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Preface 

This is the fi rst description of the stratigraphy, and so me of the fau nas of a n isolated outc rop of 
the Slave Point Formation on the southwest s ide of Lake C la ir e a nd outcrop of part of the 
Waterways Formation on Birch River in northeastern Albe rta . The study is based mainly upon field 
work a nd coJJect ions made in 1979. Genera! locations of the outcrops have been known since the !a t e 
l 950's but they have not bee n described previously, presumably because of their isolation in a remote 
wilde rness a rea and a lso because the sequences a re rela tively thin. Data obtained are exceed ingly 
valuable in providing a n important !ink between the mu c h bette r known Devonian outcrop successions 
at Gypsum Cliffs on Peace River to the north, and those in the Athabasca- Clearwater Rivers area to 
the south . 

The report is part of a c urrent systematic study of the brachiopods of the lower Upper Devonian 
(lo wer Frasnian) Waterways Formation of northeastern Albe rta. The associa ted conodonts provide an 
independent and precise means of dating the brachiopods for correlations within and outside North 
America. Such biostratigraphic s tudies assist in the ongoing searc h for fossil fuels a nd minerals. 

W.W. Hutchison 
Director Genera! 
Geological Survey of Canada 





CONTENTS 

l Abstract/Resume 
2 Introduction 
2 Purpose 
2 Location 
3 Previous geological investigations 
3 Present work 
3 Acknowledgments 
3 Stratigraphy 
3 Geological setting 
4 Slave Point Formation 
4 Waterways Formation 
5 Table of Devonian formations 
6 Biostratigraphy 
6 Age and correlation of megafaunas 
6 Slave Point Formation 
7 Waterways Formation 
9 Age and correlation of conodont faunas 
9 General remarks on the conodont faunas 

12 Slave Point Formation 
12 Waterways Formation 
12 Summary statement 
13 Systematic paleontology 
13 Brachiopoda 
24 Conodonta 
28 References 
35 Appendix 1 - Described composite stratigraphic section 

8 
9 

2 

in pocket 
10 

11 

41 
42-47 
48-53 

Tables 

1. Conodont zones and brachiopod faunas represented in the Lake Claire-Birch River area 
2. Conodont zones and subzones, megafaunal zones and faunas 

Figures 

1. Geological sketch map of Lake Claire-Birch River study area, 
northeastern Alberta, and distribution of Devonian rocks 

2. Measured sections of part of Slave Point and Waterways Formations 
3. Distribution chart of brachiopods and other megafossils in beds 

of Slave Point and Waterways Formations 
4. Distribution chart of conodonts in beds of Slave Point and Waterways Formations 

Plates 

l-5. 
6-8. 
9-11. 

Various beds of the Waterways Formation 
Illustrations of brachiopods 
Illustrations of conodonts 





STRATIGRAPHY AND PALEONTOLOGY OF THE LOWERMOST UPPER DEVONIAN 
SLAVE POINT FORMATION ON LAKE CLAIRE AND THE LOWER UPPER 

DEVONIAN WATERWAYS FORMATION ON BIRCH RIVER, 
NORTHEASTERN ALBERTA 

Abstract 

Pa rts of the lowest Upper De vonian (lowest Frasnian) Slave Point Formation and lower Upper 
Devonia n (lower Frasnian) Waterways Formatio n outc rop in the Lake Claire-Birch River a rea of 
northeastern Alberta . Slave Point beds consist of calcarenitic limestone and the pa rt of the 
Waterways Formation rep resented consists of a thin seq uence of calcareous mudstone, a rgillaceous 
limestone a nd limestone. 

The Slave Point conta ins a spa rse poorl y preserved megafauna suggestive of the Desguama ti a 
(lndependatrypa) sp . cf . Q. {_!_.) indepe nde nsis Fauna that c ha racteri zes the upper part of the 
formation a t Gypsum Cli ffs, north of Lake Cla ir e, where the fau na conta ins conodonts suggestive 
of the Lowe r Polygnathus dengle ri Subzone. The Waterways contains a diverse but numerically 
sparse megafauna dominated by brachiopods that have their s trongest aff initi es with forms in the 
Calumet a nd Chr isti na Members of the Athabasca- Clearwate r Rivers a rea of northeastern Alberta. 
The brachiopods rep resent a s ingle asse mblage here refer red t o as the Ladog ioides as menista­
Eleutherokomma jasperensis Fauna aft er its more diagnostic forms. Assoc ia ted conodonts include 
Ancyrodell a rotu ndiloba binodosa Uyeno, Ancyrodell a rotundiloba rot und iloba (B yrant), 
Pandorinellina insita (Stauffe r) a nd ?Mesotaxis asym metrica (Bischoff and Ziegler) as the more 
diagnostic e lements that indicat e ass ignment to t he Lowe r Polygnat hus asymmetr icus Zone. 

Eighteen brachiopod a nd fourteen conodont taxa are discussed a nd illustrated from the 
Waterways beds on Birch River. 

Resume 

Des parti es de la formation de Slave Point du Devonien su pe r ieu r le plus ancie n (Frasnie n le 
plus a ncien ), ainsi que de la formation de Waterways du Devonie n su perieu r a ncien (Frasnie n 
a nc ie n) affleure nt dans la region du lac Claire e t de la riviere Birc h (nord-est de l' Alber t a ). Les 
couches de Slave Point se composent de calcai re calcare nitique tandis que la partie de la 
fo rmation de Waterways representee se compose d'une mince succession de mudstone calcai re, de 
calcaire a rgille ux et de calcair e . 

La formation de Slave Point contie nt une megafaune epa rse et ma l conse rvee ra ppe la nt la 
fau ne a Desguamatia (Inde pendatrypa ) sp. cf . Q. {_!_.) inde pende nsis qui ca racte rise la partie 
super ieure de la formation a Gypsum Cliffs, au nord du lac Cla ir e, OU la fau ne contient des 
conodontes rapp~lant la sous-zone in.ferjeure a Poly&nathus de ngleri .. La forma~io n de Wate,rways 
cont1e nt une megafaune diverse ma1s epa rse dominee pa r des brach1opodes tres appa re ntes aux 
niveaux de Calume t et de Ch ristina de la region des r iv ieres At habasca e t C learwater du nord-est 
de l'Alberta. Les brachiopodes re present ent un seul e nsemble designe ici sous le nom de faune a 
Ladogio ides asmenista-Eleutherokomma jaspe re nsis d'apres ses elemen ts Jes plus caract e ri st iques. 
Parmi Jes conodontes qui Jes accompagne nt, mentionnons Ancy rodella rotundiloba binodosa Uyeno, 
Ancyrode ll a rotundiloba rotundiloba (B yra nt), Pandorin e lla insita (Stauffe r) e t ?Mesotax is 
asym me trica (Bischoff et Ziegler), elements Jes plus caracteristiques qui ass igne nt la formation a 
la zone in fe rieure a Polygnathus asymmetri cus. 

On traite de 18 taxons de brachiopodes e t de 14 taxons de co nodontes, tou s illustres, 
provenant des couches de Waterways sur la ri vie re Birch. 



INTRODUCTION 

Purpose 

Fossils collected from bedrock exposu res on Birch River 
were sent for identification to the Geological Survey of 
Canada in the late 19 50's. They provided good evidence that 
equivalents of part of the lower Uppe r Devonian Waterways 
Formation were present. Although the genera l location and 
composite fauna of the Waterways Formation were known 
from these collections (see Norris, 1963, p. 66), the precise 
locations, litholog y, and stratigraphy of the outcrops and 
distribution of the fossils remained unknown. The results of 
this study are an attempt to meet this need. 

Nor ris is currently engaged in a detailed study of the 
brachiopods of the Waterways Formation outcropping a long 
the Clearwater and lowe r Athabasca Rivers and at Gypsum 
Cliffs on Peace River in northeastern Albe rta. Birch River 
st rat igraphy and faunas will provide additiona l distribution 
data and assist in the overall interpretation of the Waterways 
brachiopods. The associated conodonts, desc ribed herein, 
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provide an independent dating of the Waterways beds on Birch 
River and assist in the compa ri son and correlation with other 
areas. 

Location 

The Devonian rocks described in this report comprise an 
outcrop of the Slave Point Formation at Pointe de Roche 
(station 356NB; 58°22'25"N; J J2°07'05"W) on the southwest 
s ide of Lake Claire and scattered outcrops of the Wate rways 
Formation along the upper reaches of Birch River (see Figs. 1 
and 2). The discontinuous outcrops on Birch River extend 
from station lONB (58°18'50"N; 113°04'05"W) to station 17NB 
(58 ° J 8'20"N, l l 3°09 '00"W) a river distance of approximately 
15.7 km. The lo west or most easte rl y outcrop on Birch River 
is located approximately 112 km upstream from the mouth of 
the winding river. Birch River can be reached by boat or 
canoe from Fort Chipewyan by use of the Quatre Fourc hes 
Channels connecting the west end of Lake Athabasca with 
Mamawi Lake, and Prairie River connecting Mamawi Lake 
with Lake C laire. The distance of the water route between 
Fort Chipewyan and the mouth of Birch River is 
approximately 74 km. 
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FIGURE 1. Sketch map showing location of the Lake Claire-Birch River study area, general geology of northeastern Alberta, and 
distribution of Devonian rocks. 
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All of the outc rops are located within th e southe rn half 
of the Lake C lai re map-shee t (NT S 84 1) in northeas tern 
Al be rta. T his a rea is wi t hin a nd about 26 km north of t he 
southern bou nda ry of Wood Buffalo Na tiona l Pa rk . Fort 
Chipewyan is th e nearest se ttle me nt wh ic h is located on t he 
nort h shore a nd nea r t he west e nd of Lake Athabasca on a 
bea ring of 077T a t a n a ir distance of a bout 66 km fr o m t he 
mou th of Birc h Ri ve r. The neares t la rge town to th e south is 
Fort McM urray locat ed a t th e junc tion of th e Ath abasca a nd 
Clearwa te r Ri vers whi c h bea rs 16 1T a t a n a ir dist a nce of 
a bout 158 km from th e mouth of Birc h Ri ve r. Fort Mc Murray 
is connected by schedule d a ir se rvices, ra il a nd ha rd surfaced 
roads t o la rge r cent res in the south , a nd is the point whe re 
bu lk y a nd heavy fre ig ht is tra nsfe rred fr o m rai l ca rs or trucks 
t o boats a nd ba rges fo r shipmen t down the Athabasca Rive r. 

Previous geological investigations 

Norris ( 1963, p. 66) recorded a nd li st ed foss ils collect ed 
by D. Me rrill of th e Fo rest In ventory Section , De pa rtme nt of 
North e rn Affa irs, from be t ween a pproxima t e ly longitudes 
11 3°00 '\'il a nd 11 3° 12'\'il on Birc h Rive r. They we re submitted 
t o the Geological Survey of Canada fo r ident ification. On the 
bas is of the mixed asse mblage of foss il s, Norris (1 963, p. 66 ) 
suggested that proba bly pa rts of t he Peace Point a nd Ca lume t 
Mem bers of th e Waterways Fo rma tion we re represented in 
t he outc rop s a long Birc h Rive r. 

In August of 196 1 No rr is examined th e Slave Point beds 
at Pointe de Roche on Lake C la ire, a nd us ing a small a irc raft 
pin-pointed fr om the a ir the locations of outc rop s of th e 
Wate rways Forma tion a long Birc h River. Unusua ll y low 
wa te r levels in northe rn Albe rta in 196 1 pre ve nted a canoe 
traverse up Birc h Ri ver. 

In 1965, M.A. Ca rrigy a nd R. Green noted th e locations 
of outc rops of th e Slave Point Forma tion a t Pointe de Roche 
on Lake C la ire a nd the Wa te rways Fo rmation on Birc h Ri ver 
as we JJ as on Alice C reek in t he same gene ra l vic inity. These 
obse rvations we re incorpora t ed by Green (1 970) on a map 
showing t he bedrock geology of northe rn Albe rta, a nd by 
Bay rock ( l 972b) on a ma p of the su rf ic ia! geo logy of the Lake 
C lai re area. Presumably, the ir wo rk was done by he li copte r 
because th e tribut a ry s tr eams of Birc h Riv e r a re na rrow a nd 
sha llow a nd would be exceedingly diff ic ult if not impossible 
t o t rave rse using a canoe or rubbe r boa t. 

Present work 

T he present repor t desc ribes a nd ill us tra tes for th e f ir st 
ti me th e st rat ig rap hy, brachiopods a nd conodont s of beds of 
the Wa t e rways Fo rmation out c roppi ng a long Bi rch River in 
nort heas t e rn Albe rta based upon obse rva tions a nd coJlect ions 
made by Norris in 1979. T he Slave Point beds outc ropping 
56 km t o t he east a t Point de Roche on Lake Cla ire a re a lso 
desc ri bed fo r th e fir st time , based on f ie ld work by Norris in 
196 1. The very spa rse megafossil s fro m beds of th e Sia ve 
Point For mation a re not illustra t ed because of very poor 
prese rvation, a nd samples fr o m these beds investigated fo r 
conodonts by T .T. Uyeno, unfo rtuna t e ly, proved to be ba rre n. 

St udy of t he fo ssils fr om the Wa t e rways Forma tion is 
based on 30 samples fr om 13 measured sect ions. Cuts of 
most of th e samples we re made a nd processed fo r conodonts 
t o ob ta in a n inde pendent da ting of the beds. In a few 
insta nces whe re spec ies of brach iopods fr o m Bi rc h Rive r a re 

highly frag me nta ry, bette r prese rved mate ria l of t hat spec ies 
fro m equivale nt beds on Athabasca Ri ve r a rea were used t o 
a ugment th e iJlustra t ions. 

In th is c ollabo ra ti ve stu dy, No rr is is responsible fo r th e 
f ie ld obse rvations a nd sa mpl ing, Jith ostra tigraphy, a nd the 
brachiopod tax onom y a nd bios tra tig ra ph y; Uyeno is 
responsible for th e conodont t axonom y a nd biost ra tig ra phy . 
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STRATIGRAPHY 

Geological setting 

The thin seque nces of th e Slave Point a nd Wa t e rways 
Fo rma tions ex posed in t he Lake Cla ire - Birc h River area a re 
locat ed near t he mid eas te rn e rosiona l edge of Devonia n 
sedime nts on th e c ra ton of th e Inte rior Platform of weste rn 
Canada. The dist ribu t ion a nd re la tionships of these 
forma tions in northeast e rn Al be rta a re shown in a gene ra ! 
way in Figure l of this repo rt , a nd in more de t a il on a 
geolog ica l ma p of north e rn Albe rta by Green, Mellon a nd 
Carrigy (in Green, 1970). Va ri a tions in th ick ness a nd 
Jithofaciesof the Sla ve Point a nd Waterways Forma tions a nd 
equi valent roc ks throughout th e Wes te rn Canada Sedimenta ry 
Basin a re illustra ted by Be lyea e t al. ( 1964, Fig. 6-2, p. 6 1 ), 
Basse tt a nd Stout ( 1968, Figs. 9 a nd 10), Ja nsa a nd Fisc hbuc h 
(1 974, Fig. 3), a nd othe rs. 

In the report a rea th e Slave Point a nd Wa te rways 
Fo rma tions form th e uppe r pa rt of a wedge of wes t ward 
d ipping Devonia n roc ks nonconfo rmab! y overlapping t he 
Canadia n Shie ld a long Slave Rive r to th e east. This wedge 
thickens wes t wa rd t o about 274 m (900 f t ) in th e Lake C!a ire ­
Birc h Ri ve r a rea (see isopach map in Grays t on e t al. , 1964, 
Fig. 5- 3, p. 51 ). The Devonia n succession throughout a la rge 
pa rt of northe rn Albe rta a nd southe rn Distric t of Macke nz ie 
res ts directly on Precambria n c rysta lline a nd 
me tasedime ntary rocks or e rosiona l re mna nts of Cambria n 
sedime nta ry roc ks (Be lyea, ~ Douglas e t al., 1970, Fig. VIII-
13, p. 393 ; Basse tt a nd Stout, 1968 , F ig. 7, p. 731). The t op of 
the Devonia n succession is a n e rosion sur face unconfo rmab!y 
ove rlain by Lowe r C re taceous or Qua te rna ry a nd Recent 
deposits in th e re port a rea, with progressively younger 
Devonia n roc ks be ing ove rla pped in a wes te rl y direction. 
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The precise thickness of the total Devonian succession 
down to th e Precambrian base ment in th e Lake C la ire - Bi rc h 
River a rea is unkn own for lack of drill holes within Wood 
Buffalo National Park , but it is estima ted to be 
a pproximately 27t+ m (900 ft). Of thi s total , th e incomplete 
succession of Slave Point a nd Wate rways beds represent ed in 
the Lake C la ire-Birc h Riv e r a rea is estimated to be about 
82 m (269 ft) thick, inc luding covered inte rvals within the 
outcrop succession. 

Related Devonian outcrop sequences with Slave Point 
and Water ways equivale nts nea rest to the Lake Claire- Birch 
Ri ve r a rea c omprise that to the north a t Gypsum C li ffs on 
Peace River desc ribed by No rris (1963) and No rri s and Uye no 
(in press) and that to the sou theast a long the Athabasca­
Clearwater Rivers desc ribed by Car rigy ( 19 59), Norri s ( 1963, 
1973) a nd others. Olde r Devonia n roc ks outcrop t o the 
northeast a long Slave River a nd in the escarpme nt west of 
the river desc ribed by No rris (1 963, 1965), a nd othe rs. 
Younger Devonian beds outcrop t o the west in the Ve rm ilion 
Chutes a rea on Peace Rive r desc ribed by No rris ( 1963). 

The parts of the Slave Point and Wate rways Formation 
outcropping in the Lake C la ire-Birc h Rive r a rea a re shown 
diagra mmaticall y in Fig ure 2. The ir descr iption is a ug me nted 
in Appe ndi x I, a detai led desc ript ion of th e composite section 
including lis t s a nd locations of megafaunas in each of the 
units. 

Slave Point Formation 

The nam e Slave Point Formation is a pplied to the thi n 
sequence of li mestone outcropping on the south side of Point 
de Roc he , a small pen insula on the southwest side of La ke 
Claire. The term " Slave Point limest one" was introduced by 
Cameron (1918, p. 25-26) to a ppl y t o the upper pa rt of th e 
Middle Devonian succession on th e north a nd south shores of 
the west arm of Grea t Slave Lake. Various usages of the 
term in the Great Slave Lake a nd ad jacent a reas a re 
discussed by Belyea and Norris (1962), Norri s ( 1965), Griffi n 
(1965a), Skall (197 5), a nd others. The name Slave Poin t 
Formation was extended by Law (195 5a, b) into the 
subsurface of northe rn Albe rta, a nd a pproxima te ly the same 
usage was contin ued in the subsurface of northeast e rn Br it ish 
Columbia by Belyea a nd Norris (1 962) a nd Gray a nd Kassu be 
(1963). On a c ross-section, Gri ff in (l 965a) traced the Slave 
Point Forma tion in the subsurface from the Kotc ho Lake a rea 
of northeast e rn British Columbia across northern Albe rta to 
the Fort McMurray a rea. 

The nea rest outc rop s of the Slave Point Forma tion to 
that on Lake Cla ire a re those a t Gypsum C liffs on Peace 
Ri ve r descr ibed by No rri s ( 1963) and Nor ri s in Nor ris a nd 
Uyeno (in press). Gypsum Cliff s is 91.2 km north northwes t 
of the Lake C lai re outcrop. At Gypsum C li ffs the Slave Point 
conformably overlies evaporites of the Fort Vermilion 
Formation and is unconfor mably ove rla in by sha le a nd 
a rg illaceous limestone of the Peace Point Me mbe r of th e 
Waterways Formation. Thic kness of the forma tion in the 
Gypsum C liff s a rea varies between 15.2 a nd 21.3 m (50 to 
70 ft). In the Cal ifo rnia Standa rd Mikkwa 12-23-98-21 Wt+ 
well locat ed a bout 116 km southwest of the Lake C lai re 
ou tc rop s, th e thick ness of the Slave Point Formation is 
est imated to be about 13.7 m (t+5 ft ) thick (Griffin, 1965a, 
F ig. 6). The formation th ins sou th wa rd from a max imum of 
2 1.3 m (7 0 ft ) a t Gypsum C li ffs to less than 3.05 m (10 ft ) in 
Birc h Mou nta ins (Green, 1970) to 1.7 m (5.5 ft) in th e Fort 
McMur ray a rea (Cri ck may, 1957). 

At th e south e nd of Pointe de Roche on th e southwest 
shore of Lake Clai re a bout 1.8 m (6 ft) of Slave Poi nt beds 
a re exposed immediately a bove lake level. The lithology 

t+ 

consist s of light grey to medium brown calcareniti c limestone 
in irregula r thin beds up to 10 c m (3.9 in.) thick th a t weather 
light ta n brown. Ha nd specimens unde r th e microscope show 
light brown, a ngula r, calca re nitic li thic fr agme nts in a matrix 
of darker brown mic ritic limestone associa t ed with scat tered 
spa rry calci t e . Megafossils, fragme nta ry a nd spa rse, a re 
disc ussed in a succeeding pa rt of this report. 

Although contact relations with unde rlying a nd 
overlying rock units are not ev ident in th e single outcrop, 
com parison with Slave Point seque nces t o th e north a nd south 
suggests that th e beds ex posed a t Poin t e de Roche belong in 
th e upper part of the formation. 

Waterways Formation 

The name Waterways Formation was firs t proposed by 
Warre n (1 933) for the sequ e nce of Devonia n strat a overlying 
a n evaporit ic sequence a nd unconfor ma bly unde rl ying Lower 
C re taceous rocks in th e lower Athabasca Rive r a rea. 
C ri c k may (19 57) subdivided th e Wa terways For mation in to 
f ive members : the Firebag, Calumet (Ca lmut), Ch ris tina, 
Mobe rl y and Mildred. He select ed the Bear Bi ltmore No. l 
we ll at 7-11-87-17-Wt+ locat ed about 76.8 km west-south west 
of Fort McMu rray as his standard of compa rison with the 
incomplete outcrop succession on the Athabasca and 
C lea rwater Rivers. In this well the Waterways Formation 
consis t s of a sequ e nce, 213.8 m (701.5 ft) thick, of shale a nd 
argi ll aceous limestone al t ernat ing with mainly limestone 
units lying be tween the top of th e Slave Poi nt Formation a nd 
the base of th e Devonian Cook ing La ke Formation of the 
Woodbend Group. 

In the subsur face of th e Edmonton a rea of centra l 
Albe rta th e name Beaverhi ll Lake Fo rmation was proposed by 
the geolog ical st aff of Impe ri a l Oil Limited (1950) for the 
seque nce of shale a nd limestone be t ween the Elk Point a nd 
Cook ing Lake Formations. Additiona l information provided 
by more drill holes pro mpted th e Committee on Slave Point 
and Beaverhi ll Lake Formations (Bel yea e t a l. , 1961+) to 
conside r the five subdivisions of the Wate rways For mation as 
me mbe rs within the Beave rhill Lake Formation. A th ick 
reefa1 carbonate de velopme nt with in the Beaverhill Lake 
Forma tion of the Swan Hills a rea was named the Swan Hills 
Member by Fong ( 19 59, 1960) and in fo rma ll y su bdivided into 
lowe r dark brown a nd upper ligh t brown units. Mu rray (1 965, 
1966) a nd others have shown that th e lower dark brown unit is 
the a pproxima t e equiva le nt of the Slave Point Formation. 
Mo re recentl y, Leavitt a nd Fischbuch (1968) have ra ised the 
Beaverhill Lake to group s tatus and included in it the 
Wate rways, Swan Hill s an d Fort Ver milion Formations. 

Northwest of the Ath abasca-Clearwate r Rivers a rea, 
the Waterways Formation becomes more sha ly and is 
approximately equiva lent to the lower half of th e Hay River 
Forma tion as defined by Be lyea and McLaren (1 962) in th e 
Great Slav e Lake a rea (Braun, 1968, Fig. 8). About ha lf way 
between these t wo areas, at Gypsum C li ffs on Peace River, 
th e name Peace Point Member was applied by Nor ri s (1963) to 
th e lower part of the Wat e rways Formation. The na me Peace 
Point beds was introduced by Kindle ( 1928) and has priority 
over the t e r m Firebag Member introduced by Crickmay 
(1957). Beds ass igned to the Peace Poin t Me mbe r a t Gypsum 
C liffs a re equivale nt to th e lowe r part of th e Firebag Member 
of th e Wate rways Formation of the Athabasca-Clea rwater 
Rivers a rea (Norri s, 1963; No rri s a nd Uyeno, in press). 

Beds of th e Wat e rways Fo rma tion are discontinuously 
exposed a t t we lve localities along Birch River between 
stat ions lONB (58° 18'50"N, l l 3°0t+ '50"W) and 17NB 
(58° 18'20"N, l l 3°09'00"W), a ri ve r distance of approximately 
15.7 km (9.8 miles). The uppermost or most wester ly outcrop 



Table of Devonian Formations 

Erathem Series Formation Member Unit and Lithology 
or and and Thickness 

Stage Thickness Th ickness (metres & 
(metres & (metres & feet) 

feet) feet) 

Cenozoic Recent and Silt, clay, sand, 
Quaternary gravel and soi l. 

Erosional unconfo rmity 

VII 0.7 m Medium to dark brown 
2.3 ft micr it ic limestone. 

VI 2.9 m Light g reenish grey 
9.5 ft s lightly argi ll aceous 

micritic limestone. 
Ch r istina 

a nd 
Ca lumet v 0.9 m \/ledium greenish grey 
(Calmut) 2.9 ft highly calcareous 

muds tone . 
Upper Members 

Devonian Waterways IV 3 . 35 m Ligh t brown to l ight 
11 ft greenish grey very 

Fo rmation slightly a rgillaceous 
(parts only) (pa rts only) micritic limestone. 
22.05 m 22.05 m 
72.34 ft 72.34 ft 

III 4 . 5 m Green ish grey high ly 
14.8 ft calcareous mudstone. 

II 0.7 m Greenish grey highly 
2.3 f t a rgi ll aceous micr itic 

li mestone. 
Paleozoic 

I 9 m Poor ly exposed 
27 ft in te rva l of greenish 

grey highly 
argillaceous micritic 
limestone . 

?55 m Cove red. 
?180 ft 

Unconformi ty 

?3 m Covered. 
?g 'x i.t 

Upper Slave 
Point 

Devonian Fo rmation l .8 m Light grey to medium 
6 ft brown calcareni tic 

(part only) limestone; spa rsely 
fossiliferous. 

? 

? Covered. 
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a t station l 7NB is located about 5.8 km (3.6 miles) ri ver 
dista nce downstream from the mouth of Alice Creek. The 
lowe rmost or most east e rl y outc rop at s t a tion lONB is 
located approximately 112 km (70 miles) ri ver distance up 
from the mouth of Birch River (see Fig. 2). 

The co mposite section of the Waterways Formation 
represented on Birch River is about 22 m (7 2 ft) thick 
outc ropping in a very na rrow belt a bout 5.1 km wide. 

Lithologies represented on Birch River may be 
subd ivided into seven rock units des ignated as I t o VII in 
ascending sequence that have been pieced together from the 
discontinuous scattered outc rops (see Fig . 2). The lower pa rt 
of unit I, estimated to be a bout 4.5 m (14.8 ft) thick, is 
rep resented by loose fr ag me nts a nd consis ts of li ght brown 
mic ri tic, in pa rt a rgill aceous, thin bedded limestone. The 
uppe r pa rt of unit I consists of very poorly exposed recessive 
weathe ri ng, irregula rl y th in bedded, greeni sh grey high ly 
a rgi ll aceous mic rit ic li mestone with a bout 4.5 m (14 .8 ft) 
represen ted . Unit II is 0.7 m (2. 3 ft ) thick and consis t s of 
irr egula rl y thin bedded, resist a nt, greenish grey, moderately 
a rgi ll aceous mic ri tic limestone conta ining abunda nt a braded 
fossils. Unit Jll is about 4.5 m ( 14.8 ft ) th ick a nd is part ly 
exposed at three localities c ompr ising s ta tions lONB, l l NB 
a nd l 2NB. It c onsists of recessive, poorly exposed, sparse ly 
fossiliferous, greenish grey, highly ca lcareou s mudstone . 
Unit IV is estima t ed to be about 3.35 m (11 f t) thick a nd 
because of its resis tant c ha ract e r is pa rtl y represented a t six 
localities a long Birc h River co mpri s in g stations l ONB, 11 NB, 
22NB, 21NB, 20NB a nd 18NB. It consist s of light brown to 
li ght greenish grey, high ly resistant, irregu lar a nd in part 
nodul a r bedded, in part sl ightl y argi ll aceous m ic r it ic 
limestone with sca tte red beds conta ining abunda nt macerated 
megafossils . The contact betwee n units IV a nd III is one of 
th e more re lia ble markers ev ident in th e eastern part of the 
Birc h Ri ver seque nce. Un it V is 0.9 m (3 ft) th ick a nd is 
represented a t sta t ions 21NB a nd 18NB a nd possibly 
station 22NB. It consists of a recess ive, poorly fossilife rous 
seque nce of in terbedded mediu m greenish grey hi ghly 
calcareous muds t one , a nd medium greenish grey, irregular 
thinly bedded a nd nodula r a.rgi ll aceous mic ritic li mestone. 
Unit V is one of the more distin cti ve ma rke r units used for 
relat in g sections in the western part of the Birch River 
succession. The succeeding unit VI is 2.9 m (9. 5 f t) thi c k a nd 
is partl y exposed at stations 14NB, 15NB, 23NB, 2 1NB, 19NB, 
l 8NB a nd l 7NB. It consis t s of res ist a nt, irregula r bedded, 
light greenish grey, micritic limestone with partings of 
s li ght ly a rgill aceous limestone, a nd contains a n a bunda nt 
megafau na in some beds . Un it VII is the uppermost rock unit 
exposed on Birch Ri ver a nd is present on ly at st a tion l 7NB 
where 0.7 m (2.3 ft) was measu re d. It consist s of a sparse ly 
fossiliferous sequ e nce of mediu m to dark brown resis t a nt 
micritic limestone inte rbe dded with recess ive, light greenish 
grey, rubbly bedded, a rgill aceous limestone . 

Bedding attitudes of th e discont in uous scatte red 
outcrops of the Waterways For mat ion a long Birch Ri ver 
indicate moderate ly spaced irregula r undulat ions of th e 
strata. It is high ly unlikel y that the undula tions a re 
tec tonicall y controll e d but a re more probably re la t e d to 
volume c ha nges a nd diffe re ntia l subsidence, caused by 
changes in com position a nd solution of underly ing Middle 
Devoni a n evapori tes . Sim ila r undulat ions a nd subside nce 
featu res have been noted in the be lt of Devonia n stra ta 
borde rin g the ma rg in of the Canadian Shie ld in south weste rn 
Manitoba, northeastern Albert a a nd southern Dis tri ct of 
Mackenz ie . 

