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PREFACE 

This report describes spores, pollen, dinoflagellates 
and acritarchs from two Lower Cretaceous formations exposed 
in seven sections along Horton River, northwestern District 
of Mackenzie. 

Such detailed paleontological studies provide data for 
the calibration of the geological time scale so necessary 
for the precise dating and correlation of the rocks that make 
up the geological framework of Canada. 

Ottawa, August 8, 1975 

D.J. McLaren, 
Director General, 
Geological Survey of Canada. 
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ABSTRACT 

In th is paper ar e described the biostratigraphy, 
pa l eoeco l ogy and t axonomy of spores , pollen, dino
f l age ll ate cysts and acritarchs from seven surface 
sections a l ong Horton River, District of Mackenzie, 
Canada. 

The Langton Bay Formation is composed of two 
memb er s . The lower Gilmore Lake Member, is of 
Apt ian age and predominantly nonmarine i n origin 
except for a s ha llow-marine interval at the top of 
the type section. The upper, Crossley Lakes Member, 
is of Aptian age in the lower, nonmarine part, Ear l y 
Alb i an age in the medial part, and Middl e Albian age 
in the upper part. The medial part of the member is 
of shal l ow -marine , nears hore origin and the upper 
part is of shallow- water, but more open mar ine origin. 
The Horton River Formation is of Middle Albian age 
and was deposited in an open-marine, probably deeper 
wat er environment . 

The composition of the dinoflagellate assemblages 
in the two formations is determined mainly by the 
l ocal deposi t iona l environment, but secondary l ati
tudinal influences cannot be ruled out . 

One hundred and eight species of spores and 
pollen and 64 species and 2 subspecies of dinof l ag 
e llates and acr i t archs are treat ed. One new bisac
cat e poll en species, Pa.rvisaccites hor t onensi s , is 
described. A new dinoflagellate genus , Luxadini um, 
is describ ed, as well as eight new species. These 
ar e: Leptodi nium canceZZatum, Leptodi nium modicum, 
Mi cr odini um spinosum, Di c t yopyxidi a i mperf ect a, 
Pter odinium verrucosum, Scriniodinium r os tratum, 
Senoni asphaer a microreticu lata and Luxadinium primu
Zum . A new species, Luxadinium pr opatulum gen. et 
sp . nov . , is introduced. 

RESUME 

Cette etude donne un e description de l a bio
stratigraphie, de l a paleoecologie e t de l a descrip
tion sys tematique de s spores, du pollen, des theques 
dinoflagellees et des acri t archs provenand de sept 
coupes en surface le long de la riviere Horton, dans 
l e district de Macke nzie au Canada. 

La formation de Langton Bay comprend deux 
niveaux. Le niveau inferi eur, celui de Gilmore 
Lake date de l'Aptien et n'est pas d'origine marine 
pour l a plus grande partie a !' exception d'un inter
valle s tratigraphique forme dans un environnement 
marin peu profond qui se trouve sur le dessus de l a 
coupe t ype. Le niveau superieur , celui de Crossley 
Lakes, date de l'Aptien en ce qui concerne sa partie 
inferieure qui n' es t pas d'origine marine, du debut 
de l' Albien dans sa partie mediane e t de l'Albien 
moyen dans sa partie superieure . La partie moy enne 
du niveau provient d'une sedimen t ation de mer peu 
profond et de zone littora l e , l a partie superieure 
provient ega lement d'une sediment at ion de mer peu 
profond mais plus ouverte. La formation de Hor ton 
River date de l'Albi en moyen et s ' es t deposee dans 
un environnement marin p lus ouverte et probablement 
plus profond. 

La composition des assemb l ages de dinofl age l les 
present s dans l es deux format ions es t determinee 
principalement par l e milieu local de sedimentation 
cependant on ne peut exc lure l es effets latitudinaux . 

On traite de 108 especes de spor es et de pollens 
et de 64 especes e t deux sous-especes de dinoflage lles 
e t d ' acri t archs. On donn e un e description d 'une 
nouvelle espece de poll en bivesicule, l e Parvisac
cites hortonensis. On propose un nouveau genre de 
dinoflagelles, Luxadi nium, et huit nouvelles especes . 
Ces especes: Leptodi nium canceZZat um, Leptodinium 
modi cum, Microdi nium spinosum, Dictyopyxidia i mper 
f ecta, Pt er odini um verrucos um, Scriniodinium ros t r a 
tum, Senoniasphaer a micror eticulata e t Luxadi ni um 
primulum. On presente un nouveau nom, Luxadi ni um 
propatulum gen. e t nom. nov. 





MIOSPORES AND MICROPLANKTON FROM APTIAN-ALBIAN ROCKS 

ALONG HORTON RIVER, DISTRICT OF MACKENZIE, CANADA 

INTRODUCTION 

The main purpose of this paper is to record the 
abundant and diverse assemblages of spores, pollen, 
dinoflagellates and acritarchs from seven strati
graphic sections of Lower Cretaceous rocks along 
Horton River, east of the main Mackenzie River delta. 
The biostratigraphic and paleoecologic significance 
of the assemblages is discussed in some detail, and 
the significance of these data in relation to other 
Lower Cretaceous assemblages described in the liter
ature is assessed. This contribution is the first 
comprehensive report on Lower Cretaceous palynomorph 
assemblages from the northern Interior Plains and 
surrounding regions. It represents the results of 
part of a co-operative research project between the 
Geological Survey of Canada and Chevron Standard 
Limited. 

The seven stratigraphic sections sampled are 
located along Horton River (Fig. 1), which flow s in 
a northeasterly and then northerly direct ion through 
the northern portion of Anderson Plain, District of 
Mackenzie, before entering into Franklin Bay. The 
location and lithological description of each sec
tion are given in the Appendix. Lithologic columns 
for each section are given in Figure 2. Figure 3 
is a table of formations, showing correlation of the 
formations dealt with in thi s paper with selected 
Lower Cretaceous formations of northern mainland 
Canada, the Arctic Islands, and parts of Alberta. 

The samples used in this study are from s trati
graphic sections described and collected by T.P. 
Chamney of the Institute of Sedimentary and Petrol
eum Geology in the summer field season of 1968 
(Chamney, 1969a). The authors acknowledge his kind 
permission to use his field notes as the basis for 
lithologic columns and descriptions of the sections. 
These lithologic data constitute only a generalized 
description constructed in order to provide a geo
logic setting for the palynologic data presented 
her ein. 

The samples were collected as channel samples 
of the stated intervals (see Appendix). Palynologic 
preparation of the samples was carried out by Chevron 
Standard Limited, Calgary for all sections, with the 

Manuscript received: September 25, 1974 
Authors' addresses: 

W.W. Brideaux : Institute of Sedimentary 
and Petroleum Geology 
3303 - 33rd Street N.W. 
Calgary, Alberta T2L 2A7 

D.J. Mcintyre: Union Oil Company of Canada Limited 
335 - 8th Avenue S.W . 
Ca l gary, Alberta T2P 2K6 

exception of Section CR14A-68, which was processed 
by the Institute of Sedimentary and Petroleum 
Geology, Calgary. Samples and a set of slides for 
each sample from these sections are stored at the 
Institute of Sedimentary and Petroleum Geology, 
3303 - 33 Street N.W., Calgary, T2L 2A7, Canada, 
and a duplicate set is stored at Chevron Standard 
Limited, 400 - 5 Avenue S.W., Calgary, T2P OL7, 
Canada. Slides containing holotype and figured 
specimens are stored in the collection of the 
Geological Survey of Canada, 601 Booth Street, 
Ottawa, KlA OE8, Canada. 

Responsibility for examination and description 
of the miospore assemblages rests with D.J. Mcintyre, 
and for the microplankton assemblages with W.W. 
Brideaux. However, the observations and conclusions 
expressed in the text are to be ascribed to both 
authors. 

PREVIOUS WORK 

CRETACEOUS PALYNOLOGY 

Relatively few taxonomic or biostratigraphic 
papers have been published on the Cretaceous paly
nology of the northern Interior Pl ains and the 
Canadian Arctic Archipelago. Most of the papers 
and short notes published have dealt with spore and 
pollen assemblages, but a few have included, or 
dealt exclusively with, dinoflagellate and acritarch 
assemblages. Papers describing Lower Cretaceous 
spores and pollen include: Hopkins (197lc) on the 
upp er Valanginian-?Aptian Isachsen Formation of 
Melville Island ·; Hopkins (1974) on the Alb i an 
Christopher Formation of Melville, Amund Ringnes and 
Ellef Ringnes Islands; and Hopkins and Balkwill 
(1973) on the Upper Al bi an or Lower Cenomanian Hassel 
Formation of eas tern Ellef Ringnes I sland. Papers 
dealing with Upper Cretaceous palynology include: 
Manum (1963) and Manum and Cookson (1964) on dino
flagellate assemblages from Graham and Ellef Ringnes 
Isl ands (probably from the Santonian-Campanian 
Kanguk Formation or its lithologic correlatives); 
Felix and Burbridge (1973) on spores, pollen and 
dinoflage llates from sections of the Eureka Sound 
Formation of Maastrichtian age on Ellef Ringnes 
Island; Mcintyre (1974) on spores, pollen and dino
flagellates, and Mcintyre (1975) on new dino
flagellate taxa from the Santonian-Maastrichtian 
Amundsen Gulf Group; Yorath et al. (in press) on 
Horton River, District of Mackenzie; and Rouse and 
Srivastava (1972) on spores and pollen from the 
Bonnet Plume Formation, of Albian and Maastrichtian
Paleocene ages, in northeastern Yukon Terri tory. 

Shorter papers and notes on Cretaceous palynol
ogy include: McGregor (1965) on spore and pollen 

1 



FIGURE 1. Location of sampled Lower Cretaceous sections on Horton River, District of Mackenzie 
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assemblages from rocks of Trias sic to Early Cretaceous 
age in the Arctic Islands; Hopkins (1969) on the Jur
assic - Cretaceous boundary on northwest Melville 
Island based on spores and pollen; Hopkins (197l a) 
on the general palynology and paleoecology of the 
Albian spore and pollen assemblages from the Arctic 
Islands; Hopkins (197lb) and Hopkins i n Dixon et a l . 
(1973) on a spore, pollen and dinoflagellate assem
blage from Cretaceous and/or Tertiary rocks on Somer
set Island; Brideaux (197la) on spores, pollen and 
dinoflagellates from the Campanian-?lower Maastrich
tian East Fork and Little Bear Formations southwest 
of Fort Norman, in the upper Mackenzie River valley; 
and two taxonomic papers, the first by Hills and 
Wallace (1969) on a new Upper Cretaceous-Paleocene 
pollen genus, Paraalnipollenites, and the second by 
Brideaux and Mcintyre (1973) on a new Lower Creta 
ceous dinoflage llate genus, Lunatadiniwn . Finally, 
Brideaux (1975) has outlined the current state 
of Mesozoic and Tertiary dinofl age llate studies in 
the delta and arctic r egions, giving special empha
sis to Cretaceous research and publications. 

Brief reports and species lists of Cretaceous 
spores, pollen and dinoflagell ates appear in Norford 
e t al . (1970 , 1971, 1973), Barnes et al. (1974), 
Thors teinsson and Tozer (1962, p. 67) and Tozer and 
Thors teinsson (1964, p. 152, 158). 

This brief survey of previous work shows that 
publicat ions have emphasized the spore and pollen 
assemblages from the northern mainland and Arctic 
Canada. There has not yet been published a compre 
hensive taxonomic and biostratigraphic s tudy of Cre 
taceous dinoflage llate assembl ages . The paper by 
Manum and Cookson (1964) described a varied and 
diverse assemblage of dinoflagellates, but precise 
information on the geographic location, lithologic 
unit s, and geo logic age is lacking. The present 
contribution, consequently, is the first publication 
to document and describe Cretaceous dinoflagel late 
ass emblages in northern Canada and to attempt to 
relate them to available geologic data. 

CRETACEOUS STRATIGRAPHY - AN DERSON PLAIN 

McGi ll and Loranger (1961) published the first 
micropaleontological report on Cretaceous s trata 
along Anderson River, which crosses Anderson Plain 
(Fig. 1). The first informal division of Cretaceous 
lithologic units in the area, based on field s tudi es 
conducted by J.C. Sproule and Associates, was 
de scribed in an industrial r eport prepared in 1960 
and released by the Department of Indian Affairs and 
Northern Deve lopment in 1963 (cited by Yorath et al ., 
1969). In that report, Lower Cretaceous s trata on 
Anderson Plain were subdivided i nto a lower "Silty 
Zone" and an upper "Bentonitic Zone". These unit s 
were adopted for use by Geological Survey personnel 
in reports ar i sing from the field studies in thi s 
part of the District of Mackenzie connected with 
Operation Norman (Aitken et a l ., 1969). 

As a result of Operation Norman, several papers 
dealing with the Cretaceous stratigraphy of thi s area 
were published. Yorath et al . (1969) discussed in 
some detail the stratigraphy of Cretaceous rocks 
exposed along Horton and Anderson Rivers and in iso
lated outcrops on Anderson Plain. These authors 
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described the lithology of the Cretaceous rocks, using 
the informa l units proposed by Sproule and Associates, 
and discuss ed the age of the unit s and the ir relation
ship to correlative strata in the Canadian Arctic. 
Later papers (Balkwill and Yorath, 1970; Yorath and 
Balkwill, 1970) discuss ed, respectively, the Creta
ceous s tratigraphy of the Simpson Lake (NTS 97B), and 
Stanton (NTS 107D) map-areas. Age determinations of 
the Low er Cretaceous "Si lty Zone" and "Bentonitic 
Zone" units, as well as the informal Upper Cretaceous 
units, are given by T.P. Chamney (1969a, 1969b, 1969c, 
1973; and in Yorath et al., 1969; Balkwill and Yorath, 
1970; and Yorath an d Balkwill, 1970) . 

Tassonyi (1969) discussed briefly the subsurface 
Cretaceous stratigraphy of two shallow well s drill ed 
at Rond Lake in the southern extension of Anderson 
Plain. Yorath et al . (in press) discuss the subsur
f ace section penetrated by the Elf Horton River G-02 
well (Fig. 1) near the mouth of Hor ton River on 
Franklin Bay. Chamney (1973) discussed, in part, 
composite sections of the Cretaceous s trata on 
Anderson and Horton Rivers and correlated these sur
face unit s lithologicall y and micropaleontologically 
with subsurface units in se lected we lls drilled in 
the Mackenzie Delta region. 

Yorath et al. (in press) have proposed formal 
lithologic nomencla ture for the "Silty Zone" and 
"Bentonitic Zone" , as well as for the Upper Creta
ceous "Pale Shale Zone" and "Bituminous Zone". These 
names ar e used in the brief discussion of stratigraphy 
to follow and in the systematic section where the 
occurrence of species is indicated . 

STRATIGRAPHY OF LOWER CRETACEOUS ROCKS 

DARNLEY BAY GROUP 

The name, Darnley Bay Group, has been proposed 
by Yorath et al . (in press) for Lower Cretaceous 
sandstone, coal, shale and si ltstone , outcropping on 
the flanks of the Coppermine Arch and on the Horton 
and Anderson Plains in the northern Di s trict of 
Mackenzie. The group is divided into a lower Langton 
Bay Formation, and an upper Horton River Formation 
(Yorath et al . , in press). These formations are 
identical with the informal units, "Si lty Zone" and 
"Bentonitic Zone", respectively, used by ear lier 
workers (Yorath et al ., 1969). The Darnley Bay 
Group unconformably overlies rocks of Proterozoic or 
ear l y Pa l eo zoic age and is overl a in unconformabl y by 
rocks of the Upper Cret aceous Amundsen Gulf Group 
(Yorath e t a l . , in press). The discussion of the 
Darnley Bay Group that follows i s summarized in large 
part from Yorath et a l . (1969), Balkwill and Yorath 
(1970) , Yorath and Balkwill (1970), and from field 
observa t ions of T.P. Chamney kindly made ava ilable 
to the authors. 

Langton Bay Formation 

The name, Langton Bay Formation , was given by 
Yorath et a l. (in press) to rocks assigned previous l y 
to the informal "Si lty Zone" (Yorath et al., 1969). 
The formation overlies unconformabl y Proterozoic and 
lower Pal eozoic rocks and is overlain conformably by 
rocks of the Horton River Formation . Surface drift 
overlying much of the region between Anderson and 



Horton Rivers precludes complete knowledge of the 
total area underlain by the Langton Bay Formation. 
Along Horton River, the formation disconformably 
overlies limestone of the Devonian Bear Rock Form
ation. The most complete section of the Langton 
Bay Formation is exposed along Horton River, 
although Yorath et al. (1969) list other isolated 
exposures and Balkwill and Yorath (1970) describe 
exposures in the Simpson Lake map-area to the 
north and west. 

Yorath et al . (1969) measured a total thi ck 
ness of 960 feet (288 m) in five sections of the 
Langton Bay Formation located a long Horton River. 
These authors postulated a total composite thick
ness of the formation of 1,200 feet (366 m), 
based on a projection of the regional dip, which is 
30 feet (9.1 m) per mile to the northwest. 

In the Horton River area and in the vicinity 
of Brock and Hornaday Rivers (Fig. 1), the formation 
is divisible into a lower Gilmore Lake Member, and 
an upper Crossley Lakes Member (Yorath et al. , in 
press). The lithologies and thicknesses of these 
members are dealt with in the following sections. A 
discussion of previously published evidence for the 
correlation and geo logical age of the Langton Bay 
Formation then follows. 

Gilmore Lake Member 

The name Gilmore Lake Member has been intro
duced by Yorath e t al. (in press) as a formal name 
for rocks previously referred to as the sands tone 
and coal division of the "Silty Zone" (Yorath et al ., 
1969). At the t ype section, the Gilmore Lake Mem
ber rests disconformably on limestone of the 
Devonian Bear Rock Formation, and is overlain 
gradational l y by sil tstone and mudstone of the 
Crossley Lakes Member. 

The thickness of the Gilmore Lake Member, as 
measured on Horton River, was given by Yorath et al . 
(1969) as 220 feet (66 m) . This is the thickness 
of the measured Section YB -50 of Yorath et al . (in 
press) as illustrated in Balkwill and Yorath (1970, 
p. 8, Fig. 3) and described as Section CR8A-68 of 
T.P. Chamney (see Appendix). The lower beds of 
the Gilmore Lake Member consist of sandy mudstone 
containing angular limestone blocks derived from 
the Devonian Bear Rock Formation; the derived 
blocks decrease i n size upward and eventua lly 
disappear. TI1e contact with the Bear Rock Forma
tion is irregular and these basal beds may vary 
in thickness along strike. The basal beds are 
succeeded by interbedded , li ght grey, fine - to 
medium-grained, friable quartz sandstone containing 
lignitic beds, then by friable quartz sandstone 
with minor amounts of interbedded mudstone. Thin 
gypsum laminae are present basally. Higher in the 
section, l esser amounts of shale -pebble cong lomerat e, 
sulphurous or marcasitic sandstone nodules , calcar
eous sandstone or sandy limestone concretions and 
wood fragments a l so occur . 

Crossley Lakes Member 

Yorath et al . (in press ) have proposed the 
name Crossley Lakes Memb er for the 740 f eet (226 m) 
of s trata, exposed on Horton River, previously 

assigned to the informal siltstone and mudstone 
division of the "Silty Zone" (Yorath et al ., 1969). 
The Crossley Lakes Member is underl ain gradationally 
by the Gilmore Lake Member and overlain conformably 
by the Horton River Formation. Yorath et al. (1969) 
established the contact of the Crossley Lakes Member 
with the overlying Horton River Formation ("Benton
itic Zone") at the base of a well-developed and 
lateral l y persistent cone-in-cone lime s tone con
cretionary bed. This bed occurs in Section CR12A-
68 of Chamney (=Section YB-56 of Yorath) at a point 
180 feet (55 m) above the base of the section. 
Thus, the Crossley Lakes Member, in this paper, 
comprises the 140 feet (43 m) of Section CR9A-68 
(=Section YB-51), the 280 feet (85 m) of Section 
CRlOA-68 (=Section YB-52), the 72.5 feet (22 m) of 
Section CRllA-68, and the 180 feet (55 m) of section 
below the cone-in-cone marker bed of Section CR12A-
68 (=Section YB-56 of Yorath). The uppermost 15 
feet (4.6 m) of Section CR9A-68 is correlated 
lithological ly, in part, with the lower 30 feet 
(9.1 m) of Section CRlOA-68. Hence the tota l 
measured thickness of the Crossley Lakes Member 
(comprising sections collected along Horton River 
by T.P. Chamney) is 657 .5 feet (200 m). Yorath et 
al . (in press) give a thickness of 160 feet (49 m) 
a t their Section YB-55, measured at a s lightly 
different location to that of Section CRllA-68 of 
Chamney. This accounts for the different thickness 
of the member recorded in this paper, compared with 
that of Yorath et al . (1969) . 

The lower 125 feet (38 m) of Section CR9A-68 
(=Section YB-51) comprise increasing amounts up
ward of light to dark grey shale or mudstone, and 
decreasing amounts upward of light grey sandstone 
or siltstone. Lignite beds and woody fragments a lso 
occur with decreasing frequency upward in the 
section. The last prominent sandstone unit occurs 
between 115 and 125 feet (35 and 38 m). 

This 125-foot (38 m) unit is succeeded in the 
uppermost 15 feet (4.6 m) of Section CR9A-68 and 
the basal 30 feet (9.1 m) of Section CRlOA-68 by 
grey shale, lesser amounts of yellow-stained 
(?jarositic) si ltstone, and minor interbeds of 
jarositic clay and calcareous concretions, the 
latter weathering dull red to yellow. Chamney (see 
Appendix) mentions in field notes that a distinctive 
"mahogany banding" occurs at 125 to 128 feet (38 to 
39 m) in Section CR9A-68 and in the basal 5 feet of 
Section CRlOA-68. Thus, based on lithology, the 
uppermost 15 feet of Section CR9A-68, and the basal 
15 feet of Section CRlOA-68, appear to overlap. 

The remainder of Section CRlOA-68, all of 
Section CRllA-68, and the basal 25 feet (7.6 m) of 
Section CR12A-68, consist of grey to dark grey, 
fissile to plastic shale . Minor amounts of yellow
stained (?jarositic) shale and calcareous to dolo
mitic concre tionary beds also occur. Comminuted 
pelycypod coquina beds, l i my or marcasitic con
cretions, goethite rosettes (fide Challllley, Appendix), 
and rare sha l e -pebble beds also were observed in 
this part of the Crossley Lakes Member on Horton 
River. 

In Section CR12A-68, from 25 feet (7.6 m) 
above the base of the section to the base of the 
cone-in-cone marker bed, the strata consist of grey 
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to greyish brown, fissile shale and blocky weathering 
mudstone , interbedded grey-brown shale and siltstone, 
with minor greyish brown, very fine grained sand 
stone, and sporadic limestone or ironstone concre
tionary beds . Interbedded grey shale and pale 
yellow siltstone occur a t the top of this 155-foot 
(47 m) interval. Comminuted pelycypod coquina 
beds, large wood fragments, and goethite ros ettes 
also were observed . 

Age and correlation 

Yorath et al . (1969) correlated the Gilmore 
Lake Memb er of the Langton Bay Formation (sandstone 
and coal division of the "Silty Zone") with the 
Isachs en Formation on Banks Island (Thorsteinsson 
and Tozer, 1962) because of similar lithology and 
stratigraphic position. Yorath et al . (1969) a l so 
noted that the Crossley Lakes Member (siltstone and 
mudstone divis ion of the "Silty Zone") showed 
lithological similarity to the lower part of the 
Christopher Formation (Fig. 3) on Banks Island 
(Thorsteinsson and Tozer, 1962) . Balkwill and 
Yorath (1970) repeat these observations. 

Jeletzky (in Thorsteinsson and Tozer, 1962) 
determi ned the age of the basal beds of the Isachsen 
Formation on Ellef Ringnes Island and Axel Heiberg 
Island as Valanginian based on the pe l ecypod Buchia. 
Beds assigned to the I sachsen Formation on Banks 
Island (Miall, 1974), and the strata of the Gilmore 
Lake Member on Horton River, are without macrofossi l 
remains . They are considerably younger i n age, 
however, than the Isachsen of the central Arctic 
(H.R . Balkwill, pers. corn., 1974). The lower part 
of the Christopher Formation in the central Arctic 
(Jelet zky i n Thorsteinsson and Tozer, 1962) yielded 
diagnostic ammonite faunas of late Early to Middle 
Albian age. Yorath et al . (1969) concluded from 
this evidence that the Langton Bay Formation ("Silty 
Zone") was probably late Early Cre t aceous in age. 

Hopkins (197lc), in a report on the palynology 
of the Isachsen Formation (Fig. 3) on Melville 
Island, cites evidence which brackets the age of 
the formation as late Valanginian to Barremian and 
possibly Aptian. Hopkins (197la) cites the age of 
the Christopher Formation (Fig. 3) on Ellef Ringnes 
and Melville Islands as Albian, bas ed on data from 
spore and pollen assemblages as well as previous 
work. Because no angiosperm pollen are noted by 
Hopkins (197la), the age of these rocks is probably 
pre-Late Albian. Chamney (1973, Table I, p. 175) 
lists the "?Upper Silty Zone" (=?Crossley Lakes 
Member of the Langton Bay Formation) and a "SS. 
facies to the NE=Isachsen Fm." as having a provi
sional age of late Aptian to Early Albian . 

In a later part of this paper, data are 
presented in support of the determination of an 
Aptian age for the Gilmore Lake Member and an Aptian 
to Middle Albian age for the Cross ley Lakes Member, 
based on an analysis of the miospore and micro
plankton assemblages. 

Horton River Formation 

The name Horton River Formation was propos ed 
by Yorath et al. (in press) for rocks assigned 
previously to the informa l "Bentonitic Zone" 
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(Yorath et al . , 1969). The formation is underlain 
conformably by rocks of the Crossley Lakes Member 
of the Langton Bay Formation. The contact was 
chosen at the base of a persistent cone-in-cone 
limestone concretionary bed, recognized in Horton 
River valley, and in the regions of the Smoking 
Hills and Brock and Hornaday Rivers (Yorath et al. , 
1969) . This marker horizon is not present on 
Anderson River and,at that location, the contact 
was placed at the base of a pale yellow weathering 
concretionary bed which occurs at a distinct break 
in lithology and slope (Yorath et al ., 1969). The 
Horton River Formation is overlain unconformably by 
the Santonian-Campanian Smoking Hills Formation 
("Bituminous Zone ") (Mcintyre, 1974) of the Amund
sen Gulf Group (Yorath et al ., in press). The 
contact on Horton River is marked by a sudden 
change in lithology from grey s hale to a pebble
conglomerate. 

Yorath et al . (1969) measured a composite 
thickness of 350 feet (107 m) for the Horton River 
Formation on Horton River. However , these authors 
estimated the total composite thickness of the 
formation along Horton River to be between SOO and 
600 feet (152 and 183 m) based on regional 
attitudes . In this paper, the uppermost 10 feet 
(3 m) of Section CR12A-68 (=Section YB-56 of Yorath), 
the exposed 125 feet (38 m) and maximum covered 
interval of 70 feet (21 m) in Section CR14A-68, and 
the 140 feet (43 m) of Section CRlSA-68, are included 
in the Horton River Formation. Thus, the total 
measured composite thickness for the formation as 
reported in this paper is 345 feet (105 m). 

The basal beds of the Horton River Formation 
consist of grey sha le, weathering rusty brown and 
containing scattered ironstone concretions. These 
are succeeded in Section CR14A-68 by grey, plastic 
shale with a few ironstone concretionary beds and 
with some pale yellow, silty clay interbeds near 
the top of the section. A maximum of 70 feet (21 
m) of the uppermos t part of Section CR14A-68 and a 
furth er 30 feet (9.1 m) below the exposed base of 
Section CRlSA-68 are covered, giving a total 
covered interval of 100 feet (30 m). The remaining 
110 feet (33 m) of Section CRlSA- 68 consist of light 
grey to grey shale, in part plastic or flaggy, 
weathering grey to greyish brown or pale orange-
ye l low, with a few limestone concretionary beds or 
concretion rows, and a few beds containing ammonites. 
The contact with the overlying Amundsen Gulf Group 
is marked in th is section by 6 feet (1.8 m) of 
pebble-conglomerate. 

A more generalized description of the lithology 
of the Horton River Formation is given by Yorath 
et al . (1969) and additional information is given 
in Yorath and Balkwill (1970). Balkwill and Yorath 
(1970) note that glacial drift covers areas probably 
underlain by the Horton River Formation in the 
Simpson Lake map- area . 

Age and correlation 

Yorath et al . (1969) tentatively correlated 
the Horton River Formation, on the Horton and 
Anderson Plains, with the upper member of the 
Christopher Formation on Banks Island on the basis 
of strikingly similar lithologies. They note , also, 



that their approach provides only an indirect assess
ment of the age of the Horton River Formation on 
Horton River. Jeletzky (in Thorsteinsson and Tozer, 
1962, p. 65) stated the following concerning the age 
of the upper member of the Christopher Formation 
based on ammonites: " .... two faunal zones are 
reported in the collection from Banks Island. The 
collections with Beaudanticeras . . . represent the 
Beaudanticeras affine or Lemuroceras zone, of late 
lower and early Middle Albian age. The collection 
with GastropZites .. . is dated as latest Middle Albian 

" Thus the age of the upper member of the 
Christopher Formation on Banks Island is late Early 
to latest Middle Albian (s ee also Jeletzky, 1968, 
for further discussion of the age significance of 
these faunal zones). Hopkins (197la) has reported 
an Albian, likely pre-Late Albian age for the 
Christopher Formation on Melville and Ellef Ringnes 
Islands. More direct evidence for the age of the 
Horton River Formation is presented by T. P. Chamney 
(in Balkwill and Yorath, 1970), who reports the 
identification of Middle Albian glomospirellid 
foraminifers from upper beds of the Horton River 
Formation ("Bentonitic Zone"). 

Chamney (s ee Appendix) reports the occurrence of 
a few, fragmented, immature ammonite specimens from 
50 feet (15 m) above the base of Section CR14A-68 and 
between 8 and 20 feet (2.4 and 6.1 m) and at 23 feet 
(7.0 m) above the base of Section CR15A-68. Jelet zky 
(1969, p. 1, unpubl. internal report) states that the 
bed yielding the ammonite fauna in Section CR14A-68, 
"Possibly represents the late lower or early Middle 
Albian ' Lemuroceras' irenense zone of the Canadian 
Western Interior standard sequence ... but cannot be 
dated definitely because of an extremely poor 
preservation of the only ammonite fr agment availabl e 

" For the samples from Section CR15A-68, 
Jeletzky (ibid., p. 1, 2) states, "Presumably from 
some part of the Lemuroceras (now ArcthopZites ) or 
Beaudanticeras affine zone and of the early middle 
or late lower Albian age in terms of international 
standard stages ... ". 

Chamney (1973, Table I, p. 175) lists the 
formation (as "Bentonitic Zone") as being of 
Early to ?Middle Albian age. 

It may be concluded with caution then, from 
macrofaunal and microfaunal evidence available, that 
the Horton River Formation is, in part, Middle Albian 
in age, but may be as old in part as Early Albian. 
In a later part of this paper, evidence is presented 
in support of a Middle Albian age for the whole of 
the Horton River Formation on Horton River. This 
determination is based on analyses of dinoflagellate , 
spore and pollen assemblages recovered from strata 
of this formation, exposed along Horton River. 

BIOSTRATIGRAPHY 

SPORES AND POLLEN 

Langton Bay Formation 

Gilmore Lake Member 

One hundred and eight pollen and spore species 
were recorded in the Lower Cretaceous sections on 

Horton River and sixty- three of these make their 
appearance in Section CR8A-68 which represents the 
Gilmore Lake Member. Many of these pollen and 
spore species are long-ranging Jurassic and Creta
ceous forms and these are not considered further 
during discussion of the age of the Horton River 
section. 

The following species with known first appear 
ances in the Aptian were identified in Section 
CR8A-68 (Figs . 4a, b): 

Costatoperforosporites fistuZosus 
CrybeZosporites vectensis 
Lycopodiwnsporites marginatus 
MicroreticuZatisporites uniformis 
TriZobosporites trioreticuZosus 

Thus the spore evidence shows that, at the surface, 
the Gilmore Lake Member is no older than Aptian. 
No species whose last appearances are of Aptian age 
occur in Section CR8A- 68 and the only two species 
which make their last appearance in this section 
are Coptospora sp. and Costatoperforosporites 
fistuZosus with ranges of Aptian to Middle Albian 
(Deak, 1963; Singh, 1971). Therefore, it is not 
possible to determine an upper age limit for the 
Gilmore Lake Member based on the spore and pollen 
assemblages. However, evidence discussed in the 
section on dinoflagellates shows that the Gilmore 
Lake Member is not younger than Aptian . Therefore, 
this member is assigned an Aptian age. 

Two species, Cicatricos isporites augustus and 
Appendicisporites bifurcatus , which first appear in 
the Middle Albian in Alberta (Singh, 1971), occur 
in Section CR8A-68, as also does a species similar 
to the Middle Albian species Coptospora wiZZiamsii . 
These occurrences indicate that these species have 
longer ranges than previously reported. Because so 
little data exist for Aptian and Early Albian 
microfloras in North America, it is probable that 
many other species will prove to range into strata 
older than Middle Albian. 

Crossley Lakes Member 

Twenty-nine of the pollen and spore species, 
recorded in sections along Horton River, make their 
first appearances in Section CR9A-68 in the lower 
part of the Crossley Lakes Member, which must be 
Aptian or younger in age, as the underlying Gilmore 
Lake Member is of Aptian age. The following species, 
which are not known to occur in rocks older than 
Aptian (Brenner, 1963; Dettmann, 1963; Singh, 1971) 
make the ir appearances in Section CR9A-68: 

Contignisporites gZebuZentus 
Costatoperforosporites fov eoZatus 
Costatoperf orospori tes sp . cf. Anemia perf orata 
Parvisaccites ruguZatus 
TriZobosporites apibacuZatus 
TriZobosporites perveruZentus 

No upper age limit for the lower part of the 
Crossley Lakes Member can be determined from the 
pollen and spores present . Evidence presented in 
the discussion of the dinoflagellate assemblages, 
however, supports an Aptian age for this part of 
the member. 
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Krauselisporites hastilobatus , a spec i es pre
vious ly recorded only from the Middle Albian in 
Saskatchewan (Playford, 1971), appears in Section 
CR9A-68. Ther efore, its lower age limit s hould be 
extended down to the Aptian . 

Only three spore species make their first 
appear ance in Sections CRlOA-68 and CRllA-68. No 
det ermination of the age of the middl e part of the 
Crossley Lakes Member is possib l e based on the 
spore and pollen assemblages. The few species which 
make thei r l as t appearance s in thi s part of the mem
ber a re not signifi cant in determining upper age 
l imit s in the Crossley Lakes Member. Evidence dis
cussed be l ow f rom t he ranges of dinoflage llate 
species indicates tha t the age of the middl e part of 
the Crossley Lakes Member is Early Albian. 

In the upper part of the Crossley Lakes Member, 
the first tricolpate angiosperm po ll en spec i es , 
Retitricolpites prosimi lis , appears a t the 10 - to 
20 - foo t (3.0 to 6 .1 m) l eve l of Section CR1 2A- 68 . 
Therefore, this part of the section is not older 
than Middle Albian, as R. prosimilis first appears 
in the Middle Albian (Norris, 1967 ; Sin gh, 1971; 
Brideaux, 197lb), and tricolpate angiosperm pollen 
grain s in North America are recorded definitely only 
in Middle Albian and youn ger s t rat a (Norris, 1967; 
Brideaux, 197lb). The Valanginian-Middle Albian 
speci es Cooksonites variabilis (De ttmann, 1963; 
Singh, 1964) makes its l as t appear ance in the Horton 
River section at the 170- t o 180- foo t (52 to 55 m) 
l evel of Section CR12A-68 . The upper portion of the 
Crossley Lakes Member, therefore , is considered t o 
be of Middle Albian age based on thi s evidence . Th e 
Lower Albian-Middle Albian boundary h as been placed 
immediately below the first appearance of tricolpat e 
angiosperm po llen, but there is no definitive 
evidence for the exact position of this boundary. 

