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LITHOSTRATIGRAPHY OF THE LOWER CRETACEOUS COAL-BEARING SEQUENCE, 
FOOTHILLS OF ALBERT A 

Abstract 

T',e Lower Cretaceous sequence in the Foothills of Alberta consists of a comple x 
interfingering of mudstone, siltstone and sandstone with subordinate coal, conglomerate, 
limes t one and bentonite. Lithofacies changes along the Foothills neressitate changes in 
nomenclature. 

The Blairmore Group in the southern Foothills of Alberta is divided into four form ation s 
in ascending order: Cadomin, Gladstone, Beaver Mines and Ma Butte. The Gladstone 
Formation is modified slightly from its original definition by excluding the basal conglomerate 
and sandstone unit to which the name Cadomin Forma t ion is applied. Ma Butte is a new name, 
introduced for the sequence of beds between t he Beaver Mines and Crowsnest Formations. Use 
of the name Mill Creek, formerly used to encompass the Ma Butte and Crowsnest sequence, is 
discontinued. The name Crowsnest is retained for the prominent volcanogenic unit overlying 
the Ma Butte Formation. The Crowsnest Formation is not recognized north of the Oldman 
River and the Ma Butte i s absent north of Clearwater River. The Beaver Mines Formation is 
rer ognized as far north as Ram River although between Waiparous Creek and Ram River, its 
lower beds are atypical of the formation and are an unmappable southern extension of the 
Malcolm Creek Formation . 

The nOITlenclature for the Lower Cretaceous succession in the central and northern 
Foothills of Alberta is substantially modified. The proposed succession , from the base upward, 
is: Cadomin Formation, Gladstone Formation, Malcolm Creek Formation including Moosebar, 
Torren s <.Jnd Grande Cache Members, and Mountain Park Formation. All of these formations 
are included in the Blairmore Group, the use of whi ch is extended to the central and northern 
Alberta Foothills to emphasize the elements of similarity to the southern Alber t a Foothill s 
section. Use of the name Luscar is discontinued as it has not been used consistently and 
because the interval to which it was originally app li ed can be usefully divided into two distinct 
formations . The name Gladstone is applicable f rom the type Lirea to near the Smoky River, 
north of which the name Gething is preferable. The Malcolm Creek dnd Mountain Park 
Formations are recognized to the Alberta-British Columbia border. North of this, the same 
intel"val is divided into the iVloosebar, Gates, Hulc ross and Boulder Creek Formations. 

Coa l seams of current economic interest south of Smoky River are confined to the 
Grande Cache Member of the Malcolm Creek Formation. They have been observed in the 
Alberta Foothills everywhere north of Waiparous Creek. One to six major seams occur in the 
member with thicknesses up to about 1 I m. Thick coal sea ms are also present in the Gething 
Formation along the Smoky River Lind to the north. 

Rerume 

La succession du Cretace inferieur dans les Foothills en Alberta est constituee d'une 
interdigitation complexe de mudstone, de si ltstone et de gres avec du charbon, du conglomerat, 
du ca lcai re et de la bentonite sUbordonnes. Le Ii thofacies change Ie long des Foothills, 
necessitant des modifications dans la nomenclature. 

Le groupe de Blairmore dans Ie sud des Foothills de l'Alberta se repartit en quatre 
formations qui sont, par ordre d'importance; les formations de: Cadomin, Gladstone, Beaver 
Mines et Ma Butte. La formation de Gladstone a ete modifee legerement dans sa definition 
initia le, par I'exclusion du conglomerat de base et de l'unite de gres qui s'appellen t main tenant 
la formation de Cadomin. Ma Butte est un nouveau nom donne a la succession de couches 
situees entre les formations de Beaver Mines et de Ma Butte. Le nom de Mill Creek, 
anciennement reserve a la success ion de Ma Butte et de Crowsnest, n'est plus en usage. Le nom 
de Crowsnest designe l'unite volcanogenique dominante qui repose sur la formation de Ma Butte. 
La formation de Crowsnest s'arrete au nord de la riviere Oldman, et celIe de Ma Butte , au nord 
de la riviere Clearwater. La formation de Beaver Mines s'etend jusqu'a la riviere Ram au nord, 
meme si , entre Ie ruisseau Walparous et la riviere Ram, ses couches inferieures sont atypiques 
de la formation et constituent une extension de la formation de Malcolm Creek vers Ie sud, qu'il 
est impossible de cartographier. 



La nomenclature de Ja succession du Cretace inferieur dans Ie centre et Ie nord des 
Foothills de J'AJberta est sensiblement modifiee. La succession proposee est , de la base au 
sommet, Ja suivante: formation de Cadomin, formation de Gladstone, formation de Malcolm 
Creek, y compris les nivaux de Moosebar, de Torrens et de Grande Cache, et formation de 
Mountain Park. Toutes ces formations font partie du groupe de Blairmore, qui englobe Ie centre 
et Ie nord des Foorhills de l'Alberta de fa<;on a faire ressortir les elements de similarite avec la 
partie sud des Foorhills de l'Alberta. Le nom de Luscar est elimine parce qu'iI n'a pas ete utilise 
de fa<;on reguJiere et parce que l'intervaJle qu'iI designait initialement peut etre divise 
naturellement en deux formations distinctes. Le nom de Gladstone est applicable a partir de la 
region type jusqu'a proximite de la riviere Smoky, au nord de laque lle il est preferable d'utiliser 
Ie nom de Gething. Les formations de Malcolm Creek et de Mountain park se trouvent a la 
frontiere de l'Alberta et de la Colombie-Britannique. Au nord de cette limite, Ie meme 
intervalle se repartit dans les formations suivantes: Moosebar, Gates, Hulcross et 
Boulder Creek. 

Des filons de charbon qui presentent actuellement un interet economique, au sud de la 
riviere Smoky, sont confines dans Ie niveau de Grande Cache de la formation de Malcolm Creek. 
Le niveau contient un a six fiJons importants d'epaisseurs allant jusqu'a 11m. D'epais filons de 
charbon reposent aussi dans la formation de Gething Ie long et au nord de la riviere Smoky. 



LITHOSTRATIGRAPHY OF THE LOWER CRETACEOUS COAL-BEARING SEQUENCE, 
FOOTHILLS OF ALBERTA 

INTRODUCTION 

Lithostratigraphic nomenclature for the Lower 
Cretaceous succession in the FoothiHs of Alberta and 
northeastern British Columbia has evolved from three loci: 
the Crowsnest Pass, the Cadomin-Mountain Park coal mining 
area, and the Peace River-Pine River area (Fig. 1). The 
earliest lithostratigraphic names were applied in these areas 
with little regard to the lateral extent of their applicability. 
In some cases, the units were ill-defined and their usage left 
open to the interpretation of later workers. This paper is the 
first to propose an integrated system of lithostratigraphic 
nomenclature based on detailed stratigraphic studies along 
the entire Foothills belt from the Crowsnest Pass area to the 
Peace River. 

The Foothills can be divided into three segments for the 
purposes of this discussion: (I) southern Alberta as far north 
as Waiparous Creek; (2) central and northern Alberta to near 
the Alberta-British Columbia border and; (3) northeastern 
British Columbia. In the first, no clear resolution of the 
nomenclature has been achieved previously and a combination 
of formal and informal names has been in use, based on the 
proposals of Norris (1964) and Mellon (1967) (Table I, columns 
6 and 8). This nomenclature has been modified in this paper 
to emphasize distinct Ii thological differences. In the central 
and northern Foothills, the nomenclature of MacKay (J929a) 
is used (Table I, column 9) but, north of the Athabasca River 
difficulty in recognizing the Mountain Park Formation has led 
to a modified nomenclature (Table I, column 10). The 
nomenclature in this area is changed substantially due to the 
recognition of a widespread marine shale tongue not 
recognized by MacKay. The nomenclature in northeastern 
British Columbia, most recently documented by Stott (J 968; 
in preparation), is widely accepted and appears to be 
applicable everywhere between the Alberta border and the 
Peace River (Table I, column 11). 

Fifty major outcrop and subsurface sections, 
encompassing at least one complete formation, and a large 
number of shorter sections from the southernmost Alberta 
Foothills to the northeastern British Columbia Foothills 
(Fig. 1) have been e xamined during this study, and, as a 
result, the relationship between the three nomenclatural sets 
can be clearly shown (Table 2). The purpose of this paper is: 
(1) to illustrate that relationship; (2) to present modifications 
in the nomenclature of the central and southern Foothills 
which are more useful to the interpretation of the sequence 
and (3) to show the relationship of the coal measures to other 
stratigraphic units. 

The major obstacles to clarification of the 
nomenclature have been: (J) the failure of early geologists to 
recognize a marine tongue (Moosebar Member) in the 
northern and central Alberta Foothills, and (2) the attempt by 
Mellon (J 967) to extend his southern nomenclature into the 
central Alberta Foothills despite major changes in lithology. 
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HISTORICAL REVIEW 

Southern Alberta Foothills 

The basic framework of Lower Cretaceous stratigraphy 
was established by G.M. Dawson (J886), although none of his 
names has been retained. He separated (Table 1, column 1) 
the non coal-bearing Dakota (now Blairmore) from the coal
bearing Kootanie Series below and the Volcanic Rocks (now 
Crowsnest Formation) above. Leach (J 9 14) introduced the 
name Blairmore in place of Dakota and Crowsnest Volcanics 
for Dawson's Volcanic Rocks (Table I, column 2). Rose (J 917) 
removed the prominent conglomerate bed (now Cadomin 
Formation) from the Kootenay Formation and placed it at the 
base of his Blairmore Formation (Table 1, column 3). He 
recognized two distinctive units within the Blairmore: 
(1) a limestone band probably equivalent to part or'all of the 
'Calcareous' member of the present Gladstone Formation, (2) 
a prominent conglomerate bed higher in the formation. 
Douglas (J 9 50) recognized seven informal units within his 
Blairmore Group (Table 1, column 4) which formed the basis 
for subsequent formal division of the group (column 5 to 8). 

Glaister (J 959) divided the Blairmore Group into a lower 
and upper Blairmore Formation with the division made at the 
top of the limestone and calcareous shale beds identified 
earlier by Rose (I917) and Douglas (J 950). Douglas's (j 950) 
Home Sand, at the base of Glaister's upper Blairmore is not 
recognized regionally and has not been given formal status. 
Within the lower Blairmore, Glaister (1959) recognized the 
basal conglomerate as a formal member, the Cadomin 
conglomerate, and the upper limestone-bearing beds as an 
informal "Calcareous" member (Table 1, column 5). Norris 
(I 964) gave the Cadomin formational status within the 
Blairmore Group and divided the rest of the Blairmore into 
three informal formations: Lower, Middle and Upper 
Blairmore. The division between Lower and Middle Blairmore 
coincided with Glaister's (J 959) definition. The Middle -
Upper Blairmore division was made at the distinct break 
between what Douglas (J 950) referred to as feldspathic, 
ferromagnesian-rich sandstones and non-feldspathic, non
ferromagnesian sandstones. 

Mellon and Wall (J961) made two fundamental changes: 
(J) they reduced the Cadomin to member status within the 
Lower Blairmore, and (2) they included the Crowsnest 
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Formation in their Upper Blairmore 
Formation as an informal me mber 
(Table 1, column 7), thus extending the 
Blai rmore Group to include a 
lithologically distinct unit never before 
included. Mellon (! 967) then applied 
the formal names (Table I, rolumn 8) 
Gladstone, Beaver Mines and Mill Creek 
to the three divisions of the Blairmore 
Group. 

Central and Northern Alberta Foothills 

Prior to the work of Mar Kay 
(J 929a and b, 1930), the Lower 
Cretaceous sequence in the central 
Foothills of Alberta had been correlated 
with the Kootenay Formation of the 
Crowsnest Pass area, based on the 
occurrence of coal sea ms presumed to 
be of the same age. .'V1ar-Kay 
(J 929a and b, 1930) sho wed tha t a 
prominent conglomerate bed which lay 
above the coal measures south of the 
Bow River and below the coal measu res 
to the north could be mapped from the 
Crowsnest Pass area along the Foothills 
to the Smoky River area (Fig. I). He 
named this conglomerate th e Cadomin 
Formation after the active coal mining 
town of that name along the McLeod 
River (Fig. I). The overlying roal
bearing sequence was named the Lusca r 
Formation and the non coal-bearing, 
greenish coloured, coarser grained 
sequence above, the Mountain Park 
Formation. Both are names of old 
mining towns (Fig. I). This three-fold 
division of the Lower Cretaceous 
sequence (Table 1, column 9) has been 
utilized by later workers from just 
north of the North Saskatchewan River 
(Erdman, 1950; Douglas, 1956a) to just 
south of the Athabasca River 
(Mountjoy, 1960a, 1960b). Between the 
Athabasca and Smoky Rivers, the 
Mountain Park Formation was not 
recognized and the entire interval 
between the Cadomin and the 
Shaftesbury Formations was included in 
the Luscar Formation (Lang, 1947; Irish, 
1965; Thors teinsson, 1952). 

The criteria for separation of the 
Mountain Park and Luscar Formations 
have not always been clear. In the type 
area, the Mountain Park Formation is a 
prominent, ridge-forming unit, at least 
in its upper part, but the nature of the 
boundary with the underlying Lus('ar 
was not specified by MacKay (1929c, 
1930). The main difference between 
the Mountain Park and Luscar 
Formations is the lack, or scarcity, of 
coa l seams in the former (M acKay, 
1940, 1943; Erdman, 1950) and the more 
recessive nature of the latter. Douglas 
(j 956a, p. 22) clearly stated his criteria 
for differentiating the two formations : 



... The separation of the Mountain 
Park formation from the upper part of 
the Luscar is dependant, in large measure, 
on the presence of thick, massive-bedded 
sandstones and the absence of coa l. In 
general, the Mountain Park sandstones are 
a stronger green than otherwise similar 
sandstones in the upper Luscar, which are 
paler greenish-grey in colour. Some coal 
seams may be present in the Mountain 
Park formation, but the thicker and 
potentially mineable seams are restricted 
to the Luscar, and, where shown divided, 
to the upper part. It is unlikely that the 
contact between the two formations as 
mapped represents the same strat ig raphic 
horizon, but its nature and variation, if 
any, are unknown. 

The sandstones of the overlying 
Mountain Park formation differ little 
from those of the upper part of the 
Luscar. The contact between the 
formations is arbitrarily drawn at the base 
of the first massive sandstone above the 
sandstone capping the No.3 (highest) coal 
seam ... (Douglas, 1956a, p. 20). 

This seems to be the most practical definition available. 
Lang (1947), working just north of the Athabasca River 
(Fig. I) was not able to differentiate the Mountain Park 
Formation from the Luscar Formation and mapped them 
together as Luscar Formation suggesting that the beds of the 
Mountain Park Formation either thinned out north of the 
Athabasca River VaJley, or lo st their ridge-forming character 
and typical green colour. MacKay (1955) also indicated 
difficulty in mapping the Mountain Park in the BrOh~ area 
(Fig. I), but stated that it was recognizable to the west, in 
the Pocahontas area. Irish (1965) mapped only the Luscar 
Formation north of the Athabasca River, but indicated that 
upper strata of the Luscar Formation may be equivalent in 
age to part or all of the Mountain Park Formation to the 
south. 

and distinct formations. It is pertinent to note here, that the 
Clearwater and Grand Rapids Formations of the central 
Alberta Plains (WiJliams , 1963), equivalent to the Moosebar 
and Gates Formations of northeastern British Columbia, were 
not differentiated but rather were grouped together as a 
single formation by Mellon (1967, p. 63). 

Mellon and Wall (1961, 1963) were the first to describe 
the presence of a marine shale unit within the Luscar 
Formation which they correla ted with the Moosebar 
Formation of the northeastern British Columbia FoothiJls 
(Stott, 1960, 1963b, 1968). Mellon (1967) relegated this 
important stratigraphic unit, as well as the overlying coal
bearing beds, to the basal part of hi s Beaver Mines Formation 
without giving them formal status of any kind. Neither of 
these distinct lithological units is represented in the type 
section of the Beaver Mines. This problem is discussed more 
fully in a later section. 

Northeastern British Columbia 

The history of lithostratigraphic nomenc lature of the 
Lower Cretaceous succession in northeastern British 
Columbia has been reviewed and thoroughly documented by 
Stott (1968). The nomenclature is c urrently undergoing some 
revision (Stott, in preparation) and Table I (column 1 I) shows 
the revised names. The succession is readily divisible into 
alternating nonmarine and marine formations. The Cadomin, 
Gething and Moosebar Formations have been traced as far 
south as the Smoky River (Stott, 1968; Fig. 2), where the 
undifferentiated Luscar Formation was previously mapped by 
Thorsteinsson (1952) and Ir ish (1952, 1965). The HuJcross 
Formation (Table 2, Fig. 2) thins dramatically to the 
southeast and has not been traced southeast of the Alberta
British Columbia border in the Foothills (Stott, 1968, 
Fig. 18e). The Gates and Boulder Creek Formations cannot 
be differentiated to the south where the HuJcross is not 
recognized. 

TABLE 2 

Lithostratigraphic nomenclature used in this paper. 

Mellon (1967, Fig. 55) did not recognize the 
Mountain Park and Luscar as formations, but 
considered them facie s within his Beaver Mines 
Formation. He stated: 

SOUTHERN ALBERTA 
FOOTHILLS 

CEN TRAL AND NORTHERN 
ALBERTA FOOTHILLS 

NORTHEASTERN BRITISH 
COLUMBIA FOOTHILLS 

... The Beaver Mines 
Formation is 710 feet (215 m) 
thick on Ram River and is 
divisible into two parts, 
correIa tive with the coal -bearing 
upper part of the Luscar and 
overlying Mountain Park 
Formation of other investigators. 

(Mellon, 1967, p. 51). 

Thus, he recognized that the beds above his 
Gladstone Formation could be divided into upper 
Luscar and Mountain Park. His relegation of these to 
'facies' suggests that he did not consider different 
facies sui table as formations. However, many, if not 
most, formations have facies equivalents in other 
formations. For example, the Gates and Moosebar 
Formations of northeastern British Columbia are in 
large part facies equivalents with a gradational and 
interdigi ta ting contact, but are considered separate 
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SUMMARY OF PROPOSED REV[S[ONS 

Southern Alberta Foothills 

The name Blairmore Group, as now defined, was utilized 
by all geologists from Rose (J 917) to Norr is (J 964) (Table I, 
columns 2 to 6). [t includes all strata from the base of the 
Cadomin Formation to the base of the Crowsnest Formation. 

The basal conglomeratic unit of the Blairmore Group 
has been found to be an extremely useful, mappable unit and 
the name Cadomin Formation has been uniformly applied to 
this unit, and its eastern sandstone equivalents by Norris 
(1964), Ollerenshaw (J 966, 1968, 1969, 1972a, 1972b, 1979) 
and McLean (J 977). It is proposed tha t it be separated from 
Mellon's (1967) Gladstone Formation and that the name 
Gladstone be retained for the beds between the Cadomin and 
the Beaver Mines Formations. 

The American Commission on Stratigraphic 
Nomenclature (J 970, article 4a) states: "Where revision 
removes only a minor part of a previously established unit, 
the original name may be retained for the major part." 

Removal of the Cadomin from Mellon's (1967) type 
Gladstone Formation involves removal of only a single unit of 
conglomerate and/or coarse-grained sandstone in most cases, 
which is lithologically distinct from the remainder of Mellon's 
Gladstone Formation. As illustrated in Figure 2, this is a 
very minor part of the total thickness and, thus, it is believed 
that its removal will not have an adverse effect on the utility 
of the name Gladstone. 

The upper part of the Gladstone Formation, informally 
referred to as the 'Calcareous' member by Glaister (1959), 
and Mellon (1967), is retained as an informal member since 
its lower boundary is often difficult to establish precisely. 

The name Beaver Mines Formation as defined by Mellon 
(1967) is retained as far north as Waiparous Creek (Fig. I). 
At Waiparous Creek and to the north, distinct Ii thological 
changes in the post-Gladstone beds necessitate a change of 
nomenclature, which is discussed later. 

All geologists have recognized a separation of the 
Crowsnest Formation from the underlying Blairmore Group, 
with the exception of Mellon and Wall (1961, 1963) and Mellon 
(1967). The latter reduced the Crowsnest to member status 
within his Mill Creek Formation of the Blairmore Group. 
Formations have always been defined on the basis of their 
mappability and the Crowsnest Formation has been found to 
be mappable since the earliest days. Therefore, it has been 
given formational status. Mellon's (1967) study was 
predominantly sedimentological and ignored the traditional 
mappability in favour of unifying the Crowsnest with 
underlying beds on the basis of some intertonguing of 
characteristic lithologies and similarity of indigenous floral 
remains. The author does not subscribe to this 
lithostratigraphic practice and retains Crowsnest Formation 
as a separate and distinct unit above the Blairmore Group. 

Removal of this major upper portion from Mellon's 
(1967) Mill Creek Formation leaves a portion of the original 
beds below the Crowsnest Formation unnamed as it would be 
confusing to try to redefine the name Mill Creek to embrace 
only these lower beds. As well, the name Mill Creek has been 
previously used three times, twice as a formation name in the 
United States (Kercher, 1960), and in Canada (J. W. Dawson, 
1886) as a biostratigraphic rather than a lithostratigraphic 
unit. Therefore, use of the name Mill Creek Formation in the 
nomenclature of the Lower Cretaceous succession in the 
southern Foothills of Alberta is discontinued. The name 

Ma Butte Formation is herein proposed for the sequence 
between the Beaver Mines and Crowsnest Formations. 

Central and Northern Foothills of Alberta 

The name Cadomin is retained for the basal 
conglomerate and sandstone unit, as originally proposed by 
MacKay (1929a, b and c). The Luscar Formation of MacKay 
(J 929a, band c, 1930) can be subdivided into two distinct and 
useful units (Table 2) of formational rank. The lower unit, 
comprising strata above the Cadomin Formation and below 
the Moosebar marine tongue, is correlated with the Gladstone 
Formation of the southern Foothills on the basi s of 
lithological similitude and" homotaxis, and that name is 
e xtended as far north as the Smoky River. North of that 
area, lithological differences necessitate use of the name 
Gething Formation for laterally equivalent strata. 

The upper unit, compris ing strata from the top of the 
Gladstone to the base of the Mountain Park Formation, is 
herein named the Malcolm Creek Formation (Table 2). Three 
formal members are recognized within thi s formation 
(Table 2). In ascending order these are: Moosebar Member, 
Torrens Member and Grande Cache Member. 

The name Luscar might have been retained as a group 
name, encompassing the Gladstone and Malcolm Creek 
Formations on the basis of entrenchment of the name in the 
literature. However, its use is discontinued for two reasons: 
(I) it is divisible into two formations, lithologically distinct 
from one another, without common cha rac t e ristics which 
would make them a natural grouping distinct from units below 
and above; (2) there has been some confus ion generated by 
use of the name Luscar for different intervals in different 
areas. For example, as shown in Table I (column 10), Irish 
(1965) and others have used the name Luscar for th e entire 
post-Cadomin, pre-Shaftesbury interval between A thabasca 
and Kakwa Rivers because of difficulty in identifying the 
Mountain Park Formation. Therefore, it was applied to a 
much greater stratigraphic interval than was intended by the 
original definition of MacKay (J 929a, band c, 1930). Its 
extensive use in this sense as well as in the original sense has 
seriously impaired the value of the name Luscar. 

The name Mountain Park is retained for the beds above 
the Malcolm Creek Formation and below the distinc tive dark 
shales of the Blackstone and Shaftesbury Formations. Its use, 
extended over a wider area than previously, is discussed in 
the following section. 

Use of the name Blairmore Group in the central and 
northern Foothills of Alberta is advocated to accentuate the 
similarities in nomenclature and lithology between this area 
and the southern Alberta Foothills. It encompasses the 
Cadomin, Gladstone, Malcolm Creek and Mountain Park 
Formations and can be used as far north as the Smoky River 
region. 

LITHOSTRATIGRAPHY 

Introduction 

Figure 2 is a southeast-northwest cross-section showing 
columnar logs for a series of surface and subsurface sec tions 
examined during this study between the Crowsnest Pass area 
of southwestern Alberta and the Wolverine River of 
northeastern British Columbia (Fig. I). The relationship of 
the various formations, members and groups to one another is 
shown as well as the general lithofacies types in each unit. 
The following discussion concentrates on the lithostratigraphy 



of the central and northern Foothill s of Alberta referring to 
adjacent areas only where they are essential to understanding 
of the lateral relationships of stratigraphic units. 

Blairmore Group 

Definition 

The name Blair more was introduced by Leach (1914, 
Map 107 A) as a formation name for a sequence of chiefly 
dark sandstone and sandy shale between the Kootenay 
Formation and Crowsnest Volcanics. Number and names of 
divisions of the Blairmore Group have changed with time as 
discussed above and illustra ted in Table 1. 

No type section was designated by Leach (1914) and 
none has ever been proposed. Norris (1964) established the 
section on Ma Butte (Fig. 1) as the principal reference 
section. [t is well exposed through the Beaver Mines and 
Ma Butte Formations, but the Gladstone Formation, which 
was exposed in a bulldozer cut, is now mostly covered. The 
three formations which constitute the bulk of the Group -
Gladstone, Beaver Mines, Ma Butte - are defined by type 
sections and are within 30 km of the town of Blairmore. 

A unit below the Cadomin Formation is included in the 
Blairmore Group in two areas south of the Bow River (Fig. 1). 
This is the Pocaterra Creek "Member" (Allan and Carr, 1947; 
see Table I, column 5) which is recognized in the Alberta 
Foothills area from the Bow River south to about latitude 
50°20' and in the Fernie area of southeastern Briti sh 
Columbia (Gibson, 1977; in preparation). 

The Blairmore Group rests disconformably on the 
Kootenay Group, or on the Nikanassin Formation. This is 
often not apparent in a single exposure, but is prominent on a 
regional scale (Norris, 1964; Stott, 1973). The upper contact 
wi th the Crowsnest Formation is gradational and probably 
conformable. Beyond the limits of the Crowsnest Formation, 
the Blackstone Formation rests abruptly and disconformably 
on the Blairmore Group. 

Distribution and thickness 

The Blairmore Group is 650 m thick in the type area. 
The maximum re ported thic kness, in the Fernie area of 
southeastern British Columbia, is estimated at about 2000 m. 
A distin c t west to east thinning occurs with thicknesses of 
about 300 m reported from the easternmost Foothills. Use of 
the name Blairmore Group is confined to the Rocky Mountain 
fold-thrust belt and is not used in the adjacent Plains. 

The Blairmore Group previously has been recognized in 
mapping as far north as the North Saskatchewan River 
(Mountjoy and Price, 1974). However, there are many 
similarities in lithology with equivalent beds farther 
northwest and some similarities (Cadomin and Gladstone 
Formations of this paper) in nomenclature. Therefore, it is 
suggested that extension of the name Blairmore Group to the 
vicinity of the Smoky River would emphasize the elements of 
continuity in the Lower Cretaceous stratigraphy of the 
Foothills. Thicknesses of 400 to 600 m prevail in the region 
between the North Saskatchewan and Smoky Rivers with the 
same west to east thinning trend that was observed farther 
south. 

