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PREFACE 

This bu! letin comprises four short papers on paleontological topics which for convenience are 
grouped together as part of the Geological Survey's Contributions to Canadian Paleontology. Such 
detailed studies provide the groundwork for the biostratigraphic zonations that are fundamental for 
accurate stratigraphic interpretation of the sedimentary bas ins of Canada and thus provide 
information that is essential to the preparation of up-to -date assessments of Canada's oil, natural 
gas and coal resources. 

Ottawa, November 1978 

D.J. McLaren 
Director General 
Geological Survey of Canada 
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2. Christopher Formation northwest of Strat igrapher River, 
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3. Christopher Formation, Hel icopter Dome, Ellef Ringnes 
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5. Panarctic- Deminex Cornwallis Central Dome K- 40 well, 
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CONTRIBUTIONS TO CANADIAN PALEONTOLOGY 

A LATE CAMBRIAN (DRESBACHIAN, CREPICEPHALUS ZONE) FAUNA 
FROM THE BOOTHIA PENNINSULA, DISTRICT OF FRANKLIN 

Allison R. Palmer, John W. Cowie and Robert G. Eby 

Abstract 

Trilobites from the lower 45 m of the Boothia Felix Forma tion in the 
central part of the Boothia Peninsula represent a fauna of the Crepi
cephalus Zone of medial Dresbachian (Late Cambrian) age. Th is is the 
first description of La t e Cambrian trilobites from the Arct ic Is lands. 
Th e fauna includes: Crepicephalus sp., Terranovella dorsalis (Hall), 
Densonella intermedia n. sp. and Hyolithes sp. 

INTRODUCTION 
This paper records a fauna of Dresbachian age from the 
central Boothia Peninsula (Textfig. 1, Jo e. 6; Textfig. 2). It 
presents the first description of Late Cambrian trilobites 
from the Arctic Islands, although a tentatively identified 
Dresbachian fauna recently has been reported from the 
subsurface of Cornwallis Is land (Cornwallis Central Dome 
K-40 well, Textfig. 1, Joe. 5; Fritz, 1975, p. 18) and 
Dresbachian to Trempealeauian faunas have been noted from 
outcrops in Washington Land, northwestern Greenland 
(Te xtf ig. 1, Joe. l; Dawes, 1976, p. 268). 

The fossils described here were reported first by 
Blackadar and Christie (1963) and quest ionabl y assigned to 
Middle Cambrian genera. Additional material, also 
questionably identified as Middle Cambrian, was reported by 
Christie (1973). The fauna consists pre dominantly of frag
mentary trilobites and hyolithids moderately well prese r ved 
in dolomitic sandstones from the Boothia Felix Formation, a 
unit of brown-weathering, predominantly dolomitic sand
stone, about 100 to 150 m thick, which apparently lies 
unconformably on Precambrian crystalline basement (Text
f ig. 3) although the basal contact is not seen in the type 
section. The formation is overlain by gre y and greenish
grey, sandy and shaly dolomites of the Ordovician Nets ilik 
Formation (Christie, 1973). The fossils, from the type 
section betwee n Kangikjuke and Jekyll lakes, and from an 
outlier about 16 km to the southwest (Te xtfig. 2), are all 
from the lower 45 m of the formation. 

During the summer of 1974, the localities in the t ype 
section of the Boothia Felix Formation were recollected by 
Cowie. These collections were examined by Palmer during a 
visit with Cowie at the University of Bristol in 1974, and the 
probable Late Cambrian age of the trilobites was 
recognized. This material, along with the earlier collections 
from the Geological Survey of Canada, subsequently was 
borrowed by Palmer. Preparations, photography and pre
liminary descriptions were made by Eby under Palmer's 
supervision. 

The change in age assignment of the tr ii obi tes from the 
Boothia Peninsula reduces the magnitude of any poss ible 
hiatus between the Boothia Felix and Ne tsilik formations. 

Allison R. Palmer, Geological Soci e ty of America, 
P.O. Box 9140, Boulder, Colorado, U.S.A. 80301 

Robert G. Eby, Department of Earth and Space Sciences, 

Resume 

Les trilobites provenant d'une couche de 45 m d'epaisseur, a la partie 
inferieure de la formation de Boothia Felix au cent re de la peni nsu le 
de Boothia, representent une faune de la zone a Crepicephalus dont 
!'age se situe au milieu du Dresbachie n (Cambri en superieur). 11 s'agit 
de la premi ere description de trilobites d'age cambr ie n superieur, 
provenant de l'arc hipel Arctique. Cette faune comprend: l'espece 
Crepicephalus, Terranovella dorsalis (Hall), la nou ve lle espece 
Densonella interm edia, et l'espece Hyolithes. 

C onsequentl y, evidence for a pre-Ordovi c ian positive area 
such as suggested by Christie (1973, p. 13) is considerably 
weakened. 

Three localities in the Boot hi a Felix Format ion have 
yielded fossil s (Te xtfig. 2, lacs. 51208, 51546 , 51550). Two 
different fos siliferous horizons are represented in the type 
section (Christie, 1973, p.11, 12): GSC localit y 51546 is 
from a bout 20 m above the base of the formation, whereas 
locality 51208 is about 20 m higher. Locality 5155 0, about 
16 km southeas t of the t ype section, is est imated to be about 
15 m above the base of the formation. 

70° 

Fossil locality (G.S.C. catalogue number) ......... 512089 

Textf igure 2. Map of a part of Boothia Peninsula, Dis
trict of Frankl in, adapted from B!ackadar and Christie 
(1963) , showing outcrops of the Boothia Fe! ix Formation 
(s tippled) and the occurrences of La te Cambrian fossils (GSC 
lacs. 51208, 51546 and 51550). 

State University of New York, Stony Brook, New York, U.S.A. 11794 1 
John W. Cowie, Department of Geology, 

Universit y of Bri stol, Bristol, England BS8 lTR 



Al I of the collections have the same principal trilobites 
and lithology. The fossiliferous rocks are dolomitic sand
stones, composed predominantly of moderately well sorted, 
well rounded, medium size quartz grains cemented by 
carbonate. A few ooids are present, and almost al I fossil 
fragments have ooli te coatings. Although the original car
bonate was calcite, all of this has been replaced by dolo
mite without destruction of either the ooli te coatings or the 
fossil fragments. 

BOOTHIA FELI X FORMATION 
(Upper Cambrian) 

PRECAMBRIAN 

~Shafe 

E9oofomite 

Covered 

Covered 

Covered 

Covered 

./Zf ·'.tfi?:> • ~~~~~cephafus sp. 
Terra novella dorsal is (Hall) 

Covered Densonel/a intermedia n. sp. 
Hyolithes sp. 

;:1;7f:~j}i\ 1 ~~!~~cephafussp. 
·. '; · · · ·. · ·. ··· . ' ··:. Terranoveffa dorsafis (Hall) 

Hyofithes sp . 
... ; ... · .. 

.. •, 

: . : : .· ·' .. ... ·. · .. .. ..... . 
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Metres 

[ 
[::::;-:\I Sandstone 

Crystalline rocks 

~ ~ Dolomit ic sandstone 

Textfigure 3. Columnar section compiled from Christie 
(1973) showing the stratigraphic occurrences of Late 
Cambrian fossils iri the type section of the Boothia Felix 
Formation. 
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The environment of deposition for the fossiliferous beds 
was probably subtidal, well agitated and nearshore, judging 
from the oolitic coatings, the fragmentary nature of most of 
the trilobite parts, and the abundance, size, rounding and 
sorting of the quartz grains. Most of the quartz grains show 
sharp extinction under crossed Nicols and probably were 
derived from an initially granitic rather than metamorphic 
terrane . Absence of feldspar clasts suggest either a source 
in a zone of strong chemical weathering or derivation of the 
quartz grains from an older sandstone. 

The fossils were prepared by first heating the rocks on a 
laboratory hot plate and then plunging them into cold 
water. This loosened the matrix with fracturing around the 
fossil fragments and allowed greatly improved recovery of 
identifiable specimens. Further preparation was done by 
conventional mechanical methods. 

In each of the collections, the dominant fossil is a small 
tri !obi te, Terranovella dorsalis (Hall); the problematical 
fossil Hyolithes is second in abundance. Fragments of a 
larger tri lobite, Crepicephalus sp ., are present in the 
samples from GSC localities 51208 and 51550. In addition, a 
thin section of a sample from locality 51550 has 
ooli te-coated rounded grains of echinoderm al origin; locality 
51546 yielded two indeterminate fragments of a moderately 
large coiled gastropod; and locality 51208, the 
stratigraphical ly highest locality, yielded rare specimens of 
the new trilobite species Densonella intermedia. An 
undetermined pygidium from locality 51208 indicates the 
presence of a rare fourth trilobite species. The three 
identified trilobites are typical elements of the cratonic 
faunas of the endemic North American Crepicephalus Zone 
of medial Dresbachian age, and are unequivocal proof of a 
Late Cambrian age for the lower part of the Boothia Felix 
Formation. The overall affinities of the faunas from the 
formation are closest to faunas high in the Crepicephalus 
Zone in Wisconsin. 

SYSTEMATIC PALEONTOLOGY 

Prefix GSC refers to specimens in the type area collection 
of the Geological Survey of Ca nada, Ottawa. 

Phylum Arthropoda Siebold and Stannius 1845 
Class Trilobita Walch 1771 

FamilyCrepicephalidae Kobayashi 1935 
Genus Crepicephalus Owen 1852 

Crepicephalus sp. 

Plate 1, figures 1- 7 

Material. Figured specimens GSC 53000 and 53003 from 
GSC localit y 51550 and five other cranidia, eight free 
cheeks (including GSC 53001 from GSC lac. 51208), thirteen 
p ygidia (including GSC 53002 from GSC Joe. 51550), two 
hypostomes (including GSC 53004 from GSC Jo e. 51550); a ll 
fragmentary with on! y three cranidia, two p ygidia, a free 
cheek and a h ypostome being of adequate qua! it y for 
evaluation. The material is about equally divided between 
GSC lo caliti es 51208 and 51550. The pygidia in the two 
collections are indistinguishable; cranidial differences are 
minor and can be attributed to effects of preservation. 
Thus, although the material is inadequate for species 
identification, it is discussed below as if it represents a 
single species . Indeterminate fragments of a relatively 
large trilobite, perhaps this species are present at GSC 
lo cality 51546. 

Description. The cranidium is characterized by a low 
glabel la, with a slightly s igmoidal lateral outline and a 
strong! y rounded front, that is well defined by a narrow 
continuous furrow of nearly uniform depth. G!abellar fur
rows are not developed. Th e occipital furrow is straight and 
comparable in depth to the furrow outlining the glabel!a. 



The frontal area is short, its sagi ttal length is slight! y less 
than half the sagittal length of the glabella exclusive of the 
occipital ring, and it is subequally divided into a brim and 
border by a gent! y curved, moderate! y broad and deep 
anterior border furrow. The border is of uni form width and 
is moderately convex. The brim shows weak longitudinal 
venation. The palpebral lobes are gently curved and weakly 
defined on the external surface of the exoskeleton; their 
length is about one ha! f the sagi ttal length of the glabella 
exclusive of the occipital ring. The posterior limbs are 
slight! y longer than the basal glabellar width; the posterior 
border furrow is moderately deep and curves slightly 
forward distally before intersecting the posterior section of 
the facial suture. The anterior sections of the facial sutures 
are moderate! y divergent anterior! y; the posterior sections 
are gent! y curved and subparal lei to the posterior cranidial 
margin in their proximal parts; distally, the sutures curve 
strong! y backward. External ornament among the several 
fragmentary specimens varies from smooth to fine! y sha
greened. 

The free cheek is characterized by a border furrow of 
moderate and uni form depth that intersects the posterior 
section of the facial suture at about the genal angle. The 
border is moderately convex and expands slightly backward. 
The genal spine is moderately Jong, slender and tapered to a 
sharp point; its length is greater than the length of the 
posterior section of the facial suture. Ornamentation is 
comparable to the associated cranidia. 

The pygidium is characterized by a well defined, 
posteriorly tapered, bluntly terminated axis bearing three 
straight, shallow ring furrows posterior to the articulating 
furrow. The triangular pleural regions are crossed by four 
straight shallow pleural furrows that do not extend onto the 
border. The border is narrow behind the axis and rapidly 
broadens distal Jy; the posterolateral parts of the border are 
extended into long, slender, posterolaterally directed 
spines. Ornamentation is comparable to the associated 
cranidia. 

The hypos tome is hourglass shaped, with an elongate 
ovate anterior body and a posterior body that forms a crude 
transverse crescent wrapped around the posterior end of the 
anterior body and separated from it by a broad moderately 
deep furrow. The posterior margin is nearly straight, and 
both a well defined, flat, laterally flared posterior border 
and a narrow, convex lateral border bear strongly developed 
terrace Ii nes. 

Discussion. The glabellar outline, cranidial border structure, 
pygidial border structure and border spines, and structure of 
the axis and pleural regi ans conform completely to the 
characteristics of the genus Crepicephalus. 

The shape of the anterior end of the glabella and the 
curvature of the anterior border furrow on the cranidium 
combined with the number of axial and pleural furrows, the 
length and orientation of the border spines, and the breadth 
of the border behind the axis on the pygidium are the most 
distinctive features of significance for species level com
parison. No described species has the combined character
istics of the specimens. The material is similar to an 
unnamed species described in an unpublished manuscript, 
prepared by G.D. Raasch in the late 1940's, dealing with 
Dresbachian trilobites from comparable nearshore sandy 
environments of the midcontinent platform region of 
Wisconsin. Formal naming of this species should await more 
and better material from the Arctic region and a needed 
revision of the scattered and incompletely known species of 
Crepicephalus already named. 

Family Norwoodiidae Walcott 1916 
Genus Densonella Shaw 1952 
Densonella intermedia n. sp. 

Plate 1, figures 9, 11, 12, 14, 15; Plate 2, figures 8, 9 

Material. Paratypes GSC 53009 and 53010, and two other 
cephala, four cranidia (including holotype GSC 53008 that is 
slightly abraded and with an incomplete tip to the posterior 
limb), two free cheeks (including paratype GSC 53011), all 
from GSC locality 51208. Other parts not known. 

Description. Cephalon transversely ellipsoidal in dorsal 
aspect, strongly arched transversely, gen al angles rounded. 
Cranidial form resembles an inverted 'T' with a short stem 
and a broad crosspiece that is curved downward distally so 
that the tips are directed nearly vertically. Glabella 
triangular in dorsal aspect, well defined by broad, deep 
furrows, sharply pointed anteriorly; crest slopes evenly 
downward in lateral profile. Two pairs of indentations 
adjacent to the axial furrows mark the posterior two pairs of 
glabellar furrows. Occipi ta! furrow deep, narrow, straight. 
Occipi ta! ring simple, short (in sagi ttal plane), moderately 
convex, maintains uniform length. Frontal area consists of 
depressed central triangular brim and narrow border that is 
straight transversely, convex in the sagittal plane, and 
strongly arched upward in front view. Fixed cheeks very 
narrow, strongly upsloping, topped by nearly straight, 
upsloping palpebral lobes that are moderately defined by 
shallow palpebral furrows. Line between midlengths of 
palpebral Jobes passes across anterior end of glabella. 
Posterior limbs broad, barely tapered distally; tips bluntly 
rounded. Posterior border furrow very deep adaxial Jy, di es 
out near sutural margin. Course of anterior section of facial 
suture nearly straight forward. Course of posterior section 
nearly straight laterally behind palpebral lobe, then curved 
evenly backward distally to intersect posterior margin at a 
high angle. External surface Jacks obvious ornamentation. 

Free cheek simple. Anterior and posterior margins 
subparallel, and roughly perpendicular to sagittal plane; 
lateral margin broadly rounded anterolaterally, nearly a 
right angle at junction with facial suture. Border narrow, 
poorly defined except near anterior sutural margin. Narrow 
eye socle present. External surface Jacks distinct orna
mentation. 

Discussion. This species, as its name implies, is in
termediate in several characters between the genera 
Densonella and Menomonia. Its Jack of distinct orna
mentation and the presence of unstalked eyes are charac
teristics of Menomonia. The strongly triangular glabella and 
frontal area, and the narrow, transversely arched border are 
not distinguishable from those of most species of Den
sonella. The failure of the free cheeks to separate easily 
from the cranidium is another feature more characteristic 
of Densonella than of Menomonio. For these reasons, the 
species is assigned here to Densonella. Densonella is found 
only in the Crepicephalus Zone and perhaps in the upper part 
of the underlying Cedaria Zone in nearshore to deep she! f 
environments of North America. 

. Densonella intermedia n. sp. differs from other species 
currently assigned to the genus by lacking stalked eyes and 
evidence of coarse granular ornamentation. The structure 
of the fixed cheeks is the single most distinctive character 
of the species. 
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Plate 1 

Crepicephalus sp. (page 2) 
Figures 1, 2. Incomplete c ranidi um GSC 53000; 

GSC lac . 51550; X3. 

Figure 3. 

Figure 4. 

Free c heek GSC 53001; GSC lac. 51208; X6. 

Pygidium GSC 53002; GSC lac. 51550; X4. 

F igures 5, 6. Incomplete cranidium GSC 53003; 
GSC lac. 51550, X6. 

Figure 7. Hypostome GSC 53004; GSC l ac. 51550; XS. 
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Hyolithes sp. 
Figure 8. Three shells, GSC 53005 - 53007; 

GSC lac. 51208; X3. 

Densonella interm edia n. sp. 
(see also P l. 2, figs. 8, 9) 

Figures 9, 12. Holotype cranidium GSC 53008; 
GSC lac. 51208; X6. 

(page 6) 

(page 3) 

Figures 11, 14. Incomplete paratype cephalon GSC 53009 
from same locality; Xl5 . 

Figure 15. Paratype free cheek GSC 53011 from same 
local ity; Xl2. 

Undetermined pygidium (page 6) - -
F igures 10, 13. Dorsal and oblique views, GSC 53012; 

GSC lac. 51208; Xl2. 



Plate 2 

Terranovella dorsalis (Hall) (pa ge 6) 

Figures 1, 2. Cranidium GSC 53013; GSC Joe . 51208; Xl2. 

Figures 3, 4. Cranidium GSC 53014 from same locality; XlD. 

Figures 5, 6. Pygidium GSC 53015 from same locali t y; Xl5 . 

Figure 7. Free c heek GSC 53016 from same locality; Xl2. 

PLATE 2 

Densonella intermedia n. sp . 
(see also Pl. 1, figs . 9, 11, 12, 14, 15) 

Figures 8, 9. Paratype cephalon GSC 53010; 
GSC Joe . 51028; X8. 

(page 3) 
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Family Lonchocephalidae Hupe 1953 
Genus Terranovella Lochman 1938 
Terranovella dorsalis (Hall, 1863) 

Plate 2, figures l - 7 

Conocephalites? (Arionellus ? ) dorsalis Hall, 1863, p. 222. 
Lonchocephalus sospita Walcott, 1916, p. 195, Pl. 36, 

figs. 1, la. 
Terranovella buttsi Resser, 1938, p. 100, Pl. 15, figs. 22 - 26. 
Terranovella dorsalis (Hall), Raasch and Lochman, 1943, 

p. 234, Pl. 35, figs. 3 -10 , 17; Nelson, 1951, p.773, 
Pl.106, fig.9; Robison, 1960, p.17, PJ.l, fig.10; 
Rasetti, 1961, p. 118, Pl. 22, figs. 7 -13; Rasetti, 1965, 
p. 40, Pl. 6, fig. 7. 

Material studied. Fifty cranidia, fourteen pygidia, two free 
cheeks from all three localities; figured specimens -
cranidia GSC 53013 and 53014, free cheek GSC 53016 and 
pygidium GSC 53015, all from GSC locality 51208. 

Discussion. This species has been well described by Raasch 
and Lochman (1943) and the synonymy of L. sospita Walcott 
and T. buttsi Resser has been explained by Rasetti (196 1). 
The material from the Boothia Peninsula provides no 
significant new morphologic information, and the specimens 
agree in all observable characters with T. dorsalis (Hal 1), 
based on neotype material described by Raasch and Lochman 
(1943) from the nearshore sandy facies in Wisconsin. The 
preservation of the external surface is better on the Arctic 
material and shows a very faint narrow border and 
longitudinal veinat:ion on the brim comparable to features 
illustrated by Rasetti (1965) for specimens of this wide
spread species in Tennessee. In Wisconsin, as in the Arctic, 
this species ia associated with species of Densonella and 
Crepicephalus. It is a characteristic trilobite of the Cre
picephalus Zone at many localities in the United States, but 
it is only common in the nearshore sandy facies. 

Undetermined pygidium 

Plate 1, figures 10, 13 

Material studied. One pygidium GSC 53012 from GSC 
locality 51208. 

Discussion. The single small pygidium is characterized by a 
long, slender axis that reaches to a narrow border, which 
maintains constant: width around the pygidial margin. The 
pleural regions are nearly flat and both axis and pleural 
regi ans have shallow, narrow axial and pleural furrows. The 
generic affinities of this specimen are not clear, but perhaps 
it is related to the Lonchocephalidae. 

Phylum Hyolitha Runnegar and others 1975 
Class Hyolitha Yochelson and Marek 1964 

Genus Hyolithes Eichwald 1840 
Hyolithes sp. 

Plate 1, figure 8 

Figured specimens. Three shells GSC 53005- 53007 from 
GSC locality 51208. 
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Discussion. Moderately common, conical shells with a 
subtriangular cross-section represent a species of this wide
spread genus. Until a re vision of this genus is undertaken, 
any attempt to relate the Arctic material to the vast 
number of 'species' currently named would be fruitless. The 
material is not sufficiently well preserved to contribute any 
new knowledge about shell morphology. Hyolithes is a 
common component of Cambrian platform and inner she! f 
faunas and has no definitive value for age identification 
within the Cambrian. 
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NEW SPECIES OF WARBURG ELLA FROM THE SILURIAN (PRIDOLIAN) AND DEVONIAN (LOCHKOVIAN) 
OF THE DISTRICT OF FRANKLIN AND THE DEFINITION OF THE WARBURGELLA RUGULOSA ZONE 

Allen R. Ormiston 

Abstract 
Pridolian strata of the Cape Phillips Formation, Marshall Peninsula, 
Cornwalli s Island are the source of Warburgella arcuaria n. sp . in 
association with Hemiarges bigener Bal ton. Pr idolian species of 
Warburgella have been documented previously from the Soviet Union 
but not from North America. 

On nearby Baillie-Hamilton Is land, Warburgella rugulosa 
canadensis Ormiston ranges through 293 m of strata of Lochkovian 
age. Early and late morphotypes of canadensis can be distinguished in 
the Baillie-Hamil ton sequence, indicating the existence of a 
chronocline within successive populations of this important trilobite. 
This chronocline may permit at least loca l subdivis ion of the 
Warburgella rugulosa Zone . 

The recogn ition of Warburgella diadochos n. sp., here interpreted 
to be a descendant of rugulosa, stratigraphical ly above rugulosa on 
Baillie-Hamilton Island, provides for the first time a paleontologically 
defined upper 1 imi t for the Warburqella rugulosa Zone. 

INTRODUCTION 
Since the original descr iption of Warburgella rugulo sa 
canadensis Ormiston (1967) based on material from the 
Lower Devonian sequence on Baillie-Hamilton Island, careful 
sampling by officers of the Geological Sur vey of Canada has 
produced several new, stratigraphical ly important War
burgella collections from tha t sequ ence (Textf ig. 1, Joe. 4; 
Te xtfig. 4). The importance of Warburgella to int erna
tional correlati ans of Silurian-Devonian boundary strata 
(Ormiston, 1977) warrant s the description and location of 
these new taxa. 

To improve the already considerable biostratigraphic 
value of Warburgella rugulosa, it would be desirable to 
ide ntify within one area its evoluti onary antecedents and 
descendants. Thi s would allow a rigorous definition of the 
Warburgella rugulosa Zone. Although antece dent species 
have been claimed from the Pridolian of the Soviet Union 
(Yolkin, 1974b); there is not general agreement on the 
phylogen y proposed by Yolkin. Morphologically compar
able Pridolian species have not been recogniz e d in the 
District of Franklin. A Canadian Pridolian Warburgella 
described in this paper (W. arcuaria n. sp.) shows, instead, 
structural similarities to Warburgella althi Yolkin (1974b) 
from Lochkovian strata of Podoli a and Bohemia. 

The lack of an appropriate antecedent species means 
that there is no biologically defined base for the W. rugulosa 
Zone in the District of Franklin, but it is suggeste d that a 
top for that zone is defined by the presence of Warburgella 
diadochos n. sp., here interpreted as a descendant of W. 
rugulosa, above Warburgella rugulosa (late form) in the same 
section. The appearance of W. diadochos in this section 
(S urpri se Point, Textfig. 4) pro vides an upward limit for the 
considerable st ratigraphic range (293 m on Baillie-Hamilton 
Is land) of Warburgella rugulosa. Besides stratigraphic 
position, this interpretation is based on details of ontogeny, 
intraspeci fie var iability, shared characters and mosaic 
de velopment of the two ta xa. Associated conodonts suggest 
assignment of the W. diadochos horizons to the uppe r part of 
the Icriodus woschmidti Zone, thus confirming the popular 
assumption of confinement of the subjacen t W. rugulosa 
Zone to a position within the zone of I. woschmidti. 

Allen R. Ormiston is with the Amoco Production Company, 
Research Center , Tulsa, Oklahoma, U.S.A. 74102. 

Resume 
Dans les strates du Pridolien, qui appart iennent a la formation de Cape 
Phillips, dans la peninsule Marshall de !'Ile Cornwalli s, on a decouvert 
une nouvelle espece Warburgella arcuaria, associee a Hem iarges 
bigener Bolton. L'espece Warburgella d'age pr idoli en a deja ete 
signalee en Union Sovietique, mais pas en Amerique du Nord. 

Sur l'i le Baillie-Hamilton, Warburgella rugulosa canadensis 
Ormiston est presente dans 293 m de strates d'age lochkovien. Dans la 
succession de Baillie-Hami)ton, on peut distinguer des morphotypes 
anc ie ns et plus recents de l' espece canadensis, ce qui indique 
!'existence d'une chronocline, dans les populations successive de cet 
important trilobite. Ce chronocl ine permet au mains localement de 
subd i vi ser la zone a Warburgella rugulosa . 

L'identification d'une nouvelle espece Warburgella diadochos, 
decrite ici comme un descendant de rugulosa, et situee au-dessus de 
rugulosa dans la stratigraphie de l'i le Baillie-Hamilton, nous fournit 
pour la premiere foi s un e limite superi eure, define par la 
pale ontologie, de la zone a Warburgella rugulosa. 

Vital col lections upon which this paper was based were 
made from three thick sections on Baillie-Hamilton Island: 
one near Washington Point (UTM Zone 15, 464300E; 
8408400N) collected carefully over several seasons by R. 
Thorste insson; another 4 km north of the former (UTM Zone 
15X; 462650E; 8414700N) collected by Smith (1976); and the 
last at Surprise Point on the northeast corner of the island 
(Thorstei nsson and Kerr, 1968, Map 25-67), latitude 75°57'N, 
longitude 95°30'W, collected by Sm ith (1976) . 

Acknowledgments 
The author would 1 ik e to thank R. Thorsteinsson of the 
Geological Survey of Canada for making avai !able man y 
valuable collections of Warburgella and for hi s constant 
interest and encouragement. R.E. Smith kindly pro vi de d 
collections and data from Surprise Point and from 4 km 
north of Washington Point, assembled while working for the 
Geological Survey of Canada. T .T. Uyeno, also of the 
Ge ological Survey of Canada, pro vided conodont determin
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BIOSTRA TIGRAPHY 
There is a close, but not necessarily coincident, association 
of Warburgella rugulosa with Monograptus uniformis and 
Icriodus woschmidti at all of their known common 
occurrences (Ormiston, 1977, p. 320) . It is notable, however, 
that in both Bohemia (C hlupac, 1972, p. 113) and Nevada 
(K lapper and Murphy, 197 5, p. 6) Warburgella rugulosa 
appears slightly above the first occurrence of I. woschmidti. 
Where zonally diagnostic conodonts are recovered, the entry 
of Warburgella rugulosa seems everywhere to be within and 
near the base of the Icriodus woschmidti Zone. Strati
graphically lower (e .g., GSC Jo e. C-11438) occurrences of 
Warburgella rugulosa canadensis in the Baillie-Hamilton 
sequence (Tex tfig. 4) have not produced zonally diagnostic 
conodonts, but I. woschmidti and Warburgella rugulosa 
canadensis occur jointly in GSC locality C-11442. Icriodus is 
present also at the type horizon of canadensis which is 
situated just inland from the coastal exposures at Wash
ington Point (Ormiston, 1967, p. 62); but the specimens are 
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too small for reliable species assignment (G. Klapper, pers. 
comm.) I am not aware of any occurrences of Warburgella 
rugulosa in association with conodonts assignable to zones 
other than the I. woschmidti Zone. As reported by Kerr et 
al. (1977, p. 285), a sample from low in the unnamed 
formation at the section 4 km north of Washington Point 
(Textfig. 4) has Warburgella rugulosa canadensis in as
sociation with Monograptus cf. M. uniformis. 

Support for the confinement of the upper part of the 
range of Warburgella rugulosa to the woschmidti Zone (a nd 
its equ ivalent s) comes from the Baill ie-Hamilton Island 
sect ions. Sample C-11442 conta ins Icriodus woschmidti 
hesperius Klapper and Murphy identified by T.T. Uyeno in 
associat ion with early and late forms of W. rugulosa 
canadensis (Text f ig. 4). Sample C- 26950, which bears 
Warburgella diadochos n. sp. (Text fig. 4), contains the 
following conodonts identified by T.T. Uyeno: Ozarkodina n. 
sp. E Klapper and Murphy, Ozarkodina n. sp. F Klapper and 
Murph y, and O. remscheidensis. This associat ion indicates 
(K lapper, 1977, Fig. 3), correlation with e ither the upper 
hesperius Zone (K lapper, 1977) or with the sup erjacent 
eurekaensis Zone. It can be co ncluded that the Warburgella 
rugulosa Zone becomes no younger than the Icriodus 
woschmidti hesperius Zone on Bai lli e-Hami !ton Island, and 
that the overly ing diadochos Zone is e ither st ill within the 
upper part of the hesperius Zone or belongs to the 
eurekaensis Zone. Thi s is reassuring in that the great 
stratigraphic thickness (293 m) spanned by Warburqella 
ruqulosa canadensis ine vitably r a ises doubts as to ho w young 
that ta xon might actual ly ra nge. In a practical sense, it 
permits the ope ra tional equating of the rugulosa and 
hesperius zones, while recognizing that the hesperius Zone 
ranges slig ht ly lower. 
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Te xtfigure 4. Schematic r epresentation of positions of 
Warburgella collections in three s tratigraphic sections on 
Baillie-Hami lton Island, District of Franklin. 
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Speciation in Warburgella 
Eldredge (1971 ) and Eldr edge a nd Gould (1972) have 
c hampioned the concept of allopatric speciation as the 
mec hanism for the derivation of many fossil species. 
Certainl y, subspecies of Warburgella rugul osa are so dis
tributed as to suggest their origin through allopatric speci
ation (Ormiston, 1967, p. 64), with the nominat e subspecies 
and rugosa present in Europe, canadensis in arctic North 
Amer ica, eureka in Nevada and maura in North Africa. An 
important consequence of the theory of allopatric speciation 
is that the attend r 1t migration time ought to make the 
occurrence of a -Jiven taxon at different geographic lo
calities diachronous, which led Eldredge and Gould (1973 ) to 
conc lude that first occurrences of such taxa cannot define 
datum planes. With existing levels of biostratigraphic 
resolution, it has not been possible to demonstrate, however, 
any diachroneity in the appearance of the va riou s subspecies 
of Warburgella at va rious localities aro und the world. On 
the cont rary, comparison of these first appearances with 
those of the important inde x fossil, Monoqraptus unif ormis 
suggests, somewhat remarkab ly, essential coincidence of 
appearance. Several possible explanations exist; firstl y, that 
these taxa of Warburqella rugulosa do not represent 
allopatric subspecies; that the theoretical implications of 
allopatr ic speciation are incorrect; or, finally, that our 
existing level of biostrat igraphic resolution lacks precision. 
I favour the last conclus ion. 