Horton River Formation 

In Section CR14A-68, fourteen po ll en and spore 
species make th eir first appear ance and two more 
species appear in Section CR15A-68 , which represents 
the top of the Horton River Formation . Species which 
make their first appearance i n the Horton River 
Formation (Figs . 4b, 6) and are not known e ls ewher e 
in s trat a older than Middle Albian (Norris , 1967; 
Singh, 197 1) are: 

Appendicisporites cristatus 
Cicatricosisporites sp . cf. Anemia exilioides 
Fraxinoipollenites venustus 
Retitricolpites geor gensis 

The tricolpate angiosperm po llen species , R . 
geor gensis and F. venustus , occur rarely in the 
Horton River Formation, but their occurrence is 
particularly significant becaus e they occur only in 
Middle Albian and younger strata in North Ameri ca 
(Norris , 1967; Brideaux, 197lb, Singh, 1971). The 
presence of these two species, and the determination 
of a Middl e Albian age for the top of th e Crossley 
Lakes Member, shows that the Horton River Formation 
is not older than Middle Al bian in sect ion s on 
Hort on River. 

In Sections CR14A-68 and CR15A-68, some species, 
which are not known t o occur in strat a younger than 
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Middle Albian (Brenner, 1963 ; Dettmann, 1963 ; 
Kemp, 1970; Singh, 1971; Pl ayford, 1971), make the ir 
l as t appearances below the t op of the Horton River 
Formation. These species are: 

Cicatricosisporites potomacensis 
Contignispori tes glebulentus 
Crybelosporites vec tensis 
Dictyotriletes granulatus 
Forarninisporis asymmetricus 
Januasporites spiniferus 
Pilosisporites trichopapillosus 
Pilosisporites verus 
Reticulisporites vermiformis 
Triporoletes radiatus 
Triporoletes reticulatus 
Triporoletes simplex 

The age of the Horton River Formation in th e Horton 
River section is considered to be Middle Albian 
based on evidence from the po ll en and spore assem
blages . No species indicative of a Late Albian age 
ar e present, and there is no evidence to s uggest 
tha t any part of the formation is younger than Middle 
Albian i n outcrops along Horton River. This conc lu
sion is support ed by the evidence from dino f l age l
l a t e assembl ages to be discussed below . 

DINOFLAGELLATES AND ACRITARCHS 

Langt on Bay Formation 

Gilmore Lake Member 

Excep t for the r are occurrence of 
Lunatadinium dissolutum (Valanginian-Middle Albian) 
at the 83 - to 104-foot (25 to 32 m) level of 
Section CR8A-68, a di noflage llate assemblage occurs 
f i r s t in the topmos t sampl e from this section, and 
therefore at the t op of the member (Figs. 5, 6). 
Species th at first appear here are : 

Astrocysta cretacea (Va l anginian-Upper Creta
ceous ) 

Batioladinium jaegeri (Haut er ivian-Middle 
Albian) 

Cleistosphaeridium multispinosum (Hauterivian
Cenomanian) 

Cyclonephelium distinctum (Berriasian-Upper 
Cretaceous) 

Dingodi nium cerviculum (Hauterivian-Upper 
Al bi an) 

Microdinium opacum (Haute rivian-Upper Albian) 
Odontochitina operculata (Hauterivian-Upper 

Cretaceous) 
Oligosphaeridium complex (Va langinian-Upper 

Cretaceous) 
Oligosphaeridium? sp . A. of Brideaux, 197lb 

(Hauterivi an-Upper Albian) 
Pterospermopsis australiensis (Upper Jurass i c 

Cretaceo us) 

Th e known ranges of these s pecies in North America , 
Euras i a , and Australas ia a r e given i n brackets . 
These r anges ar e based on published and unpubli shed 
dat a . Some of the unpub lished dat a will appear in 
manus cripts in preparation by the present authors 
and by other workers (Brideaux , 1975). 



Thus, the age of uppermos t part of the Gilmore 
Lake Member at the type section i s no older than 
Hauterivi an , based on dinofl age llat es. A precise 
upper age limit based on dinoflage ll ate assembl ages 
cannot be placed on this part of the section, but the 
interva l cannot be younger than Aptian, as later 
evidence will show . This is confirmed by the spore 
and pollen assemblages as di scussed ear l i er in this 
paper . 

Crossley Lakes Member 

Dinoflagellates are not present i n preparations 
from the basa l 60 feet (18 m) of thi s member , as 
sampled in Section CR9A- 68; they occur first at the 
60- to 70 -foot (18 to 21 m) l evel (Fi gs. 5, 6). The 
following species, li s t ed in order of appearance 
(Fig. 5), first appear i n the i nterva l between 60 
and 110 feet (18 and 33 m) : 

Oligosphaer idium s p . AB (Hauterivian-Upper 
Albian) 

Oligosphaeridium i rr egulare (Hauterivian - Upper 
Albian) 

Tenua hystrix (Upper Haute rivian -Lower Albian) 
Muderongia sp . A (pre-Aptian ?-Aptian-Lower 

Albian) 
Oligosphaer idium anthophorum (Upper Juras sic 

Campanian) 
Oli gosphaer idi um pulcherrimum (Upper Jurassic

Santoni an) 

Between 88 and 12 8 feet (27 and 39 m) in Section 
CR9 A-68, the followin g species make their final 
appearance in Lower Cretaceous rocks on Horton River 
in the order listed (Fig . 5): 

Oligosphaeridium irr egulare 
Oligosphaeridium anthophor um 
Oligosphaer idium pulcherrimum 

The upper mos t 15 fe e t (4.6 m) of Section CR9A-68 
t entativel y have been corr e l at ed lithologica l l y in 
part with the l owermost 30 fee t (9.1 m) of Section 
CRlOA-68. Pa lynologi c ev idence suggests that only 
the basal 10 feet (3 m) of CRlOA- 68 are corre l at ive. 
Two new spec i es and the first acanthomorph acri t archs 
appear fo r the first time 10 feet (3 m) above the 
base of Section CRlOA- 68 . These species are not 
present in the upp er 15 feet (4 . 6 m) of Section 
CR9A- 68. The species that first appear are : 

Muderongi a tetracantha (Hauterivian -Aptian) 
Oligosphaer idium to tum subsp. to tum (Hauterivian

Upper Albian) 

Within the next 30 fe et (9.1 m) of section, the 
following species make their first appearance in the 
order lis t ed (Fig . 5): 

Gardodini um eisenackii (Hauterivian-Upper Alb ian) 
Palaeos tomocyst i s f ragi lis (Hauterivian-Upper 

Cre t aceous) 
Lei of usa j urassica (Upper Carboniferous -Oligocene) 

Oligosphaer idi um? sp . A. of Brideaux, 197lb, l ast 
occurs at the 30- to 40-foot (9.1 to 12 . 2 m) leve l 
(Fi g. 5) and Muderongia tetr acantha last occurs in 
this section at the 50 - to 60-foot (15 to 18 m) 
l eve l. Beyond thi s point, onl y a few species appear 

or make thei r final appearance in th e sampled sec
tion s on Horton River assigned to the Crossley Lakes 
Member. The following spec i es first appear at the 
s t at ed l evels in these sections: 

Ch l amydophorella nyei - Section CRlOA-68, 95 to 
100 fe et (29 t o 30 m) 
(Hauterivian- Santonian) 

Dictyopyxidi a imperfecta sp. nov . Section CRlOA-
68, 130 to 140 feet 
(40 to 43 m) (Haut er
ivian- Middle Albian) 

Micrhyst ridi um sp. A. - Section CR12A-68, 100 to 
llO feet (30 to 33 m) (Middle Albian) 

Senoniasphaera micror eticulata sp. nov . - Section 
CR12A- 68, 150 to 
160 feet (46 to 
49 m) (Middle 
Albian) 

Two speci es make final appearances in this interval. 
These ar e Muder ongia sp. A. [Section CRllA- 68 a t 40 
to 50 feet (12 t o 15 m)] and Oli gosphaeridi um t otum 
sub sp. tot um [Section CR12A-68 at 20 to 30 feet (6.1 
to 9. 1 m)] . 

The age of the basal part of the Cross ley 
Lakes Member [Section CR9A-68 betwe en 60 and 140 feet 
(18 and 43 m) ], based on the dinoflagellate assem
blages could be as old as Hauterivian and as young 
as Aptian. Of the s even spe cies making t heir fir s t 
appearance i n this interval, only Tenua hys t r i x 
(Upper Hauterivian -Lower Albian) and Muder ongia sp. 
A. (pre-Aptian?-Lower Albian) have relatively 
r estr i ct ed ranges in northern Canada and e l sewhere. 
The upper limit of the age for this portion of the 
section, and hence for the tot a l sequence below i t, 
including the Gilmore Lake Me mber , is Aptian . 
Muder ongi a tetracantha (Haut erivian- Aptian) makes 
its fina l appearance at 50 to 60 feet (15 to 18 m) 
in Section CRlOA-68. Tenua sp. A. first appears 20 
feet (6.1 m) lower in that section, and is not 
known to range into rocks older than Aptian in 
northern Canada and Alberta. Thus, the lower part 
of the Crossley Lakes Member i s as old as Hauterivian 
and no younger than Aptian, based on dinoflagellates. 
However , the evidence from pollen and spore assem
bl ages indicates an Aptian age for the under l ying 
Gilmore Lake Member . Thus, the age of th e lower 
part of th e Cros sley Lakes Member must be Aptian . 

The age of the Crossley Lakes Member, ab ove the 
60 - foo t (18 m) l eve l in Section CRlOA-68, i s no 
ol der than Ear l y Albian and can be only as young as 
Middle Alb i an; for, as will be s hown l ater , the age 
of the Horton Rive r Formation i s Middle Albian, 
based on dinoflage llate assembl ages. This deter
mination has been support ed by the spor e and po l l en 
assemblages. As not ed in discussion of the spor e 
and pollen assembl ages , t rico lpa t e angiosperm 
species appear fir s t a t the 10- to 20 - foot (3 . 0 to 
6. 1 m) l eve l of Section CR12A-68. Based on these 
data, the boundary between Lower and Middle Albian 
rocks along Horton River has been pl aced at this 
level. Assuming this t o be correct, the upp er 
limit of the range of Muder ongia sp . A. in Lower 
Cretaceous rocks a long Horton Riv er is Early Albian, 
and the upper limi t of th e known range of Tenua 
hystr i x in the northern Canadian mainland i s also 
Early Albian. 
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Thus the medial portion of the Cros sl ey Lake s 
Member is Early Albian in age and the upper portion 
[above the 20-foot (6.1 m) leve l of Section CR12A- 68] 
is Middle Albian in age. 

Horton River Formation 

Dinoflage llate assembl ages in this formation are 
characterized by a marked influx of speci es new to 
the Darnley Bay Group, although many of them may 
have longer ranges elsewh ere. Nineteen speci es make 
their first appearance in the uppermost 15 fe et 
(4.6 m) of Section CR12A- 68 and the basa l 30 f eet 
(9 . 1 m) of Section CR14A-68. Thirteen of these appear 
first in a sample at 10 to 20 f eet (3.0 to 6.1 m) in 
Section CR14A- 68. Many of thes e speci e s have short 
ranges in the Horton River Formation, but are longer 
ranging e lsewhere; some are known only f rom this 
formation. Many other species, pre s ent throughout 
the Langton Bay Formation, make final appearance s i n 
the upp er part of the Horton Riv er Formation, well 
below the uppermost beds. Of twenty-six speci es 
making their final appearance in Section CR14A- 68, 
however, only three species , Dingodinium cerviculum, 
Oligosphaeridium sp. AB and Senoniasphaera reticulata 
sp. nov . , had occurred in rocks underl ying the 
Horton Riv er Formation on Horton River. 

The following species appear first in the 
upper 15 f eet (4 . 6 m) of Sect i on CR12A-6 8 just above 
the con e-in-cone marker bed in the order li s t ed 
(Fig. 5). Specie s asteri sked ar e r estricted to the 
Horton River Formation on Horton River: 

Cleistosphaeridium polypes subsp. polypes * 
(Aptian - Cenomanian) 

Tanyosphaeridium sp. B of Br ideaux , 197lb* 
(Middl e Albian - Upper Albian) 

Microdinium spinosum sp. nov .* (Middl e Alb i an) 

The followin g speci es appear fir s t in the basa l 
sample from Section CR1 4A- 68 : 

Apteodinium maculatum* (Barremian -Middle Albian) 
Cleistosphaeridium ancoriferum* (Middle Albian

Cenomanian) 
Gonyaulacysta helicoidea (Barremian- Middle 

Albian) 
Gonyaulacysta hyalodermopsis* (Barremian-Middl e 

Alb ian) 
Hystrichokolpoma ferox* (Apt i an-Santonian) 
Leptodinium cancellatum sp. nov .* (Middle Albi an) 
Leptodinium delicatum* (Mi ddl e Albi an-Cenomanian) 
Leptodinium modicum sp. nov . (pre -Mi ddl e Albian ?-

Middl e Albi an) 
Luxadinium primulum gen. et sp. nov.* (Middl e 

Al bi an) 
Oligosphaeridium aster igium* (Va l angini an 

Middle Albian) 
Pterodinium verrucosum sp . nov.* (Middl e Albian) 
Pterodinium sp. cf . P. aliferum* (Aptian ? -Mi ddl e 

Albian) 
Pterodinium sp. A * (Middle Albian ) 

Ninet een other specie s make their f irst appear an ce 
in the order listed (Fig . 5) in the next 80 f eet 
(24 m) of s ection, inc luding: 
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Cleistosphaeridium polypes subsp . clavulum* 
(Middle Albian-Cenomani an) 

Cleistosphaeridium? sp. AE* (Middle Albian) 
Kalyptea sp. A of Brideaux, 197lb* (Middle 

Albian-Upper Albian) 
Scriniodinium rostratum sp. nov . * (Middl e 

Albian) 
Palaeoper idinium sp. A of Brideaux, 197lb* 

(Middl e Albian-Upper Albian) 
Canningia mi nor* (Lower Albian-Cenomanian) 
Canningia ringnesii* (Middle Albian-Upper 

Cretaceous ) 
Imbatodinium sp. A * (Middle Albian) 
Lecaniella foveata * (Middle Albian-Upper Albian) 

In the upper part of the Horton River Formation, 
r epres ented in Section CR15A-68, three species make 
their fir s t appe arance in the order listed (Fig. 5): 

Cleistosphaeridium? aciculare (Middle Albian 
Cenomanian) 

Scriniodinium campanula (Val anginian-Turonian) 
Oligosphaeridium? sp. B of Brideaux, 197lb 

(Middl e Albian-Upper Albian) 

In thi s s ection a lso, severa l species make the ir 
fina l appe arance in its lower portion, including: 

Lunatadinium dissolutum 
Micrhystridium sp . A 
Tanyosphaer idium sp . C 
Tenua sp. A 

Ne ar the top of Section CR15A - 68, Imbatodinium 
sp. A. make s its final appearance, and i s not known 
to r ange higher e lsewh er e in northern Canada. A 
numb er of other spe c i es, which make thei r final 
appear ance in Section CR15A-68 be low the topmost 
beds, are known to ran ge higher in northern Canada 
and e lsewhere. 

The age of th e Horton River Formation on 
Horton River is consider ed to be Middle Albian 
ba s ed on evidence from the dinoflagell ate and 
acrit arch assembl ages . This i s confirmed by the 
poll en and spore assemblage s a s discus sed earlier in 
this paper. Tanyosphaeridium sp. B, Kalyptea sp. 
A, Palaeoperidinium sp. A and Oligosphaeridium? 
sp. B (a ll of Brideaux, 197lb), and Canningia 
ringnesii have not been r ecorded el s ewher e in r ocks 
older th an Middle Albian (Brideaux , 197lb; Singh, 
1971; unpubli shed data). Ther e i s a lso no evidence, 
bas ed on the dinoflage llate and spore and poll en 
assembl age s (see pre ceding discus s ions), to sugges t 
that any part of the f ormation is younger than 
Middl e Albi an in age . 

Thus , the followin g new taxa h ave a documented 
r ange (this pap er) of Middle Albian, a lthough l ater 
they may be found to r ange into youn ger or older 
rocks e l sewh er e : 

Cleistosphaeridium? sp . AE 
Conosphaeridium sp. A 
Imbatodinium sp. A 
Leptodinium cancellatum sp. nov. 
Luxadinium primulum gen. et sp . nov. 
Micrhystridium sp. A 
Microdinium spinosum sp. nov. 
Pterodinium verrucosum sp. nov . 
Pterodinium sp. A 
Scriniodinium rostratum sp. nov. 



Senoni asphaera microreticulata sp. nov. 

In addition, the known upper range limit of the 
following species is consider ed to be Middl e Albian, 
a lthough later work may ext end this r ange : 

Apt eodinium maculatum 
Dic tyopyxidi a i mperf ecta sp. nov. 
Gonyaulacysta helicoi dea 
Leptodinium modicum sp. nov. 
Lunatadinium dissolutum 
Oligosphaeridium asterigium 
Pter odinium sp. cf. P. alif erum 
Tenua sp. A 

The limit of the known lower r ange of th e followin g 
species must al s o be ext ended downwards to at leas t 
Middle Albian: 

Clei stosphaeridi um? acicular e 
Cleis tosphaeridium ancori f erum 
Clei stosphaer idi um polypes subsp. clavulum 
Lecaniella foveata 
Leptodinium delicatum 

COMPARISON WITH SELECTED ASSEMBLAGES 

DINOFLAGELLATE AND ACRITARCH ASSEMBLAGES 

Dinoflage ll ate-acritarch assemblages from 
Aptian to Middle Albian rocks have been r eported 
previously from many localities (Downie and Sarjeant, 
1965; Singh, 1971; Brideaux, 197lb; Davey and Verdier, 
1971,1974). Many of these are short communications 
and are of littl e value in comparing assemblages. 
Some, especially those r eports from Austra lasia, are 
descriptions of a ssemblages from rocks, the ages of 
which are insufficiently documented for accurate 
comparisons. Thus, the comparison of a s semblages has 
been limited to seven papers (Fig. 7) from Germany, 
France, and Alberta, Canada (see addendum). The 
r esults are t abulated in Figure 7. 

Reference to Figure 7 will support the following 
observations. Three species have not been recorded 
in previously published papers from rocks of Aptian 
to Middle Albian age. Thes e are: Oligosphaeridium 
sp. AB, Muderongia sp. A, and Tenua sp. A. One 
species, Dictyopyxidia imperfecta sp. nov. has not 
been recorded previously from rocks of Early and 
Middle Albian a ge. El even species, including seven 
species propos ed in this paper, have not been 
reported previously from rocks of Middle Albian age. 

Twenty -two species occur in rocks of Aptian age 
on Horton River. Only seven of thes e occur also in 
rocks of Aptian age from Germany (Eisenack, 1958; 
Alberti, 1961). Five species occurring in German 
Aptian rocks do not occur in Aptian rocks on Horton 
River. 

Seventeen species occur in rocks of Early 
Albian age on Horton River. Four species occur in 
common when compared with assemblages from central 
Alberta (Pocock, 1962; Singh, 1964) and four in 
assemblages from the Paris Basin (Davey and Verdier, 
1971). Nine species reported from the Paris Basin 
do not occur at Horton River. 

Fifty-seven species are recorded in Middle Albian 
rocks a long Horton River. Thirty-six of these occur 
also in rocks of Middle Albian age in central and 
west-centra l Alberta (Pocock, 1962 ; Singh, 1964, 
1971; Brideaux, 197lb) . Only four species that 
occur in Alberta do not occur at Horton River. 
Sixteen species occur in common in Middle Albian 
rocks of Horton River and the Paris Basin (Davey 
and Verdier, 1971). 

The va lidity of comparisons between assembl ages 
of Apti an and Early Albian ages a long Horton River and 
elsewhere is lessened by two factors: only a few 
previously reported assemblages can be used in such 
a compari s on; and rocks of this age a long Horton 
River are not particul arly rich in dinoflagellates . 
Neverthe l ess, there does appear to be only a small 
number of species in common. Six speci es are endemic 
to the r egion and have been recorded e lsewhere only 
in the Ma ckenzie Delta region (unpublished data). 

On the other hand, previous sufficiently 
documented reports of Mi ddle Albian dinoflagellate 
a ssemblages a lso are f ew in number, but Middle 
Albian rocks on Horton River contain a diverse 
assemblage in contrast to Aptian and Lower Albian 
rocks. A greater number of species occurs in com
mon with assemblages of Middle Albian age in Alberta 
than with those of the Paris Basin. Only eleven 
species reported in Middle Albian rocks of the 
Paris Basin occur al s o in rocks of Middle Albian 
age in Alberta, five fewer than at Horton River. 
Although no a ttempt has been made to compare 
quantitatively assemblages from Horton River with 
those r eported from Aptian and Albian rocks of 
Australasia by Cookson and Eisenack (1958, 1960a, 
1962 , 1968 , 1969), a cursory examination shows 
littl e r esemblance beyond the common occurrence of 
such ub i quitous speci es a s Di ngodinium cerviculum , 
Odontochitina operculata and commonly occurring 
upper Lower Cretaceous species of Oligos phaeridi um 
(0. anthophorum, 0. complex, 0 . pulcherrimum) and 
Cyclonephelium (C. distinctum, C. compact um). 

Thus , there is some basis for postulating a 
borea l dinoflagellate r ealm, at least between 
Aptian and Middle Albian time. This boreal dino
flagell at e realm contains a number of endemic 
element s , but includes also specie s which appear 
to be ubiquitous to most marine deposits of Aptian 
to Middle Albian age in Europe, North America and 
Austra las i a . Work in progress and unpublished data 
on other dinoflagellate assemblages in the Mack
enzie Delta tends to support this hypothesis. In 
connection with this di s cussion, it i s unfortunate 
that Vo zzhennikova (1967) does not include data on 
Aptian and Albian dinoflagellate as semblages in her 
treatment of Soviet material. 

PALEOECOLOGY 

EVIDENCE FROM SPORE-POLLEN AND 
DINOFLAGELLATE-ACRITARCH ASSEMBLAGES 

Spore and pollen floras of the Gilmore Lake 
Member are dominated by bisaccate and inaperturate 
Taxodiaceae pollen; Classopo l lis pollen is common 
in a few samples. Species diversity is small but 
increases in the upper part of the member (top of 

ll 
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APT I AN 
EARLY 
ALBIAN 

MIDDLE 
ALBIAN 

1 2 8 9 1 3 4 7 1 3 4 5 6 7 

1 Lunatadinium dissolutum x x x 
2 Batio/adinium jaegeri x x x x x x x x x x 
3 Cleistosphaeridium multispinosum x x x x x x 
4 Cyclonephelium distinctum x x x x x x x 
5 Dingodinium cerviculum x x x x x x 
7 Microdinium opacum x x x x x 
8 Odontochitina operculata x xxxxxx x x x x xxx 
9 Oligosphaeridium complex x x x x x x x x x 

10 Oligosphaeridium? sp. A of Brideaux, 197lb x x 
11 Astrocysta cretacea ___________ --i __ x--+---+---+--x-+- x--+_x_+--+-x--+- x-+-x-+-x--+-x-+-x-+-x__, 
12 Pterospermopsis australiensis x x x x 
13 Oligosphaeridium sp. AB x x 
14 Oligosphaeridium irregulare x x x x x 
15 Ten ua hystrix x x x 
16 Oligosphaeridium anthophorum x x x x x 
17 Oligosphaeridium pulcherrimum x x x x 
18 Muderongia sp. A x x 
20 Muderongia tetracantha x 
2 1 Oligosphaeridium to tum su bsp. to tum x x x x x 
22 Tenua sp. A x x x 
23 Gardodinium eisenackii x x x x x x x 
24 Palaeostomocystis tragilis x x x x 
25 Leiofusa jurassica x x x x 
26 Chlamydophorella nyei x x x x x 
27 Oictyopyxidia imperlecta sp. nov. x x 
28 Micrhystridium sp. A x 
29 Senoniasphaera microreticulata sp. nov. x 
30 C/eistosphaeridium polypes su bsp. polypes x x x x x 
31 Tanyosphaeridium sp. 8 of Brideaux, 197lb x x 
32 Microdinium spinosum sp. nov. x 
33 Apteodinium maculatum x 
34 Cleistosphaeridium ancoriterum x x x x 
35 Gonyaulacysta helicoidea x x x x 
36 Gonyaulacysta hyalodermopsis x 
37 Hyst richokolpoma ferox x x x 
38 Leptodinium cancellatum sp. nov. x : 
39 Leptodinium delicaturr. x ! 
40 Leptodinium modicum sp. nov. x 
41 Oligosphaeridium asterigium x 
42 Pterodinium verrucosum sp. nov. x 
43 Pterodinium sp. cl. P. aliferum ? ? x 
44 Pterodinium sp. A I x 

45 Luxadinium primulum gen. et sp. nov. -----~--+--+--+---+---+--+-~--+--x--+--+---+--+--+----< 
46 Cleistosphaeridium polypes subsp. c/avu lum x I x x 
47 Cleistosphaeridium sp. AE x 
48 Tanyo sphaeridium sp. A of Brideaux, 197lb x x x 
49 Kalyptea sp. A of Brideaux, 197lb x x 
50 Scriniodinium rostratum sp. nov. x 
51 Microdinium? crinitum x x x x 
52 Tanyosphaeridium sp. C ? x 
53 Cyclonephelium compactum x x 
54 Spiniferites ramosus x x x x x x x 
55 Palaeoperidinium sp. A of Brideaux, 197 lb x x 
56 Canningia minor x x x x x 
57 Conosphaeridium sp. A x 
58 Fromea amphora x x x x x x x 
59 Polysphaeridium laminaspinosum x x x x 

60 Canningia ringnesii -----------+--t----t--+--+ --+--+--+---t-x---t--+--+---+--?-+- --1 
61 Kalyptea monoceras x x x 
62 lmbatodinium sp. A x 
63 Lecaniella fovea ta x x 
64 Cleistosphaeridium? aciculare x x 
65 Scriniodinium campanula x x x x x 
66 O/igosphaeridium ? sp. 8 of Brideaux, 197lb x x 

1 This paper 
2 Eisenack ( 1958), North Germany 
3 Pocock (1962), Alberta 

4 Singh (1964), central Alberta 
5 Singh (1971), west-central Alberta 
6 Brideaux (197lb), central Alberta 

7 Davey and Verdier (1971), Paris Basin 
8 Alberti (1961), Germany 
9 Davey and Verdier (1974), SE France 

GSC 

FIGURE 7. Comparison of dinoflagellate-acrit arch speci es occurrence in 
Aptian - Midd l e Aptian sect ions a long Horton River with other se l ect ed 
localities of comparable age 



Section CR8A-68). The spore and pollen assemblages 
in the Gilmore Lake Member are sparse and the grains 
are usually corroded and poorly preserved. Dino 
flagellates occur only in the topmost beds of the 
member. A nonmarine depositional environment is in 
dicated for the Gilmore Lake Member except for a brief 
shallow-water marine or brackish interval at the top 
of the member (Section CR8A-68, 220.5-230 ft, 66-69 
m) where eleven dinoflagellate species occur. 

Dinoflagellates are absent in the basal 60 feet 
(18 m) of the Crossley Lakes Member (Section CR9A-68). 
Within this stratigraphic interval, 18 pollen and 
spore species make their appearance in the micro
floras, which are slightly more diverse and contain 
more abundant grains than thos e of the Gilmore Lake 
Member. Preservation also is somewhat better. A 
return to nonmarine conditions is indicated for the 
basal part of the Crossley Lakes Member. 

Seven species of dinoflagel lates appear between 
60 and 100 feet (18 and 33 m) in Section CR9A-68, 
just below the interval comprising sulphur-rich 
clay and grey shale of the Crossley Lakes Member. 
Five of these species belong to the gonyaulacacean 
genus Oligosphaeridium which dominates dinoflagellate 
assemblages in the lower part of the Crossley Lakes 
Member. Ten spore and pollen species also make 
their appearance in this part of the section. The 
spore and pollen assemblages in Section CR9A-68 con
tinue to be dominated by bisaccate pollen and contain 
abundant inaperturate pollen of Taxodiaceae indica
ting a predominantly coniferous forest vegetation in 
the region. 

Five more dinoflagell ate species appear in the 
sulphur-rich strata at the base of Section CRlOA-68, 
but only four species appear between here and the 
uppermost beds of the Crossley Lakes Member. Samples 
from the medial part of the Crossley Lakes Member 
(Sections CRlOA-68, CRllA-68), and the lower 100 feet 
(30 m) of CR12A- 68 yield a low diversity of dino
flagellate species and often are barren of dinofl ag 
ellates. The most persistent forms are Odontochitina 
operculata, Oligosphaeridium complex and Astrocysta 
cretacea, species which probably show considerable 
tolerance to conditions unfavourable for diverse 
dinoflagellate assemblages. These species show a 
similar occurrence pattern in dinoflagellate assem
blages of low diversity in shallow-marine rocks of 
the Lower Colorado Group of Central Alberta (Brideaux, 
197lb). Odontochitina operculata and Astrocysta 
cretacea occur rarely in samples from the basal 
100 feet (30 m) of Section CR12A-68. In this inter
val, Gardodinium eisenackii and Chlamydophorella 
nyei become more common in the low diversity assem
blages. This dinoflagellate-impoverished interval 
is coincident with a number of pelecypod debris 
rich beds (see Appendix) . 

The only significant change in the spore and 
pollen assemblages in Sections CRlOA-68, CRllA-68 
and CR12A-68 is the appearance of the tricolpate 
angiosperm pollen species Retitricolpites prosimilis 
in CR12A-68. Only three other species first appear 
in this part of the Crossley Lakes Member . Various 
bisaccate pollen species and pollen of Taxodiaceae 
continue to dominate the low diversity spore and 
pollen assemblages of the Crossley Lakes Member. 
Detrital plant material continues to be abundant as 

in the lower part of the section. The land plant 
ev idence plus the dinoflagellate evidence indicate 
a relatively shallow, nearshore environment of 
deposition. 

In the interval 90 to 110 feet (27 to 33 m) of 
Section CR12A-68, Astrocysta cretacea again becomes 
sommon in the dinoflagellate assemblages, along with 
Gardodinium eisenackii , Chlamydophorella nyei and 
acanthomorph acri tarchs, mainly Micrhystridium sp. 
A. In this interval, Senoniasphaera microreticulata 
makes its first appearance. This association per
sists in the uppermost 15 feet (4.6 m) of Section 
CR12A-68 which are assigned to the Horton River 
Formation and lie above the cone-in- cone marker bed. 
The return of relatively more diverse dinoflagellate 
assemblages and the abundance of acanthomorph acri
tarchs probably reflects a more open, although still 
shallow, marine environment of deposition (Wall, 
1965; Brideaux, 197la; 197lb). The spore and pollen 
assemblages become even less diverse, perhaps 
reflecting the more open marine conditions, or indi
cating that conditions were unsuitable for the 
transportation of spores and pollen to the site of 
deposition. 

In the basal 20 feet (6.1 m) of Section CR14A-68, 
a marked influx of species signals a definite change 
to relatively deeper water, open-marine conditions. 
Acanthomorph acritarchs are rare or absent. At the 
top of this section, maximum species diversity occurs 
for dinoflagellate assemblages from Lower Cretaceous 
rocks along Horton River. Particularly evident, in 
the assemblages of this lower part of the Horton 
River Formation, are species of the gonyaulacacean 
genera Cleistosphaeridium, Gonyaulacysta, Leptodin
ium and Pterodinium. This contrasts with the 
dominance of the Astrocysta cretacea, pseudoceratia
cean and cavate cyst associations of the medial and 
upper parts of the Crossley Lakes Member, and the 
dominance of species of Oligosphaeridium in the 
lower part of that member. 

The spore and pollen assemblages of Section 
CR14A-68 contain abundant bisaccate grains and 
inaperturate Taxodiaceae pollen. The grains in this 
part of th e Horton River section are less corroded 
and generally much better preserved than in the 
rest of the section. A feature of the spore floras 
of Section CR14A-68 is the abundance of spores of 
the genera Appendicisporites , Cicatricosisporites 
and Triporoletes . Species of other spore genera 
also are more common than in the Langton Bay Form
ation. The greater diversity and abundance of 
spores and pollen in the lower part of the Horton 
River Formation may indicate more favourable 
conditions for the growth of the terrestrial flora 
of the region, or it may indicate that the depos i
tional environment at the time was more suitable for 
the survival and preservation of land-derived palyno
morphs. The spores and pollen in assemblages from 
Section CR15A-68 are abundant, but species diversity 
is less than in the lower part of the Horton River 
Formation. 

Many of the gonyaulacacean species disappear 
from the section at or near the top of Section 
CR14A-68 and species diversity is approximately 
halved in the upper part of the Horton River Form
ation as sampled in Section CR15A-68. Other 
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gonyaulacacean forms such as Spiniferites ramosus 
anu species of Microdiniwn attain prominence along 
with Astrocysta cretacea, Batioladiniwn jaegerii, 
Cleistosphaeridiwn multispinoswn, Cyclonepheliwn 
distinctwn and Imbatodiniwn sp . A. Polygonomorphid 
and pteromorphid acritarchs of the genera Veryhachiwn 
and Pterospermopsis occur together with this dino
fl age ll ate association. This change in the com
posi tion of the assembl ages is thought to indicat e 
continuance of open -marine conditions but no con
clusions can be made about relative water dep ths . 

The available evidence suggests that the 
composition of the dinoflagellate assemblages in 
Lower Cretaceous rocks along the Horton River has 
been influenced considerably by paleoecologic 
conditions. This does not inval i date the basic 
bios tratigraphic conclusions noted earlier, but it 
does support the contention that many species with 
short ranges in the Horton River section will be 
found e lsewhere to have more extensive geologic 
r anges . 

Gonyaul acacean genera tend to dominate the 
dinofl age ll ate assembl ages from Lower Cretaceous 
rocks on Horton River, with the exception of the 
media l part of the Crossley Lakes Member, where 
pseudoceratiacean genera and peridiniacean 
(Astrocysta cretacea) forms are prominent. The 
pseudoceratiacean forms belong to the genus Tenua 
and latter l y to Senoniasphaera with species of 
Cyclonepheliwn occurring throughout. Astrocysta 
cretacea is r epla ced as the dominant peridiniacean 
form by Luxadinium primulwn in the lower part of the 
Horton River Formation but r e turns to prominence 
in the upper part. Despi te the ubiquity of 
Astrocysta cretacea, peridiniacean species ar e 
r e l ative ly rare in numb ers throughout these sections. 
Rare also are species of the gonyaulacean genera 
Spiniferites and Gonyaulacysta, common e lsewhere 
in rocks of this age (Aptian- Albi an) as for example 
in Middle and Upper Albian rocks of central and 
west-central Alberta (Brideaux, 197lb; Singh, 1971). 
Brideaux (1975) speculates on appar ent differ 
ences in assemblages of Early Cret aceous age in the 
delta region (based in part on unpubli shed dat a) and 
concludes that, although loca l depositional environ 
ment has had some effect on dinoflagellate assem
blages, there i s evidence to suggest tha t secondary 
latitudinal influence has been superimposed. Thi s 
possibility is discus sed also in the preceding 
section of this paper. 