Lithological characteristics 

The basal unit, the Cadomin Formation, is typically a 
very resistant, s iliceous, pebble conglomerate, but includes 
beds of quartzose sandstone and, in some sections, 
particularly in the eastern Foothills, is entirely quartzose 
sandstone. 

The lower part of the overlying Gladstone Formation is 
a series of interbedded grey mudstone to sandstone, the 
proportions of which are very variable. Very thick to massive 
sandstone beds which rarely exceed fine-grain size, often 
exhibit a distinct upward decrease in grain size. The upper 
Gladstone Formation is characterized by dark grey 
argillaceous limestone and fossiliferous calcareous shale. 
North of the Clearwater River (latitude 52°) limestone beds 
are rare or absent, but fossiliferous calcareous shales are 
common. 

The Beaver Mines Formation in the south, and the 
Mountain Park Formation in the north (Fig. 2), are composed 
of interbedded mudstone to very fine grained sandstone with 
subordinate, but prominent, coarser and thicker sandstone 
unit s with abrupt bases and fining-upward grain size. 
Conglomerate beds are a minor constituent in some sections. 

The Malcolm Creek Formation (Fig. 2), confined to the 
area north of Waiparous Creek (Fig. I) consists, in ascending 
order, of the dark marine mudstones of the Moosebar 
Member, the prominent, sandstone-dominated Torrens 
Member and the coal -bearing Grande Cache Member. 

The Ma Butte Formation consists of mudstone to very 
fine-grained sandstone with subordinate coarser sandstone 
and conglomerate beds. Tuffaceous mudstones are common 
in the upper part of the formation in the type area, but 
disappear to the northwest along the Foothills. The entire 
formation is absent north of the Clearwater River (Fig. 1). 

Colour can be distinctive but varies from south to 
north . Shades of red and green, often mottled, are common 
south of the Bow River (see Douglas, 1950; Mellon, 1967). 
Shades of grey predominate to the north except in the 
Mountain Park Formation where greenish-grey is the 
dominant colour in the type area but is confined to a subdued 
shade in the uppermost part of the formation in the Smoky 
River region. 

Age and correlation 

The lower age limit of the group is uncertain and may 
be quite different from one area to another. Fossil evidence 
is very sparse in the Cadomin and lower Gladstone 
Formations. The possible age range is as old as latest 
Jurassic and as young as Aptian (see review in McLean, 1977, 
p. 799). Marine microfossils in the Moosebar Member of the 
Malcolm Creek Formation date the middle of the Blairmore 
Group as early to Middle Albian (J.H. Wall, pers. comm.). 
Paleobotanical evidence indicates an age of late Middle 
Albian or older for the top of the Blairmore Group in the 
central to northern Foothills, with a slightly younger age 
probable in the Smoky River region (A.R. Sweet, pers. 
comm.). The top of the Blairmore Group in the southern 
Foothills, where the Ma Butte Formation is present, is 
probably late Middle to Late Albian (Mellon, 1967, p. 74). 

5 



Correlation with the Bullhead and lower Fort St. John 
Groups in northeastern Brit ish Columbia is c learly shown in 
Figure 2. To the south in northwestern Montana, t he 
Bla ir more Group is equivalent to the Kootenai Formation and 
the lower part of the Blackleaf Formation (Table 3). In the 
southern Plains of Alberta the Mannville Group is equivalent 
to the Cadomin, Gladstone and Beaver Mines Formations and 
the Bow Island Formation is cor relative with the Ma Butte 
Formation. The Mannville Group of the central Pla ins of 
Alberta is equivalent to the Blairmore Group of the central to 
northern Foothills (Table 3). 
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Pocaterra Creek Formation 

South of the Bow River (Fig . I), there a re t wo a reas in 
whi ch beds similar to the lowe r Blairmore Group occu r be low 
the Cadomin Conglomerate. This unit was named the 
Pocate rra Creek Member of the Blairmore Format ion by 
Allan and Carr (1947). One a rea extends from the Bow River 
south to about latitude 50°20' (Alla n and Carr, 1947; Gibson, 
1977) and the second is in the Fernie region (Fi g. I) of 
southeas tern British Columbia (Gibson, 1977). The unit was 
not examined in detail during this study and is included only 
for the sake of completeness s ince it is considered a part of 
the Bl airmo re Group. 

The t ype sec tion , desig nated by Allan and Carr (1 94 7, 
p. 28 ), is nea r the headwaters of Pocaterra Creek 
(Section 15-19-8W 5). It consists of poorl y bedded, blocky 
grey to Olive-grey mudstones with some wel l-bedded 
carbonaceous sha les, a nd ha rd, f ine-grained quartzitic 
sandstones. Coarse-grained g rey cherty sandstones and chert 
pebble cong lomerates a re su bordinate but prominent 
components. In the type a rea , one or more conglomera te 
beds occur at the base, distinguished from the Cadom in 
Forma tion by smal ler clast size, a lack of green pebbles and a 
paucity of white quartzite pebbles (Allan and Carr, 1947). 
Gre y-green, honey-ye ll ow and maroon mudstones and 
calcareous nodules, up to 20 cm diameter, are cha racter is ti c 
of the Pocaterra Creek "Member" (Allan and Carr, 1947, 
p. 28). The unit varies in measured thic kness from 122 to 
6 m. It pinches out laterally but it is not known if thi s is 
depositional or erosional. Both upper and lowe r con tac t s a re 
abrupt but both ma y be conformable (Gibson, in preparation). 
However, fossil evidence is inadequate to determine this at 
the presen t time. 

The Pocaterra Creek "Member" was des ignated a 
member of the Blairmore formation by Allan and Carr (1947). 
The Blai rmore has subseq uentl y been elevated to group status 
but no-one has proposed e leva tion of the Pocater ra Creek to 
formation status. However , according to the American 
Commi ssion on Stratigraphic Nomenc lature (1970, ar tic le 7), 
a membe r is part of a fo rmation . The Poca terra Creek is 
Jithological y distinc t from the ove rl yi ng Cadomin Formation 
a nd cannot legit imatel y be considered a member within it . 
There fore, it is cons ide red to have formational sta tus and is 
left within the Blairmore Group, although it might equal ly 
well be separated fro m both the Blairmore and Kootenay 
Groups. 

Cadomin Formation 

Cadomin is the only formation name which is used 
throughout the en tire length of the noss-section (Fig. 2). It 
has been described by McLean (1977) and Stott (1968, 1973) 
and the in terested reade r is referred to those papers for 
ad di tional detail. The formation is characterized by 
conglomerate, with clasts up to 40 c m maximu m dimension. 
Average size ranges fro m less than I to 5 c m diameter. 

Matri x is generally fi ne- to coa rse-gra ined sand, and the 
cement is si li ca . C lasts are predominantly chert and 
quartzite. As a whole, the Cadomin is resistant to erosion 
and usually form s prominent outcrops. Thickness ranges from 
less than 1 m to over 180 m. More than one bed of 
conglomerate occurs in some sections with interbedded 
sandstone, siltstone and muds tone, often wit h a high 
ca rbonaceous cont en t and occasionally thin to thick coa l 
beds, particul a rly in sections north of the Smoky River 
(Fig . 1). 



In general, the average clast size in the formation 
decreases to the northeast and in a few of the more easterly 
outcrop sections, such as on Gladstone Creek, the formation 
is composed entirely of sandstone. However, it is a 
prominent, massive-weathering unit which is readily 
distinguishable from beds below and above, and is equivalent 
to the more typical conglomerate of the Cadomin farther 
west. The name Dalhousie sandstone was applied to 
equivalent sandstone beds in the Turner VaJJey area (Hume, 
1938) but there does not appear to be any good reason for 
perpetuating a separate name for this easterly sandstone 
facies, which interfingers with conglomerate to the west, and 
the name Cadomin is appl ied throughout (McLean, 1977). 

The conglomerate is interpreted as a pediment lag and 
alluvial fan deposit, which accumulated during a period of 
erosion subsequent to deposition of the Kootenay Group, 
Nikanassin Formation and Minnes Group (McLean, 1977). 

Gladstone Formation 

Definition 

The type section (holostra totype of Hedberg, 1976), of 
the Gladstone Formation is on Gladstone Creek. Figure I 
shows its general location and Table 4 its specific location. 

Mellon (1967, p. 16) proposed the name Gladstone to 
encompass the beds from the top of the Kootenay Formation 
(now Group, see Gibson, 1979) to the base of his Beaver Mines 
Formation. This included the herein defined Cadomin 
Formation which, at the type section of the Gladstone 
Formation, is composed entirely of sandstone, atypical of the 
formation as a whole which is characteristicaJJy a 
conglomerate. The Cadomin is a prominent and extensively 
used stratigraphic marker in mapping and coal exploration 
along the length of the Foothills (McLean, 1977) and, 
therefore, it is considered important to retain it as a separate 
formation. Its removal from the Gladstone does not impair 
the use of that name for the remainder of the formation as 
explained above. Therefore, the Gladstone Formation is 
herein redefined to include all strata between the top of the 
Cadomin Formation and the base of the Beaver Mines 
Formation in the Foothills south of Waiparous Creek and 
between the Cadomin and Malcolm Creek Formations from 
Waiparous Creek to Smoky River (Fig. I, Table 2). Both 
contacts are abrupt, the lower being conformable and the 
upper either conformable or disconformable. A stratigraphic 
column of the type section is shown in Figure 2. A written 
description, not provided by MeJJon ([967), is given in 
Appendix A. 

Distribution and thickness 

The Gladstone Formation is 81.7 m thick at its type 
section. Thickness variations to the northwest are shown in 
Figure 2. The formation generally thickens to the west. For 
example, the thickness increases from 140 m at Gap Lake on 
the eastern edge of the FoothiJJs to 180 m at Wapiabi Creek 
on the western edge (Fig. I). 

Mellon (1967) and Holter and Mellon (1972) extended 
usage of the name Gladstone Formation from the type area to 
the Cadomin area which is the type area of MacKay's 
(1929a, b, and c, 1930) Luscar Formation. The essential 
lithological characteristics of the Gladstone Formation can 
be recognized as far as the Smoky Ri ver. Northward beyond 
the Smoky River, the lithological character of the interval 
between the Cadomin and Moosebar Formations changes and, 
accordingly, use of the name is discontinued and replaced by 
Gething (Table 2). 

TABLE 4 

Locations of type and reference sections. 

UNIVERSAL TRANSVERSE 

NTS TOPOGRAPHIC MAP 
MERCATOR GRID 

SECTION (UTM) LOCATION 
L50,000 SCALE 

Easting Northing Zone 

TORRENS RIOGE Narraway River 93-1/8E 2942 60198 10 

GLADSTONE Beaver Mines 82G/8E 7060 54765 11 

MALCOLM CREEK Grande Cache 83EII4E 3563 59743 II 

GUSTAVS FLATS Grande Cache 83EII4E 3572 59786 II 

WAPIABI CREEK 
Nordegg 83C/8 and 5332 58152 II 
Job Creek 83C/7E 5344 58150 II 

MA BUTTE Crowsnest 82GIIO 6789 55114 II 

GSC 

Lithological characteristics 

The Gladstone Formation as defined herein has been 
informally divided into two members (Glaister, 1957, 1959; 
Norris, 1964; MeJJon, 1967) which are retained here. The 
lower member, comprising half or less of the formation, is 
characterized by fine- to very fine-grained sandstone beds, up 
to 8 m thick, usuaJJy with a distinct upward decrease in grain 
size, interbedded wi th siltstone, mudstone and claystone beds, 
2 cm to several metres thick. Colours are light grey to light 
greenish-grey and maroon. The latter two often form a 
mottled pattern in southern Foothills exposures. Lamination 
is uncommon and most beds have a massive appearance. 
Recognizable sedimentary structures are rare. 

North of the Bow River (Fig. J) the lower part of the 
Gladstone has lithological characteristics similar to those of 
the type section, but the colours are predominantly greys 
with no greenish or reddish hues observed. Macerated 
carbonaceous material becomes more common to the north, 
with root zones and plant fragments commonly observed, and 
even a few thin clayey coal seams. An 80 cm-thick seam is 
present in the section at Cadomin. Fining-upward sandstone 
beds, as weJJ as the common occurrence of carbonaceous 
debris and root zones, characterize this lower part of the 
Gladstone Formation. 

The upper part, the 'Calcareous' member of Glaister 
([ 957, 1959) and Mellon (J 967), is characterized by limestone 
and calcareous mudstone, siltstone and subordinate sandstone 
(Plate 1 A). Limestone beds which are dark grey with light 
grey weathering, and exhibit a platy weathering character, 
are mainly aphanitic and structureless although allochthonous 
shell fragments are common in some beds, sometimes forming 
a coquina. Pelecypods and gastropods are readily 
recognizable (Plate I B) and ostracodes and charophytes were 
observed in a few beds. Interbedded mudstones are dark grey 
with light grey weathering, and a platy habit. Horizontal 
lamination was observed in some beds. A churned, 
bioturbated appearance and scattered shells are common. 
Siltstone and sandstone beds are medium to dark grey with 
light grey weathering. Horizontal to wavy lamination is 
common, and distinct ripple bedforms were observed in one 
bed. AJI are very calcareous. 

The 'Calcareous' member varies greatly in thickness as 
iJJustrated in Figure 2. It is well developed at the type 
section of the Gladstone Formation and is thick and well 
developed at Waiparous Creek. The anomalously thin section 
at Sheep River wiJJ be discussed later. To the north of 
Waiparous Creek (Fig.I), limestone beds are not weJJ 
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PLATE 1a. Interbedded limestone and 
mudstone of the 'calcareous' member, 
Gladstone Formation. Waiparous Creek 
section. ISPG 1356-26. 

pelecypods of 
origin, near top of 

Little Berland 

PLATE lb. Disarticulated 
brackish to fresh water 
Gladstone Formation. 
core 70-02. ISPG 1356-25. 

developed but very calcareous shales or mudstones are 
prominent in the outcrop section at Burnt Timber Creek, and 
in core from the Fall Creek and Little Berland River 
locations (Figs. I and 2). 

The 'Calcareous' member is equivalent to the Ostracode 
zone in the Plains stratigraphy (Loranger, 1951) and contains 
the characteristic Metacyprid ostracode fauna. 

The 'Calcareous' member loses its identity north of the 
Clearwater River (Fig. I) (Mellon, 1967, p.46-50) where 
distinctive limestone beds are replaced by fossiliferous 
calcareous mudstones to sandstones. However, the upper 
part of the formation, stratigraphically equivalent to the 
'Calcareous' member, is still distinct from the lower part and 
is characterized by dark grey mudstones, most of which are 
distinctly bioturbated and many contain fragments of 
pelecypod and gastropod shells as well as some ostracodes and 
charophytes (Plate I B). In some sections, foraminifera, 
indicative of brackish water conditions were found associated 
with the nonmarine fauna. Typically, sandstone beds are 
much subordinate to mudstone and siltstone, and where 
present are thin to medium bedded and may exhibit either a 
coarsening-upward, or a fining-upward grain size. This upper 
unit can be recognized clearly as far north as the McIntyre 
Mines Railroad section on the Smoky River (Fig. I). 

In two of the sections which were studied in detail
Sheep River and Cadomin (Figs. I and 2) - there is an 
unusually high proportion of sandstone in all but the 
uppermost few metres of the Gladstone Formation. The 
sandstones are usually the uppermost unit of coarsening
upward sequences, but some have an abrupt base and exhibit a 



decrease in grain size upward. The section at Sheep River 
contains a few extensively bioturbated beds but also some 
distinctive root zones. Most of the finer grained beds--
mudstones and siltstones -- are a prominent greenish-grey 

colour and have a massive appearance with no recognizable 
sedimentary structures. Carbonaceous detritus is rare and no 
coal beds are present. The section at Cadomin (Plate 2A) is 
very carbonaceous throughout and contains several thin coal 
seams as well as the 80 cm-thick seam mentioned previously. 
These beds are similar to those observed in the lower part of 
the Gladstone Formation but lack the thick, fining-upward, 
sandstone beds. 

Age and correlation 

The nonmarine fauna occurring in the upper part of the 
Gladstone Formation is not age sensi tive (Mellon, 1967, 
p. 75). However, foraminifera from marine mudstones 
interbedded with nonmarine strata in the upper part of the 
formation north of the North Saskatchewan River, indicate an 
age of Early to Middle Albian (J.H. Wall, pers. comm., 1979). 
As with the Cadomin Formation, the lower age limit is not 
known precisely. Stott (j 968, p. 39), from several lines of 
evidence, suggested a Hauterivian to Albian age for the 
laterally equivalent Gething Formation, with some evidence 
suggesting, but not proving, that the younger age is more 
likely. 

The Gladstone Formation is laterally equivalent to the 
Gething Formation of northeastern British Columbia and to 
the Lower Mannville Group of the southern Alberta Plains 
(Table 3), and the McMurray Formation of the central and 
northeastern Plains (see Mellon, 1967, p. 77). 

Depositional environments 

The lower part of the Gladstone Formation was 
deposited on an alluvial plain; the thick, fining-upward 
sandstones representing probable point bar deposits of 
meandering channels with the finer interbedded sediments 
representing typical floodplain deposits (e.g. Vincent, 1977; 
McLean and Jerzykiewicz, 1978). Mellon' s (j 967, p. 182) 
influx type of cyclically bedded deposits refer to this alluvial 
plain depositional setting. Holter and Mellon (j 972, Fig. 8, 
p. 133) do not indicate this model for their "lower Luscar 
facies", but it is present in t he lower part of aU sections 
studied by t he aut hor. 

The upper part of the Gladstone contains an abundant 
fresh water fauna consisting of ostracodes, pelecypods, 
gastropods, fish teeth and bones, and charophytes. A 
lacustrine environment is suggested by this evidence. 
However, a mixed population of the fauna with marine 
foraminifera (Wall, 1979, pers. comm.) in several sections of 
the upper Gladstone Formation north of the North 
Saskatchewan River, favours an estuarine rather than 
lacustrine environment (McLean and Wall, 1981). The 
Gladstone Formation reflects a gradual lowering of energy 
levels accompanying the slow southward transgression of the 
boreal sea. 

Comparison with the Gething Formation 

The type section of the Gething Formation is exposed 
along the canyon of the Peace River where it is between 485 
and 545 m thick (Stott, 1969). 

... In general, it comprises interbedded 
mudstone, coal, and sandstone. The repetition 

of numerous thin units is a characteristic 
feature of the Gething in this region. 
Sandstones in the canyon area are dominantly 
fine-grained, silty to argillaceous, and are 
commonly carbonaceous. They are brown to 
grey on a fresh surface and weather brown. 
Only a few units exceed 25 feet in thickness 
and many are channel structures. The 
mudstones are mainly brownish-grey to green 
and most are carbonaceous. .. (Stott, 1969, 
p.3) 

The formation thins markedly to the south of the type 
area and is only 140 m thick in the Wolverine section (Fig. 2) 
and 100 m thick at Mount Torrens (Fig. 2). However, the 
essential lithOlogical character of the formation is 
maintained and, particularly pertinent to this discussion, coal 
seams, a metre or more thick, commonly occur in sections as 
far south as the Smoky River (Gustavs Flats section, Fig. 2). 
There is no indication of a fresh- to brackish-water sequence 
in the upper beds as seen in the Gladstone Formation. 

At Gustavs Flats, a major coal seam occurs 
immediately below the overlying Moosebar Formation. Eight 
kilometres to the northeast, along the Smoky River, a nearly 
complete section of the interval between the Cadomin and 
Moosebar Formations is exposed (Plate 2B). There are only 
minor coal seams and some marine influence is indicated in 
the upper 20 m. The section is lithologically more similar to 
the Gladstone Formation than the Gething Formation, and is 
placed in that formation. To the south, the next section at 
Little Berland River is also distinctly similar to the type 
Gladstone Formation and lacks the thick coal seams of the 
Gething. None of the measured sections south of the Smoky 
River contains the number or thickness of seams observed at 
Gustavs Flats. 

The nature and posltlOn of the boundary between the 
Gething and Gladstone Formations is uncertain at present. It 
lies between the two outcrop sections on the Smoky River and 
appears to trend in a nearly north-south direction (Fig. 1). 
The contact is undoubtedly gradational from the coal-bearing, 
probably deltaic, setting of the Gething to the ·estuarine 
environment of the Gladstone to the south. The extent of 
Gladstone-type sediments to the north and east of the 
Foothills is unknown. 

Comparison with the lower Luscar Formation 

The presence of the Moosebar marine tongue (Fig. 2) 
was not recognized south of the Smoky River until the work 
of Mellon and Wall (j 961 and 1963). Consequently, what is 
now recognized as an important stratigraphic horizon has not 
been mapped south of the Smoky River. The reason for this is 
the generally recessive weathering nature of the Moosebar 
tongue as well as the underlying and overlying beds. Two 
authors (Douglas, 1956a; Mountjoy, 1960a, b) have 
subdivided the Luscar Formation, but the division does not 
correspond to the base of the Moosebar. 

Douglas (j 956a, p. 20) divided the Luscar into upper and 
lower divisions with the contact at the base of the sandstone 
underlying a major coal (his No.2 seam) which marks the 
change, at Nordegg (Fig. 1) from the grey shales and 
sandstones of the lower part to greenish-grey beds of the 
upper part. Mountjoy (J 960b) divided the Luscar in the 
Miette area (just south of the Athabasca River, see Fig. 1) 
into two parts with the contact at the base of a prominent, 
ridge-forming, coarse-grained, conglomeratic sandstone unit. 
Field study by the writer of a section in this area suggests 
that this bed is in the same relative stratigraphic position as 
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the sandstone of Douglas, well above the base of the 
Moosebar marine shale. This bed represents a regionally 
significant marker herein ralled the Torrens Member of the 
Makolm Creek Formation. It is well above the upper 
boundary of the Gladstone Formation discussed previously, 
and will be considered in a subsequent section. 

The informal lower Luscar Formation of Douglas 
(J 956a) and Mountjoy (J 960a and b) can be subdivided into 
smaller and more useful lithostratigraphic units and, thus, 
their nomenclature will not utilized here. 

Malcolm Creek Formation 

Definition 

The name Mcdcolm C:reek is proposed for the sequence 
of strata between the top of the Gladstone Formation and the 
base of the Mountain ParI< Formation (Table 2). Both 
contacts are abrupt but apparently conformable. The 
formation is well exposed at several outcrop sections in the 
vicinity of the town of Grande Cache, Alberta (Fig. 1). The 
section on Malcolm Creek (Figs. 1 and 2) is designated the 
type section. The precise location is given in Table 4: a 
written description is presented in Appendix A. The Gustavs 
Flats sertion, which is more accessible, is designated as a 
principal reference section. 

The formation consists of three distinct lithological 
units which are given formal member status. These are, in 
ascending order: (I) Moosebar Member, characterized by 
dark grey mudstones with more siltstone and sandstone 
interbeds upward; (2) Torrens Member, characterized by 
sandstone; and (3) Grande Cache Member, characterized by 
coal seams interbedded with carbonaceous mudstone, 
siltstone, and subordinate sandstone. 

Distribution and thickness 

The Malcolm Creel< Formation is 189.7 m thilk at the 
type section. To the south, it maintains a thickness varying 
from 160 to 130 m to about the Ram River (Cripple Creek
Gap Lc>.ke logs, Fig. 2). South of there, it thins markedly to 
only 18.5 m at Waiparous Creek (Figs. 1 and 2). A lack of 
complete exposures between Cripple Creek and Waiparous 
Creek precludes an exact picture of the nature of this 
thinning. The formation has not been recognized south of 
Waiparous Creek. 

The Malcolm Creek Formation has been recognized as 
kr northwest as the Alberta-British Columbia border. Just 
north of the border at Torrens Ridge (Fig. 1), the Hulcross 
Formation (Fig. 2, Table 2) is still recognized, so that the 
underlying beds are still referred to the Gates Formation, and 
the central and northern Alberta Foothills nomenclature is 
not applied (Fig. 2). 

The name Malcolm Creek Formation is restricted by 
definition to the Foothills structural province. 

Lithological characteristics 

The Malcolm C:reek Formation is readily divisible into 
three lithologically distinct units in most of its area of 
occurrenre. These have been given formal member status 
and are described in detail below. 

The lowest beds, the Moosebar Member, are 
characterized by dark grey mudstone with a thin bed of 
pebbly, glauconitic mudstone at the base. Interbeds of silt 
and very fine-grained sandstone occur upward, increasing in 
grain size and bed thirkness upward. The Moosebar passes 
upward gradationally into the Torrens Member characterized 
by sandstone, very fine- to fine-grained, with a n overall 
increase in grain size upward. Sandstone up to very coarse
grained and occasionally pebbly is common towards the top of 
the member. The Torrens is overlain, usuaJly abrupi:ly, by the 
Grande Cache Member, characterized by thick coal seams 
interbedded with thicker sequences of gre y to olive-grey , 
predominantly fine grained clastic sediments. Coarser 
grained dasti c sediments are J subordinate but distinc tive 
lithofacies. Carbonareous detritus is abundan l throughout 
and root zones are common. 

Age and correlation 

Foraminifera from the Moosebar Membf'r, identif ied by 
J.H. Wall of the Geologic al Survey of Canada, give an age oJ 
Early to Middle Albian. More specific age designations of 
EJrly Middle Albian in the Victor Lake section neCir Grande 
Cache and Middle Albian for the subsurface sec tion at Little 
Berland River (Fig. 1) were given. No fossils were recov ered 
from the Torrens or Grande Cac he Members. An upper limit 
on age is imposed by paleobotanical determinations on the 
highest beds in the Malcolm Creek sec tion which A.R. Sweet 
of the Geological Survey of Canada dated as late Middle 
Albian or younger. 

The Malcolm Creek Formation correlates with the 
Moosebar Formation and the lowe r part of the Gates 
Formation in the more southeasterly outcrops of th e 
northeastern British Columbia Foothills (Table 2) with a 
lower part of the Beaver Mines Formation in the southern 
Alberta Foothills, with the Clearwater Formation and lower 
part of the Grand Rapids Formation of the central Alberta 
Plains (Table 3), and with the lower part of the Upper 
Mannville Group in the sou thern Alberta Plains. 

Moosebar Member 

Definition 

The type section of the Mooseba r Formation of 
northeastern British Columbia is along the Peace River 
Canyon (McLearn, 1923, p. 58). It is charac terized by dark 
grey mudstone, with subordinate siltstone and very fine 
grained sandstone becoming more abundant upward. A 
description of the type section is given by Stott (1968 , 
p. 48-50), who mapped the fo rmation from the type are a as 
far south CiS the Smoky River (Fig. 1). The Mooseba r 
Formd tion overlies the Gething Formation abruptly and 
disronformably and is overlain gradationally by the Gates 
Formation. 

