; Reineck and Singh, 1973; and Leeder, 

1978). This ideal p o in t bar model is  d is tingu ished  by a d is t in c t  

v e r t ic a l  p a tte rn  th a t  d isp lays  an upward decrease in  g ra in  s ize  and an 

upward decrease in thickness o f  sedimentary u n i ts ,  which allows the  

deposit to  be d iv ided  in to  upper and lower p a rts .

Figure 17 is  a diagram showing a complete sequence in  a po int  

bar deposit as described by Reineck and Singh (1973 ).  The base o f an 

ideal sequence is  ch arac te r ized  by a scoured surface fo llow ed by chan­

nel lag deposits and la r g e -s c a le ,  r e l a t i v e l y  coarse -gra ined , cross- 

s t r a t i f i e d  sandstone. T ra n s it io n  to the upper po in t bar is  o ften  

marked by a zone o f  h o r izo n ta l  lam in a tio n . The upper portion  o f an
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ideal p o in t bar d isp lays  sm all-sca le  c r o s s - s t r a t i f i c a t io n  and r ip p le  

d r i f t  c ro ss - la m in a t io n , which are sometimes capped by a mud la y e r .

NEW SEQUENCE 

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

RIPPLE-DRIFT CROSS-LAMINATION 

SMALL-SCALE CROSS-STRATIFICATION 

HORIZONTAL LAMINATION

LARGE-SCALE CROSS-STRATIFICATION

CHANNEL LAG DEPOSIT

Figure 17. Id e a l iz e d  f in in g  upward sequence o f  a po in t bar deposit .
Grain s ize  and sedimentary u n i t  thickness decrease upward 
(from Reineck and Singh, 1973, p. 240 ).

E n tire  ideal p o in t bar sequences seldom occur. The upper or f i n e ­

grained deposits are o ften  missing due to  e i t h e r  erosion during reoccupa­

t io n  o f an o ld channel by a stream or by simple nondeposition. However, 

most p o in t bar sequences d isp lay  s u f f ic ie n t  d iagnostic  fe a tu res  fo r  

confident in te r p r e ta t io n  o f the depos it .

In the study a rea , the thickness o f  po in t bar sequences in the 

upper 15 m o f  the Judith  R iver Formation ind ica tes  deposit ion  by
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r e l a t i v e l y  s m a ll , well organized f l u v i a l  systems on a l lu v ia l  and 

d e l ta ic  p la in s .  Much la r g e r  a l lu v ia l  and d e l ta ic  systems ex is ted  100 

to  200 km to  the north and the south (Weimer, 1960; W ill iam s and S te lk ,  

1975).

The marine depos it iona l environment o f  the Bearpaw Shale has been 

estab lished  through pa leonto log ic  evidence. However, oceanographic 

conditions in  th is  marine environment are not as e a s i ly  documented.

Ryer and Kauffman (1980) suggested mesotidal ranges ex is ted  in  the Cre­

taceous e p e i r ic  sea o f  the Western I n t e r i o r .  As evidence they c ite d  

l in e a r  sand bars and th ic k  foreshore  sequences.. Ryer and Kauffman 

also proposed the exis tence o f  t id a l  i n l e t s ,  t i d a l Iy  in fluenced  reaches 

o f r i v e r  systems, and t id a l  f l a t s .  However, l in e a r  sand bars and th ic k  

foreshore sequences do not occur in  the study a rea , which may r e f l e c t  a 

sm aller  t id a l  range before the Bearpaw transgression or simply a lack  

o f  d e t r i tu s  f o r  such accumulations. The p o s s ib i l i t y  o f  d a i ly  wave 

a c t i v i t y  was suggested by Caldwell (1968) from evidence he found in  

the lower Bearpaw Shale in southern Saskatchewan. This evidence  

includes thanatocoenosis., primary sedimentary s tructu res  w ith in  sand­

stone tongues, and scoured bentonite  beds, a l l  suggesting deposition  

w ith in  wave base. However, no shoreface sequences or l a t e r a l l y  con­

tinuous d e l ta  f r o n t  sandstones, which Ryer (1981) considered as e v i ­

dence o f s ig n i f ic a n t  wave a c t i v i t y ,  occur in  the study a rea .

Lacking d e ta i le d  l i t h o lo g ic  or pa leonto log ic  evidence, i t  is  d i f f i ­

c u l t  to  p re c is e ly  c h ara c te r ize  the depos it iona l environment o f  the lower 

Bearpaw Shale in the study area . However, the presence o f  b rack ish -  

water fauna and a scoured bentonite  bed a t  some lo catio n s  in  the study
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a rea , and s t r a t ig r a p h ic  re la t io n s h ip s  th a t  in d ic a te  a rap id  transgres­

s io n , a l l  suggest shallow marine and brack ish -w ater environments ex is ted  

during deposit ion  o f  the lower Bearpaw Shale.

Environments o f  Deposition During the Transgression

As subsidence occurred in  the western p a r t  o f  the b a s in ,s e d im e n ta ­

t io n  o f the Judith  R iver Formation in the study area probably decreased 

and sea lev e l rose, s h i f t in g  depos it iona l environments to  the west. 

Figures 18 through 21 are a series  o f  block diagrams showing the  

a l l u v i a l ,  d e l t a ic ,  and marine systems be lieved  responsible fo r  deposi­

t io n  o f the upper Judith R iver Formation and the lower Bearpaw Shale.

The diagrams show a t im e -tra n s g res s iv e  sequence with the. encroachment 

o f the Bearpaw sea over the top o f  the Judith  River Formation and the 

in fe r re d  environments produced during the transgression . The locations  

o f the s t ra t ig ra p h ic  sections shown in  Figures 14, 15, and 16 are in d i ­

cated in  Figures 18 through 21.

Figure 18 shows the environm ents.at approximately 72.5  m .y. B .P . ,  

before the major transgress ive  pulse o f  the Bearpaw sea. At th is  t im e ,  

development o f  Judith  R iver a l lu v ia l  and d e l ta ic  fa c ie s  was probably  

approaching the f in a l  stage. With the i n i t i a t i o n  o f increased sub­

sidence in  the western p a r t  o f  the Western In t e r io r  basin due to  

te c to n ic  th ic ke n in g , peat bogs were probably common in  overbank and 

d e l ta ic  swamps. The lack o f  well developed point bar deposits  a t  

th is  stage suggests decreased stream load and th e re fo re  decreased 

stream g ra d ien ts .



