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Depth related brachiopod faunas from the 
lower Cambrian Forteau Formation of southern Labrador 

and western Newfoundland, Canada

C.B. Skovsted, I. Knight, U. Balthasar, and W.D. Boyce 

ABSTRACT

A diverse fauna of organophosphatic brachiopods is described from the late early
Cambrian (Series 2, Stage 3-4) Forteau Formation of southern Labrador and western
Newfoundland. The total fauna includes 11 species representing a wide selection of
Cambrian brachiopod groups. Three distinct assemblages are recognized: Assem-
blages 1 and 2 are found in shallow water carbonates in association with archaeocya-
thans in southern Labrador and the western side of the Great Northern Peninsula of
western Newfoundland. Assemblage 3 is found in a distal shelf setting of Gros Morne
National Park. Assemblages 1 and 2 are found in stratigraphic continuity and define
two brachiopod biozones, a lower Hadrotreta taconica zone and a higher Paterina
zone, respectively. The presence of H. taconica in brachiopod Assemblage 3 possibly
indicates time equivalence of Assemblage 1 but in a deep water setting. The identifica-
tion of distinct time equivalent brachiopod Assemblages (1 and 3) in shallow and deep
water environments of the Forteau Formation allow for the first time an analysis of envi-
ronmental constraints determining the distribution of individual brachiopod taxa in the
lower Cambrian succession of eastern Laurentia. Comparison to faunas from other
areas indicates that the identified distributional patterns can be extended to other bra-
chiopod faunas found along the Cambrian palaeocoast/margin of eastern Laurentia.
The study indicates that specific brachiopod taxa can be used as indicators of palae-
odepth; Botsfordia caelata in shallow environments and Eoobolus priscus and Eothele
tubulus in deeper water. The following new taxa are described: Kyrshabaktella diabola
n. sp., Pustulobolus triangulus n. gen et n. sp., Acrothyra bonnia n. sp.
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INTRODUCTION

Brachiopods are among the most common
and well-studied fossils in Cambrian rocks world-
wide (Walcott, 1912; Williams et al., 1998; Usha-
tinskaya, 2008; Zhang et al., 2008). The first
representatives appear in the Tommotian Stage of
Siberia and Mongolia (Terrenuvian Series,
Unnamed Stage 2; Skovsted et al., 2014b, 2015)
and the brachiopod stem group (i.e. tommotiids;
Skovsted et al., 2008, 2009, 2011, 2014a; Larsson
et al., 2014) is known from even older strata of the
Fortunian Stage (Maloof et al., 2010; Kouchinsky et
al., 2012). Brachiopods diversified rapidly during
the early Cambrian and most of the main Palaeo-
zoic lineages (Class) had appeared by the middle
Cambrian (Cambrian Series 3) by which time bra-
chiopods were well represented in most benthic
communities worldwide (Ushatinskaya, 2001). 

Early Cambrian brachiopod faunas are typi-
cally diverse with morphologically distinct and geo-
graphically widespread taxa. On the generic level
many taxa show a more or less global distribution,
and several species are known to occur on differ-
ent palaeocontinents (Brock et al., 2000; Skovsted
and Holmer, 2005; Popov et al., 2015). This is par-
ticularly true for the organophosphatic brachiopods
that represent about 50% of the total diversity in
the early Cambrian and are easily extracted by
standard acid preparation techniques. These char-
acteristics would suggest that brachiopods, despite
a tendency towards long stratigraphic ranges, hold
a good potential for intercontinental correlation and
biostratigraphic resolution in the Cambrian. Their
utility for biostratigraphy and biogeography is ham-
pered, however, because early Cambrian brachio-
pods remain poorly understood in terms of their
ecology. Exceptionally preserved brachiopods
exhibiting details of soft anatomy, in particular from
the Chengjiang fauna of south China (Zhang et al.,
2004, 2007, 2008, 2009, 2010, 2011) and the Bur-
gess Shale (Holmer and Caron, 2006; Petterson
Stolk et al., 2009; Topper et al., 2014, 2015) have
recently yielded important insight into the autecol-
ogy of early Cambrian brachiopods, but unfortu-

nately the vast majority of described taxa have not
been found in these exceptional faunas. 

Herein, we describe a diverse brachiopod
fauna from the Forteau Formation of southern Lab-
rador and western Newfoundland. The Forteau
Formation is richly fossiliferous and has been stud-
ied from the mid-nineteenth century onwards (Bill-
ings, 1861; Schuchert and Dunbar, 1934; Resser,
1937). However, little palaeontological work on the
Forteau Formation has been published in the last
80 years, except for revisions of archaeocyathids
(James and Debrenne, 1980; Debrenne and
James, 1981) and the problematic fossil Salterella
Billings, 1861 (Yochelson, 1977; Fritz and Yochel-
son, 1988; Skovsted, 2003). More recently, Butter-
field and Harvey (2012) reported well- preserved
assemblages of small carbonaceous microfossils
from the formation and Skovsted and Peel (2007)
published the description of a diverse fauna of
Small Shelly Fossils from the argillaceous deep-
water facies of the Forteau Formation in the Bonne
Bay area of western Newfoundland. Although bra-
chiopods were illustrated and briefly discussed in
the latter paper, this component of the fauna was
never fully described. Trilobite faunas are presently
in review and being described (Boyce and Knight,
in prep). Olenellid trilobites recovered from lower
Hawke Bay Formation at Hawkes Bay, Canada
Bay, and Bonne Bay indicate the Forteau lies
entirely within the Bonnia-Olenellus biozone
(Knight, 1991, 2013; Knight and Boyce, 1987;
Knight et al., 2017).

In connection with a larger investigation of the
entire shelly fauna of the Forteau Formation, new
collections of brachiopods were recovered from the
Forteau Formation at different localities in southern
Labrador and western Newfoundland. These col-
lections represent a range of different palaeoenvi-
ronments and form the basis of the present work.
The total brachiopod fauna consists of at least 13
species, including eight lingulates, two paterinids,
the problematic stem group linguliform Setatella
significans Skovsted et al., 2010, and at least two
species with calcareous shells. The two paterinid
2
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species will be described separately elsewhere
and are only included here under open nomencla-
ture (Paterina sp. and Micromitra sp.), while the
two calcareous forms (Obolella sp. and Kutorgina
sp.) are only rarely found in acid-macerated sam-
ples and will not be discussed further herein. The
eight lingulate species are described in detail, in
conjunction with an analysis of the assemblage
composition of the organophosphatic brachiopod
fauna of the Forteau Formation.

The presence of coeval rocks representing
different sedimentological settings occurring in rel-
atively close proximity to each other in the study
area provide the means for placing brachiopods in
a palaeo-depth transect through the Forteau For-
mation. This in turn provides new clues to the eco-
logical preferences of individual brachiopod taxa.
This type of information may be used to predict the
distribution of brachiopod faunas and as a guide
for future fieldwork and biostratigraphical and bio-
geographical analysis. The study reveals substan-
tial differences in the faunas across depth-related
facies, suggesting that early Cambrian brachio-
pods might be used to reconstruct palaeoenviron-
ments similar to brachiopod faunas later in the
Palaeozoic.

MATERIAL AND METHODS

Sampling was undertaken, beginning in 2007,
with additional work in 2008, 2009, 2010, and
2011, at a number of localities in southern Labra-
dor and western Newfoundland (Figure 1). Section-
ing and sampling of the formation in southern
Labrador centered principally on Fox Cove and
Point Amour on the coast, and roadcuts and quar-
ries near Forteau, L’Anse-au-Loup, and Diablo Bay
(Figures 2-3; Appendix 1). This essentially covered
stratigraphy from the base of the formation to the
lower part of the Upper limestone (see below for
discussion of local stratigraphic divisions). A single
spot sample from the boundary interval of the Dev-
ils Cove and Middle shale members at Forteau (F-
1) and a sample of loose limestone slabs collected
close to Fox Cove (FCX) were also included in the
investigation (Appendix 2).

In northwest Newfoundland, sectioning and
sampling occurred over a wide geographic area of
the Great Northern Peninsula (GNP; Figure 1).
This included roadside outcrops and quarries near
Mount St. Margaret (MSM), East Castor Pond
(ECP), and Route 432 (R) in the St Barbe area
(Figures 4-6) and woods roads near Big East River
northeast of Hawkes Bay (BER; Figures 4, 7). A
drill core completed through the formation at Sav-

age Cove (Straits shore of the GNP) in 2010 pro-
vides the full lithostratigraphy of the formation
(Knight et al., 2017) and is used here to help strati-
graphically place the scattered sections sampled
on the GNP.

In Gros Morne National Park, sectioning and
sampling principally used roadcuts along Route
430 as it skirts the coast of Deer Arm and East Arm
of Bonne Bay (Figure 7). The sections in Bonne
Bay were measured and collected in 2009 to 2011
(Figures 8-9; see Knight, 2013) following random
sampling of several roadcuts in 2007 (see Appen-
dix 1).

Detailed lithological sections were measured
using a graduated metre stick, 1.5 m long divided
into 10 cm intervals and samples collected for bra-
chiopod analysis are located on the sections (Fig-
ures 3, 5-9). The number of specimens of each
brachiopod species found in the investigated sam-
ples is presented in Appendix 1.

In addition, material from collections made by
A.R. Palmer with students in 1978 and 1979 from
the same general area housed in the Institute for
Cambrian Studies (previously in Boulder Colorado,
now at University of Chicago, Michigan) was
included in the investigation. This material com-
prises four samples collected from the Gros Morne
National Park and one sample from the quarry at
Mount St. Margaret of western Newfoundland in
addition to 13 samples from southern Labrador.
Brachiopod specimens were also derived from a
limestone sample (sample JSP1982−01) collected
by J.S. Peel in Gros Morne National Park which
yielded the bulk of the Small Shelly Fossils docu-
mented by Skovsted and Peel (2007). Detailed
locality information and faunal content of all addi-
tional samples are found in Appendix 2.

Fossiliferous limestone samples from all
newly sampled sections were dissolved in 10%
buffered acetic acid at Uppsala University and the
Swedish Museum of Natural History, and the
resulting residues were scanned under binocular
microscope for brachiopod specimens. All com-
plete valves or large valve fragments with the pos-
terior margin preserved were counted and selected
specimens were coated in gold and imaged at the
SEM facilities at Uppsala University and Swedish
Museum of Natural History. 

GEOLOGICAL SETTING

The Labrador Group (the definition of the
group follows that of Schuchert and Dunbar, 1934)
is the first sedimentary succession to be laid down
in western Newfoundland as part of the Lower
3
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FIGURE 1. Geology map of western Newfoundland and southern Labrador showing main geological terranes and out-
lining the location of the study areas discussed in this article and illustrated in more detailed maps in Figures 2, 4, 7.
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Paleozoic shelf that formed the southern paleo-
margin of Laurentia. It is now preserved in the
outer Humber Zone (Williams, 1979; Hibbard et al.,
2006) and the adjoining foreland to the Appala-
chian-Caledonian orogenic belt. In most parts of
the Humber Zone, the group rests unconformably
upon middle to late Proterozoic basement rocks. In
southern Labrador and the western side of the
Great Northern Peninsula, the group is gently dip-
ping above the basement although cut by a series
of northwest-verging, northeast-trending, high-
angle reverse faults that repeat the basement-shelf
succession (Knight and Boyce, 2015; Knight et al.,
2017). Elsewhere in western Newfoundland how-
ever, including the Bonne Bay area of Gros Morne
National Park (GMNP), the group is strongly
deformed as part of a complex foreland fold and
thrust belt (Knight, 2007, 2013).

The Labrador Group (Schuchert and Dunbar,
1934) has a tripartite stratigraphy of Bradore, For-
teau and Hawke Bay formations. The Forteau For-
mation comprises marine shale, siltstone,
sandstone, and limestone and includes classic
archeocyathid reef complexs (James and Kobluk,
1978; Hughes, 1979; Kobluk and James, 1979;
James and Debrenne, 1980, Debrenne and
James, 1981). It is sandwiched between red, fluvial
to marginal marine sandstone of the Bradore For-
mation below (Hiscott et al., 1984; Long and Yip,
2009) and sequences, often coarsening upward, of
shale, heterolithic fine-grained siliciclastics (sand-
stone, siltstone and shale) and pink and white
quartz arenite of the Hawke Bay Formation above;
the latter was laid down in a storm-dominated
shoreface setting (Knight and Boyce, 2014). This
succession has long been considered to preserve
a third order sequence of onlap and offlap of the

FIGURE 2. Geology map of the south coast of Labrador showing localities in the Forteau Formation, Labrador Group
that were studied and yielded a rich brachiopod fauna (map based on Bostock et al., 1983 and Gower, 2010). LLQ –
L’Anse-au-Loup quarry, DCQ – Diablo Cove quarry
5
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margin during the late early to early middle Cam-
brian when the proto-shelf was interpreted to be an
eastward deepening ramp (James et al., 1989). 

Ongoing mapping and stratigraphic studies
throughout western Newfoundland, however, show
that there is considerable lithological complexity in
the 3-part succession of the Labrador Group as it is
traced from the well-known and studied, barely
deformed autochthonous successions exposed in
southern Labrador and western GNP to areas in
the east and south where the deformed strata is
parautochthonous to allochthonous. In particular
the Forteau Formation changes radically as it is
traced beyond its type area where the succession
is considered to occupy a paleo inner shelf position

on the margin (Knight, 2013; Knight et al., 2017). In
contrast, successions such as those at Bonne Bay,
Canada Bay, White Bay, and near Stephenville
occupied deeper water paleo-outer shelf settings
on the ancient shelf.

Inner Shelf Succession

The inner shelf succession of the Forteau For-
mation consists of three members; the Devils
Cove, Middle shale and Upper limestone (Knight
and Boyce, 2015; Knight, 2013; Knight et al.,
2017). The members are readily identified in drill
and quarry logs inland of the shores of the Strait of
Belle Isle, GNP where it ranges up to 120 m in
thickness (Lovering and Dunbar in Schuchert and

FIGURE 3. Sections measured in the Forteau Formation of south Labrador coast. FC1 (open shelf facies of James
and Kobluk, 1978) and FC2a (Patch reef facies of James and Kobluk, 1978; bioherm of Debrenne and James, 1981)
are adjacent to each other on the foreshore east of Fox Cove; FC2 is divided into a lower (FC2a) and upper part
(FC2b) separated by a vertical fault that cuts out most of the Middle shale; FC3 is measured to the southwest of FC2
and is a composite of three short sections that are correlated over more than 50 m on the base of the Upper limestone
(upper biostrome of Debrenne and James, 1981). Legend is applicable to all stratigraphic figures (Figures 5-6, 8-9).
6
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Dunbar, 1934 figure 8; Cumming in Bostock et al.,
1983; Knight, unpublished data). Although incom-
plete in Labrador, the 56 to 70 m succession is still
divisible into the three members (See figure 2 in
James and Kobluk, 1978; Figure 3, this paper).
Devils Cove member. The informal Devils Cove
member (Betz, 1939), a regionally mapped carbon-
ate unit, 3 to 8 m thick, at the base of the formation,
is characterized by its red to purple colour, nodular
fabric with abundant shale partings and mix of
grainy and fine-grained carbonate. Crossbedded,
skeletal and intraclastic dolostone associated with
metre-scale archeocyathid mounds occur locally in
southern Labrador and the drill hole at Savage
Cove; only scattered archeocyathans occur with
other skeletal debris in grainstone at MSM and
East Castor Pond (ECP). In southern Labrador and
near the Highlands of St. John, the member is fully

or partially dolomitized (Cumming in Bostock et al.,
1983; Knight, 1991; this study). Small, dolomitized
archeocyathid mounds mark the basal contact and
abundant quartz sand is intermixed in the dolos-
tone just east of Fox Cove. A few beds of red Bra-
dore sandstone intercalate in the basal metres of
the member at ECP. This suggests that the basal
contact of the member with the Bradore Formation
is sharp and conformable to locally transitional
throughout the in-shore belt. The upper contact
with the overlying middle shale member ranges
from sharp (Fox Cove, L'Anse-au-Loup, Mount St.
Margaret) to gradational (west of Forteau). 
Middle shale. The Middle shale is characterized
by a succession of grey to green-grey shale inter-
calated with nodular limestone, archaeocyathid
reefs and their companion sediments, calcareous
siltstone, and minor sandstone. The succession in

FIGURE 4. Geology map of central part of the Great Northern Peninsula showing faunally productive localities stud-
ied at Mount St. Margaret, along Route 432 north of the Long Range Proterozoic massif, and along the Big East River
resource road at the south end of Highlands of St. John. MSM - Mount St. Margaret, ECP - East Castor Pond road,
R432-5 etc - Route 432; BER-5 etc - Big East River resource road.
7
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the member differs in detail from southern Labra-
dor to the GNP.