South of the Silloky River, the Moosebdr has been 
recognized previollsly at only one locality, Cadomin (M e llon 
and Wall , 1961, 1963; tv'lellof), 1967} and has not bee n mapped . 
While it has been possible, during this study, to identify th e 
Moosebar in all sections examined north of the Clea rwate r 
River, the mappability of the unit is doubtful and, for th is 
reason, the Moosebar has been re duced to member status 
within the ,vlalcolrn Creek Formation. The Mousebar 
Member <..tbruptly and disc onformably overlies the Gladstone 
Formation and is overlain gradationally by the Torrens 
Member of the Malcolm Creek Formation. 
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The Moosebar is given only member status wherever the 
Malcolm Creek Formation is recognized even though it has 
demonstrated mappability in the area between the Smoky 
River and the British Columbia-Alberta border. The name 
Malcolm Creek Formation is utilized only south of the 
termination of the Hulcross Formation where the Gates and 
Boulder Creek Formations of northeastern British Columbia 
cannot be differentiated (Table 2; Fig. 2). This occurs near 
the British Columbia-Alberta border since the Hulcross 
Formation is las t recognized at the Torrens Ridge section 
(Fig. I). Therefore, the Moosebar Member is recognized in 
the Alberta Foothills from the British Columbia border to the 
Clearwater River (Fig. 1). 

Distribution and thickness 

The Moosebar Formation generally decreases in 
thickness towards the southeast in the British Columbia 
Foothills from about 290 mat the type section (Stott, 1963b, 
1968) to 70 m at Torrens Ridge. 

The thickness of the Moosebar Member also generally 
decreases to the southeast in the Alberta Foothills (Fig. 2), 
but there is a reversal of this trend in the centra l Foothills 
region from Cadomin to Chungo Creek (Figs. I and 2) where 
the member is up to 117 m thick. Southward, the Moosebar 
thins rapidly and is very thin or absent south of the 
Clearwater River (Fig. I). A very few arenaceous 
foraminifera (J.H. Wall, per. comm.) recovered from the 
section at Waiparous Creek (Fig. 1) may be from the most 
southern extremity of the Moosebar tongue in the Foothills. 
Generally, the member becomes thinner to the west as the 
upper part passes by facies change into the base of the 
Torrens Member. 

Lithological characteristics 

The basal few centimetres to deci me tres of the 
Moosebar Member is characterized by a layer of pebbles, up 
to 10 cm in maximum dimension, in a mudstone matrix 
(Plate 3A). Glauconite grains constitute a small but 
distinctive proportion of this basal zone, giving it a read ily 
recognized greenish hue. The pebble bed and glauconite have 
not been observed south of the Clearwater River (Fig. I). 

Mudstone, dark grey to dark olive-grey on fresh 
surfaces, weathering medium to medium-dark grey, is the 
most typical lithology. It is usually noncalcareous, but often 
ferruginous. Hard, rusty-weathering, sideritic concretions 
are common in some sections. They usually occur as 
flattened ellipsoidal nodules but in places as continous beds a 
few centimetres thick. Laminations and thin interbeds of 
siltstone occur at the base of the Moosebar in the the more 
southerly sec tions and increase in number and thickness 
upward, being replaced by very fine-grained sandstones higher 
in the section (Plate 4A and B). Sections in the north 
(e.g. Gustavs Flats, Fig. 2) generally contain less siltstone at 
the base but siltstone increases in abundance upward as in the 
southern sections. The top of the Moosebar Member is placed 
at the base of the first thick to massive sandstone bed above 
which few, or no, mudstone beds occur. In the writer's 
experience, there is always a clear distinction between the 
interbedded mudstone and sandstone of the Moosebar Member 
and the predominant sandstone of the Torrens Member. 
Normal graded lamination and thin beds are common . 
Evidence of bioturbation in the form of burrows and fecal 
pellets was observed in all sections (Plate 3B). Both are best 
preserved in interlaminated mudstone and siltstone 
sequences. Thin, carbonaceous-rich laminations and 
disseminated, finely comminuted carbonaceous material are 
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more common upward in the section where bioturbation is 
less prominent. 

Age and correlation 

Extensive collections of foraminifera, recovered from 
the Moosebar Member and identified by J.H. Wall of the 
Geological Survey of Canada (pers. comm., 1980), give a 
general age of Earl y to Middle Albian. Speci mens from a 
section near Grande Cache were dated more speClflcally as 
early Middle Albian and, at the Little Berland River location 
(Fig. 1), the Moosebar was dated as Middle Albian. No 
zonation within the Moosebar appears possible at present. 

The Moosebar Member correlates with the Moosebar 
Formation of northeastern British Columbia and with the 
Clearwater Formation of the central to northern Alberta 
Plains. The pebble and glauconite unit at the base is 
homotaxially and genetically related to the Glauconitic 
Sandstone of the southern and central Plains of Alberta 
(Table 3) and the Wabiskaw Member of the C learwater 
Formation in the northeastern Alberta Plains. 

Torrens Member 

Definition 

The type section (holostratotype of Hedberg, 1976) of 
the Torrens Member (Fig. 1) is on an unnamed creek flowing 
southwest into Saxon Creek from the ridge on which Mount 
Torrens is situated (Table 4). Figure 3 shows a stratigraphic 
column of the type section and a written description is given 
in the appendix. Plates 4A and B illustrate the transitional 
contact with the Moosebar Member. 

The type section is located at the last section in which 
the Hulcross marine shale was recognized. To the north of 
the type section, the Boulder Creek and Gates Formations are 
recognized, separated by the Hulcross Formation. However, 
to the south, the Hulcross has not been observed and the 
nomenclature of the central and northern Alberta Foothills is 
applied. The Torrens is herein defined as a member of the 
Malcolm Creek Formation but it is also a readily recognizable 
unit in the Gates Formation of northeastern British Columbia 
and has been used extensively as a marker horizon in detailed 
mapping by coal companies actively exploring throughout the 
region. For this reason, the type section is ideally located so 
that it is representative of the member in both the Malcolm 
Creek and Gates Formations. 

The member is distinct because it is a prominent 
resistant unit bounded by two less resistant units - the 
Moosebar below and the Grande Cache Member above (or the 
coal-bearing Gates in northeastern British Columbia). The 
base of the member is as defined in the description of the 
Moosebar Member. The top is placed at the top of the 
predominantly sandstone sequence below the less resistant 
mudstone and coal beds of the overlying Grande Cache 
Member. In many places, a coal seam directly overlies the 
Torrens Member (see Fig. 2, Gustavs Flats Section; Plate 4B). 

Distribution and thickness 

The Torrens Member is 39 m thick at its type section 
and thins gradually to the southeast as shown in Figure 2. 
South of the North Saskatchewan River (Fig. I), it is very 
weakly developed in some sections, but is a prominent unit in 
others. 



PLATE 3a. Pebble bed at base of Moosebar 
Member, Malcolm Creek Formation. 
Wapiabi Creek section. ISPG 1356-24. 

PLATE 3b. Upper part of Moosebar Member, 
transitional to Torrens Member. Note 
extensive bioturbation in part. Striations 
at acute angle to bedding are due to 
rotation inside core barrel. Little 
Berland core 70-02. ISPG 1356-9. 

North of the type section, the extent of applicability of 
the name Torrens Member is not known exactly. There is 
strong evidence south of the Wolverine section (Figs. I and 2) 
of an intertonguing relationship between the lower Gates 
Formation and the Moosebar Formation, so that the basal 
sandstone of the Gates in one area may be physically distinct 
from the basal sands tone in another area. No marine tongues 
have been identified within the Gates Formation south of the 
Wapiti River (Fig. 2), but one or more tongues are known to 
exist in some sec tions to the north. The exact southern limit 
of these tongues is not known at present. Tentatively, use of 
the name Torrens is extended as far north on the Wapiti 
River. Further work will be required to determine whether it 
can be extended farther north or must be restricted farther 
to the south. 

Lithological characteristics 

The Torrens Member is characterized by sandstone, 
from very fine-grained to very coarse-grained with beds of 
conglomerate. South of the type section, very fine to fine
grained sandstone predominates but coarser clast sizes are 
common. An overall upward increase in grain size was 
observed in most sections although the amount and manner of 
increase are highl y variable. At the type section, two 
coarsening-upward sequences were observed (Fig. 3), the 
upper meter of the upper sequence containing pebble-size 
clasts. Above a thin recessive interval, a prominent fining
upward sequence forms the uppermost unit of the Torrens 
Member. This reversal of grain size trend was observed in 
several other sec tions, but is not a consistent feature. Some 
of the lateral variation may be seen in Figure 2. 

Horizontal bedding and lamination is often well 
developed. Crossbedding was observed in nearly all sections, 
with shallow troughs and long, low-angle wedge sets 
predominant in the coarsening-upward sequences. Trough and 
planar crossbed sets were observed in the fining-upward 
sequence at the top of some sections. Cross-lamination was 
observed in most sections. Rip-up clasts, usually composed of 
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PLATE 4a. Cadomin, Gladstone and Lower Malcolm Creek Formations, Grand Mountain, 
looking east across Smoky River. ISPG 1437-1. 

PLATE 4b. Upper Moosebar Member, Torrens Member, and coal at base of Grande Cache Member, Malcolm 
Creek Formation. Ruby Creek section. ISPG 1356-8. 

angular to rounded fragments of mudstone, are a common 
constituent. Burrows and churned beds are common in the 
lower part of the member in most sections but are rare in the 
upper beds. A massive appearance characterizes some 
outcrop sections of the Torrens Member. This lack of 
apparent sedimentary structures appears to be due to a lack 
of the distinctive mineralogical differentiation which forms 
lamination and accentuates structures in other sections. 

Age and correlation 

No diagnostic fossils were collected from this member. 
However, its vertical and lateral gradational contact with the 
Moosebar Member implies contemporaneity and, therefore, a 
probable age of Middle Albian is indicated. 
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The Torrens Member correlates with the basal 
sandstone member of the Gates Formation and, as discussed 
above, the name appears to be applicable as far north as the 
Wapiti River (Fig. I). It is also correlative with the basal 
part of the Grand Rapids Formation of the central to 
northern Plains of Alberta (Table 3). 

Grande Cache Member 

Definition 

The type section (holostratotype of Hedberg, 1976) of 
the Grande Cache Member is in a prominent bulldozer cut 
along the base of Mount Hamell, just north of Gustav s Creek 
on the northwest side of the Smoky River near the town of 
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Grande Cache (Fig. I; Table 4). The cut was made during an 
exploration program by Mcint yre Mines Ltd. and at least 
7 adits were opened in 6 thick coa l sedms. The entire 
member is we ll exposed. Figure 4 shows a stratigraphie 
column of the type section. Some of the section is illustra ted 
in Plates 5A, Band C. A written description of the section is 
given in Appendix A. 

The Grande Cache Member overlies the Torrens 
Member abruptly but conformably. Sediments of the basal 
Grande Cache are finer grained on the whole and more 
recessive than the Torrens Member and, in many sections, a 
coal seam rests directly on the Torrens Member. The Grande 
Cache Member contains a ll of economically important coal 
seams south of the Grande Cache area (see Fig. 2 and the 
text on Geology of Coal Seams). The contact of the member, 
and therefore the top of the Malcolm Creek Formation, with 
the overlying Mountain Park Formation, is placed at the base 
of the first prominent sandstone unit with an abrupt basal 
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FIGURE 4. Type section of the Grande Cache 
Member, Malcolm Creek Formation, Gustavs Flats 
section. 

contact and generally fining-upward grain size distribution, 
above the highest major seam (>0.6 m thick) in the Grande 
Cache Member. Reference to Figure 2 shows that this is a 
workable definition. Where outcrop sections are poorly 
exposed (as in the Cadomin Sec tion) it may not be possible to 
delineate the contact with confidence because coal seams 
may not be exposed and prominent sandstone beds can occur 
within the coal measures as well as above them. However, in 
the author's experience, the contact can always be placed 
within workable limits. 

15 



16 

PLATE Sa. Interbedded sandstone and mudstone overlying No.4 seam in Grande Cache Member, Malcolm 
Creek Formation. Gustavs Flats section. ISPG 1356-7. 

PLATE 5b. Channel sandstone scoured into mudstone overlying a thick coal seam, Grande Cache Member, 
Malcolm Creek Formation. Gustavs Flats section. ISPG 1356-4. 



PLATE 5c. Upright tree trunk, 75 cm diameter and 5.2 m long, upper Grande Cache Member, Malcolm 
Creek Formation. Gustavs Flats sec tion. ISPG 1356-2. 

Distribution and thickness 

The Grande Car he Member is characterized by coal 
seams and is recognizable on this basis in the Foothills from 
the Alberta-British Columbia border in the northwest to 
Waiparous Creek (MrLean, 1976) in the southeast (Fig. 2). 
South of Waiparous Creek, no coal has been observed and the 
Torrens and Moosebar Members have pinched out as we ll, so 
that the Malcolm Creek Formation is no longer recogni zed 
and the Mountain Park Formation occupies the entire interval 
from the top of the Gladstone Formation to the base of th e 
Blackstone Formation. At thi s point the Beaver Mines 
Formation supplants both the Mountain Park and Malrolm 
Creek Formations (Table 2, Fig. 2). 

The Grande Cache Member generally thins to the 
southeast, from 130 m at Torrens Ridge to 15 m at Waiparous 
Creek (Fig. 2) but there are numerous local varia tions in this 
trend. The member is generally thinner to the southwest, 
while there is a complementary thickening of the overlying 
Mountain Park Formation. However, the Grande Cache 
Member was never observed to pinch out entirely in the 
southwesterly direction <IS it does to the southeast. 

Lithological characteristics 

The Grande Cache Member is characterized pri marily 
by thick coal seams interbedded with predominantly fine 
clastic sediments (mudstone, siltstones, and ve ry fine-grained 
sandstones) (Plate 5A) and subordinate coarser grained clastic 
sediments (Plate 5B). Coal seams range in thickness from a 
few centimetres to 6 m and occasionally thicker. Both upper 
and lower contacts of the seams appear abrupt, but a very 
thin, argillaceous transition zone is commonly present at the 
base. Roots may occur in the underlying bed but often no 
roots were evident. Prominently rooted beds of mudstone to 
fine-grained sandstone without overlying coal seams are 
common. A few beds might be referred to as seat earths but 
these are uncommon. Very siliceous root zones were 
observed in a few places and these may be ganisters (siliceous 
seat earths). 

Mudstones, siltstones and ver y fine-grained sandstones 
are ubiquitous and very variable in the relative proportions of 
each and in their interrelationships. Colours are generall y 
sombre, greys and olive-greys being predominant, but 
prominent orange-weathering ferruginous beds are common, 
Fine horizontal lamination is abundant and cross lamination is 
frequently present in siltstone and very fine-grained 
sandstone beds. Many beds have a homogeneous appearance. 

Macerated carbonaceous debris i s present in varying 
proportions throughout the Grande Cache Member and often 
is concentrated as thin laminations. Disarticulated pelecypod 
shells were observed in a few beds (Fig. 5) and locally may be 
useful in correlation. They are all fresh to brackish water 
forms. Coalified tre(' trunks in growth position were 
observed in a few sections. The largest one observed is in 
the type section where the measured length was over 5 m and 
the diameter 75 cm (Pl ate 5C). It extends through units 
18 and 19 of Figure 4 and appears to be rooted in the 
underlying coal bed. 

Age and correlation 

No diagnostic fossils were roJlected from the Grande 
Cache Member. Its age range is limited by the determined 
ages of the Moosebar Member, Middle Albian, and the 
uppermost Mountain Park Formation, late Middle Albian or 
younger. 

The Grande Cache Member rorrelates with part of the 
Gates Formation above the Torrens Member in the 
southeastern part of the northeastern British Columbia 
Foothills. [t is homotaxial with part of the Grand Rapids 
Formation of the central and northern Alberta Plains 
(Table 3). LithostratigraphicaJly, it has no equivalent in the 
Beaver Mines Formation of the southern Alberta Foothills, 
but is a time equivalent of part of that formation. 

D epositional environments 

The basal pebble and glauconite unit of the Moosebar 
Formation records the transgression of the boreal sea 
southward. The bulk of the Moosebar Member, as well as the 
Torrens Member, records the regression of the Moosebar sea 
to the north and eas t. The pre~ence of a marine fauna and of 
extensive bioturbation in the Moosebar indicates a shaJlow 
shelf setting (McLean and Wall, 1981). The increase in sand 
content upward indicates proximity of the strandlinc as it 
migrated seaward. The Torrens Member represents the 
relativel y high energy shoreline environments from wave base 
to slightly above sea level. The coal and fine-grained 
sediments of the Grande Cache Member were deposited in the 
relatively low energy coastal or delta plain environment 
behind the shoreline deposits. Coarser grained sandstones in 
the Grande Cache Member represent delta distributary 
channels or proximal overbank sediments. 
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Mountain Park Formation 

Definition 

Th~ name Mountain Park WelS fir st introdu ced by 
Mac Ka y (l929a , b, c ; 1930). The name is that of a f!lining 
town which was active \lntil 1950, but which is now 
abandoned; littk ref!lains of this once thriving community 
(Ross, 1974). 

Mac Kay (1930, p. 477) observed an apparent lithological 
d iff e re nce between the upper beds (Mountain Park Formation) 
.1nd the uflderlying coal-beuring beds (Grande Cache Member), 

. . . as expressed in the dark, oli ve
green and brick-red weathering 
appearance of thE' former , the presence in 
them of thic k lense s of black chert 
conglomerate, their greater resistance to 
weathering and the absence in them of 
commercial coal seams; ... 

He w~s doubtful that a nyone horizon could be traced for any 
great distance over the areu but suggested that the upper 
beds were sufficiently di<;tinct from the underlying coaJ
bearing bC'ds to warrant an attempt to delineate them as a 
separate mappable unit. Subsequent work by several 
geologists (Erdman, 1945, 1950; Henderson, 1945; Douglas, 
1956a and b) has follow e d the lead of MacKay, particularly in 
the -C\rea between the North Saskatchewan River and the 
Cadomifl-Luscar area (Fig. 1). The definition of Douglas 
(1956a, p. 20 and 22), as stated earlier seems to be the most 
useful definition. 

The lower contact with the GrLlnde Cache Member of 
the Malcolm Cree k Formation was defined in a previous 
section. The major criteria are the paucity or absence of 
thick coal sea ms above and the presence of very thick 
sa ndstone beds c haracterized by c,brupt bases and usually 
fining-upward grain size distribution. The greenish 
colouration is a useful subordinate characteristic in the type 
area but it is not definitive since greenish hues occur in the 
coal. measures and only gradually intensify upward in th e 
section. Attempts to rick a distinct colour break have been 
futile . The coa l and sandstone criterion is much more useful 
a nd consis te nt for differentiation of the Mountain Park from 
the underlying beds. To the northwest along the trend of the 
Foothills (Fi g. 2) the· greenish colouration rises 
stratigraphically and diverges from the b~se of the Mountain 
Park Formation as used in this report. 

It may happen th Zl t there are no distinct sandstone beds 
in a section which would serve as a base for the Mountain 
Park Forrnation. The reason for this is discussed undN 
de positiona l environments. In suc:h ~ c:ase, the base of the 
formation must be placed at the top of the highest major 
seam (>0.6 m thick) in the Grande Cuche Member. 

Ma c Kay (I930, p. 128) suggested that the Mountain Park 
Formation thins markedly north of the Cadomin-Luscar area 
and is thin or a bsent at Brule (Fig. 1). Lang (1947) in th e 
BrOh~ area and Irish (1965) in the Foothills north of BrOle did 
not recognize the Mountain Park but included all beds 
between the Cadomin and Blackstone Formations in th e 
Luscar Formation Mar-Kay (1955) felt that the Mountain 
Park c ould be recognized in the Pocahontas area (Fig. 1), and 
Mountjoy differentiated the Mountain Park Formation from 
Luscar in the Miette area . 

The cross-sf'ction (Fig. 2) <l long the Foothills shows that 
the Mountain Park Formation, as defined above, can be 
recognized as a distinct unit from Waiparous Creek to 
Torrens Ridge. Between the Athabasca River and Grande 
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Cache area, the Mountain Park Formation is not as well 
developed as it is to t he south or north. The th ick sa ndstone 
beds a re poorly developed, result ing in a more subd ued 
topographic e xpression for th e unit as a whole and a scarc ity 
of well-exposed sections. However, in the Little Be rland 
River sect ion (Fig. 2), the Mounta in Park Formation contact 
with the underlying Malcol m Creek Form ation is di stinc t. To 
the north, in the Grande Cache area, the Moun tain Park is 
s trongly deve loped with prominent thick sandstone beds above 
the coal measures as shown in the Malcolm Creek section 
(Fig. 2). 

The Mountain Park Formation is overlain abruptly and 
disconformably by the Blackstone Formation, or Shafte sbury 
Formation north of the Athabasca River. The latter two are 
predominantly dark grey mudstones and si lt stones in contrast 
to the lighter co lours and coa rse r grained sedime nts of the 
Mountain Pa rk. 

A complete section of the Mounta in Park Formation 
was not observed by the author in the type area a nd no t ype 
section was designated by Mac Kay (J 9 30). Two refe rence 
sections (h ypostratotypes of Hedberg, 1979) are presented 
here which exemplify the diagnostic characteristics of th e 
formation. The Wapiabi Creek sec tion (Fig. 1) is located in 
the Bighorn Basin , 20 km north of the North Saskatchewan 
River and 80 km south of the Mountain Park area. A 
stratigraphic log is shown in Figure 5, and a written 
descrip tion is present in Appendix A. The Malcolm Creek 
section (Fig. I) is loca ted just northwest of the Smok y River 
across the r iver from the town of Grande Cache. It is 180 km 
north of the Mountain Pa rk area. A stratigraphic log is shown 
in Figure 2, and written description is presen ted In 

Appendix A. 

Distribution and thickness 

The Mountain Park Formation is recognized in the 
Foothills from Waiparous Creek to Torrens Ridge (Fig. I 
and 2), a nd is usually best developed in the more westerly 
sec tions. It is 275 m thick in the Wapiabi Creek reference 
section and 210 m thick in the Malcolm Creek section. 
Late ral variations can be observed in Figure 2. South of 
Wa iparous Creek, the Moun ta in Park Forma tion is replaced by 
the Beaver Mines Format io n a nd north of Torrens Ridge by 
the upper Gates, Hulc ross, a nd part of the Boulder Creek 
Formatio ns. Its use is confined to the Foothills . 

Lithological characteristics 

The mos t diagnosti c lithology is sandstone in thick to 
massive beds, with abrupt bases a nd usually a dec rease in 
mean grain size upward (Plate 6A and B). The top is often 
grada tiona l with the overlying bed. Extraformational 
peb bles, rip-up c lasts and coalspar (coalified wood fragments) 
commonly occur at the base. Grain s ize at the base may be 
very coarse to f ine. Wea t her ing colours range from greys to 
lig ht brown and rust y orangish browns. In sections south of 
the type section (Fig. I) and upwa rd in the format ion, 
green ish-grey co lours are prominent. Fresh co lours a re 
predominantly greys a nd greenish-greys. Sedimentary 
structu res in the sandstone include crossbedding, c ross 
lamination, primary cu rrent linea t ion , f!ute marks, horizontal 
lamination, and minor load cas ts. Examples of lithologi ral 
charac teristics are shown in Figure 2 and in the two 
reference sections. 

Between the sands tone units are thick sequences of 
in terbedded mudstone, sil t st one and sandstone with 
subordinate claystone and coa l. Beds may be very th in to 
very t hick and frequently a re laminated. Weathering colours 
are predominantl y greys t o black, and shades of brown, bu t 
gr eenish-grey is prevalent in the more southerly sections and 
in the upper part of the formation in a ll sections. Fresh 
colours have a si milar ra nge and distribution pat tern. 
Lithologies were observed in several associations with 
c·oarse ning-upward sequences most common. Such sequences 

begin with a mudstone and progress upward without 
perceptible break to silt stone or very fine-grained sandstone. 
Often such successions are laminated, a nd siltstone laminae 
will graduall y become dominant over mudstone laminae 
upward . There are many variations in thi s type of sequence. 
Fining-upward sequences of sandstone or siltstone to 
mudst one are also common. Carbonaceous mudstones and 
coa l occur frequently in sections in whic h greenish-grey is not 
the predominant colour. Carbonaceous mater ia l is absen t to 
rare in the more southerly sections and is less common 
upward in all sections. The absence of carbonaceous 
frag ments in the more predominantly greenish-grey 
sedimentary sequences makes it ve ry difficult to recognize 
primary sedimenta ry structu res si nce it is the segregation of 
ca rbonaceous particles which usually produces lamination 
that defines these structures. Isolated outc rops in 
structura ll y disturbed areas may be di fficult to orient due to 
a lack of structures which could indicate the order of 
supe rposition. Bentonite beds are not common but have been 
identified in a few sec tions. 

The contact between the Mountain Park Formation and 
the overlying Blacks tone or Shaftesbury Formation is abrupt 
a nd distinct (Plate 7 A). Sands tone or greenish-grey mudstone 
is overlain by dark grey mudstone a nd often by a thi n pebble 
bed which is included in the ove rlying formation (Plate 7A). 
Beds of quartzose sil t stone or very fine grained sandstone, 
occasionally with pebble beds, are present above the contact 
and above dark mudstone beds in many sections. They are the 
upper units of coarsening-upwa rd cycles in the Sunkay 
Member of the Blackst one Forma tion (Stott, 1963a ). 

Age 

The lower age limit of the Mountain Park Formation is 
defi ned by the fauna in th e Moosebar Member as Middle 
Albian. The upper age limit is s lightly higher in the north 
than in the south, based on pa lynology studies by A. R. Sweet 
of the Geologica l Survey of Canada (pers. comm., 1979). 
Pa lynomorphs from the uppe r 50 m of the Mountain Park 
Formation at Malcolm Creek, and also from the Mount Loui ~ 
section just south of th e Smoky River (Fig. 1), have affinities 
to the dicotyledonous flora observed in the Hulcross and 
Boulder Creek Forma tion a t Mount Belcourt (F.ig. I) by 
Mellon and Wall (1961 , 1963) and Mellon , Wall and Ste lck 
(J 963). Samples from th e upper beds of other sections in the 
northern and central Foothillls did not yield any comparable 
dicotyledonous flora. 

It appears, there fore, that the upper par t of the 
Mountain Park Formation in the vicinity of Grande Cache has 
an age of late Middle Albia n or younger (A.R. Sweet, pers. 
comm ., 1979) and a slightly older age in the remainder of the 
northern and central Foothills . 

Depositional environment 

The Mountain Park Formation is conformable with the 
Malcol m Creek Formatio n and represents an upslope facies of 
the overall regressive sequence represented by that 
formation. The th ick, fining-upward sandstones are 
interpreted as fluvial channe l deposits and th e sediments 
between as floodplain deposi t s. 

Because river channels migra ted with time, the channel 
sandstones occur at different stratigraphic levels in different 
sections. Moreover, they do not norma lly migrate uniformly 
across the entire alluvial plain, so tha t certain locations may 
have severa l channel deposits whereas others may have none. 