45

levee

crevasse  splaypeat bog

floodplain

approximate
scale

LEGEND
Judith River Formation

Mudrock with some sil tstone. shale, and 
coal;  overbank and delta plain deposits

Sand-r ich mudrock;  
over bank deposits

Coal and lignite; 
overbank deposits

Bar linger sandstone and siltstone; 
delta front and delta margin deposits

L a rg e -s c a le  c ro a s -s t ra tH le d  sandstone;  
point bar and channel deposits Bearpaw Shale

R ip p le -d r i f t  and sm all -sca le  
c r o s s -s t ra t i f ie d  sandstone; c revasse  
splay and upper point bar deposits

.....- j Silty shale with minor bentonite;
-------  Marine deposits

Figure 18. Diagrammatic oblique view showing a l l u v i a l ,  d e l t a ic ,  and 
marine environments approximately 72.5 m.y. B.P. Numbers 
in d ic a te  locations  o f s t ra t ig ra p h ic  sections shown in  
Figures 14, 15, and 16. Number I re fe rs  to Three M ile  
Creek sec tio n ; 2 re fe rs  to Peoples Creek s ec tio n ; and 
3 re fe rs  to Cow Creek sec tio n .
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Judith River Formation
LEGEND

Mudrock with some s i l tstone, shale, and 
coal; overbank and delta plain deposits

Sand-r ich mudrock;  
over bank deposits

Coal and lignite; 
overbank deposits

Bar finger sandstone and siltstone; 
delta front and delta margin deposits

L a rg e -s c a le  c ro s s -s t ra t i f ie d  sandstone;  
point bar and channel deposits Bearpaw Shale
R ip p le -d r i f t  and sm all -sca le  
c ro s s -s t ra t i f ie d  sandstone; c revasse  
splay and upper point bar deposits

Sil ty  shale with minor bentonite;  
Marine deposits

Figure 19. Diagrammatic oblique view showing a l l u v i a l ,  d e l t a ic ,  and 
marine environments approximately 72 m.y. B.P. Numbers 
in d ic a te  lo catio n s  o f s t ra t ig ra p h ic  sections shown in 
Figures 14, 15, and 16. Number I re fe rs  to  Three M ile  
Creek sec tio n ; 2 re fe rs  to Peoples Creek sec tio n ; and 3 
re fe rs  to  Cow Creek sec tion .
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Judith River Formation
LEGEND

Mudrock with some sil tstone, shale, and 
coal;  overbank and delta plain deposits

Sand-r ich  mudrock;  
over bank deposits

L a rg e -s c a le  c ro s s -s t ra t i f ie d  sandstone;  
point bar and channel deposits

Coal and lignite; 
overbank deposits

Bar finger sandstone and sil tstone; 
delta front and delta margin deposits

Bearpaw Shale

R ip p le -d r i f t  and sm a ll -sca le  
c r o s s -s t ra t i f ie d  sandstone; c revasse  
splay and upper point bar deposits

Sil ty  shale with minor bentonite;  
Marine deposits

Figure 20. Diagrammatic oblique view showing a l l u v i a l ,  d e l t a ic ,  and 
marine environments approximately 71.5 m.y. B.P. Numbers 
in d ic a te  lo catio n s  o f s t ra t ig ra p h ic  sections shown in 
Figures 14, 15, and 16. Number I re fe rs  to Three M ile  
Creek sec tio n ; 2 re fe rs  to Peoples Creek s ec tio n ; and 
3 re fe rs  to  Cow Creek sec tio n .
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Judith River Formation
LEGEND

Mudrock with some sil tstone, shale, and 
coal;  overbank and delta plain deposits

—  Sand-r ich mudrock;  
-Jrr=L over bank deposits

Coal and lignite; 
overbank deposits

Bar finger sandstone and siltstone; 
delta front and delta margin deposits

L a rg e -s c a le  c ro s s -s t ra t i f ie d  sandstone;  
point bar and channel deposits Bearpaw Shale
R ip p le -d r i f t  and sm a ll -sca le  
c ro s s -s t ra t i f ie d  sandstone; crevasse  
splay and upper point bar deposits

Silty shale with minor bentonite;  
Marine deposits

Figure 21. Diagrammatic oblique view showing a l l u v i a l ,  d e l t a ic ,  and 
marine environments approximately 71 m.y. B.P. Numbers 
in d ic a te  locations  o f s t ra t ig ra p h ic  sections shown in 
Figures 14, 15, and 16. Number I re fe rs  to  Three M ile  
Creek sec tio n ; 2 re fe rs  to Peoples Creek sec tio n ; and 3 
re fe rs  to  Cow Creek sec tion .
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In  Figure 19 the i n i t i a l  transgress ive  pulse o f the Bearpaw sea 

is  shown w ith a ttendant westward m igration  o f  a l lu v ia l  and d e l ta ic  

systems. A fu r t h e r  decrease in  Judith R iver sedimentation is  im plied ,  

probably caused reduced sediment supply due to  reduced stream grad ien ts .  

D e lta ic  accumulations were probably n e g l ig ib le ,  lacking s u f f ic ie n t  time 

and d e t r i tu s  f o r  development.

Continuation o f  the transgression o f  the Bearpaw sea is  shown in 

Figure 20 w ith  the a l lu v ia l  environment S h if te d  fa r th e r  west. In the  

study area a t  th is  s tage, stream discharge, and g rad ien t were probably  

reduced to  the p o in t where sediment accumulation was in s ig n i f ic a n t .  

Marine and b rack ish -w ater conditions dominated a t  th is  time except fo r  

proximal con tinen ta l environments in  western Montana.

Figure 21 shows probable environments a t  approximately 71 m.y. 

ago with inundation by the Bearpaw sea across the e n t i r e  study area.

