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PREFACE 

Recent paleontological research has shown the importance of conodonts as key index 
fossils in the Paleozoic and parts of the Mesozoic. The age of the Waterways Formation, in 
dispute for many years, has been defined more precisely by the author by means of its conodont 
assemblages. Such definition is important to our understanding of the boundary between the 
Middle and Upper Devonian in Alberta. It is now possible to correlate the Waterways Forma­
tion with the standard reference sections in Europe and North America and furthermore, the 
age relationship of the Waterways Formation to the oil-producing Swan Hills Formation of 
central Alberta has been more clearly established. 

Research in systematic paleontology is one of the means by which the Geological Survey 
of Canada provides data for the calibration of the geological time scale so necessary for the 
precise dating and correlation of the rocks that make up the geological framework of Canada. 

D. J. McLAREN, 

Director, Geological Survey of Canada 
OTTAWA, July 1973 
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CONODONTS OF THE WATERWAYS FORMATION 
(UPPER DEVONIAN) OF NORTHEASTERN 

AND CENTRAL ALBERT A 

Abstract 

Two formal conodont zones and one informal fauna, all of Late Devonian 
age, are recognized in the Waterways Formation of northeastern and centra l Alberta. 
The informal Spathog11athod11s i11sit11s fauna (Klapper et al., 1971) occurs in the 
Firebag Member and in the lower part of the Calumet Member. The upper part 
of the Calumet Member and the lower111ost part of the Christina Member belong 
in the Lower Pofygnathus asymmetricus Zone. The Middle Pofyg11ath11s asymmetricus 
Zone extends through most of the Christina Me111ber into the lower part of the 
Mildred Me111ber. Conodonts of this zone were found previously in the upper part 
of the Mildred Me111ber (Po ll ock, 1968). Both zones are regarded as directly correl­
ative with conodont zones defined in the Rhenish Schiefergebirge of Germany 
(Ziegler, 1958, l962b, 1971). The age of the underlying Slave Point Formation of 
northeastern and north- central Alberta is considered to be Middle Devonian 
(Norris, 1963; McGill, 1966); therefore, the Middle-Upper Devonian boundary 
is placed at the Slave Point- Waterways contact. 

In the reefoid Swan Hills Formation of central Alberta, diagnostic conodonts 
were recovered on ly from the upper part of the formation in two wells. They indicate 
the Lower P. asymmetricus Zone for that interval. 

Form-taxonomy is utilized in the systemat ic paleontology, with some form­
species grouped into conodont apparatuses (of Klapper and Philip, 1971, 1972) 
where possible. Ramiform and simple cone form-genera are omitted from this 
st udy, a lthough their presence is recorded where recognizable in order to complete 
the listing of the vicarious skeletal ele111en ts of these appara tuses. The conodont 
co llection of l ,9 I 5 speci111ens, referable to l I genera, 31 species, and 2 su bspecies 
(in for111-taxonom y), is described and figured. The col lection a lso includes 2,260 
specimens assigned to 11 for111-genera and which are identified to for111-generic 
level only. 

Resume 

L'auteur reconnait deux zones definies a conodontes et une faune indefinie, 
datant du Devonien superieur, dans la for111ation Waterways du nord-est et du 
centre de !'Alberta. La faune indefinie Spat/10g11athod11s i11sit11s (Klapper et al., 
1971) est presente dans le niveau de Calumet. La partie superieure du niveau de 
Calumet et la partie la plus basse du niveau de Christina appartiennent a la zone 
inferieure a Polyg11at/111s asy111111etric11s. La zone 111oyenne a Pofyg11at/111s asymmetricus 
s'etend a travers la plus grande partie du niveau de Christina jusque dans la partie 
inferieure du niveau de Mildred. On a trouve precede111111ent Jes conodontes de 
cette zone dans la partie superieure du niveau de Mildred (Pollock, 1968). On croit 



ces deux zones en correlation directe avec les zones a conodontes definies dans le 
Rhenish Schiefergebirge d'Allemagne (Ziegler, 1958, 1962b, 1971). On croit que 
la formation Slave Point du nord-est et du centre-nord de !'Alberta qui forme le 
substratum daterait du Devonien moyen (Norris, I 963; McGill, 1966), c'est pour­
quoi Ja limite entre le Devonien moyen et le Devonien superieur est fixee au contact 
Slave Point-Waterways. 

Dans la formation recifale de Swan Hills du centre de !'Alberta, on a preleve 
dans deux puits des conodontes diagnostiques provenant de la partie superieure 
seulement. !Is indiquent la zone inferieure a P. asymmetricus pour cet intervalle. 

L'auteur a utilise la taxonomie des formes de la paleontologie systematique 
avec certaines especes de formes groupees dans les appareils de conodontes (de 
Klapper et Philip, 1971, 1972) lorsque, c'etait possible. Les genres ramifies et ceux 
qui ont simplement la forme de cones sont exclus de cette etude, bien que leur 
presence, lorsque reconnaissable, soit enregistree afin de completer la liste des 
elements squelettiques substitutifs de ces appareils. L'auteur decrit et enumere 
la collection de conodontes de 1,915 specimens, soit 11 genres, 31 especes, et 2 
sous-especes (selon la taxonomie de la forme) . La collection comprend aussi 2.260 
specimens attribues a 11 genres selon la forme et qui ne sont identifies qu'au niveau 
du genre de la forme. 



INTRODUCTION 

Since the initiation of the name Waterways Formation by Warren (1933, p. 149), the 
age of this formation and of its partial subsurface equivalent, the Beaverhill Lake Group, 
has been subject to considerable debate. In more recent years, for example, Loranger (1965b, 
p. 824, 833) considered the Waterways Formation to be Middle Devonian (Givetian), where­
as McGill (1963, p. 2; 1966, p. 104, 106) has suggested that it is Late Devonian (Frasnian). 
Pollock (1968, p. 418) dated all but the basal limestone unit of the Beaverhill Lake Group 
of central Alberta as Frasnian, whereas Mound (1968, p. 455) considered the group to be 
entirely in the Upper Devonian Upper Polygnathus asymmetricus Zone. 

The purpose of this paper is to determine whether the age of the Waterways Formation 
of northeastern (in its type area) and central Alberta can be established more clearly with 
the aid of conodont identification. It is hoped that this will lead to a clearer definition of 
the Middle- Upper Devonian boundary in these areas. A summary account of this study 
has already been presented (Uyeno, 1967). 

For this investigation, 259 samples of the Waterways Formation from 35 sections along 
the Athabasca River and the Clearwater River and its tributaries were studied . Fifty of 
these samples were collected in 1956 by Dr. A. W. Norris of the Geological Survey of Canada, 
and the remainder by the author in 1964. In addition, 318 cored samples from nine wells 
distributed through northeastern and central Alberta were also examined. Localities of the 
outcrop sections and wells investigated are listed in the appendix, and some outcrop stations 
are indicated on Figure I . 

Most of the cores studied from central Alberta are from wells in the vicinity of the 
Judy Creek and Swan Hills field areas. Following Murray (1965, p. 308, 309) and Leavitt 
and Fischbuch (1968, p. 291) the term Waterways is used instead of Beaver hill Lake for 
these areas, with the latter used as a group term. 

Previous Work 

Insofar as is known, W. D. MacDonald (1955, p. 106) was the first to note conodonts 
in the Waterways Formation. He recorded these fossils from the Moberly and /or Christina 
Members in the Alberta Government Salt well No. I and /or the Industrial Minerals Limited 
Salt well No. 1 (see Appendix for details of both wells). Later Carrigy (1959, p. 99, 105, 109) 
reported conodonts from the Firebag and Christina Members in these same wells. Loranger 
(1963, Parts 1-3; 1965a) undertook a microfaunal study, including conodonts, of the Water­
ways Formation and other strata in ten wells, most of which are located at or near the out­
crop sites along the Athabasca and Clearwater Rivers. Pollock (1968) and Mound (1968) 
studied conodonts obtained from cores of the Beaverhill Lake Group from wells in central 
Alberta. 

Original MS. submitted ; 2 May, 1972. 
Final version approved for publication ; July 1973. 
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GENERAL STRATIGRAPHY 

The Waterways Formation 

The stratigraphy and history of geological investigations of the Waterways Formation 
have been discussed in detail by Norris (1963, p. 25-39). Only a brief resume of some of 
the key publications is presented here. 

The name Waterways Formation was initially applied by Warren (1933, p. 149) to 
Devonian rocks overlying an evaporitic sequence in the lower Athabasca River district. 
Its thickness was given as 405 feet, based on the log of a salt well at McMurray (Alberta 
Government Salt well No. I ; see Fig. 1 and Appendix for location). The upper boundary 
was stated as being an erosiona l surface. Wells subsequently drilled in the area west of 
McMurray have shown that an add itional 300 feet of Devonian strata occurs disconformably 
below the Lower Cretaceous McMurray Formation (the "Athabasca Tar Sands") . The 
stratigraphic position of the Waterways Formation in its type area is shown on Table 2. 

Belyea (1952, p. 12, 36-44) described the sequence in one of these wells, the Bear Bilt­
more No. 1 well (7-ll-87-17W4th) (see Fig. 1), and referred it to the Beaverhill [Lake] 
Formation. Crickmay (1957, p. 7-9) noted that the additional 300 feet in this well is both 
lithologically and paleontologically related to the Waterways Formation. Using the data 
from both this well and outcrops, he divided the interval into five members which are, in 
ascending order: Firebag (depth 1,512- 1,682.5 feet), Calumet ( =Calmut) (1,410-1,512 
feet), Christina ( 1,320- 1,410 feet), Moberly ( l , 120- 1,320 feet), and Mildred (980-1, 120 feet), 
and referred the interval to Warren's Waterways Formation. Crickmay (1957) and Norris 
(196~, p. 26-37) listed the lithologic characters and subsurface thicknesses of each member: 
Firebag, approximately 170 feet, composed of shale and argi llaceous limestone, with Tec­
nocyrtina bi//ingsi (Meek), Desquamatia cf. independensis (Webster), Eleutherokomma im­
pennis Crickmay, etc.; Calumet, about 102 feet, resistant, consists of fine-grained and elastic 
limestone, argillaceous limestone, and some shale, with Stropheodonta costata Stainbrook 
and Eleut!ierokomma cf. impennis Crickmay ; Christina, about 90 feet, argillaceous lime­
stone, limestone, shale, and some sandy limestone and sandstone, with small forms of 
Eleutherokomma; Moberly, about 200 feet, composed of dominantly elastic limestone, 
argillaceous limestone, and some shale, with zones of Eleutherokomma hamiltoni Crickmay 
(upper 80 feet) and A llanaria allani (Warren) (lower 120 feet) ; and Mildred (980-1,120 feet; 
not exposed), 140 feet, composed of argi llaceous limestone and shale, with Eleutherokomma 
killeri Crickmay. The reader is referred to Norris (1963) for complete lists of fossils in these 
members. The generalized columnar section of the Bear Biltmore No. I well is shown on 
Table I. 

Only part of the formation is exposed in the outcrops, with the lower boundary covered, 
and the upper boundary an erosional surface. For these reasons, Norris (1963, p. 25) stated 
that a definitely designated subsurface reference section presenting a complete sequence 
was desirable, and selected the Bear Biltmore No. 1 well as the logical choice for such a 

4 



~ 

.... z 
)> 0 

~ " m 

f :-" 

!:('.' ~ 
" s. 
a. 
n 

.;;· 
0 

c r ,, ::r 
;;· 

" n 

~ 
g· 
~ 

O' , a. 
s. "'" c;· 

[ 
:I 

!;. 
~ 

a 
" iD" 3 
n 

~ .. "-
~ n 

0 
:I ~ 0 
"-3 0 0 

a ;;; 
z 

O' p 

3 -• -0 
!1, 

~ 
~ 

~· 
~ :;· 

~ ;g ::r 

" g 
~ 
a 
.. ~ a 
~ 
..,, 
a 
3 a 
g. 
? 

Spathognathodus 
ms1tus fauna 

Firebag Member 

~-t-I 3 ~ I 
~ :;, Middle Polygnathus --+--? 
~ ~ -asymmetric us Zone I 

~~ I 
~3 , c 
. " ~~::: 

WATERWAYS FORMATION 

Calumet Christina 
Member Member 

Moberly Member 
Mildred 

Member 

-(l 
g 0 
3 z ' 0 
~ g 
£· ~ ~ en 

g I 8 I 8 I 2 2 I 8 8~ I I l I I I I I l I -------------1 

--------------------- --------13-------= --------------------

_________ ,__ f------

----------~ 

~ 
0 0 

0 
~ 
0 

-

~ N ~ 
g ~ 

Spathognathodus gradatus 

Polygnathus xylus 

Polygnathus sp. B 

Polygnathus brevilammus 

Polygnathus noms1 

Polygnathus asymmetricus asymmetncus 

lcriodus expansus 

/criodus brevis brevis 

/criodus nodosus s.1. 

Polygnathus webb1 

01plododella auflta 

H1bbardella sp. A 

Spathognathodus ms1tus 

Spathognathodus? sp. 

Ancyrodella rotund1/oba bmodosa 

H1bbarde//a sp. B 

Ancyrodella rotundiloba subsp. A 

Polygnathus mcompletus 

Polygnathus et. P. decorosus 

Nothognathella klappen 

Ancyrodella gigas 

Ancyrodella rotundiloba alata 

Polygnathus asymmetricus ova/is 

Nothognathella sp. A 

Nothognathella b1crisrata 

Falcodus? cf. F.? tortus 

Palmatodella ? pandens 

Polygnathus sp. A 

Spathognathodus cf. S. brevls 

Enantiognathus cl. E. /ipperti 

Playtordia primitiva 

Nothognathe//a brevidonta 

Enantiognathus lipperti 



CONODONTS OF THE WATERWAYS FORMATION 

section of the Waterways Formation. According to Norris (1963 , p. 25-26), " In this well 
the Waterways formation may be defined as the sequence of shale and a rgillaceous limestone 
alternating with mainly limestone units lying between the top of the Livock River forma­
tion, and the base of the Devonian Cooking Lake formation of the Woodbend group. In 
this well the Waterways formation is 701.5 feet thick lying between depths of 981 to 1,682.5 
feet. The lower contact is drawn at the base of a sequence of greenish grey calcareous shale 
and argillaceous limestone resting on limestone or dolomitic limestone of the Livock River 
formation . The upper contact in this area is transitional and is placed at the highest cal­
careous shale and shaly limestone which is overlain by the Cooking Lake limestone forma­
tion of the Woodbend group." Unfortunately, the cores of this well had been utilized almost 
completely by previous workers and were unavailable to the writer for examination in 1964. 
A general table of upper Middle Devonian through Cretaceous formations in the outcrop 
area is shown on Table 2. 
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Period or epoc h 
Formation and 
thickness (feet) 

LOWER 

CRETACEOUS 
McMurray 

UPPER Waterways 

DEVONIAN 1702= 

MIDDLE 2 Livock River 
DEVONIAN l 5.5·?13 

Thickness in subsurface 

Not exposed. 

Member and 
thickne ss (feet) 

Unconformity 

2 Mildred 
'1 40 

Moberly 
1200= 

Christina 
l go= 

Calumet 
1102= 

Fire bag 
1170 = 

? Unconformity 

Li thology 

Argillaceous limestone and shale 

Clastic limestone, argiUaceous 
limestone, and some shale 

Argil laceous limestone, limestone, shale, 
and some sandy limestone and sandstone 

Resistant fine.grained and elastic limestone, 
argillaceous limestone, and some shale 

Shale and argillaceous limestone 

Limestone, some dolomite in places 
brecciated and associated with shale 

.. 1140 

. 
2 Mildred 

GSC 

Noteo (A fter Norris. 1963. p. 71 

TABLE 2. Upper Middle Devonian through Cretaceous formations in the Athabasca­
Cleorwater Rivers area, northeostern Alberta. 



GENERAL STRATIGRAPHY 

The Swan Hills Formation 

The oil-producing unit of the Beaverhill Lake Group of central Alberta was named 
the Swan Hills Member by Fong (1959, p. 97; 1960, p. 199). Murray (1966. p. 4) expressed 
his belief that this unit should be of formational rank in the Judy Creek field area. In the 
Swan Hills field area, Leavitt and Fischbuch (1968, p. 290, 291) considered the Swan Hills 
as a formation, and grouped it together with the Waterways and Fort Vermilion Formations 
as units within the Beaverhill Lake Group. This practice was continued by Leavitt (1968, 
p. 306) and by Sheasby (1971, p. 382). 

The Swan Hills Formation is composed of organic and bioclastic limestones in the 
form of massive carbonate reefs. In the type well, the Home Regent "A" Swan Hills 10-10 
(I0- 10-67- IOW5th), the formation is 333 feet thick, and occurs in the interval between 
8, 167 and 8,500 feet (see Fig. 1 for location). On the basis of colour and lithology, this 
interval was divided into the informal lower Dark Brown unit (66 feet thick) and the upper 
Light Brown unit (267 feet thick) (Fong, 1959, p. 99-101). Leavitt and Fischbuch (1968, 
p. 294) noted that these informal subdivisions are not everywhere recognizable. 

Following Leavitt and Fischbuch (1968, p. 290, 291 ), the two established names (Water­
ways and Beaverhill Lake) are retained in the Swan Hills area, with the Waterways and 
Swan Hills referred to as formations of the Beaverhill Lake Group. This practice has been 
subsequently followed by others (e.g., Hemphill et al., 1970, p. 56). In the type area of north­
eastern Alberta, the name Waterways Formation is used in the sense of Crickmay (1957, 
p. 7-9) and Norris (1963, p. 25-37). 

The Beaverhill Lake Group 

The name Beaverhill Lake Formation was proposed by the geological staff of the 
Imperial Oil Limited ( 1950, p. 1832) for the sequence of limestone and shale between the 
Elk Point and Cooking Lake Formations in the subsurface of central Alberta. The type 
section was selected in the Anglo-Canadian Beaverhill Lake No. 2 well (I l-l l-50-l 7W4th), 
between the intervals of 4,325 and 5,047 feet, a total thickness of 722 feet (see Fig. I for 
location). 

The Committee on Slave Point and Beaverhill Lake Formations (1964, p. 60) correlated 
the upper five members of this formation with the Waterways Formation. It further in­
cluded within the Beaverhill Lake Formation, in west-central Alberta, the underlying Slave 
Point and Fort Vermilion Members, and in the east-central and southern part of the prov­
ince, the "basal limestone." 

As noted above, in the Swan Hills area, Leavitt and Fischbuch (1968, p. 290, 291) 
raised the Beaverhill Lake to a group status, and included in it the Waterways, Swan Hills, 
and Fort Vermilion Formations. 

The Slave Point Formation 

The term Slave Point, as proposed by Cameron (1918, p. 25, 26), included Middle and 
Upper Devonian rocks in the Great Slave Lake region. Norris (1965, p. 78) excluded the 
Upper Devonian strata from the Slave Point Formation. Subsequent to Cameron's pro-
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CONODONTS OF THE WATERWAYS FORMATION 

posal, the term has been extended to the subsurface, initially by Law (I 955a, p. 83; 1955b, 
p. 1943-1949) and by others since that date (e.g. , Belyea and Norris, 1962, p. 13- 14). 

The formation attains its maximum thickness in the area north of the Peace River 
arch where it measures from 200 to 400 feet thick (Committee on Slave Point and Beaver­
hill Lake Formations, 1965, p. 63), or up to 500 feet (Griffin, 1965, p. 14; Hemphill et al., 
1970, p. 62). To the south and west of the arch, there is a general thinning of the formation, 
and in the Bear Biltmore N o. I well (in the vicinity of McMurray), for example, it is only 
5i feet thick. 

The Slave Point Formation, as used by Law (I 955a, b) in northwestern Alberta, and 
by Belyea and Norris (1962, p. 14) in southern District of Mackenzie and adjacent areas, 
consists of two members: the lower Fort Vermilion, and the upper unnamed. The lower 
member consists of dolomite, limestone, and anhydrite in northern Alberta. The upper 
member consists of limestones with intervals of stromatoporoids, commonly containing 
Amphipora (Belyea and Norris, ibid.). Fort Vermilion was raised to a formational status 
by Norris (1963, p. 59). Griffin (1965, p. 35) included only the upper member in his Slave 
Point Formation, and suggested that it is a facies equivalent of his "Lower Beaverhill Lake" 
(Firebag and Calumet Members of the Waterways Formation), and the basal part of the 
Christina Member. The Committee on Slave Point and Beaverhill Lake Formations (1964, 
p. 60) similarly considered the Slave Point Formation as a partial Beaverhill Lake correlative. 

Leavitt and Fischbuch (1968, p. 292, 293) correlated the Slave Point Formation ( = Livock 
River Formation) in the Bear Biltmore No. I well with Fong's (1959, p. 99- 101) Dark 
Brown unit plus part of the overlying Light Brown unit of the Swan Hills Formation. 

The age of the Slave Point fauna in the Gypsum Cliffs area of northeastern Alberta 
is clearly Middle Devonian (Norris, 1963, p. 63). In the type area, the formation, in its 
restricted usage of Norris, was tentatively considered as Middle Devonian (Norris, 1965, 
p. 78). McGill (1966, p. l 04, 106) studied the ostracodes from the Slave Point Formation 
in the Lesser Slave Lake area, and concluded that they indicate a probable late Givetian 
age. He further suggested that the Givetian-Frasnian boundary occurs at the Slave Point­
Beaverhill Lake contact. In the type Waterways area, the Livock River Formation carries 
the Desquamatia independensis fauna of late Givetian age (Norris and Uyeno, 1972, Fig. 2). 
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PREVIOUS PALEONTOLOGICAL INVESTIGATIONS AND 
CORRELATIONS OF THE WATERWAYS FORMATION 

AND THE BEA VERRILL LAKE GROUP 

A detailed summary of previous age assignments and regional correlations of the 
Waterways Formation was given by Norris (1963, p. 37- 39). Consequently, only a brief 
resume of this summary is given here, while those studies published subsequent to Norris' 
contribution are dealt with in more detail. 

Warren (1933, p. 149) considered the Waterways fauna to indica te a Portage age; it 
was further noted to bear a considerable resemblance to the fauna of the Snyder Creek 
Shale of Missouri. Subsequently, the Waterways fauna has been compared also with those 
of the Cedar Valley Limestone of Iowa and the Tully Formation of New York. 

Those workers who have considered the Waterways Formation as Middle Devonian 
and have correlated it with the Cedar Valley Limestone and /or the Tully Formation include 
Crickmay (1950, p. 220- 222) and Taylor (1957, p. 192; 1958, p. 19). McLaren (1954, p. 169) 
correlated the Waterways with the lower part of the Flume Formation in the Rocky Moun­
tains, and further with the Cedar Valley Limestone; the age of the latter unit, however, 
was undecided, and considered by him as late Middle or early Late Devonian. Belyea and 
McLaren (1957, p. 276) noted the anomalous presence of Pachyphyllum, a typical Upper 
Devonian coral genus, in the Waterways' Calumet Member ; they were consequently hesitant 
in a definite correlation of the Waterways Formation with the Cedar Valley Limestone. 

Those who considered the Waterways as an Upper Devonian formation, and correlated 
it with the Snyder Creek Shale include Warren (1933, p. 149), Warren and Stelck (1950, 
p. 72), McLaren (1962, p. 15), and Norris (1963, p. 39). Three fossil zones were established 
in the Waterways Formation by Warren and Stelck (1950, p. 70- 73), namely, in ascending 
order: Lingula cf. spatulata, Allanaria allani, and Eleutherokomma hamiltoni. Of these, the 
faunas in the upper two zones were considered to be closely allied to the Snyder Creek 
Shale. McLaren (1962, p. 13) noted that the lower Waterways Formation contains many 
new elements bearing little resemblance to the faunas of the beds below. The underl ying 
units carry, in the main, a coral fauna, whereas the Waterways and its equivalents carry 
a stromatoporoid- tabulate- brachiopod fauna, most of which is new. Further, like the 
Snyder Creek Shale, the Waterways carries, in addition to these new forms, relict Middle 
Devonian elements. Norris (1963, p. 39) listed, from among many brachiopod species present 
in the Snyder Creek and the Waterways Formation, nine species from each of these sequences 
which were considered to be closely related and probably biostratigraphically significant. 
Of the nine species from the Snyder Creek, two are present also in the underlying Callaway 
Limestone and the Cedar Valley Limestone. 

Bassett (1952, p. 158) correlated the upper half of the Waterways Formation with 
the Snyder Creek Shale of Missouri, and the lower half with the Cedar Valley Limestone 
of Iowa. 
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CONODONTS OF THE WATERWAYS FORMATION 

The age assignments based on conodonts and macrofaunas of the Snyder Creek Shale 
and the Cedar Valley Limestone are discussed elsewhere. 