SYSTEMATIC PALYNOLOGY 

SPORES AND POLLEN 

Spore and pollen species identified in the 
sections on Horton River are recorded in the 
following list. The number preceding each species 
refers to the corresponding numb er on Figures 4a, 
4b and 6. As most species have been describ ed 
and fi gured in existing publications, a full 
descriptive and sys tematic coverage has not been 
considered necessary. Three species, one new, are 
describ ed in detail following th is lis t . The 
suprageneric categories, under which species are 
grouped, f ollow the usage of Potonie (1956) and 
the revi sions published by Dettmann (1963). It 

14 

should be noted that these categories have no 
standing under the International Code of 
Botanica l Nomenclature (ICBN) (Stafleu et al ., 
1972) and hence no dat es of publication are given. 

1 

30 

Ante turma SPORITES H. Potonie 

Turma TRILETES Reinsch emend. Dettmann 

Suprasubturma ACAVATITRILETES Det tmann 

Subturma AZONOTRILETES Luber emend. Dettmann 

Infraturma LAEVIGATI Bennie and 
Kidston emend. R. Potoni e 

Biretisporites potoniaei Delcourt and Sprumont, 
1955 (Pl. 1, fig. 1) 

Cyathidites australis Couper, 1953 (Pl. 1, 
fig . 2) 

2 Cyathidites minor Couper , 1953 (Pl . 1, fig. 3) 

31 

39 

12 

78 

41 

17 

64 

18 

13 

19 

Deltoidospora juncta (Kara - Mursa) Singh, 1964 
(Pl. 1, fi g. 4) 

Todisporites minor Couper , 1958 (Pl. 1, fi g . 
5) 

Stereisporites antiquasporites (Wilson and 
Webster) Dettmann, 1963 (Pl. 1, fig. 6) 

Infra turma APICULATI Bennie and 
Ki dston emend . R. Potoni e 

Leptolepidites verrucatus Couper, 195 3 (PI. 1, 
figs. 8 , 9) 

Concavissimisporites punctatus (De lcourt and 
Sprumont) Brenner, 1963 (Pl . 1, fig. 7) 

Concavissimisporites variverrucatus (Couper) 
Brenner , 1963 (Pl. 1, fi g . 10) 

Acanthotriletes varispinosus Pocock, 1962 
(Pl. 1, fig. 13) 

Baculatisporites comawnensis (Cookson) R. 
Potonie, 1956 (Pl. 1, fig. 12) 

Osmundacidites wellmanii Couper, 1953 (Pl. 1 , 
fi g . 11) 

Pilosisporites trichopapillosus (Thiergart) 
Delcourt and Sprumont, 1955 (Pl. 1, fig. 14) 

42 Pilosisporites verus Delcourt and Sprumont, 
1955 (Pl. 1, fig. 15) 

67 Kuylisporites lunaris Cookson and Dettmann, 
195 8 (Pl. 1 , fig. 16) 

102 Dictyotriletes granulatus Pocock, 1962 (Pl . 1, 
figs. 17, 18) 

Infraturma MURORNATI R. Potonie and Kremp 

73 Lycopodiacidites intr averrucatus Brenner, 
1963 (Pl. 1, figs. 19, 20) 



3 Lycopodiumsporites austroclavatidi tes (Cookson) 
R. Potonie, 19S6 (Pl. 1, fi g. 21) 

22 Lycopodiumsporites marginatus Singh , 1964 (Pl . 
1, fig. 22) 

SS Microreticulatisporites uniformis Singh, 1964 
(Pl. 1, figs. 23, 24) 

43 Reticulisporites vermiformis Kremp, 1970 (Pl . 1, 
fi gs. 2S, 26) 

23 Klukisporites areolatus Singh, 1971 (Pl . 1, 
fi g. 27) 

79 Klukisporites pseudor eticulatus Couper, 19S8 
(Pl. 1, fig . 28) 

lOS Foveotriletes subtriangularis Brenner, 1963 
(Pl. 1, fig . 29) 

32 Tigrisporites scurrandus Norris, 1967 (Pl. 1, 
figs . 30 - 32) 

24 Cicatricosisporites annulatus Archangelsky 
and Gamerro, 1966 (Pl . 1, figs . 33, 34) 

44 Ci catricosisporites augustus Singh, 1971 (Pl . 
1, figs. 3S , 36) 

4S Cicatricosisporites australiensis (Cookson) 
R. Potonie, 19S6 (Pl. 1, fig . 37) 

97 Cicatricosisporites sp . cf. Anemia exilioides 
(Malj avkina) Bolkhovitina, 19S3 (Pl. 1, figs . 
39-41) 

46 Cicatricosisporites hallei Del court and 
Sprumont, 19SS (Pl . 1, fig . 38) 

47 Cicatricosisporites hughesii Dettmann, 1963 
(Pl. 1, fig. 42) 

72 Cicatricosisporites luribrooki Dettmann, 1963 
(Pl. 1, fig. 43) 

33 Cicatricosisporites potomacensis Brenner, 1963 
(Pl. 1, fig. 44) 

20 Cicatricosisporites pseudotripartitus 
(Bolkhovitina) Dettmann, 1963 (Pl. 2 , figs. 1, 
2) 

96 Ci catricosisporites sp . cf. C. subrotundus 
Brenner, 1963 (Pl. 2, fi g. 3) 

6S Cicatricosisporites venustus Deak, 1963 (Pl. 
2 , figs. 4 , S) 

60 Costatoperforosporites fistulosus Deak, 1962 
(Pl. 2, figs. 6, 7) 

83 Costatoperforosporites foveolatus Deak, 1962 
(Pl. 2 , fi g . 9) 

74 Costatoperforosporites sp . cf. Anemia perfor ata 
Baranov, Nemkova and Kondratiev, 19S7 (Pl . 2, 
fi g. 8) 

Subturma ZONOTRI LETES Wa lt z 

Infraturma AURICULATI Schopf emend. Dettmann 

62 Appendicisporites bifurcatus Singh, 1964 
(Pl. 2, fig . 10) 

106 Appendicisporites bilateralis Singh, 1971 
(Pl. 2 , fig. 11 ) 

103 Appendicisporites cristatus (Markova) Pocock, 
1964 (Pl. 2, figs . 14, lS) 

100 Appendicisporites erdtmanii Pocock, 1964 
(Pl. 2 , figs. 16, 17) 

7S Appendicisporites potomacensis Brenner, 1963 
(Pl. 2 , figs . 12, 13) 

84 Appendicisporites sp. cf. Anemia trichacantha 
(Maljavkina) Markova in Ivanov and Markova , 
1961 (Pl. 2, fig. 18) 

80 Trilobosporites apibaculatus Brenner, 1963 
(Pl. 2 , fig . 19) 

48 Trilobosporites marylandensis Brenner, 1963 
(Pl. 2 , fig. 20) 

70 Trilobosporites perverulentus (Verbitskaya) 
Dettmann, 1963 (P l. 2 , fi gs . 21, 22) 

61 Trilobosporites trioreticulosus Cookson and 
Dettmann, 19S8 (Pl. 2 , fig. 23) 

Infraturma TRICRASSATI Dettmann 

4 Gleicheniidites senonicus Ross, 1949 (Pl. 2, 
fig . 28) 

91 Ornamentifera baculata Singh, 1971 (Pl. 2, 
fig . 29) 

40 Sestrosporites pseudoalveolatus (Couper) 
Dettmann, 1963 (Pl. 2, fig. 24) 

68 Coronatispora valdensis (Couper) Det tmann, 
1963 (Pl. 2 , fi gs . 26 , 27) 

89 Camarozonosporites ambigens (Fradkina) Play
ford, 1971 (Pl . 2, fig. 2S) 

Infraturma CINGULATI R. Pot onie and 
Klaus emend . Dettmann 

9S Polycingulatisporites reduncus (Bolkhovitina) 
Playford and Det tmann, 196S 

76 Foraminisporis asymmetricus (Cookson and 
Dettmann) De ttmann, 1963 (Pl . 2, figs. 30, 31) 

49 Foraminisporis wonthaggiensis (Cookson and 
Dettmann) Dettmann, 1963 (Pl. 2, figs. 32, 33) 

S6 Contignisporites cooksonii (B a lme) Dettmann, 
1963 (Pl. 2, figs. 41, 42) 

88 Contignisporites glebulentus De ttmann, 1963 
(Pl . 2 , figs. 37-39) 

lS 



34 Cingut riletes. clavus Dettmann, 1963 (Pl. 2, 
fig. 34) 

94 Distaltr ianguli spor ites perplexus (Singh) Singh, 
1971 (Pl. 2, fig. 40) 

57 Rogalskaisporites cicatricosus (Rogalska) 
Danze-Corsin and Laveine, 1963 in Briche et al ., 
1963 (Pl. 2, fig. 35) 

25 Ci rratriradites teter Norris, 1967 (Pl . 2, fi g . 
36) 

Subturma ZONOLAMINATITRILETES Smith and Butterworth 

Infraturma CINGULICAVATI Smi th and Butterworth 

77 Krauselispori tes hastilobatus Playford, 1971 
(Pl. 3, figs. 1-3) 

66 Densoispor ites micr or ugulatus Brenner, 1963 
(Pl. 3, fig. 4) 

Suprasubturma PERINOTRILETES Erdtman emend. Dettmann 

38 Crybelosporites vectensis Kremp, 1970 (Pl. 3, 
figs. 5- 7) 

Turma MONOLETES Ibrahim 

Suprasubturma ACAVATOMONOLETES Dettmann 

Subturma AZONOMONOLETES Luber 

Infraturma LAEVIGATOMONOLETI Dybova and Jachowicz 

58 Laevigatosporites ovatus Wilson and Webster, 
1946 (Pl . 3, fi g . 8) 

Infraturma SCULPTATOMONOLETI Dybova and Jachowicz 

108 Verrucatospor ites chaloneri (Brenner) Kremp, 
1970 (Pl. 3, fig. 9) 

Turma HILATES Dettmann 

59 Aequitriradite s spinulosus (Cookson and Dett
mann) Cookson and Dettmann, 1961 (Pl. 3, fi g . 
19) 

93 Triporoletes radi atus (Dettmann) Playford, 
1971 (Pl. 3, figs. 10-12) 

50 Tr ipor oletes r et icul atus (Pocock) Playford, 
1971 (Pl. 3, fi gs. 13, 14) 

90 Tripor ole t es s i mplex (Cookson and Dettmann) 
Playford, 1971 (Pl . 3, fig. 15) 

98 Tripor oletes s i ngular is Mtchedlishvili in 
Mtchedlishvili and Samoilovich, 1960 (Pl. 3, 
fi gs. 16-18) 

85 Cooksonites variabilis Pocock, 1962 (Pl. 3, 
figs. 20, 21) 

63 Coptospora sp . cf. C. wi lliamsii Pl ayford, 
1971 (Pl. 3, figs. 22, 23) 

26 Coptospor a sp. of Brideaux and Mcintyre, this 
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paper (Pl. 3, fig s . 24, 25) 

99 Januasporites spini f erus Singh, 1964 (Pl. 3, 
fig s . 26, 27) 

5 

35 

51 

Anteturma POLLENITES R. Potonie 

Turma SACCITES Erdtman 

Subturma MONOSACCITES Chitale y 
emend. R. Potonie and Kremp 

Infraturma SACCIZONATI Bhardwa j 

Cerebropollenites mesozoicus (Couper) Nilsson, 
1958 (Pl. 3, figs. 35, 36) 

Callialasporites dampieri (Balme) Dev, 1961 
(Pl. 3 , fi g . 28) 

Subturma DISACCITES Cookson 

Infraturma DISACCIASTRILETI 
Les chik emend . R. Potonie 

Vitreisporites pallidus (Reissinger) Nilsson , 
1958 (Pl. 3, fig . 30) 

6 Alisporites bilateralis Rouse, 1959 (Pl. 3, 
fi g . 32) 

7 Alisporites grandi s (Cookson) Dettmann, 1963 
(Pl. 3, fig. 29) 

71 Alisporites mi nutus Rous e , 1959 (Pl. 3, fi g . 
31) 

27 Cedripites canadensis Pocock, 1962 (Pl. 3, 
fig. 37) 

14 Cedripites cr etaceus Pocock, 1962 (Pl. 3, 
fi gs. 33, 34) 

8 Podocarpidites biformis Rouse, 1957 (Pl. 4, 
fi gs. 5, 6) 

28 Podocarpidites canadensis Pocock, 1962 (Pl. 
4, fi g . 2) 

15 Podocarpidites multesimus (Bolkhovitina) 
Pocock, 1962 (Pl. 4, figs. 3, 4) 

9 Parvisaccites radiatus Couper, 1958 (Pl . 4, 
fig. 9) 

82 Parvisaccites rugulatus Brenner, 1963 (Pl. 4, 
fi g. 10) 

21 Parvisaccites hortonensis sp . nov. (Pl. 4, 
figs. 11-14) 

81 cf. Podocarpus tricocca (Maljavkina) Bolk
hovitin a , 1953 (Pl. 4, fi g . 1) 



10 

107 

69 

36 

86 

11 

Turma ALETES Ibrahim 

Subturma AZONOLETES Luber emend . 
R. Potonie and Kremp 

Infraturma PSILONAPITI Erdtman 

Taxodiaceaepollenites hiatus (Potonie) Kremp, 
1950 (Pl. 4, fig. 19) 

Laricoidites magnus (Potonie) Potonie, Thomson 
and Thiergart, 1950 (Pl. 4, fig. 7) 

Inaperturopollenites limbatus Balme, 1957 
(Pl. 4, fig. 8) 

Infraturma GRANULONAPITI Cookson 

Araucariacites aus tralis Cookson, 1947 (Pl. 4, 
fig. 15) 

Infraturma RETICULONAPITI 

Reticulatasporites dupliexinous Brenner, 1963 
(Pl. 4, figs. 20, 21) 

Subturma ZONALETES Luber 

Perinopollenites elatoides Couper, 1958 (Pl. 
4, figs . 22, 23) 

Turma PLICATES Naumova emend . R. Potonie 

Subturma PRAECOLPATES R. Potonie and Kremp 

52 Eucommii dites minor Groot and Penny, 1960 
(Pl. 4, figs. 17, 18) 

Subturma POLYPLICATES Erdtman 

53 Equisetosporites multicostatus (Brenner) 
Norris, 1967 (Pl. 4, fig. 16) 

Subturma MONOCOLPATES Iversen and Troels-Smith 

87 

16 

104 

92 

101 

29 

54 

Clavatipollenites hughesii Couper emend. 
Kemp, 1968 (Pl. 4, fig. 30) 

Cycadopites nitidus (Balme) Norris, 1969 (Pl . 
4' fi g . 24) 

Subturma TRIPTYCHES Naumova 

Retitricolpites georgensis Brenner, 1963 
(Pl. 4, figs. 31, 32) 

Retitricolpites prosimilis Norris, 1967 (Pl. 
4, fi gs. 33, 34) 

Fraxi noipollenites venustus Singh, 1971 (Pl. 
4, fi gs . 35-37) 

Turma POROSES Naumova emend . R. Potonie 

Subturma MONOPORINES Naumbva 

Exesipollenites tumulus Balme, 1957 (Pl. 4, 
fig. 29) 

Circulina parva Brenner, 1963 (Pl. 4, figs. 

27 ' 28) 

37 Classopollis classoides Pflug emend . Pocock 
and Jansonius, 1961 (Pl. 4, figs. 25, 26) 

1962 
1963 

(63) Genus Coptospora Dettmann 

Cooksonites Pocock (partim), p. 54. 
Coptospora Dettmann, p . 88. 

Coptospora sp. cf. C. williamsii Playford 

Plate 3, figures 22, 23 

cf . 1971 Coptospora williamsii Playford, p. 551, 
Pl. 106, figs. 8-13. 

Discussion . The specimens recorded from Section 
CR9A-68 along Hor ton River are morphologically 
simi l a r to those described by Playford (1971). How
ever, the Horton River specimens have a diameter of 
65-70µ and are smaller than the size range of 82-
140µ noted by Playford (1971) for his specimens from 
th e Swan River Group. 

Occurrence . Langton Bay Formation, Gilmore Lake 
Member; similar forms recorded by Playford (1971) 
from upper Middle Albian or lowermost Upper Albian 
strata assigned to the upper part of the Swan River 
Group of southwestern Manitoba . 

(26) Coptospora sp . 

Plate 3, figures 24, 25 

Descr iption . Spores are hilate, spheroidal, and 
have a subtriangular to circular amb. The exine 
is 2.5µ thick, the ectexine 2µ thick and the en 
dexine, about 0.5µ thick. The sculpture is verru
cate, except at one pole where the hilum is devel
oped. The verrucae are low, rounded on top, 2-4µ 
wide basally, often e longat ed across the equator, 
and closely spaced with grooves l µ wide between 
sculpture e l ements. 

Dimensions . Equatorial diameter, 53-60µ . 

Discussion . The species has not been named 
formally because only a few specimens were recovered. 
A similar form, Coptospora sp. A of Dettmann (1963, 
p. 89 , Pl. 20 , figs . 6-8), is l arger than Coptospora 
sp. and has a thicker exine which has a radially 
striated inner surface. 

Genus Parvisaccites Couper 

1958 Parvisaccites Couper, p. 154. 

(21) Parvisaccites hortonensis sp . nov. 

Plate 4, figures 11-14 

Holotype. GSC No . 34 159, Slide 6745/Al, 26.7 x 
114 .6; Langton Bay Formation, Gilmore Lake Member, 
Section CR8A-68, 30-33 fee t (9.1 -10. 1 m); GSC loc. 
C- 8440; Aptian. Dimensions: Breadth of grain , 
44µ; depth of grain, including sacci, 32µ. 

Description . The pollen grains are disaccat e. The 
sacci are small and narrow and either project 
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laterally or are distally pendant. They are shorter 
than the corpus. The sacci vary in size depending 
on the amount of separation of the endexine and ec
texine. The sacci are finely reticulate and usually 
have a radiate appearance because of the conspicuous 
baculae which fill the sacci. The proximal cap is 
scabrate and has an LO pattern. The cap grades into 
the sacci and no marginal crest is visible. The 
exine o:f the cap is 2µ thick . The endexine is 0. 5µ 
thick and the ectexine including the baculae 1.5µ 
thick. A wide sulcus, almost the full length of the 
corpus, is usually present on the distal surface 
between the sacci. 

Dimensions. Length of grain, 32-55µ; breadth of 
grain, 34-60µ; depth of grain, including sacci, 23-
35µ. 

Comparison . Parvisaccites hortonensis sp. nov. has 
similarities with Punctabivesiculites parvus Pierce 
(1961, p. 37, Pl. 2, fig. 48) and Retibivesiculites 
parvus Pierce (1961, p. 38, Pl. 2, figs. 51, 52) 
from Cenomanian strata in Minnesota. However, these 
two species are larger than Parvisaccites hortonensis 
sp. nov. and have more pronounced sacci. 

DINOFLAGELLATES AND ACRITARCHS 

Division PYRROPHYTA Pascher 

Class DINOPHYCEAE Pascher 

Order PERIDINIALES Schlitt 

Discussion. The material treated in this section 
consists of fossilized remains of the cyst stage 
of motile, unicellular dinoflagellates (Evitt, 
1961). These cyst forms have been classified into 
approximately 300 genera (Lent in and Williams, 
1973) . Several suprageneric classifications based 
on fossil cysts have been proposed (Deflandre, 
1952; Eisenack, 1961, 1964; Norris and Sarjeant, 
1965; Vozzhennikova, 1965; and Sarjeant and 
Downie, 1966 , 1974). Some of these suprageneric 
groups are typified by the motile thecal stage of 
a genus of modern dinoflagellates. Genera based 
on fossil cysts often are assigned to them 
because of their morphological similarity to thecate 
forms. Many other groups proposed are typified by 
a genus based on fossil material. For this, and 
other reasons, Sarjeant and Downie (1966) proposed 
that genera based on fossil dinoflagellate cysts 
be classified in what they termed 'cyst-families'. 
These authors redefined many established families 
with reference to dinoflagellate cyst morphology 
and proposed several new cyst-families. More 
recently, Sarjeant and Downie (1974) have revised 
their earlier work and dropped the prefix 'cyst'. 

Wall and Dale (1968) objected to the class
ification developed by Eisenack (1961, 1964) on 
the grounds that many genera of fossil dinoflagel
late cysts were excluded from the scheme. These 
authors objected also to the 'cyst-family' concept 
of Sarjeant and Downie (1966) on the grounds that 
such a scheme was nonbiological and non-evolutionary. 
Wall and Dale (1968) also raised serious doubt as 
to the validity of many generic names for fossil 
cysts in view of certain provisions of the 
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International Code of Botanical Nomenclature 
(ICBN) (Stafleu et al., 1972) . Readers may refer 
to Wall and Dale (1968) for details of their 
discussion. 

In that paper are mentioned also a number of 
gonyaulacacean and peridiniacean dinoflagellate 
lineages (Wall and Dale, 1968, Table 2, Textfig. 
5), of which the gonyaulacoid-hystrichosphaericoid, 
pseudoceratioid-areoligeroid and peridinioid
deflandreoid lineage groupings are relevant to this 
discussion. 

Evitt' s (1972) informal groups of "G-cysts", 
"K-cysts" and "P-cysts" correspond in principle to 
those lineages cited above. Evitt (1972) further 
groups the cyst genera in each category into 
"complexes" based on similarities in reflected 
tabulation, archeopyle structure and morphologic 
features of lesser taxonomic value. Evitt (1972) 
and Wall and Dale (1968) overlap in their assign
ments of cyst genera to the various "complexes" 
and lineage groups. Wall and Dale (op. cit.) 
differ also from Evitt (op. cit.) in that they 
assign their aeroligeroid and pseudoceratioid 
lineage groups to the gonyaulacacean and peridin
ioid lineages, respectively, whereas Evitt places 
these in his "K-cyst" category. 

Because of the objections raised by Wall and 
Dale (1968), and the inconsistencies inherent in 
earlier familial schemes, the present authors 
prefer to use a more informal grouping of genera 
below the level of order. Thus, the simplified 
scheme of Evitt (1972) is followed in this paper, 
except that "G-cysts" are described as gonyaulaca
cean cysts, "K-cysts" as pseudoceratiacean cyst·s, 
and "P-cysts" as peridiniacean cysts. Those cysts 
that do not readily fit into these groups are 
arranged alphabetically in the category of un
assigned cysts. 

It is convenient also to be able to group 
genera, from the various categories, which have 
grossly similar surface sculpture or wall struc
ture, under one heading. Therefore, the authors 
treat each of the major categories in turn under 
the general headings of proximate, chorate and 
cavate cysts and, within these headings, in alpha
betical order. The authors agree with the opin
ion expressed by Wall and Dale (1968, p. 291) on 
the validity of the hypothesis of contractional 
growth, with which these terms are associated, and 
use the terminology only in a gross morphologic 
sense. 

Following is a list of the taxa treated in the 
systematic section dealing with dinoflagellates 
and acritrachs. The taxa are arranged alphabeti
cally under the categories discussed above and 
follow in that order in the text. The numbers 
correspond to numbers assigned on Textfigures 5, 
6 and 7. 

Proximate gonyaulacacean cysts 

33 Apteodinium maculatum Eisenack and Cookson, 
1960. 

35 Gonyaulacysta helicoidea (Eisenack and Cook
son) Sarjeant, 1966a. 



36 

38 

Gonyaulacysta hyalodeY'mopsis (Cookson and 
Eisenack) Sarjeant, 1966a . 

Leptodinium cancellatum sp . nov. 

39 Leptodinium delicatum (Davey) Sarjeant, 1969. 

40 

1 

51 

Leptodinium modicum sp. nov . 

Lunatadinium dissolutum Brideaux and Mcintyre, 
1973. 

Microdinium? crinitum Davey, 1969. 

7 Microdinium opacum Brideaux, 197lb. 

32 Microdinium spinosum sp. nov. 

2 

56 

60 

15 

22 

Proximat e pseudoceratiacean cysts 

Batioladinium jaegeri (Alberti) Brideaux in press. 

Canningia minor Cookson and Hughes, 1964. 

Canningia ringnesii Manum and Cookson, 1964. 

Tenua hystrix Eisenack, 1958 . 

Tenua sp. A of Brideaux and Mcintyre, t his 
paper. 

Proximate unassigned cysts 

27 Dictyopyxidia imperfecta sp. nov. 

58 Fromea amphora Cookson and Eisenack~ 1958 . 

24 Palaeostomocystis fragilis Cookson and Eisen
ack, 1962. 

64 

34 

3 

30 

46 

47 

57 

37 

16 

41 

Chorate gonyaulacacean cysts 

Cleistosphaeridium? aciculare Davey, 1969 . 

Cleistosphaeridium ancoriferum (Cookson and 
Eisenack) Davey et al., 1966. 

Cleistosphaeridium multispinosum (Singh) 
Brideaux, 197lb. 

Cleistosphaeridium polypes (Cookson and Eis 
enack) Davey subsp. polypes Davey, 1969. 

Cleistosphaeridium polypes subsp. clavulum 
(Davey) Lentin and Williams, 1973 . 

Cleistosphaeridium? sp. AE of Brideaux and 
Mcintyre, this paper. 

Conosphaeridium sp . A of Brideaux and 
Mcintyre, this paper. 

Hystrichokolpoma ferox (Deflandre) Davey, 
1969. 

Oligosphaeridium anthophorum (Cookson and 
Eisenack) Davey, 1969. 

Oligosphaeridium asterigium (Gocht) Davey and 
Williams in Davey et al . , 1969. 

9 

14 

17 

21 

13 

Oligosphaeridium complex (White) Davey and 
Williams, 1966. 

Oligosphaeridium irregulare (Pocock) Davey 
and Wi l liams, 1966. 

Oligosphaeridium pulcherrimum (Deflandre and 
Cookson) Davey and Williams, 1966 . 

Oligosphaeridium totum Brideaux subsp. totum 
Brideaux, 197lb . 

Oligosphaeridium sp. AB of Brideaux and 
Mcintyre, this paper. 

10 Oligosphaeridium? sp. A of Brideaux , 197lb. 

66 Oligosphaeridium? sp . B of Brideaux, 197 l b. 

59 

42 

43 

44 

54 

48 

31 

52 

53 

4 

Polysphaeridium laminaspinosum Davey and 
Williams, 1966 . 

Pterodinium verrucosum sp. nov . 

Pterodinium sp. cf. P. aliferum Eisenack, 1958 . 

Pterodinium sp. A of Brideaux and Mcintyre, 
this paper. 

Spiniferites ramosus (Ehrenberg) Mantell, 
1854. 

Tanyosphaeridium sp. A of Brideaux, 197lb. 

Tanyosphaeridium sp. B of Brideaux, 197lb. 

Tanyosphaeridium sp . c of Brideaux and 
Mcintyre, this paper . 

Chorate pseudoceratiacean cysts 

Cyclonephelium compactum Deflandre and Cook
son, 1955 . 

Cyclonephelium distinctum Deflandre and 
Cookson, 1955. 

Chorate unassigned cysts 

62 Imbatodinium sp. A of Brideaux and Mcintyre, 
this paper. 

Cavate gonyaulacacean cysts 

23 Gardodinium eisenackii Alberti, 1961 . 

65 Scriniodinium campanula Gocht, 1959. 

50 Scriniodinium rostratum sp . nov. 

Cavate pseudoceratiacean cysts 

20 Muderongia tetracantha (Gocht) Alberti, 1961. 

18 Muderongia sp . A of Brideaux and Mcintyre, 
this paper. 

8 Odontochitina operculata (0. Wetzel) Deflan
dre, 1946. 

19 



29 

11 

4S 

SS 

26 

s 

61 

49 

63 

Senoniasphaera rrricror eticulata sp. nov. 

Cavate peridiniacean cysts 

Astrocysta cretacea Pocock ex Davey , 1969 

Luxadinium primulwn gen. et sp. nov. 

Luxadiniwn propatulwn comb. et sp. nov . 

Palaeoperidiniwn sp. A of Brideaux, 197lb. 

Cavate unass igned cysts 

Chlamydophorella nyei Cookson and Eisenack, 
19S8. 

Dingodiniwn cerviculwn Cookson and Eisenack, 
19S8. 

Kalyptea monoceras Cookson and Ei senack, 
1960b . 

Kalyptea sp. A of Brideaux, 197lb . 

Group ACRITARCHA 

Lecaniella foveata Singh, 1971. 

2S Leiofusa jurassica Cookson and Eisenack, 19S8. 

28 Micrhystridiwn sp. A of Brideaux and Mcintyre , 
this paper. 

12 Pter ospermopsis australiensis Deflandre and 
Cookson, 19SS. 

19 Veryhachiwn coUectwn Wall , 1965. 

19 Veryhachiwn r eductwn "forma" trispinoides de 
J ekhowsky, 1961. 

Proximate gonyaulacacean cysts 

Genus Apteodinium Eisenack 

19S8 Apteodiniwn Eisenack, p. 38S . 

(33) Apteodinium maculatum Eisenack and Cookson 

Plate S, figures 1, 2 

1960 Apteodiniwn maculatum Eisenack and Cookson, 
p. 4, Pl. 2, figs. 1- 3. 

1966b Apteodiniwn maculatwn Eisenack and Cookson; 
Sarjeant, p. 20S, Pl. 22, fi g . 1, Textfig . S4. 

Description . The periblast outline is subcircular 
to ovoid; the apex is prolonged into an apica l horn, 
5-13µ long, and the antapex is rounded. Th e cyst 
wall i s two layered. The endophragm is thin, and 
about O.S µ thick in optical sec tion; th e periphragm 
is formed of short pila or rods arising from the 
inner surface and coalescing to form a micro
reticulate surface pattern. Thes e e l ements are 
about 0.Sµ high and the lumina of the surface micro
reticulum are about 0.2-0.Sµ in maximum diameter . 
The periblast forms the apical horn , and the endo
bl as t protrudes slightly into the apical pericoel. 
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The a rcheopyle is precingular trapezoidal in 
outline, and formed by the loss of a single re 
fl ected precingular plate, probably 3". The oper
culum is generally detached, but may be partially 
attached and is found in several specimens inside 
the endocoe l. The operculum includes both wall 
layers . The cingulum and sulcus cannot be di s tin
guished on the specimens from Horton River material, 
although the cingulum is distinctly visible on the 
holotype i llustrated by Eisenack and Cookson (1960, 
Pl. 2, fig. 1) . Both cingulum and sulcus are 
sketched by Sarjeant (1966b, Textfig. S4), but are 
not .clearly visibl e in the illustration (Sarjeant, 
1966b , Pl. 22, fi g. 1). 

The "small thickened areas with circular out
lines" scatte red over the periphragm (Eisenack and 
Cookson, 1960, p . S) are not recorded by Sarjeant 
(1966b, p. 20S), nor are they seen on material 
from the Horton River . These may be preservation 
phenomena. 

Dimensions . (18 measured specimens) - Length, 75-
90µ ; width, 60 -78µ . 

Occurrence . Horton River Formation (Middle Albian); 
r ecorded previously from the lower Barremian of 
Eng land (Sarjeant, 1966b) and the Aptian and Albian 
of Australia (Eisenack and Cookson, 1960) . 

Genus Gonyaulacysta Defl andre 
ex Norris and Sarjeant, 1965 emend. Sarjeant 

1964 
1965 

1966a 

1969 

Gonyaulacys ta Deflandre, p. s. 
Gonyaulacysta Deflandre; Norris and Sarjeant, 
p . 6S. 
Gonyaulacysta Deflandre emend. Sarjeant, p. 
111. 
Gonyaulacysta Deflandre emend . Sarjeant in 
Davey et al. , p . 7. 

(3S) Gonyaulacysta helicoidea 
(Eis enack and Cookson) Sarjeant 

Pla t e 5, figure 3 

1960 Gonyaulax helicoidea Eisenack and Cookson, 
p. 2 , P 1. 1 , figs . 4, 9 . 

1966a Gonyaulacysta helicoidea (Eisenack and Cook
son) Sarjeant, p. 116, Pl. 13, figs. 7, 8, 
Pl. lS, figs. 8, 9, Textfig . 26 . 

Dimensions . (3 specimens) - Length, S0-53µ ; width, 
42-48µ . 

Occurrence . Horton River Formation; r ecorded pre 
viously from the lower Barremian of England (Sar
j eant, 1966a), the Aptian of South Australia (Eis
enack and Cookson, 1960) and the Middle Albian of 
wes t - central Alberta, Canada (Singh, 1971). 

(36) Gonyaulacysta hyalodermopsis 
(Cookson and Eisenack) Sarjeant 

Plate S, figures 4, S 

19S8 Gonyaulax hyalodermopsis Cookson and Eisenack, 
p. 34, Pl. 3, figs. 11, 12, Textfigs . S, 6. 

1966a Gonyaulacysta hyalodermopsis (Cookson and Eis
enack) Sarjeant, p. 131 (nom. nud.). 



1969 Gonyaulacysta hyalodermopsis (Cookson and Eis
enack) Sarjeant, p. 10. 

Description . The outline of the periblast is pent
agonal with an interruption in the outline at the 
apex which is prolonged into an apical horn 7-11µ in 
length. The antapex is somewhat flattened. The wall 
of the cyst is two layered. The endoblast outline is 
pentagonal and does not protrude at the apex. The 
periblast is appressed closely to the endoblast ex
cept wh ere it is prolonged, forming the truncated 
conical apical horn, and where it forms sutural 
crests 3-6µ high. The surfaces of both layers are 
smooth or scabrate. 

The cingulum is outlined by parallel crests 
and is sinistral, displaced one and one-half to two 
cingulum widths; the width of the cingulum ranges 
between 4 and 7µ. The sulcus is visible on most 
specimens as a ventral, medial depression in the 
periphragm; the depression is bordered anteriorly by 
the reflected apical plate l' and posteriorly by the 
reflected antapical plate l "". It is widest at the 
posterior end, narrowing to the width of the reflected 
plate l' anteriorly. 

The archeopyle is precingular, formed by the loss 
of a single reflected precingular plate 3" in both 
wall layers. The operculum is "hoof-shaped", the 
flatter edge corresponding to the posterior junction 
with the cingular suture. The operculum is generally 
detached, rarely partly attached along its posterior 
margin, but may be found lying in the endocoe l. 

Reflected tabulation, as determined by the 
presence of the sutural ridges is as folloi~s: 4', 
6", 6c, 5"', lp, l"". Reflected plate l' is long 
and narrow. Reflected plate 4' is reduced to a 
narrow strip, 3-5µ wide, and often not clearly 
distinguishable on many specimens. The antapical 
reflected plate l"" is quadrate. 

Dimensions. (27 measured specimens) - Length, 55-
92µ; width, 56-82µ. 

Discussion . The description above is not intended 
to be complete, but rather to elucidate certain 
aspects of the wall structure and tabulation absent 
from the original description of Cookson and Eisenack 
(1958, p. 34). The tabulation as shown by Cookson and 
Eisenack (1958, Figs. 5, 6) is essentia lly correct 
except for details of the apical refl ected series and 
postulation of strongly reduced reflected plates 
corresponding to l"' and 6"'. There are only five 
postcingular reflected plates, with reflected plate 
5"' being somewhat smaller than the others in the 
series, at least on specimens from Horton River. 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from the upper Neocomian and 
Aptian of West Australia (Cookson and Eisenack, 
1958) and from the Berriasian to Hauterivian of 
the Sacramento Valley, California, U.S.A. (Warren, 
1967, p . 147). 

Genus Leptodinium Klement emend. Sarjeant 

1960 Leptodinium Klement, p. 45. 
1966a Leptodinium Klement emend. Sarjeant, p. 133. 

1967 
1969 

Leptodinium Klement emend. Wall, p. 104. 
Leptodinium Klement emend. Sarjeant in Davey 
et al., p. 11. 

(38) Leptodinium cancellatum sp. nov. 