In southern Labrador, a lower succession,
about 15 to 20 m thick, of archeocyathid patch
reefs, grey and red in colour, are associated with
fringing grainstone and red and green, calcareous
mudstone. The patch reefs pass laterally into an
extensively developed, fine-grained open shelf
succession of upward coarsening cycles of green-
grey shale, nodular shaly calcareous siltstone-
limestone, and calcareous siltstone-very-fine sand-
stone or silty limestone. The latter is generally
extensively bioturbated; glauconite is noted in the
succession (James and Kobluk, 1978; Hughes,
1979; James and Debrenne, 1980; Debrenne and
James, 1981). The clustered patch reef bioherms
at Fox Cove to Pointe Amour (see James and
Kobluk, 1978 and Debrenne and James, 1981 for
full description of the distribution and complexity of
these sequences) are adjacent to co-eval sections
of the open shelf facies such as near Schooner
Cove and L’Anse–au-Loup.

Grey to green-grey shale, 15 to 20 m thick,
traced from Pointe Amour northeast to the lower
quarry east of L’Anse-au-Loup, marks the upper
part of the member. The shale hosts olenellid trilo-
bites and is intercalated upward with skeletal and
intraclastic grainstone storm beds that exhibit
traces of opportunistic burrowers. Mudrock and
calcareous siltstone with skeletal limestone and
some fine-grained HCS sandstone are increasingly
important near the top of the middle shale. 

In the northwest of the GNP, the member is
represented by a 40 m thick succession that gradu-
ally coarsens upward. Grey shale with some thin to
medium beds of nodular to lumpy limestone of
skeletal lime mudstone to packstone mark the
basal part of the member. Salterella, trilobites, hyo-
lithids, and other bioclasts occur. A middle interval
of largely limestone-free shale occurs about 15 to
20 m above the base. Olenellids are common in
the lower to middle shale interval. Upward, the
shale gives way to siltstone that is host to lime-
stone nodules and interbeds of intensely biotur-
bated siltstone and very fine sandstone that near
the top of the member display HCS.

The member has been logged in drill core at
Savage Cove (Knight et al., 2017), and in quarries
at MSM, along Route 432 and near Big East River
(BER 12). Slump folds and slides deform the shale
that is host to horizons of limestone nodules and
large carbonate concretions at BER 12.
Upper limestone. The incomplete Upper lime-
stone in southern Labrador is host to a basal bios-

FIGURE 5. Stratigraphic section through the incom-
plete Forteau Formation exposed at Mount St. Marga-
ret quarry (MSM). The archaeocyathid interval at top of
section is partly based on scattered roadside outcrops
above the quarry. The succession is host to brachio-
pod assemblage 1 and 2.
8
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FIGURE 6. Measured sections displaying samples collected from rocks of the upper heterolithic interval of the Upper
limestone, Forteau Formation on Route 432 east of Ten Mile Lake (R432-5) and Big East River resource road north-
east of Hawkes Bay (BER-5) (see Figure 4). Both sections host brachiopod assemblage 2. The succession at R432-5
comprises skeletal carbonate and shale overlain by calcareous siltstone and white quartz arenite. The incomplete
succession at BER-5 is lithologically similar to the lower carbonate interval of R432-5 and may tentatively suggest
they are distant correlatives of the same parasequence. The brachiopod fauna hosted by lithofacies of small-scale
transgression are inherited from the restricted fauna associated with the long-term regressive phase of the Forteau
shelf sedimentation.
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FIGURE 7. Geology map of the Gros Morne area showing location of sections in the Forteau Formation (based on
Knight, 2013, figure 3). Samples GM07 -1 etc. were collected randomly in 2007 and are linked to localities GM11-1
etc. that were mapped, sectioned, and sampled in 2011 (see Figures 8-9).
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trome complex of archeocyathids, skeletal
grainstone, bedded mudstone, and dolostone
(James and Kobluk, 1987; Hughes, 1979).
Upward, the complex interbeds with or is locally
sharply overlain by oolitic limestone; microbial
boundstone also occurs. The biostrome complex is
well exposed in the upper quarry at L’Anse-au-
Loup. Nonetheless, parasequences of the open
shelf facies (likely top of the Middle shale) capped
by beds of skeletal, oolitic, and oncolitic limestone
occur in the area of Diablo Bay and locally west of
Forteau.

Much of the biostromal interval in southern
Labrador, however, is rubbly in texture (Knight et
al., 2017, this study), the rubble includes a range of
limestone clasts from grainstone to lime mudstone
to clustered and scattered archeocyathid debris set
in a matrix of fine argillaceous, dolomitic carbon-
ate. At Fox Cove and Pointe Amour, its base down-
cuts into underlying bedded siliciclastics and
grainstone. Beds of archeocyathan mounds and
skeletal grainstone overlie the rubble beds and
locally intercalate with oolitic grainstone just below
the top of the biostrome. At Pointe Amour the top
of the biostrome sequence is truncated by a planar

FIGURE 8. Stratigraphic sections through the Forteau Formation in Gros Morne National Park (based on Knight,
2013, figure 4) showing the correlation of limestone intervals and samples that yielded assemblage 3 brachiopod
fauna. DAL – Deer Arm Limestone. DCL – Devils Cove limestone.
11
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scour overlain by oolitic grainstone; mounds of
microbial boundstone also occur locally.

On the GNP, the upper limestone is 65 to 70
m thick (drill holes on the Straits shore, Knight et
al., 2017, figure 2). It consists of a lower division
comprised of archeocyathid bioherms and grain-
stone and an upper heterolithic division predomi-
nantly of carbonate with some metre-thick
siliciclastic intervals. The lower division begins with
a lower 7 m interval of archeocyathid bioherms,
grainstone and lesser microbial boundstone. It is
succeeded by about 18 m of oolitic, skeletal and
Salterella-rich grainstone in which are scattered a
few archeocyathans and broken oncoliths. Beds of
matrix supported carbonate rudstone (matrix of
shale, mudstone, or dolostone) occur in the lower
interval and mark its base at MSM. Archeocyathid
bioherms associated with skeletal and cross bed-
ded, oolitic grainstone-filled channels occur on
Route 463, MSM and near East Castor Pond

(Knight and Boyce, 2015) and can be traced south-
west 60+km to near Hawkes Bay (Knight et al.,
2017). The bioherms are locally truncated below
the overlying oolite unit.

The upper heterolithic division is a succession
dominated by decametre-thick limestone interca-
lated with a few metre-thick intervals of siliciclastic
rocks (Knight, unpublished drill hole log; Knight et
al., 2017). The carbonate intervals consist of shale,
thin bedded, nodular and bioturbated lime mud-
stone with skeletal lenses, and skeletal and oolitic-
oncolitic grainstone, some of which are arranged in
metre-scale, coarsening upward parasequences.
The siliciclastic intervals consisting of siltstone to
fine sandstone and also including quartz arenites
are important parts of the uppermost stratigraphy
of the formation in the Hawkes Bay, BER, and
Route 432 area (Knight, 1991; Knight et al, 2017;
R432-5, Figure 7, this study). Outcrops along
Route 463 and BER resource road mostly belong

FIGURE 9. Sections for localities GM11-14, 14A and 14G at the eastern end of East Arm (see Figure 7) showing
location of samples that yielded assemblage 3 brachiopod fauna. The folded and faulted succession there is difficult
to correlate with any certainty to the stratigraphy of Figure 8. Nonetheless, two limestone intervals in GM11-14 are
tentatively correlated with the Deer Arm (DAL) and Upper limestone interval of Figure 8. The offset of sections
(GM11-14 and 14A) reflects the stratigraphic uncertainty of the structurally displaced succession although GM11-14G
may correlate with the upper GM11-14A section.
12
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to the upper heterolithic interval. A dolostone
locally after oolitic oncolitic grainstone and locally
host to cement occluded fenestral fabrics mark the
top of the limestone succession toward the top of
the member in the drill holes at Savage Cove
(Knight et al., 2017; see also Ham et al. in Bostock
et al., 1983). The dolostone is probably laterally
equivalent of the fabled “button-algae” bed of
Schuchert and Dunbar (1934) that outcrops in the
Hawkes Bay area toward the top of the member.

Outer Shelf Succession

The Forteau shelf succession in eastern areas
of western Newfoundland comprises a thick suc-
cession of deformed mudrocks intercalated with
siltstone, sandstone and lesser limestone, the
deposits of a deeper water, outer ramp. It is about
230 m thick at Bonne Bay where the succession is
divided into the Devils Cove, Mackenzie Mill, and
Big Hill members (Figures 7-9; Knight, 2013).
Devils Cove member. At Gros Morne, the mem-
ber consists of 12.3 m of pink, off-white, greenish-
white to grey, impure limestone interbedded with
purple sandstone beds and partings in the lower
half and a few shale beds near the top of the mem-
ber. The stratified to nodular limestone includes
skeletal-rich lime mudstone-wackestone, some
grainstone, lenses of skeletal packstone/grain-
stone, and rare skeletal limestone-coquina of thin-
shelled skeletal debris. The basal contact with the
underlying Bradore Formation is conformable and
likely diachronous (James et al., 1988; Knight,
2013, this study); the upper contact is sharp at
GMNP but gradational at Canada Bay and near
Stephenville. Trilobites, Salterella, and solitary
archeocyathids, the latter identified as the regularis
species A., occur in the member in GMNP (James
and Stevens, 1982; James et al., 1988; James and
Debrenne, 1980). 
Mackenzie Mill member. The Mackenzie Mill
member consists of 190 to 210 m of well-lithified,
calcareous mud rock, black and dark grey shale
and mudstone, calcareous thin bedded siltstone
and sandstone, current bedded and bioturbated
sandstone, and nodular to lumpy, fine grained to
skeletal-rich limestone. A prominent fossiliferous
dark grey limestone marker, the Deer Arm lime-
stone (DAL) occurs midway through the member
and an upper limestone interval 30 m higher (Fig-
ures 8-9; James et al., 1988; Knight, 2013). The
succession is divided into five informal stratigraphic
intervals (Knight, 2013) as follows: 

1) a lower interval, 95 m thick, of mudrock rich
in lime mudstone nodule horizons and some
skeletal, nodular limestone interbeds. The mud-
rock is generally thinly stratified and finely lami-
nated. Nodular limestone in this interval has
yielded elements of the fauna described by
Skovsted and Peel (2007);
2) the Deer Arm limestone (DAL), 3.5 to 9 m
thick, consists of nodular to lumpy, dark grey,
locally shaly and dolomitic, fossiliferous fine
grained limestone with some intercalated black
shale. The limestone is rich in Salterella and tri-
lobites, and also hosts scattered brachiopods
and minor molluscs; it yields much of the SSF
described from the Forteau Formation in Bonne
Bay (Skovsted and Peel, 2007);
3) a middle interval, 22 to 29 m thick, of mud-
rock intercalated with ribbon siltstone and bur-
rowed sandstone; slump beds and sandstone
dykes occur locally;
4) an upper limestone interval, 2.5 to 11 m thick
(the interval thins to the southeast) that consists
of a lower nodular and phosphatic sandy dolos-
tone intercalated, with intensely bioturbated silt-
stone and sandstone below three beds of dark
grey, nodular fine-grained skeletal limestone
intercalated with black to dark grey shale rich in
limestone nodules; a thin, oolitic, and oncolitic
limestone cap marks the lowest and thinnest of
the three beds; and
5) an uppermost heterolithic interval, at least 45
to perhaps 70 m thick, of ribbon siltstone-sand-
stone and shale, thin bedded and massive
mudrock, bioturbated sandstone dominated by
Rossellia, cross bedded sandstone, rare
quartz-rich sandstone, and, several thin, dark
grey limestone beds of mostly unidentifiable tri-
lobite debris. Decimeter to metre-scale, coars-
ening-upward cycles of mudrock, ribbon
bedded siltstone capped by bioturbated sand-
stone are common. Pot and gutter casts and
slump breccia occur just below the top of the
member.

Big Hill member. The Big Hill member is a succes-
sion, about 30 m thick, of rusty- to dark-brown
weathering, fine grained sandstone intercalated
with dark grey mudstone and siltstone and khaki-
weathering mudrock and ribbon bedded siltstone.
Pot and gutter casts occur low in the member, HCS
in quartz arenite near the top. The member is con-
formable upon the Mackenzie Mill member and
sharply overlain by the Hawke Bay Formation.
Skeletal remains are very rare.
13
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Sequence Stratigraphy

Interpretation of the formation’s sequence
suggests that the inshore succession supports the
onlap–offlap pre-shelf cycle of James et al. (1989).
The transgressive system tract of the 3rd order
sequence includes the top of the Bradore Forma-
tion, the Devils Cove member, and the lower 15 to
35 m of the Middle shale. Archeocyathid patch
reefs form an important element of the open shelf
during flooding of the margin. Their presently
known distribution in the lower strata of the forma-
tion suggests they likely migrated diachronously as
they spread inshore from the Devils Cove member
at the north coast of the GNP (drill hole NF-1B
amongst others, Knight et al., 2017) to the basal
strata of the Middle shale in southern Labrador; in
northwest GNP only mudrocks host to beds of fos-
siliferous fine dark grey limestone accumulated. In
spite of the world renowned reef bodies in southern
Labrador, the co-eval fine grained, open shelf
facies (James and Kobluk, 1978; see also other
related publications) is the predominant deposi-
tional motif of the TST as a whole. This suggests
an open shelf, perhaps largely below a muted
storm wave base and likely demands rapid trans-
gression and shelf deepening along the Newfound-
land margin (Knight et al., 2017).

The maximum flooding surface likely coin-
cides with the shale-dominated interval exposed at
LLQ-1 quarry and near Pointe Amour in southern
Labrador (Figure 3) and the interbed-free shale 20
to 30 m above the base of the formation at MSM
(Figure 5). The MFS is also likely located within a
thick shale section at BER-12 quarry, northeast of
Hawkes Bay (Figure 4), where slump folds and
sedimentary slide surfaces imply shelf instability in
this area. Shale giving way upward to burrowed
siltstone and HCS sandstone at MSM (Figure 5)
indicate that the shelf shallowed in the upper part
of the shale member implying initiation of the high-
stand system tract (HST) that lead to a prograding,
carbonate shelf (Upper limestone).

The succession in the Upper limestone sug-
gests a high-energy barrier shoal complex that built
close to sea level and marked the inner shelf. The
complex advanced from southern Labrador to
southeast of MSM but far short of Canada Bay and
gave way southeastward to deeper shelf mudrock-
dominated deposition supporting an inner ramp to
outer ramp transition (Knight et al., 2017). The
archeocyathid biostromal complex of southern
Labrador (James and Kobluk, 1978; Hughes,
1979) and archeocyathid bioherms with interreef
channel-bound grainstone in western GNP (Knight

and Boyce, 2015) support a significant but broken
reefal tract associated with oolitic-skeletal grain-
stone shoals that formed the oceanward edge of
the prograding inner ramp. It prograded close to
the present western faulted edge of the Long
Range Mountains from Hawkes Bay to east of Ten
Mile Lake, its oceanward edge trending north
northeast. The presence of polymictic rubbly beds,
essentially carbonate conglomerate-breccia, may
imply fore-reef talus locally along the frontal edge
of the prograding shelf buildups or widespread in-
place disintegration of parts of the reefal complex.
The presence of upward coarsening sequences of
shale, nodular limestone, and skeletal to oolitic-
oncolitic grainstone intercalated with intervals of
siltstone to sandstone and beds of quartz arenite in
the remaining member supports repeated prograd-
ing shelf accretion in the later stages of the forma-
tion. Like the reef-oolite shoal complex earlier in
the HST, however, it is reasonable to conclude that
the capping grainstone shoals of these parase-
quences also were limited geographically to the
middle reaches of the GNP because only one
oolite grainstone in the uppermost part of the for-
mation reached Canada Bay (Knight and Boyce,
1987). The presence of clastic intervals in the
upper part of the member indicates increasing
encroachment of high-energy sand complexes
along the landward edge of the Forteau carbonate
shelf, a prelude to the deposition of the Hawke Bay
Formation.

The correlation of the deeper water, outer
shelf rocks of Gros Morne and adjacent areas such
as Canada Bay with the simple on-lap off-lap
sequence projected for the inner shelf is problem-
atic however. The significantly thicker, predomi-
nantly fine-grained siliciclastic succession in
GMNP is considered to be a major depo-centre at
the time of the Forteau margin (Knight, 2013). Nev-
ertheless, the Bradore Formation, Devils Cove
member, and lower part of interval 1 of the Mack-
enzie Mill member likely reflects rapid transgres-
sion of the foundering Laurentian margin in this
area, implying correlation with the TST of the
inboard shelf. In addition, the upper part of the suc-
cession in GMNP indicates that the uppermost part
of the Mackenzie Mill (interval 5) and Big Hill mem-
bers show the shelf gradually shallowed into the
storm zone.

Trilobites sampled throughout the study area
are presently being investigated and their sys-
tematics, regional distribution, and stratigraphic
ranges formally documented; this study also incor-
porates data of Walcott (in Schuchert and Dunbar,
14
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1934), Betz (1939), and Palmer (1969). The trilo-
bite faunas provide sufficient evidence to allow cor-
relation of the inner shelf and the deeper water
Gros Morne succession as several of the most
common species occur throughout southern Labra-
dor and western Newfoundland across the range of
paleo environmental settings discussed above. 

