EDIACARAN FOSSILS FROM THE SEKWI BROOK
AREA, MACKENZIE MOUNTAINS, NORTHWESTERN
CANADA

by GUY M. NARBONNE aiid JAMES D. AITKEN

ABSTRACT. Ediacaran body fossils and trace fossils occur sporadically throughout more than onc kilometre of
strata in the upper part of the Windermere Supcrgroup in the western Northwest Territories of Canada. The
oldest fossiliferous unit, the Sheepbed Formation, contains body fossils (Beltanella gilesi, Charniodiscus? sp.,
Cyclomedusa plana, Cyclomedusa sp.. Eoporpita sp.. Kullingia sp. and Medusinites asteroides) and very rare
trace fossils (Planolites montanus). The Blueflower Formation contains rare body fossils (Charniodiscus? sp.,
Ediacaria sp., Inkrylovia sp., Pteridininm sp. and Sekwia excentrica) and abundant trace fossils (Aunlichuites
ichnosp., Helminthoida ichnosp., Helminthoidichnites tenuis, Helininthopsis abeli, Helminthopsis irregularis,
Helminthopsis? ichnosp., Lockeia ichnosp., Neonereites ichnosp., Palaeophycus tubularis, Planolites montanus,
Torrowangea rosei and a knotted burrow). Overlying dolostones and thick-bedded sandstones of the Risky
Formation contain only simple trace fossils ( Palacophycus tbularis, Planolites montanus). The Sekwi Brook
biota lived in a deep-water, basin slope setting below storm wave-base. Most of the body fossils probably
represent benthic polypoid and frond-like organisms. The body fossil assemblage is broadly similar to that
described from correlative shallow shelf deposits in the Wernecke Mountains, Flinders Ranges and Russian
Platform. The trace fossil assemblage is dominated by simple and irregularly meandering burrows, but contains
some patterned meanders typical of the Nereitres ichnofacies. The occurrence of this relatively diverse, mainly
deep-water assemblage of benthic body fossils and infaunal burrows indicates that the initial radiation of
metazoans extended to the deep sea, and that some aspects of Phanerozoic-style marine ecosystems were
initiated during the carliest stages of metazoan evolution.

THE Ediacaran fauna represents the oldest diverse assemblage of megascopic animals and trace
fossils in the world, and consequently the rootstock from which all subsequent metazoans evolved.
Ediacaran animal remains are predominantly discoid and pennate fossils (commonly interpreted as
primitive cnidarians) with fewer arthropods, echinoderms and problematic taxa. Trace fossils are
chiefly simple subhorizontal burrows with rarer meandering forms. Recent summaries of this fauna
can be found in Glaessner (1984) and Sokolov and Ivanovskiy (1985).

The Ediacaran assemblage is of latest Precambrian age, and consistently occurs between the
highest Proterozoic tillites and the lowest Cambrian-type shelly fossils and trace fossils (Jenkins
1981 ; Cloud and Glaessner 1982; Sokolov and Fedonkin 1984). It was first reported from Namibia
and South Australia, but subsequently has been documented from more than twenty-five localities
around the world (Glaessner 1984, fig. 1/8; Hofmann 1987, figz. 13). The first description of
Ediacaran fossils from Laurentia (= ancestral North America) was by Hofmann (1981), who
collected body fossils and trace fossils from the Sekwi Brook area of the Mackenzie Mountains
(Text-fig. 1) during a brief visit of the 1.U.G.S. Precambrian-Cambrian Boundary Working Group
(Fritz 1980). Hofmann reported the body fossils Inkrylovia sp. and Sekwia excentrica, the trace
fossils Torrowangea sp. and Gordia sp. and several problematica and dubiofossils. Aitken (1989a)
subsequently figured a specimen of the megafossil Preridinium sp. from the same locality, Baudet
et al. (1989) studied the acritarchs from this section, and Aitken and Narbonne (1989) described
cryptalgal structures from a nearby section. Ediacaran body fossils and ichnofossils have also been
described from age-equivalent shallow shelf deposits in the Wernecke Mountains (Text-fig. 1),
250 km west north-west of Sekwi Brook (Hofmann et «l. 1983 ; Narbonne and Hofmann 1987).
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During June 1988, the present authors collected Ediacaran fossils from Hofmann’s (1981) locality
and two others in the Sekwi Brook area of the Mackenzie Mountains (Text-fig. 1) as part of a
regional study of the upper Precambrian strata. These collections considerably extend the known
diversity and stratigraphic range of Ediacaran fossils in the Mackenzie Mountains. Previous reports
of Ediacaran fossils have been mainly from shallow shelf settings (e.g. Flinders Ranges, Russian
Platform, Wernecke Mountains) with fewer reports from deep slope/fan environments (e.g.
Newfoundland, Charnwood Forest). The occurrence of a relatively diverse assemblage of body
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TEXT-FIG. 1. Location of study sections in the Mackenzie Mountains. Outcrop of the Windermere Supergroup

