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ABSTRACT 

The Judith River Formation along_ the west bank of the 

Milk River and in the Little Rocky Mountains areas of 

Montana attains a maximum thickness of 116m and consists of 

sandstone, siltstone, shale or mudstone, and carbonaceous 

shale. It conformably overlies the marine shale of the 

Claggett and underlies the marine shale of the Bearpaw 

Formations. The formation is readily divisible into a lower 

and upper mernber,and detailed sedimentologic study has 

allowed division_of the formation into three major 

sedimentary facies. 

The Judith River Formation in the study area forms one 

coarsening-upwards sedimentary sequence that represents a 

typical prograding deltaic sequence. The lower facies has 

been interpreted as deposits of a shallow marine (prodelta 

and delta-front) environment; whereas the middle facies 

consists of deposits of a lower delta-plain (including: 

tide-influenced channels, distributary channels, 

interdistributary bays, and marshes) environment. The upper 

facies represents deposits of meandering and braided 

streams, in an upper delta-plain or alluvial plain. The 

prograding sequence records the evolution of four types of 
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paleochannels from tide-influenced channels at the base, to 

meandering distributary channels, to large meandering 

channels, and ultimately to braided channels. Paleocurrent 

data indicate that the streams flowed generally towards the 

east, probably draining the Cordilleran highlands to the 

west. Ammonite index fossils found indicate that the Judith 

River Formation was deposited during the Upper Campanian 

substage, over a time-span of 4 MY. 

The paleoshoreline of the Claggett seaway in the study 

area extended generally along a north-south trend, as 

suggested by paleocurrent directions and orientation of 

ripple crests in the coastal sediments. It is evident from 

the study that the Claggett seaway was affected by a low

range tide and was periodically influenced by storms. The 

withdrawal of the Claggett sea from the study area was 

relatively rapid, and the subsequent transgression of the 

Bearpaw sea was probably also rapid. 

Comparison made between the Judith River Formation 

sediments in the study area and their equivalent in the 

Canadian plains, shows that both are remarkably similar, and 

hence the name "Judith River Formation" should be used in 

the two regions to unify the nomenclature. Comparison was 

also made between the Judith River Formation and the 
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Horseshoe Canyon Formation (Edmonton Group); and it was 

concluded that sedimentary sequences deposited along the 

coastal plains of the regressive Claggett and Bearpaw 

seaways were much alike. 
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Chapter 1 

Introduction 

The Judith River Formation is one of five formations 

constituting the Late Cretaceous Montana Group, of the 

northern Great plains of North America. The formation has a 

wide extent across Montana (United States) and the Canadian 

Plains of Alberta and Saskatchewan. Most of the previous 

studies of the Judith River Formation in Montana deal with 

regional and stratigraphic setting, and no detailed studies 

has been conducted in the study area. The formation, 

consisting of sandstone, siltstone, shale or mudstone, and 

carbonaceous shale, is well exposed in the study area. 

1.1 Study Area 

1 

The main study area is located along the west bank of the 

Milk River, approximately 15 km north of Malta, Montana 

(about 50 km south of the Canadian-United States border) 

(Figure 1.1). The badland terrain and the flat-lying strata 

provide a good opportunity for detailed sedimentological 

study of the Judith River Formation. A secondary area (about 

100 km southwest of th.e main area), near Zortman, in the 

Little Rocky Mountains (Figure 1.1), was chosen for 
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Figure 1.1. Maps showing location of the study area (1, 2, 3, 
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comparison; in this area, the exposures of the Judith River 

Formation are patchy and the formation has been folded. 

The study area is readily accessible from United States 

Highway 242 and 191 (Figure 1.1), and by gravel roads which 

cross the area. Throughout the text, the two areas will be 

referred to as Milk River area and the Little Rockies area, 

respectively. 

1.2 Purpose of the study 

The Judith River Formation in the study area had 

previously been studied only on a regional scale,and no 

attempt had been made to delineate the various lithofacies 

in order to make a detailed paleoenvironmental 

interpretation. The purpose of the present study is to fill 

this gap. The objectives of the study are fourfold: (1) to 

divide the formation into informal members, facies, and 

subfacies; (2) to interpret each facies; (3) to develop a 

depositional model for the area; and (4) to draw a 

comparison with other similar deposits, regionally. 
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1.3 Methods of study 

1.3.1 Field methods 

4 

The field work for this study was carried out during 

the summers of 1988 and 1989. General investigation of the 

area revealed that the Judith River Formation is readily 

divisible into two members and three major facies (see 

Chapter 3 and 4). Five stratigraphic sections were measured, 

using a Jacob's Staff (Enclosures A and B). At each section 

the following aspects were studied thoroughly: (1) 

lithology; (2) sedimentary structures; (3) fossil content 

(body and trace fossils); (4) bed contacts; and (5) lateral 

and vertical facies relationships. Paleocurrent directions 

were obtained by measuring foresets and, wherever exposure 

allowed, the orientation of trough-axes of trough cross

bedding. Numerous L-shaped trenches (approximately 1 m x 1 

m) were dug to observe the texture, sedimentary structures, 

bed thicknesses, and contacts. Samples (400-600gm.) of shale 

and carbonaceous shale were collected, from below weathered 

surfaces of outcrops, for micropaleontological and 

palynological analyses, primarily to assist in the 

paleoenvironmental interpretations. 



1.3.2 Laboratory methods 

Five stratigraphic sections were plotted to illustrate 

the vertical distribution of rock type, sedimentary 

structures, and fossils (Enclosures A and B), and to show 

the lateral relationships between facies (Enclosure C) . 

Thirty shale samples were disaggregated, washed, dried, and 

examined for foraminifera. Spores and pollen were extracted 

from five carbonaceous shale samples. Body fossils were 

described and identified. 

1.4 Previous investigations 

5 

The Upper Cretaceous rocks of the Western Interior have 

been the subject of many regional and detailed studies, but 

there has been no detailed study of the Judith River 

Formation in the study area. McLean (1971) provided a 

detailed review of the literature of the Judith River 

Formation in both the Canadian Plains and Montana. 

The type area for the Judith River Formation in north

central Montana lies along the Missouri River, between 

Judith on the west and the mouth of the Musselshell River on 

the east. The formation was named by F.V~ Hayden in 1871. 

Early investigations in north-central Montana include Hayden 

(1871), Meek (1876), Stanton and Hatcher (1912), and Bowen 



6 

(1915). These earlier studies were concerned mainly with the 

age and stratigraphic position of the Judith River 

Formation. Stebinger (1914) studied the Montana Group in 

northwestern Montana and included the Judith River Formation 

in his Two Medicine Formation. Later studies on the 

stratigraphy and biostratigraphy of the Upper Cretaceous 

rocks, including the Judith River, were done by Cobban 

(1955), Reeside (1957), Knechtel (1959), Weimer (1960, 

1963), Gill and Cobban (1966a,b, 1973), Tschudy (1973), and 

Rice and Cobban (1977). With the discovery of the natural 

gas in the sandstones of the Judith River Formation, the 

formation acquired economic importance and attracted a 

considerable number of researchers. Weimer (1960) studied 

the spatial dimensions of the Judith River sandstone 

reservoirs in the Rocky Mountains area. Rice and Shurr 

(1980) assessed natural gas resources in the Cretaceous rock 

reservoirs (including the Judith River Formation) of the 

northern Great Plains of the United States. More recently, 

Monson ( 198 9) and Shurr et al., ( 198 9) studied 

sedimentology, structures, and gas reservoirs of the Judith 

River Formation in eastern Montana. In Canada, detailed 

sedimentological studi~s on the Judith River _were carried 

out by Dodson (1971), Ogunyomi and Hills (1977), Koster 
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(1984a,b), Koster et al. 1987), and Wood (1985, 1989). 

Previous workers generally agree that the regional 

depositional environment of the Judith River Formation was 

fluvio-deltaic. However, in north-central Montana, no 

attempt has been made to relate facies of the Judith River 

Formation to specific environments. The present study 

generally supports the fluvio-deltaic interpretation, but 

lithofacies and subfacies have been recognized as genetic 

units related to specific environments, and a specific delta 

type has been postulated. 
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Chapter 2 

Paleogeography, regional stratigraphy, and nomenclature 

2.1 Paleogeography: 

During the Cretaceous Period, the Western Interior of 

North America was the site of a huge, asymmetrical and 

elongated basin (Western Interior basin) which was situated 

east of the Cordilleran Geanticline (Kauffman, 1977) 0 The 

basin started to develop in the Late Jurassic, in response 

to the accretion of exotic terrains onto the North American 

Craton during subduction of the Pacific Plate (Rice, 1971) 0 

Throughout most of the Cretaceous Period, this basin was 

partly or ~ompletely covered by the Western Interior Seaway 

(McGookey et al., 1972). At its maximum expansion, the 

seaway extended from the present Gulf of Mexico to the 

Arctic Ocean (approximately 5000 km) and had a width of more 

than 1600 km (Gill and Cobban, 1973; Kauffman, 1977) (Figure 

2.1). The seaway had withdrawn completely from the Western 

Interior by latest Cretaceous time. 

The Western Interior Cretaceous basin was bounded on 

the west by the Sevier Orogenic belt which was thrust and 

uplifted repeatedly th~oughout the Cretaceous Period (Ryer, 

1981). The highlands of the orogenic belt were the main 
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Figure 2.1 Late-Campanian paleogeographic map of North 
America showing maximum distribution of cretaceous 
seaway.State of Montana is shown (modified from Gill and 
Cobban, 1973). 
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source area for the clastics sediments that were supplied to 

the basin. These sediments were transported eastward by 

streams and deposited in the western part of the basin, in 

nearshore and coastal plain environments (Weimer, 1970). The 

western shoreline of the Late Cretaceous epeiric sea was 

retreating and advancing in response to uplift, subsidence, 

and sedimentation associated with the tectonic activity in 

the Sevier orogenic belt (McLean and Jerzykiewic4, 1978). To 

the east, the basin was bounded by low-lying areas that 

supplied little detritus to the basin. 

2.2 Regional stratigraphy and Nomenclature: 

During Late Cretaceous time, the sediments of the 

Montana Group (Cobban and Reeside, 1952) and their 

equivalents in Montana and adjacent areas were deposited in, 

and adjacent to, the Western Interior Seaway. From the 

oldest to the youngest, the Montana Group consists of the 

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

Formations. These formations form an intertonguing 

succession, made of eastward-thinning, regressive wedges of 

continental and shallow marine origins (Eagle, Judith River, 

Fox Hills) and westwarD-thinning, transgressive wedges of 

marine origin (Claggett, Bearpaw) (Figure 2.2). Rocks of the 
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Figure 2.2 Schematic cross-setion of Montana Group in 
Montana (modified from Gill and Cobban, 1973) . 



Montana Group range in age from Santonian to Maastrichtian 

and were deposited over a time-span of 14 M.Y. 

12 

The formations of the Montana Group are nearly 

identical and correlatable in both Montana and the Canadian 

Plains. However, different nomenclatures have been adopted 

in each country. In particular, the nomenclature of the 

stratigraphic interval between the Claggett and the Bearpaw 

Formations has long been a matter of controversy, especially 

in the Canadian plains. In north-central Montana, the names 

"Judith River beds" and "Judith River group" were used by 

the early workers (Hayden, 1871; Meek, 1876) for this 

interval. The two names were used interchangeably until they 

were eventually replaced by the name "Judith River 

Formation". Similarly, in Alberta and Saskatchewan the names 

"Belly River series" (Dowling, 1916), "Belly River 

Formation" (William and Dyer, 1930), and "Belly River Group" 

(Ogunyomi and Hills, 1977) were used. Also in Canada, the 

interval is traditionally split into an upper, Oldman 

Formation (or beds) and a lower, Foremost Formation 

(Dowling, 1916; Russell, 1940) . This nomenclatural confusion 

has been revised thoroughly by McLean (1971) who, for the 

sake of unity and simpJicity, recommended th~ use of the 

name "Judith River Formation" in both Canada and Montana 
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(Table 2.1). 

