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Abstract. Radiolarians have proven to be exceptional tools in biostratigraphic and paleoenvironmental studies
despite their relatively low preservation potential in the sedimentary record. Reports of Upper Cretaceous radio-
larians in high northern latitudes are scant, and their taxonomy is not often discussed in the few reports available
in the literature. In this study, we describe one new genus and three new species of polycystine radiolarians from
Upper Cretaceous strata of the northern mainland coast of Arctic Canada. The specimens were recovered from
the Santonian–middle Campanian Smoking Hills Formation and the middle Campanian–Maastrichtian Mason
River Formation and are assigned to the genus Canadasphaera n. gen. (Order Spumellaria) and the species
Canadasphaera inuita n. sp., Kuppelella rusti n. sp., and Lithocampe? rara n. sp. The taxonomic notes provided
in this study improve our understanding of Late Cretaceous radiolarians from high northern latitudes and serve
as a foundation for future Cretaceous radiolarian research in Arctic regions.

– Canadasphaera: urn:lsid:zoobank.org:act:C6B7B702-4B74-472D-8893-0A41B93A5066, date of registra-
tion: 19 April 2024

– Canadasphaera inuita: urn:lsid:zoobank.org:act:C30E555B-EE94-4680-87D1-5CE83E128461, date of reg-
istration: 19 April 2024

– Kuppelella rusti: urn:lsid:zoobank.org:act:68ECB628-2E74-4748-ACA4-DD1A33B05837, date of registra-
tion: 19 April 2024

– Lithocampe? rara: urn:lsid:zoobank.org:act:25E569B2-93A8-425F-BB7C-D29A0437763F, date of regis-
tration: 19 April 2024

1 Introduction

Upper Cretaceous radiolarian assemblages from high north-
ern latitudes are scarce, low in diversity and generally poorly
preserved compared to Upper Cretaceous records from other
localities worldwide. This paucity of information has hin-
dered efforts to create radiolarian biostratigraphic zonations
in this part of the world and limited their use as pale-

oenvironmental proxies in Cretaceous strata. In the Arc-
tic basins of North America, Upper Cretaceous radiolarians
have only been reported from the Arctic Slope of northern
Alaska (Tappan, 1960; Bergquist, 1966) and Ellef Ringnes
Island in the Sverdrup Basin of Arctic Canada (Pugh et al.,
2014). In the interior of North America, impoverished ra-
diolarian assemblages have been recovered from the Pierre
Shale Formation in the central United States (Schultz et
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al., 1980; Bergstresser, 1983) and Manitoba, Canada (Rust,
1892; Tyrrell, 1892; Young and Moore, 1994; Muehlbauer,
2014); the Lea Park and Bearpaw formations in Alberta,
Canada (Wall, 1975); and the Niobrara Formation in southern
Saskatchewan, Canada (Diaz and Velez, 2018). These stud-
ies provide information on the presence and vertical distribu-
tion of radiolarian species but do not address their taxonomy,
which is crucial to constructing radiolarian biozones.

In this study, we describe one new genus and three new
species of radiolarians recovered from the Smoking Hills and
Mason River formations on the northern mainland coast of
Arctic Canada (Figs. 1, 2). These units were deposited in
a continental shelf environment (Plauchut and Jutard, 1976;
Dixon, 1992) and are dated as Santonian–Maastrichtian
based on fossil vertebrates (Russell, 1967), dinocysts (McIn-
tyre, 1974), diatoms (Tapia and Harwood, 2002) and sil-
icoflagellates (McCartney et al., 2011). The new radiolar-
ian taxa described in this study include the genus Canadas-
phaera n. gen. (Order Spumellaria) and the species Canadas-
phaera inuita n. sp., Kuppelella rusti n. sp., and Lithocampe?
rara n. sp. (Fig. 2). Diaz et al. (2020) provided a preliminary
list of the radiolarian assemblage recovered from the Smok-
ing Hills Formation. The full radiolarian assemblages from
both units and their biostratigraphic significance will be dis-
cussed in a future contribution.