In the Swan Hills Formation, Fong (1960, p. 207) recovered some fossils from the 
lower part of the Light Brown unit, and from the Dark Brown unit of the Home Regent 
"B" 10-13 well (10-13- 67-l 1W5th), which indicate the uppermost Lingu!a spatu!ata zone. 
He noted that these foss ils, combined with those from the dense beds overlying the Swan 
Hills Formation, " ... indicate a continuous Waterways equivalence in the cored part from 
the upper part of the Lingu!a spatu!ata zone low in the Waterways to the base of the E!eu­
therokomma !educensis zone." The zones are those established by Warren and Stelck (1950). 
The Swan Hills Formation and the immediately overlying beds, therefore, were correlated 
with parts of the Waterways Formation. 

According to Koch (1962, p. 621), "the fauna of the Swan Hills member belongs in 
the A!!anaria a!!ani and E!eutherekomma [sic] hami!toni zones of the middle Waterways 
formation, and there is a suggestion that part of the Lingu!a cf. spatu!ata zone is present 
in the basal portion." 

The Committee on Slave Point and Beaverhill Lake Formations (1964, p. 60) correlated 
the Light Brown unit with the Waterways Formation (i.e., with the top five members of 
the Beaverhill Lake "Formation"), and the Dark Brown unit wit h the Slave Point Forma­
tion of northeastern Alberta, and with the "basal limestone" (the lowest member of the 
Beaverhill Lake "Formation") of east-central and southern Alberta. 

Subsequent to Norris' ( 1963) publication, several papers have appeared on various 
aspects of the Waterways faunas and their age assignments. Loranger (1963, Parts 1-3; 
l 965a) undertook a microfaunal study of this formation in ten wells, most of which are 
located at or near outcrop sites a long the Athabasca and Clearwater Rivers. Based on her 
study of several groups of microfossils, including conodonts, she (1963, Part I, p. 6) ass igned 
a Givetian age to all of the Waterways Formation, except the uppermost Mildred Member. 
This was considered as "transitional" between the Givetian and Frasnian beds. In a later 
paper by Loranger (1965b, p. 824), the Middle- Upper Devonian boundary was sti ll considered 
as transitional, but placed stratigraphica lly even higher, ranging from the Cooking Lake­
Duvernay boundary up into the Ireton Formation. 

McGill (1963, p. 1) dated an ostracode fauna from the Waterways Formation in the 
Bear Biltmore No. 1 well as latest Middle Devonian and earliest Late Devonian. He later 
(1966, p. I 06) studied ostracodes from the underlying Slave Point Formation in wells located 
near the Lesser Slave Lake, wh ich he dated as probably late Givetian, and suggested that 
the Givetian-Frasnian boundary occurs at the Slave Point-Beaverhill Lake contact. 

In a series of papers, Stearn (196la, 1962, 1963) investigated the stromatoporoid faunas 
of: (I) the Fairholme Group, and Alexo and Palliser Formations of the Rocky Mountains; 
(2) the Waterways Formation from its outcrop areas in northeastern Alberta; and (3) the 
Swan Hills Formation in the subsurface of north-central Alberta. He (196Jb, p. J55A; 
1963, p. 653- 654) noted, after comparing the Waterways stromatoporoid fauna with those 
from its correlative strata, i.e., the Swan Hills Formation, and the Cairn and Flume Forma­
tions of the Rocky Mountains, that of 31 species only five occur in more than one area, 
and only one (Amphipora ramosa Phillips) is common to all. The Swan Hills fauna was 
concluded to be a mixture of late Middle and early Late Devonian elements. 

The Swan Hills Formation varies in thickness and, at its maximum development, may 
indeed occupy the entire time interval represented by the Waterways Formation. 

Norris (1965, p. 85) recovered, among other species, Ladogioides pax McLaren from 
the Hay River Formation exposed on the northwest side of Great Slave Lake. On the basis 
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PREVIOUS PALEONTOLOGICAL INVESTIGATIONS AND CORRELATIONS 

of this species and associated fossils, he correlated these beds with the Firebag Member of 
the Waterways Formation of the Clearwater and Athabasca Rivers area, and with the 
Peace Point Member of the Waterways Formation of the Gypsum Cliffs section of north­
eastern Alberta. 

Murray (1965, p. 305- 306) stated that the term Beaverhill Lake "Formation" should 
be abandoned in favour of the Waterways in the Judy Creek field area of central Alberta, 
and gave several valid reasons for its proposal. 

Griffin (1965, p. 10, 28) proposed the terms "Lower and Upper Beaverhill Lake" to 
include the Firebag and Calumet Members, and the Christina, Moberly, and Mildred Mem­
bers, respectively. He further considered the Slave Point Formation of northeastern British 
Columbia, and his "Lower Beaverhill Lake" plus the lower part of the Christina Member, 
to be facies equivalent. Where the Slave Point was sampled for conodonts in the present 
study, the fauna was meager and undiagnostic (see Appendix). 

Pollock (1968) and Mound (1968) studied conodonts of the Beaverhill Lake Group 
obtained from cores in wells located in central Alberta. Both studies extended to other 
formations, and the Waterways comprised only a small part of the total scope. 

Fischbuch (1968), in his stratigraphic study of the Swan Hills reef complexes, examined 
stromatoporoids, algae, corals, and ostracodes. Within the Swan Hills Formation, he noted 
the important change in the stromatoporoid faunas at the boundary between his divisions 
V and VI, and that this boundary also marks the last occurrence of Middle Devonian ostra­
codes. This, combined with a lithological break at this boundary, led Fischbuch to consider 
that this hiatus contains the Middle- Upper Devonian boundary. 

Leavitt (1968) conducted a facies analysis of the Swan Hills Formation in the Carson 
Creek North reef complex, located immediately southwest of the Swan Hills reef complex. 
Besides stromatoporoids, he examined several fossil groups including corals and brachiopods. 

Hemphill et al. (1970, Fig. 7, p. 63- 64) correlated the basal part of the Swan Hills 
Formation in the Swan Hills field with the Calumet Member of the Waterways Formation. 
Both the Slave Point Formation and the Firebag Member, Waterways Formation, were 
considered to wedge out east of the Swan Hills region. 

Plicated cyrtiniform brachiopods, common in the lower part of the Waterways Forma­
tion of northeastern Alberta, were assigned to a new genus, Tecnocyrtina (Johnson and 
Norris, 1972). Based on the distribution of T. billingsi (Meek), they (ibid., p. 566-571) cor­
related the Waterways Formation with various other localities and stratigraphic units. 
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THE CONODONTS OF THE WATERWAYS FORMATION 

In this study, form-taxonomy (as opposed to multielement taxonomy, or apparatuses) 
is utilized. Where possible, these form-species have been referred to the apparatuses that 
were established by Klapper and Philip (1971, 1972) and by Lindstrom and Ziegler (1966) 
and Ziegler (1972). 

The general distribution of selected conodont form-species in the Waterways Forma­
tion is shown on Table l. A total of 1,9 15 specimens are referable to 11 genera, 31 species, 
and 2 subspecies. ln add it ion, three specimens referable to Lindstrom and Ziegler's (1966) 
apparatus are listed, together with 2, 147 specimens (ramiform and simple cone elements) 
that are identified to form-generic level on ly. Among those samples collected by Dr. A. W. 
Norris of the Geological Survey of Canada, four yielded specimens that are figured 
herein . These four samples yielded a total of 188 specimens, referable to 14 selected form­
species, and 9 ramiform and simple cone form-genera that are identified to generic level 
only (see Appendix) . The number of specimens of each fo rm-species recovered from each 
member of the Waterways Formation and of the Swan Hills Formation is shown on Table 
3. Those specimens from the Norris collection a re not included in this table, but are given 
separately in the appendix. 

On Table 1, occurrences in the Swan Hills Formation have been omitted because the 
exact correl ation of this unit to the reference section of the Waterways Formation (of Norris, 
1963, p. 25) is not clearly known, although some evidence is present (see, e.g., Leavitt and 
Fischbuch, 1968, p. 295). The evidence provided by conodonts and other fossils is discussed 
elsewhere in this report. 

Well-preserved conodonts were recovered from throughout the formation . The abun­
dance of specimens varies considerably from sample to sample, but generally, of the outcrop 
samples, the Moberly Member yielded more spec imens per unit weight than ot her members. 
The highly a rgillaceous Fi rebag and Christina Members were the least productive. This 
may be due to the more rapid deposition of shale in comparison to limestone (see Lindstrom, 
1964, p. 68). 

The reefoid Swan Hills Formation yielded only a meager conodont collection, and 
specimens are generally fragmentary. Because all samples were treated similarly, the differ­
ence in preservat ion is very probably of primary sedimentological origin. 

Collecting Localities 

Outcrops 

Jn preparation of this report, 122 samples from l l sections along Athabasca River 
and 87 samples from 24 sect ions along Clearwater River and its tributar ies, of the Water­
ways Formation, were collected and st udied. Some outcrop localities, with the same station 
numbers of Norris (1963), are marked on Figure I, A complete list of localities is given 
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WATERWAYS AND SWAN HILLS FORMATIONS 

CDNODONTS (form-species) 
•Apparatuses of KLAPPER and PHILIP (1971) 

Ancyrodella gigas 

Ancyrodella rotund1/oba alara 

Ancyrodella rotund1loba bmodosa 

Ancyrodella rotund1/oba su bsp. A 

Enant11gnathus l1ppert1 

Enantiognarhus et. E. llppert1 

Hibbardella sp. A 

H1bbardella sp. B 

/criodus brev1s brevis 

/cr1odus e1tpansus 

lcflodus nodosus s.I. 

Nothognathella b1cristara 

Nothognathella brev1donta 

Nothognathella sp. A 

"Pandorinellina ms1ta 

Spathogna thodus ms1tus 

Palmatodella ? paridans 

Playford1a pflm1t1va 

"Meso tax1s asymmetries 

Diplododella aunta 

Falcodus? cf. F. ? rortus 

Nothognathella klappe" 

Polygnathus asymmetricus asymmetf/cus 

Polygnathus asymmetflcus ova/is 

Polygnathus brevilaminus 

Polygnathus et. P. decorosus 

Polygnathus mcompletus 

Polygnarhus noms1 

Polygnathus webbi 

Polygnathus xylus 

Polygnathus sp. A 

Polygnathus sp. B 

Spathognathodus et. S. brevis 

Spa thognathodus gradatus 

Spathognathodus ? sp. 
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E 
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~ 
00 'i: 
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,_ 

s 0 s 0 s 0 s 0 s 

21 25 

II 

3 6 I 12 

49 6 2 2 60 

II 

l 23 16 2 11 8 1 4 9 I 76 

57 12 9 10 65 8 10 13 l 185 

43 3 9 12 1 6 9 1 84 

134 2 7 3 590 37 5 8 1 787 

I 38 9 8 12 1 2 3 75 

13 14 

23 29 

16 l(?) 26 

18 l 40 

5 I 2 2 11 

2 34 40 

5 22 12 2 41 

2 3 

12 5 4 27 

6239386 3 3 70 

44 I 45 

7 5 12 10 44 

78 10 l 7 10 4 19 4 4 137 

GSC 
Note: ""Apparatuses above with only thei r partial constituent elements 

Subsurface . 
Outcrop . 

TABLE 3 . Numb e r of sp ecimens studi e d fr o m th e W a te rwa ys and Swan Hill s 
Fo rmotions (exclusive o f collection by A. W . Norris, 195 6; see App e nd ix) . 
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CONODONTS OF THE WATERWAYS FORMATION 

in the appendix (see Norris, 1963, Figs. 4, 7 for locations). Figure 2 illustrates a representative 
section of each member of the Waterways Formation exposed at Athabasca River and 
Clearwater River and one of its tributaries. In addition to this material, 50 samples collected 
in 1956 by Dr. A. W. Norris were studied. Four of these samples yielded specimens that 
are figured herein, and only these localities are referred to in the appendix. 

Some units of the Moberly Member are encountered repeatedly in outcrops along 
Athabasca River. For this reason, only those sections which give the most complete com­
posite sequence were studied. Columnar sections and their correlations of these selected 
sites are shown on Figure 3. Rock units used in the figure are those of Norris (1963), and 
the reader is referred to that reference for detailed lithologic descriptions. 

Subsurface 

Nine wells cored through various stratigraphic intervals of the Waterways and Swan 
Hills Formations were also studied (see Fig. 1). Of these, one is located within the townsite 
of McMurray, Alberta, and another in the town of Waterways, 2.7 miles southeast of the 
former. The other seven wells are distributed throughout the northeastern part and the 
central plains of Alberta, including the Judy Creek field area. The underlying Slave Point 
and Elk Point Formations also were examined for conodonts where cores were available. 
A total of 318 subsurface samples were studied. 

Stratigraphic columns of the cored intervals of each well studied, and their possible 
correlations, are shown on Figure 4. The base of the Swan Hills Formation is drawn as 
coinciding with the base of the Firebag Member, as has been done by Murray (1965, p. 
307-309; 1966, p. 5). The Committee on Slave Point and Beaverhill Lake Formations (1964, 
p. 60) and Leavitt and Fischbuch (1968, p. 454), however, considered at least the lower 
Dark Brown unit (of Fong, 1959) of the Swan Hills Formation to be in part correlative with 
the Slave Point Formation. The alternatives here have little or no bearing on the present 
study, as diagnostic conodonts were not recovered from either the Slave Point or the lower 
part of the Swan Hills Formation. 

Conodont Zonation 

Ziegler (l 962b) established a detailed conodont zonation of the Upper Devonian in 
Germany, based principally on sections in the Rhenish Schiefergebirge. The position of 
the Middle- Upper Devonian boundary was further elucidated in his later study (Ziegler, 
1966, p. 656- 658) by an introduction of a new conodont zone, the Schmidtognathus hermanl'i­
Polygnatlu.1s cristatus Zone. In the Martenberg section (of Ziegler, 1958, p. 9-11), the upper 
part of this new zone was subsequently found to be associated with a number of diagnostic 
goniatites, including Ponticeras pernai cf. applanatum (Wedekind), and was therefore con­
sidered to be lower Upper Devonian (Kullmann and Ziegler, 1970, p. 75). The lower part 
of this zone still was considered to be Middle Devonian although nothing diagnostic was 
found associated with it. 

The reported North American occurrences of the Upper S. hermanni-P. cristatus 
Zone have been consistently associated with Middle Devonian megafossils. The reader is 
referred to Johnson ( 1970, p. 2081, 2086, 2092-2093) and Klapper et al. (1971, p. 297-299) 
for details. 

Klapper et al. (1971, p. 300) introduced an informal unit, the Spathognathodus insitus 
fauna, which was defined as "the fauna dominated by the name-giver in strata below the 

14 



43 

42 
41 

40 

A. Firebag Member, Station 103, Athabasca River, 
east bank, 63.7 miles downstream from the 
Waterway's wharf, on a southern limb af a 
westward-plunging anticline; Rock Unit 2. 

122170 

C. Christina Member, Station 184, Christina River, 
west bank, 2.8 miles upstream from the con­
fluence of Clearwater River; Rock Units 40 to 
43, and the overlying unnumbered un it. (5-foot 
rod on the central left side of photo shows scale.) 

36 

35 

B. Calumet Member, Station 181, Cleorwater River, 
south bank, 22.4 miles downstream from the 
confluence of High Hill River; Rock Unit 35. 

37 

122127 

D. Moberly Member, Station 70, Athabasca River, 
east bank, 30.8 miles downstream from the 
Waterwoys' wharf, Rock Units 30 to 37. 

FIGURE 2. Outcrops of the Waterwoys Formction in northeastern Alberta . 
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FIGURE 3. Columnar sections of the Moberly Member on Athobosca River . 
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CONODONTS OF THE WATERWAYS FORMATION 

first appearance of Ancyrodella rotundiloba (all subspecies)." The interval characterized 
by this fauna is limited in vertical extent but is widespread in North America, being found 
in Missouri, Iowa, Illinois, Manitoba, and Alberta. The reader is referred to Klapper et al. 
(1971, Fig. 3, p. 298) for details of correlations of beds containing this fauna. This interval 
may be subdivided into: (!) the lower beds consisting of the upper parts of the Callaway 
Formation and Coralville Member, Cedar Valley Limestone of Missouri and Iowa, all of 
which have not yet been dated conclusively by associated megafaunas ; and (2) the upper 
beds consisting of the Firebag and basal Calumet Members of the Waterways Formation, 
northeastern Alberta; the Point Wilkins Member, and beds underlying between it and the 
basal shale, Souris River Formation, centra l Manitoba; and the State Quarry Limestone 
in Iowa, all of which contain Late Devonian brachiopods (McLaren, 1962, p. 13- 15; Norris 
and Uyeno, 1972, p. 211 - 215; Cooper et al., l 942). Consequently, the higher beds conta ining 
the S. insifus fauna may be dated as Late Devonian, and the lower beds may possibly be 
Middle Devonian, although they also are probably Late Devonian on the basis of Belgian 
evidence (see below). 

The S. insitus fauna may occupy the position of the Lowermost Polygnathus asymme­
tricus Zone, defined as the part below the first occurrence of Ancyrodella rotundiloba (Ziegler, 
1971, p. 267), but a direct correlation has not been established as S. insitus thus far is un­
reported from Germany. S. insitus was reported for the first time in Europe by Coen and 
Coen-Aubert (1971, p. 17) from the Assise de Fromelennes (Fie) at Ny in the Dinant Basin, 
Belgium. The Fie interval carries the Myophoria transrhenana Zone, and is assigned to 
the Frasnian (Lecompte, 1970, Table 3). This association further supports the Late Devonian 
age, at least in part, of the S. i11sit11s fauna. Further support is given by a sequence in the 
Waterways Formation in which there is a probable phylogenetic sequence from the S. 
insitus (Firebag Member) to forms transitional between S. i11situs and A. rotu11diloba binodosa 
(described herein, and by Uyeno, 1967, p. 11, Pl. 2, F igs. 2, 3, as Spathog11athoc/11s? sp.) 
(higher in the Firebag), and finally to A. rot1111diloba binodosa (midd le of Calumet and lowest 
part of Christina Members). This demonstrates the position of the S. i11sit11s fauna im­
mediately below the first occurrence of A. rotundiloba. 

Polyg11ath11s norrisi is associated with the S. i11situs fauna in the Waterways Formation, 
and in the Souris River Formation (Point Wilkins Member and beds underlying it) (Norris 
and Uyeno, 1972, p. 215). P. norrisi also occurs in the lower 22 feet of the "Allochthonous 
beds" overlying the Ramparts Formation in western District of Mackenzie, but there it 
occurs in the Lowermost P . asymmetricus Zone, and again in associat ion with Late Devonian 
brachiopods, including Tecnocyrtina bi//ingsi (Meek) (Pedder in Lenz and Pedder, 1972). 
This supports the suggestion of Klapper tf al. (1971, p. 300) of the possible equ ivalency, 
at least in part, of the S. insitus fauna and the Lowermost P. asymmetricus Zone. 

Schumacher ( 1971, p. 20- 21) studied conodonts of the Middle-Upper Devonian bound­
ary beds (Cedar Valley Formation, Snyder Creek Shale) of Missouri and adjacent states. 
He noted there the apparent mutual exclusion of S. insitus and the Upper hermanni-cristatus 
Zone, and considered the possibility that they, at least in part, are correlative and are facies 
equivalent. 

Polygnathus asymmetricus, the name bearer of the lower four Upper Devonian conodont 
zones, was found in the upper three members of the Waterways Formation, and possibly 
in the Firebag Member (see Table I). The combined range of another important index 
species, Ancyrodella rotundiloba alata, A. rotundiloba binodosa, and A. rotundiloba subsp. A 
extends from about the middle part of the Calumet through the top of the Moberly Member. 
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THE CONODONTS OF THE WATERWAYS FORMATION 

Ancyrodella gigas ranges from the basal part of the Christina(?) through Mildred Mem­
bers. As with earlier practice (Klapper et al., 1971 ), the first occurrence of A. gigas is assumed 
to be the base of the Middle P. asymmetricus Zone (Ziegler, 1962b, p. 19; 1971, Chart 5). 
The first appearance of the definitive species of the zone, Pa/mato/epis punctata (Hinde), 
is higher than that of A. gigas in North America, although they appear simultaneously for 
the first time in Germany (Ziegler, 1958, p. 13; 1971 , Chart 5). Pollock (1968, p. 428, Joe. 3, 
core depth 4,480 feet), for example, reported Pa/mato/epis punctata from the Mildred Mem­
ber. It is on this basis that the base of the Middle P. asymmetricus Zone is placed near the 
base of the Christina Member. 

Spathognathodus insitus ranges from the middle part of the Firebag Member through 
the Moberly Member. In summary, the Firebag Member and the lower part of the Calumet 
Member are placed in the Spatlrognathodus insitus fauna, most of the Calumet through 
basal Christina in the Lower P. asymmetricus Zone, and the remainder of the Waterways 
Formation in the MiddleP. asymmetricus Zone. Pollock (1968) has demonstrated the Middle 
P. asymmetricus Zone in the Mildred Member, in the interval above the highest point where 
conodonts were obtained in this study. 

Stratigraphically Significant Conodonts in the Swan Hills 
Formation and the "Basal Limestone" 

Swan Hills Formation 

Ancyrodella rotundi/oba binodosa occurs in the upper 17 feet of the Swan Hills Forma­
tion in the Imperial Shell Burntwood 12-6 well (l2- 6- 64- 12W5th) at depths of 9,457 and 
9,467 feet (see Appendix). That part of the reefoid unit in this well therefore is suggested 
to be approximately equivalent to the stratigraphic interval to which this subspecies is 
restricted in other localities; i.e., from the middle part of the Calumet through the basal 
Christina Member of the Waterways Formation. There is corroboration to this correlation 
of the upper part of the Swan Hills Formation in this well. Polygnathus incompletus occurs 
in the upper 17 feet of the unit in this same well, and in approximately the upper 2 feet in 
the Calstan SOBC House Mountain 2-·6 well (2-6-70-10W5th). Its range elsewhere, in 
the subsurface and the surface, is from the upper part of the Calumet through the middle 
part of the Christina Member. 

Enantiognathus /ipperti was recovered from about 24 feet below the upper boundary 
(depth interval 7,471.7-7,473.9 feet) of the Swan Hills Formation in the Calstan SOBC 
House Mountain 2-6 well (2- 6-70-lOW5th). About 104 feet below this occurrence (depth 
interval 7,575.9-7,578.2 feet), a specimen of Diplododel/a aurita was found, suggesting a 
possible Late Devonian age at least to this depth. The remaining approximately 17 feet of 
the Swan Hills Formation in this well was barren of conodonts. 

It appears, therefore, that, in attempting to correlate the Swan Hills Formation with 
the non-reefoid Waterways Formation, the conodont evidence is in agreement with the 
evidence given by others on the basis of macrofaunas and ostracodes (e.g., Stelck in Fong, 
1960, p. 207; Koch, 1962, p. 621; Braun in Fischbuch, 1968, p. 452). 
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"Basal limestone" with Ladogioides ( = Fire bag Member) 

Polyg11ath11s norrisi was found only in the Firebag Member in two wells and in the out­
crop samples. In a third well, the Union Red Earth 2- 22 well (2-22-88-8W5th), it also occurs 
in the "basal limestone" with Ladogioides, in an interval now considered to be Firebag 
Member (H. R. Belyea, pers. com ., 1972). Conodont evidence, therefore, is in agreement 
with that of the brachiopod genus Ladogioides which is restricted to the Firebag Member 
(Norris, 1963, p. 27, Fig. 8), and which is of earl y Frasnian age (McLaren, 1962, p. 66). 
The occurrence of Po/yg11athus norrisi elsewhere has already been noted in this paper. 
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CORRELATION OF THE WATERWAYS FORMATION 
ON THE BASIS OF CONODONTS 

In terms of the conodont-ammonoid zonation in the Rhenish Schiefergebirge of Ger­
many (Ziegler, 1962b, p. 16-19 ; p. 267, Chart 5), the Waterways Formation correlates with 
the Lowermost(?), Lower, and Middle P. asymmetricus Zones. These zones occur in the 
lowest part of the Manticoceras Stufe (doia). 

The following correlations of the Waterways Formation with some other localities in 
North America are drawn heavily from Klapper et al. (1971, Fig. 3, p. 298). As noted earlier, 
the Spathognathodus insitus fauna with Polygnathus norrisi, and a lso associated with Late 
Devonian brachiopods, is present in the Firebag and basal part of the Calumet Members. 
This interval occurs in the State Quarry Limestone of Iowa, the Coralville Member of the 
Cedar Valley Limestone of Illinois, the Point Wilkins and lower beds of the Souris River 
Formation of Manitoba (also associated with Polygnathus norrisi; N orris and Uyeno, 1972, 
p. 215), and the Maywood Formation of southwestern Montana (Klapper, 1968, p. 6-12). 
In the Dinant Basin in Belgium, this interval is probably represented, at least in part, in the 
Assise de Fromelennes (Fie) which carries the Myophoria transrhenana Zone of Frasnian 
age (Lecompte, 1970, Table 3). The Lowermost P. asymmetricus Zone (without S. insitus, 
but with P. norrisi) is represented in the "Allochthonous beds" of the Powell Creek section, 
western District of Mackenzie (Uyeno in Mackenzie, 1971, p. 491; Uyeno in Lenz and Pedder, 
1972, p. 37). 

