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PREFACE 

This report describes a new Upper Jurassic- lowermost Cretaceous dinoflagellate 
assemblage from northern Canada and relates it to previously described miospore and 
microplankton assemblages and macrofossil zonal schemes . The assemblage, termed the 
borealis assemblage, has been recognized in fifteen surface and subsurface sections on 
the northern Canadian mainland and in the Canadian Arctic Archipelago. 

Such detailed paleontological studies are basic to the provision of precise dating and 
correlation of the rocks that make up the geological framework of Canada. They are of 
immediate value for surface and subsurface stratigraphy and ultimately contribute toward 
the estimation of potential abundance and probable distribution of energy resources 
available to Canada. 

Ottawa, March 8, 1976 

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

This paper describes the taxonomy, biostrati ­
g r aphy a nd geographic occurrence wi thin the Canadian 
Boreal Region of an Upper Jurassic-lowermost Creta­
ceous (Oxfordian-Berriasian) dinof l agellate cyst 
assemblage . This associat ion, t ermed the borealis 
assemblage, is intermediate in age betwee n assemblages 
describe d from o lder Jurassic rocks and those present 
in the upper Lower Cre taceous (Neocomian) in these 
regions. 

Da t a have been obtained from three s urface a nd 
four subsurface sec t ions from the northe rn Interior 
Plain s - Rich ardson Hountains regions a nd from four 
seismi c sho t-point location s a nd seven subsurface 
sect ions i n the Ar ctic Islands (Sverdrup Basin). 

Five new dino f l agellate cys t t axa are described: 
Psaligonyaulax dualis , Par eodinia capillosa, Pareo­
dinia borealis, Horologinella spinosigibberosa, and 
Lanterna saturnalis . One other species, Gonyaulacysta 
sp . cf . G. c ladophora (Def l a ndre) Dodekova, also is 
assoc i a t e d wi th the borealis assemb l age. The r a nges 
of t he ne\v t axa have been determined by comparison 
wi th published macrofaunal zonal schemes and from 
published ranges of selected spore , pol l en and dino ­
flagella t e t axa . 

RESUHE 

La p r esent e etude decrit la t axonomi e , l a bio­
s tra tigraphie e t la r epartit ion geographiq u e , a 
l' in t e r ieur d e l a r eg i on boreal e du Canada, d'un 
assemblage d e kys t es de dinoflagelles datant d u 
Jurassique sup e rieur e t du Cretace inferieur 
(Oxfordien-Berriasien). Ce tt e associa t ion, qualifiee 
d' as semblage borealis , es t d'age intermediaire entre 
les ass emblages decr its a partir des roches plus 
v i eilles du J urass i qu e et ceux des r oches de la fin 
du Cretace infe rieur (Neocomien) dans cette region' 

Les donnees provie nnent de trois coupes d e s ur­
face et de qua tre coupes du sous - so l de regions du 
nord des plaines Interieures e t d es chainons Richardson, 
ainsi que de quatre poin t s d e tir sismi q ue e t d e sep t 
cou pes du sous - so l de l' archipel Arc tique (bassin 
Sverdrup). 

Les a uteurs decrivent cinq nouve aux taxon s de 
kystes d e dinoflagelles : Psaligonyaulax dualis , 
Pareodinia capillosa, Par eodinia borealis , Horologi ­
nella spinos igibberosa e t Lanterna saturnalis . Une 
autre espece , r,onyaulacysta sp . cf. G. cladophora 
(Def landr e ) Dod e kova, es t egal ement associee a 
!' assemblage borealis . Les gammes des nouveaux 
t axons ont e t e determinees a l a s uit e d e comparaison s 
avec des schemas de zones macro - fauniq ues et a 
partir des gammes d e taxons de spores, de po llens e t 
de dinoflagelles deja publies . 





UPPER JURASSIC - LOWER CRETACEOUS DINOFLAGELLATE 

ASSEMBLAGES FROM ARCTIC CANADA 

INTRODUCTION 

Dinoflagellate cys t assemblages of Jurassic and 
Early Cretaceous ages are known to be widespread in 
the Canadian Ar c tic Archipe lago and in the Hackenz ie 
De lta region of the northern Canadian mainland, but 
the r e is ver y little published information (Brideaux, 
197 5) . The lit e ra tu re comprises t wo papers. 
Pocock (1972) treats acritarch and d i noflagella t e 
cysts from the Awingak and Deer Bay Formations on 
Amund Ringnes Island. Johnson and Hills (1973) 
describe dinoflagell a te and acri tar c h assemblages 
from Lower to lower Upper Jurassic strata of the 
Savik Formation and i ts litholog i c e quivalent s on 
Axel Heib erg a nd Ellesmere Isla nd s . 

In this paper the writer s describe an assemblage 
of dinoflagellate cys ts that has been found in Upper 
Juras sic to basal Cretaceous (Oxfordian to Berriasian) 
stra t a throughout the Hackenzie De lt a a nd the centr a l 
a nd weste rn Canadian Arctic Archipelago. The d is­
tinctive morphology and widespread occurrence·of the 
species i n thi s assemblage, n ame d h e r ein the Par eo­
dinia borealis a ssemblage or, more s imply, the bore ­
alis assemblage, make them of value to pal y nost r ati­
g r aphy for defining the position of the Jurassic­
Cre t aceous boundary a nd d e termining the occurrence of 
Upper Jurass i c and basal Cretaceous s tra t a in marine 
sec tions. It wil l be d emonstra t ed that the known 
basal occurrence of e l ements of the borealis assem­
blage is geo log ically contemporaneous or, perhaps, a 
little younger than the uppe r geo logic occurrence of 
assemblages d escribed by Johnson a nd Hill s (1973). 
This contribution, therefore, conta ins the fi r st 
comprehensive published information on uppermo s t 
Jurassic dino f l agella t e cys t assemblages from nor th­
e rn Canada. 

CURATION OF HATERIALS 

All samples from outcrops a nd wells us e d in t his 
inves tigation and s tored at the Institute of Sedi­
me nta r y a nd Petroleum Geology have been assig ne d 
Geological Survey of Canada location numbe rs (C-num­
bers). Palynologic slides prepared by the Ins titute 

Manuscript r eceived: Decemb e r 16, 1974 
Authors' a ddresses : 

W.W. Bridea ux : Institute of Sediment a r y and 
Pe trole um Geo logy 
3303 - 33rd Street N.W. 
Ca lgary , Alberta T2L 2A7 

M.J. Fisher: Robertson Research International 
Limited 
"Ty'n-Y-Coed" 
Llanrhos, Llandudno 
LL 30 lSA 
North ~lales, U.K. 

of Sedimentary and Pe troleum Geo logy and slides 
pre pared by other organizations tha t do n o t contain 
holotypes or figured specimens are s t o r e d in the 
collection of the Institute, 3303 - 33rd Street N.W., 
Calgary, Alber ta , Cana da T2L 2A7 . Slides containing 
holotypes or figured specimens are stored in the 
collections of the Geo l ogica l Survey of Canada, 601 
Booth Street, Ottawa, Ontario, Canada KlA OE8. Other 
palynologic s lides (marked with *) a r e s tor e d in the 
collections of Robertson Research (North America) 
Limited, 501 Cleve l a nd Crescent S.E., Calgary, Alber t a , 
Canada T2G 4R8. 
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LOCATION AND STRATIGRAPHY OF SAMPLED SECTIONS 

The borealis assemblage has b een encounte red in 
a number of surface exposures and s ubsurface sec tions 
on the mainland, i n the Macken z i e De lta region (F i g . 
1) , a nd in the Canadian Arctic Archip e l ago (Fig . 2). 
Control sec tions in the Delta region inc lude s urf ace 
exposures and cored mat e rial a nd ditch cuttings from 
subsurface sections. In the a rchipe lago , surface 
control is l acking. Sub s urface sec tions, with the 
excep tion of air - drill e d cores from several se ismic 
shot-po i nt holes, a re r epres ented only by ditch 
cuttings. Con sequ ently , the age of ro cks containing 
the borealis assemblag e in the De lta region can be 
d e t e rmin ed from faunal ev ide n ce and r e l evant paly ­
nologic data. In the Ar c tic Islands, almost a ll of 
the age d e t e rminat ions a r e based on palynology; 
faunal evide n ce plays a secondary role. Relevant 
information on the lithostratigraphy and age of the 
sampled s trata is presented in the following pages. 

!1ACKENZIE DELTA- RICHARDSON MOUNTAINS REGIONS 

Information from three surface sections in the 
Delta r eg ion, lo ca t e d in the northe rn part of the 

1 
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FIGURE 1. Location of sampled sections, northern Interior Plains and 
Richardson Mountains regions, District of Mackenzie 

Aklavik Range near or on the eastern slope in the 
Richardson Mountains, is used in this investigation. 
The section at Martin Creek (NTS 107B; Lat. 68°12'N, 
Long. 135 o 3 7 '\v) contains an almost complete sequence 
of Upper Jurassic and basal Lower Cretaceous rocks. 
The section on the eastern slope of Mount Gifford 
(NTS 107B; Lat. 68°08'N, Long. 135°27.5'W) exposes 
the Jurassic-Cretaceous boundary (Jeletzky, 1958). A 
section sampled at Mount Goodenough (NTS 106M; Lat. 
67°56'N, Long. 135°25'W) consists of Upper Berriasian 
strata unconformably overlain by upper Hauterivian to 
Aptian strata (not described in detail herein; 
Brideaux, unpublished data). 

Subsurface sections are located in the following 
wells and structure test hole: 

2 

Banff-Aquitaine-Arco Rat Pass K-35 well (NTS 
106M; Lat. 67°54'43"N, Long. 135°21'57"W) 

Elf Horton River G-02 well (NTS 97C; Lat. 69° 
51'23"N, Long. 127°15'57"W) 

Gulf East Reindeer C-38 well (NTS 107B; Lat. 
68°47'10"N, Long. 133°39'15"W) 

IOE Stoney Core Hole F-42 structure corehole 
(NTS 106M; Lat. 67°21'23"N, Long . 135°38'43"W) 

Subsurface sections penetrated by these wells and by 
the corehole include lithologic units, which often 
are unnamed, but may be lateral subsurface equiv­
alents of surface exposures, and which carry elements 
of the bor ealis assemblage. 

Martin Creek 

Well-exposed sections of Jurassic and Lower 
Cretaceous rocks occur along both the north and south 
banks of Martin Creek, and on its main tributaries, 
near the confluence of the creek with Willow River. 
The samples used in this investigation \vere collected 
from three sections on the south bank of the creek, 
and are referred to a composite section constructed 
in Figure 3. 
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3. Panarctic Tenneco et al. Kristoffer Bay B-06 
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FIGURE 2. Location of sampled sections, western and central Canadian Arctic Archipelago, 
District of Franklin 

The samples come from the Husky Formation and 
the base of the Buff sandstone unit of the Lower 
sandstone division (Jeletzky, 1958, 1960, 1967, 1972, 
pers. corn., 1974). Within the Husky Formation, the 
following members and composite thicknesses were 
recognized: Lower member, 542 feet (165 m); Aren­
aceous member, 60 fe e t (18 m); Red-weathering shale 
member, 82 fe e t (25 m); and Upper member, 98 feet (30 
m). The total thickness of rocks recognized and 
assigned to the Husky Formation at this loca tion on 
Martin Creek is thus 782 feet (238 m). Only the 

basal 7 feet (2 m) of the Buff sandstone unit were 
investigated by the writers for the purposes of this 
paper, although at least 220 feet (67 m) of this 
unit , 70 feet (21 m) of the Bluish grey shale unit 
and 110 feet (34 m) of the White sandstone unit were 
measured and sampled at this locality by the senior 
author. 

The basal 130 feet (40 m) of the composite 
section of the Husky Formation can be assigned with 
confidence to the Buchia concentrica sensu lato zone 
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(Jele tzky, 1967, p. 17, 36) of Late Oxfordian t o 
Early Kimmeridgi an age. The r emaining 412 feet (12 6 
m) of the Lower member of the Husky Forma t ion fall 
wi thin the Buchia mosquensis sensu lata and Buchia 
piochii sensu lata zones (Jeletzky, 1967, p . 34, 35) 
of Middle Kimmeridgian to Portlandian age sensu 
stricto (sensu J e l e tzky, 1967, 1967; see also Fig. 3, 
and discuss ion in a later part of this paper ). 
The Arenaceous member is of Late Tithonian age 
(Buchia fischeriana s ensu l a ta zone of J el etzky, 
1967, p. 34 ) and the Red-wea the r i ng shale member and 
Upper memb er a re of Early and, i n part, La t e Berri­
asian age (Jeletzky, 1958, p. 6; 1967, p. 33, 34). 

The basal beds of the Buff sandstone un i t are of 
Late Berriasian age, and the upper beds of this unit 
are a t l eas t as young as Ear l y Valanginian (Jeletzky, 
1960, p. 7; 1961, p . 6 , 11, 12; 197 2). 

These ages are valid for r ock units in the 
immediate area around Martin Creek and Mount Gifford, 
but s hould no t be construed as necessarily valid for 
latera l lithological equiva lents in the various sub­
surface sections mentioned below. 

A lis t of the samples investigated from the 
composit e Martin Creek section follmvs . Footages 
given are composite footages, wi th the top of the 
Creek Formation taken as da tum. 

Husky Formation 

Lower memb er: Buchia concentrica sensu lata zone. 

C-29106 
C- 29112 
C- 29113 

0-5 ft 
83- 100 f t 

100- 120 ft 

(0- 1. 5 m) 
(26- 30 m) 
(30-37 m) 

Lower memb er: Buchia mosquensis sensu l a ta and B. 
piochii sensu lata zones. 

C- 29127 
C- 29130 
C-29133 

342-362 f t 
402-422 ft 
464-484 ft 

(104-110 m) 
(123-129 m) 
(140- 146 m) 

Arenaceous member: Buchia fischeriana sensu lato 
zone (in part). 

C- 29138 544-564 ft (163 - 169 m) 

Red-weathering sha l e member : Buchia okensis zone. 

C- 29141 604- 624 ft (184- 191 m) 
C- 29145 636- 638 ft (193.9-194.5 m) 
C-29144 644-684 ft (202-208 m) 

Upper memb er: Buchia n. sp. aff. volgensis zone. 

C-29149 
C- 29150 

744- 753 ft 
752- 764 f t 

Lower sands t one division 

(227 - 229 m) 
(229-233 m) 

Buff sandstone unit: Buchia n. sp. a ff . volgensis 
zone . 

C- 29155 830- 837 ft (253 - 255 m) 

Bug 

Mount Gifford 

Well- expos ed sections of the Husky Formation 
occur in the nume rous s t eep- sided banks of streams 
which dissect the eastern slope of Nount Gifford. A 
tota l of 80 feet (24 m) of section was collected on 
the north bank of one of these southeast - flowing 
streams, approximately 1,800 fee t (549 m) south of 
the s ummit of Mount Gifford. 
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Pareodinia capillosa sp. nov. 

Pareodinia borealis sp. nov. 

Cica tricosisporites spp. 

GSC 
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Silty mudstone Siltstone 

Occurrence of species in section . 

Spot sample in section .. . ... t 

FIGURE 4. Generalized lithologic column, 
biostratigraphy and occurrence of selected 
spore, pollen and dinoflagellate specie s in 
the surface sec tion on Mount Gifford, Aklavik 
Range, District of Mackenzie 

The basa l 10 f ee t ( 3 m) of the section (Fig . 4) 
are a ssigned to the Arenaceous member of the Husky 
Formation; the overlying 70 feet ( 21 m) be long to the 
Red - weathering shale memb er. Jeletzky (1958, 1960, 
1961) r efers the Arenaceous member to the Upper 
Tithonian and the Red-weathering shale member to the 
Lower Berriasian. The contact be t ween the two 
memb ers is gradational and is placed a t the top of a 
bed, 6 inches (0.15 m) thick , of dark green, glau­
con i tic, sandy siltstone which occurs a t the top of 
the Ar enaceous member. 

The samples i nves tiga ted from this s ec tion are 
listed below; the base of the measured section i s 
taken as datum. 

Husky Format i on 

Ar enaceous member: Upper Tithonian, pre- Buchia 
okensis zone. 

C- 19759 0-3 ft (0- 1 m) 
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C-19760 
C-19761 

3- 8 ft 
8- 8.5 ft 

(1-2.4 m) 
(2.4- 2.6 m) 

Red- weathering shale member: Buchia okensis zone. 

C- 19762 
C-19763 

15 ft 
20 ft 

(4.6 m) 
(6.1 m) 

Banff- Aqui t aine- Arco Rat Pass K- 35 well 

The Banff-Aquitaine- Arco Rat Pass K-35 well (Rat 
Pass K- 35) was drilled in 1970, and is located about 
six miles (9.6 km) southeast of the summit of Mount 
Goodenough, just south of Goodenough Creek. The well 
was dril led to a total depth of 6,004 feet (1830 m) 
and penetra t ed 1,920 feet (585 m) of strata that are 
assigned a Late Jurassic- Early Cretaceous age 
(Brideaux in Barnes et al., 1974; D. H. Myhr, pers. 
corn., 1974; unpubl. information) before reaching 
rocks of pr e-Mesozoic age (Fig. 5). 

Sample quality is poor from the top to a depth 
of about 460 f ee t (140 m) (D. lv. Myhr, pers. corn. , 
1974) and the age of these rocks based on palynology 
is somewhat prob l ematical. However, a few productive 
samples from between the depths of 70 and 460 feet 
(21- 140 m) yield palynologic evidence for an Aptian­
Albian age (Brideaux in Barnes et al ., 1974, p. 6 and 
Fig. 4) and suggest that the strata pene trated are 

D Siltstone 

r j Silty mudstone 

~ 
.. 

11 I ... 
. .. I I 

liJ 

. .. I. .. .. 
I I . . . 

"· ·-1 ··· 
I ft· .· . 

possible time and lithologic equivalents of parts of 
the surface Albian Shale-siltstone and Upper sand­
stone divisions of Jele t zky (1958 and later ). Strata 
between the dep ths of 460 and 1,100 feet (140- 335 m) 
probably, in part, are lithological equivalents of 
the Upper sandstone division and the Upper member of 
the Upper shale- siltstone division (Jeletzky, 1958 
and later). Stra t a between the depths of 1,100 and 
1,690 fe e t (335-515 m) are ass igned to the Upper 
shale-siltstone division, and mainly to the Lower 
member (D. h' . Myhr, pers. corn., 1974; authors' 
determinations). St rata penetrated between 1,690 and 
1,890 feet (515 - 576 m) comprise an unnamed shale 
unit, and between 1,890 and 1,920 feet (576- 585 m) an 
unnamed basal sandstone unit. The shale unit may be 
a subsurface lithological equival ent of some part of 
the Husky Formation. Surface exposures on the l1ount 
Goodenough escarpment described by Jeletzky (1958, 
1960) and collected by one of us (W.W.B.) parallel 
the lithologic succession in the Rat Pass K- 35 well 
above the depth of 1,690 feet (515 m) despite t he 
surface expression of considerable faulting in the 
area (Jeletzky, 1960, Fig. 2). Pa l ynologic evidence 
from sidewall cores and cu t tings samples from the Rat 
Pass K- 35 well in the interval between the depths of 
1,690 and 1,920 feet (515-585 m) indicates the pre­
sence of a marked unconformity at 1,690 feet (515 m), 
and s uggests tha t Hauterivian rocks of t he Upper 
shale-siltstone division equivalents r es t on s trata 
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2000 1900 1800 1700 FOOTAGE 
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t t t 
Chert pebbles. . .... • - - X Pareodinia capillosa sp . nov. 

Pyrite. . ........ P 
X Lanterna saturnalis sp. nov. 

Glauconitic ............ . .... G 
X X Pareodinia borea/is sp. nov. 

Uncontormity .. .. ---------- X X Horologinella spinosigibberosa sp. nov. 

Spot sample in section. . . t - 1- - X Psaligonyaulax dual is sp. nov. 

