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TRILOBITES AND STRATA OF THE
LOWER AND MIDDLE CAMBRIAN PEYTO, MOUNT WHYTE AND NAISET
FORMATIONS, ALBERTA AND BRITISH COLUMBIA

ABSTRACT

The uppermost Lower Cambrian Peyto Formation consists
mainly of bioclastic, oolitic, and oncolitic limestones and
dolostones which contain locally abundant quartz sand; shales are a
minor component. Four carbonate facies-associations record
shallow subtidal deposition adjacent to shelf-edge oolitic sand
shoals.

The uppermost Lower Cambrian to lowermost Middle Cambrian
Mt. Whyte Formation conformably overlies the Peyto and consists of
a lower bioturbated quartz siltstone and shale member, followed by
oolitic and bioclastic limestones with locally abundant oncolites
and thrombolites. Four facies associations, all of which include a
silt- to mud-grade siliciclastic component, are indicative of
shallow subtidal to intertidal shelf deposition.

The Naiset Formation is correlative with the Mt. Whyte and
comprises mainly thinly laminated lime mudstones, quartz
siltstones, and shales. Two primarily fine-grain siliciclastic
facies-associations are characterized by slumps, slide scars, debris
flows and turbidites that indicate continental slope deposition.

Twenty-one collections yielded over 1,686 trilobites. Two
Lower Cambrian, and four Middie Cambrian trilobite biofacies are

defined from generic relative abundance data. Each biofacies is



associated with a particular depositional environment on the
Cambrian continental shelf and slope.

New, species-based trilobite zones, established in the context
of biofacies, provide greater biostratigraphic resolution than the
genus-based zones which they replace. In ascending order, the zones
are: the Olenellus gilberti - puertoblancoensis Zone, the

Syspacephalus |aticeps Zone, the Syspacephalus perola Zone, and the
Alokistocare cleora Zone.

Major revisions to the Corynexochida are made at the
suprageneric level: Zacanthoididae Swinnerton, and
Dolichometopidae Walcott, are both synonymized with the
Corynexochidae Angelin, and the superfamily Oryctocephalacea
Beecher is revised to include the Dinesidae Lermontova,
Oryctocephalidae Beecher and Dorypygidae Kobayashi. Numerous
genus-level revisions are made in the Corynexochida and the
Ptychopariida, including the following synonymies: Bonnia Walcott
with Olenoides Meek; Stephenaspis Rasetti with Fieldaspis Rasetti;
Poulsenia Resser, Onchocephalus Resser, Piaziella Lochman,
Eoptychoparia Rasetti, Parapoulsenia Rasetti, Spencella Rasetti,
Nyella Palmer, and llitydaspis Fritz with Antagmus Resser; and
Amecephalus Walcott with Alokistocare Lorenz. A total of 32

species representing 16 genera are described and illustrated.
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CHAPTER 1
INTRODUCTION

OUTLINE OF STUDY

In the eastern Main Ranges of the southern Canadian Rocky
Mountains, Alberta and British Columbia, the Peyto Formation and
the overlying Mt. Whyte and Naiset formations comprise a largely
complete record of mixed carbonate-siliciclastic, shallow shelf to
slope sedimentation across the Lower-Middle Cambrian boundary.
The Peyto and, in places, the Naiset overlie Lower Cambrian Gog
Group sandstones, while the Mt. Whyte and Naiset are succeeded by
the Middle Cambrian Cathedral Formation. These formations are
well exposed, and virtually undeformed, in thick, relatively flat
thrust sheets (Oldow et al., 1989).

Whereas the stratigraphy and generalized sedimentology of the
Peyto, Mt. Whyte, and Naiset formations have been studied recently
by Hockley (1973) and Aitken (in press), the trilobite faunas of these
formations are in need of a detailed, modern analysis. The trilobites
of the Lower Cambrian Peyto Formation received only cursory
freatments by Walcott (1917) and Rasetti (1951) and are in need of
a modern systematic treatment. Although trilobites of the Mt.
Whyte and Naiset formations were described and illustrated by
Rasetti (1951, 1957), the stratigraphic framework for his study was
poorly defined, and his collections lacked detailed location and
relative abundance data. Moreover, several taxa are now in need of

revision, and others have been poorly documented.



A significant erosional unconformity is said to occur at the
top of Lower Cambrian strata in the study area (Rasetti 1951;
Aitken 1989, in press; Fritz et al. 1991). Although an unconformity
has been described at the top of the Lower Cambrian in other areas
(Fritz 1972, 1991; Fritz et al. 1991), no convincing evidence for an
unconformity exists in the study area. New evidence demonstrates
that a virtually complete sedimentary record exists across the
Lower-Middle Cambrian boundary in Banff and Yoho National Parks,
providing a unique opportunity to study the accompanying faunal
transition. An examination of the stratigraphic expression of the
Lower-Middle Cambrian boundary, and an analysis of the transition
faunas constitute significant components of this thesis.

For the first time, quantitative biofacies analysis has been
performed on Lower Cambrian and lowest Middle Cambrian trilobite
faunas. Results for the lower Cambrian interval show that two
distinct trilobite biofacies - the Periomma and Onchocephalites
biofacies - can be distinguished for shallow carbonate shelf
deposits of the Peyto Formation. In addition, a Syspacephalus
dominated biofacies occurs in deeper-water slope deposits of the
Naiset Formation. This biofacies is known from uppermost Lower
Cambrian through lowest Middle Cambrian strata. [n fact, at least
six of the nine genera that occur in the Lower Cambrian portion of
the study interval are also known from Middie Cambrian rocks. The
Plagiura and Antagmus biofacies occur in lowest Middle Cambrian
carbonate shelf facies of the Mt. Whyte Formation.

The uppermost Lower Cambrian interval in Laurentia has

previously encompassed a single trilobite zone - the Bonnia-



Olenellus Zone - which, in some places, attains a thickness of over
800 metres and contains dozens of trilobite species (see Fritz,
1991). In his work on uppermost Lower Cambrian trilobites of the
northern Cordillera, Fritz (1991) alluded to the possibility of

further subdividing the Bonnia-Olenellus Zone, but was unable to

recognize species-based zones that extended to widely separated
regions of the Cordillera. Palmer and Repina (1993) noted that
Bonnia was restricted geographically to carbonate shelf deposits,
and occupied only the upper portion of the range of Olenellus.

Consequently, as an alternative to the Bonnia-Olenellus Zone, they

recognized an Olenellus Zone subdivided into three informal parts,
the middle defined by the range of Wanneria, and the upper and lower
parts undefined. With new data from the Peyto Formation, it is now
possible to establish a species-based, uppermost Lower Cambrian
zone for carbonate shelf sediments which correlates with the upper
part of Palmer and Repina's (1993) Olenellus Zone. A second zone,
which straddles the Lower-Middie Cambrian boundary, is proposed
for deeper-water slope deposits.

Lowest Middle Cambrian strata in Laurentia have been assigned
previously to the Plagiura-Poliella Zone. This study shows that the
distributions of both of these genera are strongly facies-specific,
with Plagiura occupying relatively nearshore, shallow carbonate
facies, while Poliella is restricted to deeper outer shelf or slope
shales and carbonates. Most of the strata previously assigned to the
Plagiura-Poliella Zone in the study area contain neither genus. The

Plagiura-Poliella Zone is herein replaced by the Syspacephalus




FIGURE1. Map showing locations of measured sections and
collection sites. Location 4 (Lake Louise) includes Pope's Peak and
Mount Niblock sections; location 6 (Mount Stephen) includes Monarch

Creek, Snow Shed, North Gully, Waterfall and Fossil Gully sites.
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perola Zone in slope facies, and by the Alokistocare cleora Zone in

carbonate shelf facies.