The sediments of the Judith River Formation were 

deposited in the Late Cretaceous (Campanian), during the 

regression of the Claggett Sea. They are bounded top and 

bottom by the marine shales of the Bearpaw and the Claggett 

Formations, respectively (Figure 2.2). The formation has a 

wide and continuous extent across Montana and the Canadian 

plains of Alberta and Saskatchewan. From its type area in 

the north-central Montana, the Judith River Formation can be 

traced southward across Montana into Wyoming, where it is 

correlated with the Parkman Sandstone, member of the 

Mesaverde Formation (Figure 2.3). In southwestern Montana, 

the Judith River Formation is integrated with the Livingston 

Formation. As it is traced westward, the Judith River 

Formation becomes increasingly thick and progressively more 

continental in nature. As it is traced eastward, the Judith 

River Formation grade into the marine Pierre Shale of 

eastern Montana (Figure 2.4). In eastern Montana (east of 

the present study area), the Judith River Formation is 

represented by two shelf sandstone sheets that coalesced 

westward into coastal sandstone and nonmarine rocks (Shurr 

et al. 1989). In weste~n Montana, the formation has been 

included in the thick (about 600m.) Two Medicine Formation, 
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Figura 2.3 Stratigraphic cross-section from the mouth of the 
Judith River (type area of the Judith River Formation) to 
northern Wyoming, insert map shows location of the section 
(from Gill and Cobban, 1973). 

Figure 2.4 Diagrammatic east-wast cross-section across 
northern Montana, showing wedging of the Judith River 
Formation into the Pierre shale (modified from Rice and 
Shurr, 1980). 
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which is predominantly continental in origin (Figure 2.4, 

Table 2.1). Northwestward, and by means of practically 

continuous exposures, the Judith River Formation can easily 

be traced across Montana and correlated with its equivalent 

rocks (Belly River Group/Formation, Foremost and Oldman 

Formations) in southern Alberta and Saskatchewan (Figure 

2.5, Table 2.1). In its type area, the Judith River 

Formation ranges in thickness from 90 to 180m. It becomes 

progressively thicker to the west, where it attains 

thicknesses up to 240m in the western part of the Sweetgrass 

Arch (Cobban, 1955). Similarly, the Judith River Formation 

thickens westward in'the Canadian Plains, where it is only 

50m in south-central Saskatchewan and approximately 365 m in 

western Alberta (Wood, 1985) . 



I 

1 Sask. 
··-· ·-··-··-··~·· 

1 

' " ..... ... 

---
Bearpaw 

... ... ::...-::: ... ---

------ ---------
2 

~ mostly sandstone 

I 

3 

Eds t end ------

-
----

----- - - -
Colorado 

4 
5 

~~it3 mostly shale 

18 

1000 

500 

0 

Figura 2 . 5 Stratigraphic sections showing correlation of 
Montana Group in Montana and southern Alberta, insert map 
shows location of the stratigraphic sections (from Russell, 
1970) . 



Chapter 3 

Stratigraphy of the Judith River 

For.mation in the study area 
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The Judith River Formation in the study area comprises 

both marine and nonmarine sediments. It conformably overlies 

the marine Claggett Shale and, in turn, is overlain 

conformably by the marine Bearpaw Shale. The uppermost part 

of the formation has been removed by erosion in most places. 

Where a complete section is preserved, the formation attains 

a maximum thickness of 116m. The formation displays a 

coarsening-upward sequence consisting of shale and mudstone, 

carbonaceous beds, siltstone, and sandstone. The strata are 

flat-lying, except in the Little Rocky area, where the 

formation is folded and faulted due to uplifting by local 

doming. The lower part of the formation grades vertically 

downwards into the marine shale of the Claggett Formation. 

The contact between the two is taken at the base of the 

lowermost, continuous, and prominent siltstone bed. The 

Judith River Formation also grades vertically upwards into 

the marine shale of the Bearpaw Formation. The contact 

between the two is pla~ed between the uppermqst carbonaceous 

bed of the Judith River and the shale of the Bearpaw. The 



20 

underlying and overlying shales (Claggett and Bearpaw, 

respectively) are lithologically similar. They consist of 

grey to dark grey, flaky, fissile, silty shale, commonly 

with large ovoid ferruginous concretions. Ammonite shell 

fragments are common in these concretions. Three to four 

bentonite beds are present at the base of the Bearpaw shale. 

A composite stratigrahpic column of the Judith River 

Formation in the study area is shown in Figure 3.1. 

3.1 Informal members 

On the basis of differences in lithological 

characteristics, facies distribution, fossil content and 

colour, the Judith River Formation in the study area is 

clearly divisible into two distinct members (Figure 3.2). 

These two members are easily mapped and correlated 

throughout the entire Milk River area (Enclosure A) . 

However, long-distance correlation with the Little Rocky 

area is not easily achieved. The designation and description 

of the members used in this study, were primarily derived 

from the data obtained from the Milk River area. The two 

members are designated informally as lower and upper members 

for the purposes of th_is study . 
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Figure 3.1 Composite stratigraphic section of the Judith 
River Formation in the study area. 
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The lower member is more heterogeneous and argillaceous 

than the upper member. It consists of shale or mudstone, 

carbonaceous shale, siltstone, and sandstone. The upper 

member comprises mainly sandstone, with siltstone and 

mudstone. Carbonaceous beds are rare. The two members can be 

distinguished by their colour: the upper member is 

predominantly pale yellow, whereas the lower member is 

predominantly grey. The contact between the lower member and 

the underlying Claggett shale is placed at the base of the 

first continuous and laterally extensive siltstone bed 

(referred to later as subfacies C) . The fixed stratigraphic 

position and continuous nature of this bed qualified it as a 

marker bed (Enclosure C) . The boundary between the two 

members is located at the base of the first, continuous, 

medium-grained sandstone (referred to later as Subfacies H) 

of the upper member. The maximum thickness of the lower 

member is 47m, whereas the maximum preserved thickness of 

the upper member is only 26m (the upper part of this member 

is commonly eroded) . The two members are described in detail 

in Chapter 4. 

The division of the Judith River Formation (the Belly 

River Formation/Group)_ into two units is the _common practice 

in the Canadian Plains. However, the two divisions were 
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traditionally raised formally to the status of formations 

(Foremost and Oldman Formations) (Table 2.1). The lower and 

the upper members of the present study, are remarkably 

similar to the Foremost and Oldman Formations, respectively. 

This similarity is discussed at length in Chapter 6. In the 

present study, the writer prefers to keep these lower and 

upper members as informal members. 

3.2 Age 

Age determination for the Judith River Formation in the 

study area is made possible through the use of ammonite 

index fossils. The fact that excellent index fossils were 

found at the very base and top of the Judith River Formation 

at the same locality, permits precise dating and a tight 

time-span determination for the formation. 

At the base of the Judith River Formation in the 

Morrison Butte, Little Rocky area (Enclosure B, section 5), 

the writer recovered two ammonites, identified as belonging 

to the Baculites sp. (smooth) zone (Cobban, W.A., personal 

communication, 1989). At the same locality, Baculites 

rugosus sp. was recovered from the basal 30 em of the 

_Bearpaw Formation (Cal9well, W.G.E., persona~ communication, 

1989). This later species is an index fossil of the zone of 
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Exiteloceras jenneyi (Gill and Cobban, 1973) . Hence, and 

according to the biostratigraphic zonation and time scale 

adopted by Gill and Cobban (1973), the Judith River 

Formation in the study area was deposited during the Upper 

Campanian substage, over a time-span of 4MY. Gill and Cobban 

(1966b) showed that in Wyoming, the Judith River Formation 

ranges from the Baculite asperiformis to the Exiteloceras 

jenneyi zones. It is clear that the base of the Judith River 

Formation in the Little Rocky area is stratigraphically a 

little bit higher than that determined by Gill and Cobban 

(1966a) in Wyoming. 
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Chapter 4 

Description and Interpretation 

4.1 Introduction 

The Judith River Formation in the study area is 

divisible into three major facies. The lower and the middle 

facies together constitute the informally defined lower 

member, whereas the upper facies makes up the informally 

defined upper member (Figure 3.1). For the purpose of 

description, each facies is, in turn, divided into 

subfacies. The division into facies and subfacies is based 

on physical criteria, lithology and sedimentary structures, 

and faunal content. The recognition of the facies and 

subfacies was based primarily on observations of the 

outcrops in the Milk River area, where the badland 

t-opography allow-s tracing of sedimentary units. 

The interpretation of each facies is given in a 

separate section, after the description. An integrated 

facies interpretation is provided in chapter 5. A summary of 

facies description and their inferred depositional settings 

is given in Table 4.1. 



Facies 

Upper 

Facies 

Middle 

Facies 

Lower 

Facies 

Description 

lithology: mainly sandstone and mudstone. 
sed. structures: trough cross bedding, 
planar cross bedding, ripple cross
lamination, parallel lamination, 
contorted bedding. 
fossils: bivalves, dinosaur(?) bones 

lithology: heterogeneous sequence of 
sandstone, siltstone, mudstone/shale, 
carbonaceous beds 
sed. structures: ripple cross lamination, 
parallel lamination, trough cross-bedding, 
contorted lamination, epsilon cross
bedding, 
fossils: spores and pollens. 

lithology: mainly shale with interbeds 
of siltstone. 
sed. structures: ripple cross-lamination, 
parallel lamination, hummocky cross
stratification. 
fossils: ammonites, bivalves, gastropods, 
fish teeth, forams. 

Table 4.1 Summary of facies descriptions 
environments of deposition. 

and 

Environment 

Upper 
delta-plain 
and/or 
alluvial 
plain 

Lower 
delta-plain 

Prodelta 
"and 
delta-front 
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their inferred 
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4.2 Lower facies: Descript~on 

This facies occupied the basal part of all sections in 

the study area and represents a transition zone between the 

Claggett and the Judith River Formations. It overlies the 

marine Claggett Shale with a gradational contact and is in 

turn overlain abruptly by the basal sandstone unit of the 

overlying middle facies (Enclosures A, B ) . The Lower facies 

measures from 16.5m thick in Milk River sections, to 38m 

thick in the Little Rockies sections. It forms a coarsening

upward sequence, consisting of shale interbedded with 

siltstone. For descriptive purposes, the facies is 

subdivided into subfacies A, B, and C. 

4.2.1 Subfacies A 

This subfacies constitutes most of the lower facies. It 

consists predominantly of shale with irregularly spaced 

interbeds and lenses of silt. Minute particles of 

carbonaceous detritus are locally present along the 

lamination within shale and siltstone. The shale is dark 

grey on fresh surfaces and light grey on weathered 

surfacies. It is soft, generally fissile, locally blocky, 

and becomes siltier up~ard (Figure 4.1). The _shale commonly 

displays a mottled appearance, as a result of intensive 



Figure 4 .1 Subfacies A, Milk River area: 
soft, and fissile shale; 3 m above base of 
silty shale with thin beds and lenses of 
above base of section # 1. 
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(a) dark grey, 
section # 1. (b) 

(b) silt, 12 m 
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reworking by invertebrate organi$mS. The silt is 

argillaceous, poorly cemented or unconsolidated. The silt 

beds range in thickness from 1cm to 7cm and bed thicknesses 

increase upwards; they commonly have both lower and upper 

gradational contacts with the shale beds. 

Parallel laminations, produced by variations in colour 

and grain size, are the dominant sedimentary structures in 

subfacies A. Shale laminae are dark grey, whereas silty 

shale or silt laminae are lighter in colour. Faint ripple 

cross-laminations are visible in some silt beds. 