The re s u lt in g  marine s i l t y  shale and occasional clayey sandstone and 

bentonite  beds accumulated on top o f  the fresh  and brackish -w ater  

Judith R iver Formation.
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BEARPAW transgression  

I n te rp re ta t io n s  in the L i te ra tu re  

Rate o f Transgression

The ra te  o f  transgression o f  the Bearpaw sea in the northern United  

States and southern Canada has long been debated w ith several authors  

supporting a rap id  transgression using s t ra t ig ra p h ic  and rad io m etric  

evidence, w h ile  others found faunal evidence th a t  suggested a d ia ­

chronous event.

Russell (1939) f i r s t  suggested th a t  the Bearpaw transgression was 

a near ly  isochronous event from s t ra t ig ra p h ic  work in  southern A lberta .,  

McLean (1971) also considered the transgression to  have been rap id  over 

much o f  A lb erta  and western Montana because he found no transgress ive  

sandstones a t  the Judith  River/Bearpaw c o n ta c t .  In northern Montana, • 

Lorenz (1981) showed the transgress ive  Bearpaw shore line  migrated  

r a p id ly ,  a t  a ra te  o f  approximately 450 km/m.y. Folinsbee and others  

(1961, 1965) ra d io m e tr ic a l ly  dated benton ite  beds a t  the base o f  the  

Bearpaw Shale from lo ca tio n s  in  sou th -cen tra l A lberta  in  the Cypruss 

H i l l s ,  in southern Saskatchewan along the Saskatchewan R iv e r ,  and along 

the Missouri R iver in n o r th -ce n tra l  Montana. These potassium-argon 

dates were obtained from sanidine and b i o t i t e  and in d ica te d  a rapid  

transgression o f  the Bearpaw sea. Folinsbee and others (1965) dated th is  

isochronous transgression a t  72 -  73 m.y. ago w ith a maximum d ev ia t io n  

o f  ±5 percent.
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Conversely, Caldwell (1968, 1978, 1982) used ammonite zonation to  

show th a t  the transgression in  southern A lb erta  and Saskatchewan was 

markedly diachronous. G i l l  and Cobban (1973) provided s im i la r  evidence 

in  cen tra l  and southern Montana and ad jacent areas where they used 

ammonite zonation to c a lc u la te  th a t  the transgress ive  shore line  had 

migrated about HO km/m.y. Both studies found considerable age d i f ­

ferences in d ica ted  by faunal change in  the lowest fo s s i ls  found in the  

Bearpaw Shale from east to west.

In some areas o f  the Western I n t e r i o r  basin , transgress ive  move­

ment o f  the Bearpaw shore line  has been reported as minimal to  nonexist-  

a n t.  G i l l  and Cobban (1966) reported a major unconformity a t  the base 

o f the Teapot Sandstone Member o f  the Mesa Verde Formation in several 

basins o f  Wyoming. G i l l  and Cobban placed a date o f  72 m.y. B.P. on the  

unconformity and suggested i t  re su lte d  from erosion fo l lo w in g  a broad 

reg ional u p l i f t .  This occurred a t  about the same time as the r e la t i v e l y  

rap id  transgression o f  the Bearpaw sea in  northern Montana, which was 

ra d io m e tr ic a l ly  dated a t  about 72 m.y. (Folinsbee and o th e rs , 1965).

Causes o f  the Bearpaw Transgression

In te rp re ta t io n s  o f  the cause o f  the Bearpaw transgression are 

d iv ided  between tectonoeustas is  and lo c a l te c to n ic  c o n t r o l . Hancock 

and Kauffman (1979) proposed a e u s ta t ic  contro l on sea le v e l  f l u c ­

tu a t io n  in  the Western In t e r io r  as well as in  northwest Europe, N ig e r ia ,  

and In d ia .  Conversely, G i l l  and Cobban (1966, 1973) and Je le tsky  (1971,  

1977) considered te c to n ic  mechanisms la r g e ly  responsible f o r  s h i f ts  o f  . 

the strand l i n e .  B a l ly  and others (1 9 6 6 ) ,  McLean and Jerzyk iew icz  

(1 9 7 8 ) ,  and Lorenz (1981) re la te d  te c to n ic  th ickening along the western
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C o rd i l le ra  to basin subsidence, which they postu la ted  i n i t i a t e d  the  

Bearpaw transgress ion . Considering the various in te rp re ta t io n s  regard­

ing the transgression o f  the Bearpaw sea and mechanisms th a t  caused i t ,  

no s in g le  exp lanation  is  l i k e l y  to be c o rre c t  fo r  the e n t i r e  Western 

I n t e r i o r  basin .

Tectonoeustasis was probably a major cause f o r  the i n i t i a l  forma­

t io n  o f  the Cretaceous e p e i r ic  sea because s im i la r  seas ex is ted  a t  the  

same time on o ther continents  (Hancock and Kauffman, 1979 ).  However, 

transgressions and regressions apparently  occurred too r a p id ly  to  have 

been caused by changes in  mid-ocean r idge  spreading ra te s .  Pitman 

(1978) considered the maximum ra te  o f  sea le v e l  r is e  due to  changes in  

mid-ocean r idge  spreading would be about 10 m/m.y. Other causes o f  

eustasy suggested by Donovan and Jones (1979) such as g la c ia t io n  or 

desiccated basins are not known to  have occurred during the Cretaceous.

Figure 22 is  a paleogeographic map o f  Montana and ad jacent areas 

during depos it ion  o f  upper Judith  R iver rocks (approximately 72 m.y. 

ago) showing the in fe r re d  shore line  and major d e l ta ic  c en te rs .  Lorenz 

(1981) suggested a mechanism o f  s tra n d lin e  movement th a t  invokes regional  

th ru s t  events th a t  m odified the la rg e  re e n tra n t  d e l ta s ,  which appears to  

account f o r  w idely  d i f f e r e n t  ra tes  o f  transgress ion  reported  fo r  the 

Bearpaw sea in  d i f f e r e n t  regions (F ig .  2 2 ) .  The ra te  o f  transgression . 

created  would have var ied  from place to  place depending on the r e la t iv e  

p o s it io n  w ith  respect to  the th ru s t  sheets (and th e re fo re  subsidence) 

and d e l ta ic  cen ters . According to th is  model, the transgression was 

n ear ly  isochronous in  r a p id ly  subsiding areas and slower over la rg e ,  

re c e n t ly  abandoned d e l ta s .  Lorenz (1981) postu la ted  th a t  the Bearpaw
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Study