2 Geological setting

2.1 The Smoking Hills Formation

The Smoking Hills Formation was defined by Yorath et
al. (1975) at the type section along the Horton River in the
Northwest Territories, Canada (Fig. 1, section 1). This sec-
tion consists of 79 m of black to medium grey, soft but com-
monly fissile, bituminous mudstone (mainly in the lower part
of the succession) with numerous jarosite bands that occur
mainly in the upper part (Grasby et al., 2022). The pres-
ence of palynomorphs from Division H1 and H2 (McIn-
tyre, 1974), diatoms from the Costopixis antiqua Zone (Tapia
and Harwood, 2002), silicoflagellates from the Cornua tri-
furcata Zone (McCartney et al., 2011), and agglutinated
foraminifera from the Glaphyrammina spirocompressa Zone
(McNeil, 1997) in the Smoking Hills Formation indicate a
Santonian–Campanian age for this unit. The lowermost 20 m
of the Smoking Hills Formation may be as old as Coniacian,
but the absence of all microfossil groups in this interval, ex-
cept for a few palynomorphs (McIntyre, 1974), prevents a
more accurate age determination. The Smoking Hills For-
mation is several hundred metres thick in the subsurface, as
measured in wells on the Tuktoyaktuk Peninsula, ∼ 100 km
to the west of the study area, and in parts of the southern
Beaufort-Mackenzie Basin (e.g., Myhr, 1975; Dixon, 1992).
At the type section, the Smoking Hills Formation rests dis-
conformably on the Albian Horton River Formation, whereas

in the subsurface it rests unconformably on Paleozoic to Tur-
onian strata (Dixon, 1992).

2.2 The Mason River Formation

The Mason River Formation was defined by Yorath et
al. (1975) at the type section along the Horton River in
the Northwest Territories, Canada (Fig. 1, sections 2 and
3). This composite section consists of 143.5 m of pale to
medium grey, blocky to fissile mudstone and sporadic very
fine-grained sand layers. Ferruginous lithic fragments dom-
inate the uppermost part of the unit. The contact between
the Smoking Hills and Mason River formations is defined
by an abrupt lithological colour change from black to pale
grey. McNeil (1997) and Dixon and McNeil (2008) assigned
an early Maastrichtian age to the Mason River Formation
in the Beaufort-Mackenzie Basin based on the interpreta-
tion of dinoflagellate cyst assemblages of the Division H3
(McIntyre, 1974) and their analysis of benthic foraminifera.
A late Campanian–early Maastrichtian age was proposed for
the Mason River Formation by Tapia and Harwood (2002)
and McCartney et al. (2011) based on diatoms (Trinacria in-
definita and Stephanopyxis simonseni zones) and silicoflag-
ellates (Arctyocha mesocena, Arctyocha quadralta and Lyra-
mula furcula zones), respectively.

Although the Smoking Hills and Mason River forma-
tions exhibit similar lithology, their microfossil content is
markedly different (Diaz et al., 2020). The Smoking Hills
Formation is dominated by radiolarians with sporadic, ag-
glutinated foraminifera, diatoms and silicoflagellates. In con-
trast, the Mason River Formation is dominated by diatoms
and silicoflagellates, contains only a few radiolarian taxa and
is barren of agglutinated foraminifera (Diaz et al., 2020). The
Smoking Hills and Mason River formations were deposited
in an outer shelf-to-slope environment of the epicontinen-
tal marine Anderson Basin (Yorath and Cook, 1981; Dixon,
1992), located at approximately 80° N in the convergence be-
tween the Western Interior and Sverdrup basins.