is shaded. SBN = Sekwi Brook North; SBS = Sekwi Brook South; MAJ = Majesty Property. Other

fossiliferous Ediacaran sections described previously are in the June Lake Anticline (J) and in the Wernecke
Mountains (W).
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fossils and trace fossils in basin slope deposits at Sekwi Brook permits more detailed evaluations of
the palaeoenvironmental affinities of Ediacaran organisms. In this paper, description of the fossils
and discussion of their significance are by Narbonne; information on the stratigraphy and
depositional environments of the strata is by Aitken.

STRATIGRAPHIC AND PALAEOENVIRONMENTAL SETTING

The terminal Proterozoic formations of the Mackenzie and Wernecke Mountains (Text-figs 1 and 2) are
assigned to the upper part of the Windermere Supergroup. The base of the Windermere is marked by the onset
of rifting at 770-780 Ma (Armstrong et al. 1982; Eisbacher 1981, 1985; Jefferson and Ruelle 1986). The top
is the base of Cambrian strata.

The terminal Windermere Formations make up four, kilometre-scale, shallowing-upward, carbonate-
capped Grand Cycles (sensu Aitken 1966, 1978), as follows (Aitken 1989a):

4. Ingta Formation (230 m)

3. Blueflower (550 m) and Risky (150 m) Formations

2. Sheepbed (900 m) and Gametrail (300 m) Formations
1. Twitya (900 m) and Keele (500 m) Formations

These cyclical deposits post-date, and pass without noticeable effect, across the sites of the rift-depressions in
which the older Windermere deposits, the Coates Lake and Rapitan groups, were deposited (Text-fig. 2).
Evidence for a Rapitan glaciation is well known (Young 1976; Yeo 1981 Eisbacher 1981, 1985). The deposits
of a second Late Proterozoic glaciation, which directly underlie the Sheepbed Formation, have thus far been
described only in oral presentations with published abstracts (e.g. Aitken 1987, 19895).

The middle two of the upper Windermere Grand Cycles (Sheepbed-Gametrail, Blueflower-Risky) contain
abundant Ediacaran megafossils (this study). The uppermost Windermere Grand Cycle, the Ingta Formation,
yields abundant, well-preserved trace fossils, but lacks both diagnostically Cambrian traces and body
impressions of Ediacaran type. We interpret it as latest Precambrian. The Ingta, and in other placcs all of the
other terminal Proterozoic formations, are unconformably overlain by correlatives of the Backbone Ranges
and Vampire Formations bearing Early Cambrian trace fossils and small shelly fossils (Fritz et al. 1983
Narbonne et al. 1985; Nowlan et al. 1985). The position, in basinward areas such as Sekwi Brook, of the major
unconformity beneath the typical Backbone Ranges Formation is in dispute (reviewed by Aitken 1989a).