250 km

Figure 22. Paleogeographic map o f  Montana and adjacent area showing 
in fe r re d  p o s it io n  o f s h o re l in e ,  major d e l ta ic  complexes, 
and d ire c t io n  o f  sediment tra n s p o rt  (data from Weimer, 
1970; W ill iam s and S t e l k, 1975; W ill iam s and Burke, 1964; 
W ilson, 1970).
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transgression was slowest in th a t  area occupied by the major Judith R iver  

Formation d e l ta ic  complexes in cen tra l  Montana and southern A lberta  and 

Saskatchewan. In a d d i t io n ,  the rad io m etric  age date o f  72 m.y. B.P. 

obtained by Hoffman and others (1976) f o r  the beginning o f  the la s t  

episode o f th ru s t in g  in northwestern Montana c o rre la te s  very well with  

the 72-73 m.y. B.P. date given by Folinsbee and others (1965) fo r  the 

isochronous advance o f  the Bearpaw sea.

Lorenz1 mechanism has several p o s it iv e  p o in ts . However, his tra n s ­

gressive ra tes  c o n tra d ic t  those im plied by faunal zonation reported by 

Caldwell (1969, 1978) and G i l l  and Cobban (1 9 73 ).  This incongru ity  may 

be expla ined by examining possible d if fe re n ce s  in paleotopography. The 

rap id  transgression occurred over the l o w - r e l i e f ,  near-sea leve l coastal 

p la in  deposits o f  the Judith  R iver Formation and not as r a p id ly  over 

the major d e l ta ic  complexes to the north and south. Sm all, shallow  

in le t s  between the major d e l ta ic  centers may have allowed brackish-  

water to invade the subsiding western p a r t  o f  the basin around and 

adjacent to the to p o g rap h ica lly  high d e l ta ic  complexes (F ig .  2 3 ) .

Kauffman (1977, F ig . 11, p. 15) postu la ted  there  was a s a l i n i t y  s t r a t i ­

f i c a t io n  in  the Cretaceous sea w ith a s l i g h t ly  b rackish , low -density  

surface la y e r  produced by freshwater in f lo w  o f  r i v e r  systems drain ing  

adjacent land areas. Beneath the brack ish -w ater surface la y e r ,  Kauffman 

suggested the existence o f  a warm, n o rm a l-s a l in i ty  marine bottom la y e r .  

Because nektonic ammonites apparently  p re fe rre d  normal marine surface  

water they may not have inhab ited  the surface brack ish -w ater la y e r .

Thus, the b rack ish -w ater o f  newly subsided areas would have lacked the
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r ic h  fauna o f the re s t o f  the b asin , accounting fo r  the east-w est age 

d iffe re n c e s  o f ammonites and the a tten d en t diachronous in te rp re ta t io n s .

Evidence fo r  a Rapid Transgression in  the Study Area

In the study a re a , several l in e s  o f evidence suggest a n early  

isochronous transgress ion  o f the Bearpaw sea. This evidence includes  

a lack  o f sandy tran sg ress ive  deposits a t  the c o n ta c t, small east-w est 

d iffe re n c e s  in  th ickness between marker h o rizo n s , and ap p aren tly  s im ila r  

e le v a tio n s  o f the contact from east to  west in  undeformed areas .

Although none o f th e s e  considerations i s ,  by i t s e l f , ,  co n c lu s ive , when 

considered to g e th er w ith  o th er s tud ies in  the re g io n , the im p lica tio n s  

are convincing.

The most s tr ik in g  l i th o lo g ic  fe a tu re  suggesting a n e a rly  isochron­

ous transgress ion  is  the lack  o f a sandy tran sg ress ive  sh o re lin e  fa c ie s  

a t  the c o n ta c t. Russell (1 9 3 9 ), McLean (1971) and Lorenz (1 9 8 1 ), among 

o th e rs , in fe rre d  th a t the absence o f nearshore, sand-rich  deposits is  

evidence th a t  the Bearpaw transgression  was so rap id  th a t such deposits  

never developed.

Sw ift. (1968) and Ryer (1977) stud ied  more diachronous tran sg res ­

s ive  sequences th a t  lacked nearshore sand fa c ie s . They exp la ined th is  

absence as re s u lt in g  from shoreface erosion  and sediment d ispersa l 

during the tra n sg ress io n . The re s u lt in g  disconfo.rm ity between nonmarine 

and.m arine deposits  is  termed a ravinem ent.

S w ift (1968) l is t e d  f iv e  c r i t e r ia  fo r  recognizing  a ravinem ent:

I )  a sharp co n tact, 2) no nearshore sandstones, 3) a s l ig h t  angular 

unconform ity, 4) few in te r f in g e r in g  lithosom es o f  marine and nonmarine
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sedim ents, and 5) the presence o f a basal lag  gravel in  the o verly in g  

marine u n it .  Only the f i r s t  and fo u rth  o f the f iv e  fe a tu re s  S w ift  

described were found a t  the contact between the Jud ith  R iver and Bear- 

paw fo rm atio n s . Moreover, no evidence fo r  an unconform ity a t  th is  

horizon in  th is  p a rt o f the Western In t e r io r  basin has been reported  

in  the l i t e r a t u r e .

Another possib le  exp lan a tio n  fo r  a lack  o f nearshore sands a t  the  

contact may be th a t  in s u f f ic ie n t  d e tr itu s  was d e liv e re d  to  the .m arine  

environm ent. I f  te c to n ic  th icken in g  to  the west produced contemporaneous 

subsidence, stream g rad ien ts  in  the d is ta l  p a rt o f  the basin may have 

decreased so th a t they were no longer ab le  to  c a rry  sand-s ize  g ra in s , 

w ith  most coarse d e tr itu s  deposited ad jacen t to  the mountain f r o n t .

The second l in e  o f evidence suggesting a rap id  transgress ion  in  

the study area is  the small d iffe re n c e  in  th ickness between c e rta in  

horizons from east to  w est. B entonite  beds w ith in  the Bearpaw Shale 

can serve as isochron ic  horizons. U n fo rtu n a te ly , subsurface contro l 

is  in s u f f ic ie n t  and those bentonite, beds found in  is o la te d  outcrops 

could not be c o rre la te d  w ith  a high degree o f confidence. However, 

coal beds can be used as marker horizons under some circum stances. 

