
Stratigraphy and depositional environment of the 

Mesaverde Group, northeastern portion 

of the Big Horn Basin, Wyoming 

by 

David Allan Prose 

A Thesis Submitted to the 

Graduate Faculty in Partial Fulfillment of 

The Requirements for the Degree of 

MASTER OF SCIENCE 

Department: Earth Sciences 
)gy 

Signatures have been redacted for privacy 

Iowa State University 
Ames, Iowa 

1979 



ii 

TABLE OF CONTENTS 

INTRODUCTION 

Previous Investigations 

Method of Study 

Regional Stratigraphic Setting 

PETROLOGY 

Texture 

Eagle sediments 
Judith River sediments 
Teapot sediments 
Statistical parameters, comparisons and 

depositional processes 

Depositional Agents and Statistical Comparisons 

Inclusive graphic standard deviation versus 
mean grain-size 

Skewness versus mean size 
Kurtosis versus mean size 
CM diagram 

Composition 

Eagle sandstones 

Detrital dolomite 
Primary dolomite 
Secondary dolomite 

Clay mineral composition and significance 

Eagle sandstones 
Claggett mudrocks 
Judith River sandstones 
Authigenic clays in Teapot sandstones 

Page 

1 

4 

10 

11 

15 

15 

16 
18 
18 

20 

26 

26 
30 
33 
36 

39 

42 

43 
44 
46 

47 

47 
49 
49 
53 



iii 

Page 

STRATIGRAPHY 58 

Development of Terminology 58 

Stratigraphic Relations within the Mesaverde Group 61 

Eagle Formation 62 
Claggett Formation 66 
Judith River Formation 67 

Age and Correlation 68 

Eagle Formation 72 

Lower Eagle sandstone 73 
Upper Eagle sandstone 74 

Claggett Formation 75 

Judith River Formation 76 

Lower Judith River 78 
Middle Judith River 81 
Upper Judith River 82 
Regional unconformity at the base of the 

Teapot sandstone 83 
Teapot sandstone member 85 

DEPOSITIONAL ENVIRONMENTS 88 

Primary Structures and Sequences of the Shoreface-
Offbeach Transition Zone 91 

Shoreface Environments 93 

Submarine Bar Zone 98 

Foreshore 100 

Barrier Island Environments 101 

Black Sandstone deposits 102 
Barrier Island sequences 106 



iv 

Page 

Lagoonal Environments 112 

Lagoon pond 112 
Tidal inlets and deltas 113 
Salt marsh 114 

Teapot Sandstone Member Depositional Environments 114 

PALEOGEOGRAPHIC MODEL 117 

S~Y 123 

BIBLIOGRAPHY 125 

APPENDIX 135 



1 

INTRODUCTION 

This report presents a study of the stratigraphy and depositional 
\ 

Big Horn Basin, Wyoming. Exposures of the 

northeastern p\rtion of the 

Mesaverde Grou~were examined 

environments of the Mesaverde Group in the 

during the summer of 1977 along a northwesterly trending outcrop belt 

extending from the Greybull River, two miles south of Greybull up to five 

miles south of Lovell, Wyoming (fig~ 1). 

Upper Cretaceous sediments in the Big Horn Basin as well as other 

Western Interior basins have received considerable attention in the 

last 20 years as a result of discoveries of coal and petroleum reserves. 

Although regional lithofacies patterns have proven useful in petroleum 

exploration, little work has been done in the area of paleoenviron-

mental reconstruction utilizing sequences of primary sedimentary 

structures. Also the Upper Cretaceous terminology in southern Montana 

and in the Southern Big Horn Basin is confused and in need of revision. 

In these regions the terms Montana Group and "Mesaverde" are used for 

identical rock units. There is then, a need for stratigraphic analysis 

of the Mesaverde Group in the northern parts of the Big Horn Basin to 

establish a firm basis for consistent terminology between Montana and 

areas to the south of the present study area. 

The objectives of this study are (1) to describe in detail the 

rock units presently termed Mesaverde in the northeastern portion of 

the Big Horn Basin, (2) to clarify the terminology utilized between 
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Figure 1. Location of study area and measured sections of the 

Mesaverde Group in the Big Horn Basin. 
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areas previously described as Mesaverde Formation or Mesaverde Group in 

southern Montana and the southern Big Horn Basin, (3) to interpret the 

depositional environments recorded by Mesaverde rocks and (4) to recon­

struct the Campanian paleography in the study area and to relate it to 

previous paleoenvironmental reconstructions in the southern portion of 

the Big Horn Basin. 

Previous Investigations 

Geological investigations of the Upper Cretaceous rocks in north­

central Wyoming and central Montana began in the mid l800s with the 

initiation of the Meek and Hayden surveys. No real interpretive work 

was initiated, however, until Stanton and Hatcher (1903) and Stanton et 

al. (1905) working near the Judith River in central Montana, presented 

evidence regarding the age and stratigraphic position of the Judith 

River Beds. 

Hatcher was the first to recognize the intertonguing nature of 

the marine and continental strata and presented the first cross-section 

illustrating the lateral relationships. Hatcher subdivided the rocks 

of the then Montana Group into the Eagle sandstone, Claggett Shale, 

Judith River, and Bearpaw Formations, terms which are still applicable 

throughout Montana and northern Wyoming. Stebinger (1914) pro-

vided further evidence regarding the age of the Montana Group through 

correlations with the Upper Cretaceous Belly River Beds in southern 

Alberta. Lllter work by Howen (1919) eonfirmed Hatcher'R RpeculationH 

regarding gradations from continental to marine conditions eastward 

in central Montana during Late Cretaceous Time. 
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In the Big Horn Basin area, the presence of soft coal in Upper 

Cretaceous strata led to repeated investigations by the United States 

Geological Survey. Fisher (1908) was able to trace the subdivisions of 

the Montana Group defined by Hatcher (1903) and Stanton et ala (1905) 

southward into the northeastern portion of the Big Horn Basin. Washburne 

and Woodruff (1907) working independently, accurately traced the Eagle 

Sandstone from central Montana to the southeastern extremity of the 

present study area. Hence, the terminology for Mesaverde equivalents 

throughout the eastern margin in the basin was accurately established 

during initial investigations. 

Controversy regarding the age, terminology, and correlation of 

Upper Cretaceous rocks erupted as Hewett (1914) applied the name Gebo 

to Montana Group equivalents. Hewett did however recognize the upper 

part of the Gebo to be equivalent in age to the Eagle and Claggett and 

quickly discarded this usage in subsequent publications (figs. 2 and 3). 

The term Mesaverde was not applied to rocks of Campanian age in 

the Big Horn Basin until Lupton (1916) recognized basic similarities 

in lithology and stratigraphic position with beds already described as 

Mesaverde in southern Wyoming and Utah. This name was then retained 

by the geological survey for subsequent mapping in the Big Horn Basin 

and is still used extensively today. 

Recently the Mesaverde in the Big Horn Basin has been the sub­

ject of many regionally oriented stratigraphic and paleontologic 

studies (Asquith, 1974, Cobban, 1969. Gill and Cobban, 1966 and 1973, 



6 



F
ig

u
re

 
2

. 
D

ev
el

op
m

en
t 

o
f 

n
o

m
en

cl
at

u
re

 f
o

r 
th

e
 M

es
av

er
d

e 
G

ro
up

 

in
 t

h
e
 

B
ig

 H
or

n 
B

as
in

 
(1

9
0

5
-1

9
2

6
).

 



CRETACEOUS SYSTEM 

UPPER SERIES 

CAMPANIAN STAGE 

=en >-1 
MONTANA 

GROUP -I> 
nZ 
=-1 
tTl 0 
"z ~ 

JUDITH RIVER EAGLE· CLAGGETT 
FORMA--> 

~z 
& BEARPAW 

TION VlO 

~ 
MONTANA 

GROUP en 
= 

!Tl = c::: ~ 

" 
til 

JUDITIH RIVER 
-I z 

EAGLE CLAGGETT 
FORMA-m TION - & BEARPAW 

\D ' 
0 
\D 

~ 

MONTANA 
GROUP 0 

0 

~ 
0 

" 
!Tl 

c::: til 
-I 'Tl 

EAGLE UNDIFFERENTIATED MONTANA 
FORMA-'Tl 

TlON -\D 
0 
\D 

= "T1 tTl 
0 :E 

GEBO 
,a 

tTl ::: ~ -I 
-I -I 
0 - Z \D 

-~ 
t""= CtTl 

." ~:E 0 o tTl 

MESAVERDE 
,a 

z-l ::: ~ -:--1 
-I \D 

-:::jo'J» 
0 
z :-z 

~o 
0'\ 

L 



8 



F
ig

u
re

 
3

. 
D

ev
el

op
m

en
t 

o
f 

n
o

m
en

cl
at

u
re

 
fo

r 
th

e
 M

es
av

er
de

 G
ro

up
 

in
 t

h
e 

B
ig

 H
or

n 
B

as
in

 
(1

9
5

8
-1

9
7

9
).

 



CRETACEOUS SYSTEM 

UPPER SERIES 

CAMPANIAN STAGE 

'TI ~ 
0 ...... 
;:0 ('") 

MESAVER.DE 
3: ::t 
> - -l \D 

0 V\ 
Z 

00 

tI'J 

MESAVERDE 
GROUP ttl 

<: 
ttl 
~ 

EAGLE CLAGGETT JUDITH RIVER 
FORMA-z TlON 

-\D 

TEAPOT? 
0'\ 

MEMBER -
a:: 

.MESAVERDE· 
WEST >-

t"'"~ ~ ttl 
~~ 

EAGLE CLAGGETT JUDITH RIVER 
0'\ 

EAST V\~ 
...., 
0 
- MESAVERDE 

FORMA-t"'" 
TION t"'" 

~~ 
0'\('") 
0'\0 

TEAPOT = MEMBER 
= > 
~ 

MESAVERDE GROUP a:: 
> -('") 

\D~ 

EAGLE CLAGGETT JUDITH RIVER 
FORMA-, -.ltTl 

TION V\z 
N 

. TEAPOT MEMBER -ttl ...., 

MESAVERDE GROUP ::t 
-tI'J 

"'0 

EAGLE CLAGGETT JUDITH RIVER FORMA~ > "'0 
TIO~ ttl 

~ 

TEAPOT MEMBER 

6 



10 

Miller, Barlow, and Haun, 1965, MacKenzie, 1975, Rea and Barlow, 1975, 

and Weimer, 1961 and 1970). Mesaverde terminology in the eastern half 

of the basin still retains the original subdivisions as described by 

Stanton and Hatcher (1903) and Stanton et al. (1905). In the south­

western areas, marine units are not present in the Mesaverde, making 

subdivisions of the entirely nonmarine section very tenuous. Contro­

versy is still continuing regarding the elevation of the Mesaverde 

from formation to group status. However, recent authors have tended 

to consider the unit a group (MacKenzie, 1975, Severn, 1961). In this 

report the Mesaverde is treated as a group with the Eagle, Claggett, 

and Judith River Formations and the Teapot Sandstone Member recognized 

in ascending order. The Eagle, Claggett, and Judith River Formations 

and the Teapot Sandstone Member are easily traceable in the field and 

on areal photographs and are mappable on a scale of 1:25,000 and should 

be treated with proper rank. 

Method of Study 

After accurately establishing lower and upper boundaries, five 

critically located exposures of the Mesaverde Group were measured and 

described in detail. Emphasis was placed on careful documentation of 

vertical changes in lithology and primary sedimentary structures which 

are important in the determination of sedimentary environments repre­

sented by Mesaverde rocks. Major sandstone and shale bodies were 
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traced laterally in the field and on areal photographs to determine 

geometric relations and lateral facies changes. 

Over 550 oriented rock samples were collected and keyed to specific 

stratigraphic horizons. Selected samples from key beds were then sub­

jected to various laboratory analyses including mechanical analysis, 

thin section examination, x-ray diffraction and SEM analysis. Sandstone 

mineralogy was determined by petrographic examination, although staining 

techniques were applied to over 60 mounts to determine potash and pla­

gioclase feldspar ratios. An average of 300 grains were counted in 

over 30 thin-sections to determine quantitative mineralogy and also 

compositional changes occurring between sedimentary environments. 

More than 250 samples were studied to determine grain-size distri­

butions useful in distinguishing between various sedimentary environ­

ments. Grain-size parameters (Folk and Ward, 1957, Passega, 1957) 

were plotted graphically as a means of characterizing depositional 

agents operating within the wide variety of sedimentary environments 

recorded in Mesaverde rocks. 

Regional Stratigraphic Setting 

The Mesaverde strata described in this study are exposed along the 

northern and eastern margin of the Big Horn Basin in the north-central 

portion of Bighorn County, Wyoming. Throughout the outcrop belt, the 

beds strike north-northwest, approximately parallel to the inferred 

depositional strike (Gill and Cobban, 1973, Houston and Murphy, 1977, 
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Severn, 1961), and dip from 11 to 55 degrees west, in a basinward 

direction (fig. 1). 

The Mesaverde Group represents only a small part of a series of 

clastic wedges deposited in the Cretaceous Western Interior seaway 

which extended from present-day Alaska to Mexico (Gill and Cobban, 

1973, Masters, 1965, 1967). 

In Colorado and Utah, the sediment source for Mesaverde sediments 

is considered to be the Sevier Orogenic Belt (Armstrong and Oriel, 

1965, Masters, 1965) expressed today as a north-south trending over­

thrust belt in central Utah and north central Wyoming. Late Cretaceous 

intrusions including the Idaho Batholith and the Boulder Batholith 

along with the Elkhorn Volcanics in west central Montana, have been 

correlated with major regressional episodes during Campanian time and 

are thought to be important sediment sources for the Mesaverde in the 

Big Horn Basin (Houston and Murphy, 1977). Throughout the Western 

Interior, sediments deposited during regressive phases are thicker, 

coarser-grained, and more nonmarine towards source areas to the west 

(Spieker, 1949). 

Throughout the Late Cretaceous, sedimentation patterns in the 

Western Interior epicontental sea were characterized by frequent strand­

line migrations due to variations in the amount of sediment influx and 

basin subsidence (Masters, 1965). During the Campanian Epoch the shore­

line in Wyoming trended north-south, parallel to the adjacent source 

areas. Local variations in shoreline trends were due to tectonic 
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activity during sedimentation or deltaic depocenters (Asquith, 1974, 

Weimer, 1970, and Zapp and Cobban, 1960). In southern Montana and 

northern Wyoming, shoreline trends averaged north, 30 to 50 degrees west 

with indentations related to local delta centers (Asquith, 1974, Gill 

and Cobban, 1973). 