The trilobites Bonnia parvula (Billings, 1861),
B. senecta (Billings, 1861), and Calodiscus lobatus
(Hall, 1847) all range throughout the incomplete
Forteau Formation in southern Labrador (Devils
Cove member to the Upper limestone). In the GNP
sections C. lobatus ranges throughout the forma-
tion while B. parvula was found in the Middle shale
and Upper limestone and B. senecta in the Upper
limestone. In GMNP, C. lobatus, B. parvula, and B.
senecta all occur in the lower part of the Mackenzie
Mill member up to and including the DAL. Olenellus
thompsoni (Hall, 1859) and O. transitans (Walcott,
1910) were found in the Middle shale and Upper
limestone of both southern Labrador and GNP sec-
tions, as well as in the upper part of the Mackenzie
Mill member (above the DAL). Wanneria walcot-
tana (Wanner, 1901) was not found in southern
Labrador but does occur in both the Upper lime-
stone of GNP and in the Mackenzie Mill member
above the DAL in GMNP. In addition, Elliptoceph-
ala logani (Walcott, 1910) occurs throughout the
formation in all the sampled areas. 

Limestone markers (DAL and Upper lime-
stone interval) in the GMNP succession imply
times of significant change in shelf dynamics from
those that controlled the deposition of the thick,
overwhelmingly fine-grained siliciclastic strata of
the Gros Morne depocentre. This perhaps sug-
gests two, perhaps three, thick sedimentary pack-
ages occur in this depo-centre. Knight (2013)
searching for possible explanations suggested cli-
matic change, sea level change, switching or cutoff
of the fluvial input source or combinations of all
three to explain carbonate deposition in the deeper
water outer shelf setting.

THE BRACHIOPOD FAUNA OF THE FORTEAU 
FORMATION

The brachiopod collections from the Forteau
Formation of Labrador and western Newfoundland
contain at least 13 species, including 11 taxa with
organophosphatic shells. The fauna is dominated
by species with a wide distribution along the early
Cambrian shelf of eastern Laurentia (Eoobolus
priscus (Poulsen, 1932), Botsfordia caelata (Hall,
1847), Eothele tubulus Ushatinskaya in Voronova
et al., 1987, Hadrotreta taconica (Walcott, 1887),

Setatella significans, and probably Micromitra sp.
and Paterina sp.), but also includes new, appar-
ently endemic, taxa (Kyrshabaktella diabola sp.
nov., Pustulobolus triangulus gen. et sp. nov.,
Acrothyra bonnia sp. nov., Hadrotreta sp.). The
new faunal list represents a significant increase in
diversity relative to previous studies of the forma-
tion. Schuchert and Dunbar (1934, p. 19) listed two
phosphatic-shelled species from southern Labra-
dor previously identified by Walcott in 1910 as
Micromitra (Paterina) bella (Billings, 1861) and
Micromitra (Paterina) labradorica (Billings, 1861) in
addition to four species with calcareous shells.
Spencer (1980) reported two additional lingulate
species (Lingulella (Lingulepis) cf. prisca Poulsen,
1932 and Hadrotreta primaeva Walcott, 1912; here
reinterpreted as Pustulobolus triangulus and
Hadrotreta taconica, respectively, from the same
area. 

Facies Dependence of Brachiopod 
Assemblages

Despite the wide geographical distribution in
eastern Laurentia of many of the brachiopods
found in the Forteau Formation, assemblages
recovered from localities representing different
facies of the formation differ dramatically in compo-
sition (Table 1). A subset of the recovered species
are found across the entire width of the shelf
(Hadrotreta taconica, Micromitra sp.), but other
species appear to be restricted to either distal outer
shelf or inner shelf settings, the latter divided
between those faunas linked with the deepening
phase of the transgressive systems tract (Botsfor-
dia, Kyrshabaktella, Pustulobolus) and those that
inhabited the high energy settings of the subse-
quent, regressive high stand system tract (Pater-
ina). In particular, the absence of what appears to
be inboard taxa (such as Botsfordia, Kyrshabak-
tella, Pustulobolus and Paterina) in the argilla-
ceous facies of the distal shelf seems to suggest
that the observed distributional pattern is controlled
by intrinsic biological factors. 

Calcareous brachiopods, including both kut-
orginids and obolellids, occur in relatively large
numbers in the shallow water transgressive
inboard facies of the Forteau Formation in south-
ern Labrador. However, these taxa were mainly
found in outcrop and not in acid-resistant residues,
and their taxonomy or stratigraphical distribution
has not been analyzed. Rare phosphatized speci-
mens of Obolella sp. from the argillaceous facies of
the lower intervals of the formation in the Bonne
Bay area (Skovsted and Peel, 2007) have not been
15
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analyzed further due to the strong taphonomic con-
trol of the distribution of calcareous shells com-
pared to originally phosphatic shells in acid
resistant residues.

Inner-shelf Fauna 

The inner shelf of the Forteau Formation pre-
served in southern Labrador and the western side
of the Great Northern Peninsula (GNP) is host to
two brachiopod faunas (Table 1). The lower fauna
(faunal assemblage 1) thrived during middle
Dyeran flooding of the late early Cambrian shelf
that stratigraphically comprises the Devils Cove
member and the lower part of the Middle shale.
Then, the shelf, principally in southern Labrador
but likely extending to the coastline of the GNP,
was marked by archaeocyathid patch reefs scat-
tered across an open shelf where fine-grained bio-
clastic limestone, calcareous siltstone, and shale
were deposited in interreef and open shelf settings

(James and Kobluk, 1978). All facies are rich in
brachiopods that form a diverse assemblage in the
Devils Cove member (Hadrotreta, Kyrshabaktella,
Botsfordia, Micromitra) at Mount St. Margaret and
East Castor Pond and in the lower patch reef com-
plex of southern Labrador (Botsfordia, Kyrshabak-
tella, Hadrotreta, Micromitra, and possibly
Pustulobolus; Figures 10-11).

This lower, diverse brachiopod fauna of the
TST of the lower Forteau Formation contrasts sig-
nificantly with a younger fauna (faunal assemblage
2) that coincides with rocks of the HST, particularly
the Upper limestone that commenced with a sea-
ward advancing complex of archeocyathid bios-
troms (southern Labrador; Figure 10) and
bioherms (Route 463 to MSM) associated with
high-energy interreef channel fills and shoals of
oolitic and bioclastic grainstone (Figure 11). The
barrier complex succeeded by carbonate-domi-
nated heterolithic parasequences support a pro-

TABLE 1. Brachiopod assemblages of the Forteau Formation of southern Labrador and western Newfoundland, Can-

ada with the presence of each taxon and assemblage in investigated stratigraphical sections indicated.
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Outer shelf

Micromitra sp. x x x x x x x x x x x 1, 2, 3

Hadrotreta taconica x x x x x x x 1, 3

Eothele tubulus x x x x 3

Eoobolus priscus x x x x

Acrothyra bonnia x x x

Paterina sp. x x x x x 2

Setatella significans x x x

Botsfordia caelata x x 1

Kyrshabaktella diabola x x x

Pustulobolus triangulus ? x

Hadrotreta sp. x x

*) excludes the Devils Cove member
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grading high stand system tract (Knight et al.,
2017). Eocrinoids and Salterella form important
elements of the carbonate banks throughout the
formation but the brachiopod fauna is replaced by
an almost exclusively paterinid assemblage (Micro-
mitra, Paterina with rare Setatella) in the upper
reefal complexes of southern Labrador and north-
west Newfoundland as well as the upper hetero-
lithic succession in northwest Newfoundland. 

The identical vertical distribution of brachio-
pods in both southern Labrador and the western
side of the GNP, Newfoundland, makes it possible
to recognize two distinct brachiopod biozones
associated with the inner shelf facies of the For-
teau Formation (Figures 10-11); a lower Hadrotreta
taconica Zone (containing Hadrotreta taconica,
Kyrshabaktella diabola, Botsfordia caelata, Pustu-
lobulus triangulus, and Micromitra sp. in addition to
the calcareous brachiopods Obollella sp. and Kut-
orgina sp.) and an upper Paterina Zone (containing
Paterina sp., Micromitra sp. and Setatella signifi-
cans). The decrease in brachiopod diversity from
assemblage 1 of the TST to the stratigraphically
overlying assemblage 2 of the HST is mirrored by a

contemporaneous decrease in diversity of archae-
ocyathans (Debrenne and James, 1981) as well as
other faunal elements (CBS personal observation).
The reasons behind the decrease in diversity
remain elusive, but the pattern indicates an
increasingly stressed environment, perhaps related
to increasing energy conditions and storms related
to a shallowing, prograding shelf.

In the quarry at Mount St. Margaret in western
Newfoundland brachiopods are found in calcare-
ous nodules in mudrocks of the lower Middle shale
(Figure 11). The fauna from these layers is reminis-
cent of assemblage 1, including Hadrotreta tacon-
ica and a single specimen of Kyrshabaktella
diabola. Botsfordia, however, is replaced by the
new genus Pustulobulus that is not known with cer-
tainty from either archaeocyathan rich layers in the
inner shelf facies belt or from the deep-water facies
of the Bonne Bay area. Consequently, it may be
possible to suggest Pustulobolus as an indicator
for soft bottom environments of intermediate water
depth. However, the species may occur with
archaeocyathans of the interreef facies of the lower
patch reef complex in southern Labrador (Spencer,

FIGURE 10. Distribution of brachiopod taxa recovered from sections measured in the Forteau Formation of the south
Labrador coast. Shaded area indicates known stratigraphic range of individual taxa. Correlation of adjacent sections is
approximate only. For more exact correlation of sections and samples see Figure 3.
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1980); further sampling will be required to resolve
this matter.

Outer Shelf Deep-water Fauna

The argillaceous facies of the Forteau Forma-
tion in the Bonne Bay area of western Newfound-
land is interpreted to represent deposition in
relatively deep water of an outer shelf setting
(Knight, 2013). The thin Devils Cove member in the
area, which presumably was deposited in relatively
shallow water, only yielded few brachiopod speci-
mens. The deep-water brachiopod fauna and the
associated fauna of Small Shelly Fossils described
by Skovsted and Peel (2007) were recovered from
dark limestone layers in the otherwise mudrock
dominated sequence of the Mackenzie Mill mem-
ber, particularly the Deer Arm limestone and the
upper limestone interval. The brachiopod fauna
(assemblage 3) is diverse but with highly variable

proportions of individual species per sample.
Numerically the assemblage is dominated by
Hadrotreta taconica, Micromitra sp. and Eothele
tubulus while Eoobolus priscus, Acrothyra bonnia
n. sp.and the calcareous Obolella sp. occur in
small numbers. 

The brachiopod fauna of the Devils Cove
member in the Bonne Bay area is anomalous com-
pared to the fauna of the same unit elsewhere. In
the light coloured limestones making up the bulk of
the unit only rare specimens of Setatella signifi-
cans were recovered (Figure 12). In the Forteau
Formation of the inner shelf, S. significans is other-
wise only known from the rocks of the HST, particu-
larly the Upper limestone of southern Labrador and
the GNP (Figures 10-11). This disjunct distribu-
tional pattern is unique to S. significans among all
brachiopod species in the Forteau Formation but
since only very few specimens (often only shell

FIGURE 11. Distribution of brachiopod taxa recovered from sections measured in the Forteau Formation of the Great
Northern Peninsula of western Newfoundland. Shaded area indicates known stratigraphic range of individual taxa.
Correlation of adjacent sections is approximate only. For more exact correlation of sections and samples see Figures
6-7.
18



PALAEO-ELECTRONICA.ORG
fragments) were recovered, its importance is diffi-
cult to evaluate. Finer grained dark limestone inter-
layered with shale at the top of the Devils Cove
member contains Hadrotreta taconica and
Eoobolus priscus. This supports deepening seas
during the early stages of transgression and a tran-
sition to the deep-water fauna of the Mackenzie
Mill member.

In the lower part of the Mackenzie Mill mem-
ber, Hadrotreta taconica, Eoobolus priscus, and
rare Micromitra sp. are the only recovered brachio-
pods. Eothele tubulus and Actrothyra bonnia

appear in the Deer Arm limestone, and this more
diverse fauna persists throughout the remainder of
the Mackenzie Mill member. No brachiopods were
recovered from the overlying Big Hill member (Fig-
ure 12). 

Correlation of Deep and Shallow Water Fauna 

Based on the shared occurrence of Hadro-
treta taconica, assemblage 3 of the deep-water
facies from the Bonne Bay area south of the Long
Range Mountains, at least below the DAL, is likely
to represent the time equivalent of assemblage 1 in

FIGURE 12. Distribution of brachiopod taxa recovered from sections measured in the Forteau Formation of the Gros
Morne National Park of western Newfoundland. Shaded area indicates known stratigraphic range of individual taxa.
Correlation of adjacent sections is approximate only. For more exact correlation of sections and samples see Figures
9-10.
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a deep water setting. This is plausible since both
these faunas are associated with the TST of the
Dyerian Labrador Group megasequence. This
interpretation is corroborated by the presence of
the trilobites Bonnia parvula and B. senecta as well
as Calodiscus lobatus in both the shallow water
facies of Labrador and in lower part of the Macken-
zie Mill member (up to the DAL). Correlation of the
upper part of the Mackenzie Mill member is less
straightforward. However, the stratigraphical range
of all brachiopod taxa of assemblage 3 extends
into the shallowing interval of the upper Mackenzie
Mill member (Figures 9, 12). This suggests that the
upper range of assemblage 3 may correlate with
assemblage 2 of the HST stage in the inboard sec-
tion of the shelf, which is supported by the pres-
ence of the trilobites Olenellus thompsoni, O.
transitans, and Wanneria walcottana in the same
intervals. This means that assemblage 3 may rep-
resent a widespread and long-ranging fauna that
remained unchanged in relatively deep-water set-

tings while brachiopod communities were replaced
in more shallow water environments, presumably
as a consequence of changing conditions on the
sea floor (Figure 13).

EARLY CAMBRIAN ORGANOPHOSPHATIC 
BRACHIOPOD FAUNAS FROM LAURENTIA

The total brachiopod fauna of the Forteau For-
mation is very similar to the majority of described
faunas of early Cambrian brachiopods occurring at
several different localities along the Cambrian mar-
gins of eastern Laurentia, including Pennsylvania
(Skovsted and Peel, 2010), New York (Landing and
Bartowski, 1996), Vermont (Lochman, 1956), Que-
bec (Landing et al., 2002), and North-East Green-
land (Skovsted and Holmer, 2005). This appears to
also apply to the majority of other early Cambrian
shelly taxa described from Pennsylvania to North-
East Greenland (Skovsted, 2004, 2006; Skovsted
and Peel, 2007, 2010), indicating that no substan-

Southern Labrador Mt. St. Margaret Gros Morne
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Oolite shoals

Archaeocyathan
reefs
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Kyrshabaktella
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Assemblage 2
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Acrothyra
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FIGURE 13. Environmental preferences of studied brachiopod taxa distributed along a simplified cross section of the
eastern Laurentian shelf during the early Cambrian with the relative position of the three general study areas indi-
cated. A. Representing the environment during the deepening phase of the transgressive systems tract (Middle shale
of Labrador and the Great Northern Peninsula and Devils Cove member and lower part of the Mackenzie Mill member
in Gros Morne area). B. Representing the environment during the regressive high stand system tract with the devel-
opment of a prograding shelf (Upper limestone of Labrador and the Great Northern Peninsula and the upper part of
the Mackenzie Mill member in Gros Morne area). 
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tial barriers to the dispersal of shelly faunas existed
along the east Laurentian shelf at this time.

The majority of early Cambrian faunas from
eastern Laurentia described to date are derived
from either proximal turbidites in a continental
slope setting in the Taconic allochthons of New
York State and Quebec (Landing and Bartowski,
1996; Landing et al., 2002) or storm event beds in
an outer shelf setting as in North-East Greenland
and Pennsylvania (Skovsted, 2006; Skovsted and
Peel, 2010). These faunas are often taxonomically
rich, but are likely to incorporate fossils derived
from vastly different sedimentological settings
along the palaeoshelf. The Forteau Formation of
southern Labrador and western Newfoundland is
the only preserved lower Cambrian rock unit along
the east Laurentian margin that includes sediments
deposited more or less simultaneously in different
environmental settings, from the very shallow
archaeocyathid reef facies in southern Labrador to
argillaceous distal outer shelf facies east and south
of the Long Range Mountains in western New-
foundland. 