3 Methods

3.1 Field collection

Lithostratigraphic sections of the Smoking Hills and Ma-
son River formations were described, measured and sam-
pled (Smith et al., 2018; Diaz et al., 2020). The samples for
this study were taken from the type sections of the Smok-
ing Hills and Mason River formations described by Yorath et
al. (1975) (Fig. 1). The type section of the Smoking Hills For-
mation is located at 69°27′52′′ N, 126°58′13′′W. The basal
conglomerate that marks the base of the Smoking Hills For-
mation, as described by Yorath et al. (1975), was not ob-
served in the type section or any other areas during sam-
ple collection in 2018 (Smith et al., 2018). Dixon (1999)
re-interpreted the basal conglomerate to be recent river ter-
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Figure 1. Location map of the three sections analyzed in this study (Northwest Territories, Canada). Section 1 (red dot) and section 2 (blue
dot) are located at 69°27′52′′ N, 126°58′13′′W and 69°28′46′′ N, 126°59′20′′W, respectively. Section 3 (green dot) is located at 69°58′19′′ N,
127°07′15′′W. The radiolarians described in this study were recovered from sections 1 and 2. Section 3 is barren of radiolarians.

race deposits juxtaposed against Smoking Hills strata. The
Mason River Formation outcrops located at approximately
69°28′46′′ N, 126°59′20′′W form a composite section that
comprises the lower and middle parts of the formation. The
third section is located at 69°58′19′′ N, 127°07′15′′W and
covers the upper part of the Mason River Formation (this
section is barren of radiolarians, and it is not included in this
study).

A total of 136 mudrock samples were collected from the
sections for micropaleontological analyses. Samples were
collected at regular increments of∼ 1.5 m vertically through-
out the Smoking Hills and Mason River formations. No
macrofossils were observed. At each sample point, the sur-
face material, largely unconsolidated mudstone, was re-
moved, and unweathered material was sampled and placed
in plastic bags and sealed. Thickness measurements and
lithology are reported in Diaz et al. (2020) and Grasby et
al. (2022).

3.2 Laboratory processing

Radiolarian shells were retrieved from sediment subsamples
using the methods of Kennedy and Coe (2014) and Diaz and
Velez (2017, 2018). Briefly, aliquots of 100 g were crushed,
immersed in distilled water for 24 h, and repeatedly frozen
and thawed until nearly all the sample was disaggregated.
The remaining sediment was washed with household bleach,
heated on an oscillating hot plate for 1 h and filtered through
a 63 µm brass sieve. The dried residues were analyzed under
a binocular microscope (WILD Heerbrugg) at 250× mag-
nification. Classification of radiolarians was refined using a
Quanta FEG 250 SEM and a Phenom Pro 6 Desktop SEM
housed at the Department of Earth, Energy and Environment,
University of Calgary. Some specimens (paratypes) were dis-
sected with a razor blade to analyze their internal structures.
This practice, although laborious, allowed for a more detailed
description and accurate identification.

Classification at the superfamily and family levels follows
that of Ehrenberg (1846), with subsequent emendations by
De Wever et al. (2001) and Suzuki et al. (2021). Systemat-
ics at the species level includes a synonym list, derivation
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Figure 2. Lithostratigraphy of the Smoking Hills and Mason River formations and stratigraphic distribution of the three new species de-
scribed in this study and other representative radiolarian taxa recovered from both units. (A) Lithostrobus borealis Kozlova & Vishnevskaya
in Vishnevskaya and Kozlova, 2012 (sample C-628959). (B) Kreuzstella vierkantiga Empson-Morin, 1981 (sample C-628956). (C) Kup-
pelella aff. cayeuxi (Squinabol, 1903) (sample C-628927). (D) Phaseliforma concentrica (Lipman, 1952) (sample C-628929). Black dots
represent samples barren of radiolarians, and red dots represent samples where radiolarians were recovered. Red text indicates samples where
the new and illustrated representative radiolarian taxa were identified.
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of name, diagnosis, holotype, material, range, description,
dimensions, remarks and illustrations. Measurements were
made on pictures using the software programs ImageJ and
Adobe Illustrator. All measurements are given in microme-
tres (µm). The specimens described in this study are held
in the National Collection of Invertebrate and Plant Fossil
Types in Ottawa, Ontario, Canada.