STUDY AREA

Field work for this thesis was conducted within Banff and Yoho
National Parks and Mount Assiniboine Provincial Park. Stratigraphic
sections were measured at twelve locations (see Figure 1) in the
Simpson Pass and Pipestone Pass thrust sheets of the Main Ranges
(Monger and Price, 1979). These locations provided hundreds of
metres of uninterrupted vertical and lateral exposure of structurally
uncomplicated, nearly flat-lying beds. The superb exposure allowed
detailed recording of lithic and stratal data, and closely-spaced
collecting. Twenty-four bulk fossiliferous samples were collected
and yielded 1,686 trilobites representing thirty-nine species. In
addition to trilobites, hyolithids are common elements of the Peyto
fauna, whereas inarticulate brachiopods and molluscs are locally
common in the Naiset Formation. Ichnofossils are particularly
abundant in parts of the Mt. Whyte, but virtually absent from the
Naiset and Peyto formations. Only trilobites are considered in the

remainder of this thesis.

PREVIOUS WORK

Pioneering work on Cambrian stratigraphy and paleontology of
the Rocky Mountains was conducted by Walcott around the turn of the
century. Walcott (1908) described the Saint Piran and Mt. Whyte
formations, and placed them in the Lower Cambrian, while the base

of his Middle Cambrian coincided with the Cathedral Formation.



Later, Burling (1916) placed the Lower-Middle Cambrian boundary
directly above the Qlenellus Zone in the basal part of the Mt. Whyte
Formation. Walcott (1917) described 60 species of fossils which he
had collected from his Mt. Whyte Formation (which included what are
now considered to be the Peyto, Naiset, and Cathedral formations).
However, detailed collection locations were not provided. The
definitions of the St. Piran, Mt. Whyte, and Cathedral formations
were later summarized by Walcott (1928).

The next study of the Cambrian of the area was carried out by
Deiss in the late 1930's. Deiss' (1939, 1940) work was primarily
stratigraphic, and although he did not describe or illustrate fossils,
he published incomplete faunal lists. Deiss (1939) was the first to
propose a biostratigraphic zonation for Cambrian strata of the

region: the Early Cambrian QOlenellus-Bonnia Zone succeeded by the

latest Early Cambrian Plagiura Zone. As defined by Deiss (1939,
1940), the Mt. Whyte Formation was entirely Early Cambrian in age.
Deiss' (1940) earliest Middle Cambrian biostratigraphic unit was the
Kochaspis Zone, which he recognized in the now-obsolete Ptarmigan
Formation, and the Cathedral Formation. The stratal interval in
which this fauna occurs is now included in the Mt. Whyte Formation.
Deiss' Kochaspis Zone was followed by the Albertella Zone of the
Cathedral Formation.

Two new formations were also established by Deiss (1940).
He assigned the Lower Cambrian siliciclastic strata in the Mount
Assiniboine area to the Gog Formation. In addition, the Naiset
Formation was defined at Naiset Point near Mount Assiniboine to

include the shale and limestone between the Gog and the Cathedral



formations. The Gog Formation was later raised to group status by
Mountjoy (1962).

in the late 1940's, Rasetti revisited many of Walcott's original
locations, where he measured sections and made extensive fossil

collections. Rasetti (1951) recognized the Bonnia-Olenellus Zone as

the youngest Early Cambrian biostratigraphic unit, and designated
Olenellus-bearing limestone beds at the base of the Mt. Whyte
Formation as the Peyto Limestone Member of the Saint Piran
Formation. Accordingly, the Mt. Whyte Formation was entirely
Middle Cambrian in age, and thus Walcott's and Deiss' concepts of the
Mt. Whyte Formation were amended. In the Mt. Whyte and Naiset
formations, Rasetti (1951) established the earliest Middle Cambrian
Wenkchemnia-Stephenaspis and Plagiura-Kochaspis zones, but these
have not been adopted by subsequent workers. They are succeeded by
the Albertella Zone, which, in the study area, occurs in the
Cathedral Formation. Today, the age designations of the Peyto, Mt.
Whyte, and Naiset formations remain little changed from Rasetti's
work.

Lochman-Balk and Wilson (1958) established the lowest Middle

Cambrian Plagiura-Poliella Zone, and it has been widely used for

this stratigraphic interval in North America.

Since the 1960's, Aitken has worked extensively with
Cambrian stratigraphy in the Canadian Rockies. He (Aitken, 1968)
demonstrated that the Mt. Whyte-Cathedral transition becomes
younger to the east, so that at Ghost River (east of the area studied
in this thesis), the Mt. Whyte is within the Albertella Zone (Aitken,
1968).



Recently, Aitken (1989b, and in press), following the
recommendations of Hockley (1973), proposed formal division of the
Mt. Whyte into two members. At the base of the Mt. Whyte, the Weed
Member comprises mainly quartz siltstone and minor very fine
sandstone that are locally calcareous, and extensively bioturbated in
places. The upper portion of the Mt. Whyte, comprising varied
limestones alternating with shale and siltstone, is assigned to the
Chephren Member. Aitken also revised the lower and upper contacts
of the Mt. Whyte. Accordingly, the base of the Mount Whyte coincides
with the base of the Weed Member, "or similar and equivalent
siltstones and sandstones" (Aitken, in press). Where both the top of
the Peyto and the base of the Mt. Whyte contain abundant sand, silt,
and shale (Popes Peak section for example), Aitken (in press) placed
the base of the Mt. Whyte at the first major shale bed. He placed the
upper contact with the Cathedral at the top of the highest bed of
shale or siltstone, followed by cliff-forming carbonates. Finally,
Aitken (in press) elevated the Peyto Member of the Gog Group to
formational status.

Hockley (1973) completed an M.Sc. thesis which dealt with the
stratigraphy and paleoenvironmental patterns of the Peyto and Mt.
Whyte sediments. Hockley contributed no new biostratigraphic or
paleontologic information, although Hockley's work comprised the

only facies analysis of these formations until now.



FIGURE2. Diagram showing approximate stratigraphic
relationships between the Gog Group, Peyto, Mt. Whyte, Naiset and

Cathedral formations in Banff and Yoho National Parks.
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FIGURE 3. Proposed trilobite zonation for the study interval

compared with previous zonation.
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CHAPTER 2
STRATIGRAPHY AND BASIN HISTORY

INTRODUCTION

This chapter examines the large-scale spatial and temporal
setting of the strata in the study interval. The correlation of the
Peyto, Mt. Whyte and Naiset formations with other formations of the
early Paleozoic western passive margin is outlined, followed by a
discussion of the plate tectonic setting in which they were

deposited.

REGIONAL STRATIGRAPHY

In the eastern Main Ranges of the southern Canadian Rocky
Mountains, Alberta and British Columbia, the Peyto Formation
(Aitken, in press) comprises mainly carbonate sediments of latest
Early Cambrian age, and is overlain, conformably in the study area,
by the lowest Middle Cambrian Mt. Whyte (Walcott, 1908) and Naiset
(Deiss, 1940) formations (Figure 2). The Peyto overlies Lower
Cambrian Gog Group sandstones, and the Mt. Whyte and Naiset
formations are succeeded by the Middle Cambrian Cathedral
Formation. The Mt. Whyte/Naiset-Cathedral contact has
traditionally been placed at the first occurrence of massive
Cathedral dolostone without siltstone interbeds (Aitken, in press).

Near its type section at Mount Jimmy Simpson (Figure 1), the
Peyto Formation comprises about 46 m of thick, cross-bedded,

oolitic grainstone, and sandy, bioclastic grainstone, with an eleven-



15
metre interval dominated by green-gray quartz shale near the base
of the section. The principal reference section, located 10 km to the
north at Mount Weed, exposes about 34.6 m of strata similar to that
of the type section, but lacks thick units of oolitic grainstone. The
Peyto contains ftrilobites that are characteristic of the Olenoides
fieldensis Zone (Figure 3).

In the vicinity of Mount Robson, the Hota Formation comprises
limestones that are coeval with the Peyto (Fritz and Mountjoy,
1975). Northward, in the Mackenzie Mountains, the upper portions of
the Sekwi and lllityd formations (Fritz 1972 and 1991 respectively)
are coeval with the Peyto. Farther west and to the south, in the
Columbia Basin, uppermost Lower Cambrian strata of the Donald
Formation consist of fine-grained siliciclastics (Fritz et al. 1991).
Eastward, the Peyto interfingers with sandstones of the Gog Group
(Aitken 1989b).