Although coal seams near the top o f the Jud ith  R iver are not la t e r a l ly  

continuous as d is c re te  beds, they do serve as evidence th a t  s im ila r  

environments e x is te d  a t  about the same tim e across the study area .

From the e a r l i e r  d iscussion on s p e c if ic  s tra t ig ra p h ic  s e c tio n s , i t  can . 

be noted th a t  coal seams o f the w id e ly  separated sections a l l  occur 

w ith in  6 to  9 m below the f i r s t  occurrence o f Bearpaw.Shale (F ig s . 14- 

1 6 ).
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The e le v a tio n  o f the contact between the Jud ith  R iver and Bearpaw 

form ations is  s im ila r  in  several lo c a tio n s  w ith in  the study a rea .

Because a la rg e  p a rt o f the study area appears to  have escaped te c to n ic  

disturbance w ith  the beds s t i l l  f l a t - l y i n g ,  comparison o f contact e le v a ­

tio n s  in  both the east and west may g ive a very gross f i r s t  approxi­

mation o f tran sg ress ive  synchrony. In  the case o f s tra t ig ra p h ic  sections  

from Three M ile  Creek (F ig . 14) and Peoples Creek (F ig . 1 5 ) ,  the Judith  

River/Bearpaw contact occurs a t  an e le v a tio n  o f approxim ately 780 m 

a t both lo c a tio n s , which are separated by about 34 km (F ig . 1 1 ) . I f  . 

co n tact e le v a tio n s  are v a lid  in d ic a to rs  o f the ra te  o f  transgression  in  

the study a re a , i t  would appear th a t  the transgression  o f the Bearpaw 

sea occurred a t about the same tim e a t  both lo c a tio n s .

In  summary, the ra te  o f  the Bearpaw transgression  ap paren tly  

v arie d  g eo g rap h ica lly  in  response to  paleotopography. Those areas 

th a t  were the s ite  o f  major d e ltas  were to p o g ra p h ic a lly  high and not 

inundated as ra p id ly  as ad jacent coastal p la in s . The study area was 

occupied by a coastal p la in  and r e la t iv e ly  small f lu v ia l  systems dur­

ing Jud ith  R iver depos ition  and was the s ite  o f rap id  transgression  by 

the Bearpaw sea.
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CONCLUSIONS

(1 ) In the study a re a , the upper 15 m o f the Jud ith  R iver Forma­

t io n  was deposited p r im a r ily  by s m a ll, meandering streams th a t produced 

a lo w - r e l ie f  f lu v ia l  and d e lta ic  p la in .  The lower 15 m o f the Bearpaw 

Shale was deposited in  a shallow , marine and b rack ish -w ater environm ent.

(2 ) The transgress ion  o f the Bearpaw sea was probably rap id  in  

the study area because the area was r e la t iv e ly  to p o g ra p h ic a lly  low.

Areas to  the north and south were s ite s  o f major d e lta ic  complexes 

during Ju d ith  R iver d e p o s itio n , were to p o g ra p h ic a lly  h ig h , and were 

inundated by the Bearpaw sea more s lo w ly .

(3 ) Faunal zonation th a t  suggests a diachronous transgress ion  o f . 

the Bearpaw sea is  probably m is lead ing . The nektonic fauna used in  

th is  zonation probably d id  not in h a b it  the surface b rack ish -w ater la y e r  

th a t  was the f i r s t  w ater to  flo o d  the subsiding basin . This fauna may 

not have occupied the western p a rt o f  the basin u n t i l  w ell a f t e r  the 

i n i t i a l  tran sg ress io n .

(4 ) The Bearpaw transgress ion  was probably caused by subsidence in  

response to  te c to n ic  th icken in g  during the S evier and Laramide orogenies. 

The basin subsided most in  the west w ith  added subsidence due to  sediment 

lo ad in g .

(5 ) A d d itio n a l d e ta ile d  study o f the  reg io nal s tra tig ra p h y  is  

req u ired  before  any f irm  conclusions can be made concerning the ra te  o f  

the Bearpaw tra n sg ress io n . A ca re fu l study o f the b io s tra tig ra p h y  o f



the lower Bearpaw Shale should be made, p re c is e ly  documenting horizons  

where fo s s ils  are found. Local s tra t ig ra p h ic  stud ies o f the Judith  

River/Bearpaw tra n s it io n  should be done on and ad jacent to  the major 

d e lta ic  complexes to  determ ine the impact these fea tu res  had on the 

tran sg ress io n .

60



61

REFENCES CITED

A lle n , J . R . L . , 1963, C la s s if ic a t io n  o f c r o s s -s t r a t i f ie d  u n its , w ith  
notes on t h e i r  o r ig in :  Sedim entology, v . 2 , p. 93-114 .

A lle n , J . R . L . , 1965a, O rig in  and c h a ra c te r is t ic s  o f recen t a l lu v ia l  
sediments: Sedim entology, v . 5 , p. 89 -191 .

A lle n , J . R . L . , 1965b, F in ing upward cycles in  a l lu v ia l  successions: 
Geologic J o u rn a l, v . 4 , p. 229-246.

Al verson, D . C. ,  1965, Geology and hydrology o f the Fort Belknap Indian  
R eservation , Montana: United S tates G eological Survey Water
Supply Paper 1576-F , 59 p.

B a lly , A.W. , Cordy, P . L . ,  and S tew art, G.A. ,  1966, S tru c tu re , seismic 
d a ta , and erogenic e vo lu tio n  o f southern Canadian Rocky Mountains: 
Canadian Petroleum G eo log ist B u l le t in ,  v . 14, p. 337-381.

B a !s te r , C . A. ,  1980, S tra tig ra p h ic  nomenclature ch art fo r  Montana and 
ad jacent areas: Montana Bureau o f Mines and Geology, GM8, I sheet.

Bowen, C . F . ,  1912, The C leveland coal f i e l d ,  B laine County, Montana:
United S tates Geological Survey B u lle t in  541-H , p. 338-355.

