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LITHOSTRA TIGRAPHICAL AND SEDIMENTOLOGICAL FRAMEWORK OF COAL-BEARING 
UPPER CRETACEOUS AND LOWER TERTIARY STRATA, 
COAL VALLEY AREA, CENTRAL ALBERTA FOOTHILLS 

Abstract 

Importa nt coal deposits are present in the Upper Cre taceous-lower Tertiary stra t a of the Coa l 
Valley a rea. Knowledge of the lithostrat igraph ical a nd sedimentological framework with in which they 
occur can assis t in ex ploration fo r, and exploitation of, these resources. 

The Saunders Group inc ludes a ll of the Upper Cre t aceous and Paleocene nonmarine stra ta (up to 
3600 m thick) above the youngest Cretaceous marine beds, the Wapiabi Fo rmation (late Santonian), in 
the centr a l Alberta Foothi lls. It can be divid ed into three mappable unit s which are, in ascending 
order, Brazeau, Coalspur, and Paska poo. The fo rmer position of th e base of the Paskapoo Fo rm a tion 
at the top of the Brazeau Formation in the Foothi lls is not va lid since palynological studies have 
shown that the ma jor coal seams above the Brazeau Formation correlate with seams below the 
Paskapoo Fo rmat ion in its type a rea. The base of the Paskapoo Formation is placed at the base of the 
fi rst prominent sandst one unit above th e highest majo r coal seam. The name Coa lspur beds is app lied 
infor ma lly, at present, to the stra tigraph ic sequence between the Brazeau and Paskapoo Formations. 

An a llu vial e nvironme nt dominated sedimentation and late ra l variab il ity of facies over short 
dis t a nces is cha racte ristic . Channe l and overbank deposits disp lay a di stinct cyclicity on two sca les 
and a larger scale cyclici t y can be observed in the Saunders Group as a whole . Paleoslope was 
consistently to the northeast during deposition of the Saunders Group in the Coal Valley area. Coal 
was formed in extensive swamps on the floodpl a in and in abandoned channe ls. 

Resu.me 

!I ex iste d'importants gisements de charbon dans les strat es du Cn~tace superieu r e t du Tertiaire 
inferieur, dans la region de Coal Valley. La connaissance de la lithostratigraphie et de la 
sed imentologie qui s'y rapportent peut contribuer a la recherche et a la mise en valeur de ces 
ressources. 

Le groupe de Saunders comprend toutes les strates non marines de la fin du Cre tace e t du 
Paleocene (Jusqu'a 3 600 m d'epaisseur) au -dessus des couches marines les plus recentes du Cret ace 
qui constituen t la for ma tion de Wapiapi (fin du Santonien), dans le centre des Foothills de !'Alberta. !I 
peut se diviser entre trois unites de cartographie qui sont en ordre ascendant les unites Brazeau, 
Coalspur e t Paskapoo. L'ancienne position attribuee a la base de la for mation de Paskapoo au sommet 
de la form a tion de Brazeau, dans les Foothills, n'est pas co rrecte e tant donne que des etudes 
palynologiques ont montre que les couches ma je ures de charbon au-dessus de la fo rmation de Brazeau 
co rrespondent a celles qui se trouvent sous la fo rmation de Paskapoo, dans sa zone type. La base de la 
format ion de Paskapoo repose a la base de la premiere unite importante de gres au-dessus de la plus 
hau te couche ma jeure de charbon. Le nom de couches Coalspu r s'applique de fa.,_.:;r. off icieuse, 
actuellement, a Ja SUCCession stratigraphique qui Se trouve entre Jes fo rmations de Rr:>zeau et 
Paskapoo. 

Un environne ment a lluvial a domine la s·edimenta tion e t on peut rema rque r une va riabilite 
Jate rale de facies sur de courtes distances. Les gisements du chena l et des berges laissent voir une 
periodic ite distincte repartie su r deux echelles, et une autre periodicite a eche lle plus grande peut 
ihre observee dans !'e nsemble du groupe de Saunders. La paleopente a constamment ete en direction 
nord-est au cours du depot du groupe de Saunders dans la zone de Coal Valley. Le charbon s'est fo rme 
dans de vas tes marecages sur la plaine inondable et dans les chenaux abondon nes. 





LITHOSTRA TIGRAPHICAL AND SEDIMENTOLOGICAL FRAMEWORK OF COAL-BEARING 
UPPER CRETACEOUS AND LOWER TERTIARY STRATA, 
COAL VALLEY AREA, CENTRAL ALBERTA FOOTHILLS 

INTRODUCTION 

The Upper Cretaceous-lower Tertiary succession in the 
Coal Va lley area (Fig. I) conta ins commercia ll y important 
coa l beds. This study was undertaken to determine the 
lithostra tigraphic and sedimentological framework wi thin 
which the coal occurs. 
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T. Jerzykiewicz, with the Geological Survey 
for 14 months in 1976-77 on a Nationa l Research Council 
post-doctoral fellowship from Poland, conducted most of the 
field investigation and contributed the sections on lithofacies, 
facies c hange and paleocurrent analysis. J.R. McLean 
contributed the sections on lithostratigraphy, lithofacies 
sequence a na lysis, cyclic ity, and geo logy of coal. 
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FIGURE 1. Location map. 



Outcrop is generally poor throughout the area, and 
structure is not easily deciphered due to a lack of markers. 
The best and most accessible sections are along the Embarras 
River and the road between Robb and Cadomin (Figs. I, 2) 
and many of the principal sections are located there (Fig. 2). 
Figure 3 shows a structural cross-section along this line with 
section locations. 
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LITHOSTRA TIGRAPHY 

Introduction 

The entire Upper Cretaceous-lower Tertiary sequence 
of strata above the Upper Cretaceous Alberta Group is 
nonmarine in the central Alberta Foothills. The top of the 
sequence is always erosional so that the thickness varies 
greatly from one area to another. The maximum estimated 
thickness is over 3600 m. Lithologies include sandstone with 
subordinate conglomerate, siltstone, mudstone, coal, 
bentonite and tuff. Interbedded sandstones, siltstones and 
mudstones in various combinations and thicknesses compose 
the bulk of the sequence. Coal seams are common in certain 
intervals. Bentonite and tuff beds, making up only a small 
proportion of the total section, are important marker beds in 
some areas. 
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FIGURE 2. Outcrop locations. 
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Shaw Mercoal Coa lspur Robb 

LOVETT RIVER SYNCL/NE COALSPUR ANTICLINE 

Mainly medium grained sandstones (Sp, 
Sr and Sh), subordinate silts tones and 
c/aystones (Fsc) and fine grained 
sandstones (SI), a few pebble gravels 
(Gm), coal (C) and bentonite beds (8) 

W Siltstones and c/aystones (Fsc) 
interbedded with medium- and 
fine-grained sandstones (Sh 
and SI) 

r
"'~ Coal zone: mainly fine- to medium-grained 
""" sandstone (SI, Sh , Sp and Sr) , coal horizons 

L----"-~ (C) and siltstones and claystones (Fsc), a 
few bentonite beds (B) and pebble gravels 

Lithofacies (see Figure 7 and text). 
Fault (arrows indicate relative 

movement) 

.(Gm) 

(Gm), claystones and silts tones with fresh 
water molluscs (Fcf) in the top. 

Entrance. Conglomerate ( ?indicates 
positiOn assumed) ............... . . ? o 

Outcrop. ·· ·@ 
GSC 

FIGURE 3. Structural cross-section from Shaw to Robb. 

Group nomenclature 

Subdivision of the post-Wapiabi section into units which 
can be recognized everywhere with confidence has been 
inhibited by: (1) a scarcity of good marker beds; (2) generally 
poor outcrop; (3) the similarity of lithology throughout; and 
(4) the rarity of complete sections. However, the entire 
sequence is easily recognizable since there is distinct, dark 
grey shale below and only the erosional surface above. For 
this reason, a group name encompassing the undivided 
sequence is warranted and useful. 

Three names have been applied to the entire undivided 
sequence. Brazeau was introduced informally by MacKay 
(1929 , 1 930), but was later dropped and the name was 
relegated to only the lower part of the succession. Saunders 
Formation, or group, was introduced by Allan and Rutherford 
(1923), while working in the Saunders Creek and Nordegg coal 
basins (Fig. 1 ). They applied the name to the entire 
estimated 3030 to 3634 m of section which lie above the 
Wapiabi Formation. Age relations were uncertain but they 
suggested that the group was predominantly Cretaceous, 
although possibly Tertiary in part. 

Allan and Rutherford (1923) were able to subdivide the 
Saunders Formation into three mappable units: lower and 
upper Saunders separated by the Saunders coal series. In 
subsequent mapping to the north, A llan and Rutherford (1924) 
and Rutherford (1925, 1 926) were unable to maintain the 
subdivision and applied the name Saunders to the entire 
undivided succession. 

Unfortunately, the name Saunders was not utilized by 
other workers (MacKay, 1929, 1930; Evans, 1930) or was 
confined to beds below the Paskapoo (Russell, 1932), and, by 
1934, Allan and Rutherford felt that there was confusion in 
use of the names Brazeau, Paskapoo, and Saunders and in the 
applicability of the three subdivisions of the Saunders. 
Therefore, they (1934, p. 34) proposed the name Foothills 
series, " ... to include all strata above the Upper Cretaceous 
marine beds in the foothills". They go on to state (Allan and 
Rutherford, 1934, p. 35): "In the general absence of 
stratigraphical breaks or marked changes, it has not been 
possible to determine the position of the base of the Paskapoo 
or earlier Tertiary. Because of these difficulties, the general 
term Foothills series is used for these beds. The use of such a 

general term is similar to the application of the term Alberta 
shale, excep t that in the case of the Foothills series the upper 
limit has not been determined." The present authors concur 
with Allan and Rutherford (1934) tha t an all-encompassing 
name is desirable and useful. Both Foothills and Saunders are 
possibilities and arguments can be put forward in favour of 
either. 

Discontinuation of use of the name Saunders by Allan 
and Rutherford (1923, 1 934) is the only really persuasive 
reason for using the name Foothills. Also, publications by 
Russell (1932, 19 50) and by Teifke (1972), both of whom 
limited the name Saunders to the beds below their Paskapoo 
Formation, indicate that the all-encompassing nature of the 
name Saunders was not universally accepted. 

However, the name Saunders should be favoured for 
several reasons: 

(1) It has priority. 

(2) Except for the paper wherein Allan and Rutherford 
(1934) introduced the name Foothills, that name has not 
been used. Indeed, in a subsequent paper, Rutherford 
(1947) used the name Saunders exclusively. Bell (1949) 
did not mention the name Foothills, and Stelck et al. 
(1972, 1976) used only the name Saunders Group. 

(3) The Alberta Society of Petroleum Geologists lexicon 
(1960, p 306) includes the Saunders Group, but not the 
Foothills Group. However, the brief report on the 
Saunders Group in the lexicon suggests that the author 
was not familiar with much of the pertinent literature. 

Thus, on the basis of usage and popularity, the name 
Saunders must be considered more acceptable than Foothills. 

It could be argued that a group name is not required at 
all. Certainly, in some areas, subdivision is possible and the 
group name may not be needed. However, we have found that 
it is often useful to have a name to refer to the whole 
undivided sequence. As well, there are many smaller 
outcrops that cannot be readily assigned to one subdivision or 
another, and they can only be assigned to the entire post
Wapiabi succession. 
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Subdivision of the Saunders Group 

Subdivision of the Saunders Group has always been 
based on the concentrated occurrence of topographically 
positive conglomerate or coarse grained sandstone beds 
within a prevalently finer grained sequence. Coal seams and 
zones have been mapped but they have not normally been 
used to define subdivisions as they lack distinctive 
topographic expression. 

Several authors have noted gross subdivisions of the 
Saunders Group, which are useful for mapping purposes. 
Three of these subdivisions, shown in Figure 4 (Arabic 
numerals of columns I to 3), are schematic representations 
illustrating the relative resistance of subdivisions and their 
subsequent topographic expression. A review of these 
reports, plus others by the Geological Survey of Canada, 
suggests that several informal subdivisions (Fig. 4) can be 
recognized in the area from the North Saskatchewan River to 
the Athabasca River (Fig. I) and possibly beyond: 

(I) A lowe r unit, about 300 m thick, c harac terized by thick 
sandstones with some conglomerates and an overall 
more resistant weathering character than units above or 
below. 

(2) A second unit, 600 m to possibly 1500 m thick, of less 
resistant interbedded sandstone and shale and some 
coal. 

(3) A third unit which may not always be recognizable and 
distinguishable from the underlying unit but, where 
present, characterized by more resistant, ridge-forming 
sandstone units, at least near the base. 

(4) A zone, usually less than 30 m thick, of coarse 
sandstones with conglomeratic beds and thick 
conglomerate beds in part, particularly well developed 
in the Entrance area but distinguished by most 
geologists at least as far south as the North 
Saskatchewan River. 

(5) A zone 300 to 450 m thick, the lower part characterized 
by moderately recessive, interbedded sandstone and 
shales. The upper part is characterized by a series of 
coal seams, starting from 180 to 270 m above zone 4 
and continuing through 60 to 180 m of section. This 
includes the coal zone at Coal Valley and probably the 
seams in the Saunders-Alexo area along the North 
Saskatchewan River. 

(6) A zone of indeterminant thickness, but up to 600 m 
thick, and possibly very thin to absent in places, of 
similar character to the interbedded sandstones and 
shales of the lower part of zone 5. 

(7) A more resistant, sandstone and conglomerate rich unit, 
which is most resistant in its lower part, overlain by 
soft interbedded sands tones and shales up to 1210 m 
thick. The upper surface of this unit is always erosional 
and the entire unit, as well as underlying units, may be 
absent due to erosion. 

Nomenclature for subdivisions of Saunders Group 

Introduction 

Three earlier summaries of the history of 
lithostratigraphic nomenclatural development were presented 
by Lang (1947), Bell (1949), and Eliuk (1969) and only the 
highlights will be repeated here. Table 1 shows the 
nomenclatural usage of several authors for the Foothills and 
Plains areas and that of the present authors. 

Only two names - Brazeau and Paskapoo - have gained 
wide acceptance in the Foothills region between the North 
Saskatchewan and the Athabasca Rivers. The name Brazeau 
is used only in the Foothills but the name Paskapoo was 
introduced from the Plains nomenclature and correlation of 
the lower boundary between the Foothills and the type area 
has never been entirely c lea r. The name Entrance was used 
in the type area (Lang, 1 947) and is useful in the Coal Valley 
study area, but has not been applied to more southerly areas. 

Brazeau Formation 

The name Brazeau was first introduced by Malloch 
( 191 1) for 520 m of " ... a lternating beds of black and brown 
shales, with greenish-grey sandstones containing pebbles of 
chert ... " which he observed above the marine Wapiabi 
Formation in the Bighorn Basin of the Central Foothills. He 
indicated that the observed thickness was not the true 
thickness, as the top had been removed by erosion. 

MacKay (1 929; 1930, p. 486) introduced the name 
Brazeau to the Coal Valley area where he applied it to the 
entire estimated thickness of 3330 m of post-Wap iabi strata 
including the coal beds. Later, MacKay (1943, p. 3) modified 
his ideas on the Brazeau Formation and limited it to about 
1425 m of strata above the Wapiabi Formation and up to the 
base of a cobblestone quartzite-conglomerate at the base of 
his Edmonton Formation which, he observed, lies about 27 5 m 
below the lowest coal seam. 

Lang (1947, p. 32) used the name Brazeau for the 
interval from the Wapiabi Formation up to the base of a 
prominent conglomerate bed which he named the Entrance 
Conglomerate. This conglomerate lies about 242 m below the 
lowest coal seam and is considered correlative with that 
observed by MacKay farther south. 