Relationship of the Malcolm Creek, Mountain Park, and 
Beaver Mines Formations 

The stratigraphic seque nce between the Gladstone and 
Blackstone Formations in the central and northern Alberta 
Foothills is in the same geometric position (ho motaxially 



PLATE 6a. Fluvial channel sandstone, showing thick planar tabular crossbed coset, in Mountain Park 
Formation. Along railroad, east side of Smoky River, opposite the MCIntyre coal mine. ISPG 1356-13. 

PLATE 6b. Prominent fluvial channel sandstones of the Mountain Park Formation overlying coal-bearing 
Malcolm Creek Formation. Bighorn River, west of Nordegg. ISPG 663-17. 

equivalent) as the Beaver Mines Formation in the southern 
Foothills. The Ma Butte and Crowsnest Formations which lie 
between the Beaver Mines and Blackstone Formations in the 
southern Foothills (Table 2) are known to be younger than the 
highest beds of the Mountain Park Formation (Mellon and 
Wall, 1963). It has been suggested by Mellon (J 967) that the 
name Beaver Mines is applicable to the combined Malcolm 
Creek and Mountain Park Formations of this paper. However, 
this is not acceptable practice in lithostratigraphic 
nomenclature according to the widely used Code of 
Stratigraphic Nomenclature (American Commission on 
Stratigraphic Nomenclature, 1970). 

The type section of a formation constitutes the 
standard for the definition and recognition of that 
stratigraphic unit. The International Stratigraphic Guide 
(Hedberg, ed., 1976, p. 39) advises that, "A lithostratigraphic 
unit and its boundaries should be extended away from the 
type locality only as far as the definitive lithologic features 
on which the unit was based in its type section are known 
certainly to exist ... ". The lithologies present in the 
Malcolm Creek Formation are not represented in the type 
section of the Beaver Mines Formation and, therefore, that 
type section is completely inappropriate to the definition or 
recognition of the Malcolm Creek sequence. 



LithologicaJJy, the Mountain Park Formation is similar 
to the type Beaver Mines Formation, although the distinctive 
greenish-grey weathering colour of the Beaver Mines becomes 
more subdued, and in the Grande Cache area is almost 
entirely absent except in the highest beds. 

It would be possible to use a single name for this unified 
Beaver Mines-Mountain Park interval, and Mountain Park has 
precedence. However, the name Beaver Mines has been used 
extensively in mapping between Sheep and Ram Rivers 
(Fig. l) (Ollerenshaw, 1968, 1969, 1972a, 1979; Price and 
Ollerenshaw, 1971a, c) and it would be undesirable to drop a 
name which is both useful and entrenched. The Mountain 
Park Formation, likewise, has been shown to be a useful, 
mappable formation (MacKay, 1929a, 1940, 1943; Crombie 
and Erdman, 1946; Douglas, 1956a, 19 58; Mountjoy, 1960b) 
and is firmly entrenched in the Ii terature. Some difficulty 
was experienced by early geologists in mapping it north of the 
Athabasca River because of poor outcrop but, as shown 
above, it can be mapped up to the Alberta-British Columbia 
border using the definition of Douglas (19 56a). 

Ollerenshaw (1968, 1969), on maps already published 
between Waiparous Creek and Ram River (Fig. I), used the 
name Beaver Mines Formation to encompass strata now 
included in the thin Grande Cache Formation (Fig. 2). This 
followed the proposed extension of the Beaver Mines 
Formation as far north as Cadomin by Mellon (1967). For the 
reasons stated above, the name Beaver Mines is not strictly 
valid in the region north of Waiparous Creek. However, it is 
possible that the thin Malcolm Creek Formation near its 
southern pinchout is not mappable, and since mappability is a 
primary prerequisite in establishing a formation (American 
Commission on Stratigraphic Nomenclature, 1970, article 6), 
it is suggested that an arbitrary boundary be set at Ram 
River (Fig. I), south of which the remnant of the Malcolm 
Creek Formation could be included as an unmapped member 
of the Beaver Mines Formation. If it is found to be mappable 
separately in the future, then the name Beaver Mines should 
not be used and the name Mountain Park would be applied to 
the upper part of the sequence above the Malcolm Creek 
Formation. North of the Ram River, both the Malcolm Creek 
and Mountain Park Formations are mappable. 

Correlation between Alberta and northeastern British 
Columbia 

The Moosebar Member of the Malcolm Creek Formation 
(Table 2) is directly correlative with the Moosebar Formation 
of northeastern British Columbia but was reduced to member 
status because its mappability is uncertain in the Alberta 
Foothills. 

The Torrens Member of the Malcolm Creek Formation 
is directly correlative with the basal sandstone member of 
the Gates Formation (Table 2). The name Torrens is equally 
applicable in northeastern British Columbia, as discussed 
previously. 

The Grande Cache Member correlates with the lower, 
coal-bearing part of the Gates Formation above the Torrens 
Member. Preliminary study indicates that it encompasses the 
entire post-Torrens part of the Gates north of the Wapiti 
River. However, no formal subdivision of the Gates 
Formation above the Torrens is suggested at present. 

The Mountain Park Formation occupies a stratigraphic 
interval between the Malcolm Creek and the Shaftesbury 
Formations in the Grande Cache area and is correlative with 
an upper part of the Gates Formation, plus the Hulcross and 
Boulder Creek Formations in northeastern British Columbia 

(Table 2). No break in sedimentation has been observed 
although floral evidence indicates that there are no time
equivalent beds to the Hulcross-Boulder Creek succession, 
south of the Grande Cache area. In any case, considerations 
of time properly play no part in lithostratigraphy. The lower 
boundary of the Mountain Park Formation can be seen to rise 
stratigraphically in the Gates Formation northward, and 
equivalent beds appear to be absent north of the Wapiti 
River. 

Ma Butte Formation 

Definition 

The name Ma Butte Formation is herein proposed for 
the succession of interbedded mudstone, siltstone, and 
sandstone with subordinate conglomerate, agglomerate, tuff, 
and bentonite which occurs above the Beaver Mines 
Formation as defined by Mellon (1967) and below the 
Crowsnest Formation as defined by Mac Kenzie (J 914), 
Douglas (1950), Norris (1964, 1978), and Pearce (1967). The 
name replaces the lower part of Mellon's (J 967) Mill Creek 
Formation (Tables I and 2). 

Mellon (1967, p. 23) distinguished his Mill Creek beds 
from the Beaver Mines Formation on the basis of sandstone 
composition and floral content. The sandstone compositional 
change is from feldspathic in the Beaver Mines Formation to 
quartzose in the Ma Butte Formation. The former usually has 
a greenish-grey colour whereas the latter tends to be light 
grey. The change in lithology was first noted by Douglas 
(1950, p. 25) and was described by Glaister (1959), but neither 
gave a separate name to the upper unit. Norris (1964) 
recognized the change and separated the two units, 
informally calling them middle and upper Blairmore 
respectively. He proposed the section on the east face of Ma 
Butte as the principal reference section for the entire 
Blairmore Group because (I) it is in the type area of earlier 
workers and is centrally located within the type area; 
(2) much of the group is well exposed; (3) the stratigraphic 
position of the upper and lower Blairmore floras are 
accurately located there. It is this same section which is 
proposed as the type section of the Ma Butte Formation 
(Table 4). Figure 6 is a stratigraphic log of the type section. 
A written desc ription is given in Appendix A. 

The floral break, while not legitimately a determining 
factor in lithostratigraphy (American Commission on 
Stratigraphic Nomenclature, 1970, Art. 4c and 4d) is of great 
interest. Two distinct floral groups, nondicotyledonous and 
dicotyledonous, were recognized by J.W. Dawson (1886) in the 
Crowsnest Pass area. He named the higher, dicotyledonous
bearing beds, the Mill Creek Series. Thus, the name Mill 
Creek was first used for a biostratigraphic unit. The distinct 
break in floral succession was recognized by McLearn (1916) 
and subsequent workers and was particularly emphasized by 
Mellon (j 967) as a distinct break in the depositional history of 
the Crowsnest Pass area. The fact that there is a distinct 
break in the composition of sandstones at the change in flora 
makes this boundary an important lithostratigraphic horizon, 
and exceptionally useful in interpretation of depositional 
history. 

The. contact of the Ma Butte Formation with the 
Crowsnest Formation is conformable and gradational 
(Mackenzie, 19 I 4; Pearce, 1967). Pearce (1967, p. 15) noted 
that there is interfingering of the Ma Butte and Crowsnest 
Formations and some mixing of lithologies on a limited scale. 
There is no single horizon at which the boundary can be 
placed throughout the area. Norris (1964, p. 530) indicated 
that " ... there is commonly a gradation upwards from 
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feldspathic sandstones of the Blairmore Group through 
sedimentary tuffs and volcanic conglomerates to typical 
tuffs, agg lomerates and breccias of the Crowsnest Formation. 
Away from the source, Blairmore type sandstones are 
interbedded with Crowsnest Formation." He goes on to say, 
"The contan is therefore gradational and cannot be drawn at 
precisely the same bed regionally, because it is subjectively 
defined where there is an obvious decrease downwards in 
volcanic detr i tus." 

Some intertonguing of volcanogenic sediments with the 
typical epiclastic sediments of the Ma Butte Formation can 
be seen in Figure 6 (units 20,21,27, 38, 43, 45). However, 
the distinctive change in lithology and induration comes at 
the base of unit 46 (also see Norris, 1978, Fig. I), above which 
volcaniclastic sediments are predominant. 

North of latitude 50°, the Crowsnest Formation is 
absent and the Blackstone Formation abruptly and 
disconformably overlies the Ma Butte Formation. The 
contact is usually marked by a thin but distinctive bed or 
disrontinuous layer pebbles, commonly up to 6 or 8 cm in 
size. The dark grey mudstones of the basal Blackstone are 
distinct from the Ma Butte Formation which is 
characterized by shades of greenish-grey, olive-grey and 
sometimes red or purple. 

Distribution and thickness 

The distribution and thickness of beds herein included in 
the Ma Butte Formation have been reported on by previous 
authors (Douglas, 1950; Norris, 1964; Mellon, 1967) and no 
field work was carried out by the author on this unit outside 
the type area. A summary of their observations are included 
here. 

The Ma Butte Formation is 120 m thick at its type 
section. Mellon (1967) reported 70 m on Mill Creek (Fig. 1), 
Norris (j 964) 132 m on Slacker Creek and Mellon and Wall 
(1963) 132 m on Sheep River. The formation thins northward 
with thicknesses of 60 to 90 m between Sheep and Ghost 
River (Mellon, 1967). Thirty-two kilometres north of Ghost 
River at Burnt Timber Creek, Mellon (1967) reported that the 
formation is absent and the Blackstone Formation rests 
disconformably on the Beaver Mines Forma tion which 
contains a nondicotyledonous flora. The author's observations 
suggest that the uppermost, massive sandstone bed in the 
Burnt Timber outcrop section (Fig. 2) is distinctly atypical of 
the Beaver Mines Formation and is included in the Ma Butte 
Formation. 

Eastward from the type area, the Ma Butte Formation 
has been equated with the Bow Island Formation (Glaister, 
1959; MelJon, 1967) which is 90 to 120 m thick, similar to 
thicknesses in the Foothills outcrop belt. The Bow Island 
Formation consists, in part, of marine shales which increase 
in thickness to the east at the ex pense of the typical Ma 
Rutte lithologies. The upper boundary of the Ma Butte - Bow 
Island succession is disconformable, being overlain by 
progressively older Blackstone strata to the east (MelJon, 
1967). The name Ma Butte Formation can be used as far east 
as the first appearance of the dark shale which marks the 
first marine intertongue of the Bow Island Formation. 

Lithological characteristics 

The range of lithotypes encountered in the type section 
(Fig. 6 and type section description) is representative of the 
lithologies present everywhere in the Ma Butte Formation. 



Thick beds of sandstone with abrupt, often scoured, 
bases and generally fining-upward grain size are 
volume tricaJly subordinate to finer-grained sediments, but 
are important ridge formers (Plate 7B). Intrabasinal gravel
sized clasts and wood casts are common along the base of 
these units and crossbedding, horizontal lamination and ripple 
lamina tion are often well developed. Units 7 to 9, 12 and 13, 
a nd 30 to 32 in Figure 6 are good exam ples of this lithology. 
Glaister (1959), Rapson (1%4), and Mellon (1967) helVe done 
petrographic work on sandstones in this formation and the 
interested rP Lider should refer to those works for detLiils. 
Conglomera te beds are a minor but conspicuous component 
and appear to be associa ted with the sandstone beds discussed 
above, as in unit 6 of Figure 6. Some of these bC'ds, 
in vestigated by nou glas (1950), Anderson (1951), Norris (1964) 
and Norris et. aJ. , (1965), contain igneous pebbl es which are 
conspicuously absent in lower cong lomerate beds. 

The greatest perce ntage of the formation consists of 
interbedded mudstone, siltstone and very fine-grained 
sandstone. Often these lithologies are gradational from one 
to the other, mostly as roarspning-upward sequences, or Lire 
thinly interbedded . There are numerous examples of the 
former in Figure 6, such as units 16 to 18, and '33 to 35. In 
some, horizontdl lamination is cleZlrly defined by finely 
comminuted ca rbonareous debris, but such debris is not 
common a nd often these fi ner grained beds appea r massiv('. 
Ripple li1mination is present in a few beds. C:olours are 
va riable but are dominated by shades of greenish-grey, olive
grey an d purple or red. A gradation from greeniSh-grey to 
purple is common (see description of the t ype section). 

Several volcaniclastic uni ts were observed in thp type 
sertion (Fig. 6) . Unit 20 is believed to be a tuff bed with a 
distinct a mygdaloidal texture. "Speck led" mudstones are 
common towards the top of the formati on in the type section 
(units 38, 43 and 45, Fig . 6). These mudstones are similar to 
other mudstone beds but contain green to reddish sand-sized 
crystals of unknown composition and are labelled "tuffaceous" 
by Mellon (I 967, p. 28). l lnit 44 of Figure 6 is a bentonite, 
with a very pale greenish grey colour. Recognizable 
vol canigeni c sedi ments are less common in sec tions to the 
east and north. 

Age and correlation 

The MLi Butte Formation contains an abundant and 
varied flor a of dicotyledons (flowering plants), distinct from 
the flora of the underl yi ng Beaver Mines Format ion. This 
difference has been recognized since the time of J. W. Dawson 
(1886). Bell (1956, p. 15) assigned an Albian age to thi s floral 
assemblage. Mellon (1967, p. 74) suggested an age of late 
Middle to Late Albian, which seems to be the most reliabk 
determination aV Cl ilable. 

This flora is younger than any found in the Mountain 
Park or Boulder Creek Formations but is considered 
equiv a lent in age to the Bow Island Formation and the Viking 
and Joli Fou Formations in the Albertd Plains (Mellon, 1967, 
Fig. 16). 

Depositional environment 

The thick, abrupt-bast'd, fining-upward sandstone beds 
are interpreted as fluvial c hannel deposits. Finer grained 
beds between are overbank floodplain deposits. Tht' presence 
of tuff and bentoni te beds indicates that sediment was 
partially airborne but the relative proportions of airborne to 
waterborne sediment is unknown. The reddish colouration of 
many mudstones indicates that fl oodplain deposits were often 
ex posed to ox ida tion. 

The alluvial plain deposition setting has been suggested 
by several previous authors (Glaister, 1959; Norris, 1964; 
RLipson, 1964; Mellon, 1967). Vincent (1977) did a detailed 

analysis of sections of the entire Blairmore Group on Mill 
Creek, Sheep River and Burnt Timber Creek. His conclusions 
for the entire Group including strata now incorporated within 
the ,\~a Butte Formation were: (1) fluvial channels were 
intermediate between meandering and braided; (2) position of 
channels was stable for extended periods of time producing 
multi-storied sand bodies and thick overbank sequences; 
(3) the climate was semiarid to sub-humid with little 
vegetation on th e floodplain. These conclusions appear to be 
consistent with the author's observations, except that the 
meandering river model is preferred over the braided river 
model . 

STRA TIGRAPHIC SETTING OF COAL SEAMS IN THE 
MALCOLM CREEK FORMATION 

Thi s s tud y indicates that coal seams of present 
economic interest occur almost exclusively in the Grande 
Cache Member of the Malcolm Creek Formation. In some 
sections, seams occur below in the Gladstone Formation and 
above in the Mountain Park Formation, but are, with few 
exceptions, thin and economically unattractive. Previous 
reports by MacKay (1930, 1955) and Mountjoy (1960a) 
suggested major seams in stratigraphic positions wh ic h would 
plare them below the position of the Moosebar Member. It is 
believed that these seams were mislocated relative to the 
Cadomin Formation due to structural complexity in a few 
areas and that they are, in fact, above the Moosebar and 
Torrens, in the Grande Cache \Ilember. 

Figure 7 shows the distribution of seams, determined 
during this study, in verti ca l sections from Prairie Creek in 
the south (approximately latitude 52°, Fig. 1) to the Smoky 
River in th e north (approximately latitude 54°, Fig. I). The 
base of the Moosebar Member is the datum. Seam names are 
indicated where th ey are in common use in an area. 

The lowest coa l seam occurs immediately above the top 
of the Torrens Member, or only a sho rt distance above it, in 
all sections. Thi s in no way suggests a time equivalence but 
there is a facies equivalence. These seams may be laterally 
continuous with one another but this cannot be demonstr a ted 
with the outcrop data available and the present limited 
drilling coverage. Thi s applies equally to the higher seams 
which can be seen (Fig. 7) to vary in number and spacing from 
one area to another. Great care must be exerc ised in 
correlating sea ms even over short distances. Figure 8 shows 
a well documented example of a prominent change in the 
relative stratigraphic pOSition of coal seams over a distance 
of only 3 km. Appro ximately 45 m of strata present in the 
rtlost southeasterly section are absent 3 km to the northwest . 
Thu s, relative strLitigraphic position cannot always be used as 
a reliable criterion for correlation. 

Geologica l work on the Lower Cretaceous coal 
measures in the Foothi lIs of Alberta prior to 1930 was 
summarized by MacKay (1930). Figure 9 is a reproduction of 
two cross sections by MacKay (1930, Fig. 5) showing 
schemLitic vertical sect ions relating the position of coal 
seams to the Cadornin Formation in twe lve areas between the 
North Saskatchewan and Smoky Rivers. The approximate 
location of the base of the Moosebar Member has been added 
to each section, based on the author's field observations. 

The distribution of seams on the Smoky River (Fig. 9) is 
similar to that observed at Gustavs Flats (Fig. 2), although 
fewer seams were observed by MacKay (1930). There are 
several thirk seams below the Moosebar Member and, as 
disc ussed above, the name Gething Formation is applied in 
this area. The location of coal seams in sections at Solomon, 
Brule, Prairie Creek, Luscar, Cadomin and Muskiki Lake 
(Fig. 9) correspond well with information obtained during this 
study. All seams lie above the Moosebar Member. However, 
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sections by MacKay (930) for Muskeg River, Thoreau Creek, 
Pocahontas-Moosehorn (see also MacKay, 1955), Mountain 
Park and Bighorn (Fig. 9) show thick seams below the 
Moosebar Member as well as above. Data from this study as 
well as other geological work suggests that the lower seams 
may be mislocated due to repetition of seams by faulting or 
to poor outc rop which did not allow accurate determination 
of the stratigraphic positions of the seams. 

Kilby (1978) has demonstrated by the use of detailed 
subsurface correlation that the section at Mountain Park is 
much less complex that that shown by MacKay (1930). 
Figure 10 contrasts the two interpretations. All but the I m 
thick Cheviot Seam and the three shaly coals just above the 
Cadomin are above the Moosebar and Torrens Members. A 
0.8 m seam was observed below the Moosebar Tongue in t re 
aut hor's Cadomin section as well. 

PLATE 7a. Abrupt, disconformable contact between the Beaver Mines Formation and the overlying 
Blackstone Formation. Pebble hed exposed along bedding plane is at the base of the Blackstone 
Formation. Burnt Timber Creek section. ISPG 1356-22. 

CROWSNEST FORMATION 

PLATE 7b. Type section of the Ma Butte Formation with upper part of underlying Beaver Mines 
Formation and lower part of overlying Crowsnest Formation. Ma Butte section. 
ISPG 1356-6. 25 
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The disposition of seams in the Bighorn Basin is not well 
documented and Macl<ay's (J 930) information appears to have 
been derived primarily from the work of Malloch (j 911). Two 
sections, at Wapiabi and Chungo Creeks, were examined 
during this study and no coal was observed below the 
Moosebar Tongue. The 4.0 and 0.6 m seams of MacKay (j 930) 
are believed to have been incorrectly located relative to the 
Cadomin Formation (Fig. 9). The coal measures at Nordegg 
shown in Figure 7 are slightly farther east, but here again all 
of the coal seams of current economic interest are above the 
Moosebar Tongue. 

The Pocahontas-Moosehorn area (Fig. I) was activel y 
mined at one time but is now in Jasper National Park where 
mining is not allowed. The Cladstone and Malcolm Creek 
Formations are poorly exposed in the area and the Park 
authorities will not allow any geologica l work other than 
surface examination. As a result, no good sections of the 
coal measures were obtained. Figure II shows two 
interpretations by MacKay (j 930, 1955) of the position of 
coa l seams relative to the Cadomin Formation. The 
Pocahontas-Moosehorn area is on strike with the Rock 
Lake - Wildhay River coal area and the Mountain Park areas 
(Fig. I). The position of the seams at Rock Lake also is 
shown in Figure 11. The Mountain Park section is illustrated 
in Figure 10. The section at Rock Lake, from a bulldozer cut 
made by Denison Mines, shows two major coal seams, both of 
which are above the Moosebar and Torrens Members of the 
Malcolm Creek Formation. Only minor seams are present 
below. By comparison, the 2.7 to 3.9 m Tunnel seam and the 
3.0 to 4.2 m seam higher in the section in the Pocahontas 
area are definitely above the Moosebar Tongue. Thicknesses 
of lower seams are not consistent in the two sections of 
MacKay. Structural complications and heavy drift cover 
render measured distance above the Cadomin unreliable in 
many cases. In addition, the absence of any thick seams 
laterally at Rock Lake and Mountain Park, suggests that it is 
unlikely there are seams as thick as 1.5 or 2.6 m at 
Pocahontas - Moosehorn. The possibility of seams of this 
thickness cannot be ruled out, however, as more precise data 
are not available. 

Mountjoy (j 960a) indicated that coal seams in the 
Pocahontas area are in his lower division of the Lusca r 
Formation. To the east, in the Folding Mountain area (Fig. 1) 
he indicated coa l seams in both the upper part of the lower, 
and lower part of the upper, division of the Luscar 
Formation. A section measured and sampled by the author on 
Folding 1\llountain showed that the cong lomeratic sandstone 
unit which marks the base of Mountjoy's (J 960a, b) upper 
Luscar is the Torrens Member of the current nomenclature 
with a thick Moosebar section below. The section terminates 
at the top of the Torrens Member, so the possible occurrence 
of seams directly above is uncertain. However, slightly 
farther east, on the flank of Folding Mountain, Mountjoy 
(1960a, p. 115) indica ted that all coal seams, except for very 
thin coal bands occur between 6.4 and 32.1 m (21 and 106 ft) 
above the conglomerate or sandstone at the base of the upper 
Luscar unit. This is in agreement with the findings of this 
study and with the location of seams in the sections laterally 
along strike in the Foothills. 

Elsewhere, Mountjoy (1960a, p. 115) indicated that coal 
seams on Folding Mountain occur near the top of the lower 
unit. In this, he seems to be in error, or perhaps the 
conglomerate-sandstone unit taken as the base of the upper 
Luscar is not the same bed in all cases. It is suggested that 
this is the case, particularly farther to the west in 
Pocahontas area where there is a prominent sandstone unit 
approximately 330 m (J 100 ft) above the Cadomin Formation 
and above the major coal sea ms, which may have been taken 
as the basal unit of the upper Luscar and correlated with 
the Torrens Member to the east. It lies approximately 150 m 
(500 ft) above the Torrens Member. 
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FIGU RE 10_ Comparison of coal measures at Mountain Park 
by Mackay (1930) and Kilby (1978). 
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The section at Rock Lake (Fig. II) is considered more 
reliable than the nearby Thoreau Creek section shown by 
MacKay (J 930, Fig. 5) which is reproduced in Figure 9. The 
former was entirely exposed in a bulldozer cut, whereas the 
la tter is a composi te from poor ou tcrop. The major 12.1 m 
seam lies above the Moosebar and Torrens Member and, 
according to Pearson (J 960, p.40) is the only thi ck coal seam 
present in that area. It lies approximately 200 m above the 
Cadomin Formation as measured by the author in a poorly 
exposed section at Thoreau Creek. 

Evidence from the author's observations and from other 
sources mentioned above indicate that the great majority of 
seams of current economic interest in the Lower Cretaceous 
succession in the Alberta Foothills lie above the Moosebar 
marine tongue, in the Grande Cache Member of the Malcolm 
Creek Formation. However, seams up to I m thick are known 
to occur in the Gladstone Formation and it appears tha t these 
are in sections closer to the southwestern edge of the 
Foothills belt than those which have thin, or no, coal seams. 
Evidence cited above suggests that the thick seams in the 
Pocahontas - Moosehorn area are above the Moosebar 
Member, but this evidence is not unequivocal and some, or 
all, of these seams may be in the Gladstone Formation. The 
coal explorationist should not ignore this lower part of the 
Blairmore Group un less the absence of coa l has been 
sa tisfactor ially demonstrated. 
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Unit 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

2 1 

Description 

Sandstone, very fine grained, light green
grey with medium light grey weathering, 
sligh tly calcareous, abundant fine 
carbonaceous debris as horizontal 
laminae. Overlies 36 abruptly . 

Contact Beaver Mines Format ion 

Limestone, si lty, medium dark grey with 
very light grey weathering, discontinuous 
platy weathering, few fossils. 

Limestone, massive appearance but 
prominent horizonta l to slight ly wavy 
laminae on weathered surface. More 
resistant than below. Overlies 34 
gradationally. 

Limestone, shaly, colours as below, shells 
are numerous, discontinuous platy 
weathering, one rusty purplish concretion 
with abundant shell debris. 

Covered interval. One small exposure of 
limestone with two thin very 
foss ilif erous laminae. 

Shale, very calcareous, thin platy 
weathering, dark grey with light c ream
grey weathering. Bioclast~c limestone, 
5 em thick in middle of uni t. 

Limestone, medium dark grey with very 
light cream-grey weathering, aphanitic , 
small irregular blocky to platy 
weathering, silty and very fine laminated 
in part, a breccia lense 20 cm thick and 
60 cm long, fragments up to 2 em, some 
rounded. Ten centimetres of very sandy 
limes tone at top, wavy appearance, with 
shell fragments common. Overlies)O 
abruptly . 