4 Systematic palaeontology

Infrakingdom Rhizaria Cavalier-Smith, 2002 sensu emend.
Cavalier-Smith (2003)

Phylum Retaria Cavalier-Smith 1999 stat. Cavalier-Smith
(2002)

Subphylum Ectoria Cavalier-Smith in Cavalier-Smith et al.
(2018)

Infraphylum Radiolaria Müller, 1859 sensu Adl et al.
(2019)

Class Polycystinea Ehrenberg, 1839, stat. Levine et al.
(1980)

Order Spumellaria Ehrenberg, 1876, stat. Haeckel 1884

Superfamily ? Haliommoidea Ehrenberg, 1846

Family ? Haliommidae Ehrenberg, 1846 sensu emend.
Suzuki in Suzuki et al. (2021)

Genus Canadasphaera n. gen. Diaz et Suzuki

Type species. Canadasphaera inuita n. sp. Diaz et Suzuki
(monotypy).

Derivation of name. Geographic name Canada and Greek
sphaera, meaning “spheric”.

Diagnosis. Two spherical concentric shells without a mi-
crosphere. Distorted spherical outer concentric shell. Non-
bladed radial spines except for their base near the cortical
shell.

Description. Two spherical concentric shells without a mi-
crosphere. The cortical shell is distorted spherical, latticed,
smooth on the surface, moderate in size and moderate in
thickness. Several radial spines are visible on the cortical
shell. They are thin, rod-like in shape and non-bladed ex-
cept for their base near the cortical shell. The length of radial
spines in one specimen may be variable. The medullary shell
is spherical to hemispherical with a polygonal pore frame.
Many radial beams connect the medullary shell to the cortical
shell. These beams are distorted circular to distorted triangu-
lar in section, with wide distal ends, and arise from several
triple junctions on the medullary shell.

Occurrence. Common in the lower and middle Mason
River Formation (late Campanian–Maastrichtian).

Remarks. This new genus is marked by two spherical con-
centric shells; non-bladed radial beams that are distorted cir-
cular to distorted triangular in section; several non-bladed,
rod-shaped radial spines; and a distorted spherical cortical
shell. This genus does not include those with a perfectly
spherical outermost concentric shell. The genus Canadas-
phaera is tentatively assigned to the Family Haliommidae
(Superfamily Haliommoidea) because the double medullary
shell characteristic of this family and superfamily was not
observed in any specimens analyzed in this study. Accord-
ing to the integrated molecular and morphological classifica-
tion, the morphology of radial beams and spines (bladed vs.
non-bladed) is relevant to the family- and genus-level in the
Haliommoidea (Suzuki et al., 2021). No precisely fitted type
species to this new genus’s character are recognized in any
Cenozoic genera. No similar genera with a distorted spher-
ical shape and non-bladed radial spines have been formally
described in the literature as far as we know. Therefore, a
new genus is established herein.

Canadasphaera inuita n. sp. Diaz et Suzuki
(Plate 1, figs. A–I)

Cromyomma? nodosa Pessagno, 1976 Zonova et al., 1993,
pl. XVIII, fig. 1.

Derivation of name. Named after Inuit (meaning “people”
in Inuktitut) and the inhabitants of Arctic regions in Canada,
Alaska and Greenland.

Diagnosis. Two spherical concentric shells without a mi-
crosphere. Distorted spherical cortical shell. Non-bladed ra-
dial spines except for their base near the cortical shell.

Holotype. Plate 1, fig. A, sample C-628990, deposited
in the National Collection of Invertebrate and Plant Fossil
Types in Ottawa, Canada, under repository number GSC-
143273.

Material. 77 specimens recovered from 9 samples (C-
628970, C-628986, C-628987, C-628988, C-628990, C-
629007, C-629008, C-629010, and C-629016) in the lower
and middle Mason River Formation (Fig. 2).

Range. Late Campanian–Maastrichtian.
Description. The cortical shell is distorted spherical and

2.13 to 2.39 times larger than the medullary shell. Pores on
the cortical shell are relatively moderate in size. The pore
frame is polygonal, but the pore shape is circular to ellip-
tical. The pore frame is weakly rimmed on the outer sur-
face. The triple junction has no distinctive accessories ex-
cept for the radial spine. The exact number of radial spines
is uncertain, but more than 7 and less than 12. These radial
spines are relatively irregularly arranged on the cortical shell
and never form a geometric arrangement. No direct connec-
tion of radial spine to radial beam is observed. Radial spines
are thin rod-like in shape and non-bladed except for their
base near the cortical shell. The length of radial spines in
one specimen may be variable (between 62.5 and 69.1 µm).
The tip of the radial spines is acute. The medullary shell is
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spherical to hemispherical. The pore frame of the medullary
shell is thinner than that of the cortical shell. The pore frame
is smooth on its surface. Several radial beams radiate from
the medullary shell to connect with the cortical shell. Radial
beams arise from the ratio of 40 % triple junctions on the
medullary shell (8/20 triple junctions) as far as known.