The covered inte rva l separat ing th e base of the outcrop 
succession from the base of the Waterways For ma t io n on 
Birc h Ri ver is estimated to be a bout 55 m (180 ft) thick based 
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on comparisons wit h the sequences of Waterways beds present · 
in the Athabasca- Clearwa t e r Rivers a rea a nd in the nearest 
we ll s south of Birch Riv e r. The uppe r contact of the 
Waterways beds a long Birch River is a n erosion surface 
unconformab ly overl a in by Quaterna ry and Recent deposits of 
s ilt , clay a nd soil. In Birc h Mount ains 5.1 km (3.2 miles) south 
of the Birch River, the eroded uppe r surface of the 
Waterways Formation is unconformably overla in by 
c ross bedded quartzose sandstone a nd siltstone of the Lower 
C retaceous McMurray Fo rmation (see Green, 1970). 

Most if not a ll of the megafossils from the seven rock 
uni ts rep resented on Birc h River are disarticulated, 
fr ag me nta ry · or show s igns of tra nsport and ab rasion 
suggest ing deposi ti on under high e ne rgy or turbulent 
conditions. Thi s is partic ul a rl y ev ide nt in the foss ils from the 
more calcarenit ic parts of the success ion. Some thin 
limestone beds within the succession are coqu inas consisti ng 
largely of c lose ly packed abraded ske letal mat e ri a l. The 
more highly arg ill aceous parts of t he succession are genera ll y 
on ly spa rse ly fossi liferous. 

The age and corre lat ion of these beds a re discussed in a 
succeed ing pa rt of this report. 

BIOSTRATIGRAPHY 

Age and correlation of megafaunas 

Slave Point Formation 

Fossils in Slave Point beds at Pointe de Roche are 
exceed in gly spa rse a nd poorly prese rved. A collection from 
th e upper 0.3 m (1 foot) of the section yie lded Desguamatia 
sp. a nd other indete rmin able a tr ypid fragments. Fossils 
derived from the outcrop, but collected loose, comprise 
bulbous stromatoporoids, Desguamatia sp ., a nd Te ntaculites 
sp. Thi s sparse fau na suggests th at the beds at Pointe de 
Roche are in pa rt equivale nt to th e upper pa rt of the Slave 
Point Fo rmation ex posed at Gypsu m Cliffs on Peace River 
where megafoss ils are also scarce (Norris a nd Uyeno, in 
press). At the la tte r local ity, the Slave Point Formation 
contains Desguamatia (Independa tr ypa) sp. cf. Q_. (!_.) 
inde pendensis (Webster) associa t ed wi th a few bulbous 
stromatoporoids in the uppe r pa rt , and Emanuella verni!is 
C ri ckmay in lowe r beds . The strat igrap hi c position of this 
fa una is above the highest occu rre nce of St ringocepha lus sp . 
an d imme dia t e ly be low the distinctive megafauna 
characte rized by Tecnocyrtin a billingsi (M eek) that ma rks th e 
lowe r Waterways Formation a nd equ ivale nt beds throughout a 
la rge a rea of wes t e rn Canada. At Gypsum Cl iffs the Slave 
Point Formation is immediate ly under la in by the evaporiti c 
Fort Ve rmilion Formation wh ich is unfossil ife rous (see 
Ta ble 2). 

The sparse megafauna of the Slave Point Formation at 
Gypsum Cli ffs is associated with conodonts of low diversity, 
suggestive of a polygna thid-icr iod id biofacies tha t Uyeno (!_r2 
No rris a nd Uyeno, in press) inte rpre ted as the representative 
of a biofac ies of th e Schmidtognathus he rma nni-Pol ygna thu s 
c ri st atus Zone. Conodonts assoc ia t ed with the overlying 
Tecnocyrtin a bi 11 ingsi Fau na at Gypsum Cliffs a re 
characte ristic of the Pandorin e llina in si t a Fauna that we re 
assig ned by Uyeno (in No rr is and Uyeno, in press) to the 
Lower most Polygnathus asymmetr icus Zone (see Ta ble 2). 

Emanuell a ve rnilis C rickmay of the lower Slave Point 
Fo rma tion at Gypsum Cliffs is regarded by Pedder (1975, 
p. 574) as one of the co-marke rs of the wide ly distributed 
Grypoph yllum mackenz iense Zone. At Powell Creek, Uyeno 
0 979, p. 239 ) indicated t hat both the Le iorh ynchus 



hippocastanea Zone of Crickmay ( 1960, p. 3) and th e 
succeeding G. macke nz iense Zone of Pedder (in Lenz a nd 
Pedder , 1972," p. 36, 37) a re associated with conodOnts that he 
assigned to the Uppe r hermanni-cristatus Zone. At this 
loca lit y th e G. mac kenz ie nse Zone is succeeded by the 
Tecnocyrtina bi11ingsi Zone of Pedder (.i.0_ Le nz a nd Pedde r, 
1972, p. 37). Assoc iate d conodonts of the la tter zone 
com prise e lements of th e Pa ndorin e 11ina in sita Fauna wh ic h 
we re ass igned by Uyeno (l 979, p. 239) to the Lowe rmost 
asymmetricus Zone. 

Although t wo megafaunaJ zones, the g_. mackenz iense 
a nd l:· hippocas t a nea Zones, can be differen tiated in th e 
lower Mackenzie a rea, in other a reas, as between Great Slave 
Lake a nd the cent ra l Mackenz ie regions, these two zones 
have been shown to be facies equi vale nts of one another 
(G.O. Raasch, pers. com ., Janua ry 14, 1980). 

In a recent revision of some of the conodont zones by 
Klappe r (in Kla ppe r and Johnson, 1980) th e conodonts a t 
Powell Creek associa t e d with both the l:· hippocas tanea a nd 
G. mac kenziense Zones were removed from the Upper 
hermanni -c rista tu s Zone and placed in a newly na med Lower 
Po Jygnathus dengle ri Subzone. Co nodonts assoc ia te d with th e 
succeeding brachiopod _I. bi11ingsi Zone were ass igned to th e 
Uppe r !:· deng Jeri Subzone. The new !:· dengle ri Zone for 
North Amer ic a is a li gned with th e Lowermost asy mme tric us 
Zone of wes t e rn Europe. Thi s new revis ion of the c onodont 
zonal sc heme c rea tes a problem for Canadian 
biostratigraphers in that the hermanni-cr istatus Zone does 
not appear to be unequivocally rep resente d a nyw here in 
Canada. At Powell Creek, the StringocephaJus aleskanus 
Zone of Cr ic kmay (1963) a nd Pedde r (1 975) underlies the L. 
hippocastanea Zone a nd is associated with conodonts assigned 
by Uyeno ( 19 79, p. 238) to a n undifferentiated PoJygna thus 
varc us Zone. One wonders if further work wi ll demonstrate 
that c onodonts indicative of th e he rman ni-c ri st a tus Zone a re 
absent because of unfavo ur a ble fac ies, as in the Lake CJair e ­
Gypsum C liffs a rea, or for so me other reason. 

At a meeting of the Subc ommission on De vonia n 
Stratigraphy held in Spain in September, 1979, the majority of 
members favou red the e ntr y of PoJygnathus disparilis, or 
s li ghtly lower (undecided) le ve l , as the eventu a l base of th e 
Uppe r Devoni a n. The entry of this form ma rks the base of 
the Lowe r dengleri Subzone. Accordingly, by in fe ren ce, the 
Slave Point be ds ex posed a t Gypsum Cliffs and on the 
southwest side of Lake Cla ir e, would corre la te approx ima t e ly 
with th e G. mackenzie nse Zone whi c h is within th e Lowe r 
dengJeri SUbzone a nd would be placed in the lowermost Uppe r 
Devonian (see Table 2). 

Waterways Formation 

Megafoss ils other th a n brachiopods from beds of the 
Waterways Formation exposed on Birc h River comprise sparse 
a lgal fr agments, very sparse c ora l fr ag me nts one of which is 
a c up coral, numerous scatte re d fr ag ments of bryozoa 
rep resentin g a s ingle species, very spa rse pe Jecypods of one 
or possibly two species, common gastropods re presente d by 
two species, a few scatte red Te ntacuJites sp., abunda nt 
Spirorbis sp. attached to brachiopod she ll s, ra re ostracode 
fragments, a nd exceedingly abunda nt e c hinoderm ossicles of 
four diffe re nt forms occurring more or Jess throu ghout the 
success ion (see Fig. 3). 

Co ra ls in the Waterways Fo rma tion a re exceedingl y 
scarce, a nd the only known c up cora l previously recorded 
from this formation is Tabu1ophy11 um a th abascensis 
(Whiteaves, 1891, p. 248) which was co ll ected from beds of 
th e Calume t Member outc ropping on th e west bank of 

Athabasca Rive r 93 km (58 miles ) north of Fort McMurray. 
The c up cora l from Birc h Rive r is possi bly a ju venile fo rm of 
t his species. 

Brachiopods a re by fa r the most abundant group 
re presented in th e Wa te rways be ds on Birc h Rive r a nd these 
a re lis t e d be low. The better prese rve d and more diagnost ic 
forms in th is lis t th a t a re illu strate d in this report are marked 
by a n as te ri sk. For ease of c ompa rison of the Birc h River 
brac hiopods, th e accompanying li st shows the distribution a nd 
relat ive a bunda nce of some of th e more diagnostic fo rms in 
the Wa t e rways Forma tion of nor t heastern Alberta as we ll as 
some other occur re nces. 

l 2 3 4 5 6 7 8 

I. * Petrocrania sp . r ? r 

2. *Schizophoria sp. cf . 
S. la ta Stainbrook a a r x 

3. Schizophoria sp. 

4. *Strophodonta 
(Strophodonta ) sp. A a 

5. *Nervostrophia sp. r r 

6. *Eostrophalosia sp. cf. 
£. pedde ri Crickmay c 

7. EostrophaJosia sp. 

8. *Devo noprodu ctus sp. cf . 
Q_. tertius Crickmay c 

9. produc te!Jid fragm e nts 

10. *Ladogioides as me ni st a 
(Cri c kma y) r x 

l !. *Variatrypa (Radia trypa) 
c la rkei (Warren) a a r a 

12. Desguamatia sp . 

13. * Pseudoat rypa? sp. cf . 
P. ? bJac khawke nsis 
(Stainbrook) x 

14 . * Pseudoatrypa sp. c f. 
!:· gigantea (W ebster) a ? r x x 

15. Pseudoatrypa sp. 

16. *Spina tr ypina 
(E xa trypa) sp . A a ? r x 

17. *Nucleospi ra? sp . x 

18. *At hyri s parvuJa Whiteaves r r x 

19. *Tecnocyrt ina sp . A c r r x 

20. *El e utherokomma sp. cf . 
£. impennis Crickmay c r r x 

2 !. *Eleuthe roko mma sp. cf. 
£. jaspe rensis (W a rr e n) r c x 

22. EJeuthe rokomma sp. 

23. *Alla ne lla minutill a 
C ri ckmay ? c x 

24 . *C ra naena sp. r x ? 

Explanation of symbols: 

x Occurrence reco rded in lite ra tur e 

? Unce rtain affinity a nd a bunda nce 
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Explanation of symbols (cont'd) 

c 

a 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Waterways Formation 

I 
Firebag Member } 

Calumet (CaJmut) Member 

Christ ina Member 

Mobe rly Member 

Re lative abundance 

Rare 

Common 

Abundant 

In beds of post hermanni-cristatus Zone a nd pre insita 
Fauna of Io wa 

In beds of insita Fauna of Iowa 

In beds of insita Fauna of Manitoba 

C lose ly s imilar but generall y not identical to forms in 
Assemb lage 4, upper Flume Formation, British 
Columbia, illustrated by Raasch in Maurin and Raasch 
(1972). 

Three of the forms from Birch River comprising 
Strophodonta (Strophodonta) sp. A, Devonoproductus sp . cf. 
Q. tertius Cr ickmay a nd Ladogioides asme nis ta(Cri c kmay) a re 
known e lsewhere to be rest ricted to the Ca lumet Member of 
the Waterways Formation a nd equivalent beds of northeastern 
Alberta. One of the forms, Athy r is parvula Whiteaves, 
appears to be restric ted to beds of the Firebag and Calumet 
Members of the Waterways Formation, but is more abu ndant 
in the latter member. Two of the forms, Schizophoria sp. cf . 
~- lata Stainbrook a nd EJeutherokomma sp. cf. £. impennis 
C rickmay, range from the Firebag through the Calumet into 
the Christina Members of the Waterways 
Formation. Five of th e forms comprising 
Petrocrania sp . , Nervostrophia sp., Pseudoatrypa 

It has Jong been known that the Flume Formation of 
eastern British Colu mbia and the Alberta centra l Rockies 
conta ins many fauna! e lements in common with the 
Waterways Formation of northeastern Alberta. This study 
shows th a t e ight or more of the brachiopods from the 
Waterways beds on Birc h River (see accompanying list) are 
closely simi la r but ge nera ll y not identical to fo r ms illustrated 
by Raasch (Maurin a nd Raasc h, 1972) from their 
Assemblage 4 referred to as the "A try pa " gregeri Zone in unit 
DFR4 of the upper Flume Formation of east central British 
Co lu mbia. The gregeri Zone is referred to as a biozone and is 
ap proximately equ ivalent to the combined EJeutherokomma 
jasperensis, AJJane JJ a a JJ a ni and EJeutherokomma ki!Jeri Zones 
of Crickmay 0 966). The latter are interpreted by Raasch 
(Maurin and Raasch, J 972) as local teiJzones that a re 
consistent only in the A thabasca-C Jearwa t e r Ri vers a rea of 
northeastern Alberta. The fauna! distribution c hart of 
Raasch (M aurin and Raasch, 1972, Pl. 3) shows that some of 
the more diagnost ic brachiopods including Cyrt ina cf. 
triguetra Ha ll , Ladogioides sp. nov., Eleutherokomma 
jasperensis (Warren) and Athy ri s randalia Stainbrook, that are 
close l y simila r to Birc h River forms, appear to be restricted 
to roughly the lower half of the gregeri Zone in east central 
British Columbia. This latte r interval appears to be roughly 
equivalent to Crickmay's (1966) Eleutherokomma jasperensis 
Zone of northeastern Alberta. 

From the above summary of brachiopod occurrences it 
is apparent that the strongest affinities of the elements in 
the Birch River beds are with those in the Calumet and 
Ch ris tin a Members of the Waterways Formation of 
northeastern Alberta . Although the affinities are with the 
Calumet and Chri st ina Mem bers the overlapping distribution 
of the various forms in the Birch River beds (see Fig. 3) fails 

TABLE 1 

sp. cf. f· gigantea (Webster), Spinatrypina 
(Exatrypa) sp . A, a nd Tecnocyrtina sp. A first 

Conodont zones a nd brachiopod faunas represented in the 
Lake C la ir e -Birc h River area 

appear in the Calumet Member and range up into 
higher beds of the Waterways Formation. With 
the except ion of Nervostrophia sp., a ll of these 
forms occur most abundantly in the Calumet 
Member. Two of the Birc h Rive r forms 
compr ising EJeutherokomma sp. cf. £. jasperensis 
(Wa rren) and AJJane ll a minutilla C r ickmay first 
appear in the Christina Member and range up 
into the middle part of the Moberly Member 
where they a re most abu ndant. Representatives 
of the genus C ranaena we re previously recorded 
by Norris (1963, Fig. 8) in the Waterways 
Formation onl y from the Moberly Member where 
it is associated with the co lour spotted 
terebratuJid MacJarenella macu Josa StehJi. 
Eost rophaJosia pedderi C rickmay (1963, p. J 8) 
occurs typically in the AJJanell a a JJa ni Zone in 
the upper part of the Moberly Member of th e 
Wa terways Formatio n from local ities along the 
Athabasca and S teepbank Rivers. However, the 
form here designated as EostrophaJosia sp. c f. £. 
pedderi Cr ickmay from Birch River differs from 
the Athabasca River fo rm in having more closely 
spaced and fi ner spines and f iner spi ne bases on 
the pedic Je valve. It appears to be a new 
spec ies. The presence of Nucleospira? sp. in the 
Waterways beds on Birc h River is the first record 
of this genus in the Waterways Format ion of 
northeastern Alberta, a lthough it has been 
recorded by McCammon (1960) in approximately 
equivalent beds in Manitoba. The latter 
occurrence is now more prec isely known to be in 
the Micr iti c limestone beds of the Point Wilkins 
Me mber of the Souris River Formation (Norris 
et al., in press). 
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STANDARD CONODONT ZONES 

M IDDLE ZONE 

Polygnathus 

asymmetflCUS 

LOWER ZONE 

IN. AMERICA) (W. EUROPE) 

Upper Polygnathus 

dengfen Subzone 

Lower Polygnathus 

denglen Subzone Lowermost 

Polygnathus 

asymmetncus 

Zone 

ROCKS UNITS IN LAKE CLAIRE - BIRCH RIVER AREA 

NE ALBERTA CONODONTS BRACHIOPODS 

Mildred 
Member 

Moberly 
Member 

c 
._g 

E1 Christina 
~ Member 
~ 

~ ~ Lower asymmetf/cus 
L ~a ~ Calumet 

Zone -

Member 

Firebag 
Member 

Slave Point 
Formation No conodonts, but Sparse megafauna 

probably equivalent suggestive of Desquamat1a 

to Lower denglefl (lndependatrypa) 

Subzone sp. cf. D. (/.) 

independens1s Fauna 

GSC 



TABLE 2 

Relationship of conodont zones and su bzones, megafaunaJ zones and faunas, 
and rock units rep resented in the Birch River-Lake Claire -Gypsum Cliffs a rea 
of northeastern Albe rta a nd in the Powell Creek a rea of the southern District 
of Mackenzie. 

In terms of conodont zonation of the 
Waterways Formation in northeaste rn Alberta, 
Uye no (1974, p. 5, Table l; see Ta ble 1) 
indicated that th e Firebag and lowest part of 
the Calumet Members are co llated with the 
Pandorinellina insita Fauna, most of the 
Calumet a nd lowe rmost part of the Christina 
Member a re ass igned to the Lower Polygnathus 
asymmetricus Zone, and most of the 
succeed ing Christina and all of the Moberly 
a nd Mildred Members are assigned to the 
Middle f. asymmetri c us Zone . 

CONODONT ZONES AND SUBZONES 

STAGES 

NEVADA GERMANY 

MEGAFAUNAL ZONES AND 

FAUNAS IN NORTHEASTERN 
ALBERTA AND IN POWELL 
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D 
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z 
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u 

E. 1asperens1s ~ 
Judging by the thin sequence of 

Waterways beds exposed on Birch River a nd 
brachiopods strong ly sugges tive of both the 
Calumet and Christina Members, it is 
concluded that the Birch River section 
stradd les the upper part of the Calumet a nd 
lowe r part of the Christina Members. If this 
assumption is cor rect, the interval would be 
probably mainly within the Lower Polygnathus 
asymmet ricus Zone. However, there is a slight 
possibility that the lowermost pa rt of the 
succeeding Middle Polygnathus asymmetricus 
Zone is a lso present. 

~- ~ l.l...t:' (J 
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-?-
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L. 
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In conclus ion, the brachiopods from the 
Waterways beds on Birch River represent a 
si ngle assemblage containing elements 
indicative of both the Calumet and Christina 
Members. For convenience this assemblage is 
here refer red to as the Laclogioides asmen ista­
EJeutherokomma jaspe rensis Fauna. It is dated 
as ear ly Late Devonian (earl y Frasnian) in age . 

_L~st~a-~- __ _ 

Eifelian (part) Couvinian 
{part) 

ensens1s (part) 

to show any clear cut distinction between the faunas of these 
two members. From the evidence at hand one would conclude 
that a single assemblage is rep resented in the Birch River 
composite section. 

The distinctive fauna ch?racterizing the Calumet 
Member in northeastern Alberta has been designated by 
Crickmay (1966, p. 20) as the "Stropheodonta costata" Zone, 
and that of the succeeding Ch ristin a Member and lower part 
of the Moberly Member was referred to by Crickmay (1966, 
p. 19-20) as the EJeutherokomma jasperensis Zone. The fauna 
c haracterizing the upper part of the Moberly Member has 
been referred to as the Allanell a aJJani Zone (Crickmay, 1966, 
p. 19, 24, 37) or as the EJeutherOi<Omma hamiltoni/ All anell a 
allani Zone (Crickmay, 1967, p. 2). The zone name 
"Stropheodonta costata" is unfortunate because the form 
suggestive of this species in the Waterways Formation is 
distinct from ~- costata Owen which accordin g to Stainbrook 
(1938, p. 244-245) occurs typicall y in the "At rypa" 
independensis Zone in the Solon Member of the Cedar Valley 
Formation of Iowa. Furthermore, its occurrence in Iowa is at 
a much lower st ratigraph ic level as indicated by 
independensis Zone brachiopods associated with conodonts 
assigned to the undifferentiated PoJygnathus varcus Zone 
(Klapper, ~Klapper et al., 1971 , Fig. 3) . More recent prec ise 
data on the Iowa section by Ziegler et al. (1976, p. 116, 
Fig. 3) suggests that the independensis Zone beds may be 
assignable to the upper Middle and lower Upper varcus 
Subzones. It is here suggested that until the stropheodontids 
and other brachiopods of the Waterways Formation are more 
thoroughly studied, a preferable term to apply to the Ca lumet 
megafauna would be the Ladogioides asmen ista Fauna. 

GSC 

Age and correlation of conodont faunas 

General remarks on the conodont faunas 

The conodonts from the Birch River Waterways 
For mation gene ra ll y a re moderately to well preserved, of 
li ght ambe r colour (conodont colour a lte rat ion index, CAI, of 
l to 1.5; Epstein et al., 1977). The fau na is dominated by 
Icriodus subterminus Youngqu ist, PoJygnathus spp., and 
Pandorine11ina in sita (Stauffer), with 1·e Jat ively abundant 
specimens of AncyrodeJ la rotundiloba rotundiloba (Br yant). 
Considering the platform elements only, these taxa comp rise 
about 97 per cent of the entire fauna . The distribution of 
c onodonts in the Birch River beds is given on Figure 4. 
Generally speak ing, the abundant, large robust specimens 
were derived mainly from biocalcarenite and 
biocalcirudite, whereas shale and a rgi11aceous calc iJutite 
(GSC locs. C-74173, C-74177, C-74 180 and C-74199, from 
lithologic units III and VI) yie lded fewer and smalle r-sized 
spec imens . The la tte r samples Jacked the more robust 
e lements such as PoJygnathus spp. and (2. rotundiJoba subspp. 
The cause of such segregation is open to some specu lation and 
may be the result, at least in part, of post-mortem so rting. 
The Birch River conodont fauna, like the relatively 
diversified associated brachiopods, were inhab itants of 
shallow water, and belonged to the Pandorinellina insita 
biofacies proposed by Sandberg and Poole (1977, Fig. 2, 
p. 149). 

The locational notation of the e lements of conodont 
apparatuses a re after Klapper and Philip (1971, 1972) for 
icriodontid elements, and Cooper ( 197 5, 1976, 1977) for 
others. The latter usage is a s light modification of that of 
Sweet and SchonJaub (197 5). 
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GSC LOCALITY NUMBER 

FIELD SAMPLE NUMBER 

ROCK UNIT 

FOnMATION 

SAMPLE INTERVAL FROM BASE OF 
LOWEST EXPOSURE OF FORMATION 

CALCAREOUS ALGAE 
I. algal fra gmen ts 

STROMATOPOROIDEA 
2. stromatoporoid, bulbous 

ANTHOZOA 
3. auloporid 

4. Tabulophy/Jum? sp. 

BRYOZOA 
5. cf. Saffordo tax1s sp. 

BRACHIOPODA 
6. Petrocrania sp. 

7 Sch1zophona sp. cf. S. Ia ra Stainbrook 

8. Sch1zophor1a sp. 

9. Strophodonta (S trophoc1on ta) sp. A 

10. Ner11ostroph1a sp. 

11. Eostrophalos1a sp. cf. E pedder1 Crickmay 

12. Eostrophalos1a sp. 

13 Oevonoproductus sp. ct . D. rertius Crickmay 

14. productellid fragments 

15 Lado9101des asmenista (Cric kmay) 

16. Vanatrypa (Rad1atrypa) clarke1 (Warren ) 

I 7. Desquamat1a sp. 

18. Pseudoatrypa? sp. c f. P.? blackhawkensis (Stainbrook) 

19. Pseudoatrypa sp. cf . P. g1gantea {Webster) 

20. Pseudoatrypa sp 

21 Spinatryp1na (E xatrypa) sp. A 

22. Nucleosp1ra? sp 

23. Athyns parvula Whiteaves 

24. Tecnocyrt1na sp. A 

25. Eleutherokomma sp. cf. E. 1mpennis Crickmay 

26. Eleutherokomma sp. c f . 1asperens1s (Warren) 

27. Eleutherokomma sp. 

28. A/Janella minutilla Crickrnay 

29. Cranaena sp. 

PELECYPODA 
30 Paracyclas sp. 

31. undet. pelecypod 

GASTROPODA 
32. undet . gastropod small. sp ira l ly coiled 

33. undet . gastropod - planispira! 

MOLLUSCA lncertae Sedis 
34. Tentac ul1tes sp. 

ANNELIDA 

35. Sp1rorb1s sp. 

OSTRACODA 
36. undet. ostracode 

ECHINODERMATA 
37 circula r echinoderm ossicle with single axial canal 

38. circular echinoderm ossic le with five star-shaped axial canal 

39. five-sided echinoderm ossicle witt1 sing le axial canal 

40. barrel-shaped echinoderm ossicle with single axial canal 

41. crinoid attachment process 
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FIGURE 3. Chart showing distribution of brachiopods and other megafossils in beds of the Slave Point Formation on Lake Claire 
and in the Waterways Formation on Birch River. 
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SLAVE 
WATERWAYS FOR M ATIO N 

CONODONTA PT FM Unit I II Unit Ill Unit IV UrntV Uni t VI Un1IVll 

Ancyrodella rotund1/oba rotund1/oba (Bryant ) (Pa) 3 1 1 2 1 7 5 1 4 3 3 6 4 2 4 47 

A rotund1/oba bmodosa U yeno (Pa) 2 2 

Elsonella rhenana lindstrOm and Ziegler (falcodontanl 1 2 3 

Elsonella rhenana Lindstrom and Ziegler (l1ppertiform ) 1 1 

'" Enant1ogna thus· · f1pper11 (Bischoff) 1 1 

lcnodus subtermmus You ngquist (I) 6 15 25 4 86 1 1 6 1 2 14 5 5 7 6 2 4 4 5 199 

lcnodus subtermmus Youngquist (S2al 2 2 1 2 7 

lcnodus subtermmus You ngquist !S2bl 5 1 2 4 2 3 2 19 

lcnodus sub termmus Youngquist {S2c) 6 1 2 1 1 2 2 2 17 

I. cf. I subtermmus Youngquist (I) 1 3 3 3 1 1 2 14 

? Meso rax1s asymmetnca (Bischoff and Ziegler ) (Pa) 2 2 

Oulodus spp. !Pa) 5 2 1 1 1 1 1 12 

Oulodus spp. (Pb) 6 1 1 8 

Oulodus spp. (M) 6 6 

Oulodus spp. (Sc) 1 1 11 2 1 1 1 1 2 21 

Oulodus spp. (Sb) 2 1 1 6 1 1 1 1 1 15 

Oulodus spp. {Sal 2 l 1 10 2 1 1 1 19 

Ozarkodma brev1s (Bisc hoff and Ziegler) (Pal 1 1 3 4 1 2 12 

Ozarkodma brev1s (Bischoff and Ziegler) (Pb) 1 1 

Ozarkodma brev1s (Bischoff and Ziegler ) (Ml 1 1 l 1 4 

Ozarkodma brev1s (Bischoff and Ziegler ) (Sc) 1 1 

Ozarkod1:1a brev1s (Bischoff and Ziegler) (Sb) 1 1 

Ozarkodma brev1s (Bischoff and Ziegler) (Sal 1 1 2 

Pandormeflma ms1ta (Stauffer) (Pa ) 14 31 1 21 1 39 2 3 7 5 4 3 1 6 2 2 4 4 5 4 2 13 2 4 18 1 

Pandormeflma ms1ta (S tauffer ) (Sal 1 1 5 1 1 1 1 1 4 1 17 

P cf. P ms1ta (S tauffer ) (Pa with one lateral denticle) l 1 2 

Polygnathus cf. P. decorosus (S ta uffer) (Pa) 2 1 1 3 1 3 1 6 2 2 ID 32 

P. aff. P. mcompletus (Uyeno) (Pa) 3 l 1 6 4 1 3 2 1 22 

P. webb1 (S tauffer ) {Pa ) 1 2 3 6 1 2 1 3 l 1 2 23 

P. cf. P. webb1 (S tauffer ) (Pa with acicular free blad e) 1 2 1 1 5 

P. sp. indet. (Pa 1uvenile and /or fragmenta ry) 2 7 1 2 3 1 1 3 1 3 1 2 27 

Unassigned elements: 

Pb (oza rkodina n) 10 3 2 2 1 6 4 1 4 2 2 2 1 3 8 6 4 4 3 4 4 76 

M (neoprioniodontan ) 2 2 1 2 1 1 2 2 1 1 5 20 

M (synp noniod1nan) 2 7 2 2 2 1 1 1 2 1 3 5 1 1 5 2 4 42 

Sc (h1 ndeodel lan ) 2 2 1 6 4 l 2 1 2 2 3 2 28 

Sb (angulodontan ) 2 1 1 1 1 2 1 1 1 2 2 3 18 

No conodon t recovery 0 

Indeterminate fragments only x 
Weight of sample (kg) 0.6 0.8 2.0 0.6 0.9 0.6 I.I 0.3 2.0 0.7 0.7 0.8 I.I 1.2 LO 0.3 LO 0.6 LO 0.9 I.I 0.7 0 .8 1.0 0 .8 0.6 0 .8 

GSC 

FIGURE 4. Chart showing distribut ion of conodonts in beds of the Slave Point Formation on Lake Claire and in the Wat erwa ys 
Formation on Birch River. 

11 



In this a nd fo llowing discussions, the name(s) of 
a uthor(s) of taxa are given only in their first mention. The 
zonal name-givers are quoted by their trivial names only, 
following the recommendation made by Klapper (J 977, p. 37). 