Comparison to North-East Greenland

Brachiopod faunas from North-East Green-
land (Skovsted and Holmer, 2005) are strikingly
similar to those of the Forteau Formation and pro-
vide a possible test for the distributional patterns
documented herein. However, in North-East
Greenland rock units representing different facies
belts are found in vertical and not lateral continuity.
Nevertheless, Skovsted and Holmer (2005) noted
distinctively different brachiopod faunas in the
upper Bastion Formation (argillaceous distal shelf
facies) and the overlying carbonate dominated Ella
Island Formation with only a single species com-
mon to both faunas (Setatella significans sensu
Skovsted et al., 2010). The majority of taxa present
in the North-East Greenland faunas are also pres-
ent in the Forteau Formation and the facies distri-
butional pattern is also similar (Skovsted and
Holmer, 2005). The most notable exception is the
presence of Botsfordia caelata in the upper Bastion
Formation, seemingly at odds with the exclusive
occurrence of this species in shallow water facies,
particularly the patch reef association, of the For-
teau Formation. 

The bulk of the material from the Bastion For-
mation available to Skovsted and Holmer (2005)
was derived from two sections, at the Albert Heim
Bjerge region and C.H. Ostenfeld Nunatak, respec-
tively. These sections differ slightly in sedimentol-
ogy, and Skovsted (2004, 2006) interpreted the

TABLE 2. Distribution of Botsfordia caelata (Hall, 1847)
and Eoobolus priscus (Poulsen, 1932) in GGU (Grøn-
lands Geologiske Undersøgelse – now part of the Geo-
logical Survey of Denmark and Greenland) samples
collected from the upper Bastion Formation at Albert
Heim Bjerge and C.H. Ostenfeld Nunatak of North-East
Greenland. Absolute number of specimens for each
investigated GGU sample with relative proportions of the
two species for each area indicated. See Skovsted and
Holmer (2005) and Skovsted (2004, 2006) for more

details.

Section + sample Taxon
Botsfordia 

caelata
Eoobolus 
priscus

Albert Heim Bjerge

GGU 314804 10

GGU 314806 8

GGU 314807 61

GGU 314808 19

GGU 314809 23 97

GGU 314835 246

GGU 314836 5

GGU 314837 1 9

Ʃ 368 111

% 77% 23%

CH Ostenfeld Nunatak

GGU 314901 2 3

GGU 314903 7 3

GGU 314904 5 38

GGU 314906 75

GGU 314908 4 61

GGU 314909 1 9

GGU 314910 22 5

GGU 314918 61

GGU 314919 2

GGU 314931 21

GGU 314933 12 94

GGU 314934 3

GGU 314936 2

GGU 314937 1

Ʃ 116 315

% 27% 73%
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section at C.H. Ostenfeld Nunatak as more off-
shore. The documented faunas of molluscs and
small shelly fossils at C.H. Ostenfeld Nunatak differ
relatively little from that of Albert Heim Bjerge in
taxonomic composition, but greatly in relative
abundance of taxa (Skovsted, 2004, 2006), and
the same applies to brachiopods. Of particular
interest here is the relative abundance of Botsfor-
dia caelata and Eoobolus priscus, both of which
are found in both sections. In the slightly more
shallow Albert Heim Bjerge section, E. priscus is
rare compared to B. caelata in terms of both num-
ber of occurrences and absolute numbers of speci-
mens while the situation is reversed in the deeper
water section at C.H. Ostenfeld Nunatak. Skovsted
and Holmer did not publish the exact number of
specimens from each sampled Greenland horizon,
but this data is summarized for B. caelata and E.
priscus in Table 2 herein. Based on comparison
with the results presented for the Forteau Forma-
tion herein, these differences could be interpreted
to indicate that the environment at Albert Heim
Bjerge was shallow enough to support a significant
population of B. caelata, or alternatively a greater
influx of shells derived from nearshore environ-
ments at this site.

Pennsylvania and the Taconic Allochthons

A brachiopod fauna from the basal Kinzers
Formation in Pennsylvania was described by
Skovsted and Peel (2010). The Kinzers Formation
has been interpreted to represent a shallowing
upward basin to shelf transition (Skinner, 2005)
and the brachiopod fauna described by Skovsted
and Peel (2010) was derived from the basal part of
the lower Emigsville Member, which is mainly com-
posed of dark shales (which have also yielded the
exceptionally preserved Kinzers lagerstätte; Skin-
ner, 2005). The brachiopod fauna of the basal
Kinzers Formation is similar to assemblage 3 of the
Forteau Formation in the presence of Eothele tubu-
lus, Eoobolus priscus, Micromitra sp. and Hadro-
treta taconica (the latter reported as Hadrotreta sp.
by Skovsted and Peel, 2010). The near identical
faunas from two units separated by a substantial
geographic distance but deposited in similar sedi-
mentological settings seem to confirm a strong
environmental control of early Cambrian brachio-
pod faunas in eastern Laurentia. Above the Emigs-
ville Member the Kinzers Formation contains
sediments deposited in more shallow environments
(York, Longs Park, and Greenmount members;
Skinner, 2005), but little is known about their bra-
chiopod faunas and no comparison to the shallow

water faunas of the Forteau Formation can be
made at present.

Botsfordia caelata is relatively common in the
Taconic allochthons of New York State and Ver-
mont (Walcott, 1912; Lochman, 1956), and
Eoobolus priscus is also known to occur in the
region (Landing and Bartowski, 1996; see discus-
sion in Skovsted and Holmer, 2005) but a detailed
assessment of their relative distribution in this area
is beyond the scope of the present contribution.
However, Lochman (1956, p. 1371) notes that B.
caelata in her material from Vermont is most com-
mon in limestones deposited in “a somewhat
clearer water habitat,” which may potentially indi-
cate relatively shallow environments. Hadrotreta
taconica is also known from the area (Walcott,
1912; Lochman, 1956; Landing et al., 2002) as well
as several species of Micromitra and Paterina
(Walcott, 1912) suggesting that the brachiopod
fauna of this region is closely comparable to that of
the Forteau Formation.

Western Laurentia

In western Laurentia, roughly coeval brachio-
pod assemblages are known from the Great Basin
(Rowell, 1966, 1977, 1980) and the Canadian
Rocky Mountains (Voronova et al., 1987;
Balthasar, 2004, 2007, 2008, 2009). The Mural
Formation of the Canadian Rocky Mountains is
older than the Forteau Formation (Nevadella to
basal Olenellus zone; Balthasar, 2004), and bra-
chiopods have been reported from the upper, argil-
laceous part of the formation representing deep-
water facies. The Mural Formation from sections in
Jasper National Park (eastern British Columbia
and western Alberta) has yielded a brachiopod
fauna containing the stem group brachiopod Mick-
witzia muralensis, and unidentified species of
Eoobolus and Kyrshabaktella as well as three dif-
ferent obolellids (Balthasar, 2004, 2007, 2008,
2009). The co-occurrence of Eoobolus and Kyrsha-
baktella in the Mural Formation appear to be at
odds with the distributional pattern from the For-
teau Formation. However, unlike the associated
Mickwitzia and obolellid taxa that occur in both
shale and limestone, Eoobolus and Kyrshabaktella
were only found in cross-bedded limestone lenses
that Balthasar (2004) interpreted as eventbeds
containing transported material. Further, Eoobolus
vastly outnumbers Kyrshabaktella in the Mural For-
mation (Balthasar, 2007 reported 232 specimens of
Eoobolus and 1 specimen of Kyrshabaktella). It is
thus possible that the rare Kyrshabaktella in the
Mural Formation could be derived from more shal-
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low environments than co-occurring Eoobolus, mir-
roring the distribution of Botsfordia in the Bastion
Formation of North-East Greenland discussed
above. 

A diverse brachiopod fauna was also reported
from the Sekwi Formation in the Mackenzie Moun-
tains of the Northwest Territories, Canada (Voron-
ova et al., 1987). The fauna includes Micromitra
(described under both Paterina and Micromitra;
Voronova et al., 1987, p. 51), Eothele tubulus, an
acrotretid (Linnarssonia) and two poorly known lin-
gulids (described as Palaeoschmidtites and Lin-
gulella?). However, as the fauna (with the
exception of Palaeoschmidtites and Lingulella?) is
confined to a single horizon, it is not possible to
compare the distribution of the brachiopods from
the Mackenzie Mountains with the fauna from the
Forteau Formation, although the presence of
Eothele tubulus conforms to the deep-water origin
of the assemblage. 

In the Great Basin of the western United
States, lower Cambrian brachiopods are known
from a number of localities and rock units (Rowell,
1966, 1977, 1980; Skovsted and Holmer, 2006).
The depositional environment of the Great Basin is
relatively well known and three major environments
are recognized; inner, middle and outer shelf facies
(Stewart, 1970; Webster, 2011). Although brachio-
pods are known from all three facies belts, the dis-
tributions of individual taxa remain poorly
understood, and a detailed discussion of this topic
is presently impossible. Rowell (1977, 1980) for
example described brachiopod faunas from south-
western Great Basin (outer shelf region; Rowell,
1977) and the Pioche region of eastern Great
Basin (middle to inner shelf region; Rowell, 1980).
No brachiopod taxa are identical in the two faunas,
and the environmental importance of the faunal dif-
ferences is impossible to evaluate because there is
also a substantial difference in age between the
assemblages (basal Dyeran in southwest and
uppermost Dyeran to Delamaran in the east).

From North Greenland, Peel et al. (2016)
recently described a diverse fauna of the Paralle-
dal Formation at Löndal containing a number of
brachiopod taxa, including Eoobolus priscus as
well as acrothelid, acrothretid, and zhantanellid
taxa. This fauna is somewhat similar to the fauna
of the Forteau Formation, although the associated
trilobites indicate a younger age (Peel et al., 2016).
Differences in faunal composition at different strati-
graphical levels at Löndal (lingulids below and
acrotretids above a prominent sandstone unit) are
difficult to compare to the distributional patterns

documented for the Forteau Formation here as the
rocks are thought to represent deposition from tur-
bidites. 

ENVIRONMENTAL CONTROL OF 
BRACHIOPOD DISTRIBUTION IN THE 

CAMBRIAN

Following pioneering work on brachiopod fau-
nas from the Silurian of Wales (Ziegler, 1965;
Ziegler et al., 1968), brachiopods have been used
as major tools for defining distinct benthic assem-
blage zones characteristic of increasing water
depth (assemblages BA1-BA7) in Palaeozoic rocks
(Boucot, 1975; Cocks, 1996; Azmy et al., 2006 and
references therein). However, little is known about
the connection between brachiopod assemblages
and water depth in the Cambrian period. Brachio-
pods have long been known to occupy a wide
range of environments in the Cambrian (see
reviews in Bassett et al., 1999 and Ushatinskaya,
2001) but the relationship between genus or spe-
cies level distribution and environment have rarely
been analyzed. Some authors have reported
extremely wide environmental distribution of Cam-
brian brachiopod taxa (McBride, 1976) while others
have suggested that early Cambrian brachiopods
were essentially restricted to shallow water envi-
ronments (Cocks, 1996), although some genera
have been reported from Carbonate platforms
(Bassett et al., 1999).

Brachiopod faunas from the lower Cambrian
have been described from all palaeocontinents
(Holmer et al., 1996; Gravestock et al., 2001;
Zhang et al., 2008; Rozanov et a., 2010; Kouchin-
sky et al., 2012; Popov et al., 2015 and references
therein). However, no detailed analysis of the con-
nections between species distribution and deposi-
tional environment has been published beyond the
general accounts presented by Bassett et al.
(1999) and Ushatinskaya (2001). 

On a general level, larger taxonomic groups
among the Cambrian Brachiopoda have been
associated with specific environments but the pat-
tern is usually complex. One example is the obolel-
lids that have been associated with reefal
environments (Ushatinskaya, 2001) but which
have also been demonstrated to occur in fine-
grained siliciclastic sediments (Balthasar, 2008;
Zhang et al., 2011). In a similar way Cambrian lin-
gulids have been associated mainly with siliciclas-
tic facies (Ushatinskaya, 2001) but the fauna of the
Forteau Formation appears to show that some
species at least preferred shallow water carbonate
environments. 
23



SKOVSTED, ET AL.: BRACHIOPODS OF THE FORTEAU FORMATION
New information on the autecology of Cam-
brian brachiopods has recently come from studies
on brachiopods with preserved soft parts (Zhang et
al., 2004; 2009, 2011; Petterson Stolk et al., 2009)
and the physical association of brachiopods with
other organisms (Holmer and Caron, 2006; Zhang
et al., 2007, 2010; Topper et al., 2014, 2015) in the
Chengjiang and Burgess Shale lagerstätten.
Although many taxa have long pedicles, present
evidence suggests that few Cambrian brachiopods
were infaunal like the Recent Lingula Bruguière,
1791 (see discussion in Bassett et al., 1999, Zhang
et al., 2008 and Topper et al., 2015), although rare
burrowing traces of probable linguliform brachio-
pods have been described from sandstones with
abundant Skolithos burrows of the Bradore Forma-
tion of southern Labrador (Pemberton and Kobluk,
1978). The general pattern from studies of brachio-
pods from Cambrian lagerstätten is that most taxa
appear to be epifaunal suspension feeders (Bas-
sett et al., 1999) that attached directly to the sea-
floor, to dead shells or living members of the
benthos such as algae, sponges, chancelloriids, or
even other brachiopods (Mergl, 2002; Holmer et
al., 2005, Holmer and Caron, 2006; Zhang et al.,
2004, 2007, 2008, 2010, 2011; Topper et al., 2015).
Burrowing lifestyles among brachiopods in the
Cambrian were likely restricted to nearshore
arkosic environments. Consequently, all brachio-
pod taxa from the Forteau Formation were likely
epifaunal suspension feeders, and differences in
their distribution likely reflect differences in sub-
strate choice. Although the present study does not
yield any specific evidence as to the preferred sub-
strate of any of the recovered brachiopod species,
comparison to presumably closely related species
from lagerstätten suggest that the paterinids Pater-
ina and Micromitra attached directly to other organ-
isms such as sponges or other types of hard
substrates such as brachiopod shells or trilobite
sclerites (Topper et al., 2015). The acrotretids
Hadrotreta and Acrothyra may have been associ-
ated with algal fronds, like Kuangshanotreta from
the Chenjiang lagerstätte (Wang et al., 2012) or
hexactinellid sponges like some Ordovician taxa
(Mergl, 2002; Holmer et al., 2005). Lingulids similar
to Eoobolus, Kyrshabaktella and Pustulobolus from
Cambrian lagerstätten typically have long, flexible
pedicles which have been interpreted to have held
the shells ‘kite-like’ above the sediment surface
with only the distal part of the pedicle embedded in
the sediment (Zhang et al., 2008). Finally, by com-
parison to the related species Diandongia pista
Rong, 1974, from Chengjiang, the shell of Botsfor-

dia probably rested directly on the sea floor
although it was attached to hard substrates by a
narrow pedicle (Zhang et al., 2003), while early
rhynchonelliform brachiopods such as Obolella
and Kutorgina may have been attached to hard
substrates via short, stout pedicles (Zhang et al.,
2008). 

The observed distributional differences
between the phosphatic brachiopod taxa in the
Forteau Formation documented here indicate that
regardless of general life mode, many Cambrian
brachiopods may have been quite specific in their
choice of environment. Closely related species,
such as the two acrothelids Botsfordia caelata and
Eothele tubulus and the two eooboloids Pustulo-
bolus triangulus and Eoobolus priscus exhibit com-
pletely opposite distributional trends and are
characteristic of different facies assemblages. This
would suggest that the distributional patterns are
influenced by differences in depth-related ecologi-
cal requirements on the generic or specific level,
which in turn may translate to differences in choice
of substrate. As discussed above, available evi-
dence, although patchy at the present time, shows
that similar environmental constraints determine
the distribution of brachiopods elsewhere along the
eastern palaeocoast of Laurentia and perhaps also
in western Laurentia. 

These results suggest that if similar distribu-
tion patterns can be observed for brachiopods from
other Cambrian outcrop areas, individual genera or
species of organophosphatic brachiopods could
potentially be used as indicators of palaeodepth for
the Cambrian. The evidence from brachiopod dis-
tribution in the Forteau Formation suggest that at
least Botsfordia caelata, Pustulobolus triangulus,
and Paterina sp. can be interpreted as tied to shal-
low water environments while Eoobolus priscus,
Eothele tubulus, and Acrothyra bonnia are charac-
teristic of deeper water.