Whereas Eldredge and Go uld (1972 ) state that allopatric 
speciation is the only evolutionary model which they can 
accept with confidence, spec ies of Warburgella have 
morphologic characterist ics and stratigraphic distributions 
which are interpretable as Y-branched evolutionary pat
terns, resembling those documented by Klapper and John
son (1975) for Early Devonian species of Polygnathus. For 
example, the succession of Late Silurian species of Wartur
qella documented by Maximova (1970) from Vaigatsch Island 
has been interpreted by Yolkin (1974b, Fig. 18, Table 10) as 
indicating a Y-branch pattern in the derivation of waigats
chensis, a species occurring both on Vaigatsch and in th e 
mountainous Altai, from the pre-existing species tcher
kesovae. Joint occurrence of these two taxa is indicated by 
Ma ximo va's (1970, p. 209) repor t of W. tcherkesovae with W. 
yakovlevi (the latter a synonym of waigatschensis according 
to Yo lkin, 1974b, p. 76) in her sample 39G. 

Yo lkin (1947b, p. 87, Fig.18) has proposed that War
burgella rugulosa was derived from the Pridolian species, W. 
t cherkesovae, a form lacking a preglabellar ridge. Whatever 
the merits of this proposed phylogeny, no warburgelline 
resembling tcherkesovae is yet known from the Pridolian of 
the Canadian Arctic. Instead, Warburgella arcuaria n. sp., 
which has similarities in the construction of the preglabellar 
field wi th Warburgella (Tetinia) ludlowensis and Warturgella 
al thi, is thus far the only Pridolian species r ecog ni zed in the 
Canadian Arctic. 

Achronocline in Warburgella rugulosa canadensis 
Warturgella rugulosa canadensis ranges through a sign ificant 
thickness of strata in the Canad ian Arctic Islands. Samples 
taken by R.E. Smith indicate a ra nge of 293.5 m for thi s 
taxon in the sect ion 4 km north of Washington Point, 
Ba illi e-Hamilton Is land (e.g., GSC lacs. C-26957 - C - 26986). 
The only systematic morphologic shift within the subspecies 
that has been detected over this interval is a tendency for 
the higher populations (e.g., GSC lacs. C-26986, C-26984, 
C- 26940) to ha ve the preglabella r ridge more incorporated 
into the back of the anterior border and to have the 
tropidium effaced medially or entirely (P l. 3, fig. 16). In 
stratigraphically lower populations, by contrast (e.g., GSC 
lacs. C-11438, C - 26957; Textfig . 4) the tropidium is entire 
and the preglabellar ridge separated anteriorly from the 
border by a furrow (Ormiston, 1975, Pl. 4, fig. 22 illustrates 
such a spec imen from GSC Joe. C-11438). Collections that 



are stratigraphically intermediate (GSC Joe. C -11442, a nd 
the stratigraphically equivalent type horizon, Ormiston, 
1967, p. 62) consist of a variable population with both forms 
represented equally as illustrate d by the holotype (Ormiston, 
1967, Pl. 6, figs. 12, 13) as an example of the first vari ant, 
and the paratype, GSC 18136 (Or miston, 1967, Pl. 7, fig. 1), 
as an example of the second. . 

A gradual morphologi c shift within canadenszs t hu s 
seems to be involved within the Baillie-Hamilton sections 
with the youngest populations more closely approaching W. 
diadochos in having th e tropidium effaced and a wide 
anterior border. Other lines of ev idence such as the 
ontogenetic development and intraspec i fie var iability of W. 
diadochos also are suggesti ve of a gradualistic derivation of 
diadochos n. sp. from Warburgella rugulosa canadensis. 
Indeed, this is the inte rpretat ion curren tly favoured by the 
author. However, with diadochos presently known fro m only 
one stratigraphic section, the possibility of its entry as an 
allopatric immigrant cannot be excluded. 

Al though couched in a slightly different nomenclature, 
a similar progress ion in strat igraphically success ive form s of 
Warburgella rugulosa has been identified by Chatter ton and 
Perry (1977, p. 785) from the Delorme Formation. The ir 
sequence does not, however, include a form as advanced as 
W. di a doc hos. 

SYSTEMATIC PALEONTOLOGY 

Prefix GSC refers to spec im ens in the type col lect ion of the 
Geological Survey of Canada, Ottawa. 

Class Trilobi ta Walch 1771 
Genus Warburgella Reed 1931 

Podolites Balashova, 1968 

Type species. Asaphus stokesii Murchison, 1839. 
Warburgella rugulosa canadensis Ormi ston 1967 

Plate 3, figures 15, 16 

Warburgella rugulosa canadensis Ormiston, 1967 , p. 62, Pl. 6, 
figs. 12- 15, Pl. 7, fig s. 1-4; Alberti, 1969, p. 353, Pl. 
32, fig. 17; Ormiston, 1971, p. 175, Pl. 19, figs. 1- 8, Pl. 
20, figs. 1 - 10, Pl. 21, figs. 1- 8; Ormiston, 1975, Fig. 
3C, Pl. 3, figs. 30 - 32, Pl. 4, figs. 22- 24, Pl. 5, figs. 27, 
28. 

Warburgella (Anambon) mackenziensis Chatterton and Perry, 
1977, p. 748, Pl. 2, figs.1-20, 35. 

Material. Hypotypes, GSC 43628 and 43629, s il ici fied 
pygidium and cranidium, respectively. Numerous free 
cheeks and cranidia not illustrated. All spec imens from GSC 
locality C-26940, Surpri se Point, Bail! ie-Hamil ton Island, 
collected by R.E. Sm ith, 1973. 

Discussion. Relatively coarse silici fi cation makes the fine 
details of these specimens somewhat difficult to observe, 
but they are clearly simi Jar to s ilici fied spec imens from the 
Delorme Formation of the District of Mackenzie illustrated 
by Ormiston (1971 ). The tropidium is largely effaced, but 
variants of canadensis showing this condition are known 
from the Delorme Formation as well as the type horizon 
(Ormiston, 1967) elsewhere on Baillie-Hamilton Isla nd. The 
pygidium (P l. 3, fig. 15) is more rounded posteriorly than 
those from the Delorme Formation (Ormisto n, 1971, Pl. 21, 
figs. 4- 6), but this again is a variab le character in 
canadensis. The specimens from Surprise Point are good 
(a nd possibly advanced) examples of the strat igraphical ly 
younger variant (late form ) of Warburgella rugulosa 
canadensis discussed in the preceding section. 

Warburgella diadochos n. sp. 

Plate 3, figures 1-14 

Diagnosis. Cephalic border exceptionally broad, ratio of 
sagittal border length to cranidial length averaging 0.20. 
Glabellar prosopon of tubercles, effaced anteriorly. Pygi
dium Jong for genus, ratio of length to width averaging 0. 73, 
outline an isosceles triangle. Pygidium with fourteen to 
fifteen or more ax ial rings, seven to eight pleural ribs 
(ve rsus 5 - 6 in W. rugulosa). 

Material. Holotype cranidium, GSC 43615 from GSC 
locality C - 26949, unnamed Devonian strata at 146 m above 
the top of the Cape Phillips Formation, northeast coast of 
Baillie-Hamilton Island, latitude 75°57'N, longitude 95°30'W, 
collec ted by R.E. Smith, 1973. Paratypes: cranidia, GSC 
43616, 43618, 43619 (ex ternal mould), l~3626 and 43621, 
pygidia GSC 43623 and 43624, free cheek 43617, all from the 
same horizon as holot ype; pygidium GSC 43622, hypos tome 
43620 and immature cranidium GSC 43625 from 149 m above 
the top of Cape Phillips Formation (GSC Jo e. C-26950, same 
geographic locality, all collected by R.E. Smith, 1973). 
Other material: four incomplete cranidia and three 
incomplete pygidia from GSC loc ality C-26949; one 
incomplete cranidium and one incomplete pygidium from 
GSC locality C -11456, northeast coast of Baillie-Hamilton 
Island, collected by R. Thorstei nsson. Associated fauna: 
GSC locality C-26950 contains Ozarkodina n. sp . E of 
Klapper, 1975, Ozarkodina n. sp. F of Klapper, 1975, and 
Ozarkodina remscheidensis remscheidensis (Z iegle r) indica
tive of the upper Jcriodus woschmidti Zone. 

Derivation of name. Diadochos, Greek for succeeding or 
fol lowing, in al Jusion to it s stratigraphic position above 
Warburgella rugulosa (GSC Joe. C-26940). 

Description. Cranidium. Ante rior border broad (sag. ), 
breadth equaling 20 per cent of total cranidial leng t h, border 
barchan-like in cross-section with the pos terior slope the 
steeper (P l. 3, fig. 3). Peak of the border is at a height 
above that of preglabellar furrow. Preglabellar ridge low 
and short (sag.), concordant wit h curvature of border, as 
wide (trans.) as maximum glabellar width. Preglabellar 
field, length one third that of border, crested at midlength 
but without tropidium, except for a vestigial tropidial ridge 
on the midline of one specimen (Pl. 3, fig. 9). Anterolateral 
parts of fi xe d cheek conspic uously pitted. Glabellar outline 
as in Warburgella rugulosa canadensis, three pairs of 
glabel lar furrows, Sl deeply incised in central part, 
terminating anteriorly short of axial furrow and markedly 
shal lowing and continuing poste riorl y to reach occipital 
furrow. S2 and S3 shallow, the former directed inward and 
backward, the latter inward and slightly forward. L2 
inflated on large specimens (Pl. 3, fig. 7). Occipital furrow 
transverse, shallowing behind Sl. Palpebral lobes broad 
(trans. ), inner half steeply s loping inward, with distinct 
palpebral furrow at midwidth. The anterior border, glabel!a, 
except for the anterior ha! f of the anterior lobe from which 
they are effaced, palpebral lobes and occipi ta! ring all bear 
fine tubercles. Some spec imens show a concentrici ty to the 
arrangement of these tubercles around the centre of the 
glabella, and except ionally (P l. 3, fig. 6) they coalesce to 
form ridges reminiscent of those developed in W. rugulosa. 
Median tubercle present at poster ior edge of occipi ta! ring. 
Terrace lines a long outer edge of border. 

Free cheeks. Lateral borders wide and semicircular in 
cross-section, width (t rans. ) grea"ter than width of genal 
field opposite midpoint of the eye lobe (contrast with W. 
rugulosa). Ge na! field evenly inflated, without tropidium, 
with radiating, transversely elongated pi ts. Lateral border 
furrow deep and narrow, posterior border furrow slightly 
wider but equally deep. Gena! spine sulcate. Both borders 
carry fine tubercles. Visual surface of eye three times 
longer than high. 
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Hypostome. The single, incomplete, available specimen 
is very close to that of Warburgella rugulosa canadensis 
illus trated by Ormiston (1971, Pl. 20, figs. 9-11) from which 
it possibly differs in having a more narrow posterior re
entrant and pitting on the posterolateral prolongations. 

Pygidium. Out line an isosceles triangle, ratio of length 
to width averages 0. 73. A xis more rapidly tapering in 
anterior than posterior half with up to fifteen a xial rings 
plus terminal piece on which rings are imperceptible, six 
rings in anterior half of axis, ring furrows transverse, a 
prominent articulating half ring. In lateral view, axis forms 
an even 15 degree slope to the 12th ring, a steeper curving 
slope posterior to that point. Pleural fields moderately 
inflated, divided into seven or eight 'ribs'. Interpleural 
furrows developed only on anterior three or four 'ribs' that 
they bifurcate. Pleural furrows moderately deep, weakly 
curved in plan and running progressively more oblique to a xis 
posteriorly. Postaxial ridge conspicuous. Lateral border 
with weak median crest, nearly as wide as width of posterior 
part of axis. Axi s and lateral border densely covered with 
fine tubercles, also present on pleural fields, but more 
sparsely developed there. 

Development. An immature cranidium of length of 1.5 mm 
(Pl. 3, fig. 10) has a tuberculate glabella with conspicuous 51 
and 52, broad anterior border, anteriorly sloping preglabellar 
field and broad palpebral lobes. Immature pygidia of lengths 
l mm have a length-to-width ratio of 0.55, a slightly 
transverse posteri or border and interpleural furrows on all 
ribs. Rare ly , the a xial prosopon consists of short obi ique 
ridges as in Warburgella rugulosa. 

Dimensions. 

Holotype Para type Para type Para type 
43615 43616 43618 43619 

(mm) 

glabellar 
length 2.7 3.0 4.9 3.7 

glabellar 
width 2.4 2.5 4.8 3.1 

cranidial 
length 4.7 5.1 7.9 6.0 

B-B width 3.7 3.6 6.0 4.2 

Para type Para type Para type 
43622 43623 43624 

(mm) 

pygidial length 10.l 6.6 5.2 
pygidial width 13.2 9.2 (7.3) 
maximum a xial width 3.9 2.6 l. 7 

Comparison. The long, triangular pygidium readily dis
tinguishes W. diadochos from nearly all Warburgellas. 
Ma ximova (1970, p. 198) established a new subgenus, 
Waigatchella , for four species from the Pridolian Greben 
Horizon of Vaigatsch Island, Soviet Arctic, one of which, 
Warburgella (Waigatchella) grebenensis Ma ximova (1970, 
p. 201 Pl. 1, figs. 25 - 28) has a long pygidium with a 
length-to-width ratio of 0.9, 14 - 15 axial rings, but only five 
pleural ribs and a smooth lateral border. Yolkin (1974b, 
p. 66) did not regard Waigatchella as having independent sub
generic rank and synonymized three of Ma ximova's species 
having the effect of making Warburgella (Waigatchella) 
waigatchensis (Tschernyshew and Yakovlev, 1898) the type 
species of the subgenus should it continue to be recognized. 
The pygidium of W. waigatchensis (Ma ximova, 1970, Pl. 1, 
figs. 20- 24) is much less elongate than that of W. diadochos. 

Whether or not Waigatchella is a val id subgenus, W. 
diadochos is distinguished from its component species by a 
greater number of pleural ribs, the conspicuous 53 furrow, 
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and much broader cephalic and pygidial borders. War
burgella althi Yolkin (1974b, p. 82, Pl. 11, figs. 1 - 7) from 
Lochkovian strata of Podolia and Bohemia approaches W. 
diadochos in having a tuberculate glabella, but is dis
tinguished easily by its shorter anterior border, intact 
tropidium, transverse (and discordant with the curvature of 
the border) preglabellar ridge and persistence of glabellar 
prosopon to its anterior margin. 

Plate 3 

Warburgella diadochos n. sp. (page 9) 
Figures 1- 3. Dorsal and dorsal and lateral views of holotype 

cranidium, GSC 43615; GSC Joe. C-26949; X8, 
and X6, respectively. 

Figure 4. Dorsal view of paratype cranidium, GSC 43618; 
GSC Joe. C-26949; X3 . 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Figure 11. 

Figure 12. 

Figure 13. 

Figure 14. 

Dorsal view of paratype cranidium, GSC 43616; 
GSC Joe. C-26949; X6. 

Dorsal view of paratype cranidium (latex cast 
of e xternal mould); GSC 43619; 
GSC Joe. C-26949; X9. 

Dorsal view of paratype cranidium, GSC 43627; 
GSC Joe. C-26949; X4. 

E xterior view of para t ype hypostome, GSC 43620; 
GSC Joe. C-26950; Xl2. 

Dorsal view of paratype cranidium, GSC 43621; 
GSC Joe. C-26949; enlarged to show vestigial 
tropidium; XlO. 

Dorsal view of paratype immature cranidium, 
GSC 43625; GSC Joe. C-26950; Xl3. 

Dorsal view of paratype pygidium, GSC 43623; 
GSC Joe. C-26949; X4. 

Dorsal view of paratype pygidium, GSC 43622; 
GSC Joe. C-26950; X4. 

Dorsal view of paratype free cheek, GSC 43617; 
GSC Joe. C-26949; X6. 

Dorsal view of paratype pygidium, GSC 43624; 
GSC Joe. C-26949; Xll. 

Warburgella rugulosa canadensis Ormiston (page 9) 
Figure 15. Dorsal view of hypotype pygidium, GSC 43628; 

GSC Joe. C-26940; XlO. 

Figure 16. Dorsal view of hypotype cranidium showing 
nearly effaced tropidium, GSC 43629; 
GSC Joe. C-26940; XlD. 

Warburgella arcuaria n. sp. (page 12) 
Figures 17, 19. Dorsal and lateral views of paratype cranidium, 

GSC 43630; GSC Joe. C-11460; X6. 

Figure 18. 

Figure 20. 

Figure 21. 

Figure 22. 

Dorsal view of paratype pygidium, GSC 43631; 
GSC Joe. C-11460; XlD. 

Dorsal view of latex cast of paratype 
cranidium,GSC 43632; GSC Joe. C-11460; XlD. 

Dorsal view of holotype cranidium, GSC 43633; 
GSC Joe. C-11460; X6. 

Dorsal view of free cheek, GSC 43634; GSC Joe. 
C-11460; X6. 

Hemiarges bigener Bolton (page 13) 

Figure 23. Dorsal view of pygidium, GSC 43635; GSC Joe. 
C-11460; XlD. 
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Discussion. The stratigraphic position, intraspecific 
variability, ontogeny and many shared characteristics sug
gest der ivation of W. diadochos from W. rugulosa can
adensis. The loss of the tropidium is the accentuation of a 
character trait already present in canadensis (Ormiston, 
1967, p. 63) as is the triangularity of the pygidium (compare 
Ormiston , 1971, Pl. 21, fig. 4). The exceptional presence of 
Bertillon pattern prosopon on adult cranidia, as well as 
immature pygidia, of diadochos combined with the ex
ceptional existence of tuberculate prosopon within the War
burgella rugulosa group (Chlupac, 1971, Pl. 21, figs. 3, 4) 
suggests the derivation of the prosopon of diadochos from 
that of Warburgella rugulosa. 

Warburgella arcuaria n. sp. 

Plate 3, figures 17 - 22 

Warburgella n. sp. Ormiston, 1977, p. 322, Fig. 10. 

Diagnosis. Warburgella with preglabellar ridge transverse 
and discordant to curvature of anterior border, tropidium 
pronounced usually comprised of two close-set ridges. Hy
postome with sagittal pit anterior to median body. Py
gidium semi-elliptical with ten axial rings and five pleural 
ribs, pleural fields weakly convex. 

Material. Holotype. Cranidium, GSC 43633, from GSC 
locality C-11460, Cape Phillips Formation, strata of Prido-
1 ian age, Marshall Peninsula, Cornwallis Island, UTM Zone 
14X, 579750E; 8869200N, collected by R. Thorsteinsson; 
associated fauna: Hemiarges bigener Bolton, 1965. 

Paratypes. Cranidia, GSC 43630, and 43632 (external 
mould), pygidium, GSC 43631, and free cheek, GSC 43634, 
same horizon and locality. 

Other material. Several fragmentary cranidia, free 
cheeks and hypos tomes, same horizon and locality. 
Derivation of name. Arcuarius, Latin - of bows, an allusion 
to the bowlike pattern formed by preglabellar ridge and 
anterior border. 

Description. Cranidium. Anterior border low, preglabellar 
ridge transverse and discordant to curvature of border, 
forming a conspicuous bowlike configuration (Pl. 2, figs. 20, 
21). Tropidium prominent, marking sharp break in slope of 
preglabellar field. Tropidium sometimes a double ridge as in 
W. glaber (Kummerow, 1927), illustrated by Schrank (1972, 
Pl. 9, fig. 6A), from the Wenlock and Ludlow of the Baltic. 
Glabella moderately expanded across base, having a low 
longitudinal profile. Two pairs of glabellar furrows, Sl 
uniformly incised its whole length, reaching occipi ta! 
furrow; S2 short and weak, directed slightly backward. An 
anterolateral pit is present in the circumglabellar furrow. 
Occipital furrow transverse. Occipital ring with weakly in
flated lateral lobes, ring at same height as posterior end of 
glabella in lateral profile, having median tubercle. Pal
pebral lobes plane, distinct palpebral furrow, beta-beta 
width equal to de! ta-de! ta width. Glabel la, palpebral Jobes 
and occipital ring bear short scalelike ridges arranged in a 
Bertillon pattern. Terrace lines not evident on anterior 
border. 

Hypostome. The hypostome of this species is not 
illustrated but can be distinguished particularly from that of 
W. rugulosa (Orm iston, 1971, Pl. 20, figs. 9 - 11; Chlupac, 
1971, Pl. 21, fig . 8) in the greater length of the field 
between the anterior margin and the anterior end of the 
middle body, and in the presence of a sagittal pit in that 
field. 
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Free cheek. Eye lobe three times as long (exsag.) as 
high. Gena! field with prominent tropidium marking break in 
slope and extending to the sharp posterior border furrow. 
Lateral border furrow broad, lateral border low without 
prosopon. Gena! spine nearly as long as remainder of cheek, 
sulcate and slender. 

Pygidium. Ratio of length to width varies from 0.5 to 
0.6. There are 10 axial rings with the first distinctly higher 
than subsequent ones. Axis high in lateral view, rings carry 
ridges oriented obliquely to midline. Pleural fields very 
gently convex, five pleural ribs, each with interpleural fur
row. Pleural bands of equal length (exsag.) bearing tuber
cles whose pattern roughly parallels the orientation of 
bands. A faint postaxial ridge is present. Lateral border 
gently convex. Pygidial outline slightly emarginate on 
midline. 

Dimensions. 

cranidial length 
glabellar width 
glabel Jar length 

pygidial length 
pygidial width 

Holotype 
GSC 43633 

4.2 
1.9 
2.3 

(mm) 

Para type 
GSC 43631 

4.7 
2.7 
3.0 

Para type 
GSC 43631 

(mm) 

1. 7 
3.0 

Discussion. Warburgella arcuaria n. sp., Warburgella 
(Tetinia) ludlowensis (Alberti, 1967) from the Ludlovian 
Leintwardine Beds of England (Owens, 1973, p. 72, Textf ig. 
10), and Warburgella althi Yolkin (1974b, p. 82, Pl. 11, figs. 
1 - 7) from Lochkovian strata of Podolia and Bohemia share 
discordance between the transverse preglabellar ridge and 
the curved anterior border furrow. This characteristic has 
also been seen on specimens of Warburgella aff. W. althi 
Yolkin, collected by R. Ludvigsen from a horizon of probable 
Pridolian age in the Road River Formation, Hart River, 
Yukon, Jati tude 65° 38'N, longitude 136°45'W. 

Warburgella althi also resembles W. arcuaria n. sp. in 
having the tropidium coincident with the break in slope and 
in pygidial characteristics, but differs in its tuberculate 
glabellar prosopon and in the lack of a space between the 
preglabellar ridge and anterior border. Warburgella glaber 
(Kummerow, 1927) from the Baltic Silurian is readily 
distinguished from W. arcuaria. in having a much broader 
glabel la that is essentially devoid of pros op on (Schrank, 
1972, p. 30, Pl. 9, figs. 6 - 10). 

Among the several species of Warburgella known from 
the Pridolian of Vaigatsch Island (Maximova, 1970), none 
appears from available illustrations to be especially close to 
arcuaria. Warburgella jelli Landrum and Sherwin, 1976, a 
possibly Late Si Jurian species from New South Wales, lacks a 
cranidial tropidium and preglabellar ridge. 

Genus Hemiarges GUrich 1901 

Choneilobarges Phleger, 1936 
Richterarges Phleger, 1936 
Amphilichas Shaw, 1968 (pars), P. 89 - 94, Pl. 3, 

figs. 8, 10, 11, 14-22, 24. 

Type species. Lichas wesenbergensis Schmidt 1885. 



Hemiarges bigener Bolton 1965 

Plate 3, figure 23 

Hemiarges bigener Bolton, 1965, p. 10, PJ. 3, figs. 1- 9, 11. 
Hemiarges n. sp. A. Ormiston, 1967, p. 128, Pl. 17, figs. 12, 

13, 15. 

Material. A small pygidium, hypotype GSC 43626, from GSC 
locality C-11460, Cape Phillips Formation, strata of 
Pridolian age, Marshall Peninsula, Cornwallis Island, UTM 
Zone 14X, 579750 E; 8869200 N, collected by R. 
Thorste insson in 1971. 

Comparison. Large pygidia of H emiarges bigener are 
characterized (Bolton, 1965, p. 11) by a postax ial pygidial 
length twice that of the axial length, but this characteristic 
changes markedly during the ontogeny of this species as 
indicated by a hypotype pygidium (GSC 17780) illustrated by 
Bolton (1965, Pl. 3, fig. 2), which is only slightly larger than 
the pygidium illustrated here and compares closely with it. 
A para type specimen of H. bigener (GSC 18245) was 
collected from float (GSC Joe. C-11462) on Marshall 
Peninsula at a s tratigraphic position approximately 10 m 
above GSC locality C-11460. A cranidium of H. bigener is 
present in GSC locality C-11457, 23 m below GSC locality 
C-11460 in the same section. 

Hemiarges lindstromi (Tschernyschew and Yakovlev, 
1898) from the Pridolian Greben Horizon of Vaigatsch Island 
(Maxi mova, 1970, p. 205, Pi. 2, figs. 4 - 8) is similar to 
immature pygidia of H. bigener but does not develop the 
great postaxial length of bigener in larger specimens 
(compare Maximova, 1970, PJ. 2, fig. 5). 

Discussion. T .T. Uyeno reports the conodont Ozarkodina 
confluens .(a morphotype) from GSC locality C-11460, but 
this Silurian species is not restricted to Pridolian strata. 
Brachiopods present in GSC locality C-11460 have not yet 
been identified, but J.C. Johnson has identifi ed brachiopods 
from overlying and underlying collections. GSC locality 
C-11461, which overlies GSC localit y C-11460, contains 
Atrypella sp. and Tenellodermis aff. T. tenella Barrande 
indicative of a Pridolian age. GSC locality C-11457, from 
23 m below GSC locality C-11460, contains, besides 
Hemiarges bigener, Atrypella sp. of Silurian age. 
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LATE EARLY DEVONIAN BRACHIOPODS 
FROM THE MOUNT LLOYD AREA, NORTHERN BRITISH COLUMBIA 

D.G. Perry, A.J. Boucot and H. Gabrielse 

Abstract 

An impo r tant brachiopod-bearing fossil locality (latitude 57 °48'N, 
longitude 125°02'W) in the Muskwa Ranges marks the most southe rl y 
and westerly known exposure of carbonate rocks of late Ea rly 
Devonian age in the Rocky Mountains. This loca!i ty and grap
tolite-bearing localiti es to the southeast yie ld datable Ear ly Devonian 
faunas t hat ha ve not been recovered from poorly fossiliferous, 
stratigraphica!Jy e qui va lent, platform dolostone sequences to the east. 
The occurrence of exot ic c lasts of carbona te in unit s o f sed imentary 
breccia, the abraded nature of some of the fauna, a nd the very high 
brachiopod taxonomic diversity indicate transport a nd poss ible mixing 
of faunas. 

The brachiopods Cortezorthis cf. C. maclareni Johnson and 
Talent, Parachonetes macrostriatus (Walcott), Athyrhynchus a nd 
severa l other forms indicate correlations with upper Pragian
ZJ ichovian (approximate ly equivalent to the lower Ems ian) brachiopod
bear ing strata in the Yukon and Northwest Terr i tori es. Paleo
bi ogeographic affinities of the brachiopod fauna are with Old Wor ld 
Rea lm carbonate faunas. Ne w taxa descr ibed include: Spinatrypina 
symmetrica n. sp ., Vagrania atrypi forma n. sp., and Lenzia pachy
ostrakon n. gen. and n. sp. 

INTRODUCTION 
During 1971, fossiliferous Lower De von ian strata were 
disco vered southwest of the Lloyd George Icefield in the 
Muskwa Ranges of the northe rn Rocky Mountains (Te xtfig. 
1, Joe. 8; Te xtfig. 5). The localit y is of interest because, in 
the northern Rocky Mountains, the stratigraph ic interval 
between fossiliferous carbonate ro c ks of th e Nanda For
mation (Late Llando ve ry, see Norford et al., 1966) and the 
Duned in Format ion (E ifelian and Givetian, see Taylor and 
MacKenzie, 1970) commonly is either barre n or very poorly 
fossiliferous (Textf ig. 6). Furthermore, regional mapping 
has shown that the strata described herein a re the western
most Lower Devonian carbonates exposed at th is latitude in 
the Rocky Mountains. Presumed correlative s trata within 
the thick -bedded to massi ve dolostones of the Stone 
Formation occur more than 48 km to the east (Ta ylor and 
MacKenzie, 1970). 

Paleontologica!Jy, these fossiliferous strata are of 
interest because they represent the first positive identi
fication of Early Devonian brachiopods in British Co lum bia, 
some 480 km southwest of brachiopod faunas known from the 
Lower Devonian Delorme Formation of the Mackenzie 
Mountains. The paleobiogeographi c affinities of the brach
iopod fauna are with European faunas, which a re also kno wn 
in the northern Yukon (Lenz and Pedder, 1972), a nd from th e 
adjacent District of Mackenzi e (Perry, 1974). The brach
iopod fauna bears none of th e biogeographically distinct taxa 
found in beds of s imilar age in cen tral Nevada. Early 
Devonian graptoli t e faunas of Siegenian to Emsian age ha ve 
been collected from a locality abou t 110 km to the so utheast 
of the Mount Lloyd George area (Gabrielse, 1976). Campbell 
et al. (1973) have reported older Lower Devonian conodont
and coral -bearing beds from the Black Stuart Formation in 
the Quesnel Lake map a rea, some 608 km to the 

*D.G. Perry is deceased 

Resume 

Un important s ite foss ilife r e (latitude 57°48'N, longitude 125°02'W), 
riche en brachiopodes, rencontre dans Jes chalnons Muskwa, represente 
parmi les aff!eurements connus de roches ca rbonatees de la fin du 
Devonien infer ieur, celui qui, dans Jes montagnes Roc heuses, est s i tue 
le plus au sud et a l'oues t. Ce site, et les gisements riches en 
graptolites au sud-est, contiennent des fau nes datables du Devonie n 
infe rieur que !'on n'a pu retrou ve r dans !es success ions dolomi ti ques 
situees a !'est, qui constituent des deptlts de plate- forme peu fos
s iliferes et stratigraphiquement equiva le nt s. La presence de clastes 
exot iques de carbonates dans les unites composees de breches sedimen
taires, le degre d'abrasion d'une partie de la fa une, et J' enorme 
diversite taxonomique des brac hiopodes indiquent qu'il y a eu trans
port, et peut-etre brassage des faunes. 

Les brachiopodes Cortezorthis c f. C. maclareni Johnson e t Talent, 
Parachonetes macroctriatus (Walco tt) , Athyrhynchus et plus ieurs 
autres formes reve lant des correla tions avec Jes strates riches en 
brachiopodes du P ragui en et du Zlichovien (a peu pres e qu iva lentes a 
l' Ems ien inferieur), du Yuko n et des Te rritoires du Nord-Ouest. La 
faune de brachiopodes presente des affinites paleobiogeographiques 
avec Jes faunes ca lca ires du 'O ld World Realm'. Les nouveaux taxons 
decrits comprennent: la nouvelle espece Spinatrypina symm etrica, Ja 
nou vell e espece Vagrania atrypiforma, et Jes genre e t espece Lenz ia 
pachyostrakon. 

south-southeast. A.C. Lenz (pers. comm., 1975 ) has re
covered a small, Late Silurian brachiopod fauna from beds 
proba bly ass ignable to the Black Stuart Formation in the 
Quesnel Lake area. 

Stratigraphy 
The rocks yielding the Emsian brachiopod fauna are 

preserved on the crest of a ridge in a tight south-southeast 
trending sy ncline in the Ware map area (GS C Joe. C-10958, 
latitude 57°48'N, longitude 125°02'W; Tex tfig. 1, Jo e . 8; 
Text fig. 5). More than 92 m of strata are exposed in the 
syncline and consist mainly of wel l bedded (10 -1 5 cm) 
dolomitic sandstone, sandy doloston e and minor sed imentary 
breccia. Some beds contain a prolifi c silicified fauna 
weathered out in relief ove r the Jess resistant do lo mi tic 
matrix. The fossils we re collected from a stratigraphic 
interval about 3 m thick of unc ertain position within the 
co re of the sy ncline. Abrasion of fossils (tab ulate corals and 
brachiopods) and the presence of lithi c dolostone and 
sandstone c lasts as mu ch as 7 .5 cm Jong indicate possible 
transport of the materi al. Most of the described fossils 
appear to occur in the matr ix. The silicified nature of much 
of th e dolomitic matri x great ly impeded acid dissolution. A 
few very fragmental fossils are indi cative of a Pragian age 
slight ly older than the late Pragian - Zlichov ia n age given by 
th e bulk of the fauna. The y may hav e been deriv e d from 
clasts older than the matrix. 