Slave Point Formation 

Except for indeterminate fragments in one of two 
samples from the Slave Point Formation on Lake C lai re, the 
beds appear to be barren of conodonts. However, the sparse 
megafauna in these beds suggests that they are in part 
equivalent to the upper part of the Slave Point Formation at 
Gypsum Cliffs on Peace River where the associated 
conodonts are suggestive of the Lower dengleri Subzone. 
Because of the absence of conodonts in Slave Point beds on 
Lake Claire, the limited conodont evidence having a bearing 
on the age of the Slave Point Formation at Gypsum Cliffs is 
more fully discussed in a preceding part of this report under 
'age and correlation of megafaunas'. 

Waterways Formation 

The Birch River conodont fauna is, in general, very 
similar to that of th e Waterways Formation, exposed a long 
the At habasca and Clearwater Rivers, some 125 km (75 miles) 
to the southeast (Uyeno, l 967, l 974). In terms of Ziegler 's 
(J 962, l 971) conodont zonation, the Birch River fau na is 
assignable to the Lower Polygnathus asymmetricus Zone. 
Conodonts of this zone were previously found in the upper 
part of the Ca lumet and the lowermost part of the Christina 
Members of the Waterways Formation (Uyeno, l 974, Table I). 

As stated under general discussion, three of the more 
numerous taxa in the fauna comprise Icriodus subterminus, 
Pandorinellina insita, and Ancyrodella rotundiloba 
rotundiloba . Although their strat igraphic ranges are longer 
than some of those discussed below, they a re nevertheless 
restricted to the lower part of the Upper Devonian. Of these, 
the last-mentioned has the shortest span, from the base of 
the Lower asymmetricus Zone to the top of the Middle 
Polygnathus asymmetricus Zone (Ziegler in Ziegler, 1973, 
p. 30). 

The most significant t axon in the collect ion in terms of 
biostratigraphy, is Ancyrodell a rotundiloba binodosa Uyeno. 
In northeaste rn and central Alberta, it was found to have a 
relatively narrow stratigraphic range mentioned above, i. e., 
upper Calumet to lowermost Christ ina . The on ly possible 
anomaly to this range is the reported occurrence in the 
Moberly Member by Pollock (1968, p. 440-441). Conodonts of 
this member were assigned to the Middle asymmetricus Zone 
(Uyeno, 1974, Table I). The two illustrated specimens 
(Pollock, 1968, Pl. 63, figs . 1-7), however, were both deri ved 
from the Calumet Member (see Uyeno, 1974, p. 25). 

Ancyrodella rotundiloba binodosa is similarly restricted 
to the Lower asymmetricus Zone in western Europe (see 
Ziegler in Klapper and Ziegler, 1979, Text-fig. 5). In the 
Dinant Basin of Belgium, the subspecies occurs in the "zone 
des Monstres, F2a" of the "Frasnes" Group, within m.g.m . 
("micro-paleontologica l guid ing- mark") 18 and the lowest part 
of l 9 (Coen and Coen- Aubert, 197 l, p. 16; Mouravieff, 1974; 
Bultynck, 197 5, Figs. 3- 5; see a lso Tsien, 1977, Table l ). 
Mouravieff (1974, Pl. 1, fig. 2) illustrated a transitional form 
between ~· rotundiloba binodosa a nd the nominate subspec ies, 
also from the F2a beds. Similar forms were recovered from 
the Birch River material, and a transitional form was a lso 
reported from the base of the "Schistes" de Beaulieu (level K) 
in the Boulonnais region of France (Bultync k in Bri ce et al., 
1976, Tab le 4) . In Spain and Nevada, lj_. rotundiloba binodosa 
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also occurs in the Lowe r asy mmetricus Zone (Garcia-Lopez, 
1976, Fig. 2; Klapper and Johnson, 1980, Table l 3). 

The Pa e lement of Polygnathus aff. f.. incompletus 
Uyeno is c lose to, but not identical with, the polygnathan in 
the Calumet and Christina Members of the Waterways 
Formation (Uyeno, 1974, Tab le I). It is also s imila r to that 
reported from southern Poland in beds assigned to the 
Lowermost asymme tri cus Zone by Balinski ( 1979, Table 3). 

The peculiar Pa element of Ozarkodina brevis (Bischoff 
and Ziegle r), with minute denticle(s) posterior of the main 
cusp, and present in the Birch River collections, was 
previously reported from the Moberly Member (Uyeno, 1974, 
Table I). Also present in the materials, both from Birch 
River and northeastern Alberta, are the more "typical" 
spathognathodontan e lements which a re more characteristic 
of the older varcus Zone (undivided) and the Lowermost 
asymmetr icus Zone (Ziegler et al., 1976). 

The occurrence of probable Mesotaxis asym metr ica 
(Bischoff and Ziegler) is significant as it verifies the 
assignme nt to one of the asymmetr icus Zones. In 
northeastern and central Alberta, it was reported from the 
Christ ina to Moberly Members of the Waterways Formation, 
a nd a probable fragmentary specimen from the Firebag 
Member. 

Summary statement 

Parts of the Slave Point and Waterways Formations are 
exposed in the Lake Clai re-Birch River area of northeastern 
Alberta. The nearest comparative outcrop sections for the 
Slave Point Formation are those at Gypsum Cliffs on Peace 
River locat ed about 90 km (54 miles) along st rike to the north 
described by Nor ris ( 1963) a nd No rri s and Uyeno (in press). 
For the Waterways beds on Birch River comparison is made 
with the Waterways succession outcropping a long strike at 
between 125 to 220 km (7 5 to 132 miles) to the south in the 
Athabasca- Clearwater Rivers a rea described by No rr is (J 963, 
l 973), Uye no (J 967, l 974), and others. 

Megafossils in the Slave Point beds at Pointe de Roche 
on Lake Claire a re sparse, poorly preserved, and comp rise 
Desguamatia sp., Tentaculites sp . and bulbous 
stromatoporoids. These, by comparison with the Gypsu m 
Cliffs success ion, are ass igned to the Desguamatia 
(Independatrypa) sp. cf . _Q. Q_.) independensis Fauna which 
occurs in the upper part of the Slave Point Formation (see 
Table I). Unfortu nately, except for unidentifiable fragments, 
conodonts appear to be absent from the Slave Point beds at 
Point de Roche. At Gypsum Cliffs the independensis Fauna is 
associated wit h a spa rse conodont fauna suggest ive of the 
Lower dengleri Subzone of Klapper and Johnson (J 980) that is 
dated as early Late Devonian (early Frasnian). Thi s is based 
on the assumption that the Middle/Upper Devonian boundary 
will be defined on the entry of Palmatolepis disparilis wh ich 
marks the base of the Lower dengleri Subzone. 

The thin succession of part of the Waterways Formation 
on Birch River contains a moderately diverse but sparse 
megafauna. Most of the megafossils show signs of abrasion or 
disarticulation suggesting deposition under high energy, 
shallow water turbulent conditions. Megafossil grou ps 
represented comprise sparse algal fragments, sparse corals, 
abundant bryozoan fragments, sparse pelecypods, common 
gastropods, few tentaculitids, abundant Spirorbis sp ., rare 
ostracode fragments, abundant echinoderm ossic le fragments, 
and brachiopods which far exceed the other groups in 
diversity and abundance. The better preserved and more 
diagnostic Waterways brach iopods from Birch River 



illustrated in this report c omprise: Petrocrania sp., 
Schizo horia sp. cf. ~· lata Stainbrook, Strophodonta 
Strophodonta ) sp. A, Ne rvostrophia sp., Eostropha losia sp . cf. 

E_. pe dde ri Crickmay, Devonoproductus sp. cf . Q. t e rtius 
Cric kma y, Ladogioides as menist a (Cri ck may), Ya ria tr ypa 
(Radiatrypa) cla rkei (W a rr e n), Pseudoatrypa? sp. c f. ):. ? 
blackhawkensis (Sta in brook), Pseudoatrypa sp. cf . ):. gigantea 
(Webste r), Spina tr ypina (E xatrypa ) sp. A, Nucleospira? sp., 
Athyr is parvula Whiteaves, Tecnocy rtina sp. A, 
Ele ut he rokomma sp . cf. E. im e nni s Cr ick ma y, 
Eleuthe rokomma sp. cf . E_. jaspe re nsis Wa rre n), All a ne ll a 
minutill a Crickmay, and Cranaena sp. This brachiopod fa una 
has its st ron gest aff inities with forms in the Calume t a nd 
Chri s tina Membe rs of the Wa terways Formation of 
northeas tern Albe rta. The overla pping distr ibution of the 
brac hiopods in the Birc h River succession suggests th a t a 
single asse mblage is rep resented whi c h is designated in this 
report as the Ladogioides asme nista- Eleutherokomma 
jaspe re nsis Fauna . This fauna in the Waterwa ys Forma tion of 
northeastern Albe rt a succeeds th e Tec nocyrtina billingsi 
Fauna [oe Eleuthe rokomma impennis Zone of Cri c km ay 
( l 966B a nd precedes the Ele utherokomma ha miltoni/ All a ne lla 
all a ni Zone of Crickmay ( 1967, p. 2). 

The c onodont fauna from the Birc h River Waterways 
beds consist la rge ly of Icriodus spp., Pol ygnathus spp., 
Pandorine llina in sita (St a uffer) and Ancyrode ll a rotundiloba 
rotundiloba (B yrant). They a re moderate ly to wel l preserved 
and are of light a mbe r colour, the latte r suggest in g low 
sed ime nt tempera tures under c onditions of re la tivel y shallow 
buria l. These conodonts, like the associated brachiopods, are 
t ypical inha bita nts of a sha llow water environment referred 
to as th e Pa ndorinellina in sita biofacies by Sandberg a nd 
Poole (1977, Fig . 2, p. 149) . 

One of the most diagnostic conodont e le ments in the 
Wa terways beds on Birc h Ri ver is Ancyrodella rotundiloba 
binodosa Uyeno. This form in th e Wa terways Forma tion of 
northeast e rn Albe rt a is restric ted to the uppe r Calumet, and 
lower Christina Members, an interva l ass igne d to th e Lower 
asy mme tricus Zone (see accompa nying Tab le I). A sim ila r 
rest ric t ed range within the Lower asy mme tric us Zone is 
recorde d for thi s subspecies in western Europe a nd Nevada. 

The Ladogioides asme ni s t a -Ele uthe rokomma jaspe rensis 
Fauna a nd assoc ia t ed conodonts ass igned to th e Lowe r 
asymmetricus Zone are dated as ea rl y La t e Devonia n (early 
Frasni a n). 

SYSTEMATIC PALEONTOLOGY 

All specimens co mpri s ing brachiopods a nd conodonts 
ill us tra t e d in this report have been ass igned type GSC 
numbe rs (e.g., GSC 63037) and will be placed in the na tion a l 
type collection c urated by th e Geological Survey of Canada in 
Ottawa. 

BRACHIOPODA 

Suborder CRANIIDINA Waagen, 1885 

Superfamily C RAN IAC EA Menke, 1828 

Fa mil y CRAN IIDAE Me nke, 1823 

Genus Petrocra nia Ray mond, 19 11 

[no m. subst. pro C raniel la Oehle rt, 1888, p. I 0 l (non von 
Schloth ei m, 1820)] 

Type species. Cran.ie Jl a meduanensis Oehlert, I 888, p. I 02; 
OD [+Punctopate ll a Brubbs, 1939, p. 559 (type, P . 
co ra llifera)]. 

Pet roc ra nia sp. 

Plate 8, fi gure 42 

Material. Represented by a sing le spec imen a ttached by 
ped ic le va lve to a spec ime n of Schizophori a sp. cf. S. la t a 
Stainbrook. 

Dimensions (in mm). 

Specimen A 

GSC No. 63053 

GSC locality C-7418 1 

Length of bv 
(Lbv) 12.0 

Width (W) 12.7 

Ra tio: W / Lb v 1.06 

Remarks. Althougf'I the genus Petroc ra nia is long ra nging a nd 
regard ed as being of little stra tigr aph ic value (Coope r, in 
Shime r a nd Shroc k, 1944, p. 29 1) th e fo rm from Birc h Riv e r is 
here illu str a ted for the sake of completeness . It somewhat 
resembles "Crania" fame lica Ha ll a nd Whitfie ld as desc ribed 
a nd illu str a ted by Bra nson ( 1922, p. 72, Pl. 11, fi gs . I, 2) from 
the Snyder Creek Shale of Ca ll away County, Missou ri. 

Occurrence. On Birc h Rive r, Petroc ra ni a sp. occurs in un it VI 
of th e Waterways Forma tion a t s tation l 5N B. 

In northeas t e rn Albe rta, form s designate d by Norris 
(1963 , Figs. 6 a nd 8) as "Cra nia" sp . A a nd "Crania" sp. B were 
recorde d from the Calumet a nd Moberly Members of the 
Wa te rways Forma tion in the A thabasca-CJearwater Rive rs 
outcrop be lt. 

In Missour i, "Cra nia" fa melica is re ported by Branson 
(1922, p. 72) to be common in the Snyder Creek Sha le a nd is 
present a lso in the unde rl ying Callaway Fo rma tion. The 
upper pa rt of th e Ca ll away Forma tion contains conodonts of 
the Pandorinel lina in sita Fau na a nd the lower pa rt of the 
Snyde r Creek Sha letSa.ssigned to the Middle Pol ygna thus 
asym met ri cus Zone (D. Schumacher, in Kl a ppe r e t a l. , 1971, 
Fig . 3, co lumn 3). 

Figured specimen. GSC 63053 is from GSC local it y C - 74 18 1. 

Orde r ORTHIDA Sc hu c hert a nd Cooper, 1932 

Suborder ORTHIDIN A Schuchert a nd Coope r , 19 32 

Family ENTELETIDAE Waagen, 1884 

Subfamily SCH IZOP HORII NA E Schuchert 
and Le Ve ne, 1929 

Ge nus Sc hizophori a King, 1850 

Type species. Conc hylio li thus (Anom ites) resupinatus Ma rtin, 
1809, Pl. 49, fig. 13, 14; OD. 
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Schizophoria sp. cf.~- la ta Stainbrook 

Plate 6, f igures 1-1 0 

19lt0 Schizophoria lata STAINBROOK, p. lt88, Pl. 2, f igs. 1-7, 
15-1 6. 

l 9ltlt Schizop horia lata Stainbrook, WARREN, p. 109, Pl. I , 
fig. l. 

1956 Schizophori a sp., WARREN a nd STELCK, Pl. l 0, 
f igs. l lt - 16. 

1956 Schizophoria lata Stainbrook, WARR EN and STELCK, 
Pl. l 1, figs . 8-10. 

in press Schizophor ia la t a Stainbrook, NORRIS in NORRIS 
a nd UYENO, Pl. 2, figs. 1-22. 

Material. Represented by about 25 specimens abou t ha lf of 
which a re incom plete. 

Dimensions (in mm). 

Specimen A B c 
GSC No. 63018 63019 63020 

GSC localit y C-74172 C-7ltl 72 C- 741 8 1 

Length of pv 
(L pv) 2 1. l 35.3 38.3 

Length of bv 
(Lbv) 2 1.2 36.6 36.5 

Width (W) 29 .2 It 1.1 ltlt .8 

Depth of shel l 
(D) 12.9 15.6 16.7 

Width of 
interarea l lt.7 15.7 2lt.7 

Depth of sulcus 
at a nterior 
marg in 2.9 5.6 7.5 

Ratio: W/Lpv 1.38 1.16 1.17 

Ratio: D/Lpv 0.61 O.ltlt O.ltlt 

Remarks. Most of t he speci me ns of thi s form from th e Birc h 
River a rea show signs of abras ion, c ru shin g and 
disarticu lat ion which make precise com pa risons with othe r 
forms diffi cu lt. The fo rm fro m Birch Ri ve r a tta ins a slightly 
larger s ize a t maturit y than the Iowa form an d ex hibit s a 
more variab le shape outline. Some Bi rc h River specimens a re 
s li ght ly thic ker and show a slightl y stronger V-sha ped 
development of the su lc us on the pedicle va lve. 

Occurrence . The t ype spl'!c ime ns of Schizophoria lata 
Stainbrook (l 9ltO, p. lt89) are reco rded from the waterlooens is 
Zone in the upper part of th e Rapid Mem ber of th e Cedar 
Valley Limestone in southeastern Iowa . In the Gypsum C liffs 
a rea on Peace Ri ver in northeastern Albe rta it is re la tively 
abundant in beds of the Peace Point Member of th e 
Waterways Formation (Norri s, in Norris a nd Uyeno, in press). 
In beds of the Waterways Forma tion in t he C learwate r­
A t habasca Rivers a rea, Schizophoria la ta a nd close ly re lated 
forms have been reco rde d from the Fire bag, Calumet a nd 
Ch ri stin a Members (Cri ck may , 1966, p. 20- 21) . It is 
particularly a bundant in so me beds of the Firebag a nd 
Calumet Members of th e Waterways For ma tion of thi s a rea . 

lit 

Figured specimens. GSC 630 18 a nd 63019 from GSC locality 
C-74172, and GSC 63020 from GSC locality C-7ltl8!. 

Superfami ly STROPHOMENACEA King, 18% 

Family STROPHEODONTIDAE Caster, 1939 

Subfamily S TROPHEODONTINAE Caster, 1939 

Genus S trophodonta Hall, 1850 

Type species. Leptae na demissa Conrad, 1842, p. 258 
[=Stropheodonta Hall, 1852, p. 63 (nom. van.)]. 

Subgenus Strophodonta (Strophodonta ) Hall, 
1852 emended. 

Type species. Leptaena de missa Conrad, l 8lt2 . 

Strophodonta (Strophodonta) sp. A 

Pla t e 6, figures 11-13 

Material. Represente d by 11 specimens, a bout half of which 
are fragmentary, from beds of the Waterways Format ion 
ex posed on Birc h Rive r. 

Dimensions (in mm). 

Specimen A B 

GSC No. 6302 1 63022 

GSC locality C -74172 C- 74177 

Le ngth of pv 
(Lp v) 21.5 

Le ngth of bv 
(Lb v) ca. 28.lt 

Width (W) 26.5 ca. 30.8 

Depth of shell 
(D) 

Remarks. This form a ppea rs to be identical to a new spec ies 
desc ribed by Norris (in man usc ri pt ) from beds of the Calu met 
Member of th e Waterways Format ion outcropping in the 
Clearwater-Athabasca Ri ve rs a rea. It bears so me 
resembl a nce to Stroph eodonta demissa (Conra d) as described 
by Bra nson (1 922, p. 77-79, Pl. 11, figs. 3, 8, Pl. ! Lt, figs . 1-8) 
from th e Snyder Cree k Shale of Missouri. 

Occurrence . On Birch Ri ver thi s form has been recorde d 
from rock units II , IV a nd VI of the Waterways Formation. 
This fo rm is a bundantly represented in beds of th e Ca lume t 
Member of the Wa terways Format ion outcropping a long the 
upper Clea rwate r Ri ver a nd a t one loca lity on the lowe r 
Athabasca River . 

Figured specimens. GSC 6302 1 from GS C loca lit y C-74172, 
a nd GSC 63022 from GSC localit y C-74177. 

Subfamily LEPTOS TROPHII NA E Caste r, 1939 

Genus Nervostrophia Cas ter, 1939 

Type species. Strophomena nervosa Ha ll, ! 8lt3, p. 266. 



[=S ulcatost rophia Cas t e r, 1939, p. 8 1 (type, Leptost rop hia 
came ra t a Fe nton a nd Fent on, 1924, p. 96 ); 
Pseudodouvillina St a in brook, 1945, p. 26 (type , P. 
e uglyphea)]. -

Ne rvos t roph ia sp . 

Pla t e 6, fi gur es 14-1 5 

Material. Seven incom plete specime ns fro m one locali ty on 
Bi rch River . 

Dimensions (in mm). 

Specimen A B 

GSC No. 63023 63024 

GSC localit y C -7 4 192 C-74 192 

Le ngt h of pv 
(L pv) ca. 13.9 ca. 19.0 

Le ngth of bv 
(L bv) 

Width (W) 18.8 25 .6 

Dep t h of shell 
(D) 

Rat io : (W / Lpv) 1.3 5 1.35 

Remarks . A re la ti vely f la t fo rm atta ining medium size t ha t 
is orn ame nte d wit h t wo s izes of coste llae, with th e c oa rse r 
cost e ll ae be ing vari a bl y ne rvate . The fr ag me nta ry na tur e of 
t he specimens precl udes a close compari son with desc ri bed 
species. 

Occurrences. This for m was collected from the upper pa rt of 
unit IV a t st a tion 22NB on Birch River. In t he C learwat e r­
Athabasca Rivers a rea of northeast e rn Albe rta this fo rm 
occurs sparingly in t he Ca lume t a nd Chr ist in a Me mbe rs of t he 
Waterways For ma ti on. A Nervost roph ia sp. is record ed by 
Cr ickmay (1 966, p. 13) fr om the Strophodonta (S t rophodonta ) 
costata Zone in be ds referred t o t he Simpson Sha le (=lowe r 
pa rt of Hay Ri ver Formatio n penetra te d by a group of 
Frobi she r bo re holes locat e d 16 km (I 0 mil es) from the mouth 
of Hay River. 

Figured specim ens. GSC 63023 a nd 63024 fr om GSC localit y 
C-74192. 

Su border PRODUC TIDI NA Waagen, 1883 

Superfam ily S TRO P HALOS IAC EA Schu c he rt , 19 13 

Fam il y S TROPH ALOS IID AE Schu c he rt, 19 13 

Subfam il y S TROPH ALOS ll NA E Schuche rt , 19 13 

Genus Eostropha losia St a inbrook, l 943a, p. 58 

Type species. Stropha losia roc kfo rde nsis Ha ll a nd Cla rke, 
1893, p. 316. 

Eost ropha losia sp. cf.~ · pedde ri C rickmay 

Pla te 6, f igu res 16- 22 

19 56 Product e ll a cf. be la nskii St a inbrook , WARRE N a nd 
S TEL C K, Pl. 11 , f igs . 4-7. 

1963 Eostrophalosia pe dde r i CR IC KMAY , p. 17-1 8, Pl. 5, 
f igs. I 0-1 5, Pl. 12, f igs. 6- 12. 

Material. Re presented by five spec imens, on ly one of which 
is complete. 

Dimensions (in mm). 

Spec ime n A 

GSC No. 63025 

GSC locali ty C -74 192 

Le ngth of pv 
(Lp v) 18.2 

Length of bv 
(Lb v) 16.4 

Wid th (W) 2 1. 4 

Dep t h (D) 8.4 

Ra tio : W / Lp v 1.1 8 

Remarks. The specime n he re illust ra ted com pa red with the 
types of Eost rophalosia pedde ri Cr ickmay ( 1963, Pl. 12, 
figs . 6-1 2) appea rs to have s li ght ly fi ne r and shorter spi nes 
an d sma ll e r a nd more close ly spaced spi ne bases on the 
pe di c le valve. 

Occurrences. Cri c kmay (1 963, p. 18) recorded Eost rophalos ia 
pedderi fr o m beds of the Mobe rl y Me mber of the Waterways 
Fo rmation outc ropping on t he eas t ba nk of Athabasca River, 
4 1.6 km (2 6 mil es) downstream fr o m Fort McMu rr ay, a nd 
from 3.2 km (2 miles) up t he Steepba nk Ri ver . These 
occurr e nces a re with in the A11 a ne 11 a a ll a ni Zone of Cr ickmay 
( 1966) wh ic h was la t e r in terpreted by Cric kmay ( 1967, p. 2) as 
the uppermost zone with in the Mobe rl y Member. 

On Birc h Ri ver this fo r m has been recovered fr om rock 
unit IV of the Wa t e rways Fo rmation a t stations I ! NB a nd 
22N B, a nd fro m rock un it Vll of t he Wat e rways Fo r mation at 
station l 7NB (see Fig . 2). The occurre nces on Birch Rive r a re 
fro m beds older t ha n the Mobe rl y Membe r of the Wate rways 
Forma ti on. 

Figured specimens. GSC 63025 is from GSC localit y C- 74 192. 

Su perfamil y PRODUCTACEA Gray, 1840 

Fam il y LEIOPRO DUC TID AE 
Muir- Wood a nd Cooper , 1960 

Subfa mil y DE VONOPRODUC TI NAE 
Muir - Wood a nd Cooper, 1960 

Genus Devonoproduct us St ai nbrook, 1943, p. 55 

Type species. Produc t e ll a walco tti Fenton a nd Fenton, 1924, 
p.11 9 [( =Produc tu s di ssimili s Ha ll , 1858, p. 497, non 
De Konin c k, 1847, p. 255 ) (=P. (Productel la ) hall a na 
Wa lcott , 1884, p. 130, pa rti m)] - [=Str ia toproductus Nali ­
vk in , 1947, p. 7 5 (type, Or th is se ri cea von Buch, 1838, 
p. 68 )]. -- - -

Devonoprodu ctus sp. cf . Q. te rti us C r ickmay 

Plate 6, f igu res 23- 26 

1963 Devonoproductus t e rt ius CR IC K MAY, p. 26- 27, Pl. 5, 
f igs . 25-30, Pl. 14, f igs . 23- 26 . 
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Material. Represented by a pproxima t e ly 20 specime ns most 
of which a re inco mple t e . 

Dimensions (in mm) . 

Devono[Jroductus 
te rtius Crickmay 

Specimen A B c D ------rr%3, p. 27) 

GSC No. 63026 63027 63028 63029 

GSC loca lity C- 74182 C-74182 C-74190 C -74 193 

Length of pv 
(Lpv) 3.9 4.7 5.5 

Length of bv 
(Lbv) 6.0 5.0 

Width (W) 4.9 5.7 5.6 5.6 7.0 

Depth (D) 2.0 

Ratio: W/Lpv 1.26 l.19 

Ratio: W /Lbv 0.95 1.12 1.27 

Remarks. None of the Birch River specime ns show th e Jong, 
delicate e rect spines, but a few irregularly spaced spi ne bases 
a re evide nt on some specime ns. 

Occurrences. The t ype spec ime ns of Devonoproductus tertius 
a re recorded from the lower part of the Beaverhill Lake 
Formation in the Impe ria l Morse River No. Jl/-31-63-8W5 wel l 
at a depth of 2353.J m (7720 ft ). In this well the species 
ra nges from 2338.5 to 2356. J m (7672 to 7730 ft) depths, and 
occurs within the Strophodonta (Strophodonta) costata Zone 
(Crickmay, 1963, p. 27). 

On Birch River this form is represented in rock units IV , 
V, VI and VII of the Waterways Formation various parts of 
wh ich a re represented at st at ions l 7NB, l 8NB, 20NB, 21 NB 
and 22NB (see Fig. 2). The interval of the Waterways 
Formation represented on Birch River is judged to be 
approx imate ly equivale nt to that containing Devonoproductus 
t er tius in the Imperia l Morse River No . ll/-31-63-8W5 we ll . 

Figured specimens. GSC 63026 and 63027 from GSC locality 
C-7 1/ 182, GSC 63028 from GSC localit y C-7 1/ 190, and 
GSC 63029 from GSC locality C-71/ 193. 

Order RHYNCHONELLIDA Kuhn, 181/9 

Supe rfami ly RHYNC HONELLACEA Gray, 1848 

Family Unce rtain (?aff. PUGNACIDAE) 

Genus Ladogioides Mc La ren, 1961 

[=A thabasch ia Crickmay 1963, p. l OJ 

Type spec ies. Ladogioides ~ Mc La ren, 1961, p. 4, Pl. 1, 
figs. 6, 7, Pl. 2, fig. C. 

Ladogioides asmenista (Crickmay) 

Plate 6, figures 27- 32; Plate 7, figures 1-1 2 

1962 "Pugnoides" sp. E, Mc LAREN, NORRIS and 
McGREGOR, p. 22, Pl. 10, figs . 24 - 26. 

1963 A thabaschia asmenista CRICK MAY, Pl. 3, figs. 1-4, 
Pl. 9, f igs . 11/-1 9. 
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Material. Represented by approxima t e ly 21/ specimens, some 
of whi ch are fragmentary. 

Dimensions (in mm). 

A thabaschia 
asmenista 
Crick may 

Specimen A B c (1963, p. 10) 

GSC No. 63030 63031 63032 

GSC locality C-74192 C -71/1 92 C-7 1/ 192 

Length of pv 
(Lpv) 8.6 9.3 10. l 11.0 

Length of bv 
(Lbv) 7.5 8.2 8.8 

Width (W) 8.5 9.6 11.4 12.5 

Depth of 
shell (D) l/ . l/ l/.9 5.5 7.0 

Width of 
interarea at 
card ina l 
margin l/.6 3.7 6 . l/ 

Depth of sulcus 
at anter ior 
margin 2.5 1.9 3.2 

Ratio: W/Lpv 0.99 1.03 1.13 1.11/ 

Ratio: D/Lpv 0.29 0.53 0.51/ 

Hinge angle 
(in degrees) 87 81 77 

Remarks. The genus Athabaschia was erected by Crickmay 
( 1963, p. 9) to accommodate the species A thabasch ia 
asmenista wh ich McLaren (in Moore, 1965, p. 577) placed in 
synonymy with the genus Ladogioides McLa ren ( 1961). In the 
original description of this species Crickmay ( 1963, p. l O) 
indicated that a radial micro-ornament was absent . A radial 
micro-ornament similar to that present on Ladogioides ~ 
Mc Laren (1961, Pl. 1, figs. 7c, 7d) can be seen on a few 
specimens in depressed protected areas of the she ll (see Pl. 6, 
fig. 27). 

The form of Ladogioides asmenista (Crickmay) of 
inte rmediate width here illustrated on Plate 7, figures 1-6, 
bears some resemblance to the form designated as 
Ladogioides sp. nov. by Raasch in Maurin and Raasch ( 1972, 
Pl. 10, figs. 1-1/) from their Assemblage 4 at Kakwa Lake, 
British Columb ia. Ladogioides asmenista is dist ingu ished 
from the Kakwa Lake form by attaining a much smaller size 
at maturity, in being less rotund, having a less inflated umbo 
and more poin ted pedicle beak, and in havi ng a median sulcus 
on the ped icle valve that is confined to the anterior quarter 
rather than the ante rio r half of the valve. 

Occurr ences. The type specimens of Ladogioides asmenista 
(Crickmay, 1963, p. l 0) are recorded from the west bank of 
Athabasca River in township 97 where beds of the Calumet 
Member of the Waterways Formation are exposed. From this 
same locality this species was recorded as Pugnoides sp. E of 
Norr is ( 1963, p. 29, fig. 8). 