Faunas, potentially comparable to the fauna
of the Forteau Formation, both in terms of taxo-
nomic composition and diversity are found in many
parts of the world. One example is from Shaanxi
Province of South China where Li and Holmer
(2004) described diverse brachiopods from the
Xihaoping and Shuijingtuo formations including
species of Eoobolus, Kyrshabaktella, and Botsfor-
dia as well as Palaeobolus, Lingulellotreta, and
Eohadrotreta. Although the Shaanxi brachiopod
fauna appear to change with lithostratigraphy, the
exact relationship of individual taxa to water depth
is uncertain. Similar faunas containing species of
Botsfordia, Eoobolus, and Kyrshabaktella occur in
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FIGURE 14. Kyrshabaktella diabola n. sp. from the Forteau Formation of southern Labrador and western Newfound-
land. 1-2, Ventral valve NFM F-2516 from Devils Cove member, East Castor Pond, sample ECP-01; 1, external view;
2, detail of larval shell and resorbed pedicle groove. 3-4, Ventral valve NFM F-2517 (Holotype) from Devils Cove mem-
ber, Mount St. Margaret, sample MSM-03; 3, internal view; 4, oblique posterior view showing pedicle groove. 5, Ven-
tral valve exterior NFM F-2518 from Devils Cove member, Mount St. Margaret, sample ICS1520. 6-8, Dorsal valve
NFM F-2519 from Lower Shale member, Mount St. Margaret, sample MSM-5; 6, internal view; 7, oblique internal view;
8, detail of internal surface showing vascula lateralia and median tongue with muscle scars. 9-10, Dorsal valve NFM
F-2520 from the Lower shale, Fox Cove, sample ICS1575; 9, internal view; 10, detail of dorsal interior showing dorsal
pseudointerarea and median tongue. All scalebars equal 500 µm except in figure 2 where the bar equals 125 µm
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other parts of the world as well. However, a thor-
ough comparison to the environmental distribution
patterns on a global scale of these particular taxa is
beyond the scope of the present publication.

SYSTEMATIC PALAEONTOLOGY

Repository. Unless otherwise indicated, all types
and figured specimens are housed in the Provincial
Museum of Newfoundland and Labrador (NFM),
St. John’s, Newfoundland, Canada.

Phylum BRACHIOPODA Duméril, 1806
Subphylum LINGULIFORMEA Williams, Carlson, 

Brunton, Holmer, and Popov, 1996
Class LINGULATA Gorjansky and Popov, 1985

Order LINGULIDA Waagen, 1885
Superfamily LINGULOIDEA Menke, 1828

Family KYRSHABAKTELLIDAE Ushatinskaya in 
Pelman et al., 1992

Genus KYRSHABAKTELLA Koneva, 1986

Type Species. Kyrshabaktella certa Ushatinskaya
in Pelman et al., 1992.

Kyrshabaktella diabola n. sp.
Figure 14

zoobank.org/BB40AC4D-B815-4FA6-8573-5028CA144F8F

Holotype. Ventral valve NFM F-2517 from Devils
Cove member, Mount St. Margaret, sample MSM-
3.
Etymology. After Latin Diabolus in reference to the
derivation of the majority of specimens from the
Devils Cove member in western Newfoundland.
Diagnosis. Species of Kyrshabaktella with bicon-
vex, sub-triangular to oval shell. Ventral valve with
narrow pseudointerarea with parallel-sided pedicle
groove and high, raised propareas without flexure-
lines. Dorsal valve with wide, triangular pseudoint-
erarea dominated by slightly raised diamond-
shaped median groove separated from raised
propareas by sharp folds. Dorsal valve interior with
low, tongue-like median ridge expanding into a low
platform anterior of mid-valve. 

Differ from all other species of Kyrshabaktella
by the narrow ventral pseudointerarea with para-
lellsided pedicle groove and elongated, curved
propareas, and by the wide dorsal pseudointerarea
with raised, diamond-shaped median groove. 
Material. Three ventral and one dorsal valve from
the Devils Cove member of the Forteau Formation
of western Newfoundland (MSM-3, MSM-5, ECP-
3, ICS1520) and a single dorsal valve from the
lower Forteau Formation of southern Labrador
(ICS1575).

Description. Slightly biconvex brachiopod shell
with sub-circular to oval outline (Figure 14.1-9);
shell length and width about 2-3 mm. Apex of both
valves marginal, ventral valve with hemicircular,
posteriorly open emarginature, about 0.2-0.3 mm
wide (Figure 14.2-4). Larval shells poorly differenti-
ated but appear to be sub-circular. Valve exterior
otherwise ornamented with fine concentric ridges
(Figure 14.1-2). Orthocline ventral pseudointerarea
narrow and elongated along a substantial portion
of the posterolateral shell margins, up to about a
third of valve length (Figure 14.3). Pedicle groove
narrow, almost parallel-sided, and continuous with
valve floor. Propareas raised strongly above valve
floor but without flexure lines. Dorsal pseudointer-
area orthocline and sub-triangular, representing
about 50% of valve width and 20% of valve length
(Figure 14.9-10). Median groove wide, concave,
and slightly raised above valve floor. The median
groove is extended slightly anteriorly over the
median ridge, resulting in a diamond-shape (Figure
14.9). The dorsal propareas are narrow but
strongly raised above valve floor and differentiated
from the median groove by sharp folds. 

Ventral valve interior poorly preserved in avail-
able specimens. Dorsal valve interior with slightly
raised median ridge which expands anteriorly to
slightly anterior of mid-valve, into a tongue-like
platform (Figure 14.6-10). The anterior termination
of the median tongue is cleft by a small indentation
and laterally bounded by elongated anterior-lateral
musclescars (Figures 14.8, 14.10). Paired, triangu-
lar umbonal musclescars are inserted just below
the pseudointerarea close to the junction of propar-
eas and median groove (Figure 14.10). Short dor-
sal vascula lateralia are present between the
umbonal musclescars and median tongue (Figure
14.8).
Remarks. Kyrshabaktella diabola is currently only
known from a small number of specimens, but is
quite distinct from all other species of Kyrshabak-
tella by the narrow ventral pseudointerarea with
elongated, curved propareas, and the dorsal pseu-
dointerarea with wide, slightly raised, and dia-
mond-shaped median groove. The species is
probably closely related to K. davidii Holmer and
Ushatinskaya in Gravestock et al., 2001 from simi-
larly aged rocks in South Australia (Betts et al.,
2016, 2017) and K. tatjanae Ushatinskaya in Pel-
man et al., 1992 from the slightly younger Amgan
Stage of the Altai-Sayan Foldbelt. Poorly preserved
specimens referred to Kyrshabaktella sp. from the
lower-mid Dyeran Stage of southern Nevada
(Skovsted and Holmer, 2006) show a similar, dia-
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FIGURE 15. Eoobolus priscus (Poulsen, 1932) from the Forteau Formation of western Newfoundland. 1, Ventral valve
exterior NFM 662 from Deer Arm Limestone, sample JSP 1982-01. 2-3, Ventral valve NFM F-2570 from Deer Arm
Limestone, sample GM07-4-1; 2, external view; 3, detail of pustulose adult surface ornament. 4, Ventral valve interior
NFM F-2571 from Deer Arm Limestone, sample GM07-4-1 showing arrangement of muscle scars. 5-6, Ventral valve
NFM F-2574 from Deer Arm Limestone, sample GM07-5-1; 5, internal view; 6, oblique interal view showing imprints of
pedicle nerves. 7, Ventral valve interior NFM F-2572 from Deer Arm Limestone, sample GM07-4-1. 8, Dorsal valve
NFM F-2522 from Deer Arm Limestone, sample ICS 1421. 9, Ventral valve interior NFM F-2566 from Mackenzie Mills
member, sample GM11-9A-10. 10-12, Dorsal valve NFM F-2567 from Mackenzie Mills member, sample GM11-9A-10;
10, internal view; 11, oblique internal view; 12, detail of columnar shell structure from naturally broken edge. Scale-
bars equal 250 µm in figures 1-2 and 4-11, 50 µm in figure 3 and 10 µm in figure 12. 
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mond-shaped dorsal median groove, but the
propareas of both ventral and dorsal valves appear
to be shorter than in K. diabola, and the Nevada
specimens probably represent a distinct species.
Skovsted and Holmer (2006) demonstrated a
columnar shell structure in Kyrshabaktella sp. from
Nevada, but no details of shell structure could be
observed in K. diabola. A single specimen
described as Fossuliella? sp. from the Löndal For-
mation of North Greenland is similar to K. diabola
in shape of the ventral valve and the presence of a
ventral emarginature (Peel et al., 2016). However,
nothing is known about the dorsal valve morphol-
ogy or ventral valve interior of Fossuliella? sp. and
the Greenland specimen also differ from K. diabola
in the fine pitting of both larval and adult shell.

Kyrshabaktella diabola appears to be
restricted to relatively shallow water facies of the
Devils Cove member and Middle shale in western
Newfoundland and in the lower Forteau Formation
at Fox Cove in southern Labrador; the small num-
ber of specimens precludes far reaching state-
ments about its distribution. However, it appears to
be present in strata that records the early momen-
tum of shelf deepening and transgression (TST).
Distribution. Assemblage 1. Dyeran Stage
(unnamed Cambrian Series 2, stage 4), Devils
Cove member and Middle shale, Forteau Forma-
tion of southern Labrador and western Newfound-
land, Canada.

Family EOOBOLIDAE Holmer, Popov, and Wrona, 
1996

Genus EOOBOLUS Matthew, 1902

Type Species. Obolus triparilis Matthew, 1902.

Eoobolus priscus (Poulsen, 1932)
Figure 15

v* 1932 Lingulella (Lingulepis) prisca Poulsen, p. 13,
plate 1, figures 1–5.

2005 Eoobolus priscus (Poulsen); Skovsted and
Holmer, p. 330, plate 2, figures 1-13, plate 3,
figures 1-11. (includes synonymy).

2006 Eoobolus priscus (Poulsen); Jago, Zhang,
Sun, Paterson, and Skovsted, p. 413, figure
4m, n.

2007 Eoobolus priscus (Poulsen); Skovsted and
Peel, figure 2 a, b.

2007 Eoobolus priscus (Poulsen); Paterson,
Skovsted, Brock, and Jago, p. 138, figure
3a-e.

2010 Eoobolus priscus (Poulsen); Rozanov et al.,
p. 81, plate 49, figures 8-12.

2010 Eoobolus priscus (Poulsen); Skovsted and
Peel, figure 2.22.

2014 Eoobolus priscus (Poulsen); Ushatinskaya
and Korovnikov, plate 5, figures 8-11.

2014 Eoobolus priscus (Poulsen); Devaere, Clau-
sen, Monceret, Vizcaïno, Vachard, and
Genge, figure 12a-l.

2016 Eoobolus priscus (Poulsen); Peel, Streng,
Geyer, Kouchinsky, and Skovsted, figure 8a-
c, e, k, m.

Holotype. Ventral valve MGUH 3503 from the
upper Bastion Formation at Hyolithus Creek,
North-East Greenland (Poulsen, 1932, plate 1, fig-
ure 3; Skovsted and Holmer, 2005, plate 2, figure
1).
Material. 42 ventral and 20 dorsal valves from the
Forteau Formation of the Bonne Bay area, western
Newfoundland (GM07-2.1, GM07-4.1, GM07-5.1,
GM11-1-6, GM11-1-6A, GM11-1-6C, GM11-1-10T,
GM11-4-2, GM11-5-E, GM11-9A-9, GM11-9A-10,
GM11-14A-5, GM11-14G-1, GM11-14G-C,
JSP1982−01, ICS1421; see appendices 1 and 2).
Diagnosis. See Skovsted and Holmer (2005), p.
332.
Description. This species is invariably repre-
sented in the Forteau Formation by fragmentary
specimens, usually of the posterior part of the
shell. Shell gently biconvex with sub-triangular out-
line. The ventral valve is elongated and posteriorly
triangular with an apical angle of 75-90 degrees
(Figure 15.1, 15.4, 15.5, 15.7, 15.9); the dorsal
valve has a more rounded posterior margin (Figure
15.8, 15.10). Juvenile shell poorly preserved in
available specimens and no juvenile ornament
could be identified. Adult valve ornamented by
closely set sub-circular pustules with a diameter of
5-8 µm (Figure 15.3). Ventral pseudointerarea with
narrow pedicle groove, somewhat expanding ante-
riorly, and raised propareas with well-defined flex-
ure-lines (Figure 15.5, 15.7, 15.9). Dorsal
pseudointerarea slightly raised above valve floor
with wide, triangular but poorly defined median
groove; slightly flexed anteriorly in central part (Fig-
ure 15.8, 15.10). Ventral valve interior with triangu-
lar impression of pedicle nerves (Figure 15.5-7)
bisecting small, circular umbonal muscle scars
(Figure 15.4) and larger scars in the posterior part
of the anterior muscle field. Elongate posterolateral
muscle scars inserted below propareas (Figure
15.4, 15.6). Dorsal valve interior with elongate
median tongue but otherwise poorly preserved
(Figure 15.10). Internally the shell is composed of
thin laminae bisected by multiple acrotretid-like
columnar structures (Figure 15.12).
Remarks. Lingulella (Lingulepis) prisca was origi-
nally described from the Bastion Formation of
North-East Greenland by Poulsen (1932).
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Skovsted and Holmer (2005) redescribed
Poulsen’s type material together with large collec-
tions from new sections in North-East Greenland
and referred the species to Eoobolus based on the
combination of a finely pitted larval shell and a pus-
tulose adult shell. Eoobolus priscus has also been
reported from the Löndal Formation of North
Greenland (Peel et al., 2016). A columnar shell
structure is described in Eoobolus for the first time
by Peel et al. (2016), and this observation is cor-
roborated by the find of a columnar shell structure
in specimens from the Forteau Formation
described here. Two specimens from the Forteau
Formation identified as E. priscus were illustrated
by Skovsted and Peel (2007), but new collections
allow a more detailed comparison of the New-
foundland shells with the type material (in particu-
lar of the internal morphology) and confirms the
identification.

Brachiopod shells from the lower Cambrian of
Antarctica (Holmer et al., 1996) and South Austra-
lia (Ushatinskaya and Holmer in Gravestock et al.,
2001) described as Eoobolus aff. elatus were
placed in synonymy of E. priscus by Skovsted and
Holmer (2005). Later investigations of new collec-
tions from the Stansbury Basin of South Australia
has confirmed that E. priscus is present in this
region (Jago et al., 2006; Paterson et al., 2007;
Betts et al., 2017). Skovsted and Holmer (2005)
also suggested that the poorly known Siberian spe-
cies Eoobolus elatus Pelman in Pelman and Pere-
ladov, 1986 is a junior synonym of E. priscus, an
interpretation that was subsequently supported by
Rozanov et al. (2010) and Ushatinskaya and Kor-
ovnikov (2014). Eoobolus priscus has also been
described from the Pardailhan Formation, of the
early Cambrian of Montagne Noire, France
(Devaere et al., 2014). However, as discussed by
Streng et al. (2008), specimens referred to
Eoobolus? sp. aff. E. priscus (Poulsen, 1932) from
the Cambrian Series 3 Forsemölla Limestone of
southern Sweden differ from E. priscus by the lack
of a pitted larval shell and in minor details of inter-
nal morphology and is not included in the species
by us.

Specimens described as Lingulella cf. prisca
were reported from the Forteau Formation of Lab-
rador by Spencer (1980) but the illustrated shells
were excluded from E. priscus by Skovsted and
Holmer (2005); here we assign these specimens to
the new genus Pustulobolus (see below). In our
collections E. priscus appears to be restricted to
the Gros Morne district where the species occurs
from the top of the Devils Cove member throughout

the Mackenzie Mills members (sections GM1 to
14G). Throughout its range in the Forteau Forma-
tion, E. priscus is fairly common, although always
in low numbers.
Distribution. Assemblage 3, upper part of Devils
Cove member and Mackenzie Mill member, For-
teau Formation of Gros Morne area, western New-
foundland. Dyeran Stage (Cambrian Series 2,
Stage 3-4; approximately equivalent to the Adtaba-
nian to Botoman stages of Siberia) of eastern Lau-
rentia (North-East Greenland, Newfoundland, New
York State, Pennsylvania), Botoman-Amgan
Stages of Siberia (Rozanov et al., 2010); Stage 3-4
of Antarctica (glacial erratics on King George
Island; Holmer et al., 1996), and South Australia
(Arrowie and Stansbury basins; Gravestock et al.,
2001; Betts et al., 2017).