The Lower P. asymmetricus Zone is present in the Calumet and basal Christina Members 
of the Waterways Formation, and probably in the upper 17 feet of the Swan Hills Formation 
in the Imperia l Shell Burntwood 12-6 well (12-6-64-12W5th) (see Appendix). It is also rep­
resented in an unnamed formation at Mary's Mountain, Nevada, the Squaw Bay Lime­
stone of Michigan , and the Genundewa Limestone of New York. 

The Middle P. asymmetricus Zone, without Palmatolepis punctata (Hinde), is present 
in the upper part of the Christina through the Moberly Member. This interval is also rep­
resented in the lower part of the Snyder Creek Shale of Missouri. Possibly it may be pres­
ent in the West River Shale Member of the Genesee Formation of New York (with A. 
rotundiloba alata) and in the Rock Grove Member of the Shell Rock Formation of Iowa 
(with A. gigas as the only diagnostic form found so far in it ; Anderson, 1966, p. 399-400). 

Pollock (1968, p. 428) recorded the lowest occurrence of Palmatolepis punctata in the 
Mildred Member of the Waterways Formation, and assigned this unit to the Middle P. 
asymmetricus Zone. This interval, with P. punctata, is also present in the Maligne Formation 
(=upper Flume, of de Wit and McLaren, 1950). In the upper beds of the Maligne Formation 
at the Saskatchewan Gap section, in an interval that is probably equivalent to the beds 
carrying the Eleutherokomma jasperensis fauna, Ancyrodella rotundiloba occurs with Palma­
tolepis subrecta Miller and Youngquist (Pollock, 1968, p. 425, 428; pers. com., 1972). This 
interval probably represents the upper part of the Middle P. asymmetricus Zone (Ziegler, 
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1958, Table 2). The basal Woodford Shale of Oklahoma also yielded this combination (Hass 
and Huddle, 1965, p. DJ26, loc. D). 

The conodonts of the Flume Formation at its type section require detailed study. The 
type section at Roche Miette in Jasper National Park is 151.5 feet thick (de Wit and McLaren, 
1950, p. 24). 

The macrofauna of the Waterways in the past has been compared closely by some authors 
with that of the Tully Formation of New York. The Tully lies within the upper part of the 
Po!ygnatlws mrcus Zone, and is therefore dated as late Middle Devonian (Klapper and Ziegler, 
1967, p. 71, 79). A Middle Devonian age assignment is supported by macrofaunal evidence 
(Cooper, 1968, p. 703- 704; Oliver et al., 1968, p. 1034). The goniatites reported from the 
Tully by House (1962, p. 272- 274) are regarded by Kullmann and Zielger (1970, p. 75) to 
represent a form closely related to Maenioceras or a predecessor of true Pharciceras because 
of its archaic suture. 
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SYSTEMATIC PALEONTOLOGY 

The form-taxonomy has been employed in the following systematic paleontology. 
Ramiform and simple cone form-genera are omitted from thi s study, although their abun­
dance and distribution are recorded on Table 4 (in pocket) in order to present all the data. 
Those form-species that are constituent elements of apparatuses as reconstructed by Klapper 
and Philip (1971, 1972) are so noted in the systematics and on the accompanying tables. 
The names of these apparatuses are li sted a lphabetically together with those of form-taxa. 

The types and figured specimens are deposited in the collections of the Geological Survey 
of Canada. 

Genus Ancyrodel/a Ulrich and Bassler, 1926 

Ancyrode//a Ulrich and Bassler, 1926, p. 48 . 
Ancyropenra MUiler and MUiler, 1957, p. 1092-1093. 

Type species. Ancyrodella 11odosa Ulrich and Bassler, 1926. 

Remarks. The Waterways collection includes juvenile specimens of Ancyrodel/a rotundi/oba 
binodosa Uyeno, which, in possessing only incipiently developed platforms, exhibit forms 
similar to those described herein, and by Uyeno (l 967, p. 11, Pl. 2, figs. 2, 3), as Spathogna­
thodus? sp. The latter, however, morphologically more closely resembles a Spatlrognathodus, 
similar to S. insitus (Stauffer). It lacks the platform of Ancyrodel/a, and possesses nodes as 
outgrowths of the lateral sides. Spathognatlrodus? sp. occurs in the upper part of the Firebag 
Member, whereas Ancyrodel/a rotundi/oba binodosa occurs in the middle part of the Calumet 
Member through basal Christina Member. Their morphological similarities and relative 
stratigraphic positions suggest a possible phylogenetic relationship between them. 

Klapper and Philip (1972, p. 99) regarded this genus in multiclement taxonomy as 
belonging to family Polygnathidae, and composed of six elements. 

Ancyrodel/a gigas Youngquist 

Plate 1, figures 1, 8, 9 

Ancyrode//a gigas Youngquist, 1947, p. 96- 97, Pl. 25, fig. 23 ; Anderson , 1966, p. 403, Pl. 48, figs. 10, 14; 
Szulczewski, 1971 , p. 12, Pl. 2, fig. 3, Pl. 4, fig. I. 

Polygnarhus rotundi/oba Bryant, Youngquist , 1947, p. 110, Pl. 26, fig. 6. 
Ancyrode//a rugosa Branson and Mehl, Pollock, 1968 , p. 428, Pl. 61, fig. I. 

Description. Triangular platform of nearly symmetrical to somewhat irregular outline. 
Upper surface of the platform with coarse, rounded nodes set in semi1egular arrangement. 
Secondary carinae not prominent; secondary keels, however, well developed, extending to 
the anterior end of the platform. 

Remarks. In his discussion of the evolution of Ancyrodella, Ziegler (I 962a) demonst1 ated 
that A. gigas was the postgenitor of A. rotundi/oba. The secondary keels of A. gigas are more 
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advanced, and exhibit forms characteristic of the genus, as illustrated by Ziegler (1962a, 
p. 151, text-fig. 4b). 

Range. In Germany, Ziegler (1958, 1962b) recorded the range of this species as the Middle 
P. asymmetricus Zone to the Upper P. gigas Zone. 

Figured specimens. GSC Nos. 20694, 24062, and 24063, GSC locs. 63317, 63356, and 64010, 
respectively. 

Ancyrode!!a rotundi!oba (Bryant) 

Polygnathus rot1111di/ob11s Bryant, 1921, p . 26- 27, Pl. 12, figs. 1-6, p. 26, text-fig. 7 [Pl. 12, fig. 1, is lectotype 
designated by Ziegler, 1958, p. 44 l. 

Ancyrodella rot1111diloba rotundiloba (Bryant), Glenister and Klapper, 1966, p. 799, Pl. 85, figs. 9-13 . 

Diagnosis. See Glenister and Klapper (1966, p. 799) and Uyeno (1967, p. 4). 

Remarks. Millier and Clark (1967, p. 906) noted that with their specimens of this species, the 
size of the pit remains more or less constant through various growth stages. While this is 
true, greater variations in the initial pit size are exhibited by the Waterways specimens. 

Range. The range of this species is from the Lower through Middle P. asymmetricus Zones 
(Ziegler, 1971). 

Ancyrode!!a rotundi!oba a!ata Glenister and Klapper 

Plate J, figures 3, 7 

Ancyrodel/a rotundiloba alata Glenister and Klapper, 1966, p. 799-800, Pl. 85, figs. 1- 8, Pl. 86, figs. 1- 4; 
Pollock, 1968, p. 424, Pl. 6 1, figs. 2, 3; Po Isler, 1969, p. 404, Pl. 4, figs. 1- 4; Seddon, I 970b, Pl. 7, 
fig. 4, Pl. 9, figs. 5, 6; Szulczewski, 197 1, p. 15- 16, Pl. I, figs. I, 2. 

Ancyrodel/a rotundi/oba (Bryant), Muller and Clark, 1967, p. 908, Pl. l 15, fig. 8 [1101Pl.I16, figs . 1-5 =A. 
rotundi/oba rotundiloba]. 

Ancyrode!la rotundiloba rot1111diloba (Bryant), Polsler, 1969, p. 404, Pl. 4, figs. 5- 8; Klapper and Philip, 
1972, p. 99, Pl. 2, fig. 6 [not figs. 7-13] . 

Diagnosis. See Glenister and Klapper, I 966, p. 799. 

Remarks. The specimen from the Squaw Bay Limestone illustrated by Millier and Clark 
(1967, text-figs. 5d, 6r) may be referable to this subspecies. Unlike the Western Australian 
and the Waterways specimens, the drawings of their specimen show both secondary keels 
well developed, extending to the margins of the platform, and the upper surface of the plat­
form ornamented with coarse nodes. Specimens with simi larly well-developed secondary 
keels are reported by Pollock (1968) and Szulczewski (1971). 

Representatives of this form-species constitute the P element of Type I apparatus, A. 
rotundi!oba a!ata of family Polygnathidae (Klapper and Philip, I 972, p. 99). 

Figured specimens. GSC Nos. 24064 and 24065, GSC Jocs. 63356 and 64010. 

Ancyrode!!a rotundi!oba binodosa Uyeno 

Plate 1, figures 2, 4--6; Plate 2, figures 2, 3, 5 

Ancyrodella rot1111diloba binodosa Uyeno, 1967, p. 4-5, Pl. 1, figs. 2, 4, 5; Coen and Coen-Aubert, 1971, p. 16. 
Ancyrodella rotundiloba (Bryant), Clark and Ethington, 1967, p . 29-30, Pl. 2, fig. 7 [1101 figs. 4, 6, 8-10. 

13- 15 = A. rot1111diloba a!ata]; Seddon, 1970a, Pl. 16, fig . I. 
Spathognathodus swanhillensis Pollock, 1968, p. 440-44 1, Pl. 63, figs. 1- 7. 
Ancyrodella cf. A. rotundi!oba (Bryant), Seddon, J 970b, Pl. 7, fig. 5. 
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Description. Triangular platform with a pair of large nodes, one on each side of the carina. 
Platform otherwise free of ornamentation, although a few incipient nodes may occur. Carina 
composed of a few short, stubby denticles. Free blade high, composed of a few denticles . 
Pit relatively large, occupying most of the lower surface of the platform, especially of smaller 
specimens. Secondary keels developed only incipiently. 

Remarks. The pit of A . rot1111di!oba binodosa is consistently relatively larger than that of A. 
rotundiloba a!ata or A. rot1111di!oba rotundi!oba (the latter from comparison with illustrations 
and dimensions given by others, e.g., Glenister and Klapper, 1966; Mullet and Clark, 1967). 
The last two subspecies have a diamond-shaped pit, whereas the pit of A . rotundi!oba 
binodosa is more oval-shaped. The pit of A. rotundi!oba subsp. A is even larger, with bifurca­
tion in some (see description of the latter subspecies). 

Two juvenile specimens were obtained from the base of the Christina Member (illus­
trated on Pl. 1, fig. 4 ; Pl. 2, fig . 3). These individuals exhibit a platform with the upper surface 
mostly occupied by large nodes. Most of the lower surface of the platfo1 m is occupied with 
a relatively large pit. In mature individuals, the platform attained a relatively larger size in 
proportion to the ftee blade, and the pit and the two nodes, although still large, occupied a 
relatively smaller area. The juvenile specimens are morphologically similar to Spathogna­
thodus? sp. [described herein]. 

Pollock (1968, p. 441, and pers. com., 1972) recorded this subspecies from two wells, 
both occurring within the Waterways Formation, in the Moberly and Calumet Members. 
Coen and Coen-Aubert (1971, p. 16) noted it in the unit F2a (=Schistes calcareux a Cyrto­
spirifer orbe!ianus; Lecompte, 1968, Pl. 7; 1970, Table 3) at Durbuy and Ny, Dinant Basin, 
and at Dourbes, in Belgium. These authors also noted that it is a rare subspecies, and that it 
has affiliation with Spathognathodus. 

Types. Holotype, GSC No. 22819, GSC loc. 29089; paratypes, GSC Nos. 22820 and 22821, 
GSC locs. 63115 and 63382. 

Figured specimens. GSC Nos. 24066 through 24069, from GSC locs. 80247, 63382, 63100, 
and 63118, respectively. 

Ancyrode11a rotundi!oba subsp. A 

Plate 2, figures 1, 4, 6-9 

Ancyrodel/a rot1111diloba subsp. A Uyeno, 1967, p . 5, Pl. I, figs. I, 3, 6. 
(?)Ancyrode//a rotundiloba ro11111diloba (Bryant), Szulczewski, 1971, p. 15, Pl. I, fig. 4 [1101 Pl. I , fi g. 3 = 

A. ro11111di/oba ro11111di/oba]. 

Description. Platform triangular to oval, sculptured with extremely coarse nodes; some 
specimens with a pait of larger nodes, one on each side of the platform. Free blade composed 
of a few high denticles. Pit small, diamond-shaped (e.g., illustrated on Pl. 2, fig. SA), or large 
with flaring lips, in some specimens, bifurcating at the termini (e.g., illustrated on Pl. 2, fig. 
6A). Secondary keels only incipiently developed. Lower surface of platform almost flat to 
highly undulating. 

Remarks. Some specimens included in this subspecies are similar to the nominate subspecies 
in their platform outline and the shape of the pit. Others have a more oval platform with a 
large pit. All, however, bear the extremely coarse nodes in contrast to the finer ornamentation 
of the nominate subspecies. 

25 



CONODONTS OF THE WATERWAYS FORMATION 

Three juvenile specimens of this subspecies (one illustrated on Pl. 2, fig. 4) exhibit forms 
somewhat similar to those of A. rotundiloba binodosa. In addition to the prominent pair of 
nodes, a few small nodes are already present on the platform. 

Szulczewski (1971) considered this subspecies as synonymous with the nominate sub­
species. The basis for this was that MUiler and Clark (1967) regarded Squaw Bay forms with 
similar platform outline and upper ornamentation as integral variations within the ontogeny 
of A. rotundiloba. Some of these Squaw Bay specimens may also fall within the present 
subspecies. That they are not juvenile representatives is attested by their large size, similar in 
dimensions to those given by MUiler and Clark (1967). 

Figured specimens. GSC Nos. 22822, 22823, 22824, 24070, 24071, and 24137, from GSC locs. 
62691, 63119, 62828, 80428, 29282, and 63306, respectively. 

Genus Dip/ododella Bassler, 1925 

Type species. Diplododella bi/a/era/is Bassler, 1925. 

Remarks. See Huddle, 1968, p. 12 for diagnosis and revised description of this genus. 

Diplododella aurita (Sannemann) 

Plate 8, figures 3, 6 

Ro1111dya aurirn Sannernann, 1955, p. 153, Pl. 5, fig. 11 [1101 Pl. 2, fig. 3 = Hibbardella sp .]. 
( ?) Roundya aurita Sannemann, Glenister and Klapper, 1966, p. 834, Pl. 96, fig. 18. 
Dip/ododel/a aurita (Sannema nn), Huddle, 1968, p. 12 ; Norris and Uyeno, 1972, p. 215, Pl. 3, fig . 13. 
Hibbarde//a pla11a Thomas, Pollock , 1968, p. 430, Pl. 61, figs. 4, 5. 
Polyg11a1h11s asy111111e1ric11s Bischoff and Ziegler, Klapper and Philip, 1971, p. 434, 449, fig. 3, ill us. A3 [1101 

illus . P, 0 1, N, A1, Az]. 
Meso1axis asy111111e1rica asy111111e1rica (Bischoff and Ziegler), Klapper and Philip, 1972, p. 100, Pl. 1, fig. 23, 

[1101 figs. 20- 22, 24-27]. 

Remarks. Klapper (pers. corn., 1972) kindly brought to my attention that one specimen 
illustrated by Sannemann (1955, Pl. 2, fig. 3) exhibits a large basal cavity and, therefore, is a 
hibbardellan, rather than a diplododellan. However, the holotype specimen (Pl. 5, fig. 11) 
is a diplododellan (written corn., Dr. S. Rietschel of the Senckenberg Natural Museum and 
Research Institute, Frankfurt, to Dr. P. Bender, 2 October, 1972). 

The specimen assigned to this species by Glenister and Klapper (1966, p. 834, Pl. 96, 
fig. 18) is illustrated only by a lateral view. No indication of the size of its basal cavity is given 
in the text. Klapper (pers. corn., 1972) informed me however, that in the RS 205 collection 
(Bureau of Mineral Resources collections, Gogo Formation, Canning Basin, ibid., p. 838; 
the collection from which the illustrated specimen was obtained), there are at least three 
specimens of hibbardellan elements. 

Pollock (oral corn., 1972) informed me that the specimens from the Mildred Member, 
Beaverhill Lake Group, and Duvernay Formation, illustrated by him (1968, Pl. 61, figs. 4, 5) 
are diplododellan elements. 

See also remarks under Mesotaxis asymmetrica of family Polygnathidae. Representatives 
of this form-species consti lute the A3 element of this Type I apparatus. 

Figured specimens. GSC Nos. 24118 and 24119, GSC locs. 62958 and 29314. 
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Genus Enantiognat/111s Mosher and Clark, 1965 

Type species. Apatognathus inversus Sannemann, 1955. 

Enantiognathus /ipperti (Bischoff) 

Plate 6, figure 9 

Apatognatlzus /ipperri Bischoff, 1956, p. 121 - 122, Pl. 9, figs . 27, 31. 
Gnamptognatlzus /ipperti (Bischoff), Lindstrom, 1964, p. 155. 
G11amptog11atlz11s? /ipperti (Bischoff), Glenister and Klapper, 1966, p . 803- 804, Pl. 96, figs. 10-12. 
Enanriognatlzus /ipperti (Bischoff), Szulczewski, 197 1, p. 20, Pl. 7, fig. 9. 

Diagnosis. See Bischoff, 1956, p. 122. 

Remarks. Like the type specimen from the Kellwasser Kalk of the Rhenish Schiefergebirge, 
one of the Waterways specimens possesses a large denticle developed on one bar. The other 
Waterways specimen appears to be bicuspid, but this is difficult to confirm owing to its 
fragmentary nature. Ziegler (1958, Pl. 12, figs. I 0, 22) reported both monocuspid and bicuspid 
forms, these forms being regarded as intraspecific variants. 

Range. Bischoff and Ziegler ( 1957, Table 4) and Ziegler (1958, Table 2) recorded the range of 
Enantiognathus /ipperti as Lower P. asymmetricus Zone to a position within the Upper 
P. gigas Zone. 

Figured specimen. GSC No. 24075, GSC loc. 63406. 

Enantiognatlius cf. E. /ipperti (Bischoff) 

Plate 6, figure 8 

G11amptog11at/111s? cf. G.? /ipperti (Bischoff), Glenister and Klapper, 1966, p. 804, Pl. 96, fig. 13. 
Enantiognathus /ipperti (B ischoff), Muller and C lark, 1967, p. 911 - 912, Pl. I 17, fig. 5. 
Apa1og11a1/111s n. sp. Pollock, I 968, p. 429, Pl. 61, fig. 39 . 

Remarks. A single Waterways specimen lacks the alternation in the size of the denticles on 
the two proce~ses, a feature which characterizes E. /ipperti. Glenister and Klapper (1966, 
p. 804) reported a similar form from the Gogo Formation of Western Australia, and noted a 
possibility of it being a transitional form between a species of lonclrodi11a and E. /ipperti. 
A similar form was reported by Pollock (1968, p. 429) from the Maligne Formation, and the 
Mildred Member, Waterways Formation, of Alberta. 

Figured specimen. GSC No. 24076, GSC Joe. 62970. 

Genus Falcodus Huddle, 1934 

Type species. Falcodus a11gu/11s Huddle, 1934. 

Falcod11s? cf. F.? tortus Huddle 

Plate 7, figures 10, I 7, 18 

(cf.) Falcodus lortus Huddle, 1934, p. 88, Pl. 7, fig. 4 ; Bischoff and Ziegler, 1956, p. 146, Pl. 14, fig. 7. 
Polygna1/111s asy111111e1ric11s Bischoff and Ziegler, Klapper and Philip, 1971, p. 434, 449, fig. 3, illus. A 1 [no/ 

illus . P, 0 1, N, A 2, A3]. 
Mesotaxis asy111111e1rica asy111111elrica (Bischoff and Ziegler), Klapper and Phi lip, 1972, p . 100, Pl. 1, figs . 26, 

27 [no/ figs . 20- 25]; Pl. 2, fig . 17 [not figs . 14-16]. 
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Description. Laterally compressed blade with thin, sharply terminated denticles, confluent 

almost to their apices. Lower margin of posterior part of blade gently arched, with no down­

ward flexure ("posterior deflection" of Huddle, 1934, p. 25) at the posterior end. Posterior 

part of blade laterally twisted with denticles close to the main cusp pointed upright and those 

at the posterior end inclined posteriorly and outward. Ridge on inner side of posterior part 

of blade slightly arched, and not extending to the extreme posterior edge. Anterior part of 

blade projected downward at about 60 degrees to the posteri01 part, and incurved with 

denticles on it pointing inward. Other than the main cusp, largest denticles at the posterior 

end of the posterior portion of the blade. 

Remarks. The present species is questionably referred to the form-genus Falcodus. Downward 

projection of the posterior end of the posterior portion of the blade, herein considered a 
diagnostic feature of Falcodus, is absent. 

Huddle's ( 1934) specimen from the upper New Albany Shale oflndiana differs from the 
Waterways individuals in exhibiting a straight, rather than arched, ridge on the inner side 
of the posterior portion of the blade. 

See also rema1 ks under Mesotaxis asymmetrica of family Polygnathidae. Representatives 

of this form-species constitute the A1 element of this Type I apparatus. 

Figured specimens. GSC Nos. 24072, 24073, and 24074, from GSC locs. 63984, 64010, and 

64010, respectively. 

Genus Hibbardella Bassler, 1925 

Type species. Prioniodus a11g11/at11s Hinde, 1879. 

Hibbardel/a sp. A 

Plate 8, figure 13 

(?)Roundya sp. D Pollock, 1968, Pl. 64, fig. 3. 

Description. Main cusp large and inclined, and of circu lar cross-section. Posteno1 bar broken 

in all specimens, but the part remaining is straight and bar-like, of ovate cross-section, with 

strongly inclined denticles of va1 ious sizes on its uppet surface. Lateral limbs wide, extending 

downward and posteriorly, and forming an angle of about 60 degrees. Denticles on lateral 

limbs long, widely spaced, of circular cross-section, and curve posteriorly. Lower surface of 
limbs flat to gently convex. Triaugular basal cavity beneath cusp, with grooves extending 

along the lower surfaces of lateral limbs and posterior bar. 

Remarks. The present specimens differ from Ro1111dya sp. c reported by Bischoff and Ziegler 

(1957, p. 113, Pl. 21, fig. 13) from the P. 1·arc11s Zone, in having lateral limbs that curve pos­

teriorly rather than being in a plane. In other respects, the two forms are similar. A form 

reported by Pollock (l 968, illustrated but undescr ibed) appears to be similar to the present 

Waterways individuals. Pollock's specimen is from the Firebag Member, Waterways For­

mation. 

Figured specimen. GSC No. 24120, GSC loc. 63246. 
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Hibbardella sp. B 

Plate 8, figure 7 

Description. Inclined main cusp of circular cross-section, and of extremely large size. Posterior 
bar broken in all specimens, but remaining part suggests it to be robust and straight, and of 
ovate to circular cross-section. Dcnticles on upper surface of posterior bat small, of circular 
cross-section, widelv spaced, and posteriori)' inclined. Lateral limbs robust, of ovate to cir­
cular cross-section, extending downward and posteriorly, and forming an angle of 80 to 90 
degrees. Denticles on upper surfaces of lateral limbs slender, of circular cross-section, widely 
spaced and curving posteriorly. Lower surfaces of lateral limbs strongly convex. Lower side 
of the cusp with triangular basal cavity, with grooves extending to lower surfaces of lateral 
limbs and posterior bar. 

Remarks. The present specimens differ from Rowzdya sp. b reported by Bischoff and Ziegler 
(1957, p. 113, Pl. 21, fig. 27) from the Lower P. asymmetric1.s Zone, in having lateral limbs 
that form an angle of 80 to 90 degrees, rather than 60 degrees. In other respects, the two forms 
are similar. 

Figured specimen. GSC No. 24121, GSC Joe. 29314. 

Genus lcriodus Branson and Mehl, 1938 

Icriodus Branson and Mehl, 1934, p. 225 [nomen nudum]. 
Icriodus Branson and Mehl, 1938, p. 159. 

Type species. Icriodus expansus Branson and Mehl, 1938. 

Remarks. Klapper and Philip (1972, p. 101) regarded this genus in multielement taxonomy 
as belonging to family Icriodo11tidae, and composed of two elements. 