The Brazeau Formation has subsequently been utilized 
in mapping by Douglas (1958), Irish (1947, 1949, 1950, 1952), 
and Ollerenshaw (1966, 1968, 1 97la, b, c, 1972, 1978) and 
appears to be a useful, as well as entrenched, name in the 
lithostratigraphy of the Foothills. 

The name Brazeau encompasses the lower t hree 
informal subdivisions of the Saunders Group (Fig. 4, 
Column 4). None of these subdivisions has been named, but 
Ollerenshaw (197 lb, c, 1 978) has mapped an upper and a lower 
subdivision of the Brazeau Formation, and Douglas (19 58) has 
mapped three subdivisions. Their mappability would imply 
that each subdivision might have formational status and, if 
so, the name Brazeau could be elevated to group status. Use 
of the name Saunders, then, might be discontinued. 

Entrance Conglomerate 

The name Entrance was applied to what we have called 
the fourth subdivision of the Saunders Group (Fig. 4, 
Column 4) by Lang (1945, 1947) in the Entrance map area 
which straddles the A thabasca River west of Hinton (Fig. 1). 
Lang (1947, p. 34) describes the unit as follows: 

" . . . The uppermost massive sandstone bed of the 
Brazeau formation is overlain conformably by a conspicuous 
bed of conglomerate termed the 'Entrance conglomerate'. 
This member has an average thickness of about 20 feet, but is 
about 50 feet thick at Entrance. It consists of closely packed 
pebbles of quartzite and chert averaging 1 to 2 inches in 
diameter, although some are as much as 6 inches. The matrix 
is sandy, and the rock fractures around the pebbles. In places 
the bed is all conglomerate; elsewhere there are sandstone 
interbeds, but generally there is little difficulty in 
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TABLE 1 

Lithostratigraphic correlation chart 

CENTRAL FOOTHILLS 
WAWA ENTRANCE CHUNGO COAL RED DEER 

RIVER 
GRANDE SOUTHERN 

CREEK AND BRULE CREEK VALLEY PRAIRIE FOOTHILLS 

Allan and Rutherford, Russell, 
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Saunders 
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::0 ::0 
0 0 
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(/) (/) ::0 
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__, 
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(/) ..... Cl 

<: 
::0 

Lower <( 
(/) 

Saunders 

<: 
0 
>::: 

MacKay 

1943 

Lang 

1947 

~ PALEOCENE 
er: 
0 ..... 
<!--
::2 Coal Beds 
<: 
0 
::; 
Cl 
LlJ 

BRAZEAU 

FORMATION 

BRAZEAU 

FORMATION 

Solomon Member 

WAPIABI FORMATION 

<: 
0 
>::: 

~ er: 
0 ..... 

<: 
0 
>::: 
<( 
::; 
er: 
0 
..... 
::0 
<( 
LlJ 

"' <( 
er: 
CO 

recogn izing the member, as the pebbles are larger and more 
closely packed than in the pebble beds of the Brazeau 
formation ... 11

• 

The name Entrance has not been applied beyond the 
Entrance map-area because laterally-equivalent beds are not 
so distinctly conglomera tic. However, Douglas (19 58) has 
equated a zone of coa rse-g rained sandstones, conglomeratic 
sandstones, and conglome rates in the vicinity of the North 
Saskatchewan River to the Entrance Cong lomerate on the 
basis of similarity of thei r position relative to the coal zone 
and their lithological resemblance. 

Paskapoo Formation 

The name Paskapoo was introduced by Tyrrell (1887, 
p. 135-138) for beds lying above his Edmonton Series (now 
Edmonton Group: Gibson, 1 977) along the Blind man River 
(formerly Paskapoo River, Cree word for blindman) in the 
Central Alberta Plains. It consists of 11 

••• hard, light grey or 
yellowish, brown-weathering sandstone, usually thick-bedded, 
but often showing false bedding (crossbedding); also of light 
bluish-grey and olive sandy shales, often interstratified with 
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WHITEMUD FM 
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FORMATION 
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FORMATION 

Kramers and Carrigy, 1971 

Mellon, 1972 Mclean, 1971 
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FORMATION 
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FORMATION 
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FORMATION 
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RIVER 

FORMATION 
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FORMATION 
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bands of hard, lamellar ferruginous sandstone ... 11
• Tyrrell 

(1887, p. 138) went on to say 11 
••• it seems reasonable to 

place the close of the Cretaceous Epoch at the time of 
deposition of the topmost beds of the Edmonton series; and 
that the Tertiary Epoch began with the commencement of the 
Paskapoo period ... 11

• 

This unfortunate correlation of a lithostratigraphic unit 
with a postulated time boundary has always hindered the use 
of the name Paskapoo as a strictly lithostratigraphic name. 
Subsequent attempts (Russell, 1932; MacKay, 1943; 
Douglas, 1958; Irish, 1965) to introduce the name into the 
stratigraphy of the Foothills belt have not been entirely 
successful for two reasons: 

(1) 

(2) 

It has not been possible to physically correlate the 
Paskapoo Formation from its type area into the outcrop 
areas of the Foothills. 

There has been little success, until recent palynological 
work, in placing the Cretaceous-Tertiary boundary with 
any precision within the entirely nonmarine Foothills 
section. 



Examination of Table 1 shows that the nam e Paskapoo 
has not been used consistently. Russell (1932 , PJ. 2) placed 
the base of his Paskapoo Formation approximately 1670 m 
above the CoaJspur coal zone, or approximately 2120 m 
higher than Douglas (1958) subsequently placed the base of his 
Paskapoo Formation. MacKay 's ( 1943) placing of the 
boundary was similar to that of Russe JJ. MacKay (1943 , p. 4) 
placed the base a t a se ries of brown-weathering sandstones, 
conglomerates, and earthy shales which are similar in general 
appe arance to the basal st rata of the Paskapoo Formation 
farther southeast. Bell (1949, p. 14) suggested that th e coal 
zones at Coal Valley and at Saunde rs be longed to an older 
stage of the Pa!e ocene than the basa l Paskapoo of the type 
area on BJindman River, but that the lithology of the 
associated sediments was not sufficiently different to just ify 
their removal from the Paskapoo Formation. However, his 
criteria for similarity and diffe re nce are not stat ed and he 
was basing his argume nts mainly on his interpre tation of the 
age of plant remains. Douglas (19 58, p. 17) included all of t he 
beds referred to the Edmonton a nd Paskapoo Formations by 
MacKa y (1943) or to th e CoaJspu r beds a nd Paskapoo 
Formation by MacKay (1 947) in his Paskapoo Formation 
following the usage of Lang (1947) and Bell ( 1949). 

Correlation with other areas 

Introduction 

Correlation of the Saunders Group and its subdivisions 
with Jithostratigrap hic units in the southern Alberta Foothills 
and in the Albe rta Plains is not certa in a t this time. This is 
due to the Jac k of continuous exposure or even close l y spaced 
sections, and to the scarc ity of ma rke r beds of regiona l 
significance. Fauna! a nd floral evidence has bee n both 
helpful and misleading in corre lations. Recent work on 
paJynoJogy has proved rewarding. 

Palynology 

The work of Tyrrell (1887) fir st suggest ed th e location 
of the Cretaceous-Tertiary boundary at th e base of the 
Paskapoo in the Red Deer area of the central Albe rta Pla ins. 
Since that time, many geologists have a ttempted to locate 
the boundary more precisely in both the Pla ins and Foothills 
by means of vertebrate paJeontoJogy (Ste rnberg, 1947), 
invertebrate paJeontoJogy (Russell, 1932, 19 50), pa!eobota ny 
(Bell, 1949) and, most recently, paJynoJogy (Snead, 1969; 
EJiuk, 1969; Srivastava, 1970). Opinions have varied widely 
on the location of the boundary, both on the Pla ins, and in the 
Foothills. Recent work in paJynoJogy has been most 
successful because of the small size and abundance of th e 
working material and the greater c hance of preservation in an 
identifiable form. The results of Snead (1969) and Srivastava 
(1970) in the Plains and of EJiuk (1969) and Gunthe r and Hill s 
(1972) in the Foothills are shown in Table 2, toge ther with 
Jithostrat igraphic nom e nclature columns fo r the two a reas. 

Snead (1969) indicated tha t the Cretaceous-Te rtiary 
boundary lies within the inte rval between his two ma jor floral 
breaks (Table 2), and Srivastava (1970) placed it a t a f l oral 
break at the top of the Nevis Seam in the Red Dee r Rive r 
Valley area. The ArdJey Coal Zone is, thus, well within th e 
PaJeocene Epoch as is the overlying Paskapoo Formation. 

The work of EJiuk (1969) suggested an approximate 
correlation of the Entrance Conglomerate with the Knee hills 
Tuff, part of the distin ctive mauve-weath e ring Battle 
Formation of the Red Deer River Valley area. Both are of 
late Maastric htian age. Unfortunately, he was unable to 
position th e Cretaceous-Tertiary boundary prec ise ly, 
indicating only that it is in the 1060 m of strata a bove the 
Entrance Conglomerate . 

Gunther a nd Hills ( 1972) studied a sect ion along the 
Blacks tone Ri ver (Fig. 1) a nd locat ed a si ngle promine nt 
f loral break whic h th ey corre lated wi th a sim ilar break 
discovered by Snead (1 969) at the boundary between the 
Scolla rd Fo rm a tion (Gibson, 1977) a nd the overlying 
Paskapoo. Howeve r, the ir paJynoJogicaJ basis for this 
conclusion is not definitive (Sweet, pers. corn. , 1978) and 
their flora l break could corre late wi th a stra ti graphic level 
we ll down in the Scollard Format ion of the Red Deer Rive r 
Valley a rea. Th is floral break appears to be at least 100 m 
below the main coal -bearing zone on the BJackstone River, 
which is interpreted to be the s trat igraphic equivalent of t he 
coa l zone a t Coal Valley. 

Sweet (Appendix 1) indicated that samples from above 
the Entrance Conglomera te a nd be low the coal zone at Coal 
Valley are of la t est Cretaceous age, whereas samples from 
the coal zone a re Pa!eocene . This demonstrates that the 
Cretaceous-Te rtia ry boundary lies so mewhere in the 27 5 m 
above th e Entrance Cong lome rate, but Jack of a complete 
sect ion precludes exact positioning a t present. It is of note 
that this equa tes well with th e conc lusions of Bell (1 949) who 
considered the coal seams as Pa!eocene. Geologists with the 
Geological Survey of Canada have follow ed his designation 
since that time, a nd have been correct in conside ring the 
Coal Valley coa l beds younge r than the Ard!ey zone because, 
until recent paJynoJogicaJ work, the la tter was considered 
latest Cre taceous in age. 

We showed previously that Lang (1 947) a nd Douglas 
(1 958) both placed the base of thei r Paskapoo (or Pa!eocene ) 
Formation a t the base of the Entrance Conglome ra te or beds 
which a re considered equivalent. If EJiuk's (1 969) 
approximat e corre lation of bentonite beds below th e Entrance 
Conglo me ra te with the Kneehills Tuff is correct , the n th e 
base of this Paskapoo Formation would be close, in a t ime 
sense, to the proposed revised position of the base of th e 
Paskapoo Formation in the Red Deer River Valley 
(Irish, 1970; Ca rrigy, 1970; see Table 2), but we ll below th e 
origina ll y designated boundary (Tyrrell, 1887; Allan a nd 
Rutherford, 1945; Gibson, 1977 ). Certain ly, precedence and 
lithostrat ig raphic significance would dictate in favou r of the 
origina l st rat igraphic definition, but th is would t hen place the 
lowe r boundary of the Paskapoo Formation well above the 
Entrance Conglomerat e in th e Foothill s, and leave a thick, 
unnamed stra tigraphic unit between the Entrance 
Conglomerat e and th e base of th e Paskapoo. If the origi na l 
definition is mainta ined in the Pla ins and the base is placed a t 
th e base of the Entrance in the Foothills (Do uglas, 19 58), then 
we have the untenab le situa tion of hav ing equivalent coal 
zones in different fo rmations - the Nevis-Ard!ey coal zone 
in the Scollard Formation of t he Edmonton Group in the 
Plains a nd the Mynheer-Val d'Or coal zone in the Paskapoo 
Formation in t he Foothills. Co rre lation of the Coal Valley 
a rea with the Red Deer Ri ver Valley a rea of the centra l 
Plains is shown in Figure 5. . 

The same situa tion prevails in cor rela tion between the 
Coal Valley area and the northwest-centra! Plains a rea 
(Kramers and Mellon, 1972). The main coal-bearing zone in 
the Wapiti Group in this area has been correlated with the 
Ardley zone of the Red Dee r River valley and th e base of t he 
Paskapoo Formation is placed over 100 m above the coal zone 
(Fig. 6). Thus, the coal zone is in the Wapiti Group here, but 
correlates with the coal zone in the Paskapoo at Coal Valley. 
The base of th e Paskapoo Forma tion is a pproximately 450 m 
lowe r stratigraphically a t Coal Valley than it is in the Wapiti 
River area. This disc repancy is al so appa rent on the 
A thabasca River map (Price et al., 1977) where the base of 
the Paskapoo Formation is shown well above both the 
Knee hills Tuff and the coal zone in the north west-centra l 
Plains, but well below th e coal zone a t Coal Valley. 
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TABLE 2 

Cretaceous-Tertiary bounda ry as defined from palynological evidence 

FOOTHILLS 
LITHO

STRATIGRAPHIC 
NOMENCLATURE 

FOOTHILLS PALYNOLOGY 

Cl.. 
::::> 
0 
ct: 
(.') 

Cl) 
ct: 
UJ 
a 
<: 
::::> 
<( 
Cl) 

This Report 

PASKAPOO 

FORMATION 

Coalspur Beds 

Entrance 

BRAZEAU 

FORMATION 

Sweet 
This Report 

Early 
Paleocene 

Late 
Maastrichtian 

Middle to Early 
Maastrichtian 

Major floral break. 

Gunther and 
Hills, 1972 

? PALEOCENE ? 
---

MAASTRICHTIAN 

WAPIABI 

Volcanic ash and radiometric dating 

Eliuk, 1969 

PALEOCENE 

?--? 

MAASTRICHTIAN 

FORMATION 

Kneehills tuft . 

Radiometric age de terminations were not included in 
this study but the common occurrence of volcanogenic ash 
a nd tuff beds in the Saunders Group make this a potentially 
very valuable correlation tool as our knowledge of this group 
improves. 

The Kneehills Tuff is a prominent and widespread 
marker horizon (Sanderson, 1931; Irish and Havard, 1 968) 
which, because of its ai rborne volcanogenic origin, is 
essentially isochronous over its area of occurrence in the 
southern a nd central Plains of Alberta. It is part of the 
Battle Formation (Irish a nd Havard, 1968, p. 10) which is only 
about 9 m thick but weathers a distinctive mauve-grey 
colour. A potassium-argon date of 65.1 M a ± 1.0 was 
determined by Shafiquallah et al. (1964, p. 3). The 
Cretaceous-Tertia ry boundary is slightly younger at about 63 
M a. 
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PLAINS PALYNOLOGY 

Snead, 1969 Srivastava, 1970 

PALEOCENE 

PALEOCENE 

MAASTRICHTIAN 

CAMPANIAN 

PLAINS LITHOSTRATIGRAPHIC 
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Sanderson (1931, p 64) identified a tuff a nd bentonite 
zone in the Coal Valley area which he named the Saunders 
tuff. He indicated that it occurs 245 m below the Mynheer 
coal seam and was useful in this area for locating coal seams. 
However, the authors did not find that it was a readily 
identifia ble marker nor that it was commonly found as 
outcrop. 