Underlying the Lower De vonian strata are Jess res istant 
platy silts tones and shales containing Si Juri an (U a ndovery) 
graptolites, al though the age of the uppermost beds in this 
siltstone-shale sequence is unknown. The lo wer part of this 
graptolit ic assemblage is exposed on Cloudmaker Mountain 
(Te xtfig. 5), 7.4 km to th e southwest (Jac kson et a l., 1965). 

A.J. Boucot is with the Department of Geology, Oregon State Uni versit y, 
Corvalli s, Oregon, U.S.A. 97331 

H. Gabr ielse is with the Geological Survey of Canada, 100 West Pender St., 
Vancouver, British Columbia V6B 1R8 15 
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In the syncline, the fossiliferous sandstones and dolostones 
a re overlain by dark-weathering, apparently barren shales of 
probable Devonian age, the youngest strata preserved in the 
Mount Lloyd George area. 

Paleogeography 
Although the Lower De vonian ro cks in question underlie only 
a small geographic area and are distant from correlative 
strata, this location and facies have important implications 
for paleogeographic reconstructions. About 48 km to the 
northeast, strata of about the same age (inferred from 
stratigraphic position) are included in a sequence of 
dolostones that suggests deposition on a relatively stable 
platform or slowly subsiding shelf (Textfig. 6). To the 
south-southeast in northeastern Fart Grahame map area, 
correlative and slightly older rocks bear Monograptus ex. gr. 
M. yukonensis Jackson and Lenz, M. telleri? Lenz and 
Jackson, M. thomasi Jaeger, and M. hercynicus Perner (GSC 
lac. C-27705; correlated as Siegenian-Emsian by Jackson in 
Gabrielse, 1976, p. 26). These rocks are graptolitic shales 
with local inte rbeds of crinoidal limestone and indicate 
deep er water conditions. It seems probable that the 
fo ssiliferous Lower Devonian strata at Mount Lloyd George 
were deposited close to the outer margin of a subsiding shelf 
bordering a deeper water depositional basin to the west. 
Interestingly, abundantly fossiliferous, silici fied rocks of 
similar age are found in at least two localities within 
carbonate seque nces bordering shale basins in the western 
Ma cke nzie Mountains (Gabrielse et al., i973; Perry, 1974) 
and in the Wernecke Mountains (Lenz and Pedder, 1972). 

Brachiopod fauna and suggested ag e 

Several elements of the brachiopod fauna are not described 
or illustrated because of very poor preservation or long 
stratigraphic range. Genera such as Skenidioides, Dalejina, 
Schizophoria, Gypidula, Leptagonia, Eoschuchertella, 
Aesopomum, Strophonella, Leptostrophia, Spinatrypa, Spina
trypina, Punctatrypa of the granul if era type, R eticula
trypa, Cryptatrypa, Nucleospira and Cyrtina all have 
stratigraphic ranges throughout the Lower Devonian or even 
longer. On the whole, the brachiopod fauna from the Mount 
Lloyd George area is poorly preserved. It would be difficult 
confidently to identify some of the material without 
firs t -hand knowledge of ta xonomically similar, well
preserved faunas from Royal Creek, Yukon and from the 
Sekwi Mountain map are a, western District of Mackenzie. A 
few illustrations of e xcellently preserved materials from the 
Sekwi Mountain map area are included in the plates for 
comparative purposes. 

Elements most instrumental in assigning an early 
Emsian age to the fauna are: Cortezorthis cf. C. maclareni 
Johnson and Talent, Carinagypa loweryi? (Merriam), Meg
astrophia iddingsi (Merriam), Parachonetes macrostriatus? 
(Walcott), Athyrhynchus sp., Atrypa cf A. nevadana Mer
riam, Vagrania atrypiforma n. sp., Biconostrophia sp., 
Lissatrypa? sp., "Hysterolites'' sp. and Warrenella sekwensis? 
Ludvigsen and Perry. These ta xa or closely related forms 
are known to occur in at least one of the following: central 
Ne vada ; Delorme Formation of the Sekwi Mountain map 
area, western District of Mackenzi e; Road River Formation 
at Ro yal Creek, Yukon; Michelle Formation, northern 
Yukon; and several formations at localities in the Canadian 
Arctic Archipelago. At most of these localities the beds are 
well dated as early Ernsian by associated brachiopod and 
conodont faunas and locally by dacryoconarid tentaculites or 
superposition abov e graptolite faunas yielding Monograptus 
yukonensis Jackson and Lenz. The oldest known Athy
rhynchus is proba bly a mid-Pragian taxon from the Del
orme Formation although the genus becomes widespread 
geographically onl y in Emsian beds. The level of evolution 
of Vagrania atrypiforma n. sp. within the known vagraniid 
lineage is consistent with a late Pragian age. 
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The only shells that would indicate a slightly older, 
early Pragian, age are very poorly preserved, fragmental 
materials representing the genera "Dolerorthis", Thlibor
hynchia, and Pl icocyrtina. Probable "Dolerorthis" have been 
observed by Perry in upper Emsian beds of the Ogilvie 
Formation in the northern Yukon. Thliborhynchia and 
Plicocyrtina occur characteristically in lower Pragian beds 
at Royal Creek and in the Sekwi Mountain area; however, 
fragmental Thliborhynchia? has been recorded from Emsian 
beds of the Delorme Formation by Perry (1974). 

The brachiopod fauna shows close affinity to those 
reported from the Delorme Formation, in the Sekwi 
Mountain map area, western District of Mackenzie (Perry, 
1974) and from the Royal Creek area of the Yukon (Lenz and 
Pedder, 1972). The fauna bears none of the distinctive 
elements of the Eastern Americas Realm (Boucot, 1975) 
Emsian faunas, some of which occur in Emsian beds in 
central Nevada. It clearly relates to the Cordilleran 
biogeographic region of E3oucot (1975). 

The Mount Lloyd George area fauna does little to 
clarify knowledge of Early Devonian brachiopod com
munities because of the allochthonous nature of parts of the 
fauna and because of the Jack of detai Jed stratigraphic 
data. The samples yielding the fauna were loose blocks, 
apparently derived from a stratigraphic interval approxi
mately 3 m thick. The blocks showed considerable Jithologic 
variation, although a sandy dolostone matrix with rounded 
intraclasts of dolomitic sandstone, dolostone and limestone 
appears most characteristic. The 34 brachiopod genera 
present in the collection represent a significantly higher 

diversity than previously encountered elsewhere in any 
unmixed collections. The large number of taxa is probably 
the result of telescoping of specimens from adjacent 
communities by bottom transport and possibly because of 
parts of the fauna being derived from clasts and other parts 
from matrix. The dolostone clasts may well be older than 
the associated matrix from which most of the fauna was 
derived. 

Confirmation of the Emsian age by conodonts must 
await the col Jection of additional material. A pdorly 
preserved rugose coral from the Mount Lloyd George 
collection is suggestive of Martinophyllum?, a genus that 
occurs typically in the Polygnathus dehiscens conodont 
fauna! unit (Emsian) of the northern Yukon (A.E.H. Pedder, 
pers. comm., 1975). Pedder also comments that 
Martinophyllum is unknown from the older Eognathodus 
sulcatus or from the younger Polygnathus perbonus conodont 
fauna! units in the Yukon Territory. The distribution of 
rugose corals in the Lower Devonian shows a marked fauna! 
distinction between those of northwestern Canada, the 
Cordilleran region of the Old World Realm and the Nevadan 
Subprovince of the Eastern Americas Realm (Pedder, 1975). 

Table l shows the brachiopod fauna of the collection. 
Other fauna! elements, present in decreasing order of 
abundance, include: large (20 mm diameter) pelmatozoan 
ossicles, bellerophontid and turriculate gastropods (three 
genera), abraded tabulate corals (Favosites, Coenites, Al
veolites), colonial (including Martinophyllum? sp.) and soli
tary rugose corals, pelecypods (two genera), receptaculitids, 
orthocone nautiloid fragments, bryozoan fragments and a 
large uncompressed sponge (100 mm Jong, 30 mm in di
ameter). 

Acknowledgments 
Jane Gray, University of Oregon, assisted in the collecting 
of the material. Incidental expenses covering photography 
and acid dissolution of the material were covered by a 
National Science Foundation Grant to A.J. Boucot. D.G. 
Perry was supported by a National Research Council of 
Canada Postdoctoral Fellowship during the writing of the 
paper. J.G. Johnson, Oregon State University, A.C. Lenz, 
University of Western Ontario, B.S. Norford and A.W. 
Norris, Geological Survey of Canada critically read the 
manuscript. 

SYSTEMATIC PALEONTOLOGY 
Prefix GSC refers to specimens in the type collect ion of the 
Geological Survey of Canada, Ottawa. 

Phylum Brachiopoda 
Family Skenidiidae Kozlowski 1929 

Genus Skenidioides Schuchert and Cooper 1932 

Type species. Skenidioides billingsi Schuchert and Cooper 
1932. 

Skenidioides sp. 

Plate 4, figures 1, 2 

Material. GSC 43093 and one other brachia! valve; GSC 
Jocali ty C-10958. 

Remarks. Skenidioides is not a useful brachiopod for zonal 
correlation because of its long stratigraphic range (Lower 
Ordovician to Middle Devonian) and its relatively stable 
morphologic features. It is a common cosmopolitan element 
and is found abundantly in the outer shelf Vagrania
Skenidioides Community of Boucot (1975) and in the 
community of small species within the G-A-S biofacies of 
Johnson (1974). 
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Table 1. Fauna! list from the Mount Lloyd George 
area, GSC locality C- l 09 58 

* "Dolerorthis'' ? sp. 
Skenidioides sp. 
Cortezorthis cf. C. maclareni 

Johnson a nd Talent 
Dalejina sp. 

* Schizophoria sp. 
Gypidula sp. 
Carinagypa loweryi? (Merriam) 
Leptagonia sp. 
Eoschuchertella sp. 
Aesopomum sp. 
Strophonella sp. 
Megastrophia iddingsi (Merriam) 
Phragmostrophia sp. 

* Leptostrophia? sp. 
Parachonetes macrostriatus? 

(Walcott) 
* Thliborhynchia? sp. 
* indeterminate trigonirhynchiid 

Athyrhynchus sp. 
Atrypa cf. A. nevadana Merriam 
Spinatrypa sp. 
Spinatrypina symmetrica n. sp. 

* Punctatrypa? sp. 
Reticulatrypa? sp. 
Vagrania atrypif or ma n. sp. 
Biconostrophia sp. 

* Cryptatrypa? sp. 
Lissatrypa?sp. 

* Nucleospira? sp. 
* inde terminate acrospiriferinid? 

"Hysterolites" sp. 
Lenzi a pachyostrakon n. gen., n. sp. 

* Plicocyrtina? sp. 
* Cyrtina sp. 

Warrenella sekwensis? Ludvigsen 
and Perry 

lBf 
28 

21B, 19P 
20Bf, 20Pf 
6Bf, 6Pf 
lBBf, 24Pf 
lDBf, 57Pf 
198, 13Pf 
208, 20Pf 
17Bf 
lDPf 
lA, 98, 42P 
3Bf 
2Bf, lPf 

lB 
lAf, 3Bf, 3Pf 
2Bf, lPf 
15Bf, 5Pf 
61Bf, 50Pf 
5Bf, 5Pf 
4A, 140Bf, 95Pf 
2Bf, lPf 
lA, 4Bf, 3P 
lDOBf, 60Pf 
2A, 4Bf, 4Pf 
lP 
4A, 28, BPf 
lBf 
3Bf, 5Pf 
?lB, 3Pf 
20Bf, BOPf 
2Pf 
25Bf, 30P 

148f, 16Pf 

A = articulated shells, B = brachia! valve, P = pedicle valve, 
f = fragment al shell remains, asterisked material has not yet 
been illustrated because of poor preservation. 

Skenidioides is common throughout the Lower Devonian 
of Royal Creek, Yukon and of the Sekwi Mountain map area 
of western District of Mackenzie. In central Nevada, Skeni
dioides is absent from the Quadrithyris through Eure
kaspirif er pinyonensis zones, probably reflecting the shal
low-wa ter, nearshore environment of their faunas. 

Family Dalman ell idae Schuchert 1913 
Subfamily Cortezorthinae Johnson and Talent 1967 

Genus Cortezorthis Johnson and Talent 1967 

Type species. Cortezorthis maclareni Johnson and Talent 
1967. 

Cortezorthis cf. C. maclareni Johnson and Tal e nt, 1967 

Plate 4, figures 3 -13 

Hypsomyonia? sp. A, Mclaren in Fortier et al., 1963, p. 320. 
Cortezorthis maclareni Johnson and Talent, 1967, p. 146, 

Pl. 19, figs. 1- 20, Pl. 20, figs. 28, 29. 
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Material. 21 brachia! valves (including figured specimens 
GSC 43094- 43096) and 19 pedicle valves (including GSC 
43097, 43098); GSC locality C-10958. 

Remarks. The type material of C. maclareni is from Emsian 
beds of the Blue Fiord Formation, Ellesmere Island; the 
species is abundant in Emsian age beds of the Delorme 
Formation in the Sekwi Mountain map area, Mackenzie 
Mountains. Cortezorthis is known from upper Lochkovian to 
Emsian strata in the Cordilleran region and in the Emsian of 
U.S.S.R. (referred to Protophragmophora by Alekseeva, 
1967). The genus is not known to range into the Eifelian in 
North America as suggested previously by Mclaren et al. 
(1970, p. 616). 

The Mount Lloyd George shells belong to the early 
Pragian - Emsian lineage of Cortezorthis n. sp. of Perry 1974 
-C. maclareni and are very close to C. maclareni. Features 
of the shells characteristic of C. maclareni are: large size 
(2- 3 cm in diameter), subcircu!ar outline, ventral carina, 
sharp posterior dorsal sulcus, well developed internal radial, 
peripheral septa. The dorsal muscle field has a slightly more 
elongate rhombohedral outline than that of the type 
material. The faintly, radially grooved posterior adductor 
scars are separated from the anterior adductor scars by an 
anterolaterally directed myophragm that is impressed as a 
groove in the high, overhanging muscle-bounding ridges. 
Anteromedially, three orders of peripheral septa are de
veloped in the dorsal valve. The ventral interiors of the 
Lloyd George shells are not readily distinguished from the 
type material. A well preserved C. maclareni from Emsian 
age beds of the Delorme Formation is illustrated (Pl. 4, 
fig. 14) for comparative purposes. 

Family Rhipidomell idae Schuchert 1913 
Subfamily Rhipidomellinae Schuchert 1913 

Genus Dalejina Havlicek 1953 

Type species. Dalejina hanusi Havlicek 1953. 

Dalejina sp. 

Plate 4, figures 15-17 

Material. 20 brachia! valves (including figured specimen 
GSC 43099) and 20 pedicle valves (including GSC 43100); all 
coarsely silici fied and fragmentary; GSC locality C-10958. 

Remarks. Dalejina is a common element in the Lower 
Devonian of the Old World Realm, Cordilleran region, of 
western North America. In northwestern Canada it occurs 
commonly in upper Lochkovian to Emsian strata. The Mount 
Lloyd George Dalejina are relatively large and have thick 
shells. They differ from the Dalejina known from the 
Delorme Formation by their finer costellae and their 
strongly impressed dorsal muscle fields. The posterior 
dorsal adductor muscle scars are raised on a platform bound 
by the brachiophores and the cardinal process, whereas the 
anterior adductors are strongly impressed circular tracks 
divided by a strong median myophragm. 

Family Gypidulidae Schuchert and LeVene 1929 
Subfamily Gypidulinae Schuchert and LeVene 1929 

Genus Gypidula Hall 1867 

Type species. Gypidula typicalis Amsden 1953. 

Gypidula sp. 

Plate 4, figures 18- 24 



Material. Posterior fragments of 18 brachia! valves 
(i ncluding figured specimens GSC 43101, 43103) and 24 
pedic le valves (including GSC 43102, 43104); GSC loca lity 
C-109S8. 

Remarks. Fragmentary s ili c i fi ed rema ins of a coarsely 
cos tate gypidul id are referred here to Gypidula. Several 
gypidulids with coarse costae are known from upper Pragian 
beds from Royal Creek and from the Sekwi Mountain area, 
although direct c omparison of the Mount Lloyd Geo rge shells 
is precluded because of poor preservation. 

Conside rable variation is shown in the disposition of the 
costae; in some shells they a re confined to the medial 
regions, in others they are distributed eve nly over the whole 
wid t h. La rge shells dLvelop smooth umbones whe reas the 
costae extend from the beak in small immat ure shells. The 
costae show irreg ular bifurcation and impla ntation. The 
brac hia! plates are slightly di ve rgent anteriorly and form s 
with both conjunct a nd widely di sjunct outer plates are 
present. The ventral spondylium is supported apically by a 
relatively short septum. A low ventral fold and dorsal sulcus 
readily distinguish the taxon. 

Ge nus Carinagypa Johnson a nd Ludvigsen 1972 

Type spec ies. Gypidula loweryi Merriam 1940. 

Carinagypa loweryi ? (Merriam 1940) 

Plate 4, figures 2S - 30 

?Pentamerus comis Walcott, 1884, p.169, Pl. 3, fig. 7, Pl.14, 
figs. l s , lSa, lSb, Pl. lS, fig s. S , Sa, Sb. 

?Gypidula loweryi Merriam, 1940, p. 01 ; Pl. 7, fig. 9 . 
?Gypidula loweryi Merriam, Cooper, 1944, p. 30S, Pl. llS, 

figs. 4, S. 
?"Gypidula" loweryi Merriam, Gauri a nd Boucot, 1968, 

p. ll 9, P l. 20, fig. 4, Pl. 21, fig. l. 
?Gypidula loweryi Merriam, Johnson, 1970, p. 98 , Pl. 13, 

figs. 8 -17, Pl.14, figs. 1- 20. 
?"Gypidula" loweryi Merriam, Ludvigse n, 1970, Pl. 1, 

f ig s. 16-19 . 
?Carinagypa loweryi Merriam, Johnson and Ludvigsen, 1972, 

p.128, Textf ig. 3 . 

Material. Posterior fragm e nts of 10 brachia! valves 
(inc luding figured specimens GSC 43106, 43107) and S7 
pedicle valves (including GSC 4310S); GSC locality C-109S8. 

Remarks. The shells are poorly preserved but s how smooth 
shell exteriors, weakly developed carinae at the junction of 
inclined, elongate triangular inner plates and ribbonlik e 
brachia! processes, outer plates that bow laterally from 
the ir subparalle l tracks along the valve floor, thickened 
Jobes in the notothyrial cavity whi ch evidently served for 
diductor attachment, and a prominent septum supporting the 
spo ndylium. The ventral septum is one feature that dis
tinguished C. loweryi from the large aseptate Carinagypa 
aseptata Johnson of younger Emsian age. Included in C. 
loweryi? from GSC locality C-109S8 are two dorsal valves 
with basally conjunct oute r brac hia! plates that might 
indicate Sieberella. In other collections of C. loweryi, Perry 
and Boucot have seen simi Jar variability and sugges t that the 
basal disposition of outer plates in some gypidulid species is 
highly va ri able. Carinagypa lower yi is a distinctive element 
in the lower Emsian beds of the Michelle Formation, 
northern Yukon (Ludvigsen, 1970) a nd f rom s trata of similar 
age in central Nevada (Johnso n, 1970). A probable repre
sentative is known from lower Emsian beds of the Delorme 
Formation in the Sekwi Mountain map a rea. 

Family Strophom e nidae King 1846 
Subfamily Leptaeninae Hall and C larke l89S 

Ge nus Leptagonia M'Coy 1844 

Ty pe spec ies. Producta analoga Phillips 1836. 

Leptagonia sp . 

Plate 4, figures 31- 38 

Material. Ninetee n brachia! 
specimens GSC 43108, 43ll0, 
pedicle valves (including GSC 
GSC locality C-109S8 . 

valves (including figured 
43lll) a nd 13 fr agmentary 
43109), a ll finely silici fi ed; 

Description. Exterior. She lls up to 40 mm wide, 
transversely subrectangular in outlin e. Anterior margin of 
shell commonly strongly re-e ntrant. Ca rdinal angles right 
a ngl ed to slightly acute. Hinge line long, str a ight a nd 
co mmonly the line of ma ximum width. Shells planoconvex in 
late ral profile with strong geniculation (9 0° ) nea r the medial 
part of the shell. Ventral interarea long, low, flat a nd 
apsacl ine. Dorsal interarea nonexistent. Ornament of 
strongly developed concentric rug ae separa te d by U-s haped 
interspaces. Rugae and interspaces crossed by numerous, 
fine, rounded, r adi al costellae that extend to anterior 
margin. E ight to ten concentr ic rugae develop on mature 
shells, rugae not always continuous from one side of shell to 
other. Both va lves strongly geni cu late along anterior ma rgin 
with geniculation le ss sharp lateral ly. 

Pedicle valve interior. Hinge teeth blunt, prismlike, 
triangular in cross-section, directed anterodorsally, sup
por ted by prominent dental lamellae whi c h join with the hig h 
muscle-bounding ridges that overhang valve floor both la t 
e rally a nd anteriorly. Muscle -bounding ridges define subtri
a ngular muscle fi e ld that is divided anteriorly by broad, low 
myophragm. Adductor muscle sca rs na rrow, elongate, 
confined to medial part of diductor field, bounded by low 
arcuate ridg es posteriorly. Shell interior marked by impress 
of concentric rugae; and s trongly pustulose anterior and 
lateral to muscle fi e ld. 

Brachia! valve interior. Sockets poorly defined, lacki ng 
dis ti net anterior bounding ridges, triangular shaped, 
expandi ng a nterolate rally, loca ted posterolateral to bases of 
card inal process. Cardi nal process lobes conjunct postero
dorsally, broadly divergent anteriorly; lobes divided by an 
anteriorly deepening slit that develops into a subcircular pit 
in large she lls. Whole cardinal process s tructure elevated on 
pyramida l pad of shell material. Subcirc ular posterior 
adductor muscle scars strongly impressed anterior to 
cardinal process in so me shells, divided medially by low 
myophragm. Anterior adductors smalle r, elongate, s ituated 
in deep pit anteromedially to posterior adductors, divided 
medially by low, thread! ik e, myophragm-tseptum struc ture 
that may ex t end to point of geniculation. Ventrally directed 
ridge developed at point of geni c ula ti on. Rugae strongly 
impressed anterolate r al to muscle field. Anterolateral 
corne rs of shell strongly ra ised nea r point of geniculation. 
Geni c ulate fringe of shell s smoo t h. 

Discussion. Leptagonia is a cosmopolitan genus in Lowe r 
Devonian strata. Leptagonia has a pronounced ridge that 
ri ses above the shell floor at the point of geni c ulat ion 
whereas L eptaena lacks this ridge (Hav lfcek , 1967). Many 
shells from Lower Devonia n beds of wes tern North America 
r efe rred to Leptaena probably belong to Leptagonia, 
al tho ugh previous North Amer ican usage commonly has 
r estricted the nam e L eptagonia to Carboniferous forms. 
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Plate 4 

Skenidioides sp. 

Figures 1, 2. 

(page 17) 

Exterior and interior views of brachia! valve, GSC 43093; GSC Joe. C-10958; 
X2.5. 

Cortezorthis cf. C. maclareni Johnson and Talent (page 18) 

Figures 3, 4. 

Figure 5. 

Figures 6, 7. 

Figures 8, 9. 

Figures 10 - 13. 

Interior and exterior views of brachia! valve, GSC 43094, GSC Joe. C-10958; 
Xl.2. 

Interior view of brachia! valve, GSC 43095 from same locality; Xl.2. 

Interior and exterior views of brachia! valve, GSC 43096 from same locality; 
Xl.5. 

Interior and exterior views of pedicle valve, GSC 43097 from same locality; 
Xl.2. 

Interior, exterior, oblique posterior and posterior views of pedicle valve, GSC 
43098 from same locality; Xl.2. 

Cortezorthis maclareni Johnson and Talent (page 18) 

Figure 14. 

Dalejina sp. 

Figures 15, 16. 

Figure 17. 

Gypidula sp. 

Figures 18 - 20. 

Figures 21, 22. 

Figure 23. 

Figure 24. 

Interior view of brachia! valve, GSC 43878; Delorme Formation, 128 m below 
top, Mackenzie Mountains (lat. 63°16'45"N, long. 128°32'40"W); Xl.l. 

(page 18) 

Exterior and interior views of brachia! valve, GSC 43099; GSC Joe. C-109 58; 
Xl.2. 

Interior view of pedicle valve, GSC 43100 from same locality; Xl.2. 

(page 18) 

Exterior, anterior and interior views of brachia! valve, GSC 43101; GSC Joe. 
C-10958; Xl.5. 

Interior and exterior views of pedicle valve, GSC 43102 from same locality; 
Xl.2. 

Interior view of brachia! valve, GSC 43103 from same locality; Xl.2. 

Oblique anterior view of pedicle valve, GSC 43104 from same locality; Xl.2. 

Carinagypa loweryi? (Merriam) (page 19) 

Figures 25 - 27. Exterior, interior and oblique interior views of pedicle valve, GSC 43105; GSC 
Joe. C-10958; Xl.2. 

Figure 28. 

Figure 29, 30. 

Leptagonia sp. 

Figures 31 - 33. 

Figures 34, 35. 

Figure 36. 

Figures 37, 38. 

Strophonella sp. 

Figure 39. 

Aespomum sp. 

Figures 40- 42. 

Interior view of fragment of brachia! valve, GSC 43106 from same locality; 
X3. Note carina along right brachidial plate. 

Interior and oblique interior views of brachia! valve, GSC 43107 from same 
locality; X3. 

(page 19) 

Interior, exterior and posterior views of brachia! valve, GSC 43108; GSC Joe. 
C-10958; Xl.2. Note the well developed ridge marking the geniculate fringe 
shown in Figs. 31, 33 and 36. 

Interior and exterior views of pedicle valve, GSC 43109 from same locality; 
Xl.2. 

Interior view of brachia! valve, GSC 43110 from same locality; xl.2. 

Interior and exterior views of brachia! valve, GSC 43111 from same locality; 
Xl.2. 

(page 22) 

Int':)rior view of fragment of pedicle valve, GSC 43116, GSC Joe. C-10958; XL 

(page 22) 

Posterior, interior and oblique interior views of brachia! valve, GSC 43115; 
GSC Joe. C-10958; Xl.5. 
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The Mount Lloyd George Leptagonia is close to 
Leptaena sp. C of Johnson (1970), described from the lower 
Emsian Acrospirifer kobehana and Eurekaspirif er pinyonensis 
zones of central Nevada. A similar shell is known from 
upper Pragian beds of Royal Creek, Yukon and the Sekwi 
Mountain map area, western District of Mackenzie. Caution 
should be exercised in the speciation of Leptagonia because 
of its highly variable morphology that commonly can be 
observed in large collections. 

Family Schuchertellidae Williams 1953 
Genus Eoschuchertella Gratsianova 1974 

Type species. Eoschuchertella popovi Gratsianova 1974. 

Eoschuchertella sp. 

Plate 5, figures 1 - 6 

"Schuchertella" sp. B of Johnson, 1970, p. 108, Pl. 18, figs. 
15 - 20. 

Material. Twenty silicified, fragmentary brachia! valves 
(including figu r ed specimens GSC 43113, 43114) and 20 
similar pedicle valves (including GSC 43112); GSC locality 
C-10958. 

Description. Exterior. Outline semicircular, lateral profile 
variable from slightly biconvex to gently convexiplanar to 
planoconvex. Brachia! valves of mature shells incurved 
anteriorly. Ventral interarea wide, high, apsacline, gently 
convex. Pseudodeltidium convex, covers two thirds delthy
rium. Dorsal interarea very short to nonexistent, anacline. 
Ornament of strong, angular, radial costellae approximately 
11 in 5 mm at a point 10 mm anterior to beak. Costellae 
increase anteriorly by intercalation. Small shells bear 
numerous distinct growth lamellae. Only major growth lines 
visible on large shells. 

Pedicle valve interior. Hinge teeth prominent, blunt, 
strongly inclined anteriorly, extend from edges of del
thyrium. Short, widely divergent dental lamellae re
stricted to apex of valve. Muscle field weakly impressed 
over posterior one third of shell, divided medially by wide, 
low myophragm probably marking site of adductor at
tachment. Shell interior smooth except near periphery 
where marked by impress of costellae. Shell substance thick 
in large and small shells. 

Brachia! valve interior. Sockets widely divergent, 
bounded by recurved socket plates that join medially 
forming base of cardinal process. Small, bi lobed cardinal 
process. Large semicircular muscle field weakly impressed 
anteriorly, strongly impressed adjacent to sockets. Muscle 
field divided medially by weak myophragm. Shell interior 
crenulated near margins by impress of costellae. 

Discussion. The name "Schuchertella" has been applied to 
the impunctate Early Devonian representatives of Schu
chertellidae, which are common in the Early Devonian of 
western North America. Gratsianova (1974) revised the 
Early and Middle Devonian Schuchertellidae, and she pro
posed the genus Eoschuchertella for the impunctate 
Devonian "Schuchertella". The Mount Lloyd George Eo
schuchertella appears to be conspeci fie with "Schucher
tella" sp. B of Johnson (1970) from the Pragian Spinoplasia 
and Trematospira zones of central Nevada. The morphology 
of Eoschuchertella appears to be closely related to the 
depositional environment (thin-shelled forms in argillaceous 
beds, thick-shelled forms in higher energy bioclastic 
carbonates) in Lower Devonian brachiopod collections from 
western and Arctic North America. 
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Hav!fcek (1967, p. 202) proposed the Middle Devonian 
genus Drahanostrophia for impunctate shells with widely 
divergent, simple, nonconcave brachiophores. Savage (1971, 
p. 405) assigned a late Lochkovian Australian "Schu
chertella"-type shell to Drahanostrophia, but his species 
burrenensis is better regarded as an Eoschuchertella. The 
type species, the only other described Drahanostrophia, is a 
small shell with simple brachiophores and much coarser 
costae than Eoschuchertella. Eoschuchertella burrenensis 
(Savage) is finely costellate and lacks true dental lamellae 
but has weakly developed ridges that mark the interior of 
the delthyrium and touch the valve floor only at the valve 
apex. Species of Eoschuchertella, from Lochkovian and 
Pragian beds of the Yukon and adjacent District of Mac
kenzie, are similar to the Mount Lloyd George species. In 
large collections of these species, the dental lamellae are 
weakly developed but in some specimens reach the valve 
floor slightly beyond the valve apex although never 
developed to the extent of those of Iridistrophia, a genus 
with very prominent dental Jamel Jae. 

Genus Aesopomum Havlicek 1965 

Type species. Strophomena aesopea Barrande 1879. 

Aesopomum sp. 

Plate 4, figures 40 - 42 

Material. Seventeen fragmentary, silicified brachia! valves 
(including figured specimen GSC 43115 ); GSC locality 
C-10958. External ornament is not preserved. 

Remarks. Aesopomum is a common element in the Loch
kovian to Emsian faunas from the Yukon and the District of 
Mackenzie. In Nevada, Aesopomum is known only from the 
Lochkovian and probably is absent from the younger 
Devonian collections because of shallower water nature of 
their brachiopod communities. The Lochkovian A. vari
striatus Johnson has discrete socket ridges and cardinal pro
cess whereas in younger (Pragian) Aesopomum the socket 
plates and cardinal process form a continuous structure. 
The Mount Lloyd George shells represent the Pragian form 
of Aesopomum. 

Family Stropheodontidae Caster 1939 
Genus Strophonella Hall 1879 

Type section. Strophomena semifasciata Hal! 1863. 

Strophonella sp. 