Occurrence of 
species in section .... .... x,- l Gonyaulacysta sp. cf. G. cladophora 

FIGURE 5. Generalized lithologic column, biostrat i graphy and occurrence of se l ected spore, pollen and 
dinof l agel l ate species in the Banff-Aquitaine-Arco Rat Pass K- 35 well , Akl avi k Range, Dis t rict of 
Mackenz i e 
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which may be as old as Kimmeridgian or Portlandian 
sensu Jeletzky, and certainly no younger than basal 
Berriasian. These strata rest in turn, unconformably 
on strata of pre- Mesozoic age. Discussion of the 
palynologic evidence is present ed in a later part of 
this paper. In the surface exposures at Mount 
Goodenough, rocks of the lower member of the Uppe r 
shale-siltstone division rest unconformably on rocks 
of the Upper membe r of the Husky Formation, a nd the 
unconformity is marked by a persistent chert-pebble 
conglomerate (Jele tzky, 1958; pers. corn., 1972; 
Brideaux, unpubl.). Hence the basa l Mesozoic part of 
the subsurface succession, in this well, do es not 
appear comparable to the basal part of the nearby 
surface succession . 

Brideaux (in Barnes et al. , 1974, p. 6 and Fig. 
4) outlines a preliminary biostratigraphic subdivi­
sion of the well , and gives the following ages for 
sta t ed dep ths, based on palynology: 

70- 1,090 ft (21-332 m) depth: Albian. 
1,090-1,180 ft (332-360 m) depth: Aptian?­

Albian. 
1,180-1,360 ft (360-415 m) depth: Barremian­

?Aptian. 
1,360-1,530 ft (415-466 m) depth: Neocomian, 

probably Hauterivian. 
1,530- 1,690 ft (466-515 m) depth: Neocomian, 

probably pre- Hauterivian. 
1,690-1,920 ft (515-585 m) depth: Neocomian, 

pre- Hauterivian. 

New information and work in progress indicate that 
some of these age de t e rminations must be revised. 
The r!.iscussion above for the interval between the 
depths of 1,690 and 1,920 feet (515- 585 m) and the 
palynologic evidence for the revision are presented 
in this paper in a later section. 

The following sample intervals were used in this 
s tudy from the Rat Pass K-35 well: 

Ditch cuttings 

C-12625 1,620-1,630 ft (494-497 m) 
C-12627 1,680-1 ,690 ft (512-515 m) 
C-12629 1,710-1,720 ft (521-524 m) 
C- 12631 1,780-1,790 ft (543-546 m) 
C-12632 1,810-1,820 ft (552- 555 m) 
C-12633 1,850-1,860 ft (564-567 m) 
C-12634 1,880-1,890 ft (573-576 m) 
C-12636 1,900-1,910 ft (579-582 m) 
C-12637 1,910- 1,920 ft (582- 585 m) 
C-12638 1,930-1 ,940 ft (589- 591 m) 

Sidewall cores 

C-12624 1,600 ft (487.6 m) 
C-12626 1,660 ft (506.0 m) 
C-12628 1, 710 ft (521. 2 m) 
C-12630 1,765 ft (538.0 m) 
C-12635 1,920 ft (585.2 m) 
C-12639 2,025 ft (617.2 m) 

IOE Stoney Core Hole F-42 

IOE Stoney Core Hole F-42 (Fig. 6) is a con­
ventionally cored structure test hole drilled in 1967 
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fmbatodtmum sp. 

Pareodima cera tophora 

Psal,gonyaufax apatela 

Gonyaulacysta cladophora 

Oltgosphaendwm 
astengwm 

Ctenidodimum sp. 

Psaf1gonyaulax 
dual is sp. nov. 

Scnmodinwm spp. 

SlfmiOdmwm gross11 

Lantema 
saturnalls sp. nov. 

Pareodmta 
captllosa sp. nov. 

Scrm/Odm1um crystal/mum 

Tubo tuberella sp. cf. 
T. rhomblformts 

Gonyaulacysta JUrasstca 

Scnmodtmum sp. cf. 
S. playfordii 

Endoscrinwm fundum 

Leptodmium eumorphum 

Acan thaulax sp. 

Ctca tn cos1spori tes 

ausrral1ensJs 

Cica tncostsporites spp . 

Cont1gnispontes cooksom 

Tri lobospori tes 
ap1verrucatus 

Cont1gnisporites 
g lebulentus GSC 

Sandstone Conglomera te Clay mudstone Clay ironstone Shale 
(calca reous) 

Occurrence o f 
species in sect1on. 

Gfauconitic .. 

Bioturbation. 

Quartz grams -" 

FIGURE 6. Generalized lithologic column, 
biostratigraphy and occurrence of selected 
spore, pollen and dinoflagellate species in 
the IOE Stoney Core Hole F- 42, Stoney Creek, 
Distr i ct of Mackenzie 
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at a location some eighteen miles (28.9 km) west­
southwest of Fort McPherson, District of Mackenzie, 
near the Yukon Territory border. The well was 
spudded in rocks belonging to the Albian shale­
siltstone division of Jeletzky (1960) and penetrated 
rocks belonging to the Albian shale siltstone divi­
sion, the Upper sandstone division, and Upper shale­
siltstone divisions, and subsurface lithological 
equivalents of the Arenaceous member and Lower mem­
bers of the Husky Formation (Jeletzky, 1960, 1967; D. 
W. Myhr, pers. cam., 1974; D. K. Norris, pers. cam., 
1974). The well reached a total depth of 1,020 feet 
(311 m). 

The part of the well of greatest interest for 
this investigation comprises the basal 80 feet (24.3 
m) of the section. Strata assigned to subsurface 
equivalents of the Arenaceous member occur in the 
interval between 940 and 980 feet (287-298 m) . A 
basal unit of interbedded sandstone and mudstone 
grading to shale, considered to be an equivalent of 
the Lower member, occurs in the interval between 980 
and 1,020 feet (298-311 m). 

Jeletzky (in Norford et al., 1971, p. 4) recog­
nizes rocks of Albian age at a depth of 209 feet (64 
m), and rocks of Hauterivian to Aptian age at depths 
of 420 and 560 feet (128 and 171 m), based on macro­
fossi ls. Chamney (in Norford et al., 1971, p. 2, 3) 
gives a Barremian age for rocks between the depths of 
725 and 730 feet (221-223 m), a Barremian-Hauterivian 
age for rocks between 900 and 910 feet (274-277 m), 
and a Neocomian age for rocks between 1,010 and 1,020 
feet (308-311 m), based on microfauna. 

Brideaux (in Norford et al., 1971, p. 5-7) 
assigned ages ranging from Jurassic-Cretaceous to 
Early Cretaceous to selected samples. A more de­
tailed study of the dinoflagellate assemblages in 
core samples from this corehole (Brideaux, unpub­
lished) suggests that the following ages may be 
assigned to rocks at stated depths: 20 to 400 feet 
(6-122 m), Albian; 400 to ?680 feet (122-?207 m), 
Aptian; ?680 to 835 feet (?207-255 m), Barremian; 835 
to 940 feet (207-287 m), Hauterivian; and 940 to 
1 ,020 feet (287-311 m), Late Jurassic (see Fig. 6 and 
discussion in section on Biostratigraphy). 

Samples investigated for this paper from the 
corehole are listed below: 

C-10728 835-840 ft (254.5-256 . 0 m) 
C-10729 845-850 ft (257 . 6-259.1 m) 
C-10730 855-860 ft (260.6-262 m) 
C-10732 875-880 ft (266.7-268 m) 
C-10733 890-900 ft (271-274 m) 
C-4344 900-910 ft (27 4-277 m) 
C-10734 910-920 ft (277-280 m) 
C-30190 920-930 ft (280-283 m) 
C-30191 930-940 ft (283-286 m) 
C-30192 970-980 ft (296-299 m) 
C-30193 980-990 ft (299-302 m) 
C-10735 & 990-1,000 ft (302-305 m) 
C-30194 
C-10736 & 1,000-1,010 ft (305-308 m) 
C-30195 
C-4345 & 1,010-1,020 ft (308-311 m) 
C-30196 

8 

Elf Horton River G-02 well 

The Elf Horton River G-02 well, completed early 
in 1970, was drilled to a total depth of 8,130 feet 
(2478 m). The well is located a few miles southwest 
of the mouth of the Horton River on Franklin Bay in 
northern Anderson Plain (Fig. 1). The well was 
spudded in Lower Cretaceous strata and penetrated 
1,820 feet (555 m) of Lower Cretaceous and, in part, 
Upper Jurassic rocks (Yorath et al. , in press) 
assigned to the Horton River and Langton Bay Forma­
tions (Fig . 7). Yorath et al. (in press) give the 
following thicknesses for these lithologic units in 
the well: Horton River Formation, 770 feet (235 m); 
Langton Bay Formation, 1,050 feet (320 m), the upper 
400 feet (122 m) of which are assigned to the Crossley 
Lakes Member, and the lower 650 feet (198 m) to the 
Gilmore Lake Member. 

Brideaux and Mclntyre (in press) and Yorath et 
al. (in press) discuss the ages of these formations 
and members in outcrop sections along the Horton 
River. The Horton River Formation is of Middle 
Albian age, the Crossley Lakes Member of Aptian to 
Middle Albian age, and the Gilmore Lake Member of 
Aptian age. Brideaux (GSC Paleontology Report No. 
WWB-1-1972) assigned the interval, between the depths 
of 1,100 and 1,530 feet (335-466 m) in the Elf Horton 
River G-02 well (basal Crossley Lakes Member and 
upper Gilmore Lake Member), an Aptian-Early(?) Albian 
age based on palynology, and the interval between 
1,530 and 1,820 feet (466-555 m) (lower part of the 
Gilmore Lake Member), a Berriasian to Valanginian age 
(see also Yorath et al., in press). The age of the 
rocks below the marked hiatus at a depth of 1,530 
feet (466 m) (Yorath et al., in press) must be con­
sidered older, based on new information generated by 
study of the dinoflagellate assemblages (Brideaux, 
unpubl. information; this paper). The rocks con­
tained in the interval between the depths of 1,530 
and 1,820 feet (466-555 m) are no younger than 
Berriasian and may be as old as Late? Oxfordian­
Kimmeridgian. Further discussion of the age of this 
interval is presented in another section of this 
paper. 

The following ditch cutting sample intervals 
were used in this investigation: 

Langton Bay Formation 

Crossley Lakes Member 

C-12520 1,100-1,200 ft (335-366 m) 

Gilmore Lake Member 

C-12521 1,180-1,200 ft (360-366 m) 
C-12522 1,200-1,220 ft (366-372 m) 
C-12523 1,290-1,300 ft (393-396 m) 
C-12524 1,380-1,390 ft (421-424 m) 
C-12525 1,430-1,450 ft (436-442 m) 
C-12526 1,530-1,540 ft (466-469 m) 
C-12527 1,550-1,560 ft (472-475 m) 
C-12528 1,600-1,630 ft (488-497 m) 
C-12529 1,650-1,670 ft (503-509 m) 
C-12530 1,680-1,700 ft (512-518 m) 
C-12531 1, 760-1,770 ft (536-539 m) 
C-12532 1,800-1,810 ft (549-552 m) 
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FIGURE 7. Generalized lithologic co lumn, biostratigraphy and occurrence of selected spore, pollen 
and dinoflagellate species in the Elf Horton River G-02 we ll , northern Anderson Plain , Dis tr ic t 
of Mackenzie 

Gulf East Reindeer C-38 well 

The Gulf East Reindeer C-38 well was completed 
in 1970 and reached a total depth of 8,506 feet (2593 
m) (Gulf Oil Canada Ltd., 1970). The well i s l ocated 
about 30 miles (48.2 km) north of Inuvik, District of 
Mackenzie, and just southwest of the Eskimo (Husky) 
Lakes. The well was spudded in strata of Tertiary 
age and penetrated 4,200 feet (1280 m) of Ter tiary 
and upper !1esozoic strata be for e reaching rocks of 
pre-Mesozoic age (Chamney, 1973). Strata assigned to 
the Husky Formation, or its s ubsurface- lithologic 
equiva l ent in this well, occur between the depths of 
3,910 and 4,200 feet (1192-1280 m) (D. W. Myhr, pers. 
corn . , 1974). The samples inves t igated in this \vell 

come from Core No. 1 t aken from the interval between 
t he dep ths of 3,922 and 3,951 fee t (1195-1204 m). 
The lithology of the core comprises dark grey to 
brown , micromicaceous , occasionally carbonaceous, 
shale with thin interbeds of light grey, fine-grained, 
calcar eous to argillaceous sandstone. The sand s t one 
is locally crossbedded and shows evidence of biotur­
bation (D. W. Myhr, pers. corn., 1974). 

Pal ynologic residues were examined from the 
fo llowing footages in the core: 

* 
* 
* 

3,922-3,927 ft 
3,923 ft 
3,937 - 3,941 ft 

(1195-1197 m) 
(1196 m) 
(1200-1201 m) 
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* 
* 

* 

3,939 ft 
3,942 ft 
3,949 ft 
3,951 ft 

(1200. 6 m) 
(1201. 5 m) 
(1203.7 m) 
(1204.2 m) 

CANADIAN ARCTIC ARCHIPELAGO (SVERDRUP BASIN) 

The borealis assemblage occurs a lso in a number 
of subsurface sections in the Canadian Arctic (Fig. 
2), mainly in ditch cuttings, but a lso in core 
samples from several seismic shot- points. Suitable 
control samples from surface exposur es were not 
available from the Arctic r egions during the course 
of this inves tigat ion . 

Diverse palynological assemblages, essentially 
similar to those described from sections in the 
Mackenzie De lta (this paper; unpubl. information), 
have been r ecorded in three wells: 

Elf Jameson Bay C-31 (NTS 89B; Lat. 76°40'12"N , 
Long. ll6 °43 '45"W; southeas t ern Prince Patrick 
Island); 

Panarctic Hoodoo Dome H-37 (NTS 69E; Lat. 
78°06 ' 27 "N, Long. 99°45' 48 "W; southeas t ern Ellef 
Ringnes Island); 

Panarctic Tenneco et al . Kristoffer Bay B-06 
(NTS 69F ; Lat. 78 ° 15'0l"N, Long . 102°32'25"W; south­
ern Ellef Ringnes Island). 

In addition, these assemblages are represented 
also by relatively impoverishe d associations in the 
following wells: 

Elf Wilkins E-60 (NTS 79C; Lat. 77 °59 '19'~, 
Long. lll 0 21'45"W; northern Mackenzie King Island). 

Sun King Resources Panarctic Skybattle Bay C-15 
(NTS 79D; Lat. 77°14'12"N, Long . 105°05'57"W; south­
\ves tern Lougheed Island). 

Panarctic Drake Point L-67 (NTS 79B; Lat. 76° 
26'37"N, Long. 108°55'23"W; Sabine Peninsula, north­
eastern Melville Island) . 

Panarctic et al . Drake Point F-16 (NTS 79B; Lat. 
76°25'17"N, Long. 108°36'15"W; Sabine Peninsul a, 
northeas t ern Melville Island). 

Fina lly, core samples obtained by a ir-drill were 
made available for this study by Pana rctic Oils 
Limited from Seismic Line 2, shot-points 15, 16, 17 
and 18, located (Fig. llb) on northwes t ern Melville 
Island, north of Marie He ights (NTS 89A; Lat. 76 °21' 
to 76°23'N; Long. 115°13' to ll5 °15'W). 

Elf Jameson Bay C-31 well 

The Elf Jameson Bay C- 31 well, drilled in 1971 
to a total depth of 8,327 fee t (2538 m), is located 
on southeastern Prince Patrick Island near Jameson 
Bay on Fitzwilliam Strait. The well was spudded in 
an alternating succession of sandstone, shale and 
siltstone of the middle member of the Mould Bay 
Formation (Fig. 8) and pene trated 5,270 fee t (1606 m) 

10 

of Mesozoic strata before reaching rocks of Paleozoic 
age . The middle member of the Mould Bay Forma t ion i s 
underlain at a depth of about 500 feet (152 m) by the 
l ower member, comprising grey-brown shale grading 
int o dark grey shale below 700 feet (213 m). The 
shale persists to a depth of 930 feet (283 m), \vhere 
i t grades into coarse-grained white sandstone wi th 
thin coaly and silty interbeds, assigned to the upper 
member of the Wilkie Point Formation. This lithology 
persists to a depth of 1,450 feet (442 m). 

The section pene tra t ed in the Elf Jameson Bay C-
31 well is correlative wi th the outcrop succession 
described in the vicin i t y by Tozer and Thorsteinsson 
(1964, p. 130-132, 138-141) based on outcrops between 
Intrepid Inlet and Fitzwilliam Strait. Here the 
Wilkie Point Formation is about 560 feet (171 m) 
thick and compose d of grey to r eddish brown to \vhi t e 
sand s tone. A composite sec tion of the overly i ng 
Mould Bay Formation in this r egion (Tozer and 
Thorsteinsson, 1964) indicates that three members can 
be distinguished: a lower shale member; a middle 
sandy member; and an upp er shale member. Tozer and 
Thorsteinsson (1964) give a total thickness for the 
Hould Bay in this region of a t least 400 feet (122 
m), the middle member being a bout 160 fe e t (49 m), 
and the lower member at l east 150 feet (46 m) thick . 
Thus the total thickness of the two lower members of 
Mould Bay Formation in outcrop i s apparently a bout 
on e-third the thickness of thos e memb ers encountered 
in the Elf Jameson Bay subsurface section. The tota l 
thickness of strata penetrated by the Elf Jameson Bay 
wel l and assigned to the \Hlkie Point Formation also 
is considerably greater . 

In outcrop, the basal beds of the Wilkie Point 
Forma tion are of ear l y Bajocian age . The upp er beds 
are of La t e Bathonian age (Frebold in Tozer and 
Thorsteinsson, 1964, p. 131, 132). Macrofaunas 
indica ting a Late Tithonian age were identified 100 
feet (30 m) above the base of the Mould Bay Formation 
in the lmver member as well as in the middle member 
in this area (Je l e tzky in Tozer and Thorsteinsson, 
1964, p. 140). Palynologic evidenc e from samples 
from the Elf Jameson Bay C- 31 well i ndicates that the 
age of the strata pene trat ed be t ween the depths of 
100 and 690 feet is Early Cretaceous (Berriasian or? 
Valanginian) at the top of the interval to as old as 
early La t e Jurassic (Oxfordian) at the base. A 
discussion of this data is presented in a l a t e r 
sec tion. 

A list of the cuttings sampl es from the well 
used in this investigation follm•s. 

Mould Bay Format ion 

Middle member 

,, 110-170 ft (34- 52 m) 

* 200-290 ft (61-88 m) 
C- 30208 300- 310 f t (91-94 m) 

;, 350 ft (107 m) 
C- 30208 360 ft (110 m) 

"'~ 320-380 ft (98-116 m) 

* 400-420 ft (122-128 m) 
C-30208 410-470 ft (125-143 m) 

* 400-490 f t (122-149 m) ,, 430-450 ft (131-137 m) 
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1

1

? PRE· 
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1200 1000 800 600 400 200 
FOOTAGE 

- I-- Pareodinia borealis sp. nov. 

1--
Horologinella 
spinosigibberosa sp. nov. 

Endoscrinit•m luridum 

I-- - Psaligonyaulax sp. of Gitmez, 1970 

1-- Gonyaulacysta granuligera 

Pareodinia capillosa sp . nov. 

Sirmiodinium g rossii 

Leptodinium eumorphum 

- - Scriniodinium dic tyo tum (va r. ) 

Psaligonyaulax apate/a 

- - f.- ·- Gonya ulac ysta lon gico rnis 

- - lmbato diniu m spp. 

- - - Gonya ulacysta ju rassica 

- Lep todinium subtile 

+-I-- I- Gonyau /acysta c/adophora 

I- Nannoceratopsis pellucida 

Cica tricosisporites spp . 

Trilobospo rites apiverrucatus 

- Pi/osisporites trichopapil/osus 

Aequitriradites spinulosus 

Varirugosisporites mutabifis 

""' 
Cicatricosisporites sprumonti 

GSC 

Sandstone Clay mudstone Calcareous rocks Interval cove red or missing 

EJ Siltstone ~Shale 6 Coal or/ignite 
Occurrence of species in section. 