Siltstone, very calcareous, clayey, colours as 
below, very recessive relative to 
adjacent beds. 

Limestone, medium dark grey with very 
light grey weathering, sucrose, flaggy to 
blocky weathering, large horizontal 
burrows (?) (5 cm wide, 3 em deep) along 
base. Minor bioturbation e lsewhere. 
Overlies 28 abruptly. 

Siltstone, very calcareous , medium light 
olive-grey with very light grey 
weathering, irregular platy. Overlies 27 
gradationally. 

Sandstone, very fine grained very 
calcareous, beds 2-10 em, wavy bedding, 
colours as below, few asymmet rical 
ripples. 

Siltstone, very calcareous, colours as below, 
very fine horizontal lamina tion, possible 
desiccation cracks. 

Shale, very calcareous to limestone, very 
silty upward. Colours as below, colour 
lamination in upper part, few concretions 
with shell debris. Lower contact 
irregular due to irregularities on surface 
of underlying bed. Overlies 24 abrupt ly. 

Limestone, aphanitic, dark grey with very 
light grey weathering, minor bioclastic 
fragmen ts, massive. Gradational with 23. 

Shale, very calcareous, platy, very dark grey 
with medium light grey weathering. 
Overlies 22 abru ptly. 

Limestone, bioclastic, dark grey with very 
light grey weathering, platy. 

Si lt stone, calcareous, dark grey with c ream 
weathering, in lower )0 em, few 
pelecypod valves, overlain by a massive 
mudstone-claystone unit as in 20. 
Overlies 20 gradationally. 

APPENDIX 

TYPE SECTION 

GLADSTONE FORMA nON 

Unit 
Thickness 
(metres) 

1.45 

0.9 

0.9 

0.2 

2.7 

0.5 

2.5 

3.3 

0.4 

0.7 

1.2 

0.5 

0.6 

0.4 

0.5 

2.0 

Height 
above base 

(metres) 

91 . 15 

89.70 

88.80 

87.90 

87.70 

85.00 

84.50 

83.00 

80.5 

77.20 

76.80 

76.10 

74.90 

74.40 

73.80 

73.40 

72.90 

Unit 

20 

19 

18 

J7 

16 

15 

14 

13 

12 

II 

10 

9 

Description 

Mudstone and clays tone, dark olive-grey to 
greenish-grey, lighter colour upward, 
then darker in upper 100 c m, non
calcareous, massive, scattered 
calcareous concretions, irregular bulbous 
microconcretions (very coarse sand size) 
in upper part. Small pelecypods near 
top. Over lies 19 gradationally. 

Mudstone, meduum dark green-grey , olive
grey to rusty weathering, Sligh tl y 
purplish in lower few decimetres, non
calcareous massive, sca ttered irregular 
to elliptical concretions (10-20 cm long), 
very calcareous. 

Clays tone, medium oli ve-grey, Slightly 
purplish in part, sandy-sil ty in part, non
calcareous, massive. Over lies 17 
grada tionall y. 

Mudstone, very sil t y, medium light green
grey, non-calcareous, with small, 
irregularly distributed nodules, very 
calcareous, light grey with rusty brown 
weathering. Overlies 16 gradationally. 

Mudstone, maroon coloured throughout, non
calcareous, concretionary in part, very 
calcareous, brecciated appearance. 
Upper I m, gradually changes to 
predominantly medium olive-grey. 
Overlies 15 abruptly. 

Claystone to mudstone to sandstone, very 
fine grained upward, light green-grey 
with rusty brown-orange stain, non
calcareous except in upper 20-30 cm 
where very calcareous and ferruginous. 
Appears to be paleosol. 

Sandstone, very fine grained to mudstone 
upward. light green-grey with very 
patchy appearance at top. Non
calcareous at base to strongly calcareous 
a t top. Possible caliche. 

Mudstone, light green-grey becom ing 
predominantly maroon upward. Overlain 
gradationally by siltstone to very fine 
grained sandstone upward j light green
grey, massive. Overlain abruptly by 
muds,one, green-grey wi th maroon 
patches. Overlies 12 abruptly. 

Concretion bed; very light grey wi th rusty 
orange weathering, aphani ti c, noo
calca reou:;. Deformed underlying uni t 
slightly. 

Claystone, mottled light green.grey and 
maroon, becom ing predominantly 
maroon-coloured upward but with green 
patches. Mostly green in upper 10 em. 
Non-calcareous, massive. 

Siltstone, very clayey, medium olive-grey 
with dis tinc t green hue upward, rusty 
concretionary appearance. Laterally 
gradat iona l to sandstone, very fine 
grained. 

Sandstone to mudstone, similar to 8. 
Overlies 8 abruptl y. One set cross 
lamina.e .. 

Sandstone, fine grained at base to siltstone 
at top, medium dark grey, non-
calcareous, massive. Overlies 
abruptly. Upward to very silty 
muds tone, massive. 

Siltstone to muds tone upward, . similar to 
unit 4. Overlies 6 abruptly . 

Mudstone, sideritic, concretionary, non
calcareous, rust y orange weathering. 

Unit 
Thickness 
(metres) 

6.2 

6.5 

4.9 

1.3 

4.1 

2.7 

2.0 

6.1 

0.3 

1.7 

1.0 

2.2 

1.6 

0.3 

0.3 

Height 
above base 

(metres) 

70.90 

64.70 

58.20 

53.30 

52.00 

47.90 

45.20 

43.20 

37.10 

36.80 

35.10 

34.10 

31.90 

30.30 

30.00 

3J 



Unit 

Unit 

76 

75 

74 

73 

72 

71 

70 

69 

68 

67 

66 

65 

64 

32 

Description 

Sandstone, fine to very fine grained upward. 
Light grey, salt.and.pepper appearance. 
Faint trough cross·bedding near base, 
cross laminat ion upward, load casts on 
base. Siderite grains common upward. 
Slightly -calcareous. Very rusty, nodular, 
purplish-brown weathering unit below
probable paleossol. 

Interbedded sandstone, siltstone and 
mudstone. Beds 2 to 40 cm thick, 
colours as below with some light 
greenish-grey. Series of predominantly 
coarsening upward cycles. 

Covered interval. One poor exposure of 
sandstone, argillaceous, medium grey, 
minor carbonaceous fragments, few 
pelecypod clasts. 

Unit 
Thickness 
(metres) 

4.3 

2.9 

6.5 

Height 
above base 

(metres) 

29.70 

25.40 

22.50 

Unit Description 

Interbedded mudstone, medium grey to 
olive-grey, non-calcareous, and 
sandstone, very fine grained, to siltstone, 
medium olive-grey to light orange-brown 
(fresh) non-calcareous to moderately 
calcareous, horizontal laminae . Interval 
poorly exposed. 

Cadomin Formation 

Sandstone, medium-gr~ined at base, fine and 
very fine grained upward, medium dark 
grey, silica cement, load casts along 
base, massive appearance. 

TYPE SECTION (HOLOSTRATOTYPE) - MALCOLM CREEK FORMATION 

Located on Malcolm Creek 

Description 

Sandstone, very coarse to coarse grained, 
non-calcareous, very light grey with light 
grey weathering, erosional base, shale 
rip-up clasts and wood casts at base, 
horizontal bedding. 

TOP OF MALCOLM CREEK FORMATION 

Top of Grande Cache Member 

Shale, as below. 

Note: Units 64 to 75 form a prominent 
valley and collectively are a very 
rec essive uni t. 

Siltstone and conc retion, cream to deep 
rusty weathering, pale yellowish-brown 
to medium light grey fresh , non
calcareous, a fe w interbeds of mudstone, 
3 to 5 em thick. 

Shale, very dark grey, abundant 
carbonaceous fragments, coaly in part, 
recessive, one concretion near base, 
aphani tic, non-calcareous, very rusty 
wea thering, very hard. 

Covered. 

Shale, very dark grey, massive. 

Siltstone, argillaceous, non-calcareous, 
moderately hard, very rusty weathering. 

Shale, very dark grey, slightly silty, non
calcareous, three thin concretion beds 
(Jess than 5 cm), appears very 
carbonaceous and coaly at base. 
Ov erlies unit 68 abruptly. 

Mudstone, to siltstone upward, light rusty 
weathering, moderately strongly 
calcareous, thin horizontal lamination in 
part . 

Sha le, very ,-arbonaceous 1 recessive. 

Cove red. 

Coal, ve ry wea thered and recessive, overlain 
by 20 cm of dark shale. 

Shale, very carbonaceous, very dark grey, 
recess iv e. Overlies unit 63 abruptly. 

Unit 
Thickness 
(metres) 

4.2 

3.5 

1.4 

5.4 

4.2 

4.5 

0.4 

3.2 

1.7 

0.4 

3.2 

0.7 

0.6 

Height 
above base 

(metres) 

211.5 

207.3 

203.8 

202 .4 

197.0 

192.8 

188.3 

187.9 

184 .7 

183.0 

182.6 

179.4 

178.7 

Unit 

63 

62 

61 

60 

59 

58 

57 

56 

Description 

Siltstone and sandstone, very fine grained, 
30 to 100 cm thi ck, interbedded with 
mudstone, 20 to 45 em thiCk, moderately 
strongly calcareous, root zones 
prominent. ,Mudstone , ve ry recessive, 
medium grey wi th da rk Olive-grey 
weathering. Contacts between beds 
appear sharp. Laterally, uppe r beds are 
trough crossbedded, fine grained 
sandstone, with a 12 cm very ferruginous 
concretion bed at top. 

Shale, dark grey, non-calcareous, medium 
light grey wea the ring, plant debris 
common throughout, one 20 em coal 
seam near base. 

Mudstone, very calcareous, moderatel y hard, 
resistant unit , light rusty weathering. 
Overlies unit 60 grada tionally. 

Clays-tone, slightly silty, olive-grey, very 
calcareous, . few plant fragment s and 
roots, recessi ve. 

Sandstone, very fine to fine grained, 
transitional with unit 58, medium dark 
grey with light rusty weathering, 
horizontal and ripple lamination 
common. Laterally, sandstone lies 
abruptly on silstone-muds tone and is 
channelled several metres into them. 
Wood fragments common, trough cross 
lamination common in lower part, 
horizontal lamination upward. 

Mudstone with siltstone and minor coal, thin 
horizontal bedding abundant plant 
impressions, brownish.grey to dark 
greyish-red, very calcareous. Overlies 
-unit 57 abruptly. 

Shale, very dark grey, ver y carbonaceous, 
abundant roots through shale and into 
underlying siltstone. Overlain by coal, 
prominent dull and bright banded, a 
10 em silty bed in centre. 

Sandstone, very fine grained and siltstone, 
massive to faint horizonta l lamination, 
beds 4 em to 1 c m thick interbedded with 
mudstone, beds 2 to 30 cm thiCk, slightly 
to moderately strongly calcareous, minor 
carbonaceous fragment s, mudstone more 
abundant upward. Abrupt on unit 55. 

Unit 
Thickness 
(metres) 

8.0 

8.0 

Unit 
Thickness 
(metres) 

3.1 

3.0 

0.7 

1.0 

5.1 

1.7 

1.7 

12.0 

Height 
above base 

(metres) 

16.00 

8.00 

Height 
above base 

(metres) 

178.1 

175.0 

172.0 

171.3 

170.3 

165.2 

163.5 

161.8 



Unit 

55 

54. 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

Description 

Coal, argillaceous, very crumbly, recessive, 
overlain by 10 cm 01 mudstone, dark 
grey, moderately hard . 

Recessive, no exposure. Small trench of 
carbonaceous mudstone near top. 

Mudstone, brown ish-grey with light grey 
wea the ring, moderately ca lca reous. 
Grades upward fr om sil tstone to 
sa ndstone, fine grained, weak to 
moderately ca lcareous, medium light 
grey and rusty wea thering. Upper I m is 
a second coarsening upward sequence . 
May be gradational with unit 52. 

Sandstone, very fine grained, medium light 
grey with light rusty weathering, 
moderately calcareous , prominent ripple 
lamination throughout, carbonaceous
rich and ferru ginous lamination. More 
silty and a rgillaceous upward, burrows 
common, one mud cracked surface 
observed. 

Shale, very dark grey, upward to siltstone, 
simila r to uni t 50. Overlies uni t 50 
abr uptly. 

Coal and shale, very carbonaceous at base, 
upward to brownish-grey silty mudstone 
a nd si lt stone, medium grey with pale 
ye llowish -brown weathering, moderately 
calcareous, very hard . Very recessive, 
poorly exposed uni t. 

Muds tone, dark grey. with medium light grey 
and rusty weatheri ng, a distinct colour 
banded appearance due to more and less 
ferruginous beds (up to 5 cm thick), 
minor carbonaceous fragm en ts and plant 
impressions on bedding planes. Upward 
to siltstone in upper 50 cm with irregular 
'brick-work' appearance. A hard, 
aphanitic, moderately calcareous 
concre tion bed at top. Overlies unit 48 
abruptly. 

Sandstone, very fine grained and si lt s tone 20 
to 50 c m beds, moderately-st rongly 
calcareous, interbedded with mudstone, 
carbonaceous, 2 20 cm beds. An 
upright tree trunk 110 cm long. 
Gradational with unit ~ 7 . 

Sandstone, very fine grained, gradational 
with un it 46, light rusty weathering, beds 
10 - 30 c m thick, occasionall y 70 em. 
Hor izontal and ripple laminat ion 
common. Interbedded siltstone, 
argillaceous, recessive, 5 - 30 cm thick . 
Forms a prom inent ridge and narrow 
c hute along creek. 

Mudstone and siltstone, prominent thin 
bedded (2 to 10 em), med ium dark 
brownish-grey with buff and rusty 
weathering, minor burrows. Abrupt basal 
contact. 

Muds tone , carbonaceous fragments and plant 
fragments com mon, brownish-grey 
wea thering, non calcareous. Upwa rd 
more silt y and calcareous to siltstone, 
buff weather ing, moderately calcareous, 
c ross lamination, a few gastropod casts 
near base. Overlies unit ~4 abruptly. 

Coal, dull wit h subordinate bright lenses. 

Shale, black, very carbonaceous, overlies 
unit 42 abruptly. Gradational upward to 
unit 44. 

Sandstone, fine to medium grained, medium 
grey wi th medium to dark yellowi sh
orange weathering, moderatel y s trongly 
calcareous, platy to slabby weathering 
with some megaripple c ross lamination 
but predominantly ripple laminat ion , 
with abundant r ipple trains on bedding 
surfaces, horizontal lamination 
prominent at base and near top. 
Interbedded muds tone, medium dark grey 
and siltstone, arg illaceous at top, 
recessive, plant fragments common, non
calcareous. Gradational with un it 41 
over a short interva l. 

Unit 
Thickness 
(metres) 

0.4 

2.2 

3. 3 

2.9 

1.8 

1.8 

1.8 

2.3 

4.8 

2.5 

2.0 

3.6 

0.3 

5.6 

Height 
a bove base 

(metres) 

14 9.8 

149.1~ 

14 7.2 

143.9 

141.0 

139.2 

137.4 

135.6 

133.3 

128.5 

126.0 

124.0 

120.4 

120.1 

Unit 

" 41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

Description 

Coa rsening upward unit, muds tone to 
silts tone to sandstone, very fine grained. 
light oli ve-grey with light rusty 
weathering, a prominen t rusty 
concretion bed at base, ce ntra l part of 
uni t has concret ionary weathering 
appearance, very hard and has ellipsoidal 
pattern on surface, calcareous. Upward, 
thin, slabby weatheri ng sandstone with 
ripple lam ination in pa rt. 

Mudstone - shale, dark grey, with silty 
lenses exhibit ing c ross lamination, non
calca reous to moderately ca lca reous in 
siltstone, disarticulated pelecypods 
common in lower 2 m and in 
discont inuous concretionary beds. 
Foram in ife ra a nd ostracodes present. 

Recessive. Coal excavated near base but 
exact thickness unknown . Given 
thickness is a maximum. 

Base of Grande Cache Member 

Top of Torrens Member 

Sa ndstone, fine grained to rarely medium 
grained, very light grey wea thering, non
calcareous, horizontal lamination, vague 
low angle crossbedding in part , slabby 
weathering. Forms lower end of canyon. 

Mudstone , dark grey with siltstone, 
ferruginous, horizontal lamination, thin 
interbedded (1-4 em). Recessive uni t 
bet ween 2 prominent sandstone units. 

Sandstone, prominent canyon ~forming uni t, 
fine- to occasionally medium grained, 
light grey to faintly rus ty weathering, 
beds 5 to 25 cm thick, a few recessive 
units as in unit 35, hori zonta l laminat ion 
abundan t, upward have more massive 
beds, ca rbonaceou s material common on 
bedding planes, few siderite grain 
laminae particularly near base, a few 
concre tions as in un it 34, non-calcareous 
to weakl y calcareous . 

Sandstone, fine gra ined, prominent 
carbonaceous laminae, non-calcareous, 
recessive. 

Sands tone. ve r y fine and fine grained, light 
grey with some ru sty weathering, thin to 
medium bedded (2~20 em ), horizontal and 
r ipple lam ination common, platy to 
slabby wea thering, numerous thin 
discontinuous, concre tionary beds 
separat e sands tone beds , very rusty, 
aphanitic., non-calcareous, in places are 
inf illing ripple troughs. Carbonaceous 
fragme nts a long many bedding planes, 
sideri Ie grain (med ium to coa rse grained 
size) lam inae common. An irregular, 
fe rruginous vertica l cylindrica l 
concretion, I c m diameter, probably 
burrow. 

Siltstone and sandstone, very fin e grained, 
a rgillaceous, abundant carbonaceous-rich 
laminae, pale yellowish-b rown 
wea thering, non-calcareous, recessive. 
Overlies unit 32 abruptl y. 

Sandstone, fine to very fin e grained upwa rd, 
two fining upward cycles, abrupt base. 
mudstone rip-up clasts at base, vague 
trough crossbedding in lower part and 
horizontal lamina tion in upper part of 
both uni ts. 

Siltstone, interbedded with mudstone , da rk 
grey 00%) and sandstone, very fine 
grained (20%), grey to brownish -grey 
weathering to r ust y weathering of some 
sands tone beds. Upper and lower 
contac ts of sandstone abrup t, ripple and 
horizontal lamination (;ommon, so le 
marking common. Overlies uni t 30 
abruptl y. 

Sandstone, very fine to mediu m grained 
upward with some coarse grained near 
lOp, gradational with unit 29, lower 
90 cm is horizontally bedded, trough 
crossbedded above, non-calcareous, light 
grey wi th dark ye llowish -orange 
weathe ring. 

Unit 
Thickness 
(metres) 

1.1 

6.8 

3.0 

3.3 

0.4 

6.3 

0.3 

6. 1 

0.3 

3.3 

2.4 

6.0 

Height 
above base 

(me t res) 

11 4.5 

113.4 

106.6 

103.6 

100.3 

99.9 

93.6 

93.3 

87.2 

86.9 

83 .6 

81.2 



Unit 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

Description 

Base of Torrens Member 

Top of Moosebar Member 

Thin bedded unit. simiJar to unit 26. 
Mudstone beds are thicker (up to 20 cm) 
than other Ii thologies. 

Sandstone, fine grained, slightly to 
moderately calcareous, abrupt 
channelled base, trough crossbeds at 
base, prominent horizontal bedding 
above, asymmetrical ripples, ripples on 
upper surface, mudstone rip-up clasts in 
one bed, wood and ca rbonaceous 
fragments common. A discontinuous 
ironstone concretion bed in centre. 

Mudstone and siltstone , thin bedded as below 
with greater proportion of sandstone 
beds (50 to 75%), fine grained, horizontal 
lamination, several load casts with well 
developed concentric pattern. 

Prominent thin bedded unit consisting of 
(I) mudstone. silty, medium dark grey, 
con tains foraminiferai (2) mudstone, very 
silt y, medium light greYi (3) si ltstone, 
lighter grey, weakly ca lcareous; 
(4) sandstone, ve ry fine grained, light 
rust y weathering. moderately calca reous 
occur as individuual ripple trains with 
abrupt base and tOPi (5) concretion heds 
ver y silt y-sandy, medium light grey wi th 
prominent rust y weathering, some cross 
lamination, few small pyrite nodules, 
non-<'.llcareous. Overlies uni t 25 
abruptly. 

Sa ndstone. ver y fine grained, similar to 
below, horizontal lamination with 
prominent platy weathering. Units 19 to 
25 form a resist ant ridge and are much 
more prominent than underlying units. 

Sil ts tone, argi lIaceous , moder a te I y 
calcareous, light olive-grey with 
brownish-grey weathering, very finely 
laminated. 

Sandstone, as ~n unit 19. 

Si lt stone and mudstone, as in unit 20, c ross 
lamination in some siltstone beds. 

Sandstone, as in unit 19, abundant 
carbonaceous-r ich lamination. 

Siltstone, argiUaceous and mudstone, light 
to medium grey weathering, moderately 
calcareous, faint horizontal lamina tion . 

Sands tone, very (ine grained, medium grey 
with light rusty weat"-ering, weakly 
calcareous, prominent hori zonta l 
lamina tion. Abrupt base. 

Mudstone, interbedded with siltstone and 
very fine grained, argillaceous sandstone 
1-4 cm usual thickness, up to 15 em, 
ripple lamination common in sandstone 
beds, a break in middle of unit where 
have a 15 cm bed of platy weathering 
sandstone simila r to top of previous unit. 
Abrupt base. 

Siltstone, . argillaceous and sandstone, very 
fine grained, thin interbedded, 
interbedded with cleaner sandstone beds 
as below, medium grey to pale ye llowi sh 
brown, beds 1-10 em thi ck. At top, 
prominent platy weatherIng sandstone, 
horizontal lam ina tion and low angle 
crossbedding. weakly calcareous. Upper 
10 cm, silty concretion bed, moderately 
calcareous, lam inated, distinct 
rec tangu lar weathering pattern. 

Sandstone, ver}' fine grained, ripple 
laminated, with 'faecal pellets' as below, 
often beds are 3 cm or less thiCk, 
interbedded with thicker units of 
sandstone -s i lt stone, horizontally 
lamina ted. Overlies uni t 15 
gradationally. 

Mudstone, similar to below with abundant 
'f aeca l pellets' upward to sands tone, very 
f ine grained, silty and argillaceous, some 
ripple lamination, moderately 
ca lcareous, one large ironstone 
concretion, 12 cm thick and 2 m long. 
Overlies 14 abruptly. 

Unit 
Thickness 
(metres) 

2.3 

1.8 

1.5 

7.0 

0.4 

0.3 

0.4 

0.3 

0.7 

0.2 

0.5 

2.4 

2.6 

3.5 

7.8 

Height 
above base 

(metres) 

75.2 

72.9 

71.1 

69.6 

62.6 

62 .2 

61.9 

61.5 

61.2 

60.5 

60.5 

59.8 

57.4 

54.8 

51.3 

Unit 

14 

13 

12 

II 

10 

Description 

Mudstone, as below becoming more silty and 
more <...d lcareous upward, at top 
s<:.tndstone, very fine grained, rusty 
weathering, ripple lamina ted. moderiltel y 
calcareous, some 'faeca l pellet s' bllt less 
abundant than below. 

Mudstone and sil tstone, argi llaceOlJs, 
medium grey with light grey weathering 
(in marked contrast to ferruginous beds 
below), with few laminae of siltstone, 
abundant pods (I mm diameter and 
several millimetres long) of darker 
colour, probably faecal pellets. Lies 
abruptly on unit 12. 

Mudstone, medium grey w ith buff 
weathering, upward in to lamina ted 
siltstone and very fine grained sandstone, 
ripple to horizontal lamination, non
cakdreous to moderately ca lcareous, 
extensive bioturbation in upper 10 to 
15 em. 

'vtudstone , variably sil ty to siltstone, 
argillaceous In part, dUSk y ye lJowish-
brown with dark ye llowish-brown 
wea thering , thin (2-10 cm) bedded, 
fi:lintly lamina ted, slightly calcareous, a 
few conc retion beds, hard, aphanitic, 
non-calcareous, medium light grey wi th 
dark yellowiSh-orange weathering. 
Contains foraminifera fauna. 

Covered. No outcrop. 

Base of Moosebar Member 

BASE OF MALCOLM CREEK FORMATION 

Mudstone, dark grey upward to siltstone, 
prominently ripple laminated, overlain 
abruptly by sandstone, ve ry fine grained, 
crossbedded, finer grained and cross 
laminated upward, medium grey with 
medium light grey weathering, minor 
interbedded argillaceous siltstone, 
ca rbonaceous, Slightly ca lcareous. 

Covered interva l. 

Sandstone, very fine grained, medium ljght 
grey with light rusty weathering, 
moderately calcareous , no lamination 
observed. 

Recessive, poorly exposed interval. Shale 
upward to very fine grained sandstone. 

Siltstone and sandstone, very fin e grained, 
with mudstone interbeds (5-L5 cm thick ), 
beds severa l cm thick, prominent ripple 
lamination, moderately ca lca reous, 
bioturbated of few sand-filled burrows in 
mudstone. Gradational with unit 4. 

Claystone, dark brownish-grey, 
carbonaceous, over lain by claystone, 
rusty weathering, massive. 

Coar sening upward sequence simi lar to unit 
2. 80 cm of coal overlain by 30 cm of 
shale and mudstone and 20 cm of 
predominantly siltstone and sandstone. 
Overlies unit 2 abruptly. 

Coarsening lJpward sequence similar to 
unit I. Coal, very crumb ly a t base, to 
very Carbonaceous shal e to mudstone, 
yellowish-grey, very ca lcareous, trace 
ca rbonaceous, to siltstone and very fine 
grained !:.dndstone, ripple laminated, 
modera tely <"'<JiLareolis. root penetrated. 
Overlies unit I abruptly. 

Sha le, coa l y. upward to carbonaceous 
mudstone wi th fine horizontal 
lamina tion! moderately calcareous. 
upward to sandstone, fine grained to very 
fine grained upwurd, light grey with 
medium light grey to pale rusty 
weathering, sJabby to blocky weathering, 
carbonaceous fragments common, 
moderately calcareous. Lense of 
pebbles, up to I em diameter, at top 
appea rs to be discontinuous, only 3 em 
thick. 

Unit 
Thickness 
(metres) 

7.4 

2.9 

2.5 

5.6 

7.5 

2.0 

1.7 

1.8 

1.7 

4.3 

1.0 

I.J 

1.4 

2.4 

Height 
above base 

(metres) 

43.5 

36. 1 

33.2 

30.7 

25 . 1 

17.6 

15.6 

13.9 

12.1 

10.4 

6.1 

5. 1 

.3.8 

2.4 



Unit 

13 

12 

II 

10 

Unit 

35 

34 

33 

32 

3 I 

30 

29 

28 

Description 

Coal, hard, bright lustre, recessive 

Covered. Very recessive 

Top Torrens Member 

Sandstone, coarse to fine grained upward, 
light grey with rusty laminae, 
noncalcareous, massive at base, 
crossbeds common upu1ard. Overlies unit 
10 abruptly. 