On Bir ch River L. asmenista has been collected from 
units II , IV and VI of the Waterways Formation at stations 
I2NB, ll NB, 22NB and 14NB (see Fig. 2), but occurs most 
abundantly in the upper part of unit IV at station 22NB. 



Ladogioides sp. nov. is recorded by Maurin and Raasc h 
(1972, Pl. 3 a nd expla nation of Pl. IO) from about th e middle 
of their Assemblage 4 in their DFR4 unit in the upper part of 
t he Flume Formation at Kakwa Lake, British Co lum bia. 

Figured specimens. GSC 63030, 63031 a nd 63032 from GSC 
localit y C- 74192. 

Order ATR YPIDA Rzhonsnitskaya, 1960 

Fami ly ATRYPIDAE Gill, 1871 

Subfami ly VAR IATR YPINAE Coppe r , 1979 

Ge nus Variatrypa Copper , 1979, p. 292 

Subgenus Va riatrypa (Radiatrypa) Copper, 1979, p. 293 

Type spec ies. ~ gregeri Rowle y, 1900, p. 264, P l. 5, 
f igs. 9-1 1. 

Va ri a trypa (Radiatrypa ) clarkei (Warren) 

Plate 7, figu res 13-20 

1944 At rypa c la rkei WARREN, p. 122, Pl. 3, figs. 10-12 . 

1956 Atrypa clarke i Warren, WAR REN a nd STELCK, Pl. 12, 
figs . 5- 7. 

1979 Va riat rypa (Radiatrypa) c la rkei (W a rre n), COPPER, 
p. 293, Pl. 5, f igs. 7-11. 

in press Desgua matia (Va riatrypa) clarke i (War ren), NORRIS 
in NORR IS a nd UYENO, p. 000, Pl. 5, figs. 34- 48, Pl. 6, 
figs. 10-12. 

Material. Represented by a bout 14 specimens most of which 
a re incomplete. 

Dimensions (in mm). 

11~11 greger i 
"~11 c l a rke i Rowley (largest 

Wa rren J 944,P:-T23) of 9 topotypic 
Specimen A B Dv880 Dv881 Dv882 specimens) 

GSC No. 63033 63034 

GSC Jocali ty C- 7417 1 C - 74171 

Length of pv 
(Lpv) 14.4 27 .5 25 .0 22 .0 19.0 19.4 

Length of bv 
(Lbv) 13.8 26.7 

Width (IV) 13.6 23.4 27.0 24 .0 22 .0 19.8 

Depth of shel l 
(D) 6.9 15.4 11.9 

Hinge lin e 
length 10.0 19.8 15.2 

Hinge a ngl e 
(in degrees) 150 142 137 

Depth of sulcus 
at anteri or 
margin 1.3 3.6 nil 

Ratio : W/Lpv 0 .94 0.85 1.08 1.09 1.1 6 1. 02 

Ratio : D/Lp v 0 .48 0.56 0.48 0.55 0.58 0.6 1 

Remarks. Cop pe r (1 9 79, p. 293) e rected a new subgenu s, 
Vari a tryta (Rad iat rypa ), a nd designated Atrypa grege ri 
Rowley ! 900, p. 264, Pl. 5, figs. 9-11 ) as the type spec ies. 
This species has been we ll described a nd illust rated by 
Branson (1922, p. 97, Pl. 18, fig s. 7-9) who indicated that it is 
a ra re fo r m in the Snyder Creek Shale of Callaway County, 
Missou ri. Amongst the species ass igned to the subgenus 
Va ri atrypa (Radiat rypa), Cop pe r ( 1979, p. 293 ) included 
A try pa clarkei Wa rre n ( 1944, p. 1 22-1 23, Pl. 3, f igs. I 0- 12) 
from the Waterways Fo rmation of northeastern Alber ta . The 
morphological differences between the species "Atrypa" 
gregeri a nd "Atrypa" c larkei as seen in topotypic mat er ia l 
from Missouri and la rge co ll ections from t he Wa terways 
Formation of northeaste rn Albe r ta cas ts doubt on Copper 's 
(1979) c lass ifi cation scheme as it pe rta ins to these two 
species. Although both a re very fine ly costate, the shape, 
parti c ularly the a lmost equally bi c onvex late ra l profi le of 
"Atrypa " gregeri is ana logous to tha t of the genus 
Pseudog ru e newaldt ia as descr ibed by Rz hon snitskaya (I 960b) 
whereas, the late ra l profi le of "Atrypa" c la rkei is very 
unequa ll y biconvex a nd is more s imila r to that of a t yp ical 
Atrypa. However, as the Waterway 's brachiopods a re in the 
process of being syst ematicall y studied by Norr is, further 
detailed comment will be provided at a later date. A fo r m 
th a t does closely resemble "~" grege ri Rowley from 
Missouri, that occurs in th e Moberly Member of the 
Waterways Formation on Athabasca Riv e r , has been 
illust rated by Wa rren a nd Stelck (1956, Pl . 13, f igs. 13-1 5), as 
a va ri ety of Atr ypa clarkei Warren . The form they (Wa rren 
and Stelck, 19 56, Pl. 13, figs . 1-3) designated as A trvpa 
gregeri Rowley is possib ly a you ng form of "At rypa" cla rkei . 

Occurrences. Warren (1944, p. 123) indicated that the 
sy ntypes Dv. 880-882 of "Atrypa" c la rke i were from the 
Waterways Formation on the Clearwater a nd Athabasca 
Rivers. In a later publication, War re n and Stelck ( 19 56, 
explanation of Pl. 12) indica ted that syntype Dv. 880 of 
"At rypa" cla rkei was col lected from the Waterways 
Format ion on Athabasca Rive r, near Fort McMurray, Alberta, 
whi c h would place it within the Mobe rl y Member of the 
Waterways Formation. Nor ris (1963, Figs. 6, 8) showed that 
Variatrypa (Radiat rypa) clarkei (W a rren) ranges throughout 
the Firebag, Calumet, Christina and Moberly Membe rs of the 
Waterways Formation, but is probab ly most abu nda nt in the 
Mober ly Member. 

On Bi rc h River th is species and c lose ly re la ted vari ants 
occur in units I, II a nd IV of the Wate rways Formation 
represented at st ations 8NB, 12NB, l ONB, 18NB and 20NB. 

Figured spec im ens. GSC 63033 and 63034 from GSC locali ty 
C -74 171. 

Genus Pseudoatrypa Copper I 973, p. 492 

Type spec ies. At rypa devoniana Webster, 1921, p. 19 [due to 
a printing e rror, the illust rations fo r this paper we re 
omitted; see Fenton a nd Fenton, 1935 ] . 

Pseudoatrypa? sp. cf. .!:'._.? blackhawke nsis (Sta inbrook) 

Pla t e 7, figures 21 - 27 

1938 At rypa blackhawkensis STAINBROOK, p. 239, Pl. 30, 
figs. 2, 3, 6, 7. 
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Material. Represented by six specimens almost all of which 
a re incomplete. 

Dimensions (in mm). 

"~" blarkhawkensis 
Stainbrook, 1938, p. 239 

Specimen A B Holotype Para type Para type 

GSC No. 63035 63036 

GSC locality C-74193 C - 74 185 

Length of pv 
(Lpv) 16.9 ca. 18.2 20 .1 19.6 26.7 

Length of bv 
(Lbv) 15.8 ·-a. 17.8 

Width (W) 16.4 21.3 23.8 20.4 28.4 

Depth of 
she ll (D) 8.2 11.5 9.5 11.3 16.4 

Hinge line 
length 12 . 1 ca. 14 .9 

Hinge ang le 
(in degrees) 155 

Depth of sulcus 
at antcr10r 
margin 0.8 

Ratio: W/ Lpv 0.97 1.1 7 1.18 1.04 1.06 

Ratio: D/ Lpv 0.49 0.63 0.47 0. 59 0.61 

Remarks. The generic assignment of this relative ly smal l 
medium costate at ry pid form is uncertai n. Spec ies from 
North Ame rica assigned by Copper (l 973, p. 492) to the genus 
Pseudoatrypa include A tr y pa devoniana Webster ( 1921 ), A. 
hackberryensis Fenton and Fenton ( 1924), A. bremerenSTs 
Stainbrook (1938), and ?f:c.. missouriensis Miller (18 94 ). 

Occurrences. Pseudoatrypa? bJackhawkensis is recorded by 
Stainbrook (l 938, p. 239) from the topmost beds of the 
section at Waterloo, within the Coralville Member of the 
Cedar Valley For ma ti on of Iowa. Klapper (in Kl apper et al. , 
1971, p. 298, fig. 3) has indicated that the uppe r Coralville 
Member of the Cedar Valley Formation of southeastern Iowa 
contai ns the c onodont Pandorinellina insita Fauna. 

On Birch River this form occurs in units JV and V of the 
Waterways Formation at st a tions 18NB and 21NB. 

Figured spec imens. GSC 63035 from GSC locality C -7 4 193, 
and GSC 63036 from GSC localit y C-74185. 

Genus Pseudoatrypa Coppe r, 1973 

Type spec ies. A. try pa devonian~ Webster, 1921, p. 19 [due to 
a printing erro r illustrations for this paper were 
omitted; see Fenton a nd Fenton, 1935]. 

Pseudoatrypa sp. cf . f. gigantea (Webster) 

Plate 7, figures 28-38 

1921 Atrypa gigantea WEBSTER, p. 16 

1935 At rypa gigantea Webster, FENTON and FENTON, 
p. 376. 

1938 Atrypa gigantea Webster, STAINBROOK, p. 233, Pl. 30, 
figs. 5, 13, 17. 
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1956 Atrypa cf. gigantea Webster, WARREN a nd STELCK; 
Pl. 11, fig s. 16-18. 

Material. Represented by about JO fragmenta ry specimens. 

Dimensions (in mm). 

Specimen A B c 
GSC No. 63037 63038 63039 

GSC Locality C-74172 C-81282 C-8 1282 

Length of pv 
(Lpv) 

Length of bv 
(Lbv) 

Width {W) 

Depth of 
shell (D) 

Hinge line 
length 

Hinge angle 
(in degrees) 

Depth of su lcus 
at anterior 
margin 

Ra tio: W / Lp v 

Ratio : D/Lpv 

46.9 

43 .4 

42.6 

22.6 

25.9 

159 

5.8 

0.9 1 

0.48 

19.9 

19. 1 

20.4 

8.8 

38.5 

38.7 

39.4 

22.9 

14.5 ca. 29.0 

154 

nil 

1.03 

0.44 

152 

3.2 

1.02 

0.59 

A try pa gigantea 
Webster, Stainbrook 

(1938, p. 234) 
Hypotype Hypotype 

50 .0 39.0 

58.7 45.5 

27.6 21.8 

1.17 1.16 

0.55 0.55 

Remarks. On such features as large size, shape of shell, 
relatively flat pedicJe valve and highly infl a t ed brachia] valve 
this form closely resembles At rypa gigantea Webster as 
desc ribed and illustrated by Stainbrook (1938, p. 233-234, 
Pl. 30, figs. 5, 15, 17) from the Cedar Valley Formation of 
Iowa . The form from Birc h River is slightly more finely 
costate than the Iowa form, but is identical to the form 
indicated as At rypa cf. gigantea Webster by Warren and 
Stelck (1956, Pl. II, figs. 16-1 8) that occ urs a bundantl y in 
beds of the Calumet Member of the Waterways Formation 
outc ropping on lower Athabasca River and upper C learwater 
River. Two well preserved specimens from the lower 
Athabasca River localit y are here illustrated for comparison. 

In shape, large size and costation, the form designated 
as Atrypa scutiformis Stainbrook by Raasch in Maurin and 
Raasc h ( 1972, Pl. 6, figs. 1-4) from the top of their 
Assemb lage 3 at Kakwa Lake, British Columbia, somewha t 
resembles the form from Birch River. The latter form 
appears to attain a much larger size at maturity, as well as 
having a mo re inflated brac hia] valve and a more pronounced 
pl a noc onvex lateral profile. 

Occurrences. Pseudoatrypa gigantea (Webste r) is recorded by 
Stainbrook ( 19 38, p. 234) from the Neatrypa waterJooensis 
Zone of the upper Rapid Member of the Cedar Valley 
Formation of Iowa . This interval is undated by conodonts but 
is between beds ass igned to the Schmidtognathus hermanni ­
Polygnathus cri stat~s Zone a nd the Pandorinellina in si t a 
Fauna (Klapper, in Klapper et al., 1971, p. 298, fig. 3). 

The "Atrypa" c f. gigantea Webster illustrated by Warren 
a nd Stelck (1956, Pl. II, figs. 16-18) is recorded from the 
Waterways Formation at McMurray, Alberta. Norris (1963, 



Figs. 6, 8) noted this form as occurring abundantly in the 
Calumet Member and less abundantly in the Moberly Member 
of the Waterways Formation of the Clearwater- Athabasca 
Rivers outcrop belt. 

Atrypa scutiformis Stainbrook is recorded by Raasch in 
Maurin and Raasch (1972, explanation of Pl. 6) from the top 
of Assemblage 3 of their DFR3 unit (sample 497), about the 
middle of the Flume Formation at Kakwa Lake, British 
Columbia. 

On Birch River, Pseudoatrypa sp. cf. !:'_. gigantea 
(Webster) has been recovered from units IV and VII of the 
Waterways Formation at stations I !NB, 22NB and 14NB. 

Figured specimens. GSC 63037 from GSC locality C -74172; 
and GSC 63038 and 63039 from GSC locality C-8 1282. The 
latter two illustrated specimens are from unit l of the 
Calumet Member of the Waterways Formation measured at 
the west end of outcrop, west bank of Athabasca River 
0.24 km (0.15 mile) below the mouth of Pierre Creek, or 
93 km (58 miles) below Fort McMurray. 

Fami ly A TRYPIDAE Gill, 1971 

Subfami ly S PINATRYPINAE Copper, 1979, p. 297 

Genus Spinatrypina Rzhonsnitskaya, 1964 

Type species. Spinatrypina margaritoides Rzhonsnitskaya, 
1964, p. 101-103, figs. 1-8. 

Subgenus Spinatrypina (Exatrypa) Copper, I 967b, p. 123 

Type species. Terebratulites explanatus Schlotheim, 1820, 
p. 263. 

S pinatrypina (Exatrypa) sp. A 

Plate 8, figures 1-6 

Material. One incomplete specimen. 

Dimensions (in mm). 

Specimen 

GSC No. 63040 6304 1 

GSC locality C-74171 C-81277 

Length of pv 
(Lpv) 

Length of bv 
(Lbv) 

Width (W) 

Depth of 
shell (D) 

Hinge li ne 
length 

Hinge angle 
(in degrees) 

Ratio: W /Lpv 

Ratio: D/Lpv 

15.0 

12.8 

18.3 

1.22 

20.7 

19.3 

20.8 

10.2 

14.9 

153 

1.00 

0.49 

"A try pa" albertensis 
Warren (19114, p. l l 8) 

Syntype Syntype Syntype 

20.0 

21.0 

10.0 

l.05 

0.5 

18.0 

19.0 

11.0 

1.05 

0.61 

17.0 

18.0 

9.0 

1.06 

0.53 

Remarks. Spinat rypina (Exatry0a) sp. A is distinguished from 
the closely related species, S .E.) a lbertensis (Warren, 1944, 
p. 118-119, Pl. 3, f igs. 13-15;warren and Stelck, 1956, PL 12, 
figs. 26-28), by its broader out line, much thinner lateral 
profile, a less sloping hinge line, and a less incurved pedicle 
beak. This new species wi ll be forma lly described by A.W. 
Norris in a forthcoming paper on the brachiopods of the 
Waterways Formation of northeastern Alberta. 

Spinatrypina (Exatrypa) sp. A is very closely similar to a 
form designated as Spinatrypa a lbertensis (Warren) by Raasch 
in Maurin and Raasch (1972, Pl. 8, figs. 20-23) from near the 
top of the Flume Formation at Kakwa Lake, Briti sh 
Columbia. It appears to diffe r from the Kakwa Lake form by 
attaining a larger size at maturity, having a smaller and 
lesser inflated pedicle umbo, and by having a more weakly 
developed sulcus at the anterior median margin of the pedicle 
valve. 

Occurrences. The closely related species, Spinatrypina 
(Exatrypa) a lbertensis, is recorded by Warren ( 1944, p. 119) 
and Warren and Stelck ( 19 56, explanation of PL 12) from the 
Waterways Formation on Athabasca River near Fo rt 
McMurray which would place it within the Mober ly Member. 
Norris (1963, Figs. 6, 8) noted that S. (E.) albertensis occurs 
most abundantly in the Calumet Member and sparingly in the 
Moberly Member of the Waterways Formation in the 
Athabasca-Clearwater Rivers outcrop belt. 

The form designated as Spinatrypa a lbertensis (Warren) 
by Raasch in Maurin and Raasch, (1972, Pl. 8, figs. 20- 23) is 
recorded from the top of Assemblage 4 near the top of the 
Flume Formation (sample 504) at Kakwa Lake, British 
Columbia. 

Spinat rypina (Exatrypa) sp. A occurs in unit III of the 
Waterways Formation at station l ONB on Birch River. A 
much better preserved comparative specimen here illustrated 
of this new species is from the Calumet Member of the 
Waterways Formation at station l 03NB-79 at the west end of 
the outcrop on the west bank of Athabasca River 0.56 km 
(0.35 mile) below the mouth of Pierre River, or 93 km 
(58 mi les) below Fort McMurray (see Plate 5). 

Figured specimens. GSC 63040 from GSC locality C- 74 171 , 
and GSC 63041 from GSC locality C-8 1277. 

Family ATHYRIDIDAE M'Coy, 1844 

Subfamily ATHYRIDINAE M'Coy, 1844 

Genus Athyri s M'Coy, 1844, p. 146 

Type spec ies. Terebratula concent rica von Buch, 1834, 
p. 123; SD King, 1850, p. 136 [=C liothyris Aggassiz, 
1846, p. 90; Spir ith yr is Quenstedt, 1868, p. 30; Euthyr is 
Quenstedt, 1869, p. 442 (type, I· concentrica); 
Cleidothyris Paetel, 1875, p. 45] . 

Athyris parvula Whiteaves 

Plate 8, figures 7-12 

1891 Athyris parvula WHITEAVES, p. 228- 229, Pl. 32, figs. 4, 
5 a nd 5a. 

Materia l. Represented by a single complete specimen. 
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Dimensions (in mm). 

Specimen 

GSC No. 

A 

63042 

GSC locality C-74175 

Le ngth of pv 
(Lp v) 10. 2 

Le ngth of bv 
(Lb v) 9.5 

Width (W) 9.6 

De pth of 
she ll (D) 6.3 

Hinge ang le 
(in degrees) 11 3 

Ratio : W /Lpv 0.94 

Ratio: D/ Lpv 0.62 

Athy ·( pa rvuJa Whiteaves 
189 1, p. 228) 

No. l No. 2 
(PJ. 32, fig. 4) (PJ . 32, figs. 5, 5a) 

9.0 

9.5 

6.0 

l.05 

0.67 

8.25 

8.0 

5.0 

0.97 

0.6 1 

Remarks. Specimen at hand from Birch River is c losely 
simila r in shape a nd size to Ath yri s pa rvuJa as figured by 
Whi t eaves (1 891, Pl. 32, figs . 5, 5a) as specime n no. 2. 
Specimen No. l of Whiteaves (1891, PJ. 32, fig . 4) is slightl y 
larger, broader, a nd has a weak fold on the brachia! valve . 

Ath yris parvuJa appears to be c losely com pa ra ble to 
Athyr is s implex Stainbrook a nd Ladd (1 926, p. 359, PJ. J, 
f igs. 12-14) from the State Quar ry Limestone of Iowa. 
Judging from th e illustra tions by Stainbrook a nd La dd (1 926, 
Pl. I, fi gs. 12, 13), Ath yris s implex e nco mpasses relat ively 
na rrow a nd broad forms. 

Ath yris pa rvuJa is easi ly distinguished from Athyri s 
occ identaJis Whiteaves (1 891, p. 227-2 28, PJ. 32, f igs. 3, 3a, 
3b) from yo unger beds of th e Wate rways Formation by its 
sma ller s ize a nd a lmost smooth she ll. Athyris occide nta Ji s is 
a distinctly coarsely p.licate form. 

Some of the forms designa t ed as Ath yris vittata Ha ll by 
McCammon (l 960, p. 62- 63, Pl. 11 , f igs . I a -c; not 2a-c, a nd 3) 
from the Micritic limes tone beds of the Point Wi lkins Member 
of the Souris River Forma tion outcropping on Rose (Bush) 
Island in Swan Lake, Mani toba, resemble At hyris parvula from 
Birc h River in Jacking a fold a nd sulcus, but differ in 
attaining a large r size at maturity. 

From the close ly comparable Ath yris r a nda!ia 
Stainbrook as illu str a ted by Raasch in Maurin a nd Raasch 
(l 972, Pl. 1 O, fi gs. 5-7) from th e uppe r Flu me Format ion at 
Kakwa Lake, British Colu mbia, Athyri s pa rvuJa differs in 
having a more s lender umbo and pointed pedicle beak, a less 
inf la t ed pedicle valve, a nd Jacks th e sha lJow media n sulcus on 
the pedicJe valve. In contrast, also, Athyris parvuJa appears 
to have a very weakly developed median sulcus on the 
brac hia ! valve. 

Occurrences. The type specime ns of Athy r is pa rvula a re 
recorde d by Wh iteaves (18 91, p. 228) from 5.8 krh (3 miles) 
below the Calumet, and 48 km (30 miles) be low Red River 
(=MacKay Rive r). The first localit y clearl y refers to the 
outcrop of the Ca lume t Membe r of the Wa t e rways Formation 
on the west bank of Ath abasca River immed ia tel y be low the 
mouth of Pie rre River. The second localit y, judging by the 
associated fau na listed by Whiteaves ( 1891, p. 248), probably 
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refe rs t o the outc rop of the Fi re bag Member of the 
Waterways Formation on the east bank of Athabasca 2.4 km 
(l. 5 miles) be low Eymundson Creek. 

The single speci me n of A thyris pa rvuJa from the Birch 
Ri ve r was recove red from unit JI of the Wate rways Forma tion 
a t station l 2NB. 

The closely com pa ra ble A thyris simplex Stainbrook and 
Ladd ( 1926, p. 359) occurs in the upper part of the State 
Quarry Limestone of Iowa associa t ed with the conodont 
Pandorinell ina insita Fauna (Kla ppe r , in Klapper e t al., 1971, 
fig . 3). --

In Manitoba, the Athyris vittat a Ha ll occurring in the 
Micritic limestone beds of the Point Wilkins Member of the 
Sou ris River Forma tion is associa t ed with the conodont 
Pandor ine lJina insita Fauna (Uyeno, in No rris et a l. , in press). 

A thyris ra nda lia Stainbrook is recorded by Raasch 
(M aurin and Raasch, 1972, expla nation of Pl. I 0) from the ir 
unit DFR4 (Asse mblage 4) in sam ple 500B from the lowe r pa rt 
of the uppe r Flume Fo rmation a t Kakwa Lake No rth, British 
Colu mbia. 

Figured speci men. GSC 63042 from GSC locality C-74 17 5. 

Fami ly NUC LEOSPIRID AE Dav idson 

Genus NucJeospira Ha ll , 1859, p. 24 

Type species. Spi ri fe r ventri cosus Ha ll , 1857, p. 57 . 

Nucleospira? sp. 

Plate 8, figures 13-1 7 

Material. Represented by a single a braded spec ime n. 

Dimensions (in mm). 

Spec ime n A 

GSC No. 63045 

GSC locali ty C-74 192 

Length of pv 
(Lp v) 13.9 

Length of bv 
(Lb v) 13.5 

Width (W) 14.0 

Depth of she lJ 
(D) 7.5 

Hinge ang le 
(in degrees) 132 

Ratio: W/Lpv l. O I 

Ratio : D/ Lp v 0.56 

Remarks. Features such as small size, a lmost circ ula r 
outline, small in c ur ved pedicJe beak, low pedicJe interarea, 
concentric growth lines, a Jong thin me dium septum present 
in each valve, a re all suggesti ve of th e genu s Nucleospira . 

The present fo rm a ppea rs to be close l y simila r in sha pe 
and size to th e Nucleospira sp. descr ibed and illustrated by 



McCammon ( 1960 , p. 61-62, Pl. 10, fig. 10) from be ds of th e 
Souris Riv e r Formation a t locality 9 a long the Campe rvill e 
Roa d, Manitoba. 

Occurrence . The single specime n of Nucleospira 7 sp. is from 
unit IV of the Wa t e rways Formation a t s t at ion 22NB on Birc h 
River. 

Figured specimen. GSC 63045 from GSC locality C-741 92. 

Superfamily CYR TIN A CEA Frederiks, 191 2 

[n om. transl. Johnson, 1966, (ex CYR TI NAE 
Frederiks, 1912)] 

Family CY RTINIDAE Frederiks, 1912 

Genus Tecnocyrtina Johnson and No rri s, 19 72, p. 566 

Type species. Cyrtin a biJJingsi Meek, 1868. 

Tecnocyrtin a sp. A 

Pla t e 8, f igu res 18- 24 

Materia l. Represented by approximat e ly 10 specimens most 
of which a re incomplete. 

Dimensions (in mm). 

Specimen A B 

GSC No. 63043 63044 

GSC localit y C- 74 177 C -74172 

Le ngth of pv 
(Lp v) 10.7 JO.I 

Le ngth of bv 
(Lb v) 8.8 8.3 

Width (W) 11.3 10.2 

De pth of shell 
(D) 9.7 7.4 

Hinge line 
length 10.5 9.0 

Depth of sulc us 
at a nte rio r 
margin 2.0 2.3 

Ratio: W/Lpv 1.06 1.01 

Ratio: D/ Lp v 0.9 1 0.73 

Remarks. The form from Birc h River has four costae, two of 
wh ic h a re very weak, on the su lc us of the ped icle valve, a nd 
three on th e fo ld of the brac hi a! va lve . In the wea k 
development of costae on the fold a nd su!cus thi s form is 
so mewhat s imil a r to Tecnocy rtin a missourie nsis (Swallow) 
from the Ca ll away Formation of Missouri (Br a nson, 1922, 
p. I 08, Pl. 19, figs. 1-4; Johnson a nd Norris, 1972, Pl. I, 
fi gs . 5-1 8), a nd from the Ceda r Va lley For ma tion of Iowa 
(Stainbrook, ! 943 b, p. 447, Pl. 70, figs. 6- 11). 

The bordering furrows on each s ide of t he fold on the 
brac hia ! valve of the Bi rc h River form a re consp ic uously 
wider th an th ey a re on Tecnocyrtina missou riens is. 
Tecnocyrtin a sp. A has s li ghtly inde nted la tera l margins a nd 
pointed, slightly extended cardi nal ex trem ities, a feature 
whi c h is present a lso on Tecnoc rtin a biJJingsi (M eek ) a nd 
Tecnocyrtin a missouriensis Swallow) see Joh nson a nd Nor ris , 
1972, Pl. I, fig . 14, Pl. 2, fig. 9). 

Li ke Cy rtin a umbonata Ha ll, as described and 
ill ustrated by Stainbrook (! 943b, p. 446, Pl. 70, figs. 12- 21) 
fr om the Ceda r Valley Formation of Io wa, th e Birc h River 
form has a pronounced me dia n fu rrow in th e su lcus of the 
pedicle valve. 

A pronounced irregula r median fu rrow in th e sulcus of 
th e pedic le va lve is ev ide nt a lso on Cyrtin a cf. triguetra Ha ll 
as il lustra ted by Raasch in Maurin a nd Raasc h (1 972, Pl. 9, 
f igs . 5-7) from th e base of their DFR 4 unit (Assemblage 4) in 
t he upper Flume Formation (sa mple 498) at Kakwa La ke, 
Briti sh Co lumbia . 

Occurrences. Tecnocyrtina sp. A was c ollec ted from unit s II , 
IV a nd VI of the Waterways Formation at stat ions ! 2NB, 
I lNB, lONB a nd 14NB on Birc h River. 

Figured specimens. GSC 63043 fro m GSC localit y C- 74 177, 
a nd GSC 63044 from GSC localit y C -7 4 172. 

Superfam il y SPIRIFERACEA King, 1846 

Family DEL THYRIDIDAE Waagen, 1883 

Subfamily ACROS PIRIFERIN AE Te rmie r a nd Te rmie r, 1949 

Genu s Eleuthe rokom ma Cri c km ay, 1950, p. 219 

Ty pe species. Eleutherokomma ham iltoni Cric km ay , 1950, 
p. 2 19, PJ. 36, fig s. I-3. 

Eleutherokomma sp. cf . £_. impennis Cri c km ay 

Pla te 8, figures 28-3 1 

1953 Ele uthe rokomma impe nni s CR ICKMAY, p. 3, Pl. 2, 
f igs . 1-8. 

1956 Ele uth e rokom ma n. sp., WARREN a nd STELCK, Pl. 10, 
figs . 2- 4. 

1962 El e utheroko mma impenn is C ri c kmay, Mc LAR EN, 
NOR RIS a nd McGREGO R, Pl. 10, f igs . 18- 20 . 

1963 Eleutherokomma aechmophora Cric kma y, p. 16, Pl. 3, 
fig s. 14-1 5, Pl. 11, fig s. 9-13. 

19 71 Eleuthe rokomma sp. cf. E. impe nnis C ric kmay, 
HARRI NG TO N, p. 792, Pl. 4, fig s. 12-1 6 (not Pl. 4, 
figs. I-10). 

in press El e uthe rokomm a impe nni s Cri c kmay, NORRIS in 
NO RRIS a nd UYENO, p. 00, Pl. 7, fi gs. 39-48, Pl. 8, 
figs. 1-4 . 
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Materia l. Represented by a pproxima t e ly I 0 spec imens most 
of whic h a re incomplete. 

Dim ensions (in mm). 