Plate 5, figures 7-9 

Holotype. GSC No. 34146, Slide P851-3A, 20.5 x 
129.5; Horton River Formation, Section CR14A-68, 30 
to 37 feet (9.1 to 11.1 m), GSC loc. C-8534; Middle 
Albian. Length, 75µ (right lateral view). 

Diagnosis . Circular or subcircular outline; length 
to width ratio close to 1.0. Wall two-layered, the 
periphragm forming low sutural ridges reflecting 
a tabul ation of 4', 6", 6c, 5"', l"", lp, 5s, and 
also forming the intratabular apiculate to vermi
culate sculpture. Reflected plate l' elongate and 
narrow, 4' considerably larger than l'. Cingulum 
offset 1 to 1-1/2 cingular widths; sulcus nearly 
straight, with reflected sulcul tabulation often 
dev eloped. Archeopyle precingular, formed by loss 
of reflected plate 3"; operculum detached. 

Description. The cyst outline is circular or subcir
cular. The ratio of epitract to hypotract length 
is close to 1.0. Both apex and antapex are rounded. 

The cyst wall is two layered. The endophragm 
is smooth and thin, less than 0.5µ thick in optical 
section. The periphragrn is about 1. 0µ thick in 
optical section and forms the 101; sutural crests 
and intratabular sculpture. The two layers are in 
contact excep t at the sutures and the intratabular 
ridges. The periphragm is finely granular between 
the major sculpture. Intratabular sculpture is 
variable, even on a given specimen, and ranges from 
granulate to vermiculate or vermiculate -reticulate, 
forming a trellis-like pattern. The intratabular 
sculpture may connect with the sutural ridges. 
Intratabular sculpture is less than 1.0µ in height 
and from 0.5 to 2.0µ in width. 

The archeopyle is precingular and formed by 
the loss of reflected plate 3" . The operculum is 
detached and rounded-trapezoidal in shape. 

The cingulum is well marked by a pair of 
cingular ridges, which are similar to the sutural 
ridges and connect with them. Cross-sutures de
limit six precingular reflected plates. The cing
ulum is from 4.0 to 7.0µ wide, sinistral, and 
displaced one to one and one-half cingular widths. 
The sulcus is narrow anteriorly, where the reflected 
anterior sulcal plate adjoins l', and widens poster
iorly to meet the reflected antapical p late l"". 
Some, or all, of the sulcal reflected p lates (ant
erior sulcal, left anterior sulcal, right sulcal, 
left sulcal and posterior sulcal) are visible on a 
given specimen. A central area lo,cated between the 
reflected anterior and posterior sukal plates is 
probably the reflected site of the insertion of the 
longitudinal flagellum. 

Reflected tabulation correspond to the formula 
4', 611

, 6c, 6"', lp, 5s, 11111
• Reflected plate l' 

is narrow posteriorly and is widest jus t below the 
apex; reflected plate 4' is much larger than l'; 
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reflected plate lp is trape zoidal in shape. The 
ref lected t abulation is outlined by low, narrow, 
sutural ridges, 1-2µ wide, by irregularly dissect ed 
sutural ridges, or by sutural rows of basally con
ne cted pila or coni, 1-2µ high. The sutures often 
are cr enulated. 

Dimensions . (30 measured specimens) - Length, 57-
77µ; width, 52-67µ. 

Comparison . The intratabular sculpture of Lep to 
di niwn canceZZat wn sp . nov. serves to distinguish 
the species from others described in the literature. 

Occurrence . Horton River Formation (Middle Albian). 

(39) Leptodiniwn deZicatwn (Davey) Sarjeant 

Plate 5, fi gure 6 

1969 GonyauZacysta deZicata Davey, p. 123, Pl. 1, 
fi gs. 7 , 8, Figs. lOA, B. 

1969 Lept odiniwn deZicatwn (Davey) Sarjeant, p. 12 . 

Dimensions . (12 measured specimens) - Maximum 
di ameter, 50-62µ. 

Discuss ion . Davey ( 1969) remarks on the fragile 
nature of the cyst wall of thi s species. This 
char act eristic i s well shown in specimens recorded 
from Horton River material; as a result, a maximum 
diamet er is r ecorded rather than a length and width. 
Davey (1969, p . 124) a l so notes th e restricted 
di s tribut i on of this species in his Saskatchewan 
mater i a l and s ugges t s that it might have been re
cycl ed into Cenomanian s tra t a . 

Occurrence . Horton River Formation (Midd l e Albian); 
recorded previously from Cenomanian s trata of 
Saskatchewan (Davey, 1969) at a depth of 835 fee t 
(254 . 6 m) i n Internationa l Yarbo No . 17 borehole. 

(40) Leptodiniwn modicwn sp. nov. 

Plate 5, figures 10-15 

Ho Zo type . GSC No . 34147, Slide P851-2A, 32.6 x 
11 7 . 0; Horton River Formation, Section CR14A- 68, 
20 to 30 feet (6 . 1 t o 9 .1 m), GSC l oc . C-8533; Middl e 
Albi an. Length, 45µ; width, 50µ (excluding crests; 
dorsa l surface uppermos t, specimen tilted). 

Di agnosis . Pentagonal, but rounded, outline; l ength 
to width ratio close to 1.0. Two smooth wal l l ayers ; 
per i phragm thin, forming enti re, low sutural cres t s 
reflecting a t abul ation of 4 ', 6", 6c, 5'", l p, 11111

; 

r efl ected pl ate l' e longate; 4' elongate and small. 
Cingulum offset two to three cingular widths; sulcus 
sinuous and i n c lined to the right. Archeopyl e pre
cingular, formed by loss of r eflected p l ate 3"; 
operculum detached. 

Description . The peribl as t outline is pentagonal, 
but rounded ; t he rounded apex is wi thout an apica l 
horn or pr omi nence . The ant apex is s l i ghtly f l at
t ened. The total l ength to width ratio of the 
perib l ast, excludi ng crests, is close to 1 .0 . The 
epitract l ength is equal to or s lightly l ess than that 
of the hypotract. Two wa ll l ayers are present. The 
endophragm is smooth and thin, about l µ thick in 
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optical section . The periphragm is smo oth, thin, 
and close l y appressed to the endophragm, except 
where the periphragm forms low, entire cres t s a long 
the reflected plate boundaries and a t the periphery 
of the cingul ar and sulcal r egions . The crests are 
3 t o 6µ high and often so s t rong l y folded as to make 
det ermination of reflected t abulation almost 
impossible . 

The archeopyle is pr ec ingular and i s formed by 
loss of reflect ed plate 3". The operculum, detached 
in archeopy l e formation, is trapezoidal with some
what rounded corners. 

The sini s tral cingu lum varies from 4 to 6µ in 
width and is outlined by a pair of cingular sutures; 
six r eflected precingular plates are present. Where 
the cingulum is interrupted by the sulcus, the ends 
of the cingulum are offset fr om 2 to 3 cingular 
widths . The sulcus i s sinuous, a shallow S in 
shape, and inclined from left to right. Anteriorly, 
the sulcus r eaches about hal fway onto the epitract 
where it narrows and mee t s reflected pl a t e l' . 
Posteriorly, the sulcus widens s omewhat and extends 
almos t t o the antap ex where it meets reflected 
plate 11111

• 

The reflected t abul ation i s difficult to 
demonstrate on a single specimen because of the 
s trongl y fo lded and contort ed sutura l crests. From 
composite observat ions, the ref l ected t abul a tion is 
determined as : 4 ' , 611

, 6c , 5"', lp, l "" . Refl ect ed 
plate l' is elongat e and 4 ' i s narrow and r educed; 
of the precingular series , reflected plate 5111 is 
the small est. Reflected plate 11111 is quadrate to 
trapezoidal in shape . 

Di mensi ons . (20 measured specimens) - Perib l as t 
l ength, 50 -65µ; periblast width, 53 - 58µ; endoblast 
length, 45 -5 8µ; endobl as t width, 48 - 50µ . 

Comparison . Lept odi niwn modicwn sp . nov . differs 
from other species placed i n Leptodiniwn (Davey e t 
aZ ., 1969) in that i t possesses low, entire cr es t s , 
an offset c ingulum, inclined su lcus and distinct 
reflected tabulation pattern. 

Occurr ence . Horton River Formation (Middle Albian) . 

Genus Lunatadini wn Brideaux and Mcin t yre 

1973 Lunatadiniwn Brideaux and Mcintyre, p. 396 . 

(1) Lunatadini wn disso Zutwn Brideaux and Mcintyre 

1973 Lunatadiniwn di ssoZutwn Brideaux and Mcintyre, 
p. 396, Pl. 1, figs. 1-1 3. 

Occur ence . Langton Bay and Horton River Format ions 
(Aptian to Middle Albian) ; r ecorded previously from 
various surf ace and sub surf ace sections on the 
northern Canadian mainland in Hauterivian to Middle 
Albian s t rat a (Brideaux and Mc intyre , 1973), and 
strat a of the Lower Sandstone Division (Middle 
Valanginian) at Martin Creek,Aklavik Range, District 
of Mackenzie (Brideaux, unpublished). 



Genus Microdi nium Cookson and Eisenack 

1960a Microdinium Cookson and Eisenack, p. 6. 
1966a Microdinium Cookson and Eisenack; Sarjeant in 

Davey et al ., p. 148. 

(51) Microdiniwn? crinitwn Davey 

Plate 6, figure 6 

1967 Cometodinium obscUl'um Clarke and Verdier, p. 
35, Pl. 10, fig. 3, Pl. 11, fig. 9; auct . non 
Deflandre and Courteville, 1939, p. 99. 

1969 ?Microdinium crinitum Davey, p. 137, Pl. 2, 
figs. 7, 8. 

1971 ?Microdinium crinitum Davey; Davey and Verdier, 
p. 25 . 

Dimensions . (2 measured specimens) - Width, 35 and 
38µ; processes, 6 to 8µ. 

Discussion . As described in Davey (1969, p. 137), 
the processes are peritabular and the periblast 
bears small intratabular granules. One specimen 
possesses what is interpreted as an apical archeopyle. 
The number of reflected plates lost in archeopyle 
formation cannot be determined, but is probably four. 

OccUl'rence . Horton River Formation (Middle Albian); 
recorded previously from the Albian to basal Turonian 
(Clarke and Verdier, 1967), the Cenomanian of France 
and Saskatchewan, Canada (Davey, 1969), and the 
Albian of the Paris Basin (Davey and Verdier, 1971). 

(7) Microdinium opacum Brideaux 

Plate 6, figures 1, 2 

1961 Forma A Evitt, p . 390, Pl. 1, fig. 14, Pl. 2, 
fig. 7. 

?1964 Dinoflagellate gen. et. sp. indet. forma E, 
Vavrdova, p. 100, figs. 4a, b. 

197lb Microdinium opacum Brideaux, p. 76, Pl. 21, 
figs . 19-22, Textfigs. 7d, e. 

Occurrence. Langton Bay and Horton River Forma
tions (Aptian to Middle Albian); recorded previously 
from the Grand Rapids Formation, the Lower Colorado 
Group, the Peace River and lower Shaftesbury Forma
tions below the Fish Scale Zone in central Alberta, 
Canada (Middle and Upper Albian; Brideaux, 197lb); 
doubtfully from the Lower Cretaceous of Czechoslo
vakia (Vavrdova, 1964). 

(32) Microdinium spinosum sp. nov. 

Plate 6, figures 3-5 

Holotype. GSC No. 34148; Slide 6884-2, 13.4 x 133.2; 
Horton River Formation, Section CR15A-68, 30 to 37 
feet (9. 1 to 11. l m), GSC loc. C- 8534; Middle Albian. 
Length, 28µ (archeopyle present); width, 28µ. 

Diagnosis . Proximate dinoflagellate cyst; thin 
walled; tabulation, ?4', 6", 6c, 5'",_ lp, 11111

, l-4s; 
low sutural crests bearing spinulose processes, or 
sutural rows of ·coni or pila outline the reflected 
tabulation. Cingulum slightly sinistral; sulcus 
S-shaped. A nearly circular darkened spot always 
present at latitude of reflected plate 3" ' . 

Descripti on . The preferred orientation of the cyst 
i s a lways dorso-ventral. The outline is roughly 
hexagonal, but not strongly angular; the antapex is 
gently rounded. The epitract length is always dis
tinctly less than the hypotract length. The overall 
l ength to width ratio is very close to 1.0 with the 
greatest width occurring just below the latitude of 
the cingulum. The wall is about 1. Oµ thick in op
tical section. Intertabular crests bearing small 
spinulose processes, about 0.5 to 1.0µ high, or 
rows of coni or pila, 0.5 to 1.5µ high, outline the 
reflected tabulation. The intratabular wall surface 
is generally scabrate, although well-preserved 
specimens possess a fine microgranulate design of 
great complexity on some r eflected plates. A cen
tral darkened region is present on all specimens 
encountered, lying in the latitude of reflected 
plate 3"' and extending into the cingular region. 
The wall does not appear to be thicker in this 
darkened area. All specimens are dark brown to 
brownish yellow in colour. 

The archeopyle is apical and possibly composed 
of four apical reflected plates. It is difficult, 
however, to confirm this from the Horton Rvier 
specimens. The operculum is absent or, when pres
ent, is detached but lies in the archeopyle. It is 
never well preserved and appears to have undergone 
chemical degradation. The tabulation pattern has 
been determined as ?4', 6", 6c, 5"', lp, 11111

, l-4s. 
Four reflected sulcul plates, the anterior, left, 
right, and posterior, are distinguishable. Pre
cingular reflected plates 3" and 4" are quite 
small and nearly rectangular. The postcingular 
reflected plates 1111 to 5"' and reflected plates 
lp and l"" are quite large compared to the pre
cingular series. Cingular refl ected plates are 
defined by very low, fine ridges and are somewhat 
r ectangular . The anterior sulcal reflected plate 
may or may not be delimited from the rest of the 
sulcus, and is harp-shaped, the narrower end to 
wards the antapex. The cingulum is slightly sinis
tra l. The sulcus is S-shaped, widest at the 
boundary with reflected plate l"", narrowing at the 
base of the anterior sulcal reflected plate and 
widening slightly before reaching the edge of the 
archeopyle. 

Dimensions . (18 measured specimens) - Length, 25 -
32µ; width, 25 - 34µ. 

Comparison. Microdinium spinosum sp. nov . differs 
from M. ornatum Cookson and Eisenack (1960a, p. 5) 
in its reflected tabulation pattern and possession 
of a circular darkened area, from M. sp. cf . M. 
ornatum Cookson and Eisenack (in Sarjeant, 1966a, 
p . 149) in its reflected tabulation and possession 
of a darkened patch, and from M. setosiun Sarjeant 
(1966a, p. 151) in details of reflected tabulation 
and the possession of smaller sutural crests or 
spine rows and a central darkened region. 

Microdinium opacum Brideaux (197lb, p. 76) 
most closely resembles M. spinosum sp. nov. Both 
species have a central darkened patch, similar 
r efl ected sulcal tabulation, archeopyle and oper
culum structure. But M. spinosum possesses re
flected tabulation delimited by rows of coni, pila, 
or spinulose crests, whereas M. opacum shows smooth 
low ridges or crests. Furthermore, M. spinosum 
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possesses only five reflected postcingular plates, in 
contrast to six for M. opacum, and differs in the 
shapes of the six reflected precingular plates. 

Glypha.nodiniwn facetwn Drugg (1964, p. 238) 
possesses a faint central darkened area but differs 
from M. spinosum in several respects, notably in its 
markedly pentagonal outline and possession of six 
postcingular reflected plates . 

Occurrence. Horton River Formation (Middle Albian). 

Proximate pseudoceratiacean cysts 

Genus Batioladiniwn Brideaux 

in press Batioladiniwn Brideaux. 

(2) Batioladiniwn jaegeri (Alberti) Brideaux 

Plate 6, figures 7, 10, 11 

1961 Broomea jaegeri Alberti, p. 26, Pl. 5, figs. 
1-7. 

in press Batioladinium jaegeri (Alberti) Brideaux. 

Occurrence . Langton Bay and Horton River Formations 
(Aptian to Middle Albian); recorded previously from 
the upper Barremian of Haverlahwiese (Salzgitter), 
Germany (Alberti, 1961), the Albian of Alberta, 
Canada (Pocock, 1962; Singh, 1964, 1971; Brideaux, 
197lb), and of the C6tes Noires de Moeslains and 
Vallentigny, France (Davey and Verdier, 1971) and 
the Upper Albian and? l ower Cenomanian of En gland 
(Cookson and Hughes, 1964) and as derived? material 
from the Santonian and Campanian of the Anderson 
Plain, northern Canadian mainland (Mcintyre, 1974). 

Genus Canningia Cookson and Eisenack 

1960b Canningia Cookson and Eisenack, p. 251. 

(56) Canningia minor Cookson and Hughes 

Plate 6, figure 8 

1964 Canningia minor Cookson and Hugh es in Manum 
and Cookson, p. 15, Pl. 2, fig . 9 (nom. nud . ). 

1964 Canningia minor Cookson and Hughes , p. 43, 
Pl. 8, figs . 1-3, 5 . 

Discussion. The paper by Manum and Cookson (1964) 
was published on February 28th, 1964. At that time 
the authors gave no diagnosis or description of the 
species (ICBN, Art. 32) and did not indicate the 
nomenclatura l type (ICBN, Art. 37) . The species 
was published validly only in April, 1964 (Cookson 
and Hughes, 1964, p. 43) . 

Comparison. Canningia sp. cf. C. minor Cookson 
and Hughes in Brideaux (197lb, p. 78, Pl. 22, figs. 
30, 34) differs from Canningia minor in having a 
much thicker, scabrate to granulate wall, rather 
than a thin, smooth or faintly scabrate wall . 

Occurrence. Horton River Formation (Middle Albian); 
recorded previously from Graham and El l e f Ringnes 
Islands, Canadian Arctic Archipelago (Upper Cret
aceous) by Manum and Cookson (1964), from the Upper 
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Gaul t and Cambridge Greensand, England (Upper 
Albian and? lower Cenomanian) by Cookson and Hughes 
(1964) and the C6tes Noires de Moeslains, Courcelle s 
and Vallentigny, France (Albian) by Davey and 
Verdier (1971) . 

(60) Canningia ringnesii Manum and Cookson 

Plate 6, figure 9 

1964 Canningia ringnes~~ Manum and Cookson, p. 15, 
Pl. 2, fig. 10. 

197lb Canningia sp. A Brideaux, p. 80, Pl. 22, figs . 
31, 32. 

Comparison . Canningia sp. A of Brideaux (197lb, p. 
80) possesses closely spaced setae and papil l ae and 
has an overlapping size range with C. ringnesii . 
The two forms are considered here to be conspecific . 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from the Upper Cretaceous of 
Ellef Ringnes Island, Canadian Arctic Archipelago 
(Manum and Cookson, 1964) and from the 
Lower Colorado Group and lower Shaftesbury Form
ation below the Fish Scale Beds (Midd l e and Upper 
Albian) by Brideaux (197lb). 

Genus Tenua Eisenack 

1958 Tenua Eisenack, p. 410. 
1968 Tenua Eisenack emend. Sarjeant, p. 230 . 
1972 Tenua Eisenack; Pocock, p. 94 (pars.). 

Discussion . Sarjeant (1968, p. 230) emended the 
genus Tenua Eisenack (1958) to include reference 
to possession of an apical archeopyle and varied 
ornamentation of the cyst wall. But he essentially 
retained Eisenack's (1958) description of shape, 
adding only spheroidal and e Uipsoidal, to ovoidal. 
No mention was made of the development of antapica l 
prominences nor was a comment made on the presence 
of an offset sulcal notch and the probable pseudo
ceratiacean affinity of the genus . Specimens in 
this paper assigned to the type species, T. hystrix 
Eisenack, show a gradation from those forms illus
trated by Eisenack (1958, Pl. 23, figs . 1-4) and 
Eisenack and Kjellstrom (1971, Pl. 6, figs. 10-12), 
to those possessing strongly indented antapices 
with one or two antapical prominences and an offset 
sulcal region. 

(15) Tenua hystrix Eisenack 

Plate 6, figures 12, 13 

1958 Tenua hys trix Eisenack, p. 410, Pl. 23, figs. 
1-4. 

1958 Tenua hystricella Eisenack, p. 411, Pl. 23, 
figs. 5-7. 

1971 Tenua hystrix Eisenack; Eisenack and Kjell
strom, p. 1039 , Pl. 6, figs. 10-12. 

Description . Complete specimens were not observed. 
The remaining portion of the cyst body, comprising 
the precingular reflected plate series of the epi 
tract and the hypotract, is rounded to strongly 
indented antapically with one, or more rare l y two, 
unequal antapical prominences developed. Where 
two prominences are developed, the left is always 



more strongly deve loped. The archeopyle is apical; 
the zig-zag marg in and development of secondary sut
ural notches indicate the presence of six precingular 
reflected p l a t es . A vague ly de fined cingulum is out
l i ned by paralle l rows of processes. The sulcus, the 
position of which i s indicat ed by the reduction of, 
or absence of , processes, is offset t o the left. Its 
presence is especially marked on those specimens 
showing s t rong development of ant apical prominences . 
The cys t wall is densely orn amented with spines, 
bacula, and bifid processes, 5 to 13µ in l ength; the 
longer element s occur a t or about the l a titude of 
the presumed cingulum. 

Dimensions. (15 measured specimens, many more ob 
served) - Length, 68-82µ; width, 82 - 95µ . 

Occurr ence . Langton Bay Formation, Gilmore Lake and 
lower and middle parts of the Crossley Lakes Member 
(Aptian to Lower Albian); recorded previously from 
the Aptian (Eisenack, 1958; Eisenack and Kjellstrom, 
197 1), the upper Hauterivian (Gocht, 1959) , and 
probably as a derived species in Middl e Oligocene 
to Middle Miocene rocks (Gerlach, 196 1), a ll from 
northwest Germany . 

(22) Tenua sp . A. 

Plate 6, figures 14-16 

Descripti on . The overall shape of the comp lete cyst 
is pentagonal, a lthough the outline is somewhat 
asymmetrical, the left side of the hypotrac t being 
more prolon ged than the right s ide . This basic out
line is interrupted at severa l points: where the 
archeop yl e is developed on incomplete specimens; 
at the ant apex where a prominent indentation occurs; 
and at the l a t i tude of the cingu lum where pronounced 
cin gu l a r prominences occur. On one compl e t e speci 
men the apex is prolonged about 12µ , forming an api
cal prominence. The antapex possesses two distinct 
prominences, equa l or unequal in l ength ; when un
equa l , the l eft antapical prominence is the longer . 
In extreme cases, the t wo prominences may be more 
aptl y t ermed ant apical horns . This si tuation per
t ains also t o the cin gul ar prominences where the 
left cingular prominence is more pronounced than 
tha t of the right side. 

The auto cys t i s 1 to 2µ thick in optical section. 
The autophragm is scabrate an d bears spines, pila, 
and spatul at e to bifid processes which, rare l y, are 
connected basally. The sculpture is reduced in the 
sulc a l region and, on some specimens , in what ap
pear s to be the inner portion of r efl ect ed pre
cingular pl ates. Sculpture a l so is r educed on the 
inner part of the refl ect ed ap ica l plates on the 
one complete spec imen. Sculpture e l ements are 
deve loped most s trongl y i n the latitude of the 
cingulum, toward the periphery of the reflected 
precingular p l a t es, on the reflected apical plates 
on the s in gle comp l e t e specimen , and variably dev
eloped e l sewhere. The e l ements are 3 to 6µ long 
and from 1 t o 2µ in maximum width. 

The cingulum is outlined on many specimens by 
para ll e l rows of processes, but di s tort ion of the 
specimen or r educ tion of the processes r enders its 
position difficult to discern in some instances. 
The cingulum is sinistra l , displaced about one and 

one ha lf to two cingulum widths and is about 6 to 
8µ wide. The position of the su l cus i s defined by 
a broad, parallel-sided band where pr ocesses are 
absent or s trongl y reduced. The sulcus i nter r upt s 
the cingulum below a sul ca l notch offse t to the left 
and the sul cus foll ows a s lanted path from l eft to 
right ending at the ant apex. 

The archeopy l e i s ap ica l an d has a zig-zag mar
gin with a sulca l notch offset to the l e ft and 
secondary sutural notches; the archeopyle is formed 
by the loss of the reflected apical plat e series . 
The operculum is de t ached, except on the complete 
specimen, wh ere it remains attached a long part of 
the ventral surfa ce . No opercul a have been recog
nized on the slide. The refl ec t ed tabul ation 
pattern of the epitract consists of four reflected 
apical p l a t es and six r eflected precingular plates, 
as de t ermined by the di s tribution of processes and 
the secondary sutural notches. Details of the 
hypotract a l reflected t abulation are obscure, but 
a few specimens suggest tha t a t l eas t five post
cingular r e fl ec ted plates and one or two ? antapical 
r eflected plates are present. 

Dimensions . ( 12 measured specimens) - Length of 
complete spec imen, 130µ; others, 87 -103µ ; width, 
90-115µ. 

Occurrence . Langt on Bay and Horton River Forma
tions (Aptian to Middle Albian). 

Proximate unassigned cys t s 

Genus Di ctyopyxidi a Eisenack 

1960b Dictyopyxis Cookson and Eisenack, p . 255 (nom. 
van . ) non Dictyopyxis Ehrenberg (diatom). 

1961 Dictyopyxidia Eisenack, p . 316 (nom. subst . 
pr o Dictyopyxi s Cookson and Eisenack, 1960b). 

(27) Dictyopyxidia imperfecta sp. nov. 

Plate 7, figures 1-5 

Holotype . GSC No . 34149; Slide P851 - 5A, 38.1 x 
130 .0; Horton River Formation, Sec t ion CR14A- 68, 
45 to 50 feet (13.5 to 15.2 m), GSC loc. C-8536; 
Middle Albian. Length, 50µ (operculum detached), 
width, 58µ . 

Diagnosis . Subcircular to oval proximate dino
flage lla t e cyst . Wall two-l ayer ed; endophragm 
simple; pe r i phragm forming a low, perfect to imper
fect, reticulate ne twork, the 1 umina h ighly variable 
in size and shape ; a sinistral cingulum, and sulcal 
region, outlined respectively by a transverse, 
e longate pair of low r idges and an absence or re 
duction of the reticulum. Archeopyle apical, oper
culum simple and free, polygonal; tabula tion not 
determin ab l e. 

Description . The proximat e cys t generally is 
oriented dorsoventrally on the s l ide . The overall 
outline of the cyst is s ubcircular to oval, a l
though some specimens may be s lightly angular. The 
apex and antapex are gently rounded and possess no 
prominences. The l ength of the epitract is equa l 
to or s l ightly l ess t)1 an the hypotract . The great
es t width of the cys t occurs a t or near the latitude 
of the cingulum. 
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The wall is two layered. The endophragm is 
about 1.0µ thick in optical section. The periphragm 
forms a very low, perfect to imperfect reticulum . 
The muri are O.S to 1 . 0µ high and from 1 . 0 to l.Sµ 
wide and enclose ovoid to polygonal lumina of vari 
able maximum diameter. On rare specimens, the muri 
become partly detached and may be up to 4µ hi gh. The 
structure of the muri appears to be somewhat fibrous. 
A curious condition occurs in many specimens from 
Section CR14A-68 (Horton River Formation). The 
reticulate layer i s severely reduced over the whole 
of the cyst so that only low, flattened, papillate
like processes , alone, or in combination with patchy 
remnants of reticulum remain . 

The cingulum is distinct on most specimens, 
sinistral, displaced from one to two cingulum widths 
and S to 8µ wide. It is formed by a pair of s light
ly more prominent, transversely oriented low sutures, 
interconnected with the main reticulum. This pair 
of ridges is interrupted on the ventra l surface by 
the s ulcal r eg ion, defined by a marked r eduction or 
complete absence of a reticulum. Rare, low ridges 
connect the main cingular ridges, but no angular 
reflected tabulation is evident. The sulcus is 
terminated at the antapex by the reticulum and on 
the epitract by a prominent sulcul notch. The 
position of the notch and the course of the sulcus 
indicate that the sulcus is not offset. 

The archeopyle is apical and formed by the loss 
of the refl ected plates of the apical series. The 
outline is variably zig-zag and includes the distinct 
sulcal notch. The operculum is simple, free, and is 
rare ly found in place or partially attached. It is 
visible in a few instances and is five sided and 
angular in outline suggesting four reflected apical 
plates, and bears a similar low reticulum to that of 
the main cyst body. Individua l reflected plate s are 
not determinable. 

The t abulation of the species, with the excep 
tion of the apical s eries, is not determinabl e; the 
low reticulum does not appear sufficiently differen
tiated to permit the recognition of a reflected tab
ulation pattern. 

Dimensions . (S4 measured specimens) - Length, 4S-
68µ ; width, 40 - 62µ. 

Comparison . Dictyopyxidia imperfecta sp. nov. dif 
fers from D. circulata Clarke and Verdier (1967, p. 
67) in the presence of a rel atively pronounced 
cingulum and distinct sulcal region, in having an 
imperfect to severely reduced reticulum, and in 
being of generally l arger size. Dictyopyxidia 
imperfecta sp. nov. differs from the type species 
D. aerolata (Cookson and Eisenack) Eisenack in 
being more or less equidimensional rather than 
distinctly elongate, in having a low, imperfect, 
rather than regular, distinct reticulum, in having 
a defined rather than indistinct cingulurn, and in 
being of generally smaller size. 

Occurrence. Langton Bay and Horton River Formations 
(Aptian to Middle Albian). 

Genus Fromea Cookson and Eisenack 

19S8 Fr omea Cookson and Eisenack, p . SS. 
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(S8) Fromea amphora Cookson and Eisenack 

Plate 7, figure 6 

19S8 Fromea amphora Cookson and Eisenack, p. S6, 
Pl. S, figs. 10, 11. 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from the Aptian to Cenomanian 
of Australia (Cookson and Eisenack, 19S8), the 
Upper Cretaceous of the Canadian Arctic Archipelago 
(Manum and Cooks on, 1964), the Upper Albian and? 
Lower Cenomanian (Cookson and Hughes, 1964) and 
Upper Barremian (Sarj eant , 1966b) of England, the 
Cenomanian of England and France (Davey, 1969), 
the Barremian of Germany (Alberti, 1961), the Upper 
Albian of Rumania (Baltes , 1967), the Middle and 
Upper Albian of central Alberta, Canada (Singh, 
1971; Bri deaux, 197lb), the Albian of the Paris 
Basin, France (Davey and Verdier, 1971), the Upper 
Creta ceous of the U.S.S.R. (Vozzhennikova, 1967) and 
along Horton River, N.W.T. (Mcintyre, 1974). 

Genus Palaeostomocystis Deflandre 

193S Palaeostomocystis Deflandre, p. 234 (nom. 
nud.). 

1937 Palaeostomocystis Deflandre, p. S2 . 

(24) Palaeostomocystis fragilis 
Cookson and Eisenack 

1962 Palaeostomocystis fragilis Cookson and Eis
enack, p . 496, Pl . 7, figs . 10, 11 . 

Occurrence . Langton Bay Formation, Gilmore Lake 
Member and Horton River Formation (Aptian and 
Middle Albian); recorded previously from the 
Aptian? to Cenomanian of Australia (Cookson and 
Eisenack, 1962) , the Upper Cretaceous along Horton 
River, N.W.T. (Mcintyre , 1974) and on Graham and 
Ellef Ringnes Islands, Canadian Arctic Archipelago 
(Manurn and Cookson, 1964), and the Middle and Upper 
Albian of central Alberta, Canada (Brideaux, 197lb; 
Singh, 1971) . 

Chorat e gonyaulacacean cysts 

Genus Cleistosphaeridium Davey et al . 

1966 Cleistosphaeridium Davey et al ., p. 166. 

(64) Cleistosphaeridium? aciculare Davey 

Plate 7, figure 7 

1969 Cleistosphaeridium? aciculare Davey, p . 1S8, 
Pl. 6, fi g . 12 (non fig . 11). 

Discussion . Brideaux (197lb, p. 94) discusses the 
similarity between C. ? aciculare and C. multispino
sum (Singh) Brideaux (197lb). The former species 
seems characterized by acuminate processes, and the 
latter species has processes that are thin and 
parallel - sided . 

Dimensions . (2 measured specimens) - Maximum dia
meter, 40µ , 43µ ; processes, 6-12µ. 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from the Upper Albian and Lower 
Cenomanian of Saskatchewan, Canada (Davey, 1969). 



(34) Cleistosphaeridium ancoriferum 
(Cookson and Eisenack) Davey et al. 

emend. Cookson and Eisenack 

Plate 7, figures 10, 11 

Brief synonymy. 

1960a Hystrichosphaeridium ancoriferum Cookson and 
Eisenack, p. 8, Pl. 2, fig. 11 . 

1966 Cleis t osphaeridium ancoriferum (Cookson and 
Eisenack) Davey et al ., p. 167, Pl. 9, fig. 1. 

1968 Cleistosphaeridium ancoriferum (Cookson and 
Eisenack) Davey et al . emend. Cookson and 
Eisenack, p. 119, Figs. 6A-G. 

Discussion . Specimens from the Horton River Forma
tion conform to the emended diagnos is given by 
Cookson and Eisenack (1968, p. 119, 120). Groups 
of processes, perhaps corresponding to intratabul ar 
groups reflecting t abulation, are joined by a thin, 
distal membrane . There is no continuous membrane, 
as in specimens with similar but thinner and un
differentiated processes, assigned to Chlamydophor
ella nyei Cookson and Eisenack. (See also discus
sions by Davey et al ., 1966, p. 168; and Davey , 
1969, p . 155, 156). 

This species may be synonymous with Cleisto 
sphaeridium huguonioti (Va lensi) Davey. The process es 
appear to be similar (Valensi, 1955, p. 38, Fig. 2a), 
but the authors feel that specimens described as be 
longing to one or the other of these two species 
should be compared be for e a fina l assessment of syn 
onymy is made . In connection with this, th e reader 
is referr ed to other discussions by Clarke and 
Verdier (1967, p. 54) and Davey (1969, p. 155, 156). 

Occurrence . Horton River Formation (Middl e Albi an); 
recorded previously from the Albian and Cenomanian 
of Australia (Cookson and Eisenack, 1960a, 1968) 
and, doubtfully (according to Cookson and Eisenack, 
1968, p. 120), from the Cenomanian of England by 
Davey et al. (1966). 

(3) Cleistosphaeridium multispinosum 
(Singh) Brideaux 

Plate 7, figure 12 

1964 Baltisphaeridium multispinosum Singh, p. 141, 
Pl. 20, fi gs. 1, 2. 

1969 ?Cleistosphaeridium aciculare Davey, p . 158 , 
Pl. 6, fig . 11 (non fig. 12) . 

197lb Cleistosphaeridium multispinosum (Singh) Bri 
deaux, p. 93, Pl . 27, fi gs . 77 -79. 

1971 Baltisphaeridium multispinosum Singh, p. 395, 
Pl. 73, fi g. 6. 

Discussion . The r eader is referred to the remarks 
of Brideaux (1971, p. 94) and Singh (197 1, p. 395). 

Occurrence . Langton Bay and Horton River Formations 
(Aptian to Middle Albian); recorded previously f rom 
Middle and Upper Alb ian surface and subsurface 
rocks of central and west - central Alberta (Singh, 
1964, 1971; Brideaux, 197lb), Upper Albian and Lower 
Cenomanian rocks of Saskatchewan (in part, Davey, 
1969) and in Middle and Upper Albian rocks of Mary 
land, U.S.A. (Bri deaux, unpublished da t a). 