Erdman (1945, p. 1 2) reported, in the Saunders area just 
north of the North Saskatchewan River (Fig. 1), a 0.3 to 0.6 m 
thick bed of hard, purple, massive tuff in a section just above 
a cobble conglomera te zone which appears to be equivalent in 
stratigraphic position to the Entrance Conglomerate. Coal
bearing beds were located 150 to 180 m above this 
conglomerate. Thus, the relati ve stratigraphic positions of 
this tuff and the Saunders tuff appear to be the same. 

If Eliuk's (1969) suggestion that bentonite beds observed 
20 m below the Entrance Conglomerate may be equivalent to 



>a: 
<( 

i= 
a: 
w 
I-

CfJ 
::::> 
0 
w 
() 
<( 
I
W 
a: 
() 

Coal Valley 

PASKAPOO 
I I 

FORMATION 

I I 
<"-· C"-· 

Coaf Zone 

BRAZEAU 

FORMATION 

Red Deer River Valley 

HAND HILLS FM 

PASKAPOO 

FORMATION 

r---N-e-vi-.S-S-e-am_ (';_, 

Kneehills <: 

C]Nonmarine 

E======3 Marine 

2 
<: 
0 
::; 
Cl 

"' 

>a: 
<( 

i= 
a: 
w 
1--

GSC 

FIGURE 5. Schematic stratigraphic cross-section from Coal 
·Valley to the Red Deer River Vall ey. 

the Kneehills Tuff is correc t, the n the Saunde rs t uff is 
younge r than 65.1 Ma, but no independe nt a nalyses have been 
done to c onfirm this. Howe ver, th e Saunders tuff a nd the 
tuff be d of Erdman a re locat e d only a short di st a nce (less 
than 30 m) abov e the Entranc e Conglome ra t e and may be 
ge netically relate d to the be ntonite beds of Eliuk. Seve ra l 
tuff and bentonite beds make up the Ba ttle Forma t ion in th e 
Re d Deer Rive r Va lle y a re a , and th e highe r rate of 
sedime ntation in th e Foothills might c ause the e quivale nt 
be ds to be mu c h farth e r apart stratigraphically t han the y a re 
in the Pla ins. 

A prominent zone of volcanoge nic che rts a nd 
bentonite s, investigate d by Jerzykiewicz and M c Lean ( 1977), 
contains palynomorphs whic h correla te with the pa lynom orph 
zone (Srivasta va, 1970) whic h includes the Kneehills Tuff of 
the Red Deer River section (Sweet, pe rs. corn ., 1978). This 
does not indica te de finitely that the two are ph ysicall y 
correlative, but only that th e y occurre d within the same ti me 

pe riod and may be ph ysically continuous wit h one anothe r. 
The Saunde rs t uff a lso occu rs within th e same pa lynological 
zone so tha t th e beds investigated by J e rzy kiewicz and 
Mc Lean (1 977) may be equi vale nt. If t hi s is so, then the 
ve rtical displace me nt on the northeas t-dipping t hr us t fau lt 
discussed in tha t pa pe r, and a lso by A lexande r (1 977 ), wou ld 
be a t least 21+5 m and probabl y more than 300 m. 

Implications of palynological correlation to 
lithostratigraphic nomenclature 

Equa tion of the seams a t Coal Va lley wit h th e Ardley 
zone seams in the Red Deer River Va lley suggest s t ha t t he 
base of th e Paska poo Forma tion in the Foothill s should be 
above the c oa l seams, if we accept the original s tra tig ra phic 
def inition of th e Paskapoo Format ion (Tyrre ll , 1887 ; 
Gibson, 1977). A gap in nome nc la ture is t hus c reated 
be t wee n the t op of th e Brazeau Formation a nd the base of 
th e Paskapoo Formation . 

Douglas (1 958 a nd unpub. ma ps) has been able to map 
th e t op of the coal-bea ring zone north west ward f rom the 
Ch ungo Creek a rea to the Coal Va lley area. The inte rval 
be tween th e base of the Entra nce Conglomera t e (or top of 
Brazeau Forma tion) a nd the top of t his coal-bea ring zone 
com pr ises a distinct a nd mappab le unit (inform a l 
subdi visions I+ a nd 5 of Saunders Group). This unit ap pears to 
be the same as th a t to whic h Mac Kay (1 91+ 7, 191+9 ) app lied t he 
na me "Coalspur beds". Although Mac Kay di d not defi ne t he 
boundaries of th is li t hostra tig ra phic uni t, it is clear fr om 
compa rison of Mac Kay 's (1 91+9) map no. 18 of the Pra ir ie 
Creek a rea with Lang 's (1 91+ 7) En t ra nce map -shee t th a t the 
base is a t t he t op of th e Brazeau Fo rmat ion a nd a t th e base 
of th e Entra nce Conglome ra t e . The uppe r limit was not 
def ine d a nd is unclear f rom Mac Kay 's (19 1+9 ) maps. Howeve r, 
it was ev ide ntly a name designed t o e ncompass t he 
economicall y important coal seams a nd diffe rentia t e t he m 
f rom units be low a nd above. Thus, we can readily accept the 
top as the base of the f irst prominent sandstone uni t above 
the last ma jo r (great e r tha n 0.6 m t hick ) coal seam. Thi s is 
compa ra ble to Gibson's (1 977) definition of t he top of t he 
Scolla rd Forma tion, a lthough t his does not imply a time 
e quivale nce. 

The inc reasing inte rest in its coal resources make it 
desirab le to have a name fo r t his unit a nd, fo ll owi ng the 
adv ice of Douglas (pe rs. corn. , 1978), we sha ll inform a ll y use 
th e name Coa lspur beds in this repor t . The Paskapoo 
Fo rm a tion lies a bove t he Coalspur beds as shown by MacKay 
(1 91+ 9). 

The Coalspur seque nce di ff e rs f rom t he "Saunde rs coal 
se ries" of Alla n a nd Ruthe rford (1 923), wh ich e ncom passed 
onl y th e c oa l zone, in th a t it inc ludes a ll of the beds f rom t he 
base of the lowest ma jo r coal seam down to th e base of t he 
Entra nce Conglomera t e or e qui vale nt s tra t a . 

The na me Brazeau is of t en conside red equiva le nt to the 
undivided Be ll y Ri ve r Fo rm a tion a nd Ed mon ton Group west 
a nd north of the pinc hout of t he Bearpaw Form a tion 
(Figs. 5,6 ). Corre la tion between the Red Dee r Ri ver Valley 
a nd th e Coal Valley a rea would place t he top of the Brazeau 
Forma tion at the base of the Paskapoo Fo rmation t hus 
e nc ompassing th e Coals pur be ds. However , as st a t ed above, 
the present usage of the na me Brazeau, includ ing on ly beds up 
to the base of the Entra nce Conglome ra te, is consist en t a nd 
would appear t o be f irmly e ntre nc hed. For this reason, we 
prefer to use "Coalspur beds" as a separat e unit . 

We do not fee l th a t we have suffic ie nt da t a at present 
to resolve the va rious com plicat ing fac t ors m t he 
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Jithostratigraphic nomenclature of these Upper Cretaceous
lower Tert iary beds. We wi ll use Saunders Group as a n all
e ncompassing na me, Brazeau Formation as used by Lang 
(1947) and Douglas (19 5S), Coalspu r beds informally as 
defined above, and Paskapoo Formation for higher stra ta with 
th e lower boundary as defined above a nd the uppe r boundary 
as the erosiona l surface. 

TECTONIC SETTING AND PROVENANCE 

The Coal Valley area is situated in the outer Foothills 
of th e Rocky Mountain thrust belt. It is approximat e ly 40 km 
northeast of the present position of the leading edge of the 
Front Ranges. Price and Mountjoy (1970) provided evidence 
that th e Front Ra nges were probably involved in thrusting in 
Late C re t aceous time a nd their res tored cross -section (ibid., 
Fig. 2-3) suggests that the leading edge of the nearest thrust 
sheet, a nd therefore the nearest potential source area, may 
have been less than 120 km from the Coal Valley area. 

The Saunders Group constitutes the upper of two major 
northeast-thinning clastic wedges (Eisbac her et al., 1974) 
which represent the synorogenic deposits (molasse) of th e 
rising Rocky Mountains. Sediment deposited in the lower, 
Kootenay-BJairmore clastic wedge may have been involved in 
thrust fault movements and bee n e roded to contribute some 
detritus to this younger clastic wedge (Ba ll y et al., 1966). 
However, the composition of the Saunders Group sediments 
(Teifke, 1972) indicates that much of the detritus was coming 
from a source west of the present Rocky Mountain Tre nch 
which included low- to high-grade metasedimentary and 
metavolcanic rocks. Carbonate grains were probably derived 
from Pa leozoic carbonate roc ks in the Front and Main Ranges 
of the Rocky Mountains. 

M c Lean and Jerzykiewicz ( 1978) discussed the 
relationship of gross cyclic ity in the Saunders Group to thrust 
faulting and to subsidence in the foredeep. The Coal Valley 
area was not in the nearest part of the foredeep but, as 
suggested above, was only a re latively short distance 
removed, and the estimated 3600 m of section included in the 
Saunders Group indicate that the area was sub jected to great 
downwarping during Late Cretaceous-early Te rtiary time. 

Structure in the area has been mapped most recently by 
Douglas (in prep.) and in the immediate vicinity of Stereo by 
Alexander (1977). 

LITHOLOGY 

Methods 

Lithological analysis was e ffected by detailed 
measurement and description of columnar sedimentoJogicaJ 
sections in the field. Ten sections we re described in the 
middle of the study area along the Shaw-Robb line from well 
exposed road cuts, railroad c uts, river banks, and abandoned 
open pit mines (see Figs. 2, 3 and columnar sections 3u, 3, 4, 
10, 14, 25, 26, 27, 54, and 55; also PJ. 5A, B). Seven 
addi tionaJ detailed sections were measured, close to the 
Shaw-Robb line (columnar sections SW, SE, IS and 23), and in 
the Coal Valley area (columnar sections I, 5 and 6). 

These sections range from 3 to SI m in stratigraphic 
thickness, with a total of 333 m of section being examined. 
Characteristics noted on the columnar sections (Fig. 7) are: 
(!)cumulative thickness (in metres); (2) t ype of lithology; 
(3) nature of contact between beds; (4) type of bedding; 
(5) other sediment ary structures; (6) paleocurrent directions; 
(7) occurence of fossils; and (S) colour according to the G.S.A. 

Rock Colour Chart (see Fig. 7 for detailed key to columnar 
sections). Numbers in column 9 refe r to units distinguished in 
field desc ription a nd column I 0 refe rs to cycli c it y within 
these units. Column !I shows the various lithofacies which 
we re recognized and are discussed be low. A com pa rison of 
section position with the informa l subdivisions of the 
Saunde rs Group (Fig. 4) is show n in the legend of Figure 7. 

Six depositionaJ lithofacies among the coarser clastics 
were distinguished using symbols modified from those of 
Miall ( 1977): (I) Gm - pebble -conglomerate; (2) St - trough 
c rossbedded sandstone; (3) Sp -pla nar c rossbedded sandstone; 
(4) Sh -horizontally and/or inclined bedded generally 
medium- to coa rse-grained sands tone; (5) SJ - hori zontally 
a nd/o r inclined laminated, generally ve ry fine to fine-grained 
sandstone; (6) Sr - c ross-laminated sandstone. 

Finer grained deposits were grouped into the follow ing 
five lithofacies (1) Fsc - massive and/or laminated siltstones, 
si lty claystone or c laystone; (2) Fcf - claystone with 
freshwater molluscs; (3) Fch - c herts and very fine grained 
sili ceous sandstones; (4) C - coa l and carbonaceous shales and 
sandstones; (5) B -bentonite and tonstein. 

Lithofacies Gm: pebble conglomerate 

Description 

There a re two types of lithofacies Gm: (I) those 
composed predominantly of extraformationaJ clasts; and 
(2) those composed predominantly of intraformationaJ c lasts. 
The latter are more common and consist of thin layers of rip
up clasts in a sandstone matrix, occurring at the base of 
sandstone units with abrupt bases. Fragments of claystone, 
mudstone, siltstone and concretions were observed. 
Redeposited, angular, clay flakes produced by desiccation 
were observed in a few places and, in one place, a large 
claystone clast ex hibited a desiccation c rack pattern (PJ. SC). 

The only example of a prominent extraformationaJ 
conglomerate bed in the stud y area is the Entrance 
Conglomerate. It is up to 16 m thick with c lasts usually 5 cm 
or less in maximum dimension, but up to 15 cm . Pebbles a re 
usually well rounded and sorted with spheroida l or discoidal 
shape, and often exhibit good imbrication. The conglomerate 
is massive to crudely horizontall y bedded, but does contain 
irregular lenses of sandstone, up to 0.5 m thick, which exhibit 
planar c rossbedding in some cases. Extraformational pebble 
types include quartz, chert, siliceous phyllite, metaquartzite, 
quartz -muscovite schist, a nd some volcanic rock fragments. 

Examples 

Examples of intraforma tionaJ cong lomerates are shown 
on columnar sections SE, SW, 10, 14, IS and 54. Those shown 
in Plate I OA and B are examples of the Entrance 
Conglomerate. The extraformationaJ conglomerate in 
Plate 13B may also be the Entrance Cong lomerate. 

Lithofacies St: trough crossbedded sandstone 

Description 

Lithofacies St is c haracterized by eo-sets of trough 
c rossbeds in medium grai ned sandstone. Thickness of 
individual sets varies from 15 to 50 cm. Occasionally, 
solitary units, with thicknesses up to I m, are associated with 
massive sandstone units (PJ. JIB). 

!I 



Examples 

This facies is a minor compone nt of the sections 
exam ined but examples a re shown in columnar sect ions 
3, 4 and 23, and illustrated in Plates 11 B a nd 12B. 

Lithofacies Sp: planar crossbedded sandstone 

Description 

These sandstones a re characte ri zed by eo-se t s of both 
tabular planar and wedge-shaped pla nar c rossbeds. Thickness 
of indi vidua l sets ranges f rom 0.2 to 1.5 m. Solita ry tabular 
planar c rossbedded units have thicknesses up to 3 m. 
Sands tones are usuall y medium to coarse grained, sometimes 
with subordinate granu le - o r pebble-sized grains scatte red 
throughout or concentrated in irregula r pocke ts or nes t s. 

Examples 

This lithofacies is rep resented in sect ions I, 3, SE, 10, 
25, 54, and 55. Illustrations are shown in Plates 4A, !lA, 12A 
and 13A. 

Lithofacies Sh and SI: flat and/or inclined bedded 
(laminated) to massive sandstones 

Description 

These two lithofacies types differ in the size grade of 
sand grai ns. Lithofacies Sh is composed of medium- t o 
coa rse -gra ined sandstones and thick ness of indi vidual beds is 
usually greater than 0.5 cm. Lithofacies SI is com posed of 
very fine to fine-grained sandstones with la mina tions less 
than 0.5 c m thick. 

Both lithofacies c haracteristicall y appear massive in 
outcrop. This is due to the lack of differences in gra in size or 
composition wh ich wou ld reveal bedding or laminae when 
differentially weathered. The lack of apparent bedding or 
lam ina tion does not indicate that the unit is inte rna ll y 
massive but only th a t planes of sedime nta tion are not vis ible 
(see Hamblin, 1965). 