Fossils found in subfacies A include bivalves, 

gastropods, and foraminifera. Bivalves and gastropods are 

segregated in one 8cm thick bed that is apparently laterally 

continuous in the Milk River area. Bivalve shells are 

invariably dissociated whereas gastropod shells are 

predominantly intact (Figure 4.2). The gastropod shells 

have been identified here as Euspira aff. E. Subcrassum 

(Meek and Hayden) (Cobban, W.A., 1989, personal 

communication) . Shale samples collected from subfacies A 

yielded abundant shallow-water benthonic foraminifera, 

including: Eoeponidella strombodes, Haplaphragmoides rota 

Nauss, and Haplaphragmoides cf. impensus Mar~in (North, 

B.R., personal communication, 1989) (Figure 4.3). Rarely, 
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Figure 4.2 Bedding plane view of dissociated bivalve shells 
and intact gastropod shells, segregated in a thin bed in 
subfacies A, Milk River area, 9m above base of section# 1. 



Figure 4.3 Foraminifera from subfacies A: 

(a) Haplaphragmoides rota Nauss, 4 m above base of section # 
1 (Enclosure A), Milk River area. 
(b) Haplaphragmoides cf. impensus Martin, 19m above base of 
section# 4 (Enclosure B), Little Rocies area. 
(c) Eoeponidella strombodes, 12.5 m above base of setion # 2 
(Enclosure A), Milk River area. 
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ostracodes also have been extracted from shale of subfacies 

A (Enclosure A, section 1). 

4.2.2 Subfacies B 

Subfacies B occupies the upper part of the lower facies 

(Enclosure A), and is composed of interbedded silt and shale 

(Figure 4.4). It passes downwards gradually into the 

predominantly shale and silty shale beds of subfacies A, and 

is abruptly overlain by the basal sandstone unit of the 

overlying middle facies. Subfacies B has been encountered 

only in the Milk River area and has not been recognized in 

the Little Rockies area. The thickness of the facies varies 

between 6m and 9m. Silt beds are commonly continuous, and 

are lenticular in places. They are thicker than those of 

subfacies A, and commonly have sharp basal contacts with 

shale; they increase in number and thickness upward. The 

silt beds are unconsolidated or poorly cemented. The shale 

is dark grey on fresh surfaces and light grey on weathered 

surfaces; it is silty, soft, usually fissile, and locally 

bioturbated. Dark plant fragments are common in the silt and 

shale beds. These fragments increase in frequency of 

occurrence towards th~ top of subfacies B, wqere they 

commonly occur as segregations of black carbonaceous 



Figure 4. 4 
15m above 
area. 
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Interbedded silt and shale beds of subfacies B, 
base of section # 1 (Enclosure A) , Milk River 



detritus along the bedding plane, and locally, as small 

isolated lenses within beds. 
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Ripple cross~lamination and parallel lamination are 

observed in the silt beds. Laminae are commonly marked by 

black carbonaceous detritus. Locally, in silt beds, sm?ll

scale distorted laminations could also be seen. Parallel 

lamination in the shale is defined by alternation of darker 

and lighter laminae. 

Shale samples from subfacies B also yielded abundant 

foraminifera, of the same species as those of subfacies A 

(Figure 4.3). Fish teeth, belonging to the sawfish 

Ischyrhiza mira Leidy (Sarjeant, W.A.S., personal 

communication, 1989) have also been found in Subfacies B 

(Enclosure E, sections 1, 3). 

4.2.3 Subfacies C 

This subfacies consists of well-cemented, ledge

forming, siltstone beds which punctuate the otherwise 

homogeneous sequence of subfacies A. The siltstone beds are 

characterized by the presence of hummocky cross

stratification. The subfacies is represented by a number of 

beds in the Little Rockies area and by a single bed in the 

Milk River area. Each occurrence is discussed separately 
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below. 

Little Rockies area: 

Subfacies C is distinguished by regularly interbedded 

siltstone and shale beds (Enclosure B). These form small

scale sequences, each of which starts with a sharp contact, 

is overlain by siltstone and ends with shale. The siltstone 

beds range in thickness from lOcm to lm (average 20 em); 

they are moderately to well sorted and moderately to well 

cemented. On weathering, the beds split along laminae and 

acquire a "flaggy" appearance (Figure 4.5). The shale is 

dark grey to brownish, soft, and commonly fissile; it is 

generally silty with small scattered pockets and streaks of 

siltstone. Parallel lamination, produced by alternation of 

lighter and darker laminae, was observed in the shale. 

Reworking by invertebrate organisms usually gives the shale 

a mottled appearance. 

Internally, the siltstone beds exhibit hummocky cross

stratification (Figure 4.6)4 Plant detritus is common in the 

laminae of hummocky cross-lamination. The hummocky beds show 

the following sequence: (1) sharp and flat basal surfaces; 

(2) a hummocky cross-stratified zone; and (3) a bioturbated 

top. Locally, ripple cross-lamination can be 
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(a) 

(b) 

Figure 4 . 5 Hummocky cross-stratification in subfacies C, 
Little Rockies area. Note: (a)· sharp base of the siltstone 
(tip of trowel), 11m above base of section# 4 (Enclosure B) 
and (b) weathering into flaggy layers, 17m above base o f 
section # 4 (Enclosure B) . 
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(a) 

(b) 

Figure 4.6 Hummocky cross-stratification (HCS) in. subfacies 
C, 11-17 m above section# 4 (Enclosure B), Little Rockies 
area: (a) faint HCS (to the right) . (b) an isolated set of 
HCS (below the knife), note sharp base of the hummocky bed. 



recognized at the top, although the ripples are usually 

obscured by bioturbation. Sets of hummocky cross

stratification vary in thickness from 10cm to 20cm. The 

upper contact of each hummocky bed with shale is either 

sharp or gradational. 
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The above features of hummocky cross-stratification 

resemble in many respects those described from ancient 

strata (Goldring and Bridge, 1973; Cotter, 1975; Walker, 

1984a, Cant, 1980). In particular, the hummocky beds are 

similar to those described by Dott and Bourgeois (1982) from 

Cretaceous rocks. Using the terminology adopted by these 

authors, the first-, second-, and third-order surfaces of 

the idealized hummocky sequence of Dott and Bourgeois, can 

be labelled in the hummocky cross beds of subfacies C 

(Figure 4.7). 

Milk River area: 

In the Milk River area subfacies C is represented by 

only one, thick (3.5 m) siltstone unit. The unit maintains 

a fixed stratigraphic position, and is traceable around the 

valley sides as a ledge in the slope, recognizable from a 

far. The unit serves as a good marker bed, t~e base of which 

has been chosen as the boundary between the Judith River and 
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Figure 4. 7 Comparison of the the hummocky sequence of the 
lower facies, in the Little Rockies area (A) and the ideal 
hummocky sequence of Dott and Bourgeois, 1982 (B) . 
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the Claggett Formations in the Milk River area. 

The basal contact of the siltstone is invariably sharp, 

erosive, and horizontal (Figure 4.8a). The upper contact 

varies from sharp to gradational. Lithologically, the unit 

consists of well to moderately sorted siltstone. Locally, 

dark carbonaceous detritus is common along the laminae. The 

siltstone is well cemented by carbonate; however, in some 

places it is friable (Figure 4.8a). It commonly weathered 

into large concretions and splits into thin, undulatory, 

flaggy layers. 

The concretionary nature of the unit obscures internal 

stratification and sedimentary structures can rarely be 

recognized. Where observed, they include broad trough sets, 

intersecting at low angles (Figure 4.8b). These structures 

resemble hummocky cross-stratification, but are more 

comparable to "Swaley Cross Stratification"(the swaley part 

of hummocky cross-stratification) of Walker (1982, Figure 

9). They share the following characteristics with Walker's 

swaley cross-stratification: (1) intersecting broad troughs 

(swales) with laminae conformable to the lower boundary 

surface; (2) weathering into flaggy layers that follow the 

laminations; and (3) o~currence as a thick siltstone bed. 

Another, more subtle, structure is ripple cross-lamination 
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(a) 

(b) 

Figure 4. 8 Hummocky cross-stratification in subfacies C, 
sections# 3 (a) and# 1 (b) (Enclosure A), Milk River area: 
(a) sharp, erosive, and horizontal basal contact (above the 
top of the trowel) of subfacies C. (b) low-angle 
intersections of "Swales" (to the left), note weathering 
into flaggy layers. 



which is restricted to the topmost part of the siltstone 

unit. 
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The fossils found in subfacies C comprise ammonite, 

bivalves, and foraminifera. Ammonites, including both coiled 

and straight (Baculites) forms, were found locally in the 

hummocky beds (Figure 4.9). Coiled ammonites are probably 

Placenticeras syrtale (Cobban, W.A., 1989, personal 

communication) . The bivalves have been assigned to 

Cymbophora Warrenana (Meek and Hayden) and Ethmocardium 

ursaniense Landes (Cobban, W.A., 1989, personal 

communication) . Abundant foraminifera species, identical to 

those found in subfacies A and B (Figure 4.3), have been 

extracted from shale samples of subfacies C. 

4.3 Lower facies: Interpretation 

The fauna, comprising bivalves, gastropods, ammonites, 

foraminifera, and fish teeth indicate a marine origin for 

the sediments of the lower facies. Subfacies A was deposited 

essentially from suspension, under calm-water conditions, as 

indicated by the predominance of shale, quiet-water 

sedimentary structures (parallel lamination, ripple cross

lamination), and bioturbation. An offshore setting seems to 

be the appropriate site for the deposition of Subfacies A. 
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Figure 4.9 Straight ammonite (Baculites) in hummocky bed of 
subfacies C, 5 m above base of section # 2 (Enclosure A) , 
Milk River area. 
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The sediments of Subfacies B were laid down under 

comparatively more agitated conditions. This is suggested by 

the increase in both thickness and frequency of occurrence 

of siltstone beds, abundance of ripple cross-lamination, and 

a marked decrease in bioturbation. Sediments of subfacies B 

were probably deposited in a relatively nearshore setting 

compared to the site of deposition of the sediments of 

subfacies A. The abundance and the upwards increase of plant 

fragments in subfacies B, suggest proximity to a river 

mouth. 

The presence of hummocky cross-stratification in 

subfacies C sediments, provides a valuable interpretive 

tool. Although the origin of these structures is 

speculative, increasingly it has become accepted that they 

were formed by storm waves below the fair-weather wave base 

(Harms et al., 1975; Hamblin and Walker, 1979; Cant, 1980; 

Dott and Bourgeois, 1982; Leckie and Walker, 1982; Duke, 

1985). Recently, hummocky cross-stratification was 

documented as being formed in recent sediments of the storm

dominated nearshore of Georgian Bay, Canada (Greenwood and 

Sherman, 1986). In the present area, the quiet sea bottom 

environment was appare?tly subjected to intermittent storms 

that introduced a sufficient amount of silt and formed the 



hummocky beds. Plant detritus, commonly occurring in 

hummocky beds, might have been transported from the shore. 
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In the Little Rockies area, the repetitive nature of 

the hummocky beds (alternating with shale) strongly suggests 

alternation between quiet and stormy conditions. The sharp 

and erosive bases of the hummocky beds, represent the abrupt 

introduction of silt into an otherwise quiet muddy 

environment. As a storm waned, small ripples formed on the 

top the hummocky beds. Eventually, normal fair-weather 

conditions would res~med and clay would be deposited over 

the hummocky sequence. Restriction of bioturbation to the 

upper surface of the siltstone beds indicates that these 

beds were deposited rapidly, leaving no opportunity for 

reworking by animals (Seilacher, 1962; Cant, 1980) . The 

close spacing of the hummocky beds suggests that storm 

events were relatively frequent, but enough time had elapsed 

to permit both bioturbation of the bed tops and deposition 

of clay. Cant (1980) interpreted a similar sequence of 

hummocky beds, from the Arisaig Group of Nova Scotia, as 

storm deposits. Also, the hummocky beds of Subfacies C are 

comparable to those described by Kumar and Sanders (1976) 

from modern nearshore ~ediments affected by ~terms, however, 

the basal lags described by Kumar and Sanders are absent. 
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In the Milk River area, instead of individual beds, 

only one thick hummocky unit is present, with no shale 

interbeds. This unit probably resulted from amalgamation of 

storm beds (Dott and Bourgeois, 1982). Walker (1982) 

interpreted his swaley cross-stratification as amalgamated 

sand bodies that were deposited by storms in water shallower 

than that associated with hummocky cross-stratification. 