(30) Cleistosphaeridium polypes 
(Cookson and Ei senack) Davey subsp. polypes 

Plate 7, figure 9 

1962 Hystricho sphaeridium recurvatum subsp. po l ypes 
Cookson and Eis enack, p. 491, Pl. 4, figs . 
11-13. 

1969 Cleistosphaeridium polypes (Cookson and Eis
enack) Davey, p . 154, Pl. 6, figs . 7, 8 . 

1971 Cleistosphaeridium polypes (Cookson and Eis
enack) Davey var. polypes Davey ; Davey and 
Verdier, p. 15, Pl. 2, figs. 2-5. 

1971 Cleistosphaeridium polypes (Cookson and Eis 
enack) Davey ; Singh, p. 324, Pl. 50, figs. 
4, 5 . 

Comparison . Specimens from th e Horton River Forma
tion have shorter processes (6 to 10µ) than thos e 
described by Davey (1969, p. 154), but are other
wise comparable. 

Occurrence . Horton River Formation (Middl e Albian); 
besides the occurrence s from Aptian to Cenomanian 
rocks cited by Singh (1971, p. 324), r ecorded also 
from the Lower and Middl e Albian of the Paris Basin 
(Davey and Verdier, 1971). 

(46) Cleistosphaeridium polypes subsp. clavulum 
(Davey) Lenten and Williams, 1973 

Pla t e 7, figure 8 

1964 Hystrichosphaeridium recurvatum subsp. polypes 
Cookson and Eisenack; Cookson and Hughes, p. 
47 , Pl. 9, fig. 14. 

1969 Cleistosphaeridium polypes var. clavulum 
Davey , p. 154, Pl. 6, figs. 9, 10 . 

1971 Cleistosphaeridium polypes var. clavulum 
Davey ; Davey and Verdier, p . 15, Pl . 2, fig . 
11. 

Discussion . The few specimens from the Horton 
River materia l have small e r processes (5 to 10µ) 
than thos e recorded by Davey (1969, p . 154) but are 
otherwise comparable. 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from Upper Albian and Lower 
Cenomanian rocks of En gl and and France (Cooks on 
and Hughes, 1964; Davey, 1969; Davey and Verdier, 
1971) . 

( 4 7) Cleistosphaeridium? sp. AE 

Plat e 7, fi gures 13 , 14 

Description . The cyst is subcircul ar. The wall is 
two l ayered; the endophragm is about 1.0µ thick in 
optical section and the thin periphragm forms the 
processes and connecting ridges . The processes 
are hollow , acuminate or bifid, and up t o 8µ high. 
Many processes are interconnected basally by low 
irregu lar ridges about 0.5 to 1.0µ high. There is 
a suggestion of arrangemen t in groups, perhaps re
fl ecting tabul ation ., but it is not possible to det er
mine any r efl ec t ed tabul a tion pattern. The peri 
phragm, between the processes, is puncta t e . An 
apical archeopyle is present with the operculum 
partly attached on specimens ava ilabl e for study . 
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The cingulum is visible as a band devoid 0£ processes 
and up to 7µ wide, and its course is highlighted by 
a parallel alignment of processes along the periphery. 
The cingul um is offset about one-half its width. A 
sulcal area is not discernible. 

Dimensions. ( 3 measured specimens) - Length, 51-62µ; 
width, 52-61µ. 

Occu:rrence . Horton River Formation (Middle Albian) . 

Genus Conosphaeridiwn Cookson and Eisenack 

1969 Conosphaer idiwn Cookson and Eisenack, p. 5. 

(57) Conosphaeridium sp. A. 

Plate 7, figures 17, 18 

Description . The cyst is subcircular and possesses 
a two-layered wall. The endophragm is thin and 
smooth. The periphragm is thin, microrugulate and 
forms the processes. The processes are entire, 
hollow, distally open, cylindrical or sub-conical, 
with a striated surface that is an extension of the 
microrugul ate periphragm pattern, and are from 12 to 
22µ in length. A polygonal archeopyl e is present, 
formed presumably by the loss of the apical reflected 
plates. The several specimens available for study 
are so oriented that a refl ected tabulation pattern 
cannot be determined. 

Dimens ions . (2 measured specimens) - Width, res
pectively, 50µ, 63µ . 

Compari son . Other species assigned to Conosphaer i 
di um by Cookson and Eisenack (1969) have a smooth 
periphragm between processes. 

Occu:rr ence. Horton River Formation (Middle Albian). 

Genus Hystrichokolpoma Klumpp emend . 
Williams and Downie 

1953 Hystrichokolpoma Klumpp, p. 388 . 
1966 Hystrichokolpoma Klumpp emend. Williams and 

Downie, p. 176. 

(37) Hystrichokolpoma ferox (Deflandre) Davey 

Plate 7, figure s 15, 16 

1937 Hystrichosphaer idium ferox Deflandre, p. 72, 
Pl. 14, figs . 3, 4 . 

1963 BaUisphaeridium f er ox (Deflandre ) Downie and 
Sarj eant, p . 91. 

1969 Hystr ichokolpoma fer ox (Deflandre) Davey , p . 
159, Pl. 9, figs. 5- 7. 

Occu:rrence . Horton River Formation (Middle Albian); 
r ecorded previously from uppe r Aptian (Eisenack, 
1958) to Danian strata (Drugg , 1967) and from var
ious localities in Europe, Britain , Aus tralia and 
North America (Singh, 1971). 

Genus Oligosphaer idium Davey and Williams 

1966 Oligosphaeridium Davey and Williams in Davey 
et al. , p. 70. 
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(16) Ol igosphaeridium anthophorum 
(Cookson and Eisenack) Davey 

Plate 8, figures 12, 13 

1958 Hystr ichosphaeridium anthophorum Cookson and 
Eisenack, p. 43, Pl. 11, figs. 12, 13, 16-18. 

1969 Ol i gosphaeridiwn anthophorwn (Cookson and 
Eisenack) Davey, p. 147, Pl. 5, figs . 1-3. 

Occu:rr ence . Langton Bay Formation, Gilmore Lake 
Member (Aptian); recorded previously by many authors 
in Upper Jurassic to Campanian rocks (Cookson and 
Eisenpck, 1958; Eisenack, 1958; Alberti, 1961 ; 
Davey, 1969; Brideaux, 197lb; Singh, 1971; Mcintyre, 1974). 

(41) Oli gosphaer idium asterigium 
(Gocht) Davey and Williams 

Plate 8, figure 1 

1959 Hystr ichosphaer idium as ter igium Gocht, p. 67, 
Pl. 3, fig. 1, Pl. 7 , figs. 1-4. 

1969 ?Oli gosphaer idium aster igi um (Gocht) Davey 
and Williams , p . 5, in Davey et al . 

Discussion . Brideaux (197 lb, p. 89) considered 
this species to be a synonym of Oligosphaeri dium 
complex (White) Davey and Williams (1966). The 
authors fee l , however, that Gocht's original dis
tinction (Gocht, 1959, p. 67, 68) was a valid one 
and retain 0. aster igi um as a distinct species. 

Occurrence . Horton River Formation (Middle Albian); 
r ecorded previously from the Valanginian and 
Hauterivian of Germany (Gocht, 1959) . 

(9) Oligosphaeridium complex 
(White) Davey and Williams 

Plate 8, figure 2 

1842 Xanthidium tubi f er um complex White, p. 39, 
Pl. 4, div. 3, fig. 11. 

1946 Hystr ichosphaeridium complex (White) Deflandre, 
p. 11. 

1966 Oligosphaeridium complex (White) Davey and 
Williams, p. 71, Pl. 7, figs. 1, 2, Pl. 10, 
fig. 3, Textfig. 14. 

Occurrence . Langton Bay and Horton River Formations 
(Aptian to Middle Albian); widely distributed in 
Cretaceous and Tertiary rocks (Davey amd Williams, 
1966; Brideaux, 197lb; Singh, 1971; Mcintyre, 1974) . 

(14) Oligosphaeridium irregulare 
(Pocock) Davey and Williams 

Plate 8, figures 3, 6 

1962 Hystrichosphaeridium irregular e Pocock, p. 82, 
Pl. 15 , figs. 228, 229 . 

1969 ?Oligosphaer idium irr egular e (Pocock) Davey 
and Williams , p. 5, in Davey et al. 

197lb Oligosphaeridium irr egulare (Pocock) Davey 
and Walliams; Bride aux, p. 90, Pl. 26, fig. 
62 . 

Comparison . This species is distinguished by the 
posses sion of highly variable processe s which have 



biconcave to tubular colunms and open, complexly 
flared distal extremities (see also the remarks of 
Singh, 1964, and Brideaux, 197lb). 

Occurrence . Langton Bay Formation, Gilmore Lake Mem
ber (Aptian) ; recorded previously from the Lower and 
Middle Albian of western Canada (Pocock, 1962; Singh, 
1964; Brideaux, 197lb). 

(17) Oligosphaeridium pulcherrimum 
(Deflandre and Cookson) Davey and Williams 

Plate 8, figure 4 

1955 Hystrichosphaeridium pulcherrimum Deflandre 
and Cookson, p. 270, Pl. 1, fig. 8, Textfigs. 
21, 22. 

1966 Oligosphaeridium pulcherrimum (Deflandre and 
Cookson) Davey and Williams, p. 75, Pl. 10, 
fig. 9, Pl. ll, fig. 5. 

197lb Oligosphaeridium sp. cf. 0. pulcherrimum (De
flandre and Cookson) Davey and Williams; Bri
deaux, p. 90, Pl. 25, figs. 60, 61. 

Discussion . Eocene forms reported by Davey and 
Williams (1966, p. 76) are probably derived. 

Occurrence . Langton Bay Formation, Gilmore Lake 
Member (Aptian) ; recorded previously from the Mid
dle and Upper Albian of Alberta, Canada (Singh, 
1971; Brideaux, 197lb), the Cenomanian to Coniacian 
of Alabama, U.S.A. (Leopold and Pakiser, 1964) and 
of England (Clarke and Verdier, 1967), the Lower 
Cretaceous of Belgium (Delcourt and Sprumont, 1957) 
and Australia (Deflandre and Cookson, 1955), the 
Coniacian and Santoni an "A" of the Grand Banks, 
Atl antic continental margin (Williams and Brideaux, 
1975), the Santonian and Campanian along Horton River, 
N. W. T. (Mcintyre, 1974) and the Cretaceous of France 
(Valensi, 1955). 

(21) Oligosphaeridium totum 
Brideaux subsp. totum 

Plate 8, figure 10 

197lb Oligosphaeridium totum var. totum Brideaux, 
p. 88 , Pl. 25, figs. 53, 55 (October, 1971). 

1971 Oligosphaeridium diastema Singh, p. 337, Pl. 
SS, figs. 4, 5, Pl. 56, figs. 1, 2 (December, 
1971). 

1973 Oligosphaeridium totum Brideaux subsp. totum; 
Lentin and Williams, p. 100. 

Discussion . Dr. C. Singh (pers. corn.) agrees with 
the authors on the question of the synonymy of 0. 
diastema Singh and 0 . totum (subsp.) totum Brideaux. 

Occurrence . Langton Bay Formation (Aptian to Middle 
Albian); recorded previously from Middle and Upper 
Albian strata of central and west-central Alberta 
(Brideaux, 197lb; Singh, 1971). 

(13) Oligosphaeridium sp. AB 

Plate 8, figure 9 

Description . The complete cyst is subcircular or 
somewhat ovoid in shape and possesses a two-layered 
wall. The periphragm is punctate and forms the 
processes; the endophragm is smooth and thin. The 
combined periphragm and endophragm thickness in 
optical section is 1.0µ or less. 

The processes are intratabular in position 
and represent a reflected tabulation formula of 4', 
6", Oc, 5"', l"", 0-lp, 0-lps. The processes are 
widened proximally, narrowed somewhat along the 
columns, and then flared slightly at their distal 
portion. The apices are open, occasionally entire, 
but most often slightly serrate or irregularly 
dissected, with short acuminate or spatulate pro
jections. The colunms are faintly striated and, 
rarely, possess one or two deep dissections part 
way down their length. The processes are variable 
in length, from 15 to. 35µ, typically 20 to 30µ. 

The archeopyle is formed by the loss of the 
reflected apical plates, and the operculum is 
irregularly polygonal in shape and often partially 
attached. Of the four processes representing the 
apical reflected plates ., that process assigned to 
reflected plate 2' is the largest and that of 4 1 

is the smallest. No other differentiation of pro
cesses was observed consistently. Cingular and 
sulcal processes are absent. Complete specimens 
possess from 16 to 18 processes, and those with api 
cal archeopyles may have 12 to 14. 

Dimensions . (6 measured specimens) - Width, 45-60µ. 

Comparison . The processes of Oligosphaeridium totum 
Brideaux (197lb) are entire-margined at the apices 
and buccinate. Those of Oligosphaeridium albertense 
(Pocock) Davey and Williams, 1969, appear to be, 
from published descriptions (Pocock, 1962; Singh, 
1964), distinctly biconcave and distall y more com
plex. 

Occurrence . Langton Bay Formation, Crossley Lake 
Member, and Horton River Formation (Aptian to Middle 
Albian) . 

(10) Oligosphaeridium? sp. A of Brideaux 

Plate 8, figure 7 

197lb Oligosphaeridium? sp . A Brideaux, p. 91, Pl. 
26, fig. 66. 

Discussion . Two specimens from the Horton River 
material are referred to this taxon. The illustrated 
specimen is similar in most respects to other spec
imens of this form encountered, but differs in that 
some of the precingular processes are connected 
basally by a thin membrane. 

Occurrence . Langton Bay Formation, Gilmore Lake 
Member (Aptian); recorded previously from Middle 
and Upper Albian rocks of central and west-central 
Alberta, Canada (Brideaux, 197lb) . 

(66) Oligosphaeridium? sp . B of Brideaux 

Plate 8, figure 11 

197lb Oligosphaeridium? sp . B Brideaux, p. 91, Pl. 
26, figs. 63 - 65. 

Discussion . One specimen was recovered from Horton 
River strata. It possesses a small, bifurcated 
anterior sulcal process, the tips of which are bifid. 
A process interpreted as corresponding to reflected 
process lp is smaller than the six precingular and 
five postcingular processes present on the specimen. 
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Occurrence. Horton River Formation (Middle Albian); 
recorded previously from Middle and Upper Albian 
rocks of central and west-central Alberta, Canada 
(Brideaux, 197lb). 

Genus PoZysphaeridium Davey and Williams 

1966 PoZysphaeridium Davey and Williams, p. 91. 

(59) PoZysphaeridiwn Zaminaspinosum 
Davey and Williams 

Pla te 8, figure 14 

1966 PoZysphaeridiwn Zaminaspinoswn Davey and 
Williams, p. 94, Pl. 8, fi g. 8. 

1971 PoZysphaeridium Zaminaspinoswn Davey and 
Williams; Davey and Verdier, p. 27, Pl. 5, 
figs. 4, 6. 

Dimensions . (1 measured specimen) - Diameter, 30µ; 
l ength of processes, 8-10µ . 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from the Albian of the Paris 
Basin (Davey and Verdier, 1971) and th e Cenomanian 
of England (Davey and Williams, 1966) and France 
(Davey, 1969). 

Genus Pterodinium Eisenack 

1958 Pter odinium Eisenack p. 395. 

(42) Pterodinium verrucoswn sp. nov. 

Plate 9, figures 1-8 

HoZotype . GSC No. 34150, Slide P851 -4A, 39.8 x 
118.8; Section CR14A-68, Horton River Formation, 
37 to 45 feet (11.1 to 13.6 m); GSC loc. C-8535. 
Total l ength, 62µ; total width, 61µ (including 
sutura l crests) . 

Diagnosis . Subcircular to ovoid cysts; two-l ayer ed 
wal l, the periphragm bearing intratabular apiculat e 
sculpture and forming high, thin, entire sutural 
crests, outlining a reflected t abulation of 4 ', 6", 
6c, 5 '" , 11111

, lp, 5s. Cingulum sin i stral, displaced 
up t o three cingular widths; su l cus with f ull tabu
lation, sinuous in outline. Archeopyl e precingular, 
formed by l os s of reflected plate 3" , operculum 
detached. 

De scription . The perib l ast is subcircular or ovoid. 
The ratio of epitract to hypotract length is close 
to 1.0. The apex i s rounded; the antapex is rounded 
or s lightly flat t ened. 

Th e cyst is two layer ed. The endophragm is 
thin, l ess than 1.0µ thick in optical section, and 
smooth. The periphragm is as thin as the endophragm 
and forms the sutural crests. The two l ayers are 
in contact excep t along these crests. The periphragm 
bears apicul a t e sculpture in intra tabular r eg ions 
that varies from grana to con i or irregul ar "wart
like" element s, from 1.0 to 3.0µ high, typically 
2 .0µ and 1.0 to 2.0µ wide . The apicul at e elements, 
as man y as 40 per reflected pl a t e, are concentrated 
in the central intratabular regions , reduced or 
absent nearer the margins, and absent in the cingu
l ar r egion . 
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The archeopyl e is precingular and formed by 
the loss of reflected plate 3" . The operculum is 
detached. 

The reflected tabulation pattern i s determined 
as 4', 6", 6c, 5"', l'"', lp, 5s, and is outlined by 
smooth, entire, sutural cres t s from 5 to 12µ , but 
typically from 6 to 8µ high. These crests often 
may be so folded or fl a ttened, particularly in the 
apical region, a s to obscure the details of t abul
ation. The crests are corroded occasionally and 
appear granulose or finely punctate. 

Th e cingulum is outlined by cingular crests, 
s imilar in construction to the sutura l crests. It 
is sinistral, 5-7µ in width, and offset up to three 
cingul ar widths, but typically one and one -half to 
two widths. Si x refl ected cingul ar plate s are 
present. The sulcus follow s a somewhat sinuous 
course and exhibi ts a full comp l ement of reflected 
sulcal plates. 111e ref lected anterior sulcal plate 
i s large ; the r eflected left sulca l plate is nar
row, elongat e and rectangular; the refl ected right 
anterior sulcal and right s ulcal plates are small 
by comparison and polygonal; the r eflected posterior 
sulcal plate is larger and ovoid. A central elon 
gate ovoid region is interpreted as the position 
of emplacement of the longitudinal flagellum of the 
thecal s t age . 

Dimensions . (37 measured specimens) - Periblast 
length, 58-80µ ; periblast width, 53-72µ ; endobl as t 
l ength, 48-73 µ ; endoblast width, 48 - 65µ . 

Occurrence . Horton River Formation (Middle Albian). 

(43) Pterodiniwn sp . cf. P. aZiferum Eisenack 

Pl ate 8, figur es 15, 16 

1958 cf. Pterodini um aZiferwn Eisenack, p. 395, Pl. 
24, fig. 6 , Textfig. 6 . 

1971 cf . Pterodiniwn aZiferwn Ei senack ; Davey and 
Verdier, p. 30, Pl. 6, figs. 4, 6. 

Description . The periblas t outline is hexagonal to 
rounded-hexagonal; the apex is flattened or slightly 
pyramida l and the antapex i s flatt ened. The l ength 
i s gener a ll y gr eater than the width and the epitract 
is slightl y shorter than the hypotract. 

The wall i s two l ayer ed . Th e endophragm is 
thin, less than 1.0µ thick in optical section, and 
smooth. The periphragm is also thin, about 1.0µ 
th ick in optica l section, and punctate to alveo l at e 
and forms the sutural crest s . 

The archeopyle is precingular and formed by 
the loss of r eflect ed plate 3". The operculum is 
detached and somewhat hoof shaped or rounded
trapezoidal. 

The cingulum is marked by high, thin crests 
which a r e often highly folded and flattened making 
recognition of the six refl ected cingulum plates 
difficult. The cingulurn is 4 to 6µ wide , sinistral, 
and di sp l aced from one to two cingular widths. The 
sulcus is often diffi cult to discern because of the 
folded or flatt ened sutural crests, which tend to 
obscure its course . It is narrowes t at the l atitude 



of the cingulum, widening both anteriorly and poster
iorly, sinuous in course and its length is divided 
equally between epi tract and hypotract. The sulcus 
is t erminated anteriorly by reflected plate l' and 
pos t eriorly by 11111

• 

Reflected tabulation corresponds to the formu
la: 4 ', 6" , 6c, 5"', l"", lp. Reflected plate lp 
is somewhat triangular to trape zoidal in shape . The 
reflected tabulation is outlined by high, thin, 
sutura l crests which are densely punctate to alveo
late and serrated along the top. The crests are up 
to 12µ high, but generally are 5-8µ high. They are 
often flattened or so strongly folded a s to obscure 
the details of reflected tabulation. 

Dimensions . (21 measured specimens) - Perib last 
length, 58-80µ; periblast width, 40-75µ; endobl ast 
length, 40 - 73µ; endobla st width, 40-65µ . 

Compar i son . Pterodinium sp. cf. P. aZi f er um 
Eisenack i s smaller and lacks the marked serrations 
and indentations of P. aZif er um Eisenack. The cre st s 
of Pter odinium sp. A are smooth, almost hyaline. 

Occurrence . Horton River Formation (Middle Albian); 
a similar specie s (as Pter odinium aZifer um) recorded 
previously from the Aptian of Germany (Eisenack, 
1958) and the Lower and Middle Albian of the C6tes 
Noire des Moeslains (Davey and Verdier, 1971). 

(44) Pterodinium sp. A 

Plate 9, figure 9 

Descripti on . The periblast outline i s ovoid or 
rounde d-hexagonal. Th e ratio of periblast len gth 
to width is greater than 1. 0 . The r atio of the 
epitract to hypotract length is less than 1.0. The 
ape x is rounded or slightl y peaked and the ant apex 
is fl a t or s li ghtly rounded. The endophragm is thin, 
less than 0.5µ thick in optical section and in con
t act with the periphragm in intra t abular areas. The 
per i phragm a lso i s thin, less than 1. 0µ thick in 
optical section, and forms the cingul ar and sutural 
crest s . 

The archeopyle is precingular and formed by 
the loss of reflected plate 3". 111 e operculum is 
detached and is longitudin a lly elongate and trape
zoida l in shape. 

The cingulum is 6- 8µ wide, border ed by high 
cingular cres ts which often are s o crumpl ed as to 
obscure th e six reflected cingula r plates. The 
cingulum is s inis tral and displ aced from one to one 
and one -half cin gular widths . The sulcus follows 
a more or l ess straight course and i s little 
differentiated; it is distributed equally on the 
epitract and hypotract. 

Reflected tabulat i on is determined as 4', 6", 
6c, 5' " , l"", lp. Th e refl ected tabulation is 
outlined by high, thin , smooth, almos t hya l i ne, 
sutural crests, from 6-12µ , but typica lly 6-8µ high, 
and highly folded and crumpl ed, s ometimes obscuring 
the tabulation, particularly in the apical area . 

Dimensions . (8 measured specimens) - Periblast 
l ength, 68 - 80µ; peribl ast width, 50- 68µ; endobl ast 
l ength, 55 -63µ ; endoblast width, 50-62µ . 

Occurrence . Horton River Formation (Middle Albian). 

Genus Spiniferites Mantell emend. Sarjeant 

1850 Spi niferites Mantell, p . 191. 
1933 Hystrichosphaera 0. Wetzel, p. 78 . 
1970 Spinifer ites Mantell emend . Sarjeant, p. 75. 

Discussion . The name Spi nifer ites Mantell emend. 
Sarjeant is used in this paper, although the authors 
agree with the views of Sarjeant (1967a, p. 245) 
and those of Brideaux (197lb, p . 95). In view of 
Sarjeant's (1967a) arguments, the most logical step 
would have been to conserve the name Hy s tricho
sphaera 0. Wetzel, 1933 . 

(54) Spiniferites ramosus (Ehrenberg) Mantell 

Plate 9, figure 10 

Brief synonymy. 

1838 Xanthid1:um ramosum Ehrenberg, p. 47. 
1854 Spi ni f erites ramosus (Ehrenberg) Mantell, p. 

239. 
1937 Hy s trichosphaer a ramosa (Ehrenberg) Deflandre, 

p. 64, Pl. ll, figs. 5, 7 . 
1966 Spinifer ites ramosus (Ehrenberg) Mantell; 

Loeblich Jr. and Loeblich III, p. 56. 

Occurrence . Horton River Formation (Middle Albian); 
r e corded previously from Upper Jurassic to Holocen.e 
rocks wor l dwide (Sarjeant, 1967a). 

Genus Tanyosphaeridi um Davey and Williams 

1966 Tanyosphaer idium Davey and Williams, p . 98. 

( 48) Tanyosphaeridium sp. A of Brideaux 

Plate 9, fi gure 11 

197lb Tanyosphaeridium sp. A of Brideaux, p. 93, 
Pl. 26, fig . 71. 

1971 Tanyosphaeridi um sp. Singh, p. 344, Pl. 57, 
fig. 7. 

Discussion . The form is distinct from Tanyo sphaeri
dium variecaZamum Davey and Willi ams (1 966) in 
possessing processes which, distally, are entire 
and buccinate. 

Dimensions . (2 measured spe cimens) - Length, 28 
and 33µ (both possess apica l archeopyl es) . 

Occurrence . Horton Ri ver Formation (Middl e Albian); 
r e corded previous ly from Middl e and Upper Albian 
rock s of central and west-centra l Alberta (Brideaux, 
197l b ; Singh , 1971). 

(31) Tanyosphaeridium sp. B of Brideaux 

Plate 9, figure 12 

197lb Tanyosphaeridium sp. B Brideaux , p. 93, Pl. 
27, fig. 75. 

Discussion . A few poorly preserved specimens were 
found in s amples from the Horton River region. A 
r e lativel y large number of proce sses distinguishes 
this specie s from Tanyosphaeri dium sp. A of 
Brideaux, 197lb. 
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Occurrence. Horton River Formation (Middle Albian); 
recorded previously from Middle and Upper Al bian rocks 
of central and west-central Alberta (Brideaux, 197lb). 

(52) Tanyosphaeridium sp. C. 

Plate 9, figure 13 

Description . The -cyst is longer than broad. The 
periphragm i s granular and forms smooth truncated 
processes wi th more or less tubular columns and entire 
or minutely serrated distal extremities. Processes 
are 10 to 14µ in length and number 24 on the complete 
specimen with attached operculum, and 20 on the other, 
which possesse-s an apical archeopyl e . 

Dimensions . (2 measured specimens) - Len gth , 25 and 
30µ; width, 21 and 23µ, respectively . 

Comparison. These specimens most closely resembl e 
Tanyosphaeridium variecalamum Davey and Williams, 
1966, but ar e too poorly preserved to permit definite 
identification . 

Occurrence . Horton River Formation (Middle Albian) . 
A similar form (as T. variecalamum Davey and Williams ) 
is recorded from the Cenomanian of England (Davey and 
Williams, 1966). 

Chorate pseudoceratiacean cysts 

·Genus Cyclonephelium Deflandre and Cookson emend. 
Cookson and Eisenack 

1955 Cyclonephelium Deflandre and Cookson, p. 285. 
1962 Cyclonephelium Deflandre and ·Cookson emend. 

Cookson and Eisenack, p. 493 . 

(53) Cyclonephelium compactum 
Deflandre and Cookson 

Plate 9, figure 17 

1955 Cyclonephelium compactum Deflandre and 
Cookson, p. 285, Pl. 2, figs. 11-13. 

1962 Cyclonephelium compactum Deflandre and 
Cookson; Cookson and Eisenack, p. 494, Pl. 5, 
figs. 1-3 (holotype refigured as fig . 1). 

Occurr ence . Horton River Formation (Middle Albian); 
recorded previously from Aptian to Campanian strata 
(see Sarjeant, 1967b, Tab l e VII; Brideaux, 197lb) . 

(4) Cyclonephelium disti nctum 
Deflandre and Cookson 

Plate 9, figure 18 

1955 Cyclonephelium distinctum Deflandre and 
Cookson, p. 285, Pl. 2, fig. 14; Textfigs. 
4 7' 48 . 

1961 Circulodinium deflandrei Alberti , p . 29, Pl. 
4, fi gs. 7-13. 

197lb Cyclonephelium sp . A Brid eaux, p . 97, Pl. 28 , 
fig. 88. 

Occurrence . Langton Bay Formation, Gi lmore Lake 
Member and Horton River Formation (Aptian to Middle 
Albian); recorded previously from Cret aceous and 
lower Paleocene rocks (Deflandre and Cookson, 1955; 
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Clarke and Verdier, 1967; Drugg, 1967; Millioud, 
1969; Singh, 1971; Brideaux, 19 7lb; Mcintyre, 1974). 

Chorate unassigned cysts 

Genus Imbatodinium Vozzhennikova 

1967 Imbatodinium Vozzhennikova, p. 52. 

Discussion. Imbatodinium, according to Vozzhennikova 
(1967, p. 52) , possesses an apica l archeopyle. Her 
illustrations (op . cit., Pls. 11-15) suggest, howeve~ 
tha t the genus possesses an intercalary archeopyle 
formed by the los s of two reflected intercal ary 
plates . This is particularly well demonstrat ed for 
Imbatodinium villosum Vozzhennikova, 1967, Pl. 13, 
figs. la-e, and I . verrucosum Vozzhennikova, 1967, 
Pl. 12, fig. 6, but l ess so for I . kondratjevi 
Vozzhennikov~ 1967, Pl. 11, figs. 2b , 3. 

(62) Imbatodinium sp . A 

Plate 9, figures 14-16 

Description. The cyst outline is subcircular to 
ovoid, rounded antapically, but prolonged apically 
into an apical horn , which often t erminates in a 
club-shaped process. The endophragm is smooth and 
thin, l ess than 1.0µ thick in optical section; the 
periphragm is a l so thin, and is ornamented with 
apiculate e lement s . 

The elements are commonly slender, acuminate, 
or more rarely distally bifid or, still more rarely, 
broadly flattened and ending i n two, long, fimbriate 
projections directed more or less perpendicularly to 
each other. Several of these broad projections may 
be f used at the antapex. The e l ements with acumin
at e projections may or may not be present part way 
along the apical horn. The posi t ion of the acumin 
ate and the more complex processes cannot be related 
to a reflected t abul ation pattern. The length of 
the processes ranges from 5 to 11 µ , typically 6-8µ . 

The archeopyle, based on examination of several 
poorly oriented specimens, seems to be formed by the 
loss of at least one, and probably two intercalary 
r efl ected plates. The loss of these plates allows 
the specimen to be deformed so that the apical re
gion is t wis t ed or bent into the archeopy l e, making 
interpretation difficult . 

Dimensions . (9 measured specimens) - Length, 70-
80µ; apical horn length, 7-1 2µ. 

Comparison . This species resembles Imbatodinium 
villosum Vozzhennikova (1967) , but differs in the 
possess ion of a variety of apiculate e lements and 
the pronounced distal club - shaped t ermination of 
th e apical 'horn. 

Occurr ence . Horton Ri ver Formation (Middle Albian). 

1961 
1967 

Cavate gon yaul acacean cysts 

Genus Gardodinium Al berti 

Gardodinium Alberti, p . 18 . 
non Gardodinium (Eisenack) Alberti; Clarke 
and Verdier, p. 26. 



Discussion . Alberti (1961, p. 18) did not indicate 
the t ype of archeopyle for Gardodinium. Clarke and 
Verdier (1967, p. 27) describe Gardodinium de flandrei 
Clarke and Verdier, 1967, p. 25, Pl. 3, figs. 10-12, 
Textfig. 10, and diagnose the species as possessing 
a precingular archeopyle . This feature is illus
trated (op . cit.) in Plate 3, figure 12 and Textfig
ure 10. The authors also state that unpublished 
material of Early Cretaceous age, a ttributed to 
Gardodinium Alberti, 1961, a lso exhibit s a precingu
l ar archeopyl e . 

Material from Horton River, however, clearly 
attributable to Gardodinium eisenackii Alberti, 
1961, possesses a clearly defined apica l archeopyle 
with accessory archeopyle sutures . Specimens exhi
bit a range of preservation from completeness to 
those with incipient archeopyl e formation, and 
partial to complete de t achment of the operculurn 
(Pl. 10, figs. 1-4). The operculum consists clearly 
of the ap ical reflected plate series and includes 
the long apical horn formed from the periblast an d 
the portion of the endoblast that projects into the 
apical pericoel of the periblast . On favourable 
specimens, the apiculate processes, arising from 
the endophragm, appear peritabular, conforming to 
the outline of th e refl ect ed pl ate. On other spec 
imens the proces s es are too crowded to assess their 
relation to reflected tabulation patterns. 

It is ent i r e ly poss ible, as well, that Gardo 
dinium sensu Alberti (1961) and Chlarrrydophorella 
Cookson and Ei s enack, 1958, p. 56, are synonymous . 
Both genera possess simil ar morphology and speci
mens referable to them have apica l archeopyles. 
Only thorough r evision of the original material of 
Alberti (1961) and Cookson and Eisenack (1958) can 
answer this question; therefore , Gardodinium and 
Chlarrrydophorella are maintained as distinct genera 
in th is paper. A second possibility exists th at 
Gar dodinium sensu Alberti (1961 ) does possess a 
precingular archeopyle and that Gardodinium Alberti 
sensu Clarke and Verdi er (1967) does belong with 
that form . But if this is so, then Gardodinium 
approaches the concept of Scriniodinium Kl ement, 
1957, p. 409, and , should the two genera prove to be 
synonymous, then Gar dodinium Alberti would become 
a junior synonym of Scriniodinium Klement. 

(23) Gardodinium eisenackii Alberti 

Pl ate 10, figure s 1-4 

1961 Gardodinium eisenackii .A l bert i , p. 18, Pl. 3, 
figs . 8-1 3. 

1971 Gardodinium eisenackii Alberti; Singh, p. 380, 
Pl. 68, figs . 1, 2 . 

1971 Gardodinium elongatum Singh, p. 381, Pl. 68, 
figs . 3, 4 . 

Discussion . Gardodinium elongatum Singh (1971, p. 
381) is bas ed on t wo specimens and is charact erized 
as di f f ering fr om G. eisenackii Alberti by posses 
s ion of an elongat e, narrow cys t body. Specimens 
from Horton River s trata show gr eat varia tions in 
the ratio of l ength to width and l ength of ap ical 
horn, encompassing specimens s uch as thos e described 
by Singh (1971, p. 382). The two species are con 
sidered herein to be synonymous . 

Occurrence . Langton Bay and Horton River Forma tions 
(Aptian t o Middle Albian); r ecorded previously 
from Middl e and Upper Albian rocks of west-central 
Alberta (Singh, 1971) and, presumably, from Hauter
ivian to Aptian rocks of Germany (Alberti, 1961) 
and middl e Hauterivian to lower Barremian rocks of 
England (Sarjeant, 1966b). 

Genus Scriniodinium Kl ement 

1957 Scriniodinium Klement, p. 409 . 

(65) Scriniodinium campanula Gocht 

Pl ate 10, figure 5 

1959 Scriniodinium campanula Gocht, p. 61, Pl. 4, 
fi g. 6 , Pl. 5, fig . 1. 

1967 Endoscrinium campanula (Gocht) Vo zzhennikova, 
p . 175 . 

197 lb Gonyaulacysta fragosa Brideaux, p . 83, Pl . 23, 
fig . 42, Pl. 24, fi gs . 44, 45, Textfi gs. 8c -d. 

Dimensions . (1 measured specimen) - Length, 105µ; 
width, 83µ. 

Occurrence . Horton River Formation (Middle Albian); 
r ecorded previously from Middle and Upper Albian 
rocks of central and west - central Alberta (Singh, 
197 1; Brideaux , 197lb), from Va l anginian to Aptian 
rocks of Germany (Gocht, 1959; Alberti, 1961), 
from Albian rocks of Roumania (B a ltes , 1967) and 
the Paris Basin (Davey and Verdier, 1971), Upp er 
Albian and Lower Cenomanian rocks (Cookson and 
Hughes, 1964) and Cenomanian and Turonian rocks 
(Clarke and Verdier , 1967; Davey, 1970) of Engl and . 