Sheepbed Formation

The Sheepbed Formation of the Sekwi Brook area is much coarser, on average, than in the “typical’ belt of
exposures above the Plateau Thrust. The lower part, below the lowest fossils found, contains rare packets of
thick and very thick beds of quartzose sandstone that are normally graded and in part coarse-grained (Bouma
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Ta). Rare packets of ribbon-bedded lime mudstone are also present. Because of their association with and
involvement in mass-transport deposits, and normal grading seen in minor beds with a content of coarser
allochems, they are interpreted as turbidites. The upper (fossiliferous) part is dominated by laminated to finely
laminated, dolomitic siltstone and very fine-grained sandstone, with partings and packets of dark grey to brown,
silty shale and mudstone. Sole marks are present, but rare. The thin sandstones are Bouma Tb, Tbc, and Tc
units. The content of dolomitized and undolomitized, ribbon-bedded lime mudstone (turbidites), monomict,
matrix-supported carbonate breccias (debris flows), and penecontemporaneous folds and slide masses is highly
variable along strike. The thickness in the Sekwi Brook area is not determinable, but is almost certainly greater
than the maximum of 800 m in the ‘typical’ outcrop belt.

Interpretation of the depositional environment begins with the observation that the ‘typical” Sheepbed to
the north-east contains very little sand-grade or coarser siliciclastic material. The Gametrail Formation
(carbonates, there partly in a shallow-water facies) that intertongues with and overlies the upper Sheepbed, also
lacks siliciclastic detritus. The ‘typical’ Sheepbed overlies the deeply drowned Keele platform, whereas Sekwi
Brook lies outboard of the Keele platform margin, above a previously-existing bathymetric basin or trough.
It is precisely at Sekwi Brook that coarse-grained, thick-bedded, turbiditic sandstones occur in the lower
Sheepbed. These sandstones appear to be deep-sea fan-channel deposits (Mutti and Normark 1987;
Shanmugam and Moiola 1988), transported axially along the inherited off-platform trough. The upper part of
the formation is readily interpreted as a complex of slope deposits that accumulated below storm wave-base.
This is consistent with the character of the overlying Gametrail carbonates at Sekwi Brook, which are of
ribbon-bedded facies, interrupted only by monomict, matrix-supported, debris-flow breccias and slide masses.
Thus, in the Sekwi Brook area, southwestward-prograding slope deposits (upper Sheepbed, Gametrail) appear
to have buried axially prograding deep-sea fan deposits (lower Sheepbed).

Blueflower Formation

The Blueflower Formation is not preserved above the Sheepbed and Gametrail formations of the ‘typical’
outcrop belt (Text-fig. 2). At Sekwi Brook it is 550 m thick, and consists of dark-coloured, deep-water shale
and mudstone (59%), turbiditic sandstones (15%), and limestones of turbiditic and grain-flow origin
(26 %). It is the lower part of a shoaling-upward cycle that terminates with the peritidal dolomites of the
overlying Risky Formation. Other upward trends within the Blueflower are: decrease and virtual disappearance
of carbonate beds ; increase in the proportion of sandstone; and the appearance, near the top, of non-turbiditic
sandstones with low-angle cross-stratification.

Sandstones in the lower three-quarters of the formation are predominantly thin-bedded, fine-grained
turbidites (Bouma Tb, Tc, and Tbc), with a few thicker and generally coarser beds that are Bouma Ta and Tab
units, and structureless beds interpreted as liquefied-flow deposits (Lowe 1982). Flame structures are common,
flute and groove casts less so. Thin sandstone beds are persistent across the typical widths of the gully outcrops
(50 m), but bundles of such beds are markedly lenticular over distances of 200-400 m.

Limestones occur in packets of two types: ribbon-bedded lime mudstone, in part displaying flame structures
and normal supply-grading of a sparse content of quartz sand grains; and subordinate, markedly lenticular
packets of medium and thick beds of intraclast grainstone and wackestone with a variable content of quartz
sand grains. Most of the latter display normal grading, and are Bouma Tab and Tb units. The packets of
ribbon-bedded limestone are distinctly lenticular over distances of less than one kilometre.