Bowen, C . F . ,  1915, The s tra tig ra p h y  o f the Montana Group, w ith  special 
re fe ren ce  to  the p o s itio n  and age o f the Judith  R iver Formation 
in  n o rth -c e n tra l Montana: United S tates  Geological Survey Pro­
fe s s io n a l Paper 9 0 -1 , p. 95-153 .

C a ld w e ll, W.G.E. ,  1968, The la te  Cretaceous Bearpaw Formation in  the 
south Saskatchewan R iver v a lle y :  Saskatchewan Research C ouncil,
G eological D iv is io n , Report 8 , 89 p.

C a ld w e ll, W.G.E. ,  1978, Diachronism o f the  la te  Cretaceous Judith  R iv e r-  
Bear paw boundary beds in  the Canadian Great P la ins  ( a b s . ) :
Geological Socie ty  o f America A bstracts  w ith  Programs, v . 10, p. 3^6.

C a ld w e ll, W.G.E. ,  1982, The Cretaceous system in  the W il l is to n  Basin -  
a modern a p p ra is a l: Saskatchewan G eological Socie ty  Special
P u b lic a tio n  n. 6 , Fourth In te rn a t io n a l W illis to n  Basin Symposium, 
p. 295-312.

Cobban, W.A. ,  1955, Cretaceous rocks o f northwestern Montana: B ill in g s
Geological S o c ie ty , 6th Annual F ie ld  Conference Guidebook, p. 107- 
119.

Cobban. W.A. ,  and Reeside, J.B.  J r . , 1952, C o rre la tio n  o f the Cretaceous 
Formations o f the Western In te r io r  o f the United S ta te s : Geological
S ocie ty  o f  America B u lle t in  v . 63 , p. 1011-1044.



6 2

C o llin s o n , J . D . , 1978, A llu v ia l  sedim ents, jm Reading, H.G. ( e d . ) ,  Sedi 
mentary Environments and F acies , E ls e v ie r , N . Y . , p. 61 -79 .

Coleman, J . M . ,  and P r io r ,  D . B . , 1982, D e lta ic  environm ents, jm
S ch o lle , P . A. ,  and S pearing , D. ( e d s . ) ,  Sandstone D epositional 
Environments, American A ssociation  o f Petroleum G eo lo g is ts ,
T u ls a , OK, p. 139-178.

Donovon, D . T . , and Jones, E.J .W. j  1979, Causes o f w orld-w ide changes 
in  sea l e v e l :  Journal o f the G eological Society  o f  London,
v . 136,  p. 187-192.

E ld rid g e , G . H . , 1889, Some suggestions upon the methods o f grouping the  
form ations o f  the  m iddle Cretaceous and the employment o f  an add i­
t io n a l term in  i t s  nomenclature: American Journal o f  Science,
v . 38 , p. 313-321.

Erdmann, C . E . ,  and Koskinen, V . K . , 1953, P re lim in ary  s tru c tu re  contour 
map o f B la in e , northern  Chouteau, and H i l l  counties and ad jo in in g  
a reas , Montana: United S tates Geological Survey, Ju ly  20 , 1953.

F o linsbee , R . E . ,  Baadsgaard, H ., and L ipson, J . ,  1961, Potassium-argon 
dates o f Upper Cretaceous a s h f a l l s ,  A lb e r ta , Canada: Annals
New York Academy o f Sciences, v . 9 1 , p. 352-359.

F o linsbee, R . E . ,  Baadsgaard, H ., Gumming, G . L . ,  Nascimbee, J . ,  and 
S h a fiqua!I ah, M ., 1965, Late Cretaceous rad io m etric  dates from 
the Cypress H i l l s  o f Canada: A lb e rta  Society  o f Petroleum Geolo­
g is ts  15th Annual F ie ld  Conference Guidebook, p. 162-174.

F o lk , R . L . ,  1974, P etro logy o f sedim entary rocks: Hemphill Publishing
Company, A u s tin , TX, 182 p.

F rien d , P . F . ,  1978, D is t in c t iv e  fe a tu re s  o f some an c ien t r iv e r  systems, 
jn  M i a l l , A . D. ,  ( e d . ) ,  F lu v ia l Sedimentology, Canadian Society o f 
Petroleum G eologists Memoir 5 , p. 531-542.

Gant, D . J . ,  1982, F lu v ia l fa c ie s  models and t h e ir  a p p lic a tio n s , jn  
S ch o lle , R . A. ,  and Spearing, D. ( e d s . ) ,  Sandstone D epositional 
Environments, American A ssociation  o f  Petroleum G eo lo g is ts ,
T u ls a , OK, p. 115-138.

G i l l ,  J . R . ,  and Cobban, W.A. ,  1965, S tra tig ra p h y  o f the P ie rre  Shale, 
Pembina Mountain and V a lle y  C ity ,  North Dakota: United States
G eological Survey P rofessional Paper 392-A , 20 p.

G i l l ,  J . R . ,  and Cobban, W.A. ,  1966, Regional unconform ity in  Late
Cretaceous, Wyoming: United S tates Geological Survey Professional
Paper 550-B , p. B20-B27.



63

G i l l ,  J . R . ,  and Cobban, W.A. ,  1973, S tra tig ra p h y  and geologic  h is to ry  
o f the Montana Group and e q u iv a le n t rocks, Montana, Wyoming and 
North and South Dakota: United S tates G eological Survey Profes­
sional Paper 776, 37 p.

Gwinn, V . E . , and Mutch, I . A . ,  1965, In tertongued  Upper Cretaceous
vo lcan ic  and nonvolcanic rocks, c e n tra l western Montana: B u lle tin
Geological S ocie ty  o f  America, v . 76 , p. 1125-1144.

Hancock, J . M . ,  and Kauffman, E . G . , 1979, The g re a t transgressions o f  
the Late Cretaceous: Journal o f the G eological S ocie ty  o f London,
v . 136,  p. 175-186.

Hanson, D . E . ,  1958, The C retaceous-Jurassic  boundary in  North Dakota: 
North Dakota Geological S o c ie ty , 2nd In te rn a tio n a l W ill is to n  
Basin Symposium, p. 4 7 -54 .