Icriodus brevis brevis Stauffer 

Plate 6, figures 3, 11, 12 

Icriodus brevis Stauffer, I 940, p. 424, Pl. 60, figs. 36, 43, 44, 52. 
Icriodus brevis brevis Stauffer, Seddon, I 970a, p. 735-736, Pl. 12, figs. 12- 15. 
(cf.) Icriodus brevis a11g11st11/us Seddon, I 970a, p. 736, Pl. 1 I, figs. 19- 21 [not Pl. I I , figs. 13-18, 22-24 ). 

Description. Unit small, of generally delicate construction. Middle row with 7 to 9 discrete 
denticles of which the posteriormost 2 are slightly elongated in axial plane and, in some 
specimens, partly fused and high. Lateral rows parallel or subparallel, with 3 to 6 discrete 
denticles which alte1nate with those of middle row. In lower view, basal cavity symmetrical, 
and widely to only slightly laterally flared at posterior end. 

Remarks. The Waterways specimens match the illustrations and description given by Seddon 
(1970a, p. 735- 736, Pl. 12, figs. 12-15) in most respects. The only difference is in the two 
posteriormost denticles of the median row which, in most specimens, are not as prominently 
high as those from the Canning Basin (Sadler Limestone and basal Virgin Hills Formation). 
In some Waterways specimens (e.g., one illustrated on Pl. 6, fig. 11 C), however, these posterior 
denticles are relatively high and partly fused. These are transitional between the nominate 
subspecies and Seddon's (1970a, p. 736) new subspecies, /. bre\l/·s angustulus. The latter 
differs from the nominate subspecies by its posterior denticles which are fused into a high 
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thin blade. Seddon acknowledged that there is some variation in the degree of fusion of the 
posterior denticles, although they are always higher than the surrounding denticles. For this 
reason, of the two subspecies, Waterways specimens may be more preferably referable to 
I. brevis angustulus. 

Seddon (I 970a, p. 729, 735) found this subspecies restricted to his I. angustulus horizon 
which was tentatively correlated with the doT~ /doly (Upper P. asymmetricus Zone-A. tri­
angularis Zone) boundary interval. 

Figured specimens. GSC Nos. 24077, 24078, and 24079, from GSC Iocs. 80420, 62743, and 
64058, respectively. 

Icriodus expansus Branson and Mehl 

Plate 6, figures I, 2, 5 

lcriodus expansus Brandon and Mehl, I 938, p. 160- 16 I, Pl. 26, fi gs. I 8- 21 ; Seddon, I 970a, p. 736, Pl. 11, 
figs. 30-32, Pl. 12, figs. I, 2; Orr, 197 1, p. 34-35, Pl. 3, figs . 14- 17 [includes synonymy through 1971]. 

(11011) Icriodus expansus Branson and Mehl, Clark and Ethington, 1966, p. 680, Pl. 83, fig. 9 [ = /. /ateri­
crescens group]. 

/criodus n. sp. Pollock, 1968, p. 431 - 432, Pl. 61, figs. 13-15, 17, 18, [1101 figs. 6- 9, 16 = ! . nodosus?]. 

Description. Unit straight to slightly incurved. Denticles of middle and lateral rows discrete. 
Lateral rows diverge posteriorly from the median axis. Posterior denticles of lateral rows 
sometime~ elongated transversely, extending almost to the middle row. Two or three denticles 
of middle row at the extreme posterior end sometimes fused to produce a cusp. In lower view, 
basal cavity with a wide flare of circular outline at posterior end, tapering gradually anteriorly. 

Remarks. Icriodus nodosus (Huddle) sensu lato may be distinguished from I. expansus by 
possessing a spur on the inner side of the posterior expansion of the basal cavity. The upper 
surfaces of the representatives of these two species are indistinguishable. 

The specimen illustrated by Clark and Ethington (1966, p. 680) appears to be a frag­
mentary form of I. latericrescens Ziegler with one or more of its lateral processes missing. 

Some Waterways specimens included herein (one illustrated on Pl. 6, fig. 5) possess a 
basal cavity with very widely flaring, a lmost circular lower margin. Their general lower and 
upper configuration is that of /. expansus, however. 

Range. In North America and Europe,/. expa11sus has been reported previously from various 
Middle and Upper Devonian strata. Millier and Millier (1957, p. 1106) reported its range as 
Middle Devonian through middle Frasni an. 

Figured specimens. GSC Nos. 24080, 2408 I, 24082, from GSC locs. 62833, 80424, and 29209, 
respectively. 

Icriodus nodosus (Huddle) sensu lato 

Plate 6, figures 4, I 0 

Condole/la? nodosa Huddle, 1934, p. 94, Pl. 8, figs. 24, 25. 
lcriodus 11odosus (Huddle), Branson and Mehl. 1938, p. 160, Pl. 26, figs. I 5, 22 [nor fig. 14 = I. symmetricus ?J; 

Freyer, 1961, p. 47-48, Pl. 2, fig. 35; Seddon, 1969, p. 27, Pl. I, figs. 4- 6; Seddon, 1970a, p. 736, Pl. 11 , 
figs. 27- 29, 33- 35: Szulczewski, 1971, p. 22- 23, Pl. 7, fig . I ; Orr, I 971, p. 38- 39, Pl. 2, figs. 20-23 . 

(non) lcriodus cf. I. nodosus (Huddle), Lys, Serre, and Deroo, 1957, p. 801, Pl. 9, fi g. 4 [ = / . symmetricus?j. 
(non) Jcriodus nodosus (Huddle), Spassov, 1964, p. 273, Pl. 2, figs. 8, 8a, [= /. expansus] . 

Figured specimens. GSC Nos. 24083 and 24084, GSC locs. 62794 and 63315. 
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Family POLYGNATHIDAE Bassler, 1925 

Genus Mesotaxis Klapper and Philip, 1972 

Type species. Polygnathus asymmetricus Bischoff and Ziegler, 1957. 

Mesotaxis asymmetrica (Bischoff and Ziegler) 

Remarks. This is a Type 1 apparatus of Klapper and Philip (1971, p. 434, fig. 3, p. 449; 1972, 
p. 100). It consists of six elements, and the form-species herein assigned to these elements are 
as follows: P, Polygnathus asymmetricus Bischoff and Ziegler ; 0 1, Nothognatlzella klapperi 
Uyeno; N, Palmatodella? paridens Huddle, or an undescribed synprioniodinan; A1, Falcodus? 

cf. F.? tortus Huddle; and AJ, Diplododella aurita (Sannemann). The Az and synprioniodinan 
N elements are not described herein. Five elements (A2 missing) are present in the Mildred 
Member (Shell Swan Hills 6-31 well, 6-31-67- 12W5th, depth = 9,353 feet, GSC Ioc. 77128) 
and all six are in the Moberly Member (Imperial Judy Creek 6-7 well, 6- 7- 63-10W5th, 
depth = 8,451.8- 8,454.3 feet and 8,516.3- 8,518.7 feet, GSC locs. 63984 and 64010). As noted 
under Pandorinellina insita, the A3 (diplododellan) element of this ap paratus and of P. insita 

may be close morphologically. Under form taxonomy, therefore, this entire element may be 
identified as Diplododella aurita. This may explain the apparent discrepancy in the range of 
the A3 element when compared with those of the remaining constituent elements of Mesotaxis 
asymmetrica. 

This apparatus was described from the Gogo Formation of Western Australia, from a 
locality that was previously dated as Lower P. asymmetricus Zone (Klapper and Philip, 1971, 
p. 434, fig. 3, p. 449; 1972, p. 100; Glenister and Klapper, 1966, p. 836), and from the Dominik 
suite, Chut River, southern Timan, U.S.S.R. (Klapper and Philip, 1972, p. 100). The Water­
ways occurrence is in the Middle P. asymmetricus Zone. 

The apparatus from the Dominik suite, U.S.S.R., contains a palmatodellan as the N 
element (Klapper and Philip, 1972, Pl. 1, rigs. 21, 22), whereas that from the Gogo Formation 
of Western Australia has a synprioniodinan in this position (Klapper and Philip, 1971, p. 434, 
fig. 3, illus. N). In the Waterways Formation, the N element is a palmatodellan in samples 
where there is full complement of other elements (see Table 4(a), GSC locs. 63984 and 
64010). 

Genus Lonclwdina Bassler, 1925 

Type species. Lonchodina lypicalis Bassler, 1925. 

Remarks. Huddle (1968, p. 21) presented a revised diagnosis for this form-genus. He noted 
that, among other features, it has a small pit and a bar that is laterally bowed or with a sharp 
inward flexure. Included in Table 4 are both these morphological forms, i.e., ones with a bar 
that is gently bowed laterally, and with a bar that is sharply curved inward. Also included are 
forms termed the "aversiform element" by Klapper and Philip (1971, p. 433). Although 
these forms are not arched as strongly as the " usual" lonchodinan element, they possess a 
relatively small pit and a bar that is sharply curved inward, thus approaching the concept of 
Lonchodina. They cannot be assigned to Prioniodina (see Huddle, 1968, p. 43 for descript ion 
of this form-genus). 
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Genus Nothognathel/a Branson and Mehl, 1934 

Type species. Nothognathella typicalis Branson and Mehl, 1934. 

Remarks. The type species of the genus, Nothognathella typicalis, exhibits an inward flexure 
near the posterior end of the blade. In addition, Branson and Mehl (1934, p. 227) noted that 
in Nothognathella "the longer series of teeth is sharply flexed outward at its posterior end," 
presumably referring to the denticles located posterior to the apical denticle. The Waterways 
specimens, with the exception of that assigned to Nothognathella bicristata, similarly exhibit 
this inward flexure of the poste1 ior part, with an outward bending of posterior denticles. 
These features are prominent in N. klapperi. 

Lindstrom (1964, p. 159, 177) noted that the genus Nothognathella cannot be distinguished 
from Bryantodus Bassler by the absence of an apical denticle, a criterion proposed by 
Branson and Mehl (1934, p. 227). Whether the degree of development of the platform can 
be used for a distinguishing criterion was also questioned by Lindstrom (ibid.). Nothognathella, 

however, possesses prominent platforms, very wide in certain species such as N. klapperi, 
which are distinct from lateral ledges of Bryantodus. 

Nothognathella generally may be distinguished from Elictognathus Cooper by its posses­
sion of an apical denticle. Apex of a blade in Elictognathus is usually represented by a group 
of high denticles. Some specimens, such as those present in the Waterways collection, exhibit 
features characteristic of both genera. 

Range. Nothognathella ranges from the Lower P. asymmetricus Zone to dolV in Germany 
(Helms, 1959, p. 645-646; Ziegler, 1958, Table 2). In the North American midcontinent, 
it has been reported as high as the Louisiana Limestone of Illinois, regarded by Scott and 
Collinson (1961, p. 117) to be doVI equivalent. 

Nothognathella bicristata Youngquist and Miller 

Plate 7, figures 9, 16 

Nothognathella sp. Miller and Youngq uist, 1947, p. 512, Pl. 73, fig . 7. 
Nothog11athella bicrisrata Youngq uist and Miller, 1948, p. 447, Pl. 68, fig. 7 ; Bischoff and Ziegler, 1957, 

p. 73-74, Pl. 14, fig. 11 ; Anderson, 1966, p. 407, Pl. 50, figs. 16- 18. 

Remarks. One of the figured Waterways specimens (Pl. 7, fig. 9) has broken denticles on the 
anterior part of the blade, but the relative sizes of the dcnticles may be estimated by the 
remaining stubs. Another Waterways specimen exhibits a short posterior part of the blade 
with small denticles, and is incurved near the posterior end. As noted by Youngquist and 
Miller (1948, p. 447), an unnamed Sweetland Creek Shale specimen previously described 
by them (Miller and Youngquist, 1947, p. 512), may be considered conspecific with N. 

bicristata. 

Range. Ziegler ( 1958, Table 2) recorded this species from the Lower P. asymmetricus Zone 
through the Lower P. gigas Zone. 

Figured specimens. GSC Nos. 24085 and 24086, GSC locs. 62809 and 62695. 
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Nothognathella brevidonta Youngquist 

Plate 7, figure 8 

SYSTEMATIC PALEONTOLOGY 

Nothognathel/a brevidonta Youngquist, 1947, p. 108, Pl. 25, fig. I; Klapper and Furnish, 1962, p. 403, 404, 
406. 

Description. Blade strongly arched, with apical denticle about two-thirds the unit length from 
the anterior end. Denticles anterior to the apical denticles of even height but wider anteriorly. 
Upper edge of the posterior part of blade inclined about 45 degrees to the upper edge of the 
anterior part. Denticles posterior to the apical denticle diminishing in size to the terminus. 

In upper view, both parts of the blade straight. Posterior part sharply flexed inward, 
forming an obtuse angle with the anterior part. Platform on the inner side wide, with round 
outline, extending from the posterior end to midpoint of the anterior part. Upper surface 
of platform nodose near margin. Outer side broken in the Waterways specimen. 

Lower side with central keel and basal plate. 

Remarks. The Waterways specimen differs in some features from the holotype of the species. 
However, some conodonts from the type Sweetland Creek Shale of Iowa, which may be 
assigned to N. brevidonta, are similar to the present specimen, and all are considered to be 
within intraspecific variation (Klapper, pers. corn., 1966). 

Figured specimen. GSC No. 24087, GSC Joe. 63967. 

Nothognathella klapperi· Uyeno 

Plate 7, figures 1-6 

Nothognathella k/apperi Uyeno, 1967, p. 5-7, Pl. !, figs. 7, 8, Pl. 2, fig. I; Szulczewski, 1971, p . 24-25, Pl. 8, 
figs. 2, 5, 8. 

Nothognathel/a? sp. C Pollock, 1968, p. 434, Pl. 62, figs. 3, 5, 6. 
Polygnarhus asymmetricus Bischoff and Ziegler, Klapper and Philip, 1971, p. 434, fig. 3, illus. 0 1 [not iUus. 

P, N, A1, Az, AJ]. 
Mesotaxis asymmetrica asymmetrica (Bischoff and Ziegler), Klapper and Philip, 1972, p. JOO, Pl. !, fig. 24 

[not figs. 20-23, 25-27]; Pl. 2, fig. 14 [not figs. 15-17]. 

Diagnosis. A species of Nothognathel/a whose representatives feature two apices: apical 
denticle located about two-thirds the blade length from the anterior end, and a group of 
high denticles occurring near the anterior end. Blade strongly incurved posteriorly with 
denticles inclined and almost in the plane of the platform. Platform widest posteriorly on 
the inner side of the unit. 

Description. Blade only moderately arched, with two apices: the main apical denticle located 
about two-thirds of the blade length from the anterior end, and a group of high denticles 
occurring near the anterior end. Denticles numerous and fused almost to their apices; those 
on posterior part less robust than anterior ones. Denticles near the anterior end erect to only 
slightly inclined. The apical denticles, however, inclined at about 45 degrees to the plane of 
the platform. Denticles posterior to the apical denticle successively more inclined, so that, 
together with strong incurving of the blade, those at the extreme posterior end lie almost 
in the same plane as the platform. 

In upper view, blade stra;ght to only slightly incurved, but strongly incurved at the 
extreme posterior end. Platform on inner side widest posteriorly, gradually narrowing 
anterior!)". Outer platform much small er, restricted to region around the apical denticle. 
In mature specimens, upper surfaces of platform ornamented with small nodes. 
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Lower side flat under platform, with moderately high keel extending the entire length 
of the blade. Keel straight with a point of deflection near the midlength, at the site of a small 
oval pit. 

Remarks. Nothognathella klapperi differs from previously described species of this genus in 
having strongly incurved posterior end of the blade, and extremely inclined posterior denticles. 
Furthermore, the inner platform widens posteriorly unlike in other species. N. brevidonta 
differs in possessing small equal-size platforms restricted to the midlength of the blade on 
both sides, short stout denticles, and a straight lower keel which curves near the posterior 
end. The pit of the holotype specimen of N. breridonta was not observed (Youngquist, I 947, 
p. 108). 

Some specimens of N. iowaensis Youngquist previously reported elsewhere (e.g., Ander­
son, 1966, p. 407--408, Pl. 50, fig. 3) a lso possess two apices. This species, however, may be 
dist inguished by its greater arching, short denticles, ar.d lack of strong curvature. 

Nothognathella klapperi is a homeomorph of a Lower Carboniferous genus, Elictogna­
thus, and is superficially similar to E. /aceratus (Branson and Mehl). Common features of 
these species are the inward curvature of the posterior end of the blade, and the two apices, 
although these features are not always present in E. laceratus (Klapper, J 966, p. 26). 

The specimen illustrated by Pollock (1968), from the Mildred Member, Waterways 
Formation of Alberta, in a ll probability belongs to this species. It lacks platform o rnamenta­
tion, but some of the smaller speci mens of the Waterways (e.g., one illustrated on Pl. 7, tig. 4) 
have similar unornamented upper surface of the platform. 

Szulczewski (1971, Pl. 8, fig. 8) illustrated a specimen exhibiting a more pronounced 
curvature. In all other features, however, this specimen conforms with the Waterways 
individual s. 

See also remarks under Mesotaxis asymmetrica of family Polygnathidae. Representatives 
of this form-species constitute the 0 1 element of this Type 1 apparatus. 

Types. Holotype, GSC No. 22825, GSC loc. 64010; paratypes, GSC Nos. 22826 and 22827, 
GSC locs. 77128 and 64010. 

Figured specimens. GSC Nos. 24088 through 24091, from GSC locs. 63309, 64016, 63984, 
and 63984, respectively. 

Nothog11athe//a sp. A 

Plate 7, figure 7 

Description. Blade moderately arched, with apica l denticle as the only apex. Denticles on 
either side of the apex rapidly diminishing in size to termini. Denticles few in number (5 
anterior to the apex, 4 posterior to it) , wide, bluntly pointed, and confl uent a lmost to their 
apices. Lateral ridges on either side of the blade, with narrow platforms near midlength. 

In upper view, blade straight except for a sharp inward flexure near the posterior end. 
Platforms on both sides narrow ; inner one extending from the posterior end to about mid­
length, with outer one restricted to near the midlength area. 

Lower surface irregula r, with hi gh offset keel extending from the anterior end to the pit. 
and low a nd diminishing posteriorly. 

Figured specimen . GSC No. 24092, GSC Joe. 63356. 
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Genus Palmatodella Bassler, 1925 

Type species. Palmatodella delicatula Ulrich and Bassler, 1926. 

Palmatodella? paridens Huddle 

Plate 7, figures 14, 15 

Palmarodel/a? paride11s Huddle, 1934, p. 57, Pl. 11, fig. 3. 
Mesotaxis asymmerrica asy111111errica (Bischoff and Ziegler), Klapper a nd Philip, 1972, p. JOO, Pl. I, figs. 21, 

22 [1101 figs. 20, 23- 27]. 

Description. Blade with numerous slender, acutely pointed denticles, fused about two-thirds 
of their length. Anterior process, except for sli ght tapering at its extremity, of unifo1 m 
height, and with slight inward flexure from the plane of the main cusp and the a nterior 
process. Posterior process graduall y taperin g from the cusp to its extremity, and its terminus 
slightly twisted outward. Main cusp relatively short , compressed, and inclined about 30 
degrees to the anterior process, with denticles on both processes subparallel to it. Lower 
keels on both processes shar p, and meet beneath the main cusp at about 60-degree angle. 
Pit extremely small. 

Remarks. As with the specimens from the upper New Albany Shale of Indiana (Huddle, 
1934, p. 57), the Waterways specimens are also questionably referred to Palmatodella owing 
to the heavy anterior process and arching of less th an 90 degrees. Hass (1962, p. W54) and 
Lindstrom (1964, p. 159) suggested that Telumodi11a Cooper be considered synonymous with 
Palmatodella. Telu111odina, as defined by Cooper (1931, p. 241), exhibits an angle at the 
junction of the two processes of about 45 to 50 degrees. If the concept of Palmatodella is 
broadened to include Te!umodina then, perhaps, the Waterways specimens may be referred 
to it without reserva tion . 

See also remarks under Mesotaxis asymmetrica of fami ly Polygnathidae. Representat ives 
of this form-species constitute the N element of this Type 1 apparatus. 

Figured specimens. GSC Nos. 24093 and 24094, GSC lacs . 63984 and 63310. 

Family POLYGNATHIDAE Bassler, 1925 

Genus Pandorinellina Muller and Mi.iller, 1957 

Type species. Pandorina insita Stauffer, 1940. 

Pa11dori11e!lina insita (Stauffer) 

Remarks. This is a Type I apparatus of Kl apper and Philip (1971, p. 432, tig. l , p. 448; 1972, 
p. 99). It consists of six elements, and the only form-species herein ass igned to it is the P 
element, Spathognathodus insitus (Stauffer). The other elements (01, N, Ai, A2, and A3) are 
not described herein, with the possible exception of the A3 (diplododellan) element (see 
below). Forms that may be identified with these undescribed elements a re present in the 
Waterways collection. In the Calumet Member (GSC Joe. 63080, Station l 71) and the Moberly 
Member (GSC Joe. 62905, Station 47), for example, a ll six constituent elements are present 
in the former, but the A3'(diplododell an) element is missing in the latter [see Table 4(a)] . It 
is interesti ng to note that, a lthough the P elements in these localities may perhaps be suffi­
ciently different morphologically to warrant separate subspecific designations on a form-
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taxonomic level, the remaining constituent elements are similar. (The P element of P. insita 
from GSC Joe. 62905 is illustrated on Pl. 8, fig. 5; that from GSC Joe. 63080 is similar to the 
one illustrated on Pl. 8, fig. 14.) 

The A3 element in the Pandorinellina insita apparatus may be close morphologically to 
its counterpart in another Type 1 apparatus, Mesotaxis asymmetrica, and both may be 
referred to Diplododella aurita (Sannemann). This may account for the apparent discrepancy 
in the stratigraphic range of the A3 element of M. asymmetrica in relation to those of the 
remainder of its elements (see Tables I and 4). 

Genus Playfordia Glenister and Klapper, 1966 

Type species. Pelekysg11ath11s? primitivus Bischoff and Ziegler, 1957. 

Diagnosis. See Glenister and Klapper, 1966, p. 827. 

Remarks. Glenister and Klapper (1966, p. 827) noted the similarity between P/ayfordia and 
a Lower Carboniferous genus, Di11od11s Cooper. These genera are similar in the denticulation 
of carina and in having their surfaces covered with small pits. Lindstrom and Ziegler (1966) 
observed that this kind of surface ornamentation is also present in Elso11ella Youngquist, 
and erected a multielement species composed of forms with this characteristic. 

Range. In Germany (Bischoff and Ziegler, 1957 , p. 83) and Western Australia (Glenister and 
Klapper, 1966, p. 827), Pla;fordia occur~ in the Lower P. asymmetricus Zone. In Poland 
(Szulczewski, 1971, p. 45, Table 3) and Alberta, the range extends to the Middle P. asym­
metricus Zone. 

Playfordia primitil>a (Bischoff and Ziegler) 

Plate 6, figures 6, 7 

Pelekysg11at/111s? pri111itiva Bischoff and Ziegler, 1957, p. 83, Pl. 21, figs. 5- 9. 
Playfordia pri111iriva (Bischoff and Ziegler), Glenister and Klapper, 1966, p. 827, Pl. 95, figs. 19, 20; Szul-

czewski, 1971, p. 44- 45, Pl. 7, fig. 7. 

Diagnosis. See Glenister and Klapper, 1966, p. 827. 

Range. This species has been reported previously from the Padberger Limestone (Bischoff 
and Ziegler, 1957, p. 83), and from the Gogo Formation of the Canning Basin, Western 
Australia (Glenister and Klapper, 1966, p. 827), both in the Lower P. asymmetricus Zone. 
In the Holy Cross Mountains of Poland, Szulczewski (1971, p. 45, Table 3) reported it from 
the Lower and Middle P . asy111111etricus Zones. In the Waterways Formation, it occurs in 
the Middle P. asymmetricus Zone. 

Figured specimens. GSC Nos. 24095 and 24096, GSC Iocs. 63319 and 63310. 

Genus Polygnatlius Hinde, 1879 

Type species. Polygnathus dubius Hinde, 1879, by subsequent designation of Miller, 1889. 
Following Opinion 932 of the International Commission on Zoological Nomenclature, 
Huddle (1970) was free to designate the lectotype of Polygnatus foliatus Bryant, 1921, as the 
neotype specimen of P. dubius, 
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Polygnathus asymmetricus Bischoff and Ziegler 

Polygna1l111s dubius Hinde, Bischoff and Ziegler, 1957, p. 88. 

Remarks. See remarks under Mesotaxis asymmetrica of family Polygnathidae. Representatives 
of this form-species constitute the P element of this Type 1 apparatus. 