Both li thofacies may exhibit horizonta l or only sl ight ly 
incline d (about 5°) be dding or la mination. Laterall y, these 
a re transitional to massive beds a nd, occasionally a lso, to 
planar c rossbedding in th e same unit (see PI. 13A). Wavy 
la min a tion was observed in a few places associa ted with 
lithofacies SI. Plant debris a nd intraformational pebbles a re 
common in the lowe r portion of thic k Sh sandstone units. 

Examples 

These lithofacies we re observed in sections 3, 4, SW, 
SE, 14, IS, 27 and 54 and a re illustra t e d on 
Plates !lA and 13A . 

Lithofacies Sr: cross-laminated sandstone 

Description 

Cross-lamination occurs as both trough and plana r t ypes 
in very fine to fine-grained sandstone. Planar c ross
lam ina tion was obse rved most often (PI. 2B) and is formed by 
migration of stra ight-c rest ed ripples (Alien, 1963). Trough 
c ross -lamination , formed by migration of various non-linear 
c rested ripples, was observed less frequently (PI . 7B). 
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These stru c tures a re commonly observed on intra
bedd ing surfaces whe re th ey exhibit th e character istic rib
a nd-fu rrow structure (PI. 7C), or on upper bedding surfaces 
whe re the ripple morphology is vis ible (PI . 2C) . Occasionall y, 
convolute bedding a nd other plastic deform a tion of 
lamination were obse rved. Plant de tritus is com monly 
associated with this lithofac ies (PI. 3C). Where lithofacies 
Sr is assoc iated with coa l beds, roots and stems in growth 
position a re c ommon in the upper part of the bed. 

Examples 

Li thofacies Sr was recorded from sections 3, 3u, 4, SW, 
SE, 10 and 14 a nd is illustrated in Plates 2A and B, 
4B, a nd 7B a nd C. 

Lithofacies Fsc and Fcf: siltstone, silty 
claystone and claystone 

Description 

Lithofac ies Fsc and Fcf often consist of thin bedded and 
lami na ted a lte rnating units of claystone, mudstone, a nd 
s iltstone (PI. 6), a lthough thicke r, appa rently struc tureless, 
be ds a re plentiful. Pla nt remains a re common a nd rootlets 
were obse rved in some places. 

Three distinct associations of Fsc a nd Fcf lithofacies 
were recog nized : 

(!) As thin layers (usually seve ra l centimetres thick; 
occas iona lly up to 1 m) associa t ed with coal a nd 
ca rbonaceous shale . Examples a re illustrated in 
columna r sections 3, 3u a nd SW. 

(2) Alte rnating with sandstone be ds of lithofacies SI or Sr 
as units usually less than 2 m th ick . Fo r example, see 
columna r sect ions SW, SE, 14, IS a nd 27. 

(3) As thick seque nces composed ma inly of claystone or 
silt y c laystone with subordinate thin beds of c oal or 
ca rbonaceous shale and, occasionally, ben tonite a nd 
ironstone. Where fr eshwater molluscs we re recogn ized, 
this sequence represe nts lithofacies Fcf. 

Molluscs were found in several blocky beds of 
lithofacies Fcf (section 3/bed 35, SE/3S and 40). Fossils a re 
extremely numerous in some parts of these beds, forming 
coquina beds. Gastropods a nd pelecypods a re the most 
frequent componen t s of the coquinas , the former be ing 
rep resented mainly by the genus Viviparus a nd the la tter by 
the genus Sphaerium (see Toze r, 1956). 

Species ide nti f ie d by T. Jerzyk iewicz a re: 

(I) Viviparus sp. cf . leai (Meek and Hay den); see 
Tozer, 1956, p. 51 , PI. IV, figs. 4-6. 

(2) Sphaerium sp. cf . gietzi (Tozer); see Tozer , 1956, p. 43, 
PI. 11, figs. 10-12. 

(3) Unio sp. cf. Stantoni (White); see Tozer, 1956, p. 37, 
PI. I, figs. 1-2. 

Examples 

Numerous examples of these lithofac ies are observed in 
columna r sections 3, 3u, SW, SE, 14 and IS . Lithofacies Fcf 
is particularly prominent in section SE. Plate 6 illustrates 
these facies. 



Lithofacies Fch: cherts and siliceous sandstones 

Description 

This lithofacies has been discussed in detai l in 
Jerzykiewicz and McLean (1977). It consists of volcanogenic 
c he rts and very fine grained siliceous sandstones whic h 
ex hibit c ross -lamina tion and de-watering structures. 

E:romples 

Li thofac ies Fc h was encounterd only in columnar 
sect ion 6. 

Lithofacies C: coal and carbonaceous shale 
and sandstone 

Description 

Lithofac ies C includes both coal seams and 
carbonaceous mudstones and sandstones. Coal in the Coal 
Valley area is usually of high volatile bituminous rank. In 
outc rop, seams are com monly highly weathered and friable , 
but in open pits good bedding and c leat are often well 
preserved. In cert a in areas, tectonic thickening of seams has 
led to destruction of original internal structure (see 
Alexander, 1977). 

Carbonaceous shales a re dark grey to brownish-yellow 
weathering units with a high proportion of carbonaceous or 
coaly debris. They generally exh ibit a distinc t platiness or 
fissility. Carbonaceous sandst ones may be dark grey or 
laminated light and dark grey, with abundant rewo rked coaly 
or carbonaceous material or a high proportion of c lay and 
carbonaceous material. 

E:romples 

This lithofacies is com mon in several sections: I , 3, 3u, 
5, 6, 8W a nd 8E. Illustrations are presented in Plates I, 2A, 
3A, 5 and 9. 

Lithofacies B: bentonite and tonstein 

Description 

Bentonite beds are usually a very light grey to pale 
yellow colour. Beds range from a few millimetres to 50 cm 
or rarely more. They are commonly best preserved where 
interbedded with coal due to the greater preservation 
potential in this environment. They are also com mon in the 
anomalous columnar section 6, associated with cherts and 
siliceous sandstones. 

The results of several x-ray diffraction analyses of 
clay-rich sediments is shown in Table 3. Samples 3/8, 3/23 
and 8E/52h are unusually rich in kaolinite and are interpreted 
as tonsteins. All occurrences of tonsteins are intimately 
associated with coal and carbonaceous beds. 

E:romples 

Lithofacies B is represented in columnar sections 3, 3u, 
5, 6, 8E, 8W and 55. It is also common in the anomalous 
section 6, associated with cherts and siliceous sandstones 
(Jerzykiewicz and McLean, 1977). 

TABLE 3 

X-ray diffraction analyses of very fine grained sediments 
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Fades changes 

Lateral variability in facies type and thickness is th e 
rule in the Upper Cretaceous-Tertiary sequence of the Coal 
Valley area. Subsurface correlation between boreholes (Smith 
e t a l., 1977) has shown that the main coal seams a re the most 
persistent beds and, therefore, most useful for correlation . 
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An exceptionally fine example of lateral variab ility was 
afforded by an open pit cut (Fig. 2, Loc. 8) northwest of 
Robb. The Val d'Or coal horizon was mined here exposing the 
seam and overlying beds at the two ends of the pit 
approximately I km apart (columnar sections 8E and 8W, and 
Pis. lA and 6A). Figure 8 shows the t wo sections with 
interpreted corre lation of facies. The Val d'Or seam at the 
base is readily correlated and can be physically traced along 
the walls of the pit. At the top of each section is a thick 
sandstone unit (iithofacies Sh) with prominent pebble unit at 
the base (ii thofacies Gm). This unit can be traced a long the 
northern pit wall between the two sect ions. 

Between the coal and the sandstone unit, there is little 
similarity in the sections, and no bed which can be definitely 
correlated over this 1 km distance. The principal difference 
is that the eastern wall (sec tion 8E) contains a high 
proportion of lithofacies Fcf and Fsc, interpreted as 
lacustrine deposits, whereas the western wall (section 8W) 
contains an abundance of lithofacies Sh, interpreted as levee 
a nd c revasse splay deposits and thus indicating greater 
proximity to an act ive c hannel. Similar lateral variab ility 
over relatively short distances can be expected elsewhe re as 
well. 

~<e-------- -1 Kilometre ----------'"1 

Levee deposit with 

crevasse sp lay deposit 

Lake deposit 

interfingering 

with swamp 

@ 

GSC 

FIGURE 8. Correlation of stratigraphic sections BW and BE. 
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LITHOFACIES SEQUENCE ANALYSIS 

Methods 

"If modern sedimentology has shown any thing , it was 
sure ly that sedimentary sequences were the res ulta nts of 
processes which have logical and determinable re lat ionships 
in both time and space. " (A.C . Benfield in Selley, 
1970, p. 579.) 

Examination of vert ical sequences in sedime nts is 
probably the fundamental t ool in sedimen tology. The order in 
which lithofacies fo llo w one anothe r and the na ture of the 
contacts between lithofacies indicate the c hanges wh ich took 
place with time at a particular locality as we ll as the late ra l 
variabilit y wh ic h was present at any one time. 

Examina tion of columnar st ra tigraphic sec tions such as 
those in Figure 7 clea rl y reveals repetitive vertical sequences 
and cycles. However, to gain a more objec ti ve app rec iation 
of vert ical lithofacies seque nces and variations in sequence 
between sections, a more rigorous me thod of examination is 
desirable, a nd a Markov ana lysis was used. Where a given 
lithofac ies is fou nd to follow a nothe r lithofacies with greater 
than ra ndom frequency, th e seque nce is said to exh ibit 
stat istical memory, the Ma rkov property. The simplified 
technique of Se lley ( 1970) was used whic h, although he does 
not refer to it as such, is essen tia lly the same as a first order 
embedded Ma rkov c ha in analys is. Mult istory transi tions (a 
lithofacies fo llowing upon itse lf) a re pe rmitted in this t ype of 
analysis. 

A total of 410 m a re represen ted by the 17 columnar 
sections (Fig. 7). Ten of these were not sufficently long to be 
of value in this analysis. Two we re com posed predominantly 
of lithofacies C a nd we re not included. The other five with a 
to t a l of 296 m were employed. The data available are not 
completely satisfacto ry for two reasons: (I) a complete 
section of the Saunde rs Group was not obtainable a nd the five 
sections probably represent less than 10 per cent of the tota l 
post-Wapiabi section; (2) the re is some difficulty in positively 
iden tifying the location of each sec tion in the stratigraphic 
column due to paucity of usable ma rker beds. The result is 
tha t it is impossible, at present, to say anything definite 
about eithe r ve rtical trends through the whole Saunders 
Group or la te ra l tre nds because of the incomple teness of the 
'reference' section and the lac k of sufficiently lengthy 
sections la t e rall y, wi th which to compare. However, the data 
presente d here a re the most com plete sedimentological data 
available on this important sed imentary sequence, and 
provide some interesting insights into the sedimentology of 
the group as a whole. 

All facies in the columnar sections we re used in the 
a na lysis except the bentonite beds Oithofacies B) which a re 
believed to have been derived from airborne ash and, thus, 
are independent of the other, genetically re lated, waterborne 
sediments. Sections 3, 8W and 8E were evaluate d (Fig. 9) 
toge the r as they come from approximately the same interval 
within, or just above, the Val d'Or coal-bearing section. 
Section 18 (Fig. 11) from the lower Brazeau Formation and 
section 14 (Fig. 10) from the interval immedia te ly below the 
Entrance Conglomerate were each evaluated separate ly. 
Nei the r of these la tter t wo sections contains lithofacies C. 
Figures 9A, lOA a nd !lA show the tall y a nd difference 
matrices for each of the sections or section groups. The 
greatest positive values in the difference matrices were then 
used to construc t facies sequence diagrams 
(Figs. 9B, 1 OB, 11 B). These are oriented vertically, rather 
tha n in the usua l horizontal s tyle, since they are easier to 
interpret and a re a more logical format for presenting 
vertical sequence data. Composite vertical sequences 
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FIGURE 9. Lithofacies sequence analysis for sections 3, BE 
and BW. 

(Figs. 9C, 1 OC, 11 C) show ave rage thicknesses for each 
lithofacies, arranged in their most f reque nt pattern. Data 
a re insufficient for these to be conside re d as norms, but th ey 
do give a usefu l indication of the relative thic knesses of the 
various fac ies encountered. 

Observations 

Lithofacies Gm is a natura l starting point in a na lys is of 
seque nces fo r two reasons: (I) it ove r lies a scoured base, 
representing a n e rosional event preceding a se ries of 
accretionary events; a nd (2) it contains the coarsest clas t 
sizes a nd thus probably rep resents the highest e ne rgy 
conditions in the sequence. Where lithofacies Gm is absent, 
lithofacies Sh, SI, Sp or St may occur at the base of the 
accretiona ry unit. Examination of the logs of longer sections 
(Fig. 7, sections 3, SE, SW, 14 , IS) or the composite ve rt ical 
seque nces (Fig . 9-11) indicat e c lea rly that the sec tions can be 
divided into coarse r grained a nd finer grained fac ies. The 
coa rse r grai ned facies are composed of one or more of 
lithofacies Gm, Sh, SI, Sp, St a nd Sr. The finer fac ies are 
composed of the other lithofacies described previously plus 
some of those in the coarse r grained facies such as lithofac ies 
SI and Sr (see Fig. 7, sections 3, 14 a nd lS). 

Lithofac ies Sh is predomina nt at the base of the coa rser 
gra ined facies overlying lithofacies Gm (sections 3, SE, SW, 
14 a nd lS ). The frequent lack of distinctive bedding planes of 
a ny type in this lithofacies renders interpretation difficult as 
there may be unseen c rossbedding. Where grain size is less 
than med ium gra ined, the li thofacies becomes Sl (sections 
14 , 27) rathe r than Sh, but they are otherwise simila r. 
Lithofacies Sp a nd St are not com monl y associa ted with 
lithofacies Sh and SI. Where observed (as in sect ion SE/53 
a nd 55), Sp overlies Sh ab ruptly, a nd St overlies Sp 
gradationall y (section 3, 7 to 9 m). These assoc iations we re 
not observed freq uen tly enough to estab li sh them as typical. 

The coarse r gra ined fac ies is often, but not a lways 
capped by a unit of Sr (sections 3, 3u, SW, 14). Lithofacies Sl 
is fr equently overlai n by li thofacies Fsc, and occasionally by 
li thofacies C. In a few sections (3, SE, SW ) the coarser 
lithofac ies truncat e and overlie older units of the coa rse r 
li thofacies. 

The fine r grained lithofacies a re cha racte rized by ve ry 
thin to ve ry thick interbedding of lithofacies Fsc, Fcf, C, SI, 
a nd Sr . The distinction between the SI here and th a t 
associated with the coarser grained facies is not a lways clear 
but, in the former, the SI units tend to be ma rkedly thinner 
and do not have a Gm unit a t the base (see section 14 / 15). 
Lithofac ies Sr occu rs isola t ed from other coa rse r grained 
facies (sections SE a nd SW ) or with facies Sl (section 3u). 

Two couple t s occur frequently in the finer grai ned 
fac ies. Lithofacies Fsc and SI a lte rna te with one anothe r 
(section 14) with SI abruptly ove rlyi ng Fsc but Fsc gradational 
up wa rd f rom SI (/SI-> Fsc/SI-> Fsc/). In coal-bea ring 
sequences, Fsc commonl y a lternates with C 
(sections 3u, SE, SW). Both contacts may be gradational or 
abrupt. Lithofacies SI may a lso occur in this seq uence and 
may form a triplet, /SI-> Fsc-> C/ (section SW I 14 to l S m) or 
may be associated only wi th lithofacies C 
(section 3u/ 17 a nd l S m). 