(SO) Scriniodinium rostratum sp . nov. 

Plate 10, figures 6 -14; Pl a t e 11, f i gures 1-3 

Holotype . GSC No . 34 151, Slide 851-4A, 36 . 3 x 
122 .5; Horton River Formation, Section CR14A-68, 
37 to 45 feet (11.1 to 13 .5 m), GSC loc. C-8535; 
Middle Albian. Perib last l ength, 65~ ; periblast 
width, 55µ ; endobl as t length, 50µ; endoblast width 
51µ. 

Diagnosis . Periblast outline ovoid, with a di s tinc
tive, beak- l ike , apical prominence, and flattened 
antapica lly; wall two layered, with a precingular 
archeopyl e developed in both l ayer s; cingulum off
set one cingular width; r e fl ected t abulation out
lined by low sutural ridge s and corresponding to 
the scheme, lpr, ?4', 6", 6c, 511 1 - ?6"' , 11111

, ?lp. 

Description . The perib l ast i s ovoid, the l en gth 
great er than th e width . The epitract and hypotract 
are of equal or approximately equal size. The 
api ca l region t apers rapid l y to form a s houlder-li.ke 
outl i ne, but is prolonged into an ap ical prominence . 
The prominence is s lightly thickened a t the apex 
and is distinctive l y "beak-like" in appearance 
(Pl. 10, fi g. 13) . The ant apex i s fl a ttened. 

Th e periphragm is thin, l ess than 0 . 5µ thick 
in opt ical section , often s trongly fo lded , finely 
granulose, an d bears low, narrow sutura l ridges 
which often are obscured by folding . The endobl as t 
i s ovoid, the length greater than the width. The 
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endophragm is smooth and does not appear to be in 
close contact with the periphragm. 

The periarcheopyle is precingular and formed by 
the loss of reflected plate 3". TI1e peri-operculum 
is free. The endarcheopyle is similar to the peri
archeopyle in shape and position and probably is 
also precingular. On one specimen the peri - operculum 
is s till partially attached but, where observed in 
several other specimens, the peri-operculum is free. 

The periphragm bears evidence of reflected 
tabulation in the form of s utura l ridges, less than 
0. 5µ wide and high, which outline a reflected tab
ulation de t ermined as lpr, ?4', 6", 6c, 5-?6"', l"", 
?lp. The t abu lation scheme is difficult to determine 
accurately because the periphragm t ends to fold along 
the sutural ridges and secondarily across the reflec
t ed plates. This is the case particul arly for the 
apical regi on , where reflection tabul ation has been 
observed only imperfectly on a few specimens. The 
small depression at the apex, surrounded by the 
thi ckened apical prominence is i nterpreted as a 
reflected pre-apical plate (pr). The endophragm 
shows no signs of t abulation other than pres ence of 
an archeopyle. 

Ridges simi lar to the sutural ridges outline a 
cingulum and its six reflected plates. The cingulum, 
where visible, is 5 to 7µ wide and offset about one 
cingulum width. A sulcal area is indistinctly 
visible on several specimens, but folds obscure its 
course. Th e sulcus appears to follow a slightly 
sinuous path and extends a short distance onto the 
epitract. 

Dimensions . (35 measured specimens) - Periblast 
length, 53-75µ; periblast width, 50-65µ; endoblast 
length, 45 - 60µ; endoblast width, 38-50µ. 

OccUl'rence . Horton River Formation (Middle Albi an). 

Cavate pseudoceratiacean cysts 

Genus Muderongia Cookson and Eisenack 

1958 Muderongia Cookson and Eisenack, p. 40. 

(20) Muderongia tetracantha (Gocht ) Alberti 

Plate 11, figure 6 

1957 Pseudoceratium? tetracanthum Gocht, p. 168, 
Pl . 18, figs. 7-9. 

1961 Muderongia tetracantha (Gocht) Alberti, p. 14, 
Pl. 2 , figs. 14 - 18. 

Dimensions . (3 measured specimens) - Antapical horn, 
40 - 64µ; l atera l postcingular horn s , 44 -5 8µ; maximum 
cys t width exc luding horns, 45 - 60µ . 

OccUl'rence . Langton Bay Formation, Gilmore Lake 
Member (upper Aptian); recorded previously from the 
Upper Haut erivian of Germany (Gocht, 1957), from 
the Va langin i an to Lower Barremi an of Germany and 
Poland (Alberti, 1961) and the Aptian of Australia 
(Cookson and Eisenack, 1958). M. Millioud (pers. 
corn., 1973) s t a t es that he has found no species of 
thi s type in post-Barremian strata in Europe. 
G. L. Williams (pers. corn., 1973) states tha t 
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he has found no species of thi s t ype in post
Aptian s trata. These statements about the range 
of Muderongia exc lude forms like Muderongia sp . A 
described below. 

(18) Muderongia sp. A 

Plate 11, figures 4, 5 

Description . Complete spec imens were not observed. 
The remaining periblast exhibits a trape zoida l out 
line . A reconstructed outline which includes the 
missing apical portion probably would result in an 
overall rhombic outline for the complete perib l as t. 
Two closed postcingular and two c losed antapical 
horns are present. The presumed l eft antapical 
horn is the longer , often two to three times as 
long as the shorter right antapical horn. If this 
interpretation is correct, then the l eft post
cingul ar horn is the shorter of the two postcingular 
horns. The right postcingular horn is broad at the 
base, but tapers abruptl y a t about half its length. 
The other horns taper smooth ly from broad bases. 

The periblast extends to form the horns. The 
endoblast outline parallels the periblast except i n 
the regions of the postcingular and ant apica l horns, 
where pericoels are form ed . The periphragm surface 
is smooth or faintly granulose; the endophragm i s 
smooth. 

The archeopyle is apica l with a zig-zag margin 
indicating the presence of reflected tabulation. 
The operculum consists presumably of the apical re 
flected plate series and the apica l portion of the 
endobl as t. Opercula have not been observed. Other 
indications of reflected t abulation, and the presence 
of a cingulum and sulcus, were not observed on spec 
imens avai labl e for study. 

Dimensions. (8 measured spec imens) - Maximum peri 
blast width, 44-70µ; l eft postcingular horn, 11-28µ; 
right postcingular horn , 28 -44 µ; l eft antapical 
horn, 28 -44µ; right antapical horn, 12-27µ . 

Discussion . Three species of Muderongia , M. macwhaei 
Cookson and Eisenack, 1958, M. perforata Alberti, 
1961 and M. simplex Alberti, 1961 , show some tendency 
to the development of a second antapical horn. In 
a ll cases, however, the second horn is very small 
and may be absent. In no case is the second ant
apica l horn deve loped as st rongl y as in Muderongia 
sp . A. Vozzhennikova (1967, Pl. CXV, fig. 3) fig
ures, but does not de scribe or otherwise charact er
ize, a spec imen which appears identical in morpho
logy with Muderongia sp. A. Davis (1963, unpub
lished) illustrates and describes a form, as Pseudo
ceratium sp . A, from Midd l e and Upper Albian rocks 
of northern Wyoming, U. S.A . Davis ' form may be con
specific with Muderongia sp . A described in this 
paper, but this requires confirmation . 

Occurrence . Langton Bay Formation, Gilmore Lake 
Member and lower part of the Crossley Lakes Member 
(Aptian and Lower Albian). 

Genus Odontochitina Deflandre 

1935 Odontochitina Deflandre, p. 234 . 



(8) Odont ochitina opercu lata (0. Wetzel) Deflandre 

1933 Ceratiwn (Euceratiwn) operculatwn 0. Wetzel, 
p. 170, Pl. 2, figs . 21, 22 . 

1935 Odon t ochitina si l i corwn Deflandre, p. 234, 
Pl. 9, figs. 8-10 . 

1946 Odont ochi tina oper cul ata (0. Wetzel) Deflandre 
(card nos. 1016-1019). 

Occurrence . Langton Bay and Horton River Formation 
(Aptian to Middle Albian); recorded previously from 
many localities worldwide (Singh, 1971; Brideaux, 
197lb) in rocks of Hauterivian to Maastrichtian age. 

Genus Senoni asphaer a Clarke and Verdier 

1967 Senoniasphaera Clarke and Verdier, p. 61 . 

(29) Senoni asphaera micr or eticulata sp . nov. 

Plate 11, figures 7-12; Plate 12, figures 1-8 

Holotype . GSC No . 34152, Slide P851 -1A , 35.9 x 
121.3; Section CR14A-68, Horton River Formation, 
10 to 20 feet (3 .0 to 6.1 m), GSC loc. C-8532. 
Dimensions: Periblast, 123µ x 118µ; endoblast 105µ 
x 105µ . 

Diagnosis. Cyst two layered; the periphragm micro
reticulate and generally closely appressed to the 
thicker microreticulate endophragm. One apical 
prominence, and a rounded or asymmetrically developed 
antapex, and with cingular bulges. Archeopyle apical; 
operculum simple and detached or partially a ttached 
ventrally. Reflected tabulation, 4 ', 6", Oc, 5-?6"', 
11111

• Cingulum displaced one to two cingular widths; 
sulcus offset to the left. 

Description. The periblast outline is subcircular 
to ovoid wi th one apical prominence, a slight lateral 
bulging at the cingulum, and a rounded to asymmetri
cally developed antapex. Where asymmetrical develop
ment of the antapex occurs, the left antapical prom
inence is more pronounced. The periblast and endo
blast are somewhat dorso-ventral ly flattened. 

The cyst possesses two distinct wall layers 
which, in well-preserved specimens, are closely 
appressed except at the apex, the cingul ar region, 
and at the antapical prominences. Specimens damaged 
by maceration, or by natural preservational pro
cesses, may show moderate to extreme detachment of 
the two layers. 

The periphragm is a thin microreticulate layer 
which may be folded or otherwise produced so as to 
outline reflected tabulation. These folds lie along 
the course of raised and thickened microreticulate 
ridges on the underlying endophragm . In specimens 
from which the periphragm has been stripped, the 
endophragm can be seen to possess a variable micro
reticulate to microfossulate sculpture, and 
occasionally may bear apiculate sculpture . The 
periphragm,in damaged or degraded specimens, may 
appear to be connect ed to the endophragm by a net
work of fibrous processes. Well-preserved material 
dispels this impression. 

The archeopyle is apica l and has a zig -zag 
margin, indicating the presence of reflected 

tabulation. The operculum is simple, and may be 
detached and preserved separate l y, but is often 
found close to or partially attached ventra ll y to 
the rest of the cyst. The operculum is formed of 
apical reflected plates l' to 4' in both the peri
blast and endoblast (Pl. 11, fig. 11). 

The reflected tabulation pattern is not clear 
in a ll details on each specimen, particularly in 
the case of the postcingular series. The scheme, 
as derived from a study of all available material, 
is: 4', 6", Oc, 5-?6'", Op, 11111

• The presence of 
five postcingular reflected plates is confirmed on 
a ll we ll-preserved specimens . A sixth postcingular 
reflected plate appears to be present on a few spec 
imens, but is not clearly shown . 

A cingulum and sulcus are evident on all but 
the most poorly preserved material. The cingulum 
follows a slightly sinuous path and is displaced one 
to two cingular widths on the ventral surface . The 
sulcus is disp l aced to the left at its posterior 
end, is narrow anterior l y, and widens posteriorly 
at its junction with the antapical reflected p l ate. 

Dimensions. (40 measured specimens, many more 
observed) - Periblast: l ength, 112-140µ; width, 
75-126µ; endoblast: length, 105-118µ; width, 75 -
123µ. 

Discussion . Senoniasphaera sp. of Davey and Verdier, 
1971, p. 31, Pl. 6, figs. 7-9, is much smaller. 
Coming from the Upper Albian of Vallentigny, in 
northeastern France, it represents the only other 
Albian occurrence of the genus. The other published 
species of Senoni asphaera occur in rocks of Late 
Cretaceous age (Clarke and Verdier, 1967; Williams 
and Brideaux, 1975). 

Occurrence . Langton Bay Formation, uppermost part 
of the Crossley Lakes Member, Horton River Form
ation (Lower and Middle Albian) . 

Cavate peridiniacean cysts 

Genus Astrocysta Davey 

1967a As t rocysta Sarjeant, p . 243 (nom . nud.). 
1970 As t r ocysta Davey, p. 359 . 

Discussion . Davey (1970, p. 359) diagnosed the 
genus, Astrocysta, as possessing an intercalary 
archeopyl e . Norris and Hedlund (1972) re-examined 
the holotype specimen of Ast r ocysta cr etacea Pocock 
ex Davey and found it to possess a transapical 
archeopyle with the operculum s till attached . Ob
s ervations by W.W. Brideaux, on material assigned 
to A. cretacea from several localities in North 
America (unpubli shed material) , support the inter
pretation advanced by Norris and Hedlund for 
material other than the holotype. Brideaux (197lb) 
sugges ted tentatively that the archeopyle of Astro
cyst a might be formed by the loss of a singl e inter
calary reflected plate and rejected the possibility 
that an epitractal archeopyle was involved. The 
authors must reject herein the concept of an inter
calary archeopyle as advanced by Davey (1970) and 
Brideaux (197lb). 
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Astrocysta Davey appears, therefore, to belong 
to that group of cavate peridinioid cysts in which 
the archeopyle is formed by the loss of one ap ica l 
refl ect ed plate, three r eflected intercalary and 
three reflected precingular plates. Comments by the 
authors (this paper , p. 37) in connection with a 
discussion of the new genus Luxadiniwn gen . nov. 
also apply her e . 

(11) Astrocysta cr etacea Pocock ex Davey 

Plate 14, figure 3 

1962 Palaeoperidiniwn cr etacewn Pocock, p. 80, Pl. 
14, figs . 219-221 . 

1970 Astrocysta cre t acea Pocock ex Davey , p. 359, 
Pl. 2, fig. 4 . 

197lb Lejeunia? cretacea (Pocock) Brideaux, p. 86, 
Pl. 24, figs. 46, 47 . 

1971 Palaeoperi diniwn? cretacewn Pocock; Singh, p. 
385, Pl. 68, figs. 9-11. 

1972 Astrocysta cretacea Pocock ex Davey ; Norri s 
and Hed lund, p . 51, Pl. 2, fi g . 6 (re
illus tration of the holotype specimen). 

Discussion . The name, Palaeoperidiniwn, was intro
duced by Deflandre (1934, p. 968) but constituted a 
nomen nudwn. Sarjeant (1967a, p. 246) subsequently 
validly and effectively published the name. The 
spec i es cretacewn was effective ly published by 
Pocock (1962, p. 80) but was not validly published 
because the genus to which it was assigne d was not 
validly published (I.C.B.N., Art. 43). Hence the 
species name was validated first by Davey (1970, 
p . 359) and should be cited as Astrocysta cretacea 
Pocock ex Davey . 

Occurrence . Langton Bay and Horton River Forma t ion 
(Aptian to Middle Albian); recorded previously from 
the Albian of Alberta (Pocock, 1962; Singh, 1964, 
1971; Brideaux, 197lb) and Saskatchewan (Davey, 
1970), the Lower Cenomanian of Montana and Wyoming 
(as Dinofl agellate A, Burgess, 1971), and the Upper 
Cretaceous (probably Santonian-Campanian) of Gr aham 
and Ell e f Ringnes I s l ands (Manum and Cookson, 1964); 
observed in samples of Barremian to Campanian age 
on the Atlantic Coas tal Plain of Maryland, U.S.A., 
and in rocks of Hauterivi an to Albian age in the 
Mackenzie Delta region, District of Mackenzie, 
Canada (Brideaux, unpubli shed data); reported Upper 
Jurassic occurrences (Pocock, 1962) appear question
able. 

Genus Luxadiniwn gen. nov . 

Type spec i es. Luxadiniwn primulwn sp . nov. (her e 
des ignat ed) . 

Diagnosis . Cavate peridinioid dinoflage llate cyst . 
Periblast broadly pentagona l, generally as long or 
longer than broad; possessing an apical horn or 
prominence and one or two antapical prominences, of 
which the l eft one i s the longer; the periphragm 
thin, often much thinner than the endophragm, smooth, 
or with minor and variable ornamentation that may 
or may not be related to reflected t abulation. En
doblast subcircular or di s tinctly longer than broad; 
the apex r ounded or with a distinct apical promin
ence which projects into the apical pericoel; the 
antapex fl attened to rounded , rarely ext ended t o 
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form a left antapical prominence; the endophragm 
smooth, or with minor and variable sculpture tha t 
may or may not be related to reflected t abul ation. 
Periphragm and endophragm not in contact and form
ing a s ingle pericoe l or, in contact at the mid
r egion of the cyst and forming an apical pericoe l, 
a right antapical pericoel and, occas ionally, a 
much r educed l eft antap ical pericoe l. 

Periarcheopyle and endarcheopyle formed by the 
loss of three reflected inter cal ar y plates ( l a to 
3a) and three r efl ect ed prec ingul ar plates (3" to 
5"). Endoperculum simple or compound and, where 
compound, composed of up to six endopercular pieces; 
perioperculum simp l e or compound, and presumably 
parall el ing the endoperculum for the particular 
spec i es; oper cul a not attached. 

Reflected t abul a tion distinct or poorly deve l
oped to abs ent; where di stinct, indicated by the 
shape of the archeopyle, intertabular growth areas 
and/or intratabular ornamentation; reflected tab
ulation scheme, 4', 3a, 7" , Oc, 5", 2"". 

Cingulum distinct and di sp l aced from one-half 
to two cingul ar widths; sulcus generally distinct, 
ext ending onto the epitract anteriorly and widening 
slightly posteriorly. 

Discussion . Fossil peridinioid dinoflagell a t e cysts 
th at possess archeopyles in one or both wall layers 
formed by the loss of three r efl ec t ed interca lary 
and three reflect ed precingular plates, show cons id
erab l e variation in the form of operculum derived 
from the endobl as t. Furthermore, the form of the 
operculum derived from r efl ected plates of the peri
blas t in such forms i s not known definitel y mainly 
because of the often very th in and fragile s tructure 
of the periphragm. 

W.R. Evitt (pers. corn . 1973) observed that, 
a lthough two new gener a mi ght have to be es tablished 
to accommodate fo ssi l peridinioid cys t s wi th a 
s imple 3I3P operculum, and those with compound 3I 
+ 3P opercul a, practical considerations dict at ed 
that perhaps one new genus mi ght be proposed to 
include both of these types. Wh en clear criteria 
could be established for the separation of the two 
forms in the absence of opercular pieces two 
generic t axa might be proposed . The authors had, 
independently , come to a similar conclusion and 
circumscribe the new genus, Luxadiniwn, so as to 
include forms with both types of 3I + 3P opercula . 

In addition to the type species , Luxadiniwn 
primulwn sp. nov . , a second species belongs i n the 
genus as circumscribed . The authors r efer to the 
t axon, Scriniodiniwn eurypylwn auct. non Manum and 
Cookson, 1964 in Brideaux (197lb, p. 99, Pl. 29, 
figs. 97, 98) and in Singh (1971, p. 364, Pl. 62, 
fig s . 6-10). The operculum of thi s species is not 
known definite l y to be simple or compound in e ither 
wall l ayer. The archeopyle i s formed in both layers 
by the loss of three reflected intercalary p l ates 
and three reflect ed precingular plates. The arch
eopy l e of Scriniodiniwn eurypylwn Manum and Cookson, 
1964, p . 20, Pl. 4, figs. 7-13, is formed by the 
loss of these six reflected plates and, in addition, 
a t l eas t one of the ap ica l plat es (observations of 
the authors; W.R. Evi tt, pers. corn.). 



The following new spec i es i s thus introduced: 
Luxadinium propatulwn sp . nov . , = Scriniodinium 
eurypylum auct . non Manum and Cookson, 1964 in 
Brideaux , 1971, p. 99, Pl . 29, f i gs . 97, 98 and in 
Singh, 197 1, p. 364, Pl. 62, fi gs. 6-10. The holo
type chosen is the specimen illustrated in Singh 
(1971, Pl. 62, fig. 8); that specimen shows clearly 
an arch eopy l e formed by the loss of three re flected 
intercal ary plates and three r efl ect ed precingular 
plates in both the periphragm and endophragm. The 
holotype comes from Sampl e No. 3- S-5, Section 3, 
of the lower Shaftesbury Formation (sec . 11, tp. 83, 
r ge. 22, W5M, west-central Alberta) at the base of 
the measured section, and is found on Slide No . 
3-S-5 Micro. 137 at co-ordinates 11. 8 x 42.9 on the 
Carl Ze i ss Pol ariz ing Photomicroscope at the Re search 
Council of Alber ta, Edmonton, Alberta, Canada. The 
hoJotype spec imen is refigured in this paper on 
Plate 13, fi gure s 9-11 and a second specimen is 
figured on Plate 13, figure 12 and Plate 14, fi gures 
1, 2. 

Excep t for designation of the archeopyle form 
as consisting of 3I + 3P, or 3I3P, the descriptions 
and comments of the two authors (Brideaux, 197lb, 
p . 99; Singh 1971, p. 364, 365) suffice for other 
morphological details. 

The as sertion by Davey and Verdi er (1973, p. 
199 and p. 210) tha t the specimen illustrated as 
Scriniodiniwn eurypy lum Manum and Cookson (= Luxa
diniwn propatulwn sp. nov.) by Brideaux (197lb, Pl. 
29, fig. 97) possesses an apical archeopyle and 
belongs to Ovoidiniwn verrucosum var . ostium Davey 
and Verdier, 1973 , is incorrect. Davey (pers . corn. , 
1974) agrees wi th this assessment . Furthermore, the 
range of Luxadinium propatulum sp . nov. does extend 
into the Cenomanian (unpublished data of the authors) 
contrary to the opinions expressed by Davey and 
Verdier (1973, p. 210). W.W. Brideaux has observed 
the species in Cenomanian materia l from Saskatchewan 
kindly loan ed by R. J. Davey. 

Other group s of peridin ioid cysts, in which the 
operculum e ither r emains attached (i.e.: 3I 3Pa) or 
involves the additiona l loss of one or more reflected 
plates of the apica l ser i es , also exis t (W .R. Evitt, 
per s . corn.) and a lso s how considerable variation i n 
the form of the ope rculum. These groups include, 
in part, some species assigned to the genera , Palae
operidiniwn Deflandre ex Sarjeant and Astrocysta 
Davey (see also Norris and Hedlund , 1972) . W.R. 
Evi tt (pers . corn ., 1973) plans a more comprehensive 
treatment of some or all of these forms, and the 
authors therefore propose no furth er changes in 
nomencl a ture and taxonomy in this contribution. 

(45) Luxadinium primu lum sp . nov . 

Plate 12, figures 9-12; Plate 13 , fi gures 1-8 

Holotype . GSC No . 34153, Slide P851-2A, 29.2 x 
134.5; Section CR14A- 68, Horton River Formation, 20 
to 30 feet (6.1 to 9 .1 m); GSC l oc . C- 8533. Dimen
sion s: Periblas t, 70µ x 62µ; endoblast , 61µ x 62µ . 

Diagnosis . Peridinioid cavat e cyst; the periphragm 
thin, of pentagonal outline, and wi th an ap ical and 
one l eft antapical prominence. Endophragm s lightl y 
thicker, closely appressed to pe r ib l as t but lacking 

apica l and antapical extensions, bearing intratabular 
apiculae delimiting r efl ected tabulation of 4 ', 3a, 
7" , Oc, 5'", 2"". Archeopyle in both layers , forme·d 
by loss of three r eflected intercal aries and three 
precingular plat es. Endoperculum and? perioperculum 
compound, and compos ed of s i x re f l ect ed plates la to 
3a and 3" to 5" . Cingulum distinct and di splaced up 
to one and one -ha l f cingular widths; sulcus generally 
well defined, wider posteriorly . 

Description . The bas ic outline of the pericys t is 
pentagona l with well-rounded corners. The cyst 
l ength is a lways great er than the width, with the 
maximum width occurring at the cingulum . The peri
bl as t taper s apically to a well-rounded prominence. 
The l eft s ide of the peribl as t is produced antapi 
cal ly to form a small, pointed prominence; the right 
s ide i s rounded or, occas iona lly, is produced to 
form a much -reduced right antapical prominence. The 
endoblas t is similar in shape and outline, but is 
not extended apica lly, and is a lmost completely 
flattened antapica lly. 

The periphragm is smooth, very thin , a lmost 
ve il-like, and is often stripped away. The endo
phra gm is thicker, about 1.0µ thick in optical sec
t ion , with intratabular apiculae, 0 . 25 to 0.5µ 
high and wide . The apiculae ar e absent in the in
t ert abular regions and their absence marks the 
position of reflected sutural lines. The periphragm 
and endophragm are in contact except at the apical 
prominence and where antapical prominences occur. 
There exist, therefor e , an apica l pericoel, a 
smaller l eft antapical pericoe l and, occasionally, 
a much reduced right antapical peri coe l. 

The archeopyl e is formed by the loss of three 
intercalary and three precingular reflected plates 
(l a to 3a and 3" to 5") in the periphragm and endo
phragm. No spec imen has been observed in which the 
archeopyl e i s developed only in the periphragm. 
The sweep ing arc of the anterior mar gin of the 
archeopyle is broken only by the characteristic 
"tongue " of the mar gin of reflected plate 3' pro
jecting into the opening . The operculum is com
pound and has been observed, in most cases, as a 
group of di sconnected reflect ed pl at es . Most 
common is the association of the l arge reflected 
'p l at e 2a toge ther with one or more of the reflected 
precingular plates 3" to 5" . Several specimens 
have the intercalaries missing with the detached 
precingular group intact wi thin the endocoel. Rare 
specimens, including the holotype, show only incip
ient principal su.tural breaks between reflected 
plates formin g the opercul a . It i s probable that 
all six plates separate a lon g principal sutures al 
though, occasionally, some may remain attached. 
Presumably, the r espective reflected plates of both 
wa ll layers separate as unit s . 

Reflected tabul ation is defined on the endo 
phragm by intratabular clus t ers of apiculate s culp
ture separated by smooth i ntert abular regions . The 
l atter mark th e reflected courses of the probable 
growth ar eas between plat es of the thecal stage . 
The refl ec t ed tabulation scheme can be summarized 
as 4' , 7", Oc, 5", 2"". The two r e fl ected antapi
cal plates are discernable only on a few specimens. 
Reflected t abulation is not exhibited on the peri
phragm. 
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The cingulum is out lined on the endophragm by 
two low parallel ridges which may or. may not bear api
culae or, more rarely, by rows of discrete apiculae. 
The cingulum is displaced from one to one and one 
half cingular widths. On the periphragm, two low 
folds, identical in position to the ridges or apicu
late rows of the endophragm, outline the cingulum. 

The sulcus is reflected on the endophragm by a 
shallow indentation, narrower anteriorly, and widen
ing posteriorly to meet the antapical reflected plates. 
The course of the sulcus also is defined by the sharp 
borders of the intratabular apiculae outlining re
f l ected pl ates l"' and 5"'. On the periphragm, the 
sulcus is reflected as a similarly shaped shallow 
depression flanked by folds of the periphragm that 
parallel the edges of the sulcus on the endophragm. 
On one specimen, the reflected position of the fla 
gellar pore is well preserved. 

Dimensions. (40 measured specimens) - Periblast 
length, 50-70µ; periblast width, 43-62µ ; endoblast 
length, 42-62µ; endoblast width, 43-62 µ . 

Comparison . Luxadi nium primu l um sp. nov. is distin
guished from Luxadi nium propatulum sp . nov., nom. 
nov. by possession of a distinctive intratabular 
apiculate ornament on the endophragm and smooth peri
phragm, and by the lack of a distinct apical prom
inence developed on the endoblast. 

Occurr ence . Horton River Formation, lower part 
(Middle Albian). 

Genus Palaeoperidinium Deflandre ex Sarjeant 

1934 Palaeoperidinium Deflandre, p. 968 (nom . nud .) 
1967a Palaeoperidini um Deflandre ex Sarjeant, p. 246. 

(55) Palaeoper idini um sp. A of Brideaux 

Plate 14, figure 4 

197lb Pa laeoperidi nium sp. A Brideaux, p. 87, Pl. 25, 
fig. 52. 

Dimensions . (3 specimens, 2 measurable) - length, 
90µ and 100µ; width, both 70p. 

Discussion. One of the specimens exhibits a poorly 
defined transapical archeopyle . The specimen illus 
trated by Brideaux (197lb, Pl. 25, fig. 52) also 
possesses a transapical archeopy l e, but the photo
graph does not possess sufficient contrast to exhibit 
this clearly. 

Occurrence . Horton River Formation (Middle Al bian); 
recorded previously from the Middle and Upper Albian 
of central and west-central Alberta (Brideaux, 197lb). 

Cavate unassigned cysts 

Genus Chlamydophorella Cookson and Eisenack 

1958 Chlamydophorel l a Cookson and Eisenack, p. 56 . 
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(26) Chlamydophorella nyei 
Cookson and Eisenack 

Plate 14, figure 9 

1958 Chlamydophorella nyei Cookson and Eisenack, 
p. 56, Pl. 11, figs. 1-3. 

Occurrence . Langton Bay and Horton River Formations 
(Aptian to Middle Albi an); recorded previously from 
Aptian to Maastrichtian rocks (Cookson and Eisenack, 
1958; Singh, 1971; Brideaux, 197lb; Mcint yre, 1974 ) . 

Genus Dingodinium Cookson and Eis enack 

1958 Dingodinium Cook son and Eisenack, p. 39. 

(5) Dingodinium cerviculum Cookson and Eisenack 

Plate 14, figure 5 

1958 Dingodinium cerviculum Cookson and Eisenack, 
p. 40, Pl. 1, figs. 12, 14. 

Occurrence . Langton Bay Formation, Gilmore Lake 
and lower part, Crossley Lakes Member (Aptian and 
Lower Albian); recorded previously from the upper 
Neocomian to Aptian of Australia (Cookson and 
Eisenack, 1958; Evans, 1966; Haske ll, 1969), the 
Middle and Upper Albian of central Alberta (Singh, 
1971; Brideaux, 197lb), the Albian of Roumania 
(Baltes, 1967) and the Hauteri vian to lower Turo
nian of Germany (Alberti, 1961). Alberti (1961, 
p. 17) remarks that his Turonian specimens may be 
reworked (s ee also Brideaux, 197lb, p. 102). 

Genus Kalyptea Cookson and Eisenack 

1960b Kalypt ea Cookson and Eisenack, p. 256. 

(61) Kalyptea monocer as Cooks on and Eisenack 

Plate 14, figure 6 

1960b Kalyptea monoceras Cookson and Eisenack, 
p . 256, Pl. 39, figs. 2, 3. 

Occurrence. Horton River Formation (Middle Albian), 
one specimen; r ecorded previously from the Upper 
Jurassic of Australia and Papua (Cookson and 
Eisenack, 1960b), the Middle and Upper Albian of 
central Alberta (Brideaux, 197lb), the Upper Albian 
and Lower Cenomanian of England (Cookson and Hughes, 
1964), and the Santonian -Campanian along Horton 
River (Mcintyre, 1974). 

(49) Kalyptea sp. A of Brideaux 

Plate 14, figure 8 

197lb Kalyptea? sp . A Brideaux, p. 98, Pl . 29, 
fig. 96. 

Dimensions. (9 measured specimens) - Maximum dia 
meter of kalyptra, 50-95µ; maximum diameter of in
ner layer, 32 - 63µ . 

Di scussion . The ratio of maximum dimensions of the 
specimens from Horton River strata exhibits the 
same wide variation as those from the Middle and 
Upper Albian of central Alberta (Brideaux, 197lb, 
p. 99). The dimensions of the Horton River speci
mens extend the observed maximum diameter of the 
inner layer from 62µ to 63µ. The observed maximum 
diameter of the kalyptra is 43-101µ, and of the 
inner layer, 25-63µ. 



Comparison . KaZyptea sp. A i s similar in organization 
to KaZyptea aceras Manum and Cookson, 1964, p. 27, 
Pl. 6, figs. 9- 11, but has a thinner wall, a much 
wider range in maximum diameter, and does not possess 
microreticulate sculpture on the inner layer. 

Occurrence . Langton Bay Formation, Gilmore Lake Mem
ber, and Horton River Formation (Aptian to Middle 
Albian); recorded previously from Middle and Upper 
Albian rocks of central Alberta (Brideaux, 197lb). 

Group ACRITARCHA Evitt 

Genus LecanieZZa Cookson and Eisenack 

1962 LecanieZZa Cookson and Eisenack, p. 269. 

(63) LecanieZZa foveata Singh 

Plate 14, figures 10, 11 

1971 LecanieZZa foveata Singh, p. 426, Pl. 79, 
figs. 5-10, Pl. 80, fig. 1. 

Dimensions . (3 measured specimens) - Maximum diameter, 
63-67µ; di ame t er of outer rim, 3µ. 

Occurrence . Horton River Formation (Middle Albian); 
recorded previously from the Upper Albian of west
central Alberta (Singh, 1971) . 

Genus Leiofusa Eisenack 

1938 Leiofusa Eisenack, p. 12 . 

(25) Leiofusa jurassica Cookson and Eisenack 

1958 Leiofusa jurassica Cookson and Eisenack, p. 51, 
Pl. 10, figs. 3, 4. 

Occurrence . Langton Bay and Horton River Formations 
(Aptian to Middle Albian) ; recorded previously from 
Upper Carboniferous to Oligocene rocks (Combaz et al . , 
1967, Fig. 3; other authors); the Lower Jurassic of 
Britain (Wall, 1965); the Middle and Upp er Albian of 
central and west-central Alberta (Brideaux, 197lb; 
Singh, 1971). 

Genus Micrhystridium Deflandre emend. Lister 

1937 
1963 

1970 

Micrhystridium Deflandre, p. 79 . 
Micrhystridium Defl andre emend . Downie and 
Sarjeant, p. 92. 
Micrhystridium Deflandre emend. Lister, p. 77. 

(28) Micrhystridium sp. A. 

Plate 14, figures 12, 13 

Description . The test outline is circul ar to sub 
circular . The wall is thin, apparently formed of a 
single layer or two highly appressed layers. The 
outer layer is smooth or faintly granu l ose and gives 
rise to six to twelve processes. The processes are 
as long or longer than the test diameter, are slight
l y wider basally, and narrow distally, ending in a 
very small pilate tip. 

Dimensions . (14 measured specimens) - Test diameter 
12 . 5 to 22.5µ; process length, 7.5 to 38µ, typica lly 
15-25µ. 

Occurrence. Langton Bay Formation, upper part of 
Crossley Lakes Member, and Horton River Formation 
(Lower and Middle Albian) . 

Genus Pterospermopsis W. Wetzel 

1952 Pterospermopsis W. Wetzel, p. 411. 

(12) Pterospermopsis austraZiensis 
Deflandre and Cookson 

Plate 14, figure 7 

1955 Pterospermopsis austraZiensis Deflandre and 
Cookson, p. 286, Pl. 3, fig~ 4, 52, 53. 

Occurrence . Langton Bay Formation, Gilmore Lake 
Member, and Horton River Formation (Aptian to Middle 
Albian); recorded previously from Lower Cretaceous 
to Paleocene rocks (Deflandre and Cookson, 1955; 
Stanley, 1965; Baltes, 1965; Singh, 1971; Brideaux, 
197lb). 

1954 
1963 

Genus Veryhachium Deunff 
emend . Downie and Sarjeant 

Veryhachium Deunff, p. 306. 
Veryhachium Deunff emend. Downie and Sarjeant, 
p . 93. 

(19) Veryhachium coZZectum Wall 

1965 Veryhachium coZZectum Wall, p. 159, Pl. 3, 
figs. 11-14, Pl. 8, fig. 6. 

1971 Veryhachium cf. V. coZZectum Wall; Brideaux, 
p . 74, Pl. 21, fig. 10. 

Occurrence . Langton Bay Formation, Crossley Lakes 
Member and Horton River Formation (Lower and Middle 
Albian); recorded previously from the Lower Jurassic 
of Britain (Wall, 1965) and the Middle and Upper 
Albian of central Alberta (Brideaux, 197lb; Singh, 
1971). 