Dimensions (average based on nine specimens). Diameter
of medullary shell: 46 µm; diameter of cortical shell: 106 µm;
diameter of pores on the cortical shell: 10.1 µm; length of ra-
dial spine: 63.5 µm; number of pores on the half hemisphere
of the cortical shell: 11; size ratio of the cortical shell with
medullary shell: 2.26; size ratio of pores on the cortical shell
with the diameter of the cortical shell: 0.10; size ratio of ra-
dial spine to the outer cortical shell: 0.68.

Remarks. Canadasphaera inuita morphologically resem-
bles Acanthosphaera? sp. (Basov and Vishnevskaya, 1991,
pl. 12, fig. 9) and Cromyomma? nodosa Pessagno, 1976
(Vishnevskaya, 1988, pl. II, fig. 6; Zonova et al., 1993, p. 42,
pl. XVI, fig. 1). However, these two species have thin and
robust three-bladed spines, respectively. A specimen classi-
fied as Cromyomma? nodosa Pessagno, 1976 (Zonova et al.,
1993, p. 42, pl. XVIII, fig. 1) shows non-bladed spines, and
it is here included as a synonym of Canadasphaera inuita.

Order Nassellaria Ehrenberg, 1876

Superfamily Pterocorythoidea Haeckel 1882 stat Kozur
and Mostler 1984 sensu Suzuki in Suzuki et al., 2021

Family ?Lophocyrtiidae Sanfilippo and Caulet in De Wever
et al., 2001

Genus Kuppelella Empson-Morin, 1981

Dictyocephalus Ehrenberg, 1861 (Squinabol, 1903, p. 132,
pl. 8, fig. 28).

Tricolocapsa (Tricolocapsium) Haeckel, 1882 (Campbell
and Clark, 1944, p. 35).

Type species. Tricolocapsa (Tricolocapsium) granti
Campbell and Clark, 1944.

Description. Test commonly with two or three segments.
Very large hemispherical thorax relative to very small
cephalis. Cephalis spherical, simple. Relict pores scattered
on the cephalis. No apical horn. Thorax hemispherical to
rounded cylindrical. Abdomen, when present, variable with
species but generally large, inflated and perforate (Empson-
Morin, 1981). Aperture is always present, large and pos-
sesses an apertural ring on its mouth. No feet.

Remarks. Nassellaria having a simple poreless cephalis
with no apical horn and lacking true feet belong to the
superfamily Eucyrtidioidea and Pterocorythoidea (Sandin
et al., 2021; Suzuki et al., 2021). The combination of
a small cephalis and large robust thorax is characterized
in Lophocyrtiidae Sanfilippo and Caulet in De Wever et

al. (2001). We tentatively place this genus to the Lophocyrti-
idae. Some species fitting the description of the genus Kup-
pelella Empson-Morin, 1981 have been previously assigned
to the genus Dictyocephalus Ehrenberg, 1861 (e.g., Dicty-
ocephalus microstoma, Rust, 1892, pp. 105–106, pl. XIV, fig.
5; Dictyocephalus cayeuxi, Squinabol, 1903, p. 132, pl. VIII,
fig. 28; Dictyocephalus (?) lepidosus Kozlova in Kozlova and
Gorbovetz, 1966, p. 103, pl. V, fig. 3; Dictyocephalus an-
nikae Garg and Jain, 1978, pp. 157–158, pl. 4, fig. 59, pl. 5,
fig. 80, pl. 6, fig. 99). However, the use of this genus name
involves two serious problems. First, the genus name was
already preoccupied by a senior homonym, Dictyocephalus
Leidy 1856 [type species: Dictyocephalus elegans Leidy
1856]. Second, the type species to this genus is now iden-
tified as Dictyocryphalus obtusus (Ehrenberg, 1844), which
belongs to the family Dictyocryphalidae in the superfam-
ily Plagiacanthoidea (O’Dogherty et al., 2021; Suzuki et al.,
2021). Schadelfusslerus Empson-Morin 1981 [type species:
Schadelfusslerus echtus Empson-Morin 1981] is similar to
Kuppelella, but the former always has distinctive three feet.
Myllocercion Foreman 1968 [type species: Myllocercion
acineton Foreman 1968] is fundamentally different from
Kuppelella and Schadelfusslerus by having carpocaniid-type
cephalis (Suzuki et al., 2021).