In the Big Horn Basin, Mesaverde strata consist of wedges of both 

marine and transitional marine sediments which interfinger eastward 

with the Claggett tongue of the Cody. In detail, the major regressive­

transgressive clastic wedges can be subdivided into two regressive 

units separated by westward extending tongues of marine shale (Miller, 

Barlow, and Haun, 1965, MacKenzie, 1975). The base of each regressive 

sequence consists of beach sandstones and shelf shales, which in turn 

are overlain and interfinger with strata representing transitions from 

marine to continental environments. These in themselves display several 

cycles of deposition. 

Basal units of both the Eagle and the Judith River cycles consist 

of massive beach sandstones, 5 to 35 feet thick, which interfinger 

complexly with overlying marine siltstones and shales. The Judith 

River cycle differs from the Eagle in the study area in that continental 

environments are recorded by its upper 400 feet, while the Eagle consists 

of predominately beach and shelf deposits. Both of these regressional 

phases record periods of frequent strandline oscillation resulting in 

thick, repetitive sequences at the base of each cycle. In contrast the 

Cody and Claggett transgressive phases occurred during comparatively 



14 

short time intervals commonly resulting in the truncation of the marine 

sequences normally expected at the top of a complete regressive­

transgressive cycle (Gill and Cobban, 1973). 
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PETROLOGY 

Petrologic examination of Mesaverde sediments included detailed 

collection of over 300 kilograms of oriented samples associated with 

key stratigraphic horizons and major sand and shale units throughout 

the study area. Preparation of over 250 rock samples for mechanical 

analysis included disaggregation, pretreatment, and sieving through one­

half unit phi screens, and hydrometer analysis of the less than four 

phi size grades. Sandstones were prepared for grain-mount and thin 

section work by vacuum impregnation and were examined for distinguishing 

textural and compositional characteristics. Petrologic characteristics 

provide valuable insight with regards to hydrodynamic conditions within 

the basin of deposition and are a valuable aid in the reconstruction of 

ancient sedimentary environments. 

Texture 

Textural parameters of Mesaverde sediments were resolved by the 

use of both mechanical and microscopic techniques. Disaggregation, 

pretreatment, and grain-size analysis were performed using conventional 

techniques (Folk, 1974, Royse. 1968). 

Most sandstone samples were cemented by calcite or dolomite and 

were pretreated with 10 percent ReL solution, washed and dried before 

mechanical separations were performed. Sediments were separated into 

one half unit phi fractions by means of nested sieves and grain size 
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cowponents smaller than four phi were analyzed using the Bouycos l52-H 

hydrometer. 

The results of ten randomly selected hydrometer runs were compared 

with pipetting from an aqueous solution as a test for the accuracy and 

precision of the hydrometer method. Deviations of the Bouycos l52-H 

hydrometer from the results of pipette analysis of identical samples 

were minimal. Average deviation for each unit phi size were less than 

1.5 percent for each sample studied. 

Eagle sediments 

Texturally, the majority of Eagle sediments may be classified as 

silty sands (Folk, 1954) with subordinate amounts of sand and muddy 

sand (fig. 4). Mean grain-size ranges from ~4.42 to ~3.94 with the 

average graphic mean for all Eagle sands ~3.70. Most sand grains are 

sub rounded to subangular and moderately spherical and are poorly to 

very poorly sorted (table 1.) 

Commonly Eagle and Judith River sandstones are cemented with 

secondary sparry calcite constituting 20 to 30 percent of the total 

rock volume. In thin section, calcite cemented sands frequently 

display replacement of framework elements as evidenced by embayments 

and replacement of detrital grains by calcite (plate lA). Often, 

framework and calcite grains display poikolitic relationships with 

masses of optically contigous calcite enclosing isolated framework 

grains (plate lA). Detrital grains are in point or line contact when 

the calcite cement is not present. 
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Sand 

Figure 4. Size classification of Eagle Sediments, after Folk (1954) 
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Fine-grained sediments are sandy siltstones and siltstones based 

on terminology by Folk (1954). Analysis of these sediments indicate 

that they are poorly to very poorly sorted with inclusive graphic 

standard deviation ranging from 1.60 to 3.35 (Folk, 1974). These rocks 

occur as thin lenticular or wavy beds in sandstones or as relatively 

thick beds. 

Judith River sediments 

Judith River sediments are mainly sandstones and silty sands (Folk, 

1954) (fig. 5). Grain-size data for the Judith River is presented in 

table 1 and displays well-developed coarsening-upwards sequences which 

are largely absent in the Eagle. Mean grain-size values are strikingly 

uniform throughout the Judith River with values ranging from ~3.78 to 

~2.79. These values probably indicate relatively uniform conditions 

with respect to rate of sediment influx and basin subsidence in the 

study area throughout the time represented by these rocks. 

Inclusive graphic standard deviation ranges from 0.08 to 2.01 while 

most sediments are moderately well to poorly sorted. Roundness and 

sphericity differ very little throughout the Judith River section and 

are quite similar to Eagle sandstones. 

Teapot sediments 

Teapot sediments display vertical and lateral variations in grain­

size which contrast sharply with the general homogeneity displayed by 
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Sand 

Mudstone 

Figure 5. Size classification for Judith River Sediments, after 

Folk (1954). 
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the Eagle and Judith River. Diagnostic properties of the Teapot Sand­

stone Member are as follows: 

1. A general, though fluctuating coarsening-upwards sequence 

throughout the unit. 

2. Distinct fining-upwards textural sequences are developed over 

one to three foot intervals which are repeated many times. 

3. Lateral variations in grain-size over comparatively short 

intervals with an increase in Mz values in a northwesterly 

direction. 

4. Bimodal distributions in Teapot sediments are common but 

are not related to hydrodynamic conditions at the time of 

deposition. Major populations occur in the medium sand 

and clay size fractions; the abundance of clays caused by 

authigenic clay mineral formation. 

Statistical parameters, comparisons and depositional processes 

Grain-size distributions were determined and statistical parameters 

(Folk and Ward, 1957) were calculated to facilitate comparisons of major 

lithofacies of the Mesaverde Group. Table 1 lists values obtained for 

Mean Grain Size (Mz), Inclusive Graphic Standard Deviation (Sorting), 

Inclusive Graphic Skewness (SKi), and Graphic Kurtosis (Kg). The 

coarsest one percent and median grain-size (Passega, 1957) were plotted 

graphically on scatter diagrams as a means of comparison as were the 

above parameters for use as aids in environmental interpretations of 

Mesaverde sediments. 
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Depositional Agents and Statistical Comparisons 

Grain-size parameters have proven useful in the characterization 

of sediment population distribution patterns as described by Folk and 

Ward (Folk and Ward, 1957, Mason and Folk, 1958). Statistical param­

eters such as skewness and kurtosis show in a general sense, the 

deviations of a sediment population for the normal distribution, but 

are of little use in paleoenvironmental reconstruction when treated 

singularly. However, when these parameters are selectively compared 

on scatter diagrams, certain major environments and associated depo­

sitional processes can be recognized (Cameron and Hardarshar, 1977, 

Folk and Ward, 1957, Mason and Folk, 1958, Nordstrom, 1977, Passega, 

1957, 1964~ Passega and Byramjee, 1969, and Royse, 1968). 

Inclusive graphic standard deviation versus mean grain-size 

Scatter diagrams of mean grain-size versus graphic standard devi­

ation reveal two basic patterns considered significant by the writer 

in interpreting depositional environments represented by the Mesaverde 

Group (figs. 6A-B). Figure 6A shows two distinct groupings of Eagle 

sediments consisting of sandstone (1) and siltstones (2) in which 

sorting systematically decreases from moderately well-sorted to poorly 

sorted along with a progressive decrease in grain-size (fig. 6B). 

Lower and Upper Judith River sediments show an almost identical pattern 

to that of the Eagle suggesting similarities between depositional proc­

esses acting during the deposition of these sediments. 
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Figures 6A through 6D. Scatter diagrams of mean versus inclusive 

graphic standard deviation for Eagle and Judith River 

sediments. 
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Recognition of a significant relationship between grain-size and 

sorting was introduced by Folk and Ward (1957). Graphic comparisons by 

these authors resulted in sinsoidal plots with cobble and silt size 

material generally displaying poorer sorting than sand size material. 

It was also realized at this time that curve positions on comparative 

plots can be quite variable and are controlled by the size of materials 

available for transport. 

Figures 6A, Band C display linear decreases in sorting values 

along with decreases in grain-size similar to that expected in marine 

beach and shelf deposits. The coarsest sediments are deposited along 

the foreshore of the beach while finer materials remain in suspension 

and are carried offshore (Clifton, 1976). Increased sediment sorting 

in the foreshore and upper shoreface beach deposits is the result of the 

winnowing activity of swash and backswash, tidal, and longshore currents 

which concentrate a narrow range of particle size. The poorer sorting 

frequently encountered in the shoreface-offshore transition zone and 

the offshore zone may be the result of sediment mixing during storms 

in which sand ripples or dunes periodically migrate seaward. 

Comparative graphs of coarsening-upward barrier bar sequences in the 

Judith River Formation reveal patterns which contrast with the patterns 

described above. As shown by figure 6D, sorting systematically decreases 

upward with increasing grain-size. Similar regressive sand sequences 

subjacent to coal-bearing beds are common throughout the Cretaceous de­

posits in the Western Interior which lire considered barrier or distribu­

tary mouth bars, depending on their proximity to major deltaic systems 

(Weimer, 1970). Patterns displayed by these sand bodies could be ex-
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plained as a result of rapid seaward progradation of deltaic distributary 

channels resulting in coarsening-upwards cycles which are poorly sorted 

proximal to the river channels. Evidently the amount of time required 

for current sorting processes to operate did not keep pace with the rapid 

progradational rates associated with barrier bars. 

Skewness versus mean size 

Scatter diagrams of skewness versus mean grain-size are useful in 

distinguishing beach deposits from the upper portions of barrier bar 

units. Beach sandstones in the Eagle and Judith River Formations share 

a common characteristic in that skewness decreases dramatically with 

grain-size in all cases (figs. 7A and C). Sediments interpreted as lower 

shoreface on the basis of bedform sequences by the writer are finer-

grained with higher skewness values while upper shoreface and foreshore 

beds are coarser-grained with lower skewness values. These results would 

be expected in a high energy beach environment where strong shoreward 

swash current activity winnows out finer-grained components concentrating 

coarser materials near the upper foreshore and berm crest zones of the 

beach (Houston and Murphy, 1977). This writer interpretes high skewness 

values to be the result of the removal of finer-grained material from 

foreshore zones and deposition on back beach zones. A back beach dune 

interpretation is substantiated by the association of overlying lagoonal 

sediments and associated bedform features. Friedman (1961, 1967) and 

Mason and Folk (1958) were able to distinguish between beach and associ-

ated barrier island dune deposits by plotting skewness against mean 

grain-size. They attributed the differences in skewness to variances 
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Figures 7A through 7D. Scatter diagrams of mean versus skewness 

Eagle and Judith River sediments. 
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in current and wind sorting processes in beach and beach crest barrier 

island environments. 

Thick barrier island sandstone bodies in the Judith River Formation 

yield scatter diagrams of skewness versus mean grain-size much unlike 

those of beach deposits (fig. 7D). In all cases, these units show 

skewness increasing upwards as grain-size increased, a trend not expec-

ted as a result of beach sorting processes. The results of research by 

Friedman (1961, 1967), and Folk and Ward (1957) suggest trends of this 

nature may be the result of eolian processes operating in the beach 

crest or back beach zones of a barrier island environment. Finer com-

ponents are frequently blown landward from the adjacent beach and may 

be preserved at the top of ancient barrier bar sandstones. 

Kurtosis versus mean size 

Kurtosis is a measure of the peakedness of the particle size 

distribution. It is a comparison of the sorting values in the central 

portion of the distribution to those of the tails of the distribution. 

Kurtosis values for all Mesaverde sediments are quite high ranging 

from 1.00 to 4.50 with most values leptokurtic to very leptokurtic 

(Folk, 1974). Beach sandstones in the Eagle and Judith River For-

mations display decreasing kurtosis values with decreasing grain-size 

(figs. BA-C). In coarsening-upwards beach deposits kurtosis values 

systematically decrease upwards from 3.00 to 1.40 (fig. BD). These 

values are not indicative of beach sorting processes and suggest that 

rates of sediment influx increase throughout regressive phases and are 
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Figures BA through BD. Scatter diagrams of mean versus kurtosis 

for Eagle and Judith River sediments. 
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more rapid than current sorting processes which rework the sediments. 

Thus, the amount of time available for sediment reworking may be a 

controlling factor when abundant sand is available as in the case of 

fossil beach placers described by Houston and Murphy (1977). 

eM diagram 

During the last 20 years, a wide variety of scatter diagrams have 

been used to characterize the various depositional agents operating 

within major sedimentary environmental complexes. Among the more 

useful is the CM diagram in which the mean grain diameter is compared 

graphically to the coarsest one percent of a given sediment population 

(Passega, 1957). The parameter CM is then, a measure of the competency 

of a given depositional agent reflecting the sensitivity of interaction 

between the coarsest size material available for transport and the 

energy of the depositional medium. 

Passega (1957, 1964) and Passega and Byramjee (1969) have found that 

environments including alluvial fan, turbidity current, stream channel, 

fluvial and beach are characterized by certain graphic patterns which are 

indicative of the sedimentary processes operating within each environment. 

A CM diagram has been constructed (fig. 9) displaying patterns 

indicative of Eagle beach sands and Teapot fluvial sediments comparable 

to those described by Passega (1957) and Passega and Byramjee (1969) 

for beach deposits and Williams and Rust (1969) for alluvial sediments. 

This diagram illustrates the application of CM diagrams in differenti­

ation of depositional mediums as discussed by the above authors. 
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Figure 9. eM diagram, representing a comparison of coarsest one 

percent and median grain size for Eagle and Teapot 

sediments. Note that most Eagle sediments fall into 

segment R-S, the uniform suspension, while Teapot sands 

shown by line R-O were deposited under mostly graded 

suspension flow conditions. 
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The Eagle formation contains fine-to very fine-grained sands and 

siltstones which were deposited in a beach-shelf transition and which 

represent deposition from a uniform suspension (fig. 9). As shown by 

segment R-S, Eagle formation sediments represent a continuum from higher 

energy bed load deposition (Passega, 1957) to lower energy suspension 

deposition with decreasing grain-size, reflecting a transition from 

higher energy foreshore to lower energy offshore beach environments. 

Teapot sandstones are fine to medium-grained and represent alluvial 

channel complexes deposited by both graded suspension and by rolling and 

bouncing along the channel bed (fig. 9 segment R-O). 