Siltstone, very argillaceous, dark grey with 
rust-st ained laminae, noncalcareous. 
Overlies unit 9 abruptly. 

Sandstone, fine to coa r se grained upward, 
pebbles up to I em scattered throughout, 
gradational with unit 8, low angle 
c rossbed se ts, ripples at top, platy to 
blocky habi t upward. 

Sandstone, ve ry fine to fine grained upward, 
more resistant upwa rd, moderately 
strongly ca l('areous, medium light grey 
with l igh t rust y weathering, abundant 
low angle crossbedding. Blocky to plat y 
upward. Overlies unit 7 abruptly. 

Covered. Very recessive uni t. 

Sandstone, very fine to fine grained, medium 
light grey and brownish-grey with light 
rusty weathering, moderately to 
moderately strongly calcareous upward, 
crossbedded in part, carbonaceous 
throughout. 

Descri pt ion 

Sandstone, medium grained to fine grained 
upward, non-calcd reous, massive, hard, 
·cream to light rusty weathering, siderite 
grains give 'freckled' appea rance. 

TOPOFGRANDE CACHE MEMBER 

Covered interval. Small exposure just below 
unit 35 of sha le, dark grey, very 
carbonaceous. 

Sandstone, very fine grained, silty, very 
calcareous, very hard, rusty weathering, 
carbonaceous fragment s common, 
possibl e roots. 

Covered interval. 

Shale, as in uni t 29. 

Mudstone, dark yellow-brown, very 
ca lcareous, massive, abrupt lower 
contact. 

Shale, dark grey with bluish -grey 
weathering. non-calcareous, abrupt lower 
contact. 

Mudstone, very silty, very calcareous, 
carbonaceous fragments common, 
overlies uni t 27 abruptly. 

Unit 
Thickness 
(metres) 

1.40 

1.35 

7.40 

0.45 

1.00 

13.60 

1.05 

5.40 

TYPE SECTION 

TORRENS MEMBER 

Height 
above base 

(metres) 

46.50 

45.10 

43.75 

36.35 

35.90 

34.90 

21.30 

20.25 

Unit Description 

Sandstone, very fine to fine grained upward, 
overlies unit 4 abruptly, similar to unit 4 
but prominent horizontal bedding with 
oark, carbonaceous-rich laminae in upper 
50 em. 

Sandstone, very fine grained, medium dark 
grey with rusty weathering, overlies unit 
3 abruptly, moderately calcareous, 
blocky weathering, faint crossbedding, 
minor mudstone rip-up clasts. 

Sandstone, very fine grained to siltstone, 
medium dark grey, very carbonaceous, 
thin platy habit. More recessive than 
unit 2. 

Sands tone, very fine grained, slight 
coa rsening upward, overlies unit 1 
ab ruptly , medium light grey, moderately 
ca lcareous, more calcareous upward, 
carbonaceous-ric h laminae common low 
angle crossbed sets. Asymmetrical 
ripples on upper surface. Rounded 
mudstone rip-up clasts near base. 

Top Moosebar Member 

Sands tone and mudstone interbedded, I to 
10 em thic k, Mudstone, dark grey to 
olive-grey, very calcareous, bio turbated. 
Sandstone, very fine grained to fine 
grained upward, medium dark grey with 
rusty weathering, moderately calcareous, 
gradational base and abrupt top, 
bioturba ted at base, carbonaceous 
lamination and cross-lamination upward. 

TYPE SECTION 

GRANDE CACHE MEMBER 

Located at Gustavs Flats 

l !nit 
Thickness 
(metres) 

4.0 

2.4 

0.7 

1.1 

1.0 

1.4 

0.5 

0.9 

Height 
above base 

(metres) 

128.3 

124.3 

121.9 

121.2 

120.1 

119.1 

117.7 

117.2 

( !nit 

27 

26 

25 

24 

23 

22 

Desc ription 

Shale, dark grey, carbonaceous, coaly in 
part, with 5 cm thick concretion bed, 
rusty weathering, discontinuous. 
Overlies unit 26 abruptly. 

Coal, not well exposed, old adit entrance. 

Covered interval. 

Sandstone, fine to medium grained at base 
to very fine grained upward, light grey, 
slightly calcareous, carbonaceous 
fragments common, siderite grains give 
'freckled' appearance. 

Mudstene and shale, Olive-grey, silty in 
lower part, with carbonaceous fragments 
common, to dark grey, rusty weathering 
shale upward. A prominent concretion 
bed at base, very silty, very calcareous, 
very hard, medium dark grey fresh wi th 
light grey and cream coloured 
weathering. 

Mudstone, dark grey, prominent medium
Light grey with bluish tinge weathering, 
upward more silty, less carbonaceous and 
more calcareous to siltstone, common 
plant and carbonaceous fragments, root s 
common. 

Unit 
Thickness 
(metres) 

3.00 

4.20 

1.00 

1.85 

4.80 

Unit 
Thickness 
(metres) 

0.5 

2.3 

2.0 

4.3 

5.9 

1. 1 

Height 
above base 

(metres) 

14.85 

11.85 

7.65 

6.65 

4.80 

Height 
above base 

(metres) 

116.3 

115.8 

113.5 

111.5 

107.2 

101.3 

35 



Unit 

21 

20 

19 

18 

!7 

16 

15 

14 

12 

II 

Unit 

170 

169 

36 

Description 

Coal, old adi t collapsed, no exposure of 
seam. 

Covered interval. Small exposure of shale, 
very carbonaceous, at top. 

Sandstone, very fine grained, moderately to 
very calca reous, gradational with unit 18 
in part, scoured into unit 18 in part, 
horizontal lamination and ripple 
lamination common, carbonaceous 
fragments common, a prominent upright 
tree trunk, rooted at top of unit 17, 
5.2 m high, 75 em wide. 

Shdle, dark grey, very carbonaceous, small 
coal lenses , upward to mudstone, silty, 
Slightly calcareous. 

Coal, very fractured ,Jnd oxidized, conta ins 
several concretions, light brown 
weathering, medium grey fresh, non
ca lca reous, very hard, up to I m long, 
30-45 em thick. Old adit ent rance. 

Mudstone with very subordinate siltstone or 
sandstone, very recessive and mostly 
covered, t.:arbonaceous fragments 
abundant, black fissile shale at top 
gradationally upward to unit 17. 

Sandstone, f ine to very fine grained, very 
ca lcareous, scoured lnlO un it 14, wood 
casts and carbonaceous fragments 
rommon a t base, very hard to 
moderately friable in part , some 
inte rbedded siltstone, very ca rbonaceous, 
overlies uni t 14 abruptly. 

Shaie, very dark grey, non-cdlt.:areous, 
upward in few cen timetres to mudstone, 
silty, very ca lcareous, rusty brown 
weathering, only minor carbonaceous 
fragments. 

Coal, very fractu red and oxidized, ddit, 
Mcintyre Mines No.5 seam. 

Mudstone, dark grey, carbonaceous wi th 
siltstone and very fine grained sandstone, 
calcareous thr oughout, roots prominent 
in some sandstone beds. minor coal 
sea ms, rippl e lamination in some 
sandstone beds. 

Sandstone, very fine grained, very 
ferruginous, orange weathering, 
prominent ripple lamination throughout, 
carbonaceous fragments common, 
overlies 10 abrupt ly. 

Desc ript ion 

Mostly covered. Trenched shale, dark grey, 
silty. 

TOP OF MOUNTAIN PARK MOUNTAIN 

Sandstone, medium grained at base, fine 
grained throughout most of section, pale 
greenish-grey with li~ht rusty yellow 
wea [hering, non-calcareous, predom-
inantly horizontal bedding, some primary 
current lineation. Upper 50 em IS 

medium grained, moderately strongly 
calca reous, trough crossbedded, rew 
ripples along bed tops. 

Unit 
Thickness 
(metres) 

2.1 

4.9 

3.2 

1.0 

4.5 

6.3 

6.9 

0.4 

3.9 

5.2 

3.3 

Height 
above base 

(metres) 

100.2 

98.1 

93.2 

90.0 

89.0 

84.5 

78.2 

71.3 

70.9 

67.0 

61.8 

Unit 

10 

Description 

Mudstone and siltstone with subordinate 
sandstone, reressive unit, beds 5 cm to 
I m, sandstone beds up to 30 em, 
hori zontal lamination common, few c ross 
laminae. 

Sandstone, very fine grained, with mudstone, 
silty, beds 5 to 80 em, overall thinner 
bedded upward, prominent banded 
appearance. Sandstones have abrupt 
base and top, abundant cross lamination, 
carbonaceous fragments common 
throughout. Small load casts common. 
Mudstone, dark grey and olive-grey, very 
calcareous, a few pelecypod shells 
observed in one bed. Overlies coal 
abruptly. 

Coal, a thin bed of very carbonaceous sha le 
a t base, overlain abruptly by coalj poorly 
exposed, No.4 seam of Mcintyre Mines. 

Mudstone, interbedded with siltstone, 
becoming sandstone, very fine grained in 
upper 3 m, very calcareous, irregular 
laminae in lower I m, platy to massive 
sandstone, abundant carbonaceous-rich 
laminae, very ferruginous. 

Covered interval. 

Siltstone and mudstone , with some very fine 
grained sandstone upward, very 
calcareous, thin bedded and horizontal 
lamination, minor bioturbation, 
prominent ye llowish-orange weathering, 
carbonaceous fragments common 
throughou t , cross lamination in 
sandstone. Overlies shale gradationally. 

Shale, very silty in part, very calca reous, a 
pelecypod-rich concretion bed I m above 
base, shells abraded . 

Shale, very dark grey, Slightly calcareous, a 
30 cm thick ironstOne concretion bed at 
top. Overlies coa l abruptly. 

Coal, No.3 seam of McIntyre Mine Ltd., old 
adit, overlies :>andstone abruptly. 

BASE OF GRANDE CACHE MEMBER 

Sandstone, very fine and fine grained, non
calcareous, siderite grains common 
giving 'freckled' appearance, very light 
grey weathering, bioturbated in lower 
part, cross bedded in upper two metres. 
Abundant carbonaceous fragments in 
upper decimetre. 

WAPIABI CREEK SECTION 

Hypostratotype of Mountain Park Formation 

Unit Height 
Thickness above base Unit Description 
(metres) (metres) 

168 Mudstone to siltstone, medium dark 
3.0 282.9 greenish-grey, rusty weathering in part, 

structureless, much more resistant than 
below. Overlies unit 167 abruptly. 

167 Covered. Few sma ll exposures of mudstone, 
medium light greeni sh~grey. 

carbonaceous fragmen ts common, (ew 
rootle ts. 

166 Sandstone, very fine grained, medium light 
greenish-grey, Slightly carbonaceous and 
micaceous, platy habit. Overl ies 165 

3.3 279.9 abruptly. 

Unit 
Thickness 
(metres) 

11.2 

6.5 

5.1 

4.1 

3.0 

5.3 

4.3 

2.3 

3.2 

13.5 

Unit 
Thickness 
(metres) 

1.1 

2.1 

0.6 

Height 
above base 

(metres) 

58.5 

47.3 

40.8 

35.7 

31.6 

28.6 

23.3 

19.0 

16.7 

13.5 

Height 
above base 

(metres) 

276.6 

275.5 

27 '. 



Unit 

165 

164 

163 

162 

161 

160 

159 

158 

157 

156 

155 

154 

153 

152 

151 

150 

Description 

Siltstone and mudstone, alternately slightly 
more or less resistant, light to medium 
light greenish-grey wi th rusty orangish
brown wea thering. 

Siltstone, medium dark Olive-grey to light 
greenish-grey upward, abundanr 
carbonaceous fragment s along some 
planes. 

Mudstones, medum light greenish-grey with 
greenish-grey and reddish-brown 
weathering, structureless. Near top, 
sandstone, light greenish grey, 40 cm 
thick, overlain by 20 cm of claystone, 
carbonaceous. Overlies unit 162 
abruptly. 

Claystone and mudstone, light green ish-grey 
with medium dark olive-grey weathering, 
trace carbonaceous, upward to siltstone 
and sandstone, very fine to fine grained, 
carbonaceous lamination at base, 
massive upward. Sandstone al top 
channelled into underlying beds. 

Siltstone and mudstone, medium light 
greenish-grey, trace carbonaceous, 
transitional with unit 160. Upward to J 
coarsening upward units, 30, 60 and 
70 cm thick, to very fine grained 
sandstone al top, medium greeniSh-grey. 

Sandstone, fine grained a t base, to medium 
grained in short distance, and to fine 
grained upward , light greenish-grey and 
non-calcareous at base to moderate ly 
calcareous wi th rusty wea thering 
upward, trough crossbedded and platy. 
horizontal bedding in part, wood 
fragment s common throughout. 

Sandstone, very fine grained, structure less, 
overlain by mudstone breccia medium 
greenish-grey with light rusty yellowish
orange weathering, fragments up to 
granule size, probable abundant root 
penetra tion , upward to shale, very 
ca rbonaceous and coal y. 

Clay, very soft, olive grey, possibly 
bentonite. 

Sandstone, fine to very fine grained upward, 
medium grey with light rusty yellow 
weathering, non-calcareous, minor mica 
and carbonaceous fragments throughout, 
becomes siltstone upward, darker 
colours. Overlies unit 156 abruptly. 

Claystone, medium dark grey to olive-grey, 
non-calcareous, slightly harder and more 
resistant upward. 

Mudstone, light greenish-grey with 
prominent rusty weathering. 

Sandstone, argillaceous, 
upward to clayst one, 
slightly carbonaceous. 
gr ada t ionaUy, 

greenish.grey, 
medium grey , 
Overlies 153 

Sandstone, very fine to fine grained, medium 
light greenish-grey, carbonaceous and 
small wood fragments common, {aint 
lamination and cross lamination , a few 
rOOts near lOp. 

Sandstone, very fine grained, platy, 
carbonaceous lamination, upward to 
siltstone and mudstone, medium 
greenish-grey, S tr uc tu reless. 

Sil tstone, medium greenish-grey with 
prominent rusty orange weathering, non
calcareous, upward to a ser ies of 
claystone, mudstone and shale, medium 
dark olive-grey to medium greenish-grey, 
carbonaceous, massive. Overlies unit 
150 abruptly. 

Siltstone t o mudstone, light greeniSh-grey, 
minor carbonaceous fragme nts, trace 
roots, upward to mudstone-claystone, 
medium dark grey , darker in upper 5 cm. 
Overlies unit 149 gradationally. 

Unit 
Thickness 
(metres) 

1.1 

0.8 

2.2 

1.9 

2.8 

5.2 

1.1 

0.1 

2.6 

0.2 

0.3 

0.8 

0.8 

1.7 

1.7 

1.2 

Height 
above base 

(metres) 

272.8 

271.7 

270.9 

268.7 

266.8 

264.0 

258 .8 

257.7 

25 7.6 

25 5.0 

254.8 

254.5 

25J.7 

252.9 

251.2 

249.5 

Unit 

149 

14 8 

147 

146 

145 

144 

143 

14 2 

141 

140 

139 

138 

137 

136 

135 

134 

133 

132 

131 

IJO 

129 

128 

Description 

Si lts tone to very fine grained sa ndst one, 
medium greenish-gr ey with rust y orange 
to marOon wea ther ing, trace 
carbonaceous, root penetra ted 
throughout, more recessive upward. 

Mudstone, medium light greeniSh-grey, 
stru c tureless, slightl y more resist an t 
than unit 147. 

C laystone, medium dark grey, cdrbonaceous. 

Vludstone, light greenish-grey, so ft, 
recessive. Gradational with unit 145. 

Sandstone, very fine gr ained , massive, 
upward to ver y weathered sandstone and 
mudstone sequence , abundant roots 
pene trating whole unit. 

Siltstone, argillaceous, medium dark 
greenish-grey, carbonaceous fragments 
common, upwa rd to sandstone, very fine 
grained, moderatel y ca lcareous, faint 
hori zon tal lamination throughout. 
Overlies unit 143 abruptl y. 

Sandstone, very fine grained, massive, to 
si ltstone and mudstone upward, medium 
greenish-grey, becoming darker upward 
cnd more carbonaceous. Overlies 142 
abruptly. 

Sandstone, very f ine grained, t o siltstone 
upward, platy but no Structure observed, 
medium greeni sh-grey. Over lies unit 141 
abruptly. 

MudslOne, very recessive. 

Mudstone to si ltstone to sandstone, very fine 
grained, greenish-grey with maroon 
weathering, three coarsening upward 
units 75, 150, and 140 cm thick. 

Mudstone, medium greeniSh-grey, hard lower 
10 em, overlain by claystone, 
ca rbonaceous but less upward, 
structureless. 

Covered, appears to be claystone, very soft, 
medium dark olive-grey. Probably 
transitional with unit 137. 

Siltstone, medium greenish-grey with light 
greenish-grey and maroon wea thering , 
few r oo tlets. 

Covered. 

Mudstone to siltstone and mudstone to 
sandstone, very fine grained, medium 
greenish-grey (mudstone slightly darkerl, 
rusty maroon weathering, trace 
carbonaceous. Upper 50 em is prominent 
pia ty sandstone wi th common 
ca rbonaceous fragments and minor mica 
flakes. Overlies unit 144 abruptly. 

Sandstone, very (ine grained, medium 
greenish~grey, st ructureless. Overlies 
unit 133 abruptl y. 

Shale, medium dark ohve-grey wi th medium 
dark grey and rusty orange wea thering, 
non-('<l lcareous. 

Covered. 

Silt stone, argillaceous, medium greenish
grey, very rusty and concretionaary at 
top. Abrupt base. 

Sandstone, argillaceous, very fine grained, 
medium greenish-grey, roots cammon, 
otherwise structureless. Lies abruptly on 
unit 129 . 

Claystone to mudstone, medium dark 
greenish-grey, massive. 

Covered. 

Unit 
Thickness 
(metres) 

3.0 

0.2 

0.4 

0.3 

1.2 

1.1 

1.2 

2.2 

0.7 

3.7 

2.9 

0.9 

0.4 

0. 9 

2.4 

0.4 

0.5 

1.2 

0.9 

0.7 

0.7 

1.3 

Height 
above base 

(metre s) 

248. 3 

24 5.3 

245.1 

24 4.7 

244 .4 

243.2 

242.1 

240.9 

238.7 

238.0 

234. 3 

231.4 

230.5 

230.1 

229.2 

226.8 

226 .4 

225.9 

224.7 

223.8 

223.1 

222.4 

37 



Unit 

127 

126 

125 

124 

123 

122 

121 

120 

119 

liS 

117 

116 

115 

114 

113 

112 

38 

Description 

Mudstone to siltstone to sandstone, very fine 
grained, medium grey (greenish-grey 
wet), structureless and bedding is 
obscure, overall coarsening upward. 

Note: Folding and the necessity to offset 
along strike due to a sharp bend in the 
river makes correlation imprecise. May 
be a short repetition of beds. 

Siltstone and sandstone, very fine grained, 
medium greenish-grey to medium dark 
grey with medium Olive-grey to light 
rusty brown weathering, structureless, 
bedding obscure. 

Covered. 

Mudstone to siltstone to sandstone, very fine 
grained, medium greenish-grey, non
calcareous to moderately calcareous 
upward, minor carbonaceous lamination 
at tOp . 

Covered. Partially mudstone, greenish-grey. 

Siltstone to sandstone, very fine grained 
upward, medium light greenish-grey, 
rootlets throughout. 

Siltstone, argillaceous, medium greenish
grey weathering, a few roots, upper 5 cm 
very recessive, carbonaceous mudstone. 

Siltstone and sandstone, very fine grained, 
medium greenish-grey, structure less to 
very faintly laminated. Transitional with 
unit 119. 

Mudstone to si ltstone upward, medium 
greenish-grey with maroon weathering, 
st ructureless to faintly laminated 
upward, recessi ve. 

Sandstone, very fine grained, medium 
greenish-grey, moderately weakly 
calcareous, very fine carbonaceous 
lamination in part, interbedded with 
more recessive siltstone and mudstone, 
non-calcareous, structureless. Sandstone 
bed 10-15 c m, siltstone less tha t 10 cm. 
Overlies unit 117 gradationally. 

Mudstone to siltstone upward, medium 
greenish-grey, very fine carbonaceous 
lamination, platy to slabby weathering, 
rusty maroon weathering. Overlies unit 
116 abruptly. 

Siltstone, medium dark grey with prominent 
rusty orangish-brown weathering, minor 
lamination, very calcareous, prominent 
rusty bed. Overlies unit 115 abruptly. 

Mudstone and siltstone, medium greenish
grey, minor carbonaceous fragments, 
ripple lamination near top. 

Siltstone and sandstone, very fine grained, 
medium greenish-grey to medium light 
grey with light greyish-brown and rusty 
weathering, beds 2 to 25 cm, faint 
carbonaceous lamination in part, non
calcareous except moderately strongly 
calcareous a t top, very ferruginous 
concretionary siltstone. Overlies unit 
113 abruptly. 

Claystone, medium greenish-grey, 
structure less, recessive, upward to 
siltstone, argillaceous, medium greenish
grey. Overlain by 90 em of siltstone, 
argillaceous, medium light greenish-grey 
with medium greenish-grey and maroon 
wea thering. 

Mudstone and si ltstone, medium dark 
greenish-grey to siltstone and very fine 
grained sandstone, medium light grey 
with rusty orange-brown weathering in 
part, very fine carbonaceous lamination 
in pan, non-calcareous to moderately 
calcareous in most resistant part of bed 
to non-calcareous upward. 

Unit 
Thickness 
(metres) 

1.6 

6.1 

3.4 

1.9 

1.6 

1.9 

0.6 

1.4 

1.1 

4.S 

1.1 

1.2 

1.1 

2.3 

1.9 

3.9 

Height 
above base 

(metres) 

221.1 

219.5 

213.4 

210.0 

208.1 

206.5 

204.6 

204.6 

202.6 

201.5 

196.7 

195.6 

194.4 

193.3 

191.0 

189. 1 

Unit 

III 

110 

109 

108 

107 

106 

105 

104 

103 

102 

101 

100 

99 

98 

97 

96 

95 

94 

93 

92 

Description 

Mudstone, medium light greenish-grey, with 
very rusty weathering, some siltstone 
interbeds upward. Mostly heavily 
covered. 

Shale, medium dark olive-grey, non-
calcareous, more recessive and more 
ca rbonaceous upward with some greenish 
grey interbeds. Abrupt lower contact. 

Siltstone and mudstone, fining upward, light 
to dark greenish-grey, with some very 
carbonaceous shale, appears to coarsen 
slightly near top. 

Siltstone to sandstone, very fine grained 
upward, medium 10 light greenish-grey 
with rusty maroon-brown weathering, 
minor carbonaceous and mica flakes give 
platy to thin sJabby weathering 
appearance. Gradational with unit 107. 

Shale, medium dark to medium olive-grey, 
non-calcareous. Overlies unit 106 
abruptlY· 

Mudstone and clC:i.ystone, light greenish-grey, 
recessive, massive, minor to common 
carbonaceous fragments. Two sandstone 
beds in upper 90 cm, very fine grained, 
medium light greenish grey, 
structureless. 

Sandstone, very fine to fine grained upward, 
medium to light greenish-grey with 
greenish-grey and maroon weathering. 
Abrupt lower contact. 

Siltstone to mudstone upward, medium 
greenish-grey, trace carbonaceous. 
Gradational with unit 103. 

Siltstone to sandstone, very fine grained, 
medium greenish-grey with rusty orange
brown weathering, bedding obscure but 
seems to be interbedded with platy 
weathering. Gradational with unit 102. 

Siltstone, medium dark greenish-grey, trace 
carbonaceous, recessive, poorly exposed. 
Overlies unit 101 abruptly. 

Sandstone, as in unit 99. 

Mudstone, dark greenish-grey, platy, 
recessive. 

Sandstone, very 
structure less. 
into uni t 98. 

fine grained, as belOW, 
Appears to be channelled 

Mudstone, more siJty upward, medium dark 
grey. Overlies unit 97 abruptly. 

Siltstone to sandstone, very fine grained, 
medium to medium dark greeniSh-grey 
wi th greenish-grey and maroon 
weathering. 

Similar to below but very poorly exposed. 
May be slight structural disturbance. 

Mudstone and siltstone, medium greenish-
grey to medium grey, trace 
carbonaceous, recessive. Lenses of 
sandstone, very fine to fine grained, up 
to 2 m thick, appear to be scoured into 
muds tone-sil ts tone. 

Mudstone, medium greeniSh-grey with a thin 
bed of a very carbonaceous black shale in 
middle. 

Sandstone, very fine grained, medium 
greenish-grey to medium grey upward, 
moderately to non-calcareous upward, 
carbonaceous throughout with a few 
wood fragment impressions. 

Siltstone, very carbonaceous, platy medium 
dark grey, recessive. 

Unit 
Thickness 
(metres) 

2.5 

4.4 

2.1 

1.3 

2.8 

4.5 

0.9 

0.5 

2.7 

0.8 

0.5 

0.1 

0.4 

1.0 

0.9 

5.1 

8.5 

0.3 

2.4 

0.1 

Height 
above base 

(metres) 

185.2 

182.7 

178.3 

176.2 

174.9 

172.1 

167.6 

166.7 

166.2 

163.5 

162.7 

162.2 

162.1 

161.7 

160.7 

159.8 

154.7 

146.2 

145.9 

143.5 



Unit 

91 

90 

89 

88 

87 

86 

85 

84 

83 

82 

81 

80 

79 

78 

77 

76 

7 5 

74 

Desc ription 

Sandstone, ver y fine graine(~, medium grey 
with gr ey to ru sty brown wea thering, 
abund~nt ca rbonacf'ous fragments ;1long 
bedding planes, moderately strong ly 
ca lcareous in lower lew centimetres, 
non-calcareous above. l ~pwa rd to 
siltstone and mudstone, medium gr ey , 
darker upward, a fe w irons tone 
concretions up to 5 em thi ck, 10 cm long. 

Covered. 

Mud.stone, medIum light greenish-grey, 
upward to ~;Itstone, medium nark 
greenish-grey with ma roon weathering, 
upward to sandstonf'. very fine gra ined, 
medium greenj sh-grey with li ght 
greenish-grey weather ing, minor 
carbonaceous, t r ace roo ts. 

Sil tstone to sa ndstone, as In unit 87. 
Sandstone only in upper 20 c m, appear s 
to rest abruptly on siltstone . Overlies 
uni t 87 ab ruptly. 

Si lt stone to sandstone, very (ine to fine 
grained upward, medium green iSh-grey to 
l ight grey upward, non-("a lcareous ligh t 
rusty to dirt y brownish-grey weathering, 
structure[ess. Overlies unit 86 ab ruptly. 

Mudstone, ve ry carbonaceous. medium dark 
oli ve-grey, recessive. 

Sandstone, very fine grained , medium 
greeniSh -grey , s[(uc tureless. Abrupt 
lower contact. Minor carbonaceous and 
mica flakes along bedding planes. 