Eleutherokomma Eleutherokomma 
impennis aechmophora 
Cri ckmay Crickmay 

(1 953 , p. 3) (1963, p. 16) 
Spec imen A B c Ho lo type 

bv 

GS C No. 6304 7 630 48 63049 

GS C loca lit y C - 74175 C - 74 175 C-74175 

Length of pv 4.8 
(Lpv) 8.4 est. 12.0 

Leng th o f bv 
(Lbv) 6.2 

Width (W) 14.8 11.0 8.2 13.0 21.5 

Depth of 
she ll (D) 8.5 

Hinge l ine 
length 13.8 9.4 6.5 

Ratio : IV / Lpv 1.85 1.7 1 1.86 1.79 

Ra tio: D/ Lp v 0.71 

Remarks. Ele uth e rokomma impe nnis Cr ic kmay (1953, p. 3, 
Pl. 2, fi gs . 1-8) and £. aechmophora Cri ckmay (1963, p. 16, 
Pl. 3, f igs . 14-1 5, Pl. 11, figs. 9-13) were placed in sy nonymy 
unde r £. impe nni s by Norr is (Norri s a nd Uyeno, in press) 
because they a re indistinguisha ble from one another a nd 
occ ur in essentiall y the same strat igraph ic interval. Some of 
the Birc h River specimens exhibit features, suc h as the sha pe 
of the la tera l margins, th a t a ppear to be intermedia te 
be tween th a t displayed by £. impe nnis and th a t of the 
succeeding El e utherokomma jaspe re nsis C ri c k may ( 19 53, 
p. 3- 4, Pl. 2, figs . 9-1 3). However, most of the narrow, non­
mu c ron a t e forms from Birch Ri ver a re morphologicall y c lose r 
to£. impe nnis than they a re to£. jaspe re nsis . 

A re lat ive ly narrow, non-mu c rona te form included in 
Eleutherokomma jasperensis (W a rren ) by Raasc h (M aurin and 
Raasc h, 1972, Pl. 9, f igs . 8-11 ; not figs . 12-1 6) from the ir 
Asse mblage 4 a t Ka kwa Lake, Bri tish Columbia, so mew ha t 
resembles the form here refe rred to as El e uth e rokom ma sp. 
cf. £. impe nnis Crickmay from Birc h River. The la tte r fo r m 
has a f la rin g, trumpe t-shaped sulcus on the pe dicle valve in 
contras t to a n evenl y V-sha pe d sulcus on the form from 
Kakwa Lake. 

Occurrences. Ele uthe rokomma impe nni s Crickmay and its 
synonym, Eleutherokomma aechm op hora C ric kmay, occur 
t ypicall y in the Firebag Member a nd equi valent roc ks of th e 
Wa te rways Formation of northeast e rn Alberta. Forms 
recorde d as £. sp. cf. £. impe nnis a nd £ . sp. cf. £. 
aechmophora ra nge upwa rd through the succeeding Calumet 
into the Ch ri stin a Member of the Waterways Formation 
(Norris, in No rris a nd Uyeno, in press). 

The re latively narrow, non-mu c ronate fo rm of 
Eleuthe rokomma jaspe rensis is record ed by Raasc h (Ma urin 
a nd Raasc h, 1972, expla nat ion of Pl. 9) from th e ir 
Assemblage 4 (sam ples 499 a nd 500) from the lower part of 
the unit DFR4 in the uppe r part of th e Flume Forma tion a t 
Kakwa La ke No rth, British Columbia . 

On Birch Ri ver Eleuthe rokomma sp. cf . £. impe nnis was 
collected from units II , IV a nd VI of the Wate rways For ma t ion 
a t stations 12NB, I ONB, !!NB a nd 14NB. 
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Figured specimens. GSC 63047, 63048 and 63049 fro m GSC 
locality C-74 175. 

Eleutherokomma sp. cf. £. jasperensis (Wa rr e n) 

Plate 8, figures 32-40 

1932 Spiri fe r jaspere nsis WARREN, in ALL AN, WARREN a nd 
RUTHERFORD, pa rs, p. 245, Pl. 2, figs. 16-17; not 
Pl. 2, f igs. 18- 21. 

1953 Eleutherokomma jaspe re nsis (W a rren), CRICK MAY, 
p. 3, Pl. 2, fi gs . 9- 13. 

1967 Ele utherokom ma jaspe re nsis (Warren), CRICK MAY, 
p. 11, Pl. I , fig s. 16, 17, Pl. 4, f igs . 14, 15. 

1972 Eleuthe rokomma jaspe re nsis (Wa rren), RA ASC H l!:'. 
MAUR IN a nd RAASCH, Pl. 9, figs. 12-1 7; not Pl. 9, 
figs . 8-11. 

Material. Represente d by approximately JO specime ns most 
of which are incomplete . 

Dim ensions (in mm). 

Eleu therokomma Eleutherokomma 
jaspe rensis C r ickmay scymnus C ri ckmay 

0953,p. 4) (1967,p.13) 
Specimen A B Lecto t ype Syn type pv pv 

GSC No. 63050 6 3051 

GSC loca lit y C-74 192 C-7419 2 

Leng th of pv 
(Lpv) 7.8 I 0.0 8.5 7.0 

Leng th of bv 
6.0 (Lbv) 6.7 6.8 

Width (IV), 
exclud ing 
slender 
ca rdinal 14 .8 12.2 
extens ions es t. es t. 17.0 19.4 11.0 11.0 

Width, 
inc luding 
ca rdina l 23 .8 22 .8 
extens ions est. est. 

Depth of 
she ll (D) 5.0 

Depth of su lcus 
a t an terior 
rnargm 2.3 

Ra tio : W/ Lpv 1.90 1.70 2.28 1.57 1.83 

Ra ti o: D/ Lp v 0.64 

Remarks. The form from Birc h River is inter mediate in s ize 
at tained a t maturit y be tween Ele utherokomma scymnus a nd 
£ . jasperensis but is othe rwise morphologically closely simila r 
to £ . jasperensis. 

Occurrences. The types of Eleutherokomma jaspe re nsis, 
acco rding to Cr ic k ma y ( 19 53, p. 4), a re from the topmost bed 
of th e Flume Forma tion a t th e Sulphur Spr ing just eas t of th e 
bridge over Athabasca Rive r 9.6 km (6 miles) northeas t of 
J aspe r, Alberta. At this localit y it is assoc iated with 
Alla ne ll a minutill a Crickmay whic h Warren (in All a n, Warren 
a nd Wa rre n, 1932) origina ll y include d in "Spirifer" jaspe re nsis . 
In th e Bear Biltmore No . I we ll (7- ll-87-17-W4 M) Cri c kmay 
( 1966, p. 17, 19- 20) indicated the ra nge of the 
Eleuthe rokom ma jaspe re ns is Zone to ex tend throughout the 
27.4 m (90 fee t) of the Chri s tin a Member into the lower 



18.3 m (60 fe et) of the ove rl ying Mobe rl y Me mbe r of the 
Wa t e rways Forma tion. Cric kmay (1967 , p. 2) in a revis ion of 
the zona l sc he me for th e Mobe rly Membe r indicat e d th a t 
Ele utherokomma scy mnus occurs in the lowe r pa rt , £. 
jaspere nsis in a middle pa rt , and£. ha miltoni in a n uppe r pa rt 
of the me mbe r. No me ntion was ma de of the previously 
recorde d (C ric km ay, 1966, p. 20) £ . jaspe re nsis a nd £. c f. 
aechmophora occurring in th e unde rlying Chri stin a Me mbe r. 

Ele uth e rokomma jas pe re nsis (Wa rre n) is recorded by 
Raasch (Maurin a nd Raasch, 1972 , ex pla na tion of Pl. 9) fr o m 
the ir DF R4 unit (Asse mblage 4) in the uppe r pa rt of the 
Flume Forma ti on a t Ka kwa Lake (samples 499 a nd 500) a nd a t 
Wa llbridge Mounta in (sa mple 473) , British Co lumbi a . 

On Birc h River, Ele uthe rokomm a sp. cf. £. jaspe re nsis 
was collect e d from unit s IV , VI a nd VII of the Wa t e rways 
Forma tion a t st a tions 18N B, 22N B, 2 1NB, 19NB a nd 17NB 
(see Fig. 2). 

Figured specim ens. GSC 63050 a nd 6305 1 from GSC localit y 
C -7 4 192. 

Supe rfa mil y S PIRIFERACEA Kin g, 1846 

Fa mily SPI NOCYR TIIDAE Ivanov a , 1959 

Genus All a ne lla Cric kmay, 1953, p. 5 

[=Alla na ri a C ric kmay, 195 3 (obj.)] 

Type species. Spiri fe r a ll a ni Wa rre n, 1944, p. 123 . 

Alla ne ll a minutill a C ri c km ay 

Pla t e 8, f igur es 25-2 7 

1932 Spirife r jaspere nsis WARR EN, in ALLAN, WARRE N a nd 
R UTHER FORD , pa rt , p. 245, PI. 2, fi gs. 18- 2 1 (not 
Pl. 2, f igs . 16, 17). 

1953 All a ne ll a minutilla C RICKMAY , p. 7, PI. 1, fi gs . 12-
22. 

1967 Ac ut a theca (Minutill a ) minutilla (CR ICK MAY ), p. l 0, 
Pl . 2, figs . 45, 46. 

1972 All a ne lla minutilla Cri c kmay, RAASC H in MAUR IN a nd 
RAASC H, PI. 9, fi gs . 19- 20 . 

Material. Represente d by about 8 specime ns a ll of whic h are 
incomple t e . 

Dim ensions (in mm) . 

Allane lla minuti lla Al la ne lla a ll a ni 
------crTCkmay- (Warren) C ri ckmay 

(1 953 , p. 7) (1 953, p. 6) 
Specimen A Ho lo t ype Le c to type 

GSC No. 6304 6 

GSC loca lit y C- 74 177 

Leng th of pv 
16. 5 (L pv) 9.3 9.5 

Length of bv 
(Lbv) 

Wid th (W) 10.9 12.0 19.0 

Dep t h of 
she ll (D) 7.5 I 0.5 

Hinge l ine 
le ng th 9.9 

Ra t io: W/ Lpv 1.1 7 1.26 1. 15 

Ra tio : D/ Lpv 0.79 0.63 

Remarks. The la t e ra l slopes of the pe dicle va lve in the 
specime n a t hand bears se ve n fa ir ly st rong round-toppe d 
cost ae. The fo rm from Birc h Ri ver diffe rs sli ghtly from th e 
t ype specime ns of Alla ne lla minutilla as desc ribe d a nd 
illustr a t e d by C ric k may (19 53, p. 7, PI. 1, figs. 13-22) in 
havin g a less inturned pe dic le inte ra rea a nd a sha llowe r a nd 
fl a tte r-bottome d sulc us on th e pedic le valve . 

The c lose s imila rit y in sha pe a nd mi c ro-orn a me nt of 
Alla ne ll a minutilla C ri c km ay a nd All a ne lla a ll a ni (Wa rre n) 
suggest s th a t th ey a re ve ry closely re la t e d a nd a re he re 
conside red t o be species of the same genus. Crick may (1 967, 
p. l 0, 13) a ss igned th e m to di f fe re nt gene ra, a nd this seems 
highl y qu estiona ble . The la tte r species, tha t is All a ne lla 
a ll a ni , a tta ins a la rger s ize a t maturi ty a nd occur s in 
stra tigra phicall y yo unge r be ds. 

Occurrences. The t ypes of All a ne ll a mi nutill a are fr o m the 
t opmost be ds of the Flume Forma tion, associated with the 
prima ry t ypes of Ele uthe rokomma jas pe re nsis (Warre n) , a t 
Sulphur Spring jus t east of th e bridge over Ath abasca Ri ve r 
9.6 km (6 miles ) northeast of Jaspe r, Albe rta (Cri c kmay , 
1967, p. 11 ). It is recorde d a lso fr om the lowest be ds of the 
Mobe rl y Me mbe r on C learwat e r Ri ver , 8 km (5 miles) eas t of 
Wa te rways, Albe rta, whe re it is a lso associa te d with 
Eleuthe rokomma jas pe re nsis (W a rre n) (Cric km ay, 1967, p. 12). 

Raasch (Maurin a nd Raasc h, 1972 , PI. 9, f igs. 19-20) 
re c orded this species in sa mple 537 from a bout the middle of 
t hei r unit DFR 4 (Assem bla ge 4) in th e uppe r pa rt of the 
Flu me Fo rma tion, Cecilia Lake South, Briti sh Columbia . 

On Birc h Rive r Al la ne Il a minutilla was collect ed fr om 
unit s I, IV a nd VI of th e Wa t e rways For mat ion a t st a tions 
8NB, 20NB, 14NB a nd 15N B. 

Figured specim ens. GSC 63046 from GSC localit y C-74177. 

Suborde r TERE BRATULIDI NA Waagen, 188 3 

Supe rfa mily DI ELAS MATAC EA Schuc he rt , 19 13 

Fam ily C RANAEN IDAE C loud, 1942 

Subfa mily C RANA ENINAE C loud, 1942 

Ge nus Cra naena Ha ll a nd Cla rke, 1893, p. 29 7 

[=Eune ll a Ha ll a nd C la rke , 189 3, p. 290; Cra naenella 
- --Fenton a nd Fe nton, 1924, p. 129 ] 

Ty pe species. Te rebra tula rominge ri Ha ll , 1863, p. 48; O D. 

Cra naena sp. 

Pla t e 8, f igure 4 1 

Material. Re presente d by a single in c omple te pe dicle valve. 

Dim ensions (in mm) . 

Specimen A 

GSC No. 63052 

GSC loca lity C -7 4 177 

Length o f pv 28.0 
(Lpv) est. 

Width (W) 22.0 
es t. 

Rat io: W/ Lpv 0.79 

Cranaena iowensis (Ca lvin) (Sta inbrook, 194 1, p. 44 -4 5) 
------ Large broken 

Ho lotype Hypot ype Hypo type Hypot ype specimen 

24 .6 

2 1.6 

0 .88 

24.8 

22 .3 

0.90 

23 .1 

22 .3 

0.97 

22 .3 

2 1.6 

0.97 

36.0 

27 .0 

0.7 5 
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Remarks. The inc omple t e specime n from Birch River is 
compa ra ble in sha pe a nd re lat ive la rge size to C ranaena 
iowensis (Ca lvin) as described a nd illustrated by Sta inbrook 
(1941 , p. 44-4 5, Pl. 7, figs. 1-5, t ext-fig. 8) from Iowa, a nd by 
Branson (1922, p. 95-96, Pl. 20, figs. 20-22) from Missouri. 

A simila r large form designated as Cra naena cf. 
iowensis (Ca lvin) by McCa mmon (1 960, p. 63, Pl. II , f ig. 4) 
occ ur s in the Mic ritic limestone be ds of the Point Wilkins 
Member of the Souris Rive r Formation of Manitoba (Norris 
e t al. , in press) . 

Occurrences. On Birc h River this fo rm occurs in one sam ple 
from uni t VI of the Waterways Formation at station 14NB. It 
appears to be a n exceedingly rare component of the fauna 
from Bir c h River. 

In Iowa, Cranaena iowensis (Ca lvin) is recorded by 
Stainbrook (1 94 1, p. 45) from the Cra naena iowensis Zone of 
the Coralvi lle Me mber of the Cedar Valley Formation. This 
zone is wi thin a n interval undated by conodonts, above beds 
ass igned to the lower Schmidtognathus he rma nni-Polygna thus 
c ristatus Zone a nd below beds assigned t o the Pandorine llina 
insita Fauna (Klapper , in Kla ppe r et a l. , 197 1, Fig. 3). 

In Missouri, C. iowensis is recorded by Bra nson (1 922, 
p. 96) fro m th e Callaway Limestone in Callaway County. 

In Manitoba, the Cranaena sp. c f. C. iowe nsis (Ca lvin) 
occurring in t he Point Wilkins Membe r of t he Souris River 
Formation is associa t e d with the conodont Pandorin e llina 
insita Fauna (Uye no, in No rris et a l. , in press). 

Figured specimen. GSC 63052 from GSC localit y C -74177. 

CONODONTA 

Genus Ancyrodella Ul ric h a nd Bassler, 1926 

Type spec ies. Ancyrodella nodosa Ulr ic h a nd Bassle r, 1926. 

Ancyrodell a rotundiloba rotundiloba (Bryant) 

Pla te 9, fi gu res 1-5, 8, 9, 16- 21, 28, 29 

Pol ygna thus rotundilobus Bryant, 1921 , p. 26-27 , Pl. 12, 
figs. 1-6, Text-fig . 7 (Pa ). 

Ancyrodella rotu ndiloba rotundiloba (Br yant), Ziegle r in 
Ziegler, e d., 1973, p. 29-31, Ancyro Pl. 1, f igs. 1, 2 (Pa ); 
Mouravieff, 1974, Pl. 1, fi gs. 4, 5, 8 (Pa); Druce, 1975, 
p. 62- 64, Pl. 9, fig s. 1, 2, 5- 7 only (f ig. 4 =~· rotundiloba 
a la t a? Glenis t e r a nd Klapper), Pl. 10, figs . 1-3, Pl. 12, 
fig. 1, Pl. 71 , f ig. 8 (Pa ); Ga rc ia -Lopez, 1976, Pl. 2, 
f igs . 2-4 (Pa); Balinsk i, 1979, p. 7 5, Pl. 20, figs. 6, 7 
(Pa); Klappe r and Johnson, 1980, p. 447, Table 13. 

Ancyrodella rotundiloba n. subsp. A Uyeno, 1967, p. 5, Pl. 1, 
f igs . 1, 3, 6 (Pa); Uyeno, 1974, p. 25-26, Pl. 2, figs. 1, 4, 
6- 9 (Pa ). 

Ancy rodella rotundiloba alat a Glenister and Klapper, Dru ce, 
197 5, p. 64-65, Pl. 11 , f igs. 2, 3 only (fig . l =~ · 
rotundiloba ala t a ; fig. 4=proba bly A. rotu ndiloba alata, 
but lower surface featu res not illustra t ed) (Pa ). --

Remarks. Uyeno (1 967, p. 5; 1974, p. 25-26) assigned the 
form wit h ex tremely coarse nodes on the uppe r surface of the 
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pla tform to a new, but unna med, subspec ies . Only those 
specime ns with s imilar ornamentation were recovered from 
the Birch River sections. The nodose form differs fro m those 
origina lly described a nd illustrate d from the North Evans 
Limest one (the "conodont be d") of New York (Bryant, 192 1), 
in ex hibiting re la tively coarse r and fewe r nodes on the upper 
platform surface . Subsequently t o Uyeno's (ibid.) studies, 
others have illustrated simi la r nodose specimens th at occur in 
c lose associa tion with a more "typical" form (Mourav ieff, 
1974; Garc ia -Lopez, 1976; Balinski, 1979), and th e two forms 
are now considered to fa ll within the concept of the nominate 
su bspecies . This synonymy was suggest ed ea rl ier by Dr uce 
(1 975 , p. 63). 

Figured specim ens. GSC 63054 to 63060. 

Ancyrodell a rotundiloba binodosa Uyeno 

Plate 9, f igures 22- 24 

Ancyrodella rotundiloba binodosa Uyeno, 1967, p. 4-5, Pl. 1, 
fig s. 2, 4, 5 (Pa); Ziegle r in Ziegle r, ed., 1973, p. 35-36, 
Ancyro Pl. 1, fig. 4 (Pa); Uyeno, 1974, p. 24-2 5, Pl. 1, 
fig s. 2, 4-6, Pl. 2, f igs. 2, 3, 5 (Pa ); Mouravieff, 1974, 
Pl. 1, figs. 1, 3 (Pa ); Bultync k, 1975, p. 17-1 8, Pl. I, 
figs . 1-3 (Pa ); Garc ia -Lopez, 1976, Pl. 2, fig. I (Pa); 
Ziegler and Klapper in Zieg le r, Klapper and Johnson, 
1976, Table 13; Klappe r and Johnson, 1980, p. 447, 
Table 13. 

Remarks. Onl y two specimens th a t a re clea rl y assignab le to 
Ancyrodell a rotundiloba binodosa we re recovered in thi s 
study. Some specime ns a re mo rphologicall y tr ansi tiona l to 
the nomin a te subspecies, in ex hibiting on the uppe r platform 
sur face addit iona l and smal le r nodes in associa tion with the 
c ha racte ri sitc two la rge, princ ipal nodes. One of these is 
illu strated on Plate 9, figures 8, 9. Simila r speci mens we re 
recove red from th e Waterways Fo rmat ion in northeast e rn a nd 
central Alberta (Uyeno, 1974, p. 25). Mouravieff ( 1974, Pl. 1, 
fig . 2) illu strated a transitiona l form whic h origi nated in the 
"zone des Monstres, F2a " of Be lgium. The "Frasnes" 
specimens illustrated by Bultynck ( 197 5, Pl. 1, f igs . 1-3) also 
approach the transi tional form . An occurre nce of a single 
transitiona l specimen was reported from the lower pa rt 
(level K) of the "Schistes" de Beaulieu a t Ferques, Boulanna is 
region , Fra nce (Bult ynck in Bri ce et a l. , 1976, T ab le 4). 

The subspecies was reported for the fir st time from 
Aust ra li a by Dr uce (1 97 5, p. 65-66 ), in the Sad ler Formation 
of th e Canning Bas in. Unfo rtuna t e ly the single specimen was 
not ill ust ra ted. Druce [1 976, p. 66, Fig. 15(2 )] cons idered the 
deri vatio n of ~· rotundiloba binodosa fro m "Spathognathodus" 
swanhille nsis Polloc k. According to Pollock 's informa tion 
(see Uyeno, 1974, p. 25), howeve r, th e lat te r form co-occu rs 
wit h A. rotundiloba binodosa in the Calumet Mem be r of the 
Wat erways Fo rmat ion, a nd may possibly range higher into the 
Moberly Membe r. The similari t y in morphological featu res 
a nd stra tigraphic ra nge suggests th a t the two taxa a re 
synonymous (see Zieg le r in Ziegle r, e d., 1973, p. 35; Uyeno, 
1974, p. 24). 

Bu ltynck (in Brice et a l. , 1976, p. 141) conside red 
Ancy rod ell a binodosa as a sepa rate a nd a utonomous species 
a nd not as a subspecies of A. rotundiloba . The occurrence of 
transitional specimens noted a bove st rongly suggests affi nit y 
with A. rotundiloba, howe ver, a nd the taxon is therefore 
retained within the concept of th e lat te r, at leas t for the 
prese nt. 



Figured specim en GSC 63067. 

Genus El sone lla Youngquist, 1945 

Type species. Elsone ll a prima Youngquist, 1945. 

Elsonella rh e na na Lindstro m a nd Ziegle r 

Plate l 0, fi gures 33 a nd 34 

Elsonella rh e na na Lindstrom a nd Ziegle r, 1966, p. 21 2-216, 
Pls . l, 2 (falcodo ntan, lippe rtiform, a ngulodonta n, 
diplodode lla n); Uyeno, 1979, p. 249, Pl. 2, fig. 7 
(falco donta n). 

Remarks. The four different morphotypes original ly 
ass igned to El sone ll a rhenana by Lindstrom a nd Ziegle r (1 966, 
p. 212-216) a ll fea ture a peculi a r granu la r surface, a nd 
constitute a pa rt of a n a ppa ra tu s. Three of these 
morphotypes we re recove red from the Ra mpa rts Formation 
a t Powell Creek, western Dist rict of Ma ckenzie (Uyeno, 1979 , 
p. 249). 

In the Bi rch River collection on ly two morphotypes a re 
present, the lippe rti fo r m a nd falcodonta n. The latter is 
somewhat diffe rent from those illust rated by Lindst rom a nd 
Ziegler (1966, Pl. l , fi gs . 1-3) a nd by Uyeno (1 979, Pl. 2, 
fig. 7) in ex hibiting a shorter, less promin e nt posterior 
process . Both morphotypes ex hibit th e c haracte ris t ic 
granular surface a nd a rid ge pa ra lle l to the lowe r ma rgin. 

Figured specimens. GSC 63086 and 63087. 

Genus "En a ntiogna thus" Mosher and Cla rk, 1965 

Type species. "Apa togna thus" inve rsus Sannemann, l 955 

"Enantiognathus" lippe rti (Bisc hoff) 

Apatogna thus ~ Bischoff, 1956, p. 121-122, Pl. 9, 
figs . 27, 31. 

En a ntiognathus ~ (Bi sc hoff) , Uyeno, 1974, p. 27, Pl. 6, 
fig. 9. 

Remarks. "Enantiognathus" lippe rti is a form-spe c ies a nd 
hence the ge ne ric t e rm is placed in quota tion ma rks (in verted 
commas). The a ppa ratus to whic h it belongs is as ye t 
unknown. 

The single Birch Ri ve r specime n has th e a lt e rnat ion in 
the size of the denticles on the two processes , a feature that 
is c haract e ristic of th e species . 

Bischoff and Ziegle r ( 19 57, Table 4) a nd Ziegler (19 58, 
Table 2) recorded th e ra nge of the species as Lowe r 
asymmetric us Zone to a posit ion within t he Uppe r ~ 
Zone . In the subsurface of Albe rta it was prev iously 
recorded from the Mildred Member of the Wa t e rways 
Formation a nd th e Swan Hills Formation of the Beaverhill 
La ke Group [Uyeno, 1974, Tab le 4(b)]. 

Genus Ic ri odus Bra nson a nd Mehl, 1938 

Type species. lcriodus expansus Branson a nd Mehl, 1938. 

Remarks. Tha t s imple cone e leme nts were actua ll y a pa rt of 
th e lc riodus appara tus, as initi a ll y proposed by Kla ppe r a nd 
Phi lip (1971, p. 438-439; 1972, p. 101), was questioned by 
Bult ync k (1972, p. 72). More recentl y, van den Boogaa rd a nd 
Kuhry (1979, p. 15) have cast simila r doubt for th e followin g 
reasons: l) the s imple cones cannot be demonstrated to occ ur 
in pa ir s in the apparatus, a nd 2) th e numbe r of samples in 
whic h t he ic riodonta n a nd sim ple cone e lements a re mutua lly 
excl usive a re far great e r th an those in wh ich the y occur 
together. The la tte r ev idenc e was c ite d ea rlie r by Bultynck 
(ibid.) ~ n his argu me nt. 

In this stud y, the ic riodonta n (I) e le ments only were 
recovere d from 11 samples, the s imple cones (S 2 e le me nts) 
from on ly 3, a nd th e two together from 8 sam ples. The 
screen used in the washing procedur e was 200 mesh 
(7 5 mi c rons). 

Jcriodus subte rminus Yo ungq uist 

Plate 10, figure s 1-1 3, 23- 27 

Jcriodus su bte rminus Youngquist, 1947, p. 103, Pl. 25, f ig. 14 
(I); Kl appe r in Ziegler, e d. , 1975, p. 149-1 50, lc riodus 
Pl. 3, fi g. 4 (!) (includes synon ymy ); Wedd ige, 1977, 
p. 297- 298, Pl. 3, f igs . 44, 45 (I); Kla ppe r and Johnson, 
1980, Ta bles 12, 13, Pl. 3, figs. 13, 14 (I) (in c ludes 
further synon ymy); Uyeno in Norris et a l. , in press, 
Pl. 36, figs. 16-22, Pl. 37, fi gs . 15-21 (multie lemen t); 
Uye no in Norris a nd Uyeno, in press , Pl. l , f igs. 9- 22, 
25-27 (multieleme nt). 

Jc r iodus brev is brevis Stauffe r, Uyeno, 1974, p. 29, 30, Pl. 6, 
f ig~l2TIITnon fig. 3=_!_. expansus? Bra nson a nd 
Mehl); Druce, 1976, p. 112, Pl. 32, figs. l , 2 (!). 

Jcriodus brev is Stauffe r, Nicoll , 1977, p. 222, 225, Fig . 7 
(mul t ie lement). 

Remarks. Uye no (in No rris a nd Uyeno, in press) ass igne d a 
set of three simple cones, des igna t ed as S2 0 , S2b, and S2c, t o 
t he a ppa ratus of lc riodus subte rminu s. Two of th ese, S 2b a nd 
S2c , may correspond to the S2 a nd M2 e lement s, respect ively, 
in a n a ppa ra tus fo und by Ni c oll (1977). The la tte r appara tus 
was recovered fro m a li mestone nodul e fo und in the Gogo 
Formation of Frasnia n age, in the Canning Bas in of West e rn 
Aust ra li a . 

The three t ypes of s imple cones mentioned a bove we re 
a lso recove red fro m the Birc h River collections. All have 
been assigne d to Jcriodus subt e rminus, a lthough c once ivably 
they could be long to I. cf. I. subte rminus . Since the former is 
muc h more abundant - (1 99 I e le me nts of I. subte rminu s vs. 14 
of .!.: cf . _!_. subte rminus), it is probable tha t this ass ign ment is 
correct . 

Figured specimens. GSC 63068 to 63072, 63076 to 63080. 

Jcriodus cf . _!_. subterminus Youngquist 

Pla t e I 0, figures 14-22 

lc riodus ex pa nsus Branson a nd Mehl, Uyeno, 1974, p. 30, Pl. 6, 
fig . 2 on ly(!) (figs. l , 5=_!_. ex pa nsu s Branson a nd Me hl). 

Icriodus nodosus (Huddle ) sensu Ja to, Uyeno, 1974, p. 30, Pl. 6, 
f ig~ (!) ; Uye no in Norris and Uyeno, 1972, p. 2 19, 
Pl. 3, fi g. 18 (!). 
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Icriodus cf. I. subterminus Youngquist, Uyeno in Norris et a l. , 
in press, PL 37, figs. 22-27, Pl. 38, figs. 8-10, 16-21 (!); 
Uyeno in Norris a nd Uyeno, in press, Pl. 1, figs. 23, 24, 
28- 30 (I). 

Remarks. The Birch River I e lements of lcriodus cf. I. 
subte rminus are similar to those from the Peace Point ' 
Member of the Waterways Formation of the Gypsum Cliffs 
a rea of northeastern Albe rta, and described by Uyeno (in 
Norris a nd Uyeno, in press). Features in common include the 
elongation of lateral row denticles a nd, in most specimens, a 
low ridge on the upper su rface of the spur. 

Figured specimens. GSC 63073 to 6307 5. 

Genus Mesotaxis Klapper and Philip, 1972 

Type species. Po!ygnathus asymmetricus Bischoff a nd 
Ziegler, 1957. 

?Mesotaxis asymmetrica (Bischoff and Ziegler) 

Plate 9, figures 6, 7, 10, 11, 25-27 

(?) Po!ygnathus dubius Hinde, Bischoff and Ziegler, 1957, 
p. 88 (Pa). 

(?) Mesotaxis asymmetr ica (Bischoff and Ziegle r), Klapper 
a nd Philip, 1972, p. l 00; Philip and McDonald, 197 5, 
p. 100-101; van den Boogaard a nd Kuhry, 1979, p. 28-29. 