Evidence of deposition on a slope is common. It includes penecontemporaneous folds, detached fold-noses
in dismembered sandstone beds, scoop-shaped slide surfaces, contorted and mixed mudstone units with
deformed pods of sandstone, matrix-supported debris-flow breccias, at least two slide masses or debris-flow
paraconglomerates with boulders of shallow-water carbonate rocks, rare exotic blocks and boulders, and, high
in the type section, an exotic raft of stromatolitic dolomite.

The overall aspect of the lower three-quarters of the Blueflower at Sekwi Brook is that of a slightly
channelled slope below storm wave-base. The content of thin-bedded turbidites, with thickening-upward and
less common thinning-upward sequences, might suggest the middle to lower parts of a deep-sea fan. Indeed,
a lens of thick-bedded, massive sandstone cropping out less than one kilometre north of the type section
resembles a fan-channel deposit. The abundant evidence of slope deposition is, however, inconsistent with a
fan interpretation overall. Because it characterizes the middle and upper parts of the formation, it probably
records a depositional slope prograding above a fan-complex.

Towards the top of the Blueflower Formation, carbonate rocks reappear as blocks, boulders and rafts of
limestone and dolomite of shallow-water origin. These document the progradational approach of a re-
established carbonate platform, the Risky Formation, which appears at a gradational contact.
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Summary

Thus it is apparent that most of the Ediacaran fossils at Sekwi Brook occur in strata deposited in a deep-water,
basin slope setting considerably below storm wave-base. This is in marked contrast with the shallow-shelf
assemblages in the nearby Wernecke Mountains (Narbonne and Hofmann 1987). The occurrencc of
assemblages of shallow- and deep-water Ediacaran fossils in localities only 250 km apart, within a single
depositional and structural province, permits analysis of their bathymetric affinities, without the
palacogeographic uncertainties inherent in comparisons between distant areas.

FOSSIL OCCURRENCE AND PRESERVATION

Fossils were collected from three sections (Text-fig. 1) in the Sekwi Brook structural panel (sensu Aitken
1989a). The stratigraphy and distribution of fossils in the two main sections, Sekwi Brook North and Sekwi
Brook South, is shown in Text-figures 3 and 4. Sekwi Brook North contains the type sections of the Gametrail,
Blueflower and Risky Formations (Aitken 19894); Sekwi Brook South was one of the sections investigated
during the 1979 visit of the PreCambrian-Cambrian Boundary Working Group (Fritz 1980), and is the section
where Hofmann (1981) described the first Ediacaran fossils discovered in western North America. In addition
to these two main sections, trace fossils were collected from the lower half of the Blueflower Formation (locality
29), and trace fossils and body fossils were collected from the upper half of the Blueflower Formation (locality
30) during reconnaissance investigation of the Majesty Pb-Zn—Ag Property (Text-figs 1 and 4).

Some of the collections were made from outcrop, but most were from very local float (frost-heaved but
effectively untransported slabs). The only exception is the figured specimen of Ediacaria sp., which was in float
that had slid a considerable distance downhill, but which was tied into the section on the basis of the unique
lithology and the presence of a fragmentary specimen of the same taxon in the same lithology at locality 27.
Float that could not be tied down definitely stratigraphically was not included in the study material. The type
of collection at each locality is shown in Text-figure 3.

Ediacaran body fossils occur predominantly as raised features on the bottoms of beds (positive hyporeliel)
and very rarely as depressed features on soles (negative hyporelief). Trace fossils also exhibit the same modes
of preservation, or occur as raised or depressed features on the tops of beds (positive/negative epirelief).