The stratotype of the Mt. Whyte Formation is located at Popes
Peak (Rasetti, 1951), near Lake Louise (Figure 1). Here, the basal
portion of the 58.8 m section consists of grey-green shale, minor
calcareous sandstone, and gray nodular limestone. The shale unit
lacks trace fossils or bioturbation, and contains complete trilobites
characteristic of the Naiset Formation on Mount Stephen. It is
interpreted as a tongue of Naiset Formation. This is followed by
thick units of thinly interbedded limestone and siltstone, and the
upper portion of the Mt. Whyte Formation at Pope's Peak is
characterized by gray, micritic, bio-oolitic and oncolitic limestone.
Thrombolites occur rarely near the top of the formation. A thicker

(126.6 m) reference section (see Hockley, 1973; Aitken, in press) is



exposed at Mount Weed (Figure 1). The diverse trilobite fauna of the
Mt. Whyte Formation has, in the past, characterized the earliest

Middle Cambrian Plagiura-Poliella Zone (Figure 3), although

Olenellus, an uppermost Lower Cambrian trilobite, occurs in
coquinas previously assigned to the lowest beds of the formation.
Other common fossils include hyolithids, the mollusc Scenella, and
inarticulate brachiopods. In places, the siltstone unit contains
abundant trace fossils.

The Mt. Whyte Formation grades northwestward along strike,
into the correlative Snake Indian Formation (Mountjoy and Aitken,
1978). Basinward of the shelf edge, the Naiset Formation is the
deeper-water (outer shelf to slope) equivalent of the Mt. Whyte
(Aitken, 1989b). The location of the Mt. Whyte's eastward
depositional pinch-out is unknown (Aitken, 1989b).

The stratotype of the Naiset Formation is located at Naiset
Point, near Mount Assiniboine (Deiss, 1940) (Figure 1). The
formation consists mainly of dark gray to green-gray shale and
mudstone, with minor siltstone, sandstone and limestone, attaining
a thickness of 143.9 m at the stratotype (Aitken, in press). Naiset
trilobites appear to be virtually restricted to outer shelf or upper
slope biofacies, and most species do not occur in the coeval Mt.

Whyte Formation. For example, Ogygopsis klotzi is widely

distributed in North America. It occurs in black lime mudstone and
shale of the Naiset on Mount Stephen, but nowhere in the Mt. Whyte

Formation. Ogygopsis klotzi is associated with deep-shelf

lithofacies and biofacies of the Middle Cambrian Carrara Formation

in Nevada and California (Palmer and Halley, 1979), and its

16
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occurrence in the Naiset records a similar deep-shelf to upper slope
biofacies. The lowest portion of the Naiset is Early Cambrian in age,
as shown by the occurrence of Olenellus at Mount Jimmy Simpson
and Mount Stephen. Above this, the Naiset contains trilobites of
early Middle Cambrian age.

The Cathedral Formation (Walcott, 1908; Rasetti, 1951)
comprises mainly massive, cliff-forming, dolostone or dolomite-
mottled limestone. The formation contains trilobites of the

Albertella and Glossopleura zones (Figure 3).

LOWER - MIDDLE CAMBRIAN PASSIVE MARGIN SEDIMENTATION

Strata of the Peyto, Mt. Whyte, and Naiset formations were
deposited on the proto-Pacific passive continental margin of North
America. Passive margin sedimentation continued in the study area
through the Lower Paleozoic until as late as the Middle or Late
Devonian, when the tectonic regime changed to that of a convergent
plate boundary (Monger and Price, 1979; Oldow et al., 1989). The
timing of initial continental rifting, the subsequent onset of rapid
thermal subsidence and passive margin sedimentation, and the
relationship between these events and an overall trend towards
rising sea level in the Cambrian are relevant to interpretations of
sedimentary cycles and discussions of sequence stratigraphy in the
study interval.

In the past, a number of authors suggested that stratigraphic
sequences of Middle Proterozoic age in the Cordillera (Belt/Purcell
Supergroup and equivalents) may be related to a passive margin at

this time (Price, 1964; Monger et al., 1972; Burke and Dewey, 1973;



Dickinson, 1977; McMechan, 1981). However, more recent opinion is
that at least some of these packages were deposited in intracratonic
basins (Stewart, 1972, 1976; Winston, 1986: Struik, 1987), or a
back-arc basin (Hoffman, 1989).

Evidence supporting a latest Proterozoic (Bowring et al. 1993)
age for rifting was provided by Bond and Kominz (1984) and Armin
and Mayer (1983), working in the Canadian and American Rocky
Mountains respectively. Comparing the one-dimensional stretching
model of McKenzie (1978) with tectonic subsidence curves
calculated to remove subsidence due to sediment loading,
compaction, and water depth changes, Bond and Kominz (1984) used
data from eleven Lower Paleozoic stratigraphic sections in British
Columbia and Alberta to estimate the time when thermal subsidence
began. By tracing each of these subsidence curves back to zero
water depth, they arrived at a 555-600 Ma age for the initiation of
thermal contraction. Applying similar techniques to four
stratigraphic sections from the southern Rocky Mountains in Utah,
Nevada, and California, Armin and Mayer (1983) predicted a 590 Ma
age for the beginning of thermal contraction. Work in the Cordillera
was augmented with tectonic subsidence analyses of miogeoclines
in eastern North America, northwestern Argentina, the Middle East
and northwestern Australia, which imply the breakup of a
supercontinent between 625 and 555 Ma (Bond et al., 1984). Thus,
it is now generally accepted that the continental rifting event which
directly preceded passive margin sedimentation in the study area

occurred in the Late Proterozoic.
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The generalized stratal sequence for the westward thickening

Cambrian miogeoclinal wedge throughout the Cordillera comprises
essentially two parts: a Lower Cambrian siliciclastic sequence,
which consists of the Gog Group in the study area, and a mainly
carbonate, Middle to Upper Cambrian sequence, the lower part of
which includes the Peyto, Mt. Whyte, and Naiset formations. The
siliciclastic sequence rests, unconformably in places, on Upper and
Middle Proterozoic rocks. The Gog consists mainly of quartz
sandstone and siltstone with minor conglomerate, shale, and
limestone (Aitken, 1989a; Stewart and Suczec, 1987). Thin mafic
lava flows occur locally in Nevada and Utah (Stewart and Suczec,
1977) and in southeastern British Columbia (Devlin and Bond, 1988).
In the northern Rocky Mountains of Canada, there is evidence for
Lower Cambrian syndepositional block faulting (Aitken, 1989a). In
the southern Rocky Mountains north of Jasper Park, the Lower
Cambrian interval represents deposition in shallow marine, and non-
marine environments (Young, 1979), while south towards Lake Louise
and in the United States, mainly shallow marine sedimentation
occurred (Aitken, 1989a; Hein, 1987; Stewart and Suczec, 1987).
The thick, shallow-water deposits of the Lower Cambrian
sequence have been interpreted as the transition between rifting and
drifting phases of the proto-Pacific passive margin. Stewart and
Suczec (1977) related the terrigenous detrital sequence (including
Upper Proterozoic strata) to erosion of an initial rift bulge created
by thermal expansion at the time of continental rifting about 650
Ma. This theory is supported by the work of Devlin and Bond (1988)

on the uppermost Proterozoic to Lower Cambrian Hamill Group in



southeastern British Columbia, which suggests that this interval
represents the rift-drift transition of the passive margin. Here, a
number of lines of evidence including the occurrence of thick
sequences of mafic metavolcanics, rapid vertical facies changes,
unconformities that underlie both the lower and upper Hamill Group
in places, and the coarse grain size and feldspar content of lower
Hamill Group sediments suggest that extensional tectonism and
widespread uplift took place around earliest Cambrian time (Devlin
and Bond, 1988).

In the study area, detailed sedimentological analysis of the
Upper Proterozoic Miette Group (Arnott and Hein, 1986) and the
Lower Cambrian Gog Group (Hein, 1987), led to the interpretation
that the Miette Group consists of deep-water syn-rift deposits,
which are unconformably overlain by shallow marine clastic drift
deposits of the Gog Group (Arnott and Hein, 1986).