Although CM diagrams are useful characterizations of depositional 

processes operating within sedimentary environments, they must be used 

only as one of several lines of evidence in paleoenvironmental recon­

struction. Rock body geometry, primary structures, and other lithologic 

and paleontologic evidence should also be considered in making these 

interpretations. 

Composition 

Average sandstone compositions were determined with a petrographic 

microscope by systematic counting of 300 grains of representative thin 

sections and grain mounts and with x-ray diffractometry. Representative 

samples and associated clay mineral suites are shown in table 2 and are 

expressed as whole rock percentages. 

Mesaverde sandstones may be classified (Folk and Ward, 1957) as 

litharenites and feldspathic litnarenites, with quartz, chert, dolomite, 

and feldspars among the dominant mineral types (fig. 10). 
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Figure 10. Compositional tr~lngle displaying dominant lithology 

of Eagle and Judith River sediments. After Folk and 

Ward (1957). 
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Sandstones within the study area are homogeneous showing few 

mineralogical changes vertically or laterally. Over 95 percent of the 

total samples collected contain secondary sparry calcite cement (1-39%), 

quartz (28-57%), polycrystalline quartz (1-3%), chert (10-42%), plagio­

clase (0.3-3.7%), potassium feldspar (3-11%), glauconite (0.3-2.0%), 

and biotite (0.3-3.0%). Unstable mineral components such as pyroxenes, 

amphiboles, and rock fragments are absent in all rock samples studied. 

Feldspars and plagioclase grains are typically fresh with no evidence 

of alteration to clay mineral species. 

Over 75 grain mounts and 30 thin sections of sandstones were 

examined to determine vertical and lateral changes in quartz-feldspar 

and feldspar-plagioclase ratios throughout the thesis area. These 

ratios indicate no trends in any major lithofacies, which is not 

surprising, as stratigraphic sections were taken roughly parallel to 

the inferred depositional strike of the Campanian shoreline. Distances 

away from the source areas as reflected by the constancy in mineral 

species percentages in the area of study apparently remained constant 

throughout deposition of the Mesaverde. 

Eagle sandstones 

Eagle sandstones can be differentiated from the majority of Judith 

River sands by the presence of various genetic types of dolomite and 

detritia1 glauconite. The presence of these mineral components through­

out the Upper Cretaceous deposits in the Western Interior (Sabins, 1962, 

1965, MacKenzie, 1975) has been documented during regional textural 
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analysis. The importance of studying genetic types of dolomite lies 

in the fact that these minerals are restricted to offshore beach and 

shelf deposits and are absent in transitional marine and continental 

facies, thus providing another means of differentiating depositional 

environments preserved in the stratigraphic sequence. 

In the northeastern portion of the Big Horn Basin, three genetic 

types of dolomite have been identified during thin section studies and 

include the following types previously described by Sabins (1962). 

Detrital dolomite: This type consists of allogenic fragments 
mechanically eroded and transported from areas outside of the 
basin of deposition, consisting of aggregates of well-rounded 
dolomite grains (plate lB). 

Primary dolomite: These grains are formed from precipitation 
inside the basin of deposition, usually solitary rhombic 
crystals which have been abraded to various degrees displaying 
depositional fabrics (plate Ie). 

Dolomite formed after the deposition of 
composed of small euhedral rhombs, 
sparry clacite cement (plate lD). 

Secondary dolomite: 
framework components 
usually enclosed in a 

Detrital dolomite Detrital dolomite grains (Sabins, 1962) as 

other types of dolomite are restricted exclusively to Eagle and the 

basal unit of the lower Judith River beach sediments. Detrital grains 

are rare, usually less than 5 percent of the total dolomite component 

in more sandstones. In all samples, individual detrital dolomite grains 

are similar in size to other framework elements suggesting deposition 

under similar hydrodynamic conditions. 

Further evidence for allogenic origin is the association of detrital 

dolomite with other detrital grains as point or line contacts with no 
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evidence of replacement by dolomite. The majority of the grains are 

well-rounded due to the relative softness of the mineral and are 

polycrystalline with no evidence of relict structures. Frequently, 

individual grains are coated with a thin limonite stain which is a 

striking feature in thin section. 

Primary dolomite Primary dolomite grains (Sabins, 1962) occur 

as single rhombic crystals with varying degrees of roundness developed 

during intrabasinal transport, as established by associated allogenic 

grain-boundary relationships. This type is the most abundant in all 

sandstone samples constituting over 50 percent of the total dolomite 

percentage. Thin section analysis reveals limonite staining along 

grain boundaries and cleavage fractures due to post depositional 

weathering of iron. 

In all thin sections in which primary dolomite is present, the size 

of the grains is directly related to that of the associated detrital 

quartz grains. Primary dolomite grain size is plotted against frequency 

per thin section in figure 11. Average values are given due to samples 

plotting on the same point. The data shows that samples with coarser 

detrital quartz contain coarser dolomite grains suggesting that these 

two components were deposited by the same depositional medium under 

comparable energy conditions. 

Primary dolomite grains display both point and line contacts with 

associated framework grains. These are clearly of the primary depo­

sitional type with no evidence of replacement of clastic grains by 

dolomite grains. In many samples, calcite cements detrital components, 
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poikolitically enclosing both primary dolomite and framework grains. 

Optically continuous patches of sparry calcite are not in the same 

optical orientation with any adjacent dolomite grains suggesting for­

mation of calcite after the primary dolomite. 

Secondary dolomite Secondary dolomite (Sabins, 1962) always 

occurs as small euhedral crystals averaging O.04-0.06mm in greatest 

diameter. These rhombs occur mainly in calcite cemented sandstones 

where secondary calcite fills void spaces between sand grains. Secondary 

dolomite rhombs are associated with large optically contigous patches 

of calcite over I.Omm in diameter replacing calcite and sometimes 

embaying detrital quartz grains. 

Grains of detrital, primary, and secondary dolomite are important 

mineralogical constituents of Eagle and lower Judith River sediments 

consisting of up to 29 percent of the average volume. Regional litho­

logic and biostratigraphic correlations suggest that the dolomite is 

restricted to late Cretaceous marine beach and shelf environments and 

is not associated with evaporite deposits (MacKenzie, 1975, Sabins, 

1962). Greatest abundances of dolomite types are encountered in basin­

ward portions of marine sandstones, while landward equivalents contain 

little or no dolomite. Dolomite formation is then environmentally 

controlled and identification of genetic types can provide valuable 

insight concerning environments of deposition. 
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Clay mineral composition and significance 

Over one hundred and twenty-five samples of less than two micron 

sediment has been analyzed by the writer from the Mesaverde Group exposed 

near Dry Creek along with 25 samples of mudrock from the Claggett For-

mation to determine vertical and lateral variations in clay mineral 

content and whether or not these variations might be environmentally 

controlled. Standardization of all treatments was used in preparation 

of unorientated clay mounts to insure maximum x-ray diffraction peaks. 

Forty-eight samples were chosen for quantitative mineral identification. 

Methods for measuring peak size and area developed by Schultz (1962) 

were utilized. The results of representative sandstone samples are 

presented in table 2. 

Eagle sandstones Kaolinite was a major constituent of all 

Eagle sands averaging over 70 percent of the total clay mineral content 

(fig. 12). Illitic clays ranged from 20 to 30 percent and consisted 
o 

primarily of 9.8A clays of the mica type. Chlorite and montmorillonite 

were found only as traces of the total clay mineral percentage in most 

samples. Upper Eagle sands contained 40 to 50 percent mixed-layer 

illite-montmorillonite not found elsewhere in the Eagle deposits. Per-

centages of expandable material in the mixed-layer lattice averaged 

approximately 30 percent (Weaver, 1956). Throughout the Eagle Formation 

no significant trends in kaolinite content were noted, although 

montmorillonite content increased slightly upward in the interval. 
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Figure 12. X-ray diffraction chart displaying prominent Illite and 

Kaolinite peaks in Eagle sands. 
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Claggett mudrocks Analysis of shale and mudstone samples from 

the Claggett Formation throughout the area of study indicate montmoril-

lonite to be the major clay mineral constituent ranging from 32 to 55 
o 

percent (fig. 13). lOA illite percentage ranges from 3 to 47 percent 

while kaolinite values averaged less than 10 percent. These values are 

comparable to results obtained by Weaver (1961) who found montmoril-

lonite to be the most abundant clay mineral in marine shales of Mesaverde 

equivalents in the Washakie Basin, Wyoming. 

A sandstone sample 60 feet from the base of the Claggett Formation 

at Dry Creek contained small, rounded clasts of bentonitic shale along 

with a thin, discontinuous layer of bentonite less than one inch thick. 

This layer was not found in other measured sections to the north but may 

be correlatable with the Ardmore Bentonite which occurs near the base 

of the Claggett Formation (Gill and Cobban, 1973, McGookey, 1972) in 

southern Montana and eastern Wyoming. Montmorillonite content in 

Claggett mudrocks increases from 32 percent near Dry Creek to almost 

60 percent to the north near Lovell, Wyoming. This trend reflects 

increasing amounts of volcanoclastic debris deposited in the Claggett 

sea in the direction of the source area, the Elkhorn Volcanics in 

central Montana (Gill and Cobban, 1973, McGookey, 1972). 

Judith River sandstones Clay mineral content in Judith River 

sands is very similar to that of the Eagle Formation. Kaolinite per-

centage is quite high ranging from 66 to 97 percent, while illite 

contents range from 3 to 28 percent. Montmorillonite and chlorite 
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Figure 13. X-ray diffraction chart displaying prominent 

Montmorillonite and Illite peaks in Claggett 

Mudrocks. 
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are found only as traces and are never major clay mineral constituents 

in Judith River sands. Kaolinite percentage displays very little 

variation from the marine shelf sands near the base of the Formation to 

the fluvial Teapot sands. There is clearly very little correlation 

between kaolinite content and obvious environmental changes which are 

recorded throughout the sequence. This suggests that the sands showing 

very high kaolinite content may have been subject to diagenetic and 

post diagenetic groundwater alteration. 

The results of the clay mineral analysis by the writer agree with 

those of Weaver (1961) who studied the clay mineralogy of Mesaverde 

equivalents in the Washakie Basin, Wyoming. Weaver's data from the 

Lewis and Almond Formations indicate a decrease in kaolinite content 

in sediments landward from the strandline. 

Within the Lewis Shale, montmorillonite is most abundant in open 

marine sediments, while illite, chlorite, and mixed-layer clays tend to 

be slightly more abundant in shallow marine deposits and kaolinite more 

abundant in beach sandstones (Weaver, 1961). 

This data is comparable to results obtained by the writer in that 

kaolinite which is dominant in upper Eagle shoreface sands is replaced 

by montmorillonite in Claggett offshore sediments. In general, a change 

from low to high kaolinite content may indicate a change from open 

marine to nearshore conditions. Thus, in a broad regressive-transgressive 

cycle, such as the Eagle-Claggett, the time of maximum transgression 

should be represented by minimum kaolinite content. 
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Authigenic clays in Teapot sandstones Petrographic and scanning 

electron microscope analysis indicate authigenic kaolinite is present 

in Teapot sandstones but absent in Eagle and Judith River sands. 

Authigenic kaolinite occurs as crystalline clots and vermicular pseudo­

hexagonal plates filling pores and as pore linings coating framework 

grains. Wilson and Pittman (1977) have summarized clay mineral data 

from over 3,000 sandstones and established a number of useful criteria 

for distinguishing authigenic from allogenic clays. Many features 

attributed to authigenic clay mineral formation by Wilson and Pittman 

(1977) are comparable to the features observed in the study of the clays 

in Teapot sands. It must be pointed out however, that no single textural 

or compositional feature indicative of authigenic clays is in itself a 

positive indicator of the presence of authigenic clay minerals. A 

number of criteria established in a single sandstone sample usually is 

sufficient for positive identification. 

Many authigenic clay mineral suites are monominerallic reflecting 

their formation under a limited range of subsurface physical and chemical 

conditions (Wilson and Pittman, 1977). Teapot sands average over 80 

percent kaolinite with many samples showing well over 90 percent of the 

total clay mineral assemblage to be kaolinite. 

Authigenic clays in Teapot sandstones exhibit crystalline habits, 

the most common of which consists of a delicate vermicular growth com­

prised of a series of stacked pseudohexagonal plates sometimes filling 

entire pore spaces in sands (plates 2A through 2D). It is thought that 



54 

the delicacy of this morphologic type precludes possibilities of extended 

periods of transport (Ross and Kerr, 1931, Wilson and Pittman, 1977). 

Authigenic kaolinite also fills pores as large crystalline clots which 

often obscure detrital grain boundaries. 

Authigenic kaolinite also occurs as pore linings in sandstones 

forming thin coatings on grain surfaces and are absent at grain-to­

grain contacts, a feature common to authigenic clays. As 

demonstrated by Shelton (1964), many authigenic clays obtain high 

degrees of crystallinity not common in allogenic clays. All teapot 

sandstones display sharp x-ray peaks as defined by peak height and 

area measures introduced by Schultz (1969). 

Sandstones which contain authigenic clay minerals often exhibit 

distinct breaks in grain-size distributions (Shelton, 1964) resulting 

in bimodal size distributions. Comparisons of Teapot with Judith River 

sands (fig. 14) show silt size material is present in small amounts 

compared to clay in Teapot sands while Judith River sands display 

unimodal distributions. Bimodal distributions are the result of dia­

genetic growth of kaolinite and are not a consequence of hydrodynamic 

conditions present during the time of deposition. Textural parameters 

including sorting, skewness, and kurtosis used frequently as paleo­

environmental indicators, can be grossly misinterpreted if authigenic 

clays are mistaken for allogenic types. Interpretations based on 

sieve and settling tube data can be seriously in error if diagenetic 

processes have altered the textural properties of sandstones. 
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Figure 14. Comparison of grain size distribution in Teapot sands 

and Judith River sands. 
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The presence of authigenic clays in sandstones including the 

Teapot are important in the petroleum industry as they may control 

porosity and permeability of reservoir sands. Permeability can be 

drastically reduced by pore lining clay which grows outward towards 

the center of void spaces from grain boundaries. Pore clots by authi­

genic clays greatly reduce reservoir quality and frequently cause pro­

duction problems during drilling due to their ability to block pores. 
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STRATIGRAPHY 

Development of Terminology 

The term Mesaverde was first proposed by Holmes (1877, p. 245) in 

descriptions of sequences of massive sandstones and coal beds exposed 

as flat lying strata on the Mesaverde, Montezuma County, Colorado. 