Plate 4, figure 39 

Material. Ten silici fied fragments of pedicle 
(including figured specimen GSC 43116); GSC 
C-10958. 

valves 
locality 

Remarks. Although rarely well preserved, Strophonella is a 
common genus and strat igraphically long ranging in western 
North America. Shells very similar to the Mount Lloyd 
George material were noted by Perry (1974) in Emsian beds 
of the Delorme Formation of the Sekwi Mountain map area, 
Mackenzie Mountains. The fragmental Mount Lloyd George 
shells belong to a large, strongly resupinate Strophonella 
with sharp, inverted V-shaped costae. The ventral diductor 
muscle field is large, teardrop shaped, with well developed 
radial ridges. The adductor muscle scars are elongate oval 
shaped and are confined to the posterior half of the muscle 
field. 



Genus Megastrophia Caster 1939 

Type species. Strophomena (Strophodonta) concava Hall 
1957. 

Megastrophia iddingsi (Merriam) 

Plate 5, figures 7 - 22 

Stropheodonta demissa Walcott, 1884, p. ll8, Pl. 2, 
figs. 9, 9a - b; not Con tr ad, 1842. 

Stropheodonta iddingsi Merriam, 1940, p. 79, PI. 6, fig. 6. 
Megastrophia iddingsi (Merriam), Johnson, 1970, p. 122, 

Pl. 26, figs. l -16. 
Megastrophia n. sp. aff. M. iddingsi, Ludvigsen, 1970, PI. 1, 

figs. 20, 21. 

Material. A complete individual (figured specimen GSC 
43ll9), nine brachia! valves (including GSC 43ll7, 43121, 
43122 ), forty-two pedicle valves (including GSC 43118, 
43120 ) all moderately well preserved; GSC locality 
C-10958. Two well preserved brachia! valves (GSC 43876, 
43877) from the Delorme Formation of the Mackenzie 
Mountains are illustrated for comparative purposes (PI. 5, 
figs. 21 - 22). 

Description. Exterior. Outline subsemicircular to trans
versely suboval, moderately to strongly concavoconvex in 
lateral profile. Greatest convexity developed at ventral 
umbo, posterolateral slopes of ventral valves slightly 
concave. Maximum shell width developed at hinge line, 
cardinal angles commonly acute. Anterior commissure 
rectimarginate. Ventral interarea orthocline, wide, flat, 
moderatel y high, denticulate over whole length; dorsal 
interarea very low, slightly hypercline. Pseudodeltidium not 
preserved. Ornament finely parvicostellate, commonly with 
four to six secondary costellae between each primary. Shell 
substance thick. 

Pedicle valve interior. Ventral process consists of a 
triangular protuberance in the apex of the beak, which is 
marked by a V-shaped depression on its anterior face. 
Suboval shaped adductor scars divided medially by a variably 
developed myophragm. Diductor muscle field consists of 
two widely divergent teardrop-shaped scars. Muscle bound
ing ridges prominent posteriorly where joined to interarea 
and continue anterolaterally as low muscle bounding ridges. 
Anterior to adductor field, the diductor field divided 
medially by a wide myophragm. Shell interior smooth. 

Brachia! valve interior. Cardinal process lobes stout, 
project strongly posteriorly, separated by a prominent cleft 
medially. Socket plates diverge at about 20 degrees from 
hinge line and abut against base of cardinal process. 
Anterior adductor scars elevated on a medial platformlike 
structure anteromedial to deeply impressed posterior ad
ductor muscle scars, diverge slightly anteriorly and ne xt 
converge medially near their anterior margin. Posterior 
adductor scars boundeG posterolaterally by muscle ridges 
extending anteriorly from socket plates. Breviseptum di
vides anterior ha! f of anterior adductors and extends var
iably up to three quarters shell length. Some shells clearly 
develop an anterior genicula ti on. 

Discussion. Megastrophia iddingsi is common in Emsian beds 
at Royal Creek, Yukon, in the Se kwi Mountain map area, 
western District of Mackenzie and in the Eurekaspirif er 
pinyonensis zone of central Nevada. The occurrence near 
Mount Lloyd George indicates a late Pragian (approximately 
equi valent to early Emsian) age. Harpe r and Boucot (1978) 
show Megastrophia and Phragmostrophia as belonging to 
different families of stropheodontids. Homeomorphic ten
dencies of M. iddingsi and Phragmostrophia merriami have 

been observed in numerous large collections of silicified 
material from Emsian beds of Delorme Formation. The 
total range of variation of the two shells appears to 
overlap. Fragmental material is often difficult to assign 
with confidence to one genus or the other. The most 
diagnostic features appear to be the more subsemicircular 
outline of M. iddingsi and the more prominent dorsal gen
iculation and development of a dorsal sulcus in Phragmo
strophia merriami. 

Family Pholidostrophiidae Stainbrook 1943 
Genus Phragmostrophia Harper, Johnson and Boucot 1967 

Type species. Phragmostrophia merriami Harper, Johnson 
and Boucot 1967. 

Phragmostrophia sp. 

Plnte 5, figure 23 

Material. Three coarsely silici fied fragmentary brachia! 
valves (including figured specimen GSC 43123); GSC locality 
C-10958. Phragmostrophia merriami (GSC 43875; Pl. 5, 
fig. 24 ) from the Delorme Formation of the Mackenzie 
Mountains is illustrated for comparative purposes. 

Remarks. Phragmostrophia is a common Cordilleran region 
genus with a stratigraphic range of upper Lochkovian to 
Pragian in the Yukon and in the adjacent District of 
Mackenzie. As previously mentioned, P. merriami and M. 
iddingsi are sometimes difficult to distinguish. The frag
ment al shells from the Mount Lloyd George region possibly 
may represent P. merriami. 

Family Chonet idae Bronn 1862 
Subfamily Parachonetinae Johnson 1970 

Genus Parachonetes Johnson 1966 

Type species. Chonetes macrostriata Walcott 1884. 

Parachonetes macrostriatus? (Walcott 1884) 

Plate 5, figures 25 - 27 

Chonetes macrostriata Wale ott, 1884, p. 126, PI. 2, 
fig. 13(?), Pl. 13, f igs.14, 14a - c. 

Chonetes macrostriata Walcott, Merriam, 1940, p. 55, Pl. 6, 
fig.4. 

Chonetes macrostriatus Walcott, Cooper, 1944, p. 345, 
Pl.134, fig.16. 

Longispina macrostriatus (Walcott), Muir-Wood, 1962, p.47. 
Parachonetes macrostriatus (Walcott), Johnson, 1966, 

p. 367, PI.62, figs. 1-17, PI. 63, figs. l-3. 
Parachonetes macrostriatus (Walcott), Johnson, 1970, 

p.136, PI. 32, figs. l -18, Pl. 33, figs. l -5. 
Parachonetes macrostriatus (Walcott), Ludvigsen, 1970, 

Pl. 2, figs. 4-8. 

Material. One well preserved brachia! valve (figured 
specimen GSC 43124); GSC locality C-10958. 

Remarks. The single brachia! valve bears widely divergent 
tooth sockets, the bilobed cardinal process is quadripartite 
in posterior view, and the lobes are widely separated basally 
by a broad, deep alveolus. The lateral sept a and a strong 
median septum are well developed. The external ornament 
consists of low costae; bifurcation was not observed, 
al though the costae are difficult to distinguish near the shell 
margins. 
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Plate 5 

Eoschuchertella sp. (page 22 ) 

Figures 1, 2. Exterior and interior views of pedicle valve, GSC 43112; GSC Joe. C-10958; 
Xl.l. 

Figures 3, 4. Interior and exterior views of brachia! va lve, GSC 43113 from same locality; 
Xl.l. 

Figures 5, 6 . Interior and exterior views of brachia! valve, GSC 43114 from same locality; 
Xl.l. 

Megastrophia iddingsi (Merr iam) (page 23) 

Figures 7, 8. Exterior and oblique interior views of brachia! va lve, GSC 43117; GSC Joe. 
C-10958; Xl.3. 

Figure 9. Interior view of pedicle valve, GSC 43118 from same locality; xl.3. 

Figures 10-14. Lateral, anterior, ventral, dorsal and posterior views of complete specimen, 
GSC 43119 from same locality; Xl. 3. 

Figures 15, 16. Interior and exterior views of pedicle va lve, GSC 43120 from same locality; 
Xl.3 . 

Figures 17, 18. Inte rior and exterior views of brachia! valve, GSC 43121 from same locality; 
Xl.3 . 

Figures 19, 20. Posterior and interior views of brachia! valve, GSC 43122 from same locality; 
Xl.3 . 

Figure 21. Interior view of brachia! valve, GSC 43877; Delorme Formation, 128 m below 
top; Mackenzie Mountains (lat. 63°16'45"N, long. 128°32'40"W); Xl.4 . 

Figure 22 . Interior of gerontic brachia! valve, GSC 43876; Delorme Formation, from same 
locality as Fig. 21; .Xl.4. 

Phragmostrophia sp. (page 23) 

Figure 23. Interior view of brachia! valve, GSC 43123; GSC lac. C -10958; Xl.5. 

Phragmostrophia merriami Harper, Johnson and Boucot (page 23) 

Figure 24. Oblique interior view of brachia! valve, GSC 43875; Delorme Formation, 449 m 
below top; Mackenzie Mountains (lat. 63°16'45"N, long. 128°32'40"W); Xl. 3. 

Parachonetes macrostriatus? (Walcott) (page 23) 

Figures 25 - 27 . 

Athyrhynchus sp. 

Figure 28. 

Figure 29. 

Figures 30, 31. 

Figure 32 . 

Figure 33 . 

Figure 34. 

Figures 35, 36. 

Lissatrypa? sp. 

Figure 37. 

Figures 38 - 40. 

Figures 41, 42. 

Exter ior, interior and posterior views of brachia! va lve, GSC 43124; GSC Joe. 
C-10958; X2 . 

(page 26) 

Inte rior view of brachia! valve, GSC 43125; GSC Joe. C-10958; X2. Note 
var iable development of dorsal cardinalia shown in Figs. 28, 31, 34. 

E xterior view of fragment of pedicle va lve, GSC 43126 from same locality; 
Xl. 2. 

Exterior and interior views of brachia! valve, GSC 43127 from same locality; 
Xl.2 . 

Interior view of brachia! va lve, GSC 43128 from same locality; Xl.2. 

Inter ior view of cardinalia of brachia! valve, GSC 43129 from same locality; 
X2 . 

Interior of brachia! valv e, GSC 43130 from same locality; Xl.2. 

Exterior and interior views of pedicle va lve, GSC 43131 from same locality; 
Xl.2 . 

(page 34) 

Interior view of brachia! va lve, GSC 43166; GSC Joe. C-10958; X2. 

Ventral, dorsal and lateral views of complete specimen, GSC 43167 from same 
locality; X3. 

Interior and exterior views of pedicle valve, GSC 43168 from same locality; X3. 
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Parachonetes macrostriatus is well known from Emsian 
beds in central Nevada (J ohnson, 1966, 1970), of the 
Michelle Formation, northern Yukon (L udvigsen, 1970), of 
the Road River Formation at Royal Creek, northern Yukon 
(Lenz and Pedder, 1972) and of the Delorme Formation of 
the Sekwi Mountain map area, Macken zie Mountains (Perry, 
1974). The taxon is not known from older beds in western 
North America and its occurrence in the present fauna 
indicates an Emsian age. 

Family Leiorhynchidae Stainbrook 1945 
Genus Ath~1rhynchus Johnson 197 3 

Type species. Athyrhynchus susanae Johnson 1973. 

Athyrhynchus sp. 

Plate 5, figures 28- 36 

Material. Fift een fragmentar y brachi a! va lves (including 
figured specimens GSC 43125, 43127 - 43130), five frag
mentary pedicle valves (i ncluding GSC 43126, 431 31); GSC 
locality C-10958. 

Description. Exterior. Shells large, dorsibiconvex; mature 
individual s with thick shell material. Dorsal fold low, flat 
topped, ventral sulcus shallow. Dorsal fold and ventral 
sulcus ornamented anteriorly by three to five low, wide and 
rounded costae. On the flanks, two to four costae of low 
amplitude are discernible only adjacent to anterior margin. 

Pedicle valve interior. Hinge teeth small, rarely 
preserved, supported by poorly developed dental ridges 
extending from short apical denta l plates along the 
delthyrial opening of the shell. Denta l plates very short, 
usually encased in shell callus. Ventral muscle field very 
weakly impressed, elongate, oval shaped . Gonadal sacs 
weakly impressed around the muscle fi e ld. Vascular media 
extend short distance anteriorly from area of gonadal sac 
development as pair of parallel groo ves. Pallial markings 
not preserved. Anterior margin of shell weakly crenulated 
by impress of costae. 

Brachia! valve interior. Sockets small, cylindrical, 
directed anterolaterally. Socket ridges attached to outer 
hinge plates whose medial edges bend dorsally joining the 
median sep tum forming a shallow septa! ium. Mature she lls 
have well developed subparallel callus deposits that mark 
site of diductor muscle attachment on lateral fla nks of 
septalium. Rod-shaped crura attached to anterior end of 
cardinal process-septalium wall structure. Median septum 
prominent and extends variable distance anteriorly, some
times even bey ond midlength; commonly greatly thickened 
posteriorly in mature shells. Dorsal adductor muscle scars 
triangular shaped, expanded anteriorly and divided medi a lly 
by median septum. Muscle scars either impressed into shell 
callus or bounded by a pair of muscle-bounding ridges. 
Posterior and anterior adductor scars not differentiated. 

Discussion. Athyrhynchus recently has been documented 
widely in Emsian beds of the Cordilleran region and also 
shown to be present in the Arctic Islands [Athyrhynchus sp., 
Michelle Formation, northern Yukon (Johnson, 1973 ); 
Athyrhynchus sp., Emsian beds of the Ogilvie Formation, 
northern Yukon (Perry et al., 1974); Athyrhynchus spp., 
mid-upper Pragian beds of the Delorme Formation of the 
Sekwi Mountain map area, Mackenzie Mountains (Perr y, 
1974); A. susanae, Eurekaspirifer · pinyonensis Zone, Nevada 
and Disappointment Ba y Formation, Lowther Island, District 
of Franklin (Johnson, 1973); also Emsian beds of the Delorme 
Formation of the Sekwi Mountain map area, Mackenzie 
Mountains (Perry, 1974)] . A slightly older Pragian leior
hynchid occurs in the Delorme Formation of the District of 
Mackenzie and in the Road River Formation at Royal Creek, 
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Yukon and probabl y belongs to Athyrhynchus. The Mount 
Llo yd George Athyrhynchus differs from A. susanae by its 
greater number of marginal costae and the absence of a 
dorsal furrow. The older Athyrhynchus species known from 
the Delorme Formation are either smooth or with much 
more prominent costae. The Mount Lloyd George specimens 
have a much thicker shell than the Delorme shells, but shell 
thickness has been shown to be a highly variable feature in 
Athyrhynchus (Johnson, 1973 ). The present material is not 
assigned to a new species because of the lack of better 
preserved material. The presence of Athyrhynchus in the 
fauna indicates probably mid-Pragian to Zlichovian age. 

Family Atrypidae Gill 1871 
Subfamily Atrypinae Gill 1871 

Genus Atrypa Dalman 1828 

T ype species. Anomia reticularis Linne 1758. 

Atrypa cf. A. nevadana Merriam 1940 

Plate 6, figures 1- 9 

Atrypa nevadana Merriam, 1940, p.83, Pl.7, figs.18,19. 
Atrypa nevadana Merriam, Cooper, 1944, p. 319, Pl. 121, 

fig s. 6, 7. 
Atrypa nevadana Merriam, Johnson, 1970, p. 156 , Pl. 41, 

fig s. 5 - 17. 

Material. Sixty-one fragmentar y brachia! valves (including 
figured specimens GSC 43133, 43134, 43137), fifty pedicle 
valves (including GSC 43132, 43135, 43136); GSC localit y 
C-10958. 

Remarks. Atrypa cf. A. nevadana is characterized by its 
large size, slightly elongate outline and its strongly dor
sibiconvex lateral profile. A shallow ventral sulcus and a 
corresponding dorsal fold develop anteriorly. Strong radial 
costellae (7 - 9 costae in 5 mm at a point 10 mm anterior to 
beak) are crossed by well developed growth lines tha t 
occasionally are extended anteriorly to produce frills. The 
ventral hinge teeth have an elliptical outline and are 
directed anteromedially. Small shells h.ave short, widely di
vergent dental Jamel Jae; however, these are obsolescent in 
large shells. The ventral adductor scars are small, elongate, 
oval shaped and are confined to posterior two thirds of the 
large suboval, radially striated diductor field. The lateral 
flanks of the diduc tor field are slightly raised and bear 
pustulose ornament. The dorsal sockets are divided by a 
diagonal, corrugated ridgelike structure. A rounded my
ophragm extends anteriorly from the notothyrial platform 
(site of diductor attachment) and divides the large oval
shaped, radially striated adductor muscle field. 

Genus Spinatrypa Stainbrook 1951 

Type species. Atrypa aspera var. occidentalis Hall 1858. 

Spinatrypa sp . 

Plate 6, figure s 10-12 

Material. Five broken and abraded fragments of brachia! 
valves and five simi Jar fragments of pedic le valves 
(including figured specimens GSC 43138, 43139); GSC 
locality C-10958. 

Remarks. The shells are large with broad, rounded costae 
crossed by lamellose growth lines. Costae occasionally 
extend anteriorly as tubelike spines. Costae increase by 
both bifurcation and implantation. The brachi a! valve has 



large , deep, st rongly corrugated sockets. The dorsal muscle 
field is subcircu lar in outline, strong ly impressed and di vided 
med ially by a prominent myo phrag m. 

Simi Jar very coarsely ribbed shell s have been recovered 
from mid-upper Pragian beds at Royal Creek, Yukon a nd in 
the Sekwi Mountain map area, District of Macke nzie. The 
shell ornamentation is very s imilar to S. curvirostra Copper 
(1967) , al though th e materi a l at hand does not permit de
t a iled comparison. 

Genus Spinatrypina Rzhonsni tskaya 1964 

Type species. Spinatrypina margaritoides Rzhonsnitskaya 1964. 

Spinatrypina symmetrica n. sp. 

Plate 6, figure s 13 - 30 

Diagnosis. A Spinatrypina whose costae increase 
sy mmetrically by implantation on the brachia! valve and by 
bifurcation on the pedicle valv e. 

Material. Four complete indi vidual s (including holotype GSC 
43140 , paraty pe GSC 43143), 140 fr agmenta ry brach ia! 
valves (including paratypes GSC 43144, 43146, 43147), 95 
fragmentar y ped icle va lves (i nc luding pa ratypes GSC 43141, 
43142, 43145); GSC locality C-10958 . 

Description. Exterior. Mature she lls a ppro xi ma tely 20 mm 
in both lengt h and width, slightly longer than wid e, wit h a 
gently dors ibi c on vex lateral profile. Ven tral interarea 
small, flat, erect, pierced ap ically by cir c ular fora men. 
Deltidial plates conjunct anteriorly bounding the foram e n in 
large shells. Rounded, shallow ventral sulcus and an 
accompanying dorsal fold developed near a nterior margin. 
Hinge line short, about one third maximum widt h. Ornament 
of high - tubular-imbricate costae separated by deep inter
spaces. Tubular-imbricate pattern develops from ventr al 
median pair of costae a nd a dorsal median cos ta. Costae 
increase regularly over anterior two thirds of shell. New 
costae appear at approximately the same growth pos ition, 
symmetrically on both flanks of shell. Concentric ornament 
of lamellose growth lines, closely set and regularly spaced 
except nea r anterior margin where much closer and more 
prominent. 

Pedicle valve interior. Hinge teeth prominent, oval 
shaped in pla n view, strongly directed la terally. Small shells 
bear short, but distinct dental lame llae with open latera l 
chambers although these become obsolescent due to callus 
infilling in mature shells. Muscle field teardrop shaped, 
moderately impressed a nd surround ed by pustulose shell 
callus anterior to muscle field. Adductor scars narrow, 
elongate, confined to median part of the muc h larger 
diductor fie ld. 

Brachial valve interior. Sockets deep, strongly cor
rugated, anterolaterally divergent, closely se t toge ther 
posteromedially. Prominent diagonal ridge extends a long 
the posterolateral side of socket. Lo w, rounded myophragm 
with medial groove extends a nt eriorly from notothyr ial 
cal !us infilling. Elongate, oval-shaped, strongly impressed 
pair of muscle scars situated lateral to myophragm and 
surrounded by a large teardrop-shaped, radially striated 
muscle field that appears to bear two pairs of adductor 
mu scles. Evidence of the ca rdin al process structure de
scribed in German Middle Dev onian shells of Spinatrypina by 
Copper (196 7) not preserved in notothyrial cavity of the 
Mount Lloyd George shells. Lateral flanks of mu scle field 
bear pustulose ornament. Shell interior weak ly corrugated 
by impress of costae in some shells. 

Discussion. The tubular-imbricate ornamen t clearly shows 
the aff ini ty of the she ll to Spinatrypina. The shell is c losely 
comparable to S. asymmetrica Johnson a nd Flory from the 
Ei feli a n of Nevada. The Ne vada ta xon is smal le r, has less 
prominent, more numerous cos tae and shows a pronounced 
curvature of the dorsal median costa, a feature no t 
deve loped in S. symm etr ica n. sp . The German Middle De
voni an represe ntatives of Spinatrypina illustrated by Cop
per (1967) do not develop th e high, more widely spaced 
costae nor do they ha ve th e more elongate outline of S. 
sy mm etrica. The presence or absence of dental lame llae or 
late ral ca vi ti es in S. symm etrica is sho wn to be a function of 
ontogenet ic development. Copper (1967, p. 515) emp hasized 
the presence of disjunct de! ti dial plates as c ha rac t eri st ics of 
Spinatrypina. The prese nce or absence of disjunct deltidial 
plates is regarded here as a functio n of ontogenetic stage of 
development. There appears to be a conflict of usage in the 
literature regarding th~ use of the terms conjunct and 
disjunct deltidial plates. Shells described as having disjunct 
delt id ial plates show the deve lopment of an ap ical foramen 
t hat by definition is bounded a nt eriorly by a rim of she ll 
material (see Johnso n and Flory, 1972, Pl. l, fi gs. 7, 8; 
Copper, 1967, p. 515, 517). 

The genus Spinatrypina is kno wn from Pragian age beds 
of the Delorme Formation in t he Sekwi Mountain map area. 
Other occurrences have not been report ed from western 
North Ameri can Lower Devonian stra ta, but thi s probably is 
t he result of inclusion of Spinatrypina with Spinatrypa (sensu 
Jato) in fauna! li sts. 

Copper (1967) a nd Johnson and Fl ory (1972) noted the 
occurrence of Spinatrypina in Rassenriff-type fau nas (com
munities dominated by one or two species of atrypacean 
brachiopods and branc hing tab ulate corals of the Thamno
pora and Syringopora types with these eleme nts comprising 
more than 90 per cent of t he total shelly fauna). Pragian 
beds of the Delorme Formation and th e Mount Llo yd George 
collect ion record the presence of the genus in deeper wate r, 
more diverse Benthi c Assemb lage 4 to 5 (sensu Boucot, 1975) 
communiti es of the Vagrania-Skenidioides t ype ra ther tha n 
being res tricted to shallow, qui e t waters of Benthic As
semblage 2 to 3 position. 

Genus Reticulatrypa Savage 1970 

Type spec ies. Ret iculatrypa f airhillensis Savage 1970. 

Ret iculatrypa? sp. 

Plate 6 , figures 31 - 36 

Material. Complete individ ual (f igured specimen GSC 
43149), four brachia! va lves and fr ag ments of three pedicle 
valves (i ncluding GSC 43148); GSC locality C-10958 . 

Remarks. Al though r epresented by only a few poo rly 
preserved shells, the t axon clearly is separable fr om t he 
other atrypids in the co llect ion. Small shells have a shallow 
dorsal sulcus and a low ventr al fold. The ventr al beak is 
erect a nd smal 1 hinge t ee th are supported by shor t (usually 
obsolescent) dental lamellae . Costae commonly increase by 
bifu rcat ion and occasionfl lly by intercalation. 

The genus Reticulatrypa was proposed by Savage (1970) 
for Atrypinae of subci r cu la r outlin e with shallow ventr al 
fold a nd dorsal sulcu s, a fi nely reticulate ornament of 
closely spaced growth Jamel Jae, a nd a s traight to suberect 
ventral beak. A few re presentat ives of t he genus are known 
from lowe r Lower Devoni a n beds at Royal Creek, Yukon a nd 
in the Delorme Format ion, District of Mackenzie. 
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Plate 6 

Atrypa cf. A. nevadana Merriam (page 26) 
Figures 1, 2. Exterior and interior views of pedicle valve, GSC 43132; GSC Joe. C-10958; 

Xl.2. 

Figures 3, 4. 

Figure 5. 

Figures 6, 7. 

Figure 8. 

Figure 9. 

Spinatrypa sp. 
Figure 10. 

Figures 11, 12. 

Exterior ahd interior views of brachia! valve, GSC 43133 from same locality; 
Xl.2. 

Interior view of brachia! valve, GSC 43134 from same locality; Xl.2. 

Exterior and interior views of pedicle valve, GSC 43135 from same locality; 
Xl.2. 

Interior view of pedicle va lve, GSC 43136 from same locality; Xl.2. 

Oblique interior view of brachia! va lve, GSC 43137 from same locality; Xl.2. 

(page 26) 
Exterior view of pedicle valve, GSC 43138; GSC Joe. C-10958; Xl. 

Interior view of pedicle va lve , GSC 43139 from same locality; Xl. 

Spinatrypina symmetrica n. sp. (page 27) 
Figures 13 -17. Dorsal, ventral, anterior, posterior and lateral views of holotype, GSC 43140; 

GSC Joe. C-10958; Xl.3. 

Figure 18. 

Figure 19. 

Figures 20 - 22. 

Figures 23, 24. 

Figures 25, 26. 

Figures 27, 28. 

Figures 29, 30. 

Reticulatrypa? sp. 
Figure 31. 

Figures 32 - 36. 

Biconostrophia .sp. 
Figures 37, 38. 

Figures 39, 40. 

Figure 41. 

Figu.res 42, 43. 

Figures 44 - 46. 

Figures 47, 48. 

Interior view of ped icle va lve, paratype GSC 43141 from same locality; Xl.3. 

Interior view of pedicle va lve, paratype GSC 43142 from sa me locality; Xl.3. 

Dorsal, late ral and ventra l views of complete paratype GSC 43143 from same 
locality; Xl.3. 

Exterior and interior views of brachia! valve, paratype GSC 43144 from same 
locality; Xl.3. 

Exterior and interior views of pedicle valve, paratype GSC 43145 from same 
locality; Xl.3. 

Exterior and interior views of brachia! valve, paratype GSC 43146 from same 
locality; Xl.3. 

Exterior and interior views of brachia! valve, paratype GSC 43147 from same 
locality; Xl.3. 

(page 27) 
Exterior view of pedicle va lv e, GSC 43148; GSC Joe. C-10958; Xl.2. 

Dorsal, ventral, anterior, posterior and lateral views of complete individual, 
GSC 43149 from same locality; X2 . 

(page 34) 
Exterior and interior views of brachia! valve, GSC 43161; GSC Joe. C-10958; 
Xl.5. 

Interior and exterior views of brachia! valve, GSC 43162 from same locality; 
Xl.5. 

Interior view of fragment of pedicle valve, GSC 43163 from same locality; 
Xl.5. Note raised area medially marking spiralium impressio n. 

Exterior and interior views of fragment of pedicle valve, GSC 43164 from 
same locality; Xl.5. 

Dorsal, lateral and exterior views of small shell, GSC 43165 from same 
locality; X2. 

Exterior and interior views of brachia! valve, GSC 43875; Delorme Formation, 
449 m below top; Mackenzie Mountains (lat. 63°16'45"N, long. 128° 32'40"W); 
XZ.8. 

Davidsoniatrypa johnsoni Lenz (page 34) 

Figures 49- 51. Dorsal, ventral and anterior views of complete individual, GSC 4387 3; Delorme 
Formation, 337 m below top; Mackenzie ·Mountains (lat. 63°18'18" N, long. 
128°32'40"W); Xl.l. In Fig. 51 note spiral cones marking impressions of the 
spiralia. 
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In the discussio n of the brachiopod fa un a, a shell is 
r efe rred to Punctatrypa? sp. with affi ni ty to the species P. 
granulifera (Barrande). Savage (1970, p. 663) noted that 
some shells which had been ass igned to P. granulifera 
(Barrande) are in fact Reticula t rypa in that the y lack the 
concentri c rows of spine bases in the shell structure whic h 
give the 'puncta t e' appearance. The shells from near Mount 
Llo yd George that are questionably referred to Punctatrypa 
have c learly developed 'punctae'. 

Subfamily Atrypinae? Gill 1871 
Genus Vagrania Alekseeva 1959 

Type spec ies. Atrypa koly mensis Na livkin 1936 . 

Remarks. J ohnson (1967) concluded that the long s ubpara lle l 
s tructures termed "long vascular r idges" in Vagrania, 
Toquimaella, Eokarpinskia and Karpinskia we r e probably 
homologous a nd la ter Johnson (1969) ass igned Vagrania, as 
we! I as its morphologically r elated a ntecedent Toquimaella, 
to the Subfamily Kar pi nskii nae, large ly appare ntly on the 
possess ion of "long vasc ular ridges". Co pper (l973b, p. 487) 
also placed the vagraniids in close familial association with 
the karpinskiids seemingly because of the prominent 
"vascu lar ridges". Reexamination of the familial affinities 
of these genera raises some doubts in our minds. The four 
ge nera do indeed possess long paral le l ridges in th e pedicle 
valve. However, these ridges are r e latively low, wide and 
possess a so mewha t in vert ed V-shaped cross-section in bot h 
Vagrania a nd Toquimaella, whereas those of both Karpinskia 
a nd Eokarpinskia are bladelik e in cross-sect ion (see 
Nikiforova and Yakovlev, 1937, Textfigs. 7-1 to 7-10 for 
Eokarpinskia; Tschernyschew, 1885, Pl. VII, f igs. 81 and 86; 
Tschernyschew, 1893, Pl. IX, fi g. 1, Bubli tschenko, 1928, 
Pl. XLIX, figs. l a - g, 6a - b; Rz honsnitskaya, 1960, fi g. 326 
and Johnson, 1967, Pl. III, fig. 6 for Karpinskia). Thi s 
question of the form of the cross-section of the vascular 
ridge and their r e la tive le ngths is not in itself decisi ve in our 
opinion as one group could be cha racterized by form s wit h 
bladelik e c ross-sect ions and sti ll give rise to a second group 
with V-shaped cross-sections. Howeve r, th e brachia! 
cardinalia show evidence whi c h strongly indicates that 
Eokarpinskia is closely allied morphol ogicallly to Karpinskia 
and that ne ithe r ge nus ha s much in common with 
Toquimaella or Vagrania. The brachia! cardinali a of both 
Toquimaella and Vagrania, as illustrated in the present paper 
as well as by previous worker s, is li t tle different from that 
of Atrypa itself. Notable in the brachia! valve are the 
cr e nulated sockets and a depressed area between the socke t s 
probably marking the site of diductor attachment. In 
contrast, the illustrat ions of both Karpinskia a nd 
Eokarpinskia are c harac t er ized by a prominent, poste rio r 
boss! ike area for diductor attachment (with or without a 
s hort , median, bladelike structure) . Th e presence or absence 
of at r yp id- type cr enulat e d sockets is not me ntioned in any 
of the descriptions of either Karpinskia or Eokarpinskia a nd 
the publi shed ser ial sect i ans of t hese genera are probably 
inadequate to illustra te these crenulations eve n if they we re 
present. Both Karpinskia and Eokarpinskia lack lateral 
bra nches on their "long vascu lar ridges" in the ventral 
valve . Some vagraniids (V. atrypiforma n. sp., V. sp. 2 a nd 
V. sp . 3 of the present paper) bea r well deve loped vascular 
rid ges in the dorsal valve as well, another feature not 
r eco rded in the description of the karpi nsk i ids. Johnson 
(196 7) pointed out the unbranche d costae, which are cha r
ac t eristic of Toquimaella; the genus essen ti ally is nothing 
mor e than a Vagrania with unb ra nched costae. Th ese 
unbra nc he d costae we re held by Johnson to be a featur e 
allying Toquimaella to Karpinskia. But, the lack of a ny 
costae on the smooth shell of Eokarpinskia a nd t he develop
ment of unbran ched cos tae in Karpinskia at a time later 
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than the first appearance of Toquimaella mak e thi s point 
debatable . The unbranched costae of Toquimaella may 
re present mere ly a neotoni c condition derived from ea rlier 
Siluri an Atrypa, and th e problem dissolves. Further ob
scuring the issue is th e presence in so me of Tscher
nysc hew's (1885) Karpinskia spec imens of anteriorly bi fur
cat ing costae (see also Boucot et al., 1969, Pl. 8, figs. 16, 
18). Most atrypaceans possessi ng costae show evidence of 
bifurcation at one stage or another so that the independent 
derivation of such characters is not surprising. Vagrania 
atrypiforma n. sp. from northeastern British Columbia shows 
the development of a t yp ica l atrypid frill, a feature unknown 
in t he karpinskiids a lthough present in carinatininids. 