Genus PUSTULOBOLUS n. gen.

zoobank.org/0FC76582-4109-4D2E-B1F9-8EAF8C34011C

Type species. Pustulobolus triangulus n. gen et.
sp.
Diagnosis. Shell dorsibiconvex, strongly inequiv-
alved linguliform brachiopod; larval shells small,
subcircular with pitted microornament; adult valve
exterior with anteriorly extended, spine like pus-
tules increasing in size anteriorly; ventral valve with
sharply pointed triangular posterior and rounded
anterior margins with large orthocline pseudointer-
area with narrow pedicle furrow and well devel-
oped flexurelines; adult external ornament
covering ventral pseudointerareas lateral to flex-
urelines; dorsal valve subcircular with narrow, lin-
ear pseudointerarea, and low median ridge. Differ
from Eoobolus by the larger pustules of the adult
ornament, the larger size of the ventral pseudoint-
erarea and the smaller pseudointerarea of the dor-
sal valve. Differ from Spinobolus by the denser
distribution of spine like pustules and the larger
ventral pseudointerarea. Differ from Botsfordia and
other acrotheloids by the large, orthocline ventral
pseudointerarea. Differ from Lingulellotreta by the
pustulose adult ornament and the ventral pseudo-
interarea lacking a pedicle tube throughout ontog-
eny. 
Etymology. The name is derived from the charac-
teristic pustulose ornament of the adult shell and
ventral pseudointerarea.
Remarks. Pustulobolus exhibits a peculiar combi-
nation of characters otherwise associated with dif-
ferent Cambrian linguliforms. The external
ornament and the morphology of the dorsal valve
interior is extremely similar to that of the
acrotheloid genus Botsfordia, while the larval shell,
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FIGURE 16. Pustulobolus triangulus n. gen et. n. sp. from the Forteau Formation, Lower shale, Mount St. Margaret of
western Newfoundland. 1-2, Ventral valve NFM F-2523, sample MSM-11; 1, oblique lateral view; 2, external view. 3-
4, Ventral valve NFM F-2524, sample MSM-11; 3, detail of larval shell; 4, detail of pitted larval shell ornament. 5, Ven-
tral valve exterior NFM F-2525, sample MSM-11. 6, Ventral valve exterior NFM F-2526, sample MSM-5. 7-8, Ventral
valve NFM F-2527, sample MSM-5; 7, exterior view; 8, detail of pustulose adult surface ornament. 9-10, Dorsal Valve
NFM F-2528, sample MSM-7; 9, exterior view; 10, detail of larval shell in oblique view. 11, Conjoined shell NFM F-
2529, sample MSM-11, showing outline of dorsal valve and triangular ventral pseudointerarea. Scalebars equal 250
µm in figures 1-2, 5-7, 9 and 11; 50 µm in figures 3 and 10; 20 µm in figure 8 and 5 µm in figure 4.
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FIGURE 17. Pustulobolus triangulus n. gen et. n. sp. from the Forteau Formation, Lower shale, Mount St. Margaret of
western Newfoundland, all from sample MSM-11. 1, 4, Ventral valve interior NFM F-2530, 1, interior view; 4, oblique
view of interior. 2-3, Ventral valve NFM F-2531 (holotype); 2, interior view; 3, detail of ventral pseudointerarea with
pustulose ornament lateral to flexure lines. 5, Ventral valve NFM F-2532, oblique view of interior showing cavities
under pseudointerarea. 6, Ventral valve interior NFM F-2533. 7, Ventral valve interior NFM F-2534. 8-10, Dorsal valve
NFM F-2535; 8, interior view; 9, detail of posterior margin; 10, detail of larval shell. Scalebars equal 250 µm in figures
1-2 and 4-8; 100 µm in figures 3 and 9; 20 µm in figure 10.
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ventral valve exterior, and the shape of the ventral
pseudointerarea is more closely comparable to the
linguloid genus Eoobolus, and the posteriorly
extended ventral pseudointerarea is reminiscent of
Lingulellotreta (see Li and Holmer, 2004) while the
spine-like pustules of the adult ornament is remi-
niscent of Spinobolus (see Zhang et al., 2016).
This combination of characters is previously
unknown in any brachiopod genus, a fact that in
combination with the unique presence of the adult
pustulose ornament on parts of the ventral pseudo-
interarea, justifies the introduction of the new
generic name Pustulobolus.

Although the new genus exhibits a combina-
tion of characters associated with brachiopods of
several different families, the most obvious similari-
ties are to Eoobolus and we include Pustulobolus
in the family Eoobolidae. The Eoobolidae, which is
characterized by having a pitted larval and a pustu-
lose adult shell, has been suggested to be closely
related to the similarly ornamented acrotheloid bra-
chiopods, most notably the Botsfordidae (Holmer
et al., 1996). As discussed above, the new genus
from the Forteau Formation share characters asso-
ciated with genera of both families (i.e., Eoobolus
and Botsfordia). To some extent Pustulobolus rep-
resents an intermediate condition between
Eoobolus and Botsfordia, and the new genus could
be interpreted to fill a position in a morphological
continuum between the Eoobolidae and the Bots-
fordidae. The similarities of Pustulobolus with Lin-
gulotreta and Spinobolus are limited to the large
ventral pseudointerarea and the spine like pustules
respectively and these similarities probably reflects
convergence rather than close phylogenetic rela-
tionships.

Pustulobolus triangulus n. gen et. sp.
Figures 16-17

zoobank.org/A65C0BC6-B661-4F6C-9112-39273ED65D0D

1980 Lingulella cf. prisca (Poulsen, 1932); Spen-
cer, p. 111, plate 3, figures 4-7.

Holotype. Ventral valve NFM F-2531 from sample
MSM-11, Middle shale member, Forteau Forma-
tion, Mount St. Margaret, western Newfoundland
(Figure 17.2) showing the characteristic triangular
morphology and pustulose ornament of the ventral
pseudointerarea.
Material. 36 ventral, 15 dorsal valves and a single
specimen with conjoined shells from the lower
shale interval of the Forteau Formation at Mount
St. Margaret, western Newfoundland (MSM-4,
MSM-5, MSM-7, MSM-8, MSM-11).
Diagnosis. As for genus.

Etymology. The specific name refers to the
sharply pointed triangular shape of the ventral
pseudointerarea.
Description. Shell dorsibiconvex and strongly
inequivalved (Figure 16.11). The ventral valve has
a rounded anterior margin and a sharply pointed
triangular posterior margin. The umbonal angle
varies from about 45° to 60°, but the umbo is gently
rounded and small specimens typically have a
larger umbonal angle (up to 75°). The dorsal valve
is sub-circular and the commissure is roughly pla-
nar. Larval shells sub-circular (Figure 16.4, 16.10)
and ornamented by two sets of fine circular pits
(Figure 16.5). Larger pits have an average diame-
ter of 0.75-1 µm and smaller pits in the spaces
between the larger ones have an average diameter
of 0.25-0.5 µm. The ventral larval shell has a single
low and marginal tubercle (Figure 16.4), and the
dorsal larval shell has two low tubercles (Figure
16.10). The adult shell of both valves is orna-
mented by pustules (diameter 4-8 µm, height up to
12 µm) that tend to increase in size toward the
anterior (Figure 16.2, 16.6-10). In some areas the
pustules are developed as small spines, arranged
in gently curved rows toward the anterior (Figure
16.8).

The ventral pseudointerarea is large, ortho-
cline and triangular, representing an estimated
40% of valve length and 75% of valve width (Figure
17.1-2, 17.6-7) with a narrow, almost parallel-sided
pedicle groove (width up to 100 µm, representing
about 10% of the pseudointerarea in larger speci-
mens). The wide propareas are divided by well-
developed flexure lines and areas lateral to flexure
lines are characterized by the adult pustulose orna-
ment (Figure 17.3). The ventral pseudointerarea is
detached from the valve floor along most of its
width, but the floor of the pedicle groove remains
attached, leaving a narrow, slit-like cavity under the
propareas on either side of the groove (Figure
17.4). Damaged specimens show that these cavi-
ties remained open throughout ontogeny (Figure
17.5). Dorsal pseudointerarea narrow, arcuate and
with a poorly defined triangular median groove
(Figure 17.8-10). The propareas are wider than the
median groove by about 50%. In a single articu-
lated specimen the posterior margin of the dorsal
valve abuts the anterior end of the ventral pseudo-
interarea which projects substantially beyond the
posterior margin of the dorsal valve (Figure 16.11). 

Internal morphology poorly known due to
valve fragmentation. Ventral valve interior with tri-
angular lateral muscle scars inserted just under
propareas (Figure 17.2, 17.6-7). Ventral visceral
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field slightly thickened and anteriorly delineated by
arcuate impression of anterior muscle fields (Fig-
ure 17.6-7). Dorsal valve interior with very weakly
developed median ridge and large, triangular lat-
eral muscle fields close to the valve margin and
inserted anterior to propareas (Figure 17.8).
Remarks. In her Masters thesis, Spencer (1980)
compared lingulid specimens from sediments sur-
rounding archaeocyathid patch reefs in the lower
Forteau Formation (Middle shale) of southern Lab-
rador to specimens described by Poulsen (1932)
from North-East Greenland under the name Lin-
gulella (Lingulepis) prisca Poulsen, 1932. The
Greenland specimens were later referred to
Eoobolus by Skovsted and Holmer (2005), who
noted that the Labrador specimens illustrated by
Spencer differed from the Greenland species in a
number of characters, most notably the relative
sizes of the pseudointerareas. Without having
studied Spencer’s material, Skovsted and Holmer
(2005) suggested that the illustrated ventral and
dorsal valves belonged to different taxa; the dorsal
valves to Botsfordia caelata and the ventral valves
to a new lingulid species. However, the close asso-
ciation of dorsal and ventral valves identical to
those illustrated by Spencer in our material from
the Middle shale interval at Mount St. Margaret in
western Newfoundland as well as the identical
ornament, and the occasional preservation of con-
joined valves has led us to conclude that Spencer
was correct in associating the two valve types. The
resulting new species differ substantially from
Eoobolus priscus, Botsfordia caelata, and all other
known brachiopods and is here described as a new
taxon. Unfortunately, our own collections from
southern Labrador contain no specimens unequiv-
ocally referable to Pustulobolus triangulus, but the
close comparison of Spencers illustrated speci-
mens to our material leave little doubt about their
identity.

Despite the distinct morphology of the ventral
valves of Pustulobolus triangulus, co-occurring
sub-circular dorsal valves with narrow pseudointer-
areas are very similar to the dorsal valves of both
Botsfordia caelata and Eothele tubulus, which also
occur in the Forteau Formation. The greatest differ-
ence to the dorsal valve of these species is the
almost horizontal commissural plane in P. triangu-
lus, which makes the dorsal valves almost flat com-
pared to the ventrally flexed commissural plane of
dorsal valves with the apex strongly depressed
below the posterolateral margins in Botsfordia cae-
lata and E. tubulus. Regardless, the similarities are
so great that individual specimens may be difficult

to identify, in particular as the available specimens
of all three species are often fragmentary, with
poorly preserved posterior margins (especially true
for E. tubulus). However, the very distinct ventral
valves of all three species are generally more com-
mon than the dorsal valves and have never been
found together anywhere in the formation (although
B. caelata and P. triangulus both occur at different
stratigraphic intervals in the same section at Mount
St. Margaret). For this reason we feel justified in
associating all co-occurring dorsal and ventral
valves of P. triangulus. 
Distribution. Assemblage 1. Dyeran Stage
(Unnamed Series 2, Stage 3-4), Middle shale, For-
teau Formation of western Newfoundland, and
possibly southern Labrador, Canada.

Superfamily ACROTHELOIDEA Walcott and 
Schuchert, 1908

Family BOTSFORDIIDAE Schindewolf, 1955
Genus BOTSFORDIA Matthew, 1891

Type species. Obolus pulcher Matthew, 1889

Botsfordia caelata (Hall, 1847)
Figure 18

* 1847 Orbicula caelata Hall, p. 290, plate 79, figure
9a–c.

1912 Botsfordia caelata (Hall); Walcott, p. 603,
plate 59, figures 1a–q, 3a–b (see also for
earlier synonymy).

v 1927 Botsfordia caelata (Hall); Poulsen, p. 249,
plate 14, figures 1–2.

1929 Botsfordia caelata (Hall); Strand, p. 340,
plate 1, figure 1.

1932 Botsfordia caelata (Hall); Poulsen, p. 15,
plate 2, figures 1–2.

1956 Botsfordia caelata (Hall); Lochman, p. 1370,
plate 4, figures 3–6.

?1977 Botsfordia caelata (Hall); Pelman, p. 30,
plate 10, figures 1–7.

1983 Botsfordia caelata (Hall); Goryansky and
Koneva, p. 135, plate 29, figures 11-13.

1996 Botsfordia caelata (Hall); Landing and Bar-
towski, figures 8.20, 23.

1996 Botsfordia caelata (Hall); Holmer, Popov,
and Wrona, plate 10, figures 11, 13, possibly
also figures 10, 12.

2001 Botsfordia caelata (Hall); Holmer, Popov,
Koneva, and Bassett, p. 66, plate 17, figures
4-9.

2005 Botsfordia caelata (Hall); Skovsted and Hol-
mer, p. 334, plate 3, figures 12-15, plate 4,
figures 1-15.

?2010 Botsfordia caelata (Hall); Rozanov et al., p.
81, plate 48, figures 1-7.
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FIGURE 18. Botsfordia caelata (Hall, 1847) from the Forteau Formation of southern Labrador and western New-
foundland. 1, 8, Ventral valve NFM F-2536 from sample ICS1565; 1, exterior view; 8, detail of larval shell with pitted
ornament. 2-4, Ventral valve NFM F-2537 from Devils Cove member, East Castor Pond, sample ECP-03; 2, external
view; 3, oblique posterolateral view; 4, detail of pustulose adult shell ornament. 5-6, Ventral valve NFM F-2538 from
Devils Cove member, East Castor Pond, sample ECP-03; 5, interior view; 6, oblique interior view. 7, Ventral valve
exterior NFM F-2539 from Devils Cove member, East Castor Pond, sample ECP-03. 9-10, Ventral valve NFM F-2540
from Devils Cove member, East Castor Pond, sample ECP-03; 9, interior view; 10, detail interior surface in oblique
view showing imprints of pedicle nerves. 11-13, Dorsal valve NFM F-2541 from Devils Cove member, East Castor
Pond, sample ECP-03; 11, interior view; 12, oblique interior view; 13, detail of internal surface with dorsal pseudoint-
erarea and posterolateral muscle scars. Scalebars equal 500 µm in figures 1-3, 5-7, 9 and 11-12; 100 µm in figures 4,
10 and 13; 10 µm in figure 8. 
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?2016 Botsfordia caelata (Hall); Ushatinskaya and
Korovnikov, p. 452, plate 3, figures 1-10.

Holotype. Not designated (see Walcott, 1912, p.
821).
Material. 49 ventral, 48 dorsal valves, and a single
specimen with conjoined valves from the Middle
shale of the Forteau Formation of southern Labra-
dor (FC1-3, FC1-4, FC1-5, FC1-7, FC2-5, FC2-6,
FC2-7, FCX, ICS1553, ICS1562, ICS1565,
ICS1575, ICS1581) and the Devils Cove member
of western Newfoundland (MSM-2, MSM-3, ECP-
1, ECP-3, ICS 1520).
Diagnosis. See Skovsted and Holmer (2005), p.
336.
Description. The material of Botsfordia caelata
from the Forteau Formation is invariably fragmen-
tary, but aspects of the external morphology are
sometimes well preserved. The ventral valve is
convex with catacline pseudointerarea with triangu-
lar pedicle groove and raised propareas (Figure
18.5-6, 18.9). Dorsal valve gently convex with mar-
ginal umbo, a strongly ventrally deflected commis-
sural plane along the posterior margin, curved
pseudointerarea with a wide, triangular median
groove (Figure 18.11-13). Ventral larval shell sub-
circular with a single central tubercle (Figure 18.1-
2, 18.8) and ornamented by fine pits with a diame-
ter of 0.7 to 1µm. Adult shell pustulose, with pus-
tules of 8-14 µm in diameter, typically increasing in
size anteriorly.

Ventral valve interior with a slightly thickened
visceral area with elongate posterolateral and arcu-
ate central muscle fields and divergent impressions
of pedicle nerves (Figure 18.5-6, 18.9-10). Dorsal
valve interior with a low median ridge and deeply
impressed posterolateral muscle fields (Figure
18.11-13).
Remarks. The morphology of Botsfordia caelata is
described in detail by Skovsted and Holmer (2005),
but the Forteau Formation material adds new mor-
phological information, in particular the morphology
of the ventral larval shell and the finely pitted larval
micro-ornament. The ventral valves of B. caelata
differ from ventral valves of Pustulobolus triangulus
by the smaller and non-orthogonal ventral pseudo-
interarea and from Eothele tubulus by the pres-
ence of a ventral pseudointerarea and the lack of a
pedicle foramen throughout ontogeny. The dorsal
valves of B. caelata are more similar to the dorsal
valves of P. triangulus and E. tubulus but differ from
P. triangulus by the shorter dorsal pseudointerarea
and the ventrally deflected commissural plane, and
from E. tubulus by the narrower pseudointerarea

with propareas slightly wider than the median
groove.

Botsfordia caelata is very common in eastern
Laurentia (Walcott, 1912; Lochman, 1956;
Skovsted and Holmer, 2005) and is also known
from Norway (Strand, 1929) and Kazakhstan (Gor-
jansky and Koneva, 1983; Holmer et al., 2001).
The species has also been reported from the Sibe-
rian platform (Pelman, 1977; Rozanov et al., 2010;
Ushatinskaya and Korovnikov, 2016). The Siberian
shells are very similar to the Laurentian specimens
investigated by us but appear to differ in the more
circular shape of the ventral valves and in the the
smaller ventral and dorsal pseudointerareas as
well as the less pronounced ventral flexing of the
dorsal valve. For this reason we only include the
Siberian material as questionably belonging to B.
caelata. 