H atcher, J . B . ,  and S tanton , T.W. ,  1903, The s tra t ig ra p h ic  p o s itio n  o f  
the Ju d ith  R iver beds and t h e ir  c o rre la t io n  w ith  the B e lly  R iver 
beds: Science, n . s . , v .  18,  p.  211-212.

Hauptman, C.M. ,  and Todd, D . F . ,  1953, Notes from se lected  references on 
the  g la c ia l geology o f the L i t t l e  Rocky Mountains and v ic in i ty :  
B il l in g s  Geological S ocie ty  4th annual f i e l d t r i p  guidebook, 
p. 156-160.

Hearn, B.C. J r . ,  Pecora, W.T. ,  and Swadley, W.C. ,  1964, Geology o f the  
R attlesnake quadrangle, Bearpaw M ountains, B la ine County, Montana: 
United S tates Geological Survey B u lle t in  1181-B , 66 p.

Hoffman, J . ,  Hower, J . ,  and Aronson, J . L . ,  1976, Radiom etric dating  o f . 
tim e o f th ru s tin g  in  the d is tu rbed  b e lt  o f Montana: Geology,
v . 4 , p. 16 -20 .

J e le ts k y , J . A . ,  1971, Marine Cretaceous b io t ic  provinces and paleogeog- 
raphy o f western and A rc tic  Canada: Geological Survey o f Canada
Paper 7 0 -2 2 , 92 p.

J e le ts k y , J . A . ,  1977, Causes o f Cretaceous o s c il la t io n s  o f  sea lev e l 
in  western and A rc tic  Canada and some general geo tecton ic  im p li­
c a tio n s : Geologic Survey o f Canada, paper 7 7 -18 , 44 p.

Kauffman, E . G . , 1977, Geological and b io lo g ic a l overview: Western
In t e r io r  Cretaceous basin: Mountain G eo lo g is t, v . 14 , p. 75-99 .

K nechte l, M.M. ,  1959, S tra tig ra p h y  o f the L i t t l e  Rocky Mountains and 
e n c irc lin g  f o o t h i l l s ,  Montana: United S tates G eological Survey .
B u lle t in  1072-N , p. 723-752.



64

Leeder, M . R . , 1978, A q u a lita tiv e  s tra t ig ra p h ic  model fo r  a lluv ium  w ith  
specia l re fe ren ce  to  channel depos it d en sity  and in tercon nected ­
ness, j j i  M i a l l , A . D . , e d . , F lu v ia l Sedim entology, Canadian Society  
o f Petroleum G eologists Memoir 5 , p. 587-596.

Lorenz, J . C . ,  1981, Sedimentary and te c to n ic  h is to ry  o f the Two Medicine  
Form ation, Late Cretaceous (Campanian), northwestern Montana: 
unpublished PhD d is s e r ta t io n , P rinceton U n iv e rs ity , 215 p.

McGooky, D.D.  (c o m p ile r ) , 1972, Cretaceous System, j j i  M a llo ry , W.W.
( e d . ) ,  Geologic a t la s  o f the Rocky Mountain re g io n . Rocky Mountain 
A ssociation  o f G eo lo g is ts , Denver, CO, p. 214.

McLean, J . R . ,  1971, S tra tig ra p h y  o f the Upper Cretaceous Ju d ith  R iver 
Formation in  the Canadian Great P la in s : Saskatchewan Research
C o u n c il, Geology D iv is io n , Report 11 , 96 p.

McLean, J . R . ,  and J e rz y k iew icz, Tomasz, 1978, C y c lic i ty ,  te c to n ics  and 
c o a l: some aspects o f f lu v ia l  sedimentology in  the Brazeau-
Paskapoo Form ations, Coal V a lle y  a re a , A lb e rta , Canada, In  M i a l l , 
A . D . , ( e d . ) ,  F lu V ia l Sedim entology, Canadian S o c ie ty  o f Petroleum  
G eologists Memoir 5 , p. 441-468.

McMannis , W. J . ,  1965, Resume o f d ep o s itio n a l and s tru c tu ra l h is to ry  o f 
western Montana: American A ssociation  o f Petroleum G eologists
B u l le t in ,  v . 49 , p. 1801-1823.

Meek, F . B . ,  and Hayden, F . V . , 1856, D escrip tions  o f new species o f . 
Gastropoda and Cephalpoda from the Cretaceous form ations o f  
Nebraska T e r r ito r y :  Academy o f N atural Sciences, P h ila d e lp h ia
Proceedings, v . 8 , p. 70 -72 .

Mudge, M . R . , and Sheppard, R.A. ,  1968, Provenance o f igneous rocks in  
Cretaceous conglomerates in  northw estern Montana: United States
G eological Survey P rofessional Paper 600-D , p. 137-146.

N orth , B . R. ,  and C a ld w e ll, W.G.E. ,  1975, F o ram in ifera l faunas in  the  
Cretaceous system o f Saskatchewan: G eological A ssociation  o f
Canada Special Paper 13, p. 303-332.

Parsons, W.H. ,  1942, O rig in  and s tru c tu re  o f the L iv ingston  igneous 
rocks, Montana: G eological S ocie ty  o f  America B u l le t in ,  v. 53
p. 1175-1186.

Pepperberg, L . J . ,  1908, The M ilk  R iver coal f i e l d ,  Montana: United
S tates G eological Survey B u lle t in  381, p. 82-107 .

Pepperberg, L . J . ,  1910, the  southern extension o f the M ilk  R iver coal 
f i e l d ,  Chouteau County, Montana: United States G eological Survey
B u lle t in  471 , p. 359-384.



65

Pitm an, W.C. I l l ,  1978, R e la tion sh ips  between eustacy and s tra t ig ra p h ic  
sequences o f passive margins: Geological S ocie ty  o f  America
B u l le t in ,  v . 8 9 , 1389-1403.

P r ic e , R . A . , 1973, Large scale  g ra v ita t io n a l flow  o f supracrusta l rocks, 
southern Canadian Rockies, jm De Jong, K . A . , and Scholte n , R .,

. ( e d s . ) ,  G rav ity  and T ecto n ics , W iley Co . , New York, p. 491-502.

Reeside, J . B. ,  1957, Paleoecology o f the Cretaceous seas o f the Western 
In t e r io r  o f  the United S ta tes : G eological Society  o f  America
Memoir 67 , p . 505-542.