Toquimaella and its descend a nt relatives such as 
Vagrania fit more comfortably into the subfamily Atrypinae 
than into either the Karpinski a or the Carinatininae (where 
Boucot et a l. , 1965, placed Vagrania; see Johnson and 
Boucot, 197 2 for a lat e r view) . Furthermore, Eokarpinskia 
and Karpinskia are most likely derived from one of the 
Si lurian smooth Lissatrypidae gene ra al though which genus is 
uncerta in at the present time. 

Rzhonsnitskaya and Mi zens (1975 ) recently rev ised the 
genus Vagrania and assigned some of its species to a new 
genus Totia, but the writers hav e not been abl e to obtain a 
copy of this pape r. Thi s rev ision s tems from confusion in 
dealing with so-called 't ypes' of Vagrania from the Ural s 
that are quit e different from the t ype species collected by 
Nalivki n from northeas tern Arc ti c Sibe ria (P. Copper, pers. 
comm . , 1975). The mater ial at hand is assigned to Vagrania 
because the only other pape r avai !able to us e mplo ying the 
name Totia (Rz honsni tskaya, 1975) does not make cle ar the 
diagnostic features of Totia; however, Totia has well 
developed dental lamellae whereas Vagrania essentially 
lacks t hem. Recent invest iga t ion into the proble m by J.G. 
Johnson (pers. comm., 1976) would suggest that Totia is a 
vagrani id homeomorph which, based on shell structure, 
belongs to the carinatininids. 

Vagrania atrypiforma n. sp. 

Plate 7, figure s l - 19 

Diagnosis. An extremely thick shelled vagraniid with 
coarse, high, rounde d costae and ve ry prominent ventral 
vascul a r ridges. Some shells show the development of an 
at rypinid- ty pe peripheral flange. 

Material. One hundred fr agmentary but we! 1 preserve d 
brachia! valves (including paratypes GSC 43150, 43152, 
43153 , 43155, 431 58 - 43160), 60 similar pedicle valves 
(inc luding holotype GSC 43151 and paratypes GSC 43152, 
43154 , 43156 , 43157 ); GSC locality C-10958. 

Description. Exterior. Shell subc irc ular in outline, s trongly 
dors ibi con vex in lateral profile . Brachia! valve curves 
evenl y from posterior to anterior with ma ximum height 
develope d anterior to midlength. Ventral va lve less convex. 
Beak erect, ventral interare a high, flat, triangular, or
thocline, pierced apically by circular, subhypothyrid fora
men. Anterior margin of foramen defined by pa ir of small 
triangular, conjunct deltidial plates . Deltidial plates thin, 
delicate, only preserved in one shell. Ornament consists of 
14 to 26 high, round e d radial costae. Costae interspaces 
generally wider on dorsal valves, up to two times as wide 
as cos t ae near anterior margin. Costae increase irregularly 
by both bifurcation and implantation. Most costae which 
increase by bifurcation confined to posterior part of shell. 
C oncentric ornament of prominent, sometimes imbricate 
growth lines de velope d near anterior margin. A few shell s 
develop promine nt flanges extending beyond the shell 
margin. Flanges bear more subdued costae and lack growth 
lines. 



Pedicle valve interior. Hinge teeth massive, stout, 
triangular in cross-section, project dorsally well above the 
plane of commissu re, attached to anterolateral edges of 
de! thyr ium. Distinct dental lameliae on ly observed in small 
immature she lls, commonly encompassed in shell ca llus. 
Ventra l muscle field strongly impressed; subtriangu lar in 
outline, bounded laterally by prominent ridges extending 
anter ior ly from base of hinge teeth and bounded anteriorly, 
near midlength, by a high ridge. Adductor a nd diductor 
fields not c learly differentiated, although adductor fi e ld 
appears broad and flanked late rally by very narrow diductor 
scars. Set of high subpa ral le i ridges extend a nteriorly from 
the corners of the muscle field representi ng the vascular 
media. At least two secondary pairs of vascu lar ridges 
extend antero la terally from the primar ies. Shell interior 
marked by impress of costae only near anterolatera l margins. 

Brachial valve interior. Sockets deep, elongated and 
expanded antero laterally. Socket plates recurve postero
dorsally covering the posteromedial end of sockets. Sockets 
strongly corrugated by typical atrypiform ridges and 
grooves. Socket plates firmly we lded to posterior shell wall 
and are clearly disjunct posteromedially, separated medially 
by a prominent U-shaped groove. Do rsal muscle field varies 
from weak ly impressed pair of oval-shaped scars divided by 
a medial myophragm to a ve ry strongly impressed pair of 
e longate oval -shaped scars elevated on a highly anterio rly 
overhanging muscle platform divided medially by Cl 

promi ne nt myophr agm that dies out anterio rly. A few shells 
appear to show a muscle fiel d differenti ated in to small 
poster ior and large anterior adductors separated by a low 
a nterolate rally di rected ridge . Fine longitudinal str iations 
discernible on one dorsal muscle field. Shell interior 
variably corrugated by impress of costae. Some shel ls bear 
a pair of subparalle l vascu lar ridges extend ing anteriorly 
from the antero lateral corners of muscle field, and these 
bifurcate at least once. Vascular ridges are much less 
strong ly impressed than on ventral valve. 

Discussion. The genus Vagrania is well known in the Pragian 
and Emsian of northwestern and arctic Canada and from 
Ei fe lian beds in centra l Nevada and Vagrania atrypif or ma n. 
sp. is an important e lement in dating the Mount Lloyd 
George fauna by compari son with the sequence of vagranii ds 
known from northwestern Canada . The oldest member of 
the I ineage in northern Canada is Toquimaella kayi Johnson 
(see Pl . 7, figs. 35 - 38), wh ich first appears within the lower 
part of the Spirigerina Unit (equivalent to the Quadrithyris 
Zo ne) in the Delorme Formation of the Sekwi Mountain map 
a rea, District of Mackenzie (Perry, 1974) and at Royal 
C r eek, Yukon. Toquimaella kayi is e longate to subrounded 
in outl ine, bears numerous, narrow, non bifu rcat ing costae, 
strongly impressed vascular markings in the ventral valve, 
variab ly impressed dorsal musculature and has a r e lat ively 
thin shell. Late forms of T. kayi wi thin the Spirigerina Unit 
of the Delorme Formation develop coarser costae a nd 
occasionally show costae bifurcation near the anterior 
margin. Toquimaella kayi is succeeded in younger lower 
Pragian beds by V. cf. V. intermediafera (Khodalevic h) both 
at Royal Creek a nd in the Sekwi Mountain map area. 
Vagrania cf. V. intermediafera bears coarser costae that 
bifurcate regularly, has a larger overall s ize and a thicker 
shell (see Pl. 7, figs. 26- 30) than T. kayi. Vagrania cf. V. 
interm ediaf era closely resembles V. gronbergi, an Ei felian 
tax on descr ibed from ce'ltral Nevada by Johnson (1968) . The 
primary differences between these two tax a are the absence 
of dental lamellae, smaller size and less complex vascular 
markings of the Nevada shell. Vagrania cf. V. inter
mediaf era is succeeded by a younger Late Pragian or 
earliest Emsian species, Vagrania sp . 3 (of Perry, 1974) from 
the Delorme Formatio n, which has very coarse ribs a nd a 
thick shell (see Pl. 7, figs. 31 - 34). Thi s taxon only rarely 
displays costal increase by either bifurcation or inter
calat ion. Vagrania atrypiforma n. sp. most closely compares 

to Vagrania sp. 3 from the De lorme Formation but is 
distinguished by its more irregular costal increase; greater 
abundance of costae, large r s ize and the development of the 
ma rginal fla ng e. Dorsal vasc ular markings are found in 
some specimens of both species. Vagrania sp. 2 from 'upper' 
Ems ian beds of Ogi Ivie Formation, northern Yukon is sub
triang ul ar in outline, bears very prominent rounded costae, 
has a much more complex system of vascular markings and 
has a n orname nt of fine 'dimples' on the shell interior. 
Ove rall evolutionary trends withi n the vagraniids from 
northweste rn Canada are marked increase in shell size, 
larger costae, thicker shell material and irreg ular costal 
increase. 

Vagrania atrypiforma n. sp . is readily distinguished from 
V. int erm ediafera (Khodalevich, 1951) by its Jess reg ular 
costal inc rease a nd by its larger costae and thicker shell. 
The type species, V. kolymensis (Nal iv ki n) as illustrated by 
Che rkesova (1969), has a more e longate outline, s imilarly 
sized costae appear to bifurcate more often than on V. 
atrypiforma n. sp., and a much more complex vascular 
system is developed and is covered with 'dimples' as in the 
'late' Ems ian Vagrania sp. 2 from the Ogilvie Formation. 
The close re lat ionship of t he shell interiors of Vagrania a nd 
Mimatr ypa is shown by Che rkesova's (1969) illustrations. 

The Mount Lloyd George shell s are suggested to be of 
late P ragian age (approximately equivalent t o early Em
sian), based on the gross phylogenet ic relationships under
stood fo r the vagranii ds of northwestern Canada. The 
collect ion from GSC locality C -10958 also includes fr ag
ments of another la rge vagraniid with regularly bifurca
ting, high, narrow costae, somewhat reminiscent of V. 
i nterm ediaf era. 

Vagrania sp. 2 

P late 7, f igures 20 - 25 

Material. Several dozen fragmentary s ilic i fied valves and a 
few crushed or distorted calcareous shells from beds 67 and 
10 m, respectively, below the top of Og ilvie Formation at 
lat i tude 65° 23'N , longitude 140°4 7'W , western Oglivie 
Mountains, northern Yukon (S-1 5 of Perry et al ., 1974, 
p. 1094). Materi al illust rated here includes brachia! va lves 
GSC 43869, 43870 and pedicle va lves 43871, 43872 . 

Remarks. Vagrania sp. 2 is subtriangular in outline and 
strong ly dors ibiconvex in lateral profile. The pl ications are 
high, rounded a nd separated by deep int ersp aces of about the 
same wid th as the pl ications. Plica tions increase oc
casionally by bifurcat ion on a few ventral valves. The ven
tral interarea is apsacline a nd pierced by a large, rounded 
forame n. The hinge teeth are strong, blunt structures 
directed s t rong ly anteriorly. The sockets are deep a nd 
corrugated internally. Inner socket ridges are dist inctly 
separated medially by a deep U-shaped s tructure. Vascular 
markings are best developed in ped icle valves with the 
primary branches extending an t eriorly and antero laterally 
from the anterior edges of the muscle field. Th ese two 
primary branches bifurcate at least twice before the shell 
margin. A peculiar 'dimpled' pattern of small pits is clearly 
developed on the int erior in some va lves. 

Vagrania sp . 2 is distinct from other described Vagrania, 
but formal naming and descript ion must await collection of 
better preserved material. The associated brachiopod and 
conodont fauna indicates a probable 'la t e ' Emsian age. The 
conodonts inde ntifi ed by Klapper inclu de: Pandorinellina 
exigua n. subsp. A (P e lement), Peleksgnathus glenisteri 
Klapper (I S2M2 elements), Polygnathus perbonus perbonus 
(P hilip ) (P e le ment, late form), P. perbonus n. subsp . D (P 
element). 
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Plate 7 

Vagrania atrypiforma n. sp. (page 30) 
Figures 1, 2. Exterior and interior view of brachia! valve, paratype GSC 43150; GSC Joe. 

Figures 3, 4. 

Figure 5. 

Figures 6, 7. 

Figures 8, 9. 

Figure 10. 

Figure 11. 

Figures 12 - 14. 

Figure 15. 

Figures 16, 17. 

Figures 18, 19. 

Vagrania sp. 2 

Figures 20, 21. 

Figure 22. 

Figures 23, 24. 

Figure 25. 

C-10958; Xl.5. Note strong ra ised muscle field shown in Figs. 2 and 15. 

Interior and exterior views of pedicle valve, holotype GSC 43151 from same 
locality; Xl.2. 

Interior view of pedicle valve, paratype GSC 43152 from same locality; Xl.2. 

Interior and exterior views of brachia! valve, paratype GSC 43153 from same 
locality; Xl.2. Note weakly developed dorsal vascular impressions shown in 
Figs. 6, 10 and 17. 

E xterior and interior views of fragment of pedicle valve, paratype GSC 43154 
from same locality; Xl.2. Note well developed atrypoid fringe. 

Interior view of brachia! valve, paratype GSC 43155 from same locality; Xl.2. 

Int erior view of fragment of pedicle valve, paratype GSC 43156 from same 
locality; Xl.2. 

Interior, exterior and oblique interior views of pedicle valve, paratype GSC 
4315 7 from same locality; Xl.2. 

Interior view of brachia! valve, paratype GSC 43158 from same locality; Xl.2. 

Exterior and interior views of brachia! valve, paratype GSC 43159 from same 
locality; Xl.2. 

Exterior and interior views of brachia! valve, paratype GSC 43160 from same 
locality; Xl.2. 

(page 31) 
Exterior and interior views of pedicle valve, GSC 43872; Ogilvie Formation 
(Emsian), 67 m below top; Ogilvie Mountains, northern Yukon (lat. 65°23'N, 
long. 140°49'W); Xl.l. 

Interior view of pedicle valve, GSC 43871 from same locality; Xl.l. 

Interior and exterior views of brachia! valve, GSC 43870 from same locality; 
Xl.l. 

Interior view of brachia! valve, GSC 43869 from same locality; Xl.l. 

Vagrania cf. V. intermediaf era (Khodalevich) (page 31) 
Figures 26, 27. Interior and exterior views of brachia! valve, GSC 43868; Delorme Formation, 

342 m below top; Mackenzie Mountains (lat. 63°18' 18"N, long. 128° 34'W); Xl.l. 

Figures 28 - 30. 

Vagrania sp. 3 

Figures 31- 33. 

Figure 34. 

Dorsal, ventral and lateral views of complete individual, GSC 43867; Delorme 
Formation, 353 m below top; Mackenzie Mountains (lat. 63°18'18"N, long. 
128°34'W); Xl.l. 

(page 31) 
Ventral, dorsal and lateral views of complete individual, GSC 43866; Delorme 
Formation, 178-181 m below top; Mackenzie Mountains (lat. 63°18' lB"N, long. 
128°34'W); Xl.3. 

Interior view of pedicle valve, GSC 43865 from same locality; Xl.3. 

Toquimaella kayi Johnson (page 31) 

Figures 35, 36. 

Figure 37. 

Figure 38. 

Ventral and dorsal views of complete individual, GSC 43864; Delorme 
Formation, 487 m below top; Mackenzie Mountains (lat. 63°18' l8"N, long. 
128°24'W); Xl.8. 

Interior view of pedicle valve, GSC 43863 from same locality; Xl.8. 

Interior view of posterior part of brachia! valve, GSC 43862 from same 
locality; Xl.8. 
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Vagrania sp. 2 has somewhat similar large rounded 
plications to the slightly older sp. 3; however, the plications 
are more numerous, the outline more triangular and the 
vascular markings more complex. 

Subfamily Carinatininae Rzhonsnitskaya 1960 
Genus Biconostrophia Hav!lcek 1956 

Type species. Biconostrophia spirifera Havlicek 1956. 

Biconostrophia sp. 

Plate 6, figures 37 - 48 

Material. Figured specimen GSC ,43165 and one other 
articulated shell, four fragmentary brachia! valves (including 
GSC 43161, 43162) and four similar pedicle valves (including 
GSC 43163, 43164); GSC locality C-10958. 

Remarks. The shells have a straight, wide hinge line, are 
semicircular to subqu<idrate in outline and are gently 
biconvex in lateral profile. The ventral beak is erect, 
apsacline and is pierced apimedially by a circular foram e n. 
Deltidial plates appear to have been conjunct anterodorsally 
al though in the avai !able shells are partially broken away. 
The shells bear a medial dorsal sulcus, which is marked by a 
median costa in small shells. Costae are high and rounded 
and are separated by interspaces that are wider than the 
costae. Costae increase commonly by implantation on 
dorsal valves and by bifurcation on pedicle valves. Frag
ments of pedicle valve interiors avai !able for study lack 
dental lamellae and bear pustulose anterolateral thickenings 
of shell callus, which might possibly represent the spiral 
impressions of the brachidia al though no true spiral pattern 
was observed (however, not all shells of Davidsoniatrypa and 
Biconostrophia consistently develop spiral impressions even 
within the same species). The brachia! interior has medially 
disjunct socket ridges, which are directed first antero
laterally and then laterally subparallel to the hinge line. 
The notothyrial cavity is filled by cal !us, which probably 
marks the site of diductor muscle attachment. The impress 
of the dorsal sulcus forms a rounded myophragm, which 
extends from the notothyrial thickening to the anterior 
margin. A pair of weakly impressed, elongate, oval-shaped 
adductor scars are situated lateral to the myophragm. 

Biconostrophia is well known in Pragian and Zlichovian 
beds of Bohemia (Havlicek, 1956, 1%7) and recently has 
been recognized in lower Emsian beds of the Delorme 
Formation (Perry, 1974). Bioconostrophia and David
soniatrypa Lenz here are regarded as discrete generic ele
ments (but synonymous by Copper, 1973b), which differ 
primarily in the much finer, more mu! ticostate ornament of 
Davidsoniatrypa. To date, Davidsoniatrypa has been re
cognized only from lower Pragian beds in the Royal Creek 
area of the Yukon and in the Sekwi Mountain map area of 
the Mackenzie Mountains. Comparison of the Delorme and 
the Mount Lloyd George Biconostrophia with previously 
described forms from Bohemia shows them to be distinct; 
however, detailed description must await collection of more 
and better preserved material. The Delorme Biconostrophia 
sp. (Pl. 6, figs. 47, 48) and the related early Pragian species 
Davidsoniatrypa johnsoni Lenz (P l. 6, figs. 49- 51) are il
lustrated here for comparative purposes. 

Johnson and Boucot (1972) illustrated Havlicek's late 
Early Devonian Biconostrophia fragilis, B. spirif era and B. 
conif era and showed the variable development of spiral 
impressions in the ventral valves of the genus (Johnson and 
Boucot, 1972, Pis. 2, 3, Textfig. 1). The Bohemian species B. 
fragilis and B. con if era are much less strongly co state than 
Biconostrophia sp. and B. spirif era has a distinct ventral 
furrow, which is not developed in the material from 
northwestern Canada. 
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Family Lissatrypidae Twenhofel 1914 
Genus Lissatrypa Twenhofel 1914 

Type species. Lissatrypa atheroidea Twenhofel 1914. 

Lissatrypa? sp. 

Plate 5, figures 37 - 42 

Material. Four coarsely sil ici fied articulated she! ls 
(including figured speci r1'en GSC 43167), two brachia! valves 
(including GSC 43166) and eight fragmentary pedicle valves 
(including GSC 43168); GSC locality C-10958. 

Remarks. The affinity with Lissatrypa is questioned because 
of the development of the prominent platform structure in 
the ventral valve. Such an exaggerated feature has not been 
previously noted in Lissatrypa; howe ver, a suggestion of such 
a structure is shown in the drawings of Lissatrypa 
lenticulata Philip (see Savage, 1974, p. 38) from lower 
Lochkovian beds of New South Wales. The Mount Lloyd 
George shells are small, with a rounded subtriangular outline 
and are approximately equibiconvex in lateral profile. 
Externally the shells are smooth, with very fin e, weakly 
developed concentric growth Jamel lae ornamented by very 
fine radial striae. The ventral hinge teeth project 
dorsomedially from the shell walls, unsupported by dental 
lamellae. A high, wide platform extends anteriorly from the 
notothyrial cavity to a distance about a third of the 
valve-length and probably served as the site of adductor 
muscle attachment. Deeply impressed triangular areas flank 
the platform and probably represent the diductor muscle 
field. A deep, circular depression is de veloped anterior to 
the platform. The brachia! valve interior bears medially 
disjunct socket plates separated by a notothyrial platform. 
The disjunct sockets distinguish this lissatrypid from the 
Pridolian carinatininid Dnestrina, which has a scroll-like, 
conjunct socket apparatus (see Johnson and Boucot, 1972, 
Pl. 3, figs. 35 - 39). The notothyrial thickening of Lissa
trypa? sp. is supported by a high, wide platform that 
becomes bulbous at its anterior extremity, which is situated 
at about one third of the valve-length from the umbo. The 
shell is of interest because of the occurrence of identical 
material in well dated lower Emsian beds of the Delorme 
Formation, Sekwi Mountain map area, Mackenzie Mountains. 

Family Delthyrididae Phillips 1841 
Subfamily Hysterolitinae H. and G. Termier 1949 emend. 

Boucot 1975 
Genus Hysterolites Schlotheim 1820 

Type species. Hysterolites hystericus 1820. 

"Hysterolites'' sp. 

Plate 8, figures 20, 21 

Material. Figured brachia! valve GSC 43169; GSC locality 
C-10958. Three pedicle valve fragments (including GSC 
43170, Pl. 8, figs. 22, 23) from GSC locality C-10958 may 
belong to the taxon, although an indeterminate eospiriferid 
assignment might be more reasonable. 

Remarks. The shells are large, highly transverse and 
strongly ventr ibiconvex in lateral profile. The ventral 
interarea is high, triangular, and the delthyrium is covered 
by a rounded deltidial cover. The ventral valve bears a 
prominent medial sulcus flanked by strong bounding ridges. 
The dental lame! Jae join with relatively short anterolaterally 
divergent ventral adminicula (se nsu Strusz et al., 1970). The 
avai !able brachia! valve bears a low dorsal fold with an 
indistinct medial groove and has four pairs of costae on the 



f Ian ks. Growth Ii nes are developed anteriorly. The cardinal 
area is crushed; however, the distinctive unsupported 
sockets are identical to those in shells from the Delorme 
Formation. Socket plates are attached to the posterior shell 
wall and to the base of the interarea and project horizon
tally, then curve sharply ventrally. The anteromedial socket 
wall is supported by triangular shaped, anteriorly expanding, 
dorsomedially inclined crural bases. The cardinal process is 
not preserved. 

The poorly preserved material is only diagnostic be
cause of the writers' familiarity with the same taxon (Pl. 8, 
figs. 24 - 30) from lower Emsian beds of the Delorme 
Formation in the Sekwi Mountain map area of the Mackenzie 
Mountains. The shells lack any trace of muscle scars, have 
short ventral adminicula and have more subdued radial 
ornament than true Hysterolites and probably represent a 
new spiri ferid genus. The shell is clearly separable from 
Alatif ormia as illustrated by Struve (1964) by the absence of 
a subdelthyrial plate and of a horizontal shelflike extension 
of the dorsal hinge plates that partially close the notothyrial 
cavity of Alatif ormia. 

Genus Lenzia n. gen. 

Type species. Lenzia pachyostrakon n. sp. 

Diagnosis. A thick-shelled hysterolitinid with the dorsal fold 
and the ventral sulcus ornamented by prominent costae and 
with nonbifurcating costae on the flanks. 

Discussion. The development of prominent crural plates 
suggests affinity between Lenzia and the subfamily 
Hysterolitinae. The short, weakly developed dental plates 
and ventral adminicula and the weakly impressed ventral 
muscle field are characteristic features both of the genus 
and subfamily Hysterolitinae. True Hysterolites bears 
unbranched costae, the fold and sulcus lack costae, and 
dental plates are more prominently developed. Multispirifer 
Kaplun (1961), another hysterolitinid, has a costate fold and 
sulcus as does Lenzia, but bears anteriorly bifurcating 
costae on the flanks. Lenzia is clearly distinct from 
members of the subfami Jy Acrospiri ferinae because of the 
development of a prominent knoblike cardinal process at a 
level with the plane of commissure and of the presence of 
costae on the fold and sulcus. 

Lenzia pachyostrakon n. sp. 

Plate 8, figures 1 -19 

Material and occurrence. Twenty coarsely silici fied, frag
mentary brachia! valves (including paratypes GSC 43172, 
43173, 43175, 43176, 43853 ) and 80 similarly preserved 
pedicle valves (including holotype GSC 43171 and paratypes 
GSC 43174, 43177); GSC locality C-10958. 

Name. The generic name is a patronym after A.C. Lenz, 
University of Western Ontario. The specific name is from 
the Greek meaning thick shell. 

Description. Exterior. Shells transversely subova1 in out
line, only slightly wider than long and weakly ventri
biconvex in lateral profile. Large shells slightly more than 
20 mm wide, 15 mm long. Brachia! valve more strongly 
inflated than pedicle valve in large shells. Hinge line 
straight, considerably shorter than maximum width. Car
dinal angles obtuse and gently rounded. Ventral interarea 
long, high, gently incurved, apsacline, cleft medially by 
triangular delthyrium. Delthyrium margin flanked by low 
lateral plates projecting at 90 degrees to interarea. Callus 
infilling leads to the development of a stubby ridgelike 

structure in the delthyrium apex. Dorsal interarea short, 
low, flat, orthocline. Ventral sulcus shallow, gently 
U-shaped covered by two to three costae of variable 
strength. Dorsal fold low, only well developed in large 
shells, ornamented by two to three strong costae. Fold and 
sulcus costae consist of a pair of costae, which bifurcate in 
large shells. Four to five pairs of non bifurcating, high, 
rounded costae on the flanks, separated by slightly narrower 
U-shaped interspaces. Concentric ornament of lamellose 
growth lines visible near anterior margin of some shells. 
Radial micro-ornament not preserved. 

Pedicle valve interior. Hinge teeth not preserved. 
Dental lamellae strongly convergent medially closing off 
large portion of de! thyrium. Dental Jamel Jae join pair of 
short ventral adminicula, which project only a short distance 
anterolaterally. Entire cardinal area of shell filled with 
callus. Lateral umbonal chambers and apex of delthyrium 
closed off by callus. Ventral muscle field strongly impressed 
anterior to delthyrial callus development and has an 
elongate suboval shape. Anterior margin of muscle field not 
impressed or bounded by ventral adminicula. Thick pad of 
callus developed anterior to muscle field over the ventral 
sulcus. Thick shell material results in absence of internal 
corrugation by impressed costae. 

Brachia! valve interior. Sockets diverge at about 45 
degrees from hinge line and expand in width anterolaterally. 
Socket plates attached to posterior shell wall and base of 
interarea and extend horizontally then curve sharply 
ventrally. Crural plates joined to inner edge of sockets and 
have an anteriorly expanding, triangular form with medial 
convexity. Crura appear to attach to the dorsal edge of the 
crural plates, well below the plane of commissure. Stout, 
knoblike cardinal process situated between and joined to 
posteromedial portion of crural plates at the level of the 
plane of commissure; microstructure not preserved. Socket 
plates free of valve floor in small shells, however, supported 
by thick callus in medium and large-size shells. Adductor 
muscle field not strongly impressed, confined to the narrow 
depress of the fold, divided posteriorly by a low, rounded 
myophragm. Costae variably impressed internally depending 
on shell thickness. 

Discussion. Because the genus is monotypic, the generic 
discuss ion serves to distinguish L. pachyostrakon n. sp. from 
related species of other hysterolitinid genera. 

Family Reticulariidae Waagen 1883 
Genus Warrenella Crickmay 1953 

Type species. Warrenella eclectea Crickmay 1953. 

Warrenella sekwensis? Ludvigsen and Perry 1975 

Plate 8, figure s 31 - 36 

Warrenella sekwensis Ludvigse n and Perry, 1975, p. 72, 
Pl.12, figs. l -15. 

Material and occurrence. Fourteen fragmentary brachia! 
valves (including figured specimens GSC 43855, 43866), 16 
similar pedicle valves (including GSC 43854, 42784); GSC 
locality C-10958. 

Remarks. The crural plates join with the muscle-bounding 
ridges in most small immature shells, although in large shells 
they are commonly free of the valve floor. Thi s same 
development was noted in W. sekwensis. Two pairs of dorsal 
adductor muscle scars are preserved. The posterior pair 
consists of deeply impressed, narrow, elongate, slightly 
anteriorly divergent tracks, which extend slightly anterior to 
the inception of the very deeply impressed, slitlike anterior 

35 



36 

Plate 8 

Lenzia pachyostrakon n. gen. and n. sp. (page 35) 
Figures 1- 5. Interior, exterior, oblique in terior, lateral and posterior views of pedic le valve, 

Figures 6 - 9. 

Figures 10, 11. 

Figures 12, 13. 

Figures 14, 15. 

Figure 16. 

Figures 17, 18. 

Figure 19. 

"Hysterolites" sp. 
Figures 20, 21. 

Figures 24 - 26. 

Figures 27 - 29. 

Figure 30. 

"Hysterolites''? sp. 

Figures 22, 23 . 

holotype GSC 43171; GSC Joe. C-109 58; X2. 

Interior, exterior, oblique interior and lateral views of brachia! valve, paratype 
GSC 43172 from same locality; X2 . 

Exterior and interior views of brachia! valve, paratype GSC 43173 from same 
locality; X2 . 

Exterior and interior views of pedicle valve, paratype GSC 43174 from same 
locality; X2. 

Exterior and interior views of brachia! valve, paratype GSC 43175 from same 
localit y; X2 . 

Exterior view of brachia! valve, paratype GSC 43176 from same locality; X2. 

Interior and exterior views of pedicle valve, paratype GSC 43177 from same 
locality; X2. 

Interior view of brachia! valve, paratype GSC 43853 from same locality; X2 . 

(page 34) 
Exterior and interior views of crushed brachia! valve, GSC 43169; GSC Joe. 
C-10958; X2. 

Interior, oblique in terior and exterior views of brachia! valve, GSC 43861; 
Delorme Formation, 62-68 m below top; Mackenzie Mountains (lat. 63°18'18"N, 
long. 128°34'W); X2.5. 

Ob lique interior, interior and posterior views of pedicle valve, GSC 43860 from 
same locality; Xl.3. 

Ventral view of articulated shell, GSC 43859 from same loca lit y; Xl.3. 

(page 34) 

Exterior and interior views of fragment of pedicle va lve, GSC 43170; GSC Joe. 
C-10958; X2 .5. 

Warrenella sekwensis? Ludvigsen and Perry (page 35) 
Figures 31, 32. Exterior and interior views of fragment of pedicle valve, GSC 43854; GSC Joe. 

Figure 33. 

Figures 34, 35. 

Figure 36. 

C-10958; Xl.5. 

In terior view of fragment of brachia! valve, GSC 43855 from same locality; 
Xl.5. 

Interior and exterior views of brachia! valve, GSC 43856 from same locality; 
Xl.5. 

Oblique interior view of small pedicle valve, GSC 42748 from same locality; 
Xl.5. 

Warrenella sekwensis Ludvigsen and Perry (page 35) 
Delorme Formation, 

63°16'45"N, long. 
Figure 37. Interior view of fragment of articulated shell, GSC 43858; 

162-164 m below top; Mackenzie Mountains (lat. 
128°32'40"W); Xl.l. 