Remarks. Two fragmentary polygnathan spec ime ns were 
recovered from Uni t VI, GSC Joe. C- 74 185. Togethe r, the 
posterior part of the platform of a la rger spec imen and the 
anterior half, including the free blade, of a s ma ll e r spec ime n, 
suggest an assignment to Mesotaxis asymmet rica, a lt hough 
this is done onl y questionably owing to their fragmentary 
nature. A sim ila r fragmenta,ry polygnathan specimen was 
recovered fro m th e lower part of the Firebag Member of the 
Waterways Format ion in the subsurface, in the Albe rta 
Government Salt Well no. l at the interval of 146.3 to 
149.4 m (480 to 490 ft) (Uye no, 1974, p. 37, Table 4(b), GSC 
Joe. 80264). This specime n, which was at the time assigned 
questionably to Po!ygnathus asymmetr icus, a nd now 
reassigned to th e multie !ement genus, Mesotaxis, is 
illustrated here on Plate 9, figure 27. 

Although th e correct multie!e ment taxonomic 
assignment of the polygnathan e lement under discussion is 
Mesotaxis (see, e.g., Klapper, 1977, p. 48; van den Boogaard 
and Kuhry, 1979, p. 28-29), its reference to Polygnathus 
persists in the Ji terature (see, e .g., Sandberg a nd Poole, 1977, 
p. 150, Fig. 2; Sandberg, 1979, p. 92-93 , Figs. 1, 2). This 
continuing practice is owing to the cr itical role played by the 
species in the conodont zonatio n of the lower part of the 
Upper Devonian, as established and subsequently modified by 
Ziegler ( 1962, p. 16-20; 1971, p. 267), a nd which consequentl y 
has become well-ingra ined. In the present study, then, the 
species is refer red to Po!ygnathus when discussed in its role 
in biostratigraphy. 

Figured specimens. GSC 6306 1 to 63063. 

Gen us Ozarkodina Branson a nd Mehl, 1933 

Type spec ies. 
1933). 
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Ozarkodina confluens (Branson and Mehl, 

Ozarkodina brevis (Bischoff and Ziegler) 

Plate IO, f igures 28-32 

Spathognathodus brevis Bischoff a nd Ziegler, 1957, 
p. 116-117, P~figs. 24, 27-29 (Pa); Orchard, 1978, 
p. 951, Pl. 108, figs. 22-24, 27 (Pa ). 

Spathognathodus c f. ~· brevis Bischoff and Ziegler, Uyeno, 
1974, p. 42, Pl. 7, figs. 11-13, PL 8, figs. 4, 9 (Pa). 

Ozarkodina brevis (Bischoff and Ziegler), Klapper in Perry 
e t al., 1974, p. 1086 (no illustration; inc ludes further 
synonymy ); Ziegler a nd Klapper in Ziegler et a l., 1976, 
PL 3, figs. 14-1 6 (Pa); Klapper in Ziegler, ed., 1977, 
p. 263-265, Ozarkodina PL 3, figs. 9, 11 (Pa); Klapper in 
Johnson a nd Klapper, 1978, p. 296, Pl. 1, f igs . 11, 13, 15 
(Pa, Pb); Requadt and Weddige, 1978, p. 212, Fig. l 3e 
(Pa); Uyeno, 1979, p. 240, PL 2, fig. 19 (Pa ); Savage and 
Amundson, 1979, p. 1396, Pl. 1, figs. 3-8 (Pa, Pb); 
Klapper a nd Johnson, 1980, p. 449, Tables 9- 12); Uyeno 
in Norris et a l., in press, Pl. 32, figs. 23, 24, 29-38 
(multielement). 

Ozarkodin a aff. O. brevis (Bischoff and Ziegler), Chatterton, 
1979, p. 188; PT.9,"fig. 8 (Pa ). 

Remarks. The Pa element of Ozarkodina brevis has a 
relatively wide morphological variation, an~ pe rhaps 
refe rable to separate morphotypes. A detailed study of this 
species is being planned, a nd only a brief treatment is given 
herein. 

The hoJotype specimen (from Koppen near Rhenegge; 
Bischoff a nd Ziegler, 19 57, p. 116-117; see also Ziegler et a l., 
1976, Table 13) exhibi t s a basal cavity of rectangular ("dumb­
bell") out line, which is located a t the extreme posterior e nd 
but protrudes beyond the posterior margin of the blade. The 
posteriormost denticle is the largest and is s lightl y incli ned 
posteriorly. The specime ns from cen tra l Oregon, illustrated 
by Johnson a nd Klapper (1 978) and Savage a nd Amundson 
(1979), are of th is morphotype. The reported range of this 
morphotype is from the Lower varcus Subzone to the Middle 
asymmetricus Zone (Bischoff a nd Ziegler, 1957, Tab le 4; 
Ziegler et a l., 1976, Table 6), a nd it s lowe r range may extend 
into the Eifelian (Uyeno in Norris e t a l., in press; Orc hard, 
1978, p. 915; Klapper and Johnson, 1980, p. 424, Table 9). 

The second morphotype is the form refe rred to 
"Spathognathodus" cf. "~·" brevis by Uyeno (1974). If differs 
from the first in possessing one, and in some specimens, two, 
minute denticles posteriorly of the la rge cusp . The basal 
cavity is located correspondingly farther away from the 
posterior ma rgi n of the blade. The Pb e le me nts of the first 
and second morphotypes may a lso be slightl y different. Most 
of the Waterways speci mens, both from the At habasca­
C learwate r Rivers a rea of northeastern Alberta (Uyeno, 1974) 
and in the present Birch River col lections, are of this 
morphotype. The associated conodonts in these collections 
are ass ignable to the Lower and Middle asymmet ricus Zones, 
respectively. 

There may be addit ional morphotypes to the two 
mentioned above. 

Figured specimens. GSC 63081 to 63085. 

Genus Pandorinellina Muller a nd Muller, 1957 

Type species. Pandorina insita Stauffe r , 1940. 



Pandor ine llina insi ta (Stauffer) 

Plate 9, figures 14 and 15; 
Plate 11, figures 16-18, 32-39 

Pandorina insita Stauffer, 1940, p. 429, PI. 59, figs. 23, 25 
(Pa). 

Pandorinellina in sita (Stauffe r), Klapper and Philip, 1972, 
p. 99 (mu1tie 1ement); Klappe r in Ziegle r, e d., 1977, 
p. 439, Pa ndorinellina PI. I, figs. 1-8 (multie lement); 
Sandberg and Ziegler, 1979, p. 191 -192 , PI. 7, figs. II , 
13, 14 (Pa); Klapper and Johnson, 1980, p. 450-451, 
Tables 12, 13; Uyeno in Norris et a l., in press, Pl. 37, 
figs. 2- 5, 25-45 (multie le ment). 

Remarks. Sandberg a nd Ziegle r (1979) noted certain 
s imilarities between the Pa e lements of Pandorine llina in sita 
a nd f. expansa Uye no and Mason. Indeed in so me specime ns, 
in uppe r a nd lateral views, it is difficult to di stinguish the 
two species (compare, e .g., Pl. 11, figs. 26, 27, 33, 38). The 
a nte rior one-th ird of the bla de ("fin" of Sandberg a nd Ziegler, 
1979, p. 191) is a lways offset to the right in f· ex pa nsa, 
whereas this is a variable featu re in P. in sita (see, e .g. , 
Pl. 11, figs. 18, 33, 39). The major differ e nce is ex hibited by 
the lower surfaces of the two species, a nd th e contras t goes 
far beyond the re lat ive de pth of the basa l cavity. In P. 
expansa (see Pl. 11, fig. 28, the lower surface of a topotype 
specimen; see also Uyeno in McGregor a nd Uye no, 1972, PI. 5, 
fig. 20, a nd Lane and Ormiston, 1979, Pl. 7, fig . 28), the basa l 
cavity occ upies the entire lower surface of the posterior two­
thirds of the bla de, with an ex tremely na rrow extension unde r 
the fin. The re is no suggestion of inve rsion. In th a t of f· 
insita , on the othe r ha nd, th e e ntir e cavity is inverte d a nd, in 
some speci mens, there are lateral f lares under the posterior 
two-thirds of th e blade, a nd a generally relatively wide a nd 
simil a rl y inve rte d, extension unde r the fin . The diffe rence in 
the natu re of the basa l cav it y of f· insita a nd f. expansa is 
somewhat a nalogous to th e diffe re nce in this fea ture of two 
Polygnathus species, both of Early Devonia n age, f· dehiscens 
Phi lip a nd Jackson, a nd P. inversus Kla ppe r a nd Johnson (see 
Klappe r and Johnson, J 97 5, Fig. 3, Pl. I, fig s. 2, 3, 6, 7, 13, 
Pl. 3, figs. 26, 28). 

Five spec ime ns that a re quest ionably ass ignable to f· 
insita were recovered from Units II a nd IV (two of these a re 
i llus trated on PI. 9, figs. 12, 13 and Pl. 11, figs . 22-25). They 
a re identica l in most features to P. insita except in th e 
possession of a single small denticle on the lef t late ral side. 
Similar specimens, but with dentic les on both latera l s ides, 
were found previously in the upper pa rt of th e Fire bag 
Member of th e Wate rways Forma tion (Uye no, 1967, p. 11, 
Pl. 2, figs. 2, 3; 1974, p. 44 , PI. 8, fig s. 8, 10), a nd in the 
Peace Point Member of the Wate rways Forma tion (U yeno in 
Norris a nd Uyeno, in press, Pl. I, figs. 3 1-34). 

Figured spec im ens. Pandorinellina insita, GS C 63065, 63066, 
63095 to 63100; Pa ndorinellina cf. P. in si ta, Pa e lement with 
a small lateral de nticle, GSC 63064 and 63 103. 

Ge nus Polygna thus Hinde , 1879 

Type species. Polygnathus dubius Hinde, 1879. 

Pol ygnathus cf. f· decorosus Stauffe r 

Plate 11 , figur es 7-11 

(cf.) Polygnathus decorosus Sta uffer, 1938, p. 438 , PI. 53, 
figs. 5, 6, JO, 15, 16 (Pa); Klapper, Philip a nd Jackson, 
1970, p. 652-6 54, PI. 3, figs. 1-6 (Pa). 

Remarks. The Bi rc h River polygnathan e lement differs from 
th e Pa element of Po lygnathus decorosus in the fol lowing 
features: the pla tform out line is noticeably asymmetrical, 
with the outer margin f laring out and somewhat constri c ted 
anteriorl y; a nd the upper platform surface is e ntire ly s mooth. 
It dif fers from those spec ime ns from the Wate rways 
Formation, a lso compa red with P. decorosus by Uyeno (1974, 
PI. 4, figs. 2, 7, PI. 5, fig . 2), in its re lat ively low, uniform 
he ight of the fr ee bla de and the smooth platform surface. 

Figured specimens. GSC 63092 to 63094. 

Pol ygnathus aff. f. incompletus Uyeno 

Plate 11 , fi gures 19- 21, 29- 31 

(aff. ) Pol ygna thus incompleta Uyeno, 1967, p. 7, IO, Pl. 2, 
fig s. 6, 7 (Pa). 

(aff. ) Po lygnathus incomple tus Uye no, Uyeno, 19 74, p. 39, 
PI. 4, fig. 5, PI. 5, fig. I (Pa ); Kla ppe r in Ziegle r, e d., 
1975, p. 29 1-292, Pol ygna thus PI. 5, f ig. 4, (Pa); 
Balinski, 1979, p. 80, PI. 23 , f ig. 11 (Pa) . 

Remarks. The Birch Rive r spec ime ns di ffer sli gh tl y fr om 
those illus tra t ed by Uyeno (1974), both of which originated in 
th e Ca lume t Me mbe r of the Waterways For mation, in that 
th e carina ex t e nds relatively fa rthe r posteriorl y; i.e ., to 
about three-quarte rs of the platform le ngth, as opposed to 
one-half. In a ll other features they a re identical. 

Balinski (1979) re ported f . incompletus from southern 
Pola nd, in stra t a assigne d to the Lowe r most asy mmetri cus 
Zone. 

Figured specimens. GSC 63101 a nd 63102. 

Pol ygnathus we bbi Sta uffer 

Plate 11, f igures 1-6, 12-1 5 

Polygna thus webbi Stauffer, 1938, p. 439, PI. 53, f igs . 25, 26, 
28, 29 (Pa ); Klappe r in Ziegle r, e d., 1973, p. 393-394, 
Pol ygnathus PI. 2, fig . 7 (Pa ) (includes further 
synonymy); Uyeno, 1974, p. 40, PI. 5, fig. 7 (Pa); 
Ba linsk i, 1979, p. 81, Pl. 23, figs . 13- 15 (Pa ); Kla pper 
and Johnson, 1980, p. 454, Tables 12, 13, PI. 4, fig. 9; 
Uyeno in Norris a nd Uye no, in press, Pl. I , figs. 47, 48 
(Pa ). 

Polygnathus n. sp. B, Polloc k, 1968, p. 437-4 38, Pl. 62, fig. 34 
(Pa ). 

(?) Polygnathus web bi Sta uffe r, Ga rc ia -Lopez, 1976, p. 177, 
Pl. I, fig . 5 (=Polygnathus dubiu s? Hinde ) (Pa ). 

Remarks. The platform of th e Pa e lement of Polygna thus 
webbi in th e Birc h Rive r collections fe a tures on ly fai nt 
ribbing. This is in contras t to the dis tin c t grooves, with 
corresponding marginal se rration, in the spec imen illus trated 
by Uyeno (1974, Pl. 5, fig. 7) from the Firebag Me mber of th e 
Wa terways Formation. 
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Some of the smaller specimens are considered as 
juveniles of f. webbi. They are generally dis tin c t, 
distinguished by their relatively short fr ee blade and a small 
pit, a lthough some appear to be transitional to those small 
specimens that have been previously assigned to Polygna thus 
xylus Stauffer by Uyeno (1 974, Pl. 4, figs. 6 and 8). One such 
transitional specimen is illustrated on Pla te 11 , f igure 15, a nd 
is furthe r c haracterized by acicular dentition on the posterior 
half of the free blade. This is probably an aberra nt fe a ture 
and does not re present an early ontogenetic stage. A similar 
kind of needle-like development on the lower keel of th e 
platform a nd the upper pla tform su r face was interpreted as a . 
featur e of early growth st ages of so me Upper Devonian 
polygna thans by Shaffer (1963). 

The small specimen originating in the Fi rebag Me mber 
of the Waterways Formation in the su bsurface, and illustra t ed 
by Polloc k (1968), may also represent a ju venile s t age of 
Polygnathus webbi. 

Figured specimens. GSC 63088 to 63091. 

REFERENCES 

Allan, J.A., Warren, P.S., a nd Ruthe rford , R.L. 
1932: A pre liminary study of th e eastern ranges of th e 

Roc ky Mounta ins in Jaspe r Park , Alberta; Royal 
Society of Canada, Transactions, sect. 4, 1932, 
p. 225-248, Pis . 1-2, text- figs. 1-2. 

Astrova, G.G. 
1972: Som-2 Devonia n bryoz oa from western Cana da; 

Geological Association of Canada, Proceedings, 
v. 24, no. 2, p. 75-86, Pis. 1-4. 

Balinski, A. 
1979: Brachiopods a nd conodonts from the Frasnian of 

the Dlo'bnik Anticline, southern Pola nd; Poli sh 
Acade my of Sciences, In stitute of Paleobiology, 
Palaeontologia Polonica, No. 39, p. 3-9 5, 
Pis. 1-23. 

Bassett, H.G., and Stout, J.G. 
1968: Devonia n of western Canada; in Oswald, D.H., 

e ditor, International Sym pos ium on the D·evonia n 
Syst ·=m, Calgary, Alberta, Septe:nber, 1967, v. l, 
p. 717-752 (1967). 

Bayrock, L. A. 
I 972a : Surfic ial geolog y, Fort Chipewyan (NTS 74L); 

Resear•: h Co:.mcil of Alberta, Map 36. 

I 972b: :,Jdic ial geobg y, L1.k:e C laire (I\JTS 8cfl); Research 
Cm: •·1c i: "' '\!berta, M oi ,J 3'J. 

Belyea, H.R., a nd McLaren, D.J. 
1962: Upper Devoni a n formations, southern pa rt of 

Northwest Te rritories, northeas tern British 
Columbia, and northweste rn Alberta; Geological 
Su rv ey of Canada, Paper 61 - 29 (Reprinted, 1964). 

Belyea, H.R., Moye r , G.L. , Grey, F.F., and Grayston, L.D. 

28 

1964: Uppe r Devoni a n (Chapte r 6), Comm ittee on Slave 
Point and Beaverhill Lake Forma tions (Part I); in 
McCrossan, R.G., and Glaister, R.P., e ditors, 
Geological Hi story of Western Canada, Alberta 
Society of Pe troleum Geologists, p. 60-66. 

Be lyea, H.R., a nd Norris, A.W . 
1962: Middle De vonian and older Palaeozoic formations 

of southern District of Mackenz ie; Geological 
Survey of Canada, Paper 62-15. 

Beus, S.S. 
1965: De vonian faunu le from the Jeffer son Formation, 

central Blue Spring Hills, Utah-Idaho; Journal of 
Pa leontology, v. 39, no. l, p. 21-30, Pis. 9-10, 
4 text-figs. 

Bischoff, G. 
19 56: Oberdevonische Conodonten (toled a us de m 

Rheinisc he n Schiefe rgebirge; Notizblatt des 
Hessische n Landesam t fi.i r Bode nforsc hung, v. 84, 
p. 115-137. 

Bischoff, G. a nd Ziegler, W. 
1957: Die Conodontenc hronologie des Mitteldevons und 

tie fsten Oberdevons; Abhand lungen des Hessischen 
La ndesamtes fi.ir Bodenforschung, Heft 22. 

Branson, E.B. 
1922: The Devonian of Missouri; Mi ssouri Bureau of 

Geology and Mines, v. 17, 2nd se ries, 279 p., 
71 Pis. 

1944: The Geology of Missouri; Univers ity of Missouri 
Studies, v. 19, no. 3, 535 p., 49 Pis., 51 text-figs. 

Branson, E.B. an d Mehl, M.G. 
1933: Conodonts from th e Bainbridge (Siluria n) of 

Missour i; Univers ity of Missouri Studies , v. 8, 
p. 39- 52, 69- 70. 

1938: The conodont genus Icriodus a nd its stratigraphic 
dis tribution; Journ a l of Pa leontology, v. 12, no. 2, 
p. 156-1 66 . 

Braun, W.K. 
1968: Upper Devonian Ostracod faun as of Great Slave 

La ke a nd northeast e rn Alberta, Canada; in 
Oswald, D.H., editor, Inte rnational Symposium on 
the Devoni a n System, Ca lgar y, Albe rta, 1967; 
Alberta Society of Petroleum Geologists, v. 2, 
p. 617-652 (1967). 

Bric e, D., Bultynck, P., Colbeaux, J.P., Lethiers, F ., 
Mistiaen, B., Roha rt, J.C., a nd Bigey, F. 

1976: Une nouve lle coupe dans le Devoni e n de Ferques 
(Boulonna is, France); Annales de la Soc ie t e 
Geologique du Nord, v. 96, p. 135-1 55 . 

Bryant, W .L. 
1921: The Genesee conodonts with desc riptions of new 

species ; Bulletin of the Buffalo Soc iety of Natural 
Sc ie nc es, v. 13, p. l- 59 . 

Bult ync k, P. 
1972: Middle Devonian Icriodus asse mblages 

(Conodonta); Geologica e t Palaeontologica, v. 6, 
p. 71-86. 

197 5: Conodontes de la Forma tion de Fromelennes du 
Give tie n de l'Ar de nne Franco-Beige ; Bu lletin 
Institute Royal des Sciences Naturel les de 
Belgique, v. 50, no. I 0, 30 pp. [i mprint 1974]. 



Carrigy, M.A. 
1959: Geology of the McMurray Forma tion, Part III, 

General geology of the McMurray area; Research 
Council of Albe rta, Geology Division, Memoir 1, 
130 p., map 26, 8 Pis., 11 f igs . 

Caster, K.E. 
1939: A Devonian fa una from Colombia; Bu lle tin of 

American Paleontology, v. 24, no. 83, p. 1-2 18, 
Pis . 1-14. 

Chatterton, B.D.E. 
1979: As pect s of la t e Early a nd Middle Devon ia n 

conodont biost ra tigraphy of weste rn a nd 
northweste rn Canada; in Stelck, C. R. a nd 
Chatterton , B.D.E., ed itors, Western a nd Arct ic 
Canadia n Biostratigraphy, Geological Association 
of Canada, Special Paper 18, p. 16 1-2 31 [i mprint 
1978 ]. 

Coen, M. and Coen-Aubert, M. 
1971: L'ass ise de Fromelennes a ux bords sud e t es t du 

Bassin de Dinant e t dans le massif de la Vesdre; 
Anna les de la Societe Geologique de Belgique, 
v. 94, p. 5-20. 

Cooper, B.J. 
197 5: Multielement conodonts fr om the Brassf ie ld 

Limestone (Silurian) of southe rn Oh io; Journal of 
Paleontology, v. 49, no. 6, p. 984-1008. 

1976: Multielement conodonts from the St. Cla ir 
Limestone (Siluria n) of sou th e rn Illinoi s; Jo urna l 
of Pa leontology, v. 50, no. 2, p. 205-21 7. 

1977: Toward a fa milia l classification of Si luria n 
conodonts; Journal of Paleontology, v. 5 1, no. 6, 
p. 1057-107 1. 

Cooper, G.A. 
1944: Phylum Brachiopoda (Chapte r IX); in 

Shimer, H. W ., and Shrock, R.R., Index Fossi ls of 
North Ame rica; The Technolog y Press, 
Massachusetts In stitute of Technology, J ohn Wiley 
a nd Sons, In c ., p. 277- 365, Pis. 105-143. 

1968: Age a nd corre lat ion of t he Tully and Cedar Valley 
Formations in the United States; in Oswald, D.H., 
e ditor, Inte rnational Symposium on the Devon ian 
System, September, 1967, Ca lgary, Albe rta, 
Alberta Society of Petroleum Geologists, v. 2, 
p. 701-710 (1967). 

Copper, P. 
I 967a: Frasnian A trypidae (Bergisc hes La nd , Germany); 

Palaeontographica, Abt . A, v. 126, p. 116-140, 
Pis. 19-27, 17 t ex t-figs . 

l 967b: Spinatrypa a nd Spinatrypina (Devoni an 
Brachiopoda); Palaeontolog y, v. I O, Pt. 3, 
p. 489-523 , Pis. 76-83. 

1973: New Siluro-Devonian A trypoid Brachiopods; 
Journa l of Pa leontology, v. 47, no. 3, p. 484-500, 
3 Pis. 

1979: Devonia n a trypoids from wes t e rn and northern 
Canada; in Stelck, C.R. and Chat t e rton, B.D.E., 
e ditors, Western and Arc t ic Canadia n 
Biostratigraphy; Geological Association of 
Canada, Special Pa per 18, p. 289-331 , Pis. 1-7, 
text-figs. 1-6 (Imprinted 1978). 

C ri c kmay, C. H. 
19 50: Some Devoni a n S pir ife r idae from Alberta; Journal 

of Paleontology, v. 24, no. 2, p. 219-2 25. 

19 53: New Spiriferidae from th e Devonian of western 
Canada; published by the a uthor, Impe rial Oil 
Lim it ed, Calgary, 13 p., 6 Pis. 

19 57: Eluc idation of some western Canada Devonian 
for ma tions, published by the author, Impe ria l Oil 
Company Limited, Calgary, Alberta . 

1960: The older Devonian fa unas of the Northwest 
Te rritories; published by the author, Evelyn de 
Mille Books, Calga ry, 21 p., 11 Pis. 

1963: Sign ifi ca nt new Devonian brachiopods from 
wes t ern Canada; published by the author, Evelyn 
de Mille Books, Calgary, 63 p., 16 Pis. 

1966: Devonia n time in west e rn Canada; published by 
the a uthor, Evelyn de Mille Books, Calga ry, 38 p. 

1967: The method of indi visible aggregat es in studies of 
the Devonian; pu blished by t he a uthor, Evelyn de 
Mille Books, Ca lgary, 18 p. , 4 Pis. 

Douglas, R.J.W., Gabrie lse, H. , Wheeler, J.O., Stott, D.F., 
a nd Belyea, H.R. 

1970: Geology of western Canada, Chapter VIII; in 
Douglas, R.J. W ., editor , Geo log ical Survey of 
Canada, Geology a nd Economic Minerals of 
Canada, Economic Geology Report No. I, 
p. 367-488. 

Dr uce, E.C. 
1976: Conodont biostratigraphy of the Upper Devonian 

reef complexes of the Canning Basin, Western 
Austra lia ; Bureau of Mineral Resources, Geology 
a nd Geophysi cs, Austra li a, Bulletin 158, v. I , 2. 

Epstein, A.G ., Epstein, J.B. and Ha rri s, L.D. 
1977: Conodont color a lterat ion - a n index to organic 

me t a morphism; United States Geological Survey, 
Professiona l Paper 995 . 

Fenton, C .L., a nd Fenton, M.A. 
1924: The st ra tigraph y a nd fauna of the Hack be rr y 

Stage of the Uppe r Devonia n; Mic higan 
Uni versity, Museum of Geology, Contri butions, 
v. I , p. 1-260, 45 Pis. 

1935: 

Fong, G. 
1959 : 

A trypae described by Clement L. Webster a nd 
re la ted forms (Devonian , Iowa ): Journa l of 
Pa leon t ology, v. 9, no. 5, p. 369- 384, Pls. 37-43. 

Type section Swan Hills Member of the Beaverhill 
Lake Formation; Albe rta Society of Petroleum 
Geologists, Journal, v. 7, no. 5, p. 95-108. 

1960: Geology of Devonia n BeaverhiJJ Lake Formation, 
Swan Hills a rea, Alberta, Canad a; American 
Assoc iat ion of Petroleum Geologists, Bulletin, 
v. 44, no. 2, p. 19 5-2 09 . 

Furnish, W.M., Glenister, B.F., a nd Klapper, G. 
1969: The Middle Pa leozoic paleontology a nd 

biostra tigra ph y of eas t e rn Iowa ; North American 
Pa1eonto1ogical Convention 1969, Guidebook, 
Field Trip No. 2, 41 p. 

29 



Garcia-Lopez, S. 
1976: La Caliza de Candas en la zona de Luanco 

(Asturias) y su contenido en conodontos; Trabajos 
de Geologia, no. 8, p. 173-185. 

GJeni,ster, B.F., and Rexroad, C.B. 
1968: Conodont successions, Field Trip No. 6; jn 

Steinhilber, W.L., editor, A field -trip guidebook 
prepared for the Second Annual Meeting of the 
North-Central Section of The Geological Society 
of America, May 8-11, 1968, p. 11-17. 

Gray, F.F., and Kassube, J.R. _ 
1963: Geology and stratigraphy of Clarke Lake gas field, 

northeastern British Colu mbia; American 
Association of Petroleum Geology, Bulletin, v. 47, 
no. 3, p. 467-483. 

Grayston, L.D., Sherwin, D.F., and Allan, J.F. 
1964: Middle Devonian (Chapter 5); in McCrossan, R.G., 

and Glaister, R.P., editors, Geological History of 
Western Canada, Alberta Society of Petroleum 
Geologists, p. 49-59. 

Green, R. (editor) 
1970: Bedrock geology of northern Alberta, east and 

west halves; Research Council of Alberta, maps 
with legends and descriptive notes, geology by 
R. Green and G.B. Mellon, 1962, and by 
M.A. Carrigy and R. Green, 1965. 

Green, R. 
1972: Geological Map of Alberta; Research Council of 

Alberta, Map 35, scale: l to 1,267 ,000, l inch to 
20 miles. 

Griffin, D.L. 
l 965a: The Devonian Slave Point, Beaverhill Lake, and 

Muskwa Formations of northeastern British 
Columbia and adjacent areas; British Columbia 
Department of Mines and Petroleum Resources, 
Bulletin 50. 

l 965b: The facies front of the Devonian Slave Point-Elk 
Point sequence in northeastern British Columbia 
and the Northwest Territories; Journal of 
Canadian Petroleum Tec hnology, v. 4, no. 1, 
p. 13-22. 

1968: Devonian of northeastern British Columbia; in 
Oswald, D.H., editor, International Symposium on 
the Devonian System, Calgary, Alberta, 
September, J 96 7; Alberta Society of Petroleum 
Geologists, v. 2, p. 802-826 (1967). 

Grubbs, D.M. 
1939: Fauna of the Niagaran nodules of the Chicago 

area; Journal of Paleontology, v. 13, no. 6, 
p. 543- 560, Pls. 61-62. 

Hall, J. 
1843: Natural History of New York; Geology, pt. 4, 

ix+525p., 19 Pls. (Albany). 

1850: 

30 

On the Brachiopods of the Si lurian Period; 
partic ularly the Leptaenidae; American 
Association for the Advancement of Science, v. 2, 
p. 347-351. 

Hall, J. 
J 852: 

1857: 

1859: 

Containing descriptions of the organic remains of 
the lower middle division of the New York System 
(equivalent in part to the Middle Silurian rocks of 
Europe); New York State Geological Survey, 
Palaeontology of New York, 353 p., 85 Pls. 

Descriptions of Palaeozoic foss ils; New York 
State Cabinet, Natural History, 10th Annual 
Report, p. 41-186. 

Observations on genera 
12th Annual Report of the 
Cabinet, p. 8-11 O. 

of Brachiopoda; 
New York State 

Hall, J., in Hall, J. and Wh itney, J.D. 
J 858: Report on the Geological Survey of the State of 

Iowa; embracing the results of investigations 
made during portions of the years 1855-1 857; 
Paleontology, v. 1, pt. 2, p. 473-724, 29 Pls. 
(Albany, New York). 

Hall, J. 
1863: Descriptions of new species of Brachiopoda from 

the Upper Helderberg, Hamilton, and Chemung 
groups; New York State Cabinet, Natural History, 
Annual Report 16, p. 48, text-fig. 22-2 3. 

Hall, J., and Clarke, J.M. 
1892- An introduction to the study of the genera of 
1895: Palaeozoic Brachiopoda; New York Geological 

Survey, v. 8, pt. 1, p. 1-367, Pls. 1-20 (1892); pt. 2, 
p. 1-317 (1893), p. 319- 394, Pls. 21-84 (1895). 

Hargreaves, G.E., Hunt, A.O., deWitt, R., and Workman, L.E. 
(Lexicon Committee) 

1960: Lex icon of Geologic Names in the Western Canada 
Sedimentary Basin and Arctic Archipelago; 
Alberta Society of Petroleum Geologists, 380 p. 

Harrington, J. W. 
1971: Brachiopods of the Melville Island Group (Upper 

Devonian) Banks Island, N. W. T .; Bulletin of 
Canadian Petroleum Geology, v. 19, no. 4, 
p. 782-798. 