G/auconitic .. ... G Pyrite ........... P 

FIGURE 8. Generali zed l i tho l ogic co lumn, bi os tratigraphy and occur r ence of sel ec t ed spor e, pollen 
and dino f l agella t e spec i e s in t he Elf Jameson Bay C-31 well , southeas tern Prince Patrick Is land , 
Dis tr ic t of Frankl in 
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* 460-480 ft (140-146 m) 

* 490-510 ft (149-155 m) 

Lower member 

* 500- 530 ft (152-162 m) 

* 500-580 ft (152-177 m) 

* 520- 540 ft (159-165 m) 

* 550-560 ft (168-171 m) 
.. ~ 560-590 ft (171-180 m) 

* 580-600 ft (177-183 m) ,, 600-680 ft (183-207 m) ,, 610-630 ft (186-192 m) 
.. ~ 640-660 ft (195- 201 m) 

* 670-690 ft (204-210 m) ,, 850-950 ft (259-290 m) 

Hilkie Point Formation 

,, 950-980 ft (290-299 m) 

* 1,000-1 ,090 ft (305-332 m) 

* 1 ,010-1 , 070 ft (308-32 6 m) 

* 1,100-1,190 ft (335- 363 m) 
1< 1,200-1,280 ft (366-390 m) 

* 1 ,310-1 ,3 70 ft (399-418 m) 

Panarctic Hoodoo Dome H-37 well 

The Panarc t ic Hoodoo Dome H-37 well was drilled 
in 1970 to a total depth of 11 ,072 feet (3375 m). 
The well site is on the southeas t ern part of Ellef 
Ringnes Island, on the eas t ern side of Meteor ologist 
Peninsula, and is drilled on the Hoodoo Dome struc­
ture (Stott, 1969, p. 35). The well spudded in the 
Christopher Formation and penetrated strata assigned 
to the Christopher and Isachsen Formations before 
encountering strata assigned to the Deer Bay Forma­
tion or its subsurface lithologic equivalents at t he 
3,700-foot (1128 m) depth [Robertson Research (N.A.) 
Ltd., Exploration Report No. 50, 1973]. The well 
then penetrated unnamed formations of Early Creta­
ceous and Jurassic age (Fig. 9), before bottoming in 
the Upper Triassic Heiberg Formation. 

Strata in the interval between the dep t hs of 
4,400 and 6,500 feet (1341-1981 m) were examined for 
diagnostic palynofloras in connection with this 
investigation. The lithology of the interval between 
4,400 and 4,700 feet (1341-1433 m) is composed pre­
dominantly of grey or brown, micaceous, strongly 
calcareous shale, interrupted by an argillaceous 
limestone unit in the interval between 4,550 and 
4,580 feet (1387-1396 m) . Below the 4,700-foot (1341 
m) depth, the shale becomes more pyritic and in­
creasingly silty. The shale grades into grey s i lt­
stone with shaly interbeds below the 5,050-foot (1539 
m) depth, which in turn grades into fine - grained 
sandstone below the 5,100-foot (1554 m) depth. 
Sandstone, with some shale, comprises the lithology 
in the interval between 5,100 and 5,450 feet (1554-
1661 m) . Between 5,450 and 5,600 feet (1661-1707 m), 
the lithology consists of grey siltstone and brown 
shale. Below 5,600 feet and continuing to 6,500 f eet 
(1707-1981 m), dark grey, in places silty, shale 
predominates, with some brownish grey, limy beds 
below 6,400 feet (1951 m) (Panarctic Oils Limited , 
1970) . 

Strata penetrated in the well between the depths 
of 4,400 and 5,520 feet (1341-1682 m) are assigned to 
subsurface equivalents of the Deer Bay Formation . 
The part of the siltstone and shale succession 
between 5,520 and 5,740 feet (1682-1750 m) is referred 
doubtfully to subsurface equivalents of the Awingak 
Formation. The shale below 5,740 feet (1750 m), and 
including the shale and limy beds below 6,400 feet 
(1951 m), are assigned tentatively to subsurface 
equivalents of the Savik Formation [Robertson Research 
(N.A.) Ltd., Exploration Report No. 50 , 1973]. 

The age of the strata i n this interval, based on 
palynologic evidence , is considered to be Early 
Cretaceous, probably early Neocomian at the top of 
the interval, and as old as Late Callovian or 
Oxfordian at the base. The palynologic data from 
this well and their bearing on the age of the borealis 
assemblage are discussed in a later section. 

A list of the cuttings samples from the well 
us ed in this investigation follows. 

* 
* ,, 
* 
* 

* 
* 
* ,, 
* 
* 
* 
* 
* 
* 

,, 
* 
1< 

,, 
* 
* 
* 

* 

* 
,, 
* 
* 
* 
* 
* 

Deer Bay Formation equivalent 

4,460-4,550 ft 
4 , 500-4 ,590 ft 
4,560-4,650 ft 
4,600-4,690 ft 
4,660-4,750 ft 
4,700-4,790 ft 
4,760-4,850 ft 
4,800-4,890 ft 
4,860-4,950 ft 
4,900-4,990 ft 
4,960-5,050 ft 
5,000- 5,090 ft 
5,050-5,150 ft 
5,100-5 ,190 ft 
5,150-5,250 ft 
5,200- 5,290 ft 
5,250-5,350 ft 
5,300- 5,390 ft 
5,350- 5,450 ft 
5,400- 5,490 ft 
5,460-5,550 ft 
5,500- 5,590 ft 

(1359-1387 m) 
(1372-1399 m) 
(1390-1417 m) 
(1402-1430 m) 
(1420-1448 m) 
(1433-1460 m) 
(1451-1478 m) 
(1463-1490 m) 
(1481-1509 m) 
(1494-1521 m) 
(1512-1539 m) 
(1524-1551 m) 
(1539-1570 m) 
(1554-1582 m) 
(15 70-1600 m) 
(1585-1612 m) 
(1600-1631 m) 
(1615-1 643 m) 
(1631-1661 m) 
(1646-1673 m) 
(1664-1692 m) 
(1676-1704 m) 

Awingak Formation equivalent 

5,560- 5,650 ft 
5,600-5 , 690 ft 
5,660-5 , 750 ft 
5,700-5,790 ft 

(1695-1722 m) 
(1707-1734 m) 
(1725-1753 m) 
(1737-1765 m) 

Savik Formation equivalent 

5,760-5,850 ft (1756-1783 m) 
5 , 800-5,890 ft (1768-1795 m) 
5,860-5,950 ft (1786-1814 m) 
5,900-5,990 ft (1798- 1826 m) 
5,960-6,050 ft (1817-1844 m) 
6 , 000-6,090 ft (1829-1856 m) 
6 , 060-6 , 150 ft (1847-1875 m) 
6,100-6,190 ft (1859-1887 m) 
6,160-6,250 ft (1878-1905 m) 
6,200-6,290 ft (1890-1917 m) 
6 , 260-6,350 ft (1908-1935 m) 
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* 6,300-6,390 ft (1920-1948 m) ,, 6,360-6,450 ft (1939-1966 m) 

* 6,400-6,490 ft (1951- 1978 m) 
-/c 6,460- 6,550 ft (1969-1996 m) 

* 6,500-6,590 ft (1981-2009 m) 

Panarctic Tenneco et al. Kristoffer Bay B-06 Hell 

The Panarctic Tenneco et aZ. Kristoffer Bay B-06 
well, completed in 1972, was drilled on the Dome Bay 
Anticline structure (Stott, 1969, p. 33) to a total 
depth of 12,877 feet (3925 m) and is a suspended gas 
well. The well site is on the southern coast of 
Ellef Ringnes Island on Kristoffer Bay. The well was 
spudded in the Isachsen Formation of Early Cretaceous 
age (Panarctic Oils Limited, 1972) and, at 1,250 feet 
(381 m), encountered predominantly shale. The shale 
(Fig. 10) persists to 4,660 feet (1420 m) before 
grading into a fine - to medium- grained sandstone. 
The shale below 2,000 feet (610 m) depth is grey, 
micromicaceous and, in places, silty. A fine - grained, 
glauconitic sandstone occurs between the depths of 
2,300 and 2,320 feet (701-707 m), and a sandy shale 
between 2,710 and 2,730 feet (826-832 m). Beds of 
calcareous shale or argillaceous limestone occur in 
the interval between the depths of 3,450 and 3,600 
feet (1052-1097 m). The strata in these intervals 
are assigned to unnamed formations. The samples used 
in this investigation come from the interval between 
2,000 and 3,600 feet (610-1097 m) and consist of 
ditch cuttings. Based on palynologic evidence, the 
age of the strata in this sampled interval is 
Berriasian at the top and Oxfordian at the base. A 
list of the cuttings samples from this well used in 
this investigation follows. 

* 2,010-2,070 ft (613-631 m) 

'" 2,100-2,190 ft (640-668 m) 

* 2,220-2,280 ft (677-695 m) 
.,·~ 2,310- 2,370 ft (704-722 m) 
;, 2,400-2,490 ft (732-759 m) 

* 2,520- 2,580 ft (768-786 m) 
·k 2,610-2,670 ft (796-814 m) ,, 2,700-2,790 ft (823-850 m) ,, 2,820- 2,880 ft (860-878 m) 

* 2,910-2,970 ft (887-905 m) 
·k 3,000-3,090 ft (914-942 m) 
, .. 3,120- 3,180 ft (951-969 m) 

* 3,210- 3,270 ft (978-997 m) 
·le 3,300-3,390 ft (1006-1033 m) 

* 3,420-3,480 ft (1042-1061 m) 

* 3,510-3,570 ft (1070-1088 m) 

Other wells 

Ditch cuttings samples were examined from the 
Elf Wilkins E-60 well in the interval betwe en 60 and 
500 feet (18-152 m). The strata are composed of dark 
grey, micromicaceous shale and probably are sub­
surface equivalents of the Mould Bay Formation. 

Cuttings were examined from a sample taken 
between the depths of 4,720 and 4,780 feet (1439-1457 
m) in the Sun KR Skybattle Bay C-15 well. The strata 
are composed of black, grey, and dark brown silty 
shale assigned to an unnamed formation. 

Cuttings samples were examined from the interval 
between 2,390 and 3,200 feet (728-975 m) from the 
Panarctic Drake Point L- 67 well. The strata in this 
interval are assigned to subsurface equivalents of 
the Deer Bay Formation. 

Samples were taken of cuttings from the interval 
between 3,000 and 3,150 feet (914-960 m) in the 
Panarctic Tenneco et aZ . Drake Point F-16 well (a 
suspended gas well). The lithology at the top of the 
interval comprises black shale which grades abruptly 
into more arenaceous strata composed of glauconitic 
and pyritic sandstone with subordinate dark grey, 
silty shale. These strata are assigned to an unnamed 
formation. 

The sample intervals investigated for this paper 
are listed below by wells. 

Elf Wilkins E-60 

* 60-100 ft (18-30 m) 

* 310-400 ft (94- 122 m) ,, 410-500 ft (125-152 m) 

Sun KR Skybattle C-15 

,, 4,720-4,780 ft (1439-1457 m) 

Panarctic Drake Point L-67 

C-12246 2,390 ft (728 m) 
C-12247 2,500 ft (762 m) 
C-1 2249 2, 710 ft (826 m) 
C-12250 2,800 ft (853 m) 
C-12251 2,900 ft (884 m) 
C-12252 3,020 ft (920 m) 

;, 3,120- 3,150 ft (951-960 m) 
C-12254 3,200 ft (975 m) 

Panarctic Tenneco et al . Drake Point F-16 

* 3,000- 3,060 ft (914-933 m) 
;, 3,090 ft (942 m) 

* 3,120 ft (951 m) 

* 3,150 ft (960 m) 

Shot - point samples - northwestern Melville Island 

Panarctic Oils Ltd. kindly made available core 
samples (air-drilled) from seismic shot - points for 
this investigation. The samples come from shot­
points 15 to 18 of Line 2. This line trends east of 
north, intersecting Paleozoic rocks near its southern 
end on Marie Bay, and Mesozoic rocks in its middle 
and northern parts (Fig. lla, b). 

The strata in this region dip to the north at a 
very small angle (D. Henao, pers. corn., 1974; Tozer 
and Thorsteinsson, 1964). The assumed contact (Fig. 
llb) between the Mould Bay Formation and the under­
lying Wilkie Point Formation lies about 0.25 mile 
(0.4 km) south of the location of shot- point 15, and 
the contact of the Mould Bay Formation with the 
overlying Isachsen Formation lies about 2.5 miles (4 
km) north of the location of shot-point 18. Tozer 
and Thorsteinsson (1964, p. 141) estimate that 100 
feet (30 m) of the lower shale member and 350 feet 
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"' 

SAMPLE ELEVATION 
(ABOVE M.S.L.) 

Pareodinia boreafis sp. nov. 

Pareodinia capillosa sp. nov. 

Pareodinia ceratophora 

Scriniodinium crystallinum 

Sirmiodinium grossii 

Lanterna saturnalis sp. nov. 

Psaligonyaulax apatela 

Psaligonyaulax dual is sp. nov. 

Scriniodinium dictyotum 

Trilobosporites spp. 

Cicatricosisporites spp. 

Spot sample in section . 

Occurrence of species in section . 

GSC 

X, 

FIGURE lla. Generalized lithologic column, biostratigraphy and occurrence of 
selected spore, pollen and dinoflagellate species in sho t-poin t s 15, 16, 17 
and 18, of Panarc t ic Oils Limited seismic line 2, northwes t ern Me lville 
Island, Distric t of Frankl in 

(1 07 m) of the upper sandy member of Mould Bay Forma­
tion are presen t in this outcrop belt. Estimates of 
the average dip, as deduced from outcrop patterns and 
topographic expression, indicate tha t a l l samples 
come from the Mould Bay Format ion . It is not pos ­
sib l e to calcul a t e with certainty the abso l ute strati­
gr aphic position of the samp l es. However, it is 
cer t ain that the samples, beginning at the base of 
shot - point 15 and e nding with the t opmost sample of 
shot-point 18, a r e in ascen ding stratigraphic order . 
The samp l es consis t of dark grey sha l e with the 
exception of that from GSC locali t y C-347 78 between 
88 and 90 fee t (26.8- 27.4 m) above mean sea level in 
shot- point 15, which is a fine - grained sands t one. 

Je l etzky (in Tozer and Thorsteinsson, 1 964) 
gives an age for the lower two members of the ~1ould 
Bay Forma t ion of Portland i an sensu stricto to Late 

1 6 

Tithonian. The upper shale member (no t present i n 
this composite section) is as young as Valanginian i n 
age. Macrofossil localities in the immediate vic­
inity of the shot - points do not yield diagnostic 
macrofossils but, elsewhere in the region, ample 
ev idence is cited t o suppor t these age d e termina­
tions. The evidence from palynologic analyses of 
these samples is consis t ent with these concl usions. 
It seems possible also to refine t h e age det e rmina­
tions for t his particul ar composite section based on 
evidence from t he dinoflagel l ate assemblages . 

A summar y of the i n t e rvals from the sho t-poin t 
samples fo llows. The actual d ep th in t he shot - point 
is given i n t he left co l umn, and t he actual elevation 
from Mean Sea Level (MSL) is given i n t h e right 
co l umn . The samp l es are plotted in Figure lla i n 
desc ending order of he i gh t above MSL . Data on a lt i t ude 
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FIGURE llb. Location of shot-points spudded in the Mould Bay Formation, on Panarctic Oils Limited 
seismic line 2, northweste rn Melville Island, District of Franklin (NTS 89A) 

are based on National Topographic Series !1ap 89A 
(Emerald Island). 

Shot - point 15 [Elevation 140 ft (43 m) above MSL] 

C- 34778 50- 52 ft (15.2-15.8 m); 88-90 ft (26.8-27.4 m) 
C-34778 60 ft (18 m); 80 f t (24 m) 
C- 34778 100 ft (30 m); 40 ft (12 m) 

Shot-]2oint 16 [Elevation 200 ft (61 m) above NSL] 

C-34779 50-55 ft (15.2- 16.8 m); 130- 135 ft (39. 6-41.1 m) 
C- 34779 60 ft (18 m); 140 ft (43 m) 

Shot-]2oint 17 [Elevation 300 ft (91 m) above MSL] 

C- 34780 42-47 ft (12.8- 14.3 m); 253 - 258 ft (77.1- 78.6 m) 
C-34780 52.5 ft (16 m); 248.5 ft (76 m) 
C-34780 60 ft (18 m); 240 ft (73 m) 

Shot - point 18 [Elevation 360 ft (110 m) above MSL] 

C-34781 35- 40 ft (10.7 - 12.2 m); 320-325 ft (97.8-99. 3 m) 
C-34781 40-45 ft (12.2- 13.7 m); 315- 320 ft (96.3-97.8 m) 
C- 34781 50 ft (15 m); 310 ft (95.0 m) 

The ascent in height above mean sea level from the 
basal sample of shot - point 15 to the topmost sample 
of shot-point 18 is 325 feet (99.3 m), so that even 
with a very small dip it is likely that over 400 feet 
(122 m) of the Mould Bay Formation are represented in 
this composite section. It is possible that the 
thickness of 450 f ee t (137 m) for this formation 
estimated by Tozer and Thorst einsson (1964) may be 
low by as much as 100 f eet (30 m). 

SYSTEMATICS 

Genus GonyauZacysta Deflandre ex Norris and 
Sarjeant emend. Sarjeant 

1964 GonyauZacysta Deflandre, P· 5 (nom. nud.) 
1965 GonyauZacysta Deflandr e ex Norris and Sarjeant, 

p. 65. 
1966 GonyauZacysta Deflandr e ex Norris and Sarjeant 

emend. Sarjeant, p. 111. 
1969 GonyauZacysta Deflandre ex Norris and Sarjeant 

emend. Sarjeant in Davey et al ., p. 7 0 
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Gonyaulacysta sp. cf. G. cladophora 
(Deflandre) Dodekova 

Plate 1, figures 1- 3, 7 

cf. 1938 Gonyaulax cladophora Deflandre, p. 173, Pl. 
7, figs. 1-5, Text-figs. 5, 6. 

cf. 1967 Gonyaulacysta cladophora (Deflandre) 
Dodekova, p. 17, Pl. 2, figs. 2-8. 

Description . Mos t specimens recovered are extremely 
fractured or torn. The description that follows is a 
composite based on the fe\v available specimens. The 
cyst is polygonal with the length greater than the 
width; the maximum width occurs at the latitude of 
the cingulum. A short, rounded apical horn \vas 
observed on one specimen; ant apical horns are absent. 

The cyst \vall is two-layered. The periphragm 
forms the reflected sutural ridges, crests and spin­
ose ornament. The endophragm is approximately 1.0~ 
thick in optical section. The surface of the endo­
phragm is smooth or scabrate. 

Reflected tabulation is outlined by the sutural 
crests and ridges. The broken condition of the 
material precludes a complete analysis, but the 
reflec ted tabulation pattern is probably: 4', 6", 
6c, 5"' - ?6 "', ?lp, 1"". The cingulum\vas observed 
to be displaced about one cingulum width (6-8~) on 
several specimens. A sulcus is present but \vas ·not 
observed clearly. 

Reflected plates are outlined by low, narrow 
sutural ridges prolonged into thin sutural crests 
bearing rows of c losely set, pilate to bifid, more 
rar e ly bifurcated, spinose processes. The sutural 
ridges are 1-2~ high and about 1-2~ wide; the sutural 
crests are raised approximately 3~ above the ridges. 
The spinose processes are 3-9~ high, typically 4-5~ 

high, except in gonal position and along the cingu­
lum, where they may reach 15- 20~ in length. 

The archeopyle is precingular in position, 
formed probably by the loss of reflected plate, 
but neither the opening, nor the operculum, was 
observed clearly in the available material. 

and 
3", 

Dimensions. (5 specimens, 3 measur ed) Length, 103-
145~ ; width, 90-122~. 

Comparison . The damaged condition of the specimens 
( cf . Deflandre, 1938, p. 173 and Sarjeant, 1961, p. 
94) precludes a direct identification as G. clado­
phora (Def landre) Dodekova, although the specimens 
available compare favourably in dimensions and morph­
ology with that species. 

Occurrence . Banff-Aquitaine - Arco Rat Pass K-3 5 well: 
unnamed sandstone, sidewall core, 1,920- foot (585 m) 
depth (Upper Oxfordian to Middle Kimmeridgian). 

Previous occurrence . Closely comparable forms (as 
Gonyaulacysta cladophora) recorded from strata of 
Bajocian to Kimmeridgian age (Def landre, 1938; 
Valensi, 1953; Klement, 1960; Sarjeant, 1961; 
Dodekova, 1967; other authors). 
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Genus Psaligonyaulax Sarjeant 1966 

1966 Psaligonyaulax Sarjeant, p. 136 . 

Psaligonyaulax dualis sp. nov. 