Thus, the studied interval, including the Gog Group, represents
deposition on a young passive margin. Thermal subsidence on the
relatively young passive margin would have been very rapid (Bond
and Kominz, 1984), accounting for the tremendous thickness of
shallow-water siliciclastic deposits of the Gog Group. Later in this
chapter, potential depositional models presented in a sequence

stratigraphy framework will rely upon this point as a key premise.



CHAPTER 3
SEDIMENTARY ENVIRONMENTS

INTRODUCTION

Chapter three begins with the description and interpretation of
individual lithofacies and lithofacies associations of the Peyto, Mt.
Whyte and Naiset formations. This is done in order to provide a
framework in which the distribution of trilobite biofacies can be
discussed in Chapter 4, and to support an hypothesis of depositional
history. Next, a critical evaluation of the sedimentary record across
the Lower-Middle Cambrian boundary in the study area, which has
been interpreted widely as a regional unconformity (Rasetti, 1951;
Aitken, 1989a, 1989b, in press; Fritz et al., 1991), is presented,
followed by an examination of the grand cycles and the sequence
stratigraphy of the study interval. Concluding this chapter is an
hypothesis for the depositional history of the Peyto, Mt. Whyte and
Naiset formations, and a correlation of measured sections (Figure
32).

The Peyto, Mt. Whyte, and Naiset formations have been
subdivided into fifteen primary lithofacies. The observed
occurrence of combinations of these lithofacies in different
sections has resulted in the recognition of six lithofacies
associations. Each of these associations is directly related to a
specific depositional environment within the broad setting of the

passive continental margin.

o 1
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FIGURE 4. Lithofacies A: Thrombolitic/stromatolitic algal
boundstone. a) Note overlying silty limestone or siltstone in this
and subsequent examples, 0.5 m scale, Mt. Whyte Formation, Mount
Jimmy Simpson, 138 m. b) Mt. Whyte Formation, Mount Weed, 112 m.
c) Mt. Whyte Formation, Park Boundary, 88 m. d) Approximately 3 m
thick interval of thrombolites, Mt. Whyte Formation, Mount Weed, 95
m. e) Mt. Whyte Formation, Mount Jimmy Simpson, 188 m.









FIGURES. Lithofacies B: Interbedded bioturbated quartz siltstone
and wackestone-mudstone. a) & b) Note prominent weathering

siltstone, and vertical burrow tubes, Mt. Whyte Formation, Pope's

Peak, 30-36 m.
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FIGURE 6. Lithofacies C: Bio-oolitic, wackestone/packstone. a)
Note rusty-coloured silty partings, Mt. Whyte Formation, Mount
Field, 95 m. b) Note wave ripple crests striking nearly E - W, Mt.
Whyte Formation, Park Boundary, 73 m. c) Note bioclastic interbed

with waveform top within thick interval of Lithofacies B, Mt. Whyte

Formation, Mount Weed, 115 m.



f

[ T .




29

FIGURE 7. Lithofacies D: Oolitic grainstone. a) Thin oolitic
grainstone bed resting on scoured surface of thinly laminated
wackestone, Mt. Whyte Formation, Mount Weed, 108 m. b) & ¢) Thick,
cross-bedded oolitic grainstone, Peyto Formation, Mount Jimmy
Simpson, 16, 18 m. d) Thin, cross-bedded, oolitic grainstone, Peyto
Formation, Mount Weed, 25 m. e) Mud-draped, rippled bedform in

oolitic grainstone, Peyto Formation, Mount Weed, 22 m.









FIGURE 8. Lithofacies E: Bioclastic grainstone. Thin, cross-bedded

bioclastic grainstone, Peyto Formation, Mount Jimmy Simpson, 43 m.
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FIGURE 9. Lithofacies F: Oncolitic rudstone. a) 2-cm. diameter,
spherical oncoids in sandy dolostone, Peyto Formation, Pope's Peak,
3m. b) Compressed, black oncoids in micritic limestone, Mt. Whyte
Formation, Mount Weed, 152 m. c¢) Thin interbed of oncolitic-oolitic
rudstone with gutter-cast at base, under- and overlying siltstone,

Mt. Whyte Formation, Monarch Creek, 60 m.
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FIGURE 10. Lithofacies G: Laminated, poorly fissile, grey, siltstone.
a) Thin lamination and colour banding in this facies, Naiset
Formation, Mount Field, 56 m. b) Pebble-size, fine sandstone clast,
Naiset Formation, Mount Field, 35 m. c¢) Slump in this facies, Naiset
Formation, North Gully, 8 m. d) Slump in float block, Mount Field. e)
Intraformational truncation surface, assistant has hand at base,

Waterfall site, Mount Stephen.
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FIGURE 11. Lithofacies H: Matrix-supported boulder conglomerate.
a) View showing inverse grading of boulders from decimetre-size
clasts below hammer to 1 m diameter clast at top of photo,

Waterfall site, Mount Stephen. b) Wide-angle view of north end of

deposit showing channel-like form; assistant is standing on base of

deposit.






FIGURE 12. Lithofacies I: Bioturbated, green-grey, quartz
siltstone/fine sandstone. a) Close-up showing bedding interrupted
by bioturbation, and current ripples, Mt. Whyte Formation, Mount
Field, 88 m. b) Float block with view of bedding surface showing
wave ripples crossed by burrow traces, Mt. Whyte Formation, Mount

Niblock, 35-60 m.
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FIGURE 13. Lithofacies J: Silty, dolomitic, "parted limestone".
Typical example of this lithofacies showing buff-coloured silty
dolostone and grey packstone, Mt. Whyte Formation, Mount Weed, 107

m.
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FIGURE 14. Lithofacies K: Thinly laminated, green-grey, shale. a)
Typical exposure of this lithofacies, yellow notebook for scale,
Naiset Formation, Mount Niblock, 26 m. b) Close-up showing small-

scale intraformational truncation surface, Naiset Formation, Naiset

Point, 17 m.
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FIGURE 15. Lithofacies L: Black shale. Exposure of this lithofacies

showing prominent cleavage, Naiset Formation, Mount Field, 1 m.

LA






FIGURE 16. Lithofacies M: Thinly laminated, black, lime mudstone.
a) Typical exposure showing flat bedding surfaces, Naiset Formation,
North Gully, 55 m. b) Wavy bedding, Mt. Whyte Formation, Mount
Field, 125 m.






FIGURE 17. Lithofacies N: Thin-bedded to massive dolostone. a)
Massive to thick-bedded dolostone, Cathedral Formation, Mount
Jimmy Simpson, 200 m. b) Thin bedded, oolitic dolostone, yellow hat

for scale, Cathedral Formation, Monarch Creek, 90 m.






FIGURE 18. Lithofacies O: Quartz sandstone. a) Cross-bedded,
coarse quartz sandstone, Peyto Formation, Mount Niblock, 7 m. b)
Bi-modal cross-bedding in coarse quartz sandstone, Gog Group,

Pope's Peak.






MAJOR LITHOFACIES
Lithofacies A: Thrombolitic/stromatolitic algal boundstone
Thrombolites (Aitken 1967; Kennard and James 1986), ranging

in size from 10 cm-scale domes to metre-scale irregular masses
(Figure 4), occur in the Mt. Whyte Formation at Popes Peak, Mount
Jimmy Simpson, Mount Weed and Park Boundary, and in the Peyto
Formation at Park Boundary. They consist of light-medium grey lime
mudstone which exhibits a clotted texture, and lacks obvious
laminations. At Mount Weed and Mount Jimmy Simpson, where
thrombolites are most common, some domes have irregular,
millimetre-scale laminations, and are thus considered to be
stromatolites.

Thrombolites and stromatolites in the Peyto and Mt. Whyte
formations are commonly associated with oolitic packstone at their
bases. This style of growth is similar to that reported for Middle
and Upper Cambrian shallow subtidal to intertidal carbonate
platform rocks in Alberta by Aitken (1967) and Westrop (1989), and
in southwest Virginia by Markello and Read (1981). Sediment fill
between algal heads in the Peyto and Mt. Whyte formations ranges
from mudstone to oolitic packstone, and in the Mt. Whyte Formation,
thrombolites are frequently capped with quartz siltstone (see Figure
4a-e).