However, other than the thickness (3.5 - 4 m) of the 

hummocky unit, no evidence of amalgamation has been 

encountered in the field. The weathering nature (concretions 

and flaggy layers) of the siltstone probably has masked the 

evidence. 

In conclusion, the sediments of the lower facies were 

deposited in an offshore area, affected intermittently by 

storms, and in a nearshore environments. The lithology, 

plant fragments, bioturbation, and vertical arrangement of 

the subfacies (coarsening-upwards) imply a prograding 

shoreline sequence (more discussion in chapter 6) . 

Essentially similar sequences have been described by Rahmani 

(1989) from Cretaceous deltaic (prodelta and delta-front) 

sediments in Alberta, Canada. 
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4.4 ~ddle Facies: Description 

This major facies overlies the lower facies everywhere 

with a sharp and erosive contact, and is, in turn, overlain 

sharply and erosively by the upper facies. A veneer of 

recent soil covers most of this facies and trenching is 

necessary to expose the sediments. The middle facies is 

distinguished from the lower and upper facies by being more 

heterogeneous. It can be divided into four subfacies: 

subfacies D, E, F, and G. Subfacies D is laterally extensive 

and underlies the interstratified and interfingered 

subfacies E, F, and G. 

4.4.1 Subfacies D 

Subfacies D forms the base for the middle facies in the 

Milk River area; it has not been definitely identified in 

the Little Rockies area. In the Milk River area, subfacies D 

occurs at only one position in the stratigraphic sections, 

underlying carbonaceous beds of subfacies F and overlying 

subfacies B of the lower facies (Enclosures A, C) . Subfacies 

D is from 2.5 to 3.5 m thick; it forms a ledge on the hills 

slope and is commonly weathered into large, rounded, and 

well-cemented concreti?ns. The facies can easily be traced 

laterally for more than 2 km. In every exposure, it overlies 
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the lower facies with a sharp, erosive, and flat contact. 

The upper contact varies from gradational to sharp. (Figure 

4.10). Subfacies D comprises well-sorted, well-cemented, 

fine-grained sandstone. Locally, where this subfacies is 

overlain directly by carbonaceous shale, it is poorly 

cemented or friable. Thin,lenses and layers of mudstone are 

present locally in Subfacies D. Black carbonaceous detritus 

is common, particularly along the lamination of the 

sandstone. In some localities, the unit shows a fining-

upwards trend, becoming both siltier and muddier towards the 

top. 

Primary sedimentary structures include: trough cross-

bedding; ripple cross-lamination; and flaser-, lenticular-

and wavy-bedding.Ripple cross-lamination exhibits a clear 

bimodal (bipolar) current direction, with major modes to the 

east and west (Figure 4.11). Where measurements were 

possible, ripple crests were found to have a nearly south-

north trend. Flaser-, lenticular-, and wavy-bedding are 

characteristic of the upper (muddier and iiltier) part of 

the subfacies (Figure 4.12). Foresets of opposite current 

directions can also be recognized in the wavy-bedding. 

Locally, epsilon cross-stratification (Allen, 1963a), - . 

oriented generally north-south, was identified in the upper 
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Figure 4.10 Outcrop view of subfacies D showing its sharp , 
erosional, and flat basal contact with the underlying lower 
facies; section #2 (Enclosure A), ~lk River area. 
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N 

CD 

Figure 4 .11 Paleocurrent rose diagram for foreset dip of 
ripple cross-lamination of subfacies D, ~lk River area. n = 
total number of measurements. 



Figure 4.12 Upper part of subfacies D, 25 m above base of 
section# 1 (Enclosure A)r Milk River area: 

(a) Shows a nice trend from rippled beds to rippled beds 
with drapes. 

(b) Shows wavy-bedding (lower part of the photo.), with 
continuous layers of sandstone and mudstone. 
Lenticular-bedding (middle of the photo.), note isolated 
sandstone lenses in the mudstone. Scale is 1.5 m long. 
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(muddier) part (Figure 4.13). 

4.4.2 Subfacies E 

Subfacies E occurs more commonly than the other 

subfacies of the middle facies. It consists mainly of dark 

coloured mudstone or shale and siltstone, with interbeds of 

fin-grained sandstone. Beds of this subfacies are not 

laterally extensive and they commonly grade into one another 

over distances of 20 to 45rn; a few beds, however, extend for 

a considerable distance, acquiring a sheet-like geometry. 

The mudstone or shale is grey on weathered surfaces and 

dark-grey on fresh surfaces. It is friable, mostly silty, 

and commonly has plant remains and rootlets throughout; the 

mudstone is commonly massive and mottled. Siltstone and 

sandstone beds are thin (10 ern to 35crn) and poorly sorted; 

they also are friable to moderately cemented. Plant detritus 

and rootlets are also common in these beds. Laterally, 

siltstone and sandstone beds generally pass into the 

mudstone or shale. The bases of the siltstone and sandstone 

beds are either sharp or gradational, whereas the upper 

contacts are normally gradational. A subtle, generally 

coarsening-upwards trend can be recognized in subfacies E. 
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Figure 4.13 Wall dug in the upper part of subfacies D (25m 
above base of setion # 1 , Enclosure A, Milk River area) , 
showing epsilon cross-stratification. Beds dip from right to 
left. Scale is 1 . 5 m long . 
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,Primary sedimentary structures are usually hard to 

identify, and trenching in such friable lithologies usually 

destroys the sedimentary structures. Nevertheless, faint 

ripple cross-lamination was observed in the siltstone and 

sandstone beds. Parallel lamination is mainly confined to 

the mudstone and shale, where the laminae are commonly 

highlighted by black carbonaceous debris. Small-scale 

contorted bedding and bioturbation were noted locally. 

4.4.3. Subfacies F 

This subfacies is the most obvious and noticeable, it 

is made up of carbonaceous beds recognizable from a great 

distance. The unweathered surfaces of the beds are dark 

brown where carbonaceous debris is abundance, and greenish 

where it is less so; the beds weather to light brown 

(Figure 4.14). Carbonaceous beds are concentrated at the 

base of the lower facies and are commonly found interbedded 

with beds of subfacies E (Enclosure A); laterally, they pass 

gradationally into the beds of subfacies E. The beds are 

continuous and can be traced unbroken for as much as 0.5km. 

They also bifurcate, embracing mudstone (or shale) or 

siltstone beds. The be?s range from 30cm to llbcm. in 

thickness. Upper contacts of the beds are commonly sharp, 



Figure 4.14 Carbonaceous bed of subfacies F, 29m above base 
of section# 1 (Enclosure A), ~lk River area: 

(a) carbonaceous bed overlain sharply by sandstone bed of 
Subfacies E. 

(b) carbonaceous bed with rootlets penetrating vertically 
into the underlying sandstone bed of Subfacies E. 
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whereas lower contacts are usually.gradational. 

Lithologically, the carbonaceous beds are composed 

mainly of silty shale very rich in plant remains, including, 

twigs, rootlets, leaves, and their impressions. Coaly 

lenses and yellowish segregations are common. On geochemical 

analysis, one sample from these segregations yielded 8% 

sulfur (Saskatchewan Research Council) . Roots are a few 

millimetres to a maximum of 1cm in diameter. They penetrate 

vertically into the underlying bed, to a maximum depth of 15 

em (Figure 4.14). Ripple cross-lamination was the only 

observed sedimentary structures. 

Each of the five samples from the carbonaceous beds 

when analyzed for palynomorphs, yielded a rich assemblage of 

well-preserved terrestrial, pollens, spores, and cuticles. 

No unequivocal marine palynomorphs were recognized. The 

assemblage is characterized by the dominance of the species 

Tricolpites reticulatus and Retitricolpites georgensis, with 

lesser abundance of Aquilapollenites, Triletes and 

Monoletes. Figure 4.15 and 5.16 display selected 

representatives of spores and pollen found in the 

carbonaceous shale samples. 
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(c) (d) 

Figure 4.15 Pollen from carbonaceous shale beds, section # 
1, Milk River area (magnification: figures(a, b, c, d) = x 
1250, figures(e ,f) = x 750): 
(a) and (b) Retitricolpites georgensis, (c) and (d) 
Tricolpites reticulatus, (e) Aquilapollenites quadrilobus, 
(f) Aquilapollenites rigidus. 
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(a) 

(b) 

Figure 4 .16 Spores from carb011aceous shale beds 1 section # 
3, Milk River area, (Figures magnified x 1250) : 

(a) Monoletes: Laevigatosporites 
Deltoidospora Juntum. 

spp. 1 (b) Triletes : 
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4.3.4 Subfacies G 

Subfacies G is less common than the two preceding 

subfacies. It consists of fine-grained sandstone with layers 

and lenses of mudstone. Carbonaceous detritus is abundant, 

especially where the subfacies overlies a carbonaceous bed 

(subfacies F) . The sandstone beds of this subfacies are 

thicker (0.5 to 2 m) than those of subfacies E, and are 

more continuous laterally. Basal contacts are everywhere 

sharp and commonly overlain by small mudclasts; upper 

contacts are usually gradational. 

Subfacies G locally shows epsilon cross-stratification 

structure. Because of the good exposure, ·the description of 

these structures is based primarily on observations 

collected from outcrops in the Milk River area. The epsilon 

structures form solitary sets of inclined beds that are 

defined by mudstone layers and lenses. These mudstone layers 

increase both in thickness and frequency upwards, and 

eventually merge into an overlying mudstone unit (Figure 

4.17). 

Internally, the epsilon cross-stratification is 

composed of major inclined surfaces with a uniform dip 

(ranging from 10° to 15°) . The inclined surfaces can be 

traced laterally down dip into a structureless or faintly 
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Figure 4.17 An outcrop of subfacies G, overlying 
a carbonaceous bed, showing epsilon cross-stratification 
(beds dip away from the observer), the inclined unit becomes 
gradually muddier upwards; 32 . Sm above base of section # 2, 
Milk River area. 
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trough cross-bedded fine-grained sandstone. Small-scale 

planar sets, climbing at an angle to the major inclined 

surfaces, have been observed (Figure 4.18). Paleocurrent 

measurements from these sets indicate unidirectional 

paleoflow, obliquely up the inclined surfaces. Also, small 

isolated convolute structures are common within the inclined 

beds. In these structures the laminae have been deformed 

into small microfolds -usually upright (Figure 4.18). 

Other sedimentary structures observed in subfacues G 

include faint trough cross-bedding at the base, and ripple 

cross-lamination at the top of the subfacies. Small-scale 

channel-fill structures were also noticed (Figure 4.19). The 

fill consists of interdedded mudstone and siltstone. 

Locally, a thin sequence consisting of regularly

alternating thin beds of siltstone and mudstone is found 

above subfacies G. Beds thicknesses range from 3 em to 15 

em. The siltstone beds have sharp bases, and the mudstone 

beds are rich in carbonaceous debris. Ripple cross

lamination is common in the siltstone beds. The sequence is 

normally overlain by carbonaceous beds (Figure 4.19). 
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(a) 

Figure 4 . 18 Outcrops of Subfacies G (32 . 5 _m above base of 
section # 2) showing : (a) small- scale planar sets (middle of 
Jacob ' s Staff) climbing obliquely to the major inclined 
surfaces which dip to the left, paleocurrent direction of 
the sets is away from the observer; (b) convolute structures 
within the major inclined surfaces. Jacob's Staff is 1.5 m 
long. 
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(a) 

/ 

(b) 

Figure 4.19 (a) Subfacies G, section # 1, ~lk River area: 
(a) small-scale, symmetrical channel-fill structure; channel 
axis has a general east-west orientation. (b) a sequence of 
alternating thin beds of siltstone and mudstone, overlying 
subfacies G and overlained by carbonaceous shale. 