Plate 1, figures 4-6, 8-12; Plate 2, figures 1, 2 

Holotype. GSC 34154; Slide P810-13B, 25.4 x 1 23.5, 
Langton Bay Formation, Gilmore Lake Member; cuttings 
sample from between dep ths of 1,800-1,810 feet (549-
552 m), Elf Horton River G-02 well; GSC loc. C-12532; 
Upper Oxfordian- Middle Kimmeridgian. 

Dimensions. Peribl ast length 125~, \vid th 95~; 
endoblast length 74 ~ . 

Diagnosis . Periblast e longa te, typically twice as 
long as broad, with slightly tapering apical horn; 
endoblast rhomboid with a short apical prominence and 
rounded ant apex. Antapical breach typically present 
in th e periblast, rarely closed by a moderately 
bulging antapical prominence. Periblast and endo­
blast in close contact only a t latitude of cingulum, 
r esulting in formation of distinct apical and ant ­
apical pericoels. Surface of periphragm and endo­
phragm smooth or, rar e l y , scabrate. Archeopyle in 
each layer formed by loss of third reflecte d pre­
cingular plat e; opercula separate and detached, 
e longate. Periblast forms sutural crests \vhich 
outline a reflected tabulation of lpr, 4' 6", 6c, 
5 '' '-?6'' ', lp, 1""; crests variable, entire to 
denticulate, rarely spiny. Cingulum displaced up to 
two cingular widths, distinct; reflected sulcal 
tabulation absent but sulcal region distinct. 

Description . The periblast is elongate, the length 
from one and one- half to t\vO and one-half times the 
width. Maximum widt h of the periblast occurs a t the 
latitude of the cingulum . The periblast is prolonged 
apically into a slightly tapered and slender horn, 
which is capped by a small pre- apical reflec t e d 
plate. The apical horn represents from one- fifth to 
one- third, typically one- fourth of the total peri­
blast l ength. Antapically the periblast exhibits a 
quadrangular opening at the position of the r e flect e d 
antapical plate. A few specimens (Pl. 1, fig. 12) 
bear a moderately bulging antapical prominence and 
the opening is absent . The commonly occurring a nt­
apica l breach is thus interpreted as resulting from 
the ?mechanical loss of this antapical prominence . 

The e ndoblast is somewha t rhomboidal in gen e ral 
s hape. The epithecal pa rt is gen e rally triangular 
and bears a short, rounded apica l prominence, 3 - 9~ in 
length. The hypothe cal part i s more hemispherical 
and is rounded antapically. 

The periblast and endoblast are in close contact 
only at the latitude of the cingulum; consequently, 
extensive apical and antapical pericoels result. The 
apical promin ence of the endoblast extends into the 
apica l pericoel. The a ntapica l pericoel is generally 
open to the exterior. The surfaces of the periphragm 
and endophragm are smooth or, more rarely, scabrate . 
Folded portions of the periblast are projected to 
form the sutural cres t s. 



The archeopyle is precingular in position on the 
periblast and endoblast and in both cases is formed 
by loss of reflected plate 3". The opercula are 
separate and usually detached, but may remain in 
place, especially in the case of the endoperculum. 
Opercula are commonly found in the pericoel and less 
commonly in the endocoel. Opercula are distinctly 
longer than broad, rounded anteriorly and flattened 
posteriorly. 

The sutural crests are 3-4y high and may be 
entire, variably denticulate or, mor e rarely, bear 
spinose ornament. The denticulate processes are 
connected basally and are l - 2y high; the spiny e l e ­
ments may reach 4y i n height and generally are dis­
crete but densely spaced along the crests. The 
sutural crests outline a r ef lected tabulation pattern 
of lpr, 4', 6", 6c, 5'"-?6"', lp, 1"". All re­
flected plates of the apica l series, but especially 
1', are e longated and terminated anteriorly by the 
reflected pre- apical plate. Reflected plates of the 
precingular series and plate 3' ''-5''' of the post­
cingular series also are e longate. Reflected plates 
2''' and 6''' are smaller and mor e equidimensional. 
Plate 1''' may not be distinct, merging with the 
sulcal region; where 1' '' is distinct, it is very 
small and triangular. Reflected intercalary plates 
were not observed. 

The sutural crests outline a cingulum and six 
reflected cingular plates. The cingulum is about 7-
9y wide and its ventral terminations are displaced 
from one and one-half to two cingular \vid ths. The 
sulcus is poorly defined by the periphery of the 
other reflected plate s and is without distinct re­
flected sulcal tabulation. The sulcus \videns poster­
iorly to meet the antapical breach, and narrows 
anteriorly where it is terminated by reflected apical 
plate 1'. There is no distinct boundary between the 
anterior t ermination of the sulcus and the poste rior 
termination of plate 1'. The anterior portion of the 
sulcus begins where the sutural crests outlining 
reflected plate 1' end abruptly. 

Dimensions . (25 specimens) Periblast length, 93-
135y ; apical horn, 20-33y; endoblast length, 63-lOOy ; 
endoblast horn, 3-9y; periblast width, 40-83y. 

Comparison . Psaligonyaulax dualis sp. nov. differs 
from previously published species of the genus in the 
following ways: from P. deflandrei Sarjeant (1966, 
p. 137) by its larger size, more prominent apical 
horn, rhombic endoblast, and details of tabulation; 
from P. apatela (Cookson and Eisenack) Sarj eant 
(1969, p. 15) in overall shape, greater overall 
length and length of apical horn, type of sutural 
crests, shape of the endophragm, and details of 
tabulation; and from P. simplicia (Cookson and 
Eisenack) Sarjeant (1969, p . 15) in shape, form of 
sutures, details of tabulation, and other f ea tures. 

Psaligonyaulax dualis sp. nov. bears a super­
ficial similarity to Gonyaulacysta jurassica 
(Def landre ) Norris and Sarjeant (1965, p. 65), but 
differs in at least four features. The size of the 
periblast and endoblast is generally larger, the 
smaller specimens of P. duali s overlapping only with 
the largest specimens of G. jurassica; P. dualis sp. 
nov. has well- developed apical and antapical pericoels; 

specimens with a pronounced apical pericoel assigned 
to G. jurassica by Sarjeant (1972, p. 10, 11, Pl. 1, 
figs. 2, 4) differ in that the pericoel is formed by 
broadening of the apical horn at its base. Psali­
gonyaulax dualis sp. nov. has a consistently well­
deve loped antapical breach in the periblast, and more 
rare l y , an antapical bulge. Finally, the endoblast 
of P. dualis sp. nov. exhibits a consistently rhombic 
outline. 

Several authors have illustrated specimens 
assigned to Gonyaulacysta jurassica subsp. longi­
coPnis Lentin and Williams, 1973 (p. 62), which 
appear closely comparable to Psaligonyaulax dualis 
sp. nov. based on examination of the figures. These 
are listed below: 

Klement, 1960, p. 28, Pl. 2, figs. 6-8 (Middle Malm 
Alpha- Oxfordian; Germany). 

Sarj eant, 1962, p. 258, Pl. 1, fig. 3 (Upper Oxford­
ian; Dorset, England). 

Gitmez, 1970, p. 260, Pl. 5, fig. 11 (Lower Kimmer­
idgian; Le Havre,' 'France). 

Most of this ma t erial is slightly smaller in 
size or overlaps the lower size range of P. dualis 
sp. nov., although Gitmez (1970, p. 261) quotes a 
size range for her material of 75- 145y . The speci­
mens illustrated compare in shape and construction 
but the antapical breach cannot always be observed 
clearly (Sarjeant, 1962; Gitmez, 1970). 

Other illustrated specimens show some similarity 
to P . dualis sp. nov ., but the published figures do 
not show clearly some of the diagnostic featur es. 
These specimens include: 

Gonyaulacysta jurassica (Deflandre) Norris and 
Sarj eant; Gorka, 1965, 
p. 298, Pl. 1, figs. 4a, 4b 
(Oxfordian; Poland). 

Gonyaulacysta jurassica subsp. longicoPnis Lentin and 
Williams; Vozzhennikova, 
1967, p. 85, Pl. 19, fig. 5 
(Upper Volgian; Russia). 

Original material would have to be examined in each 
case before synonymy could be established. 

OccurPence . 

Martin Creek: Husky Formation, Lower member, 0-120 
ft (0-37 m), composite section, Buchia concen­
tPica sensu late zone (Upp er Oxfordian-Lower 
Kimmeridgian) . 

Banff-Aquitaine- Arco Ra t Pass well: unnamed shale 
unit, sidewall core, 1,765-foot (538 m) depth; 
unnamed shale unit, cuttings, 1,780- to 1,890-
foot ( 543-576 m) depth (Upper Oxfordian to 
Middle Kimmeridgian). 

IOE Stoney Core Hole F-42: Husky Formation, Arena­
ceous member equivalent, conventional core, 970 
to 980 feet (296-299 m); Husky Formation, Lower 
member equivalent, conventional core, 990 to 
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1,000 feet and 1,010 to 1,020 feet (302-305 m 
and 308- 311 m) (Upper Oxfordian to Upper Kim­
meridgian). 

El f Horton River G-02 well: Langton Bay Formation, 
Gilmore Lake Member, cuttings, 1,750- to 1,810-
foot (533-552 m) depth (Upper Oxfordian- Middle 
Kimmeridgian). 

Panarctic Drake Point L-67 well: unnamed formation, 
cuttings, 3,000- to 3,090-foot (914-942 m) depth 
(highest occurrence, Middle Kimmeridgian). 

Panarctic Oils Ltd. Line 2, shot-point 15: Mould Bay 
Formation, lower shale member, 40 feet (12.2 m) 
above MSL [Upper Oxfordian to Middle, possibly 
(?)Upper Kimmeridgian] . 

Pr evious occurrence. Comparable forms (s ee discus­
sion under comparison) r ecorded by Klement (1960), 
Sarjeant (1962) and Gitmez (1970) from strata of 
Oxfordian to Early Kimmeridgian age; more doubtful 
records in Gorka (1965) and Vozzhennikova (1967) from 
strata of Oxfordian and Late Volgian age, respec­
tively. 

Genus Pareodinia Deflandre emend. Gocht 

1947 Pareodinia Deflandre, p. 4. 
1970 Pareodinia Deflandre emend. Gocht, p. 153. 

Pareodinia capillosa sp. nov. 

Plate 2, figures 3-10; Plate 3, figures 1, 2, 5 

Holotype . GSC 34155; Slide P810-7B, 12.7 x 123.7, 
Langton Bay Formation, Gilmore Lake Member; cuttings 
sample from between depths of 1,530 and 1,540 feet 
( 466- 469 m) , Elf Horton River G-02 \vell ; GSC loc. C-
12526; Middle or Upper Kimmeridgian. 

Dimensions. Overall length, 112~; overall width, 
53~. 

Diagnosis . Periblast with tripartite outline; maxi­
mum width at cingulum; prolonged tapering apical 
horn, subcircular central portion; and moderately 
prominent antapical prominence (bulge). Periphragm 
and endophragm closely appressed; periphragm bearing 
a dense cover of solid, hairlike processes and line­
ations of processes or faint, low ridges marking 
outlines of reflected tabul ation. Archeopyle inter­
calary outl ine often indistinct, formed by loss of 
two large polygonal reflected intercalary plates; 
operculum simple, often loosely in place. Reflected 
tabulation scheme, ?4', 2a, 6", 6c, 5"'-?6"', lp, 
1"". Cingulum distinct, reflected cingular plates 
transversely elongate and polygonal; sul cal region 
rarely distinct, wide anteriorly, narrowing pos­
teriorly; details lacking. 

Description. The cyst is elongate, the length gen­
erally twice the maximum width, the latter occurring 
at the latitude of the ~ingulum. The epitract is 
distinctly longer than the hypotract; the main por­
tion of the epitract length is formed of the stout, 
tapering apical horn. The hypotract is prolonged 
antapically into an antapical prominence, giving the 
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cyst a tripartite outline. The periblast and endo­
blast are closely appressed. The periphragm is very 
thin, about 0.5 ~ thick in optical section, and 
clearly visible only where gonal parts of the sutures 
project at the periphery. The endophragm is slightly 
thicker, about 1.0~ thick in optical section. The 
surface of the periphragm bears a dense cover of 
slender, tapering hairlike processes, 2-4~ but 
typically 3~ long. The processes are more easily 
seen on the periphery and at the antapices of speci­
mens, but well- preserved specimens confirm a general 
process cover. 

The a rcheopyle is formed by the loss of two 
large and polygonal reflected int ercalary plates 
(Type 21 of Evitt, 1967). The outline of the archeo­
pyle is often indistinct. This is especially so when 
the simple operculum r emains in place, and the open­
ing is defined only by the faint principal archeopyle 
sutures. 

Linea te rows of processes or faint low ridges on 
the periphragm outline a reflected tabulation pattern 
determined as: ?4', 2a, 6", 6c, 5" '-6"', lp, 1"". 
This tabulation scheme is only partially visible on 
any given specimen and the scheme is based on a 
composite study of all ma terial available. Details 
of the hypotractal and cingular tabulation are gen­
erally better preserved than thos e of the epitract. 
The sutures outlining the reflected apical plate 
series are especially poorly deve loped but, appar­
ently, there are four r ef l ec ted apical plates. 

The cingulum is variably represented, even on a 
given specimen. Very faint low ridges, or lineations 
of processes, outline six reflected cingular plates. 
The reflected plates are transverse l y elongate, poly­
gonal and up to 6~ in maximum longitudinal dimension. 
The ventral terminations of the cingulum hav e been 
observed only imperfectly on a f ew specimens; there 
is only a slight displacement of these t erminations. 
On such specimens, the sulcal region is faintly 
visible, but no details of reflec ted sulcal tabula­
tion are discernible. The sulcus is widest anter­
iorly and narrows posteriorly. 

Dimensions . (32 measured specimens) Overall length, 
87-135~; maximum overall width, 40 - 65~. 

Comparison . The shape and size of the periblast, the 
dense cover of hairlike processes and the presence of 
reflected tabulation distinguish Par eodinia capillosa 
sp. nov. from other published species assigned to 
Par eodinia . 

Occurrence . 

Martin Creek: Husky Formation, Lower, Arenaceous, 
Red- wea thering shale and Upper members, 342-752 
ft (104- 299 m), composite section, Buchia mos­
quensis sensu lato to Buchia n. sp. aff. vol­
gensis zone (Middle Kimmeridgian to Berriasian). 

Hount Gifford: Husky Formation, Arenaceous member, 
3.0 to 8.5 feet (0.9-2.5 m), pre-Buchia okensis 
zone (Upper Tithonian). 

Banff-Aquitaine-Arco Rat Pass K- 35 well: unnamed 
shale unit, sidewall core, 1,710-foot (521 m) 
depth (Upper Kimmeridgian); unnamed shale unit, 



cuttings, 1,780- to 1,790-foot (543 - 546 m) 
depth; unnamed sandstone unit , cuttings, 1 ,900-
to 1,910- foot (579-582 m) dep th (Upper Oxford­
ian-Middle Kimmeridgian). 

IOE Stony Core Hole F-42: Husky Formation, Lower 
memb er equivalent, conventional core, 990- to 
1,020-foot (302-311 m) depth (Upper Oxfordian to 
Upper Kimmeridgian). 

Elf Horton River G- 02 well: Langton Bay Formation, 
Gilmore Lake Member, cuttings, 1,530- to 1,810-
foot (466-552 m) depth (highest occurrence, 
Middle to Upp er Kimmeridgian). 

Panarctic Oils Ltd ., Line 2, shot- point 15 , Mould Bay 
Formation, lower shale memb er, 40 to 90 feet 
(12- 27 m) above MSL (Upper Oxfordian-Upper 
Kimmeridgian); shot - point 18, Mould Bay Forma­
tion, Middle member, 320 to 325 feet (97.5 - 99.1 
m) a bove MSL (Berrias~an). 

Elf J ameson Bay C-31 well: Mould Bay Formation, 
Lower and Middle members , cuttings, 400- to 660-
foot (122-183 m) depth (highes t occurrence, 
Upper Oxfordian to Upper Kimmeridgian). 

Panarctic Hoodoo Dome H-37 well: unnamed forma tions, 
probably subsurface equivalents of the Deer Bay, 
Awingak and Savik Formations, cuttings, 5,000-
to 5 ,950-foot (1524- 1814 m) dep th [highes t 
occurrence, Upper(?) Oxford ian to Kimmeridgian]. 

Panarctic Tenneco et al . Kristoff er Bay B-06 well: 
unnamed formation , cuttings , 2,200- to 2,490-
foo t ( 671-759 m) and 3,210- to 3,270-foo t (978-
997 m) depths (highest occurrence, Upper Tith­
onian). 

Pareodinia borealis sp . nov. 

Plate 3, figures 3, 4, 6-9; Pl ate 4, figures 1-8 

Ho l otype . GSC 34156; ARCO Slide 10616A-2 , 30 . 2 x 
125.7, unnamed shale unit; sidewall core at 1 , 710-
foot ( 521 m) depth, Banff- Aquitaine-Arco Rat Pass K-
35 well; GSC loc . C- 12678; Upper Kimmeridgian. 

Di mensions . Over all length, 70~ ; overall width , 43 ~ . 

Discuss ion. No one specimen shows clearly all fea ­
tures of the species. Although the holotype specimen 
chosen is partly obscured at the apex by a fragment 
of d ebris, it does exhibi t a two- l ayer ed wall, some 
of the r ef lected t abula tion and the t ypical shape of 
the spec i es. 

Di agnosis . Cyst l eng th greater than max imum wid th; 
apex prolonged into a short, stout, tapering apical 
horn; antapex rounded . Periphragm and endophragm 
closely appress ed. Periphragm s urface smooth or 
scabrate, bearing l ow, na rrow sutures that outline a 
r ef l ec t ed t abulation scheme, imperfectly determined 
as ?4 ' , 2a, 6", 6c, 5"' - ?6"', 1"", ?lp. Ar cheopyl e 
interca l a r y, probably formed by the loss of two 
polygonal reflected intercalary plates; operculum 
apparently simple. Cingulum outlined by low s utures; 
six c ingula r reflected plates, transverse l y elonga t ed 
and polygonal. Sulcus not observed. 

Description . The length of the cyst is from one and 
one-half to two times the width; the maximum width 
occurs at the l a titude of the cingulum. The outline 
of the cyst is somewhat dropl e t-shaped, wi th a short, 
stout and taper i ng apical horn and round ed antapex. 
The periphragm is membranous, a bout 0.25 to 0.5~ 
thick in optical section, and forms the lmv, narrow 
sutur e s which a r e most evident where the gonal por ­
tions of the sutures proj ec t slightly a t the per­
iphery. The endophragm is c lose ly appressed to the 
periphragm and is a bout 1~ thick in optical section 
and , therefore , s lightly thicker than the periphragm . 
The surface of the periphragm is smooth or scabrate; 
the surface of the endophragm is smooth. The peri­
phragm occasionally bears a fine, discontinuous, 
membranous pa tchwork, which may represent remnants of 
a kal yptra (cf. Gocht, 1970). 

The a rcheopyle is intercalary in position. The 
a r cheopyle and operculum are not well represented on 
available material, but several specimens a ppear to 
possess a Type 2I archeopyl e (Evitt, 1967), formed by 
the loss of two reflected intercalary plates, as 
evidenc ed by the outline of the principal archeopyle 
s utures. The simp l e operculum may be observed in­
distinctly in place in several specimens. 

The sutural ridges of the periphragm outline a 
reflected t abulation, imperf ec tly deve lop ed on any 
one specimen, whi ch corresponds to the scheme ?4', 
2a, 6" , 6c, 5"'-?6'", lp, 1"". The reflected 
ap i ca l plate series is the least readily discernible . 

The cingulum consists of six reflec t ed pla t es, 
transversely e longa t e and polygonal in shape. The 
v-=ntra l termina tions of the cingulum are not clearly 
exhibited on ma t er ial avai l able, but the cingulum 
appears offse t about one - ha l f to one cingulum width 
(from 4-8~). The sulcus was not c learly observed. 

Dimensions . ( 4 7 specimens) Overall l eng th, 53-95~; 

overall width, 36 -61~. 