In the Peyto and Mt. Whyte formations, thrombolites or
stromatolites are interpreted to have grown in shallow, subtidal
environments. The lack of any evidence for subaerial exposure (such
as desiccation polygons or fenestral fabric) associated with the

buildups argues against intertidal conditions. No thrombolites or
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stromatolites were observed at Mount Stephen, Mount Field, or

Naiset Point where siliciclastic slope facies (Lithofacies G, K, L,
and H) pass upward into shelf carbonate facies (Lithofacies C).
Therefore thrombolites and stromatolites in the Peyto and Mt. Whyte
formations are interpreted to have been formed in a middle to inner
shelf location. A similar depositional site for thrombolites in

southwest Virginia was proposed by Markello and Read (1981).

Lithofacies B: Interbedded bioturbated quartz siltstone and

wackestone-mudstone

This buff-weathering facies consists of medium grey,
bioclastic wackestone-mudstone in 1-3 cm thick beds, with up to 3
cm thick interbeds of micaceous grey-green quartz siltstone (Figure
5). This alternation resuits in a differential weathering pattern in
some places. The siltstone is commonly extensively bioturbated,
especially on bedding surfaces, but also vertically (see Figure 5a).
Wave-ripple marks are also common. In places, bedding is indistinct
and the limestone has a nodular appearance. This may be due to
homogenization of the quartz silt and carbonate through
bioturbation, or it may be due to differential compaction and
solution. In this process, the silt compacts readily, but the lithified
carbonate resists compaction, and layers are further disrupted by
disolution (Wilson and Jordan 1983). Most of the trilobite fragments
in the carbonate are too small to identify, although Rasetti (1951)
recognized fragments of Alokistocare from this facies at Pope's
Peak. This lithofacies occurs in units one to over ten metres thick

in the Mt. Whyte Formation at Pope's Peak, Mount Niblock, Mount
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Weed, Park Boundary and at the Monarch Creek section on Mount
Stephen.

This facies is associated with a transition from sandy, coarse,
bioclastic grainstone (Lithofacies E) to overlying green-grey quartz
shale (Lithofacies K) at Pope's Peak and Mount Niblock. At Pope's
Peak, green quartz shale overlying Lithofacies B yields complete
trilobite exoskeletons indicating relatively deep subtidal deposition
compared to the underlying bioclastic grainstone which contains
only abundant fragments of trilobites. "Parted limestone" or "ribbon
rock” like that of Lithofacies B has been associated with shallow
subtidal, shelf depositional environments (Cook and Taylor 1977;
Aitken 1978; Wilson and Jordan 1983; Westrop 1989; Cowan and
James 1993). This interpretation is followed here, although, at
Monarch Creek, its proximity to slope facies (Lithofacies G and H) on

Mount Stephen indicates an outer shelf setting for this location.

Lithotacies C: Bio-oolitic wackestone/packstone

Lithofacies C (Figure 6) occurs at all sections of the Peyto,
Naiset, and upper Mt. Whyte formations, with bedding thickness
ranging from two to tens of centimetres. Colours range from light
to medium grey in the Peyto and Mt. Whyte, to black in the Naiset.
Bioclasts include trilobites, hyolithids, and brachiopods.

In the Peyto and Mt. Whyte formations, this facies is
dominated by thin to medium beds in thick units of light to medium
grey wackestone/packstone in which ooids are common constituents.
Cross-bedding (Figure 6a), megaripples (Figures 6b, 6¢), and vertical

burrows are common in packstone. Bioclasts are abraded, and
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trilobites are disarticulated. In these settings, this lithofacies is

interpreted as having been deposited in shallow subtidal
environments above storm wave base, in close proximity to oolitic
sand shoals. The mud and bioclast content, bioturbation and wide
distribution are features this lithofacies in the Peyto and Mt. Whyte
formations shares with modern platform interior sand blankets in
the Bahamas (Ball 1967). In the Bahamas, these extensive sand
blankets are located between shelf-edge oolitic sand bodies and
nearshore environments. Such a setting is reasonable for most of
the Peyto and Mt. Whyte bio-oolitic wackestone/packstones. Palmer
and Halley (1979) made a similar interpretation for oolitic
lithofacies of the Carrara Formation in the southern Great Basin.

In the Naiset Formation, Lithofacies C occurs in two forms:
(1) Thinly laminated, black bio-wackestones, completely devoid of
ooids and bioturbation, and, in some places, containing complete
trilobite exoskeletons, are interbedded with similar lime mudstones
in thick units. These are interpreted as autochthonous, deep
subtidal, slope deposits. (2) At other locations in the Naiset, thin to
thick, and, in places, irregular beds of medium to dark grey,
bioclastic and/or oolitic packstones occur as isolated beds within
thick units of quartz siltstone or shale (Lithofacies G, K) (Figures
b, 6c). Cross-bedding (Figure 6a) occurs rarely. In every case,
these units occur a few metres below a major shallow subtidal
(above normal wave base) carbonate unit. The isolated nature of the
beds, the occurrence with interbedded shales, and the association
with prograding shelf carbonates suggests that these units were

deposited below normal wave base and were transported from the
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edge of nearby prograding carbonate banks during major storms. A

similar depositional site was interpreted for ooid packstones in the
Nolichucky Formation of southwest Virginia (Markello and Read
1981), and the Bison Creek Formation of southern Alberta (Westrop
1989).

Lithofacies D: Oolitic grainstone
Thin to thick-bedded, light to dark grey, oolitic grainstones

(Figure 7) are common in both the Peyto and upper Mt. Whyte
formations. In most places, including all occurrences in the Mt.
Whyte Formation, this facies occurs as thin to medium beds, often
cross-bedded, that are interbedded with Lithofacies C. However, at
Mount Jimmy Simpson, a 30 metre thick unit of medium to thick-
bedded, commonly planar-tabular cross-bedded, wave rippled, light
to medium grey oolitic grainstone occurs at the top of the Peyto
Formation (Figure 32). Here, the occurrence of the oolite unit
directly above an 11 metre thick interval of thinly laminated, green-
grey quartz shale (Lithofacies K) suggests that this oolite was
deposited at a site close to the shelf margin. Thick, cross-bedded,
oolitic grainstone also occurs as a 10 metre thick unit in the Peyto
Formation at Park Boundary, near the base of the section.

These thick oolitic grainstone units at Mount Jimmy Simpson
and Park Boundary are interpreted as having been deposited as part
of either a tidal-bar belt or sand belt, both at the shelf edge (Ball
1967; Hine 1977; Halley et al. 1983). The thickness, sedimentary
structures, and spatial isolation of these units supports this

conclusion. Within modern tidal-bar belts, such as that of Schooner
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Cay in the Bahamas (Ball 1967), individual sand bars are long and

narrow, oriented perpendicular to the shelf margin and separated by
tidal channels. By comparison, sand belts such as the oolitic belt at
Cat Cay in the Bahamas (Ball 1967), run parallel to the shelf edge.
Although exposure of this lithofacies at Mount Jimmy Simpson and
Park Boundary is inadequate to discern the geometry of the sand
bodies, no evidence for tidal channels (muddy, bioturbated channel
bottom sediments cf. Ball 1967) was observed, and bimodal cross-
bedding is very uncommon, thus decreasing the likelihood that this
facies represents tidal bar belt deposits. Since there is no evidence
of subaerial exposure or other evidence for the existence of islands
anywhere in the Peyto or Mt. Whyte formations, and bimodal cross-
bedding is rare in Lithofacies D, it is unlikely that this lithofacies
was deposited in tidal deltas.