Po/ygnathus asymmetricus asymmetricus Bischoff and Ziegler 

Plate 3, figures 1, 3, 4, 6 

Polygna1h11s dubia Hinde, Beckmann, 1949, p. 154-155, Pl. I, figs. 3a, b, c, Pl. 4, fig. 4 [in part only]. 
Polyg11a1h11s dubia asy111111e1rica Bischoff and Ziegler, 1957, p. 88- 89, Pl. 16, figs. 18, 20- 22, Pl. 21, fig. 3; 

Clark and Ethington, 1967, p. 61, Pl. 7, fig. 18. 
Polygna1h11s asy111111e1rica asy111111errica Bischoff and Ziegler, Ziegler, Klapper, and Lindstrom, 1964, p. 423; 

Flajs, 1966, p. 230-232, Pl. 26, figs. 1-9; Seddon, 1970b, Pl. 10, fig. 2. 
Polygna1h11s dubia dubia Hinde, Clark and Ethington, 1967, p. 60-61, Pl. 82, fig. 14 [1101 fig. 15 = P. de11gleri 

Bischoff and Ziegler]. 
Polyg11ar/111s asy111111etric11s asy111111etric11s Bischoff and Ziegler, Szulczewski, 1971, p. 45, Pl. 16, figs. 3-5 

(includes synonymy). 
Po/yg11arh11s asy111111erric11s Bischoff and Ziegler, Klapper and Philip, 1971, p. 434, 449, fig. 3, illus. P [1101 

illus. 0 1, N, A1, A2, A3l· 
Mesoraxis asy111111errica asy111111errica (Bischoff and Ziegler), Klapper and Philip, 1972, p. 100, Pl. l, fig. 20 

[nor figs. 21 - 27]. 

Diagnosis. See Bischoff and Ziegler, 1957, p. 89, under P. dubius asymmetricus. 

Remarks. A fragmentary form, only questionably assignable to P. asymmetricus, was re­
covered in the lower part of the Firebag Member. 

Figured specimens. GSC Nos. 24097 through 24100, from GSC locs. 64010, 64010, 77128, 
and 63306, respectively. 

Po/ygnatlius asymmetricus ova/is Ziegler and Klapper 

Plate 3, figures 2, 5, 7; Plate 4, figures 1, 3 

Polygnarhus c/11bia Hinde, Beckmann, 1949, p. 154- 155, Pl. 4, fig. 4 [in part only]. 
Polygnarl111s dubia dubia Hinde, Bischoff and Ziegler, 1957, p. 88, Pl. 16, figs. 18, 19, Pl. 21, fig . I ; Clark 

and Ethington, 1967, p. 60-61, Pl. 8, fig. 9 [1101 fig. 8 = P. de11g/eri Bischoff and Ziegler]. 
Po/ygnatl111s asym111errica ova/is Ziegler and Klapper, Ziegler, Klapper, and Lindstrom, 1964, p. 422- 423; 

Flajs, 1966, Pl. 25, figs. 1-3; Polster, 1969, p. 420, Pl. 4, figs. 17, 18: Seddon, t 970a, Pl. 13, figs. 16, 17; 
Seddon, 1970b, Pl. 10, fig. I; Szulczewski, 1971 , p. 45- 46, Pl. 17, figs. 1, 2 (includes synonymy). 

Polyg11ath11s dubius Hinde, Miiller and Clark, 1967, p. 916, Pl. 115. figs. 5. 6. 
Po/yg11a1h11s 11odocos1ara Branson and Mehl, Loranger, 1965a, p. 16, Photograph 3, figs. 7, 8. 

Remarks. Loranger (1965a) figured a specimen from the middle part of the Firebag Member 
in the Bear Westmount No. 2 well (8-36-88-8W4th) which appears to be identifiable with P. 
asymmetricus ova/is. 

Figured specimens. GSC Nos. 24101 through 24105, from GSC locs. 62800, 63304, 63308, 
64010, and 63984, respectively. 

Po/ygnathus brevi/aminus Branson and Mehl 

Plate 5, figures 4, 5 

Polyg11ath11s brevi/a111i11a Branson and Mehl, 1934, p. 246, Pl. 21, figs. 3- 6; Anderson, 1966, p. 411; Wirth, 
1967, p. 224, Pl. 21, figs. 15- 17 ; Anderson and Ozias, 1968, p. 266- 268, Pls. 1- 3. 

Po/ygnarhus brevi/ami1111s Branson and Mehl, Szulczewski, 1971, p. 46- 47, Pl. 18, figs. 5, 6, 10. 

37 



CONODO 'TS OF THE WATERWAYS FORMATION 

Description. Platform variable in lengt h, extending a lmost to the posterior end in some 
specimens, and terminating before the end in others. Lateral edges of platform parallel and 
serrated, and separated by deep troughs on either side of carina. Free blade high and short, 
abo ut half the length of the unit, and straight to slightly incurved posteriorly. In lateral 
view, lower margin of the free blade straight, but arched under the platform. Junction between 
tl1e blade and platform geniculate, with pit of variable size at this site. Lower edge keeled 
throughout except at the site of pit. 

Remarks. Anderson and Ozias ( 1968) made a detailed study of P. brevila111i1111s, in which 
they found a considerable wide range in morphological variation. Their 177 well -preserved 
spEcimens of this species came principall y from the upper Sheffield Formation, and a few 
from the lower Aplington Format ion, in Iowa. Conodonts from these units are indicative 
of doI8-doIIcc, a nd doIV or doV, respectively (Anderson, 1966, p. 400-401). The vari a tions 
include the posi tion of posterior termination of the platform, platform ornamentation, 
degree of arching of the unit, etc. Anderson and Ozias (l 968) demonstrated that there is 
also a considerable variation in the size of the pit (e.g., their illustrations on Pl. 2, figs. 3 
and 15), and in the relative length and height of the free blade (e.g., Pl. 3, figs. B and H). 
Given thi s wide range in morphology, the Waterways specimens are referable to this species. 

The specimens illustrated by Wirth (1967, Pl. 21, figs. 15- 17) from the Quinto Real 
(Span ish Western Pyrenees) similarly exhibit the high free blade as with the Waterways 
individuals. 

One Waterways form (i llustrated on Pl. 5, fig. 5) exhibits a large pit located at the junc­
tion between the platform and the free blade. This feature is more characteristic of Poly­
gnathus rarcus Stauffer or P. rhe11anus Klapper, Philip, and Jackson. Whether this form also 
fa ll s within the concept of P . bre vilami1111s is somewhat questionable. 

Figured specimens. GSC Nos. 24106 and 24107, GSC locs. 80265 and 62836 

Polygnat!tus cf. P. decorosus Stauffer 

Plate 4, figures 2, 7; Plate 5, figure 2 

Description. Platform sagit tate, transversely sha ll ow, and gradually tapering posteriorly. 
Unit straight to moderately incurved. Platform margin with distinct or subdued nodes. 
Carina of numerous denticles, and fused in some specimens. Free blade extremely high with 
largest and highest denticles at about central position of the free blade. Free blade about 
half the length of the unit. Lower margin of the entire unit forms a gentle and continuous 
arch. Lower edge keeled throughout. Pit small and narrow, or extremely larg-e as in Pseudo­
polygnat!tus, and at the anterior end of the platform. 

Remarks. Two morphological types a1 e considered herein: forms with small narrow, slit­
like pit (as illustrated on Pl. 5, fig. 2), and those with extremely large pit, almost as wide as 
the platform itself (Pl. 4, fig. 7). However, owing to their overall morphologica l similarities, 
except for the pit , and also to their contemporaneous occurrences, they are herein grouped 
together. 

Those specimens considered here differ from P. decorosus in exhibiting extremely high 
free blade. The rree blade in P. decorosus is of uniform height throughout its length (Klapper 
et al., 1970, p. 653). Jn addition, the lower margin of the entire unit is gently and continuously 
arched, whereas in P. decoros11s only the platform is arched. The large pit in some specimens 
also distinguishes the present species from P. decorosus. 
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Polygnatlms procerus Sannemann also exhibits a high free blade, but differs in possessing 
extremely slender platform. It also has no representatives with large pit. 

Material (in number of specimens). Mildred, I large ; Moberly, 21 small, 15 large; Christina, 
I small; and Calumet, 2 large. Total, 18 large, 22 small (size refers to that of the pit). 

Figured specimens. GSC Nos. 24110, 24111, and 24112, from GSC locs. 63310, 63984, and 
63311, respectively. 

Polygnathus incompletus Uyeno 

Plate 4, figure 5; Plate 5, figure I 

Polygnarl111s incomplera Uyeno, 1967, p. 7, 10, Pl. 2, figs. 6, 7. 
Polygnarhus incomplerus Uyeno, Szulczewski, 1971, p. 49, Pl. 18, fig. 9. 

Diagnosis. A species of Polygnathus whose representatives feature smooth or weakly orna­
mented, elongated platform. Carina composed of fused denticles, not extending to posterior 
end. Two or three small nodes may occur posterior to ridge-like carina. 

Description. Platfo1 m elongate, smooth, or indistinctly ornamented with vague ribs near the 
margins. Carina ridge-like, presumably resulting from fu sion of a series of denticles. In some 
specimens, 2 or 3 extremely small nodes may occur posterior to the ridge-like structure. Deep 
troughs present on upper surface of the platform, one on either side of the carina, which 
unite and continue posterior to the carina. Free blade about half the length of the unit, and 
high anteriorly. Entire unit slightl y to moderately incurved. In lateral view, free blade straight 
and platform gently arched. Lower side keeled throughout, e;.;c.::pt at the site of pit near 
anterior end of platform. 

Remarks. The smooth to indisti11ctly ornamented platform of specimens of this species is a 
feature also common with Po!ygnathus com1111111is Branson and Mehl, and Polygnathus glaber 
Ulrich and Bassler. A number of features differentiate it from these two species. In P. com­
munis the platform is much wider with only shallow troughs adjacent to the carina, and the 
carina extends to the posterior end of the platform. In P. glaber, the platform has a round 
anterior outline with a pointed posterior end. 

Types. Holotype, GSC No. 22828, GSC loc. 63389; paratype, GSC No. 22829, GSC loc. 
63113. 

Polygnathus norrisi Uyeno 

Plate 5, figures 3, 6 

Po/ygnarhus norris Uyeno, 1967, p. 10, Pl. 2, figs. 4, 5; Uyeno in MacKenzie, 1971, p. 491; Norris and Uyeno, 
1972, p. 215, Pl. 3, fig. 15. 

Diagnosis. A species of Polygnathus whose representatives feature platform with subparallel 
sides and fluted margins. Upper surface of platform characterized by plates arranged in 
reversed chevron patterns. 

Description. Platform about twice as long as wide, with posterior end abruptly pointed or 
somewhat smoothly tapering. Lateral margins of platform subparallel with possible slight 
constriction near midlength. Upper surface of platform with numerous thin plate-like pro­
jections. These projections of the holotype (illustrated on Pl. 5, fig. 6B) directed anteriorly 
at the anterior end, and posteriorly at the opposite end, creating reversed chevron patterns. 
Anterior margin of the inner platform directed posteriorly, at about 60 degrees to the 
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carina, whereas that of the outer platform merges into the free blade. In lateral view, these 
plates appear as a series of needle-like projections occurring in groups. Carina inconspicuous, 
composed of a series of fused nodes standing only slightly higher than the platform. Free 
blade short, one-third the length of the unit, with 6 to 10 denticles. Lower side with straight 
keel under platform and blade, and a shallow, slit-like pit near the anterior part of platform. 

Remarks. Two slightly diffe1ent morphological types are included in this species, but it is 
believed that the differences are due to preservation. Three of the five specimens available 
are deformed, the free blade bent and inclined against the platform, or the platform itself 
distorted. 

A juvenile fo1m of Po/ygnathus diversus Helms, illustrated by Helms (1959, Pl. 5, fig. 
8), bears superficial resemblance to P. 11orrisi. P. diversus, however, has a carina and a free 
blade that are slight ly offset and a platform with numerous, needle-like projections. 

Shaffer (1963) reported a polygnathid from the Holts Summit Formation (Upper 
Devonian) of Missouri, which bears some resemblance to the Waterways individuals. The 
unnamed Missouri specimens, however, have the blade as an extension of the outermost 
longitudinal row of denticles on the platform ; furthermore, no pit was observed in them. 
Owing to their small size, they were considered to be juvenile specimens, or even aberrant 
g10wth forms. The Waterways specimens are of " usual"' polygnathid size, and are regarded 
as normal and mature. 

Distribution. In the Waterways Formation, P. norrisi was found restricted to the Firebag 
Member, associated with the Spathognathodus insitus fauna. It is also associated with this 
fauna in the Souris River Formation of southwestern Manitoba (Norris and Uyeno, 1972, p. 
215). In the "Allochthonous beds" overlying the Ramparts Formation of the Powell Creek 
section, western District of Mackenzie, P. norrisi occurs in the Lowermost P. asymmetricus 
Zone (Uyeno in MacKenzie, 1971, p. 491). 

Types. Holotype, GSC No. 22830, GSC loc. 62737; para type, GSC No. 22831, GSC loc. 
77112. 

Po/ygnathus webbi Stauffer 

Plate 5, figure 7 

Po/ygnathus webbi Stauffer, 1938, p. 439, Pl. 53, figs. 25, 26, 28, 29; Klapper, 1971, p. 66- 67, Pl. I, figs . 25-28 
[includes synonymy]. 

Po/ygna1/111s normalis Miller and Youngquist, 1947, p. 515, Pl. 74, figs. 4, 5. 

Remarks. Klapper (1971, p. 66) suggested that P. webbi and P. norma/is are left- and right­
curved specimens, respectively, of a pair of CJ. type described as Class Illb sy mmetry by Lane 
(1968, p. 1260). 

Figured specimen. GSC No. 24113, GSC loc. 62713. 

Po/yg11athus xy/us Stauffer 

Plate 4, figures 6, 8 

Polyg11a1h11s xylus Stauffer, 1940, p. 430- 431, Pl. 60, figs . 54, 66, 72-74 only; Klapper, Philip, and Jackson, 
1970, p. 659- 660, Pl. I, figs. 4- 6, 11, Pl. 2, figs. 4, 5, 7- 12, 16- 18 ; Seddon, 1970b, p. 62- 63, Pl. 6, figs. 
10-12; Norris and Uyeno, 1972, p. 215, Pl. 3, fig. 8. 

Remarks. Klapper et al. (1970, p. 660) diagnosed P. xy/us as having a free blade that is about 
half the length of the unit. This is true for most specimens from the Waterways Formation 
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that are assigned to this species (e.g., one illustrated on Pl. 4, fig. 6). Some juvenile specimens 

exhibit free blade which is slightly less than two-thirds the length of the unit (e.g., one il­
lustrated on Pl. 4, fig. 8), and are superficially similar to Po/ygnathus varcus Stauffer. 

The distribution of P. xylus is given by Klapper et al. (1970, p. 666). It also occurs in 

the Dawson Bay and Souris River Formations of southwestern Manitoba (Norris and 

Uyeno, 1972, p. 215). 

Figured specimens. GSC Nos. 24114 and 24115, GSC locs. 63385 and 80425. 

Polygnathus sp. A 

Plate 4, figures 9, 10 

Description. Platform sy mmetrica l with constriction ("waist") near its anterior end, but 
degree of constriction variable. In some specimens upper margins of platform serrated, with 

wide, shallow ribs, normal to margins; in others, platform almost smooth. Upturned margins 

of platform higher than carina. Carina of partially or entirely fused denticles, straight, and 

extending to posterior end of platform. Deep troughs immediately adjacent to, and on 
either side of, the carina. Free blade short, about one-third the length of the unit, high at 
midpoint, and slightly incurved posteriorly. Lower side keeled throughout, except at the 

site of a small pit, located at midpoint between the centre and the anterior end of the plat­
form. In lateral view, the entire unit nearly straight, with slight arching under platform. 

Remarks. The "waist" of the platform is a feature in common with Polygnatlws webbi Stauffer, 
but the Waterways specimens differ in most other aspects such as symmetrical platform and 
short free blade. 

Figured specimens. GSC N os. 24116 and 24117, GSC lacs. 62794 and 62787. 

Polygnathus sp. B 

Plate 4, figure 4; Plate 5, figure 8 

Description. Platform narrow, elongate and symmetrical, with free blade sl ightly less than 
half the length of the unit. The unit straight to slightly incurved. Free blade highest near the 
anterior end and rapidly declines in height posteriorly. Lower margin straight under free 
blade, but moderately to strongly arched (geniculate) under the platform. Lower edge keeled 
throughout, with large oval pit at the anterior end of platform. Margins of the platform with 

distinct or subdued nodes. Geniculation points are opposite and the anterior trough margins 
short. 

Remarks. The free blade of this species is similar to that of Polygnathus cf. P. decorosus 
Stauffer. The platform is narrower, as opposed to the sagittate outline of the platform in 
P. cf. P. decorosus. Further, the size of the pit varies considerably in the latter. 

Figured specimens. GSC Nos. 24108 and 24109, GSC lacs. 62667 and 63406. 
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Genus Spatlwgnatlzodus Branson and Mehl , 1941 

Type species . Spathodus primus Branson and Mehl, 1933. 

Spathognathodus cf. S. brei·is Bischoff and Ziegler 

Plate 7, figures 11 - 13 ; Plate 8, figures 4, 9 

(cf.) Spathognathodus brevis Bischoff and Ziegler, 1957, p. 116- 117, Pl. 19, figs . 24, 27- 29; Wittekindt, 1966, 
p. 643 , Pl. 3, figs. 23, 24. 

Diagnosis. A species of Spathog11athod11s whose representatives feature a very short blade, 
and oval pit at or near the extreme posterior end of blade. Large denticle directly over the 
pit, followed posteriorly by a much smaller denticle. 

Description. Blade very short, with 6 to 9 denticles. Denticlcs higher posteriorly, all upright 
but the posteriormost two inclined posteriorl y. Denticle directly over the pit largest and 
highest, at least twice as wide as others, and followed posteriorly by a comparatively much 
smaller denticle. Lower margin straight and keeled throughout, with oval pit at or near the 
extreme posterior end of the blade. Pit twice as wide as long; slender grooves from the pit 
in either direction. 

Remarks. Specimens included herein are very similar to S. brevis Bischoff and Ziegler. In S . 
brevis, however, the pit is situated at, and protrudes beyond, the posterior end of the blade. 
This feature is common to some, but not all, of the Waterways specimens. Further, in S. 
brevis all the denticles are about the same height, with that situated in the posteriormost 
position being wider than others. 

Range. S. cf. S. brevis occurs in Lhe Middle P. asymmetricus Zone in the Waterways Forma­
tion. S. brevis sensu stricto ranges from the P. kocke/ianus- P. robusticostatus assemblage 
zone and /or P. Farcus Zone (Pedder et al. , 1970, p. 248, 249, 263) to the Middle P. asymmet­
ricus Zone (Bischoff and Ziegler, 1957, Table 4). 

Figured specimens. GSC Nos. 24122 through 24 126, from GSC locs. 62789, 62693, 62831, 
62832, and 62693, respectivel y. 

Spathognathodus gradatus (Youngquist) 

Plate 8, figures I, 15-18 

Mehlina gradatus Youngquist, 1945, p. 363, Pl. 56, fig. 3. 
Mehlina irregu/aris Youngquist, 1945 , p. 363, Pl. 56, fig. 2. 
Cte11og11ath11s gradata (Youngqu ist), Muller and Muller, 1957, p. 1083, Pl. 135, figs . 10, 11. 
Spathognathodus gradatus (Youngq uist), Szulczewski, 197 1, p. 55, Pl. 20, figs. I, 6- 8 (includes synonym y). 

Description. Blade slightly incurved. In lateral view, anterior part of blade straight, with 
posterior part slightly arched. Denticulation irregular but generally higher towards anterior 
end. Owing to arching, some denticles of the posterior part almost as high as those on the 
anterior end. Lower side keeled throughout, wit h small pit. 

Remarks. Youngquist (1945, p. 363) erected two species, Mehlina gradatus and M. irregularis, 
based principally on the difference of regularity in denticulation. As noted by Millier and 
Mi.iller (1957, p. 1083), this difference does not justify taxonomic separation. The Waterways 
specimens referred to this species exhibit the differences noted by Youngquist, but are 
considered conspecific. 
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The larger, mature specimens exhibit low, lateral ridges on either side of the blade, 
extending from the posterior to anterior end. This is in contrast to thinner blades with flat 
sides in smaller and younger individuals. 

Figured specimens. GSC Nos. 24 127 through 24129, GSC loc. 62841 ; GSC Nos. 24130 and 
24131, GSC locs. 62829 and 62832. 

Spathognathodus insitus (Stauffer) 

Plate 8, figures 2, 5, 11, 12, 14 

Pa11dori11a i11sita Stauffer, 1940, p. 429, Pl. 59, figs. 23, 25. 
Pa11dori11a bra111bo11a Stauffer, 1940, p. 428, Pl. 59, figs . 34- 36. 
Pa11dori11a gratiosa Stauffer, 1940, p. 428, Pl. 59, fi gs . 18- 20, 24. 
S pathog11athod11s gratiosus (Stauffer} , Youngquist , 1947, p. 111 - 112, Pl. 26, fig. I ; Cla rk and Ethington , 

1967, p. 67, Pl. 6, fig . 4 . 
C1e11og11a1/111s (Pa11dori11e/la) i11sita (Stauffer), MU iier and Miiller, 1957, p. 1083, Pl. 142, fi gs. 2, 3. 
S pa1hog11athod11s bra111bosa Stauffer, Loranger, !965a, p . 13- 14, Photograph 2, fig. 11 . 
Spathog11athod11s (Pa11dori11a) gratiosa Stauffer, Lo ranger, I 965a, p. 14, Photograph 2, fig. 12. 
Spathog11ath od11s i11sit11s (Stauffer) , Coen and Coen -Aubert, 197 1, p. 17, fig. 2; Norris and Uyeno, 1972, 

p. 215, Pl. 3, figs. 12, 16, 17. 
Ozarkodi11a i11sit11s (Stauffer) , Klapper and Philip , 1971, p . 432, 448, fig . I, illus. P [1101 illus. Oi. N, A1, 

A2, AJ]. 
Pa11dori11el/i11a i11sita (Stauffer) , Klapper and Philip, 1972, p. 99 [P element only]. 

Description. Blade with two distinct parts: an extremely high anterior part, and a highly 
arched posterior part. In latera l view, lower margin straight, sli ght ly arched, or may extend 
downward from the anterior end to about one-thitd the length of the unit, and then arched 
posteriorly. The junction may be genicu late or more gently sigmoidal. In upper view, two 
parts aligned or anterior part of blade slightly offset (" right-sided" offset of Klapper, 1969, 
p. 16- 17). Lower side keeled at anterio r end. Large pit with broad lateral flare at, and poste­
riorly of, the junction of the two parts. Flare tapers to a point at the posterior end. In larger 
specimens, pit relatively small , and lower edge of posterior part keeled. 

R emarks. The number of denticles of the two parts varies considerably. The high anterior 
part may consist of one large denticle, to 5 or more, with several smaller denticles, and the 
arched posterior part from 9 to J 3 denticles. 

Large specimens referred to thi s species (e.g., illustrated on Pl. 8, fig. 5; see also Pollock, 
1968, Pl. 64, fig. 4) exhibit relative!) sma ll pit and keeled lower edge on anterior and posterior 
parts. Forms gradati onal between these and more "typical" forms (e.g., as illustrated on 
Pl. 8, figs. 11 , 14) are present in the Waterways collection. 

Four specimens with the general form of S. insitus, but with denticles on both sides of 
the blade, were recovered from the F irebag Member. They have been referred to as, and are 
herein discussed under, Spathognathodus? sp. 

Comparison of S. insitus and S. exig1111s phi/ipi Klapper was given by Klapper ( 1969, 
p. 18). He noted the prominent " right-sided" offset (ibid., p. 16-17) of the anterior part of 
some specimens of S. insitus (e.g., Pl. 8, figs. 5 and 11, herein), a feature in common with 
S. exiguus phi/ipi. 

Spathognat/10d11s pri11111s (Branson and Mehl) of Pridolian age, illustrated by Mashkova 
(1970, e.g., Pl. 13, figs. 2, 6) has a similar lateral outline. It may be readily distinguished, 
however, by the shape of the pit. S. insitus has a large pit with wide lateral flare that extends 
from a position immediately anterior to the geniculation point, to the posterior tip of the 
uni t. S. pri11111s, on the other hand, has a large pit but with lateral flare restricted to a position 
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immediately posterior to the geniculation point. S. primus similarly exhibits the " right-sided" 
offset of the anterior part of the unit. 

Distribution . Spathognathodus insitus has been reported from an unnamed formation at 
Mary's Mountain, Nevada; upper part of the Callaway Formation, Missouri; upper part of 
the Coralville Member, Cedar Valley Limestone, and the State Quarry Limestone of south­
eastern Iowa; and the Coralville Member, Cedar Valley Limestone of Illinois (Klapper et al., 
1971, Fig. 3), the upper par t of the Cedar Valley Limestone of Minnesota (Stauffer, 1940, 
p. 41 7, 428, 429; Youngquist, 1947, p. 112), the North Liberty beds of Iowa (Youngquist, 
1947, p. 111 - 112; Muller and Muller, 1957, p. 1083), and the Souris River Formation of 
southwestern Manitoba (Norris and Uyeno, 1972, p. 215). Previously it was thought to be 
restricted to the North American continent (Klapper et al., 1971, p. 299-300), and charac­
teristic of the fauna of the same name. Subsequentl y, it has been reported from the Assise 
de Fromelennes (Fie) at N y in the Dinant Basin (Coen and Coen-Aubert, 1971, p. 17). 