Hinde, G.J . 
1879: On conodonts from the Chazy and Cincinnati 

Group of the Cambro-Si lurian, and from the 
Hamilton and Genesee-Shale divisions of the 
Devonian, in Canada and the United States; 
Geological Society of London, Quarterly Journal, 
v. 35, pt. 3, p. 351 -369. 

Imperial Oil Limited, Western Division, Geological Staff 
1950: Devonian nomenclature in Edmonton area, 

Alberta, Canada; American Association of 
Petroleum Geologists, Bulletin, v. 34, no. 9, 
p. 1807-1825. 

Jansa, L.F., and Fischbuch, N.R. 
1974: Evolution of a Middle and Upper Devonian 

sequence from a elastic coastal plain-deltaic 
complex overlying carbonate reef complexes and 
banks, Sturgeon-Mitsue area, Alberta; Geological 
Survey of Canada, Bulletin 234, J 05 p., 42 figs. 



Johnson, J.G. and Klappe r, G. 
1978: Devonian brac hiopods and conodonts from centr a l 

Oregon; Journal of Paleontology, v. 52, no. 2, 
p. 295-299. 

Johnson, J.G., Klapper, G., and Trojan, W. 
in press: Brachiopod and conodont successions 

Devonian of northe rn Antelope Range, 
Nevada; Geologica e t Palaeontologica, 14. 

Johnson, J.G., and Norris, A.W. 

in the 
centra l 

1972: Tec nocyrtina, a new genus of Devoni a n 
brachiopods; Journal of Paleontology, v. 46, no. 4, 
p. 565-572, 2 Pis., 3 text-figs. 

Kindle, E.M. 
1928: The occurrence and correlation of a Devo nian 

fauna from Peace River, Alberta; Geological 
Survey of Canada, Contributions to Canadian 
Palaeon tology, Bulletin 49, p. 14-18. 

King, W. 
1850: 

Klapper, G. 

A monograph of the Permian fossils of England; 
Palaeontographical Society, Monograph 3, 
xxxvii +258 p., 29 Pis. 

1968: Preliminary outline of the conodont sequence 
within the Cedar Valley and State Quarry 
Limestones (Middle and Upper Devonia n) of 
southeastern Iowa and northwestern Illinois; an 
Appendix, in Glenister, B.F., and Rexroad, C .B., 
Conodont success ions; Geological Society of 
America, Northcentral Section Meeting 
Guidebook, Field Trip No. 6, p. 11-15. 

Klapper, G. and Johnson, D.B. 
197 5: Sequence in conodont genus Polygnathus in Lowe r 

Devonian a t Lone Mountain, Nevada; Geologica et 
Palaeontologica, v. 9, p. 65-83. 

Klapper, G. (with contributions by D.B. Johnson) 
1977: Lowe r and Middle Devonian conodont sequence in 

cen tral Nevada; in Murphy, M.A., Berry, W.B.N., 
a nd Sandberg, C.A., editors, Western North 
America: Devonian; California University, 
Riverside, Campus Museum Contribution no. 4, 
p. 33-54. 

Klapper, G., and Johnson, J.G. 
1980: Endemism and dispersal of Devonian conodonts; 

Journal of Paleontology, v. 54, no. 2, p. 400-455, 
4 Pis., 6 text-figs. 

Klapper, G. and Philip, G.M. 
1971: Devonian conodont appara tu ses a nd their vicarious 

skele tal elements; Le tha ia, v. 4, p. 429-452. 

1972: Familial classification of reconstructed Devon ia n 
conodont apparatuses; in Lindstrom, M. a nd 
Ziegler, W., editors, Symposium on conodont 
taxonomy, Geologica et Palaeontologica, v. SB!, 
p. 97-114. 

Klapper, G., Philip, G.M., and Jackson, J.H. 
1970: Revision of the Polygnathus varcus Group 

(Conodonta, Middle Devonian); Neues Jahrbuc h fi..ir 
Geologie und Palaontologie Monatshefte, Jahrgang 
1970, p. 650-667. 

Klapper, G., Sandberg, C.A., Collinson, C., Huddle J. W ., 
Orr, R.W., Ri ckard, L.V., Schumacher, D., Seddon, G., a nd 
Uyeno, T.T. 

1971: North Ame ri can Devonian Conodont 
Biostratigraphy; in Sweet, W .C., and Bergstrom, S. 
M., editors, Symposium on Conodont 
Biostratigraphy; Geological Society of America, 
Memoir 127, p. 285-316. 

Klapper, G., and Ziegler, W. 
1979: Devonia n conodont biostratigraphy; in 

House, M.R., Scrutton, C.T., and Bassett, M.G., 
editors, The Devonian System, Special Papers in 
Palaeontology, no. 23, p. 199-224. 

La ne, H.R., and Ormiston, A.R. 
1979: Siluro-Devonian biostratigraphy of the 

Law, J. 

Salmontrout River area, east-central Alaska; 
Geologica et Palaeontologica, v. 13, p. 39-96. 

19 5 5a: Rock uni ts of northwes tern Alberta; Alberta 
Society of Petroleum Geologists, Journal, v. 3, 
no. 6, p. 81-83. 

l 955b: Geology of northwestern Alberta an d adjacent 
areas; American Association of Petroleum 
Geologists, Bulletin, v. 39, no. 10, p. 1927-1975. 

Leavitt, E.M., and Fischbuch, N.R. 
1968: Devonia n nomenclatural changes, Swan Hills area, 

Alberta; Bulletin of Canad ian Petroleum Geology, 
v. 16, no. 3, p. 288-297. 

Le nz, A.C., and Pedder, A.E.H. 
1972: Lowe r and Middle Paleozoic sed iments and 

paleontology of Royal Creek and Peel River, 
Yukon, a nd Powell Creek, N.W.T.; 24th 
International Geological Congress, Guidebook, 
Field Excursion A 14. 

Lindstrom, M., and Ziegler, W. 
1966: Ein Conodontentaxon a us vier morphologisch 

Martin, W. 
1809: 

verschiedenen Typen; 
Geologie von Rheinland 
p. 209-218 [imprint 1965]. 

Fortschritte in der 
und Westfalen, v. 9, 

Petrificata derbiensia; or figures and descriptions 
of petrifications collec ted in Derb yshi re; Wigan. 

Maurin, A.F., and Raasch, G.O. 
1972: Early-Frasnian stratigraphy, Kakwa-Cecilia 

Lakes, British Columbia, Canada; TOTAL, 
Compagnie Franc;:aise des Petroles, Notes et 
Memoires, no. l 0, 80 p., 12 Pis. , (Paris). 

McCammon, H. 
1960: Fauna of the Manitoba Group in Manitoba; 

Manitoba Department of Mines and Natural 
Resources, Mines Branch, Publication 59-6, 80 p., 
13 Pis., 4 tables, 2 text-figs. 

McGregor, D.C., a nd Uyeno, T.T. 
1972: Devonia n spores and conodonts of Melville and 

Bathurst Is lands, District of Franklin; Geological 
Survey of Canada, Paper 71-13. 

31 



McLaren, D.J. 
1961: Three new genera of Givetian and Frasnia n 

(Devonian) rhynchone lloid brachiopods; lnstitut 
royal des Sciences naturelles de Belgique, 
Bulletin 37, no. 23, p. 1-7, Pis. 1, 2. 

1962: Middle and early Upper Devonian rhynchone lloid 
brachiopods from western Canada; Geological 
Survey of Canada, Bulletin 86, p. 1-222, Pis. 1-18, 
29 tex t -figs. 

McLaren, D.J., Norris, A.W., and McGregor, D.C. 
1962: Illustrations of Canadian fossils, Devonian of 

western Canada; Geological Survey of Canada, 
Paper 62-4, 34 p., 16 Pis . 

M'Coy, F. 
1844: A synopsis of the characters of the Carboniferous 

limestone fossils of Ireland; 207 p., 29 Pis., 
34 text- figs. (Dublin). 

Meek, F.B. 
1868: Remarks on the geology of the valley of the 

Mackenzie River, with figures a nd descriptions of 
foss ils from that region, in the museum of the 
Smithsonian Institution, ch iefly collected by the 
late Robert Kennicott, Esq.; Chicago Academy of 
Sciences, Transactions, v. 1, p. 61-114, Pis. 11-15 
(1867). 

Miller, S.A. 
1894: Palaeontology; Indiana Department of Geology 

and Natural Resources, Report 18, p. 257-333, 
Pis. 1-12. 

Moore, R.C., editor 
1965: Brachiopoda, Part H, Treatise on Invertebrate 

Paleontology; Geological Society of America and 
University of Kansas Press, v. 1, p. i+xxxii, 1-522; 
v. 2, p. 523-927. 

Mosher, LC. and Clark, D.L. 
1965: Middle Triassic conodonts from th e Prida 

Formation of northwestern Nevada; Journal of 
Paleontology, v. 39, no. 4, p. 55 1-565. 

Mouravieff, A. 
1974: Guidebook to Excursion F; International 

Symposium on Belgian Micropaleontological 
Limits from Emsian to Visean, Namur, Belgium, 
1974, Bouckaert, J., a nd Streel, M., edi tors, 
Geological Survey of Belgium. 

Muir- Wood, H., and Cooper, G.A. 
1960: Morphology, c lassification a nd li fe habits of the 

Productoidea (Brachiopoda); Geological Society of 
America, Memoir 81, 447 p., 135 Pis., 8 text-figs. 

Muller, K.J., and Muller, E.M. 
1957: Early Upper Devonian (independence) conodonts 

from Iowa, Part I; Journal of Paleontology, v. 31, 
no. 6, p. 1069-1108. 

Murray, J.W. 

32 

1965: Stratigraphy and carbona t e petrology of the 
Waterways Formation, Judy Creek, Alberta, 
Canada; Bulletin of Canadian Petroleum Geology, 
v. 13, no. 2, p. 303-326. 

1966: An oi l producing reef-fringed carbonate bank in 
the Upper Devonian Swan Hills Member, Judy 
Creek, Alberta; Bulletin of Canadian Petroleum 
Geology, v. 14, no. 1, p. 1-103. 

Nalivkin, D.V., editor 
1947: Atlas Rukovodyashchikh form iskopaemykh faun 

S.S.S.R.: Devonskaya sistema Moskva-Leningrad; 
Ves. Nauchno-Issledov. Ministerstvo geologii 
SSSR. Vses geologicheskii institut, v. 3, p. 1- 245, 
Pis. 1-56 [Atlas of the guide forms of fossi l 
faunas of the USSR: Devonian System 
Moscow-Leningrad]. (In Russian). 

Nicoll, R.S. 
1977: Conodont apparatuses in an Upper Devonian 

palaeoniscoid fish from the Canning Basin, 
Western Austral ia; Bureau of Mineral Resources, 
Journal of Australian Geology and Geophysics, 
v. 2, p. 217-228. 

Norris, A.W. 
1963: Devonian stra tigrap hy of northeastern Alberta and 

northwestern Saskatchewan; Geological Survey of 
Canada, Memoir 313, 168 p., 12 figs. 

1965: Stratigraphy of Middle Devonian a nd older 
Palaeozoic rocks of the Great Slave Lake region, 
Northwest Territories; Geological Survey of 
Canada, Memoir 322, 180 p., 9 figs . 

1973: Paleozoic (Devonian) Geology of northeastern 
Alberta and northwestern Saskatchewan; in 
Carrigy, M.A., and Kramers, J.W., editors, Guide 
to the Athabasca Oil Sands a rea, Albe rta 
Research, Information Series 65, p. 15-76, 7 text­
figs., and Appendix . 

Norris, A.W., and Uyeno, T.T. 
1972: Stratigraphy and conodont faunas of 

Devonian outcrop belts, Manitoba; Geological 
Association of Canada, Special Paper no. 9, 
p. 209-223 [imprint 1971]. 

in press: Biostratigraphy a nd paleontology of Middle-Upper 
Devonian boundary beds, Gypsum Cliffs area, 
northeastern Alberta; Geological Survey of 
Canada, Bulletin 313. 

Norris, A.W., Uyeno, T.T. , and McCabe, H.R. 
in press: Devonian rocks of the Lake Winnipegosis-Lake 

Manitoba outcrop belt, southwestern Manitoba; 
Geological Survey of Canada, Memoir 392, and 
Manitoba Geological Services Branch, 
Publication 77- 1. 

Orchard, M.J. 
1978: The conodont biostratig raphy of the Devonian 

Plymouth Limestone, South Devon; Palaeontology, 
v. 21, pt. 4, p. 907-955. 

Pedder, A.E.H. 
197 5: Revised megafaunal zonation of Middle and lowest 

Upper Devonian strata, central Mackenzie Valley; 
Geological Survey of Canada, Paper 7 5-1, Part A, 
p. 571-576. 

Perry, D.G., Klapper, G., and Lenz, A.C. 
1974: Age of the Ogi lvie Formation (Devonian), northern 

Yukon: based primarily on the occurrence of 
brachiopods a nd conodonts; Canadian Journal of 
Earth Sciences, v. 11, no. 8, p. 1055-1097. 

Philip, G.M., a nd McDonald, L. 
197 5: A provisional phylogeny for some reconst ructed 

Late Devonian polygnathid conodont apparatuses; 
Alcheri nga, v. 1, p. 97-107. 



Pitrat, C.W. 
197 5: Or thospir ifer new genus of Devonian spinocyrtiid 

brachiopods; Journal of Paleontology, v. 49, no. 2, 
p. 387-394, 2 Pis., I text-fig. 

Pollock, C.A. 
1968: Lo wer Upper Devonian conodonts from Alberta, 

Canada; Journal of Paleontology, v. 42, no. 2, 
p. 415- 443, Pis. 61 -64, 2 text-figs. 

Raymond, P.E. 
1911: The Brachiopoda a nd Ostracoda of the Chazy; 

Carnegie Museum, Anna ls, v. 7, no. 2, p. 215-259. 

Requadt, H., a nd Weddige, K. 
1978: Lithostratigraphie und Conodontenfaunen der 

W issenbac her Fazies und ihrer Aquivalente in der 
sudwest lichen Lahnmulde (Rheinisches 
Schiefergebirge); Mainzer Geowissenschaftliche 
Mitteilungen, v. 7, p. 183-237. 

Richmond, W .0. 
1965: Paleozoic stratigraphy and sedimentation of the 

Slave Point Formation, southern Northwest 
Territories and northern Albe rta; unpublished 
Ph.D. thesis, Stanford Un ive rsity. (Reproduced by 
University Microfilms, Ann Arbor, Michigan, 
U.S. A., 1968). 

Rowley, R.R. 
1900: Descriptions of new species of fossils from the 

Devonian a nd subCarboniferous rocks of Missouri; 
The Ame rican Geologist, v. 25, p. 26 1-273, Pl. 5. 

Rzhonsnitskaya, M.A. 
l 960a: Order At rypida; in Sarycheva T.G., editor, Osnovy 

paleontologii, Brachiopoda, Akademy Nauk SSSR, 
p. 257-264, Pis. 53- 56, figs. 310- 335, Moscow (In 
Russian) . 

I 960b: The genus Gruenewaldtia from the Devonian of 
the SSSR; Sborn ik Statie po Paleontologii i 
Biostratigrafii, NIIGA, no. 20, p. 45-50, Pis. 1-2. 
(In Russian). 

1964: On Devonian atrypids from the Kuznetsk Basin; 
Transactions of the All - Union Scientific Research 
Institute for Geology (VS EG El), Paleontology and 
Stratigraphy, n. ser., v. 93, p. 91 -112 , 2 Pis., 
Leningrad (In Russian). 

Sandberg, C.A. 
1979: Devonian a nd Lower Mississippian conodont 

zonation of the Great Basin a nd Rocky Mountains; 
in Sandberg, C.A. a nd Clark, D.L., editors, 
Conodont biostratigraphy of the Great Basin and 
Rocky Mountains, Br igham Young Un iversity 
Geology Studies, v. 26, part 3, p. 87-1 05. 

Sandberg, C.A., and Poole, F.G. 
1977: Conodont biostratigraphy and depositional 

complexes of Upper Devonian cratonic-platform 
and continental- shelf rocks in the western United 
States; in Murphy, M.A., Berry, W .B.N, and 
Sandberg, C.A., editors, Western North America: 
Devonian, California Unive rsit y, Riverside, 
Campus Museum Contribution no. 4, p. 144-182. 

Sandberg, C.A ., and Ziegler, W. 
1979: Taxonomy and biofacies of important conodonts of 

Late Devonian styriacus-Zone, United States and 
Ger many; Geologica et Palaeontologica, v. 13, 
p. 173-212. 

Sannemann, D. 
19 55: Oberdevonische Conodonten (toilet); Senckenberg­

iana Jethaea, v. 36, p. 123-1 56. 

Savage, N.M ., a nd Amundson, C.T. 
1979: Middle Devonian (Givetian) conodonts from 

centra l Oregon; Journal of Paleontology, v. 53, 
no. 6, p. 1395- 1400. 

Sch lotheim, E.F. 
1820: Die Petrefactenkunde auf ihrem jetzigen 

Shaffer, B. 

Standpunkt du rch die Beschreibung einer 
Sammlung verstei nerter und fossiler Ube rreste des 
Thier- und Pflanzenreichs der Vorwelt; 1, Das 
Thierreich, p. i-lxii, 1-378, (Becker) Gotha. 

1963: A unique ontogeny in so me polygnath id conodonts; 
The Compass (of Sigma Gamma Epsilon), v. 41, 
no. 1, p. 14-1 9. 

Skall, H. 
1975: The paleoenvironment of the Pine Point Lead-Zinc 

district; Economic Geology, v. 70, p. 22- 45 . 

Stainbrook, M.A. 
1938: A try pa and Stropheodonta from the Cedar Va ll ey 

beds of Iowa; Journal of Paleontology, v. 12, no. 3, 
p. 229-256, Pis. 30- 35. 

1940: Orthoid brachiopods of the Cedar Valley 
Limestone of Iowa; American Midland Naturalist, 
v. 23, no. 2, p. 482-492, 2 Pis . 

1941: Terebratulacea of the Cedar Valley beds of Iowa; 
Journal of Paleontology, v. 15, no. 1, p. 42- 55, 
Pis. 7- 8, l 0 text-figs. 

l 943a: Strophomenacea of the Cedar Valley 
Limestone of Iowa; Journal of Paleontology, v. 17, 
no. I, p. 39-59, Pis. 6- 7. 

l 943b: Spiniferacea of the Cedar Valley Limestone of 
Iowa; Journal of Paleontology, v. 17, no. 5, p. 4 17-
450, Pis. 65-7 0, figs. 1-14. 

1945: Brachiopoda of the Independence Shale of Iowa; 
Geological Society of America, Memoir 14, 74 p., 
6 Pis., 2 text-figs. 

Stainbrook, M.A., and Ladd, H.S. 
1926: The fauna of the State Quarry beds; Iowa 

Academy of Science, Proceedings for 1924, v. 31, 
p. 353-361. 

Stauffer, C.R. 
1938: Conodonts of the Olentangy Shale; Journal of 

Paleontology, v. 12, no. 5, p. 41 l-443. 

1940: Conodonts from the Devonian and associated clays 
of Minnesota; Journal of Paleontology, v. 14, 
no. 5, p. 417-435. 

Sweet, W .C. and Schonlaub, H.P. 
197 5: Conodonts of the genus Oulodus Branson and 

Mehl, 1933: Geolog ica et Palaeontologica, v. 9, 
p. 41-59. 

Tsien, H.H. 
1977: The sequence and distribution of Frasnian rugose 

coral faunas in Belg ium ; in Second International 
Symposiu m on corals and fossi l cora l reefs, Paris, 
Sept. 197 5, Memoirs du Bureau de Recherches 
Geologiques et Minieres, p. 203-220. 

33 



Ulrich, E.O., a nd Bassler, R.S. 
1926: A classification of the toothlike fossils, 

conodonts, with descriptions of American 
Devonian and Mississ ippian spec ies; Proceedings 
of the United States National Museum, v. 68, 
art ic le 12, p. 1- 63. 

Uyeno, T.T. 
1967: Conodont zonation, Waterways Formation (Upper 

Devonian), northeastern and central Albe rta; 
Geological Survey of Canada, Paper 67-30. 

1974: Conodonts of the Waterways Formation (Upper 
Devonian) of northeastern and central Alberta; 
Geological Survey of Canada, Bulletin 232. 

1979: Devonian conodont biostratigraphy of Powell 
Creek and adjacent areas, western District of 
Mackenzie; in Stelck, C.R., and 
Chatterton, B.D.E., editors, Western and Arctic 
Canadian Biostratigraphy, Geological Association 
of Canada, Special Paper 18, p. 233-257 [imprint 
1978]. 

Uyeno, T.T. and Mason, D. 
197 5: New Lower and Middle Devonian conodonts from 

northern Canada; Journal of Paleontology, v. 49, 
no. 4, p. 710-723. 

van den Boogaard, M., and Kuhry, B. 
1979: Statistical reconstruction of the Palmatolepis 

apparatus (Late Devonian conodontophorids) at 
the generic, subgener ic, and specific level; Scripta 
Geologica, v. 49, p. 1-57. 

Walcott, C .D. 
1884: Paleontology of the Eureka district, Nevada; 

United States Geological Survey, Monograph, v. 8, 
298 p., 24 Pis. 

Warren, P.S. 
1933: Age of Devonian li mestone at McMurray, Alberta; 

Canadian Field Naturalist, v. 47, no. 8, p. 148-149. 

1942: The Spiri fer a rgentarius fauna in the Canadian 
Rockies; Royal Society of Canada, Transactions, 
ser . 3, v. 36, sec. 4, p. 129-136. 

1944: Index brachiopods of the Mackenzie River 
Devonian; Royal Society of Canada, Transactions, 
ser. 3, v. 38, sec. 4, p. 105-135, 3 Pis. 

1957: The Slave Point Formation; Edmonton Geological 
Society Quarterly, v. 1, no. 1, p. 1, 2 and 5. 

Warren, P.S., and Stelck, C.R. 
19 56: Devonian faunas of weste rn Canada; in Reference 

Fossils of Canada, Part l ; Geological Association 
of Canada, Special Paper No. 1, 15 p., 29 Pis. 

Webster, C.L. 

34 

1921: Notes on the genus Atrypa with descriptions of 
new species; Ame rican Midland Natural ist, v. 7, 
p. 13-20. 

Weddige, K. 
1977: Die Conodonten der Eifel-Stufe im Typusgebiet 

und in benachbarten Faziesgebieten; 
Senckenbergiana lethaea, v. 58, p. 271 - 419 . 

Whitaker, S.H., and Pearson, D.E. (compilers) 
1972: Geological map of Saskatchewan; Saskatchewan 

Department of Mines and Resources and 
Saskatchewan Research Council . 

Whiteaves, J.F. 
1891: The fossils of the Devonian rocks of the 

Mackenzie River Basin; Geological Survey of 
Canada, Contributions to Canadian Palaeontology, 
v. 1, pt. 3, no. 5, p. 197-253, Pis. 27-32. 

Williams, A. 
1953: North American and European Stropheodontids: 

Their morphology and systematics; Geological 
Society of America, Memoir 56, 67 p., 13 Pis., 
5 text-figs. 

Youngquist, W .L. 
1945: Upper Devonian conodonts from the Independence 

Shale(?) of Iowa; Journal of Paleontology, v. 19, 
no. 4, p. 355-367. 

Ziegler, W. 
19 58: Conodontenfeinstratigraphische Untersuchungen 

an der Grenze Mitteldevon/Oberdevon und in der 
Adorfstufe; Notizblatt des Hessischen 
Landesamtes fi.ir Bodenforschung, v. 87, p. 7- 77. 

1962: Taxionomie und Phylogenie Oberdevonischer 
Conodonten und ihre stratigraphische 
Bedeutung; Abhandlungen des Hessischen 
Landesamtes fi.ir Bodenforschung, v. 38. 

1971: Conodont stratigraphy of the European Devonian; 
in Sweet, W.C., and Bergstrom, S.M., editors, 
Symposium on conodont biostratigraphy, 
Geological Society of America, Memoir 127, 
p. 227-284. 

Zieg ler, W. (editor) 
1973: Catalogue of Conodonts; E. Schweizerbart'sche 

Verlagsbuchhandlung, v. 1. 

197 5: Catalogue of Conodonts; E. Schweizerbart'sche 
Verlagsbuchhandlung, v. 2. 

Ziegler, W., Klapper, G., and Johnson, J.G. 
1976: Redefinition and subdivision of the varcus-Zone 

(Conodonts, Middle-?Upper Devonian!TrlEurope 
and North America; Geologica et Palaeontologica, 
v. 10, p. 109-140. 



Unit 

APPENDIX I 

Description of a composite section of part of the Slave Point Formation exposed at 
station 356NB (58°22'25"N, l l 2°07'05"W) on the south side of Point de Roche, southwest 
shore of Lake Claire, and parts of the Waterways Formation discontinuously exposed on 
Birch River between stations 8NB (58°19'40"N, ll3°03'57"W) and 17NB (58°18'20"N, 
l 13°09'00"W), northeastern Alberta. 

Section at Pointe de Roche measured by A. W. Norris, 28 August 1961; and sections on 
Birch River measured by A. W. Norris and R. Schulz, during July 1979. 

UPPER DEVONIAN 
Waterways Formation 

Slave Point Formation 

Desc ription 

UPPER DEVONIAN 

Waterways Formation 

22. 05 m ( 72 . 34 ft); incomplete 

l. 83 m ( 6. 0 ft); incomplete 

Thickness 
Unit 

VII Limestone micritic, medium to dark brown, beds up to 0.3 m thick, interbedded with 
limestone, argillaceous, micritic, light greenish grey, soft, rubbl y beds up to about 0.15 m 
thick; unit as a whole is relative ly resistant, weathers a buff brown, conta ins sparse 
megafossils. 0.7 

VI 

Unit VII is exposed only in the upper part of the section at station l 7NB, at the most 
westerly of the Waterways outcrops on Birch River. Station I 7NB is located on the south 
bank of Birch River at 58°18'20"N, ll3°09'00"W bearing 071T at 3.2 km (2 miles) from the 
mouth of Alice Creek. Bedding: 050T /7NW. 

Sample 17NBb (GSC Joe. C-74183) from 0.6 to 0.7 m above base of unit VII (21.9 5 to 
22.05 m above base of Waterways outcrops). 

Sample l 7NBa (GSC Joe. C- 74182) from 0.3 to 0.4 m above base of unit VII (21.65 to 
21.75 m above base of Waterways outcrops). 

Composite megafauna from unit VII: 

Eostrophalosia sp. cf. ~- pedderi Crickmay 
Devonoproductus sp. cf. _Q_. tertius Crickmay 
Pseudoatrypa sp. 
Eleutherokomma sp. cf. ~- jasperensis C rickmay 
c ir c ular echinoderm ossicle with single axial canal 
barrel-shaped echinoderm ossicle with single axial canal 

Limestone, mic ritic, slightly argillaceous along parting planes, light greenish grey, beds 
highly irregular and up to 0.2 m thick, unit highly resistant,weathers light brownish grey. 

Parts of unit VI are exposed at stations l 7NB (upper I. 9 m), l 8NB (lower 0.6 m), l 9NB 
(2 m), 21NB (lower 1.2 m), 23NB (1.5 m), 15NB (2.2 m) and 14NB (lower 1.5 m). 

Station 18NB is located on the east bank of Birch River at 58°18 '30"N, l l3°08'35"W 
bearing 069T at 4.3 km (2.7 miles) from the mouth of Alice Creek. Bedding: l40T/2 - 3NE. 

Station l 9NB is located on the north bank of Birch River at 58° l 9'00"N, l l 3°08'50"W 
bearing 053T at 4.3 km (2.7 miles) from the mouth of Alice Creek. Bedding: 037T/17SE. 

Station 21NB is located on the east bank of Birch River at 58°18'57"N, l l3°07'55"W 
bearing 063T at 4.8 km (3 mi les) from the mouth of Alice Creek. Bedding: Flat. 

Station 23NB is located on the south bank of Birch River at 58° l8'29"N, l l3°06'03"W 
bearing 076T at 5.6 km (3.5 miles) from the mouth of Alice Creek. Bedding: Flat. 

Station 15NB is located on the south bank of Birch River at 58°18 '40"N, l 13°06'30"W 
bearing 061T at 5.6 km (3.5 miles) from the mouth of Alice Creek. Bedding: Flat. 

Station 14NB is located on the east bank of Birch River at 58°19 '25"N, l 13°05'1 4"W 
bearing 073T at 6.4 km (4 miles) from the mouth of Alice Creek. Bedding: Flat. 

2.9 

(metres) 
From base 

22.05 

21.35 
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APPENDIX I (cont'd) 

Description 

Sample 19NBa (GSC Joe. C-74189) from 1.9 to 2.0 m above base of unit VI (20.35 to 
20.45 m above base of Waterways outcrops). 

Sample 23NBa (GSC Joe. C-74199) from 1.5 to 1.6 m above base of unit VI (19.95 to 
20.05 m above base of Wa terways outcrops). 

Sample l 4NBa (GSC Joe. C-74 l 77) from 1.4 to 1.5 m above base of unit VI (19.85 to 
19.95 m above base of Waterways outcrops). 

Sample 14NBb (GSC Joe. C-74180), sample 15NBa (GSC Joe. C-74181), and sample 
17NBc (GSC Joe. C- 74185) from 1.3 to 1.4 m above base of unit VI (19.75 to 19.85 m above 
base of Waterways outcrops). 

Sample 18NBc (GSC Joe. C-74187) from 0.5 to 0.6 m above base of unit VI (18.95 to 
l 9.05 m above base of Waterways outcrops). 

Sample 21NBb (GSC Joe. C-74194) and sample 14NBJ (GSC Joe. C-74177) from 0 to 
0. l m above base of unit VI (18.45 to 18.55 m above base of Waterways outcrops). 

Composite megafauna from unit VI: 

cf. Saffordotaxis sp. 
Petrocrania sp. 
Schizophoria sp. cf.~· la ta Stainbrook 
Schizophoria sp. 
Strophodonta (Strophodonta) sp. A 
Eostrophalosia sp. 
Devonoproductus sp. cf. Q_. tertius Crickmay 
Ladogioides asmenista (Crickmay) 
Desguamatia sp. 
Tecnocyrtina sp. A 
Allanaria minutilla Crickmay 
Eleutherokomma sp. cf. ~· impennis Cric kmay 
Eleutherokomma sp. cf. ~ jasperensis Crickmay 
Eleutherokomma sp. 
Cranaena sp. 
Parac yclas sp. 
undet. pelecypod 
undet. gastropod - small, spirally coiled 
Spirorbis sp. 
undet. ostracode 
c ircular echinoderm ossicle with single axial canal 
barrel-shaped echinoderm ossicle with single axial canal 
crinoid attachment process 

Mudstone, highly calcareous, medium greenish grey, with irregular thin interbeds, in part 
nodular, of limestone, argillaceous, micritic, medium greenish grey; unit mainly poorly 
exposed, recessive, weathers light greenish grey; macerated megafossils present in 
argillaceous limestone beds; this unit is one of the more distinctive markers of the 
Waterways Formation on Birch River. 