Since initial work, "Mesaverde" has been used in both a rock and time 

stratigraphic sense and has been used e~tensively and loosely in descrip­

tions of coal-bearing Upper Cretaceous strata exposed throughout the 

Western Interior. Because of the complex intertonguing relations in­

volving marine and continental strata, there have been almost as many 

nomenclatural schemes as there have been students of the Mesaverde. 

This has been complicated by the difference in purpose between structural 

mapping, subsurface, and surface investigations. Many local and regional 

studies have adopted terminology much different from adjacent areas 

without regard to the fact that these rocks were initially deposited 

within the same basin consequently displaying many comparable lithologic, 

geometric, and paleontologic characteristics. 

The term Montana Group was first introduced by Eldridge (1889) in 

descriptions of Upper Cretaceous strata in central Montana. The nomen­

clature used by Eldridge received wide acceptance and was adopted by 

Weed (1889), Stanton and Hatcher (1903) and Stanton et a1. (1905) during 

their investigations of Upper Cretaceous rocks in central and southern 

Montana. Stanton and Hatcher (1903, p. 63) subdivided the Montana 
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Group into the following formations which are in ascending order: the 

Eagle Formation, Claggett Formation, Judith River, Bearpaw, and Fox 

Hills Formations. 

In the Big Horn Basin (Fisher, 1908, Cobban and Reeside, 1952, 

Rea and Barlow, 1975, Gill and Cobban, 1973, Miller, Barlow, and Haun, 

1965, Severn, 1961, Washburne and Woodruff, 1907, and MacKenzie, 1975) 

have recognized the subdivisions of the Montana Group,while most authors 

have retained the term Mesaverde in descriptions of strata superjacent 

to the Cody Formation and subjacent to the Meeteetse-Bearpaw equivalents. 

During stratigraphic and structural investigations throughout the last 

15 years, the Eagle, Claggett, Judith River, and Teapot have been 

recognized and mapped in different parts of the Big Horn Basin, although 

the use of these terms has not been consistent even between adjacent 

areas. Differences in nomenclature are due largely to the fact that 

marine rocks contained within the Cody and Claggett Formations are 

largely absent in the southwestern portion of the basin making sub­

divisions of lithologically similar continental units rather tentative. 

Throughout the last 20 years controversy has been the theme con­

cerning the status of the Mesaverde as a group or formation in the Big 

Horn Basin. Severn (1961) was the first to describe general facies 

relationships of the Mesaverde and suggested that it be raised to group 

status with the Eagle, Claggett, and Judith River considered formations. 

Severn (1961) saw the units to be southward extensions of the type 

Montana Group and showed them easily traceable southward from southern 

Montana along the eastern Big Horn Basin outcrop belt. Also recognized 
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by Severn (1961) was the Teapot Sandstone, the upper member of the 

Judith River Formation, correIa table northward from its type section in 

the Powder River Basin. 

Miller, Barlow, and Haun (1965) restricted the term Mesaverde to 

the southwestern portion of the basin, westward of the point of maximum 

marine transgression where the entire section is considered continental. 

In eastern areas, these authors recognized the presence of the Eagle 

and Judith River Formations as representing clastic wedges extending 

eastward into dominate1y marine Cody and Claggett Formations. 

Further confusion regarding terminology developed as Miller, 

Barlow, and Haun (1965) did not include the Eagle, Claggett, and Judith 

River within what they called the Mesaverde. MacKenzie (1975) in 

studies of the southern portion of the Big Horn Basin considered the 

Mesaverde group status with the Eagle, Claggett, Judith River For­

mations and the Teapot Sandstone Member laterally continuous, mappable 

units throughout the area. 

In this report, the Mesaverde is considered a group with the 

Eagle, Claggett, and Judith River Formations and the Teapot Sandstone 

Member present as lithologically distinct and mappable units throughout 

the study area. Because the writer has studied only a local area, he 

will retain the term Mesaverde as previously applied in the Big Horn 

Basin. The term Montana Group would be most applicable while following 

guidelines established by the code of stratigraphic nomenclature. The 

names Eagle Sandstone and Claggett Shale should not be retained as these 
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units were first named as formations at the type sections. Neither 

the Eagle or the Claggett Formations in the type areas consist entirely 

of sandstone and shale respectively, thus the use of these terms should 

be abandoned and replaced by the term Formation. 

Stratigraphic Relations Within the Mesaverde Group 

Stratigraphic relationships within the Mesaverde Group in the Big 

Horn Basin and in the study area are complex with intricate intertongu­

ing between marine and continental strata occurring over very short 

distances. Regional stratigraphic cross-sections (Asquith, 1974, Gill 

and Cobban, 1973) show that Late Cretaceous shorelines prograded east­

ward as a series of pulses from constantly shifting deltaic depocenters 

separated by interde1taic areas. Biostratigraphic and subsurface evi­

dence indicates Campanian shorelines were complex with transgression, 

regression, and stillstand areas occurring in close proximity at the 

same time periods (Asquith, 1974, Gill and Cobban, 1973, Weimer, 

1961, 1970). The relatively simple picture of sequences of time­

equivalent, nonmarine pulses separated by similar marine tongues, may 

be in need of considerable revision (Asquith, 1974). As evidence for a 

series of coalescing deltas in the present Big Horn Basin area accumu­

lates, there is an increasing need for a new look at the layer cake 

interpretations of facies changes and associated lithologic distribu­

tions within the Mesaverde Group. 
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Eagle Formation 

Facies relationships within the Cody Shale and Eagle Formation are 

very complex within the study area. Rapid lateral facies changes and 

pinchouts involving hundreds of feet of offshore marine shales and 

littoral sandstones often occur in lateral distances of less than five 

miles, even through the outcrop trend along the eastern outcrop belt 

is inferred to be approximately parallel to the depositional strike 

(Houston and Murphy, 1977, Gill and Cobban, 1973, and Severn, 1961) 

(fig. 15). Lateral pinchouts involving over 300 feet of Upper Cody and 

Lower Eagle sediments occurs over distances of less than six miles. 

Throughout the Eagle, two laterally persistent northwestward 

thickening tongues of the upper part of the Cody Shale occur exhibiting 

very complex, interfingering relationships and rapid lateral pinchouts 

with littoral Eagle sediments (fig. 15). The lowermost upper Cody 

tongue which is not present at Dry Creek is 80 feet thick at Little Dry 

Creek only 1.5 miles away. This tongue interfingers with the lowermost 

Eagle sand unit west of Alkali Anticline and becomes part of the main 

body of the Cody near Lovell. The uppermost shale tongue of the upper 

part of the Cody thickens northwestward from 70 feet at Dry Creek to 

over 200 feet near the south nose of Alkali Anticline. 

As with the lower tongue, interfingering relationships with the 

Eagle sands are inferred by pronounced thickening and thinning throughout 

the outcrop area. Intertonguing relationships between the Cody and 

Eagle Formations have been noted in the area west of Alkali Anticline 
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by Cobban (1969) and by Rea and Barlow (1975) and have been 

interpreted is being associated with an easterly dipping shelf-slope 

transition zone with a paleoslope of about one half degree which may 

be associated with prodeltaic slopes (Asquith, 1974) and MacKenzie 

(1975). 

The Eagle Formation in the Big Horn Basin consists of two eastward 

thinning clastic wedges separated by shale tongues of the Cody Formation. 

The lowermost regressive units, the Virgille and Telegraph Creek equi­

valents (Gill and Cobban, 1973) consist of massive beach and nearshore 

sands and are restricted to the northwestern portion of the basin. The 

uppermost tongue of the Eagle is present in much of the Big Horn Basin. 

It is represented by environments grading eastward from coastal and 

deltaic plain to transitional marine sediments and finally to prodelta 

and offshore marine deposits near the southeastern outcrop belt 

(MacKenzie, 1975). 

The Eagle Formation is a mappable unit everywhere in the basin 

where it occurs subjacent to marine shales of the Claggett Formation 

(Miller, Barlow, and Haun, 1965). In southwestern areas, where the 

Claggett is absent or present only as littoral sands and silts, the 

Eagle and Judith River are entirely continental and are not easily 

differentiated. Thicknesses of over 1,000 feet of transitional marine 

and continental strata near Cottonwood Creek in T.45N., R.96W, grade 

laterally into littoral sands and offshore marine or prodeltaic shales 

to the east, thinning to a feather-edge at Mud Creek in T.44N., R.9lW. 

(Severn, 1961, MacKenzie, 1975). 
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Comparisons of stratigraphic sections along the northwest-southeast 

outcrop belt measured by MacKenzie (1975) and the writer indicate pinch­

outs in the Eagle near the Basin-Manderson area. Stratigraphic sections 

measured near Manderson, T.50N., R.92W, show no Eagle present (MacKenzie, 

1975), while measurements only 12 miles north at Dry Creek indicate 

nearly 400 feet of Eagle sediments. Similar relationships involving 

pinchouts between littoral sands and offshore marine shales along the 

depositional strike are common in the Almond Formation and the Lewis 

Shale near the Rock Springs uplift in southwestern Wyoming. These areas 

are interpreted by Weimer (1966, 1970, 1975) as reversals in the normal 

eastward sandstone pinchouts and are indicative of strong inflections 

or embayments in the shoreline associated with deltaic depocenters. 

Claggett Formation 

The Claggett Formation is present throughout the eastern two­

thirds of the Big Horn Basin as westward extending tongues of the 

upper Cody marine shales. Time equivalent strata in the western 

portion of the basin are represented by transitional marine and con­

tinental sediments. In the basin, the distribution of marine shales 

within the Claggett indicates the extent of marine transgression. 

Claggett strata are variable in thickness especially near Nieber anti­

cline, possibly reflecting subtle influences of deformation during 

deposition (Miller, Barlow, and Haun, 1965). Although local areas of 

thinning do 'occur, the Claggett interval thins westward pinching out 

near the west central portions of the basin. Recent field work by 
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MacKenzie (1975) indicates the Claggett Formation is present as far 

west as Cottonwood Creek in the southwestern portion of the basin. 

Within the study area the Claggett is present as southeastward­

projecting tongues of the Cody Shale, thinning from 325 feet near 

Lovell to 190 feet at Dry Creek near Greybull. 

Judith River Formation 

Judith River sediments are present throughout the Big Horn Basin 

consisting of a complete regressive-transgressive cycle in eastward 

outcrops grading westward into coastal or deltaic plain sediments. 

Individual sandstone beds near the base of the Judith River grade 

eastward into marine shales, defining the base of the unit as a series 

of step-ups with sediments gradually becoming younger in the direction 

of regression (Gill and Cobban, 1973, Miller, Barlow, and Haun, 1965). 

The Judith River Formation in the Big Horn Basin averages 700 to 

1,000 feet in southwestern areas, thinning eastward to near 400 feet 

along the extreme southeastern outcrops (MacKenzie, 1975). Detailed 

stratigraphic relationships have not been examined elsewhere in the 

basin. This is especially true in the extreme west and northwest areas 

where the Mesaverde is still largely unknown. Only general facies 

relationships between marine and continental strata are understood in 

the southern parts of the basin (Gill and Cobban, 1966, 1973, MacKenzie, 

1975) while very little work with regards to paleoenvironments has been 

done. 
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Along the northeastern outcrop belt from Greybull to Lovell, the 

Judith River averages over 700 feet thick thinning slightly north­

westward from 750 feet thick.at Dry Creek to near 700 feet near Lovell. 

Throughout the area no significant facies changes or pinchouts occur 

within the Judith River with many sandstone bodies easily traceable 

laterally indicating the outcrop trend is approximately parallel to the 

depositional strike (Houston and Murphy, 1977). Individual units ex­

hibit almost no variations in thickness or lithology, an ideal setting 

for the study of stratigraphic changes occurring along-strike, which 

contrast with the rapid lateral pinchouts in the interval perpendicular 

to the trend of the shore. 

Age and Correlation 

Eagle sediments in southern Montana and northern Wyoming are 

Early Campanian in age having been deposited during the range of 

Desmoscaphites through Bacu1ites sp. smooth variety (Gill and Cobban, 

1973). The Telegraph Creek-Eagle regression began about 85 my BP in 

Montana and Wyoming during the range of Scaphites depress us (Gill and 

Cobban, 1966, and 1973). In the eastern portion of the Big Horn Basin, 

deposition of the Eagle was not initiated until about 82 my BP during 

the range of Scaphites hippocrepus II (Gill and Cobban, 1973). Within 

the study area the base of the Eagle Formation is dated at about 82 my 

BP by the presences of Scaphites hippocrepus II (Cobban personal 

communication, 1978). The Eagle interval in the study area is laterally 
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equivalent to the Virgille Sandstone and the Telegraph Creek Formation 

in the northwestern portions of the Big Horn Basin (fig. 16). 

The Claggett transgression in the Big Horn Basin began during 

the ranges of Bacu1ites obtusis and Baculites nclearni, about 80 my BP, 

at which time the strandline moved westward as much as 150 miles (Gill 

and Cobban, 1973). Baculites obtusis, early form (Cobban, personal 

communication, 1978) collected from concretions near the Claggett, 

Judith River Contact, provide a date of about 80 my BP for this zone. 

The Claggett Formation is characterized by numerous bentonite beds, the 

most important of which is the Ardmore Bentonite, occurring in the basal 

part of the unit in Montana. In the southern Powder River Basins, the 

Ardmore Bentonite directly overlies the Sussex Sandstone Member of the 

Cody Formation. The Claggett Formation in the study area is equivalent 

in age to the transitional marine and fluviatile beds in the Judith 

River Formation immediately subjacent to the Teapot Sandstone Member 

near the western margin of the Big Horn Basin (Gill and Cobban, 1973). 

Rocks deposited during the Judith River regressive phase are 

considered Late Campanian. They were deposited during the range zones 

of Bacu1ites perp1exus and Baculites scotti, about 78.5 to 75.5 my BP 

(Gill and Cobban, 1973). During this time period the strand1ine re­

gressed eastward about 190 miles and is recorded as a series of step­

ups in the base of the Judith River (Gill and Cobban, 1973, Miller, 

Barlow, and Haun, 1965). The tripartite subdivision of the Judith 

River recognized in the eastern Big Horn Basin (Miller, Barlow, and 
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Haun, 1965) has been traced eastward and southward into the southern 

Powder River Basin (Rich, 1958). In this area, the Mesaverde Formation 

consists of the Parkman Sandstone, a middle unnamed marine unit and the 

Teapot sandstone (fig. 16). 