(19) Veryhachium reductum "forma" 
trispinoides de Jekhowsky 

1961 Veryhachium reductum forma trispinoides de 
Jekhowsky, p. 210, Pl. 2, figs. 32 -37. 

Occurrence . Langton Bay Formation, Crossley Lakes 
Member and Horton River Formation (Lower and Middle 
Albian); recorded previously from the Permo-Triassic 
of Europe and Africa (de Jekhowsky, 1961), the Lower 
Jurassic of Britain (Wall, 1965) and the Middle and 
Upper Albian of central Alberta (Brideaux, 197lb; 
Singh, 1971). 

ADDENDUM 

Davey an d Verdier (1974) have reported on dino 
flagell ate cyst assemblages from the Aptian type 
sections at Gargas and La Bedoule in southeastern 
France. Their important paper came to the authors' 
attention after completion of the text for this 
paper. A number of comments occasioned by Davey 
and Verdier's (1974) paper, therefore, are append
ed . 
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Of the twenty- three species and subspecies r~
corded in Aptian rocks along Horton Riv er, only five 
species occur also in the Aptian t ype se ction (Fig. 7). 
Ten other species and subspecies occurring i n the 
Aptian type sec t ion occur only in Albian rocks a long 
Horton River . As mentioned previous ly, in discussing 
the paleoecology of the assemblages, the absence of 
those species in Aptian rocks along Horton Riv er is 
probably a function of unfavourable paleoenvironments 
resulting in the impoverished assemblage r ecorded in 
the Aptian Gilmore Lake Member. 

Davey and Verdier (1974, p. 650) sugges t tha t 
s ome of the species r eported by Singh (1971) " 
s trongly s ugges t an Aptian age for the lower part of 
the section .. . " . Although Davey and Verdier (op. 
cit . ) do not specify which part of the section they 
mean, they presumably are referring to Section 8 of 
Singh (1971) from the upper part of the Loon Riv er 
Formation. Davey and Verdier (op . cit . ) also sug
gest t hat some species recorded by Singh (197 1) from 
higher parts of the sections (Peace River and l ower 
Shaftesbury Formations) are reworked from the pre
sumed Aptian samples . Concerning the age of the sam
pled (upper) part of the Loon River Format ion, Singh 
(1971, p. 25) write s: "The Loon River micro flor a i s 
associat ed with the Subarcthopli t es - Beudanticer as 
fauna of Middle Albian age ... " . Singh ( 1971, p. ll) 
notes also that the lower part of the Loon River 
Formation carr i es the Cleonicer as ammon i t e fauna of 
Ear l y Albian age. The work of Mellon and Wall ( 1963) 
on the Bl a irmore Group and equiva l ent strata , Me llon 
(1967) on the Blairmore and Mannvill e Groups of the 
Alberta plains and foothills, and Willi ams (1960, 
1963) on the Mannville Group is pertinent here a lso. 
These papers summarize the evidence for the age of 
formations assigned to these group s , based on known 
microfauna l (foraminifera, ostracodes) and macro
faunal (ammonites, pe l ecypods) evidence, and show 
t hat the age of these groups in central and southern 
Alberta i s not older than Early Albian. Final l y, 
the species cited as evidence for the assert ions by 
Davey and Verdier (1974, p. 650) range throughout 
the l a ter Neocomian, Aptian and Albian of Alberta 
and the northern Canadian mainland (Singh, 1964, 
1971; Brideaux, 197lb; Brideaux and Mcintyre, this 
paper; Brideaux, unpublished data) . Thus, evidence 
cited by Davey and Verdier (op. cit . ) does not appear 
to warrant the conclusions of those authors and the 
pres ent writers cannot agree with the ir assertion s . 
Similar observat ions app l y to the remarks made by 
Davey and Verdier (op . cit . ) r egarding so - calle d 
reworked Aptian spe cies in subsurface Middl e and 
Upper Alb i an rocks of central and wes t - centra l Alberta 
recorded by Brideaux (197 l b). 

Severa l taxonomic points r a i sed by Davey and 
Verdier (1974, op . cit.) also merit di scus s ion . Th e 
synonymy of the species, Spinidinium vesti tum Brideaux 
(197lb, p. 99, Pl. 29, fi gs . 99 - 10 3, Text- figs . lOa, 
d) should be as follows : 
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1970 Def landrea echi noi dea Davey , p. 339 ; Pl. 1, 
fi g . 5; auct . non Cookson and Eisenack, 
1960, p. 2, Pl. 1, figs. 5, 6 . 

1970 Def l andr ea cf. echinoidea Cookson and 
Eisenack; Davey , p. 339; Pl . 1 , fig . 6 , 
Pl. 2, fi g . 2 . 

1971 De f landrea limpi da Singh, p. 359; Pl. 61, 
figs . 1- 12 (Dec. 1971). 

1974 Def landr ea echinoidea Sverdlove and Habib, 
p . 58; Pl . 1 , fi gs . 1-6; Textfig . 2a, b; 
auct . non Cooks on and Eisenack, 1960, 
p . 2, Pl . 1, figs. 5 , 6. 

non De flandrea ves tita (Brideaux) 
Sverdlove and Habib, 1974, p. 59; Pl. 1, 
fi gs. 7-12; Textfig. 2c , d. 

Davey and Verdier (1973, p. 196) place Def l an
drea cf. echinoidea Cookson and Eisenack in Davey 
(1970, p. 339) in synonymy with De flandrea gallia 
Davey and Verdier , 1973, p . 196, Pl. 3, figs . 1-4. 
Th e present writers are not in agreement with this 
view. The f orm cited as De f landrea vestita 
(Bride aux) Sverdlove and Habib, 1974, belongs ne i 
ther in Def landr ea nor in Spinidi nium, but i s prob
ably a species of Gi nginodinium Cookson and Eisenack, 
1960. 

Singh (per s . corn.) agr ees th at De f l andrea l im
pida (pub l i cat ion date, Dec . 1971) i s a junior syn 
onym of Spinidi nium vesti t um (publication dat e , 
Sept. 1971). Davey and Verdie r (1973, p. 197) 
stated incorrectly that Brideaux (197lb, p. 101) 
a ttributed a Sas katchewan occurrence of D. cf . 
echinoi dea (as Spinidinium ves t i t um) to Davey (1970). 
More correctly, Brideaux (197lb, p . 101) s t a t ed only 
t ha t S . ves t itum was " . . . ob served . .. in ear l y Ceno 
manian material from Saskatchewan provided by Dr . 
R. J. Davey . .. " . 

Fina lly , Dinopter ygi um sp . A (Brideaux, 197 l b, 
p. 97, Pl. 28, fi gs. 89 - 92 ) i s mo s t certainly not 
attribut abl e to the genus Gonyaulacys ta , and neit her 
does it appear to be s ynonymous with Gonyaulacysta 
sp . of Davey and Verdier (1974, p. 632, Pl . 93, 
fig . 5) as asserted by Davey and Verdier (1974, 
p. 532 , 65 0) . Dinopter ygium sp. A of Brideaux 
(19 7lb) differs from Gonyaulacys ta sp. of Davey and 
Verdier in the absence of spiny processes, micro
granu l a t e ornament, and in the pres ence of wider 
(14-16µ) singular sutures. 
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APPENDIX 

The following descriptions of sections on Horton River, collected by T.P. Chamney in 1968, are based 
directly on field notes by T.P. Chamney and edited mainly for purposes of continuity. All thicknesses are 
given in feet (metres). 

Section CR15A-68 (=Section YB-36 in Yorath e t al., in press). 
Latitude 69°27'30"N, Longi tude 126°54'W. 
Datum = River l evel. 

Description 

AMUNDSEN GULF GROUP 
(Upper Cretaceous) 

SMOKING HILLS FORMATION 

About 6 ft (1.8 m) of pebble-conglomerate overlying the upper
most shale of the Horton River Formation at this location . 
This be longs to the Smoking Hills Formation. 

DARNLEY BAY GROUP 
(Lower Cretaceous) 

HORTON RIVER FORMATION 

Shale, dark grey, plastic; iron concretions at 130-140 ft 
(39-42 m) 

Shale, light grey, grey weathering, platy to flaggy 

Highly calcareous ironstone concretionary bed (impure lime 
stone) 

Shale, grey, weathers grey -brown with slight rusty stain or 
pale orange-yellow 

Covered interval (slumping) 

Section CR14A-68 (=Section YB-35 in Yorath et al ., in press). 
Latitude 69° 19' N, Longitude 126°5 0'W. 
Datum= River l evel . 

Shale, grey-brown weathered, blocky with thin-bedded, pale 
yellow si lty clay 

Shale, dark grey, plastic; a t 90-100 ft (27.4-30.5 m) , pale 
yellow ?silty clay beds increase; at 90 ft (27 . 4 m), non
calcareous ironstone concretions; at 60 ft (18.3 m), am
monites; at 37 f t (11.3 m), iron concretionary horizon 

Covered interval (slumping) 

Section CR12A-68 (=Section YB-56 i n Yorath et al., in press). 
Latitude 69°12'30'~, Longi tude 126°17'W. 
Datum= River l eve l. 

Slumped interval in part 

Shale, grey, weathering rusty brown; scattered ironstone con
cretions common 

Thickness 

80 (24.4) 

22 (6. 7) 

1 ( 0. 3) 

7 (2 .1) 

30 (9. 0) 

15 (4.6) 

100 (30.5) 

10 (3.0) 

5 (1.5) 

3.5 (1.1) 

Height 
Above Base 

140 (42. 7) 

60 (18. 3) 

38 (11.6) 

37 (11.3) 

30 (9. 0) 

125 (38.1) 

110 (33.5) 

10 (3 .0) 

195 (59.4) 

190 (57.9) 
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Description 

Limestone, cone-in-cone concretionary horizon 

LANGTON BAY FORMATION 

Crossley Lakes Member 

Shale and siltstone as below but more plastic 

Basal ironstone concretionary bed succeeded by interbedded 
grey shale and pale yellow siltstone 

Section resumes about 1/4 mile (0.4 km) (west) downstream. 

Limestone, white weathering 

Mudstone (silty clay-shale), rubbly weathering; goethite ro
settes and pelecypod fragments 

Shale and silt interbedded with pelecypods; wood common, 1 ft 
(0.3 m) in diameter; at 100-110 ft (30.4-33.S m), slightly 
more indurated, more silty, and with very fine grained sand
stone beds 

Shale and silt interbedded. Silt, pale grey-brown; shale, grey
brown; pelecypods at 7S ft (22.9 m) 

Shale, medium dark grey, weathering grey, fissile, slightly 
blocky, plastic, bentonitic 

Shale and silt as below, weathers pale grey-brown. At 49.S-
SO ft (lS.1-lS.2 m), coquina of pelecypod shells, comminuted 

Shale and silt alternate, thin bedded as below. Abundant pele
cypod shells, wood, ?vertebrate bone 

Shale, as below, with scattered limestone-dolomite concretions, 
approximately l.S ft (0.S m) in length; large dolomite crys
tals; goethite rosettes common. Coquinoid bed, 3 in (0.08 m) 
thick, of comminuted white pelecypod shells 

Shale as below, increase in thin-bedded, pale yellow-brown silt; 
at 12-20 ft (3.7-6.1 m), shell coquina of pelecypods, l.S in 
(0.04 m) thick. Goethite rosettes common 

Shale, grey-brown, slightly calcareous, rusty red, with thin
bedded, pale yellow silty clay 

Covered interval 

Section CRllA-68 
Latitude 69°07'30"N, Longitude 126°20'W. West bank, Horton 
River, opposite mouth of Coal Creek. 
Datum= River level. 

Limestone, clay-iron, weathering pale yellow 

Shale as below, but more rubbly weathering 

Shale, dark grey, noncalcareous, silty and sandy, blocky, weath
ers grey; thin beds of pale yellow silty clay 
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Thickness 

l.S (O.S) 

s (1.S) 

8 (2 .4) 

2 (0 .6) 

60 (18.3) 

30 (9.1) 

10 (3.0) 

20 (6.1) 

10 (3.0) 

10 (3.0) 

10 (3.0) 

10 (3.0) 

S (1.S) 

S (1.S) 

2.S (0.7) 

20 (6.1) 

20 (6.1) 

Height 
Above Base 

186.S (S6.8) 

18S (S6.4) 

180 (S4.9) 

172 (S2.4) 

170 (Sl.8) 

110 (33.S) 

80 (24.4) 

70 (2L 3) 

so (lS.2) 

40 (12.2) 

30 (9.1) 

20 (6.1) 

10 (3.0) 

s (l .S) 

72.S (22.1) 

70 (21.3) 

so (lS.2) 



Description 

Shal e as be low; at 24 ft (7 . 2 m), a lternating beds, 6 in 
(0.15 m) thick, of dark grey shal e and pale ye llow silty 
c l ay; at 28.5-30 ft (8.6-9 . 1 m), pale yellow s ilt capped by 
ferruginous s t ained clay pebb l es; ve ry irr egular upper sur
f ace 

Shale as be low, some thin-bedded , pale ye llow si lty cl ay 

Shal e , dark grey-red-brown stained; highly calcareous, weather
ing gr ey, rubbly 

Slump-cover ed 

Section CRlOA-68 (see also Section YB-52 in Yorath et al ., in 
press) . 
Latitude 64°01' 30"N, Lon gitude 126°02 ' W. 
Datum = River l eve l. 

Sha l e , grey-brown, earthy weathering underl ying moss and tree 
covered s lope a t top of section 

Massive, clay-iron concretionary bed, ca l careous, with abundant 
fossil mat e r ia l 

Shale and pale ye llow j arositi c silty clay 

Shal e , pal e yellow, crumbly with coxcomb and dolomite crys tals 
in si tu . Broken pe l ecypod shell s at 245 ft (74. 7 m) 

Sha l e , grey, blocky and si lty , with scattered iron concretions 
and common thin-bedded pal e ye llow silt (?jarositic). Iron 
concretions weather ed and broken into large dolomite - like 
crystals a t 240 ft (73.l m) 

Shale , as below, with increas ing s ilt, upper 8 in (0 . 2 m) of 
pale gr ey soft s ilt, broken pe l ecypod bed at 225 ft (68.6 m) 

Shale, grey, interbedded with pale ye llow si lt, in cr easing silty 
content upwards 

Iron concretionary bed 

Shal e , as be low, with a s light increase in pale ye llow jarositic 
clay beds , some scat t ered ammonite shell fragments at 200 -
210 ft (60 . 9- 64. 0 m) 

Shal e , blocky to plat y we athering, grey -b rown, with 3 in (0.08 m) 
of pa l e ye llow jarosite clay a t top 

Cover ed interval 

Shale, dark gr ey, weatheri ng l ight gr ey to gr ey , blocky; ammon
i t e she ll fragments scatte r ed throughout, with some c lay 
iron concretions 

Slump assumed to be shale as be low 

Shale, medium grey , weathering grey -brown, fissil e to bl ocky , 
p l as ti c 

Shal e , grey , hackl y with thin beds of pa l e ye llow jarosite 

Thicknes s 

10 (3 . 0) 

10 (3 . 0) 

s (1.5) 

s (1.5) 

6 (1.8) 

3 ( 0. 9) 

so (15.2) 

10 (3.0) 

10 (3.0) 

10 (3 . 0) 

3 (0 . 9) 

2 (0 . 6) 

25 (7 . 6) 

30 (9 . 0) 

10 (3 . 0) 

30 (9 .1 ) 

20 (6 .1 ) 

s (1. 5) 

18 (S.S) 

Height 
Above Base 

30 (9.1) 

20 (6 . 1) 

10 (3 . 0) 

5 (l.S) 

309 (94.2) 

303 (9 2 .3) 

300 (91.4) 

250 (76.2) 

24 0 (73. 1) 

230 (70 .1 ) 

220 ( 6 7 . 0) 

217 ( 66. 1) 

215 (65 . 5) 

190 (57.9) 

160 ( 48. 8) 

150 ( 45. 7) 

120 ( 36. 6) 

100 (30.4) 

95 (28.9) 
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Description 

Limestone, concretionary bed, highly calcareous; slightly un 
consolidated, with swash marks, and l ess calcareous a t top 

Shale, grey and dark grey banded; slightly thinner bedded pale 
yellow silt 

Shale, as below; a few thin-bedded, pa l e yellow, silty clay 
beds 

Shale, dark grey, plastic, non-calcareous, marcasite concre
tions at base 

Shale, as below, with increase in pale ye llow silty clay to 
pure silt 

Shale as below; increase in pale ye llow ?jarositic beds; at 
30-31.5 ft (9 .1-9.6 m), scattered iron concretions, calcar
eous, weathering pale yellow 

Shale, grey, with thin -bedded, pale yellow (sulphur?) silty 
clay, weathering hackly, "mahogany" banded; at 25 ft 
(7.8 m), ?jarositic bed, 1.5 in (0.04 m) thick; some dull 
red -brown limes tone iron - rich beds, 2 in (0 .05 m) thick 

Scree and slump - covered 

Section CR9A- 68 (see a lso Section YB - 51 in Yorath et al ., in 
press). 
Latitude 69°04 ' N, Longitude 125°5l'W. 
Dat um= River leve l. 

Interbedded light grey silt and dark grey si lty clay 

Silt, soft, white, very thin bedded, dark clay and yellow 
?sulphur clay 

Shale, dark grey, black, weathering to grey, "mahogany" band
ing with very thin bedded, pale yellow sulphur clay 

Silt, and sand, very fine-grained, grey-brown, weathering li gh t 
grey, ferruginous "flow casts"; micromicaceous 

Sand, medium grey-brown , argi llaceous 

Scree and slump - covered 

Sand; light brown, very fine to fine grained, alternating with 
beds of shale, dark grey, grading into li ght grey si lt at 
top. Fossilized wood fragments 

Shale, dark gr ey to black, weathering silvery grey, fissile, 
?carbonaceous at base 

Silt; white, soft, yellow-weathering . Marcasite nodules and 
odd-shaped forms 

Limestone, h ighly arenaceous and fossiliferous with ripple 
marks on upper surface 

Slumpy soft white silt, as be l ow, to very fine sand , clean with 
slight ferruginous streaks . Strewn with blocks of ferrugi 
nous red -brown "cap - rock" at top of unit 
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Thickness 

2 (0.6) 

5 (1.5) 

10 (3.0) 

10 (3.0) 

10 (3 . 0) 

10 (3.0) 

10 (3. 0) 

20 (6.1) 

5 ( 1. 5) 

7 (2 .1 ) 

3 (0 . 9) 

10 (3. 0) 

5 ( 1. 5) 

10 (3 . 0) 

12 (3. 7) 

1.5 (0.5) 

3.5 (1.1) 

3 (0.9) 

15 (4 .6) 

Height 
Above Base 

77 (23 . 4) 

75 (22 . 8) 

70 (21. 3) 

60 (18 . 3) 

50 (15.2) 

40 (12.2) 

30 (9.1) 

20 (6 . 1) 

140 (42.6) 

135 (41.1) 

128 (39.0) 

125 (38.1) 

ll5 (35.1) 

llO (33 . 5) 

100 (30.5) 

88 (26. 9) 

86 . 5 (26.4) 

83 (25.3) 

80 (24 . 3) 



Description 

Silt, light gr ey, unconsolidated, blocky, so ft, crossbedded, 
low an gl e , non-calcareous 

Sand and s hal e as below, predominantly very fine grained sand 
and silt, pale grey with dark grey, very thin bedded c lay 

Lignite seam 

Sha l e , grey, blocky weathering, non-ca lcareous . Thin sand 
beds, grey -brown at 12, 15 and 22 ft (3 . 7, 4 .6 and 6 .7 m); 
dark grey clay partings 

Silt, very fine sand and clay shale, a lternating light grey 
(silt) and dark grey carbonaceous (clay); interbedded, 
s lightly crossbedded and l enticular. Sand fine to medium 
gr ained, s catt ered, coloured mafics; non - calcareous 

Covered inte rval 

Section CR8A-68 (=Sec tion YB-50 i n Yorath et al ., in press) . 
Latitude 68°50'N, Longi tude 125°24 'W. 
Datum= Ri ver l eve l. 

Gi lmore Lake Member 

Unconso l idated brown sand, with chert pebbles 

Shale, blocky to fissil e , medium grey, weathering grey- brown 

Sandstone, ver y fine gr aine d, to pale gr ey si lts tone, s lightl y 
consolidated, vertical cliff-former of blocky si lt s tone 
s l abs ; interbedded at top with grey argillaceous silt . 
2 f t (0.6 m) of massive , gr ey s iltstone at top of unit 

Sandstone , brown, crossbedded 

Shale, dark grey , fi ss ile t o b locky 

Sandstone, ve r y fine grained to si lts tone ; soft , white 

Concretionary bed of iron - stained crystal line limes tone, and 
ar enaceous , r ed -brown, orange - weathering, to calcareous 
sandstone 

Sandstone, ver y fine grained and siltstone, light gr ey , poorly 
consolidated but some indura ted si lty con cr e t ions forming 
resistant caps on pinnac l es (minor hoodoos) 

Dark gr ey ligni tic shale, interbedded with light grey si lty 
c l ay 

Silty shale (mud s tone) , as below, gr ey 

Muds tone , medium gr ey with marcasite balls about 0 .5 i n 
(0.0 2 m) in di amet er 

Sandstone, pale grey -brown, massive bedding, ledge former 

Muds tone , medium grey , soft, blocky 

Sand, grey-brown, soft, uncon so lidat ed; very fin e to silty 

Thickness 

15 (4 . 6) 

26 (7. 9) 

0.5 (0.15) 

13.S (4. 1) 

s (1.5) 

s (1.5) 

9 . 5 (2.9) 

s. s (1. 7) 

45 (13. 7) 

10 (3. 0) 

10 . S (3 . 2) 

4.5 (1. 4) 

s (1.5) 

36 (11.0) 

21 (6. 4) 

8 (2.4) 

s (1. S) 

2 co. 6) 

8 (2. 4) 

s (1. S) 

He ight 
Above Base 

65 (19 . 8) 

so (15 . 2) 

24 (7.3) 

23.S (7 .2) 

10 (3 . 0) 

s (1. s) 

230 (70 .1) 

220. s (67 . 2) 

215 (65.S) 

170 (51.8) 

160 ( 48 . 8) 

149 . S (45.6) 

145 (44 . 2) 

140 (42. 7) 

104 (31.7) 

83 (25 . 3) 

75 ( 2 2 . 9) 

70 (21. 3) 

68 (20.7) 

60 (18.3) 
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Description 

Coal, lignitic in part, to shiny black; with dark grey silt
stone below the coal, and pale grey clay with silt above 

Siltstone, white; mudstone, grey; banded, with light brown 
siltstone, resistant and vertically fractured 

Mudstone to siltstone, fissile shale as below with white silt 
bands, all weather light grey. Top 8 in (0 . 2 m), lignitic 
coal bed with carbonized wood fragments 

Mudstone, medium to dark grey, poorly consolidated. Carbonized 
plant remains common; alternating 3 in (0 .1 m) bands of white 
silt; top 8 in (0.2 m), lignitic coal 

Silt to very fine sand, white, poorly consolidated 

Shale, pale green - grey, laterally thicken ing to include a 
white siltstone lens about 1.5 ft (0.46 m) thick 

Shale, medium grey, clayey with pyritic, orange limestone boul
ders and orange ferruginous streaks 

BEAR ROCK FORMATION 
(Middle Devonian) 

Limestone, very finely crystalline, highly pyritic with mar 
casite nodules, balls, tubes; fetid odour when struck . 
Variable thickness along strike--up to 20 ft (6.1 m) thick 

Rock flour and crushed surface, grey-brown, weathers orange
brown 

Limestone, as below, more thinly bedded 

Limestone, grey to pale grey-brown, very finely crystalline, 
stylolitic surfaces; slight sulphide odour when broken 
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Thickness 

5 (1.5) 

5 (1.5) 

5 (1.5) 

7 (2 . 1) 

13 ( 4. 0) 

4 ( 1. 2) 

1 (0. 3) 

1.5 (0 . 46) 

0.5 (0.15) 

3 (0.9) 

10 (3.0) 

Height 
Above Base 

55 (16.8) 

50 (15. 2) 

45 (13. 7) 

40 (12.2) 

33 (10.1) 

20 (6.1) 

16 (4.9) 

15 (4 .6) 

13 .5 (4.15) 

13 (4.0) 

10 (3. 0) 



PLATES 1 - 4 

All figures x500 except Plate 4, figures 31-37 which are xlOOO. All 
pollen and spore specimens illustrated in this paper (Pls. 1-14) are de
posited in type collections of the Geological Survey of Canada, 601 Booth 
Street, Ottawa, Ontario, Canada. 

In the figure explanations, the species name is followed by the GSC 
(I.S.P.G.) Location Number, the slide number, the stage co-ordinates for 
Leitz Ortholux microscope No. 646441 at Chevron Standard Limited, Calgary, 
Alberta, the GSC Type Number and the page reference for species nescribed 
in the systematics section. 
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Fig. 1. 

Fig. 2. 

Fig. 3 . 

Fig. 4 . 

Fig. 5 . 

Fig . 6. 

Fig. 7 . 

Figs. 8, 
9. 

Fig . 10. 

Fig . 11. 

Fig. 12. 

Fig . 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17 .. 

Fig . 18 . 

Fig. 19. 

Fig. 20. 

Fig. 21. 

Fig . 22. 

Fig. 23 . 
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PLATE 1 

Biretispori te s potoni aei. C-8536, P851 -5 A, 
27.3 x 105.9, GSC No. 42389 (p . 14) 

Cyathidi tes aus t ra l i s . C- 8470, 6774-Al , 
15.1 x 114.6, GSC No. 42390 (p. 14) 

Cyathidites mi nor. C-8548-9, 6888 - Al , 23.2 
x 116.0, GSC No . 4239 1 (p. 14) 

Deltoi dospora j uncta . C-8548-9, 6888-Al. 
29 . 6 x 112 . 2, GSC No. 42392 (p. 14) 

Todi sporites minor. C-8456, 6760 -Al, 41. 1 
x 105.4, GSC No . 42393 (p. 14) 

Stereisporites antiquaspor ites . C-8547, 
6887-Al, 32 . 3 x 114.9, GSC No . 42394 (p. 14) 

Concavissimisporites punctatus . C-8536, 
P851-5A, 24 . 0 x 119 . 7, GSC No . 42395 (p. 14) 

Leptolepi dites verrucatus . 
28 . 0 x 115.5, GSC No . 42396 

C- 8459, 6763-Al, 
(p. 14) 

Concavissimisporites variverrucatus . C-8464, 
6767-Al, 35.6 x 109.6, GSC No. 42397 (p. 14) 

Osmundacidites wellmanii . C-8478, 6782-Al, 
38 . 9 x 110.2, GSC No . 42398 (p. 14) 

Baculati spor i te s comaumensis . C-8544, 
6884- Al , 37. 7 x 11 2.0, GSC No. 42399 (p. 14) 

Acanthotr iletes varispinosus . C- 8464, 
6767-Al, 25 . 7 x 105.5, GSC No. 42400 (p . 14) 

Pilosisporites t r ichopapillosus . C- 8538, 
P851 - 7A, 28 . 8 x 108 . 8, GSC No . 42401 (p . 14) 

Pilosisporites verus . 
x 111.0, GSC No . 42402 

C- 8540, P851-9A, 12.1 
(p. 14) 

Kuylisporites l unaris . C- 8454, 6759-Al, 
24 .5 x 112.9, GSC No . 42403 (p. 14) 

Dictyotriletes granulatus . 
24. 2 x 110 . 3, GSC No. 42 404 

Dictyotriletes granulatus. 
30 . 0 x 117.5, GSC No. 42405 

C- 8538, P851 - 7A, 
(p. 14) 

C- 8540, P851 - 9A, 
(p. 14) 

Lycopodi acidites intraverrucatus . C- 8458, 
6762 -Al, 23.1 x 115.3, GSC No. 42406 (p . 14) 

Lycopodiacidites intraverrucatus . C- 8476, 
6780-Al, 22.7 x 109 . 3, GSC No. 42407 (p . 14) 

Lycopodiumsporites austroclavatidites . 
C- 8533, P85 1- 2A, 22.5 x 113.0, GSC No. 42408 

(p . 15) 

Lycopodiumsporites marginatus . C-8460, 
6764-Al, 14 .7 x 101 . 6, GSC No . 42409 (p. 15 ) 

Micr or eticulatispor ites uni formi s. 
C-8461 , 6765-Al, 30.4 x 105 . 0, GSC No . 
42410 (p . 15) 

Fi g . 24. Mi croreticulatispori tes uniformi s . 
C-8460, 6764 - Al, 38 . 2 x 115.9, GSC No . 
42411 (p . 15) 

Fig. 25 . Ret iculisporites vermi f ormi s . C- 8524, 
6846 - Al, 31. 3 x 102 . 7, GSC No. 424 12 

(p. 15) 

Fig . 26. Ret icuUsporites vermiformis . C-8536, 
P851 - 5B, 09.8 x 111.0, GSC No. 42413 

(p. 15) 

Fig . 27. Klukispori tes areolatus . C- 8445, 6750-Al, 
15.0 x 116 .0 , GSC No. 42414 (p. 15) 

Fig. 28 .' Klukisporites pseudoreticulatus . C-8524, 
6846-Al, 35.0 x 101.4, GSC No. 42415 

(p. 15) 

Fig. 29. Foveotriletes subtr iangularis . C-8538, 
P851-7A, 22 . 4 x 108 . 5, GSC No. 42416 

(p. 15) 

Fig. 30 . Tigr ispor ites scurrandus . C- 85 34, P851-3B, 
22.1 x 108.8, GSC No. 42417 (p. 15) 

Fig. 31. Ti grisporites scurrandus . C-8533, P851-2A, 
32.7 x 108.9, GSC No. 424 18 (p . 15) 

Fig. 32. Tigr ispori tes scurrandus . C-85 33, P851-2B, 
24. 7 x 110.6, GSC No . 42419 (p. 15) 

Figs. 33, Cicatricosisporites annulatus . C- 8468, 
34. 6772 - A4, 31 . 0 x 120.3, GSC No. 42420. 

(p. 15 ) 

Fig. 35. Cicatricosisporites augustus . C-8457, 
6761-Al, 12.7 x 112.6, GSC No . 4242 1 

Fig. 36 . 

(p. 15) 

Cicatricosisporites augustus . C- 8459, 
6763-Al , 22 . 8 x 115.5, GSC No . 4242 2 (p. 15) 

Fig. 37. Cicatr icosisporites australiensi s . C- 8436, 
P851-5A, 15. 6 x 109.5, GSC No . 42423 (p . 15) 

Fi g . 38 . 

Figs. 39 , 
40 . 

Fig. 41. 

Fig. 42 . 

Fig. 43. 

Fig . 44. 

Cicatricosisporites hallei . C- 8462, 6766 -
A2, 15.1 x 109.3, GSC No. 42424 (p. 15) 

Cicatricosisporites sp . cf . Anemia exili
oides . C-8552, 6891-Al, 42.7 x 117.1, 
GSC No . 42425 (p. 15) 

Cicatricosisporites sp. cf. Anemia exili
oides . C- 8537, P851 - 6A , 33.2 x 108.9, 
GSC No. 4242 6 (p. 15) 

Cicatrico sisporites hughesii . C-8532, 
P851 - 1A, 30.2 x 104. 2 , GSC No. 42427 (p . 15) 

Cicatr icosisporites ludbrooki . C-8457, 
676 1-Al, 25.4 x 111. 7, GSC No. 42428 (p . 15) 

Cicatricosisporites potomacensis . C- 8458, 
6762-3, 27.5 x 112.8, GSC No. 42429 (p. 15) 
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Fig . 1. 

Fig. 2. 

Fi g . 3. 

Fi g . 4 . 

Fig. 5 . 

Figs. 6, 
7. 

Fig. 8. 

Fig. 9. 

Cicatricosisporites pseudotripar titus . 
C- 8502, 6807-Al, 37 .7 x 105 .8 , GSC No. 

PLATE 2 

42430 (p . 15) 

Cicatricosisporites pseudotripar titus . 
C-8453, 675 8-A2, 21.4 x 107.5, GSC No. 
42431 (p. 15) 

Cicatricosispor ites sp . cf . C. subrotundus . 
C- 8534, P851-3A, 16.8 x 111.3, GSC No. 
42432 (p . 15) 

Cicatri cosisporites venustus . C-84 60, 6764-
Al, 39.2 x 118 . 7, GSC No. 42433 (p. 15) 

Cicatricosisporties venus t us . C-845 3 , 6758-
A2, 39.4 x 100.2, GSC No. 42434 (p . 15) 

Costatoperforosporites fistulosus . C-8461, 
6765-Al, 45.5 x 101.3, GSC No. 42435 (p. 15) 

Costatoperforosporites sp. cf . Anemia per
forata . C-8458, 6762-Al, 27.3 x 114.3, 
GSC No. 42436 (p. 15) 

Costatoper forospori tes foveolatus . C- 8451, 
6756-Al, 38.5 x 114.1, GSC No . 42437 (p. 15) 

Fig. 10. Appendi cisporites bifurcatus . C-8471, 6775-
Al, 19.2 x 104.6, GSC No. 42438 (p. 15) 

Fig. 11 . Appendicisporites bilateralis . C- 8542 , 
P851 -11A, 35 . 6 x 111.7, GSC No. 42439 (p.15) 

Fig. 12 . Appendicisporites potomacensis . C- 8458 , 
6762-Al, 25.2 x 107.7, GSC No. 42440 (p. 15) 

Fig . 13 . Appendicisporites potomacensis . C-8459, 
6763 -Al, 13.8 x 115.3, GSC No. 42441 (p. 15) 

Fig . 14. Appendicisporites cr istatus . C-854 3 , P851-
12A, 25. 8 x 107 .8 , GSC No. 42442 (p. 15) 

Fig . 15. Appendicispor ites cr istatus . C-8542 , P851-
11A, 18 . 1 x 110. 6 , GSC No . 4244 3 (p. 15) 

Fig. 16 . Appendi cispor ites erdtrrunii . C-8533, P851-
2A, 13 .3 x 110.1, GSC No . 42444 (p . 15) 

Fig . 17. Appendi cispor i t es er dtmani i . C-8541, P851 -
10A, 19. 3 x 114.2, GSC No . 4244 5 (p . 15) 

Fig. 18. Appendi cispori tes sp . cf. Anemi a t r ichacan
tha . C-8463 , 6767-Al, 18.9 x 99.7, GSC No . 
42446 (p. 15) 

Fig . 19 . Trilobospori t es api baculat us . C- 8460, 6764-
Al, 35.7 x 111 . 0, GSC No. 4244 7 (p. 15) 

Fig. 20 . Trilobospori tes mary Zandensis . C-8463, 
6767-Al, 32 . 5 x 107. 8' GSC No. 42448 (p. 15) 

Fig . 21. Trilobosporites perverulentus . C-8538, 
P851-7A, 28 . 8 x 108.8, GSC No. 42449 (p. 15) 
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Fig . 22. Trilobosporites perverulentus . C- 8459, 
6763-Al, 16.0 x 108 .5, GSC No . 42450 (p. 15) 

Fig . 23. Trilobosporites trioreticulosus . C- 8457, 
6761-Al, 10 . 2 x 105 .0, GSC No . 42451(p . 15) 

Fig . 24 . Sestrosporite s pseudoalveolatus . C- 8509, 
6831-Al, 25.7 x 113.0, GSC No. 42452 (p.15) 

Fi g. 25. Camarozonosporites ambigens . C- 8484, 
6788-3, 20 . 8 x 108 .3, GSC No. 42453 (p. 15) 

Fig . 26 . Coronatispora valdensis . C- 84 72, 6776-Al, 
11 . 2 x 115 . 8, GSC No. 42454 (p. 15) 

Fi g . 27 . Coronatispora valdensis . C- 8540, P851-9A, 
26 . 1 x 110.1, GSC No. 42455 (p. 15) 

Fig . 28 . Gleicheniidites senonicus . C-8547, 6887-
Al, 28 . 8 x 112. 3 , GSC No . 42456 (p. 15) 

Fig . 29. Ornamentifera baculata. C-8506, 6828-Al, 
17.3 x 111.7, GSC No. 42457 (p. 15) 

Fig . 30 . Foraminisporis asymmetricus . C-8533, 
P851- 2A, 26.4 x 107 .3, GSC No . 4245 8 (p . 15) 

Fi g . 31. 