Siltstone and mudstone, medium green ish
grey with abundan t carbonaceous 
fragments at base , less ('. trbonaceou-., and 
more argillaceous upward. Abrupt lowe r 
contact. 

Sa ndstone, vcry fine grained to medium 
grained upward , light greenish-g rey with 
medium light greenish-grey to maroon 
weathering, non-calcareous a t base to 
very calcareolls upward, pla ty wi th low 
angle crossbeds a t base to massive and 
slabby upward. 

Covered. 

Mudstone and siltstone to ve r y fine gr ained 
sands tone upward, th r ee coarsening 
upward units, then fines upward into 
over lying unit, greenish-grey co lour s, 
minor carbona ceous fragments, 
struc ture lf'')s as below. 

Claystone , medium dark Olive-green, 
cc.i rbonaceou$, rec('';sive, struc tureless. 

Mudstone, vcry sil t y. pistach!n-green very 
recessive. 

Siltstone to ver y fine grained sandstone, 
medium dark [Q medium l ight greenish
grey, non-ealcareous~ roo t pen etra ted. 
Gradational with unit 77. 

Sands t one, ver }" fine grained, moderate l )' to 
sIrongly ca lcareous, more resistant than 
adjacen t beds, a large ir ons tone 
connelion 60 c m by 75 cm hlng. 

Sa ndstone, ver y fine grained , medium 
greeniSh-grey with minor carbonaceo~I'" 
fragmen ts, green and maroon 
wea th ering, upward to silt stone and 
mudstone , medium greeni sh-g rey , 
struc ture less. A br upt base. 

St :alc , medium dark grey, ca rbonac( '()uS, 
rusty maroon wea thering. upward to 
mudstone, me-dium dark ~ reenish-grey 

wi th rust y orange to maroon weatherIng, 
struc turele ss, da rker towa rds top again. 
Abrup t contact. 

C laystone-mudstone to mudstone- <; iltstonc
upward , medium d,Jrk to medium 
greenish-grev upward, some dar ker mor€' 
carbonaceous uni ts . Recessive, poorl y 
exposed. 

Unit 
Thickness 
(metres) 

J.O 

4.9 

3.9 

1.1 

0.9 

0.6 

0.5 

1.5 

2.4 

I.J 

2.9 

0.9 

0 .5 

I.J 

0.3 

2.3 

2.5 

2.7 

Height 
above base 

(me tres) 

14 3.4 

140.4 

: 15.5 

131.6 

130.5 

129.6 

129.0 

128 .5 

127.0 

17.4.6 

123 .3 

120.4 

11 9.5 

119.C 

117.7 

117.4 

11 5.1 

112.6 

Unit 

73 

71 

70 

69 

68 

67 

66 

64 

63 

62 

6 1 

60 

59 

58 

57 

56 

55 

54 

Description 

Sa ndstone, as below but more recessive, 
crumb l y appearance due to abundant root 
penetration. 

Sa l ld"tone, very fine grained med ium light 
green ish-grey with light rust y to maroon 
weathering, struc tur e[ess . Ma )' be 
grada tiona I wi th un i t 7 I. 

Siltstone, greenish-grey, slight ly more 
recess ive. 

Siltstone 10 ver y fine grained sands tone 
upward, sim i!. !r to lower unit s. 

.\4 udstonf> and c laystone, medium to light 
green ish-grey with minor ca rbonaceous 
f ragmenb, to medLum grey c lays tone 
becomin~ darker upward . Ove rlI es uni t 
68 gradat iond ll y. 

Mudstone, da rk green i sh-grey, above lower 
20 cm to siltstone , and very fine grained 
sa ndstone, medium green iSh-grey, 
carbonaceous- rich lamina t ion in part, 
root s common in uppe r 50 c m. Abrupt 
lower con tac t. 

C la ys tone, medium greenish-grey to medium 
d.~rk grey and ca rbonacp.ous lI pward. 

Si lt stone to very fine grained sandstone
upw~ rd, medium greeni Sh-grey with rusty 
orange to maroon wea thering, 
structureless. Over lies unit 65 abruptl y. 

Siltstone and mudstOne, sligh t ly finer 
upward, med ium Ligh t greenish -grey with 
rusty purplish weathering, trace 
C,Jrbonaceous, StruCture less. Overl ies 
uni t 64 abrupt ly . 

Mudstone, soft, receSSIve, medium dark 
olive grey to medium dark grey upward. 

Sands tone, sinll lar to below. 

Sandstone, fine grained, l ight greenish-grey 
wi th grey and maroon wea thering, 
ca rbonaceous fragments common, to 
mudstone, c;ilty, 30 em thi ck 
conc retionary . abundant plant fragments 
to muds tone, ve r y ca rbonaceous in uppe r 
20 c m . Overl ies unit 61 ab rLJpt[y. 

Claystone, medium green ish-grey wi th 
medium orang ish-brown weathering, 
t r ace carbor,,Jceous , upward to ~ha Je! 
carbonaceous and coa ly, medium dark 
grey . 

Sa ndslOne, fine gr<l!ned, med ium light grey, 
rust y weathering a t base, less upward, a 
few root s and more carbon:tceous 
upward . 

Mudstone, medium greeni sh -grey, 
struc tureless . Abrupt contact. 

t'vtuds l one. more silty upward , medium dark 
grey wi th medium rusty orange 
weather ing, carbonaceous fragments and 
wood impressions common, few small 
ironstone concretions. Finer upward at 
lOP to mudstone, Ld rbonaceous, medium 
t!.Jrk grey. Abrupt lower contac t. 

Shale, dark gr ey, ver y carbonaceous at base, 
upward predominantl y clay, soft, medium 
olive-grey, slight[y more ca rbonaceous 
upward, possible ben tonite. Rootlets at 
top. Abrupt con tac t '.'11th ullit 56 . 

Mudstone! dark o li ve-grey to sil t stone , 
medium greenish-grey, structu re less but 
with abundant root penetration. 

Clay . ver y light grey, soft, probable 
bentoni te. 

Mudstone, medium dark grey, 10 pia ty 
si lt stone, medium greenish-grey to 
slabby sa ndstone, similar colour, non
ca lca r eous, beds up to 10 cm thick, 
carbonaceous rrdgm€'n tS common in 
silts tone and sands tone as fine larllJOae. 

(:nit 
Thickness 
(metres) 

0.7 

0.9 

0.0 

2.1 

1.1 

2.(, 

0.3 

I.J 

2.1 

0.3 

0.8 

1.0 

0.7 

0.5 

0.3 

2.1 

0.8 

0.7 

1.0 

1.0 

Height 
above base 

(met res) 

109.9 

109.2 

108. 3 

107.7 

105.6 

10·.5 

101.9 

101.6 

100.J 

98.2 

97.9 

97.1 

96. 1 

95.4 

94.9 

94 .6 

92 .5 

91.7 

9 1.0 

90.0 

39 



Unit 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

40 

Description 

Mudstone, medium grey, mottled 
appearance, bioturba ted (?) probably by 
roots. Slight scour into unit 52. 

Mudstone, light greenish-grey, upward to 
clay, very light greenish-grey, soft 
probable bentonite. 

Mudstone-siltstone to siltstone-sandstone, 
very fine grained upward, similar to 
below. A 35 cm concretion bed near 
base, light greenish-grey with (eddish
brown weathering, moderately strong ly 
calcareous. 

Mudstone to very fine grained sandstone 
upward, medium light greenish-grey wi th 
med ium dark maroon brown weathering, 
very faint lamination in part, non
calcareous. Gradat ional with unit 49. 

Cla ys tone, to mudstone upward, medium 
li ght greenish-grey, rrace carbonaceous, 
s tructureless. Abrupt lower contact. 

Mudstone to si ltst one and very fine grained 
sandstone, appears gradationa l 
throughout, light greenish-grey. 

Siltstone, argillareous, med iu m 
grey, non-calcareous, 
carbonaceous, structure less. 
abruptly on un it 46. 

g reenish
trace 

Lies 

Mudstone, medium light g reenish -grey, 
more recessive, massive. 

Mudstone, medium greenish-grey with 
maroon weathering, more si lt y in some 
beds, structureless. Overlies 44 
abruptly. 

Siltstone, very argillaceous, medium dark 
greenish-grey, very fine lamina tion, 
platy. Upward to sandstone, very fine 
grained, light greenish-grey weakly 
developed carbonaceous-rich lamination, 
non-calcareous. Abrupt lower con tact . 

Sandstone, very fine grained, to sil t s tone 
and silty mudstone upward, medium dark 
greenish-grey, non-calcareous, mInor 
carbonaceous fragments throughout. 
Dark grey carbonaceous shale in upper 2 
to 3 cm. Abrupt lower contact. 

Siltstone, medium dark greenish-grey, non
calcareous, very thin carbonaceous-ric h 
lamination common, a few wood 
fragment impressions. Gradational with 
unit 41. 

Siltstone to mudstone, medium dark 
greenish-grey, with rusty conc retionary 
appearance. Overlies unit 40 abruptly. 

Mudstone with c laystone and s ilts tone, 
greeniSh-grey , minor carbonaceous 
fragments in pa rt , light rusty 
wea thering. Abrupt lower contact. 

Mudstone, claystone, sha le with subordinat e 
siltstone, dark o li ve-gre y to medium 
greenish-grey, rusty orange to maroon 
weathering common. Structureless and 
bedding surfaces often obscure, beds less 
than 10 em to 100 em. A rew 
carbonaceOtJs-rich beds and upper 100 cm 
is very carbonaceous coaly shale. 
Transitional lower contact. 

Siltstone to sandstone, ve ry fine grained 
upward, medium greenish-grey, massive 
but with faint lamination in part. 
Sandstone beds, 10 ' to 20 cm thick in 
upper 1 m separated by more recessive 
siltstone (I cm). Rootlets in upper 
40 em, ferruginous towards tOp. Abrupt 
lower contact. 

Mudstone, greenish-grey wi th maroon 
weathering, ca rbonace ous in lower 
30 em, to claystone upward. 

Siltstone, argillaceous to si lt s tone, medium 
greenish-grey, with rUSt y o rang ish-brown 
weathering, struc tureless. Abrupt on 
unit 35. 

Unit 
Thickness 
(metres) 

2.7 

0.7 

2.2 

2.8 

0.8 

0.9 

0.3 

2.9 

2.8 

1.7 

1.4 

0.6 

1.1 

6.7 

2.9 

2.1 

1.2 

Height 
above base 

(metres) 

89.0 

86.3 

85.6 

83.4 

80.6 

79.8 

78.4 

77.5 

77.2 

74.3 

71.5 

69.8 

68.4 

67.8 

66.7 

60.0 

57.1 

55.0 

Unit 

35 

34 

33 

J2 

3 I 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

Description 

Siltstone, medium dark grey with light 
orangish-grey weathering, non-
calcareous, hard, abundant wood 
fragments along base. To sandstone, 
very fine to fine grained, medium 
greenish-grey non-calcareous, faint 
carbonaceous lamination in part. 
Overlies unit 34 abruptly. 

Mudstone, medium dark greenish grey, hard, 
massive. More siltstone upward but less 
indurated, minor carbonaceous 
fragments. Overlies unit 33 abruptly. 

Siltstone to sandstone, very fine grained 
upward, greeniSh-grey, wi th rusty 
yellowish -orange wea ther ing, minor 
rootlets. Upward appears transitional to 
siltstone and mudstone, greenish-grey 
with maroon-brown weathering, 
structure less. 

Sandstone-siltstone, more argi llaceous 
upward, medium greenish-grey, 2 cm of 
carbonaceous sandy clay at top. 

Si ltstone to ver y finc to fine grained 
sandstone upward and then to very fine 
grained at top, medium to light g reeni sh
grey, non-calcareous to moderately 
calcareous to non-ca lcareous upward, 
structureless except faint lamination in 
part. Overlies unit 30 abruptl Y. 

Mudstone and claystone, med ium greenish
grey, very recessive, carbonaceous in 
part. A 5 em bed of clay, very soft, 
cream colour, probable bentonite. 

Concretion, silty, light olive-grey with light 
rusty orange weathering, non-calcareous, 
hard. 

Clay, ve~y soft, recessiv e, light olive-grey, 
trace carbonaceous, very ferruginou s in 
upper 15 em. 

Siltstone and mudstone, fining upward, 
medium light greenish-grey, trace 
carbonaceous. Very rusty Claystone with 
large (medium grained) siderite grains in 
upper 20 cm. Gradational with unit 26. 

Sandstone, fine grained as below interbedded 
(10-20 cm) with sands tone, very fine 
grained with wavy, platy weathering. 
Contact both abrupt and gradational. 

Siltstone to sandstone, very fine grained, 
medium greenish-grey, t a rbonaceous
rich lamination give sandstone a platy 
appearance, becoming fine grained 
upward, blocky weathering and less 
carbonaceous. Over li es unit 24 abruptl y. 

Siltstone, green ish-grey, strunure less. 
Abrupt contact. 

Sands tone, very fine grained , medium 
greenish-grey, s truc tureJess, more 
indura ted tha n below. 

Mudstone to si ll s lone, medium greenish-grey 
with medium orangish-brown wea the ring. 
non-ca lcareous, structure less, a few 
irons tone concre tion nodules. 
Gradationa l w ith unit 21. 

Sha le , very coaly, black 10 c lays tone , 
("drbonaceolJs, dark o li ve-grey, upwa rd 
Slight ly more resi s tant upwa rd. Overlies 
unit 20 "bruptly . 

Siltstone, argillaceous to sandstone, very 
fine "grained, medium gr~enish-grey with 
light rusty weathering, abundant roots 
penetrate through unit, upper 20 cm is 
very weathered very ferruginous, 
possibl e paleosol. Overlies unit 19 
gradationaJly. 

Mudstone, sil ty , medium dark Olive-grey to 
claystone upward, dark grey, trace 
carbonaceous, s rructu re less. Over lies 
unit 18 abruptly. 

Shale, coaJy lenses and vr' ry carbonaceous 
throughou t. 

Unit 
Thickness 
(metres) 

1.7 

0.5 

1.1 

0.3 

1.9 

0.7 

0.3 

0.8 

l.J 

0.7 

3.1 

0.5 

0.3 

2.1 

0.6 

1.0 

1.1 

0.2 

Height 
above base 

(metres) 

53.8 

52.1 

51.6 

50.5 

50.2 

48.3 

47.6 

47.3 

46.5 

45.2 

44.5 

41.4 

40.9 

40.6 

38.5 

37.9 

36.9 

35.8 



Unit 

17 

16 

15 

14 

13 

12 

II 

10 

Unit 

119 

118 

117 

116 

115 

114 

Description 

MudSlOne, carbonaceous with coal, 
argillaceous and shale, coaly, beds J to 
10 em, dark grey to olive grey. 

Siltstone and mudstone upward to 
predominantly sandstone, very fine 
grained, medium greenish-grey to olive
grey wi th medium dark orang ish-brown 
weathering. upper 35 cm harder and very 
ferruginous with abundant roots. 

Siltstone and mudstone. fining upward, 
medium greenish~grey to dark grey, 
trace carbonaceous, crumbly, recessive 
unit. Overlies unit t4 gradationally . 

Sandstone, very fine grained, Slightly more 
resistant than below, a 5 cm ironstone 
concretion bed at base, non-calcareous, 
medium greenish-grey, minor wavy 
carbonaceous lamination. 

Siltstone, argillaceous, medium greenish~ 
grey, trace carbonaceous, structureless, 
upward to sandstone, very fine grained, 
silty, may be gradational with unit 12. 

Mudstone to siltstone, argillaceous, non
calcareous, structureless, with two 
sandstone beds, very fine grained, 80 and 
60 cm thick, appear to be upper members 
of coarsening upward sequences. 

Sandstone, very fine grained, light grey to 
light greenish-grey, non-calcareous, 
massive, lIaggy to irregular plat y 
weathering. 

Covered. 

Sandstone, fine grained to very fine grained 
upward, light grey to greeniSh-grey, 
rust y weathering, horizontal to wavy 
lamination. Upper 150 cm slightly 
coarser again and is moderately 
calcareous in part . Units 4 to 9 
represent a channel deposit. laterally, 
it cuts down into underlying beds at least 
several metres. 

Description 

Shale, silty, dark grey, with deep rusty to 
purplish staining on fractures. 

Covered interval. 

TOP OF MOUNTAIN PARK FORMATION 

Siltstone to sandstone, very fine grained 
upward, very calcareous, pale yellowish
brown to light brown, concretions in 
lower part, very fine horizontal laminae 
in upper part. Overlies uni t 116 
gradationally. 

Claystone, dusky yellowish-brown to 
greeniSh-grey upward, non-calcareous, 
carbonaceous material common to minor 
upward, soft recessive. 

Concretionary bed, grey with rusty 
weathering, aphanitic, non-calcareous, in 
siltstone and mudstone, very 
carbonaceous at top. 

Sandstone, similar to below but Jess 
indurated, more silty and argillaceous 
upward to black shalp at top, greenish
grey to dark grey upward. 

Unit 
Thickness 
(metres) 

1.3 

1.0 

0.6 

1.8 

3.5 

2.7 

0.9 

5.6 

Height 
above base 

(metres) 

35.6 

33.3 

32.7 

30.9 

29.4 

25.9 

23. 2 

22.3 

Unit Description 

Sandstone, fine grained, very pale greenish
grey with light maroon weathering, 
horizontal bedding, good primary current 
lineation on some bedding planes, very 
calcareous. Overlies unit 7 abruptly. 

Sandstone, medium to fine grained, weakly 
to modera tely calcareous, faint 
crossbedding, prominent platy 
weathering. Overlies unit 6 abruptly. 

Sandstone, medium grained, moderately 
calcareous and light grey at base, upward 
to rusty weathering and very calcareous. 
Overlies unit 5 abruptly. 

Sandstone, medium grained, non-calcareous 
and moderately hard at base, strongly 
calcareous and modera tely friable 
upward, faint crossbedding, horizontal 
bedding in part, a few large wood 
impressions, more rusty weathering 
upward. Overlies unit 4 abruptly and 
scours inlo it slightly. 

Sandstone, medium grained, light grey with 
light rusty yellowish-orange weathering, 
moderately to weakly calcareous, a few 
mudstone rip-up clasts and wood 
fragment impreSSions along base. Abrupt 
base and scoured into underlyin~ beds. 

TOP OF MALCOLM CREEK FORMATION 

Mudstone and siltstone, thin interbedded 
medium dark grey with medium olive
grey and ru sty orange weathering, 
upward to sandstone, very fine grained, 
abundant carbonaceous-rich laminae, 
thin platy weathering. Overlies unit 2 
abruptly. 

Claystone, dark ('live-grey, non-calcareous, 
a few small (1-2 em) elongate ironstone 
concretions. Overlies unit I abruptly. 

Coal with thin interbeds of claystone and 
shale, very carbonaceous and coaly. 

MALCOLM CREEK SECTION 

Hypostratotype of Mountain Park Formation 

Unit 
Thickness 
(metres) 

26.5 

4.2 

4.2 

0.5 

1. 7 

Height 
above base 

(metres) 

241.3 

214.8 

210.6 

206.4 

205.9 

113 

112 

III 

110 

109 

108 

107 

Description 

Mudstone, dark grey, very carbonaceous, 
upward to siltstone and sandstone, very 
fine grained, greenish-grey, non-
calcareous with scattered plant 
fragments. 

Clay, yellowish-grey, soft, possible 
bentonite. 

Coal, weathered, very crumbly, dull, 
recessive. 

Siltstone and mudstone, very recessive, non
calcareous, more carbonaceous upward. 

·Siltstone and sandstone, very fine grained, 
hard, resistant, very carbonaceous at 
base, non-calcareous, very fine 
lamination, minor interbedded mudstone. 
Abrupt base. 

Recessive, mostly covered interval. 
Greenish-grey mudstone at base, 10 cm 
of very argillaceous coal higher, and very 
carbonaceous mudstone above. 

Sandstone, very fine grained to siltstone to 
mudstone upward, greeniSh-grey, non
calcareous, massi ve, a few roots near 
top. Abrupt contact with unit 106. 

Unit 
Thickness 
(metres) 

0.4 

1.8 

2.6 

1.3 

1.2 

4.2 

0.7 

4.5 

Unit 
Thickness 
(metres) 

0.9 

0.2 

0.2 

0.6 

1.0 

2. 2 

1.9 

Height 
above base 

(metres) 

16.7 

16. 3 

14.5 

11.9 

10.6 

9.4 

5. 2 

4.5 

Height 
above base 

(metres) 

204.2 

203.3 

203.1 

202.9 

202.3 

201.3 

199.1 



Unit 

106 

105 

103 

102 

10 1 

100 

99 

98 

97 

96 

95 

94 

93 

92 

9 1 

90 

42 

Descript ion 

Silt s[On~ to mudstone upward, pale greenish
grey, becomes darker and greyer upward , 
massive, scattered ferruginous 
concretions. 

Siltstone to sandstone, ver)' fine grained 
medium light grey wi th li ght rust y 
wea thering, very calcareous, irregular 
!>labby weathering. Gradationa l with unit 
104. 

Mudstone, dusky yellowish-green 
weathering, non- calcareous, massive to 
c laystone, light o li ve-grey upward. 

Sandstone , ver y f ine gra ined, Sil lY, greenish-
grey, cr05sbedded in part , non-
calcareous, moderately recessive. 

Sandstone, fine to medium grained in part, 
crossbedded a t base, non-calf_areous to 
moderate ly calcareous upward, cream 
weathering at base to rusty wea th ering 
upward . Abrupt base. 

SJlt stone, abundant carbonaceous-ri ch 
lam inde, non-cal careous, moderately 
recess ive, abrupt base. 

Sdndstone, very (ine grained, to siltstone 
and silty mudstone upward pale greE'nish 
grey, more ca rbonaceous and da r ker 
upward, non-calca reous throughout. 
Gradationa l wi th unit 99. 

Sandstone, fme to ver y lint· grained 
upward, l ight gr f'y (s li ghtl y greeni sh ) 
wit h medium rusty w(:.Jtnering, non
calca reous. large wood fragment s, trough 
crossbeddi ng common tn lower 2 m, 
c limbing ripples common a l top, 
car bonaceous-ric h laminae common, 
blocky to platy weathering. Abrupt base . 

C lays tone, greenish-g rey, massi ve. 

Sa ndstone, fine and ve r y fine grained, 
greeni<;h grey w ith light rusty 
weathering, non-ca lcar~ous. A se ri es of 
massive beds overlain by platy 
weather ing beds, ('ach couplet 40 to 
100 em thick, c~ rbonaceous~r ich 
lamination. Abrupt base. 

Muds tone to silt stone to sandsrone, very fine 
grained. upward, non-ca lcareous, 
incr ease in ( arbonaceous materia l 
upward, unit is moderat ely recessive. 

Sandstone, ver y fine grained, non- ca lca reous 
fain! lamination, dbundant carbonaceous 
and wood fr..J.ments, grades upward into 
inc reasingly finer ma teria l wit h 
greenish-grey colour. Ru sty concretions 
along upper contact. 

Shale, dark grey, coaly in part. Recessive 
and poorl y exposed. 

Sa ndstone, med ium to ver y fine grained 
upwa rd, very light gr ey w i th ligh t rus ty 
weat hering, 1rough crossbeddN1, wooci 
I r .lgment impressions common on 
bedd ing planes. Overli es uni t 92 
abrup tl y. 

Mudstone, nark grey, ca rbonaceous, 
sc..tttered concretIOns to mudstofll: and 
siltstone . greenish-grey in upper half, 
non -ca lcareous, thin bedded, pl.IlY. 

Silt stone to very fine grained sandstone, 
very light grey with about 10 pe rcent 
rusty siderite grain s; 75 C Ol above base , 
into festoon bedded sandstone, fine 
grained, massive to platy upward, very 
t..a lca reous to non-calca reous upward, 
ve r y ferruginous a t top. A brupt lower 
con tact. 

Mudstone, greenish-grey, non-ca ICa reOll'i, 
mor e carbonaceous w ith minor coa l 
upward wi th shale, si l lY, olive-grey at 
top. Gradational with unit 89. 

Unit 
Thick ness 
(metres) 

0.7 

0.8 

1.2 

2.5 

2.8 

0.4 

1.1 

8.6 

0.6 

2.2 

5.4 

0.6 

0.5 

0.9 

1.7 

2.6 

1.5 

Height 
above base 

(metres) 

197.2 

196.5 

195.7 

192.0 

189.2 

188.8 

187.7 

179.1 

178.5 

176. 3 

170.9 

170. ) 

169.8 

168.9 

107.2 

Uni t 

89 

88 

87 

86 

85 

83 

82 

81 

80 

79 

78 

77 

76 

75 

74 

7) 

72 

71 

Desc ription 

Si lt stone and sandstone, \lery fin e grained, 
medium light grey with medium grey and 
ru sty weathering , non-calcareous, 
prominent grey and orange colour 
banded in part 0-2 cm bands), faint 
lamination throughOUt. 

Shale, very carbonaceous becom ing coa ly 
llpward. Abrupt lower con tac t. 

Sands tone, fme grained, finin~ upward, rusty 
weathering, prominent cross lamina t ion, 
carbonaceous-ri! h lamination, roots 
common. Abrup t base. 

Muds tone. J.ight o li ve gr ey , moderately 
r eces~i\le, more carbonaceous upward to 
few cen t ime tres of arg illaceous coa l ..lnd 
back to muds lOne at lOp, moderate l y 
calcareous in lower part. 

Sandst one, very fine grained, massive at 
base to thinly laminated upward, 
prominent root s extend through unit. 
Abrupt base. 

Sannstone, argillaceous, ve r y fine grained, 
slightly recessive, very ca lcareous. 

Sandstone, very f inC' grained, calcar eous, 
faint horizontal lamination, rusty 
weathering. Abrupt lower contact. 

Sands tone , ver y fine gr ained. friable, 
recessive, more argi llaceous upward to 
very carbonaceous shale and shal y coa l, 
then back to brown, \.a rbonaceous, 
c alcareous, argillaceous siltstone at top. 

Sandstone , very fine grained and silts tone, 
thin interbedded ,md laminated. Upward 
to promment, massive bed with 
horizontal laminati on and low angle cross 
lamination, norma l graded beds with 
some co<..\rse grained sa nd at base but 
predominantly ve r y fine to fine gr ained. 
An upright tree trunk 75 c m from base of 
unIt. Overlie"" unit 80 abruptly. 

Siltstone, arg i l lar:eolls, very carbonaceous to 
mudstone, dark grey, non-ca lca reous 
upward. Appea r s gradat iona l with 
unit 79. 

Sandstone, tint" grained, moderate l }' 
calcareous, 15 percent sider it e grains. 
concretionary at base wltl : prominen t 
rectangular jointing. Gradational witr. 
unit 78. 

Mudstone and siltstone to sandstone, very 
fine grained at top, sca tt ered ferruginous 
concretions, minor c.Jrbonaceous 
throughout, non - ca lca reous . 

Concretion bed, med~um gr ey with rust y 
wea thering, non-ca lca reous, wi th 
possible root cas ts. 