Included species. Kuppelella sp. aff. K. cayeuxi (Squin-
abol, 1903) [syn. Dictyocephalus (?) lepidosus Kozlova
in Kozlova and Gorbovetz, 1966]; Dictyocephalus annikae
Garg and Jain, 1978; Kuppelella sp. aff. K. granti (Campbell
and Clark, 1944); Kuppelella rusti n. sp. Diaz et Suzuki.

Kuppelella rusti n. sp. Diaz et Suzuki
(Plate 2, figs. A–G)

Derivation of name. Named after David Rüst, the first au-
thor to describe and illustrate some species of Cretaceous ra-
diolarians in North America.

Diagnosis. Small test with two or three segments. Very
large hemispherical thorax relative to very small spherical
cephalis. No apical horn and feet. Circular pores with spine-
like protuberances at vertices. Large aperture and smooth cir-
cular rim.

Holotype. Plate 2, figs. A–B, sample C-628959, deposited
in the National Collection of Invertebrate and Plant Fossil
Types in Ottawa, Canada, under repository number GSC-
143277.

Material. 209 specimens recovered from 7 samples (C-
628954, C-628955, C-628956, C-628958, C-628959, C-
628969 and C-628970) in the uppermost part of the Smoking
Hills Formation and lowermost part of the Mason River For-
mation (Fig. 2).

Range. Late Campanian.
Description. Small test with two or three segments. Sub-

spherical cephalis and dome-shaped to hemispherical thorax.
The cephalis is small in absolute size, poreless, with a slight
relict pore trace. No apical horn. Externally, the collar stric-
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Plate 1. (A–I) Canadasphaera inuita n. sp. (A holotype number GSC-143273). (A–D) Sample C-628990: (A–C) view of the cortical shell,
(D) view of the medullary shell. (E) Sample C-629007: view of the cortical shell. (F) Sample C-629010: view of the medullary shell.
(G) Sample C-628990: view of the cortical and medullary shells. (H) Sample C-629007: view of the medullary shell. (I) Sample C-628990:
view of the medullary shell.

ture is pronounced with a marked change in contour. Inter-
nally, the collar plate is pierced by four adjacent collar pores,
each with a slightly different size. Thorax is large (about 3
to 5 times the size of the cephalis) and perforate. Pores are
circular to subcircular, surrounded by polygonal pore frames
with spine-like protuberances at vertices, giving an irregular
texture to the test. Aperture is large, simple and has a smooth
circular rim. Some specimens show evidence of a third cham-
ber (abdomen), but it is always broken or not fully developed
in the samples analyzed here.

Dimensions (average based on 12 specimens). Total height
of test: 80 µm (n= 12); width of cephalis: 25 µm (n= 12);
height of thorax: 75 µm (n= 12); maximum width of thorax:
100 µm (n= 12); diameter of aperture: 47 µm (n= 5); di-
ameter of the polygonal rimmed pore frame: 10 µm (n= 5);
number of pores in the half hemisphere of thorax: 12; number
of pores in a vertical line of thorax: 7; width ratio of cephalis
to thorax: 2.5; size ratio of pore to the maximum width of
thorax: 0.10.