Eagle Formation 

The Eagle Formation was first named by W. H. Weed (1889) in 

descriptions of interbedded sandstones, shales, and lignites exposed 

as bluffs near the mouth of Eagle Creek, 30 miles east of Fort Benton, 

Montana. The "formation is the basal unit of the Mesaverde Group con­

sisting of cyclic sequences of sandstones, siltstones, and shales. The 

Eagle Formation is conformably underlain and interfingers with marine 

units of the Cody Shale. In the research area the unit ranges from 

over 410 feet near Greybull thinning northwestward to a feather edge 

about six miles south of Lovell, Wyoming. 

The contact between the Eagle and underlying Cody Shale is always 

gradational and is marked by the first massive, ridge forming sandstone 

or the first thick sequence of cyclic sandstones, siltstones, and shales. 

This ridge trends roughly parallel to the margins of the Big Horn Basin 

and forms the first conspicuous hogback or cuesta adjacent to strike 

valleys formed in poorly indurated Cody shales. The upper contact of 

the formation is placed at the top of thin sandstones immediately below 

thick grayish brown siltstones and shales of the Claggett Formation. 

Sandstone bodies contained within the Eagle interval are laterally 

contiguous, cyclic units ranging from five to' 35 feet thick and are 
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separated by marine shales and siltstones less than 10 feet to over 200 

feet thick. Rea and Barlow (1975) report comparable sand unit thick­

nesses in areas adjacent to the study area. In outcrop, the number and 

thickness of discrete sand bodies decreases systematically northwestward 

reflecting sand-shale pinchouts. 

Detailed stratigraphic sections of the Eagle Formation indicate 

the existence of laterally persistent lower and upper sandstone bodies, 

separated by tongues of the Cody Shale. These units are herein infor­

mally referred to as the lower and upper Eagle sandstones, terms used 

strictly in a descriptive sense only in the area covered by this report. 

It should be stressed that these terms are probably not applicable to 

all areas of the Big Horn Basin and have no formal stratigraphic rank. 

Lower Eagle sandstone 

The lower Eagle sandstone is very well-exposed at Little Dry Creek 

near Greybull and consists of over 100 feet of massive light grey to 

buff sands (plate 3A) with thin shale and mudstone interbeds. These 

sands pinch out to a feather edge near Lovell and are replaced by marine 

siltstones and shales. Individual sand units are quite continuous 

laterally and easily traceable in the field over distances of several 

miles. These units within the lower Eagle display sharp, erosional basal 

contacts in lower portions of the section grading upward to transitional 

contacts with sands decreasing in abundance upward. 

Near the south nose of Alkali Anticline, massive sandstones are 

conspicuously absent and are replaced by thick sequences of coarsening 
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upward shales and sandy silts. Basal contacts of individual sand beds, 

many of which are less than one foot thick, range from erosional to 

transitional, a reflection of discontinuous and uneven migration of the 

sand-mud transition zone, a feature common to beach shoreface-offshore 

transition zones (Masters, 1965). 

Upper Eagle sandstone 

The upper Eagle sand unit at Dry and Little Dry Creek consists of 

over 190 feet of massive sandstones, interbedded with thin siltstones 

and shales. This unit pinches out and interfingers with upper Cody 

shales in outcrops about six miles south of Lovell, Wyoming. Individual 

sand bodies are discontinuous and lenticular in contrast to the majority 

of the Mesaverde. Basal contacts of sand units are characterized by 

seaward dipping erosional surfaces (plate 3B) and concentrations of 

unorientated rip-up clasts, mudstone lenses, and clay galls, eroded 

from subjacent fine-grained beds. 

Northward, at Alkali Creek, the upper Eagle is thick, repetitive 

sequences of shale, siltstones, and sandstones. Sands average only one 

to three feet thick, while silt and shale units range from 10 to 20 feet 

thick throughout this interval. Basal contacts of sand bodies range 

from erosional to gradational, again reflecting multiple, discontinuous 

strandline migrations throughout the northeastern Big Horn Basin area. 
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Claggett Formation 

The Claggett Formation was named by Stanton and Hatcher (1903) 

for exposures of dark marine shale overlying the Eagle Formation near 

the confluence of the Judith and Missouri Rivers near Fort Claggett, 

Montana. Along the northeastern part of the Big Horn Basin outcrop 

belt, the Claggett is dominated by siltstones, silty mudstones, mud­

stones, and shales conformably overlain and interfingering with beach 

and shelf sediments of the Judith River Formation. 

In the research area, the base of the Claggett Formation is placed 

at the first thick sequence of siltstones, mudstones, or shales imme­

diately overlying thin bedded sandstones in the Eagle Formation (plate 3C). 

In most areas this contact is sharp, reflecting rapid rate transgression 

accompanying initial Claggett deposition (Gill and Cobban, 1973). The 

contact of the Claggett with the overlying Judith River Formation is 

similar to the Cody-Eagle zone in that both contacts are gradational. 

Regressive beach and shelf sandstones of the Judith River grade downward 

into upper Claggett laminated shales, mudstones, and siltstones. Near 

Alkali Creek, this gradational coarsening upward sequence is we11-

developed over an interval of 100 feet as Judith River beach sediments 

are underlain by thick sequences of shales, mudstones and sandy silt­

stones. 

The Claggett Formation is very poorly indurated throughout the 

entire outcrop area underlying a conspicuous strike valley. These sedi­

ments are easily weathered and are buried by several inches to four feet 
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of regolith, with exposures restricted to lower portions of hogbacks 

upheld by the basal Judith River sands. Bedding within the Claggett 

interval is typically homogeneous and very thinly bedded to laminated. 

Cross bedding is conspicuously absent which may be due in part to the 

general textural homogeneity of mudrocks contained within the Claggett. 

Claggett sediments in the Big Horn Basin are considered exclusively 

marine. At Simmerman Butte, T.44N., R.93W, Gill and Cobban (1966, 

1969) have collected ~ Nclearne and Baculites obtusis, while MacKenzie 

(1975) has collected marine pelyocepods and foraminifera (Haplophra­

gnoidea) from the Claggett. 

Judith River Formation 

The name Judith River was first used by Meek and Hayden (1856, p. 

267) in discussions of exposures of nonmarine strata then considered 

Early Tertiary lake deposits. No exact type locality was designated 

during the Meek and Hayden surveys but was presumed to be "along the 

Missouri River between the Judith River on the west and the Musselshell 

River on the east". Until 1903, the term Judith River was used for 

strata of differing ages and stratigraphic position and various authors 

referred to the unit as the Judith River beds or Judith River Group. 

Stanton and Hatcher (1903) divided the Montana Group into four formations 

one of which they designated the Judith River Formation which they 

described as "consisting of 500-600 feet of light colored, nonmarine 

beds, underlying the Bearpaw Shale and overlying the Claggett Formation." 
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Throughout the study area, the lower contact of the Judith River 

Formation is placed at the base of the first thick sandstone or the 

first cyclic sequence of shales, siltstones, and sands overlying the 

Claggett Formation. This contact is quite similar to the Cody-Eagle 

contact zone where lighter colored hogbacks and cuestas are upheld 

by relatively resistant Judith River sandstones. 

The upper contact is placed at the top of the Teapot Sandstone 

Member subjacent to bentonitic, carbonaceous shales and sandstones of 

the basal Meeteetse Formation (plate 3D). The Teapot was named by Barnett 

(1913) for exposures of buff sandstone and carbonaceous shale and coal 

beds near the Salt Creek oil field in the Powder River Basin. The 

Teapot is a conspicuous ridge former, and upholds the last resistant 

hogback or cuesta adjacent to large strike valleys eroded in poorly 

indurated overlying Meeteetse strata. 

Throughout the area covered by this report, the Judith River 

Formation can be subdivided into four distinct units by the writer, 

each possessing unique qualities with respect to lithology and primary 

sedimentary structures. These are in ascending order as follows: The 

lower, middle and upper Judith River, overlain by the Teapot Sandstone 

Member. Although these units are easily mappable in the study area, 

they are not considered formal stratigraphic units. The exception 

being the Teapot Sandstone Member, which is a recognizable unit in the 

southern and eastern portions of the Big Horn Basin (MacKenzie, 1975). 

Miller, Barlow, and Haun (1965) have also recognized a tripartite sub-



78 

division of the Judith River into lower and upper sandstones, and a 

middle continental unit. These units have been correlated with the 

Parkman-Teapot sequence in the Wind River and the Powder River Basins 

Rich, 1958. MacKenzie (1975) was not able to subdivide the Judith 

River in southwestern areas of the basin, although his descriptions of 

basal sandstones along the southeastern outcrops show lithologic and 

bedding sequences comparable to the lower Judith River as described 

by the writer. 

Lower Judith River 

The lower Judith River conformably overlies the Claggett Formation 

and can be divided into two units. These bodies are both part of an 

overall progradational, coarsening-upwards shoreline sequence. 

The basal unit of the lower Judith River averages 150 feet with no 

significant pinchouts or facies changes throughout the area of study. 

Well-developed, cyclic, coarsening-upwards sequences of sandy shale, 

siltstone, and yellowish gray sandstone are repeated over intervals as 

much as 50 feet. Sandstones are lithologically similar to Eagle sands, 

although a distinct increase in carbonaceous content is apparent. This 

material although not abundant, is present in greater amounts in south­

eastern sections at Dry and Little Dry Creeks reflecting current 

dispersal from areas to the south and west, where coals and carbonaceous 

strata are abundant in the Judith River (MacKenzie, 1975). 

The upper unit of the lower Judith River averages nearly 240 feet, 

and consists of two massive, buff sandstones, ranging in thickness from 
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65 to 95 feet, separated by thick sequences of sandstones averaging 

30 feet in thickness, interbedded with thin mudstones and shales. The 

basal contact is transitional as thin shales in the lower unit gradually 

give way to thick, massive sandstones. All sandstone bodies within 

this interval are laterally extensive, sheet-like sands, easily traceable 

in outcrop and on areal photographs. 

Individual sand units are extremely massive and lithologically 

very homogeneous, forming conspicuous resistant hogbacks and cuestas 

(plate 4A). Each unit gradually coarsens upwards, and while devoid of 

carbonaceous material internally, are always overlain by one to three 

feet of carbonaceous mudstones or shales. The uppermost massive sand­

stones are overlain by thick sequences of carbonaceous strata contained 

in the middle Judith River section. 

The general homogeneity of sand bodies within the upper unit is 

interrupted by large, spherical to oblate ferriginous sandstone con­

cretions, which become very abundant in upper portions of sandstone 

units (plate 4B). Colored various shades of reddish brown and yellow, 

the concretions average three to five feet in longest diameter, with 

their long axis parallel to the strike of the bedding. 

Grain-size within the concretions is much coarser than the host 

rock, due to the presence of sparry calcite cement. These concretions 

are also very abundant near the upper contact of the Teapot, and form 

impressive dip slopes in many areas. MacKenzie (1975) has reported 

identical concretions in the Judith River, and ascribes their origin 
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in part, to diagenetic formation of iron oxide compounds around organic 

nuclei. Fairbridge (1967) indicates that these types of sandstone 

concretions may be formed during the epidiagenetic phase in which 

tectonic uplift and subsequent erosion occur, causing pyrite and mar­

casite to alter to limonite and hematite, frequently forming the 

cementing agent in sandstones. 

The upper unit of the lower Judith River Formation contains two 

deposits of titaniferous black sandstone, characterized by unusually 

high concentrations of magnetite and ilmenite. These features have been 

described by Houston and Murphy (1962, 1977) as titaniferous black 

sandstones or fossil beach placers. In the study area, the northernmost 

deposit has been documented by Houston and Murphy (1962) and is located 

about six miles south, southeast of Lovell, and crosses the township 

line between Section 7, T.55N., R.95W., and Section 12, T.55N., R.96W. 

A second, undocumented deposit located by the writer is located three 

miles southeast of the Lovell deposit in the NE 1/4 of Section 30, 

T.55N., R.95W., at the same stratigraphic level, and may have been part 

of a single extensive beach deposit. 

The Lovell deposit is easily recognized in outcrop as an imposing, 

dark colored cliff, standing in sharp contrast to underlying buff host 

sands. This deposit is composed of two erosional remnants, exposed 

as broad dip slopes, with the southern remnant over 3,000 feet long, in 

a northwesterly direction, and the total length of the deposit exceeding 

5,000 feet (plates 4E and D). The black, titaniferous sand averages 
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three feet thick, thickening to four feet near the northernmost ex­

tremity. The long axis of the Lovell deposit as now exposed trends 

N.4S-S0 degrees west. The original shape of the deposit cannot be 

determined, but is approximately parallel to regional strand1ine trends 

in Wyoming during Judith River Time (Zapp and Cobban, 1960, Gill and 

Cobban, 1973, Houston and Murphy, 1977). 

The southernmost black sand deposit is exposed as a circular shaped 

erosional-bound area nearly 500 feet in diameter. As with the Lovell 

deposit, it is recognizable by its black color which is quite different 

from the lighter color host sands. The deposit forms an impressive 

dip slope on its upper surface, with an associated scarp face composed 

of over SO feet of massive, buff sandstone. The titaniferous black 

sand is confined to the upper one foot, so if indeed the two deposits 

were originally one continuous sheet, a considerable southward thinning 

is indicated. 

Titaniferous fossil beach placers occur frequently in Upper 

Cretaceous littoral sandstones (Houston and Murphy, 1962 and 1977, 

MacKenzie, 1975). Throughout the Big Horn Basin these features are 

valuable paleoenvironmental and paleocurrent indicators, and are 

significant sedimentary features. 

Middle Judith River 

Strata included with the middle Judith River Formation are 

characterized by repeated sequences of carbonaceous mudstones, and 

shales, sandstones, and siltstones, ranging from 90 to 130 feet thick. 
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The characteristic which differentiates this unit from other parts of 

the Judith River is the abundance of carbonaceous beds over sandstones 

(plate 5A). The basal contact of the Middle Judith River is abrupt, 

with a sharp break between carbonaceous sediments and underlying 

massive sands. Individual carbonaceous shale and mudstone beds average 

15 to 20 feet thick, and are very rich in fossil plant material, although 

no lignite or coal beds were found. Descrete sandstone beds range in 

thickness from one to 30 feet, and are very lenticular, frequently 

grading laterally in carbonaceous sediments. Basal contacts of sand 

units are mostly erosional, although no distinct cut and fill relation­

ships were noted. Frequently, the lower six inches of sand beds con­

tain carbonaceous mudstone clasts and fossil plant debris eroded from 

subjacent mudrocks. Fossil plant material is also present in sands in 

the form of detrital grains and dark films with clay skins along bedding 

surfaces. Thicker sandstones display fining-upward textural cycles, 

occasionally repeated several times in a single sequence. 