In the Forteau Formation, Botsfordia caelata
occurs exclusively in shallow water carbonates in
the lower part of the formation deposited during the
TST of the sequence and always in association
with archaeocyathid buildups (i.e., Middle shale at
Fox Cove in southern Labrador and scattered
archaeocyathid clasts in the Devils Cove member
at the Mount St. Margaret and ECP-sections in
western Newfoundland). As with Pustulobolus tri-
angulus and Eothele tubulus, the distributional pat-
tern is based on identification of ventral valves
only, as the dorsal valves of all three species are
considered to be too similar to be clearly identifi-
able on their own unless perfectly preserved speci-
mens are available. The occurrence in shallow
water carbonates in the Forteau Formation may
seem at odds with the presence of B. caelata in rel-
atively deep water sediments elsewhere in eastern
Laurentia (i.e., Taconic Allochthon [Lochman,
1956] and the Bastion Formation of North-East
Greenland [Skovsted and Holmer, 2005]). How-
ever, in these cases the described specimens
occur in event beds in distal shelf or continental
slope settings and may have been derived from
more near-shore environments. In Norway B. cae-
lata occur in sandy limestone at Tømten (Strand,
1929) that together with the occurrences in
Kazakhstan in shallow water carbonates (Holmer
et al., 2001), seems to corroborate the distribu-
tional pattern of the species in the Forteau Forma-
tion. However the occurrence of possible
specimens of B. caelata in the Sinsk biota of Sibe-
ria in an open marine setting with dysaerobic bot-
tom waters (Ivantzov et al., 2005) is clearly
opposite to the pattern identified in the Forteau
Formation and invites further study of both the tax-
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FIGURE 19. Eothele tubulus Ushatinskaya in Voronova et al., 1987 from the Forteau Formation of western New-
foundland. 1-3, Ventral valve NFM F-2575 from Deer Arm Limestone, sample GM07-5-1; 1, external view; 2, detail of
larval shell showing pitted larval and pustulose adult shell ornament; 3, detail of posterior margin in oblique view
showing oval opening of pedicle tube. 4, Ventral valve NFM F-2573 from Deer Arm Limestone, sample GM07-4-1. 5-
6, Ventral valve NFM F-2568 from Deer Arm Limestone, sample GM07-3-1; 5, internal view; 6, oblique view showing
median tongue and imprints of vascula lateralia. 7-8, Dorsal valve NFM F-2576 from Deer Arm Limestone, sample
GM07-5-1; 7, external view; 8, oblique posterior view. 9-10, Dorsal valve NFM F-2521 from Deer Arm Limestone,
sample GM07-5-1; 9, oblique lateral view; 10, oblique posterior view. 11-12, Dorsal valve NFM F-2569 from Macken-
zie Mill member, sample GM07-2-1; 11, internal view showing dorsal pseudointerarea; 12, oblique lateral view. All
scalebars equal 500 µm except in figures 2-3 that equals 100 µm.
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onomy of the Siberian shells and the distributional
pattern of B. caelata in other areas of east Lauren-
tia.
Distribution. Assemblage 1, Devils Cove member
and Middle shale, Forteau Formation of southern
Labrador and western Newfoundland. Cambrian
Series 2, Stage 4 of eastern Laurentia (New York
State, Vermont, North-East Greenland), Norway,
Kazakhstan, and possibly Siberia. 

Family ACROTHELIDAE Schuchert, 1893
Genus EOTHELE Rowell, 1980

Type species. Eothele spurri Rowell, 1980.

Eothele tubulus Ushatinskaya in Voronova, 
Drosdova, Esakova, Zhegallo, Zhuravlev, 

Rozanov, Sayutina, and Ushatinskaya, 1987
Figure 19

*1987 Eothele tubulus Ushatinskaya in Voronova,
Drosdova, Esakova, Zhegallo, Zhuravlev,
Rozanov, Sayutina, and Ushatinskaya, p. 50,
plate 22, figures 1–6, plate 23, figure 3.

2007 Eothele sp. Skovsted and Peel, figure 2C.

2010 Eothele tubulus Ushatinskaya in Voronova et
al.; Skovsted and Peel, p. 760, figure 4.1-
4.19.

2016 Eothele tubulus Ushatinskaya in Voronova et
al.; Ushatinskaya and Korovnikov, p. 460,
figure 2a-i, figure 3f.

Holotype. GSC N 90245 (Voronova et al., 1987,
plate 22, figure 1), from sample N42, collected from
unnamed rock unit above Sekwi Formation, 10 m
below locality GSC 95527, Mackenzie Mountains,
Northwest Territories, Canada.
Material. 244 ventral and 33 dorsal valves from the
Forteau Formation of the Bonne Bay area, western
Newfoundland (GM07-2-1, GM07-3-1, GM07-4-1,
GM07-5-1, GM11-4-2, GM11-5-E, GM11-6, GM11-
6-11, GM11-6-13, GM11-9A-2, GM11-9A-8T,
GM11-9A-9, GM11-9A-10, GM11-9A-12, GM11-14,
GM11-14-2, GM11-14A-5, GM11-14C, GM11-14G-
1, GM11-14G-3B, GM11-14G-C, ICS1518,
ICS1519, ICS1421, JSP1982−01).
Diagnosis. (Emended from Skovsted and Peel,
2010). Species of Eothele with elongate lenticular
pedicle foramen and reduced internal pedicle tube.
Differs from E. spurri and E. granulata by the
smaller pedicle opening, its lenticular shape, the
short internal pedicle tube, the less pronounced
anterior flexing of the ventral valve and the less
pronounced ventrally directed flexure of the dorsal
umbo.
Description. Sub-circular, dorsibiconvex shell.
Ventral valve low cone-shaped with procline,
slightly convex pseudointerarea and concave ante-

rior slope (Figure 19.1). Pedicle foramen lenticular,
situated on the ventral pseudointerarea, just below
the ventral larval shell (Figure 19.2-3). Dorsal valve
sub-circular with larval shell at posterior margin
(Figure 19.7) and ventrally deflected commissural
plane of the posterior margin (Figure 19.8). Dorsal
pseudointerarea arcuate and raised substantially
above valve floor (Figure 19.11-12), with wide, tri-
angular but poorly defined median groove. Ventral
larval shell with one high tubercle at posterior mar-
gin and two low tubercles anteriorly (Figure 19.1-
3). Dorsal larval shell with two high tubercles close
to posterior margin (Figure 19.8). Larval shells
finely pitted (diameter of pits 2-3 µm; Figure 19.2),
adult shell pustulose with pustules increasing in
diameter away from the apex (diameter 7-10 µm;
Figure 19.1-3).

Ventral valve interior with rounded anterior
muscle fields bisected by elongate and slightly
thickened central lobe of visceral area anterior to
pedicle tube (Figure 19.5). Arcuate impressions of
vascula lateralia are present lateral to anterior
muscle fields (Figure 19.6). Dorsal valve interior
with low median ridge with large central muscle
scars on either side (Figure 19.9-10). Faint impres-
sions of vascula lateralia and umbonal muscle
scars inserted beneath dorsal pseudointerarea. 
Remarks. Eothele tubulus was originally described
from the lower Cambrian of the Mackenzie Moun-
tains of Northwest Territories in Canada (Voronova
et al., 1987), but the species was recently rede-
scribed based on collections from the Kinzers For-
mation of Pennsylvania by Skovsted and Peel
(2010), who also included a few specimens from
the Forteau Formation of western Labrador illus-
trated by Skovsted and Peel (2007) in the species.
The new collections from Gros Morne now avail-
able allow us to confirm the presence of E. tubulus
in the Forteau Formation and complement the
description by Skovsted and Peel (2010) with new
data, in particular the morphology of the dorsal
valve but also aspects of the ventral valve interior.
As outlined by Skovsted and Peel the species differ
from other species in the genus (i.e. E. spurri, E.
granulata) by the lower umbonal region and more
evenly lens-shaped pedicle foramen and the short
pedicle tube. The dorsal valve also differs by the
less pronounced umbonal flexing.

Eothele tubulus was recently reported from
the Toyonian to Amgan stages of the Siberian Plat-
form (Ushatinskaya and Korovnikov, 2016).
Although fragmentary and slightly younger than the
material from Laurentia, the illustrated specimens
from Siberia are remarkably similar to the material
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FIGURE 20. Acrothyra bonnia n. sp. from the Forteau Formation of western Newfoundland, Deer Arm Limestone,
sample GM07-5-1. 1-3, Ventral valve NFM F-2559; 1, external view; 2, oblique lateral view; 3, detail of larval shell and
pedicle foramen. 4, Ventral vave NFM F-2560, oblique lateral view. 5-6, Dorsal valve NFM F-2561; 5, external view; 6,
oblique posterior view. 7-9, Ventral valve NFM F-2562 (Holotype), 7, internal view; 8, oblique lateral view of posterior
margin and apical process; 9, detail of oblique anterior view of shell interior showing internal opening of pedicle fora-
men and muscle scars lateral to apical process. 10-11, Ventral valve NFM F-2563, 10, internal view; 11, oblique ante-
rior view. 12-13, Ventral valve NFM F-2564, 12, internal view; 13, detail of ventral pseudointerarea in oblique posterior
view showing triangular intertrough. 14, Dorsal view NFM F-2565, oblique lateral view showing low median ridge. All
scalebars equal 250 µm except in figures 3, 9 and 13 that equals 100 µm.
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from Newfoundlan described herein and likely
belong to the same species.
Distribution. Assemblage 3, Mackenzie Mill mem-
ber, Forteau Formation of the Bonne Bay area,
western Newfoundland. Cambrian Series 2, Stage
4 (Dyeran Stage) of North-West Territories and
Pennsylvania. 

Order ACROTRETIDA Kuhn, 1949
Superfamily ACROTRETOIDEA Schuchert, 1893

Family ACROTRETIDAE Schuchert, 1893
Genus ACROTHYRA Matthew, 1901

Type species. Acrotreta proavia Matthew, 1899.

Acrothyra bonnia n. sp.
Figure 20

zoobank.org/C1FBC30E-AE3A-4611-B123-D74EE067EC76

Holotype. Ventral valve NFM F-2562 from the For-
teau Formation of western Newfoundland, Deer
Arm Limestone, sample GM07-5-1 (Figure 20.7-9).
Material. 114 ventral and 52 dorsal valves from the
Forteau Formation of the Bonne Bay area, western
Newfoundland (GM07-2-1, GM07-4-1, GM07-5-1,
GM11-5-E, GM11-8A-1, GM11-14G-C, ICS 1518,
ICS 1519, JSP1982−01).
Diagnosis. Species of Acrothyra with short apsa-
cline ventral pseudointerarea with a triangular
intertrough. Ventral valve interior with elongate api-
cal process reaching to about 1/3 of valve length
and with a triangular depression but without apical
pits. Differ from A. proavia (Matthew, 1899) and A.
signata Matthew, 1902 by the much shorter ventral
pseudointerarea, from A. sera Matthew, 1902 and
A. comleyensis Cobbold, 1921 by the apsacline
ventral pseudointerarea and from A. minor Walcott,
1905 by the straight and slightly longer ventral
pseudointerarea and the more rounded valve out-
line.
Etymology. From the occurrence of the species in
the vicinity of Bonne Bay in western Newfound-
land.
Description. Ventribiconvex acrotretid shells. Ven-
tral valve sub-triangular in outline and low cone-
shaped (Figure 20.1-2, 20.7). Greatest width at
about mid-valve. Ventral pseudointerarea apsa-
cline, relatively short and inclined by about 75° with
a triangular intertrough expanding toward the pos-
terior margin (Figure 20.2, 20.4, 20.6, 20.12-13).
Pedicle foramen situated just below apex and not
completely enclosed within larval shell (Figure
20.3). Dorsal valve rounded sub-rectangular in out-
line with marginal umbo and greatest width anterior
of mid-valve (Figure 20.5-6). Dorsal pseudointer-
area with a wide, triangular median groove, and

narrow propareas (Figure 20.14). Exterior surface
of both valves ornamented by fine concentric fila
(Figure 20.1, 20.3, 20.5). 

Ventral valve interior with low, tongue-like api-
cal process reaching to about 1/3 of valve length
and expanding anteriorly (Figure 20.7-12). The
crest of the process has a shallow elongated trian-
gular depression connected to pedicle foramen by
a narrow channel (Figure 20.8). A small arcuate
muscle scar is present at the anterior termination of
the apical process, and two rounded umbonal mus-
cle scars are situated at the middle of its flanks
(Figure 20.9). No apical pits are present. Postero-
lateral muscle scars are present close to the lateral
terminations of the pseudointerarea (Figure 20.12).
Dorsal valve interior poorly known but with a long
median septum increasing in height slightly ante-
rior of mid valve and rounded cardinal muscle
scars close to the posterolateral margin (Figure
20.14). 
Remarks. This species is referred to Acrothyra
based on the short, apsacline ventral pseudointer-
area. It differs from Aphelotreta Rowell, 1980 by
the long, tongue-like apical process of the ventral
valve and the long dorsal median septum.
Acrothyra bonnia n. sp. differs from all other spe-
cies of the genus by the rounded triangular ventral
valve morphology with a relatively short and appar-
ently straight ventral pseudointerarea. The most
obvious similarities are to A. minor from the middle
Cambrian of Idaho (Walcott, 1905; Rowell, 1966),
but the new species differ both in the shape of the
valves and in the development of the pseudointer-
area. Acrothyra bonnia is the currently oldest
known of the established species of the genus. 
Distribution. Assemblage 3. Cambrian Series 2,
Stage 4, Forteau Formation of the Bonne Bay area,
western Newfoundland, Canada. 

Genus HADROTRETA Rowell, 1966

Type species. Acrotreta primaea Walcott, 1902.

Hadrotreta taconica (Walcott, 1887)
Figure 21

1887 Linnarssonia taconica Walcott, p. 189, 190,
plate 1, figure 18–18d.

1912 Acrotreta sagittalis taconica (Walcott). Wal-
cott, p. 707, 708, plate 71, figure 1–1o
(includes synonymy).

1956 Acrotreta taconica (Walcott). Lochman, p.
1370, plate 3, figures 9–12.

2002 Linnarssonia taconica Walcott. Landing,
Geyer, and Bartowski, p. 298, figure 7-1-7.9.

?2005 Vandalotreta sp. Skovsted and Holmer, p.
338, text-figure 2A-E.
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Holotype. Ventral valve USNM 52163b, from lower
Cambrian limestone south of North Granville,
Washington Co. New York State, USA (Walcott,
1887, plate 1, figure 18b; Walcott, 1912, plate 71,
figure 1c).
Diagnosis. Species of Hadrotreta with ventribicon-
vex, sub-circular to sub-rectangular shell. Ventral
pseudointerarea with deep intertrough. Dorsal
pseudointerarea 50% of valve width, with wide tri-
angular median groove. Ventral interior with apical
pits lateral and anterior of pedicle tube, posterior of
apical process. Dorsal interior with very weak,
forked median septum, almost lacking median but-
tress. Differ from Hadrotreta primaea Walcott, 1902
by the ventral apical pits anterior to the pedicle
foramen and lack of boss-like termination of dorsal
median ridge. Differ from H. trichristiorum Popov et
al., 2015 by the larger dorsal pseudointerarea and
deeper ventral intertrough.
Material. 589 ventral, 712 dorsal valves and 10
conjoined shells from the Forteau Formation of
southern Labrador and western Newfoundland,
both west of the Long Range Mountains and in the
Bonne Bay area (GM07-2-1, GM07-3-1, GM07-4-
1, GM11-1-6, GM11-1-6A, GM11-1-6C, GM11-1-
8C, GM11-1-9, GM11-1-10T, GM11-1-14, GM11-1-
15, GM11-4-2, GM11-6, GM11-6-11, GM11-6-13,
GM11-9A-9, GM11-9A-10, GM11-11-3, GM11-14,
GM11-14A-5, GM11-14A-7, GM11-14-C, GM11-
14G-1, GM11-14G-2, GM11-14G-B, GM11-14G-
3B, GM11-14G-C, ECP-1, ECP-3, MSM-1, MSM-2,
MSM-3, MSM-4, MSM-7, MSM-8, FC1-5, FC1-6,
FC1-7, FC2-2a, FC2-4, FC2-9, FCX, F-1, ICS1545,
ICS1553, ICS1560, ICS1562, ICS1565, ICS1575,
ICS1576, ICS1577, ICS1578, ICS 1519, ICS1421,
JSP1982−01) 
Description. Ventribiconvex acrotretid shell. Ven-
tral valve cone-shaped with rounded or sub-rectan-
gular outline, greatest width about mid-valve
(Figure 21.1, 21.5, 21.7, 21.10). Ventral pseudoint-
erarea catacline or weakly procline (Figure 21.2,

21.9). Ventral pseudointerarea with deeply incised
intertrough, slightly expanding towards posterior
margin (Figure 21.3, 21.7). Ventral larval shell con-
vex and circular (Figure 21.4). Pedicle foramen
sub-circular, situated at posterior margin of larval
shell (Figure 21.8). Dorsal valve sub-circular with
greatest width slightly posterior to mid valve, slight
anterior sulcus (Figure 21.14-19). Dorsal larval
shell marginal, slightly overhanging posterior mar-
gin (Figure 21.14). Narrow, orthocline dorsal pseu-
dointerarea representing about 50% of valve width,
with wide, triangular median groove and well
defined propareas (Figure 21.15-18). Larval shell
ornamented by fine pits and post larval shell by fila,
sometimes with nick points (Figure 21.6, 21.8).