DISCUSSION

Body fossils

Previous reports of Ediacaran body fossils from the Sekwi Brook area by Hofmann (1981) and
Aitken (1989a) were from the lower and middle parts of what is presently regarded as the Blueflower
Formation. Our discoveries of specimens of Charniodiscus and Ediacaria near the top of this
formation and of a relatively diverse assemblage of Ediacaran body fossils approximately 225
metres below the top of the Sheepbed Formation considerably extends the known diversity and
stratigraphic range of these fossils in the Mackenzie Mountains. Ediacaran body fossils have been
reported by Narbonne and Hofmann (1987) from the ‘' Goz Siltstone’ in the Wernecke Mountains,
a unit tentatively correlated with the Sheepbed Formation (Narbonne et al. 1985), but the present
paper represents the first confirmed report of an Ediacaran biota from the Sheepbed Formation.
This is significant, as this unit is geographically widespread (Eisbacher 1981) and immediately
overlies the highest Proterozoic glacial deposits in northwestern Canada (Aitken 1987, 19895).
Ediacaran body fossils occur sporadically throughout approximately one kilometre of strata
(upper Sheepbed Formation to the top of the Blueflower Formation) in the Sekwi Brook area of
the Mackenzie Mountains. A total of ten genera comprising eleven species are now known from
these strata (Text-fig. 4). The assemblage is broadly similar to that reported by Narbonne and
Hofmann (1987) from equivalent strata in the Wernecke Mountains 250 kilometres to the west
(Text-figs S and 6). Six genera (Beltanella, Charniodiscus?, Cyclomedusa, Ediacaria, Kullingia?, and
Medusinites) are common to both areas. Six genera (Beltanelliforniis, Nadalina, Rugoconites?,
Spriggia, Tirasiana, and Vendotaenia?) are reported only from the Wernecke Mountains, and four
genera (Eoporpita, Inkrylovia, Pteridinium, and Sekwia) are thus far known only from Sekwi Brook.
Of the geographically restricted taxa, only Beltanelliformis is common, and the absence of the other
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TEXT-FIG. 4. Synopsis of Ediacaran macrobiota from the Sekwi Brook region.

taxa may simply reflect the relatively short periods of time devoted to collecting in these remote
regions. Thus, it would appear that the faunas from the Wernecke and Mackenzie Mountains can
be regarded as part of a single ‘Windermere fauna’ that characterizes the Ediacaran of
northwestern Canada, and may also include the low diversity fauna described by Hofmann er al.
(1985) from the southern Canadian Rocky Mountains.

A tentative correlation of the formations and body fossils of the Wernecke and Mackenzie
Mountains is shown in Text-figure 5. With the exception of the middle siliciclastic unit of the Risky
Formation, which at Sekwi Brook consists entirely of thick-bedded dolomitic sandstone and thus
represents an unfavourable facies for preservation, all units that contain Ediacaran fossils in the
Wermecke Mountains have fossiliferous correlatives in the Mackenzie Mountains. However, fossil
assemblages in correlative units are not particularly similar, and the greatest faunal similarity is
between the youngest fossiliferous unit in the Wernecke Mountains and the oldest fossiliferous unit
in the Mackenzie Mountains! This suggests that most of the apparent geographical and
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stratigraphic variation in the Windermere fauna reflects palacoenvironmental and preservational
factors, and an original patchy distribution, rather than palaecogeography and evolution. This view
is supported by the great variation in the faunal content of equivalent strata in adjacent sections (cf.
Narbonne and Hofmann 1987, text-figs 2 and 3; this study, Text-figs 3 and 4), even where the
sections are within sight of each other. For this reason, we believe that any attempt to subdivide the
Windermere fauna into biostratigraphic zones would be premature at the present time.

Global correlation of the Windermere body fossils is summarized in Text-figure 6. Close
similarities are evident between the faunas of the Wernecke and Mackenzie Mountains, the
Ediacara Member of the Rawnsley Quartzite in South Australia, and the Redkino ‘Series’ of the
Vendian in northern Europe and Podolia. The Windermere biota is considerably less diverse than
those reported from the other two regions, and apparently lacks segmented forms such as Spriggina
and Dickinsonia, which are present in South Australia and on the Russian Platform. This may relate
to the relatively early stages of investigation in northwestern Canada, a palacogeographic
separation between Laurentia and the latter-mentioned two areas (see McMenamin and
McMenamin 1990), or some other palacoecological or stratigraphic factor. Nevertheless, the high
proportion of Windermere taxa that are also known from the type Ediacaran and the type Vendian
(Text-fig. 6), emphasizes the considerable correlation potential of the Ediacaran fauna.