Upper Judith River 

Sediments contained in the upper Judith River uphold prominent 

cuestas and hogbacks throughout the study area. Rocks consist of 

repetitive sequences of sandstone and thin interbedded shales ranging 

from 90 to 100 feet in thickness. The basal contact of this unit is 

sharp, placed at the top of the uppermost carbonaceous sequence in 

the underlying middle Judith River section. 
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Sandstone bodies within this sequence are laterally contiguous, 

sheet sands, averaging 20 to 30 feet thick, and are strikingly similar 

to those of the basal lower Judith River. These representative sequences 

range from 20 to 50 feet in thickness, with shale beds gradually upward, 

until the sequence is composed entirely of sands. Basal contacts of 

sandstones upon underlying shales are gradational near the base of each 

coarsening upwards cycle and become erosional towards the top of each 

unit (plate 5B). 

Carbonaceous debris is not common in upper Judith River strata, 

but are present in both mudstones and sandstones, as thin films and 

partings of unoxidized fossil plant material concentrated along bedding 

planes. Thick beds of carbonaceous sediments common in the middle 

Judith River are not present in upper Judith River beds. 

Regional unconformity at the base of the Teapot Sandstone 

Regional biostratigraphic evidence based on the evolutionary 

sequences of several ammonite genera, and regional sampling presented 

by Gill and Cobban (1966, 1973) indicate a regional angular uncon­

formity exists at the base of the Teapot Sandstone Member throughout 

the southern and eastern Big Horn Basin area. Although an unconformity 

is not obvious in outcrop, faunal zones are shown to be dipping below 

the Teapot, eastward across the southern portion of the basin. The 

amount of erosion is shown to increase westward as progressively more 

strata are inferred missing. Over 1.00 feet of section and as many as 

13 faunal zones may have been truncated by the proposed unconformity 
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in the far west portion of the basin. Although paleontologic evidence 

exists, MacKenzie (1975) has concluded on the basis of subsurface 

correlations and surface investigations, that no single extensive 

unconformity exists within the Mesaverde Group. The writer has found no 

evidence indicating the presence of an unconformity at the base of the 

Teapot, although Cobban (personal communication) indicates the uncon­

formity is subtle in outcrop. 

An alternative to the interpretation of Gill and Cobban (1966b) 

proposed by Asquith (1974) may better explain the apparent 

disparity between faunal evidence and the lack of lithologic evidence 

for a significant unconformity. Asquith (1974) in subsurface corre­

lations of bentonitic shales within the Cody Formation at Nieber 

Anticline, in the southeastern Big Horn Basin shows the presence of 

eastward dipping time-stratigraphic units reflecting sedimentation on 

a depositional topography consisting of a marine shelf, slope, and 

basin facies. These eastward dipping time lines may be associated 

with foreset and bottomset deltaic facies (Asquith, 1974). 

Rea and Barlow (1975) have found comparable depositional slopes in the 

same area in the upper Cody and lower Eagle interval, suggesting a 

progressive eastward shift in the locus of deposition, possibly asso­

ciated with slopes near prodeltaic environments. Time stratigraphic 

units thin shoreward to the west and basinward to the east, away from 

the inferred deltaic depocenters. 

MacKenzie (1975) has proposed a hypothesis similar to 

Asquith (1974) accounting for the overall westward decrease in 
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stratigraphic intervals between the top of the Mesaverde Group and 

index faunal zones within the Group. The 1,000 plus feet of thinning 

at the base of the Teapot Sandstone Member ascribed to uplift and erosion 

(Gill and Cobban, 1966), can be accounted for by thinning in a delta or 

possibly coastal plain setting. The westward loss of index fossil zones 

can easily be explained by the fact that marine strata were never de­

posited, and are replaced by thin sequences of delta plain sediments. A 

westward facies change from marine shales to continental facies, with 

subsequent thinning due simply to nondeposition is the most plausible 

explanation for loss of ammonite zones. At any given time interval, time 

surfaces were inclined to the Teapot, while Judith River sediments were 

deposited along with transitional marine (delta front) and prode1taic 

marine sediments progressively eastward. 

Teapot sandstone member 

The Teapot Sandstone Member, the upper unit of the Judith River 

Formation, upholds the highest cuestas and hogbacks throughout the out­

crop trend. These light grey to white ridges (plate 5C) stand in sharp 

contrast to dark colors of the overlying Meeteetse Formation. Impressive 

dip slopes are formed on top of the Teapot, which are enhanced by the 

poorly indurated nature of the overlying unit. The Teapot is almost 

totally sandstone, with the exception of thin, lenticular shales occur­

ring near the upper contact. 

Near the southeastern margin of the field area, the Teapot averages 

over 80 feet, thinning northwestward to near 50 feet near Lovell. The 
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basal contact of the Teapot is distinct, placed immediately below the 

first zone of spherical ironstone concretions which occur as discrete 

beds throughout the sequence. 

Lithologically, the Teapot is distinctive as it is by far the 

coarsest-grained unit within the Mesaverde Group. Major lateral and 

vertical changes in grain size occur with very short intervals. Local 

discontinuous lenses of medium to coarse-grained sandstones are common 

near the base of the unit. Grain size increases upward, but is 

interrupted by repeated fining-upwards cycles ranging from one to three 

feet thick. Individual cycles display highly erosional basal contacts 

(plate 5D). Intimately associated with these contacts_ are clay choked 

sands, unoriented rip-up clasts, and carbonaceous mud galls, accounting 

for as much as 50 percent of the sediment volume. Also scattered 

throughout the Teapot are carbonaceous mudstone lenses, averaging 

several inches in longest diameter, oriented parallel to bedding 

surfaces (plate 5A). 

The most distinctive aspect of the Teapot is the presence of inter­

bedded lenses of rounded, unoriented ironstone concretions of diverse 

sizes, with little or no sand matrix (plates 6B-D). Individual lenses 

range in length from three feet to several tens of feet, characterized 

by highly erosional, scoured basal contacts. The concretions show no 

internal structure, and no secondary reaction rims are present in the 

host rock. Associated at times are unoriented carbonaceous and 

Kaolinitic rip-up clasts displaying no evidence of oxidation. The 
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origin of these concretionary bodies is not known, but are primary 

depositional features as evidenced by their highly scoured basal 

contacts. 
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DEPOSITIONAL ENVIRONMENTS 

The environments of deposition of modern and ancient sedimentary 

rock sequences can be delineated on the basis of rock body geometry, 

composition, texture, and stratification types and sequences. Geo­

metric properties of paleoenvironmental complexes preserved in ancient 

rocks have resulted from the migration through time of the component 

subenvironments. Although very important, body geometries in many 

cases cannot be studied or may be quite different from the modern 

analogues, which in many cases represent only small portions of the 

total time-migration picture. Compositional properties are products 

of the source areas, and of the depositional and diagenetic environment, 

and are not always valid indicators of past environments. 

Stratification type and sequence in bedding is indeed the most 

valuable aid in the determination of sedimentary environments. This 

was recognized very early by Sorby (1859) who predicted that the strati­

fication in sedimentary rocks might some day be used in the recon­

struction of ancient environments. 

Harms and Fahnstock (1965) and Simons and Richardson (1961, 1962) 

and Simons et a1. (1965) were the first to recognize the relationship 

of certain stratification types as being the result of migrating bed­

forms associated with low, transitional, or high flow regime conditions. 

It was further recognized by these and many other authors that strati­

fication types which are associated with certain flow regime conditions 
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are dependent upon water depth and bed configuration, particle size 

and shape, and the density of the fluid-sediment mixture. From infor­

mation regarding processes and flow in alluvial channels, stratigraphers 

recognized the importance of sedimentary structure sequences in that 

they are the product of bedform migration through time, and that 

sequences of bedding types record the lateral movement through time of 

associated sedimentary environments. 

In the last 20 years, much interpretive work has been done, and 

research regarding bedform migration has expanded from alluvial channel 

to all sedimentary environments. Of major importance to this study is 

the application of the flow regime concept and associated bedform phe­

nomena to various beach environments by Clifton (1976), Clifton, Hunter, 

and Phillips (1971), Davidson and Greenwood (1974 and 1976). These 

authors have recognized basic similarities between wave dominated beach 

environments, and stream channels, and have presented useful models for 

the formation of primary structure sequences in barred and non-barred 

beach environments. 

In detail, Clifton et al. (1971) has recognized a typical sequence 

of primary structures produced by the progradation of a high energy non­

barred shoreline. Sequences of small to large scale bedforms shoreward 

in a beach profile are comparable to the flow regime model and asso­

ciated bedforms in alluvial channels under waning flow conditions 

(Clifton, 1971). 
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The vertical sequence of primary structures in a beach sandstone 

is a record of the superposition of the lateral components of a beach 

profile. Upward in a progradational beach sequence, the stratification 

reflects physical processes operating in the following subenvironments: 

Offshore beach-lower shoreface transition, shoreface or seaward slope 

(Davidson and Greenwood, 1976), submarine bar zone, foreshore, berm 

crest, and backshore (Masters, 1965, 1967). Sedimentary structure 

sequences are varied and complex, reflecting the wide variety of beach 

processes, including tidal, longshore, and storm induced current and 

wave activity. Stratification indicative of offshore bars with 

associated rip currents and tidal inlets are commonly present in modern 

beach profiles (Davidson and Greenwood, 1976), and are recognizable 

in ancient beach deposits (Masters, 1965 and 1967). Although beach 

sequences are present in the Eagle, lower and upper Judith River 

sections, Eagle sediments are unique in that they contain only lower 

shoreface-offshore transition and shoreface environments. All lateral 

components of a typical beach profile are pr~served in the Judith 

River Formation. Large scale sedimentary structures deposited in 

nearshore zones, or under highly asymmetric translational upper flow 

regimes (Clifton, 1976, Clifton, Hunter, and Phillips, 1971, and 

Davidson and Greenwood, 1976) are absent in Eagle rocks while common 

in Judith River beach sequences. 
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Primary Structures and Sequences of the 

Shoreface-Offbeach Transition Zone 

Sediments deposited in the shoreface-offshore transition zone are 

most readily recognized in Uhe Eagle formation where they interfinger 

or are gradational to underlying offshore marine sediments of the upper 

part of the Cody Shale. The contact between the two environments is 

a reflection of the sand-mud transition zone, where sand is periodically 

introduced during high energy storm surges (Masters, 1965). The resulting 

lithology consists predominately of laminated shales, mudstones, and 

siltstones, with occasional thin sandstone interbeds containing a 

variety of ripple lamination types. This lithologic type is similar in 

position to other Late Cretaceous deltaic and interde1taic progradational 

outer beach zones described by Curry (1976a, 1976b), Curry and Crews 

(1976), Douglass and Blazzard (1961), Davis and Todd (1976), Howard 

(1972), Harms et al. (1975), Merewether, Cobban and Spencer (1976), and 

Masters (1965 and 1967) commonly underly massive sandstones deposited 

in the shoreface beach zone. 

Stratification sequences include thick, 10 to 30 foot sequences 

of a laminated (Campbell, 1968) sandy siltstones, overlain by flaggy 

sandstones characterized by type B ripple-drift lamination of Jopling 

and Walker (1968). These sequences are found superjacent to shale 

tongues of the upper Cody, and reflect increasing wave current energy 

coupled with abundant suspension deposition. 
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Near the south nose of Alkali Anticline, shoreface-offshore trans­

ition sediments are present throughout the Eagle and are represented 

by thick, coarsening upward sequences of sandy shale, siltstone, and 

thin silty sandstones. Sands invariably display ripple surfaces with 

ripple crest orientation mainly northeast-southwest, subparallel to the 

inferred depositional strike (Gill and Cobban, 1973, Houston and Murphy, 

1977, and Zapp and Cobban, 1960). 

Wave tank experiments (Scott, 1954) have shown that in the shore­

face and shoreface-offshore transition areas ripples can become strongly 

asymmetric landward, as shoreward current velocities become greater than 

seaward return velocities. The shoreward migration of ripple forms 

accompanied by sediment fallout may produce ripple-drift lamination, 

modern examples of which are described by Davidson and Greenwood (1976). 

In the Eagle interval near Alkali Anticline, examples of ripple­

drift lamination sequences are common. Bedsets of superimposed 

sinusoidal ripple lamination are overlain by type B ripple-drift lami­

nation, which in turn, is overlain by type A ripple-drift sets (Jopling 

and Walker, 1968). This sequence is indicative of a gradation from 

high suspension, low bed load movement, to low suspension, high bed 

load movement, with no preservation of stoss side laminae in the ripple 

sets (type A Jopling and Walker, 1968) (plate 7A). This sequence indi­

cates a transition from predominately low energy suspension deposition 

in offshore environments, to periodic higher energy deposition from 

bedload currents in the shorface-offshore transition area. 
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Shoreface Environments 

Above the transition zone, shoreface sandstones are massive and 

frequently interbedded with shale and mudstone laminae, suggesting 

intermittent sand transport in this zone. Bedform features described 

in the "landward slope facies" by Davidson and Greenwood (1976) are 

comparable to those of shoreface sediments, and consist of alternating 

sequences of plane beds or low angle, large-scale planar or hummocky 

cross bedding and small-scale bedforms. These small-scale units were 

deposited in the asymmetrical low flow regime (Clifton, Hunter, and 

Phillips, 1971), under low current velocities. With increasing wave 

period these bedforms are washed out to form a plane bed. The shore­

face zone as described by Davidson and Greenwood (1976) is characterized 

by composite bedsets of ripple to plane bedding. 

Stratification sequences preserved in Eagle, lower and upper 

Judith River formation, shoreface sediments are similar to those 

described by Davidson and Greenwood (1976), with ripple forms preserved 

as wavy and lenticular bedding (Reineck and Wunderlich, 1968), ripple­

drift lamination, or single wavy mudstone beds. These bedforms are 

interbedded with horizontal bedding, gently inclined planar crossbedding, 

or hummocky crossbedding. Typical shoreface sequences include thin 

units of asymmetric wavy mudstone and sandstone beds, overlain by 

thicker sets of plane beds or gently seaward dipping large scale planar 

crossbedding (fig. l7A-D). Plane beds are more common than small 

scale bedforms, reflecting shallow water depths and higher current 
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Figure 17. Section of upper Eagle sandstone as exposed at 

Little Dry Creek, with photographs documenting 

environmental interpretations based on bed form 

sequences. 
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velocities than required for ripple migration and preservation (Harms 

and Fahnstock, 1965). 

Where large scale bedforms overlie wavy bedding in the upper 

shoreface zone, the basal contact of sands are seaward dipping erosional 

surfaces with frequent concentrations of rip-up clasts and mud galls, 

eroded from underlying mudstones. In a seaward direction, these con­

tacts become gradational, reflecting lower current velocities associated 

with deeper water. Thicknesses of both small and large scale bedforms 

decrease seaward, again due to decreasing rates of sediment transport 

in deeper water. 