Figure 38. Interior view of fragment of brachia! valve, GSC 43857 from same locality; 
Xl.l. 
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adductor pair. Both pairs of muscle scars are confined to 
the depress of the dorsal fold. Similar musculature patterns 
were observed in shells of W. sekwensis. The available 
ventral valves from GSC locality C-10958 bear more 
elongate, subparallel dental plates than most of the Delorme 
W. sekwensis al though still within the range of variation of 
W. sekwensis. In Sekwi Mountain map area there is an older 
(late Lochkovian - early Pragian) Warrenella species that 
appears to be ancestral to W. sekwensis but is smaller, 
thinner she! led and bears more prominent dental plates. 
Warrenella sekwensis was described from beds of middle to 
late Pragian age in the Delorme Formation of the Sekwi 
Mountain map area. The species is known also from Emsian 
beds on Young Island, Arctic Archipelago (J.G. Johnson, 
pers. comm., 1973). 
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ALBIAN FORAMINIFERS FROM THE LOWER CRETACEOUS CHRISTOPHER FORMATION 
OF THE CANADIAN ARCTIC ISLANDS 

William V. Sliter 

Abstract 

An Albian age is indicated for the Christopher Formation of Amund 
Ringnes and Elle f Ringnes islands in the Arctic Archipelago by a fauna 
of 48 species of benthic foraminifers. Twenty-four of the species are 
agglutinated types and represent the dominant members of the fauna. 
Calcareous forms are represented by 19 species of the Nodosariacea, 
one species of the Discorbacea, three from the Cassidulinacea and one 
from the Robertinacea. These species define two assemblage zones: 
the Gaudryina tailleuri Assemblage Zone of Early Albian age in the 
Lower unit of the C hristopher Formation, and the Verneuilinoides bo
realis Assemblage Zone of Middle Albian age in the upper unit. 

Paleoenvironmental interpre tation of the Christopher Formation 
based on selected lithologic and biogenic criteria indicates a pre
dominantly transgress ive sequence that includes shelf deposition, basin 
de velopment and a final phase of bas in infilling. The dominantly 
agglutinated assemblages associated with these broad marginal envi
ronments suggest a relationship to environmental s tability and shelf
margin organic productivity. 

Inte rpretation of the microfoss il and megafoss il assemblages 
provides a basis of preliminary correlation of the Ringnes islands 
sections with faunas in other North American arctic areas. 

INTRODUCTION 

Albian foraminifers are among the most widespread and 
distinctive within the Sverdrup Basin of the Canadian Arctic 
Islands. Similar assemblages of this age are recognized in 
strata along the Arctic Coastal Plain of Canada, the United 
States and the U.S.S.R. that include economically important 
hydrocarbon source rocks. Thi s report is the first to 
describe and illustrate these foraminifers from the Sverdrup 
Basin. Assemblages of equivalent age have bee n described 
from adjacent areas in the Yukon (Chamney, 1964, 1967, 
1971, 1973; Mountjoy and Chamney, 1969) and northern 
Alaska (Tappan, 1962; Bergquist, 1966). Palynological 
studies of the Christopher Formation include those of 
Hopkins (1971, 1974), Hopkins and Balkwill (1973), and 
Doerenkamp et al. (1976). 

The foraminifers described and illustrated in this paper 
come from the Christopher Formation of Amund and Ellef 
Ringnes islands. The sections include the boundary between 
the Gaudryina tailleuri Assemblage Zone of Early Albian age 
and the younger Verneuilinoides borealis Assemblage Zone of 
Middle Albian age. From these descriptions emerges a 
better understanding of the biostratigraphic relationship 
between the two zones and the depositional history of the 
Christopher Formation. 

Field collec tions were made by the writer in July 1972 
during a he! icopter-supporte d study of Amund Ringnes and 
Cornwall islands. Samples from Ellef Ringnes Island were 
collected the following summer by D.F. Haden. The 
stratigraphic framework is that of Balkwill (1974a,b) and 
Balkwill and Hopkins (1976), which builds upon the earlier 
studies of Stott (1969) and Thorsteinsson and Tozer (1960, 
1970). 

Resume 

Dans l'archipel Arctique, une faune composee de 48 especes de 
foraminife res benthiques indique que la formation de Christopher 
rencontree dans !es i !es Amund Ringnes et Ellef Ringnes est d'11ge 
albien. Vingt-quatre des especes appartenant a cette faune sont de 
type agglutine et representent Jes elements dominants de cette faune. 
Les formes calcaires sont representees par 19 especes de Nodo
sariacea, une seule espece de Di scorbacea, trois especes de Cassidu
li nace a, et une seule espece de Robertinacea. Ces especes permettent 
de def inir deux cenozones: la cenozone a Gaudryina tailleuri, d'11ge 
albien inferieur, qui fai t partie de !'unite inferieure de Ia formation de 
Christopher, et la cenozone a Verneuilinoides borealis, d'llge albien 
moyen, qui fai t partie de !'unite superieure. 

L'interpretation des paleoenvironnements de la formation de 
Christopher, en fonction de certains criteres lithologiques et biogenes, 
indique !'e xistence d'une succession principalement transgress ive, 
comprenant un episode de formation de de pots de plate-forme, de 
formation d 'un bassin, et une phase finale de comblement du bassin. 
Les assemblages riches en especes agglutinees, etant associes a ces 
milieux marginaux de grande etendue, semblent favorises par la 
stabili te du milieu et la forte productivi te organique de la marge de la 
plate-forme continentale. 

L 'interpreta tion des assemblages de microfossiles et megafossiles 
nous permet d'etablir une relation preliminaire entre Jes sections 
rencontrees dans Jes i !es Ringnes, et Jes faunes d'autres regions 
arctiques d'Amerique du Nord. 
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SVERDRUP BASIN 

The Sverdrup Basin is a regional depression some 1000 km 
long and 400 km wide that lies within the Arctic Islands 
north of the Canadian Shield (Textfig. 1). The basin, defined 
by Fortier (1957), is composed of upper Paleozoic to 
Tertiary rocks superimposed on the earlier Franklinian 
Geosyncline of late Proterozoic to Late Devonian age. 
Within the basin, sedimentary rocks reach a maximum 
thickness of about 12 DOD m and include some upper 
Paleozoic and Cretaceous basalts and gabbroic sills. More 
detailed descriptions of the geology of the Sverdrup Basin 
are given by Fortier et al. (1963), Nassichuk (1972), 
Plauchut (1971), Plauchut and Jutard (1976), and Thor
steinsson and Tozer (1970). 

Amund and Ellef Ringnes islands are situated near the 
centre of the Sverdrup Basin (Textfig. 1), Amund Ringnes 
Island entirely within it, and Ellef Ringnes Island including a 
part of the Canadian Arctic Coastal Plain. Both islands are 
characterized by broad lowlands with areas of low irregular 
uplands. Associated with the upland areas of both is lands 
are piercement domes composed of evaporitic rocks of 
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Carboniferous age. These Carboniferous rocks are derived 
from the basal uni ts of the Sverdrup Basin sequence of both 
islands that are overlain by an essentially conformable 
succession of marine and nonmarine strata that extend into 
the Tertiary. Formation of the domes probably began in the 
Cretaceous and was reactivated by Tertiary deformation 
(Plauchut, 1971; Balkwill, 1974b). Large-amplitude, 
northwest-striking folds characterize the structural fabric 
of both islands. The largest fold and dominant tectonic 
element in the central Sverdrup Basin, the Cornwall Arch, 
forms the structural axis of Amund Ringnes Island. 
Development of this fold structure has been dated as Late 
Cretaceous to early Tertiary (Balkwill, l974b). For geologic 
descriptions of the Ringnes islands, see Balkwill (1973, 
l974a,b), Balkwill and Hopkins (1976), Heywood (1957), 
Hopkins (1974), and Stott (1969). 

CHRISTOPHER FORMATION 

The Chris top her Formation, originally named by Heywood 
(1957) for a thick succession of predominantly dark marine 
shales on Ellef Ringnes Island, represents one of the most 
widespread Ii thologic uni ts in the Sverdrup Basin and 
adjacent Arctic areas. The formation conformably overlies 
sandstones and shales of the Lower Cretaceous deltaic 
Isachsen Formation of Barremian? to Aptian age (Roy, 1973) 
and grades into the marine and f Juvial quartz-sandstones of 
the overlying Hassel Formation of Late Albian to Ce
nomanian aqe. 

Thick.nesses of the Christopher Formation range from 
290 m on Eglinton Island in the west to 1440 m east of 
Glacier Fiord on Axel Heiberg Island to the east. At the 
type locality on Ellef Ringnes Island, Heywood 0957) 
measured about 470 IT', presumably near Isachsen Dome, 
whereas Stott (1969) measured over 762 m near Helicopter 
Dome and Balkwill and Hopkins (1976) recorded about 850 m 
at Hoodoo Dome. On northern Amund Ringnes Island, a 
section measuring about 950 m . is described in the present 
report. 

The Christopher Formation can be divided into two 
informal units in the Ringnes islands, as throughout the 
Sverdrup Basin (Balkwill, 1974a). The lower unit, 350 to 
488 m thick, consists mainly of dark green-grey, silty shale 
with buff fine grained sandstone interbeds near the base and 
abundant brown spherical sideri te rosettes commonly from 5 
to 15 cm in diameter that first occur some 45 m above the 
contact with the Isachsen Formation. These more massive 
shales grade upward into fissile, platy black shales that 
contain large, spherical, buff to red-brown calcareous 
concretions (up to 2 m in diameter) and abundant silici fied 
wood. Also present are thin beds of buff-coloured lime
stones with cone-in-cone structure. Intervals of sandstone, 
buff-coloured concretionary zones and lithified wood 
increase upward throughout this unit with some fossilized 
tree stems up to 37 cm long. At the top are about 50 to 
60 m of fine grained glauconitic sandstones, grey shales and 
zones of buff to orange sandstones. As noted by Balkwill 
and Hopkins (1976), the glauconi tic sandstones represent a 
mappable horizon within the Christopher Formation, 
especially in the eastern part of the Sverdrup Basin where 
approximately coeval sa'ldstones are found on Ellesmere and 
Axel Heiberg islands. 

The upper unit, 335 to 472 m thick, consists of dark grey 
to black platy shales with thin, buff to orange-brown, 
resistant concretionary zones and silici fied wood fragments. 
The lower half is characterized by abundant grey to red
brown concretions (generally less than 40 cm in diameter) 
that contain abundant ammonoids, pelecypods, gastropods 
and fossilized wood. The upper ha! f contains fewer 
concretionary zones and upward is increasingly silty with 
some thin, buff-coloured sandstone beds near the contact 
with the overlying Hassel Formation. 
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BIOSTRA TIGRAPHIC ZONA TION 

Gaudryina tailleuri Assemblage Zone 

The Gaudryina tailleuri Assemblage Zone was described 
from the Lower Cretaceous Torok and Fortress Mountain 
formations of northern Alaska (see Tappan, 1962; Bergquist, 
1966). The original zonal concept represented a taxon
range-zone based on the [then] known occurrences of G. 
tailleuri. An Early Albian age was assigned the zone based 
on association with the ammonites Grantziceras [=Beu
danticeras] and Colvillia (Imlay, 1961) and on the presence 
of several foramini feral species found in Al bi an strata in 
Europe (Tappan, 1962). Subsequent investigations have 
extended the lower range of G. tailleuri into strata of 
Neocomian and Late Jurassic age (Ramsay, 1970; Souaya, 
1976). Although the separation of the early specimens of G. 
tailleuri from morphologically similar species G. canadensis, 
G. nanushukensis and G. neocomiensis is often difficult, the 
pre-Albian occurrences of G. tailleuri are well established. 

In this report, the G. tailleuri Assemblage Zone is 
defined by the co-occurrence of: Haplophragmoides gigas, 
Hippocrepina barksdalei, Reophax troyeri, Textularia 
topagorukensis, Trochammina eilete, T. rainwateri, Miliam
mina ischnia, M. manitobensis, Marginulinopsis collinsi, 
Saracenaria dutroi, Vaginul inopsis schloenbachi, Quadri
morphina ruckerae, Conorboides umiatensis, Gavelinella 
stictata among others along with the name taxon. This as
semblage is correlated in part with the Grantziceras affine 
Ammonite Zone of Early Albian age (Imlay, 1961; Jeletzky, 
1971). 

Verneuilinoides borealis Assemblage Zone 

The Verneuilinoides borealis Assemblage Zone likewise was 
named from Lower Cretaceous strata in northern Alaska 
(Bergquist, 1958). It too originally represented a taxon
range-zone and is widely distributed, being found in many 
different facies along the Arctic Ocean margin. Megafossil 
and microfossil correlations placed this zone in the Middle 
to Late Albian (Imlay, 1961; Bergquist, 1966; Tappan, 1962). 

In this report, the fauna of the Verneuilinoides borealis 
Assemblage Zone includes: V. borealis, Gaudryina sub
cretacea, Trochammina umiatensis and Psamminopelta bow
sheri among others. A Middle Albian age for this zone on 
Amund Ringnes Island is well established by correlation with 
megafossils (see below). 

The Gaudryina tailleuri and Verneuilinoides borealis 
Assemblage Zones in the Ringnes islands show a close 
correlation to environmental facies as described below. In 
northern Alaska, however, both zones are found in several 
marine facies, a fact that originally demonstrated their 
chronostratigraphic utility (Tappan, 1962). This is especially 
true of the Verneuilinoides borealis Assemblage Zone, which 
occurs in coastal to offshore facies that are charac
teristically time transgressive. 

AMUND RINGNES ISLAND FORAMINIFERS 

Foraminifers were collected from the Christopher Form
ation exposed near the north coast of Amund Ri ngnes Island 
along a stream bed about 16 km northwest of Stratigrapher 
River (Textfig. 1, Joe. 2; Textfig. 7; about lat. 78°45'N, long. 
97°45'W). Location of the 13 samples collected from the 
950 m section are shown on Textfigures 7 and 8. 

Two assemblage zones are recognized based on the 
stratigraphic distribution of 47 species identified; the 
Gaudryina tailleuri Assemblage Zone and the Verneuilinoides 
borealis Assemblage Zone (Textfig. 9). Of these species, 
approximately one half (24) are calcareous; however, their 
occurrence is largely limited to the basal Christopher beds. 
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northwest of Strat igrapher River and distribution of Ii tho
logic uni ts (based on airphoto Al61748-33). 

The Gaudryina tailleuri assemblage is restricted to the 
lower unit of the Christopher Formation as defined primarily 
by the range of the name taxon. Gaudryina tailleuri is 
abundant in the basal beds but is less common upward, 
extending into the glauconitic sandstone interval at the top 
of the lower unit. The assemblage is dominated by 
Haplophragmoides topagorukensis, H. gigas, Ammobaculites 
fragmentarius, Gaudryina tailleuri, Globulina lacrima 
canadensis, Quadrimorphina ruckerae, Bathysiphon brosgei 
and Conorboides umiatensis. These species and associated 
species, such as Gavelinella intermedia, G. stictata, 
Marginulinopsis collinsi, Saracenaria dutroi, Vaginulinopsis 
schloenbachi, and rare occurrences of Miliammina man
itobensis and Trochammina eilete and other species, mos t 
probably indicate an Early Albian age for the lower unit. 
Several species present in the predominantly endemic 
assemblage provide correlation with strata of Early Cre
taceous age in Europa (see Tappan, 1962, p. 116, 117). Of 
particular interest is Gavelinella intermedia, which ranges 
from the early Aptian to the Cenomanian. In northern 
Germany, the greatest abundance is in the late Aptian 
(M ichael, 1966) whereas, worldwide, the species is most 
often recorded in the Albian (see Salaj and Samuel, 1966; 
Gawor-Biedowa, 1972). This is also true of the high-latitude 
assemblages of the southern hemisphere where the species is 
associated with Albian planktic foraminifers in the South 
Atlantic (Sliter, 1976, 1977) and eastern Indian oceans 
(Scheibnerova, 1974; Krasheninnikov, 1974). A similar age is 
indicated for occurrences in South Africa and Australia 
(Lambert and Scheibnerova, 1974). 

No megafossils were recovered from the lower 
Christopher section on Amund Ringnes Island. Jn other areas 
of the Sverdrup Basin and in northern Alaska, the for
aminiferal assemblage is associated with megafossils in the 

(Plauchut and Jutard, 1976; Bergquist, 1966; Imlay, 1961). 
Ammonites collected from shales below the sandstones at 
the top of the lower unit on Ellesmere Island at Slidre Fiord 
(GSC Joe. 28750) and identified by J.A. Jeletzky included 
Cleoniceras (Anadesmoceras?) aff. C. (A.) subbaylei Spath 
and Arcthopolites belli (McLearn) of late Early Albian age. 
However, the former ammonite has been redetermined subse
quently as Cleoniceras (Grycia) n. sp. indet., which does not 
change the age of the beds concerned (Jeletzky, pers. 
comm., 1977). Moundlike carbonate rocks from the 
Christopher Formation of Ellef Ringnes Island (Nass ichuk 
and Roy, 1975; GSC Joe. C-33731) contain ammonites 
identified by Jeletzky as Arcthopolites (sensu Jato) n. sp. 
indet., Callizoniceras (Colvillia) ex aff. C. (C.) crassicostata 
Imlay and nuculid pelecypods that indicate an Early Albian 
age. The limited outcrop and structural complexity of the 
area preclude preci se stratigraphic correlation of this 
locality; however, the occurrence of the carbonate bodies 
and the structural position of the outcrop adjacent to 
evaporites of Hoodoo Dome suggest correlation wi th the 
lower unit. The collection is intriguing in that it represents 
the earliest Albian megafossil fauna known from the 
Sverdrup Basin and is comparable to occurrences on 
Anderson Plain, east of the Mackenzie Mountains (Jeletzky, 
1964) and to the Colvillia crassicostata Ammonite Zone of 
northern Alaska (Imlay, 1961). The report of an ammonite 
fragment strongly resembling the Aptian genus Tropaeum, 
from the lower Christopher unit of Mackenzie King Island 
(Tozer, 1960, p. 13), indicates that the basal Christopher 
beds may be as old as Aptian at least within parts of the 
Sverdrup Basin. This single find is parallel to that of 
northern Alaska wh.ere the sole occurrence of Aptian 
ammonites is limited to fragments of Tropaeum from Lower 
Cretaceous strata along the Ipewik River near Point Hope, 
Alaska (D. Jones, pers. comm., 1977; USGS Joe. M-6013). 

Likewise, no published . information exists on the 
microfloras of the lower Christopher Formation of the 
Ringnes islands. Palynological ages from the Christopher 
Formation of Banks and Eglinton islands based on dino
f lagellates are presumed to correlate with Aptian to Middle 
Albian assemblages from Anderson Plain (Doerenkamp et al., 
1976). The ages of the Anderson Plain assemblages from the 
Crossley Lakes Member of the Langton Bay Formation and 
the Horton River Formation were well documented by 
Brideaux and Mcintyre (1975). Some doubt remains, how
ever, as to the exact correlation of these floras between An
derson Plain and Banks Island (see Plauchut and Jutard, 
1976; Doerenkamp et al., 1976). 

These data indicate me age cont lie ts that continue to 
involve the lower Christopher Formation. The results of the 
present study from the Ringnes islands imply that the lower 
unit is Early Albian in age. It is possible that the basal 
strata of the lower Christopher unit may be Aptian in age at 
various sites within or adjacent to the Sverdrup Basin. The 
gradational nature of the contact between the Isachsen and 
Christopher formations compounds the problem. The 
boundary is often difficult to place as the upper part of the 
Isachsen Formation can be very shaly. Typically the base of 
the Christopher is placed above a prominent ridge-forming 
sandstone (S tott, 1969) or at the first shale bed with layers 
of cone-in-cone limestone (Plauchut and Jutard, 1976). The 
doubt about the position of the contact may in part explain 
the presence of Aptian fossils in the 'Christopher Formation'. 

The Verneuilinoides borealis Assemblage Zone is 
restricted to the upper unit of the Christopher Formation in 
the Amund Ringnes Island section. The assemblage is 
dominated by Haplophragmoides topagorukensis, Ammo
discus rotalarius, Bathysiphon brosgei, Saccammina lathrami 
and Reophax troyeri. Species restricted to this zone include 
Verneuilinoides borealis, Reophax troyeri, Psamminopelta 
bowsheri, Trochammina umiatensis and T. rainwateri. This 
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Te xtfig ure 8. Generalized lithologic column, sample locations and brief 
Ii thologic descriptions for the Christopher Formation, northern Amund Ringnes 
Island, District of Franklin (for fossil localities, see Textfig. 7). 

assemblage indicates a Middle Albian age for the upper 
Christopher Formation. Between the last appearance of 
Gaudryina tailleuri and the first occurrence of Ver
ne11ilinoides borealis is an interval of some 106 m that shows 
a strong similarity in species content to the V. borealis 
Assemblage Zone (Textfig. 9). For example, the interval 
contains the last appearance of Haplophragmoides gigas and 
the first occurrence of Reophax troyeri. The omission of 
Verneuilinoides borealis from the interval is probably pal
eoecologic as discussed later rather than chronologic as 
judged from the disjunct distribution of several species ad
jacent to the interval. 

Mega fossils collected from the upper unit indicate a 
Middle Albian age (Textfig. 8). The collection from the 
upper unit just above the glauconi tic sandstones (GSC lac. 
C-2225-3) yielded "Gastroplites" ex aff. n. sp. A, of Jeletzky 
(1964), Cleoniceras (Cleoniceras) n. sp. aff. C. (C .) tailleuri 
Imlay and aff. C. (C.) clean (d'Orbigny ), Cleoniceras (?Gry
cia; n. sp., Beudanticeras (Grantziceras) glabrum (Whit
eaves), Inoceram11s anglicllS Woods, and indeterminate pele
cypods and gastropods of early Middle Albian age (Jeletzky, 
pers. comm., 1973). The second collection from within the 
upper unit (GSC lac. C-22695) yie lded "Gastroplites'' aff. G. 
canadensis of Jeletzky (1964) non Mclearn (1930) and 
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Textf igure 9. Stratigraphic 
Formation, northern Amund 
localities, see T extf ig. 7). 

distribution of 
Ringnes Island, 

foramini fers 
District of 

in the 
Franklin 

Chris topher 
(for fossil 

Gastroplites? (Paragastroplites?) n. sp. aff. 
(Whi teaves) of late Middle Al bi an age 
comm., 1975). 

G. (P.) liardense 
(Jeletzky, pers. 

No megafossils were found higher in this section. 
However, ammonites from the overlying Hassel Formation, 
equivalent of Banks Is!Rnd, gave an early Late Albian age 
(Plauchut and Jutard, 1976) which suggests that the 
uppermost Christopher beds are likewise df Middle Albian 
age. 

ELLEF RINGNES ISLAND FORAMINIFERS 
The Christopher Formation was measured at Helicopter 
Dome on the eastern side of Ellef Ringnes Island (Textfig. 1, 
Joe. 3; Te xtfig. 10; lat. 78°35'N, long. 99°37'W). Seventeen 
samples were collected from the 686 m section as shown in 
Te xtfigures 10 and 11. 

As on Amund Ringnes Island, both the Gaudryina 
tailleuri and Verneuilinoides borealis Assemblage Zones are 
recognized, based on the stratigraphic distribution of the 26 
species identified. On Ellef Ringnes Island, however, the 
foraminifers are predominantly agglutinated with only two 
rare occurrences of calcareous species in the lower unit. 
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CA RBO NIFEROUS \ @J Carboniferous cvaporites 

-- Sampled section 

Textfigure 10. Location of Christopher Formation section 
and distribution 'of Ii thologic uni ts at He! icopter Dome, Ellef 
Ringnes Island, District of Franklin (based on airphoto 
Al6192-l 74). 

As before, the Gaudryina tailleuri Assemblage Zone is 
confined to the lower unit. The assemblage contains the 
restricted occurrences of the name taxon, plus Haplo
phragmoides gigas and Ammobaculites fragmenta~ius and is 
dominated by these species plus Haplophragmoides topa
gorukensis, Saccammina lathrami'. Pseudobolivi~a rayi, Am
modiscus rotalarius and Bathysiphon brosgei. An Early 
Albian age is again suggested for thi~ assemblage based on 
the foraminiferal assemblage; no megafossils were re
covered. 

An intriguing aspect of the lower Christopher 
foraminiferal fauna in the Ellef Ringnes Island section is the 
appearance of rare specimens of Verneuilinoides borealis and 
Trochdmmina umiatensis. These species are associated with 
the first appearance of Miliammina and Psamminopelta in 
the silty shales adjacent to the glauconitic sandstones at the 
top of the lower unit (Textfig. 12). The equivalent 
stratigraphic level on Amund Ringnes Island is marked by 
the restricted occurrence of Miliammina manitobensis 
whereas Psamminopelta bowsheri, Trochammina umiatensis 
and Verneuilinoides borealis appear in the upper unit of the 
Christopher Formation (see Textfig. 9). The paleoecologic 
implications of these disjunct occurrences are discussed 
below. 

The Verneuilinoides borealis Assemblage Zone is 
recognized in the upper unit of the Christopher Formation. 
It is defined by the more common occurrence of the name 
taxon, Trochammina eilete and Miliammina manitobe~sis 
and the exclusion or reduction of abundance of Gaudryma 
tailleuri, Haplophragmoides gigas, Pseudobolivina rayi, 
Glomospirella gaultina and Reophax deckeri (Textfig. 12). A 
Middle Albian age is indicated by this assemblage. 

46 

Megafossils collected about 30 m above the base of the 
upper unit of the Christopher Formation (GSC Joe. C-26600 
and within the interval sampled as GSC lac. C-68061, 
Textfigs. 11, 12) include Gastroplites? (Paragastroplites?) n. 
sp. aff. G. (P.) liardense (Whiteaves), Inoceramus cf. I. 
anglicus Woods and indeterminate pelecypods dated as early 
Middle Albian (Jeletzky, pers. comm., 1974). 

PALEOECOLOGY 
The Christopher Formation in the Ringnes islands, as 
elsewhere in the Sverdrup Basin, represents a predominantly 
transgressive marine sequence. The studied sections record 
an initial period of she! f deposition followed by basin de
velopment and then a final phase of basin filling. The major 
biotic and lithologic characteristics that document these 
changes in depositional history are shown in Textfigures 13 
and 14. 

On Amund Ringnes Island, three major depositional 
e nvironments are recognized. In the lower unit of the 
Christopher Formation, the presence of Ammobaculites, 
Pseudoboli\ina, Ammodiscus, Miliammina, Textularia, and 
members of Bathysiphon and Haplophragmoides, in addition 
to the restricted occurrence of calcareous species, 
characterize the environment (Textfig. 13). Specimen size 
typically ranges from 0.55 to 1.56 mm in the largest 
dimension, and agglutinated specimens are robust and often 
coarse grained. The number of foraminiferal species 
decreases upward in the unit, and their preservation de
teriorates. Other biotic remains include rare occurrences of 
ornamented ostracodes, holothurian spicules, bivalve frag
ments and rare fish debris. Several sedimentary consti
tuents likewise show variations in distribution. For example, 
rounded and frosted quartz grains that range from 0.35 to 
1.56 mm in diameter are found in the lower unit as are 
common pyrite rods and fragments, rare gypsum crystals and 
rare calcisphaerul ids, about 0.15 mm in diameter. 

A second depositional environment is recognized in both 
the lower and upper uni ts but is most characteristic of the 
lower ha! f of the upper unit. A lowered species diversity 
and an assemblage of small fine grained specimens that 
range from 0.25 to 0.42 mm in length and are typicaUy 
compressed identify this environment. The as~emblage 1s 
dominated by species of Reophax, Trochammma, Bathy
siphon, Ammodiscus and Haplophragmoides (see Textfig. 9). 
Many of the specimens are filled with pyrite, and pre
servation in general is poor. Associated biogenic material 
includes fish debris, occasional Inoceramus prisms, abundant 
ammonites and sil icified wood. Sedimentary constituents 
typical of the assemblage include spores and carbonized or
ganic material, calcisphaerulids, and some pyrite .. 

Two alternative hypotheses can be used to interpret the 
depositional environments represented by these two as
sociations of biotic and sedimentologic criteria. The pre
ferred hypothesis calls for a shelf environment followed by a 
deeper water or basin phase that received distal material 
during the maximum extent of the marine transgression. 
Following this interpretation, the she! f environment 1s 
represented by shallow-water foramini fers, such as the 
species of Pseudoboliuna and Miliammina, associated w_ith 
coarse grained foraminifers, bivalve fragment_s, _holothurian 
spicules, ornamented ostracodes, abundant lithif1ed wood, 
frosted quartz grains and gypsum crystals. The common 
pyrite rods resemble those produced in worm tubes or 
burrows (see Sliter, 1975) and thus suggest the presence of 
bioturbation. The deeper water phase is represented by fine 
grained, poorly preserved foramini fers associated with 
abundant ammonites, and an increase in fish debris, 
calcisphaerulids and fine grained carbonized organic 
material. Calcisphaerul ids are regarded as planktic organ
isms indicative of open-marine or bathyal sediments due to 
their common association with calcareous nannofossils and 
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Textfigure 11. Generalized lithologic column, sample locations, and brief lith
ological descriptions for the Christopher Formation, He! icopter 0ome, northern 
Ellef Ringnes Island, District of Frankl in. 

planktic foraminifers elsewhere. This interpretation is 
strengthened by their increased abundance in the deeper 
water environment of the Sverdrup Basin. The presence of 
rare spores and occasional Inoceramus prisms associated 
with this fine grained material suggests the sporadic influx 
of distal flow material. The lack of calcareous species and 
pyrite rods plus the poor preservation of the agglutinated 
foraminifers and an increase in pyrite-filled foraminiferal 
tests suggest a reducing environment within a silled basin or 
beneath a stratified water column. 

A second hypothesis would suggest an initial deeper 
phase represented by the presence of calcareous species and 
a higher species diversity followed by a marginal marine 
phase with fine grained specimens and a lowered species 
diversity. Several problems are associated with this 
hypothesis. For example, the foraminiferal assemblage 
would indicate the opposite interpretation based on the 

distribution of Cretaceous species in the Western Interior of 
the United States (Eicher, 1966), northeastern British 
Columbia (Stelck, 1975), and northern Alaska (Bergquist, 
1966; Tappan, 1962). Correlation with foraminiferal 
assemblages and sedimentary facies from these localities 
indicates a shallow-rather than a deep-water interpretation. 
Further, reliance upon the presence of calcareous species or 
species diversity as an indicator of water depth in Arctic 
latitudes is extremely unreliable due to weathering 
phenomena. This is emphasized in the present study where 
the rare calcareous specimens are severely affected by 
calcium carbonate dissolution (see Pl. 13, fig. 11; Pl. 15, 
figs. 6 - 11). It is entirely possible that calcareous species 
were originally more widely distributed within the Ringnes 
islands section and are now preserved only where conditions 
prevented complete dissolution. Such conditions would 
include a balance between the amount of calcareous 
megafossil and microfossil shell material, organic debris, 
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Te xtfigure 12 . Stratigraphic distribut ion of foram inifers in the Christopher 
Formation, He! icopter Dome, northern El lef Ringnes Is land, District of Frankl in. 

pore space, permeabi lity and so on that wo uld lead t o the 
eventual sa t uration of the interst iti a l f lu id wit h r espec t to 
calcium carbonate and preserve th e re ma ining calcareous 
material. 

A third environment or transition zo ne between these 
two phases of bas in development takes place at t he top of 
the lower un it in conjunction with the glauconiti c sand
stones. There is a dist inc t change in fauna! and l ithologic 
character in the silty shales beneath the gl a ucon iti c 
sands tones that conti nues to the top of the lower unit. Thi s 
e nvironment is the milieu of Mi l iammina mani tobensis and 
its appearance coincides with the si mi Jar appearance of 
detri tal glauconite, rare spor es and specime ns of the basin 
faci es that accompanied a r educ tion in preservation. Within 
t he glauconi t ic sandstone inter val itself, evidence of 
sedi ment transport is seen in the presence of worn, abrade d 
specimens, fluctuation in species div ers ity, and alternation 
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of foraminiferal assemblages. For example, in the Amund 
Ringnes Is land section, GSC locality C -68073 co nt a ins 
mos tly small specimens of t he basi n assemblage and a few 
la rge specimens of Haplophragmoides up to 0.75 mm in 
diameter. Thi s is reversed in GSC local i ty C -68075 where 
the assemblage is dominated by la r ge specimens of 
Hapl ophragmoides and Bathysiphon and few specimens of the 
basi n assemb la ge. A further reversal occurs in GSC locality 
C -68076 with a return to dominance of the smal l specimens. 
The depos it ion al environme nt of the trans ition zone most 
probably represented an increase in s lope grad ient that 
separate d the coarser s he! f fac ies from the fin e grained 
bas in facies. Glauconitic sed iments t hat formed on t he 
outer shelf margin were period ically carried downslope into 
the basin along with elements of the shel f fauna. These 
were interbedded with au to chthonous bas in assemblages tha t 
form ed in the s lope environment. 
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Textfigure 13. Lithoiogic and biogenic trends and paleoenvironmental in
terpretation of the Christopher Formation, northern Amund Ringnes Island, Dis
trict of Franklin (for fossil localities, see Text fig. 7). 