In its most common occurrence as thin units, Lithofacies D is
interpreted to represent shallow subtidal sand blanket deposition
(Ball 1967) similar to that of Lithofacies C in the Peyto and Mt.
Whyte formations. This conclusion is supported by the thinness of
the oolitic grainstone beds, the association with Lithofacies C, and
the wide distribution of this facies throughout the study area.
Palmer and Halley (1979) interpreted similar oolitic facies in the
Carrara Formation as representing platform-interior blanket sands.
Although platform-interior deposition is possible for most
occurrences of Lithofacies D in the Peyto and Mt. Whyte formations,
at Mount Field and Mount Stephen the close association of this facies

with slope sediments suggests outer shelf deposition.
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Chow and James (1987) interpreted thin to medium-bedded

oolites from the Upper Cambrian of western Newfoundland as
representing the subtidal mobile fringe of intertidal oolitic sand
shoals. Major oolitic sand shoals have been recognized at only two
locations in the study interval (see above). If an interpretation
similar to that of Chow and James' (1987) is held here then the
widespread nature of Lithofacies D in the Peyto and Mt. Whyte
formations implies that more major oolitic sand shoals were

deposited but were either not preserved or have not been discovered.

Lithofacies E: Bioclastic grainstone

Bioclastic grainstones (Figure 8) are relatively common in the
Peyto and Mt. Whyte formations, but are absent from the Naiset
Formation. In most cases, the rock is light to medium grey and, in
places, also contains ooids and quartz sand. Bed thickness is
typically a few to tens of centimetres, occurring as isolated beds or
in thin units, often associated with Lithofacies C and D. Cross-
bedding is common. Bioclasts are dominated by disarticulated and
broken trilobites, aithough hyolithids are locally important
constituents near the top of the Peyto at Mount Jimmy Simpson.

The occurrence of ooids and cross-bedding in this facies, the
association with oolite units and Lithofacies C, and the thin bedding
point to shallow subtidal deposition in platform-interior sand
blankets (Ball 1967). Currents responsible for the cross-bedding
could have been storm or tide induced although, because bi-modal
cross-bedding was not observed in this facies, the latter is less

likely.
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Lithofacies F: Oncolitic rudstone

Lithofacies F (Figure 9) is common in the Peyto and upper Mt.
Whyte formations. This lithofacies has a light to medium grey
micritic matrix containing darker grey to black oncoids, which range
in size from 1cm to about 6cm. Oncoids within individual beds are
very well size-sorted. In many cases, nuclei, which are commonly
trilobite fragments, can be seen in the oncoids. Concentric layers in
the oncolites are less obvious. Although some oncoids are nearly
spherical in shape, most are ovoid, and some are flattened.

In the Peyto Formation (at Popes Peak, Mount Niblock, and
Monarch Creek), this lithofacies is commonly dolomitized. In these
locations, the matrix consists of coarsely crystalline, buff
dolomite, which weathers dark-buff to rusty. The oncoids also
consist of crystalline dolomite, but are dark-grey to black. Most of
the texture within the oncoids is lost, so that concentric layers and
nuclei are obliterated.

In other ancient environments, oncolites are associated with
intertidal to shallow subtidal deposition (Aitken 1967; Markello and
Read 1981; Westrop 1989). In the study area, this lithofacies
almost always occurs in association with other lithofacies
(Lithofacies C and O) interpreted to have been deposited in a
shallow-subtidal shelf setting, thus indicating a similar
depositional environment for Lithofacies F. The only exception to
this is the occurrence of oncolitic and oolitic packstone in the Mt.
Whyte Formation at Monarch Creek on Mount Stephen. This unit

(Figure 9c) is overlain by shales of the Naiset Formation
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(Lithofacies K). The oncolites in this case are interpreted to be part

of a debris flow deposit or turbidite, which was transported to the
upper slope from a shallow shelf origin. This interpretation is
supported by the stratigraphic setting, and by the structure of the
beds in which it occurs, including gutter casts at the base of

packstones which overly and are overlain by siltstones.

Lithofacies G: lLaminated, poorly fissile. grey quartz-siltstone

This lithofacies (Figure 10) forms units up to tens of metres
in thickness, and occurs only in the Naiset Formation at Mount Field,
Mount Stephen, Naiset Point and Park Boundary. It consists almost
entirely of silt to very fine sand-grade sediment with little
carbonate. Light to dark grey colour banding occurs on a scale of a
few centimetres, and starved or fading climbing ripples and low-
amplitude ripples are common, although wave ripples are absent.
Isolated pebble-size intraclasts of similar rock type and nearly
circular cross-section were observed in this facies at Mount Field
and Naiset Point (Figure 10b). These intraclasts were probably
transported into non-lithified, laminated sediment as illustrated by
the deformation below and above the clasts. Slumps and
intraformation truncation surfaces are relatively common in
Lithofacies G at Mount Field and Mount Stephen (see Figures 10c-e).
Trace fossils and body fossils are extremely rare in this facies.

Numerous features of this facies indicate that deposition took
place in a deep shelf to upper continental slope environment. First,
exposures of Lithofacies G are most extensive in the westernmost

locations, farthest away from the Cambrian shoreline. Slumps and
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intraformational truncation surfaces are well-documented
indicators of continental slope deposition (Cook and Mullins 1983).
Slumps are a result of sediment failure accompanied by rotation
(Stow 1986), whereas intraformational truncation surfaces (Davies
1977; Cook and Mullins 1983) are thought to represent cohesive
sediment slides (Stow 1986). At Mount Stephen, a channelized
boulder conglomerate (Lithofacies H) in Lithofacies G is interpreted
as a slope-derived debris flow deposit. Finally, light to dark grey
colour alternation of the sediment along with low-amplitude and
starved or fading climbing ripples are indicative of low-density,
fine-grained turbidity currents (see Stow 1986, p. 415; Piper and
Stow 1990, p. 366-367).

Lithofacies H: _Matrix-supported. boulder conglomerate

A matrix-supported boulder conglomerate (Figure 11) occurs
as a channelized deposit within Lithofacies G, directly overlying
Peyto dolostone at the Waterfall section on Mount Stephen. The
exposed width of the channel is about 30 m, and the axis trends
roughly east-west. While the southern flank of the channel is
covered, the northern flank is cut into laminated siltstone of
Lithofacies G. The central part of the channel directly overlies
Peyto dolostone. Moderately well-rounded clasts are composed of
siltstone and possibly dolostone, and range in size from about 10 cm
to over 1 metre. Reverse grading is apparent (see Figure 11.2). The
matrix consists of grey siltstone, similar in composition to
Lithofacies G, but lacking lamination. Two intraformational

truncation surfaces occur a few metres above and to the south of the
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channel (see Figure 10, and description under Lithofacies G). At the

North Gully section on Mount Stephen, basal Naiset siltstone of
Lithofacies G is slumped (see Figure 10).

All of the evidence points to an interpretation of this
lithofacies as a channelized debris-flow deposit (Walker 1984; Stow
1986) in slope sediments. Numerous examples of debris flows
consisting of large clasts suspended in a fine-grain matrix have
been described for ancient slope and basin margin deposits (Enos and

Moore 1983; Cook and Mullins 1983).

Lithofacies |:  Bioturbated. green-grey siltstone/fine sandstone

This lithofacies (Figure 12) occurs as thick units in the Mt.
Whyte Formation at every location except Mount Stephen.
Lithofacies | is superficially similar in appearance to, and in some
places (Mount Field for example) is gradational with Lithofacies G,
but contains more abundant coarse silt and more fine quartz sand,
especially in the east. Moreover, horizontal and vertical
bioturbation is pervasive in this facies but occurs only rarely in
Lithofacies G. In some places where bioturbation is limited to
bedding surfaces, centimetre-scale lamination is well-preserved,
while in other places, lamination is completely obliterated due to
bioturbation. No body fossils were observed in this facies. Parallel
and interference wave ripples are very common on bedding surfaces
(Figure 12c), while current ripples are less common (Figure 12b).

The abundant bioturbation and wave ripples indicate that
Lithofacies | was deposited under shallower water than Lithofacies

G, but the absence of evidence for subaerial exposure, such as
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desiccation cracks or fenestral fabric, prevents an interpretation of

intertidal deposition. Several metres below the bases of major
prograding shallow-shelf carbonate units at Mount Field and Naiset
Point, Lithofacies G passes upward into Lithofacies | as part of
shallowing upward sequences. Lithofacies | is therefore interpreted

as a shallow, subtidal, outer to middle shelf deposit.