Lower shoreface environments are preserved as sequences of large 

scale, low angle planar cross bed sets overlain by thin beds of lami­

nated shale, indicating gradation from lower upper, to lower lower 

flow regime in a seaward direction. Occasionally, plane-to-ripple 

bedsets are capped by type B ripple-drift lamination, or bipolor ripple­

drift sets, reflecting landward currents associated with shoaling 

waves (fig. l7-D). 

A unique stratification type associated with plane-to-ripple bed­

sets is that of hummocky crossbedding originally described by Harms et ale 

(1975). Commonly the lower contacts of these sets are erosional, with 

laminae within a cross bed set thickening laterally to form fanlike 

vertical traces (plate 7B). The hydrodynamic implications of hummocky 

crossbedding.are not well-known, although they are found with rippled 

bedforms in association with offshore and beach sand bodies. Harms 
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(1975) suggests that hummocky crossbedding is formed mainly in shore­

face and foreshore environments, during strong surges of varied direc­

tion, generated by periodic storm waves. 

Overlying shoreface sediments are well-developed progradational 

beach sequences preserved in the lower and upper Judith River Formation. 

Similar progradational beach sequences are well-documented in the Late 

Cretaceous Western Interior (Curry, 1976a and 1976b, Harms, et al. 1975, 

Masters, 1965 and 1967, Merewether, Cobban, and Spencer, 1976, and 

Sabins, 1965), and illustrate progressive sedimentation from offshore 

through backshore beach environments upward. Stratification sequences 

indicative of the shoreface beach zone are identical with those of the 

Eagle Formation. However, trace fossils, which are not abundant in the 

Eagle Formation are more abundant in the lower Judith River. The 

following types were identified by the writer in shoreface sediments. 

1. Simple snail trails confined in occurrence to the upper 

six inches of sand bodies, concentrated along bedding 

surfaces (plate SA-B). 

2. A straight, vertical burrow identified as Asterosoma 

(Howard, 1972) which occurs on bedding surfaces as a cup­

shaped depression (plate BC). 

3. Straight, smooth, unbranching vertical burrows about one 

quarter inch in diameter with no identify able internal 

marking. 

4. Ohiomorphia ~ (plates 8D-E). 
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These forms occur within the laminated siltstones and interbedded 

sands characteristic of the lower shoreface environment and have been 

described by Howard (1972) for the Upper Cretaceous Book Cliffs For­

mation, and by Curry (1976b) from the Teapot Sandstone in the Powder 

River Basin. These trace fossils define a water depth zonation described 

by Howard (1972) in offshore to foreshore beach environments successively 

higher in a progradational beach sequence. 

Vertical and horizontal branching burrows known as Ophiomorpha ~ 

are thought to represent the burrowing of a decapod crusacean similar 

to the modern form Calianassa major. These forms are very common beach 

indicators in the Upper Cretaceous progradational shoreline sequences 

(Curry, 1976b, Hoyt and Weimer, 1965, Lewis, 1961, MacKenzie, 1975, 

and Toots, 1961). Although Ophiomorpha occurs in many morphological 

types, it is identifiable by its typical corn cob structure (plate 8E). 

In the study area, this burrow consists of vertical and horizontal 

branching burrows, 0.25 inches in diameter, characteristically forming 

a U-shaped pattern (plate aD). 

Submarine Bar Zone 

Submarine bars are asymmetric migrating megaripples composed of 

steeply dipping landward beds, interbedded with gently dipping seaward 

strata (Davidson and Greenwood, 1976 and Masters, 1965). Bedform 

generation is controlled by waves breaking on the bar, with the inter­

action of waves with currents flowing across the bar. The unique 
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stratification of the bar zone is the result of plunging waves that 

build and cause migration, and associated rip currents which drain and 

dissect the back-bar area (Davidson and Greenwood, 1976 and Masters, 

1965). Rip currents are caused by plunging waves which pile water up 

behind bars, creating localized currents parallel to the bar trend. 

Where two opposing rip currents meet, they are forced to cut a seaward 

channel through the bar which may migrate laterally, similar to uni­

directional currents in meandering strefu~ channels. Sedimentary struc­

ture sequences associated with submarine bars can occur in shoreface 

and foreshore areas, thus may be found in various locations in a pro­

gradational beach sequence. 

Bedding sequences consist of interbedded large scale, high angle 

planar or trough cross bed sets formed on the lee side of bars, inter­

bedded with large scale, low angle seaward dipping planar cross beds. 

Occasionally, small scale trough sets associated with ripple surfaces 

are present at the top of the submarine bar sequence and are formed by 

sedimentation on the bar crest in periods of low wave energy (Davidson 

and Greenwood, 1976). 

Bedding sequences indicative of rip currents occur in the upward 

portions of submarine bars, consisting of landward dipping large scale 

trough cross beds overlain by type A or B ripple-drift lamination, or 

bi-polar ripple drift sets (plates 7C-E). These bedding types indicate 

seaward expansion of rip currents over the breaker zone, coupled with 

the rapid decrease in current energy and finer material remaining in 
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suspension. Bi-polar ripple-drift sets may be the result of the in­

fluence of tidal currents over the bar crest area. 

Foreshore 

The foreshore portion of the beach is the area influenced by daily 

tidal cycles, and is developed as a result of swash and backswash of the 

surf. The foreshore slope is controlled by wave characteristics, 

associated with the energy of the swash-backwash currents, and by the 

grain-size of the material present. Any change in these parameters 

causes slope changes in the foreshore, and if the effectiveness of the 

swash is increased relative to backswash, a swash bar may be constructed 

on the foreshore. Migration of the swash bar is a result of daily tidal 

fluctuations, and causes interbedded steep, lee side cross bedding and 

low angle seaward dipping cross bedding (Thompson, 1937, Masters, 1965). 

Foreshore bedding sequences in basal Lower and Upper Judith River 

sediments consists of horizontally bedded sands, overlain by large scale 

bi-polar sets of planar or trough cross beds with landward cross bed 

sets dipping at steep angles than seaward cross bed sets (fig. l7B). 

Frequently, thick bedsets of these sequences 10 to 25 feet thick overlie 

submarine bar and shoreface beds, and are termed "swash stratification" 

(Harms, et al. 1975). Sequences of this bedding types associated with 

foreshore sedimentation have been recognized in Upper Cretaceous strata 

by (Harms, et al. 1975, Howard, 1972, Masters, 1965 and 1967, Houston 

and Murphy, 1977, and Rieneck and Singh, 1973). 
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Barrier Island Environments 

The origin of Barrier island complexes is a continuing contro­

versy with a total understanding of hydrodynamic interrelationships 

not yet fully achieved. Johnson (1919) initially proposed that waves 

erode sediments from offshore areas and deposit them in the breaker 

zone, forming bars, which grow upward above sea level by addition of 

sand into barrier islands. Hoyt (1967) cites evidence against the 

accretionary model in that marine sediments are absent landward of 

barriers in ancient and modern examples, and has proposed that sub­

mergence and drowning of beach ridges and dune fields may be the cause 

of many barrier islands. 

Regardless of the origin, modern and ancient barrier bars are 

recognized mainly by their relationships with sequences of primary 

structures and with overlying washover fans, tidal flats, and lagoonal 

deposits. Primary depositional features of progradational Upper 

Cretaceous interdeltaic, barrier bars have been documented by many 

authors, including Berg and Davies (1968), Davies~ et al. (1971), 

Dickenson, et al. (1972), Houston and Murphy (1977), Peterson (1969), 

Ryer (1977), Shelton (1963 and 1965), Jacka (1965), and Weimer (1966 

and 1975). Modern analogues with similar sequences of primary 

structures include Galveston, Padre, and Sapelo Islands (Bernard, 

LeBlanc, and Major, 1962, Dickenson, Berryhill, and Holmes, 1972, 

Friedman, 1967, Davies, et al. 1971, Dickenson, et al. 1972, Hoyt, 

1967, Bernard, ~ffijor, and Parrot, 1970, Hoyt and Henry, 1967). Bedding 
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sequences described by the writer are comparable to sequences of primary 

sedimentary structures described by all of the above authors. 

Black Sandstone deposits 

Titaniferous black sand deposits are associated with the upper 

portion of the lower barrier sequence in the Lower Judith River and are 

considered the most reliable environmental indicators and shoreline 

markers in the Mesaverde Group. Internal stratification features of 

sandstone bodies immediately subjacent to black sand deposits have been 

described by Houston and Murphy (1977) are are identical to those 

described by the writer. 

The sequence of primary structures preserved below the backbeach 

concentration of heavy minerals consists of a four part sequence, and 

depicts from base to top, stratification typical of lower foreshore to 

back beach zones. As shown by figure lBA-C, the basal sandstone con­

sists of horizontally bedded to large scale, low angle, planar cross 

bed sets, interbedded with single wavy bedded mudstones deposited in 

the lower foreshore zone (fig. lBA). The overlying beds are characterized 

by large scale, high angle, wedge shaped tough crossbed sets, with both 

landward and seaward dip directions preserved in individual sets (fig. 

l8B). Basal contacts of individual cross sets are highly erosional 

with internal laminae consisting of fine-grained, heavy mineral rich 

laminae, overlain by laminae rich in coarser-grains and quartz. This 

feature is described as reverse textural grading (Clifton, 1969) is 

characteristic of swash zones in which rapid segregation of coarse and 



103 



Figure 18. Bedform sequence diagnostic of regressive beach 

sequences underlying fossil beach placer deposits. 
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fine and light and heavy minerals occurs within a moving layer of sand. 

Hoyt (1962) has noted in studies of Sapelo Island, Georgia barriers, 

that landward slopes of upper foreshore ridges may exceed 30 degrees, 

while seaward slopes frequently are less than 10 degrees, and are 

defined by laminae of black heavy minerals alternating with layers of 

quartz. The landward dipping units in zone 2 of the placer deposit 

are therefore interpreted not as beach crest ridges, but foreshore ridges 

on the basis of its position within the overall sequence and by simi­

larities with Sapelo Island sediments. The overlying units contain 

large scale, low angle planar crossbeds with abundant reverse textural 

grading, associated with laminae containing over 60 percent heavy 

minerals (fig. 18C) deposited in the uppermost foreshore areas. The 

uppermost, thick, black, heavy mineral concentrates are considered to 

be storm generated black beach deposits (Houston and Murphy, 1962 and 

1977). High energy storm waves frequently are capable of destroying 

or flattening the upper portions of the foreshore and berm zones, which 

may account for the absence of high angle crossbeds, typical of berm 

crest beach zones. 

The black sandstones are the most reliable shoreline indicator in 

Mesaverde equivalent rocks throughout the Western Interior region. If 

exposed in three dimensions, and if the top of the deposit is uneroded, 

the thickest portion of the deposit is considered to accumulate landward, 

and the long axis of the deposit to be parallel to the general shoreline 

trend. 
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The form and shape of the deposits suggest that they might give 

clues as to the prevailing storm wind directions. Gardner (1955) and 

Houston and Murphy (1977) point out that in Australian black sandstone 

beaches, the thickest heavy mineral deposits occur on beaches that 

terminate against a natural barrier in the direction of striking storm 

generated waves. Using this analogue, Houston and Murphy (1977) have 

demonstrated prevailing wind and current directions in the southeastern 

portions of the Big Horn Basin, and in the study areas as being pre­

dominately to the north, since the placer deposits ~hicken in this 

direction. 

BaIrier Island sequences 

Sequences of primary structures indicative of barrier bars are 

comparable in the lower and upper barrier units and are depicted in 

figures 19 and 20. The lower barrier sequence is distinctive in that 

it is always overlain by thin units of carbonaceous shale, deposited in 

trough zones behind the submerged bar, while the upper bar sequence 

records a seaward progradation, and is overlain by thick sequences of 

oyster concentrates, interbedded with thin coquina beds of lagoon 

origin. 

The tripartite upper barrier sequence consists of a basal zone of 

interbedded large scale planar crossbedding and wavy bedded units, 

forming bedsets 5 to 10 feet thick, and is indicative of lower and 

middle foreshore zones (Harms et al., 1975) (fig. 19A). The middle zone 

consists of massive beds with internal large scale, low angle planar 
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Figure 19. Tripartite Barrier Island sequence illustrating 

lower foreshore through back beach dune deposition. 
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crossbeds sets dipping both landward and seaward, characteristic of 

upper foreshore deposition (Jacka, 1965) (fig. l8B). The upper zone 

displays distinctive sets of very large scale high angle tangential 

trough crossbedding, with individual sets three to 10 feet thick. Rare 

herringbone crossbed sets (fig. l8C) may reflect tidal influences in 

the beach crest area. These crossbeds display erosional basal contacts 

and show high variability in trough axis orientation, which may be in­

dicative of backbeach dune processes (Houston and Murphy, 1977). A 

unique characteristic of the lower barrier sequence is the repetition 

of middle and upper sequences, with uppermost units containing bedding 

indicative of the foreshore zone (fig. 19). This reflects increasing 

submergence of the barrier, and deposition in deeper water, lower 

energy conditions, as reflected decreasing grain-size near the top of the 

unit. Overlying thin carbonaceous beds may be associated with accumu­

lation of organic material in a trough zone immediately landward of the 

bar, similar to those described by Davidson and Greenwood (1976). 

Separating the lower and upper barrier bar units are thick, 

repetitive sequences containing horizontal to low angle planar crossbed 

sets, interbedded with ripple bedding. Plane bed-ripple bedsets are 

repeated up to 10 times within individual sand bodies, with sand 

increasing in thickness upwards. Sequences of this type are interpreted 

by the writer as representing cyclic deposition in a shoreface and 

foreshore zone similar to that described above for Eagle sediments. 
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Figure 20. Lower barrier bar bedform sequence, illustrating 

repetition of foreshore and back beach sediments. 
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Lagoonal Environments 

Lagoonal sediments include a complex of subenvironments which in­

clude lagoon pond, tidal inlets and deltas, and salt marsh. A typical 

sequence of lagoonal rocks in the middle Judith River consists of inter­

bedded carbonaceous mudstones and black shales, with lag concentrates 

of coquina, interbedded with oyster-bearing siltstones and sandstone 

beds. The high variation in lithology and bedding type are in them­

selves typical of the lagoonal setting, reflecting chemical and energy 

states associated with each subenvironment. Commonly rocks of all 

subenvironments are not all exposed in a single outcrop, hence the 

recognition of the lagoonal complex is dependent upon the documentation 

of one or more of the component environments. 