Shelf-derived materials reappear in the silty shales at 
the top of the Christopher Formation. This produces the 
disjunct distribution of biotic and lithologic criteria seen in 
Textfigure 13. The increase in species diversity coincides 
with a return of large species, rounded quartz grains, pyrite 
rods, mollusk fragments and a better foraminiferal pre
servat ion characteristic of the lower part of the Chris
topher Formation. Nevertheless, the basin fauna continues 
to be found throughout this interval and increases in 
abundance in the uppermost sample. The implication of this 
influx of she! f-derived material is the initiation of a marine 
regression and accelerated basin filling that heralded a 
return to slope env ironments and the eventual marginal 
marine and fluvial facies of the overlying Hassel Formation. 

The Ellef Ringnes Island section again shows a disjunct 
distribution of biotitic and lithologic constituents although 
not as clearly defined as on Amund Ringnes Island (Textfig. 
14). The lower portion of the Christopher Formation con
tains coarse grained foraminifers in association with frosted 
quartz grains, pyrite and rare calcisphaerulids. Fora
miniferal preservation decreases upward, species diversity 
fluctuates, and the occurrence of calcareous species is 
restricted to this interval. 

The transition from coarse to fine grained foraminiferal 
assemblages precedes the first glauconitic sandstone at the 
top of the lower unit. Throughout the sandstone interval, 
evidence of fauna! mixing is seen in the sporadic occurrence 
of large, abraded foraminifers and increasingly rare frosted 
quartz grains. This interval contains the first appearance of 
spores and carbonized organic material, glauconi te grains 
and a reduction in foramini feral preservation. 

The upper unit is characterized by an assemblage of 
small, fine grained foraminifers with a low-species 
diversity. Specimens are compressed and often filled with 
pyrite. Organic material is more common and preservation 
is poor. 

The depositional environment represented by these 
three phases again indicates a transition from she! f to basin 
environments within a transgressive sequence. The influx of 
shelf-derived material in the upper unit, although present, is 
not as well defined as that of Amund Ringnes Island. A 
slight increase in species diversity accompanies the 
appearance of a few large specimens of H aplophragmoides 
and Bathysiphon ranging up to 0.62 mm in the largest 
dimension, rare frosted quartz grains and calcite spheres and 
an increase in detrital pyrite. Tertularia and Pseudo
bol ivi na reappear; however, Ammobacul ites is missing. The 
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Textfigur e 14. Lithologi c and biogenic trends a nd paleoenvironmental in
terpreta tion of the C hri stopher Formation, Helicopter Dome, northern Ellef 
Ringnes Is land, District of Franklin. 

major difference in thi s interval betwee n the Ringnes is lands 
sections is the continued dominance of the basi n associat ion 
throughout the El le f Ringnes section. 

Several speculations can be made in regard to these 
differences. The increased basin influ e nce on Ellef Ringnes 
Island may perhaps indicate a deeper or certainl y more 
distal environment than that of Amund Ringnes Is la nd. This 
would ex plain the flu ctuating species di vers iti es of the s he! f 
facies and the delayed influe nce of the upp er s he! f
inf luenced phas e. Hydrodynamic sorting reduced the s ize of 
the di splaced s pec ies, which would account for the lack of 
the larger and heav ier specimens of Ammobaculites in the 
upper unit on Ellef Ringnes Is land. Further, the more distal 
nature of the Ellef Ringnes environment would explain the 
reduced thickness of the formation and the thinning of the 
midformational glauconitic sandstones between the isla nds 
and agree with a southeastern source for these sediments. 
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The eastward thickening of the Christopher Formation from 
Ellef Ri ngn es to Ell esmere is lands and the presence of a 
thick, midformational greenish-grey sandstone on Axel 
He iberg and Ellesmere is la nds has been documented 
(Thorste insson and Tozer, 1970). 

The effect of Cretaceous evaporit e diapirism on the 
Ellef Ringnes sect ion such as that described for Amund 
Ringnes Is land (Balkwil l, 197 4b) is difficult to assess. 
Certainly this could acco unt for thinning of the sect ion and 
reduce the influence of bottom flows. Ho wever , the 
con tinued prese nce of the basin assoc iat ion wo uld seem to 
preclude other than gentle doming prior to the late Middle 
Albi an. 

The presence of large agglu t inated species in she! f 
hab itats distinguishes the Cretaceous Arct ic environments 
from those of the Paci fie Ocean margin of North America. 
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Text figur e 15. Correla tion of the Ringnes islands Christopher Formation sec-
tions wit h selec t ed sections fr om other Arctic Ocean margin areas. 

In the latter locali ties, la rge specim ens of H aplophrag
moides, Bathysiphon, Saccammina, Hyperamminoides and 
others are confined to s lope and deeper water habitats 
(SI ite r and Baker, 1972). In additi on, la rge species of 
Ammobacul ites so characteris tic of the Ar ct ic asse mblages 
are rar ely e ncoun tered (Sliter, 1968). 

Arctic Cretaceous assemb la ges are closely s imi lar to 
those of the Western Int er ior of North America and the 
United States Gu i f Coast. As yet, too few studi es of the 
bathymetric distribu t ion of the Arcti c spec ies are avai lab le 
to pro vide a clear und erstanding of their fa una! c har
acteri st ics . Nevertheless, it may be that a common pre
requisite to the development of agglutinated assemb lages is 
the presence of broad shelf ar eas or bas in margins with 
relatively stable e nvironments together with an influ x of 
organic material derived from delt a co mplexes and shelf
margin organically productive areas. Such an environment 
was not present along th e tectonicall y acti ve, narrow 
Pacific margin. 

Slope environments along act ive margins, howeve r, such 
as that of the northeas t e rn Pacific Ocean may have pro vided 
the stability, organic con ten t and other e nvironmental 
factors r equir ed by many of the large agg lutinated spec ies. 
Te mperature related cr ite ri a may also be a factor in the 
deeper occurrences of s uch fo rms along the Pacific margin. 
The s lope habitats may have had temperatures equ ivale nt to 
t hose of Arctic fau nas especially in the Late Cretaceous as 
lat itudinal te mperature gradients increased (Sliter, 1976). 

CORRELATION 
Correlat ion of the C hristophe r Fo rmat ion with selected 
reference sections in th e Arct ic area is shown in Textfigure 
15. These ar e m ade using the limite d published information 
on foraminifers as well as megafossil collections. Within the 
Sverdrup Bas in, the C hristophe r Formation is ident ifi ed as 

Early to Middle Albi an in age pr imar il y on the basis of 
megafossils as nqt ed previously. Foraminiferal assemblages 
in the central and western parts of the basin are s imilar to 
those of th e Ringnes islands, base d on unpublished studies by 
the a uthor. 

Foraminifers from Banks Is la nd likewi se provide close 
corr ela t ion. These include the assemblage from the 
nor thern end of the is land described by Pla uchut a nd Jutard 
(1976) that cont ains rare Verneuilinoides borealis with 
Pseudobolivina rayi, Psamminopelta bowsheri among others 
from the lo we r unit of the Christopher Formation and 
Trochammina eilete, Pseudoboliuna, Mi l iamm i na, and others 
from the upper unit. These and other unpublis hed data s how 
a def inite s imilarity be tween the upper and lower units of 
Banks Is lan d to t hose of the Ringn es islands. 

In the northern Yukon, foraminiferal assemblages 
re porte d by Mountjoy a nd Cha mne y (1969) equate portions of 
the Martin House and Arctic Red form a tions with the 
Chris tophe r Format ion. The Glauconite Member of the 
Martin House Format ion contains an Ea rly Albian assem
blage that includes Gavelinella cf. G. intermedia, 
Marginulinopsis col l insi, Reophax troyeri, Dentalina det
termani, Gaudryina cf. G. subcretacea and others. Th is 
me mber consists of some 91 m of sandstone and shales with 
varying amounts of glauconite that gi ve the sequence a 
gree ni sh colour. 

The Martin House Format ion is overlain by the Arct ic 
Red Form ation, dat ed as ranging from Ea rl y to Late Albian. 
Foraminifers from the lower me mber of the formation 
include Marginulinopsis col linsi, Gl obulina prisca, Ammo
discus cf. A. rotalarius, Nodosaria cf. N. concinna, Dentalina 
dettermani and Trochammina cf. T. rainwat eri among 
others. These a re followed later in th e formation by the 
a ppearance of Globulina lacrima canadensis, Gaudryina 
nanushukensis, Psamminopel ta bowsheri, Verneui linoides 
borealis, Pseudoboliuna rayi, Gavelinella stictata, Te~ 

turalia cf. T. topagorukensis, Ammobaculites fragmentarius , 
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Reophax troyeri and others. The Arctic Red faunas thus 
correspond to those from both the lower and upper uni ts of 
the Christopher Formation from the Ringnes islands. 

One intriguing aspect of the Yukon section of Mountjoy 
and Chamney (1969) is the similarity of certain lithologic 
and paleoecologic aspects to the Christopher· Formation of 
the Sverdrup Basin. For example, the shales and glauconitic 
sandstones of the Martin House Formation followed by the 
Fossiliferous Concretionary Shale Member with abundant 
ammonites of the more offshore facies of the Arctic Red 
Formation resemble the lithologic sequence in the Ringnes 
islands. For the moment, however, the precise correlation 
and characterization of the depositional history between the 
two areas awaits further study. 

Similar Albian foraminiferal assemblages are reported 
by Chamney (1971, 1973) from wells in the Mackenzie Delta 
and the Tuktoyaktuk Peninsula, District of Mackenzie. 
These assemblages correlate closely with those from the 
Yukon and similarly show strong age and environmental 
correlations with those from the Sverdrup Basin Christopher 
Formation. 

Mesozoic foraminifers from northern Alaska represent 
the most intensively studied Arctic microfossils and yet 
their chronologic and ecologic utility suffers from a lack of 
documented field studies. The relationships of the majority 
of l ithologic uni ts in exposed sections remain poorly 
understood. Nevertheless a considerable body of infor
mation on the fauna! assemblages exists, based primarily on 
the subsurface studies. 

The Fortress Mountain Formation, consisting of shales, 
greywacke sandstones and conglomerates, represents a 
proximal facies that grades northward into the pre
dominantly shale sequence of the Torok Formation. The 
lower beds of both formati ans are correlated by the 
presence of the ammonites Grantziceras affine (Whi teaves) 
and Colvillia crassicostata Imlay among others and the 
pelecypod Aucellina dowlingi McLearn regarded as Early 
Albian in age (Imlay, 1961). Foraminifers from the Fortress 
Mountain and lower Torok formations contain the Gaudryina 
tailleuri Assemblage Zone that includes species such as 
Ammobacul ites fragmentarius, Glomospirella gaul tina, 
Gaudryina subcretacea, Trochammina eilete, Marginulinopsis 
collinsi, Vaginulinopsis schloenbachi, Globulina lacrima can
adensis, C onorboides umiatensis, Quadrimorphina ruckerae 
and Gavelinella intermedia. among others (Tappan, 1962; 
Bergquist, 1966). This association of microfossils and 
megafossils in.dicates correlation of these sections with the 
lower unit of the Christopher Formation in the Ringnes 
islands. 

The middle third of the Torok Formation contains the 
Subarcthoplites bel li Ammonite Zone of late Early Albian 
age with a meager foraminiferal fauna that includes 
Gaudryina tailleuri. 

The Verneuilinoides borealis Assemblage Zone appears 
in the upper third of the Torok Formation in association with 
the ammonites Gastroplites, Paraqastroplites and Cleoni
ceras of Middle Albian age. The Tuktu Formation of the 
Nanushuk Group that overlies the Torok Formation likewise 
contains the Middle Albian ammonite and foraminiferal 
faunas. 

Foraminifers indicative of the Verneuilinoides borealis 
Assemblage Zone continue into the overlying Grandstand 
Formation that consists of sandstones and shales. A Middle 
Albian age is indicated for the basal beds by the occurrence 
of the ammonite Cleoniceras whereas the upper beds are 
regarded as Late Albian as inferred from stratigraphic 
relationships. 

The predominantly nonmarine Killik Tongue of the 
Chandler Formation overlies the Tuktu Formation in the 
south and interfingers with the Grandstand Formation 
toward the north. Foraminifers from the Killik Tongue are 
represented only by a few long-ranging members of the 
Verneui lino ides boreal is Assemblage Zone. The age of the 
Killik Tongue is thus interpreted from its stratigraphic 
relationships to adjacent dated rock units. 
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SYSTEMATIC PALEONTOLOGY 
11 lustrated specimens are deposited in the type collection of 
the Geological Survey of Canada, Ottawa. 

Superfamily Ammodiscacea Reuss 1862 
Family Astrorhizidae Brady 1881 

Subfamily Rhizammininae Rhumbler 1895 
Genus Bathysiphon M. Sars in G.O. Sars 1872 

Bathysiphon brosgei Tappan 1957 

Plate 9, figures 1,2 

Bathysiphon brosgei Tappan, 1957, p. 202, Pl. 65 figs. l - 5; 
Tappan, 1962, p.128, Pl. 29, fig. 5. 

Remarks. The species is distinguished from Bathysiphon 
vi tta by its smal !er size and characteristically distorted 
tube, which often shows .Tlinor constrictions. 

Specimens range from 0.55 to 1.87 mm in length, 0.13 to 
0.35 mm in width. The majority of specimens are closer to 
the smaller dimensions. Figured hypotypes GSC 46138 
(Pl. 9, fig. l) from GSC locality C-68079; 46139 (Pl. 9, fig. 2) 
from GSC locality C-68076. 

Bathysiphon vi tta Nauss 194 7 

Plate 9, figures 3, 4 

Bathysiphon vitta Nauss, 1947, p. 334, Pl. 48, fig. 4; Tappan, 
1962, p. 128, Pl. 29, figs. 6- 8. 

Remarks. Bathysiphon vitta is characterized by its large 
size, generally smooth, compressed chamber and lack of 
constrictions. The species is more abundant and occurs 
more consistently in the Ellef Ringnes Island section than in 
the Amund Ringnes Island section; however; the morphology 
remains constant. 

Specimens range from 0.55 to 0.86 mm in length and 
from 0.3 to 0.55 mm in width. Figured hypotypes GSC 46140 
(Pl. 9, fig. 3) from GSC locality C-68061; 46141 (Pl. 9, fig. 4) 
from GSC locality C-68060. 

Subfamily Hippocrepininae Rhumbler 1895 
Genus Hippocrepina Parker in G.M. Dawson 1870 

Hippocrepina barksdalei (Tappan 1957) 

Plate 9, figures 8, 9, 13 

Hyperamminoides barksdalei Tappan, 1957, p. 202, Pl. 65, 
figs. 6 -12; Tappan, 1962, p. 129, Pl. 29, figs. 21- 27. 

Remarks. Specimens referred to this species are quite 
variable in shape and in the number and prominence of the 
transverse growth wrinkles. Typically the flattened tubular 
chambers are somewhat flaring, and elongate, with a 
rounded aperture at the end of the chamber. Although rare, 
specimens occur more consistently in the Amund Ringnes 
Island section. 

Specimens range from 0.35 to 0.55 mm in length and 
0.25 to 0.35 mm in width. Figures hypotypes GSC 46142 
(Pl. 9, fig. 8) and 46143 (Pl. 9, fig. 9) from GSC locality 
C-68052; 46144 (Pl. 9, fig. 13) from GSC locality C-68057. 

Family Saccamminidae Brady 1884 
Subfamily Saccammininae Brady 1884 

Genus Saccammina M. Sars in Carpenter 1869 
Saccammina lathrami Tappan 1960 

Plate 9, figures 5 - 7 

Saccammina lathrami Tappan, 1960, p. 289, Pl. 1, figs. 1, 2; 
Tappan, 1962, p.129, Pl. 29, figs. 9-12. 



Remarks. The species is identified by its single chamber 
that is always compressed in the present material with the 
aperture at the end of a short neck. Rarely, the neck can be 
quite distinctive as shown in Plate 9, figure 7. 

Length ranges from 0.68 to 0.8 mm, width from 0.3 to 
0.42 mm. Figured hypotypes GSC 46145 (Pl. 9, fig. 5) from 
GSC locality C-68053; 46146 (Pl. 9, fig. 6) from GSC locality 
C-68052; 46147 (P l. 9, fig. 7) from GSC localit y C-68054. 

Family Ammodiscidae Reuss 1862 
Subfamily Ammodiscinae Reuss 1862 

Ammodiscus rotalarius Loeblich and Tappan 1949 

Plate 9, figures 12, 14 

Ammodiscus rotalarius Loeblich and Tappan, 1949, p. 247, 
Pl. 46, fig. l; Tappan, 1962, p.1 31, Pl. 30, figs. 5 -8. 

Remarks. Specimens are discoidal, planispirally coi led, and 
compressed wit h a gradually enlarging chamber. Little 
variation was noted in specimens from both the stratigraphic 
sect ions from the Ringnes islands. 

Specimens range in diameter from 0.25 to 0.55 mm. 
Figured hypoty pes GSC 46148 (Pl. 9, fig. 12) from GSC 
lo cality C -68069; 46149 (Pl. 9, fig. 14) from GSC locality 
C-68059. 

Genus Glomospirella Plummer 1945 
Glomospirella gaul tina (Bert he! in 1880) 

Plate 9, figures 10, 11 

Ammodiscus gaultinus Berthelin, 1880, p.19, Pl. l (24), 
figs. 3a,b. 

Glomospirella gaultina (Berthelin), Tappan, 1962, p. 130, 
Pl. 29, figs.17- 20. 

Remarks. Glomospirella differs from Ammodiscus in having 
an early irregular coil prior to assumi ng a planispiral coiling 
habit. Specimens in the present sam ples are usually 
distorted with a s mooth, polished surface. They are rare in 
both localities. 

Diameters range from 0.35 to 0.42 mm. Figured 
hypot ypes GSC 46150 (Pl. 9, fig. 10) from GSC locality 
C-68057; 46151 (Pl. 9, fig. 11 ) from GSC locality C-68066. 

Superfamily Lituolacea de Blainvil!e 1825 
Family Hormosinidae Haeckel 1894 

Subfamily Hormosininae Haeckel 1894 
Genus Reophax Montfort 1808 
Reophax deckeri Ta ppan 1940 

Plate 9, figures 15, 16 

Reophax deckeri Tappan, 1940, p. 94, Pl. 14, fig. 3; Tappan, 
1943, p. 479, Pl. 77, fig. 3. 

Remarks. Large, coarse grained specimens of Reophax are 
placed in this species originally described from the Early 
Cretaceous of Texas. Tests are compressed and have 
several elongate chambers that increase rapidly in size. 
Sutures are distinct and depressed and the wal 1 is coarsely 
agglutinated. The aperture is terminal at the end of a short 
neck. Reophax deckeri occurs in the lower part of the 
Christopher Formation in the Ringnes is lands. 

Specimens range in length from 1.39 to 2.0 mm and in 
width from 0.68 to 1.05 mm. Figured hypotype GSC 46152 
(Pl. 9, fig. 15) from GSC locality C-68069; 46153 (Pl. 9, 
fig. 16) from GSC locality C-68071. 

Reophax troyeri Tappan 1960 

Plate 9, figur es 17, 18 

Reophax troyeri Tappan, 1960, p. 291, Pl. 1, figs. 10 - 12; 
Tappan, 1962, p.133, Pl. 30, figs.11-13. 

Remarks . Reophax troyeri differs from R. deckeri in being 
mu c h smal le r, with more c hambers that are globular in 
shape, a finer grained wal I and a more distinct neck. 
Specimens are common to abundant in the upper Christopher 
Formation of Amund Ringnes Island and rare in the Ellef 
Ringnes Island section. 

Length of specimens ranges from 0.3 to 0.68 mm and 
width from 0.18 to 0.25 mm. Figured hypotypes GSC 46154 
a nd 46155 from GSC locality C-68079. 

Family Rzehakinidae Cushman 1933 
Genus Miliammina Heron-Allen and Earland 1930 

Miliammina i schnia Tappan 1957 

Plate 12, figure 15 

Miliammina ischnia Tappan, 1957, p. 211, Pl. 67, figs. 25, 26; 
Tap pan, 1962, p.160, Pl. 37, figs. 1- 5. 

Remarks. Thi s species is narrow, elongate with ne a rly 
parallel si de s, quinqueloculine in section with a flattened 
test and generally indistinct chambers. Only a few 
specimens were recovered from the Ringnes islands sections. 

Spec imens range from 0.35 to 0.55 mm in length and 
from 0.18 to 0.28 mm in width. Figured hypotype GSC 46156 
from GSC locality C-68079. 

Miliammina manitobensis Wickenden 1932 

Plate 12, figures 8, 12, 16 

Miliammina manitobensis Wickenden, 1932, p. 90, Pl. 1, 
figs. lla - c; Tappan, 1962, p. 160, Pl. 36, figs. 12 -18. 

Remarks. Thi s large spec ies differs from M. ischnia in being 
ovate in outline, with thick, di stinct c ha mbers and a rounded 
periph ery. Specimens are often damaged along their 
periphery in the Ringnes islands stratigraphic sections. 

Hypo types range from 0.5 to 0.68 mm in length and 
from 0.3 to 0.42 mm in width. Figured hypotypes GSC 46157 
to 46159 from GSC locality C-68057. 

Genus Psamminopelta Tappan 1957 
Psamminopelta bowsheri Tappan 1957 

Psam m inopel ta 
figs. 11 -18, 
figs. 11, 12. 

Plate 12, figures 13, 14 

bowsheri 
22 - 24; 

Tappan, 
Tappan, 

1957, 
1962, 

p. 211, 
p. 157, 

Pl. 67, 
Pl. 37, 

Remarks. Psamminopelta bowsheri is re cognized by its 
large, ovate, flattened test, planispirally coiled chamber, 
and an aperture at the end of the chamber that occasionally 
becomes detached from the test. Specimens are limited to a 
few occurrences in both Ringnes islands sections. 

Length of specimens ranges from 0.42 to 0.75 mm and 
width from 0.25 to 0.55 mm. Figured hypo t ypes GSC 46160 
and 46161 from GSC localit y C-68079. 
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Family Utuolidae de Blainville 1825 
Subfamily Haplophragmoidinae Mayne 1952 
Genus Haplophragmoides Cushman 1910 
Haplophragmoides gigas Cushman 1927 

Plate 10, figures l - 5 

Haplophragmoides gigas Cushman, 1927, p. 129, Pl. 1, fig. 5; 
Tappan, 1962, p.134, Pl. 30, fig.15. 

Remarks. This large species is characteristic of the lower 
Christopher Formation in the Ringnes islands. It is 
recognized by the large, compressed test with a !abate 
periphery. Chambers are numerous and are inflated 
adjacent to the umbilicus. Sutures are usually sinuate and 
depressed. 

Specimens range in greatest diameter from 0.42 to 
0.92 mm and from 0.18 to 0.25 mm in thickness. F'gured 
hypotypes GSC 46162 (Pl. 10, fig. 1) and 46163 (Pl. 10, fig. 4) 
from GSC locality C-68052; 46164 (Pl. 10, fig. 3) and 46165 
(Pl. 10, fig. 4) from GSC locality C-68070; 46166 (Pl. 10, 
fig. 5) from GSC locality C-68071. 

Haplophragmoides topagorukensis Tappan 1957 

Plate 10, figures 6 -12 

Haplophragmoides topagorukensis Tappan, 1957, p. 203, 
Pl. 65, figs. 15- 25; Tappan, 1962, Pl. 31, figs. 1-15. 

Remarks. Haplophragmoides topagorukensis is the most 
abundant species in the Ringnes islands sections. It is 
variable in size, with a rounded periphery, numerous 
chambers and straight sutures. These characteristics and 
the lack of the raised umbi lie al margins distinguish H. 
topagorukensis from the somewhat larger species H. gigas. 

Greatest diameters range from 0.3 to 0.68 mm and the 
thickness from 0.15 to 0.5 mm. Figured hypotypes GSC 
46167 (Pl. 10, fig. 6) and 46168 (Pl. 10, fig. 7) from GSC 
locality C-68070; 46169 (Pl. 10, fig. 8), 46170 (Pl. 10, fig. 9) 
and 46171 (Pl. 10, fig. 10) from GSC locality C-68055; GSC 
46172 (Pl. 10, fig. 11) and 46173 (Pl. 10, fig. 12) from GSC 
locality C-68069. 

Subfamily Li tuolinae de Blainville 1825 
Genus Ammobaculites Cushman 1910 

Ammobaculites fragmentarius Cushman 1927 

Plate 11, figures l - 5 

Ammobaculites fragmentaria Cushman, 1927, p. 130, Pl. 1, 
fig. 8. 

Ammobaculites fragmentarius Cushman, Tappan 1962, 
p. 136, Pl. 32, figs. 8 -11. 

Remarks. This species shows considerable variation in test 
shape, diameter and prominence of the early coiled stage 
and size of the agglutinated grains as shown in Plate 11. 
Ammobaculites fragmentarius usually has a distinct early 
coil followed by four to seven globular chambers. No 
specimens of the larger species A. wenonahae Tappan with 
broad, compressed chambers were found in the Ringnes 
islands sections even though it is more common than A. 
fragmentarius in coeval strata in northern Alaska. 

Specimens range from 0.62 to 1.75 mm in length and 
from 0.25 to 0.35 mm in the diameter of the largest 
chamber. Figured hypotypes GSC 46174 (Pl.11,fig. l), 
46175 (Pl. 11, fig. 2) and 46176 (Pl. 11, fig. 3) from GSC 
locality C-68069; 46177 (Pl.11, fig. 4) and 46178 (Pl.11, 
fig. 5) from GSC locality C-68070. 
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Family Textulariidae Ehrenberg 1838 
Subfamily Textulariinae Ehrenberg 1838 

Genus Textularia Defrance in de Blainville 1824 
Textularia topagorukensis Tappan 1957 

Plate 11, figures 6 - 8 

Textularia topagorukensis Tappan, 1957, p. 205, Pl. 66, 
figs. 8 - 9; Tappan, 1962, p.141, Pl. 33, figs. 7 -11. 

Remarks. This small species occurs more consistently in the 
upper than in the lower Christopher Formation in the 
Ringnes islands. It is elongate, narrowly tapering, and 
commonly distorted. The biserial chamber arrangement is 
often difficult to see in the present specimens. 

Specimens range in length from 0.25 to 0.35 mm and in 
width from 0.13 to 0.18 mm. Figured hypotypes GSC 46179 
(Pl. 11, fig. 6) and 46180 (Pl. 11, fig. 8) from GSC locality 
C-68080; 46181 (Pl. 11, fig. 7) from GSC locality C-68064. 

Subfamily Pseudobol ivininae Wiesner 1931 
Genus Pseudobolivina Wiesner 1931 

Pseudobolivina rayi (Tappan 1957) 

Plate 11, figures 9, 10, 22 

Siphotextularia? ra)i Tappan, 1957, p. 206, Pl. 66, figs. 6, 7; 
Tappan 1962, p. 142, Pl. 34, figs. 19 - 22. 

Remarks. Pseudoboli\ina rayi is distinguished by its variable 
size, flattened test, slightly twisted axis, chambers that are 
initially biserial but become nearly uniserial in the later 
stage, and narrow, nearly terminal apertural slit. 

Length of specimens ranges from 0.42 to 1.35 mm and 
width from 0.18 to 0.62 mm. Figured hypotypes GSC 46182 
(Pl. 11, fig. 9) and 46183 (Pl. 11, fig. 22) from GSC locality 
C-68071; 46184 (Pl. 11, fig. 10) from GSC locality C-68081. 

Plate 9 

Measurements given (in parentheses) are distances between 
dots beneath each specimen. 

Bathysiphon l:rosgei Tappan (page 52) 
Figures 1, 2. GSC 46138 (100 µ m) and 46139 (300 µ m). 

Bathysiphon vitta Nauss (page 52) 
Figures 3, 4. GSC 46140 and 46141 (both 100 µ m). 

Saccammina lathrami Tappan (page 52) 
Figure 5. Compressed specimen with apical projection, 

Figure 6. 
Figure 7. 

GSC 46145 (100 µ m). 
GSC 46146 (100 µ m). 
Specimen with distinct neck, GSC 46147 
(100 µ m). 

Hippocrepina barksdalei Tappan (page 52) 
Figure 8. Obi ique apertural view showing transverse 

Figure 9. 
Figure 13. 

growth wrinkles, GSC 46142 (30 µ m). 
Elongate specimen, GSC 46143 (100 µ m). 
Side view showinq aperture and thickened 
apertural rim, GSC 46144 (100 µ m). 

G lomospirel la gaul tina (Berthe! in) (page 53) 
Figure 10. GSC 46150 (100 µ m). 
Figure 11. Oblique view, GSC 46151 (100 um). 

Ammodiscus rotal arius Loeb! ich and Tappan (page 53) 
Figures 12, 14. GSC 46148 (30 µ m) and 46149 (100 µ m). 

Reophax deckeri Tappan (page 53) 
Figures 15, 16. GSC 46152 and 46153 (both 300 µml. 

Reophax troyeri Tappan (page 53) 
Figures 17, 18. GSC 46154 and 46155 (both 100 µ m). 
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Plate 10 
Measuremen ts given (in parentheses) are di stances between dots 
beneath each specimen. ( ) 

page 54 
Haplophragmoides gigas Cus hman 
Figures 1 - 4. GSC 46162 - 46165 (all 100 µ m). 
Figure 5. Edge view, GSC 46166 (100 µ m). 

Haplophragmoides topagorukensis Tappan (page 54) 
F ig ures 6, 7, 9, 10, GSC 46167, 46168, 46170, 46171 and 46173 

11,12. (all 100 µ m except Fig. 10, 30 µ m). 
Figures 8, 11. Ed ge views, GSC 46169 and 46172 

(both 100 µ m). 



Family Ataxophragmiidae Schwager 1877 
Subfamily Verneuilininae Cushman 1911 

Genus Gaudryina d'Orbigny in de la Sagra 1839 
Gaudryina nanushukensis Tappan 1951 

Plate 11, figures 13 -15, 17 

Gaudryina nanushukensis Tappan, 1951, p. 2, Pl. 1, 
figs. Ba -11; Tappan, 1962, p.148, Pl. 34, figs.11-15. 

Remarks. Gaudryina nanushukensis is identified by the 
elongate, gradually flaring test; triserial early part with 
rounded periphery and smooth, slight ly concave sides. Rare 
specimens become biserial in the later stage. Sutures in the 
triserial stage are slight ly depressed and the test ax is is 
occasionally twisted (Pl. 11, fig. 15). Occurrences are 
I imi ted in both Ringnes islands sections. 

Specimens range in length from 0.35 to 0.5 mm and in 
width from 0.18 to 0.25 mm. Figured hypotypes GSC 46185 
(Pl. 11, fig. 13), 46186 (Pl. 11, fig. 14) and 46187 (Pl. 11, 
fig.15) from GSC locality C-68072; 46188 (Pl.11 , fig.17) 
from GSC locality C-68059. 

Gaudryina subcretacea Cushman 1936 

Plate 11, figure 18 

Gaudryina subcretacea Cushman, 1936, p. 5, Pl. 1, 
figs. lla,b; Tappan, 1962, p.149, Pl. 36, figs. 5, 6. 

Remarks. This distinctive species is limited to rare 
occurrences in the Ellef Ringnes Island section. It has an 
elongate test with angled, lobate peripheries and concave 
s ides, numerous chambers that tend to become biserial and 
smooth walls. 

Figured hypotype GSC 46189 from GSC locality 
C-68061 is 0. 73 mm long and 0.25 mm wide. 

Gaudryina tailleuri (Tappan 1957) 

Plate 11, figures 19 - 21 

Verneuilinoides tailleuri Tappan, 1957, p. 208, Pl. 66,figs. 
19-22. 

Gaudryina tailleuri (Tappan), Tappan, 1962, p. 149, Pl. 35, 
figs. 8 - 16. 