Baudet et al. (1989) concluded that the acritarchs of the Sheepbed and Blueflower Formations
best correlate with the Kotlin ‘Series” of the Vendian on the Russian Platform. This contradicts the
above correlation, as the macrofossils of these formations are much more similar to the fossil
assemblage of the Redkino ‘Series’ (see above) than they are to those of the overlying Kotlin
‘Series’, which lacks identifiable megafossils (Sokolov and Fedonkin 1984). The stratigraphic
setting of these units, immediately overlying a diamictite unit and two or more Grand Cycles
(400-1200 m) below the lowest Cambrian-type fossils (Pliycodes pedum Zone), is also quite similar
to that of the Redkino ‘Series’ and supports the correlation based on macrofossils. On the basis of
published descriptions of the body fossils, ichnofossils, small shelly fossils, and the overall
stratigraphic sequence, Narbonne et al. (1987, fig. 8) concluded that the probable equivalents of the
Kotlin “Series” in the Mackenzie Mountains are the upper part of the Risky Formation and the
overlying Ingta Formation. Baudet ef al. (1989) were unable to date these latter units, as they did
not yield diagnostic acritarchs in their study. Thus, the majority of the evidence suggests that the
Sheepbed, Gametrail, Blueflower and lower Risky Formations are equivalent to the Redkino
‘Series’ of the Vendian, and that the upper Risky and Ingta formations are equivalent to the Kotlin
‘Series .

Until recently, it was generally believed that the Ediacaran fauna was dominated by discoidal
pelagic medusoids (e.g. Sprigg 1947, 1949; Glaessner and Wade 1966). Fedonkin (1985a4) and
Jenkins (1988) have reinterpreted many of the forms as benthic ‘polyps’, and this interpretation also
seems to be appropriate to the Windermere biota. With the possible exception of Kullingia?, the
fauna is entirely dominated by benthic organisms, both in terms of numbers and diversity (see
Systematic Palaeontology below). The shapes of many Ediacaran organisms and their common
occurrence in shallow-water facies has led some authors to suggest that they may have been partly
or completely photoautotrophic (e.g. McMenamin 1986), but this is not consistent with their
occurrence in muddy slope deposits considerably below storm wave-base in the Sekwi Brook area.

The Sekwi Brook fauna represents the first report of an Ediacaran assemblage in a basin slope
setting. The Sekwi Brook fauna is markedly different from those reported from the deep slope/fan
‘Avalon assemblage’ of Newfoundland (e.g. Anderson and Conway Morris 1982), Charnwood
Forest (e.g. Ford 1980), and the Carolina Slate Belt (Gibson et al. 1984), with only two or three of
the reputedly more than twenty forms from these settings also present at Sekwi Brook. It is presently
uncertain how much of this difference is palaeoenvironmental, and how much reflects
palacogeography. A closer similarity exists between the basin slope faunas from Sekwi Brook and
those reported from shallow shelf deposits in the Wernecke Mountains, Flinders Ranges, Podolia,
northern Europe and elsewhere (Text-fig. 6). This implies that some elements of the Ediacaran
fauna extended over a considerable depth range.
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TEXT-FIG. 6. Regional and global correlation of the Windermere biota. Localities with less than two

Windermere-type taxa are omitted. Abundance symbols for northwestern Canada: narrow bar = rare (present

in < 10% of fossiliferous units); intermediate bar = common (present in 10-50 % of fossiliferous units); broad

bar = abundant (present in > 50 % of fossiliferous units). For global comparisons, same (square) or similar
(circle) forms indicated.

Ichnofossils

A relatively diverse assemblage of trace fossils is present in the Ediacaran strata of the Sekwi Brook
area (Text-figs 4 and 6). Previously, the oldest known trace fossils in northwestern Canada were
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from the Blueflower Formation (Hofmann 1981 ; Aitken 19894) and its stratigraphic equivalent in
the Wernecke Mountains (Narbonne and Hofmann 1987). The occurrence of specimens of
Planolites montanus in the upper part of the Sheepbed Formation extends the stratigraphic range
of trace fossils downwards by approximately 500 metres. The Blueflower Formation contains a
more diverse assemblage of trace fossils, comprising at least twelve ichnospecies referable to nine
ichnogenera. All taxa known from the Ediacaran of Sekwi Brook also range the Phanerozoic.
Forms restricted to the Ediacaran (e.g. Harlaniella, Palaeopascichnus, Nenoxites, etc.) have not yet
been documented from Sekwi Brook.