Lithofacies Fcf was distinguished from lithofacies Fsc 
only by the presence of recognizable f reshwate r fauna. It 
was recognized only in sections SE/3S to 40 and 3/34 to 35 . 
In both cases it is associated with lithofac ies C. 
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FIGURE 10. Lithofacies sequence analysis for section 14. 

Lithofacies Sr occurs either randomly in the section 
within a coal-bearing unit (section 3u/25) or as a couple t with 
lithofacies Fsc (section 8E/35 and 36 and SW/31). 

Interpretation of depositional environments 

General 

Comparison of the observed lithofacies and their 
sequence with the abundant examples of modern and ancient 
terrigenous clastic depositional environments to be found in 
the literature indicates a nonmarine, fluvially dominated 
environment of deposition for the Saunders Group sediments. 
The coarser grained lithofacies were deposited within or 
proximal to fluvial channels and the finer grained lithofacies 
in the floodplain or in abandoned channels (Fig. 12). 

Channellithofacies 

The products of deposition in fluvial channels can be 
very complex and are influenced by many factors such as 
hydrology, topography, tectonic sett ing and the amount of 
vegetation (cf. papers in Miall, 1978). However, internal 
morphology of individual bedforms is related to specific 
hydrological conditions which relate all bedforms of the same 
type. Studies of modern and ancient fluvial environments 
plus controlled flume studies make certain conclusions 
possible. 
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FIGURE 11. Lithofacies sequence analysis for section 18. 

Lithofacies Gm, when present as thin units at the base 
of sandstone units, is interpreted as a channel Jag deposit -
the coarse debris which accumulates in the thalweg of a 
channe l and is moved only by the most powerful flood 
currents. Extraformational pebbles may have been 
transported long distances, but intraformational clasts of 
penecontemporaneously deposited sediments are believed to 
be of very local derivation. Thicker conglomerate beds, such 
as the EntrancE' Conglomerate, are interpreted as the product 
of superimposed longitudinal bars (cf. Rust, 1972). 

Lithofacies St, trough c rossbedded sandstone, is formed 
by downstream migration of sinuous-crested dunes. They may 
occur as single sets or several superimposed sets (Alien, 1963) 
or associated with other sedimentary structures such as in 
point bar deposits (Alien, 1970). 

Lithofacies Sp, planar crossbedded sandstone, is formed 
by downstream migration of large scale asymmetrical dunes 
wi th essentially straight cres ts. They can occur in the same 
associat ions as trough c rossbeds. Both St and Spare formed 
under lower flow regime conditions (Simons et al., 1965). 

Lithofacies Sh and SI, when composed of low angle 
crossbeds, may be lateral accretion deposits of point bars 
(similar to epsilon c rossbeds of Alien, 1963). However, when 
the sandstone is massive there is the possibility of cryptic 
sedimentary structures and interpretation is uncertain. 
Horizontal bedding or lamination may be due to upper flow 
regime, high energy, conditions (Simons et al., 1965) when 
bedforms are obliterated and only horizontally bedded 



FIGURE 12. Schematic environmental disposition of lithofacies. 

deposits a re formed. The inte rpretation of these deposits is 
discussed in M c Lean an d Jerzykiewicz ( 1978) a nd will not be 
pursue d here except to say th a t they may re present 
prefe re ntia l preservation of highest ene rgy, unusual f lood 
event deposits. 

Lithofa c ies Sr may consist of planar or trough t ype 
ripples fo rmed by migration of ripple trains of th e same 
morphology as th e ir large r counte rpa rts, Sp an d St . They may 
form a lmost anywhere in a c ha nnel if conditions are right, but 
a re most often preserved as bar top deposits above higher 
e ne rg y form s such as other coarse r grained 
Ji thofacies (Fig. 12). 

Floodplain lithofacies 

The finer grained Jithofacies form outside of acti ve 
c ha nnels a nd may be very complex in the ir internal geometry. 
They can be e ffectiv e ly subdivided into two classes: lower 
a nd highe r re la tive e nergy. The highe r energy deposits a re 
those which are deposited during th e active phase of f looding 
when flood waters inundate pa rt of the fJoodpJain a nd th e n 
gradually recede. Lithofac ies SJ a nd Sr a re the two most 
com monl y identifie d a nd, as a lready seen, a re a lso com mon in 
the coarse r grained Jithofac ies. They are de posited as levees, 
c revasse spla ys, or by the flow of f lood wat e rs across the 
floodplain during f looding or during recession of the f lood. 
The lower e ne rgy deposits can be divided into two types: 
(I) those formed by se ttling of f lood-derived detritus in 
depressions infilled by the flood waters {lithofac ies Fsc a nd 
Fcf are of this t ype); a nd (2) those formed by locall y derived 
sediment, suc h as Jithofacies C where represented by coal 
deposits. Lithofac ies C may be associate d with the f irst type 
of lowe r energy de posit in the form of ca rbonaceous 
mudstones, and with higher e ne rgy de posits in th e form of 
ca rbonaceous sandstones. Coal be ds clearly re present swamp 
de posits situate d dista lly fro m active c ha nnels. The presence 
of Jithofacies Fsc inte rbedde d with coal indicat es th a t 
occas iona l inunda tion by floodwate rs did occur, and th e 
occasional bed of SJ or Sr suggests either great er proximit y to 
a n act ive c ha nne l (possibly only a flood channel tributary to 
the ma in c hanne l) or a flood of unusu a l intensit y. Lithofacies 
SJ, Fsc a nd Sr in association (sections 8E, 8W, 14, 18) 
rep resent na tura l levee, crevasse sp lay, an d well-drained 
(noncarbonace ous) swamp deposits (Fig. 12). Lithofacies Fcf 

is in te rpreted as lake deposits and th e co mmon association 
with Jithofacies C suggests that lakes may have formed over 
fo rme r swamps when the latte r were drowned by ri s ing water 
t ab les, and that swamps form ed in former lakes as the latter 
graduall y infille d a nd vegetation was ab le to thrive. 

Both Jithofac ies Fch a nd B are derived f rom diagene tic 
a lte ra tion of a irborne volcanic ash a nd, whi le not indigenou s 
to floodplain e nvironm e nts, a re preferentially prese rv e d the re 
because of lowe r e ne rgy c onditions. 

CYCLICITY 

Exa mination of Jithostra tigraphic sec tions in association 
with sequ e nce a na lysis indicat es two levels of cyclic it y in the 
Uppe r Cre taceous-Te rtia ry sequence. The la rge r of the two 
consists of successive couple t s of in-c hanne l and overbank 
sequences, each cycle re presenting : (1) introduc tion of a 
channel to the a rea by latera l migration or avulsion with 
scouring of unde rlying beds; (2) aggradation with infilling of 
part or all of th e c hanne l befo re the c ha nne l shifted position; 
a nd (3) deposition of ove rbank sediments on the floodp lain 
whic h continued until a c ha nnel again occupied the particular 
site. The best example of thi s is in sect ion 14. 

The second level of cyclic ity is encompassed in the 
overba nk sedi ments themselves a nd has bee n described in the 
previous section . The cycles a re composed princ ipa ll y of 
couplets of /51 ~ Fsc and /Fsc ~ C re presenting a lte rnat ion of 
e ne rgy levels on the floodplain - higher e ne rgy a nd coarser 
sedi ment during f lood pea ks, a nd lower e ne rgy a nd finer 
sedime nts during waning floods and between floods. 
Excellent examples are shown in sections 3u and 14. 

A higher order cyclic ity, not observable in individual 
out crops, can be seen in the entire Upper Cret aceous
Te rtiary sequence. Parts of the section conta in a higher 
proportion of sand be ds and coarser clasts (Fig. 4). The data 
a re taken from regiona l mapping by La ng (1947), 
Douglas ( 1958) and OJJerenshaw ( 1968). Sedimentologically, 
the data a re incomplete but they do indicate a la rge scale 
cyclic ity, each cycle e ncom passing hundre ds of metres. 
Detailed sedimentologicaJ examination would probably reveal 
a great e r number of cycles and grea ter complexit y of 
cycl ic ity than are apparent in Figure 4. 
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A compre hensive discussion of the na ture a nd 
interpre t ed origin of the three orde rs of cyclicity has been 
presented elsewhere (McLean and Jerz ykiewicz, 1978) and 
wi ll not be repeated. 

PALEOCURRENT ANALYSIS 

The following sedimentary structures were examined as 
paleocurrent indicators: (I) la rge scale planar c rossbedding; 
(2) incl ined bedding; (3) trough crossbedding; (4) c ross
lam ination a nd (5) pebble imbrication. Where available, 
bedding pla ne features such as sole markings and ripple marks 
a lso were employed. 

Fie ld data were corrected for tec tonic tilt using the 
method described by Potter and Pettijohn (1963, p. 259). 
Computation of mean azimuth followed the method of 
Curray (1956). Data for planar and trough crossbedding and 
inclined bedding were weighted using the method of Miall 
(1974) which gives greater directional importance to larger 

c rossbeds using a standard calcu lat ion to estimate volume of 
each c rossbed set. Tectonic tilt-corrected data, as well as 
results of mean computation, are presented in Append ix 2. 

Paleocurrent readings are shown on the colu mnar 
sections (Fig. 7) adjacent to the bed in which the reading was 
taken (column 6 of a ll sections). 

The paleocurrent map (Fig. 13) presents the data 
grouped according to each structure type and for each 
outcrop. Arrows correspond to mean paleocurrent directions 
calculated for each outcrop or to indi vidual readings if only 
one measurement was obtained. Rose diagrams summarize 
data from the whole a rea grouped together according to each 
sedimentary st ructure type. The rose diagram for imbricate 
pebbles in the Entrance Conglomerate is from a single 
outcrop (outcrop 33, Fig. 2). 

The relatively small number of readings obtained from 
the entire 3000 m thick sequence does not permit a detailed 
interpretation of vert ical or late ral variation in the alluvial 
paleocurrent system. However, so me useful obse rvations can 
be made. 

The principal paleoslope was to the northeast. This is 
illust rated particularly well by the trough crossbedding which 
resulted from downstream migration of dunes on the channel 
f loor. The rose diagram for planar crossbedding is a lso 
unimodal and indicates a dominant northeasterly transport 
direction. The greater directional variabi lit y can be 
expla ined as accretion on the slipface of bars oriented 
obliquely to the mean channel direction (High and 
Picard, 1974; Miall , 1977). 

The rose diagram for inclined bedding is polymodal 
although the mean direction is still to the northeast. 
However, modes nearly perpendicular to this direction are 
a lso present. We believe that most of the inclined bedding is 
of two origins: (I) late ral accretion deposits on point bars in 
th e fluvial channe l which would be oriented approximately 
perpe ndicular to the mean channe l direction; and (2) levee 
a nd crevasse sp lay deposits accumulated immediately 
adjacent to the channe l and also oriented approximately 
perpendicular to the mean channel direction. These beds 
should be distributed nearly equally on both sides of the 
channel and, when combined, would tend to give an average 
downstream reading. The mean current direction is c learly to 
the northeast, rather than the southwest because both types 
of inclined bedding have a t e ndency to be oriented slight ly 
downstream rather than exactly perpendicular to th e mean 
flow direction. 
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The mean current direc tion indicated by the cross
lamination is a lso strongly northeast, although there is a 
secondary mode perpendicular to this to the southeast and 
some values to the northwest as we ll. This is to be expected 
since many ripples in overbank deposits Oithofacies Sr) would 
be oriented approximate ly perpendicular to the channel 
orientation. However, many ripples in the overbank setting 
may be oriented nearly paralle l to the channel due to sheet 
flow during late stages of flooding when floodwaters are 
moving in collection channels back toward the main channel. 

The rose diagram for imbrication in the Entrance 
Conglomerate shows the orientation of poles perpendicular to 
the inclined su rfaces of imbricate pebbles. There is a broad 
spread of values in the northeast and northwest quadrants 
but, again, the mean indicated current direction is distinct ly 
to the northeast. 

No attempt has been made to differentiate the data 
according to relative vertical position in the section but the 
similarity of mean paleocurrent directions from all sources 
suggests a consistency of mean paleoslope during deposition 
of the entire succession. The indicated source area is to the 
southwest. 

Studies by Carrigy (1971) and Rahmani and 
Lerbekmo ( 197 5) included interpretation of paleoslope for 
sediments of the same age. Carrigy (1971, Fig. 5) indicated 
an east-southeasterly (108°) paleocurrent direction from 
crossbedding read ings from the entire Paskapoo Formation in 
Alberta. Data presented by Carrigy in the area of the 
present study are sparse, and indicate a north-northwesterly 
paleocurrent direction. Neither of these coincides with our 
findings but ou r level of detail is much greater than that of 
Carrigy, who was examining the succession regionally. 

The work of Rahmani and Lerbekmo (1975, Fig. 9C), 
based on analysis of heavy mineral suites with no 
paleocurrent determinations, suggested a predominantly 
southeasterly paleoslope. This is not consistent with our 
findings and, indeed, their results must be viewed criticall y as 
their methods do not yield unequivocal evidence of 
paleoslope. However, our area of study is toward the western 
margin of the depositional basin and the paleoslope here may 
reflect only the slope of proximal deposits. The f lu via l 
system may have turned to the east and southeast once it had 
reached beyond the Coal Valley area. Carrigy (1971, Fig. 4) 
indicates such a paleoslope in the Red Deer River area, well 
east of the Foothills and approximately 300 km southeast of 
the Coal Valley area. 

GEOLOGY OF COAL 

Stratigraphy of coal seams at Coal Valley 

The main coal zone, consisting of several seams or seam 
groups over a stratigraphic interval of 250 m, lies some 27 5 m 
above the Entrance Conglomerate (Table 1, Fig. 15) which is 
approximately 1820 m (Lang, 1947) above the base of the 
Brazeau Formation. Figure 14 shows the named seams a nd 
the approximate stratigraphic thickness between them. 
Mining, confined to the Val d'Or, Silkstone, and Mynheer seam 
groups, began in the early part of this century and continued 
into the 1950's. Loss of the steam locomotive market forced 
mines to close, and only now is act ivit y being renewed with 
the beginning of production by Luscar Ste reo Ltd. at 
Stereo (Fig. 1) in 1978. 

A llan and Rutherford ( 1923, 1924 ), and Rutherford 
(1925, 1926) stud ied the coal-bearing sequence between the 
North Saskatchewan and A thabasca Rivers. They observed 
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FIGURE 13. Paleocurrent map. Area as shown in Figure 1. 

that the thickest seams and the greatest number of seams 
occur in the area of Coal Valley and the Brazeau River. The 
stratigraphic section in Figure 15 summarizes their 
observations for the Brazeau River area. The number and 
stratigraphic position of their seam groups may not be 
reliable as they were correlating isolated outcrop sections 
over long distances. The No. 3 seam group is the only one 
mined in the Coal Valley area but other seam groups have 
been mined in adjacent areas to the south and north. The 
lateral continuity of these seam groups is unknown but, only 
19 km south of the Brazeau River, along the Blackstone 
River, only one seam group was recognized (AIIan and 
Rutherford, 1924) suggesting that lateral continuity may not 
be great. Later work by MacKay (1943), Lang ( 1947), and 
Douglas (19 58, and in prep. a, b) suggests that the seam group 
at Saunders is the same as that at Coal Valley, and 
palynological work suggests that these are equivalent to the 
Ardley seam group of the Plains. Great lateral continuity is 
thus indicated. 

Continuity of individual seams is less than that of 
groups but insufficient data were available to give exact 
figures. Some indication of seams pinching out laterally is 
shown in Figure 14. 

Rutherford (1925, p. 55) observed that there appea rs to 
be a rapid decrease in the thickness and number of coal seams 
from northeast to the southwest across the strike of the 
formations, and that this appears to be a general 
characteristic of the sequence in the Foothills belt. This 
observation could not be substantiated in the relatively small 
area studied. 