Compari son . Par eodi ni a borealis sp . nov. is dis­
tinguished from Pareodini a capi llosa sp . nov. by its 
shape and smooth periphragm, and by i ts generally 
smaller size range. Par eodinia borea lis is compar­
able in size, r ange and shape to Pareodinia cerato­
phor a (Def l andre ) emend. Goch t (1970), but differs in 
possessing a defined, di s tinc t to indistinct reflec­
t ed tabulation pattern. Par t s of the r ef l ec t ed 
cingulum are some times visible on P. cer atophor a 
(see , for example, Gocht, 1970, Pl . 35, fig. 5), but 
ex t ensive r eflec t ed tabula tion exhibit ed by P. bor e­
alia sp. nov. has never been r eported (D e flandre, 
1947; Valensi, 1 953; Gocht, 1970). The periphragm 
surface of P. bor ealis sp. nov . is smooth or scabrate, 
lvhe r eas that of P. cer atophora is often finely gran­
ulate. Fina lly , P. bor ealis sp. nov. i s distinctly 
t wo-layered in construction, whereas P. ceratophora 
appears to possess an autophragm. 

Warren (1967, p. 264, Pl. 25, fig. 3 only) 
describes a species from rocks of Late Tithonian to 
Val anginian age in the west side of the Sacramenta 
Valley, California, 1vhich he calls "Pareodinia albertii" 
that a ppears to be conspecific in part wi th P. bore­
alia sp. nov. In the opinion of the writers, the 
other specimen figured by Warren (1967, Pl. 25, fig. 
6) does not belong in the same taxon and, furthermore, 
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comes from an unspecified l ocality (Warren, 1967, p. 
269). 

Pareodinia sp. of Singh (1971, p. 314, Pl. 48, 
figs . 3-7) also is probably conspecific wi th P. 
bor eaZis sp. nov. It possesses comparable tabula tion 
(as determined from the photographs of Singh, 1971, 
Pl. 48 , figs. 3-7) and a two-layered wall with a 
smooth periphragm surface . Singh (op. cit.) bases 
his description on a s ingle specimen, and the writer s 
feel that there is a strong possibility tha t it is 
derived from older strata. 

Occurrence . 

Martin Creek: Husky Formation, Lower, Arenaceous, 
Red-weathe ring and Upper membe rs , 0 to 684 feet 
(0-208 m), composite section, Buchia concentrica 
sensu l a to to Buchia okensis zones (Upper 
Oxfordian to Lower Berriasian). 

Mount Gif ford: Husky Formation, Arenaceous member, 
8 to 10 fee t (2.4-3.0 m), pre- Buchia okensis 
zone (Upper Tithonian). 

Banff-Aquita ine -Arco Rat Pass K-35 well: unnamed 
shale unit, sidewall core, from be t ween depths 
of 1,710 feet and 1,765 f eet (521-538 m) (Upper 
Oxfordian-Kimmeridgian). 

Elf Horton River G- 02 well: Langton Bay Formation, 
Gilmore Lake Member, cuttings, 1,750- to 1 ,810-
foo t (533-552 m) depth (Upper Oxfordian-Middle 
Kimmeridgian). 

Gulf East Reindeer C-38 well: Husky Formation , 
conventional core, 3,949- to 3,951-foot (1203.7-
1204.2 m) depth (Berriasian). 

Panarctic Oils Ltd . Line 2, shot - point 18, Mould Bay 
Formation, middle member, 320 to 325 feet (97.5-
99.1 m) above MSL (Berriasian); shot-point 17, 
Mould Bay Formation, middle member, 248.5 to 253 
feet (7 5. 7-77.1 m) above MSL (Berrias i an); shot­
point 16, Mould Bay Forma tion, lower shale 
member, 140 feet (42 m) above MSL (Berriasian? 
or Upper Tithonian); shot-point 15, Mould Bay 
Formation, lower shale member, 40 to 90 feet 
(12-27 m) above MSL (Upper Oxfordian to Upper 
Kimmeridgian). 

Elf J ameson Bay C-31 well: Mould Bay Formation, 
Lower and Middle members, cuttings, 200- to 690-
foot (61-210 m) and 1,300- to 1,390-foot (396-
424 m) depths, Wilkie Point Formation (highest 
occurrence, Berriasian). 

Panarctic Hoodoo Dome H-37 well: unnamed formations, 
probably s ubsurface equival ents of the Deer Bay, 
Awingak and Savik Formations, cuttings, 5,000-
to 5,950- foot (1524-1814 m) depth (highest 
occurrence, Upper Oxfordian- Kimmeridgian). 

Panarctic Tenneco et aZ . Kristoffer Bay B-06 well: 
unnamed formation, cuttings, 2,220- to 3,570-
foot (677-1088 m) depth (highest occurrence, 
Upper Tithonian). 

Elf Wilkins E-60 well: Mould Bay Formation, cut­
tings, 410- to 500-foot (125-152 m) dep th 
(highest occurrence, Kimmeridgian). 
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Sun KR Sky Battle Bay F-15 well: unnamed formation, 
cuttings, 4,720- t o 4,780-foot (1439-1457 m) 
depth (Middle to Upper Kimmeridgian). 

Pana r c tic Tenneco et aZ . Drake Point F-16 well: 
unnamed formation, cuttings, 3,000- to 3,060-
foot (914-933 m) depth (highes t occurrence, 
Kimmeridgian). 

Panar ctic Drake Point L-67 \vell : unnamed formation, 
cuttings , 3,020- to 3 , 200-foot (920- 975 m) depth 
(highest occurrence, Middle Kimmeridgian). 

Genus Hor oZogineZZa Cookson and Eisenack 

1962 Hor oZogineZZa Cookson a nd Eisenack, p. 271. 

HoroZogi neZZa spinosigibberosa sp . nov. 

Plate 4, figure 9; Pl a t e 5, figures l-16 

HoZotype . GSC 34157, ARCO Slide l06l6A- 2, 27. 4 x 
123.9; unnamed shal e unit; sidewall cor e, at 1,710-
foo t (521 m) depth; Banff-Aquitaine-Arco Rat Pass K-
35 well; GS C lac. C-126 28; Upper Kimmeridgian . 

Dimensions . Autoblast l ength, 53 ~ ; minimum autoblas t 
width, 34~. 

Diagnosis . Autobl as t longer than broad; hourglass­
shaped ; dor so - ventrall y compressed . Autophragm 
bearing apicula t e to vermiculate sculpture in mor e or 
less continuous bands, or in clusters interpre ted as 
r epresenting reflected plates. Archeopy l e apical, 
formed by the loss of ?four reflected apical pl a t es; 
operculum simple. Ref l ec t ed tabulation scheme pro­
posed as ?4', 5"-?6", Oc, 5"', ?0"". Media l, trans­
verse, and medial longitudinal ar eas lacking pro­
cesses and interpreted as a reflected c ingulum and 
sulcus, respectively. 

Description . The autoblas t is longer than broad, 
dorso-v entrally compr essed, and has an outline that 
is s light l y to markedly hourglass - s haped. The max­
imum widt h of the autoblas t occurs a t the ap ices and 
the minimum width occurs at the latitude of the 
reflected cingulum. The ap ex is either near l y fla t 
or medially slightly invagina t ed. The antapex is 
broadly round ed, to nearly flat in outl i ne. An 
occasional specimen may show a slightly invaginate d 
antapical outline similar t o the apex . There are no 
apical or antapi cal horns or prominences. 

The wall of the cyst cannot be differentiated 
i nto a periphragm and endophragm l ayer and is termed 
an autophragm. The thickness of the aut ophr agm in 
optical section is about 1.0~ . The surface of the 
autophragm bears solid, variably s haped, vermiculate 
to apiculate sculptural elements. The apiculate 
processes are 0. 5 to 1.0~ high, and a r e conical , 
bacula t e or occasionally ·pilate. A mixture of these 
process t ypes may occur on any given specimen. The 
vermicula t e processes are s inuous, arcuate or irreg­
ular in course, occasionally anastomosing in an 
irregular meshwork, and are low, 0.5 to 1.0~ in 
he ight , and na rrow, from 0.25 t o 0.5 i n width. The 
distribution of these processes is discussed in 
connection with r eflect ed tabulation patterns and the 
presence of wha t is interpre t ed as a cingulum and 
sulcus. 



An apical opening is present on many specimens 
and is interpreted as an apical archeopyle, as evi­
denced by its angular outline. The archeopyle is 
located symmetrically with respect to a vertical 
median line. The operculum is simple and bears 
vermiculate to apiculate sculpture; although there is 
no indication of tabulation, analysis of the archeo­
pyle outline suggests that the operculum is formed of 
four apical reflected plates. The operculum is 
attached or free; isolated opercula have been ob­
served. 

The structure and sculpture of the autoblast 
offer evidence for the proposed reflected tabulation 
scheme: ?4', 5"-?6", Oc, 5''', ?0"". Dorsal epi­
tractal processes are generally present as a con­
tinuous band. However, the angular edge of the 
archeopyle opening and the two ventral epitractal 
sculpture clusters, separated by the medial longi­
tudinal process-free region, suggest that at least 
five, and possibly six reflected piecingular plates 
are represented. On some specimens, an occasional 
accessory archeopyle suture running from the archeo­
pyle opening, and the rare presence of a low irreg­
ular ridge dividing the dorsal process band, lend 
further support to this interpretation. Similarly, 
t wo ventral hypotractal process clusters and a dorsal 
hypotractal band of processes suggest that at least 
five reflected post-cingular plates may be repre­
sented. The antapex is free of processes; therefore, 
interpretation of reflected antapical tabulation is 
not possible. 

A medial process-free region running trans­
versely about the autoblast, and including the zone 
of minimum width, is interpreted as a reflected 
cingular region. This process-free band is quite 
broad, from 16 to 18~ wide dorsally but narrowing to 
8 to 10~ wide ventrally. The narrowest part of this 
cingular area occurs ventrally to the left side of a 
vertical median line. The cingular region thus 
appears slightly laevo-rotary. 

A similar longitudinal process-free area is 
interpreted as a reflected sulcal region. The sulcus 
runs from directly below that portion of the archeo­
pyle adjacent to the median-line to the antapex, 
where it broadens to include the whole of the ventral 
antapical area, and where it is terminated at the 
periphery of the dorsal hypotractal process band. 
The width of the sulcus at the latitude of the two 
ventral process clusters is 4 to 8~. 

The features described above are shown with 
varying clarity on available specimens. The archeo­
pyle commonly is present, but often poorly exhibited. 
The dorsal process bands and ventral process clusters 
are not always clearly developed. The reflected 
tabulation scheme proposed above is necessarily the 
result of an analysis of features on many specimens . 

Di mensions. (19 specimens, 15 measurable) Autoblast 
length, 30-5 5~; maximum autoblast width, 37-40~ ; 
minimum autoblast width, 20-35~. 

Descr iption . Hor o loginella spinosi gi bberosa sp . 
nov. is the first species assigned to that genus to 
be described from rocks older than Aptian- Albian age 
(Cookson and Eisenack, 1962). Other species assigned 
to this genus have been described from rocks of Late 

Cretaceous, Paleocene and Eocene ages (Cookson and 
Eisenack, 1962; Cookson, 1965; Wilson, 1967). 

The presence of reflected tabulation is indi­
cated clearly on the type species of Hor ol oginella, 
H. lineata Cookson and Eisenack, 1962, by markings 
interpreted as suture lines. An analysis of figured 
specimens from published photographs (Cookson and 
Eisenack, 1962, Pl. 37, figs. l-3) suggests that the 
reflected tabulation scheme is approximated by: ?4', 
5" - ?6", Oc, 6"', ?lp, ?1"". The details of the 
reflected apical plate series and the presence of 
reflected plates 6", lp and l" " are difficult to 
confirm. Hedial transverse and longitudinal regions 
are clearly representative of a reflec t ed cingulum 
and sulcus, respectively. The reflected tabulation 
scheme and interpreted presence of cingulum and 
sulcus on H. spinosigibber osa sp. nov., therefore, 
accord closely with the type species . 

Six other species have been assigned, three 
doubtfully, to the genus Horo loginella by Cookson and 
Eisenack (1962) and Cookson (1965). Horologinella 
incurvata Cookson and Eis enack (1962, p. 272, Pl. 37, 
fig. 5), H. apiculata Cookson and Eisenack (1962, p. 
272, Pl. 37, fig. 4) and H.? obliqua Cookson and 
Eisenack (1962, p. 272, Pl. 37, fig. 10) exhibit a 
more or less symmetrical outline about a vertical 
medial line, an hourglass shape, and dorso-ventral 
compression, but do not possess the angular archeo­
pyle and reflected tabulation characteristic of the 
t ype species, H. lineat a, and the species described 
herein, H. spi nosigibber osa sp. nov. Horologinella 
apiculata shows an opening, "apical" in position, and 
symmetrically placed with respect to a vertical 
median line, but without indication of a relation to 
reflected tabulation. Palaeostomocysti s sinuosa 
Cookson and Eisenack (1960, p. 258; Pl. 38, figs. 16, 
17) is of similar construction, and differs only in 
the presence of medial latitudinal prominences. 

Horologinella? obli qua Cookson and Eisenack 
(1962, p . 273, Pl. 37, fig. 9) and H. ? spinosa Cookson 
(1965, p. 89, Pl. 10, figs. 10-12, Pl. 11, fig. 10), 
by contrast, possess an asymmetrical outline about a 
vertical median line and an asymmetrically placed 
"apical" opening that appears to bear no relation to 
possible reflected tabulation. Horologinella? 
obli qua , in particular, bears a remarkable similarity 
to the inner body enclosed in the membranous outer 
layer of Halophoridia xena Cookson and Eisenack 
(1962, p. 27l, Pl. 37, figs. 6-8). 

It seems, therefore, that three unrelated groups 
of species are united in the form genus, Horologi nella , 
and that future investigations of these taxa will 
lead to restriction of Horologinella to tabulated, 
more or less symmetrical forms with distinct, angular 
apical archeopyles situated symmetrically abou t a 
vertical median line. It appears also that H.? 
obliqua might be better accommodated in Hap l ophoridia 
rather than doubtfully in Hor o l oginella . The form 
described as Horologinella sp. indet. by Cookson and 
Eisenack (1962, p. 273, Pl. 37, fig. 15) may belong 
to yet a different category. It is not the purpose 
of this paper, however, to pursue these observations 
and to propose new taxa and new combinations. 
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Occurrence . 

Martin Creek: Husky Formation, Lower member, compo­
site section, lOO to 120 feet (30-37 m), Buchia 
concentrica sensu lata zone (Upper Oxfordian t o 
Lower Kimmeridgian). 

Banff-Aquitaine- Arco Rat Pass K- 35 well: unname d 
shale unit, sidewall cor e, a t 1,710 feet (521 m) 
and 1,765 feet (538 m) (Upper Oxfordian-Upper 
Kimmeridgian). 

Elf Jameson Bay C-31 well: Mould Bay Formation, 
Lower and Middle memb e rs, cuttings , 300- to 690-
foot (91- 210 m) a nd 850- to 890-foot ( 259 - 271 m) 
dep ths [highest occurrence, Upper Kimmeridgian 
to (?)Portlandian]. 

Genus Lanterna Dodekova 

19 69 Lanterna Dodekova, p. 1 6 

Lanterna saturnalis sp. nov. 

Plate 6, figures 1-10; Plate 7, figures 1-13 

Holotype . GSC 34158, Slide P810-llA, 16.3 x 117. 2; 
Langton Bay Formation, Gilmore Lake Member, c uttings 
sample at 1,680 to 1,700 feet (512-518 m) dep th; Elf 
Horton River G-02 well, GSC loc. C-12530; Middle to 
Upper Kimmeridgian. 

Dimensions. Overall l ength, 80~; overall width, 70~. 

Diagnosis . Cyst length s light ly gr ea t e r than width; 
outline roughly truncated bi conica l. Per iphragm a nd 
endophragm closely a ppressed throughout; periphragm 
produced into a d ens e l y spaced intratabular sculpture 
of varying process types, gen e ral l y anastomosing 
basally a nd forming an irregular meshwork, but occa­
sionally dis c rete. Archeopyle apical, f ormed by the 
loss of the reflected apical plate series in both 
wal l layers; operculum simple, composed of both wall 
layers , occasional ly partly a ttached, but generally 
de t ach e d. Reflected tabulation scheme de termined as 
4', 6", Oc, ?6"', ?lp, ?1"". Reflected cingulum 
outlined by parallel rows of processes of greater 
length than the intratabula r processes; cingulum 
offset from one- half to three-quarte rs of the c ingu­
lum wid th. Sulcus generally i ndi s tinct; wh e r e dis­
cernib l e , following a r e l at ive l y s traight course from 
the antapex and reaching onto the epi tract, t ermi­
nat i n g a t the post e r ior e dge of reflected plate 1'. 

Description . The length of the cys t is slightly 
greater tha n the maximum width. The maximum \vid th 
occurs a t the latitude of the reflec t e d cingulum, the 
cyst tapering and round e d a t the apices to give a 
truncated biconical outline . The cys t outline prob­
ab l y explains the prefe rr ed ap i cal-antapical or ien­
t a tion of most specimens. 

The periblast and endoblas t are c losely ap ­
pressed and in contact throughout. The periphragm is 
thi n, about 1 . 0~ thick in optical section and is 
produced into a d e ns e cover of processes: the pro ­
cesses are intratabular and occasionally distinc tly 
peritabular in position. They anas tomos e basally to 
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fo rm a n i rr egular, perfect to imperfect r e ti culum or, 
less commonly, irregularly conver ging arcuate pat­
t erns . Occasionally, the processes are discrete and 
more \videly spaced. The processes also may form 
irregular peritabular ridges by anastomosing basally 
and indistinctly or, rarely, di s tinctly, outlining 
reflected tabulation in part. Individual sculpture 
e l ements include simp l e, tapering spines, bifid or 
bifurcating processes, a nd fla tte ned, irregularly 
folia t e processes, 6-8~ i n length, but longer, 7 - 12~ , 

at the antapex a nd a long the reflected cingular 
ledges. The endophragm is thin, l ess tha n 1.0~ thick 
in op t ical section, and smooth. 

The archeopyl e is apica l and formed by the loss 
of fo ur r ef l ec t ed apica l pla t es in both layers. Th e 
operculum is simple, fo rmed of both wall l ayer s, and 
on some specimens remains part l y attached. Isola t ed 
opercula have not b een recognized. 

The outline of the arch eopy l e, the shape of the 
partly attached oper culum a nd the presence of sec ­
ondary a r ch eopyl e s utures i ndica t e that the r ef l ec t ed 
epi trac t a l t a bulat ion comprises four apical reflected 
pl a t es a nd six pre- cingul ar r ef l ec t ed pla t es. The 
reflected t a bula tion of the hypo trac t i s l ess d is­
tinc t. Arr a ngement of the processes a nd the occa­
sional pr esen ce of peritabular ridges suggest, but do 
not confirm , a reflected hypo trac tal t a bulation of 
6", lp, 1"" . 

The reflected cin gulum is defined by parallel 
rows o f processes j oined basally to form cingul a r 
ridges. The process element s a r e similar to those 
a rLSLng from intratabular a nd peritabular a r eas, 
excep t that they a r e slightly longer. The width of 
the reflected cingu l um is about 5 .0~ on specimen s 
sui t ab l y oriented for measurement and the ventra l 
t ermin a tions o f the reflected cingulum are offse t 
from one- half to three - quar t ers of the c ingulum 
\vid th. 

The reflected s u lcu s is i ndis tinc tly outlined on 
a few spec imens by a broad l i n ea tion formed of the 
anas tomosing bases of the hypotractal processes. The 
s ulcus is set on the median line joining apex a nd 
an t a pex and t ermi n a t es a t the base of the reflected 
apical plate 1'. On specimens preserved in apica l 
orient a tion, the position of the sulcus is indicated 
i n outline by an absence of cingular processes. This 
i ndenta tion correspond s, in several s uitably oriented 
specimens, wit h the par t of the rim of the primary 
archeopyl e s utur e marking the posterior margin of 
reflected p l a t e 1'. 

Dimens ions. (42 measured specimens ) Cyst l e ngth , 
70-80~; cys t width , 5 7-82 ~ . 

Discussion . The mode of the apical archeopyle, the 
reflected tabula t ion scheme a nd the absence of a n 
offse t sulcal not ch s ugges t tha t this species ex­
hibits basically a gonyaulacacean organization. 

Compar i son . Lanter na saturnalis sp . nov . most 
c losel y r esembles Lanterna sportu la Dodekova (1969, 
p . 18, P l . 3, figs. 4, 7, 10, 11), of p r ev ious l y 
de scribed species of the genus. The t wo species ar e 
of simila r s i ze and general cons truction, but Lanterna 
saturnalis sp. nov . differs i n having an imperfect t o 
pe rf ec t r e ticulum formed by the a n as tomosing bases of 



processes compared with the rugulate to rugulo­
reticulate pattern exhibited by L. sportula . Lan­
terna saturnalis sp. nov. a lso exhibits a truncated 
biconical outline and possesses distinctly longer 
processes at the antapex and a long the cingular 
sutures. Lanterna sportula is more equidimensional. 