Muds tone, carbonaceous, dusk y ye llowish
brown, non-calcareous, nlllssive. 

Coa l, ver y recessive to brown carbonaceous 
silt y clay to hard mudstone upward. 
Overlies unit 74 abrupt ly. 

Mudstone to siltstone, greyish -brown with 
cream to light rusty weathering, 
carbonaceous throughout, moderate ly 
'Strongly cal car eous to non-calcareous at 
top, very finely lamina ted at top. 

Sandstone, very f ine grained, friable, to 
siltstone, mudstone and sha le upward, all 
nOfl-ralcareous, minor carbonaceous 
fragmen ts, mudstones are greenish-grey. 
Upward, moderately indurated silty 
mudstone, w ith abundant carbOlldceous 
ma teria l and a 30 em coa l bed, 
<I rgi llaceous. Whole unit recessi ve and 
poorly exposed. 

Sandstone, similar to unit 70, rootlets 
penetrate- entire bed. 

Sandston e, similar to unit 69, friable. 

Unit 
Thickness 
(metres) 

1.5 

0 .• 

0.4 

0.2 

0.2 

0.) 

0 .6 

1.3 

0.6 

1.5 

2.9 

0.4 

2.4 

0.4 

1.7 

).6 

0.4 

0.6 

Height 
above base 

(metres) 

163.1 

16 1.6 

16 1. 2 

160.8 

160.4 

160.2 

160.0 

159.7 

159.1 

157 .8 

157.2 

155.7 

152.8 

152.4 

150.0 

149.6 

147.9 



Unit 

70 

69 

68 

67 

66 

65 

64 

6) 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

Description 

Sandstone, very fine gra ined, very hard, 
quartzose, medium light grey with light 
grey wea thering. 

Sandstone, very fine grained, silty, slightly 
argilla ceous! medium grey, trace 
calcareous. O verlies uni t 68 abruptly. 

Sandstone, medium to very fine grained 
upward, strongly r alcareous , lower )0 cm 
conta ins abundant wood fragments, plant 
debri s and Ir onstone pebbles, trough 
erossbedded in part, minor ripple 
lamination upward, very light grey with 
buff to light rust y weath ering. Overlies 
67 abruptly. A prominent resistant unit. 

Coal. highly sheared. 

Sandstone, very fine grained, plant 
fragmer:us common, pale greenish-grey, 
non-calcareous, recessive. 

Series of fining-upward units as in 64 and 63, 
all non-calcareous, all have a greenish 
colouration when wet. 

Sandstone, as in 63, becoming more 
argillaceous upward, faint lamination. 

Sandstone, fine to very fine grained upward, 
massive to platy upward, to siltstone and 
mudstone, recessiv e, at top. 

Sandstone, very fine to fine grained upward, 
light grey, non-calcareous, to moderately 
calcareou s to non-calcareous upward, 
platy to massive upward, faintly 
laminated, some faint trough 
crossbedding. A 30 em recessive zone at 
top, silty mudstone to siltstone upward, 
light olive-grey, non-calcareous. 
Gradational with unit 61. 

Interbedded mudstone and siltstone, medium 
grey, non-calcareous, receSSive, poorly 
exposed. Overlies unit 60 abruptly. 

Sands(Qne. very fine grained, light grey with 
medium light grey wea thering, non
calcareous. Becomes fine grained 
upward, markedly calcareous, with 
prominent light brown weathering, 
prominent horizontal lamination 
throughout. Overlain by fine grained, 
non-calcareous sandstone, abundant 
carbonaceous lamination. Overlain 
abrupt Iy by a very calcareous, rusty 
concretion bed with very <.; •• d careous fine 
grained sandstone above. 

Shale, carbonaceous, ver y dark grey, a few 
silty, more resistent interbeds, non
calcareous. 

Covered. 

Siltstone upward to mudstone, dark grey , 
very carbonaceous, non-calcareous, 
upward to claystone medium greenish
grey, minor carbonaceous fragments. 

Sandstone, fine to medium grained upward, 
medium light grey with dark rusty 
weathering, slightly greenish when wet , 
abundant carbonaceous fragments often 
as laminae, horizontal lamination to low 
angle crossbedding, massive to thick 
slabby weathering. A greenish, friable 
sandstone at top. Abrupt base. 

Shale, slightly silty, very dark grey, non
calcareous. Overlies unit 54 abruptly. 

Coal, dull, very fractured and weathered. 
Overlies unit 53 gradationally. 

Claystone, silty, light olive grey, very 
calcareous, rusty weathering, maSSi ve, 
more carbonaceous upward. 

Shale, very carbonaceous and coaly. 

Sandstone, very fine grained, horizontal 
lamination with abundant roo t s towards 
top, marl" argi lJaceous in terbeds upward 
and abundantly carbonaceous at top. A 
3 em bed of sof t coal a t top. Abrupt 
base. 

Unit 
Thickness 
(metres) 

0.5 

0.4 

7.0 

0. 2 

0.9 

1.7 

0.7 

0.8 

2.8 

1.5 

5.2 

2.0 

2.4 

1.5 

2.9 

2.2 

0.7 

1.5 

0.4 

1. 2 

Height 
above base 

(metres) 

143.3 

14 2.8 

142.4 

135.4 

135.2 

134.3 

132.6 

131.9 

I) 1.1 

128.) 

126.8 

121.6 

119.6 

117.2 

115.7 

112.8 

11 0.6 

109.9 

108.4 

108.0 

Unit 

50 

49 

48 

47 

45 

44 

4) 

41 

40 

)9 

38 

37 

36 

35 

)4 

)) 

32 

De'>Cription 

Claystone, greenish-grey, upward to darker, 
more carbonaceou s c laystone. A few 
concretionary lenses, very rust y 
weathering, 50 em long and up to 20 em 
thic k. 

Sandstone, very fine to fine grained upward, 
sharp lower contact with very 
ferruginous concretions, carbonaeeous
rich laminae, light rusty to light grey 
weathering upward, upper 20 em 
moderat ely friable. 

Shale , light olive-grey with dark blue-grey 
wea thering, bluish manganese (?) 51<.1.in, 
carbonaceous rna terial common, non
l,.alcareous. Overlies unit 47 abruptly. 

Mudstone, medium dark grey, upward to 
sandstone, very line grained, non
calcareous with a thin concre tionary bed 
at top. 

Covered. 

Claystone, greenish-grey, may be a 
bentonite. Upward to more resistant 
mudstone, medium grey, non-calcareous, 
very fine horizontal lamination. Upward 
to siltstone, rusty weathering, very 
calcareous_ 

Sandstone, ver y fine grained, slightly 
coarser upward, concretions at base, 
horizontal lamination to ripple laminated 
upward. 

Claystone, dark greenish-grey with medium 
greenish-grey wea thering, darker, 
probably more carbonaceous upward. 

Covered. 

Sandstone, very fine grained, light grey with 
light rusty weathering, traces of ripple 
lamination but most is destroyed by 
burrowing. No lamination in upper fcl.lI 

deciJlletre~. 

Siltstone, calcareous, to siltstone, 
argillaceous upward, more recessive 
upward, carbona ceous, ver y calcareolls. 
Gradational with unit 39. 

Sandstone, ver y fine grained, silty to fine 
grained upward, medium brownish-grey 
with light rusty weathering. very 
cdl careous, minor hori zontal lamination 
at base, prominent upward. Minor 
bioturbation at top . Gradational with 
unit 38. 

Mudstone, dusky yellowish-brown, very 
calcareous, trace carbonaceous, upward 
to siltSTOne, rusty weathering, very 
calcareous with more argillaceous 
interbeds. Overlies unit 37 abruptly. 

Sandstone , very fine grained, light rusty 
weathering, prominent climbing ripples. 
Two sandstone beds 45 and 40 cm thick 
separated by 5 em r ecessive bed. 

Sandstone, very fine grained, silty, light 
grey weathering, moderately strongly 
calcareous. Overlies unit 35 abruptly. 

Sandstone, medium to very fine grained 
upward, small trough crossbeds to 
Climbing ripples upward, massive at top, 
moderately calcareous. Overlies unit 34 
gr ada t ionally. 

Sandstone, very coarse grained to medium 
grained upward, buff weathering, scoured 
base with mudstone and concre tion rip
up clasts, eX Tra formational pebbles 
usually less than I cm, up 10 4 cm, 
trough cross bedded, primary current 
lineation along few surfaces. Overlies 
unit abruptly. 

Sandstone, very fine grainC'd, hori zontal 
lamination, overlain abruptly by a few 
em of medium gr ained sandstone. 

Heavy cover. No exposure. 

Unit 
Thickness 
(metres) 

2.9 

1.1 

2.) 

0.5 

4.2 

1.7 

0. 5 

1.8 

2.7 

1.5 

0.8 

1.9 

2.2 

0.9 

0.4 

4.2 

1.) 

o.? 

11.6 

Height 
above base 

(metres) 

106.8 

10).9 

102 .8 

100.5 

100.0 

95.8 

94.1 

9).6 

91.8 

89.1 

87.6 

86.8 

84.9 

82. 7 

81.8 

81.4 

77.2 

75. 9 

75.7 

43 



Unit 

31 

30 

29 

28 

27 

26 

25 

2~ 

23 

22 

21 

20 

19 

18 

17 

16 

44 

Description 

Sands tone, very fine grained, c ream
coloured with siderite specks, rusty 
weathering, non-ca lcareou5. Gradational 
with unit )0 over short interval but much 
better indurated and resistant to 
wea thering. 

Mudstone, dark grey, very ca rbonaceous, 
upward to siltier mudstone and siltstone, 
olive-grey with rusty weathering, non
calcareous, carbonaceous fragments 
common. Overlies unit 29 abruptly . 

Thin interbedded siltstone, sandstone and 
concretions sim ila r to unit 27. Lower 
boundaries of sandstone beds are 
gradational, upper boundaries are sharp. 
Roots penetrate entire unit. 

Mudstone, dark grey, with a prominent 
septarian concretion bed up to I m thick, 
but usually less than 10 cm, 
discontinuous, very calcareous, rusty 
weathering, aphanitiC. 

Siltstone to very fine grained sandstone and 
rusty concretionary interbeds, slightly to 
moderately calcareous. Over lies unit 26 
gradationally. 

Mudstone, dark grey with medium grey 
weathering, non-calcareous, more silty 
and laminated upward. An 8 em bed of 
sandstone 50 m above base, very fine 
grained, argillaceous, with abundant shell 
fragments. Overlies unit 25 abruptly. 

Mudstone, brownish-grey, with rootlets and 
rusty concretions in lower 40 cm. 
Overlain abruptly by claystone, very dark 
grey, gradationally upward to sandstone, 
very fine grained, non-cal careous, 
horizontal thin bedded, pale brown with 
prominent rusty concretion beds 5 to 
15 cm thiCk, madera tely calcareous. 
Overlies unit 24 abruptly . 

Sandstone, very fine grained, moderately 
calcareous, cream to moderately rusty 
weathering, . faint lamination. 
Interbedded sittstone and mudstone 7 to 
10 cm thick. Prominent root zone at 
top. Overlies unit 23 gradationaJly. 

Mudstone, dark grey, carbonaceous upward 
to lighter coloured siJtstone, non
calcareous to moderately strongly 
calcareous upward. Overlies uni t 22 
abruptly. 

Sandstone, very fine grained, prominent 
yellowish-orange weathering, moderately 
strongly calcareous. Overlies unit 21 
abruptly. 

Shale, dark grey, recessive, poorly ex posed. 

Sandstone, very fine grained, pale brownish
grey with light brown weathering, 
moderately strongly calcareous, 
carbonaceous fragment s common, some 
plant impressions. o.verlies unit 19 
abruptly. 

Shale, dark grey with medium dark grey 
weathering, minor rusty stain. Overlies 
unit 18 abruptly. 

Sandstone, very fine grained, very 
carbonaceous at base with wood casts. 
Overlies unit 17 abruptly. Appears to be 
a lense. 

Coal, argillaceous 
yellowish-brown 
poorly exposed. 

to claystone, dusky 
upward. Recessive, 

Siltstone, concretionary at base, moderately 
calcareous, light brown to rusty brown, 
minor carbonaceous fragments. Upward 
to sandstone, very fine grained, light 
grey and rusty weathering, moderately 
strongly calcareous, horizontal 
lam ination and low angle cross 
lam ina tion, roots near top. Overlies uni t 
15 abruptly. 

Unit 
Thickness 
(metres) 

2.7 

1.7 

0.7 

1.2 

0.9 

2.0 

1.7 

1.7 

0.5 

0.9 

1.2 

1.0 

2.9 

0.6 

1.7 

2.1 

Height 
above base 

(metres) 

64.1 

61.4 

59.7 

59 .0 

57.8 

56.9 

54.9 

53.2 

51.5 

51.0 

50.1 

48.9 

47.9 

45.0 

44.~ 

42.7 

Unit 

15 

14 

13 

12 

II 

10 

Description 

Mudstone, medium dark brownish-grey, 
carbonaceous throughout, coaly near top. 
Overlies unit l~ abrupt ly. 

Siltstone to fine grained sandstone upward, 
medium light grey to rusty weathering, 
non-calcareous , faint lamination in part, 
two silty mudstone interbeds. Root 
penetration of 50 c m in one sandstone 
bed. Gradational with unit 13. 

Mudstone, very carbonaceous, very dark 
grey, very coaly with thin coal lenses in 
part. Upward lighter grey, more silty, 
non-calcareous. Six dist inct ironstone 
concretion beds, non-calcareous 
prominent rusty weathering. Overlies 
unit 12 abruptly. 

Sandstone, fine to very fine grained upward, 
light grey with buff to rusty weathering, 
ferruginous laminae and specks; abrupt, 
scoured base, some crossbeds. Laterally 
is represented by distinctly laminated 
siltstone and claystone, horizontal and 
ripple laminated, contorted at base, 
abundantly bioturbated upward. More 
carbonaceous with roots at top. 

Siltstone, argillaceous, very carbonaceous, 
most very recessive and covered. 
Mudstone, medium dark grey, non
calcareous at top . 

Sandstone, fine grained, slightly finer 
upward, light grey with light brown 
weathering, non-calcareous, minor 
mudstone rip-up clasts, one large erratic 
block SO em thick, some trough 
crossbedding. Laterally in short 
distance, thickens and cuts downsection 
to the uni t 2 to 6 sequence. Abrupt, 
scoured base. 

Sandstone, very fine grained, medium light 
grey with light grey weathering, a few 
small mudstone rip-up c lasts, prominent 
cross lamination, slightly calcareous. 
Overlies unit 8 abruptly. 

Mudstone, silty, very carbonaceous and 
coaly, particularly in lower few 
decimetres, siltier upward. Overlies unit 
7 abruptly. 

Sandstone, very hne grained, medium light 
grey fresh and weathered, non-
calcareous, abundant roots, more 
carbonaceous and brownish coloured 
upward. 

Sandstone, very fine grained, colours as 
below, moderately calcareous, prominent 
ripple drift laminat ion, moderately 
carbonaceous, root penetration at least 
30 cm. Units 2 to 6 are part of a fining
upward sequence which thins lateral1y. 

Sandstone, very fine grained, horizontal 
laminae, djstinct platy weathering. 
Overlies unit 4 abruptly. 

Sandstone, fine grained, light grey with pale 
rus ty weathering, shale rip-up clasts at 
base, moderately calcareous, vague 
megaripples. Overlies unit 3 abruptly. 

Sandstone, gradational with unit 2, finjng 
upward to fine grained, weakly 
calcareous, light rusty weathering, 
discontinuous carbonaceous laminae. 

Sandstone, very coarse to coarse grained, 
non-calcareous, very light grey with light 
grey weathering, erosional base, shale 
rip-up clasts and wood casts at base, 
horizontal bedding. 

BASE OF MOUNTAIN PARK FORMATION 

Shale, very dark grey, abundant 
carbonaceous fragments, recessive. 

Unit 
Thickness 
(metres) 

2.7 

2.6 

8.9 

3.2 

3.7 

4.5 

0.7 

2.8 

0.5 

0.6 

0.3 

0.8 

1.6 

~.2 

3.5 

Height 
above base 

(metres) 

40.6 

37.9 

35.3 

26.4 

23.2 

19.5 

15.0 

14.3 

11.5 

1[,0 

10.4 

10.1 

9.3 

7.7 

3.5 



Unit 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

TYPE SECTION OF THE MA BUTTE FORMATION 

Description 

Agglomerate, volcanoclastic fragments up 
to 10 em, colours are shades of brown, 
olive and green. Very prominent 
resistant unit. Overlies unit 45 abruptly. 

Top of Ma Butte Formation 

Mudstone, soh to very hard in part, medium 
to dark greenish-grey, non-calcareous, 
very recessive. Very sandy at top with 
pink and green grains. Probable tuff. 

Clay, very light greenish grey, very soit, 
minor silt including some biotite. 
Probable bentonite. 

Mudstone, greyish-purple with some greenish 
mottling at top and bottom, in places 
have vitreous green grains in mudstone. 
Probably a tufl. 

Claystone, maroon colour throughout, 
upward in a few centimetres to mottled 
maroon and greenish grey and then to 
greenish-grey. Overlain abruptly by 
sandstone, very fine grained, medium 
greeniSh-grey wi th light greenish-grey 
weathering, carbonaceous fragments 
common, maderately hard ta friable 
upward. Overlies unit 41 abruptly. 

Sandstone, very fine grained, medium dark 
greenish-grey with purplish weathering, 
madera tely strongly calcareous, less 
resistant upward but without grain size 
Change. Overlies unit 40 abruptly. 

Siltstone to very fine grained sandstone 
upward, medium greenish-grey, 
moderately ta non-calcareous upward, 
minor carbonaceous fragments. Overlies 
unit 40 gradationally. 

Mudstone, very dark greenish-grey, non
calcareous, massive, becoming siltier 
upward. Overlies unit 38 abruptly. 

Mudstone, dark greeniSh-grey, crumbly, 
similar to below. ~ore sandy near top 
with reddish (heuJandite?) grain s. 
Probably tuffaceous. Very rusty 
weathering at top. 

Mudstone, medium greenish-grey, very 
recessive, crumbly weathering, rusty 
weathering at top. Overlies unit 36 
abruptly. 

Mudstone, prominent maroon weathering 
coJour at base, to medium greenish-grey 
with purple weathering and then to dark 
purplish-grey at top, massive. Overlies 
unit 35 abruptly. 

Mudstone to siltstone upward, similar to unit 
34 but non-calcareous throughout. 

Mudstone to very fine grained sandstone 
upward, dark to light greenish-grey 
upward, moderately calcareous with 
rusty brown weathering at top. 

Siltstone to very fine grained sandstone 
upward, medium dark to medium 
greenish-grey upward, non-calcareous, 
minor carbonaceous fragments give weak 
lamination. Overlies unit 32 abrl4'tly. 

Sandstone, fine to very fine grained upward, 
medium light greenish-grey, non
calcareous except upper 65 cm which is 
moderately stronglY calcareous and 
weathers a distinct purplish-brawn 
calour, horizontal lamination and some 
primary current lineation, some 
crossbeds and ripple lamination. 
Overlies unit 31 abruptly. 

Sandstone, very coarse grained with rip-up 
clasts along base, medium to fine grained 
above lower 20 cm, light grey, non
calcareous, prominent horizontal 
lamination, 20 to 75 cm, massive above. 
Overlies abruptly and is !Eoured into unit 
30. 

Unit 
Thickness 
(metres) 

7.1 

2.3 

2.7 

2.3 

1.3 

0.9 

2.3 

6.9 

3.7 

1.5 

1.5 

1.2 

3.3 

4.0 

1.4 

Height 
above base 

(metres) 

133.8 

126.7 

124.4 

121.7 

119.4 

118.1 

117.2 

114.9 

108.0 

104.3 

102.8 

101.3 

100.1 

96.8 

92.8 

Unit 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

Description 

Sandstone, coarse and medium grained at 
base to fine and very fine grained 
upward, light grey with grey-orange-pink 
weathering, non-calcareous, horizontal 
lamination common, carbonaceous-rich 
in upper few decimetres. A shallow 
trough of medium grained sandstone at 
top. Overlies unit 29 abruptly. 

Claystone, becoming very fine grained 
sandstone upward, very recessive, 
rubble-covered slope. 

Sandstone, very fine to fine grained upward, 
more resistant upward, very light grey to 
slightly greenish-grey upward; very fine, 
horizontal, carbonaceous-rich laminae, 
deformed bedding in part with some 
overturned laminae. 

Sandstone breccia, very fine grained, non-
calcareous, with abundant angular 
siltstone and mudstone rip-up clasts. 

Sandstone, very fine grained, non-
calcareous, medium greenish-grey~ 

horizontal carbonaceous-rich laminae 
common. 

Mudstone to sandstone, very fine grained, 
upward. Dark greenish-grey to light 
olive-grey colours, massive. Recessive 
and poorly exposed. 

Sandstone, fine to very fine grained upward, 
non-calcareous, medium greenish-grey, 
very rusty at base to light orange 
weathering upward, abundant 
carbonaceous fragments in lower part, 
less upward. Channeled into unit 23. 

Sandstone, fine grained, very light grey 
madera tely calcareous, quartzose, very 
fine horizontal lamination 0-3 mm 
thick), minor crossbedding. Overlies unit 
22 abruptly. 

Mudstone, sandy, Olive-grey, non-calcareous 
massive. 

Sandstone, breCCia, medium grained, non
calcareo,,:!s, light grey with abundant 
fragments of very fine grained 
sandstone and fewer fragments, 
sandstone is fine grained, medium 
greenish.grey, moderately calcareous, 
massive. 

Tuff(?), amygdaloidal, dark grey with 
medium dark green anydules, rusty brown 
weathering, amydules 5 per cent, up to 
8 mm diameter, roughly spherical, one 
pyri te-infilled amygdule observed, 
becomes medium grained sandy upward, 
moderately calcareous. 

Mudstone to very fine grained sandstone, 
poorly exposed, no internal structure 
observed, similar to unit 16. 

Mudstone, medium dark grey, with rusty 
brown weathering, upward to siltstone 

.and very fine grained sandstone, medium 
light gr~y becoming greenish-grey 
upward, .less calcareous upward, very 
faint lamination, ripple lamination and 
some climbing ripples in upper part. 
Several small weathered out spherical 
concretions (2 cm diameter), probably 
pyri teo Overlies unit 17 abruptly. 

Mudstone to sandstone, similar to unit 16. 
Overlies unit 16 abruptly. 

Mudstone to siltstone, coarsening upward, 
dark greenish-grey with purple 
weathering in lower few decimetres and 
mottles green and purple near top. 
Upward ta sandstone, in upper 60 em, 
very fine grained, coarsening upward, 
medium dark greenish-grey, patchy green 
and purple weathering, crumbly 
weathering no sedimentary structures 
observed. Overlies unit 15 abruptly. 

Unit 
Thickness 
(metres) 

2.9 

5.2 

3.8 

0.7 

2.4 

7.6 

2.3 

1.4 

2.2 

2.2 

1.3 

2.6 

1.6 

1.8 

4.9 

Height 
above base 

(metres) 

91.4 

88.5 

83.3 

79.5 

78.8 

76.4 

68.8 

66.5 

65.1 

62.9 

60.7 

59.4 

56.8 

55.2 

53.4 

45 



Unit 

15 

14 

13 

12 

II 

10 

46 

Description 

Mudstone to siltstone, 
unit, light [0 very 
upward, crumbly, 
StruCtures observed. 

coarsening-upward 
pale greenish.grey 

no sedimentary 

Mudstone, silty, very carbonaceous, overlain 
gradationally by sandstone , argillaceous, 
carbonaceous, sof t , recessive. Upward 
more resistant sandstone, very fine 
grained, medium dark green ish.grey 
(fresh), massive, ( arbonaceous fragments 
minor to common, very crumbly in upper 
20 cm, possible paleosol. Overlies unit 
13 abrup,ly . 

Sandstone, fine grained, massive weathering 
very resistant unit , light to medium grey 
(sligh'ly purplish in pan), non
ca lcareous, hori zontal lamination with 
some planar crossbedding. 

Sandstone, medium to fine grained upward 
abundant mudstone clasts at base, light 
olive-grey to greenish-grey, non-
calcarous, prominenr horizontal, 
carbonaceous-rich laminae. Overlies 
unit II abruptly. 

Very poorly exposed. SNies of recessive 
mudstones, siltstones, medium to dark 
greenish-grey, non-calca reous, cr umbly 
weathering with no sedimentary 
s I ruClures observed. 

Sandstone, very fine grained to siltstone, 
dark greenish-grey with reddish-orange 
wea thering, non-calcareous, very 
ferruginous. 

Sandstone, very fine grained medium dark 
greenish-grey, platy weathering, some 
crossbedding. 

Sandstone, medium to fine grained upward, 
no pebbles, medium grey to weakly 
greeniSh-grey upward, massive. 

Unit 
Thickness 
(metres) 

0.7 

2.4 

2.1 

1.7 

20. 1 

1.0 

3.6 

Heigh, 
above base 

(metres) 

48. 5 

47.8 

45.4 

43.3 

41.6 

2 1.5 

20.5 

19.0 

Unit Desc riptIon 

Sandstone, medium to coarse grained with 
discontinuous beds and lenses of pebbles 
plus isolated pebbles, orange '-Yea thering, 
a lew trunca ted lenses of ver y Cine 
grained sandstone, carbonaceous 
fragment s common J.long bedding planes. 

Conglomerate, scou red into unit 5 with at 
least 1 m relief (appears to be seve ral 
metres laterally), pebbles mostly less 
than I em up to 2 em common, 5.5 em 
maximum obser ved, medium to ver y 
coarse grained sandstone matrix, hard, 
siliceous, thins and is absent laterally. 

Base of Ma Butte Formation 

Very poorly exposed. Appears to mudstone 
to si lt stone sequence as below. Sma ll 
exposure at fOp of sandstone, fine 
grained becoming very fine gra ined 
upward, moderately calcareous, medium 
light greenish-grey , a few pebbles (up to 
I cm) at base, hor izontal, carbonaceous
rich lam inae .;bundant at top. 

Mudstone and siltstone, very poor ly exposed, 
simiJar to below, upward to more 
resistant sandstone, very fine to fine 
grained upward, very calcareous, 
irregular platy weathering with some 
c rossbedd ing. 

Mudstone to si lt stone upward, greeniSh-grey , 
similar to uni t 1. 

Sandstone, very fine to fine grained upward, 
medium to light greenish-grey 
throughout , non-calcareous to very 
calcareous upward, faint ripple 
lamination near top. Overlies unit I 
abrup,ly. 

Claystone, dark greenish-grey, gradationally 
upward to siltstone and very fine grained 
sandstone, medium light greeniSh-grey. 

UnIt 
Thi ck ness 
(metres) 

1.0 

0.7 

4 .1 

4.7 

2.5 

0.9 

1.5 

Height 
above base 

(metres) 

15.4 

14.4 

13.7 

9.6 

4.9 

2.4 

1.5 
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