Figured specimens. GSC Nos. 24 132 through 24136, from GSC toes. 63197, 62905, 63076, 
62829, and 63105, respectively. 

Spathognathodus? sp. 

Plate 8, figures 8, 10 

Spathognatlwdus? sp . Uyeno, 1967, p. 11 , Pl. 2, figs. 2, 3. 

Description. Blade with form similar to that of Spathog11athod11s insitus (Stauffer) but with 
lateral denticles on both sides. Lateral denticles directly over the basal cavity, as outgrowths 
from sides of the blade rather than from a distinct platform. These denticles erect, some 
comparable in size to those on the posterior ha lf of the blade, others smaller, and up to five 
in number. Two or more lateral denticles may fuse to form a short ridge. 

R emarks. The Waterways collect ion includes juvenile specimens of Ancyrode/la rotundiloba 
binodosa Uyeno which, in possessing onl y incipiently developed platforms, exhibit forms 
similar to those of the present species. The latter, however, is closer to Spathognathodus than 
to Ancyrode/la. It lacks the di stinct pl atform of Ancyrode/la , and possesses denticles merely 
as outgrowths of the lateral sides. Spathognathodus? sp. occurs in the upper part of the Firebag 
Member, and A ncyrode/la rot1111diloba bi11odosa occurs from the middle pa rt of the Calumet 
through the basal Christina Member. This succession suggests a possible phylogeny and 
origin of Ancyrode/la, rela ting it wit h Spathog11at/10dus. 

Figured specimens. GSC Nos. 22832 and 22833, GSC locs. 77112 and 77110. 
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APPENDIX 

SAMPLES COLLECTED IN 1956 BY A. W. NORRIS OF THE 
GEOLOGICAL SURVEY OF CANADA, CALGARY 

The following GSC localities yielded the specimens collected by Norris that are figured in this 
report. The conodont contents and number of specimens from these localities are listed in Table 5. 
GSC loc. 29089, Station 181, south bank, Clearwater River, 22.4 miles downstream from the mouth 
of High Hill River, Rock Unit 35, 2 to 4 feet above river level; Calumet Member, Waterways For­
mation. 
GSC loc. 29209, Station 59, west bank, Athabasca River, 25.5 miles downstream from the Waterways' 
wharf, Rock Unit 34, 6 feet above rivff level; Moberly Member, Waterways Formation. 
GSC Joe. 29282, Station 81, west bank, Athabasca River, 34.6 miles downstream from the Waterways' 
wharf (= 0.8 mile downstream from the mouth of Muskeg River), Rock Unit 34, 7 feet above river 
level; Moberly Member, Waterways Formation. 
GSC Joe. 29314, Station 203, south bank, Clearwater River, 6.1 miles downstream from the mouth 
of Christina River, Rock Unit 72, 1.5 to 2 feet above river level; Moberly Member, Waterways 
Formation. 

COLLECTING LOCALITIES OF WATERWAYS FORMATION ON 
ATHABASCA RIVER 

Outcrop sites are designated by station numbers used by Norris (1963), and which are indicated 
in his Figures 4 and 7. Rock units are also those used in Norris' Memoir (ibid.), to which the reader 
is referred for detailed lithologic descri,Jtions. Weight of each sample stud ied for conodonts ranges 
from about 1500 to 2000 grams. Asterisk (*) denotes localities that yielded selected conodont 
form-species that are listed on Table 4(a). 

Moberly Member 

Eight sections of the Moberly Member on the Athabasca River were selected to give the most 
complete composite sequence. Columnar sections and correlations between stations are shown on 
Figure 4. Sections selected, and their sampling intervals, are as fo llows: 

Rock Unit GSC Loe. Interval above river level (ft) 

Station 92: West bank , 0.6 mile downstrram from Fort MacKay Settlement; collected along 
northern flank of ant icline; base of section 14.3 feet above river level. 

37 

52 

62696 
*62695 
*62694 

31. 8-34. 8 
29. 8-31. 8 
27.8-29.8 



GSC localities 

CONODON TS (form taxonomy) 
"' "' N ;:; 
"' 0 "' 0 N N "' "' "' g) g) N N 

Ancyrodella rotundiloba binodosa 1 

Ancyrodelfa rotundiloba su bsp. A 1 

Diplododella aurita 4 

Hibbardella s p. B 1 

lcriodus brevis brevis I 5 I 4 

fcriodus expansus 9 

lcriodus nodosus s.I. I 4 I 

Polygnathus brevilaminus 3 

Polygnathus incompletus 4 

Polygnathus webbi I 

Polygnathus xylus I 
-

Polygnathus sp. A I 

Spathognathodus insitus 2 24 6 

Acodina I 

Angulodus I 12 14 

Hibbardella I 

Hindeodella 12 I 10 

Ligonodina I 4 I 

Lonchodina 2 I 2 3 

Neoprioniodus I 

Ozarkodina 3 24 2 3 

Synprioniodina I 3 10 

Total: 188 specimens 
GSC 

Note: Collections from which specimens f igured in this report 
were obtained are shown thus . . 4 

TABLE 5. Locations and conodont contents of sa mples collected 
by A. W . Norris in 1956. 
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Rock Unit GSC Loe. Interval above river level (ft) 

36 *62693 26.8-27.8 
*62692 26.2-26.8 
*62691 25.0-26.2 

35 *62690 24.1-25.0 
34 62689 23.3-24.1 

62688 22.3-23.3 
62687 20.3-22.3 
62686 18.3- 20.3 

*62685 16.3- 18. 3 
*62684 14 .3-16.3 

Station 79: East bank , 0.7 mile upstream from the mouth of Muskeg River; collected along 
southern flank of anticline; base of section 7. 5 feet above river level. 

57 

56 

55 

44 

43 
41 
38 
37 

36 
35 
34 

*62809 
*62808 
62807 

*62806 
*62805 
*62804 
*62803 
62802 

*62801 
*62800 
*62799 
*62798 
*62796 
*62795 
*62794 
62793 
62792 

*62791 
*62790 
*62789 
*62788 
*62787 

81. 5-83. 5 
79. 5-8 1. 5 
77.5-79.5 
75.5-77.5 
73.5- 75.5 
71.5-73.5 
69. 5-71. 5 
67.5-69.5 
65.5-67.5 
44 .5-45 .5 
39. 5-41. 5 
37.5- 39.5 
34.7-37.5 
31.9- 32. 7 
25.3-26 .6 
20.6-22 .5 
18 .6-20 .6 
16.6-18 .6 
14 .1- 16.6 
13.0-14.l 
10 .3- 13 .0 
7.5- 10.3 

Station 70: East bank, 6.5 miles downstream from the mouth of Steepbank River ; collected along 
ant iclinal axis and its southern flank; base of sect ion I .I feet above river level. 

44 *62841 53.0-55 .0 
41 *62840 51.2-53 .0 
39 *62839 44 .1-44 .9 

*62838 41. 7-42. I 
37 62837 32.1-35 .5 

*62836 30.1-32.I 
62835 28. 1-30 . I 

36 *62834 26 .8-28 .1 
35 *62833 25 .0-26 .8 
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Rock Unit GSC Loe. Interval above river level (ft) 

34 *62832 21. 7-25 .0 
*62831 19. 8-21. 7 
*62830 17. 8-19.8 

33 *62829 16.4-17.8 
32 *62828 14 . 6-16.4 
31 *62827 13. 5-14. 6 
30 62826 12 .7-13. 5 

62825 9.1-10.9 
*62824 7.1- 9.1 
*62823 5.1- 7 . 1 
62822 3.1- 5.1 
62821 I. I- 3. l 

Statio1155: West bank, opposite the mouth of Steepbank River; collected along so uthern flank 
of an eastward-plunging syncline; base of section 6 feet above river level. 

43 
42 
41 
40 

*62882 
*62881 
*62880 
*62879 

8.5- 9.3 
7.3- 8.5 
7.1- 7.3 
6.0- 7.1 

Station 47: East bank, opposite the northern end of Tar Island; collected along anticlinal axis 
and its southern flank; base of section 8.8 feet above river level. Only those samples required to 
complement other sections were studied for conodonts. 

47 
46 
45 

*62907 
*62906 
*62905 

45 .2-46.0 
44.8-45.2 
44.6-44.8 

Station 23- 1: East bank, 11.6 miles downstream from Waterways' wharf; collected along syn­
clinal axis; base of section 10 feet above river level. 

51 *62965 19.6-20.3 
50 62964 17.8-19.6 
48 62963 15. 8-17. 8 

62962 13. 8-15. 8 
*62961 11.8-13. 8 

47 *62960 11.3-11 .8 
46 *62959 10 .2-1 1.3 
45 *62958 10.0- 10.2 

Station 22-1: East bank, 11.3 miles downstream from Waterways' wharf; base of section 3.2 
feet above river level. 

43 *62970 7.1- 8.0 
42 *62969 6.1- 7.1 
41 *62968 5.9- 6.1 
40 *62967 4.6- 5.9 

*62966 3.2- 4.6 
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Rock Unit GSC Loe. Interval above river level (ft) 

Station Ba: East bank, 0.5 mile downstream from northern end of McMurray Island; base of 
sec tion 2.5 feet above river level. 

40 *63032 10 .4-12.4 
63031 8 .4-10.4 

*63030 6.4- 8.4 
39 *63029 5.3- 6.4 

*63028 4.2- 5.3 
*63027 3.1 - 4. 2 

38 *63026 2. 5- 3. 1 

Christina Member 

Statio11 93: East bank, opposite Haight Island; base of sect ion 24.5 feet above river leve l. 

22 

21 

*62683 
*62682 
*62681 

Calumet Member 

27.5-28.7 
26.3-27.5 
24.5-26 .3 

Statio11s IOI a11d /02: West bank , 0.4 mile downstream from nor th end of Wheeler l slan<l; col­
lected a long ant iclina l axis a nd its northern flank; base of sect ion at river level. 

16 

14 

13 
12 
II 

10 

62680 
62679 
62678 
62677 
62676 

*62675 
*62672 
*62670 
*62669 
*62668 
*62667 
*62666 
*62665 
*62664 

Firebag Member 

24.2- 27 .2 
21 .2- 24.2 
18.2-21.2 
17 .1 - 18.2 
15 . 1- 17. I 
13 . 1- 15 . 1 
8.4- 9.1 
5.5- 7.1 
4.6- 5.5 
3.6- 4.6 
2.6- 3.6 
1.6- 2.6 
I.I- 1.6 
0 - 0.4 

Station 103: East bank, about 2 miles downstream from D aphne Island; collected along southern 
flank of a westward-plunging anticline; base of sect ion at river level. 

2 
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*62769 
62768 

*62767 
*62766 

13 . 54-13. 77 
13. 31-13. 54 
13 . 18- 13. 31 
12 .95-13 . 18 



Rock Unit GSC Loe. Interval above river level (ft) 

62765 12.72-12.95 
*62764 12.49-12.72 
*62761 11. 80-12 .03 
*62757 10.88-11.11 
62754 10.19-10.42 

*62751 9.50- 9.73 
62747 8.58- 8.81 

*62743 7. 89- 8 .12 
62740 7.20- 7 .43 

*62737 6.51- 6.74 
*62734 5.82- 6.05 
*62728 4.44- 4.67 
*62725 3.75- 3.98 
62722 3.06- 3.29 
62719 2.37- 2.60 

*62716 I. 68- I. 91 
*62713 0.99- 1.22 
*62710 0 - 0.38 

COLLECTING LOCALITIES OF WATERWAYS FORMATION ON 
CLEARWATER RIVER AND ITS TRIBUTARIES 

Outcrop sites are designated by station numbers used by Norris (1963), and which are indicated 
in his Figures 4 and 7. Rock units are also those used in Norris' Memoir (ibicf), to which the reader 
is referred for detailed lithologic descriptions. Weight of each sample studied for conodonts ranges 
from about 1500 to 2000 grams. Asterisk(*) denotes localities that yielded selected conodont form­
species that are listed on Table 4(a). 

Moberly Member 

Station 205: North bank, Clearwater River, 8.5 miles downstream from the mouth of Christina 
River; base of section at river level. 

77 *63245 0.5 - 1.0 

Station 203: South bank, Clearwater River, 6.1 miles downstream from the mouth of Christina 
River ; base of section at river level. 

74 
73 

72 

63243 
*63240 
63239 
63236 

*63234 
*63233 
63232 

12.3-13.8 
9.3-10.3 
8.3- 9.3 
5. 3- 6. 3 
4.0- 4.3 
3.0- 4.0 
0 - 1.0 
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Rock Unit GSC Loe. Interval above river level (ft) 

Statio11 202: North bank, Clearwater River, 5.7 miles downstream from the mouth of Christina 
River; base of section at river level. 

70 *63231 6.2- 7.2 
*63230 5.6- 6.2 
*63229 5.0- 5.6 

69 *63227 3.0- 4.0 
*63224 0 - 1.0 

Station 194: North bank, Clearwater River, 3.9 miles downstream from the mouth of Christina 
River; poorly exposed; base of section about 10 feet above river level. 

63 *63223 ea. 10 .0- 10.3 

Statio11 196: Erosional outlier 0.2 mile north of Clearwater River, and 3.9 miles downstrea m 
from the mouth of Christina River. For this station only, interval is given as footage above the base 
of the exposure. 

67 *63222 15 .3-16.3 
63219 12.3- 13 .3 

*63216 9.3-10.3 
66 *63214 7.4- 8.3 
65 *63212 5.0- 6.5 

*63207 0 - 1.0 

Station 193: North bank, Clearwa ter River, 2.7 miles downstream from the mout h of Christina 
River; base of sect ion 3 feet above river level. 

62 63206 15.0- 16. 5 
63203 12.0- 13.0 
63199 8.0- 9.0 

61 *63197 6.0-- 7.0 
*63194 3.0- 4.0 

Statio11 192: South bank, Clearwater River, 2.3 miles downstrea m from the mouth of Christina 
River; base of sect ion 2 feet above river level. 

59 *63192 25.3-26.3 
*63189 22.3-23.3 

58 63187 20.3-21.3 
63179 12 .3-13. 3 

57 *63177 10 .3- 10.8 
56 63175 8.3- 9.3 

*63170 3.3- 4 .3 

Christina Member 

Station 191: Southwest bank, Christina River, 1.4 miles upstream from the confluence of Clear­
water River; base of section 2 feet above river level. 

51 63168 3.1- 4.3 
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Rock Unit GSC Loe. Interval above river level (ft) 

Station 190: Southwest bank, Christina River, 1.5 miles upstream from the confluence of Clear­
water River; base of section 5 feet above river level. 

53 *63166 
*63165 
63163 

8.1- 8.9 
7.8- 8.1 
6.0- 7.0 

Station 189: Southwest bank , Christina River, 1.8 miles upstream from the confluence of Clear­
water River; base of section 1. 5 feet above river level. 

49 

48 

63160 
63156 
63154 

6.8- 7.8 
2.8- 3.8 
1.5- 1.8 

Station 187: Northeast bank. Christina River, 2.3 miles upstream from the confluence of Clear­
water River; base of section 4 feet above river level. 

46 
45 

44 

63153 
63151 
63146 
63141 

*63136 
63 134 

23.0-24.0 
21.0-22.0 
16.0-17.0 
11.0-12.0 
6.0- 7.0 
4.0- 5.0 

Station 184: Southwest bank , Christina River, 2.8 miles upstream from the confluence of Clear­
water River; base of section 2 feet above river level. 

Unassigned *63132 14.2-15.2 
43 63130 12.3-13.2 
42 63128 10 .6-11.4 
41 63 127 10.0-10.6 
40 63126 9.0-10.0 

*63122 5.0- 6.0 
*63119 2.0- 3.0 

Calumet Member 

Station 182: South bank, Clearwater River. 24. 7 miles downstream from the mouth of High Hill 
River; base of section at ri ver level. 

37 *631 18 0.8- I. 5 

Station 181: South bank , Clearwater River, 22.4 miles downstream from the mouth of High Hill 
River; base of section 1.5 feet above river level. 

35 
34 

*63115 
*63113 
*63111 

5.5- 6.5 
3.5- 4.5 
I. 5- 2.5 

Station 45UA: North bank , Clearwater River. 16.7 miles downstream from the mouth of High 
Hill River; base of sect ion at river level. [This section was not recorded by Norris (1963)). 

Unassigned *63110 0 - 1.0 
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Rock Unit GSC Loe. Interval above river level (ft) 

Station 178: North bank, Clearwater River, 18.6 miles downstream from the mouth of High Hill 
River; base of section at river level. 

32 

31 

*63109 
*63107 
*63105 

4.3- 5.1 
2.3- 3.3 
0 - 1.3 

Station 176: North bank, Clearwater River, 16.5 miles downstream from the mouth of High Hill 
River; base of section at river level. 

Unassigned 
29 

*63104 
*63102 

2.0- 7.0 
0 - 1.3 

Station 173: North bank, Clearwater River, l 3.7 miles downstream from the mouth of High Hill 
River; base of sect ion 2 feet above river level. 

26-27 
25 

Unassigned 
24 

*63100 
*63095 
*63093 
*63091 

9.7-10.7 
5 .6- 6.1 
3.9- 4.9 
2.0- 2.9 

Station 172: North bank, Clearwater River, l 3.5 miles downstream from the mouth of High Hill 
River; base of section 12 feet above river level. 

Unassigned *63089 
*63087 

14.1-15.1 
12.0-13.1 

Station 171: North bank, Clearwater River, 13.3 miles downstream from the mouth of High Hill 
River; base of section 3 feet above river level. 

18 *63086 
*63083 
*63080 
*63076 

12.0- 13.0 
9.0-10.0 
6.0- 7.0 
3 .0- 4.0 

Station 168: North bank, Clearwater River, 9.2 miles downst ream from the mouth of High Hill 
River; base of sect ion 3 feet above river level. 

16 *63074 4 .0- 5.0 

Firebag Member 

Station 38UA: South bank, Clearwater River, 0.6 mile downstream from the mouth of High Hill 
River ; base of section at river level. [This section was not recorded by Norris (1963)]. 

Unassigned 
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*63072 
*63069 
*63067 
*63065 
63063 

11.6-13.1 
7.6- 8.8 
3.9- 4.9 
2.0- 2.9 
0 - 1.0 



Rock Unit GSC Loe. Interval above river level (ft) 

Statio11164: North bank, High Hill River, 0.5 mile upstream from the confluence of Clearwater 
River; base of section about 20 feet above river leve l. 

12 *63062 31. 8-32. 8 
*63059 28.8- 29.8 

Unassigned *63058 28.0-28.8 
63057 27.0-28.0 

*63056 26 .0-27 .0 
*63054 24.0-25.0 
*63050 20.0-21.0 

Station 158: West bank, Edwin Creek, 150 to 200 yards upstream from the confluence of Clear­
water River; base of sect ion 1.5 feet above creek level. 

7 63048 
63046 
63042 

7.2- 7.5 
5.8- 6.9 
3.0- 3.4 
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Depth (ft) Stratigraphic Unit 

SUBSURFACE SECTION 

Name: Alberta Government Salt Well No. 1 
Location: Lot 8, McMurray townsite, tp. 89, rge. 9, W4th mer. 
Elevation of surface: 795 feet Total depth: 685 feet 
Commenced: October 1919 Completed: November 1920 

Thickness (ft) GSC Loe. 

See Carrigy (1959, p. 95- 99) and Allan (1920, p. 104, 106- 108) for core description. 

A sample was obtained from each interval indicated below; the exact position within each 
interval is not known. Asterisk (*) denotes the localities yielding selected conodont form­
species (see Table 4). Weight of each sample about 150 to 200 grams. Material courtesy of 
Dr. R. Green, Research Council of Alberta. 

95- 96 
96-105 

105-110 
110-120 
120-133 
133-135 
135- 139 
139-144 

144-155 
155- 161 
161 - 164 
164-223 

223- 230 
230- 240 
240-260 
260- 270 
270-292 
292- 296 
296- 315 

315- 386 
386- 402 
402- 406 
406-412 
412-419 
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WATERWAYS FORMATION 

Moberly Member 
(95-144 feet) 

Christi na Member 
(144-223 feet) 

Ca lumet Member 
(223- 315 feet) 

no sample avai lable 

Firebag Member 
(315-497 feet) 

1 *80236 
9 80237 
5 *80238 

10 *80239 
13 80240 
2 80241 
4 *80242 
5 80243 

11 80243 
6 80244 
3 *80245 

59 80246 

7 *80247 
10 *80248 
20 80249 
10 80250 
22 *80251 
4 

19 *80252 

71 80253 
16 *80254 
4 80255 
6 80256 
7 80257 



Depth (ft) Stratigraphic Unit 
• 

419- 428 
428- 435 
435- 442 
442- 455 
455-457 
457- 480 
480-490 
490-497 

Unconformity? 

Slave Point Formation 

SUBSURFACE SECTION 2 

Name: Industrial Minerals Limited Salt Well No. I 
Location: SE 1 /4, sec. 10, tp. 89, rge. 9, W4th mer. 
Elevation of surface: 825 feet Total depth: 898 feet 
Commenced: 4 May 1936 Completed: No data 
See Carrigy (1959, p. 105- 109) for core description. 

Thickness (ft) GSC Loe. 

9 80258 
7 80259 
7 *80260 

13 *80261 
2 *80262 

23 80263 
10 *80264 
7 *80265 

A sample was obta ined from each interval indicated below ; the exact position within each 
interval is not known. Asterisk (*) denotes the localities yielding selected conodont form­
species (see Table 4). Weight of each sample about 200 to 250 grams. Material courtesy of 
Dr. R. G1 een, Research Co unci I of Alberta. 

WATERWAYS FORMATION 

Moberly Member 
(100- 11 8 feet) 

100-101 802676 
101-105 4 *80268 
105-110 5 80269 
110-11 8 8 8026 

Christina Member 
(118- 213 feet) 

118- 125 7 80270 
125-130 5 80271 
130-140 10 *80272 
140-1 57 17 *80273 
157-160 3 *80274 
160- 170 10 80275 
170-213 43 80276 
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Depth (ft) Lithology and Remarks 

Calumet Member 
(213-310 feet) 

213-249 
249-277 
277- 285 
285-294 
294-304 
304-306 
306-310 

Firebag Member 
(310-490 feet) 

310- 381 
381-416 
416- 418 
418-419 
419-428 
428- 432 
432-445 
445-447 
447-484 
484-487 
487-490 

Unconformity? 

Slave Point Formation 

SUBSURFACE SECTION 3 

Name: Richfield Oil Corporation Pony Creek No. 2 
Location: Lsd. 9, sec. I , tp. 80, rge. 8, W4th mer. 
Elevation of surface: 2,041 feet (k.b.) Total depth: 1,802 feet 
Commenced: 26 December 1958 Completed: 16 January 1959 

Thickness (ft) GSC Loe. 

36 *80277 
28 *80278 
8 *80279 
9 *80280 

10 *80281 
2 80282 
4 *80283 

71 80284 
35 80285 
2 80286 

80287 
9 80288 
4 80289 

13 80290 
2 *80291 

37 80292 
3 *80293 
3 80294 

Core description after R . Green and G. B. Mellon, Research Council of Alberta (pers. corn. 
1963), stratigraphic tops after Dr. H . R. Belyea, Geological Survey of Canada (pers. corn. 
1964). 

A sample was obtained and studied for each interval indicated with an asterisk(*); the exact 
position within that interval is not known. In some cases, the indicated intervals of a core 
and the sum total footage of parts comprising that core do not agree; no adjustments have 
been made, but the discrepancy can perhaps be considered as evenly di stributed throughout. 
Sample designations are those used by the Research Council of Alberta. Weight of each 
sample about 150 to 200 grams; conodont specimens only were received for some intervals. 
Material courtesy of Dr. R. Green, Research Council of Alberta. "Barren" refers to absence 
of conodonts in samples studied. 
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Depth (ft) 

I ,305-1, 311 

1,311-1,314 
1,314- 1,318 
1,318- 1,321 
1,321- 1,334 
1,334- 1,359 

1,359-1,364 

1,364-1,369 

1,369-1,379 

1,379-1,404 

1,402- 1,403. 5 
1,403. 5- 1,405 

1,405-1,406 

1,406- 1, 411 

1,411- 1,42 1 

Lithology and Remarks Thickness (ft) GSC Loe. 