Lithofacies J: Silty, dolomitic "parted limestone"

Silty, dolomitic, "parted limestone" (Aitken 1966; Westrop
1989; Cowan and James 1993) occurs in units generally less than 5
metres thick, and is characteristic of the Mt. Whyte Formation at
every location. Lithofacies J (Figure 13) is thin-bedded, with buff-
coloured silty dolostone and medium to dark grey lime-mudstone to
packstone alternating on a vertical scale of a few centimetres.
Weathered surfaces are rusty-buff. Vertical and horizontal burrows
are common, and body fossils occur only as small fragments. This
rock type differs from Lithofacies B in having less siltstone and
more limestone, which is well-bedded.

As for Lithofacies B, this type of facies has been associated
with shallow subtidal depositional environments (Cook and Taylor
1977; Aitken 1978; Wilson and Jordan 1983: Westrop 1989; Cowan
and James 1993), and this interpretation is adopted for Lithofacies
J.

Lithofacies K: Thinly laminated, green-grey shale

This rock type (Figure 14) is characteristic of the Naiset

Formation at most sections, but is volumetrically most significant
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at Naiset Point where it comprises most of the 170 m section. The

colour is light green-grey, weathering dark olive to brown. Fisility
varies from very good to poor, and a cleavage may be present. An
intraformational truncation surface is present in this facies at
Naiset Point. Trace fossils do not occur in this facies, and the shale
is usually poorly fossiliferous. However, at Popes Peak and, to a
lesser extent, at Mount Niblock, abundant trilobites, in some cases
completely articulated, occur in Lithofacies K. These intervals of
green-grey shale at Pope's Peak and Mount Niblock were assigned
previously to the Mt. Whyte Formation (Rasetti 1951: Aitken in
press), but are designated herein as tongues of the Naiset Formation.
Rasetti (1951) gave the name "Lake Agnes Shale Lentil" to these
approximately 8 m thick units at Pope's Peak and Mount Niblock.
There is, however, no evidence for these units having a lenticular
geometry, and because these units cannot be correlated outside of
the Lake Louise area, this name is abandoned.

Because of the absence of primary sedimentary structures
other than planar lamination, and the complete lack of bioturbation,
Lithofacies K is interpreted to have been deposited below normal
wave base. Moreover, the presence of completely articulated
trilobites is indicative of rapid burial, possibly under mud plumes
generated by storms (Miller et al., 1988). This style of preservation
is typically associated with deep water (below storm wave base),
distal shelf or slope sedimentation (see Speyer, 1987). The close
association of Lithofacies K with slope sediments at Mount Stephen

and Naiset Point suggests continental slope deposition at these



places, but mid to outer shelf depositional sites are interpreted for

other occurrences.

Lithofacies L: Black shale

Black shale (Figure 15) occurs only in the Naiset Formation at
Mount Field and Mount Stephen in units less than 5 metres thick. The
shale is fissile and displays a strong cleavage in some places.
Poorly preserved, compressed trilobites, inarticulate brachiopods,
and the mollusc Scenella are common at Mount Stephen, while only
trilobites occur rarely at Mount Field. At both locations, most of the
trilobites are complete specimens of Syspacephalus, although
disarticulated elements of Wenkchemnia sulcata occur rarely at
North Gully. Pyrite occurs commonly at North Gully and rarely at
Mount Field. These rocks are not bioturbated and millimetre-scale
lamination is pervasive in this facies; other sedimentary structures
such as ripple marks are absent. At both locations, the shale is
overlain by black lime mudstone (Lithofacies M), and at North Gully,
it, in turn, overlies a unit of black lime mudstone.

This lithofacies is interpreted to have been deposited below
storm-wave base in an upper slope or outer shelf environment. This
conclusion, based on lithologic criteria described above, is
supported by the occurrence in the westernmost sections. Moreover,
the black colour of the shale can be interpreted as evidence for
relatively high levels of organic carbon and relatively low levels of
dissolved oxygen in the benthic water at the time of deposition
(Wignall and Myers, 1988). These conditions are consistent with a

deep shelf to upper slope setting.



Lithofacies M: Thinly laminated. black, lime mudstone

Lithofacies M (Figure 16) occurs in the Naiset Formation at
Mount Field and Mount Stephen, and in the basal Cathedral Formation
at Mount Field. The rock is thinly bedded black micrite. Millimetre-
scale parallel lamination, and wavy bedding are the only primary
sedimentary structures present. Fossils are locally abundant,
particularly at North Gully, and consist almost entirely of trilobites,
many of which are complete exoskeletons. Shaly partings occur in
some intervals of this lithofacies at Mount Stephen. Trace fossils
are absent and pyrite is locally common.

As for Lithofacies L, with which it occurs, both the lithologic
evidence and its geographic location indicate that Lithofacies M was

deposited in a deep shelf to upper slope environment.

Lithofacies N: Thin-bedded to massive dolostone

Thin-bedded to massive dolostone (Figure 17) is characteristic
of the Cathedral Formation at all locations in the study area, and
also occurs locally in the upper Mt. Whyte Formation. The colour of
the dolostone ranges from buff to nearly black, and bedding
thickness is commonly massive, but may be thin to medium bedded
locally. In most places, dolostone is coarsely crystalline and
featureless, but at the Monarch Creek section, relict oolitic texture
is apparent in the basal Cathedral dolostone. Massive oncolitic
dolostone occurs locally in the Peyto Formation (see Lithofacies F).

Rasetti (1951) used the occurrence of massive dolostone to

define the base of the Cathedral Formation, even though he
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recognized that the stratigraphic occurrence of dolostone was highly

variable laterally in many sections. Aitken (in press) defined the
base of the Cathedral Formation with the occurrence of cliff-
forming carbonates above the highest bed of shale or siltstone in the
Mt. Whyte, thus including dolostone in the Mt. Whyte where it is

interbedded with shale or siltstone.

Lithofacies O: Quartz sandstone (calcareous)

Throughout the study area, quartz sandstone (Figure 18) is
common in the Peyto Formation, where it is interbedded with
limestones (Lithofacies C and D), and in the underlying Gog Group,
where it is the dominant rock type. Bedding thickness is thin to
medium, and cross-bedding is common. In some places, especially in
the upper Gog, cross-bedding is bi-polar (Figure 18a), indicating a
tidal influence. Quartz grains are subangular to rounded, and range
in size from fine sand to medium pebbles. Colours range from nearly
white to brown. In most cases, Peyto carbonates contain significant
amounts of quartz sand, especially in the lower portion of the
formation overlying Gog sandstones.

The coarse grain size, abundant cross-bedding, and
stratigraphic relationships support an interpretation of shallow

subtidal, high-energy shelf deposition for Lithofacies O.

LITHOFACIES ASSOCIATIONS



FIGURE 19. Representative interval of Lithofacies Association 1.

From lithologic log of Naiset Formation, North Gully.
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FIGURE 20. Representative interval of Lithofacies Association 2.

From lithologic log of Naiset (shale) and Mt. Whyte formations,
Mount Niblock.
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FIGURE 21. Representative interval of Lithofacies Association 3.

From lithologic log of Mt. Whyte Formation, Mount Weed.
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FIGURE 22. Representative interval of Lithofacies Association 4.

From lithologic log of Peyto Formation, Mount Jimmy Simpson.
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FIGURE 23. Representative interval of Lithofacies Association 5.

From lithologic log of Peyto Formation, Mount Niblock.
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FIGURE 24. Representative interval of Lithofacies Association 6.

From lithologic log of Mt. Whyte Formation, Mount Weed.
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Lithofacies Association 1

This association (Figure 19) consists of thick intervals of grey
quartz siltstone (Lithofacies G), with thinner units of black
limestone (M) and black shale (L). Lithofacies H is included in this
association at the Waterfall section at Mount Stephen. At Park
Boundary and Mount Field, a thick interval of Lithofacies G sharply
overlies Lithofacies M, while at North Gully, G is overlain by M.
Lithofacies L does not occur at Park Boundary, nor was it
encountered in the minimally exposed, short Waterfall section.