4.5 ~ddle Facies: Interpretation 

4.5.1 Subfacies D 
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The sharp erosional base, the fining-upwards trend, and 

the presence of trough cross-bedding and epsilon cross

stratification, suggest that subfacies D was deposited in 

channels or point bars. Further more, the bidirectional flow 

pattern of the ripple cross-lamination, and the presence of 

flaser-, lenticular-, and wavy-beddings indicate deposition 

under tidal influence. Flaser-, lenticular-, and wavy

b~dding indicate alternating periods of active currents and 

slack water (Reineck and Singh, 1980). Subfacies D was 

possibly deposited either in tide-influenced channel or 

tidal channels. Although the two possible interpretations 

(tide-influenced channel and tidal channel) explain some of 

the characteristics of subfacies D, other features remain 

difficult to account for. These include the wide lateral 

extension of the single sandstone unit with its sharp and 

flat base, and its well-sorted nature. Accordingly, a third 

alternative interpretation is invoked to account for these 

features. Subfacies D probably was originated as a beach 

sand unit that had been subsequently reworked completely by 

tidal inlet(s). The following characteristics of the 

subfacies support such an interpretation: (1) good sorting; 
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(2) extensive lateral continuity and sheet geometry; and (3) 

occurrence as a single sandstone body with a sharp 

horizontal erosion base, and with a constant stratigraphic 

position. Possibly, barrier islands and associated tidal 

inlets were present along the coast in the study area. 

Lateral migration of tidal inlets could have deposited this 

laterally-extensive blanket of sandstone. Modern tidal 

inlets of the Georgian barrier islands have reworked coastal 

sediments in a strip 6-8 miles wide (Hoyt and Henry, 1965). 

Recently, Cheel and Leckie (1990) documented lateral 

accretion structures from inferred tidal inlet deposits of 

the Virge1le Member (Milk River Formation) in Alberta. 

However, three features of subfacies D remain difficult to 

account for by tidal inlet interpretation. First, the 

absence of lag clasts on the erosion basal surfaces of 

subfacies D is unusual, especially because the underlying 

muddy sediments (of subfacies B), if cohesive, could have 

provided these clasts. Second, the absence of herringbone 

cross-bedding, reactivation surfaces, and tidal bundles -

structures characteristic of tidal inlets deposits. Third, 

the presence of sharply defined, smooth, and horizontal 

basal surface, without any obvious scouring. 

Tide-influenced channel deposits, similar to subfacies 
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D have been described from the modern distributary channels 

of the Niger-deltaplain. These distributary channels are 

periodically backed up by tides, creating a complex water 

movement pattern (Allen, 1963b). Hubert et al. (1972) and 

Graaf (1972) gave accounts of similar tide-influenced 

channel deposits from the Cretaceous delta-plains in the 

western Interior of United States. In modern tidal channel 

point bars in South Carolina (Barwis, 1982) flaser-, 

lenticular-, and wavy-bedding structures are confined to the

tops of the point bars. This is similar to the position of 

these structures in subfacies D. Subfacies D also resembles 

the tidal inlet sequence described by Uhler et al. (1988) 

from the upper Sundance Formation (Jurassic) . Both are 

tabular and laterally extensive, have flaser-, lenticular-, 

and wavy-bedding, erosive bases and they both show opposing 

paleocurrent directions~ 

In conclusion, three possible alternative environmental 

interpretations are forwarded to account for the deposition 

of subfacies D. These are tidal channels, tide-influenced 

channels, and tidal inlets channels. 
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4.5.2 Subfacies E 

The sediments of subfacies E are interpreted here as 

floodplain or interdistributary bay-fill deposits. They 

share the following features with the interdistributary bay

fill sequence (Elliott, 1974): (1) interbedded mudstone, 

siltstone, and sandstone; (2) coarsening-upwards trend; (3) 

sandstone beds with sharp bases and sheet-like geometry; (4) 

parallel and ripple cross-laminations. Parallel lamination 

and poor sorting of subfacies E sediments suggest that these 

sediments were deposited from suspension, under calm-water 

conditions. Sandstone beds, locally acquiring sheet-like 

geometry and having sharp bases, are probably crevasse 

splays and overbank deposits. Progradation of these 

deposits, as indicated by the coarsening-upwards trend, led 

to the filling of the floodplains or interdistributary areas 

and formation of exposed surfaces, suitable for plant growth 

(as suggested by the presence of plant re~ains and 

rootlets) . The sharp bases of sandstone beds imply 

deposition in the proximal part of the floodplains, where 

crevasse splays were highly erosive (Elliott, 1974). 
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4.5.3 Subfacies F 

The abundance of plant remains in the carbonaceous beds 

of subfacies F requires a setting with plenty of organic 

matter. The preservation of these remains further suggests 

that vegetal matter had accumulated in a protected setting, 

where it was not subjected to oxidation over a lengthy 

period. Vertical rootlets, penetrating into underlying beds, 

indicate in situ formation of the carbonaceous beds. 

Poorly-drained marsh areas are a common setting for the 

accumulation and preservation of organic matter. Rootlets 

and minute plant remains hint at the herbaceous nature of 

the marsh vegetation. The position of the carbonaceous beds 

(usually associated with subfacies E ) argues for an in situ 

formation by the invation of fine suspended sediments during 

flood discharge. The local bifurcation of carbonaceous beds 

was probably caused by the advance of contemporaneous 

crevasse splays and overbank deposits into the marshy area. 

Sulphur in the carbonaceous shale could be considered 

as indicative of the reducing conditions previously 

postulated. Sulphur was probably released from plants on 

degradation, and incorporated in the sediments (Rust et al., 

1984). Also sulphates ~ight have constituted an additional 

source for sulphur (Casagrande, 1987). Sulphates were 



provided by the sea water, which might periodically have 

invaded the low-lying marshes and interdistributary areas. 
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Tricolpites reticulatus and Retitricolpites georgensis 

are probably fossil representatives of the modern Gunnera 

pollen, which is restricted to warm temperate to tropical 

areas (Sweet, A.R., personal communication, 1989). This, and 

the fact that the spores and pollen are abundant and well 

pr~served, suggest a protected reducing environment. Low

lying marshes of a lower delta-plain provided a suitable 

environment for production, deposition, and preservation of 

the spores and pollen. 

The present carbonaceous beds are similar to the marsh 

deposits of the Mississippi delta. In the Recent and present 

lower delta-plain of the Mississippi, clay rich in organic 

matter and peat accumulated in the marshes and 

interdistributary areas (Coleman et al., 1964; Koster and 

Bailey, 1984) 

4.5.4 Subfacies G 

Subfacies G is interpreted as channel deposits. This is 

based on the following criteria: (1) a sharp base, commonly 

with mudclasts, (2) the fining-upwards trend, (3) lateral 

continuity, ( 4) trough cross-bedding, (5) epsilon cross-
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stratification, and (6) channel-fill structures. Epsilon 

cross-stratification, in conjunction with the fining-upwards 

trend, suggests deposition by point bars in meandering 

channels. Epsilon cross-stratification is widely accepted 

among sedimentologists as a record of lateral accretion of 

point bars. The inclined surfaces represent successive 

positions of the point bar surface as the channels migrated 

laterally. If the thickness of the epsilon cross-stratified 

unit corresponds to the channel depth at bankfull stage 

(Allen, 1963a), then these channels reached up to 2m in 

depth. Intercalation of mudstone layers and lenses indicates 

fluctuation in the discharge of channels. 

Small-scale channel-fill structures (Figure 4.19) are 

fine-grained channel-plugs, probably caused by rapid channel 

abandonment. Very similar channel-fill structures are common 

in the Carboniferous lower delta-plain deposits of eastern 

Kentucky (Horne et al., 1978). Convolute laminations in 

subfacies G were likely produced by dewatering of the 

sediments (Reineck and Singh, 1980). In particular, upright 

microfolds suggest formation by vertical dewatering (Allen, 

1977). 

Epsilon cross-stratification, similar to those of 

subfacies G, has been observed in ancient sediments. Flach 
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and Mossop, {1985) described similar epsilon structures from 

the McMurray Formation {Cretaceous), Alberta. Puigdefabregas 

and Van Vliet {1978) also gave an account of epsilon 

structures very similar to those of subfacies G. However, in 

both these examples the epsilon sets are thicker. This could 

be attributed to deeper channels. Elliott, (1976) and 

Fielding {1985) described similar epsilon structures from 

the Carboniferous fluvio-deltaic sequences in northern 

England. There, the structures consist of small sets of 

sandstone and sh~le, with the whole set fining-upwards. 

The sequence of alternating coarse and fine beds 

(Figure 4.19), associated with subfacies G is interpreted as 

a levee deposits. Coarse beds were deposited during overbank 

floods over the channel banks, whereas finer sediments 

settled down from suspension during low water stages. This 

regular alternation of coarse and fine beds indicates 

deposition was governed by seasonal discharge. A strikingly 

similar sequence of levee deposits was described by Elliott, 

(1974) in his model for an interdistributary bay sequences. 

4.6 Upper Facies: Description 

This facies occup~es the upper third of the-measured 

sections in the area {Enclosure A, B) and overlies the 
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middle facies sharply (Figure 4.20). The upper contact has 

been eroded and is overlain by a veneer of Tertiary gravels. 

However, in the Little Rockies area, the whole facies is 

preserved (Enclosure B, setion # 5) . The upper facies 

represents the upper member of the Judith River Formation 

(Figure 3.1, 3.2). It can be divided readily into two 

distinct subfacies: subfacies H (sandstone unit) and 

subfacies I (mudstone unit) . 

4.6.1 Subfacies H 

Subfacies H consists of single-storey sheet sandstone 

units that commonly form cliffs. As compared to the 

sandstone of subfacies G, these are thicker and more 

extensive laterally. In all examples, the sandstone units 

overlie an erosional surface cut into the underlying muddy 

deposits of subfacies I (Figure 4.21) .The erosional surface 

is flat to undulatory and locally has scours a few 

centimetres deep. Mud clasts are commonly aligned along this 

surface. In the Little Rockies area, the mud clasts form 

thin intraformational conglomerates (Enclosure B, section # 

5) . The upper contact of subfacies H with the overlying 

muddy beds of subfacies I, is commonly gradational. The 

thickness of individual sandstone units varies between 3m 
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figure 4 . 20 An outcrop view showing the upper facies 
(lighter) overlying sharply the underlying middle facies 
(darker), section# 1, Milk River area. 
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Figure 4. 21 General view of the upper facies showing the 
regular alternation of subfacies H (lighter) and subfacies 
I(darker), section# 1, Milk River area. 
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and 4m. Laterally, the sandstone can be traced for more than 

half a kilometre before it wedges out. 

Subfacies H is composed of medium-grained, moderately 

to well-sorted, and moderately to well-cemented sandstone. 

Scattered mud clasts and black carbonaceous remains are 

common locally. The sandstone shows no systematic upwards 

trend in the grain size, but it does have a distinct 

vertical sequence of sedimentary structures. Trough cross

bedding occupies the lower two-thirds of the sandstone unit, 

passing upwards into ripple cross-lamination in the upper 

third (Enclosure A) . Sets of trough cross-beds are typically 

15m to 30m thick (Figure 4.22). The upper ripple cross

laminated part commonly forms concretions up to 1.5 m in 

diameter (Figure 4.22). Contorted bedding structures are 

also present and are confined to the upper cross rippled

laminated part. Two types of contorted structures were 

recognized. The dominant type consists of tight "anticlines" 

and relatively broad "synclines", similar to that in the 

middle facies (subfacies G) . The other type consists of 

larger structures with round, open, and tilted anticlines 

(Figures 4.23a). This latter type shows clear signs of 

lateral movement, as exemplified by the associated micro

drag folds. Paleocurrent data from the trough cross-beds 
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(a) 

(b) 

Figure 4 . 22 (a) Lower two-thirds of Subfacies H showing 
trough cross bedding. (b) Upper part of subfacies H forming 
concretion (hoodoo structure), height of exposure is approx . 
3.5m. Milk River, section # 2 area . 
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(a) 

(b) 

Figure 4.23 Upper part of subfacies H: (a) contorted 
structures, obscured ripples can be seen in contorted 
laminae, (b) vertical burrows. Milk River, section # 1 area. 



show a broad spread, but generally have a northeast

southeast direction (Figure 4.24). 
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In the Little Rockies area, flute casts occur locally 

at the base of the sandstone units. The casts have a relief 

of 2 to 3cm and a length of 4 to 10 em. They are all 

oriented eeast-west and indicate paleoflow to the east. 