WATERWAYS FORMATION 

[Core 31: 1,305-1,359 feet; recovery 45 per cent] 

Moberly Member 
(1,305-1,311 feet) 

Limestone, light grey, aphanitic, hard, mass ive ; 
scattered fossils 

Christina Member 
(1,311-1,405 feet) 

Limestone, as above 
Shale, calcareous, hard, or argillaceous limestone 
Limestone, hard 
Limestone, argillaceous, with shale partings 
Shale, calcareous, hard, with argillaceous limestone 

beds 
*1,336: M54 
*1,352- 1,359: M56; barren 
[Core32: l,359- l ,402feet; recovery JOO percent] 
Limestone, pale green to green-grey, nodular, very 

fine grained, massive; and calcareous shale in 
laminae up to 3/8 inch thick 

*1,364: F59; barren 
Shale, calcareous, pale green, banded, and pale 

green aphanitic limestone 
Limestone, argillaceous, pale green, hard, fine 

grained, massive 
Limestone, as above, with traces of more calcare-

ous laminae 
[Core 33: 1,402-1,432 feet; recovery 100 per cent] 
Limestone, argi llaceous, pale green 
Limestone, argillaceous, pale green; 6- to 8-inch 

gradational contact below 
* 1,403.5: L68; barren 
*l ,405: M69 

Calumet Member 
(1,405-1,500 feet) 

Limestone, pale brown-grey, hard, massive; fossil­
iferous 

Limestone, as above, with greenish shale blebs in 
upper 2 feet; fossiliferous 

Limestone, pale grey to brown and green-grey, 
very fine gra ined , hard, massive, fossiliferous 

6 

3 
4 
3 

13 

25 

5 

5 

10 

25 

1 . 5 

1.5 

5 

10 

77104 
77105 

77106 

77107 
77108 
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66 

Depth (ft) 

1,421- 1,431 

1,432-1,472 

1,472- 1,474 

1,474- 1,475 . 5 
1,475. 5- 1,477 
1,477- 1,482 
1,482-1,492 

1,492-1,500 

1,500- 1,502 

I , 502-1, 530 

1,530- 1,532 

I, 532- J , 546 

I, 546- J , 552 

I, 550-1, 570 

1,570-1,580 

1,580- 1,610 

1,610- 1,640 

Lithology and Remarks Thickness (ft) GSC Loe. 

Limestone, as above, pale green to brownish grey; 
fossiliferous 

[Core 34: 1,432- J ,492 feet; recovery I 00 per cent] 
Limestone, as above, pale brown-grey, mostly 

aphanitic; fossiliferous 
Limestone, argillaceous, pale green, with shale 

partings 
Limestone, pale-brown-grey, hard, massive 
Limestone, argillaceous, green 
Limestone, pale brown-grey, hard, massive 
Limestone, pale green-grey to green; fossiliferous 
[Core 35: 1,492-1,550 feet; recovery JOO per cent] 
Limestone, as above 

Firebag Member 
(1,500-1,697 feet) 

Shale, calcareous, bright green; fossiliferous 
• 1,500-1,502: M89 
Shale, calcareous, green; soft to harder, more 

massive, green calcareous shale or argillaceous 
limestone ; fossiliferous 

•1,512- 1,5 17 : M94 
•1 ,522-1,527: M97 
Shale, calcareous, harder and more massive than 

above 
Limestone, pale to medium green, aphanitic, with 

alternating green calcareous shale; fossiliferous 
*l ,541-1,542: FJOl 
Shale, calcareous, medium green; numerous 

fossils in upper part 
*l,546- 1,552: MI04 
[Core36: J,550- l,610feet;recovery JOO percent] 
Shale, calcareous, medium green, softer than 

unit above 
* l ,560-1,565: Ml 09; barren 
Shale, as above, alternating with argillaceous 

limestone ; few fossils 
Limestone, pale to medium green, hard, nodular, 

with numerous green calcareous shale partings; 
harder and more calcareous towards base of 
unit ; fossiliferous 

*l,585-1,590: Fll6; barren 
*l,595- J,600 : Mll9 ; barren 
*1,605-1,610: MJ23 
[Core 37: l ,610- 1,670 feet; recovery JOO per cent] 
Shale, calcareous, medium green. hard; more 

massive and calcareous in places; fossiliferous 
*l ,615- 1,620: Ml26 ; barren 

JO 

40 

2 
l.5 
1.5 
5 

10 

8 

2 

28 

2 

14 

6 

20 

10 

30 

30 

7710':1 

77110 
77111 

77112 

77113 

77114 

77Jl5 
77116 
77117 

77118 



Depth (ft) Lithology and Remarks Thickness (ft) GSC Loe. 

1,640- 1,670 

1,670-1,677 

1,677- 1, 701 

*1,620-1,625: FI28 
*J ,625-1,630: MJ30 
*J ,630-1,635: Fl34; barren 
*J,635- 1,640: Ml36 ; barren 
Shale, as above, with nodular limestone bands ; 

fossiliferous 
*1,645-1,650: MJ39 
*1 ,655-1,660 : MJ42; barren 
*J,665- 1,670: M145 
[Core 38: 1,670- 1, 722 feet; recovery I 00 per cent] 
Shale, as above, with pale green-grey limestone 

bands up to 3/8 inch thick 
*J,672-1,677: M148 
Shale, calcareous, green, fissile, becoming dark 

greyish green and laminated in the lower 3 
feet; basal foot hard and massive 

Unconformity? 

Slave Point Formation 

SUBSURFACE SECTION 4 

Name : Union Red Earth 2-22 
Location : Lsd. 2, sec. 22, tp. 88, rge. 8, W5th mer. 
Elevation of surface: 1,855 feet (k. b.) Total depth: 4,926 feet 
Cored intervals: 4,254-4,328 feet; 4,766--4,816 feet; 4,851-4,914 feet 
Commenced: 30 January 1957 Completed: 3 March 1957 

30 

7 

24 

77119 
77120 
77121 
77122 

77123 
77124 
77125 

77126 

Stratigraphic tops after Dr. H. R. Belyea, Geological Survey of Canada (pers. corn., 1964). 

Samples were obtained at intervals of about 2.5 feet. Except at crucial intervals, such as at 
stratigraphic boundaries or at a distinct change in lithologies, generally only alternating 
samples were studied. Of the 29 samples studied from this well, only those intervals found to 
contain conodonts are listed below. Weight of each sample about 900 to 1200 grams. Elk 
Point Formation was also sampled in this well, but no conodonts were obtained. 

4,254-4 ,264 

WATERWAYS FORMATION 

Firebag Member (=basal limestone 
with Ladogioides) 

(4,254-4,296.5 feet) 

Limestone, argillaceous, light brownish grey, 
cryptograined, almost conchoidal fracturing 

4,254-4,256.5 feet 
JO 

63246 

67 



Depth (ft) Lithology and Remarks Thickness (ft) GSC Loe. 

4,264-4,289 Limestone, similar to above, but more brown in 
colour, and not so argillaceous 

4,265.9-4,268.3; 4,270.7-4,273.1 
25 

4,284.9- 4,287.3 feet 

4, 289- 4, 296. 5 Limestone, similar to above, and limestone, 
lighter brown-grey, coarse-grained, crystalline, 
with echinoid stems; calcareous black-green 
shale partings common, with blebs of fine­
grained limestone; fossiliferous 

4,289. 7-4,292. l ; 4,294.5-4,296.5 feet 

Unconformity? 

Slave Point Formation 
(4,296.5-4,328 feet) 

4, 296. 5- 4, 299 Limestone, crystalline, light grey, coarse-grained, 
bioclastic, with numerous echinoid stems 

4, 299-4, 306. 5 Limestone, light grey near top and darker to 
almost black near bottom of unit, fine-grained, 
more argillaceous towards base, black shale 
partings throughout; fossiliferous 

4,301.5- 4,304 feet 
4,306- 4,314 Limestone, light brown-grey, fine- to medium-

4,314-4,328 

grained, in places with clear calcite; echinoid 
stems, fossiliferous 

4,306.5- 4,309 feet 
Limestone, similar to above, no fossils observed; 
in places with very fine laminae of shale 
partings 

4,314-4,316.5 feet 
[End of first cored interval] 

SUBSURFACE SECTION 5 

14 

Name: Calstan Standard Oil of British Columbia House Mountain 2-6 
Location : Lsd. 2, sec. 6, tp. 70, rge. 10, W5th mer. 
Elevation of surface: 2,890 feet (k.b.) Total depth: 7,690 feet 
Cored interval: 7,463-7,668 feet 
Commenced : 12 August 1963 Completed: 6 September 1963 

7.5 

2.5 

7.5 

7.5 

63251 
63253 
63259 

63261 
63263 

63265 

63268 

63271 

Samples were obtained at intervals of about 2.2 feet. Except at crucial intervals, such as at 
stratigraphic boundaries or at a distinct change in lithologies, generally only alternating 
samples were studied. Of the 30 samples studied, only those intervals found to contain cono­
donts are listed below. Weight of each sample from 7,463- to 7,508.8-foot interval about 800 
to 1000 grams; others about 500 to 700 grams. 
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Depth (ft) Lithology and Remarks Thickness (ft) GSC Loe. 

Swan Hills Formation 
(7,463-7,595 feet) 

7 ,463- 7 ,482. 6 Limestone, dark brownish grey, fine-grained, 
hard; fractures along planes; in places vugs 
lined with calcite crystals 

7,482.6-7,495.7 

7 ,495 .7- 7,502.2 

7,502.2- 7, 508 .8 

7' 508 . 8-7' 513 . 1 

7,513.1 - 7,525.7 

7,525.7-7,550.1 
7 ,530.1- 7 ,534.5 

7,534.5- 7,547.9 

7,547.9- 7,561.2 

7' 561. 2- 7' 595 

7,463-7,465.2; 7,467.4-7,469.5 
7,471.7-7,473.9 feet 

Limestone, as above, with limestone, light brown, 
very finely granular, Amphipora and stromato­
poroids scattered throughout calcarenite matrix 

Limestone, as above, with Amphipora also present 
in fine-grained, dark brownish grey limestones; 
Amphipora in places in white calcite matrix 

Limestone, light brown, very finely granular, with 
Amphipora and stromatoporoids 

Limestone, light brownish grey, fine-grained, 
hard; fractures along planes; in places black 
with bituminous matter 

Limestone, light brown, very finely granular with 
stromatoporoids; matrix fine-grained and hard 
in places 

Limestone, as above, but stromatoporoids absent 
Limestone, light brown, very finely granular with 

stromatoporoids 
Limestone, light grey, fine-grained, hard; in places 

like unit above 
Limestone, lithology similar to 7,482.6- to 7,495.7-

foot interval 
Limestone, light grey, fine-grained, hard; in places 

limestone, light brown to dark grey, medium­
grained 

7,568-7,569; 7,571.3-7,573.6 
7,575.9-7,578.2 feet 

Watt Mountain Formation 

SUBSURFACE SECTION 6 

Name: Shell Swan Hills 6-31 
Location: Lsd. 6, sec. 31, tp. 67, rge. 12, W5th mer. 
Elevation of surface: 4,351 feet (k.b.) Total depth: 10,256 feet 
Cored interval: No data 
Commenced: 2 January ·1958 Completed: 26 February 1958 

19 . 6 

13 . 1 

6.5 

6.6 

4 . 3 

12.6 
4.4 

4.4 

13 .4 

13 .3 

33.8 

63402 
63404 
63406 

63448 
63450 
63452 

Lithologic descriptions not available; material was received in residue form. Stratigraphic 
tops after Dr. H. R. Belyea, Geological Survey of Canada (pers. corn., 1964). 
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Depth (ft) Lithology and Remarks Thickness (ft) GSC Loe. 

A sample was obtained every I 0 feet between 9,343- and 9,463-foot interval, and again 
between 9,534- and 9,574- foot interval; others are from 9,700- and 9,705- foot levels. Of 
the 20 samples, on ly 2 contained conodonts and are li sted below. Weight of each sample 
estimated at about 100 grams. Material courtesy of Dr. U . Mayr, of J. C. Sproule and 
Associates, Ltd., Ca lgary. 

9,343-9,385 

9.385- 9 , 510 

9 , 510- 9,750 

9, 750+ 

WATERWAYS FORMATION 

Mildred Member 
9,353 feet 
Moberly Me111ber 
9,393 feet 
Swan Hills Formation 

Unconfor111ity ? 
Elk Point Fo r111ation 

SUBSURFACE SECTION 7 

Name: imperial Shell Burntwood 12- 6 
Locations : Lsd. 12, sec. 6, tp. 64, rge. 12, W5th mer. 
Elevation of surface: 3, 780 feet (k. b.) Total depth: I 0,265 feet 
Cored interval: No data 
Commenced: 16 December 1957 Completed: 21 February 1958 

42 
77128 

125 
77 132 

240 

Lithographic descriptions not available ; material was received in residue form. Stratigraphic 
tops after Dr. H. R. Belyea, Geological Survey of Canada (pers. com., 1964). 

Samples were obtained at intervals of JO feet between 9,297 and 9,467 feet and again between 
9,476 and 9,536 feet ; others are from levels of 9,661, 9,67 1, 9,685, and 9,692 feet. Of the 29 
samples, 16 contained conodonts and are li sted below. Weight of each sample estimated at 
about 100 grams. Material courtesy of Dr. U. Mayr, of J. C. Sproule and Associates, Ltd., 
Calgary. 

9,285- 9,350 

9 , 350-9,450 

9,450- 9,630 

9,630-9,674 

70 

WATERWAYS FORMATION 

Moberly Member 
9,297 and 9,337 feet 

(?) Moberly- Christina Members 
(dense limestone and sha le) 
9,347 through 9,447 feet at every JO-foot interval 

Swan Hills For111ation 
9,457, 9,467, 9,476, 9,526, 9,536 feet 

Watt Mountain Format ion 

65 

100 

180 

44 

80414 
80418 

80419 
through 
80429 

80430 
80431 
80432 
80437 
80438 



Depth (ft) Lithology and Remarks Thickness (ft) GSC Loe. 

SUBSURFACE SECTION 8 

Name: Imperial Judy Creek 6-7 
Location: Lsd. 6, sec. 7, tp. 63, rge. 10, W5th mer. 
Elevation of surface: 3,288 feet (k.b.) Total depth: 9,570 feet 
Cored interval: 8,410--8,896 feet, with one-foot intervals missing in places. 
Commenced: 15 March 1959 Completed: 10 May 1959 

Stratigraphic tops after Dr. H. R. Belyea, Geological Survey of Canada, (pers. corn., 1964). 

Samples were obtained at intervals of about 2.5 feet. Except at crucial intervals, such as at 
stratigraphic boundaries or at a distinct change in lithologies, generally only alternating 
samples were studied. Of the 73 samples studied from this well, 13 were found to contain 
conodonts and are listed below. Weight of each sample about 300 to 500 grams. Elk Point 
Formation was also sampled and studied in this well, but no conodonts were found. 

8,410-8,424 .8 

WATERWAYS FORMATION 

Mildred Member 
(8,410--8,440 feet) 

Limestone, argillaceous, dark grey to black, 
cryptograined, finely laminated, hard and 
brittle; breakage into fine, sliver-like fragments 
8,410-8,412.5 feet 

8, 424 . 8-8, 429 . 7 Limestone, as above, but splintering not as exces-

8,429.7-8,440 

8 , 440-8 , 444 .4 
8,444.4-8,451.8 

8 ,451. 8-8 ,464. l 

8 ,464 .1-8, 510 

8, 510-8, 516. 3 

sive 
8,427.2-8,429.7 feet 
Limestone, similar to top unit of this Member 
8, 439. 5-8, 442 feet [may be partly Moberly) 

Moberly Member 
(8,440--8,510 feet) 

Limestone, as above 
Limestone, as above, but splintering not as exces­

sive 
Limestone, somewhat argillaceous, light brownish 

grey, almost conchoidal fracturing; lighter 
coloured granules, about i inch long, common 

8 ,451. 8-8 ,454.3; 8 ,456 . 7-8 ,459 . 2 feet 

Limestone, as above, but more argillaceous 
(?) Moberly-Christina Members 

(dense limestone and shale) 
(8,510--8,646 feet) 

Limestone, argillaceous, dark grey to black, 
cryptograined to fine-grained, splintery frac­
turing, hard, brittle 

14.8 
63967 

4.9 
63974 

10.3 
63979 

4 .4 

7.4 

12.3 
63984 
63986 

45 .9 

6.3 

71 



Depth (ft) Lithology and Remarks Thickness (ft) GSC Loe. 

8, 516. 3- 8, 530. 6 Limestone, somewhat less argillaceous and more 
massive; with fine shale partings in places; 
lighter coloured granules about l inch to 2 
inches long common, with bent microlamina­
tions 

8,530.6-8,544.8 
8,544.8-8, 547.2 

8,547.2- 8,565 

8,565- 8,630.7 
8,630.7- 8,632.9 

8,632.9-8,651 

8,651-8,652.9 

8,652.9-8,686 

8. 687-8 '689 .4 

8,689.4-8 , 694.3 
8,694.3- 8,699.2 

8,699.2-8,745.6 

8,745.6-8,748 

8,748-8,756.9 
8,765.9- 8,773.5 

8,773.5- 8,781 .2 

72 

8,516.3-8,518.7; 8,521- 8,523. 4 ; 
8,525.8- 8,528.2; 8,530.6-8, 532.9 
8,535.3-8,537.7; 8,540.1-8,542.5 feet 

Limestone, as above, with more shale partings 
Limestone, similar to above, but tends to break 

along planes 
8, 544. 8- 8, 54 7. 2 feet 
Limestone, identical with top unit of the "dense 

limestone and shale" interval 
Limestone, as unit above 
Limestone, as above, with lighter coloured gran­

ules about l inch to 2 inches long common, with 
bent microlaminations 

Limestone, identical with top unit of this interval 
8,632.9- 8,635.l feet 

Swan Hills Formation 
(8,646-8,807 feet) 

Limestone, light brownish grey, very finely gran­
ular; fossiliferous 

Limestone, as above, with Amphipora, stromato­
poroids, brachiopods, and echinoid stems; sty­
lolites common in places 

Limestone, somewhat argillaceous, cryptograined 
to fine-grained, with Amphipora 

Limestone, similar to top unit of this Member 
Limestone simi lar to above, but more argillaceous; 

breakage along planes in places 
Limestone, similar to top unit of this Member; 

with Amphipora especially common between 
8,706.5 and 8,716.3 feet 

Limestone, dark brown, cryptograined; breakage 
along planes 

Limestone, as above, with Amphipora in places 
Limestone, light brownish grey, granular, fine- to 

medium-grained; Amphipora and stromatopo­
roids common at base of unit 

Limestone, not so granular and more argillaceous 
than the unit above; with numerous Amphipora 
and stromatoporoids in places 

14.3 

14.2 

2 .4 

17.2 
5.7 

2.2 
18. l 

1.9 

33 . I 

2.4 
4.9 

4.9 

46.4 

2.4 
17.9 

7.6 

7.7 

64010 
64012 
64014 
64016 
64018 
64020 

64022 

64058 



Depth (ft) Lithology and Remarks 

8, 781.2- 8, 791.4 Limestone, light brownish grey, granular, fine- to 

8,791.4- 8,804 

8,804-8,807 

medium-grained; A111phiporu and stromatopo­
roids abundant in places 

Limestone, dark brown, cryptograined; breakage 
along planes; with Amphipora in places; near 
middle of unit lighter coloured granules about 
I inch to 2 inches long, with bent microlamina­
ticns 

Limestone, argillaceous, dark grey to black , 
breakage along irregular surfaces; A111phipora 
abundant 

Unconformity? 

Elk Point Formation 

SUBSURFACE SECTION 9 

Name: California Standard Cynthia SW 16-21 
Location: Lsd. 16, sec. 2 l, tp. 49, rge. 13, W5th mer. 
Elevation of surface: 3,297 feet (k.b.) Total depth: 12,492 feet 
Cored interval: 11,535- 11 ,810 feet 
Commenced: 21 October 1956 Completed: 27 December 1957 

Thickness (ft) GSC Loe. 

J0 .2 

12.6 

3 

Stratigraphic tops after Dr. H. R. Belyea, Geological Survey of Canada (pers. corn., 1964). 

Samples were obtained at intervals of about 2.3 to 2.5 feet. Except at crucial intervals, such 
as at stratigraphic boundaries or at a distinct change in lithologies, generally only alternating 
samples were studied. Of the 55 samples studied from this well, 35 were found to contain 
ccn Jdonts and a re listed below. Weight of each sample about 900 to 1 OOO grams. 

J J, 535 

11,543 
11,554 

11,560 

WATERWAYS FORMATION 

Mildred Member 
(11,535-11,543 feet) 

Limestone, argillaceous, dark brown to black, 
cryptograined, irregular breaking surfaces; frag­
ments of brachiopods 

11,541.9- 11,544.3 feet 

Moberly Member 
(11,543-11,665 feet) 

Limestone, as above 
Limestone, similar to above, but breaks along 

planes 
Limestone, combination of two types above; 

echinoid stems in places 

8 
63301 

II 

6 

25 

73 
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Depth (ft) 

11 ,585 

11 ,665 

11 , 740 
11 , 747 

11 , 757 
11, 774 

Lithology and Remarks 

Limestone, a rgillaceous, dark brown to black, 
cryptograi ned, irregular breaking surfaces; 
fragments of lingu lid brachiopods 

11,544.3- 11 ,555.9 feet, at a lternating 2.3-foot 
intervals; 

11 ,558.2-11 ,567.4 feet, at every 2.3-foot inter­
va l ; 

JI , 576. 8-11 , 58 1 . 4 feet , at 2 . 3-foot intervals 

11 ,583.8-11 ,585; 11 ,589.8-11,592.2 
11 ,613 .8- 11,616.2; 11 ,654 .2-11 ,656. 6 feet 

C hristina Member 
(I 1,665- 11 , 740) 

Limestone, as above; in places wit h echi no id 
stems; breakage a long planes in places; echi­
noid stems, brachiopods 

11 , 673. 4--11, 739. 2 feet, at a lternating 2. 3- foot 
intervals 

(11 ,687 .8-11 ,690.2 feet, barren) 
Dense limestone and sha le [equiva lent of Swan 

Hills Formation ; probably a lso eq uivalent of 
about Calumet-Firebag Members] 

(JI , 740-11 ,810 feet) 
Limestone, as above 
Limestone, arg ill aceous, dark brown to black , 

cryptogra ined; a lmost conchoidal fracturing 
Limestone, as above, but breakage along planes 
Limestone, arg illaceous, dark brown to black , 

cryptogra ined, irregular breaking surfaces 
11 , 739. 2- 11 , 766 feet , at a lternat ing ea. 2. 5- foot 

intervals; 11 ,770-11 ,774; 11 ,805- 11 ,810 feet 

Thickness (ft) GSC Loe. 

80 

75 

7 

10 
17 

36 

63302 
through 
63306 
63308 
th rough 
633 11 
63316 
633 17 
633 19 
63322 
63332 
63348 

63356 
th rough 
63382 
63362 

63383 
through 
63393 
63395 
63401 
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PLATE I 

All figures x4S 

Figures 1, 8, 9. A11cyrode/la gigas Youngquist (PAGE 23) 

IA, lB, lower and upper views, GSC No. 20694, from Moberly Member, California 
Standard Cynthia SW 16-21 well, depth ll,S79.l to ll,S81.4 feet, GSC loc. 63317. 

SA, SB, lower and upper views, GSC No. 24062, from Christina Member, California 
Standard Cynthia SW 16-21 we ll , depth 11,673.4 to ll,67S.S feet, GSC Joe. 633S6. 

9A, 9B, lower and upper views, GSC No. 24063, from Moberly Member(?), Imperial 
Judy Creek 6-7 well, depth S,Sl6.3 to 8,SlS.7 feet, GSC Joe. 64010. 

Figures 2, 4- 6. A11cyrode/la rot1111di!oba binodosa Uyeno (PAGE 24) 

Figures 3, 7. 

76 

2A , 2B, lower and upper views, GSC No. 24066, from Calumet Member, Alta. 
Govt. Salt Well No. 1, depth 223 to 230 feet, GSC loc. S0247. 

4A, 4B, lower and upper views, GSC No . 24067, from Christina Member, California 
Standard Cynth ia SW 16-21 well, depth 11 ,736.S to 11,739.2 feet, GSC loc. 633S2. 

SA, SB, lower and upper views, paratypc, GSC No. 22S20, from Calumet Member, 
Station l Sl, Clearwater River, Rock Unit 3S, S.S to 6.S feet above river level, GSC 
loc. 63 11 S. 

6A, 6B, lower and upper views, GSC No. 2406S, from Calumet Member, Station 
173, Clearwater River, Rock Units 26- 27, 9.7 to 10.7 feet above river level, GSC 
loc. 63 100. 

Ancyrode/la ro/1111di!oba a!ata Glenister and Klapper (PAGE 24) 

3A, 3B, lower and upper views, GSC No. 24064, from Christina Member, California 
Standard Cynlhia SW 16- 21 we ll , depth 11 ,673.4 to l l ,67S.8 feet, GSC Joe. 633S6. 