Baltisphaeridium pattei (Valensi) Sarjeant, 
1960, as illustrated in Valensi (1948, 1953) exhibits 
a similar morphology to the four described species of 
Lanterna. Klement (1960) illustrates material 
assigned to that species (as Hystrichosphaeridium 
pattei Valensi; Klement, 1960, p. 56, Pl. 7, figs. 6-
8) which shows an apical archeopyle. The species 
pattei is slightly smaller and its processes are 
shor t e r than described species of Lanterna . The 
species appears to be long in the genus Lanterna , and 
is tra nsf erred herein: 

Lanterna pattei (=Hystrichosphaeridium pattei 
Valensi, 1948, p. 539, fig. 1) comb. nov., ?auct . non 
H. pattei Valensi; Downie, 1957, p. 425, Pl. 20, fig. 
10, Text-fig. 4c). Valensi (1948) records the specie s 
from Bathonian rocks of France and Klement (1960) 
r eports the species from rocks of the lower and 
middle Nalm (Oxfordian-Kimmeridgian) of southwestern 
Germany. 

Lanterna pattei (Valensi) comb. nov. is not 
unlike L. bulgarica Dodekova in morphology and con­
struction, but comparison of original material would 
be needed before synonymy could be es tablished. 

Occurrence. 

Mar tin Creek: Husky Formation, Lower member, 342 to 
484 feet (103-145 m), composite section, Buchia 
mosquensis sensu lato and (in part) Buchia 
piochii sensu lato zones (Middle to Upper 
Kimmeridgian). 

Banff-Aquitaine-Arco Rat Pass K-35 well: unnamed 
shale unit, sidewall cor es, 1,710- and 1,765-
foot (521 and 538 m) depths [Upper Oxfordian(?) 
to Kimmeridgian]. 

Elf Horton River G-02 well: Langton Bay Formation, 
Gilmore Lake Member, cutt i ngs, 1,680- to 1,810-
foot (512-552 m) depth (highest occurrence, 
Upper Oxfordian-Upper Kimmeridgian). 

Panarctic Oils Ltd. Line 2, shot-point 15: Mould Bay 
Formation, lower shale member, 80 feet (24 m) 
above MSL (Upper Kimmeridgian). 

BIOSTRATIGRAPHY 

MACROFOSSIL ZONAL SCHEMES AND THE 
JURASSIC-CRETACEOUS BOUNDARY 

The biostratigraphy of mid- to upper Upper 
Jurassic and lowermost Cretaceous strata in the 
Canadian Arc tic Archipelago and northe rn Interior 
Plains is complicated by several considerations, some 
of which are inherent in any biostratigraphic study 
of this part of the geologic column, and some of 
which are peculiar to the particular geographic 
r egion covered in this inves tiga tion . 

Of the former category, the differing biostra­
tigraphic schemes utilizing ammonites and pelecypod 
faunas that have been applied to strata assigned to 
Upper Jurassic and lowermost Cretaceous Stages, 
inclusive of Kimmeridgian to Berriasian, present the 
greates t problem. Biostratigraphic work, especially 
es tablishment of ranges of n ew taxa, is made mor e 
difficult because of the need to reconcile the sev­
eral northwestern European schemes (Arkell, 1956; 
Ager, 1963; Cope et al ., 1964; and others) with those 
of the Tethyan region (Arkell, 1956; Enay, 1964; 
Ager, 1964; and others) and those of the Russian 
Platform and other parts of the boreal realm 
(Michailov, 1964; Sasonov, 1964; and others). An 
a llied problem is the unsatisfactory definition of 
the Jurassic-Cretaceous System boundary. The so­
called Purbeckian of England is a brackish-water to 
nonmarine facies, unsuitable for an international 
standard (Sylvester-Bradley, 1964; 1-J:i,edmann, 1968). 
The Portlandian Stage thus t erminates with strata 
tha t cannot be correlated satisfactorily with upper­
most Jurassic strata in other regions. Recent work 
by Casey (1973) on the Spilsby Sandstone of eastern 
England may help in the correlation of northwes tern 
European stages ,,{i:h those of the Russian Platform at 
the Jurassic-Cre taceous boundary. In the region of 
the Russian Platform, there is evidence that the 
Ryazanian Stage does not represent all of the 
Berriasian Stage of Europe, and that the uppermost 
part of the boreal Jurassic succession is not repre­
sented by the Upper Volgian substage of the type area 
(Jeletzky, 1973). Finally, there is the question of 
whether the Berriasian is a stage, or is to be 
regarded as part of the Valanginian Stage (the so­
called Infravalanginian, or Lower Valanginian of some 
authors), and whether, if it is considered a stage, 
it r epresents not the basal Cretaceous Stage, but the 
uppermost Jurassic Stage or a part thereof. Wiedmann 
(1968), Donze (1964), Busnardo, Le Hegarat and Magne 
(1965) and Jele tzky (1973), among others, discuss 
this matter at some l ength. 

Of complications peculiar to biostratigraphic 
studies of the Jurassic-Cre taceous boundary in north­
ern Canada, the scarcity of ammonite faunas makes 
ex t ernal correlation of the uppermost Jurassic­
lowermost Cretaceous of the Canadian Arctic with 
other regions most difficult. Correlation within the 
region is based mainly on pelecypods, other macro­
fossil faunal groups being of little practical use in 
this regard (Jeletzky, 1973). Therefore, zonal 
schemes proposed for Upper Jurassic and basa l Lower 
Cretaceous strata of the Arctic Archipelago and 
northern Interior Pl ains (Frebold, 1961, 1964; 
Jeletzky, 1958, 1960, 1961, 1964, 1966, 1967, 1971, 
1973) have not been refined yet to the level of those 
proposed for regions more extensively investiga t e d. 
The recent syntheses of information published by 
Jeletzky (1967, 1971, 1973) have done much to clarify 
interrelationships of Canadian Arctic zonal schemes 
with other established schemes. It is still nec­
essary, however, to borrow from other schemes from 
time to time in order to relate ranges of newly 
described taxa to international nomenclature. 

The scarcity of lithologic marker horizons which 
a pproximate the position of the Jurassic-Cretaceous 
boundary in the Canadian Arctic also frequently 
complicates biostratigraphic work. The Jurassic-
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ENGLAND/ NORTHWESTERN EUROPE SOUTHWESTERN EUROPE (TETHYANl 

Arkel l (1956), Ziegler (1962 ), Cope (1967), Jeletzky (1973). Based main ly on Donze and Enay (1961), and Enay 1964). Additional 
Arkell's (1956) zonation of the Middle Kimmeridgian is information from Arkell (1956), Jeletzky (1973) and others. 

to the left , Cope's ( 1967) zonation to the right. 

SERIES 
STAGE/ 

ZONES STAG E/ 
ZONES SUBSTAGE SUBSTAGE 

<I'> z z ::::> 
~ ~ Berriasella boissieri a:O 

ww <I'> <I'> 
;;u "' "' o:O ii' ii' 
--'w a: a: 

Berriasella grand is a: w w 
u "' PURBECK-WEALDEN "' ALP INE SUBALPINE 

(FACIES ) 
Berriasella chaperi 

0:: 
w 

Virgatosphinctes tran sitorius tl. 
tl. 
::0 Berriasella delphinensis 

Titanites giganteus 

z Anavirgatites palmatus 
::: 
0 
z Crendonites (Giaucolithites) gorei <( 
_J 

f-
0:: 
0 Pseudovirgatites Lithacoceras ciliata 
tl. 

Zaraiskites (Proga /banites) albani scruposus? 

z 
Pavlovia pallasioides ::: 

z 
Subplanites vimineus 0 

0:: I w f-tl. Pav/ovia rotunda i= tl. 0:: 
::0 w 

5: - -- -- ----
Pectinatites pectinatus 0 

_J 

'-' u; 
Ul Subplanites Pectinatites <( 
0:: wheatleyensis hudlestoni 
::0 

Subplanites con tiguus ~ 

Subplanites grandis Pectinatites 
0:: wheatleyensis w z Semitormiceras tl. ::: w 
tl. _J Subplanites spp. Pectinatites semiform e ::0 <Cl 0 

e 0 (? vimineus) scitulus 
0:: :!i w 
::;;; Gravesia gigas ::;;; 
;;:: Pectinatites 

G/ochyceras lithographicum 
efegans 

Gravesia g ravesiana 

Aufacostephanus autissiodorensis Hybonoticeras beckeri Virgataxioceras setatuml subeumefa 

z 
Aulacostephanus pseudomutabilis ::: Aufacostephanus pseudomutabilis Aufacostephanus pseudomutabilis 

0:: <Cl 0:: 
w e w 
5: Aulacostephanus mutabifis 0:: 5: 
0 w 0 
_J ::;;; _J 

Aulacostephanus cymodoce 
::;;; Streblites tenuilobatus Streblites tenuilobatus -
"' 

Pictonia baylei 

z z 
::: ::: 
0 0 
0:: 0:: 
0 0 
"- "->< >< 
0 0 

GSC 

FIGURE 12. Comparison and correlation of stage and zonal nomenclature from selected regions with 
those used i n the Canadian Boreal Region (with sources for correlation data given) 
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Sasonov (1961 , 1964), Michailov (1964), Frebold (1 96 1, 1964), Jeletzky (1 965, 1966, 1967, 1971, 1973) 
Jeletzky (1 965, 1966, 1967, 1971, 1973) 
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Cretaceous boundary in the Arctic Archipelago, for 
example, falls within relatively homogeneous lith­
ologic units (Chamney , 1971; Jeletzky, 1973). In the 
Richardson Mountains-Peel Plateau regions ••est of the 
Mackenzie Delta, the Jurassic-Cretaceous boundary is 
defined by the base of the lowermost Cretaceous 
Buchi a okensis zone and the top of the uppermost 
Jurassic Buchia unschensis and Buchia n. sp. aff. 
okensis zones (Jeletzky, 1967, 1971, 1973). This 
macrofaunal change occurs just above uppermost 
glauconitic beds of the Arenaceous member and within 
basal beds of the Red-weathering shale member of the 
Husky Formation. However, this lithologic marker 
horizon may be absent or unrecognizable because of 
facies changes outside the type localities. 

To provide a f.ramework for defining the ranges 
of new dinoflagellate taxa described in this pap e r, 
the authors have constructed a summary (Fig . 12) of 
the pertinent macrofossil zonal schemes for various 
regions, based on reviews of representative liter­
ature and the compilations of Jeletzky (1965, 1971 , 
1973). Based on information presented in J e letzky 
(1973) and Le Hegarat and Remane (1968), the present 
writers consider the Berriasian as the lowest Creta­
ceous Stage. The Portlandian and the lower two of 
the four BerriasieZZa zones shown in Figure 13 are 
considered to be approximately equivalent to the 
Upper Tithonian; that is, the Upper Tithonian begins 
at the base of the Zaraiski tes albani zone. Follow­
ing Enay (1964), the Lower Tithonian is take n to 
commence at the base of the Hybonoti cer as beckeri 
zone [=Aulacostephanus auti ssiodor ensis zone of 
Zeigler (1962) mentioned in Cope et al . (1964)]. 
Hence the Lower Tithonian encompasses the Middle and 
Upper Kimmeridgian of the English succession, begin­
ning with the Gravesia gravesi ana zone and ending 
with the Pectinatites pect i natus zone of Cope (1967) 
and Arkell (1956). The interregional occurrence of 
several species of Gravesia , in the Tethyan (south­
eastern France) and the Boreal Realms (England, 
northeastern France, and European Russia), permits 
the recognition of the lower boundary of the Tith­
onian in these areas . This use of the Kimmeridgian 
Stage thus differs from that of some authors (e . g., 
Ager, 1963). It should be remembered, however, that, 
throughout following discussions, general or partial 
equivalence rather than direct correlation is implied 
in this use of international stage names. The 
Canadian Arctic macrofossil zones established by 
Jeletzky (1965, 1967, 1971, 1973) remain the only 
representative ones for the northern Interior Plains 
and Arctic Archipelago. 

Finally, Figure 13 shows the known ranges of 
dinoflagellates used extensively in the following 
discussion to correlate subsurface sections with 
international stages and to supplement the macro­
fossil zonations in surface sections. These ranges 
are compiled from a survey of the literature and from 
such compilations as are available at the time of 
writing (Riley and Sarjeant, 1972). The ranges of 
new taxa published in this paper are given also in 
Figure 13, together with the nomenclature of inter­
national stages and substages followed in this paper. 
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BIOSTRATIGRAPHY OF THE borealis ASSEMBLAGE 

Surface exposures and shot-point samples -
northern mainland and Arctic Islands 

The composite section on Martin Creek provides a 
surface refer ence column which is supplemented by 
information from the Mount Gifford locality, the 
Panarctic Oils Ltd. air-drilled, seismic shot-point 
core samples from Melville Island, and the Mount 
Goodenough locality (not described in this paper). 

The uppermost occurrence of the bor ealis assem­
blage is in Berriasian strata at Martin Creek (Fig. 
3). Pareodini a capiZZosa sp. nov. b e comes extinct in 
the Upper member of the Husky Formation, and P. 
borealis sp. nov. in the Red-weathering shale member . 
Their uppermost occurrences are in strata assigned to 
the Buchia okensis zone (Jeletzky , 1958, 1967, 
1971) . 

Lanterna saturnalis sp. nov. is the next species, 
in d e scending order, recorded in the sectio~ , occur­
ring in strata of the Lower member of the Husky 
Formation assigned to the Buchia piochii sensu lata 
and Buchia mosquensis sensu lata zones. Jeletzky 
(1967, and earlier) states that these zones comprise 
strata of Middle Kimmeridgian to Portlandian sensu 
stricto age. 

Lastly, the uppermost occurr enc e s of Horologi­
nella spinos igibberosa sp. nov. and Psali gonyaulax 
duali s sp. nov. are in strata assigned to the Buchia 
concentr ica sensu lata zone (Jeletzky, 1967 and 
earlier) of Late Oxfordian to Early Kimmeridgian age . 

Sp e cimens unquestionably attributable to Gony­
aulacysta jurassica (D e flandre) Norris and Sarj e ant, 
1965, do not occur above the top of the Lower member 
of the Husky Formation, in the Buchia piochi i - Buchia 
mosquensis sensu lata zones. Riley and Sarjeant 
(1972) cite the rang e for G. jurassica as Bathonian 
to Upper Kimmeridgian (Pectinatus zone of Arke ll, 
1956; Cop e , 1967) . Spe cies of Cicatricosispor ites 
first occur in the Red-weathering shale member, Husky 
Formation (Buchia okensis zone) and spe cies of 
Tri lobospor ites ar e first recorded in the upper beds 
assigned to the Buchia piochii- Buchia mosquensis 
s ensu lata zones, coincident with the uppermost 
occurrence of G. jurassica . Norris (1969) e stab­
lished that the genus Trilobosporites does not per­
sist below the Middle Kimmeridgian of England (i.e., 
above the top of the beckerii zone = Gravesia zones 
and higher = zones above the autissiodorensis zone; 
Arkell, 1956 ; Cope, 1967; Jeletzky, 1965). 

This palynologic evidence suggests that strata 
up to the 484-foot (148 m) level in the composite 
section are no younge r in age than Middle or Late 
Kimmeridgian. Therefore, at Martin Creek, P. capil­
losa ranges downward into strata as old as Middle 
Kimmeridgian and Lanterna saturnalis occurs in rocks 
of Middle and Late Kimmeridgian age. Psaligonyaulax 
dualis and Horologinella spinosigibberosa occur in 
strata of Late Oxfordian to Early Kimmeridgian age 
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a. Middle/Upper Kimmeridgian in Gitmez and Sarj . ( 1970) 
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{Australia): Veevers and Wells (196 1) indicate age 
as not younger than Kimmeridgian 

c. Upper Volgian in Vozzhen nikova (1967) (Moscow reg ion, 
U.S.S.R.) 

d. Middle/Upper Kimmeridgian in Beju (197 1) (Rumania) 
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and P. borealis ranges downward into strata as old as 
Late Oxfordian (Buchia concentri ca sensu lata zone of 
J e l e tzky, 1967). 

At the Mount Gifford locality (Fig. 4), basal 
beds of the Red-weathering shale memb e r and uppermost 
beds of the Arenaceous memb e r (Husky Formation) carry 
Pareodinia bor ealis , P. capillosa and the spore genus 
Cicatricosisporites . These beds are assigned Late 
Tithonian (pre-Buchia okensis zone) and Berriasian 
ages (Buchia okensis zone) by J e letzky (1967). 

The shot-point core samples from northwestern 
Melville Island (Fig. lla) show a succession of 
species similar to that encountered a t Martin Creek . 
Par eodinia borealis a nd P. capillosa are the last 
species of the borealis assemblage to occur, being 
r ecorde d in the topmost sample of shot-point 18 
[320ft (97.5 m) above MSL]. Both of these species 
range downward to the basal sample in shot-point 15 
at 40 f ee t (12.2 m) above MSL. Lanterna saturnalis 
occurs only in shot-point 15 at 80 feet (24 m) above 
MSL a nd Psaligonyaulax dualis occurs only in the 
basa l sample of shot-point 15 at 40 feet (12.2 m) 
a bove MSL. At, or close to, the l evel of occurre n ce 
of L. saturnalis , other dinoflagellate species also 
occur, including Pareodinia cer atophora Deflandre, 
1947, Sirmi odinium grossii Alberti, 1961, Psa l i ­
gonyau lax apat e la (Cookson and Eisenack) Sarj eant, 
1969, and Scriniodinium crys ta l l i num (Def landre ) 
Klement, 1960. Scriniodi nium di ct yotum Cookson and 
Eisenack, 1960, occurs toge ther with Psaligonyaulax 
dualis . Species of Trilobosporites and Cicatri­
cosisporites occur only in samples from shot-point 16 
in the interval between 130 a nd 140 feet (39.6- 42.6 
m) above MSL. Samples below this level are dominat e d 
by bisaccate pollen and dinoflagellates , with a 
sharply r e duced pteridophy t e spore content. Thus the 
distribution of these genera is probably influenced 
by the d eposi tional environment and distance from a 
sourc e of continental material. 

Analysis of this dis tribution of dinoflagellate 
species suggests the followi ng int erpr e tation. The 
associa t ion of species present in samples from shot­
points 16, 17 and 18 indica t e that the age of these 
strata is basal Cretaceous, Ea rly Berriasian. From 
evidence obtained along Martin Creek and on Mount 
Gifford, and from known ranges of dinoflagellate 
species, the age of the strata i n shot - point 15 is no 
young e r than La te Kimmeridgian at the top, and may be 
as old as La t e Oxfordian a t the base . The age of the 
upper 50 feet (15 m) of the s h o t-point is Lat e 
Kimmeridgian, based on the dinoflagellate assemblage. 
The sample at 40 feet (12.2 m) a bove MSL is of Late 
Oxfordian to Middle, possibly(?) La t e , Kimmeridgian 
age . The Jurassic-Cretaceous boundary falls, the r e ­
fore, more than 90 f eet (27 m) abov e MSL and l ess 
than 240 feet (73 m) above MSL. Unfortunately, 
spore-pollen and dinoflage llate assemblages within 
the inte rval between 90 and 240 fee t (27-73 m) above 
MSL a r e not diagnostic. 