Characteristics of coal 

The seams being mined at the Luscar-Sterco mine are 
high-volatile C bituminous coal. Ash content averages 
about 15 per cent, calorific value 11,200 BTU/Ib, and sulphur 
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FIGURE 15. Coal zones in Saunders Group, Brazeau River 
(data from Allan and Rutherford, 1924). 

less than 0.5 per cent. Number and thic kness of partings vary 
widely a nd, in some a reas, thick seams a re not mined due to 
inferior quality (Rutherford, 1925, p. 18) caused by clay 
partings a nd bands of dirty coal. Some indication of lateral 
variation in seam c harac teristics can be seen in Figure 14 
(from Smith et a l. , 1977). Some of th e part ings are bentonite 
and a re in te rpre ted as a lte red airborne volcanic ash . Others 
a re of wate rborne origin (see Fig. 14; Smith et al., 1977; a nd 
columna r sections 8E a nd SW). 

Sedimentology of coal seams 

Ana lys is of sed iments associated with the coal seams at 
Coal Valle y indicat es that the coal fo rmed in an alluvial 
environme nt. Channe l sandstones and overbank deposits have 
bee n desc ribed and illustrated from outcrop, and can also be 
seen on geoph ysical logs. In Figure 14, the interval between 
the Uppe r Silkstone seam and marke r B shows t wo distinct 
c ha nne l sands t ones identified by the upward conve rgence of 

the gamma and resistivity cu rves (bell shaped). The two 
channels can be identified in logs C and B as well . In log A, 
only one good bell shape is observed, but the th ick sand 
immediately above may be the second channel sand, the 
resistivity s ignature of which is not c lear, possibly due to 
g reater conductivity in this sand than in the underlying sand. 
The late ra l extent of seams is not known definitely but the 
Mynheer seam (Fig. 14) has been mined over a distance of at 
leas t 30 km in a northwest- southeast st rike di rection although 
there may be gaps in the coal seam over this distance. Its 
extent perpendicular to st rike is unknown. 

The presence of many root zones suggests that at least 
some of the coal beds are autochthonous. Their absence 
e lsewhe re may indicate an al lochthonous origin for some 
coals. The relatively small amount of mineral matter 
observed in these coals, as well as their relatively great 
lateral ex t ent, suggests that they may be 'hypautochthonous' 
coals (Stach et a l. , 197 5, p. 19) rather than coals derived from 
vege tation transported significant distances. 
Hypautochthonous c oals are not st rictly in situ but the 
original vegetation was moved about on ly within the 
depositional area. Floating peat batteries (Gieason and 
Stone, 1976) such as those obse rved in the Everglades area 
today may have produced extensive peat accumulations with 
no visible root zones beneath. 

Coal in the alluvial environment 

The scarcity of good outcrop exposures in the Coal 
Valley a rea precludes any attempt to reconstruct the alluvial 
se tting in detail. However, there are characteristics of 
modern peat accumula tions in a llu vial settings which may be 
useful as predictive and inte rpretive tools. 

There a re five prerequisites for accumulation of 
suffic iently thick peat deposits to form commercial coal 
seams: 1) a favourable cl imate, partic ular ly one whic h 
provides sufficient moisture (temperature is a secondary 
consideration); 2) an adequate supply of plant material; 
3) freedom from influx of detrital c lastic material; 4) a 
balance between the groundwater table a nd the depositional 
interface; and 5 ) persistence of conditions in space and time 
(Stach et al., 197 5; Weimer and Land, 1976; Schopf, 1973). 
All of these conditions have been met when a thick coal seam 
is preserved. 

Peat accum ulations are normally found only in those 
ri ve r systems with well -developed floodplains and those in 
which overbank deposits constitute a subs t an tial proportion of 
the alluvial record. Peat is usually not associated with sandy 
braided ri vers but is common a long meandering rivers, 
a lthough in certain settings both peat deposits and thick 
overbank sediments cou ld be associated with braided rivers 
(see McLean and Jerzykiewicz, 1978). 

The re are three common settings in which peat may 
accumula te: 1) in abandoned channe ls; 2) in the overbank 
area of acti ve channels; a nd 3) on the floodplain, isolated 
from the active channel. 

Abandoned channe l segments or meander loops are good 
natural depressions in which floating vegetation or rafted 
vege tation can accumulate and, depending on depth, rooted 
plants a nd trees may be common. The latter will increase in 
abundance as the abandoned channel is infilled by vegetation 
and flood-born e sediment. Coal seams from such peat 
accumulations tend to be narrow and e longate with a curved 
or sinuous pattern. They are often thin and contain a high 
proportion of fine terrigenous c lastics but may be thick and 
clean in some cases. Examples of this type of deposit are 
units 14 a nd 15 of columnar section 3. 
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Peat may accumulate in the backswamp area behind 
levees of active channels. Weimer (1 973) has discussed the 
effect of groundwater fluctuations in producing well-drained 
(non-peat forming) swamps and poorly drained (peat-forming) 
swamps adjacent to the channel (Fig. 1 6). These swamps 
generally tend to be restricted, elongated parallel to the 
channel system and, due to frequent flooding, may be high in 
terrigenous clastic sediment. Alternatively, however, they 
may be very extensive, covering hundreds of square 
kilometres (particularly in tropical settings such as the 
Amazon River of Brazil or the Mekong River of southeast 
Asia). Abundant vegetation stabilizes river banks by binding 
the sediment together making it much more resistant to 
erosion (Smith, 1 976) so that rivers are retarded from 
destroying swamps. As well, vegetation traps sediment 
introduced during floods, and areas proximal to the channels 
protect areas more distally which may not receive any 
sediment. The acidic waters associated with swamps also 
assist by flocculating clays and thus removing them from 
suspension near the channels. 

The third type, peat deposits isolated from an active 
channel, is similar to the second type but these deposits are 
physically isolated from floodwaters by older alluvial ridges 
formed by the topographically higher position of levees along 
abandoned channels. As long as all factors conducive to peat 
accumulation are present, this area has the greatest potential 
for producing clean coals as it is less subject to the periodic 
introduction of terrigenous clastic material than is the second 
type. 

The example of coal in the Mynheer zone at Robb being 
too "dirty" to mine (Rutherford, 1 925) suggests a case where 
the swamp was proximal to an active channel. The mined 
coal of the Mynheer zone farther to the southeast was 
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FIGURE 16. Swamps adjacent to active channels. 
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apparently sufficiently removed from the channel so that 
relatively little sediment was introduced into the swamp. It 
may have been protected by alluvial ridges but insufficient 
information was available to us to ascertain this. 

Work in Appalachian coal fields by Caruccio and Ferm 
(1977) has shown that coals formed in alluvial settings are 
relatively low in reactive pyrite so that sulphur content is 
below 1 per cent. In contrast, coals associated with coastal 
plains or lower delta plains often contain 2 to 5 per cent 
sulphur. These high values result in highly acidic mine 
drainage and lower utility of the coal. Sulphur values are 
consistently low in coal from Coal Valley (Hacquebard and 
Birmingham, 1 973) which is consistent with our interpretation 
of an alluvial plain origin. 

Use of sedimentology in coal exploration 

Coal seams in Western Canada are always associated 
with clastic sediments. The interpretation of clastic 
sediments, in terms of original depositional setting, is a 
rapidly developing field of study due mainly to ever 
increasing knowledge of modern depositional environments. 
This knowledge can be used in coal exploration and 
development, and will become more useful as our 
interpretative skills improve. 

Sedimentological results in this report can be used as a 
predictive tool and as a guide to coal exploration geologists 
working on a more detailed level in the Coal Valley area. The 
two key observations are: 1) the coals occur in an alluvial 
plain setting; and 2) the paleoslope was to the northeast. 
Channel sandstones can, in general, be expected to have a 
southwest-northeast orientation, nearly perpendicular to the 
strike of the Foothills structures, although much local 
variation can be expected. However, in general, where 
"dirty" coal is encountered, a shift in activity to the 
northwest or southeast, perpendicular to the paleoslope, 
should yield a cleaner product. This may be the case, as 
mentioned previously, for the Mynheer seam in the Robb to 
Stereo area. 

Directional sedimentary structures in levee or crevasse 
splay deposits may also be useful in predicting lateral trends. 
The presence of levee and splay deposits immediately 
indicates proximity to an active channel; examination of 
directional structures will give an indication of the direction 
in which a channel lies. 

A hypothetical depositional model, presented in 
Figure 17, has been constructed from the lithofacies observed 
in sections SW and SE. It is based on the sedimentological 
principle that facies which are laterally correlative at a 
particular time will, in a dynamic depositional setting, tend 
to follow one another vertically with time in a logical and 
predictable manner. Thus, the various li thofacies seen in 
vertical section at SW and SE are believed to have been 
represented at the time of deposition of the Val d'Or seams, 
somewhere laterally from the location of outcrops SW and SE. 

Four lines of evidence are particularly pertinent to the 
spatial geometry of the proposed model: 

(1) Section SW is northwest (to 325°) of section SE. 

(2) Levee deposits are prominent in section SW (Fig. S) but 
are replaced by lake and swamp deposits to the 
southeast at section SE. This indicates that section SW 
was closer to the channel than was section SE. 
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(3) Paleocurrent readings from the overbank 
sediments in both sections show a persistent 020° 
(north-northeast) orientation. Overbank flow tends to 
follow the levee gradient and is nearly perpendicular to 
the c hannel orientation, but may be oblique to the 
c hannel, particula rly in more distal portions of the 
levee or splay. A c hannel oriented to 110° (east
southeast) or 290° (west-northwest) is indicated. 

(4) Paleocurrent readings from the overlying c hannel 
sandstones in sections 8W and 8E indicate flow to the 
north, northeast, and east. 

Some disparity is evident, particularly between (2) a nd 
(3) above. A river flowing to 11 oo producing c revasse splays 
oriented to 020° would have to be south of locations 8W a nd 
8E, and a greater proportion of levee deposits would then 
be expected at 8E, rather than 8W. If the channel were 
north of the locations, the splays would be more likely to 
have 200° orientation, rather than 020°. A channel 
oriented to 290° is contrary to the regiona l paleoslope but 
locally this is certainly not impossible to achieve in a 
meandering river system. Howeve r, this orientation is 
only 35° off parallel with the line of section between 8E 
and 8W and would place the c hannel closer to 8E than 8W, 
which seems contrary to th e second line of evidence above. 

The hypothetical model shown in Figure 17 can satisfy 
all of the conditions imposed, but it should not be considered 
as a unique solution, and certainly not taken as correct, as 
there are too few control points. lt must be considered as 
only a preliminary working hypothetical model, which will be 
modified as more information becomes available. Its main 
value at this stage is: (1) to orient the observer toward the 
right type of model (fluvial rather than coastal pla in, for 
example); and (2) to try to orient the major depositional 
environments within the model. 

Exploration for coal in the Foothills is most concerned 
with four factors: the structural configuration, depth, 
thickness, and quality of the c oal seams. Of these, only 
thickness and quality are related to the original depositional 
setting. In the example given, the sedimentology of the beds 
overlying the Val d'Or seam, as well as .the many clastic 

interbeds wi thin the seam, indicates proximity of the peat 
swamp to a river a nd possibly to a lake . Quality of peat, due 
to greater influ x of terrigenous clastic detritus, will decrease 
toward the river, and the swa mp may terminate altogether at 
the lake ma rgin due to insufficient vegetation. If structural 
aspect s were favourable and a drilling program was initiated 
in the vicinity of sect ions 8W a nd 8E, results of first stage 
drilling on a grid pattern, which in the Foothills wou ld 
probably be concentrated along tectonic strike (northwes t
southeast), could be compared with the model based on study 
of outcrops (Fig. 17). If th e coal quality was observed to 
deteriorate markedly to th e northwest due to a greater 
number of partings, the ex istence of the hypothetical 
contemporaneous river would be strongly indicated a nd 
further exploration in this direction might be t erminated . 
However, if the property extends for several kilometres to 
the northwest, the coa l could be sought on the opposite side 
of the fluvial system. The value in knowing that the 
depositiona1 model is alluvial plain rather than coas tal plain is 
apparent here. If the coal we re deteriorating in quality 
toward a barrier sand body, there would be littl e chance of 
finding coal on the opposite side since that is where the sea 
was situated. Knowing that a channel sand body is more 
like ly, there is a good probability tha t coal will be found on 
the opposite side. 

If there was no indicat ion of the coal pinchi ng out to 
the southeast, it would suggest that the postulated 
lake (Fig. 17) developed over the swa mp a nd was not present 
during swamp development. In this case, exploration acti vit y 
would be continued to the southeast, if the other factors were 
still favourable. 

Development of a depositiona1 model is certainl y of 
secondary importance in exploration of coal seams in the 
Foothills. However, as we have attempted to show, it can be 
a useful tool in explaining variations in coal seam thickness 
a nd quality, and in predicting changes tha t can be expected 
late rally. Detailed sedimentological observation of outcrop 
sections can be a very valua ble supplement to borehole 
information since paleoc urrents normally cannot be measured 
in the lat ter, and larger sedimentary structures, as well as 
the interre lationship between s tructures, cannot be 
adequately studied in core . The working model is also 
important to the ex ploration geologists as an intellec tual 
guide, a llowing him to utilize the results of each drillhole 
more fully, right from the first hole, because there is a frame 
of refe rence already established with which these results can 
be compared, and within which results from different 
drillholes can be com pared. 

SUMMARY AND CONCLUSIONS 

Lithostratigraphic nomenclature for the Upper 
Cretaceous-lower Tertiary succession in the outer Foothills 
belt of central Alberta is still in a state of flux. A name 
which e ncompasses the whole undivided succession from the 
top of the Wapiabi Formation to the present erosional surface 
is desirable, and the name Saunders is considered most 
suitable. The name Brazeau is widely and consistently used 
and is re tain ed for the lower part of the Saunders Group. The 
name Coalspur beds, adapted from MacKay (1949), is used 
informally for the beds between the top of the Brazeau 
Formation and the base of the lowest prominent sandstone 
bed above the highest thic k coal seam in the coal zone 
recognized from the vicinity of the North Saskatchewan 
River, north to the McLeod River. This includes the mineab le 
seams at Coal Valley. The Entrance Conglomerate is 
recognized as a distinct and useful unit in the area as mapped 
by Lang (1947) and is retained as a member of the Coalspur 
beds. The Paskapoo Formation inc ludes all beds above the 
Coalspur beds. 

23 



The sedime nts of the Saunders Group a re predominantly 
of f luvia l origin a nd are composed of channe l and overbank 
sedime nts whic h show distinct cyclici t y. A mu c h la rger scale 
cyclici t y is ex hibited by a lternating sand-ric h a nd sand-poor 
sections of the Saunders Group. 

Paleocurrent readings indicat e a strongl y unimoda l 
c urre nt direction to the northeas t wh ic h pe rsisted throughout 
deposition of th e Saunders Group. Coal was deposited in 
abandoned meander loops and on the floodplain both 
proximally and distally from active c ha nne ls. 

Stru c ture is the principa l factor in determining th e 
locat ion of mineab le coa l deposits in the Coal Valley and 
ad jacent a reas of the outer Foothills belt. However, within a 
st ructurally favourab le a rea, knowle dge of th e 
sedi me ntological framework within whic h th e coal was 
deposited can a id in a logical approach t o ex plora tory drilling 
and provide th e key to ex plaining th e la t e ral variations 
observed in the coal deposits. 
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Field Sample 
and Laboratory 
Preparation No. 