Remarks. This species differs from Kuppelella sp. aff. K.
cayeuxi (Squinabol, 1903) and other species assigned to the
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genus Kuppelella, in having a more irregular pore pattern on
the thorax, a smaller cephalis-to-thorax ratio, and a generally
smaller size.

Superfamily Eucyrtidioidea Ehrenberg, 1846 sensu Suzuki
in Suzuki et al., 2021

Family Eucyrtidiidae Ehrenberg, 1846 sensu Suzuki in
Suzuki et al., 2021

Genus Lithocampe Ehrenberg, 1839

Lithocampe? rara n. sp. Diaz et Suzuki
(Plate 2, figs. H–I)

Derivation of name. From the Latin adjective “rara”
(rare), after the uncommonly irregular arrangement of pores
on the postabdominal segment.

Diagnosis. Four-segmented nassellarian with small, spher-
ical cephalis and trapezoidal, perforate thorax. Post-
abdominal segment large in absolute size. Pore frames raised
with spine-like protuberances at vertices.

Holotype. Plate 2, fig. H, sample C-628959, deposited
in the National Collection of Invertebrate and Plant Fossil
Types in Ottawa, Canada, under repository number GSC-
143278.

Material. Two specimens recovered from one sample (C-
628959) in the uppermost part of the Smoking Hills Forma-
tion.

Range. Late Campanian.
Description. Test largely composed of four segments.

Cephalis very small, spherical, without a horn, poreless or
with few scattered pores. Collar stricture is well defined ex-
ternally. Thorax is small in absolute size, trapezoidal and per-
forate. Thoracic pores are circular to subcircular, surrounded
by pentagonal (?) frames. Lumbar stricture is poorly defined.
Abdomen is slightly inflated, dome-shaped, perforate and
small in absolute size. Stricture between abdomen and the
postabdominal segment is well defined by abrupt change in
size of postabdominal segment. Postabdominal segment is
large in absolute size (more than half of the size of the whole
test), perforate and subcylindrical tapering downwards into
possible aperture. Pores on the post-abdominal segment are
circular, of similar size and longitudinally arranged in some
areas but irregular in others. Pores frames in the test, except
for the cephalis, are raised with spine-like protuberances at
vertices.

Dimensions (based on two specimens). Total height of test:
177 µm; width of cephalis: 22 µm; height of thorax: 19 µm;
maximum width of thorax: 42 µm; diameter of the polygonal
rimmed pore frame: 6–15 µm; number of pores in the half
hemisphere of thorax: 7; number of pores in a vertical line of
thorax: 5; width ratio of cephalis to thorax: 1.9; size ratio of
pore to the maximum width of thorax: 0.24.

Remarks. This species is placed tentatively within the
genus Lithocampe since the apertural end is not fully pre-
served in the few specimens recovered in this study. This

species differs from other Lithocampe species in having a
poorly defined lumbar stricture, partially irregular pore frame
arrangement in the post-abdominal segment and a more con-
stricted aperture.

5 Discussion and conclusions

The abundance and diversity of radiolarians in high north-
ern latitudes are low compared to the mid and low lati-
tudes (Empson-Morin, 1981), but they still allow for regional
and sometimes global biostratigraphic correlations. Differ-
ent species of Kuppelella Empson-Morin, 1981, for exam-
ple, have been recovered from different parts of the world
(e.g., Italy (Squinabol, 1903); the Pacific Ocean and coast
of California (Empson-Morin, 1981; Campbell and Clark,
1944); western Siberia (Kozlova and Gorbovetz, 1966); In-
dia (Garg and Jain, 1978)) and could be used as markers for
global biostratigraphic correlations. The species Canadas-
phaera inuita and Lithocampe? rara, on the other hand, seem
to be restricted to the Arctic (as far as is known), and thus
they may be more useful in regional studies. The Smok-
ing Hills and Mason River formations have been dated as
Santonian–Maastrichtian based on diatoms (Tapia and Har-
wood, 2002), silicoflagellates (McCartney et al., 2011) and
dinoflagellates (McIntyre, 1974). The Campanian age of the
Smoking Hills Formation is supported by the presence of ex-
clusively Campanian radiolarian species such as Kreuzstella
vierkantiga Empson-Morin, 1981, and Lithostrobus borealis
Kozlova and Vishnevskaya, 2012 (Fig. 2). The upper Mason
River Formation may be as young as Late Maastrichtian–
Paleocene?, but the absence of siliceous microfossils and
foraminifera in this interval prevents any definite age deter-
mination.