The conclusion that the borea lis assemblage do es 
not r a nge upward into strata younger than Be rriasian 
in age is supported by the following obse rvations . 
Upper Berriasian, Upper Hauterivian and Barremian 
s tra ta sampled at Mount Goodenough (Brideaux, unpubl. 
d a t a ), and Upper Berriasian a nd Valanginian strata 
(J. A. J e l e tzky, pers. corn., 1974) of the Lower 
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sandstone division sampled at Martin Creek (Brideaux, 
unpubl. data) do not contain e l ements of the bor ea l is 
assemblage . Also, the bor ealis assemblage has not 
b een found in rocks assigned a post - Berriasian age i n 
sid ewall cores and cuttings from the Banff - Aquitaine­
Arco Rat Pass K-35 well or in core samples from the 
IOE Stoney Core Hol e F- 42. The borealis assemblage 
do es not occur in samples of Early Cretaceous, post­
Berriasian age, from surface exposures from the 
Arctic Islands (Brideaux , unpubl . data, based on 
samples made available by W. S. Hopkins, Jr.). 
The r e fore, the authors con c lude that elements of the 
bor ea l is assemblage do not occur in rocks younger 
tha n Berriasian in age (Buchia okensis- Buchia n. sp . 
aff. volgensis zones of J e l e tzky, 1967, and earli er). 
The lowe r limit of the r a nge of the bor ea l is assem­
blage, f rom ev ide n ce discussed above, ext ends a t 
l eas t into stra t a of Late Oxfordian age. Samples 
from older Jurassic rocks of the Bug Creek Formation 
on Martin Creek were not processed for this investi­
ga tion, and control from this source is not avail­
able. A further discussion of the lower limit of the 
r a nge of the borealis assemblag e will be und e rtaken 
in connec tion with a n a l ysis of data from the Arctic 
I s l a nd wells in a later part of this pape r. 

Subsurface well sec tions -
Mackenzie Delta-Richardson Mountains r eg ions 

In the Rat Pass K- 35 well (Fig. 5), the sidewall 
cor e f rom the 1,710-foo t ( 52 7 m) dep th contains 
Pareodinia capi llosa, P. bor eali s , Lanterna satur ­
na l i s , Horologinella spinosigibberosa of the bor ealis 
assemblag e and, in a ddition, Lunat adinium dissolutum 
Brideaux and }fcint y r e , 1973 , Sirmiodinium grossii a nd 
Psaligonyaulax apa t ela . The sidewall core from the 
1,765- foot (538 m) depth cont a ins P. borealis a nd 
Psali gonyaulax duali s. Both samp l es contain an 
undiff e r entiat e d Upper Jurassic-Lower Cretaceous 
s pore and polle n assemblage (Brideaux i n Ba rnes et 
al . , 1974). Based on the evid e n ce presented in the 
foregoing discus sion, the age of the strata, r epr e ­
sent e d by the sidewall cor e f rom the 1,710-foot ( 521 
m) depth and strata above 1,765 feet (5 38 m), i s La t e 
Kimmeridgian. The presence of Psal i gonyaulax duali s 
in the sidewall cor e f rom the 1,765-foot (538 m) 
depth and of Gonyau lacysta sp . cf. G. cladophora in 
the sidewall core from 1,920 feet (585 m) indicates 
that the age of the s tr a t a between 1,765 feet and 
1,920 feet (538 and 585 m) is not younger than Middl e 
Kimmeridgian a nd may be as old as Late Oxfordian. 
Based on this analysis, the range of Horologinella 
spinos igi bber osa sp. nov . should be ex t end e d upward 
into the Upper Kimmeridgian . 

In the IOE Stoney Cor e Hole F-42, strata between 
the depths of 930 a nd 9 70 feet ( 280-296 m) proved 
barren of diagnostic spor e, pollen and dinoflagellate 
species . The age of this i nt e rva l is thus not 
directly determinable . But because the lithology of 
this interval correspond s to that of the Arenaceous 
member of the Hus ky Formation of the surface seq ue n ce 
(Je l e tzky, 1967, p. 127, Sec. 115) to some ex t e nt, 
a nd becaus e a marked unconformity occurs a t the 940-
foot ( 283 m) depth, the age of this interval is most 
like l y Lat e Jurassic, perhaps Por tla ndian or La t e 
Tithonian ( c f. J ele t zky, 1967, p . 33, 34; see dis­
cu ssion of the Mar t in Creek section and Fig. 3 ). 



The sample from the depth between 970 and 980 
feet (296-299 m) y ielde d undes cribed species of 
Scriniodinium along with Gonyaulacysta cladophora, 
Psaligonyaulax dualis and Contignisporites cooksoni 
(Ba lme) Dettmann, 1963. Diagnostic spec ies were not 
observed in the s ample between 980 and 990 f ee t (299-
302 m). Be tween 990 and 1,000 fe e t (302-305 m), 
Psali gonyaulax dualis , Heterosphaeridium? saturnalis 
and Pareodinia capillosa of the borealis assembl age 
are associated with Sirmiodinium grossii , Scrinio­
dinium crystallinum, Tubotuberella sp. cf. T. rhombi­
formis Vozzhennikova, 1967 and the spore species, 
Trilobospor ites apiverrucatus Couper, 1958. 

Be tween depths of 1,000 and 1,010 feet (305-308 
m), this dinoflagellate association persists (except­
ing Psaligonyaulax dualis and Tubotuberella sp. cf. 
T. rhombiformis ) and includes , in addition, Gonyaula­
cysta jurassica, Scriniodinium sp. cf. S. playfordii, 
Endoscrinium luridum (Deflandre) Sarjeant, 1969, 
Leptodinium eumorphum (Cookson and Eisenack) Sarj eant, 
1969 and Acanthaulax sp. The spore assemblage in­
cludes species of Cicatricosisporites (C. austral­
iensis; C. brevilaesuratus Couper, 1958; and C. 
angicanalis Daring, 1965) and Contignisporites 
glebulentus De ttmann, 1963. 

In the basal sample bet•.reen 1, 010 and 1, 020 feet 
(308-311 m), only Par eodinia capillosa, Psaligony­
aulax dualis and Scriniodinium crystallinum persist, 
and they are associated with a small assemblage of 
Upp er Jurassic-Lower Cretaceous spore and gymnosperm 
pollen species. 

Thus, the ag e of the interval between 970 and 
1 , 010 feet ( 286- 308 m), based on the dinoflagella te 
assemblages (see Fig. 13), i s Late Kimmeridgian. The 
occurrence of the genus Cicatricosisporites through­
out this interval supports this determination. 
Hughes and Moody- Stuart (1966) not e that Cicatricos­
isporites in England occurs first at the top of the 
Kimmeridge Clay. Norris (1969) ha s recorded 
Cicatricosisporites australiensis and C. brevil­
aesuratus from Upper Kimmeridgian and Portlandian 
(=upper Lower and Upp er Tithonian) and younger 
strata. Dettmann and Playford (1968) s tate that the 
genus first occurs in Aus tralia in strata directly 
overlying rocks no younger in age than Kimmer idgian. 

The age of the basal sample be tween 1,010 and 
1,020 feet ( 308-311 m) is probably no older than 
Middle Kimmeridgian. This de termination is based on 
the overlap of the confirmed basal range of Pareo­
dinia capillosa and the upp er confirmed range of 
Psaligonyaulax dualis . 

In the Elf Horton River G-02 well (Fig. 7), the 
sample be tween depths of 1,530 and 1,540 fee t (466-
469 m) conta ins Pareodinia capillosa in association 
wi th Scriniodinium crystallinum, Scriniodinium spp., 
Valensiella sp. (undescribed), Trilobosporites 
bernissartensis Delcourt and Sprumont, 1955, and a 
caved assemblage including Oligosphaeridium spp., 
Tenua hystrix Eisenack, 1958 , Tenua sp. A of Brideaux 
and Mc intyre, in press, and Appendicisporites sp. 
from uphole strata of Aptian- Albian ag e (Brideaux, 
unpubl., and in Yorath et al ., in press). The age of 
this sample, based on the presence of Pareodinia 
capillosa, Valensiella sp., Scriniodinium crystal­
linum and Trilobosporites bernissartensis is no 

younger than Late Kimmeridgian. Lanterna saturnalis 
first occurs between 1,680 a nd 1,700 feet (512-518 
m) and Psaligonyaulax dualis and Pareodinia borealis 
between 1,760 and 1,770 fe e t (536-539 m). Based on 
the for egoing discussions, the stra t a penetrated in 
the interval between 1,540 and 1,750 feet (469-536 m) 
a r e assigned a Middle to Late Kimmeridgian age, and 
the age of strata in the interval between 1,760 and 
1,810 feet (536-552 m) a r e considered to be Late 
Oxfordian to Middle Kimmeridgian. 

The conventional core from the Gulf East Rein­
deer C-38 well for the interval between 3,922 and 
3,951 f eet (1195-1197 m) contains a rich spore 
a ssemblage that include s Cicatricosisporites austral­
iensis (Cookson) Potonie, 1956, C. hallei Delcourt 
and Sprumont, 1955, C. grabowensis Daring, 1965, 
Trilobosporites apiverrucatus Couper, 1958, T. 
bernissar tensis, Trilobosporites spp., Pilosisporites 
trichopapillosus (Thiergart) Delcourt and Sprumont, 
1955, Aequitriradites spinulosus (Cookson and 
De ttmann) Cookson and Dettmann, 1961, and Appendi­
cisporites sp. (=Cicatricosisporites sprumontii 
Daring, 19.95) . The core for the interval between 
3,922 and 3,927 f ee t (1195-1197 m) contains Pareodinia 
ceratophora, Canningia 11adnata 11 of l.Jarren (1967) a nd 
Imbatodinium sp. (undescribed). Pareodinia bor ealis 
a ppears in the core for the i nt erval between 3,949 
and 3,951 f ee t (1203.7-1204.2 m). Based on evidence 
present ed in this paper and the associated spore 
assemblage , the age of this cored inte rval is 
Berrias ian, Early Berriasian in the interval between 
3,949 and 3,951 feet (1203.7-1204 . 2 m). 

Subsurface well sections - Arc t ic Islands 

As not ed earlier in this pape r, a nalyses of the 
ranges of constituents of the borealis assemblage in 
Arctic Archipelago wells must, of necessity, be based 
mainly on palynologic data derived from associated 
spore-pollen and dinoflagellate a ssemblages . Per ­
tinent palynof loral successions, transgressing the 
Jurassic-Creta ceous boundary , hav e been described 
from Europe and England by , among othe rs, Couper 
(1958) , Daring (1965, 1966), Burger (1966) and Norris 
(1969, 1970), and from North America by Pocock (1962, 
1964 , 1967), Warr en (1967), and Habib a nd Warren 
(1973). Pocock (1972) and Johnson and Hills (1973) 
have described spore- pollen and dinoflagellate 
associations from Jurassic strata of the Canadian 
Arctic. Although some of the microplankton species 
r e ferred to or described he r e in have not been re­
corded previously, the spore and po llen associations 
in the Arctic are essentially similar to those from 
equivalent strata in Europe. Therefore, it has been 
possible to correlate the Arctic palynof loral sue ­
cessions with those of Europe, despite limitations 
imposed by the inher ent danger of caved contaminants 
of cuttings samples from well sections. 

The assemblages r ecorded from the Elf Jameson 
Bay C- 31 well (Fig . 8) are essentially similar to 
those r e corded from the Hackenzie Delta (Brideaux 
and Fisher, unpubl. data ), but are rather more 
divers e than is typical for palynofloras from the 
Sverdrup Basin. The Jameson Bay C-31 well spudded in 
the middle member of the Mould Bay Formation and, 
therefore, the uppermost strata encountered are very 
close to the Jurassic-Cretaceous boundary . Conse­
quently, there is probably little caving of Cretaceous 
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material in the cuttings samples examined for this 
investigation. 

The palynofloras from the composite samples from 
the 110- to 170-foot (34-52 m) and 200- to 290-foot 
(61-88 m) depths were composed predominantly of 
spores and pollen indicating an undifferentiated 
Berriasian-Valanginian age for these intervals. 
However, the occurrence of Pareodinia borealis in the 
sample from the 200- to 290-foot (61-88 m) depth in 
association with this spore-pollen assemblage indi­
cates that this interval is of Berriasian age. 
Below 300 fe e t (91 m), microplankton assemblages are 
more diversified. Horologinella spinosigibberosa 
occurs between 300 and 310 feet (91-94 m), and again 
at 360 feet (110 m) in association with Psaligony ­
aulax sp. of Gitmez, 1970, Gonyaulacysta granuligera 
(Klement) Sarjeant, 1969, and Endoscrinium luridum 
(Deflandre) Gocht, 1970. The associated spore and 
pollen assemblage in the interval between 300 and 360 
feet (91-110 m) includes: between 300 and 310 feet 
(91-93 m), Pilosisporites trichopapillosus, Trilo ­
bosporites apiverrucatus, Retitriletes parvimurus 
Daring, 1965, and Maculatisporites microverrucatus 
Daring, 1965; at 350 feet (107 m) , Aequitriradites 
spinulosus, Trilobosporites obsitus Norris, 1969 , 
Cicatricosisporites abacus Burger, 1966 and Retri­
letes parvimurus; and at 360 feet (110 m), Trilo­
bosporites apiverrucatus, T. tenuiparietalis Daring, 
1965, Tuberositriletes montuosus Daring, 1964, 
Maculatisporites microverrucatus, Cicatricosisporites 
australiensis, and Varirugosisporites mutabilis 
Daring, 1964. Although Cicatricosisporites persists 
to the 490-foot (149 m) depth and Trilobosporites 
apiverrucatus persists to the 590-foot (180 m) depth, 
only rare occurrences of diagnostic Cretaceous 
species were noted below the 400-foot (122 m) depth, 
~•here Pareodinia capillosa ~vas first recorded. 

Microplankton assemblages are diverse in the 
sample from between depths of 430 and 450 feet (131-
137 m). Sirmiodinium grossii Alberti, 1961, Scrin­
iodinium dictyotum (variety), Leptodinium eumorphum 
(Cookson and Eisenack) Sarjeant, 1969 , Endoscrinium 
luridum and Psaligonyaulax apatela (Cookson and 
Eisenack) Sarjeant, 1969 are associated with Pareo­
dinia borealis, P. capillosa and Horologinella spin­
osigibberosa of the borealis assemblage. Gonyaula­
cysta granuligera occurs also with this assemblage 
and reappears lower in the section along with Gony­
aulacysta longicornis Downie, 1957 which was recorded 
for the first time at the 520- to 540-foot (159-165 
m) depth. Gonyaulacysta jurassica was first recorded 
at the 640- to 660-foot (195-201 m) depth and Lepto­
dinium subtile Klement, 1960 between 670 and 710 feet 
(203 and 215 m) in the section. 

The following species do not occur in cuttings 
samples below 690 feet (210 m): Pareodinia borealis, 
Pareodinia capillosa, Psaligonyaulax apatela, Psali­
gonyaulax sp. of Gitmez, 1970, Gonyaulacysta granu­
ligera, G. longicornis, and Imbatodinium spp. The 
single occurrence of Horologinella spinosigibberosa 
recorded below this depth at from 850 to 890 feet 
(259-290 m) is attributable to caving. None of the 
diagnostic Late Jurassic dinoflagellate species 
persists into strata assigned to the subsurface 
equivalents of the Wilkie Point Formation. 
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The record of Horologinella spinosigibberosa 
from the 300- to 310-foot (91-94 m) depth, based on 
evidence from Mackenzie Delta assemblages, indicates 
the presence of Upper Jurassic strata. Horologinella 
spinosigibberosa, in the delta r eg ion, is knmm only 
from Upper Oxfordian and Kimmeridgian strata. Taken 
together with the spore- pollen association of general 
Late Tithonian to Berriasian age, recorde d in the 
interval between 300 and 360 feet (91-107 m), the age 
of the strata penetrated in this interval is probably 
Late Jurassic, La t e Kimmeridgian in age, but possibly 
may be as young as Portlandian (=late Early Ti th­
onian) at the 300- to 310-foot (91-94 m) depth. The 
appearance of the dinoflagellate assemblage a t 360 
feet (110 m) indicates that the well has penetrated 
strata no young er than Middle to Late Kimmeridgian. 
Although the persistence of the spore-pollen assem­
blage to this level probably is attributable in part 
to caving, species of Trilobosporites are known to 
occur in strata of Middle Kimmeridgian age. Elements 
of this spore-pollen assemblage a re rare below the 
400-foot (122 m) depth. The microplankton assemblage 
at the 430- to 450-foot (131-137 m) depth indicates 
that the interval is no younger than Late Kimmeridgian 
in age, and may be as old as Late Oxfordian (Riley 
and Sarjeant, 1972). The disappearance below 690 
feet (210 m) of the microplankton assemblage pre­
valent between 360 and 690 feet (110-210 m) suggests 
that strata below that depth are older than Late 
Oxfordian to Early Kimmeridgian. These conclusions, 
based on palynologic evidence, are consistent with 
age determinations on surface exposur es of equival ent 
lithologic units in the vicinity of the well. Ele­
ments of the borealis assemblage in this well, there­
fore, occur in strata of Late Oxfordian to Berriasian 
age. 

A discussion of the palynofloral associations 
from the Panarctic Hoodoo Dome H- 37 ~•ell is difficult 
because of the relatively impoverished assemblages 
and the great amount of caved contamination present 
in the interval between 4,400 and 6,500 feet (1341-
1981 m) studied for this investigation. Spore and 
pollen assemblages of a general Neocomian age above 
the 4,400-foot (1341 m) depth are replaced in the 
interval between 4,490 and 4,560 feet (1369-1390 m) 
by an assemblage of later Tithonian or Berriasian age 
including: Maculatisporites maculatus, Varirugosis ­
porites mutabilis, Retitriletes parvimurus, Trilo ­
bosporites bernissartensis and Trilobosporites form 
sp. A of Daring, 1965. In the underlying interval 
between 4,650 and 4,850 feet (1417-1478 m), the 
appearance of a dinoflagellate assemblage which 
includes Endoscrinium Zuridum, Psaligonyaulax apatela 
and Gonyaulacysta granuligera indicates that the well 
has penetrated strata of Late Jurassic age, no 
younger than Late Kimmeridgian. Sirmiodinium grossii 
occurs between depths of 4,860 and 4,950 feet (1481-
1509 m) associated with Psaligonyaulax apatela. 

Elements of the borealis assemblage, represented 
by Pareodinia borealis and P. capillosa, are recorded 
first in the section between the depths of 5,000 and 
5,090 feet (1524-1551 m) and persist downhole to 
5,750 feet (1753 m) and 5,900 feet (1798 m), re­
spectively. They are associated with the first 
occurrences in the well of the following species at 
the following depths: Psaligonyaulax sp. of Gitmez, 



1970 between 5,150 and 5,250 fee t (1570-1600 m), 
Scriniodinium dictyotum Cookson and Eisenack, 1960 
between 5,200 and 5,290 feet (1585-1612 m), Gony­
aulacysta longicornis between 5,460 and 5,550 feet 
(1664-1692 m), and Scriniodinium crystallinum between 
5,600 and 5,690 feet (1707 - 1734 m). These species, 
with the exception of Pareodinia capillosa, do not 
persist below the 5,750-foot (1753 m) depth. 

The underlying microplankton assemblages include 
the following species which first occur in the well 
between 6,260 and 6,460 feet (1908-1969 m): Acan­
thaulax sp. 1 and Acanthaulax sp. 2 of Johnson and 
Hills, 1973, Gonyaulacysta cladophora and G. jur­
assica, Leptodinium subtile Klement, 1960 , Nanno­
ceratopsis gracilis Alberti, 1961 and N. pellucida 
Deflandre, 1938. 

The assemblage associated with Pareodinia 
borealis and P. capillosa indicates that the strata 
in that interval are of a general Late Oxfordian(?) 
to Late Kimmeridgian age. The underlying assemblage 
between the depths of 6,260 and 6,460 feet (1908-1969 
m) indicates an age for these strata of Callovian­
Early Oxfordian. Thus, elements of the borealis 
assemblage in the Panarctic Hoodoo Dome H-37 well 
occur in strata of Late Jurassic age, probably Late 
Oxfordian(?) to Late Kimmeridgian. 

The palynofloras encountered in the interval 
bet~veen 2,010 and 2,220 feet (613-677 m) in the 
Panarctic Tenneco et al . Kristoffer Bay B-06 well 
indicate that the age of these strata is Early 
Cretaceous, probably Berriasian. A typical assem­
blage, recorded in a sample from between 2,010 and 
2,070 feet (613-631 m) includes Sirmiodinium grossii, 
Aequitriradites spinulosus, Varirugosisporites muta­
bilis and Cicatricosisporites spp. In a sample from 
between 2,100 and 2,190 feet (640-668 m), S . grossii 
again occurs in association with Cicatricosisporites 
australiensis and C. sprumontii (=Appendicisporites 
sp.). Below 2,220 feet (677 m), however, the assem­
blages include typical Upper Jurassic microplankton 
species. These include: at the 2,220- to 2,280-foot 
(677-695 m) depth, Pareodinia borealis , P. capillosa, 
S . grossii, Psaligonyaulax apatela and Leptodinium 
subtile; at the 2,310- to 2,370- foot (704-722 m) 
depth, Pareodinia borealis, Psaligonyaulax apatela, 
Psaligonyaulax sp. of Gitmez, 1970, and Endoscrinium 
luridum; and at the 2,400- to 2,490-foot (732-759 m) 
depth, Pareodinia capillosa and Imbatodinium spp. 