Unit Vis exposed at stations 18NB (0.9 m), 21NB (0.9 m) and 22NB (0.7 r.n). 

Station 22NB is located on the southwest bank of Birch River at 58°18'40"N, 
113°07'35"W bearing 071T at 4.9 km (3.1 miles) from the mouth of Alice Creek. Bedding: 
Flat. 

Sample 18NBb (GSC Joe. C-74186) from 0.8 to 0.9 m above base of unit V (18.35 to 
18.45 m above base of Waterways outcrops). 

Sample 22NBd (GSC Joe. C-74198) from 0.6 to 0.7 m above base of unit V (18.15 to 
18.25 m above base of Waterways outcrops). 

Sample 21NBa (GSC Joe . C-74193) from 0.4 to 0.5 m above base of unit V (17.95 to 
18.05 m above base of Waterways outcrops). 

Thickness 
Unit 

0.9 

(metres) 
From base 

18.45 
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IV 

APPENDIX I (cont'd) 

Descr iption 

Composite megafauna from unit V: 

Devonoproductus sp. cf. .Q_. tertius Crickmay 
Pseudoatrypa? sp. cf . f· ? blackhawkensis (Stainbrook) 
ci rc ular echinoderm ossicle with s ingle ax ial canal 
ba rrel-shaped echinoderm ossicle with single ax ial cana l 

Limestone, in part very slightl y argi Jl aceous, micritic, light brown to light greenish grey, 
beds irregular a nd in part nodular, gene ra ll y between 4 to 7 cm thi ck, uni t is highly 
resistant, weathers light greenish grey; scattered beds are ric hly foss ili ferous, megafossils 
are commonly highly macera ted. 

Unit IV is exposed at st a tions 18NB (upper 1.7 m), 20NB (J.8 m), 21NB (upper 0.9 m), 
22NB (u ppe r 3.1 m), l 3NB (loose fragments), 11 NB (lower 1.3 m) a nd l ONB (lower 0.4 m) . 

Station 20NB is located on the east bank of Bir c h River at 58°19 '1 2"N, 113°07'55"W 
bearing 059T a t 5.1 km (3.2 miles) from the mouth of Alice Creek. Bedding: l 20T /7S W. 

Station 13NB is located on the sou th bank of Bir ch River a t 58°18'33"N, l l 3°05'1 5"W 
bearing 079T at 7.7 km (4.8 miles) from the mouth of Alice Creek. Bedding: 
undeterminable. 

Station llNB is located on the south bank of Birc h River at 58° 18'48"N, ll 3°04'36"W 
bea ring 080T a t 8 km (5 miles) from the mouth of Al ice Creek. Bedding: 195T/10W. 

Station lONB is located on the east ba nk of Birch River a t 58°18'50"N, l l3 °04'05"W 
bearing 076T a t 8.9 km (5.6 miles) from the mouth of Alice Creek . Bedding: Fla t. 

Sample 18NBd (GSC loc. C- 74188) and sample 22NBc (GSC loc . C- 74 192) from 3.25 to 
3.35 m above base of unit IV (17.45 to 17.55 m above base of Waterways outcrops). 

Sample 20NB (GSC loc. C-74 191) from 3.2 to 3.3 m above base of unit IV (17.4 to 
17.5 m a bove base of Waterways outcrops) . 

Sample 21NBc (GSC Joe. C- 74195), sample 20NBa (GSC Joe . C-74190) a nd sample 
18NBa (GSC Joe. C-74185) from 2.45 to 2.55 m above base of unit IV (16.65 to 16.75 m 
above base of Waterways outcrops). 

Sample 22NBb (GSC Joe. C-74197) from 2.12 to 2.22 m above base of unit IV (16.32 to 
16.42 m above base of Waterways outcrops) . 

Sample ll NBa (GSC Joe. C-74172) from 0.8 to 0.9 m above base of unit IV (15.0 to 
15.l m a bove base of Waterways outcrops) . 

Sample 22NBa (GSC loc . C-74 196) from, 0.7to 0.8 m above base of unit IV (14.9 to 
15.0 m above base of Waterways outcrops). 

Sample lONBa (GSC Joe. C- 74 172) from 0.2 to 0.3 m above base of unit IV (14.4 to 
14.5 m above base of Waterways outcrops). 

Composite megafauna from unit IV: 

a lgal fragments 
auloporid 
Tabuloph yllum ? sp. 
cf . Saffordotaxis sp . 
Schizophoria sp . 
Strophodonta (St rophodonta) sp . A 
Ne rvost rophia sp. 
Eostrophalosia sp. cf . £ pedderi C ric kmay 
Eostrophalosia sp. 
Devonoproduc tus sp. cf . .Q_. tert ius Crickmay 
Ladogioides asme nista (Crickmay) 
Va ria trypa (Ra diatrypa) c la rkei (Wa rren) 
Desquamatia sp. 
Pseudoatrypa? sp. cf. f.? blackhawkensis (Stainbrook) 
Pseudoatrypa sp. cf. f. gigantea (Webster) 

Thic kness 
Unit 

3.35 

(metres) 
From base 

17 .55 
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APPENDIX I (cont'd) 

Description 

Pseudoatrypa sp . 
Spinatrypina (Exatrypa) sp. A 
Tecnocyrtina sp. A 
Alla ne lla minutilla Crickmay 
Eleutherokomma sp. cf . E_. impe nnis Crickmay 
Eleutherokomma sp. cf. E_. jasperensis (Warren) 
undet. gastropod - small, spir a ll y coi led 
undet. gastropod - planispiral 
Tentaculites sp. 
Spirorbis sp. 
circular echinoderm ossic le with single axial canal 
barrel-shaped echinoderm ossic le with single axial canal 

Mudstone, highly calcareous, greenish grey, soft, recessive, very poorly exposed, weathers 
light greenish grey, megafossils sparse. 

Parts of unit III are exposed at sta tions 12NB (lower 4 m), llNB (uppe r I m) and IONB 
(upper I m). Station 12NB is located on th e south bank of Birch River at 58° !8'32"N, 
I 13°04'40"W bearing 079T at 7.8 km (4.9 miles) from the mouth of Alice Creek. 

Sample 11 NBb (GSC Joe. C- 74174) from 4.4 to 4.5 m above base of unit III (14.1 to 
14.2 m above base of Waterways out crops). 

Sample IONBb (GSC Joe. C- 74173) from 4.3 t o 4.4 m above base of unit III (1 4.0 to 
14.1 m a bove base of Waterways outc rops). 

Sample 12NBb (GSC Joe . C-74176) from 0.2 to 0.3 m above base of unit Ill (9.9 t o 
I 0 m above base of Waterways outcrops). 

Composi t e megafauna from unit Ill: 

cf. Saffordotaxis sp. 
Schizophoria sp. cf.~· lata Stainbrook 
St rophodonta (Strophodonta) sp. A 
Spirorbis sp. 

Limestone, moderately a rgi ll aceous, micritic, greenish grey, irregular thin beds up t o 4 c m 
thick, relatively resistant, weathers light greenish grey, contains ab undant macerat ed 
skeletal material; richly fossil ife rous. 

Unit II is exposed only at station 12NB. 

Sample l 2NBa (GSC Joe. C- 7417 5) from 0.4 to 0.6 m above base of unit II (9.4 to 
9.6 m above base of Waterways outcrops); megafossils comprise: 

cf. Saffordot ax is sp. 
Schizophor ia sp. cf.~· la ta Stainbrook 
Ladogioides asmenista (Crickmay) 
Variatrypa (Radiatrypa) c la rkei (Wa rre n) 
Pseudoatrypa sp. cf . _i:. gigantea (Webster) 
Pseudoatrypa sp . 
Athyr is parvula Whiteaves 
Tecnocyrt ina sp. A. 
Eleutherokomma sp. cf . E_ impennis Crickmay 
Tentaculites sp. 
c ir cula r echinoderm ossicle with sin gle ax ia l cana l 
c ir cula r echinoderm ossicle with five star-shaped axial canal 
five-sided echinoderm ossicle wi th single axial canal 

Limestone, highly a rgil lceous, micritic, greenish grey, irregularly thin bedded, recessive, 
weathers light greenish grey, interval is mainly covered but is represented by numerous 
loose fragments at station l 2NB; not sam pled. 

Thickness 
Un it 

4.5 
(est.) 

0.7 

4.5 
(est.) 

(metres) 
From base 

14.2 

9.7 

9.0 



APPENDIX I (cont'd) 

Unit Desc ription 

l a Covered interval; loose fragments from upper pa rt of interval consist of limestone, 
micritic, light brown, beds up to 9 c m thick, some layers with considerable sparry calcite, 
some thin layers appear to be fin e ly brecciated, contains very finely macerat ed ske le t a l 
fragments, weathers light brown with patc hes of pa le orange ocherous staining. Loose 
fragments fro m lowe r part of interval consist of limestone, micritic, mode ra t ely 
argillaceous, medium to light brown, very evenly thin be dded, fiss ile, weather li ght t a n 
brown, worm burrowings pa ra llel to bedding noted in one fr agme nt, fossils sparse, 
fragmentary, and highl y abraded. 

3 

2 

Represented at station 8NB which is located on th e west and east banks of Birch 
River at about 58° l 9'40"N, 1 l3°03'57"W bearing 072T at 9.4 km (5.9 miles) from th e mouth 
of Alice Creek . 

Sample 8NBa (GS C Joe . C-74169) collected loose from between 4.2 and 4.5 m above 
river level and base of Waterways section on the west bank of Birch River. 

Sample 8NBb (GS C Joe. C-74170) collect ed loose from between 0 and 0.4 m above 
river le vel and base of Waterways section on east bank of Birch River. 

Composite megafauna from unit la inte rv a l: 

cf. Saffordotaxis sp. 
productellid fr ag ments 
Vari a trypa (Radiatrypa ) clarkei (W arre n) 
Tecnocyrtina sp. A 
Allanella minutilla Crickmay 
Eleuthe rokomma sp. c f. S_. impennis Crickmay 
unde t. gastropod - sma ll, spir a ll y coiled 
circular echinoderm ossicle with single ax ial canal 

Covered inte rval unknown between base of lowest outcrops of Waterways Formation on 
Birch River and base of formation. 

Slave Point Forma tion 

Covered inte rval unknown to top of Slave Point Formation. 

Limestone, calcarenite, angula r light brown lithic fr agments in a matrix of darker brown 
micritic limestone and sparry calcite, beds irregula r , up to 5 cm thick, weathering light t an 
brown, contai ns spa rse megafossils. 

Unit l is exposed immediately a bove lake level at st a tion 356NB a t 58°22'25"N, 
l l 2°07'05"W on th e south side of Point de Roche on the southwest shore of Lake Clai re . 
Bedding: estimated 130T/2SW. 

Sample 356NBa (GSC Jo e . 45964) sparse fossils collect ed from the uppe r 0.3 m of 
unit 1: 

Desguamat ia sp. 
undet. a trypid fragments 

Sa mple 356NBb (GSC Joe. 4596 5) foss ils collected loose in unit 1 interval between 
0 and 1.83 m a bove base of section: 

stroma toporoid, bulbous 
Desguamatia sp. 
Te ntaculites sp. 

Thick ness 
Unit 

4.5 

55 
(est.) 

3 
(est .) 

1.83 
(exposed) 

(metres) 
From base 

4.5 

1.83 
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PLATE l 

Beds of units lb, II and III of the Waterways Formation poorly 
exposed at station l 2NB (58° l 8'32"N, l l 3°04'40"W) on the south 
bank of Birch River bearing 079T at 7.8 km (4.9 miles) from the 
mouth of Alice Creek. The top of unit II can be seen about one­
half way up the slope. (Photograph No. 1390-9, AWN, 1979). 

PLATE 2 

Beds of unit IV and V of the Waterways Formation exposed at 
station 22NB (58°18'40"N, l 13°07'35"W) on the southwest bank 
of Birch River bearing 07 IT at 4. 9 km (3.1 miles) from the 
mouth of Alice Creek. Field assistant is standing on top of unit 
IV. (Photograph No. 1390-20, AWN, 1979). 

PLATE 3 

Beds of units IV, V and VI of the Waterways Formation exposed at 
station 18NB (58°18'30"N, l 13°08'35"W) on the east bank of 
Birch River bearing 069T at 4.3 km (2.7 miles) from the mouth 
of Alice Creek. The top of unit IV is marked by the field 
assistant's feet. (Photograph No. 1390-14, AWN, 1979). 

PLATE 4 

Beds of units VI and VII of the Waterways Formation exposed at 
station 17NB (58°18'20"N, 113°09'00"W) on the south bank of 
Birch River bearing 071 T at 3.2 km (2 miles) from the mouth of 
Alice Creek. The right hand of the field assistant is near the 
eroded top of unit VII. (Photograph No. 1390- 11, AWN, 1979). 

PLATE 5 

Beds of the Calumet (Calmut) Member of the Waterways Formation 
exposed on the west bank of Athabasca River, 93 km (58 miles) 
below Fort McMurray. This is the nearest exposure of Calumet 
beds to those along Birch River containing some closely 
comparable brachiopods, two of which are illustrated from this 
locality in this report. (Photograph No. 1390-4, AWN, 1956). 
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PLATE 6 

A ll illustrated specimens a re from beds of the Waterways Formation ex posed a long Birc h River unless other wise indicat ed. 

Figures 1-10. Schizophoria sp . cf. ~· la ta Stainbrook. 
(page 14) 

1-4. Pedicle (1), brachia ! (2), a nte rior (3) a nd 
lateral (4) views of a young individua l, x l , 
GSC 63018, GSC loc. C-74 172. 

5- 7. Pedicle (5), lateral (6) and ante rio r (7) views of a 
thin young adult individua l, x i, GSC 630 19, GSC 
Joe. C- 74172. 

8-10. Brachia! (8), a nter ior (9) a nd la t e ra l (10) views of 
a thin, wide, matur e adult individual, xl, 
GSC 63020, GSC Joe. C-74181. 

Figu res l 1- 13. Strophodonta (St rophodonta ) sp. A. (Page 14) 

l 1-12. Pedicle (11) a nd la t eral ( 12) views of a n adul t 
individual, x l, GSC 6302 1, GSC Joe. C- 74172. 

13. View of inte rior brachia ! valve of a la rge 
indi vi dual partly e mbedded in ma tri x, x l , 
GSC 63022, GSC Joe. C-74177. 

Figures 14-1 5. Ne rvostrophia sp . (page 15) 

42 

14. View of ex t e rior of pedicle valve of a 
fragmentary specimen e mbedded in matrix, xl, 
GSC 63023, GSC Joe. C-741 92 . 

15. Vi ew of inte rior pedicle valve of a specime n 
e mbedded in matr ix, x l , GSC 63024, GSC 
Joe . C- 74192. 

Figures l 6-22. Eostrophalosia sp. cf . ~· pedde ri Crickmay 
(page 15) 

16-22. Pedicle views (16-17), x l , x2, brachia! views 
(18-19), x l, x2, posterior (20), x l , latera l and 
ante rior views (21 -22), x2, of a matu re adult 
individual, GSC 63025, GSC Joe . C-74 192. 

Figu res 23-26. Devonoproductus sp. cf . D. tertius Crickmay 
- -- (page 15) 

23. View of exte rior of pedicle valve of a specimen 
embedded in ma tri x, x4, GSC 63026, GSC 
loc. C-741 82. 

24. View of inte rior of brachia ! valve of a speci men 
e mbedded in matrix, x4, GSC 63027, GSC 
Joe. C-741 82 . 

25. View of ext e rior of brachia! valve of an abraded 
specime n e mbedded in matrix, x4, GS C 63028, 
GSC Joe. C-74190. 

26 . View of exte rio r of pe dicle valve of a specimen 
embedded in mat ri x, x4, GSC 63029, GSC 
Joe. C-74 193 . 

Figur es 27- 32. Ladogio ides asmenist a (Cr ickmay) (page 16) 

27- 32. Pedicle valve (27-28), x4, x2, the forme r showing 
radia l micro-ornament, brachia! (29), 
posterior (30), ante rior (31 ), a nd lateral (32) 
views of a n e longa t e adult individua l, x2, GSC 
63030, GSC Joe. C- 74 192. 





PLATE 7 

All illustrated specimens are from 
Formation exposed along Birch 
indicated. 

beds of the Waterways 
River unless otherwise 

Figures 1-12. Ladogioides asmenista (Crickmay) (page 16) 

1-6. Pedicle views (1-2), x2, xl, brachia! (3), posterior (4), 
anterior (5) and lateral (6) views of an adult individual 
of medium width, x2, GSC 63031, GSC Joe. C-74192. 

7-12. Pedicle views (7-8), xl, x2, posterior (9), brachia! (10), 
lateral (11) and anterior ( 12) views of a broad adult 
individual, x2, GSC 63032, GSC Joe. C-74192. 

Figures 13-20. Variatrypa (Radiatrypa) clarkei (Warren) 
(page l 7) 

13-15. Pedicle (13), xl, brachia! (14), x2, and lateral (15) 
views, xl, of a young, incomplete specimen, 
GSC 63033, GSC Joe. C-74171. 

16-20. Pedicle (16), brachia! (17), posterior (18), lateral (19), 
and anterior (20) views of a partly abraded, elongate 
adult individual, xl, GSC 63034, GSC Joe. C- 74171. 

Figures 21-27. Pseudoatrypa? sp. cf. P.? blackhawkensis 
(Stainbrook) (page 17) 

21-25. Brachia! (21), pedicle (22), posterior (23), lateral (24), 
and anterior (25) views of an adult individual of 
medium width, xl, GSC 63035, GSC Joe. C-74193. 

26-27. Brachia! (26), and pedicle (27) views of a broad adult 
individual partly embedded in matrix, xl, GSC 63036, 
GSC Joe. C-74185. 

Figures 28-38. Pseudoatrypa sp. cf. f· gigantea (Webster) 
(page 18) 

28. Pedicle view of an adult individual, xl, GSC 63037, 
GSC Joe. C-74172. 

29-33. Pedicle (29), brachia! (30), lateral (31 ), posterior (32) 
and anterior (33) views of a young individual, xl, 
GSC 63038, GSC Joe. C-81282; from beds near base of 
section of the Calumet Member of the Waterways 
Formation outcropping on the west bank of Athabasca 
River 58 miles (93 km) below Fort McMurray. 

34-38. Posterior (34), brachia! (35), lateral (36), anterior (37), 
and pedicle (38) views of an adult individual, xl, 
GSC 63039, GSC Joe. C-81282; from beds near base of 
section of the Calumet Member of the Waterways 
Formation outcropping on the west bank of Athabasca 
River 58 miles (93 km) below Fort McMurray. 
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PLATE 8 

All illustrated specimens are from beds of the Waterways Formation exposed along Birch River unless otherwise indicat ed . 

Figures 1-6. Spina trypina (Exatrypa) sp. A. (page 19) 

I. View of pa rt of brachia! valve of an adult 
individual e mbedded in ma trix, x i , GSC 63040, 
GSC Joe. C-74171. 

2-6. Pedicle (2), brachia! (3), posterior (4), 
a nterior (5) , a nd lateral (6) views of a you ng 
adul t individual, x i , GSC 63041, GSC Joe . 
C-81277; from beds of the Calume t Member of 
the Waterways Formation outc roppin g on the 
west bank of Athabasca River 58 miles (93 km) 
be low Fort McMurray . 

Figures 7-12. A th yr is pa rvula Whiteaves. (page 19) 

7-12. Pedicle (7-8), x i , x2, brac hia! (9-10), xi, x2, 
lateral (11), a nd posterior (12) views, x2, of a 
yo ung adult indiv idual, GSC 63042, GSC loc. 
C-74175. 

Figures 13-17. Nucleospi ra? SJ:>. (page 20) 

13-1 7. Brachia! 03-14), x i , x2, pedic le (1 5), la t eral (1 6), 
xi, posterior (17), x2, views of a n abraded adult 
indiv idual, GSC 63045, GSC Joe. C-74 192. 

Figures 18-24. Tecnocyrtin a sp. A. (page 21) 

18-22. Pedicle 08-1 9), x i , x2, brachia! (20), 
posterior (21), and late ra l (22) views, x2, of a 
you ng adult individual, GSC 63043, GSC loc. 
C-74 177. 

23-24. Pedic le (23) and lateral (24) views of an adult 
individual, x2, GSC 63044, GSC Joe. C- 74172. 

Figures 25- 27. Allanella minuti lla Crickmay (page 23) 
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25- 27. Pedicle (25-26), x i , x2, and la teral (27), x2, views 
of an adult individual part ly e mbedded in matrix, 
GSC 63046, GSC Joe. C-74177. 

Figures 28-31. Eleutherokomma sp. cf. E. impennis 
Crickmay (page 21) 

28-29. Views of pedicle valve of a relatively na rrow 
individua l embedded in matrix, xi, x2, 
GSC 23047, GSC Joe. C- 74 175. 

30. View of brachia! valve of a re lat ively broad 
individual embedded in matrix, x2, GSC 63048, 
GSC Joe . C-74175. 

31. View of pedicle valve of a broad adu lt individual 
embedded in matrix, x2, GSC 63049, GSC Joe. 
C-74 175. 

Figures 32-40. Eleutherokomma 
(Warren) 

sp. cf . _£. jasperensis 
(page 22) 

32-38. Views of pedicle valve (32-33), x3, x I , the former 
showi ng micro-ornament; brachia! valve (34- 35), 
x i, x2, la t e ra l (36), anterior (37), and 
posterior (38) views, x2, GSC 63050, GSC Joe . 
C-74192. 

39-40. Views of brachia ! valve (39, 40), x2, x i , of an 
individual e mbedded in matrix showing almost 
complete preservation of extended mucron, 
GSC 6305 1, GSC Joe. C-74192. 

Figure 41. Cranaena sp . (page 23) 

41. View of pedicle valve of an incomplete adult 
individual e mbedded in matrix, xi, GSC 63052, 
GSC Joe. C-74177. 

Figure 42. Pe trocrania sp. (page 13) 

42 . View of brachia! valve of specimen attached to a 
c ru shed shell of Schizophoria sp. cf . ~· Jata 
Stainbrook, x i , GSC 63053, GSC Joe . C-74181. 
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PLATE 9 

All figures x37 unless otherwise noted. 

Figures 1-5, 8, 9, 16-21, 28, 29. 
rotundiloba (Bryant) 

Ancyrodella rotundiloba 
(page 24) 

1, 2. GSC 63054, upper and lower views of juvenile Pa 
e lement, Unit V, GSC Joe. C-741 98. 

3-5. GSC 63055, upper, lateral and lower views of juvenile 
Pa element, Unit VII, GSC Joe. C-74182. 

8, 9. GSC 63056, upper and lower views of Pa element, 
transitional to A. rotundiloba binodosa Uyeno, Unit I, 
GSC Joe. C-74169. 

16, 17. GSC 63057, upper and lower views of Pa e lement, 
Unit V, GSC Joe. C-74198. 

18. GSC 63058, upper view of Pa element, Unit VII, GSC 
Joe. C-74 182. 

19-21. GSC 63059, upper, outer lateral and lower views of Pa 
element, Unit VII, GSC Joe. C-741 83. 

28, 29. GSC 63060, upper and lower views of Pa element, Unit 
IV, GSC Joe. C-74190. 

Figures 6, 7, 10, 11, 25-27. ?Mesotaxis asymmetrica (Bischoff and 
Ziegler). (page 26) 

6, 7, 25. GSC 63061, upper, lower and upper views of Pa 
e lement, Unit VI, GSC Joe. C-74185; fig. 25 at x80. 

10, 11, 26. GSC 63062, upper, lower and upper views of Pa 
element, Un it VI, GSC Joe. C-74185; fig. 26 at xl20. 

27. GSC 63063, upper view of Pa element, Firebag 
Member, Waterways Formation, Alberta Government 
Salt Well No. l, located at Lot 8, McMurray townsite, 
tp. 89, rge. 9, W4th mer., Alberta, at depth interval of 
146.3 to 149.4 m (480 to 490 ft), GSC Joe. 80264; see 
Uyeno, 1974, p. 62-63, Table 4(b). 

Figures 12, 13. Pandorinellina cf. f· insita (Stauffer). 
(page 27) 

12, 13. GSC 63064, right-lateral and left-lateral views of Pa 
element with a small lateral denticle, Unit IV, GSC 
Joe. C-74172. 

Figures 14, 15. Pandorinellina insita (Stauffer). (page 27) 

14. GSC 63065, right-lateral view of Pa element, Unit IV, 
GSC Joe. C-74190. 

15. GSC 63066, right-lateral view of Pa element, Unit IV, 
GSC Joe. C-74172. 

Figures 22-24. Ancyrodella rotundiloba binodosa Uyeno. 
(page 24) 

22-24. GSC 63067, upper, inner lateral and lower views of Pa 
e lement, Unit IV, GSC Joe. C-74171. 
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PLATE 10 

All figures x37 unless otherwise noted. 

Figures 1-13. lcriodus subterminus Youngquist. (page 25) 

1-3. GSC 63068, upper, lateral and lower views of I 
element, Unit II, GSC Joe. C-74175. 

4, 5. GSC 63069, upper and lateral views of I element, 
Unit V, GSC Joe. C-74198. 

6-8. GSC 63070, upper, inner lateral and lower views 
of I element, Unit IV, GSC Joe. C-74172. 

9, 10. GSC 63071, upper and lateral views of I element, 
Unit V, GSC loc. C-74198. 

11-13. GSC 63072, upper, lateral and lower views of 
element, Unit IV, GSC Joe. C-74172. 

Figures 14-22. lcriodus cf • .!: subterminus Youngquist. 
(page 25) 

14-16. GSC 63073, upper, inner lateral and lower views 
of I element, Unit VI, GSC Joe. C-74187. 

17-19. GSC 63074, upper, inner lateral and lower views 
of I element, Unit II, GSC Joe. C-74175. 

20-22. GSC 63075, upper, inner lateral and lower views 
of I element, Unit IV, GSC Joe. C-74172. 

Figure 23-27. lcriodus subterminus Youngquist. (page 25) 

All from Unit V, GSC loc. C-74198. 

23. GSC 63076, upper view of I element; x85. 

24. GSC 63077, lateral view of I element; x80. 
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25. GSC 63078, lateral view of 5 20 element; x80. 

26. GSC 63079, lateral view of S 2b element; x95. 

27. GSC 63080, lateral view of S2c element; x95. 

Figures 28-32. Ozarkodina brevis (Bischoff and Ziegler) 
(page 26) 

28. GSC 63081, lateral view of Pa element, Unit IV, 
GSC Joe. C-74191; xl20. 

29. GSC 63082, lateral view of Pa element, Unit VI, 
GSC loc. C-74187; xl20. 

30. GSC 63083, lateral view of Pa element, Unit VI, 
GSC loc. C-74187; x75. 

31. GSC 63084, upper view of Pa element, Unit VI, 
GSC Joe. C-74187; x75. 

32. GSC 63085, lower view of Pa element, Unit VII, 
GSC Joe. C-74182; x80. 

Figures 33, 34. Elsonella rhenana Lindstrom and Ziegler. 
(page 25) 

33. GSC 63086, lateral view of falcodontan element, 
Unit IV, GSC loc. C-74190; x80. 

34. GSC 63087, posterior view of lippertiform 
element, Unit VI, GSC Joe. C-74185; x70. 





PLATE 11 

All figures x37 unless otherwise noted. 

Figures 1-6, 12-15. Polygnathus webbi Stauffer. (page 27) 

1-3. GSC 63088, upper, outer lateral and lower views 
of Pa element, Unit VI, GSC loc. C-74187. 

4-6. GSC 63089, upper, inner lateral and lower views 
of juvenile Pa element, Unit IV, GSC Joe. 
C-74191. 

12-14. GSC 63090, upper, inner lateral and lower views 
of Pa element, Unit IV, GSC Joe. C- 74172 (pit 
and basal cavity partly obscured by basal 
attachment). 

15. GSC 63091, inner lateral view of juvenile Pa 
element with acicular free blade, Unit VI, GSC 
Joe. C-74199; x70 (note basal attachment). 

Figures 7-11. Polygnathus cf. f_. decorosus Stauffer. 
(page 27) 

7- 9. GSC 63092, upper, outer lateral and lower views 
of Pa element, Unit VI, GSC Joe. C-74189. 

10. GSC 63093, inner lateral view of juvenile Pa 
element, Unit IV, GSC Joe. C-74196; x70. 

11. GSC 63094, inner lateral view of juvenile Pa 
e lement, Unit VI, GSC Joe. C-74189; x70. 

Figures 16-18, 32- 39. Pandorinellina insita (Stauffer). 
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-- (page 27) 

16. GSC 63095, lateral view of Sa element, Unit IV, 
GSC Joe. C-74191. 

17, 18. GSC 63096, right-lateral and upper views of Pa 
element, Unit VI, GSC Joe. C-74189. 

32, 33. GSC 63097, right-lateral and upper views of Pa 
element, Unit I, GSC Joe. C-74169. 

34, 35. GSC 63098, right-lateral and lower views of Pa 
element, Unit V, GSC Joe. C-74193. 

36, 37. GSC 63099, right-lateral and lower views of Pa 
element, Unit IV, GSC Joe. C-74190. 

38, 39. GSC 63100, right-lateral and upper views of Pa 
element, Unit IV, GSC Joe. C-74172. 

Figures 19- 21, 29- 31. 
Uyeno. 

Polygnathus aff. P. incompletus 
(page 27) 

19-21. GSC 6310 l, upper, outer lateral and lower views 
of Pa element, Unit IV, GSC loc. C-74195. 

29-31. GSC 63102, upper, inner lateral and lower views 
of Pa element, Unit IV, GSC Joe. C-74197. 

Figures 22-25. Pandorinellina cf. P. insita (Stauffer). 
- -- (page 27) 

22-25. GSC 63103, right-lateral, upper, left-lateral and 
lower views of Pa element with a small lateral 
denticle, Unit II, GSC Joe. C- 7417 5. 

Figures 26-28. Pandorinellina expansa Uyeno and Mason 
(page 27) 

26-28. GSC 63104, upper, inner lateral and lower views 
of topotype Pa element, Eids Formation, 6.1 m 
(20 ft) above its base, Bathurst Island, Arctic 
Archipelago (locality 2 of Uyeno and Mason, 
l 97 5; GSC loc. 83703). 
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