77-TS-3-38 
P2056- 1 

77-TS-3-38a 
P2056-2 

77-TS-3-28 
P2056-3 

77-TS-3-25 
P2056-4 

77-TS-3-23 
P2056-5 

77-TS-3-19 
P2056-6 

77-TS-3-18 
P2056-7 

77-TS-3-14 
P2056-8 

77-TS-3-10 
P2056-9 

77-TS-3-9 
P2056-10 

77-TS-3-7 
P2056-11 

77-TS-3-4 
P2056-12 

77-TS-3-1 
P2056-13 

APPENDIX l 

PALYNOLOGY 

by A.R. Sweet 

Selected pollen and spore taxa, comments and age 

Comments: Pollen and miospores very sparse; fungal hyphae, fungal spores 
and coa!y fragments abundant, herbaceous debris common. 

Comments: Bisaccate pollen; smooth tri!ete spores and fungal spores common, 
preservation poor; coa!y fragments and woody materia! abundant. No diagnostic 
forms other than one specimen of Pesavis observed. 

Comments: Pollen and miospores sparse to common; woody materia! abundant; 
fungal spores sparse. 

Comments: Pollen and miospores rare; woody and herbaceous materia! abundant. 

Brevico!porites copella Anderson 1960 (abundant) 
Comments: Pollen and miospores abundant; other types of organic debris sparse. 

Paraa!nipollenites aJterniporus (Simpson) Srivastava; 197 5 (sparse) 
Comments: Pollen and miospores common; preservation poor (degraded); in 

addition to ParaaJnipollenites, common large inaperaturate pollen grains, 
Cyathidites and Laevigatosporites; herbaceous materia! abundant; woody 
materia! sparse. 

Comments: Pollen and miospores very sparse; coaJy fragments abundant; 
coarse fraction with abundant megaspores [Azolla cf. f'::_. velus (Diskstra) Jain 
and Hall 1969] and seeds. The combination of sparse pollen and miospore 
recovery with abundant Azolla megaspores and seeds might well indicate 
that the unit which this sample represents was deposited either within or 
adjacent to an open body of water. 

Comments: Pollen and miospore recovery very sparse; woody and coa1y materia! 
common. 

Comments: As above except for abundant woody and coaJy material. 

Comments: As in C-69116. 

Comments: As in C-69116. 

Comments: As in C-69116. 

Comments: As in C-69116. 

GSC Loc. No. 

C -69130 

C-69132 

C-69126 

C-69122 

C-69121 

C-69119 

C-6911 8 

C-69116 

C-69112 

C-69111 

C-69109 

C-69107 

C-69103 

Age of Section 77-TS-3: The combined occurrence of Brevico!pori tes copella, ParaaJnipolleni tes alterniporus and A zolla cf. A. 
velus together with the low pollen and miospore diversity in all the above samples from the Section 77-TS-3 indicates an early 
PaJeocene age for this section. 

77-TS-5-20 
P2056-14 

77-TS-5-14 
P2056-15 

Comments: Pollen and miospores very sparse; herbaceous and woody fragments 
abundant; sparse fungal material. 

Cingu!atisporites dakotaensis StanJey 1965 
Insu!apollenites rugu1atus Leffingwell 1970 
UJmoideipites krempi Anderson 1960 

Comments: Pollen and miospores sparse; preservation poor; degraded herbaceous 
materia! abundant. 

C -711 97 

C-71194 
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Field Sample 
and Laboratory 
Preparation No. 

77-TS-5-12 
P2056-16 

77-TS-5-9 
P2056-17 

77-TS-5-5 
P2056-18 

Selected pollen and spore taxa, comments and age 

Comments: Sample effectively barren; coaly, woody and herbaceous debris sparse. 

Cingulatisporites dakotaensis Stanley 1965 
Comments: Polle n and miospores abundant; woody debris common. In addition 

to the above species the sample contains abundant bisaccate pollen and 
Laevigatosporites a nd some Osmundacidites. 

Comments: Sparse coaly material; sample effectively barren. 

GSC Loc. No. 

C-71192 

C-71190 

C-71187 

Age of Section 77-TS-5: The com bined occurrence of Cingulatisporites dakotaensis, Insulapollenites rugulatus and Ulmoideipites 
krempi together with the low pollen and miospore diversity indicates, as for Section 77-TS-3, an early Paleocene age for 
Section 77-TS-5. 

Section 77-TS- 5 spa ns part of the lowest coal horizon at Coal Valley. The lack of relic Maastrichtian forms such as Wodehouseia 
spp. and Agui lapollenites reticulatus might be t ake n to indicate that this coal horizon is younger than the Nevis seam which 
occu rs at the base of the Ardley coal zone at Huxley, Alberta and the Ferris coal zone of Saskatchewan. It is possible, however, 
that Section 77- TS-5 is correlative to the upper seams of the Ardley coal zone. To verify these observations the examination of 
more samples would be required. 

77-TJ-6-605 
P2056-19 

77-TJ-6- 604-
P2056-20 

77-TJ-6-602 
P2056-21 

77-TS-6-601 
P2056-22 

Agu ilapollenites amicus Srivastava 1968 (ra re) 
A. attenuatus Funkhouser 1961 (rare) 
fi_. calvus Tschudy and Leopold 1970 (scarce) 
10_. delicatus var. deli catus Tschudy and Leopold 1970 (rare) 
A. hirsutus Srivastava 1969 (rare) 
Carmarozonosporites conc innus Srivastava 1972 (sca rce) 
Cranwellia sp. (rare) 
Erdtmanipollis sp. (rare ) 
Liliacid ites complexus (Stanley) Leffingwell 1970 
Liburnisporis adnacus Srivastava 1972 (rare) 
Proteac idites auratus Srivastava 1969 (scarce) 
Wodehouseia cf. '!!__. avita Wiggins 1976 (rare) 

Comments: Pollen and miospore ab undant; preservation excellent; coaly debri s 
com mon. 

Comments: Sample effectively barren of palynomorphs; coaly material sparse. 

Aquilapollenites amicus Srivastava 1968 (rare) 
A. cf. A. attenuatus Funkhouser 1961 (rare) 
A. calvus Tsch udy and Leopold 1970 (rare) 
!i_. deTICatus var. delicatus Tschudy and Leopold 1970 (rare) 
A. hirsutus Srivastava 1969 (rare) 
!i_. retic ulatus (Mtchedlishvili) Tschud y and Leopold 1970 (rare) 
Liliacidites complexus (Stanley) Leffi ngwe ll 1970 (rare) 
Wodehouseia c f.'!!__. avita Wiggins 1976 
'!!__. spinata Stanley 1961 

Comments: Pollen and miospore common; preservation good; coaly debris and 
amorphous kerogen common. 

Aguilapollenites calvus Tschudy and Leopold 1970 (scarce) 
Carmarozonosporites conc innus Srivastava 1972 (common) 
Liliacid ites complexus (Stanley) Leffingwell 1970 (abundant) 

Comments: Pollen and miospores abundant; preservation excellent; coaly 
debris common. 

C-724-05 

C-724-04-

C-724-02 

C-724-01 

Age of Section 77TJ6: Based on the combined presence of a diverse assemblage of Aguilapollenites spp., Wodehouseia spp., 
Liliacidites complexus and Proteacidites auratus, this section is of Maastrichtian age. The presence of Wodehouseia spinata 
identifies the sect ion most closely with the Late Maastrichtian, Wodehouseia spinata Zone of Srivastava (1970) which spans the 
Battle Forma tion and overlying strata up to the Nevis coal horizon (base of the Ardley coal zone). The absence of Polycolpites 
pocockii and Aguilapollenites conatus combined with the presence of Proteacidites auratus might be taken to suggest a 
correlation only with the lowe r part of the Wodehouseia spinata Zone. 
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Field Sample 
and Laboratory 
Preparation No. 

77-TJ-1 4-1 9 
P2056-23 

77-TJ-14-13a 
P2056-25 

77-TJ-14-12 
P2056-26 

77-TJ-14-! 0a 
P2056-28 

Se lected pollen and spore taxa, comments and age 

Aquilapollenites argutus Srivastava 1969 (rare) 
A. cf. A. attenuatus Funkhouser 1961 (rare) 
A. hirsutus Srivastava 1969 (rare) 
!5_. cf. 10_. Jaticorpus Tschudy 1969 (scarce) 
A. c f. A. reductus Norton 1965 (common) 
A. sentus Srivastava 1969 (rare) 
A. validus Srivastava 1968 (scarce) 
CranweiT!a sp. (scarce) 
Kurtzipites sp. (scarce) 
Liburnisporis adnacus Srivastava 1972 (rare) 
Loranthacites pilatus Mtched li shvili 1961 (rare) 
Mancicorpus cf. _M. rostratus Srivastava 1968 
Orbiculapollis Jucidus Chlonova 1961 

Comments: Pollen and miospores abundant; preservation exce llent; diversity 
high; coaly material also abundant. 

Aquilapollenites argutus Srivastava 1969 (scarce) 
A. cf. A. attenuatus Funkhouser 1961 (rare) 
!;__. cf. !;__. laticorpus Tschudy 1969 (rare) 
A. cf. A. reductus Nor ton 1965 (scarce) 
A. sentus Srivastava 1969 (scarce) 
Bea.up;:eaidites sp. (concave sides, rare) 
~- cf. ~- angulatus (Samoilovitch) Sr ivastava 1969 (rare) 
Fibulapollis scabratus Tschudy 1969 (scarce) 
Gabonisporis bacaricumulus Srivastava 1972 (scarce) 
Liburnisporis adnacus Sr ivastava 1972 (rare) 
Liliacidites complexus (Stanley) Leffingwell 1970 (rare) 
Mancicorpus cf. _M. rostratus Srivastava 1968 (rare) 
Pulcheripollenites krempii Srivastava 1969 (rare) 
P. narcissus Sr ivastava 1969 (scarce) 
Senipites drumhellerensis Srivastava 1969 (rare) 

Comments: As for C -711 31. 

Aguilapo11enites amygdaloides Srivastava 1968 (rare) 
10_. argutus Srivastava 1969 (rare to scarce) 
A. cf. A. attenuatus Funkhouser 1961 (scarce) 
!;__. augustus Sr ivastava 1969 (scarce to common) 
10_. cf. 10_. laticorpus Tschudy 1969 
10_. pulcher Funkhouser 1961 (rare) 
A. cf. A. reductus No rton 1965 (scarce to corn m on) 
A. reticulatus (Mtchedlishvili) Tschudy and Leopold 1970 (rare) 
A. sentus Srivastava 1969 (scarce to common) 
A. validus Srivastava 1968 (rare) 
CranweiT!a spp. (scarce) 
Expressipollis sp. (rare) 
Fibulapollis scabratus Tschudy 1969 (scarce) 
Gabonisporis bacaricumulus Srivastava 1972 (scarce) 
Liburnisporis adnacus Srivastava 1972 (rare) 
Liliacidites complexus (Stanley) Leffingwell 1970 (rare) 
Mancicorpus cf. _M. rostratus Srivastava 1968 (rare) 
Proteacidites sp. (rare) 
Pulcheripollenites narcissus Srivastava 1969 (rare) 

Comments: As for C-71131. 

Aquilapollenites cf. 10_. attenuatus Funkhouser 1961 (scarce) 
A. hirsutus Srivastava 1969 (rare) 
A. cf. A. reductus Norton 1965 (rare) 
A. sentus Srivastava 1969 (rare) 
FibUiaj?Oilis scabratus Tschudy 1969 (rare) 
Gabonisporis bacaricumulus Srivastava 1972 (rare) 
Proteacidites spp. (rare) 

Comments: As for C-711 31 except for lower diversity and more abundant 
bisaccate pollen. 

GSC Loc. No . 

C-71 131 

C-71117 

C-71115 

C -7111 2 

29 



Field Sample 
and Laboratory 
Preparation No. 

77-TJ-1 4- 18 
P2056-29 

77-TJ-14-6 
P2056-30 

77-TJ-14-5 
P2056-31 

77-TJ-14-3 
P2056-32 

77-TJ-14-1 
P2056-33 

Selected pollen and spore taxa, comments and age 

Aguilapollenites argutus Srivastava 1969 (abundant) 
A. cf. A. attenuatus Funkhouser 1961 (common) 
A. hirsutus Sr ivastava 1969 (scarce) 
!;__. cf. 6_. laticorpus Tschudy 1969 (scarce) 
Beaupreaidites angulatus (Samoilovitch) Srivastava 1969 (scarce) 
Cranwellia sp. (rare) 
Fibulapollis scabratus Tschudy 1969 (abundant) 
Gabonisporis bacaricumulus Srivastava 1972 (common) 
Kurtzipites spp. (abundant) 
Liburnisporis adnacus Srivastava 1972 (rare) 
Mancicorpus rostratus Srivastava 1968 
Pulcheripollenites narcissus Sri vastava 1969 (rare) 

Comments: As for C-711 31 except for abundant Spermatites spp., Molaspora and 
Styx and less coaly debris. 

Aguilapollenites augustus Srivastava 1969 (sca rce) 
A. hirsutus Srivastava 1969 (rare) 
!;__. cf. 6_. laticorpus Tschudy 1969 (rare) 
A. cf. A. redu ctus Norton 1965 (scarce) 
A. sentus Srivastava 1969 (rare) 
A. validus Srivastava 1968 (rare) 
CranweiTla spp. (scarce) 
Gabonisporis bacaricumulus Srivastava 1972 (scarce) 
Liburnisporis adnacus Srivastava 1972 (rare) 
Mancicorpus !"Ostratus Srivastava 1969 (rare) 

Comments: As for C-711 12 

Comments: Po llen and miospore recovery very sparse; coaly debris abundant; 
some megaspores recovered. 

Comments: Pollen, miospores and coaly debris sparse. No diagnostic forms 
observed. 

Aguilapollenites cf. 6_. attenuatus Funkhouser 1961 (scarce) 
A. hirsutus Srivastava 1969 (abundant) 
!;__. cf. 6_. laticorpus Tschudy 1969 (common to abundant) 
Cranwellia spp. (scarce) 
Gabonisporis bacaricumulus Srivastava 1972 (scarce) 
Kurtzipites spp. (abundant) 
Liliacidites complexus (Stanley) Leffingwell 1970 (common) 
Mancicorpus rostratus Srivastava 1969 (common) 
Pulcheripollenites krempii Srivastava 1969 

Comments: As for C-7111 2. 

GSC Loc. No. 

C-71110 

C-71108 

C -711 07 

C-711 05 

C-711 03 

Age of Section 77TJ 14: Utilizing the range chart given for angiospermous pollen from the Edmonton Group by Srivastava 
( 1970), it appears that the assemb lages recovered from this section are best assigned to either the Pulcheripollenites krempii 
Zone IV or the Mancicorpus vancampoi Zone V - M· vancampoi being morphologically very similar to M· rostratus. Hence, this 
section is most probably of Early to late Early Maastrich tian age. 

77-TJ-27-3c 
P2056-34 

77-TJ-27-3b 
P2056-35 
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Agui lapollenites cf. 6_. attenuatus Funkhouser 1961 (rare) 
A. calvus Tschudy 1970 (scarce) 
!;__. pulcher Funkhouser 1961 (scarce) 
A. reductus Nor ton 1965 (eo m m on) 
A. cf. A. sentus Srivastava 1969 (scarce) 
Beauprea!CiTteSocculatus (Samoilovitch) Srivastava 1969 (rare) 
Circumflexipollis sp. (scarce) 
Cranwellia sp. (rare) 
Liburnisporis adnacus Srivastava 1972 (scarce) 
Wodehouseia spinata Stan ley 1961 (scarce to common) 

Comments: Pollen and miospores abundant; preservation slight ly degraded; coaly 
debris common. 