Ventral valve interior with boss-like apical pro-
cess situated slightly anterior to internal tube of
pedicle foramen (Figure 21.10-13). Deep apical
pits are situated lateral to and slightly anterior of
the pedicle tube, between the pedicle tube and the
apical process (Figure 21.12-13). The apical pro-
cess is flanked laterally by arcuate impressions of
the vascula lateralia extending from the apical pits
(Figure 21.13). Well developed ventral cardinal
muscle scars are situated lateral to the vascula lat-
eralia, at the lateral margins of the ventral pseudo-
interarea (Figure 21.10-11). Dorsal interior with
strongly impressed cardinal muscle fields repre-
senting about 20% of valve length (Figure 21.15,
21.18). Dorsal median septum poorly developed,
except at its posterior termination (Figure 21.17,
21.19). Almost no median buttress at all. The
median septum is flanked by two, very weakly
expressed ridges apparently diverging from the
main septum (Figure 21.18). Elongate anterocen-
tral muscle scars present close to the terminations
of the lateral ridges of the median septum (Figure
21.18). Impressions of diverging vascula media
present at the termination of the median buttress
(Figure 21.17).

FIGURE 21 (previous page). Hadrotreta taconica (Walcott, 1887) from the Forteau Formation of southern Labrador
and western Newfoundland. 1-4, Ventral valve NFM F-2542 from sample ICS1577; 1, external view; 2, oblique lateral
view; 3, oblique posterolateral view; 4, detail of apex showing larval shell. 5-6, Ventral valve NFM F-2543 from sample
ICS1577; 5, external view; 6, detail of adult shell ornament. 7, Ventral valve NFM F-2544 from sample ICS1565 in
external view. 8, Ventral valve NFM F-2545 from sample ICS1565, detail of posterior margin in oblique lateral view
showing position of pedicle foramen at junction between larval and adult shell. 9, Conjoined shell NFM F-2546
ICS1575 in lateral view. 10-12, Ventral valve NFM F-2547 from sample ICS1545; 10, internal view; 11, oblique anterior
view; 12, detail of apical process, pedicle foramen and apical pits. 13, Ventral valve NFM F-2548 from sample
ICS1553; oblique lateral internal view. 14, Dorsal valve NFM F-2549 from sample ICS1548; external view. 15-17, Dor-
sal valve NFM F-2550 from sample ICS1553; 15, internal view; 16, detail of posterior margin showing dorsal pseudo-
interarea; 17, oblique lateral view. 18-19, Dorsal valve NFM F-2551 from sample ICS1575; 18, internal view; 19,
oblique lateral view. Scalebars equal 200 µm in figures 1-3, 5, 7 and 9-19, 100 µm in figures 4 and 6 and 50 µm in fig-
ure 8.
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Remarks. The majority of acrotretid specimens
from the Forteau Formation belong to Hadrotreta
taconica (Walcott, 1887). This species is referred
to Hadrotreta based on the oval pedicle foramen
situated outside the larval shell, the boss-like api-
cal process of the ventral valve, the presence of
deep apical pits lateral to the internal pedicle tube
and the low, forked dorsal median ridge (Holmer
and Popov, 2000). Similar material from the
Taconic allochthon at Ville Guay, Quebec is
described by Landing et al. (2002) as Linnarssonia
taconica Walcott, 1887. Landing et al. (2002)
appear to have based (erroneously) the reference
of this species to Linnarssonia on the suggested
presence of the apical foramen inside the larval
shell. However, the only illustrated specimen with
ventral external apical surface preserved (Landing
et al., 2002, figure 7.3) appear to show an apical
foramen situated on the slope of the ventral pseu-
dointerarea, at the margin of the larval shell. Like
Hadrotreta, Linnarssonia has the apical foramen
between the larval and adult shell but differ from
Hadrotreta in the less pronounced apical pits on
the ventral valve interior, the vestigial propareas of
the dorsal pseudointerarea, the more closely
arranged cardinal muscle scars and the higher and
shorter dorsal median ridge (Holmer and Popov,
2000; Peel et al., 2016). The acrotretid specimens
described by Landing et al al., 2002 appear to
belong to the same species of Hadrotreta as the
specimens from the Forteau Formation described
here.

Hadrotreta taconica differ from the type spe-
cies, H. primaea Walcott, 1902 from the Pioche
Shale of the Great Basin by the position of the ven-
tral apical pits anterior to the pedicle foramen and
the less pronounced, boss-like anterior termination
of the dorsal median ridge (Rowell, 1980). The
species differ from H. trichristiorum Popov et al.,
2015 by the larger dorsal pseudointerarea and
larger dorsal muscle scars as well as the more
well-defined ventral intertrough (Popov et al.,
2015). Hadrotreta taconica is a common species in
the late early Cambrian (Cambrian Stage 4) of
eastern Laurentia with specimens reported from
multiple localities in the Taconic Allochthons (Wal-
cott, 1912; Lochmann, 1956; Landing et al., 2002).
Poorly preserved acrotretid specimens from the
Ella Island Formation of North-East Greenland,
described by Skovsted and Holmer (2005) as Van-
dalotreta sp., may also belong to H. taconica based
on the position of apical pits lateral to the internal
pedicle tube of ventral valves (Skovsted and Hol-
mer, 2005, text-figure 2D) and may further extend

the range of the species. In the Forteau Formation,
Hadrotreta taconica is one of the most numerous of
all brachiopod species with over 1000 shells recov-
ered. Hadrotreta taconica has a very broad range
in the Forteau Formation and is present in large
numbers, both in the vicinity of archaeocythan
reefs in southern Labrador, in the Middle shale at
Mount St. Margaret and in the argillaceous facies
of the Bonne Bay area where it may co-occur with
Acrothyra bonnia (assemblages 1 and 3).
Distribution. Assemblages 1 and 3. Cambrian
Series 2, Stage 4, Devils Cove, Middle shale and
Mackenzie Mill members, Forteau Formation of
southern Labrador and western Newfoundland,
west of the Long Range Mountains, and the Bonne
Bay area, Canada. Cambrian Stage 4 of New York
State and Vermont and British Columbia.

Hadrotreta sp.
Figure 22

Material. Four specimens from the lower patch
reef complex of southern Labrador and the Devils
Cove member at Mount St. Margaret in western
Newfoundland, west of the Long Range Mountains
(MSM-3, ICS1553, ICS1577).
Description. A handful of acrotretid ventral valves
of presumed sub-circular outline, no specimen pre-
serves the complete margin of the shell and its
shape is difficult to determine (Figure 22.2-3). The
pedicle foramen is situated at the margin of the lar-
val shell and drop-shaped (Figure 22.4). The ven-
tral pseudointerarea is procline with a narrow,
parallell-sided intertrough (Figure 22.1, 22.3). The
internal morphology is revealed in a single speci-
men showing a large apical process anterior of the
pedicle tube, deep apical pits lateral to the pedicle
tube and deeply impressed, straight vascula latera-
lia (Figure 22.5-6). A narrow central ridge extends
anteriorly from the apical process and on each side
three smaller ridges are present between the cen-
tral ridge and the vascula lateralia. The ornament
of the larval shell unknown and the adult shell is
ornamented by fine fila (Figure 22.4).
Remarks. A small number (N=4) of ventral valves
of an acrotretid brachiopod from the Devils Cove
member at Mt. St. Margaret and the lower patch
reef complex of southern Labrador differ from
Hadrotreta taconica by the strongly procline ventral
pseudointerarea with a narrow intertrough, the cen-
tral ridge extending from the apical process and the
position of the apical pits lateral to the internal
opening of the pedicle tube. It was not possible to
identify the associated dorsal valve of this species.
Due to the small number of specimens and the lack
of knowledge of the dorsal valve morphology, this
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species is left under open nomenclature as Hadro-
treta sp. 
Distribution. Assemblage 1, Devils Cove member
and Middle shale, Forteau Formation of southern
Labrador and western Newfoundland.

Class PATERINATA Williams, Carlson, Brunton, 
Holmer, and Popov, 1996

Order PATERINIDA Rowell, 1965
Superfamily PATERINOIDEA Schuchert, 1893

Family PATERINIDAE Schuchert, 1893
Figure 23

Remarks. The brachiopod fauna of the Forteau
Formation contain two distinct paterinid species
with ventribiconvex shells. One species (Figure
23.1-5) is characterized by a deep, open ventral
delthyrium with a vestigial homeodelthidium (Fig-
ure 23.1) and a marked change in ventral convexity
towards the anterior (Figure 23.3). The identity of
this species is not quite clear, although the poorly
developed homeodelthidum have been consid-
ered characteristic of the genus Paterina Beecher,
1891 (Williams et al., 1998, p. 245). A closely com-
parable specimen from the lower Cambrian of Lab-

rador identified as Paterina labradorica (Billings,
1861) was illustrated by Williams et al. (1998, plate
11, figure 5). The ventral valve of the second spe-
cies (Figure 23.6-9) is strongly and uniformly con-
vex (Figure 23.8) and the ventral delthyrium is
closed by a well-developed, convex homeodelthid-
ium (Figure 23.6). The development of the ventral
homeodelthidium is considered to be characteristic
of the genus Micromitra Meek, 1873 (Williams et
al., 1998, p. 245). Specimens of a broadly compa-
rable morphology from North-East Greenland are
referred to as Micromitra bella (Billings, 1872) by
Skovsted and Holmer (2005). 

At the present time, Laurentian species of
Paterina and Micromitra are poorly known and we
refrain from specific identifications. Our collections
contain abundant and well-preserved specimens of
both species from acid residues and in hand speci-
men, and a full taxonomic treatment, including
investigation of relevant type material, is beyond
the scope of the current presentation. The two spe-
cies are treated here as Paterina sp. and Micromi-
tra sp., respectively, based on the characteristic

FIGURE 22. Hadrotreta sp. from the Forteau Formation of southern Labrador and western Newfoundland. 1-2, Ven-
tral valve NFM F-2552 from sample ICS1553; 1, oblique posterior view showing procline pseudointerarea; 2, external
view. 3-4, Ventral valve NFM F-2553 from sample ICS1577; 3, external view; 4, detail of larval shell with drop-shaped
pedicle foramen. 5-6, Ventral valve NFM F-2554 from Lower shale, Mount St. Margaret, sample MSM-3; 5, internal
view showing vascula lateralia and apical process; 6, oblique anterior view showing apical pits and internal opening of
pedicle foramen. Scalebars equal 500 µm in figure 3, 200 µm in figures 1-2, 5-6 and 100 µm in figure 4.
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FIGURE 23. Paterinids from the Forteau Formation. 1-5, Paterina sp. 1-3, ventral valve NFM F-2555 from sample
ICS1548; 1, posterior view; 2, external view; 3, lateral view. 4-5, Dorsal valve NFM F-2556 from sample LLQ3-5; 4,
posterior view; 5, external view. 6-9, Micromitra sp. 6-8, Ventral valve NFM F-2557 from sample MSM-11; 6, posterior
view; 7, external view; 8, lateral view. 9, Dorsal valve NFM F-2558 from sample MSM-7; oblique posterolateral view.
All scalebars equal 500 µm.
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differences in morphology of the posterior margin
of the ventral valve.

In our collections Micromitra sp. is repre-
sented by 559 ventral and 264 dorsal valves (see
Appendix 1 and 2) from many samples collected
from the archaeocythid reef facies to distal shelf
facies. The species is very widely distributed in the
study area and ranges throughout the sampled
stratigraphic interval of the Forteau Formation
although it is usually represented by relatively few
specimens in each sample (assemblages 1-3).
Paterina sp. is represented by 667 ventral, 193
dorsal valves, and a single articulated specimen
(see Appendix 1 and 2) from the achaeocyathid
reef facies of the Upper limestone of both southern
Labrador and western Newfoundland (both part of
the HST) where the species is often represented
by large numbers of co-occurring specimens
(assemblage 2).

LINGULIFORMEA incertae sedis
Genus SETATELLA Skovsted, Streng, Knight, and 

Holmer, 2010

Type species. Setatella significans Skovsted,
Streng, Knight, and Holmer, 2010.

Setatella significans Skovsted, Streng, Knight, and 
Holmer, 2010

Figure 24

*2010 Setatella significans Skovsted, Streng,
Knight, and Holmer, p. 119, figures 2-3
(includes synonymy to date).

Material. Four ventral and one dorsal valve as well
as 14 shell fragments from the Forteau Formation
of southern Labrador and western Newfoundland
(LLQ3-5, LLQ3-7, LLQ3-9, BER-5-8, BER-5-9,
R432-5-1, R432-5-2, GM07-1-1, and GM11-1-5s).
Diagnosis. See Skovsted, Streng, Knight, and
Holmer, 2010 (p. 120).
Remarks. Setatella significans from North-East
Greenland and Labrador is a probable member of
the stem group of subphylum Linguliformea
(Skovsted and Holmer, 2003; Skovsted et al.,
2010). The species was recently redescribed
(Skovsted et al., 2010), partly based on material
from the Forteau Formation of southern Labrador.
The present investigation has revealed rare new
specimens of the species also from western New-
foundland (Assemblage 2; west of the Long Range
Mountains), but the new material reveal no new
information on the morphology or microstructure of
this problematic taxon. 
Distribution. Basal Devils Cove member of the
Bonne Bay area, western Newfoundland, and
Upper limestone of southern Labrador and western
Newfoundland (Assemblage 2). Cambrian Series

FIGURE 24. Setatella significans Skovsted, Streng, Knight and Holmer, 2010 from the Forteau Formation, The upper
biostrome, L’anse au Loupe, southern Labrador. 1-2, Ventral valve NFM F-792 sample LLQ3-7; 1, internal view of
posterior margin; 2, posterior view showing pseudointerarea. 3-4, Ventral valve NFM F-790, sample LLQ3-9; 3, inter-
nal view; 4, oblique lateral view. 5, Ventral valve NFM F-789, sample LLQ3-7, external view. 6, Shell fragment NFM F-
793, sample LLQ3-9. All scalebar equals 250 µm.
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2, Stage 4 of North-East Greenland and possibly
New York State. 
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APPENDIX 1. 

Table listing all identified brachiopod specimens from all investigated samples collected by the
authors from the Forteau Formation of southern Labrador and western Newfoundland (both sec-
tions on Great Northern Penninsula and Gros Morne National Park) with locality name and strati-
graphical unit indicated. For each sample all brachiopod specimens were counted where the
posterior margin is preserved and identification to species and valve type was possible (v = ven-
tral valves; d = dorsal valves; a = articulated specimens. For Setatella significance Skovsted,
Streng, Knight and Holmer, 2010 valve fragments were also counted. The total number of speci-
mens for each species and valve type is indicated at the bottom of the table.
Available as an Excel spread sheet at palaeo-electronica.org/content/2017/2048-brachiopods-
of-the-forteau-formation.

APPENDIX 2. 

Table listing all identified brachiopod specimens from all investigated samples from the Forteau
Formation of southern Labrador and western Newfoundland derived from the Institute of Cam-
brian Studies (ICS; Boulder Colorado and University of Chicago, Michigan) and Professor John
S. Peel (JSP; Uppsala) as well as samples collected by the authors from float and/or poorly con-
strained sections west of Forteau (F-1) and in the vicinity of Fox Cove (FCX) in southern Labra-
dor with approximate locality details and stratigraphical units indicated. For each sample all
brachiopod specimens were counted where the posterior margin is preserved and identification
to species and valve type was possible (v = ventral valves; d = dorsal valves; a = articulated
specimens. The total number of specimens for each species and valve type is indicated at the
bottom of the table.
Available as an Excel spread sheet at palaeo-electronica.org/content/2017/2048-brachiopods-
of-the-forteau-formation.
52


	Depth related brachiopod faunas from the lower Cambrian Forteau Formation of southern Labrador and western Newfoundland, Canada
	C.B. Skovsted, I. Knight, U. Balthasar, and W.D. Boyce
	INTRODUCTION
	MATERIAL AND METHODS
	GEOLOGICAL SETTING
	Inner Shelf Succession
	Outer Shelf Succession
	Sequence Stratigraphy

	THE BRACHIOPOD FAUNA OF THE FORTEAU FORMATION
	Facies Dependence of Brachiopod Assemblages
	Inner-shelf Fauna
	Outer Shelf Deep-water Fauna
	Correlation of Deep and Shallow Water Fauna

	EARLY CAMBRIAN ORGANOPHOSPHATIC BRACHIOPOD FAUNAS FROM LAURENTIA
	Comparison to North-East Greenland
	Pennsylvania and the Taconic Allochthons
	Western Laurentia

	ENVIRONMENTAL CONTROL OF BRACHIOPOD DISTRIBUTION IN THE CAMBRIAN
	SYSTEMATIC PALAEONTOLOGY
	ACKNOWLEDGMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