The absence or low quantity of radiolarians in Creta-
ceous strata from high northern latitudes could be related
to poor living conditions during deposition or poor preser-
vation. The few species recovered from Arctic regions typ-
ically exhibit poor preservation, challenging taxonomic de-
scriptions and accurate classification. The preservation of
the radiolarians recovered from the Smoking Hills and Ma-
son River formations is moderate to good, depending on the
stratigraphic position (Diaz et al., 2020). The species Kup-
pelella aff. cayeuxi (Squinabol, 1903), Phaseliforma con-
centrica (Lipman, 1952) and Dictyomitra multicostata Zit-
tel, 1876, which were recovered almost exclusively from the
Smoking Hills Formation (Fig. 2), are moderately preserved,
and some external features are obscured by quartz recrystal-
lization. Conversely, Canadasphaera inuita, Kuppelella rusti
and Lithocampe? rara, recovered from the uppermost part
of the Smoking Hills Formation and the lower and middle
part of the Mason River Formation, exhibit good to excep-
tional preservation. The good preservation of radiolarians
correlates well with the first appearances of diatoms, sili-
coflagellates and sponge spicules in the stratigraphic column
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Plate 2. (A–G) (sample C-628959) Kuppelella rusti n. sp. (A–B holotype number GSC-143277): (A) lateral view; (B) lateral view, zoom-in
of cephalis; (C, E) lateral view; (D) lateral view showing internal structures and collar pores; (F–G) apertural view. (H–I) Lithocampe? rara
n. sp. (H holotype number GSC-143278): sample C-628959, lateral view.

(Tapia and Harwood, 2002; McCartney et al., 2011; Diaz et
al., 2020). This direct relationship suggests that the preser-
vation of radiolarians was enhanced by the presence of other
siliceous microorganisms that may have caused oversatura-
tion of silica in the seawater and/or at the water–sediment
interface.

The mechanical rather than chemical methodology used in
this study to recover the radiolarian shells and the dissection
of those shells using razor blades and needles were key to
describing and identifying radiolarian taxa. A thorough ex-
amination of the medullary shell of Canadasphaera inuita or
the collar pores in Kuppelella rusti was only possible when

some specimens were cut in half and then examined using an
SEM. This technique is laborious and may destroy valuable
specimens, but it proves helpful in refining the taxonomy of
radiolarian taxa that have only been classified using their ex-
ternal morphology.

The taxonomic notes provided in this study serve as a
foundation for future Cretaceous radiolarian research in Arc-
tic regions. Generation of a formal Cretaceous radiolarian
biostratigraphic zonation for the Arctic requires refinement
in the taxonomy of these microfossils in areas where they
have been reported before (e.g., the Schrader Bluff Forma-
tion in Alaska; the Niobrara, Lea Park, Pierre Shale, and
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Bearpaw formations in the interiors of Canada and the United
States; and the Kanguk Formation in the Sverdrup Basin).
There is also a need to correlate the few Upper Cretaceous
radiolarian assemblages recovered in North America with the
ones recovered in the Russian Arctic (e.g., Kozlova and Gor-
bovetz, 1966; Amon, 2000; Sarkisova, 2007; Vishnevskaya,
2011; Vishnevskaya and Kozlova, 2012) so that a radiolar-
ian biostratigraphic zonation can be proposed in this part of
the world. The absence of calcareous fossils in Cretaceous
strata from high northern latitudes makes siliceous microfos-
sils, including radiolarians, an essential tool to solve geosci-
entific problems such as ocean connectivity, marine plankton
migration, ocean circulation and age determination.

Data availability. All specimens are held in the National Collec-
tion of Invertebrate and Plant Fossil Types in Ottawa, Ontario,
Canada, under repository numbers GSC-143273, GSC-143277 and
GSC-143278.
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