Seilacher (1964, 1967) first suggested that trace fossils show a consistent ecological zonation
throughout the Phanerozoic which he subdivided into several ‘universal ichnofacies’. Although
numerous studies have supported and refined Seilacher’s model (see Ekdale et al. 1984 and
references therein), it remains uncertain when and how ichnofacies first developed. Most of the
ichnotaxa at Sekwi Brook also occur in shallower water deposits in the Ediacaran of the Wernecke
Mountains, eastern and northern Europe, and Australia, and in deep slope/fan deposits in the
Carolina Slate Belt (Text-fig. 6). This supports the view of Crimes and Anderson (1985) that upper
Precambrian-Lower Cambrian trace fossil assemblages show a lower degree of palaeo-
environmental differentiation than do those in post-Cambrian strata.

Basin slope deposits at Sekwi Brook also contain abundant simple burrows (e.g. Planolites and
Palaeophycus), and non-directed meanders (especially Torrowangea and Helninthoidichnites);
patterned meanders occur rarely (Helminthoida) to commonly (Helminthopsis). The presence of an
assemblage dominated by meandering forms and apparently lacking vertical burrows and
arthropod traces is reminiscent of the Nereites ichnofacies of Seilacher (1964, 1967). The Nereites
ichnofacies typifies turbiditic slope deposits of Phanerozoic age but had not previously been
reported from the Precambrian. The comparatively low diversity, the apparent absence of
graphoglyptids, and the dominance of unpatterned and simple patterned forms among the
meandering burrows of the Blueflower (basin slope) assemblage implies that this Precambrian
assemblage represents a relatively simple version of the ichnofacies, and is consistent with
Seilacher’s (1974, 1977) observation that the Nereites ichnofacies exhibits a step-wise increase in all
three of these features throughout the Phanerozoic. Previous evolutionary models for trace fossils
(e.g. Crimes 1974; Seilacher 1974, 1977; Frey and Seilacher 1980) have generally concluded that
deep-water slopes of Ediacaran/Vendian age were all but completely devoid of infaunal animal life,
but the new evidence from the Carolina Slate Belt (Gibson 1989), the Avalon Zone of
Newfoundland (pers. comm. M. M. Anderson 1989) and the Sekwi Brook area (this study) indicates
that the initial radiation of metazoans also extended to the sediments of the deep-sea.

Previous workers (e.g. Crimes and Anderson 1985) suggested that complexly meandering
burrowers first evolved in shallow-water settings in the early Cambrian, and later migrated into
deeper-water settings. It now appears more likely that meandering burrowers originated in the
Precambrian, where they occurred in both shallow marine (Glaessner 1969 ; Fedonkin 1985¢) and
deep marine (this study) settings. The explosive diversification of shallow-water burrowers in the
early Cambrian, including the first appearance of abundant complexly branching, spreiten-bearing,
and deep vertical burrows (cf. Alpert 1977; Crimes 1987; Narbonne et al. 1987), gradually
eliminated meandering burrowers, especially forms producing complex meanders, from shallow-
water settings. However, a low diversity assemblage of meandering burrows persisted in deeper-
water slope settings, and gradually increased in diversity and burrow complexity throughout the
remainder of the Phanerozoic.

SYSTEMATIC PALAEONTOLOGY

Although genus- and species-level identification of Ediacaran organisms are relatively stable, no
classification of family and higher taxonomic levels has yet been accepted. Conway Morris (1985)
has argued that attempts to relate Ediacaran organisms to extant phyla and classes may obscure the
relationships among these early metazoans, and even the assignment of some Ediacaran fossils to














































