The microplankton assemblages become less di­
verse in the underlying strata. Scriniodinium 
crystallinum ~vas recorded in a sample from between 
2,610 and 2,670 feet (796-814 m). Gonyaulacysta 
jurassica occurs at the 3,420- to 3,480-foot (1042-
1061 m) depth and also in a sample from between 3,510 
and 3,570 feet (1070-1088 m), where it is associated 
with Acanthaulax sp . 1 and sp. 2 of Hills and 
Johnson, 1973, and Gonyaulacysta cladophora. Pareo­
dinia capillosa and P. borealis persist to the 3,270-
foot (997 m) and 3,570-foot (1088 m) depths, respec­
tively, but are most abundant in the interval between 
2,220 and 2,490 fee t (677-759 m). These two species 
are the only r epres entat ives of the borealis assem­
blage in this well. 

The microplankton assemblage in the interval 
between the depths of 2,220 and 2,280 feet (677-695 

m) is indicative of a Late Jurassic, Late Tithonian 
(=Portlandian and Late Tithonian) age. The assem­
blage from strata between 2,310 and 2,370 fee t (704-
722 m) is of an age no younger than Late Kimmeridgian. 
Therefore, the typical development of the borealis 
assemblage, represented by Pareodinia borealis and P. 
capillosa, occurs in this well in strata of Kimmer­
idgian to Late Tithonian age (=Kimmeridgian, Port­
landian and higher Jurassic zones; see Figs. 12, 13). 
These two species persist into strata as old as Early 
Oxfordian in age between depths of 3,270 and 3,570 
feet (978-1088 m), but the possibility of contamina­
tion by caving precludes accepting this as evidence 
that elements of the borealis assemblage range down­
ward into strata older than Late Oxfordian. 

Elements of the borealis assemblage occur also 
in parts of sections penetrated by four other wells 
in the Arctic Archipelago. In the Elf Vlilkins E-60 
well, Pareodinia capillosa was recorded in the sec­
tion between depths of 310 and 400 feet (94-122 m) in 
association with Scriniodinium dictyotum variety, 
Gonyaulacysta longicornis, Psaligonyaulax sp. of 
Gitmez, 1970 and Tubotuberella sp. A single specimen 
of Pareodinia bofiealis ~vas recorded in the immed­
iately underlying sample at the 410- to 500-foot 
(125-152 m) depth. The microplankton assemblages 
indica t e that the age of the strata penetrated 
bet~veen 310 and 500 feet (94-152 m) is Kimmeridgian. 

A single sample from Sun KR Skybattle Bay C-15 
well from between depths of 4,720 and 4,780 feet 
(1439-1457 m) contains rare specimens of Pareodinia 
borealis associated with Psaligonyaulax apatela, 
Scriniodinium dictyotum, Trilobosporites apiverrucatus 
and Cicatricosisporites spp. The sample is probably 
of Middle to Late Kimmeridgian age. 

Samples from the Panarc tic Drake Point L-67 well 
from between depths of 2,390 and 3,200 feet (728-975 
m) were examined. The borealis assemblage, repre­
sented only by Pareodinia borealis, appears at the 
3,020- foot (920 m) depth and persists to the 3,200-
foot (975 m) depth. The species is associated with 
Gonyaulacysta cladophora, G. jurassica and Acanthaulax 
sp. at the 3,020-foot (920 m) depth. The age of this 
interval is probably no younger than Kimmeridgian and 
may be as old as Oxfordian. Pareodinia borealis 
occurs in association with Gonyaulacysta longicornis 
between 3,120 and 3,150 feet (951-960 m). Pareodinia 
borealis, therefore, occurs in strata of possible 
Early Oxfordian to Middle Kimmeridgian age in this 
well. 

Three samples were examined from the Panarctic 
Tenneco et al. Drake Point F-16 well in the interval 
between 3,000 and 3,150 feet (914-960 m). Pareodinia 
borealis occurs throughout this interval and Psali ­
gonyaulax dualis occurs at the 3,000- to 3,060-foot 
(914-933 m) and 3,090-foot (942 m) d:o>pths. Elements 
of the borealis assemblage are not found in this well 
above the 3,000-foot (914 m) depth (Fisher, unpubl. 
data). The range of Psaligonyaulax dualis , deter­
mined from information reported in this paper, is 
Upper Oxfordian to Kimmeridgian. The species of the 
borealis assemblage are associated with: at the 
3,000- to 3,060-foot (914- 933 m) depth, Gonyaulacysta 
j urassica, Endoscrinium galeritum and Scriniodinium 
dictyotum; at 3,090 feet (942 m), Gonyaulacysta 
jurassica, G. sp. cf. G. granulata (Klement) Sarjeant, 
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1969, and Leptodinium sp. cf. L. clathratum (Cookson 
and Eisenack) Sarjeant, 1969; a nd at the 3,120- to 
3,150-foot (951-960 m) depth, Gonyaulacysta clado­
phora, G. jurassica, and Nannoceratopsis pellucida . 
These associated assemblages confirm the age of the 
strata penetrated in this interval as being no 
younger than Kimmeridgian and at least as old as 
Oxfordian. Although cuttings samples do not provide 
unequivocal proof of basal ranges of species in well 
sections, it is possible that the range of Pareodinia 
bor ealis must be extended downwards from Upper to 
Lower Oxfordian, based on evidence from the Drake 
Point F-16 well. 

The evidence from the subsurface sections exam­
ined from the Canadian Arctic Archipelago confirms 
the conclusion based on ev idence from the Mackenzie 
Delta surface and subsurface sections that the upper 
range limit of the borealis assemblage is Berriasian. 
Evidence gathered from data on the Drake Point F-16 
and Drake Point L-67 wells on northeastern Melville 
Island suggests that the lower range limit of Par eo­
dinia borealis should be extended to Lower Oxfordian. 

CONCLUDING REMARKS 

Species of the bor ealis assemblage are known to 
occur throughout the Canadian Arctic from Ellef 
Ringn es Island to Prince Patrick Island in the 
Archipelago, and from the Anderson Plain and eastern 
slopes of the Richardson Mountains between Latitudes 
67°15'N a nd 68°30'N in the Mackenzie Delta region. 

A few occurrences of species which may be con­
specific with several of those comprising the borealis 
assemblage have been r e ported elsewhere in North 
America a nd England and western Europe. lvarren 
(1967) describes Pareodinia "alberti", a species 
which is, in part, conspecific with Pareodinia 
bor ealis sp. nov., and which occurs on the west side 
of the Sacramenta Val l ey, California, U.S.A. in Upper 
Tithonian to Valanginian strata. Several authors 
(Klement, 1960; Sarjeant, 1962; Gitmez, 1970) figure 
specimens from Oxfordian to Lmver Kimmeridgian strata 
of Eng l and and western Europe that are comparabl e to 
Psaligonyaulax dualis sp. nov. The species describe d 
from the Banff-Aquitaine-Arco Rat Pass K- 35 well as 
Gonyaulacysta sp. cf. G. cladophora (Deflandre) 
Dodekova is comparable to the species Gonyaulacysta 
cladophora , reported from Bajocian to Kimmeridgian 
strata of England and the continent by various 
authors. 

Three other species of the borealis assemblage, 
Pareodinia capillosa sp. nov . , Lanterna saturnalis 
sp. nov., and Horologinella spinosigibberosa sp. 
nov., are known only from Upper Jurassic to basal 
Cretaceous strata from the Canadian Arctic. 

Pareodinia borealis and P. capillosa a r e geo­
graphicall y widespread, occurring throughout the 
Arctic Islands and northern mainland localities 
(Table 1). These two species are also the longes t 
ranging, occurring in Upper Oxfordian to Lower 
Be rriasia n, but not in Upper Berriasian, strata. 
Pareodini a borealis may range into Lower Oxfordian 
strata on northwestern Melville Island. 
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The remaining four species of the borealis 
assemblage hav e more r estr icted ranges and are more 
r es tricted in geographic distribution. Psaligonyaulax 
dualis has be e n found in Upper Oxfordian to Middle 
Kimmeridgian strata of the eas t e rn slopes of the 
Richardson ~ountains, the And erson Plain, and on 
Melville Island in the Archip e lago. Lanterna saturn­
alis has a geographic distribution similar to 
Psaligonyaulax dualis , but is confined to Kimme ridgian 
strata. Horologinella spinosigibberosa has been 
recorded from Upper Oxfordian to Upper Kimmeridgian 
strata at t~vo localitie s in the Mackenzie Delta 
region and on Prince Patrick Island in the Archi­
pelago. The r a nges of these two species have b een 
determined, from pa l yno logic ev ide nce, to have a n 
upp e r limit of Upper Kimmeridgian, equivalent to 
lmver parts of the Buchia mosquensis sensu l a te zone 
of Jeletzky (1967). Strata a t Martin Creek carrying 
these two species cannot b e so divided on the basis 
of macrofossil zones and are assigned (see Fig. 3 ) to 
the undifferentiated Buchia mosquensis - Buchia piochii 
sensu late zones; these are defined by J e letzky 
(1967) to comprise Middle Kimmeridgian to Portlandian 
sensu stricto strata. Later work may show that the 
ranges of thes e t wo species must be extended up,vard 
to the Portlandian sensu stricto. Finally, Gonyaula­
cysta sp. cf. G. cladophora shows the most r estricted 
geographic distribut ion, occurring only in Upper 
Oxfordian to Lower and(?) Middle Kimmeridgian s trata 
penetrated by the Ra t Pass K- 35 well on the eas t e rn 
slopes of the Richardson Mountains. 

Many other species of spores, pollen, dinoflagel­
late cysts and acritarchs a r e associated with de­
scribed species of the borealis assemblage. A numb e r 
o f these are n ew species a nd a few of them undoubtedly 
will be added to the borealis assemblage . Descrip­
tion of these species must await later publications. 
This inves tigation has es t a blished that a distinctive 
dinoflagellate ass emblage, intermediate in age 
between typica l Lower Cretaceous assemblages and 
upp e r Lower to lmver Upper Jurassic assemblages, as 
described by Johnson a nd Hills (1973) and Pocock 
(1972), exists in the Canadian Arctic. The assem­
blage is, for the most part, e ndemic to the Arc ti c 
region, with only limited distribution in mor e south­
ern latitudes. 
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In the explanation of figures, the species name is followed by the 
GSC (I.S.P.G.) locality number, the slide number, the stage co-ordinates 
for Reichert Zetopan Microscope No. 56 395 at the Institute of Sedi­
mentary and Petroleum Geology, Calgary, Canada, an explanation of the 
focus level and orientation, if needed, the GSC Type Number, and the 
magnifications. IC refers to Interference Contrast; other figures are 
photographed in brightfield. 
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PLATE 1 

Figures 1-3, 7. Gonyaul acys ta sp. cf. G. c l adophor a (Deflandre) Dodekova. 

1. C-12635, ARCO Slide 10618A-2, 11.4 x 115.8; IC, la-focus on 
dorsal surface and apical horn; GSC 42356. x325. 

2, 3. C-12635, ARCO Slide 10618A- 2, 16.8 x 129.7; IC, (2) la-focus 
on sutural spines, (3) hi-focus on dorsal surface; GSC 
42357. x325. 

7. C-12635, ARCO Slide 10618A-l, 15.7 x 124.2; IC, la-focus on 
dorsal surface; GSC 42358. x325. 

Figures 4-6, 8-12 . Psaligonyaulax dualis sp. nov. 

4, 5. Holotype: C-12532, Slide P810-13B, 25.4 x 123.5; (4) la­
focus on dorsal surface and periarcheopyle, (5) hi - focus on 
ventral surface and endarcheopyle; GSC 34154. x325. 

6,10. C-12531, Slide P810-12A, 24.6 x 119.0; (6) hi-focus on 
dorsal surface, (10) la-focus on ventral surface; GSC 42359. 
x500. 

8. C-12532, Slide P810-13A, 43.7 x 134.4; IC, apical part of 
the endoblast; GSC 42360. xl250. 

9. C-12532, Slide P810-13A, 30.0 x 121.6; IC, hi-focus on 
ventral surface and antapical breach; GSC 42361 . x325. 

11. C-29106, Slide 912-lC, 37.5 x 127.8; mid-focus on peri- and 
endarcheopyles; GSC 42362. x500. 

12. C-12636, Slide P784-41C, 18.5 x 129.1; IC, hi-focus on 
antapical part of cyst possessing an antapical extension in 
the normal position of the antapical breach; GSC 42363. 
xl250. 
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PLATE 2 

Figures 1, 2. Psali gonyaulax duali s sp. nov. Cl2630, ARCO Slide 
10617A-2, 20.4 x 123.2; IC, (1) mid-focus, (2) la-focus 
on dorsal surface; GSC 42364. xSOO. 

Figures 3-10. Pareodinia capi llosa sp. nov. 

3. C-12526, Slide P810-7A, 40.4 x 121.2; IC, mid-focus on 
archeopyle, lateral view; GSC 42365. xSOO. 

4. C-12531, Slide P810-12B, 34.1 x 116.8; IC, mid-focus on 
attached operculum; GSC 42366. xSOO. 

5-7. Holotype: C-12526, Slide P810-7B, 12.7 x 123.7; IC, (5) hi­
focus on hypotract, (6) la-focus on hypotra ct and part of 
epitract, (7) la-focus on epitract; GSC 34155. X900. 

8. C-12530, Slide P810-11A, 30.3 x 117.9; IC, focus on attached 
operculum and principal archeopyle sutural trace; GSC 42367. 
xl250. 

9. C-12628, ARCO Slide 10616A-2, 23.4 x 117.0; IC, focus on 
antapical fimbriate processes; GSC 42368. xSOO. 

10. C-12529, Slide P810-10B, 39.1 x 125.3; IC, focus on faint 
principal archeopyle suture trace and general process cover; 
GSC 42369. x900. 
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PLATE 3 

Figures 1, 2, 5. Pareodinia capillosa sp . nov. 

1 . e-12628, AReO Slide 10616A-2, 22.2 x 117.2; re, mid-focus on 
process cover ; GSe 42370. x800. 

2, 5. e -12526, Slide P810-7A, 40.4 x 121 . 2; re, lateral view (2) 
at mid-focus and (5) at lo-focus on hypotract; GSe 42365. 
x900 . (Figured also in Pl. 2, fig . 3.) 

Figures 3, 4, 6-9. Par eodinia bor ealis sp. nov . 

3,6,8. Holotype: e-12628, AReO Slide 10616A-2, 30.2 x 125.7; (3) 
re, hi-focus on dorsal surface, (6) re , lo-focus on v entral 
surface, (8) hi-focus on dorsal surface . GSe 34156. xlOOO. 

4, 7. e-12630 , AReO Slide 10617A-l, 19.7 x 125.8; re, (4) hi-focus 
on dorsal surface, (7) lo-focus, near optical s ection; GSe 
42371. x900. 

9. e-30208, Robertson Research Slide, Elf Jameson Bay (360 ft, 
110 m), 28.2 x 123.0; re, hi-focus on epitract; GSe 42372. 
xlOOO. 
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PLATE 4 

Figures 1- 8. Pareodinia borealis sp. nov. 

1- 3. C-12531, Slide P810-12B, 37.1 x 125.3; IC, (1, 2) hi - focus 
on dorsal surface and operculum, (3) lo-focus on ventral 
surface; GSC 42368. x900. 

4. C- 29106, Slide P912- 1C, 14.6 x 126.3; IC, lateral view, mid­
focus on archeopyle; GSC 42373. x900. 

5, 6. C-12526, Slide P810-7A, 10.0 x 128.9; IC, (5) latera l view 
at hi-focus, (6) lo-focus on operculum; GSC 42374. x900. 

7, 8. C-12628, ARCO Slide 10616A-2, 21.2 x 127.4; IC, (7) hi­
focus, oblique left-lateral view, (8) the same at la- focus, 
dorsal surface; GSC 42375. x900. 

Figure 9. Hor ologinella spinosigibberosa sp. nov. C-30208, Robertson 
Research Slide Elf Jameson Bay (300-310 ft, .91- 94 m), 50.1 x 
131 . 3; IC, detail of antapical spine cover; GSC 42376 . x l250. 
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PLATE 5 

Figures 1-16. Horologinella spinosigibberosa sp . nov. 

1, 5-8. Ho l otype: C-12628, ARCO Slide 10616A-2, 27.4 x 123.9; IC, 
(1, 5) hi-focus, oblique dorsa l view, (6) lowe r hi-focus, 
(7, 8) la-focus and lower la-focus on ventral surface; GSC 
34157. x900 . 

2-4. C- 30208, Robertson Research Slide Elf Jameson Bay (300- 310 
ft, 91- 94 m), 50.1 x 131 .3; IC, (2) hi-focus on ventral 
sur face, (3) mid-focus, (4) la-focus on dorsal surface ; GSC 
42376. xlOOO. (Figured a lso in Pl. 4, fig. 9). 

9-12. C-30208, Robertson Research Slide Elf Jameson Bay (410- 470 
ft, 125-143 m), 28.0 x 120.9; IC, (9) hi- focus on v entral 
surface, (10) mid - focus on dorsal surface, (11) la-focus, 
and (12) lowe r l a - focus on dorsa l archeopyle opening; GSC 
42377. xl250 . 

13. C-12630, ARCO Slide 10617A-l, 16.4 x 121. 5 ; IC, hi-focus on 
dorsal surface; GSC 42378. x900. 

14-16. C-12630, ARCO Slide 10617A- 2 , 15.8 x 120.4; IC, (14) hi ­
focus on dorsa l surface, (15) mid-focus on ar cheopyle, (16) 
la- focus on ventral surface; GSC 42379. x900 . 

Note : Specimen on Pla t e 5, figure 11 inadvertently figur ed upside - down. 
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PLATE 6 

Figures 1-10. Lanterna saturnalis sp. nov. 

1- 7. Holotype: C-12530, Slide P810-11A, 16. 3 x 117.2; IC, (1, 2) 
hi- and lo-focus respectively on complete specimen, xSOO; 
(3, 4, 7), the hypotract, (3) hi-focus on ventral surface, 
(4, 7) lo- focus and lower lo- focus on dorsal surface re­
spectively; (5, 6) the epitract, (5) hi- focus, ventral view 
of partly detached operculum, (6) lo - focus on operculum, 
dorsal view; GSC 34158. x900. 

8-10. C- 12531, Slide P810-12B, 26.4 x 131.5; IC, (8) hi-focus on 
apex and apical archeopyle, (9) mid - focus on cingular pro­
cesses, (10) lo - focus on antapex and antapical reflec t ed 
plate 1'"'; GSC 42380. xSOO. 
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PLATE 7 

Figures 1-13. Lanterna saturnalis sp. nov. 

1, 2. C-12532, Slide P810-13A, 24.3 x 121.8; IC, (1) oblique 
apical view a t hi-focus, sulcus to SE, (2) oblique antap ica l 
view at lo-focus; GSC 42381. x500. 

3, 4. C- 12530, Slide P810-11B, 41. 1 x 117.8; IC, (3) hi-focus, 
oblique ant apical view, sulcus to N, (4) oblique apical view 
a t l o-focus; GSC 42382. x500. 

5-7 . C-12531, Slide P810-12A, 24.2 x 131.4; IC, (5) hi-focus, 
oblique ventral view, (6) mid- focus, (7) lo-focus, oblique 
dorsal view of epitract; GSC 42383. x500. 

8, 9. C-12532, Sl ide P810-13B, 3016 x 132.0; IC, (8) oblique 
ventral antapical view at hi-focus, (9) oblique dorsal 
apical view at l o- focus; GSC 42384. x500. 

10. C-12530, Slide P810-11A, 07.6 x 128.6; IC, hi-focus on 
ventral surface; GSC 42385. x900. 

11. C-12531, Slide P810-12B, 33 . 5 x 114.6; IC, mid-focus, 
operculum part l y de tached ; GSC 42386 . x500. 

12, 13. C- 12530, Slide P810-11B, 23 .7 x 134 . 0; IC, (12) hi-focus , 
ob l ique vent ral antapical view, (13) lo - focus, oblique 
apical view, archeopyle and sulcal notch in focus; GSC 
42387. x500. 
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