Vertical burrows, with diameters ranging from 0.7 to 2cm and 

penetrating as deeply as 30cm (Figure 4.23b), are common and 

are restricted to the upper rippled part of the sandstone 

units. Relatively large channel-fill structures, cutting 

into the underlying muddy beds of subfacies I, are present 

(Figure 4.25). 

Poorly to well preserved fresh-water bivalves are 

common in subfacies H. Specimens were identified (Johnson, 

P.A., personal communication, 1989) as Fusconia danae (Meek 

and Hayden) . ~ danae also commonly occur in the Oldman 

Formation (equivalent to the upper member of this study) in 

the Dinosaur Provincial Park, Alberta. Rarely, vertebrate 

bones were found in subfacies H (Figure 4.26). Although 

extraction was difficult, because of the the hardness of the 

rock, the bones appeared to be intact rather than 

fragmented. The bones ire probably the remnants of dinosaurs 

or some larger crocodiles (Tokaryk, T; Sarjeant, W.A.S.; 
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Figure 4.24 Paleocurrent rose diagram for the trough cross
bedding of subfacies H, ~lk River and Little Rockies areas. 
n = total number of measurements. 
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(a} 

(b) 

Figure 4.25 Channel structures in subfacies H: (a} channel 
structure, scours into middle facies; section # 4 , road cut, 
Little Rockies . (b) Channel structure, scours into subfacies 
I (man's feet), man's hand rests on top of the channel(point 
bar) - sand; section # 1, road cut, Milk River area . 
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(a) 

(b) 

Figure 4.26 (a) and (b) vertebrates bones in subfacies H, 60 
m above base of section # 1, Milk River area. 
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personal communication, 1989) . 

4.6.2 Subfacies I 

Subfacies I (mudstone unit) always overlies subfacies 

H. The contact between the two is usually gradational. This 

subfacies forms the slope between the cliffs of the 

sandstone units, and is covered by a thin weathered layer. 

It is grey, in contrast to the yellowish-brown sandstone 

units. The thickness varries from lm to 4m. 

Subfacies I is composed predominantly of mudstone and 

siltstone, with a few thin beds of fine-grained sandstone. 

The sandstone beds generally have sharp bases. Siltstone and 

sandstone beds are less common than in the middle facies 

(subfacies E) . Plant remains and vertical rootlets are 

common in the subfacies I. Locally, a thin carbonaceous bed 

appears towards the top of the upper facies. (Enclosure A, 

section # 2). In contrast to the carbonaceous beds of the 

middle facies, this bed is lenticular and of short lateral 

extent. Sedimentary structures are difficult to see, but 

both parallel lamination and ripple cross-lamination were 

observed. 
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4.6.3 Subfacies J 

This subfacies appears similar to the previously 

described subfacies H, but close investigation reveals 

differences between the two subfacies. Subfacies J occupies 

the uppermost of the outcrops in the Milk River area 

(Enclosure A) . It is well exposed in outcrops around section 

# 1, but has been eroded from the rest of the area. This 

subfacies seems not to has been developed in the Little 

Rockies area. 

Like the sandstone units of of subfacies H, subfacies J 

is composed of medium-grained, moderately to well sorted, 

cliff-forming sandstone. However, mud clasts here are 

larger, and aligned along the basal erosional surfaces as 

well as along the foreset laminae. Subfacies H attains 

thickness of more than 6m. It has a sheet geometry and can 

be traced laterally continuously for more than 400m before 

it is eroded away. 

Sedimentary structures in subfacies J typically form a 

vertical sequence, with trough cross-bedding in the lower 

part of the subfacies, and ripple and planar cross

laminations in the upper part. Large-scale trough cross

beds, occupying the lower tw~-thirds of this subfacies, are 

its diagnostic feature. Set thicknesses range from 70cm to 
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lSOcm. Trough cross-bedding is exposed in three dimensions, 

providing a unique opportunity to measure the paleocurrent 

directions fairly precisely (Figure 4.27). Planar and ripple 

cross-laminations are restricted to the top of subfacies J 

(Enclosure A, setion # 1). Planar sets thicknesses vary 

between lScm and 40cm. Planar sets are usually angular, 

although tangential sets are not uncommon (Figure 4.28). 

Paleocurrent distribution from trough cross-bedding are 

strongly unimodal, indicating paleoflow towards the east. On 

the other hand, paleocurrent directions from planar sets are 

comparatively dispersed, with a predominant direction 

towards the south (Figure 4.29). 

Fresh-water bivalves (Fusconia danae), similar·to those 

encountered in subfacies H, have also been found in 

subfacies J. 

4.6.4 Fining-upwards sequences in the upper facies. 

The upper facies is characterized by cyclic repetition 

of identical, fining-upwards sedimentary sequences (figure 

4.30). The sequences range in thickness from 2.5 to 7.5 m. 

Vertically, each sequence displays the following succession 

from base to top: sharp erosional base; trough cross-bedded 

fine-grained sandstone, ripple cross-laminated fine-grained 
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(b) 

Figure 4.27 Subfacies J trough cross-bedding: (a) an outcrop 
showing 3-dimenional view of trough cross-bedding 
structures, (b) close view of a trough cross-set. 72 m above 
base of section # 1, ~lk River area. 
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(a) 

(b) 

Figure 4.28 Subfacies J planar and ripple cross-laminations, 
section # 1, road cut, Milk River area: (a) solitary planar 
set overlain by climbing ripple cross-lamination, note flat 
base and top of the set, set laminae are angular at the top 
and tangential at the base, flow was to the right. (b) 
stacked planar sets, overlain by ripple cross-lamination. 
Flow was to the right. 
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Figure 4.29 Paleocurrent rose diagram for the trough cross
bedding (A) and the planar cross-lamination (B) of subfacies 
J, section # 1 , Milk River area. 
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Figure 4 . 30 Stratigraphic section of the upper facies 
showing the cyclic repetition of the fining-upward sequences 
(each sequence is made-up of subfacies H,at base, and 
subfacies I, at top); redrawn from section # 1, Milk River 
area. 
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sandstone which together comprise subfacies H; and subfacies 

I. Similar sedimentary sequences have been described from 

both modern and ancient sediments by Allen (1963b, 1965b, 

1970a), Friend (1965), Allen and Friend (19680, Jackson 

(1·976). Specifically, the sequences of the upper facies are 

identical to the "cyclothems" described by Allen (1964) from 

the Devonian Old Red Sandstone (more discussion later) . 

4.7 Upper Facies: Interpretation 

4.7.1 Subfacies H 

The characteristics of the sandstone units, comprising 

a sharp erosional base with mudclasts, trough cross-bedding 

grading upwards into ripple cross-lamination, and 

considerable lateral extent, indicate deposition by point 

bars or channels, in meandering streams. These features are 

comparable to those of recent point bar deposits (Bernard 

and Major, 1963; Jackson, 1976). The sharp basal erosion 

surface records lateral migration of the channels across a 

former floodplain. Mudclasts lining these surfaces are 

channel floor lags over which the point bars migrated. The 

composition of these intraclasts shows they were derived 

from the surrounding mudstone unit. Trough cross-beds 

resulted from migration of sinuous megaripples over the 
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channel floor and the lower part of point bars surfaces, 

whereas the ripple cross-lamination register migration of 

small ripples over the upper part of point bars surfaces. As 

channels continued to migrate laterally, trough cross

bedding became overlain by ripple cross-lamination which, in 

turn, became overlain by floodplain deposits (mudstone 

unit) . This upwards-decrease in the scale of the sedimentary 

structures, suggests a decrease in flow velocity up the 

point bar surface (Elliott, 1976) . 

Contorted (convolute) laminations are commonly 

attributed to liquefaction of sediments and gravity 

dragging. They are found in various sedimentary 

environments, including floodplain and point bars. Reineck 

and Singh (1980) credited convolute lamination to the 

emergence of depositional surfaces, causing liquefaction and 

flow in the underlying sediments. This could explain the 

restriction of these structures to the top part of the 

sandstone units (point bars) . Large contorted structures 

(Figure 4.23) are more likely to have been caused by a 

gravitational drag mechanism. The inclined fold axes of 

these structures, coupled with the association of micro

dragfolds, support this interpretation. Steep point bar 

surfaces probably enhanced slumping and encouraged the 
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freshly deposited sediments to flow (Mills, 1983) . 

Although epsilon cross-stratification is commonly 

considered a diagnostic feature of point bar deposits, it 

was not observed in subfacies H. The absence of this 

structure from other point bar deposits has been noticed and 

discussed by a number of workers. Recognition of epsilon 

cross-stratification necessitates outcrops oriented 

perpendicular to the flow (Elliott, 1976; Collinson, 1978). 

Moreover, it is difficult to detect the structures if they 

have very low dips (Nijman and Puigdefabregas, 1978) . The 

homogeneity and good sorting of subfacies H might also has 

contributed to the absence or "undetectability" of epsilon 

structure. In the middle facies (subfacies G), where 

sediments are poorly sorted, epsilon structure has been 

detected. 

Finally, the association of dinosaur (?) bones with the 

deposits of the point bar (Figure 4.26) suggests that these 

animals perished in or adjacent to the active river channels 

(Dodson, 1971). In the latter case, the carcasses would have 

been brought into the channel by cut-bank collapse (Wood et 

al., 1988). Although the Judith River Formation (Oldman 

For~ation) in Alberta yields vast quantities of dinosaurian 

fauna, these were rarely observed in the present area of 



study. This might be due to the scarcity of dinosaurs in 

this region or else, for a variety of reasons, their bones 

were not preserved. 

4.7.2 Subfacies I 
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The sedimentary texture and structures of the mudstone 

unit, as well as its stratigraphic position, overlying the 

sandstone unit, indicate deposition on a floodplain. 

Parallel lamination and ripple cross-lamination were formed 

by deposition from suspension and weak currents, 

respectively. Interbedded fine-grained sandstone beds, 

defined by sharp bases, are probably crevasse splays and 

levee deposits. Crevassing, however, seems to have occurred 

less frequently compared with that of the channels in 

subfacies G. Carbonaceous beds with vertical rootlets 

suggest the establishment of plant growth on the floodplain. 

The relatively thick mudstone units denote highly sinuous 

meandering streams. In such streams, clay-plugs formed by 

cut-off meander loops tend to stabilize the meander belt and 

hence allow accumulation of thick floodplain deposits 

(Walker and Raywick, 1982) . 
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4.7.3 Subfacies J 

The sheet geometry, sharp erosional base, abundant mud 

intraclasts, and vertical sequence of sedimentary structure, 

suggest deposition in braided channels. Large-scale trough 

cross-bedding was formed by sinuous-crested dunes, migrating 

downstream (Coleman, 1969; Cant and Walker, 1978). Since 

trough cross-bedding occupies most of the subfacies, dune 

migration should have constituted the dominant depositional 

process. Stacked sets of planar cross-lamination were 

produced by migration of straight-crested megaripples. 

Paleocurrent directions from these sets are relatively 

dispersed and at an angle to the paleocurrent directions of 

the underlying large trough cross-bedding (Figure 4.29). 