Comments: Pollen and mispores sparse; herbaceous and coaly material abundant. 
No diagnostic forms observed. 

C-71169 

C-711 68 



Field Sample 
and Laboratory 
Preparation No. 

77-TJ-27-3a 
P2056-36 

77-TJ-27-1 
P2056-37 

Selected polle n a nd spo re taxa, comments and age 

Aguilapolle nites at t enuatus Funkhouser 1961 (rare) 
A. reductus No rton 1965 (common) 
Circumflexipollis sp. (scarce) 
Cranwelli a sp. (rare) 
Expressipollis sp. (rare) 
Gunnera microreticulata (Belsky, Boltenhagen and Potonie) Leffingwell 1970 (rare) 

Comments: Pollen a nd miospores and coaly debris abu ndant. 

Aguilapolle nites at te nuatus Funkhouser 196 1 (rare) 
6_. pulcher Funkhouser 1961 (rare) 
A. reductus Norton 1965 (scarce) 
C ircu mf lex ipolli s sp. (com mon) 
Gu nnera microreticulata (Belsky, Boltenhagen and Potonie) Leffi ngwell 1970 (scarce) 
Paraalnipollenites alte rniporus (Simpson) Srivastava 1975 (rare) 
Wodehouseia spinata Stanley 196 1 (scarce) 

Comments: Pollen a nd miospore sca rce; preservation good; herbaceous and coaly 
debris abundant. 

GSC Loc . No. 

C-711 67 

C-711 63 

Age of Sect ion 77TJ27: Like Section 77TJ6, Section 77TJ27 can be refe rred to the Wodehouseia spinata Zone VIII of Late 
Maastrichtian age. Unfo rtunately it is not possible to resolve with ce rta inty the relative stratigraphic position of these two 
sections. 

Gene ra l comments : Utilizing palynology, Eliuk (1 969) and Gunther and Hills (1 972) proposed a corre lation between the Brazeau 
and overlying strata in th e Foothills with the Uppe r Cretaceous and Tertiary stra t a of the Plains. Eliuk (1969) considered strata 
contiguous to the Entrance Conglome ra te to be cor re la tive with the basal part of the Wodehouseia spinata Zone based on his 
recovery of assemblages simila r to those from Sections 77TJ6 and 27 of this report. 

Gunther and Hills (1 972) considered the uppe rmost coal-bearing inte rval ( 15 m to about 60 m) of the Blacks tone River as 
corre la tive with the Paskapoo Formation (Paskapoo Formation plus Scolla rd Member) based on the presence of Azolla schopfii 
Dijkstra 1961. Both Snead ( 1969) a nd Sweet (1972) report 6_. schopfii as occurring as low as the base of the Ardley coal zone at 
Huxley (Nevis seam) which occu rs within the upper part of the Scollard Formation of Gibson (1976). Azolla schopfii is also found 
within a nd above th e Ferris coal zone of Saskatchewan. Hence, Gunther and Hills ' report of Azolla schopfii does not exclude the 
possibility of th e ir 15 t o 60 metre inte rva l be ing corre lative with the uppe r part of the Scollard Form a tion (M e mber). Rather it 
t e nds to support this corre la tion as 6_. sc hopfii is the dominant species of Azolla within t he Ar dley coal zone inte rv a l. In the 
Paskapoo Formation, 6_. sc hopfii occurs in reduced numbe rs and usua ll y in associat ion with two other species, Azolla s t anleyi Jain 
and Ha ll 1969 and A. bu lbosa Snead 1969. 

Gu nthe r a nd Hills (1 972) ass ign th e uppe r middle part of the ir section (about the 150 to 300 m interval) t o the Scollard 
Membe r (Formation) based in par t on the presence of Azolla filosa Snead 1969 and A. la uta Snead 1969. These species are t wo of 
the dominant taxa of Azolla in the lowe r part of the Scollard Formation (Snead, 1 %9; Sweet , 1972) below the Nevis seam. It is 
therefore likely that their 150- to 300-metre interval does, as they state, belong to the Scollard Member (Formation). More 
exactly, it is probable that this inte rval is corre lati ve with the Frenchman, Hell Creek a nd Lance Formations. 
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APPENDIX 2 

DATA ON PALEOCURRENT READINGS 

A. Summary of fie ld data for tabular planar c rossbedding ( Sp) and inc lined bedding (Sh) 

Tilt Mean 
Mean c rossbed 

Location Bedding Crossbedding correc ted azimuth 
set thickness Li thofac ies 

(metres) 

oooo /00° 065°/25° 0.60 
045°/20° 51° 30' 1.00 Sp 
055°/15° 1.00 

3-13 225°/58° 240°/4?0 352°/19 ° I. 30 Sp 
232°/57° 20?0/46° 103°/24° 89°30' 2.20 Sh 
232°/57° 205°/30° 076°/3 1° 2.20 Sh 

6 050°/10° 055°/35° 057°/25° 0.50 Sp 
065°/35° 072°/25° 69° 0.50 Sp 
070°/35° 078°/25° 0.50 Sp 

8W -40 041°/35° 034°/45° 013°/11° 16° 0.50 Sh 
034°/50° 019°/15° 0.50 Sh 

8W -42 040°/35° 040°/53° 040°/17° 22° 
0.50 Sh 

025°/57° 004°/23° 0.50 Sh 

8W-44 040°/35° 045°/56° 095°/15° 0.50 Sh 

8N-5 040°/35° 045°/46° 060°/11° 1.00 Sp 
053°/36° 075°/12° 8?0 1.00 Sp 
050°/46° 130o/08o 1.00 Sp 

8N-6 040°/35° 048°/56° 06r/2oo 170 I. 20 Sp 
017°/46° 332°/20° I. 20 Sp 

8E- 53 015°/50° 037°/40° 145°/19° 1.00 Sp 

8E-55 015°/18° 039°/5?0 051°/38° 0.50 Sp 

10 230°/60° 220°/30° 058°/28° 0.50 Sh 

12 060°/24° 050°/40° 035°/17° 1.00 Sp 

14 035°/50° 020°/58° 327°/16° 0.25 Sh 

25 050°/17° 015°/40° 356°/28° I. 50 Sp 

28 045°/44° 025°/70° 356°/29° 0.30 Sp 

30 005°/05° 005°/25° 005°/19° 1.50 Sp 
005°/35° 005°/29° 6°40' 1.50 Sp 
OJ00/300 010°/24° 1. 50 Sp 

31 0150/JOO OJ00/300 007°/19° 2.00 Sp 
000°/25° 350°/15° 359° /30' 2.00 Sp 
005°/30° 360°/20° 2.00 Sp 

32 005°/15° 035°/33° 055°/22° 0.80 Sp 
055°/30° 084°/23° 0.50 Sp 
065°/25° 102°/22° 74° 0.50 Sp 
045°/25° 080°/16° 0.50 Sp 
075°/26° 110°/25° 0.50 Sp 

33 195°/45° 215°/18° 003°/28° 0.25 Sp 
210°/30° 350°/17° 60 0.30 Sp 
200°/23° 010°/22° 0.50 Sp 

34 030°/55° 050°/60° 117°/20° 0.50 Sh 

37 055°/21° 085°/30° 125°/16° 0.25 Sp 
080°/35° 110°/19° 109° 0.40 Sp 
075°/33° 104°/16° 0.40 Sp 

38 275°/25° 055°/10° 076°/34° 0.25 Sp 

39 195°/14° 185°/25° 1720/JOO 0.50 Sh 

40 215°/18° 165°/10° 070°/14° 0.20 Sh 

41 025°/60° 030°/71° 055°/10° 0.50 Sp 
030°/76° 025°/63° 235°/12° 74° 0.20 Sp 
030°/37° 051°/65° 075°/32° 1.20 Sp 
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Tilt Mean Mean crossbed 
Location Bedding Crossbedding corrected azimuth set th ickness Li thofacies 

(metres) 

42 025°/50° 055°/75° 098°/36° 0.40 Sp 
015°/35° 025°/63° 040° /27" 47° 1.50 Sp 
025°/41° 028°/55° 040°/13° 1.00 Sp 

43 055°/10° 050°/40° 049°/30° 0.50 Sp 
080°/27° 093°/18° 53°30' 0.50 Sp 
035°/20° 020°/11° 0.50 Sp 

44 030°/15° 065°/34° 090°/23° 0.20 Sp 

46 015°/40° 000°/50° 315°/15° 325°30' 0.30 Sh 
010°/65° 002°/23° 0.20 Sh 

47 040°/15° 020°/37° 007°/22° Sp 
045°/40° 050°/25° 52° Sp 
080°/40° 099°/30° Sp 

52 170°/05° 205°/32° 210°/27° 0.80 Sp 

54 040°/25° 005°/38° 327°/23° 1. 50 Sp 

55 040°/20° 045°/35° 053°/15° 0.50 Sp 

57 225°/05° 225°/25° 225°/19° 0.50 Sp 
210°/30° 210°/25° 2JJO 0.80 Sp 
115°/!8° 100°/20° 0 . 30 Sp 

58 255°/26° 195°/]0° 097°/22° 1. 00 Sp 
185°/!0° 097°/24° 97° 1.00 Sp 
200°/!0° 097°/21° Sp 

60 230°/05° 080°/20° 073°/25° 0.50 Sp 

61 oooo /00° 245°/20° Sp 
255°/20° 265° Sp 
295°/!8° Sp 

B. Summary of field data for trough crossbedding A-axis 

Bedding 
A-axis Mean Mean crossbed 

Location of t rough az imuth thickness (me t res) 

8N- 8 040°/35° 055° 1. 20 

11 235°/15° 11 5° 0.80 

23 030°/]4° 035° 0.50 
045° 0 . 50 
055° 21 °25 ' 0.50 
355° 0 . 50 
005° 0 . 50 
025° 0.50 
350° 0.50 

24 025°/ 15° 070° 77°30' 0.50 
085° 0 . 50 

36 205°/35° 215° 212°/30' 0 . 90 
210° 0.50 

51 345° 0 . 50 
005° 0.40 
030° 21° 50' 0.60 
035° 0.50 
040° 0 . 70 

52 100° 0.60 

53 350° 0.50 
025° 16 ° 50' 0.50 
035° . 0.50 

59 040° 0.50 
075° 58°25' 0 . 50 
060° 0.50 

Mean = 33°40' 
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c. Summary of field data for c ross-lamina tion (rib-and-furrow st ructure) 

Location Bedding Rib and Furrow* 

3- 13 225°/58° 230° 
8W- 31 030°/41° 020° 

8W- 37 038°/39° 018° 

8E- 17 040°/45° 025° 

8E-36 045°/45° 025° 

9 205°/65° 065° 

10 230°/60° 060° 
065° 
050° 

14 035°/47° 083° 

20 055°/25° 050° 
060° 
065° 
075° 

21 025°/05° 053° 

23 030°/14° 340° 
350° 
000° 

27 037°/45° 165° 
175° 
180° 

29 000° / 00 ° 040° 
000° 

47 015°/!5° 055° 
050° 

57 200°/05° 125° 
170° 
210° 

*Implied paleoflow direction. 
Mean = 57°20' 

D. Orientation of pebble imbrication in Entrance Conglomerate 

Location 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

34 

Bedding 
Dip direction 
of AB plane 

180°/65° 
175°/60° 
205°/50° 
190°/55° 
170°/70° 
165°/68° 
195°/70° 
200°/75° 
225°/75° 
220°/70° 
215°/75° 
210°/70° 
205°/60° 
225°/70° 
215°/70° 

Tilt 
correc ted 

260°/10° 
260°/40° 
263°/36° 
255°/33° 
245°/30° 
242°/33° 
235°/27° 
234°/16° 
209°/27° 
195°/22° 
170°/10° 
151°/33° 
133°/23° 
135°/33° 
125°/35° 

Mean azimuth 

62°30' 

168°/20' 

Mean 
azimu th 



Plate I 

a. Outcrop SW. V a! d'Or coal seam interbedded with sandstone beds of crevasse splay origin (c.s.) 
and overlain by a sandstone bed of levee origin ( 1). 

b. Close-up view of same wa ll. Three sandstone beds of splay origin (c.s.) are present within 
the coal and associated very fine grained sediments. Compare with columnar section 
SW up to bed 39. 
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Plate 2 

a. Outcrop 8W. Sharp contact between Val d'Or coal seam and overlying sandstone bed of splay 
origin. Note cross-lamination in sandstone bed (lithofacies Sr). 

b. Detail of Ji thofacies Sr in the same bed. Current direction from left to right. Scale is 
3.8 cm square. 

c. Outcrop 27. Ripple marks on upper surface of sandstone. 



Plate 3 

a. Outcrop 8W. Sharp contact between sandstone bed of splay origin Oithofacies SI) and Yal 
d'Or seam. Slight loading deformation of coal. Note plant stems and roots (r) visible in 
lowermost part of sandstone bed. 

b. Outcrop 8, bed 7. Relicts of plant roots in Yal d'Or coal seam. 

c. Outcrop 8W, bed 14. Plant stems on intrabedding surface of sandstone unit of splay origin. 
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Plate 4 

a. Outcrop 3. Point bar sequence with fining-upward grain size. Note the upward vertical 
succession of structures: planar crossbedding (Sp), trough crossbedding (St) and cross
lamination (Sr). 

b. Details of lithofac ies St and Sr in 4a. 



Plate 5 

a. Outcrop 4. Sandstone bed of crevasse splay origin within the Silkstone coal seam. 

b. Detail of contact between the same beds as 5a. 
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Plate 6 

a. Outcrop SE. Val d'Or coal seam with interbedded sandstone beds of crevasse splay origin 
(c.s.), over lain by sediment of levee {1) and lacustrine (la) origin. 

b. Detail of lithofacies Fcf, the lacustrine deposits of 6a. 



Plate 7 

a. Outcrop 10, beds 3 and it. Upper bedding plane of planar c ross bedded and cross -laminated 
units of sandstone. 

b. Outcrop 10, bed it. Upper bedding plane with trough cross-lamination. Note small dune with 
current direc tion indicated by arrow. 

c. Upper intrabedding surface of the same unit showing rib-a nd-furrow struc ture. Current 
from bottom to top. 
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Plate 8 

a. Outcrop 8, bed 43. Typical thin channellag deposit. 

b. Detail of same bed as 8a. 

c. Outcrop 14, bed 14. Fragment of claystone bed with desiccation crack pattern found among 
redeposited claystone clasts in intraformational conglomerate. Scale is 3.9 cm/wide. 



Plate 9 

a. Outcrop 8W, beds 39 and 40. Incline bedded unit of sandstone (lithofacies Sh) overlying 
carbonaceous shale. 

b. Outcrop 3, bed 17. Flat and wavy laminated sandstone (lithofacies Sl) of c revasse splay 
origin between coal and claystone beds. 

43 



Plate 10 

a . Outcrop 33. Entrance Conglomerate with sandstone lenses. 

b. Detail of lOa showing imbrication of pebbles. 



Plate 11 

a. Outcrop 3!. Fining-upward sandstone unit. A thick, medium- to coarse-grained planar 
crossbedded unit at the base Oithofacies Sp) is overlain by meidum- to fine -grained 
sandstone with low angle crossbedding passing laterally into horizontal bedding 
Oithofacies SI). 

b. Outcrop 36. Trough crossbedded unit Oi thofacies St). 
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Plate 12 

a. Outcrop 61. Co-set of planar crossbedded sandstone Oithofacies Sp) form ing roof rock of 
Mynheer coal seam. 

b. Outcrop 59. Trough crossbedded sandstone (li thofacies St) forming roof rock of Mynheer 
coal seam. 
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