Remarks. The narrow, elongate, nearly parallel sided 
triserial test with numerous chambers and depressed sutures 
distinguishes this species. Some specimens tend to become 
biserial in the later stage. It is differentiated from G. 
nanushukensis by the test and chamber shape and lack of 
rounded peripheral angles and smooth surface. 

Length ranges from 0.35 to O. 75 mm, width from 0.15 to 
0.20 mm. Figured hypotypes GSC 46190 (Pl. 11, fig. 19) from 
GSC local ity C-68060; 46191 (Pl. 11, fig. 20) from GSC 
locality C-68070; 46192 (Pl.11, fig. 21) from GSC locality 
C-68072. 

Genus Uvigerinammina Majzon 1943 
Uvigerinammina manitobensis (Wickenden 1932) 

Plate 11, figure 12 

Tritaxia manitobensis Wickenden, 1932, p. 87, Pl. 1, fig. 10. 
Uvigerinammina manitobensis (Wickenden), Tappan, 1962,p. 

145, Pl. 33, figs.18-23. 

Remarks. Rare specimens of this species occur in both 
sections in the Ringnes islands. The loose triserial chamber 
is difficult to distinguish in the commonly distorted 
specimens, but the test outline, distinct neck and terminal 
aperture identify the species. 

Figured hypo type GSC 46193 from GSC locality 
C-68069 is 0.38 mm long and 0.28 mm wide. 

Genus Verneui linoides Loeb! ich a nd Tappan 1949 
Verneuilinoides borealis Tappan 1957 

Plate 11, figures 11, 16 

Verneuilinoides borealis Tappan, 1957, p.206, Pl.66, 
figs. 10 -18; Tappan, 1962, p. 142, Pl. 34, figs. 1-9. 

Remarks. Thi s species is identified by the broadly flaring 
test, triserial chamber arrangement and aperturial 
depression at the base of the final chamber. The aperture is 
rarely observed in the commonly distorted and debris 
covered Ringnes islands specimens. 

Specimens are fairly cons istent in size and range in 
length from 0.3 to 0.42 mm and in width from 0.18 to 
0.25 mm. Figured hypotypes GSC 46194 and 46195 from 
GSC locality C-68069. 

Family Trochamminidae Schwager 1877 
Subfami ly Trochammininae Schwager 1877 

Genus Trochammina Parker and Jones 1859 
Trochammina eilete Tappan 1957 

Plate 12, figures l - 4 

Trochammina eilete Tappan, 1957, p. 213, Pl. 68, figs. 1, 2; 
Tappan, 1962, p. 153, Pl. 38, figs. 9, 10. 

Remarks. Thi s distinctive species has a discoidal, very low 
trochospiral test with a rounded margin, numerous 
chambers, thickened sutures and depressed umbilical region. 
The species is generally less distorted than other 
trochamminids in the Ringnes islands sections. 

Specimen diameter ranges from 0.25 to 0.5 mm and 
thickness usually about 0.15 mm. Figured hypo types GSC 
46196 (P l. 12, fig. 1), 46197 (Pl. 12, fig. 2) and 46198 (Pl. 12, 
fig. 3) from GSC locality C-68078; 46199 (Pl. 12, fig. 4) from 
GSC locality C-68059. 

Trochammina rainwateri Cushman and Applin 1946 

Plate 12, figures 5 - 7 

Trochammina rainwateri Cushman and Appl in, 1946, p. 75, 
Pl.13, fig. 9; Tappan, 1962, p.153, Pl. 39, figs. 7 -12. 

Remarks. A small, low trochospiral compressed test, usually 
with a distinctly !abate periphery, and five to rarely six 
globular chambers, identifies this spec ies. Specimens occur 
in both sections but are more consistent in the Ellef Ringnes 
Island section. 

Most specimens are about 0.35 mm in their greatest 
diameter. Figured hypotypes GSC 46200 (Pl. 12, fig. 5) and 
46201 (Pl. 12, fig. 6) from GSC locality C -68079; 46202 
(Pl. 12, fig. 7) from GSC localit y C-68059. 

Trochammina umiatensis Tappan 1957 

Plate 12, figures 9 -11 

Trochammina umiatensis Tappan, 1957, p. 214, Pl. 67, 
figs. 27 - 29; Tappan, 1962, p. 156, Pl. 38, figs. 5 - 8. 

Remarks. Trochammina umiatensis with a low trochospiral, 
compressed test, and four to five ovate chambers somewhat 
resembles T. rainwateri. The chamber number and shape 
and less !abate periphery differentiate T. umiatensis. 

Specimens are generally about 0.3mm in their greatest 
diameters. Figured hypotypes GSC 46203 (Pl. 12, fig. 9) and 
46204 (Pl.12, fig.11) from GSC locality C-68080; 46205 
(Pl. 12, fig. 10) from GSC locality C-68079. 
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Superfamily Nodosariacea Ehr enberg 1838 
Family Nodosar iidae Ehrenberg 1838 

Subfamily Nodosar iinae Ehrenberg 1838 
Genus Nodosaria Lamarck 181 2 

Nodosaria concinna Reuss 1860 

Plate 13, f igure l 

?Nodosaria concinna Reuss, 1860, p.178, Pl. 1, fig. 3. 
Nodosaria cf. concinna Reuss, Tappan, 1962, p. 172, Pl. 45, 

figs. 5, 6. 

Remarks. Speci mens with recti linear, sub globular, 
calcareous chambers of s imi Ja r size wit h a termin al rounded 
and produced aperture are referred to this spec ies. 
Occurrences are I imi ted to the Amund Rin gnes Island 
sect ion. 

Hypotypes range from 0.5 to 0.62 mm in length a nd 
from 0.25 to 0. 28 mm in wid th. Figured hypotype GSC 46206 
from GSC locality C-68069. 

Nodosaria nana Reuss 1860 

Plate 5, figure 2 

Nosodaria nana Reuss, 1860, p. 179, Pl. 1, fig. 6; Tappan, 
196 2, p.174, Pl. 45, fig. l. 

Remarks. A s ingl e specimen with subgl ob ular c hambers, 
cons trict e d sutures and s trong, continuous, raised costae is 
identified as N. nana. 

Figured hypo t ype GSC 46207 from GSC locali ty 
C -68071 is 0.29 mm long and 0.25 mm w ide. 

Genus Dentalina Risso 1826 
Dental ina basiplana ta Cushman 1938 

Plate 13, figure 3 

Dental ina basiplanata Cushman, 1938, p. 38, Pl. 6, figs. 6 - 8; 
Tappan, 1962, p.174, Pl. 45, fig.17. 

Remarks. Several specimens with an elongate, s lightly 
tapering test, numerous ove rlapping chambers, flush sutures 
and a terminal, eccentri c aperture are referred to thi s 
species. These are res tri c t ed to the Amund Ringnes Is land 
sect ion. 

Spec imens range in length from 0.78 to 0.95 mm and in 
width from 0.18 to 0.2 5 mm. Figured hypot ype GSC 46208 
from GSC locality C -68069. 

Dental ina dettermani Tappan 195 7 

Plate 13, fi gur es 4, 5 

Dentalina? dettermani Ta ppa n, 1957, p. 215, Pl. 68, 
figs. 9 -1 2; Tappan, 1962, p.175, P l. 45, fig s. 9 - 12, 22. 

Remarks. Thi s species consists of inflated ovate c hambers 
with a tubula r neck at both ends. As in th e Alaskan material 
of Tappan (1957, 1962), none of the chambers is attached in 
a uni ser ial, arcuate seri es as is presumed to have been 
during life. This species is restricted to the Amund Ri ngn es 
Is land section. 

Le ngth of specimens r anges from 0.42 to 0.62 mm and 
width from 0.28 to 0. 3 mm. Figur ed hypotypes GSC 46209 
and 46210 from GSC lo cal ity C -68069 . 
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Genus L enticul ina Lamarck 1804 
Lenticulina macrodi sca (Re uss 1863) 

Plate 13, f igures 6, 7 

Cristellaria (Cristellaria) macrodisca Reuss, 1863, p. 78, 
P l. 9, fig. 5a,b. 

Lenticulina macrodisca (Reuss), Tappan, 1962, p. 162, Pl. 40, 
figs. 5 - 8. 

Remarks. L enticul ina macrodisca has a le nticul a r test, 
globular proloculus followed by s ix to seven c ha mbe rs, 
gently curved su tures and a radiate apert ur e. 

Specime ns range from 0.42 to 0.55 mm in lengt h and 
from 0.35 to 0.42 mm in width. Figured hypotypes GSC 
46211 and 46212 from GSC locali ty C -68069. 

Genus Marginulina d'Orbigny 1826 
Marginulina inepta (Reuss 1863) 

Plate 13, f igure 8 

Dentalina inept a Reuss, 1863, p. 40, Pl. 2, fig. 3. 
Margi nulina inepta (Re uss), Tappan, 1962, p. 169, Pl. 44, 

figs. 6, 7. 

Remarks. A si ngle spec imen with a s lightly c ur ved ax is, 
inflated c hambe r s, numerous, strong costae and a terminal, 
excentric apertur e is referred to this species. 

F igured hypotype GSC 46213 from GSC localit y 
C-68069 is 0.85 mm long and 0.25 mm wide. 

Plate 11 

Measurements given (in parentheses) are distances between dots 
be neath each spec imen. 

Ammobaculites fragmentarius Cus hman (page 54) 
F igures l - 5. GSC 46174 - 46178 (100 µ m except Figs. 

3 and 4, 300 µm ). Illustrated sequence 
s hows gradatio n in s ize and prominence of 
initi al coi l and s ize of agg lutina t ed grains. 

Te:rtularia topagorukensis Tappan (page 54) 
Figures 6, 7. GSC 46179 and 46181 (both 30 µ m; . 
Figure 8. GSC 46180 (100 µ m). 

Pseudobolivina rayi (Tappan) (page 54) 
Figures 9, 10. GSC 46182 and 46184 (both 300 µ m). 
F igure 22 . Juvenile spec imen with biserial s tag e, 

GSC 46183 (1 00 µ m). 

Verneui linoides borealis Tappan (page 57) 
F igures 11 , 16. GSC 46194 and 46195 (30 and 100 µ m). 

Uvigerinammina manitobensis (Wickenden) 
Figure 12. GSC 46193 (loo µ m) 

(page 5 7) 

Gaudryina nanushukensis Ta ppan (page 57) 
Fig ures 13, 14. GSC 46185 and 46186 (bot h 100 µ m). 
Figure 15. Specim en with twisted axis and inc ipi ent 

biserial chamber arrangem en t, GSC 46187 
( 100 µ m). 

Figure 17. Specimen with bi serial stage, GSC 46188 
(100 µ m). 

Gaudryina subcretacea Cus hm an (page 57) 
Fig ure 18. GSC 46189 (loo µ m). 

Gaudryina tailleuri Tappan (page 57) 
F igur es 19, 20. GSC 46190 and 46191 (both100 µ m). 
Figure 21. E longate specimen, GSC 46192 (100 µ m). 
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Marginulina planiuscula (Reuss 1863) 

Plate 13, figures 10, 11, 13 

Cristellaria planiuscula Reuss, 1863, p. 71, Pl. 7, fig. 51. 
Marginulina planiuscula (Reuss), Tappan, 1962, p. 170, Pl. 43, 

figs, 8 - 11. 

Remarks. This species is identified by a small, somewhat 
flattened globular test with chambers that are initially 
coiled and later become uncoiled. Specimens are restricted 
to the Amund Ringnes Island section. 

Specimens measure 0.4 to 0. 75 mm in length and 0.3 to 
0.42 mm in width. Figured hypo types GSC 46214 and 46215 
from GSC locality C-68069. 

Genus Marginulinopsis A. Silvestri 1904 
Marginulinopsis collinsi Mellon and Wall 1956 

Plate 13, figures 14, 15 

Marginulinopsis collinsi Mellon and Wall, 1956, p. 20, Pl. 2, 
figs. 1- 4; Tappan, 1962, p. 166, Pl. 42, figs. 10-15. 

Remarks. This distinctive species is characterized by a 
large, elongate test with a coiled early part and uncoiled 
later stage, distinct, depressed sutures, and nine to twelve 
elevated costae. The species is restricted to the Amund 
Ringnes Island section. 

Length ranges from 0.68 to 1.45 mm and width from 0.3 
to 0.42 mm. Figured hypotypes GSC 46216 and 46217 from 
GSC locality C-68069. 

Genus Saracenaria Defrance in de Blainvi Ile 1824 
Saracenaria dutroi Tappan 1957 

Plate 13, figures 9, 12 

Saracenaria dutroi Tappan, 1957, p. 216, Pl. 68, figs. 14-16; 
Tappan, 1962, p. 164, Pl. 41, figs. 15 -17. 

Remarks. Specimens identified as S. dutroi have a compact, 
enrolled test that is distinctly triangular in shape with an 
accurate periphery. Chambers have a flattened apertural 
face, and the aperture is radiate and positioned at the dorsal 
angle. 

Specimens range in length from 0.3 to 0.42 mm and in 
width from 0.25 to 0.35 mm. Figured hypotypes GSC 46218 
and 46219 from GSC locality C-68069. 

Saracenaria tyojectura Stelck and Wall 1956 

Plate 13, figure 16 

Saracenaria tyojectura Stelck and Wall in Stelck et al., 1956, 
p. 50, Pl. 3, figs. 22- 25; Tappan, 1962, p. 164, Pl. 41, 
figs. 9 - 14. 

Remarks. This species has an early coiled part and later 
tends to uncoil. Chambers are triangular with a flattened 
apertural face, and the aperture is radiate and at the dorsal 
angle. Saracenaria rrojectura differs from S. dutroi in being 
more elongate, less triangular in shape, and having a more 
narrow apertural face. 

Figured hypotype GSC 46220 from GSC locality 
C-68071 is 0.57 mm long and 0.3 mm wide. 

60 

Genus Vaginulina d'Orbigny 1826 
Vaginulina exilis (Reuss 1863) 

Plate 14, figure l 

Cristellaria exilis Reuss, 1863, p. 66, Pl. 6, fig. 10. 
Vaginulina exilis (Reuss), Tappan, 1962, p. 177, Pl. 46, 

figs. l-3. 

Remarks. Rare specimens from both Ringnes islands 
sections are identified as this species characterized by an 
elongate, ovate test, slightly depressed sutures, and a 
produced aperture. 

Figured hypotype GSC 46221 from GSC locality 
C-68069 is 0.62 mm long and 0.23 mm wide. 

Genus Vaginulinopsis Silvestri 1904 
Vaginulinopsis schloenbachi (Reuss 1863) 

Plate 14, figures 2, 3 

Cristellaria schloenbachi Reuss, 1863, p. 65, Pl. 6, figs. 14, 15. 
Vaginulinopsis schloenbachi (Reuss), Tappan, 1962, p. 180, 

Pl. 46, figs.12, 13. 

Remarks. This easily recognized species is identified by the 
elongate, slightly compressed test, early coiled stage and 
later rectilinear chamber arrangement, cuneate chambers 
and distinct, depressed sutures in the later stage of growth. 
The aperture is produced on a distinct neck. 

Length of specimens ranges from 0.55 to 1.25 mm, 
width from 0.25 to 0.3 mm. Figured hypotypes GSC 46222 
and 46223 from GSC locality C-68069. 

Vaginulinopsis sp. 

Plate 14, figure 4 

Remarks. A single specimen from the Amund Ringnes Island 
section has an early partial coil that quickly uncoils. The 
test is elongate and compressed with an angled periphery. 
Chambers are elongate, sutures depressed, and the surface 
ornamented with transverse costae, one per chamber. 

The specimen (hypotype GSC 46224 from GSC locality 
C-68069) is 0.92 mm long and 0.23 mm wide. 

Plate 12 
Measurements given (in parentheses) are distances between dots 
beneath each specimen. 

Trochammina eilete Tappan (page 57) 
Figures 1, 4. Spiral view, GSC 46196 and 46199 (both 100 µ m). 
Figure 2. Edge view, GSC 46197 (100 µ m). 
Figure 3. Umbilical view, GSC 46198 (100 µ m). 

Trochammina rainwateri Cushman and Appl in (page 57) 
Figures 5, 7. Spiral view, GSC 46200 and 46202 (100 µ m). 
Figure 6. Umbilical view, GSC 46201 (lOO µ m). 

Miliammina manitobensis Wickenden (page 53) 
Figure 8. Partially broken specimen, GSC 46157 (100 µ m). 
Figure 12. Broken specimen, GSC 46158 (100 µ m). 
Figure 16. Entire specimen, GSC 46159 (100 µ m). 

Trochammina umiatensis Tappan (page 57) 
Figures 9, 11. Spiral view, GSC 46203 and 46204 (100 µ m). 
Figure 10. Umbilical view, GSC 46205 (30 µ m). 

Psamminopel ta bowsheri Tappan (page 53) 
Figures 13, 14. GSC 46160 and 46161 (both 100 µ m). 

Miliammina ischnia Tappan (page 53) 
Figure 15. GSC 46156 (100 µ m). 
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Subfamily Lingulininae Loeb! ich and Tappan 1961 
Genus Lingul ina d'Orbigny 1826 

Lingulina redi\iva Berthelin 1880 

Plate 14, figures 5, 6 

Lingulina rediviva Berthelin, 1880, p. 65, Pi. 4, fig. 7; 
Tappan, 1962, p.172, Pl. 44, fig. 22. 

Remarks. Two small specimens from Amund Ringnes Island 
are referred to L. redi\iva. The tests are ovate, slightly 
compressed with a rounded periphery. Six chambers are 
visible, and the sutures are straight, horizontal and nearly 
flush. The aperture is a terminal slit. 

These specimens range from 0.17 to 0.25 mm in length 
and from 0.15 to 0.18 mm in width. Figured hypotypes GSC 
46225 (Pl. 14, fig. 5) from GSC locality C-68071; 46226 
(Pl. 14, fig. 6) from GSC locality C-68070. 

Family Polymorphinidae d'Orbigny 1839 
Subfamily Polymorphininae d'Orbigny 1839 

Genus Globul ina d'Orbigny in de la Sagra 1839 
Globul ina exserta (Berthe! in 1880) 

Plate 14, figure 7 

Polymorphina exserta Berthelin, 1880, p. 57, Pl. 4, figs. 22, 23. 
Globulina exserta (Berthelin), Tappan, 1962, p. 183, Pl. 47, 

figs. 20 - 23. 

Remarks. Several specimens from Amund Ringnes Island are 
placed in this species with an ovate test, a smooth outline, 
overlapping chambers, flush sutures, and a terminal, radiate 
aperture. 

Figured hypotype GSC 46227 from GSC locality 
C-68071 is 0.21 mm long and 0.15 mm wide. 

Globulina lacrima canadensis Mellon and Wall 1956 

Plate 14, figures 8 - 10 

Globulina lacrima canadensis Mellon and Wall, 1956, p. 16, 
Pl. 2, fig. 6; Tappan, 1962, p.183, Pl. 47, figs.18, 19. 

Remarks. This is one of the most abundant calcareous 
species in the Amund Ringnes section. It is somewhat 
irregularly ovate in outline and nearly spherical in 
cross-section. Sutures are flush and obi ique, and the 
aperture is radiate and terminal. · Globul ina lacrima 
canadensis differs from G. exserta in being larger and less 
elongate with somewhat more inflated chambers that 
produce the irregular outline. 

Length ranges from 0.3 to 0.5 mm and width from 0.18 
to 0. 3 mm. Figured hypotypes GSC 46228 (Pl. 14, fig. 8) 
from GSC locality C-68069; 46229 (Pl. 14, fig. 9) and 46230 
(Pl. 14, fig. 10) from GSC locality C-68071. 

Globulina [X'isca Reuss 1863 

Plate 14, figure 14 

Globulina [X'isca Reuss, 1863, p. 79, Pl. 9, fig. 8; Tappan,1962, 
p. 184, Pl. 47, figs. 25, 26. 

Remarks. This species has an elongate test with an acutely 
angled base, strongly obi ique sutures and radiate, terminal 
aperture. The test shape and suture angle distinguish this 
species from the other two species of Globul ina. G lobul ina 
[X'isca is limited to the Amund Ringnes Island section. 

Specimens range from 0.3 to 0.75 mm in length, and 
from 0.18 to 0.42 mm in width. Figured hypotype GSC 46231 
from GSC locality C-68069. 
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Family Glandulinidae Reuss 1860 
Subfamily Oolininae Loeblich and Tappan 1961 

Genus Ool ina d'Orbigny 1839 
Oolina apiculata Reuss 1851 

Plate 14, figures 11, 12, 15 

Oolina apiculata Reuss, 1851, p. 22, Pl. 1, fig. l; Tappan,1962, 
p. 182, Pl. 47, fig.10. 

Remarks. Several specimens from Amund Ringnes Island are 
referred to this globular species with an apical spine and 
produced aperture. 

Length of specimens ranges from 0.35 to 0.62 mm and 
width from 0.25 to 0.42 mm. Figured hypotypes GSC 46232 
(Pl. 14, fig. 11) and 46233 (Pl. 14, fig. 15) from GSC locality 
C-68069; 46234 (Pl. 14, fig. 12) from GSC locality C-68071. 

Oolina qlobosa (Montagu 1803) 

Plate 14, figure 13 

Vermiculum globosum Montagu, 1803, p. 523. 

Remarks. A single specimen with a spherical chamber, and 
a terminal, radiate aperture is referred to this species. 

Figured hypotype GSC 46235 from GSC locality 
C-68069 is 0.8 mm long. 

Plate 13 

Measurements qiven (in oarentheses) are distances between dots 
beneath each specimen. 

Nodosaria concinna Reuss (page 58) 
Figure l. GSC 46206 (100 µ m). 

Nodosaria nana Reuss (page 58) 
Figure 2. GSC 46207 (100 µ m). 

Dentalina basiplanata Cushman (page 58) 
Figure 3. GSC 46208 (100 µ m). 

Dental ina dettermani Tappan (page 58) 
Figures 4, 5. GSC 46209 and 46210 (both 100 µ m). 

Lenticulina macrodisca (1~euss) (page 58) 
Figures 6, 7. GSC 46211 and 46212 (both 100 µ m). 

Margi nul ina inept a (Reuss) (page 58) 
Figure 8. GSC 46213 (100 µ m). 

Saracenaria dutroi Tappan (page 60) 
Figures 9, 12. GSC 46218 and 46219 (both 100 µ m). 

Marginulina planiuscula (Reuss) (page 60) 
Figures 10, 13. GSC 46214 and 46215 (100 µ m). 
Figure 11. Surface enlargement of specimen in Fig. 10 

showing dissolution of calcitic test (3 µ m). 

Marginulinopsis collinsi Mellon and Wall (page 60) 
Figures 14, 15. GSC 46216 and 46217 (100 and 300 µ m). 

Saracenaria [X'Ojectura Stelck and Wall (page 60) 
Figure 16. GSC 46220 (100 µ m). 
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Superfami ly Discorbacea Ehrenberg 1838 
Family Discorbidae Ehrenberg 1838 

Subfamily Discorbinae Ehrenberg 1838 
Genus Eurycheilostoma Loeblich and Tappan 1957 

Eurycheilostoma grandstandensis Tappan 

Plate 14, figures 16 - 18 

Eurycheilostoma grandstandensis Tappan, 1957, p. 217, 
Pl. 68. figs. 19 - 25; Tappan, 1962, p. 193, Pl. 53, figs 
6 - 12. 

Remarks. This species is calc areous, very high spired, 
triserial with inflated, globular chambers that enlarge 
rapidly in the last whorl. The aperture is covered in the 
present small specimens but . apparent ly opens into the 
umbilical area. The distinctive species is restricted to the 
Amund Ringnes section. 

Specimens range in height from 0.14 to 0.18 mm and in 
width from 0.13 to 0.18 mm. Figured hypotypes GSC 46236, 
46237 and 53044 from GSC locality C-68069. 

Superfamily Cassidul inacea d'Orbigny 1839 
Family Nonionidae Schultze 1854 

Subfamily Chilostomellinae Brady 1881 
Gen us Quadrimorphina Finlay 1939 

Quadrimorphina ruckerae (Tappan 1957) 

Plate 15, figures l - 5 

Pallaimorphina ruckerae Tappan, 1957, p. 221, Pl. 71, 
fig s. l - 9; Tappan, 1962, p. 189, Pl. 50, figs. l - 9. 

Remarks. An abundant calcereous spec ies restricted to the 
Amund Ringnes Is land section, Q. ruckerae is recognized by 
its t rochoid, rounded, biconvex test, four to five inflated 
chambers per whorl, sutures that are distinct and depressed 
and an interiomarginal aperture with a narrow apertural flap 
that is rarely observed in the present specimens. Variation 
is noted in the height of the spire and the degree of chamber 
inflation. 

Specimens range from 0.25 to 0.35 mm in diameter. 
Thickness averages nearly 0.20 mm. Figured hypotypes GSC 
53045 (Pl. 15, fig. 1) and 53046 (Pl. 15, fig. 2) from GSC 
locality C-68069; 53047 (Pl.15, fig. 3), 53048 (Pl. 15, fig. 4) 
a nd 53049 (Pl. 15, fig. 5) from GSC locality C-68071. 

Family Anomalinidae Cushman 1927 
Subfamily Anomalininae Cushman 1927 

Genus Gavelinella Brotzen 1942 
Gavelinella intermedia (Berthelin 1880) 

Plate 15, figure 7 

Anomalina intermedia Berthelin, 1880, p. 67, Pl. 4, fig. 14. 
Gavelinella intermedia (Berthelin), Tappan, 1962, p.197, 

Pl. 58, fig. l. 

Remarks. A few specimens of this diagnostic foraminifer 
were found in the Amund Ringnes Island section. The 
species is small, trochospiral, biconvex, with a subacute 
periphery, chambers that increase gradually in size, and an 
umbilical groove that surrounds a flattened umbilical boss. 

Specimens range in diameter from 0.16 to 0.20 mm. 
Figured hypo type GSC 53050 from GSC locality C -68069. 

Gavelinella stictata (Tappan 1951) 

Plate 15, figures 6, 8, 10 

Discorbis stictata Tappan, 1951, p. 4, Pl. 1, fig. 18a - c. 
Gavelinella st ictata (Tappan) , Tappan, 1962, p. 198, Pl. 57, 

figs. l - 10. 

Remarks. Gavelinella stictata is a common calcareous 
species restricted to the Amund Ringnes Island section. 
Specimens are trochoid, mostly biconvex with some slightly 

concavo-convex. The periphery is subacute and the sutures, 
as seen in the I ight microscope, are. distinct, thickened and 
gently curved. The aperture of the present specimens is 
obscured by debris in the umbilical groove. Spec ime ns are 
orange brown in colour. Gavelinella stictata is distin
guished from G. intermedia by its commonly flattened to 
concave umbilical side, more acute per iphery, larger more 
petaloid c hambers and less prominent umbilical boss. 

Diameter of specimens ranges from 0.15 to 0.25 mm. 
Figured hypo types GSC 53051 to 53053 from GSC locality 
C-68069. 

Superfamily Robertinacea Reuss 1850 
Family Ceratobuliminidae Cushman 1927 

Subfamily Certobul i mininae Cushman 1927 
Genus Conorboides Hofker in Thalmann 1952 

Conorboides umiatensis (Tappan 1957) 

Plate 15, figures 9, 11 - 14 

Nanushukella umiatensis Tappan, 1957, p. 219, Pl. 69, figs. 
1-10. 

Conorboides umiatensis (Tappan), Tappan, 1962, p. 192, 
Pl. 52, figs. l - 10. 

Remarks. Another common calcareous species on Amund 
Ringnes Is land, C. umiatensis has a rare occurrence in the 
Ellef Ringnes Island section. The species is trochospiral and 
piano-convex with a rounded periphery. Chambers are 
semilunate on the spiral side and increase rap idly in size. 
The aperture opens into the umbilicus and is covered by an 
apertural flap. Earlier flaps are also visible on some 
specimens. The shape and apertural characterist ics dis
tingui sh C. umiatensis from other spec ies in the as
semblage. 

Specimen diameter ranges from 0.20 to 0.33 mm and 
height from 0.14 to 0.25 mm. Figured hypotypes GSC 53054 
(Pl. 15, fig. 9) and 53055 (Pl. 15, fig. 14) from GSC locality 
C -68071; 53056 (P l. 15, fig. 11), 53057 (Pl. 15, fig . 12) and 
53058 (Pl. 15, fig. 13) from GSC local ity C-68069. 

Plate 14 

Measurements given (in parentheses) are distances between dots 
beneath each specim,en. 

Vagi nul ina exi lis (Re uss) (page 60) 
Figure l. GSC 46221 (100 µ m). 

Vaginulinopsis schloenbacki (Reuss) (page 60) 
F igures 2, 3. GSC 46222 and 46223 (300 and 100 µ m). 

Vagi nul inops is sp. 
Figure 4. GSC 46224 (300 µ m). 

Lingulina rediviva Berthe! in 
Figure 5. Side view, GSC 46225 (100 µ m). 
Figure 6. Edge view, GSC 46226 (30 µ m). 

Globul ina exserta (Berthe! in) 
Figure 7. GSC 46227 (30 µ m). 

Globulina lacrima canadensis Mellon and Wall 
Figures 8 - 10. GSC 46228 - 46230 (all 100 µ m). 

(page 60) 

(page 62) 

(page 62) 

(page 62) 

Oolina apiculata Reuss (page 62) 
Figures 11, 12. GSC 46232 and 46234 (both 100 µ m). 
Figure 15. Specimen with elongate neck, GSC 46233 

(loo µ m). 

Oolina globosa (Montagu) (page 62) 
Figure 13. GSC 46235 (30 µ m). 

Globulina prisca Reuss (page 62) 
Figure 14. GSC 46231 (100 µ m). 

Eurycheilostoma grandstandensis Tappan (page 64) 
Figures 16 - 18 GSC 46236, 46237 and 53044 (all 30 µ m). 
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LIST OF COLLECTIONS 

GSC locality 
Height 

above base 

(mm) 

Amund Ri ngnes Island section, 16 km northwest of Stratigrapher River 
(lat. 78 °45'N, long. 97 °45'W) 

C-68081 
C -68080 
C-68079 
C-68078 
C-22695 
C-68077 
C-68076 
C-22253 
C -68075 
C -68074 
C -68073 
C-68072 
C -68071 
C-68070 
C-68069 

Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 

Ellef Ringnes Island, Helicopter Dome section 
(lat. 78 °35'N, long. 99°37'W) 

C-68068 
C -68067 
C-68066 
C -68065 
C-68064 
C -68063 
C-68062 
C - 26600 
C -68061 
C-68060 
C-68059 
C-68058 
C-68057 
C-68056 
C-68055 
C-68054 
C -68053 
C -68052 

Plate 15 

Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 
Christopher Formation 

819 
777 
729 
648 
632 
619 
508 
497 
434 
423 
395 
308 
105 
77 
51 

647 - 685.8 
606 - 647 
561 - 606 
519-561 
477 - 519 
434 - 477 
392 - 434 
360 

350.5 - 392 
323 - 350.5 
284 - 323 
245 - 284 
200 - 245 
160 - 200 
115 - 160 

72 - 115 
43 - 72 
0 - 43 

Measurements given (in parentheses) are distances between dots beneath each specimen. 

Quadrimorphina ruckerae (Tappan) (page 64) 
Figures 1, 4. Spiral view, GSC 53045 and 53048 (30 and 100 µ m). 
Figure 2. Edge view, GSC 53046 (100 µ m). 
Figures 3, 5. Umbilical view, GSC 53047 and 53049 (100 and 30 µ m). 

Gavel inel la stictata (Tappan) (page 64) 
Illustrated specimens strongly affected by calcite dissolution. 
Figure 6. Spiral view, GSC 53051 (30 µ m). 
Figure 8. Edge view, GSC 53052 (30 µ m). 
Figure 10. Umbilical view, GSC 53053 (30 µ m). 

Gavelinella intermedia (Berthelin) (page 64) 
Figure 7. Umbilical view of strongly dissolved specimen, GSC 53050 (3 0 µ m). 

Conorboides umiatensis (Tappan) (page 64) 
Figures 9, 13. Umbilical view, GSC 53054 and 53058 (100 and 30 µ m). 
Figure 11. Sprial view of strongly dissolved specimen, GSC 53056 (30 µ m). 
Figures 12, 14. Edge view, GSC 53057 and 53055 (30 and 100 µ m). 
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