Paleocurrent directions from the large trough cross-bedding 

are taken to represent the main paleoflow direction of the 

braided channels. This is because the large bedforms that 

generated these structures usually responsd to the main flow 

and are less affected by minor flows. The abundance of large 

mud clasts and intraformational beds, probably indicate 

high-velocity currents. 

The sedimentary structures and texture of subfacies J 

have much in common with those of the modern braided South 

Saskatchewan River (Walker and Cant, 1984) and Brahmaputra 
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River (Coleman, 1969) . Both these rivers deposit sandy 

sequences and their channels are floored by large dedforms, 

the migration of which produced large-scale trough cross

beds. Subfacies J and the South Saskatchewan Braided river 

squences share the following features: (1) a sharply 

scoured base with mudclasts, overlain by trough cross

bedding, (2) planar cross-lamination and ripple cross

lamination, and (3) predominantly sandy sediments. However, 

subfacies J does not show an upwards decrease in the scale 

of trough cross-bedding, and it lacks large-scale planar 

sets at different levels within its trough cross-bedded 

part. Instead, small-scale planai sets are confined to the 

top of subfacies J and are interbedded with ripple cross

lamination. However, like the larger planar sets of the 

South Saskatchewan river sequences, these small planar sets 

also exhibit paleocurrent directions at an angle to the 

paleocurrent directions of the underlying trough cross

bedding. Subfacies J could thus be related to the "channel" 

or "mixed influence" sequences of the braided South 

Saskatchewan River. (Figure 4.31). 
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4.7.4 Fining-upward sequences 

From the previous discussion it appears that the 

repetitive, fining-upwards sequences comprising subfacies H 

and subfacies I were deposited in a meandering stream 

environment. The sequences fit well into the model of 

lateral accretion (point bar) and vertical accretion 

(floodplain) of meandering system (walker and Cant, 1984 -

figure 2). The only two differences worth mentioning are: 

(1) no parallel laminations have been observed within the 

trough cross-bedded part of the sandstone units, and (2) no 

trend in the grain size of the sandstone units has been 

observed. The whole unit consists of medium-grained 

sandstone. The fining-upwards sequences also fit very well 

into the meandering stream model, proposed for the 

deposition of the "cyclothems" of the Old Red Sandstone 

(Allen, 1964) . Both cycles share the following principal 

features: (1) a sharp erosional base, (2) a lower sandstone 

unit, with trough cross-bedding grading to the top into 

ripple cross-lamination, and (3) an upper muddy unit. Other 

shared features include burrowing and contorted bedding 

(Figure 4. 32) . 

The similarity of lithology and sedimentary structures 

of the repetitive fining-upwards sequences implies 
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repetition of the same depositional processes. Allen 

(1965a,b, 1970a) attributed the repetition of fining-upwards 

sequences (cyclothems) in fluvial basins to three factors: 

channel wandering, base-level change, and periodic uplifting 

in the source area. Although tectonic and sea level change 

might have contributed, lateral shifting of meandering 

streams seems to be the major factor controlling cyclicity 

in the study area. The systematic alternation of the 

sequences, coupled with their small-scale size and almost 

equal thickness, suggests their control and formation by a 

relatively small and organized river system. The 

preservation of complete cycles probably records subsidence 

keeping pace with sedimentation, allowing previously 

deposited cycles to escape erosion. Uplifting (Laramide 

Orogeny) in the source area to the west, during Judith River 

time, possibly also contributed to the cyclicity. However, 

consistency in the grain size and absence of coarse 

sediments suggest little, if any, tectonic effect on 

cyclicity in the study area. This is especially likely, 

considering the fact that the present area of study occupied 

a distal position of the depositional environments. 

In conclusion, la~eral shifting of mean~ering streams 

in conjunction with subsidence of the sedimentation area 
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constitute the major controlling factors on cyclicity in the 

study area. 



Chapter 5 

Depositional Model 
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Having interpreted each facies separately in the 

previous chapters, it is now appropriate to integrate the 

foregoing interpretations, in order to develop a general 

depositional model for the Judith River Formation in the 

study area. The proposed model has been constructed using 

facies characteristics, vertical and lateral facies 

relationships, and the regional geologic setting as building 

blocks. 

The three facies (lower, middle, upper) making up the 

Judith River Formation in the study area, form a single, 

continuous coarsening-upwards sequence. The sequence 

represents a typical prograding (regressive) sequence. The 

following lines of evidence support this interpretation: 

first, the sequence represents continuous sedimentation, 

with marine shale and siltstone at the base (lower facies) 

and fluviatile sandstone, siltstone, and mudstone at the top 

(upper facies) . Second, the channels recognized in the 

sequence are clearly evolved from small tide-influenced 

channels in the lo~er part of the sequence, to larger 

channels of meandering and braided systems in the upper 



105 

part. The basal marine part (lower facies) of the prograding 

sequence forms an upward-coarsening sequence that is 

erosively overlain by the channel deposits of the middle 

facies. This suggests that progradation was achieved by a 

delta rather than by a barrier beach complex. The lower 

facies was probably deposited in the calm-water conditions 

of a prodelta (subfacies A) and comparatively more agitated 

conditions of the distal part of a delta-front (subfacies 

B) . The association and close relationship between the 

subfacies D, E, F, and G (of the middle facies), suggest a 

genetic relationship. This, coupled with the stratigraphic 

position of the middle facies directly above the marine 

coarsening-upward sequence, suggest a lower delta-plain 

setting for the deposits of the middle facies. The principal 

attributes for the recognition of a lower delta-plain; 

including "interdistributary bay" (subfacies E), 

"distributary channel" (subfacies G), and "marshes/swamps'' 

(subfacies F), are all present in the study area. The upper 

facies was deposited either in an upper delta-plain or 

alluvial plain. 

The block diagram in Figure 5.1 depicts the main 

features of the depositional environments as visualized by 

the author. At the top of the diagram, braided streams cut 
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Fiqure 5.1 Generalized depositional model for the Judith 
River Formation in north-central Montana. 
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across alluvial plains and deposited a sheet of sandstone 

(subfacies J) . Down the depositional slope, braided streams 

gave way to meandering streams; the wide spread sheet-like 

sandstone units (subfacies H) suggest that these meandering 

streams were persistent and they established meander 

belt(s). Relatively thick floodplain units (subfacies I), 

regularly separating channel and point bar units (subfacies 

H), indicate that the steams were shifting periodically, 

probably by avulsion. On reaching the low-lying delta

plains, major meandering streams bifurcated into yet smaller 

meandering distributaries that wandered across the marshes 

and interdistributary bays areas. The distributary channels, 

interdistributary bays, and marshes subenvironments 

prograded seawards, and with subsidence, gave rise to a 

thick sequence of alternating sandstone, siltstone, mudstone 

or shale, and carbonaceous beds. The prograding shore was 

evidently influenced by tides. Tidal flow through inlets(?) 

(not shown on the block diagram) have competely reworked 

beach sands into a sharp-based sheet sandstone unit 

(subfacies D). Finally, clay and silt transported by streams 

and distributaries, were deposited in the prodelta and 

delta-front subenvironments. The nearshore was periodically 

affected by storms that scoured the sea bottom and deposited 
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hummocky cross beds. 

The above environments prograded continuously towards 

the east, generating the present coarsening-upwards 

sequence. At the end of the Judith River deposition, lower 

delta-plain settings were re-established again, as evidenced 

by the reappearance of carbonaceous beds at the top of the 

sequence (Enclosure B, section # 5) . This change from a 

fluvial to a lower delta-plain environment represents the 

onset of the marine transgression, wherein marine sediments 

of the overlying Bearpaw Formation were deposited. 

Paleocurrent directions indicate that streams were 

generally flowing towards the east. This suggests that the 

source area for the Judith River Formation in the study area 

was lying to the west. Although this alone is not 

conclusive, other regional studies support it. Many studies 

on the provenance of the sediments of the Judith River 

Formation have proposed that the uplands of the Cordillera 

to the west, were the main source area (Alpha, 1955; McLean, 

1971; Shurr et al.; 1989; among others). The wedge geometry 

of the Judith River Formation, increasing in thickness and 

grain size towards the west, indicates a western source area 

for the sediments. 
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The paleoshoreline of the Claggett Seaway in t~e study 

area was seemingly of a general north-south trend. This 

interpretation is based on the paleocurrent directions of 

the ripple cross-lamination and the orientation of the 

ripples crests of the tidal inlet (?) unit (subfacies D). 

This trend is in agreement with the paleoshoreline trend 

proposed by Gill and Cobban (1973) for the Late Cretaceous 

seaway. It is evident from the present study that the seaway 

during deposition of the Judith River Formation was affected 

by tides, probably of low range. This adds to other 

documented evidences of tidal activity in the Cretaceous 

deposits of the Western Interior Seaway. 

5.1 Types of Channel 

The prograding sequence of the Judith River Formation 

records the occurrence of at least four types of 

paleochannel, during deposition of the Judith River 

Formation sediments in the study area. Each channel type 

laid down specific deposits that occupy a definite position 

within the prograding sequence. The lithology and 

sedimentary structures of the channel deposits suggest a 

decrease in energy (velocity) down the depositional slope. 

The channels evolved, up-section, from smaller to larger 
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type. Tide-influenced channel at the lower part of the 

section gave way to meandering distributary channel, which 

in turn gave way to larger meandering channel. Eventually 

the meandering channel evolved into yet larger braided 

channel, at the top of the section (Figure 5.2). 

The above sequence of channel evolution is comparable 

to Smith's (1987) model for tide-influenced point bar 

lithofacies. The model has been constructed based on modern 

point bar deposits of meandering-estuarine systems. Although 

tidal influence has been encountered in the present 

channels, this is very restricted (subfacies D) and has been 

accounted for in Figure 5.2 by tide-influenced channel. 

5.2 Number of Deltas 

Whether many deltas, prograding simultaneously at the 

mouths of parallel streams, or a single delta complex 

operated in the study area, is unknown. However, judging 

from the geographic length of the area studied 

(approximately 80 km) and the correlation of facies between 

the two areas , a single large delta complex is considered 

most likely. The presence of the carbonaceous beds in the 

lower delta-plain in the Milk River area, and their absence 

from its equivalent in the Little Rockies area, suggests 
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Figure 5.2 (a) Evolution of paleochannels during deposition 
of the Judith River Formation, (b) lithofacies 
classification for meandering river-estuarine point bar 
deposits (Smith, 1987) . 
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relatively poor drainage in the former and active drainage 

in the latter. Intraformational conglomerate beds and large 

mudclasts in the Little Rockies area, further indicate the 

presence of active drainage. Weimer (1970) proposed three 

major deltas (in northern Colorado, central Wyoming, and 

central Montana) along the western shoreline of the seaway 

during Campanian time. The present delta complex was 

probably part of the major delta of central Montana or was a 

separate minor delta, situated to the north of this major 

delta (Figure 5.3). Further study is needed to settle the 

question of whether one or two deltas existed in the study 

area, and to investigate the relationship between this 

delta(s) and the major delta of central Montana envisaged by 

Weimer (1970) . 

5.3 Type of Delta 

In attempting to speculate on the type of delta 

developed in the study area, two considerations should be 

mentioned. First, although tidal influence is evident in the 

lower delta-plain, there is no sign of tidal domination. 

Second,strong wave action is suggested by the seemingly 

reworked beach sands a?d by the presence of ~ummocky cross

stratification. The delta was probably neither tide-
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Figure 5.3 Map showing the position of delta complexes and 
paleoshoreline during the regression of the Claggett sea 
(Campanian), dashed line stream pattern shows position of a 
minor delta propsed in this study. Modified from Weimer 
(1970) . 
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dominated nor wave-dominated, but a fluvio~tide-wave delta 

type. The modern Niger delta is the nearest possible 

analogue. In the Niger delta, both tides and waves operate 

simultaneously (Allen, 1970b) . Tidal effects are confined to 

the distributary channels that cut beach-barrier shoreline. 