7 A, 7B, lower and upper views, GSC No. 2406S, from Moberly Member(?), Imperial 
Judy Creek 6-7 well , depth 8,S l 6.3 to S,S!8.7 feet, GSC Joe. 64010. 





PLATE 2 

All figures x4S 

Figures l, 4, 6- 9. Ancyrodel/a rot1111diloba subsp. A (PAGE 2S) 

Figures 2, 3, 5. 
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l A, I B, lower and upper views, GSC No. 22822, from Moberly Member, Station 
92, Athabasca River, Rock Un it 36, 2S.O to 26.2 feet above river level, GSC Joe. 
62691. 

4A, 4B, lower and upper views, GSC No. 24137, from Moberly Member, Cali for ­
nia Standard Cynthia SW 16- 21 well. depth I 1,553 .6to I1 ,555 .9 feet, GSC Joe. 
63306. 

6A, 6B, lower and upper views, GSC No. 22823, from Christina Member, Station 
l 84, Christina River, Rock Unit 40, 2.0 to 3.0 feet above river level, GSC loc. 
63119. 

7 A, 7B, lower and upper views, GSC No . 24070, from Ch i istina Member (?), 
Imperial Shell Burntwood l 2- 6 well, depth 9,437 feet, GSC Joe. 80428. 

SA, SB, lower and upper views, GSC No. 22824, from Moberly Member, Station 
70, Athabasca River, Rock Unit 32, 14.6 to I 6.4 feet above river level, GSC loc. 
62828. 

9A, 9B, lower and upper views, GSC No. 24071, from Moberly Member, Station 
81, Athabasca River, Rock Unit 34, 7 feet above river level, collected by A. W. 
Norris, GSC loc. 29282. 

A11cyrodella rot1111diloba bi11odosa Uyeno (PAGE 24) 

2A, 2B, lower and upper views, ho lo type GSC No. 228 I 9, from Calumet Member, 
Station 181, Clearwater River, Rock Unit 35, S.5 to 7.6 feet above river level, 
collected by A. W. Norris, GSC loc. 29089. 

3A, 3B, upper and lower views, para type, GSC No. 22821, from Christ ina Member, 
California Standard Cynthia SW 16-21 well , depth ll ,736.8 to ll,739.2 feet, 
GSC loc. 63382. 

SA, SB, lower and upper views, GSC No. 24069, from Calumet Member, Station 
182, Clearwater River, Rock Unit 37, from 0.8 to l.S feet above river level, GSC 
loc. 63118 . 





PLATE 3 

All figures x45 

Figures l, 3, 4, 6. Pofygnathus asymmerricus asymmetricus Bischoff and Ziegler (PAGE 37) 

Figures 2, 5, 7. 
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IA , IB, lower and upper views, GSC No. 24097, and 4A, 4B, lower and upper 
views, GSC No. 24098, both from Moberly Member (?) , Imperial Judy Creek 
6-7 well, depth 8,516.3 to 8,518.7 feet , GSC toe. 64010. 

3A, 3B, 3C, upper, lower and outer lateral views, GSC No. 24099, from Mildred 
Member, Shell Swan Hills 6- 31 well , depth 9,353 feet , GSC loc. 77 128. 

6A, 6B, lower and upper views, GSC No. 24100, from Moberly Member, Cali­
fornia Standard Cynthia SW 16- 21 well, depth 11 ,553.6 to 11 ,555.9 feet, GSC 
Joe. 63306. 

Pofygnathus asymmetricus ovafis Ziegler and Klapper (PAGE 37) 

2A, 2B, lower and upper views, GSC No. 24101, from Moberly Member, Station 
79, Athabasea River, Rock Un it 44, 44.5 to 45.5 feet above river level, GSC Joe. 
62800. 

5A, 5B, lower and upper views, GSC No. 24102, from Moberly Member, Cali­
fornia Standard Cynthia SW 16-21 well, depth 11,548.9 to 11,551.2 feet, GSC 
Joe. 63304. 

7A, 7B, lower and upper views, GSC No. 24103, from Moberly Member, Cali­
fornia Standard Cynthia SW 16- 21 well, depth 11,558.2 to 11,560.5 feet, GSC 
toe. 63308. 





PLATE 4 

All figures x4S 

Figures I, 3. Polygnathus asymmetricus ovalis Ziegler and Klapper (PAGE 37) 

IA, IB, lower and upper views, GSC No. 24104, from Moberly Member(?), Imperial 
Judy Creek 6-7 well, depth 8,Sl6.3 to 8,Sl8.7 feet, GSC Joe. 64010. 

3A, 3B, upper and lower views, GSC No. 24JOS, from Moberly Member, Imperial 
Judy Creek 6-7 well, depth 8,4SJ.8 to 8,4S4.3 feet, GSC loc. 63984. 

Figures 2, 7. Polygnathus cf. P. decorosus Stauffer (PAGE 38) 

Figure 4. 

2A, 2B, 2C, inner lateral, upper, and lower views, GSC No. 24110, from Moberly 
Member, California Standard Cynthia SW 16-21 well, depth 1 l ,S62.8 to I 1,S6S.2 
feet, GSC loc. 63310. 

7 A, 7B, 7C, outer lateral, upper, and lower views, GSC No. 24111, from Moberly 
Member, Imperial Judy Creek 6- 7 well, depth 8,4Sl.8 to 8,4S4.3 feet, GSC Joe. 
63984. 

Polygnathus sp. B (PAGE 41) 

4A, 4B, 4C, inner lateral , upper and lower [showing large basal plate] views, GSC 
No. 24108, from Calumet Member, Station 101, Athabasca River, Rock Unit 11, 
2.6 to 3.6 feet above river level, GSC Joe. 62667 . 

Figure S. Polygnathus incompletus Uyeno (PAGE 39) 

SA, SB, 5C, lower, upper, and inner lateral views, holotype GSC No. 22828, from 
Calumet Member(?), California Standard Cynthia SW 16- 21 well, depth 11,754.1 
to 11, 756.6 feet, GSC Joe. 63389. · 

Figures 6, 8. Polygnathus xylus Stauffer (PAGE 40) 

6A, 6B, 6C, inner lateral, upper , and lower views, GSC No. 24114, from Calumet 
Member(?), California Standard Cynthia SW 16- 21 well, depth 11,744.2 to 11,746.7 
feet, GSC Joe. 63385. 

SA, SB, SC, lower, upper, and outer lateral views, GSC No. 24115, from Moberly 
Member(?), Imperial Shell Burntwood 12- 6 well, depth 9,407 feet, GSC Joe. S0425. 

Figures 9, 10. Polygnathus sp. A (PAGE 41) 
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9A, 9B, 9C, inner lateral, upper, and lower views, GSC No. 24116, from Moberly 
Member, Station 79, Athabasca River, Rock Unit 3S, 25 .3 to 26.6 feet above river 
level, GSC Joe. 62794. 

JOA, IOB, IOC, lower, upper, and inner lateral views, GSC No. 24117, from Moberly 
Member, Station 79, Athabasca River, Rock Unit 34, 7.5 to 10.3 feet above river 
level, GSC Joe. 627S7. 





PLATE 5 

All figures x4S 

Figure 1. Polygnatlws incompletus Uyeno (PAGE 39) 

IA, IB, IC, inner lateral, upper, and lower [showing large basal plate] views, para­
type, GSC No. 22S29, from Calumet Member, Station !SI, Clearwater River, Rock 
Unit 34, 3.S to 4.S feet above river level, GSC Joe. 63113. 

Figure 2. Polygnathus cf. P. decorosus Stauffer (PAGE 3S) 

2A, 2B, 2C, lower, upper, and outer lateral views, GSC No. 24112, from Moberly 
Member, California Standard Cynthia SW 16-21 well, depth ll,S6S.2 to ll,S67.4 
feet, GSC. Joe. 63311. 

Figures 3, 6. Polygnathus norrisi Uyeno (PAGE 39) 

3A, 3B, 3C, outer lateral, upper, and lower views, paratype, GSC No. 22S31, from 
Firebag Member, Richfield Oil Corp. Pony Creek No. 2 well, depth l,S41 to l,S42 
feet, GSC Joe. 77112. 

6A, 6B, 6C, lower, upper, and inner lateral views, holotype, GSC No. 22S30, from 
Firebag Member, Station 103, Athabasca River, Rock Unit 2, 6.Sl to 6.74 feet 
above river level, GSC Joe. 62737. 

Figures 4, S. Polygnathus brevilaminus Branson and Mehl (PAGE 37) 

Figure 7. 

Figure S. 
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4A, 4B, 4C, lower, upper, and outer lateral views, GSC No. 24106, from Firebag 
Member, Alta. Govt. Salt Well No . 1, depth 490 to 497 feet, GSC Joe. S026S. 

SA, SB, SC, inner lateral, upper, and lower views, GSC No. 24107, from Moberly 
Member, Station 70, Athabasca River, Rock Unit 37, 30.l to 32.l feet above river 
level, GSC Joe. 62S36. 

Polygnathus webbi Stauffer (PAGE 40) 
7A, 7B, 7C, inner lateral, upper, and lower [showing large basal plate] views, GSC 
No. 24113 , from Firebag Member, Station 103, Athabasca River, Rock Unit 2, 
0.99 to 1.22 feet above river level, GSC Joe. 62713. 

Polygnathus sp. B (PAGE 41) 

SA, SB, SC, lower, upper, and inner lateral views, GSC No. 24109, from Swan Hills 
Member, Calstan SOBC House Mountain 2- 6 well, depth 7,471.7 to 7,473.9 feet, 
GSC Joe. 63406. 





Figures 1, 2, 5. 

PLATE 6 

All figures x60, unless otherwise indicated 

lcriodus expansus Branson and Mehl (PAGE 30) 

lA, JB, IC, inner lateral, upper, and lower views, GSC No. 24080, from Moberly 
Member, Station 70, Athabasca River, Rock Unit 35, 25.0 to 26.8 feet above 
river level, GSC Joe. 62833. 

2A, 2B, 2C, lower, upper, and outer lateral views, GSC No. 24081, from Moberly 
Member(?), Imperial Shell Burntwood 12- 6 well , depth 9,397 feet, GSC Joe. 
80424. 

5A, 5B, 5C, outer lateral, upper, and lower views, GSC No. 24082, from Moberly 
Member, Station 59, Athabasca River, Rock Unit 34, 6 feet above river level, 
collected by A. W. Norris , GSC Joe. 29209 

Figures 3, 1 I, I 2. /criodus brevls brevis Stauffer (PAGE 29) 

Figures 4, I O. 

Figures 6, 7. 

Figure 8 (x45). 

Figure 9 (x45). 
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3A, 3B, 3C, outer lateral, upper, and lower views, GSC No. 24077, from Moberly 
Member( ?), Imperial Shell Burntwood 12- 6 well, depth 9,357 feet, GSC toe. 
80420. 

IJA , JIB, !IC, upper, lower, and outer lateral views, GSC No. 24078, from 
Firebag Member, Station 103, Athabasca River, Rock Unit 2, 7.89 to 8.12 feet 
above river level, GSC Joe. 62743 . 

12A, 12B, 12C, lower, upper, and inner lateral views, GSC No. 24079, from 
Christina Member(?), Imperial Judy Creek 6-7 well, depth 8,632.9 to 8,635.1 
feet, GSC Joe. 64058. 

lcriodus nodosus (Huddle) sensu lato (PAGE 30) 

4A, 4B, 4C, lower, upper, and inner lateral views, GSC No. 24083, from Moberly 
Member, Station 79, Athabasca River, Rock Unit 38, 25.3 to 26.6 feet above 
river level, GSC Joe. 62794. 

JOA, JOB, JOC, inner lateral, upper, and lower views, GSC No. 24084, from 
Calumet Member, Station 181, Clearwater River, Rock Unit 35, 5.5 to 6.5 feet 
above river level, GSC Joe. 63115. 

Playfordia primitiva (Bischoff and Ziegler) (PAGE 36) 

6A, 6B, upper and lateral views, GSC No. 24095, from Moberly Member, Cali­
fornia Standard Cynthia SW 16- 21 well, depth 11,583.8 to 11,585.0 feet, GSC 
toe. 63319. 

7, lateral view, GSC No. 24096, from Moberly Member, California Standard 
Cynthia SW 16-21 well, depth 11,562.8 to 11,565.1 feet, GSC Joe. 63310. 

Enantiognathus cf. E. /ipperti (Bischoff) (PAGE 27) 

8, upper view, GSC No. 24076, from Moberly Member, Station 22- 1, Athabasca 
River, Rock Unit 43, 7.1 to 8.0 feet above river level, GSC Joe. 62970. 

Enantiognathus /ipperti (Bischoff) (PAGE 27) 

9, lateral view, GSC No. 24075, from Swan Hills Formation, Calstan SOBC 
House Mountain 2-6 well, depth 7,471.7 to 7.473.9 feet, GSC Joe. 63406. 





Figures 1-6. 

Figure 7. 

Figure 8. 

Figures 9, 16. 
(x30) 

PLATE 7 

All figures x45, unless otherwise indicated 

Nothognathella k/apperi Uyeno (PAGE 33) 
1, oblique lateral view, holotype, GSC No. 22825, and 2, lower view, paratype, 
GSC No. 22827, both from Moberly Member(?), Imperial Judy Creek 6-7 well, 
depth 8,516.3 to 8,518.7 feet , GSC loc. 64010. 

3, inner lateral view GSC No. 24088, from Moberly Member, California Stand­
ard Cynthia SW 16-21 well, depth 11 ,560.5 to 11,562.8 feet, GSC Joe. 63309. 

4, upper view, GSC No. 24089, from Moberly Member(?), Imperial Judy Creek 
6-7 well, depth 8,530.6 to 8,532.9 feet, GSC loc. 64016. 

SA, SB, upper views, GSC Nos. 24090 and 24091, respectively, both from 
Moberly Member, Imperial Judy Creek 6- 7 well, depth 8,451.8 to 8,454.3 feet, 
GSC loc. 63984. 

6A, 6B, inner lateral and lower views, paratype, GSC No. 22826, from Mildred 
Member, Shell Swan Hills 6-31 well, depth 9,353 feel, GSC loc. 77128. 

Nothognathella sp. A (PAGE 34) 
7A, 7B, outer lateral and inner lateral views, GSC No. 24092, from Christina 
Member, California Standard Cynthia SW 16-21 well, depth 11,673.4 to 11,735.7 
feet, GSC Joe. 63356. 

Nothognathella brevidonta Youngqui~ t (PAGE 33) 
BA, BB, SC, inner lateral, upper, and lower views, GSC No. 24087, from Mildred 
Member, Imperial Judy Creek 6- 7 well , depth 8,410 to 8,412.5 feet, GSC Joe. 
63967. 

Norhognathella bicristata Youngquist and Miller (PAGE 32) 
9A, 9B, 9C, inner lateral, upper, and lower views, GSC No. 24085, from Moberly 
Member, Station 79, Athabasca River, Rock Unit 57, 81.5 to 83 .5 feet above 
river level, GSC Joe. 62809. 

16, inner lateral view, GSC No. 24086, from Moberly Member, Station 92, 
Athabasca River, Rock Unit 37, 29.8 to 31.8 feet above river level, GSC loc. 
62695. 

Figures 10, 17, 18. Falcodus? cf. F.? tortus Huddle (PAGE 27) 

Figures 11 - 13. 

Figures 14, 15. 
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10, inner lateral view, GSC No. 24072, from Moberly Member, Imperial Judy 
Creek 6-7 well, depth 8,451.8 to 8,454.3 feet , GSC loc. 63984. 

J7A , 17B, inner lateral and other lateral views, and JSA, 18B, outer lateral 
and inner lateral views, GSC Nos. 24073 and 24074, respectively, both from 
Moberly Member(?), Imperial Judy Creek 6-7 well, depth 8,516.3 to 8,518.7 
feet, GSC Joe. 64010. 

Spathognathodus cf. S. brevis Bischoff and Ziegler (PAGE 42) 
l l , lateral view, GSC No. 24122, from Moberly Member, Station 79, Athabasca 
River, Rock Unit 35, 13.0 to 14.J feet above river level, GSC loc. 62789. 

12, lateral view, GSC No. 24123, from Moberly Member, Station 92, Athabasca 
River, Rock Unit 36, 26.8 to 27.8 feet above river level, GSC loc. 62693. 

13, lateral view, GSC No. 24124, from Moberly Member, Station 70, Athabasca 
River, Rock Unit 34, 19.8 to 21.7 feet above river level, GSC loc. 62831. 

Palmatodella ? paridens Huddle (PAGE 35) 
14, inner lateral view, GSC No. 24093, from Moberly Member, Imperial Judy 
Creek 6- 7 well, d·epth 8,451.8 to 8,454.3 feet, GSC loc. 63984. 

J 5, inner lateral v;iew, GSC No. 24094, from Moberly Member, California Stand­
ard Cynthia SW 16-21 well, depth 11 ,562.8 to 11,565.l feet, GSC Joe. 63310. 





PLATE 8 

All figures x4S, unless otherwise indicated 

Figures l, lS- JS . Spathog11athodus gradatus (Youngquist) (PAGE 42) 

Figures 2, S, 1 l, 
12, 14. 

Figures 3, 6. 

lA , IB, lateral and upper views, GSC No. 24J27, JSA, ISB, inner lateral and 
upper views, GSC No. 2412S, lSA, lSB, upper and inner lateral views, GSC 
No. 24129, all from Moberly Member, Station 70, Athabasca River, Rock Unit 
44, S3 .0 to SS.O feet above river level, GSC Joe. 62S41. 

J6, inner lateral view, GSC No. 24130, from Moberly Member, Station 70, Atha­
basca River, Rock Unit 33, 16.4 to 17.S feet above river level, GSC Joe. 62S29. 

17, inner latera l view, GSC No. 24131 , from Moberly Member, Station 70, Atha­
basca River, Rock Unit 34, 21.7 to 2S.0 feet above river level, GSC Joe. 62S32. 

Spathog11atl10d11s i11sit11s (Stauffer) (PAGE 43) 
2A, 2B, inner lateral and upper views, GSC No. 24132, from Moberly Member, 
Station 193, Clearwater River, Rock Unit 61, 6.0 to 7.0 feet above river level, GSC 
loc. 63197. 

SA, SB, outer lateral and upper views, GSC No. 24133, from Moberly Member, 
Station 47, Athabasca River, Rock Unit 4S, 44.6 to 44.S feet above river level , GSC 
toe. 6290S. 

l IA, 1 l B, la teral and upper views, GSC No. 24134, from Calumet Member, Station 
171, Clearwater River, Rock Unit lS, 3.0 to 4.0 feet above river level, GSC loc. 
63076. 

I 2A, I 2B, I 2C, lateral, upper, and lower views, GSC No. 2413S, from Moberly 
Member, Station 70, Athabasca River , Rock Unit 33, l 6.4 to J 7.S feet above river 
level, GSC Joe. 62S29. 

14A, 14B, lateral and upper views, GSC No. 24J36, from Calumet Member, Station 
I 7S, Clearwater River, Rock Unit 3J, 0 to 1.3 feet above river level, GSC Joe. 
6310S. 

Diplododella aurita (Sannemann) (PAGE 26) 
3, upper view, GSC No. 241 IS, from Moberly Member, Station 23-l, Athabasca 
River, Rock Unit 4S, JO to 10.2 feet above river level, GSC Joe. 629SS. 

6, oblique lateral view, GSC No. 24119, from Moberly Member, Station 203, 
Clearwater River, Rock Unit 72, l .S to 2 feet above river level, collected by A. W. 
Norris, GSC Joe. 293J4. 

Figures 4, 9. Spathog11atl10d11s cf. S. brevis Bischoff and Ziegler (PAGE 42) 
4, upper view, GSC No. 2412S, from Moberly Member, Station 70, Athabasca 
River, Rock Unit 34, 21.7 to 2S.0 feet above river level, GSC toe. 62S32. 

9, lateral view, GSC No. 24126, from Moberly Member, Station 92, Athabasca 
River, Rock Unit 36, 26.S to 27.S feet above river level, GSC Joe. 62693. 

Figure 7. (x23) Hibbardella sp. B (PAGE 29) 
7, posterior view, GSC No. 24121, from Moberly Member, Station 203, Clearwater 
River, Rock Unit 72, J.S to 2 feet above river level, collected by A. W. Norris, 
GSC Joe. 293J4. 

Figures S, I 0. Spathog11athod11s? sp. (PAGE 44) 
SA, SB, SC, lateral, upper , and lower views, GSC No. 22S33 , from Firebag Member, 
Richfield Oil Corp. Pony Creek No. 2 well, depth l,SJ2 to l,Sl7 feet, GSC loc. 
77JJO. 

JOA, JOB, IOC, lateral , upper, and lower views, GSC No. 22S32, from Firebag 
Member, Richfield Oil Corp. Pony Creek No. 2 well, depth 1,S41 to 1,S42 feet, 
GSC loc. 77112. 

Figure J 3. (x30) Hibbardella sp. A (PAGE 2S) 
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13, posterior view, GSC No. 24120, from Firebag Member, Union Red Earth 2-22 
well, depth 4,2S4 to 4,2S6.S feet, GSC loc. 63246. 
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BULLETINS 

Geological Survey of Canada 

Bulletins present the results of detailed scientific studies on geological or related subjects. 
Some recent titles are listed below (Information Canada No. in brackets): 

200 Part I: Biostratigraphy of some Early Middle Silurian Ostracoda, eastern Canada; Part II: Additional 
Silurian Arthropoda from arctic and eastern Canada, by M. J. Copeland, $1.50 (M42-200) 

201 Archaeocyatha from the Mackenzie and Cassiar Mountains, Northwest Territories, by R. C. Handfield, 
$2.00 (M42-201) 

202 Faunas of the Ordovician Red River Formation, Manitoba, by D. C. McGregor, et al., $2.00 (M42-202) 

203 Geology of lower Paleozoic formations, Hazen Plateau and southern Grant Land Mountains, Ellesmere 
Island, by H. P. Trettm, $3.00 (M42-203) 

204 Brachiopods of the Detroit River Group (Devonian) from southwestern Ontario and adjacent areas of 
Michigan and Ohio, by 1. A. Fagerstrom, $2.00 (M42-204) 

205 Comparative study of the Castle River and other folds in the Eastern Cordillera of Canada, by D. K. Norris, 
$2.00 (M42-205) 

206 Geomorphology and multiple glaciation in the Banff area, by N. W. Rutter, $2.00 (M42-206) 

207 Geology of the resurgent cryptoexplosion crater at Mistastin Lake, Labrador, by K. L. Currie, $2.00 
(M42-207) 

208 The geology and origin of the Faro, Vangorda and Swim concordant zinc-lead deposits, Central Yukon 
Territory, by D. J. Tempelman-Kluit, $3.00 (M42-208) 

209 Redescription of Marre/la sp/endens (Trilobitoidea) from Burgess Shale, Middle Cambrian, British Co­
lumbia, by H. B. Whittington, $3.00 (M42-209) 

210 Ordovician trilobites from the central volcanic ·mobile belt at New World Island, northeastern Newfound­
land, by W. T. Dean, $2.00 (M42-210) 

211 A Middle Ordovician fauna from Braeside, Ottawa Valley, Ontario, by H. Miriam Steele and G. Winston 
Sinclair, $2.00 (M42-211) 

212 Lower Cambrian trilobites from the Sekwi Formation type section, Mackenzie Mountains, Northwestern 
Canada, by W. H. Fritz, $4.00 (M42-212) 

213 Sequence of glacial lakes in north-central Alberta, by D. A. St-Onge, $2.00 (M42-213) 
214 Classification and description of copper deposits, Coppermine River area, District of Mackenzie, by 

E. D. Kindle, $4.00 (M42-214) 
215 Brachiopods of the Arisaig Group (Silurian-Lower Devonian) of Nova Scotia, by Charles W. Harper, Jr., 

$5.00 (M42-215) 
217 The geology and petrology of the alkaline carbonatite complex at Callander Bay, Ontario, by John Ferguson 

and K. L. Currie, $2.00 (M42-217) 
218 Keeweenawan volcanic rocks of Michipicoten Island, Lake Superior, Ontario (41N): An eruptive centre 

of Proterozoic age, by R. N. Annells, $5.00 (M42-218) 

219 Lower Cretaceous Bullhead Group, between Bullmoose Mountain and Tetsa River, Rocky Mountain 
Foothills, northeastern British Columbia, by D. F. Stott, $6.00 (M42-219) 

221 Chitinozoa and Acritarcha of the Hamilton Formation (Middle Devonian), southwestern Ontario, by 
J. A. Legault, $4.00 (M42-221) 

222 Contributions to Canadian Paleontology, by D. E. Jackson et al., $6.00 (M42-222) 
224 Carboniferous and Permian stratigraphy of Axel Heiberg Island and western Ellesmere Island, Canadian 

Arctic Archipelago, by R. Thorsteinsson, $6.00 (M42-224) 
231 Yohoia Walcott and Plenocaris n. gen. arthropods from the Burgess Shale, Middle Cambrian, British 
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