Lagoon pond 

Interbedded black, carbonaceous shales and laminated siltstones and 

sandstones typify sediments deposited in low energy lagoon pond environ­

ments. Thin shale and siltstone laminae may be deformed by penecon­

temporaneous lead flowage (Masters, 1965) during sand deposition. Where 

superposition of suffiCiently thick sandstone layers are present, 

psuedonodules may form if the underlying muddy sediments are sufficiently 

plastic to flow around overlying sand beds (plate 7F-G). Masters (1965) 

has noted comparable rheotropic deformational structures in lagoon pond 

sediments of the Castor Member of the lIes Formation. Thin oyster beds 

are occasionally enclosed by lagoon pond sediments reflecting the high 

variations in salinity associated with this environment. 



113 

Tidal inlets and deltas 

Tidal inlets are bodies of water connecting the backbar lagoon with 

the open marine environment. These features are closely associated with 

tidal deltas, which form adjacent to inlets cut through the barrier where 

channel velocities are suddenly lowered by the standing water of the 

lagoon pond. 

Sandstone beds of tidal inlet channel origin are found interbedded 

and overlying sediments of the lagoon pond, giving rise to interbedded 

shale and sandstone sequences. Inlet sands resting upon lagoon pond 

shales display sharp, erosional basal contacts with small channeled areas, 

containing carbonaceous rip-up clasts. Tidal channels are recorded also 

by thin layers of coquina deposited and concentrated as lag deposits near 

the base of channels migrating across lagoon pond sediments. Bedding 

sequences are representative of high to low flow regime conditions 

accompanying lateral stream channel migration (Allen, 1965b). Basal sands 

contain horizontal to large scale, low angle planar crossbedding, over­

lain by superimposed ripple laminated units, with occasional sets of 

wavy bedded sandstones and mudstones. Mudstone interbeds are associated 

with upper portions of inlet sequences and reflect channel inlet migration 

over previously deposited lagoon pond sediments. Tidal inlet beds grade 

laterally into or under tidal delta sediments which display ripple-drift 

lamination formed during waning current conditions associated with delta 

formation. Support for tidal delta origin lies in the close lateral 

association with tidal inlet and lagoon pond sediments, and the presence 
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of bi-polar ripple drift sets, which may indicate the influence of 

alternating tidal flow directions (Rieneck and Singh, 1973). 

Salt marsh 

Interbedded with other lagoonal sediments are carbonaceous shales 

and mudstones of the salt marsh environment. Thick marsh grasses 

typically grow and accumulate in shallow water, eventually forming a 

turf which builds vertically, keeping pace with subsidence. In Mesaverde 

strata, this turf becomes a carbonaceous mudstone, with abundant fossil 

plant debris (Masters, 1965 and 1967). These beds range from 10 to 15 

feet in thickness and may reflect relatively long periods of shoreline 

equilibrium during which vertical buildup and subsidence processes could 

operate. 

Teapot Sandstone Member Depositional Environments 

The origin of the Teapot Sandstone Member within the Big Horn Basin, 

and its lateral equivalents in adjacent basins has been, and is still 

a controversial issue. As with the rest of the Mesaverde Group in the 

Big Horn Basin, the Teapot has not been studied in detail with regard 

to the determination of depositional environments. Environmental inter­

pretations based solely on general lithofacies patterns is probably the 

crux of the controversy, as little attention has been paid to more 

obvious paleoenvironmental indicators. Gill and Cobban (1966) report 

the Teapot in the southern Big Horn Basin to be nonmarine, while Severn 

(1961) has described the same unit in the same location as combined 
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beach, lagoonal, and fluvial. MacKenzie (1975) has recognized fining­

upwards cycles, associated with changing high to low flow regime con­

ditions, similar to those described in modern stream channels by Allen 

(1965). Obviously much more detailed paleoenvironmental work needs to 

be done before conclusive evidence can be accumulated in these areas. 

Within the study area the Teapot Sandstone Ifember is interpreted by the 

writer as representing overlapping meandering stream channel complexes, 

which were part of a larger coastal or delta plain setting. Bedding 

sequences are indicative of stream channel bedform migration under 

changing high to low flow regime conditions as described by Harms and 

Fahnstock (1965), Allen (1964, 1965a,b,c,d and 1970), Allen and Friend 

(1968), Simons and Richardson (1961 and 1962), and Visher (1972). 

Bedding sequences preserved in Teapot sediments are comparable to 

fining-upwards cycles described by the above authors. These repetitive, 

fining-upwards sequences are typically one to three feet thick; and are 

characterized by a highly erosional basal contact (plate 5D). Associated 

with the scour contacts are concentrations of large carbonaceous mud 

galls, and unorientated rip-up clasts, often exceeding 50 percent of the 

sediment volume. Scoured surfaces are associated with large scale 

trough crossbed sets, averaging one foot in thickness. These sets are 

similar to the Pi cross stratification described by Allen (1965a,b,c,d), 

and have scooped shaped erosional bounding surfaces when viewed in three 

dimensions. The overlying finer-grained units are plane bedded with 

bedset thicknesses reaching 10 feet at times. Plane beds are usually 
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found with lenses and stringers of carbonaceous mudstones and coals 

(plate 6A) comparable to those described by Reineck and Singh (1973) and 

may represent a channel-floodplain association. Fining-upwards cycles 

are repeated several times throughout the Teapot with scoured contacts 

truncating both trough and planar crossbed sets. 

Bedding sequences comparable to those described above have been 

examined by Allen (1965b), Bernard and Major (1963), Leopold and Wolman 

(1957), McGowen and Garner (1970), and Miall (1977a and 1977b) and are 

considered to be produced during a transition from high to low flow 

regime in stream channels. Complex stream channel migration and down­

cutting upon older fluvial sediments is indicated by erosional basal 

contacts and the repetitive nature of the individual fining-upwards 

units within the Teapot. However, the identification of point bar systems 

as described by the above workers is dependent upon the recognition of 

lateral accretionary bedform sequences, which are not evident in Teapot 

sediments. Similar fining-upwards cycles have been observed in modern 

and ancient tidal flat complexes (Reineck and Singh, 1973). These 

sequences are distinguishable from those formed by migrating channel 

complexes by the use of primary structure sequences within the beds 

themselves, and by those of the enclosing beds viewed within the overall 

sedimentary sequence. 
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PALEOGEOGRAPHIC MODEL 

Paleogeographic models for the Upper Cretaceous strata in the 

Western Interior have been presented by several authors in the last 15 

years. Cretaceous deltaic systems have been presented by Asquith 

1974), Rea and Barlow (1975), Curry (1976a), Hubert, Butera, and Rice 

(1972), Isbell, Spencer, and Sietz (1976), and MacKenzie (1975). Barrier 

bar settings inbetween deltaic centers have been described by Jacka 

(1965), Masters (1965 and 1967), Ryer (1977), Shelton (1963 and 1965), 

and Weimer (1966 and 1975) 

Although deltaic and interdeltaic complexes have been documented 

separately by the above authors, descriptions of ancient deltaic and 

barrier bar settings preserved in close proximity are not common in the 

Upper Cretaceous Western Interior. If wave dominated, high destructive 

type deltas similar to that presented by Isbell, Spencer, and Sietz 

(1976) did exist, barrier bar systems would be expected downcurrent from 

adjacent deltaic systems, provided that an adequate sediment supply 

existed. 

Regional and local lithofacies associations and stratigraphic and 

paleoenvironmental evidence at this time point to the existence of a 

high destructive, wave dominated Niger type deltaic complex as illustrated 

by Allen (1964 and 1965a). Prodeltaic sediments were deposited 

on an easterly dipping paleoslope in the southern and western areas of 



118 

the Big Horn Basin (Asquith, 1974, Barlow and Haun, 1975, and MacKenzie, 

1975). Throughout the deposition of the Mesaverde, terriginous materials 

were dispersed downcurrent from the depocenter by longshore currents 

which resulted in the formation of the barrier island and lagoonal 

sequence described above (fig. 21). 

Within the southwestern and southern part of the Big Horn Basin, 

the areal distribution of channel-dominated fluvial environments described 

by MacKenzie (1975) as upper and lower delta plain display arcurate 

patterns. This pattern of sedimentary environments is comparable to the 

distribution of fluvial and transitional marine units present in the 

Erickson Sandstone in southwestern Wyoming (Asquith, 1974). This type 

of horseshoe shaped plan view of paleoenvironmental patterns is indi­

cative of deltaic sequences, and is thought to be present in the Big Horn 

Basin area (Asquith, 1974, MacKenzie, 1975). In both the Mesaverde and 

the Erickson, the arcurate distribution of fluvial sandstones may de­

fine the location of the delta more clearly than the seaward buldge in 

Upper Cretaceous strandlines noted by Gill and Cobban (1973). 

Associated with the seaward margins of the delta are prodeltaic and 

delta front shales and sandstones of the Upper Cody Shale and Eagle 

formations, (Asquith, 1974, Rea and Barlow, 1975). Subsurface 

evidence, specifically correlation of time stratigraphic bentonite markers 

in the upper part of the Cody Shale at Neiber Anticline in the south­

eastern part of the basin, indicate deposition on an eastward dipping 

pa1eos1ope. Isopach maps of the upper portion Qf the Cody and the lower 
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Figure 21. Paleogeographic setting, Baculites perplexus, early 

form time in the southeastern Big Horn Basin area. 
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Eagle interval in the same locality show abrupt thickening of time 

stratigraphic units and basinward thinning, which point towards a pro­

deltaic sequence. Rapid pinchouts of littoral sandstones with marine 

shales at Neiber may again be indicative of a prodeltaic slope in the 

area. 

Comparable complex intertonguing relationships between forest and 

bottomset deltaic sequences have been described by Weimer (1966 and 1975) 

in the Lewis Shale-Fox hills interval in the Wamsutter Arch area. Com­

plex shoreline trends are shown to be associated with deltaic embayments, 

and have resulted in reversals of normal Upper Cretaceous lithofacies 

patterns. Prodeltaic shales thin rapidly eastward, and interfinger with 

transitional marine sediments along the inferred depositional strike. 

Comparable rapid pinchouts and facies changes are present in the 

Cody-Eagle interval in the study area along the depositional strike. 

These can be explained by local shoreline embayments associated with a 

deltaic center to the south. Depositional slopes associated with pro­

delta areas can easily account for rapid pinchouts in the upper Cody­

lower Eagle interval. 

Paleocurrent evidence was collected by the writer and by Houston and 

Murphy (1962 and 1977) along the eastern flank of the Big Horn Basin 

based upon the thickness and geometry of fossil beach placer sands. 

These paleo-strandline features indicate a dominate northerly active or 

storm generated sediment transport direction, parallel to the shoreline 

trend. These currents are indicated by the presence of the placer de-
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posits themselves, which are formed by storm generated wave processes. 

These wave and current processes may have been responsible for the 

northerly dispersal of sand and carbonaceous debris, forming a compos­

ite deltaic-barrier island, lagoonal setting, similar to that described 

for the Almond Formation in the Rock Springs uplift area (Jacka, 1965). 

Comparable modern deltaic, barrier settings are typified by the Niger 

River delta where longshore currents have formed a barrier bar down 

current from the delta (LeBlanc, 1972, Allen, 1965 a,b,c,d and 1970). 

It must be stressed at this point that the model proposed here is 

tentative, and is based on all available evidence at this point in time. 

Little or no work has been done on the Mesaverde in the northeastern 

half of the Big Horn Basin, and at present the area is largely unstudied. 

The existence of deltaic deposits in the area cannot be fully substanti­

ated on the basis of sequences of primary sedimentary structures alone. 

Lithologic associations typical of prodeltaic, delta front, and delta 

plain environments of a high destructive type delta are very similar to 

progradational beach deposits described above and often cannot be 

differentiated on the basis of bedding sequences (Weimer, 1975). Ex­

tensive subsurface correlations and isopach maps of time stratigraphic 

intervals, are needed to firmly establish a three dimensional framework, 

from which future interpretations and paleoenvironmental predictions can 

be made. 



123 

S~RY 

Detailed descriptions of rock body geometry, sequences of primary 

structures, lithology and fossils have enabled the writer to reconstruct 

the Campanian paleogeographic setting and paleoenvironments recorded by 

the Mesaverde Group in the study area. Mesaverde sediments were the 

site of a laterally extensive mainland and barrier beach complex through­

out Campanian time. A high destructive, Niger type deltaic complex 

located to the south of the research area supplied terrigineous materials 

which were transported northward by active storm generated longshore 

currents, forming the adjacent barrier bar association. 

A major Upper Cretaceous regressive episode in the Big Horn Basin 

area initiated the deposition of the Eagle Formation, during which 

sediments were deposited in a shoreface and offshore-shoreface transition 

zone. Cyclic shoreline migrations during this time period are recorded 

as evidenced by complex intertonguing between littoral Eagle sands and 

Cody shelf shales. These materials were deposited on an easterly dipping 

prodeltaic paleoslope, which resulted in complex interfingerings between 

offshore shales and beach sandstones within the upper Cody Shale, Eagle, 

and Claggett sediments along the inferred depositional strike. Early 

Campanian cyclic shoreline migrations were interrupted by a rapid trans­

gression of the Late Cretaceous epieric sea, documented by shales and 

marine fauna contained in the Claggett Formation. 
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Judith River sediments record a complete regressive sequence with 

offshore and transitional marine deposits overlain by channel dominated 

lower deltaic or coastal plain environments. Continuous deposition re­

sulted in the preservation of complete regressional, coarsening upward 

mainland and barrier beach and lagoonal sequences contained in the lower 

and middle Judith River Formations. Evidence presented by the writer 

indicates no major unconformity is present within the Judith River 

section, throughout the study area. The concept of depositional topog­

raphy is probably the best explanation for the presence of mutually 

inclined time surfaces within a conformable stratigraphic sequence. 

A brief transgressive phase within the study area is documented by 

upper Judith River shoreface and foreshore environments preserved in 

these sediments. Fluvial Teapot sediments record the final regressive 

episode within the Mesaverde Group, during which complex meandering 

stream associations dominated sedimentation patterns. 

Although a complete regressive beach cycle is preserved in the 

Group, detailed sampling of key beds within the section reveal few 

significant vertical or lateral changes in sandstone composition. Shore­

face and shelf sediments however, can be differentiated from other sedi­

ments in the Mesaverde by the presence of glauconite and dolomite grains. 
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Plate I 

1 Thin sections of Mesaverde sandstones. 

IA - Replacement textures of framework grains by calcite. 

IB - Detrital Dolomite - note aggregate of well-rounded 

grains. 

Ie - Grains of detrital and secondary dolomite. 

ID - Euhedral secondary dolomite rhombs. 
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