The top of the Niger delta-front either passes gradually 

into beach deposits or is truncated by tidal distributary 

channel deposits (Oomken, 1974) . This latter situation is 

comparable to the present delta, where distal delt-front 

sediments are truncated by tidal deposits (t~dal inlet(?)). 

More strikingly, the Niger delta also exhibits a meandering 

distributary pattern in the lower delta-plain and a braided 

stream pattern in the upper delta-plain (Allen, 1970b). 

Classifications of ancient deltas are dominated by the 

wave-dominated types, but tide-influenced deltas are 

sparsely described (Elliott, 1978). However, recent studies 

of modern deltas have shown a wider range of delta types. 

It may also be supposed that ancient deltas might also have 

had various types. 



Chapter 6 

Discussion 

6.1 A comparison of the Judith River Formation 

in the Milk River and Little Rockies areas 
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Although the Judith River Formation in both.the Milk 

River and Little Rockies areas is similar to a great extent, 

there.are some differences worth mentioning. The formation 

in the Little Rockies area is thicker due to more repetition 

of the subfacies. This probably suggests that the Little 

Rockies area- might have undergone more subsidence, 

accompanied by greater sediment~ supply. The absence of the 

carbonaceous beds from the middle facies in the Little 

Rockies is compatible with this suggestion; in addition, the 

drainage in the Little Rockies was probably more active and 

did not allow formation of marshes and swamps. Another, 

subtle, difference: instead of repeated hummocky beds, as in 

the Little Rockies area, one thick hummocky bed is present 

in the Milk River area. Probably the storm events, that 

generated these beds, were local and did not affected the 

Milk River area for much of the time. 



6.2 A comparison of the Judith River Formation 

in Montana and the Canadian Plains 
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The Judith river Formation in the study area is very 

similar to its equivalent in the Canadian plains of southern 

Alberta and Saskatchewan. Numerous studies have been 

conducted on the formation in the Canadian plains though 

different nomenclatures have been utilized. In the following 

discussion, comparisons are drawn between the upper and 

lower members (of the present study) and their equivalents 

Oldman and Foremost formations of the Canadian plains, 

respectively. 

The upper part of the Judith River Formation 

(traditionally called the Oldman Formation) is superbly 

exposed in the "badlands" terrain of southern Alberta's 

Dinosaur Provincial Park (Dodson, 1971; Wood~ 1985; Koster, 

et al., 1987). This upper part exhibits cyclicity and is 

readily divisible into coarse and fine members, which are 

analogous to the sandstone and mudstone units of this study, 

respectively. Wood (1985) was able to recognize six fining

upwards cycles ("cyclothems"). Ogunyomi and Hill (1977) and 

Dodson (1971) also described repetitive fining-upward cycles 

from their "Oldman Formation". These cycles (or cyclothems) 
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are very similar to the fining-upward sequences of the upper 

facies. However, in contrast to the present study area, the 

upper part of the Judith River Formation in Alberta displays 

a well-defined epsilon cross-stratification (which is the 

"heterolithic stratification" of Wood, 1985) .Unlike the 

"single story" sandstone units in the study area, the coarse 

members of the upper part in the Dinosaur Provincial Park, 

are amalgamated into thick sandstone units. Although the 

Judith River Formation in the park area is famous world wide 

for its rich dinosaurian fauna, only very rarely have 

dinosaur(?) bones been encountered in the study area. 

The upper part of the Judith River Formation (Oldman 

Formation) in the Dinosaur Provincial Park has been 

interpreted by Koster (1984b) and Koster et al. (1987) as 

deposits of both straight and meandering reaches of 

estuaries. This interpretation is base on the presence of 

abundant, rhythmic sand-mud couplets in epsilon cross

stratified sand units. Rhythmic sand-mud couplets are 

related to the periodic addition of sand and mud during 

traction and fallout deposition, respectively (Koster, et 

al. 1987). These sand-mud couplets, together with the 

epsilon cross-stratification, are absent from the deposits 

of the upper facies. However, Wood (1985) - in very detailed 
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study in the same park- excluded estuarine channels and 

advocated deposition from fresh water meandering fluvial 

channels. Dodson (1971) interpreted the "Oldman Formation" 

in the park as being deposited by both braided and 

meandering streams. The author's interpretation for the 

upper facies (Oldman Formation equivalent) is in agreement 

with the two latter interpretations. 

The lower part of the Judith River Formation (Foremost 

Formation) in southern Alberta is also similar to the lower 

member of the present study; it likewise consists of fine

grained sandstone, siltstone, shale, and carbonaceous beds. 

However, unlike the lower member, numerous coal seams are 

distributed throughout the Foremost Formation. The base of 

the Foremost Formation is characterized by indurated 

horizons, which are useful for correlation (Russell and 

Landes, 1946) . A parallel could be drawn between these 

indurated horizons and the hummocky beds of at the base of 

the lower member of the Judith River Formation in the study 

area. Slipper and Hunter (1931) divided the Foremost 

Formation into three units: Verdigris (or basal sandstone), 

Middle, and Taber coal horizon. The basal sandstone is 

persistent and laterally extensive. At the base of the 

Foremost Formation, a contiuous sandstone lens with large 
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concretions has also been described by (Russell and Landes, 

1940). The Verdigris Sandstone and the sandstone lens 

resemble the sandstone units of subfacies D in their 

persistent, lithology, and stratigraphic position. However, 

the Verdigris sandstone is thicker and, unlike subfacies D, 

has a gradational contact with the underlying Pakowki 

(Claggett equivalent) Shale. 

Crockford (1949) interpreted the Foremost Formation as 

a fluvio-deltaic deposit. The basal sandstone (Verdigris) 

has been interpreted as beach sand from the retreating 

Pakowki (Claggett) Sea (Slipper and Hunter, 1931) . Russell 

and Landes (1940) interpreted their-sandstone lens as a 

shore deposit. these interpretations are compareable to the 

present interpretation of the middle facies, though more 

subenvironments have been recognized. 

In conclusion, the Judith River Formation in Montana 

and its equivalents in the Canadian plains are remarkably 

similar. The few·differences that do occur are very minor 

and subtle. They do not justify the adoption of a different 

nomenclature or lithostratigraphic ranks. The writer totally 

agrees with McLean (1971) that the formation should be given 

one name (Judith River Formation) in both regions. 



6.3 A comparison of the Judith River 

and the Horseshoe Canyon Formations 
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The Cretaceous (Campanian-Maastritchian) Horseshoe 

Canyon Formation (Edmonton Group) of the south-central 

Alberta, closely resembles the Judith River Formation in the 

study area, likewise forming a prograding clastic sequence 

deposited during the regression of the Bearpaw Sea. The 

formation is divided into lower and upper units (Shepheard 

and Hills, 1970; Gibson, 1977; Rahmani, 1989). The lower 

unit forms a coarsening-upwards sequence consisting mainly 

of shale, siltstone, and sandstone with hummocky beds. The 

lower unit as such, closely resembles the lower facies of 

this study. The upper unit is heterogeneous and consists of 

interbedded sandstone, siltstone, shale, carbonaceous shale, 

and coal seams; with frequent occurrence of bentonite beds. 

Again, the upper unit resembles the middle facies of this 

study. Despite the similarity between the two, the Horseshoe 

Canyon Formation has thin intercalations of marine origin 

(shell lags) - a feature absent from the Judith River 

Formation. 

The lower unit of the Horseshoe Canyon Formation was 

interpreted as prodelta and delta-front deposits, the upper 



unit as a delta-plain deposit (Shepheard and Hills, 1970; 

Gibson, 1977). Rahmani (1989) modified this deltaic model 

and proposed a tidally influenced estuary model. 
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In conclusion, the sedimentary sequences deposited 

along the coastal plains of the regressive Claggett and 

Bearpaw Seas are much alike. Each sequence forms a 

prograding clastic succession, with marine sediments at the 

base and continental sediments at the top. The Clastic 

supply for these sequences was transported by streams (which 

drained the Cordillera highlands) to the deltas along 

coastal plains. Finally, evidences from these sequences 

indicate that the coasts of the Claggett and Bearpaw Seas 

were affected by both tides and storms. 

6.4 Regression and transgression 

Regression and transgression of the Late Cretaceous 

Seaway have been studied in detail by a number of workers 

(Russell, 1939; Gill and Cobban, 1973; Caldwell, 1968, 1978; 

Kauffman, 1969; McLean, 1971; and others). The present study 

did not attempt to deal with this aspect. However, a little 

can be said about the regression and transgression of the 

Claggett and Bearpaw seas, respectively, in the study area. 
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The following can be stated about the withdrawal of the 

seaway from the study area. Except for the basal part (lower 

facies), the present prograding sequence shows no sign of 

marine incursion. This suggests.a relatively rapid and 

constant withdrawal of the Claggett Sea. This type of a 

single prograding deltaic sequence, without evidence of 

marine incursion, is uncommon. On the other hand, prograding 

deltaic sequences, accompanied by contemporaneous delta 

destruction and local sea transgression, are common. The 

absence of evidence for marine incursions implies that the 

high sedimentation rate dominated over the rate of 

subsidence.-

A return to marine conditions is indicated by the 

position of the thick Bearpaw Shale overlying the Judith 

River Formation. This change represents the onset of the 

basin-wide Bearpaw transgression th~t terminated deposition 

of the Judith River Formation. The transgression was 

probably caused by subsidence in response to tectonic 

thickenning and sediment loading (Bally et al., 1966; McLean 

and Jerzykiewwicz, 1978). The rate of the Bearpaw 

transgression has long been debated. Rapid transgression was 

suggested by Russell (1939), Folinsbee (1965),-and McLean 

(1971) based upon stratigraphic and radiometric evidence. 
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Conversely, Caldwell (1968, 1978) and Gill and Cobban (1973) 

showed through the use of ammonites that the Bearpaw 

transgression was diachronous. In the study area the Bearpaw 

transgression was seemingly rapid. This is based on two 

lines of evidence: first, the Judith River/Bearpaw contact 

is very sharp (Figure 6.1); and second, no transgressive 

sandstone has been encountered at the Judith River/Bearpaw 

contact. It could be argued here that the presence of the 

carbonaceous beds at the top of the Judith River Formation 

(Enclosure B, section# 5), is in favour of relatively slow 

transgression. However, a local subsidence in the delta 

could be invoked to explain the reappearance of the 

carbonaceous beds. This seems to be the case, when 

considering the restriction of these beds to the area of 

section # 5. 
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Figure 6. 1 An outcrop showing the sharp contact between 
Judith River Fm. (light) and the shale of the Bearpaw Fm. 
(dark), the strata have been tilted vertically; section# 4, 
Little Rockies area. 



Conclusion 

Data gathered from the study area indicate a fluvio

deltaic-marine depositional model for the Judith River 

Formation. Conclusions to be drawn from this study are 

summarized in the following points. 
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1. The Judith River Formation forms a single continuous 

coarsening-upwards sequence that developed by progradation 

of the following environments: storm-influenced nearshore 

(at the base of the sequence), tide-influenced coast, delta

plain, meandering streams, and braided treams (at the top) . 

2. Four types of paleochannels evolved during 

deposition of the Judith River Formaation; these are: tide

influenced channel (at the lower part of the sequence), 

meandering distributary channel, meandering channel, and 

braided channel (at the top) ~ 

3. The upper facies consists of repetitive fining

upwards cycles that were deposited by lateral and vertical 

accretion of meandering streams. Lateral shifting of 

meandering streams, in conjunction with subsidence, 

constitutes the major controlling factor on cyclicity in the 

study area. 
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4. The sediments of the Judith River Formation were 

deposited during the Upper Campanian (Cretaceous) substage, 

over a time-span of 4 M.Y. This has been determined using 

ammonite fossils recovered in the study area. 

5. The remarkable similarity between the Judith River 

Formation sediments in the study area and their equivalents 

in the Canadian Plains, justifies the adoption of one name 

and lithostratigraphic rank (Judith River Formation) in both 

regions. 
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