Fig. 32. 

Fig . 33 . 

Fig . 34 . 

Fig . 35 . 

Fig. 36 . 

Fi gs. 37, 
38 . 

Fig . 39. 

Fig . 40 . 

Figs.41, 
42 . 

Foraminisporis asymmetricus . C- 8459, 
6763-A2, 20 . 4 x 108 .3, GSC No . 42459 (p . 15) 

Foraminisporis wonthaggiensi s . C-8521, 
684 3-Al, 24. 6 x 108 .1, GSC No . 42460 (p . 15) 

Foraminisporis wonthaggiensis . C- 8460, 
6764-Al, 14.l x 108 .4, GSC No. 42461 (p. 15) 

Ci ngutri letes clavus . C-8534, P851 - 3B, 
26. 6 x 106.1, GSC No. 42462 (p. 16) 

Rogalskai sporites cicatri cosus . C-8479, 
6783-Al, 23 . 3 x 116 . 9, GSC No. 42463 (p. 16) 

Cirratr iradites teter. C-8516, 6838-Al, 
27.0 x 119.1, GSC No. 42464 (p. 16) 

Contigni sporit es glebulentus . C- 8478, 
6782-Al, 33.9 x 115.0, GSC No . 42465 

(p. 15) 

Contignisporites glebulent us . C- 8466, 
6770-Al, 34.4 x 113 .8, GSC No . 42466 

(p. 15) 

Distaltr iangulisporites perplexus . 
C- 8533, P851-2A, 17 . 7 x 104 .8 , GSC No. 
42467 (p. 16) 

Contignisporites cooksoni . C- 8450, 6755-
Al, 23.1 x 104.2, GSC No . 42468 (p. 15) 
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Figs. 1, 
2, 3 . 

PLATE 3 

Krauselisporites hastilobatus. C-8458, 
6762-S, 23.7 x 110.4, GSC No . 42469 (p. 16) 

Fig. 4. Densoisporites rrricrorugulatus. C-8454, 
6759-Al, 13.3 x 105.2, GSC No . 42470 (p. 16) 

Fig. 5. Crybelosporites vectensis. C-8541, P851-
10A, 32. 2 x 108 .7, GSC No. 42471 (p. 16) 

Fig. 6. Crybelosporites vectensis. C-8472, 6776-
Al, 33.2 x 113. 8, GSC No. 42472 (p. 16) 

Fig. 7. Crybelosporites vectensis . C-8472, 6776-
Al, 30.7 x 115.7, GSC No. 42473 (p. 16) 

Fig. 8. Laevigatosporites ovatus . C-8545, 6885 -Al, 
39.7 x 106.8, GSC No. 42474 (p. 16) 

Fig. 9. Verrucatosporites chalonerii . C-8545, 
6885-Al, 24.6 x 111.0, GSC No. 42475 (p. 16) 

Fig. 10. Triporoletes radiatus . C-8543, P851-12A, 
25.8 x 107.8, GSC No. 42476 (p. 16) 

Fig. 11. Triporoletes radiatus . C-8535, P851-4A, 
35 .4 x 110.0, GSC No . 42477 (p. 16) 

Fig. 12. Triporoletes radiatus . C-8541, P851-10A, 
13.8 x 117.8, GSC No. 42478 (p. 16) 

Fig. 13 . 1riporoletes reticulatus. C-8451, 6756-Al, 
11.5 x 100. 7, GSC No . 42479 (p. 16) 

Fig. 14. Triporoletes reticulatus . C-8536, P851-5A, 
30.5 x 113.8, GSC No . 42480 (p. 16) 

Fig. 15. Triporoletes simplex. C-8535, P851-4A, 
33 .9 x 108.2, GSC No. 42481 (p. 16) 

Fig. 16. Triporoletes singularis . C-8540, P851-9A, 
38.6 x 115.1, GSC No. 42482 (p. 16) 

Fig. 17. Triporoletes singularis . C-8533, P851-2A, 
34.0 x 106 .1, GSC No. 42483 (p. 16) 

Fig . 18 . Triporoletes singularis. C-8534, P851-3A, 
34.6 x 107 . 8, GSC No. 42484 (p . 16) 

Fig . 19. Aequitriradites spinulosus. C-8541, P851-
10A, 32.6 x 105.1, GSC No . 42485 (p. 16) 

Fig. 20. Cooksonites variabilis . C-8454, 6759-Al, 
28.9 x 111 .3, GSC No. 42486 (p. 16) 
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Fig. 21. Cooksonites variabilis. C-8464, 6768-Al, 
45.8 x 99.6, GSC No. 42487 (p. 16) 

Fig. 22. Coptospora sp . cf. C. willi amsii . C-8532, 
P851-1A, 38.5 x 106.1, GSC No. 42488 

(p. 16, 17) 

Fig. 23. Coptospora sp . cf. C. williamsii . C-8452, 
6757-A2, 17.l x 106.4, GSC No. 42489 

(p. 16, 17) 

Fig. 24. Coptospora sp., C-8450, 6755-Al, 29.2 x 
115 .7, GSC No. 42490 (p. 16, 17) 

Fig. 25. Coptospora sp., C-8451, 6756-Al, 30.5 x 
109 .7, GSC No. 42491 (p. 16, 17) 

Fig. 26. Januasporites spiniferus. C-8539, P851-
8B, 12.7 x 107. 1, GSC No. 42492 (p. 16) 

Fig. 27. Januasporites spiniferus . C-8541, P851-
10A, 25.4 x 103.1, GSC No . 42493 (p. 16) 

Fig. 28. Callialasporites darrrpierii . C-8446, 
6751-1, 23.2 x 100 .6, GSC No. 42494 (p. 16) 

Fig. 29. Alisporites grandis . C-8471, 6775-Al, 
25.6 x 102.0 , GSC No . 42495 (p. 16) 

Fig. 30. Vitreisporites pallidus . C-8545, 6885-Al, 
14 . 6 x 113.0, GSC No . 42496 (p. 16) 

Fig. 31. Alisporites minutus . C-8524, 6846-Al, 
36 . 8 x 107.3, GSC No . 42497 (p. 16) 

Fig. 32. Alisporites bilateralis . C-8534, P851-3A, 
19. 6 x 116. 6, GSC No. 42498 (p. 16) 

Fig . 33 . Cedripites cretaceus . C- 8555, 6894-Al, 
38.7x112.8, GSCNo. 42499 (p. 16) 

Fig . 34. Cedripites cretaceus. C-8551, 6890 -Al, 
32.3 x 102.4, GSC No . 42500 (p. 16) 

Fig. 35. Cerebropollenites mesozoicus . C-8445, 
6750-Al, 29.3 x 106.0, GSC No. 4250l(p.16) 

Fig . 36. Cerebropollenites mesozoicus . C-8469, 
6773-A2, 43.4 x 115.5, GSC No . 42502 (p. 16) 

Fig. 37. Cedripites canadensis . C-8461, 6765-Al, 
28 .0 x 115.5, GSC No. 42503 (p. 16) 
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Fig. 1. 

Fig . 2. 

Fig . 3 . 

Fig. 4. 

Fig. 5 . 

Fig. 6. 

Fig . 7 . 

Fig. 8 . 

Fig. 9. 

Fig . 10. 

Fig. ll. 

Fig. 12 . 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16 . 

PLATE 4 

cf. Podocarpus tricocca . C-8460, 6764-Al, 
41.0 x 105.3, GSC No . 42504 (p. 16) 

Podocarpidites canadensis . 
38.3 x 114 .0, GSC No . 42505 

Podocarpidites multesimus . 
22.5 x 103.3, GSC No . 42506 

Podocarpidites multesimus. 
26.7 x 114.0, GSC No . 42507 

C-8445, 6750 - Al, 
(p. 16) 

C-8554, 6893-Al, 
(p. 16) 

C-8503, 6825-Al, 
(p . 16) 

Podocarpidites biformis . C-8533, P851-2A, 
23.2 x 115.0, GSC No . 42508 (p. 16) 

Podocarpidite s biformis . C-8536, P851 - 5A, 
31.3 x 11 8 .5, GSC No. 42509 (p. 16) 

Laricoidites magnus . C-8545, 6885 -Al, 25.5 
x 108.2, GSC No. 42510 (p. 17) 

Inaperturopollenites limbatus . C-8454, 
6759-Al, 19.1 x 107.0, GSC No. 425ll (p. 17) 

Parvisaccites radiatus . C-8470, 6774-A2, 
34.0 x 108.4, GSC No. 42512 (p. 16) 

Parvisaccites rugulatus . C-8460, 6764-Al, 
34.9 x 112.0, GSC No . 42513 (p . 16) 

Parvisaccites hortonensis sp. nov., holo
type. C-8440, 6'i45 - Al, 26. 7 x ll4.6, GSC 
No. 34159 (p. 16, 17) 

Parvisaccites hortonensis . 
29 . 3 x 101.4, GSC No. 42514 

Parvisaccites hortonensis . 
17.2 x 102.3, GSC No. 42515 

Parvisaccites hortonensis . 
28 . 7 x 100.8, GSC No . 42516 

C-8446, 6751-Al, 
(p. 16' 17) 

C- 8440, 6745 -Al, 
(p . 16' 17) 

C- 8443, 6748-A2, 
(p . 16, 17) 

Araucariacites australis . C-8533, P851-2A, 
20.5 x 106.6, GSC No. 42517 (p. 17) 

Equisetosporites multicostatus . C-8458, 
6762-Al, 38 . 9 x 110.5, GSC No . 42518 (p. 17) 

Fig. 17. Eucommiidites minor . C-8554, 6893 -Al, 41.2 
x 106.4, GSC No. 425 19 (p. 17) 

Fig. 18 . Eucommiidi tes minor . C-8539, P851 - 8C, 35.2 
x ll 8 .5, GSC No. 42520 (p. 17) 
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Fig. 19 . Taxodiaceaepollenites hiatus . C- 8456, 
6760-Al, 21.1 x 104.0, GSC No. 4252 1 (p. 17) 

Figs. 20, 
21. 

Fig. 22. 

Fig . 23. 

Reticulatasporites dupliexinous . C-8464, 
6768-Al, 43.7 x 11.1, GSC No. 42522 (p . 17) 

PerinopoUenites elatiodes. C-8548 - 9, 6888-
Al, 31.8 x 110.6 , GSC No . 42523 (p. 17) 

Perinopollenites elatoides . C- 8465, 6769-
Al, 42. 7 x 110. 7, GSC No . 42524 (p . 17) 

Fig . 24. Cycadopi tes nitidus . C-8474, 6778-Al, 
48 . 0 x 103.3, GSC No. 42525 (p. 17) 

Fig. 25. Classopollis classoides . C-8458, 6762-Al, 
24.2 x 102.5, GSC No. 42526 (p. 17) 

Fig . 26. Classopollis classoides . C-8520, 6842-Al, 
28.l x 108.9, GSC No. 42527 (p. 17) 

Fig. 27 . Circulina parva . C-8458, 6762-Al, 27.8 x 
109.4, GSC No. 42528 (p. 17) 

Fig. 28. Circulina parva. C-8462, 6766-A2, 19.6 x 
104.9, GSC No. 42529 (p. 17) 

Fig. 29. Exesipollenites tumulus . C-8546, 6886-Al, 
27.4 x 117. 8 , GSC No . 42530 (p . 17) 

Fig. 30. Clavatipollenites hughesii . C-8464, 6768-

Figs. 31, 
32. 

Figs. 33, 
34 . 

Fig. 35 . 

Figs. 36, 
37. 

Al, 40.9 x 110.0, GSC No. 42531 (p. 17) 

Retitricolpites georgensis . C-8538, P851-
7C, 31.7 x 111.8, GSC No . 42532 . xlOOO 

(p. 17) 

Retitricolpites prosimilis. C-8511, 6833-
Al, 32 .3 x 106.2, GSC No. 42533 . xlOOO 

(p. 17) 

Fraxinoipolleni tes venustus . C-8535, 
P851 - 4B, 36 . 0 x 115 .0, GSC No. 42534. 
xlOOO (p. 17) 

Fraxinoi polleni tes venustus . C-8535, 
P851-4B, 16.8 x 104.2, GSC No . 42535. 
xlOOO (p . 17) 
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PLATES 5 - 14 

In the figure explanations, the species name is followed by the GSC 
(I.S.P.G.) Location Number, the slide number, the stage co-ordinates for 
Reichert Zetopan microscope No. 56 395 at the Institute of Sedimentary 
and Petroleum Geology, Calgary, Alberta, an explanation of the orientation 
and focus level, if needed, the GSC Type Number, the magnifications and 
the page reference for ?pecies described in the systematics section. IC 
refers to Interference Contrast, and PC refers to Phase Contrast. All 
other figures are taken in Brightfield. 
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Figs. 

Fig. 

Figs. 

Fig . 

Figs. 

PLATE 5 

1, 2. Apteodinium maculatum. C-8533, Slide P851- 2A, 37 . 3 x 120.8, 
IC, GSC No . 41475. (1) x325, (2) xl 250 (p. 18 , 20) 

3. Gonyaulacysta heZicoidea . C-8533, Slide P851-2A, 23.6 x 
121.6, GSC No. 41476. x500 (p. 18, 20) 

4, 5 . GonyauZacysta hyaZodermopsis . (p. 19, 20) 

4. C-8534, Sl ide P851-3A, 32 . 7 x 120 . 8, dorsal view at hi-focus, 
IC, GSC No. 414 77 . x500 

5. C- 8533, Slide P851-2A, 12 . 1 x 116 .3' ventral view at hi-focus, 
IC, GSC No. 41478. x500 

6. Leptodinium del i catum. 
GSC No . 41479 . x500 

C-8534, Slide P851-3A, 34 . 1 x 116 . 7, 
(p . 19, 22) 

7- 9. Leptodi nium cancellatum sp. nov . (p. 19, 21) 

7. C-8535, Slide P851 - 4A, 28.4 x 129.3, ant apical view at lo -
focus, GSC No. 41480. x500 

8. Holotype , C-8534, Slide P851-3A, 20 . 5 x 129.5, right lat -
eral view at hi-focus, GSC No . 34146. x500 

9. C- 8535, Slide P851-4A, 41.8 x 126.9, surface detail, GSC 
No. 414 81. xl250 

Figs. 10- 15 . Lept odinium modicum sp. nov . (p. 19, 22) 

10-13. Holotype, C-8533, Slide P851 - 2A, 32.6 x 117.0, (10, 11) 
dorsal view at hi - and mid-focus r espectively , (12, 13) 
ventral view at lo-focus, IC, GSC No. 34147. x900 

14, 15. C- 8534, Slide P851-3A, 25.9 x 118 . 8, (14) antapica l view 
at hi - focus, (15) apical view at lo-focus, GSC No . 41482 . 
x900 
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Figs. 

Figs. 

Fig. 

Figs. 7, 

Fig. 

Fig. 

Figs. 

Figs. 

68 

PLATE 6 

1, 2. Microdiniwn opacwn. The holotype refigured, Slide BW 
134/ 1, 54.6 x 116 . 4, (1) ventral view a t hi - focus, (2) 
dorsal view at lo-focus. x l 250 (p. 19 , 23) 

3- 5. Microdiniwn spinoswn sp. nov . (p. 19, 23) 

3, 4. Holotype, C- 8480, Slide 6884 - 2, 13.9 x 110.4, (3) dor
sal view at lo-focus, (4) ventral view at hi - focus, IC, 
GSC No. 34148. xl 250 

10, 

5. C-8481, Slide 6885-2, 08.9 x 126.7, ventra l vi ew at hi
focus, GSC No. 41483. xl250 

6. Microdiniwn? crinitwn. C-8535, Slide P851-4A, 35 . 7 x 
126.2, oblique apical view at hi-focus, IC, GSC No . 
41484. x900 (p. 19, 

11. Batioladiniwn jaegeri (p. 19, 

7. C-8539, Slide P85 1-8A, 15.9 x 124.1, ob lique ventral 
vi ew at hi-focus, IC, GSC No. 41485. x500 

23) 

24) 

10-11 . C-8538, Slide P851 -7B , 38.3 x 126.4, l eft lateral view 
(10) at hi-focus and (11) l o- focus, GSC No. 41486. 
x500 

12, 

8. Canningia minor . C- 8538, Slide P851 - 7A, 41.8 x 133.1, 
mid-focus, I C, GSCNo. 41487. x500 (p. 19, 24) 

9. Canningia ringnesii. C-8540, Slide P851-9A, 24.3 x 
128.8, mid-focus, IC, GSC No. 41488. x500 (p. 19, 24) 

13. Tenua hystrix. C- 8460, Slide 6764 -1 , 41.4 x 124.4, 
(12) dors a l view a t hi-focus, (13) ventra l v i ew at lo-
focus, GSC No. 41489 . x500 (p. 19, 24) 

14-16 . Tenua sp. A (p. 19, 25) 

14 . C- 8539, Slide P851-8A, 14.0 x 130.8, ventral view at 
lo-focus, IC, GSC No. 41490. x500 

15. C-8474, Slide 6778 -A3, 13.4 x 122.2, ventral view at 
l o- focus, IC, GSC No. 4149 1. x5 00 

16. C- 8506 , Slide 6828 -M, 27.7 x 117.4, ventral view at 
lo-focus, GSC No. 41492 . x500 
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Figs. 

PLATE 7 

1-5. Dictyopyxidia imperf ect a sp . nov. (p. 19' 25) 

1-3. Holotype, C-8536, Slide P851-5A, 38.l x 130.0, (1) dor
sal view at lo-focus and (2) ventral view at hi-focus, 
(3) mid-focus on operculum, GSC No. 34149. (1, 2) x900, 
(3) x500 

4 . C-8537, Slide P851-6A, 18.6 x 131.8, ventral view at hi
focus , GSC No. 41493. x500 

5 . C-8537 , Slide P851-6A, 27.9 x 129 .0 , dorsal view at hi
focus, GSC No. 41494. x500 

Fig . 6. Fromea amphora . C- 8540 , Slide P851 - 9A, 24 .3 x 124 . 7, 
IC, GSC No. 41495. x500 (p . 19, 26) 

Fig. 7. Cleistosphaeridiwn? aciculare . C-8552, Slide 6891 - 2 , 
41.3 x 123.9, IC, GSC No. 41496. x500 (p. 19, 26) 

Fig . 8 . Cleistosphaeridiwn polypes (subsp.) clavulwn. C-8534, 

Fig. 9. 

Slide P851-3A, 09.7 x 122 .5, GSC No . 41497. x500 . 

Cleistosphaeridi wn polypes (subsp.) polypes . 
Slide P851-8A, 33.0 x 126 . 1, GSC No. 41498. 

(p. 19, 27) 

C-8539, 
x500 

(p. 19, 21 ) 

Figs. 10, 11. Cleistosphaer idi wn ancor iferwn. C-8532, Slide P851-1A, 
33.9 x 129.4, (10) lo-focus on archeopyle, (ll) hi
focus on antapex, IC, GSC No . 41499. x900 (p. 19, 27) 

Fig. 12. Cleistosphaeridiwn multispinoswn . C-8542, Slide P851-
11A, 33.4 x 118.9, IC, GSC No. 41500. x500 

Fi gs. 13 , 14. Cleistosphaeridiwn sp. AE 

(p. 19, 27) 

(p. 19, 27) 

13. C-8533, Slide P851-2A, 17.4 x 122 .8, ventral view at 
lo-focus, IC, GSC No. 41501. x900 

14. C-8535, Slide P851-4A, 44.2 x 117.5, dorsal view at hi
focus, IC, GSC No . 41502 . x900 

Figs . 15, 16. Hystrichokolpoma fer ox. C-8539, Slide P851-8A, 22.6 x 
131.4, (15) hi-focus and (16) mid-focus, IC, GSC No. 
41503 . x500 (p . 19, 28) 

Figs. 17, 18. Conosphaer idiwn sp. A. C-8538, Slide P851-7A, 36.1 x 
118.4, (17) ventral view at lo-focus, (18) dorsal view 
at hi-focus, IC, GSC No. 41504. x500 (p. 19, 28) 
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PLATE 8 

Fig. 1. Oligosphaeridium asterigium. C-8532, Slide P851-1A, 32.2 
x 118.8, mid-focus, GSC No. 41505. x500 (p. 19, 28) 

Fig. 2. Oligosphaeridium complex . C-8540, Slide P851 - 9A, 17.9 x 

Figs. 

123 .6, GSC No. 41506. x3Z5 (p. 19, 28) 

3, 6. Oligosphaeridium irregulare (p . 19' 28) 

3. C-8467, Slide 6771-1, 23.5 x 124.8, hi-focus on archeo
pyle, IC, GSC No . 41507. x500 

6. C-8467, Slide 6771 -1, 33.4 x 12 8.5, hi-focus on opercu
lum, IC, GSC No . 41508 . x500 

Fig. 4. Oligosphaeridium pulcherrimum. C-8467, Slide 6771- 1, 

Figs. 5, 8 . 

30 .7 x 122.4, GSC No. 41509. x500 (p. 19, 29) 

Oligosphaeridium sp. AB. 
125.9, (5) ventral view, 
l" and 6" and operculum, 
surface, GSC No . 41510. 

C-8532, Slide P851 -1 A, 39.6 x 
lo-focus on reflected processes 
(8) hi-focus on part of dorsal 
x500 (p . 19, 29) 

Fig. 7. Oligosphaeridium? sp . A of Brideaux, 197lb. C-8452, 
Slide 6757 - 2, 17.2 x 126 . 0, hi-focus on archeopyle, IC, 
GSC No. 41511. xl 250 (p. 19, 29) 

Fig . 9. Oligosphaeridium sp. AB. C-8538, Slide P851 - 7A, 36.2 x 
131. 7, the operculum, lo-focus on external surface, IC, 
GSC No. 41512 . x500 (p . 19, 29) 

Fig. 10. Oligosphaer idium totum (subsp . ) totum. C-8474, Slide 
6778-3, 36.1 x 121.5, IC, GSC No. 4151 3 . x500 

(p . 19' 29) 

Fig. 11 . Oligosphaeridium? sp. B of Brideaux, 197lb. C-8556, 
Slide 6895-2, 25.7 x 121.3, hi-focus, IC, GSC No . 41514. 
x500 (p. 19, 29) 

Figs. 12, 13. Oligosphaeridiwn a:nthophorum. C-8466, Slide 6770-3, 15.5 
x 127 .3, the operculum, (12) lo-focus on external surface, 
(13) hi - focus on ext erna l surface, IC, GS C No . 41515. 

Fig. 14. 

x5 00 (p. 19, 28) 

Polysphaeridiwn laminaspinosum. 
34.4 x 122.3, IC, GSC No. 41516. 

C- 8538, Slide P851 - 7A, 
x500 (p. 19, 30) 

Figs. 15 , 16 . Pter odinium sp . cf. P. aliferum. C-8537, Slide P851 - 6A, 
15.3 x 119.5 , (15) ventral view at hi-focus , x900 , (16) 
dorsal view at lo-focus , x500, IC, GSC No. 41517 

(p. 19, 30) 
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Figs . 

PLATE 9 

1-8. Pterodinium verrucosum sp. nov. (p. 19' 30) 

1-3 . Holotype, C- 8535, Slide P851-4A, 39.8 x 118.8, (1) dors a l 
view at lo-focus, (2) mid - focus, (3) ventral view at hi
focus, IC, GSC No . 34150. x900 

4. Holotype, as above, hi-focus on sulcal reflected plates, 
IC, GSC No. 34150. xl250 

5, 6. C-8533, Slide P851 - 2A, 27.8 x 120 . 7, (5) ventral view at 
hi-focus, (6) dorsal view at lo-focus, GSC No. 41518. 
x500 

7, 8. C- 8534, Slide P851-3A, 38.3 x 131 .9 , (7) hi - focus on ar 
cheopyle in dorsal vi ew , specimen tilted towards apex, 
(8) ventral view at l o-focus, with sulcal and antapical 
reflected plates prominent, GSC No . 41519. x500 

Fig . 9. Pterodinium sp. A. C-8534, Slide P851 - 3A, 14.4 x 122.1, 

Fig . 

dorsa l view at lo-focus, GSC No. 41520. x500 

10 . Spiniferites ramosus . 
134 .4, GSC No. 41521 . 

(p. 19, 31) 

C-8541, Slide P851 - 10A, 28.3 x 
x500 (p. 19, 31) 

Fig. 11. Tanyos phaeridium sp . A of Brideaux , 197lh. C-8554, Slide 
6893-2, 33.5 x 127 . 3, IC, GSC No. 41522. x500 

(p. 19, 31) 

Fig. 12 . Tanyosphaeridium sp. B of Brideaux, 197lh. C- 85 55, Slide 
6894-2, 25.4 x 122.2, IC, GSC No. 41523. x500 

(p. 19, 31) 

Fig. 13. Tanyosphaeridium sp . C. C-8535, Slide P851-4A, 35.6 x 
117.2, IC, GSC No. 41524. x900 (p. 19, 32) 

Figs. 14-16 . Imhatodinium sp . A (p . 19, 32) 

14, 15. C-8540, Slide P851-9A, 27.9 x 118 .3, (14) latera l view at 
hi-focus, x500, (15) detail of processes, x900, IC, GSC 
No . 41525 

16. C-8553, Slide 6892-2, 41 .8 x 122.6, l a t era l view, focus on 
intercalary archeopyle, IC, GSC No. 41526. x500 

Fig. 17 . Cyclonephelium compactum. C- 8537 , Slide P851-6A, 20.0 x 
129.0, GSC No . 41527 . x325 (p. 19, 32) 

Fig. 18. Cyclonephelium distinctum . C-8556, Slide 6895-2, 29 . 2 x 
124.5, ventral view at hi-focus, IC, GSC No . 41528. x500 

(p. 19, 32) 
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PLATE 10 

1-4 . Ga:rdodinium eisenackii (p . 19' 33) 

1 . C-8532, Slide P851 -1 A, 21.5 x 122.8, lateral view at l o
focus , IC, GSC No . 41529 . x500 

2 . C-8534, Sl ide P851 - 3A, 16.4 x 126.4, lo-focus on apica l 
archeopyle, IC, GSC No. 415 30. x500 

3 . C-8533, Sl ide P851- 2A, 07 . 7 x 121.3, mid-focus on princi
pa l archeopyle sutures , IC, GSC No. 41531. x900 

4 . C- 8534, Sl ide P85 1- 3A, 21 . 5 x 131.7, GSC No. 41532. x500 

5. Scr i ni odi ni um campanuZa . 
128 . 7, IC, GSC No . 4153 3 . 

C-855 2 , Slide 6891-4, 16.7 x 
x325 (p. 19, 33) 

6-14 . Scriniodinium rostratum sp. nov . (p. 19, 34) 

6. C- 8540, Slide P851 - 9A, 11.5 x 130.0, right lateral view at 
hi-focus, IC, GSC No . 41534 . x500 

7. C-8539, Sl ide P851-8A, 12 . 3 x 124.7, mid-focus, IC, GSC 
No. 41535. x500 

8, 9. C-85 37, Slide P85 1-6A, 41. 3 x 118.6, (8) lo -focus on the 
ape x , (9) hi - focus on th e ant apex , IC, GSC No. 415 36 . 
x500 

10 , 11. C- 8542, Slide P851 -11 A, 40.4 x 134 .1, (10) right lateral 
view at hi-focus , (11) right l a teral view at l o-focus, IC, 
GSC No . 41537. x900 

12-14. Holotype , C- 8535, Slide P851-4A, 36 . 3 x 122.4, (12) ven 
tral view at hi-focus, (13) mid-focus, (14) lo- focus on 
dorsal surface , I C, GSC No . 34151 . x900 
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PLATE 11 

Figs. 1-3 . Scr iniodiniwn rostr at wn sp. nov. C- 8535, P851 - 4A, 40 . 7 x 
134.3, (1) dorsal view at lo - focus, (2) mid-focus, (3) 
ventral view at hi-focus, IC, GSC No. 41538 . x900 

(p . 19' 34) 

Figs . 4, 5 . Muder ongia sp . A (p. 19, 34) 

Fig. 

4. C- 8474, Slide 6788 - 3, 14. 8 x 123 . 7, PC, GSC No . 41539 . 
x500 

5. C- 8474, Slide 6778-3, 11.l x 132 . 4, PC , GSC No . 41540 . 
x500 

6 . Muder ongia te t racant ha . 
IC, GSC No . 41541 . x500 

C- 8474, Slide 6778-3, 22.1 x 120.0, 
(p. 19, 34) 

Fig . 7- 12. Senoni asphaera micr oreticulata sp . nov. (p. 20' 35) 

7- 9. Holotype, C-8532, Slide P851 - 1A, 35 . 9 x 121.3, (7) ventra l 
surface at hi-focus, (8) mid - focus, (9) dorsal surface at 
lo-focus , GSC No . 34 152. x325 

10- 12 . C-8540, Slide P851-9A, 24.1 x 126.5, ( 10) vent ral surface 
at hi-focus, (12) dorsal surface at lo-focus, IC, GSC No. 
41542 . x325 

11. C-8446, Slide 6851 - 2, 20.2 x 133.8, detached operculum 
formed of four reflected apical plates, IC, GSC No . 41543 . 
x500 
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PLATE 12 

1-8. Senoniasphaera microreticulata sp. nov. (p. 20, 35) 

1. Holot ype, C-8532, Slide P851-1A, 35.9 x 121.3, ventral 
view at hi-focus, IC, GSC No. 34152. x500 

2. C- 8543, Slide P851-12A, 28.0 x 124.5, mid-focus, specimen 
showin g marked separation of periphragm and endophragm, GSC 
No . 41544. x325 

3, 4. C-8534, Slide P851-3A, 28.2 x 121.0, th e endobl ast, (3) 
dorsal view at hi-focus, (4) ventral view a t lo-focus, GSC 
No. 41545. x500 

5, 6. C-8540, Sli de P851-9A, 24. 1 x 126. 5, (5) hi-focus on l e ft 
ventral periphragm surface, (6) lower focus on part of ven
tral endophragm surface, IC, GSC No. 41543. x900 

7, 8 . C-8532, Slide P851-1A, 20 .0 x 126.3, (7) isolated endoblast, 
dorsal view at hi-focus, (8) ventral view at lo - focus, GSC 
No . 41547 . x500 

Figs. 9-12. Luxadinium primulum gen . e t sp . nov . (p. 20, 37) 

9. Holotype, C-8533, Slide P851 - 2A, 29 . 2 x 134.5, mid-focus 
with apex tilted towards viewer--ventral surface in focus, 
dorsa l surface in focus by transparency, IC, GSC No. 34153 . 
x900 

10-12. C-8538, Slide P851-7A, 19.8 x 123.7, (10) hi-focus on ven 
tral surface, (11) mid - focus on anter ior dorsal s urface, 
(12) lo-focus on posterior dorsal surface, IC, GSC No . 
41548. x900 
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PLATE 13 

Figs . 1-8. Luxadiniwn primulwn gen. sp . nov. (p. 20, 37) 

1-3. C- 8532, Slide P851-1A, 29 . 8 x 129.3, (1) ventral surface at 
hi-focus, (2) mid-focus on projecting reflected plate 3', 
(3) lo-focus on dorsa l archeopyle, IC, GSC No . 41549 . x900 

4-6. C-8532, Slide P851-1A, 25.6 x 125.0, (4) ventral surface at 
hi-focus, (5) dors a l surface at mid-lo-focus, (6) anterior 
dorsal surface at lo-focus, IC, GSC No. 41550. x900 

7, 8. C- 8544, Slide P851-10A, 38.4 x 123.9, (7) mid-focus on 
parts of the endopercula lying in the endocoel (re flected 
plates l a and 2a), (8) dors a l endarcheopyle at hi-focus, 
IC, GSC No. 41551. x900 

Figs. 9-12 . Luxadinium propatulwn gen. et sp . nov. (p. 37) 

9-11. Holotype , refigured after Singh (1971, Pl. 62. fig. 8), 
Research Council of Alberta Sample No. 3-S-5, Slide No. 
3- S-5-Micro. 137 , 12.3 x 125.4, (9) hi-focus on dorsal 
archeopyl e , with projected reflected plate 3 ' clearly 
visible in periblast and endoblast, (10) mid-focus, (11) 
ventral surface at lo-focus by transparency, IC, x900 

12. Research Council of Alberta Sample No . 3-S - 5, Slide No. 
3- S- 5-Micro. 136, 12.6 x 125.5, mid-focus on projecting 
reflected plate 3' in periblast and endoblast, IC, xl250 



PLATE 13 

4 

9 

5 

3 6 

7 8 

83 



84 

Figs. 

Fig. 

Fig . 

PLATE 14 

1, 2. Luxadiniwn pr opatulwn gen . et sp. nov. Research Council 
of Alberta Sample No. 3-S-5, Slide No . 3-S- 5-Micro . 136, 
12 . 6 x 125.5, (1) dorsa l view a t lo-fo cus , (2) ventral 
view at hi-focus, IC, x900 (p. 37) 

3 . Astrocysta cretacea . C-8554, Slide 6893 - 2, 27 . 1 x 127.3, 

4. 

mid - focus, GSC No. 41552. x5 00 (p. 20 , 36) 

Palaeoperidiniwn sp . A of Brideaux, 1971. 
P851-6A, 25.9 x 133 . 2, IC, GSC No . 41553. 

C-8537, Slide 
x500 

(p. 20' 38) 

Fig . 5 . Dingodiniwn cerviculwn. C-8538, Slide P851-7A, 25 . 8 x 

Fi g. 6 . 

124.6, IC, GSC No . 41554. x l 250 (p. 20, 38) 

Kalyptea monoceras . 
IC, GSC No. 41555. 

C-8539, Slide P851 - 8A, 39 . 8 x 123.9, 
x500 (p. 20, 38) 

Fig. 7. Pterospermopsis australiensis . C-8446, Slide 6851-2, 
26 . 3 x 121.3 , IC, GSC No. 41556. x500 (p . 20 , 39) 

Fig. 8 . Kalyptea sp. A of Brideaux, 197lb. C-8535, Slide No . 
P851 - 4A, 26.3 x 121 .3 , IC, GSC No . 41557. x5 00 

(p. 20' 38) 

Fig. 9 . Clilamydophorel la nyei. C- 8543, Slide P851-12A, 23 .6 x 
125.3 , h i -focus , IC, GSC No. 41558 . x l 250 (p . 20, 38) 

Figs. 10, 11. Lecaniella foveata (p. 20, 39) 

10. C-8542, Slide P851-11A, 20.5 x 126. 1, IC, GSC No. 41559. 
x500 

11. C-8543, Sl ide P851-12B, 29 .5 x 126 . 3, lo-focus on line of 
separation, IC, GSC No. 41560. x5 00 

Figs . 12, 13. Micrhystridiwn sp. A (p. 20, 39) 

12 . C-8443, Slide 6848 - 2, 15.4 x 12 7 .l , I C, GSC No . 41561. 
x900 

13. C-8442, Slide 6847 -1, 19 .1 x 115 . 7, GSC No. 4 1546. x900 
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