Reeves, 1946, O rig in  and mechanics o f the th ru s t fa u lts  ad jacent to  
the Bearpaw M ountains, Montana: Geological Society  o f  America
B u lle t in ,  v . 57, p. 1033-1048.

Reineck, H . E . ,  and Singh, I . B . , 1973, D epositional sedim entary environ­
ments: S p rin g er-V erlag  Publishing Company, New York, N.Y.  439 p.

R ice , D . D. ,  1976, S tra t ig ra p h ic  sections from w ell logs and outcrops 
o f Cretaceous and Paleocene rocks, northern Great P la in s , Montana: 
U.S.  G eological Survey O il and Gas In v e s tig a tio n s  Chart OC-71.

R ice , D . D. ,  and S h u rr, G.W.,  1980, Shallow , lo w -p e rm ea b ility  re s e rv o irs  
o f the Northern G reat Plains-assessm ent o f  th e ir  n a tu ra l gas 
resources: American A ssociation  o f Petroleum G eologists B u lle t in ,
v . 64 , p. 969-987. '

R oberts, A . E . , 1963, C o rre la tio n  o f Cretaceous and Lower T e r t ia r y  rocks 
near L iv in g s to n , Montana, w ith  those o f o th er areas o f Montana and 
Wyoming: United S tates G eological Survey Professional Paper 525-B ,
p. 54 -63 .

Ross, C . P . ,  Andrews, D„A. , and W itk in d , I . J . , 1958, Geologic map o f  
Montana: Montana Bureau o f Mines and Geology, 2 sheets .

Rubey, W.W., 1930, L ith o lo g ic  stud ies o f f in e -g ra in e d  Upper Cretaceous 
sedim entary rocks o f the  Black H i l l s  reg io n : United S tates Geo­
lo g ic a l Survey Professional Paper 165-A , p. 1 -5 4 .

R u s s e ll, L . S . ,  1939, Land and sea movements in  the Late Cretaceous o f 
western Canada: Transactions o f the  Royal Society  o f  Canada,
S eries 3 , v . 33 , sec. 4 , p. 81 -99 .

R yer, T . A . ,  1977, P atterns  o f Cretaceous shallow  marine sed im entation , 
C o a l v i l l e  and Rockport a reas , Utah: Geological S o c ie ty  o f
America B u lle t in ,  v . 8 8 , p. 177-188.

R yer, T . A . ,  1981, D e lta ic  coals o f Perron Sandstone Member o f Mancps 
Shale: p re d ic t iv e  model fo r  Cretaceous co a l-b earin g  s tra ta  o f .
Western In te r io r :  American A ssociation  o f Petroleum G eologists
B u lle t in  v . 65 , p. 2323-2340.



66

Ryer> T.A.  ,■ and Kauffman, E.G. ,  1980,. P hysical evidence fo r  Cretaceous 
t id e s .  Western In t e r io r  b as in . North America ( a b s . ) :  American
A ssociation  o f Petroleum G eologists B u lle t in  v . 64 , p. 778-779.

Schmidt, R.G. ,  Pecora, W.T. ,  and Hearn, H.C. J r . ,  1964, Geology o f the  
Cleveland Quadrangle, Bearpaw Mountains, B laine County, Montana: 
United S tates  Geological Survey B u lle t in  1141-P , p. 1 -26.

S c h u ltz , L . G . ,  T o u r te lo t ,  H . A. ,  G i l l ,  J . R . , and Boerngen, J . G . , 1980, 
Composition and p ro p e rties  o f ,the P ie rre  Shale and e q u iva len t 
rocks, northern  G reat P la ins  reg io n : United S tates G eological
Survey P ro fessional Paper 1064-B , p. B I-B H 4.

S w if t ,  D . J . P . ,  1968, Coastal erosion and tran sg ress ive  s tra tig ra p h y :  
Journal o f  Geology, v . 76 , p. 444-456.

Tschudy, B . D. ,  1973, Palynology o f the Upper Campanian (Cretaceous) 
Jud ith  R iver Form ation, n o rth -c e n tra l Montana: United S tates
Geological Survey P rofessional Paper 770, 42 p.

V i e l e ,  G.W.,  and H a r r is , F.G. I I ,  1965, Montana Group s tra tig ra p h y ,
Lewis and C lark  County, Montana: American A ssociation  o f P etro ­
leum G eologists B u lle t in ,  v . 49 , p. 379-417.

Warshaw, C.M. ,  1956, The occurrence o f  ja r o s i te  in  underclays:
American M in e ra lo g is t, v . 41 , p. 288-296.

Weimer, R . J . ,  1960, Upper Cretaceous s tra t ig ra p h y . Rocky Mountain 
area: American A ssociation  o f Petroleum G eologists B u lle t in ,
v . 44 , p. 1 -2 0 .

Weimer, R . J . ,  1960, Rates o f d e lta ic  sedim entation and in tra b a s in
deform ation . Upper Cretaceous o f Rocky Mountain reg io n : Society
o f Economic P a leo n to lo g is ts  and M in era lo g is ts  Special P u b lica tio n  
15, p. 270-292.

W illia m s , G.D. ,  and Burke, C . F . J . ,  1964, Upper Cretaceous, in  McCrossan, 
R.G. ,  and G la is te r ,  R.P.  ( e d s . ) ,  Geological h is to ry  o f western 
Canada: A lb e rta  S o cie ty  o f Petroleum G eo lo g is ts , p. 169-189.

W illia m s , G.D. ,  and S te lc k , C . R. ,  1975, Speculations on the  Cretaceous 
o f  North America: G eological A ssociation  o f Canada Special Paper
13, p. 1 -2 0 .

Wilson, M.D., 1970, Upper Cretaceous-Paleocene synorogenic conglomerates
of southeastern Montana: American Association of Petroleum
Geologists B ulletin , v. 54, p. 1843-1867.



MONTANA STATE UNIVERSITY LIBRARIES
s tk s  N 3 7 8 .B 7 3 6 7 @ T h e s e s  R L

T h e  t r a n s i t i o n  f r o m  th e  J u d i t h  R iv e r  F o r

3 1762 00169251 4

I

/ ^ 3 7 ? 
> 07367  
(LAp ZL-