Sedimentary structures within Lithofacies G, including
undisturbed thin lamination, slumps and intraformation truncation
structures (submarine slides), deep-water features of Lithofacies L,
and a channelized debris-flow deposit (Lithofacies H) are strong
evidence for deposition of this association in a continental slope
environment. At Mount Stephen, Mclireath (1977) recognized similar
features in the Middle Cambrian (Glossopleura Zone) Boundary
Limestone, which he interpreted as a deep-water debris apron.
Other examples of slope deposits which share at least some of these
features include the Upper Cambrian - Lower Ordovician Hales
Limestone of central Nevada (Cook and Taylor 1977), the Middle
Pennsylvanian - Lower Permian Hare Fiord Formation of the Canadian
Arctic (Davies 1977), and the Middle Cambrian - Lower Ordovician
Cow Head Group of western Newfoundiand (James et al. 1989). At
Naiset Point, Park Boundary and Mount Field, Association 1 is

followed by Association 2.

Lithofacies Association 2



This association (Figure 20) consists of bioturbated green-
grey quartz siltstone (Lithofacies ), interbedded, bioturbated quartz
siltstone and wackestone-mudstone (B), and green-grey quartz shale
(K). It occurs in all exposures of the Mt. Whyte Formation, where it
is characteristic of the Weed Member (Aitken, in press). Although
sediment grade here is similar to that of the previous lithofacies
association, Association 2 is distinguished by its abundant
bioturbation, wave ripple marks, and lack of slumps and
intraformation truncations surfaces. At Naiset Point, Park Boundary
and Mount Field, Association 2 occurs directly above 1.

Lithofacies association 2 was deposited in shallower water
and on a gentler slope than Association 1. Shallow subtidal
deposition above normal wave base in Association 2 is indicated by
abundant wave ripple marks. Furthermore, several studies (Rhoads
and Morse 1971; Byers 1977; Myrow and Landing 1992) have shown
that bioturbation in fine-grain siliciclastic sediments increases
with decreasing subtidal water depth, and a similar pattern is
apparent when comparing associations 1 and 2. Finally, there is no
evidence in this association for slope deposition. Association 2 is
herein interpreted as having been deposited in an outer shelf setting.
Thus, the sequence of Lithofacies associations 1 to 2 represents a
shallowing-upward cycle, and is associated with the progradation of

shelf-edge carbonates (Association 3) on top of siliciclastics.

Lithofacies Association 3
This association (Figure 21) includes interbeds of bioclastic-

oolitic wackestone/packstone (Lithofacies C), oolitic grainstone (D),



parted limestone (J), interbedded bioturbated quartz siltstone and
wackestone-mudstone (B), and in some places, thrombolitic algal
boundstone (A) and oncolitic rudstone (F). This association occurs at
all locations of the Mt. Whyte Formation, where it characterizes the
Chephren Member.

All of the lithofacies in this association are indicative of
shallow subtidal (above storm wave base) shelf sedimentation, and
thin beds of oolite indicate deposition adjacent to oolitic shoals.
Whether this facies association was deposited shoreward or
basinward of oolitic shoals can only be estimated from the
geographic position of each outcrop. Westrop (1989) suggested a
similar depositional environment for a comparable facies
association from the Upper Cambrian Bison Creek Formation of
southern Alberta. Analogous depositional settings have been
interpreted for similar facies in the Carrara Formation of the
southern Great Basin (Palmer and Halley 1979).

The presence of thrombolites and stromatolites in the Peyto
Formation at Park Boundary, and in the Mt. Whyte Formation at Pope's
Peak, Mount Jimmy Simpson, Mount Weed and Park Boundary suggests
periodically clearer water and possibly a shallower depositional
environment than for Association 2. That these thrombolites did not
thrive in silty conditions is made evident by the common
“smothering" of thrombolites by siltstone at several locations
(Figure 4). In the Mt. Whyte Formation, Association 3 always
follows Association 2, and it is commonly overlain by carbonates of

the Cathedral Formation.
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It is worth noting that where shelf-edge carbonate deposits

are seen to prograde over top of siliciclastics, (for example at Mount
Stephen, Mount Field, or Naiset Point), a shallowing-upward
sequence exists within the siliciclastics. At Mount Field, thinly
laminated grey siltstone and black shale slope deposits (Lithofacies
association 1) shallow upward into bioturbated, rippled, green-grey
siltstone (Association 2), which becomes interbedded with
carbonates (Association 3). Similarly, at Naiset Point, green-grey
siltstone/shale lacking trace fossils, shallows upward into
bioturbated, rippled, green-grey siltstone, which becomes
interbedded with carbonates. A comparable progradational event at
Mount Stephen (North Gully) is represented by slumped siltstones,
black shales and limestones grading upwards into grey shales, and
then carbonate. All three of the above cited examples are
correlative (Syspacephalus laticeps Zone to Albertella Zone).
Because these sequences display a shallowing trend within the
siliciclastics prior to carbonate progradation, they indicate that the
carbonate progradation is not due purely to carbonate production
outpacing steady-state subsidence and sedimentation. There must
be a component of either decreased subsidence, increased vertical
aggradation of siliciclastics, eustatic sea-level fall, or a

combination of factors.

Lithofacies Association 4

This association (Figure 22) consists almost entirely of thin
to thick beds of oolitic grainstone (Lithofacies D), many of which

are planar tabular cross-bedded, with minor interbeds of bioclastic-



oolitic wackestone/packstone (C). It occurs only in the Peyto
Formation. At Mount Jimmy Simpson, a prominent, 30 metre thick
unit occurs at the top of the Peyto, and at Park Boundary, a 10 metre
thick unit is exposed near the base of the formation.

The abundance of thick, planar-tabular cross-bedded oolite
points to deposition on a major oolitic sand shoal (see discussion
for Lithofacies D). The Pleistocene Miami Oolite of Fiorida (Halley
et al. 1977) is an ancient oolitic sand body that compares in some
ways with the Mount Jimmy Simpson example. Although the Miami
Oolite shows more evidence of tidal influence than the Peyto
oolites, thick cross-beds, and burrowed sands behind the oolite bars
are comparable with the Peyto.

Both Rasetti (1951) and Hockley (1973) identified thick oolite
units in the Peyto at outcrops to the north of Bow Lake, near the
Mount Jimmy Simpson section. To a large degree, the thickness of
the Peyto carbonate throughout the study area depends on the
proximity to these thick oolitic sand bodies. In the vicinity of Mount
Jimmy Simpson, the Peyto is over 45 m thick (see Figure 32). This
is diminished to about 35 m with thin oolitic beds and some quartz
sand content at nearby Mount Weed, but shrinks to less than 14
metres with abundant quartz sand but no oolite at Pope's Peak and
Monarch Creek, Mount Stephen. Essentially, Peyto carbonates
intertongue shoreward with Gog sandstones, as Aitken (in press)
recognized, and basinward with the Naiset Formation. This
depositional model (Figure 25) for the Peyto Formation does not

require block faulting and subaerial erosion of carbonates, such as

o/



that proposed by Hockley (1973) and Aitken (in press), to explain

thickness variations.

Lithofacies Association 5

This association (Figure 23) includes interbeds of bioclastic or
oolitic packstone and grainstone (Lithofacies C, D, E), green-grey
quartz shale or siltstone (K, 1), calcareous quartz sandstone (O), and
oncolitic rudstone (F). It occurs in the Peyto Formation at Pope's
Peak, Mount Niblock and Mount Weed, and in the Mt. Whyte Formation
without Lithofacies O and F at Park Boundary. Previously, some of
these strata around Lake Louise have been assigned to the basal Mt.
Whyte Formation (Aitken, in press; Rasetti, 1951) on the basis of
their green-grey shale content, even though this lithology occurs
widely in the Peyto Formation. Moreover, the sandstone and
bioclastic grainstone are lithofacies more typical of the Peyto than
the Mt. Whyte. Herein, these intervals are assigned to the Peyto
Formation. It seems likely that oolite shoals, such as that at Mount
Jimmy Simpson, were the source of oolite found in Association 5.

The coarse-grained bioclastic grainstone, the coarse quartz
sandstone interbeds, and the oncoids suggest very shallow subtidal
deposition. The alternation of coarse sediments with common wave-
rippled surfaces and silt/shale on a scale of several centimetres
(Figure 6b, c) suggests that this lithofacies association represents
storm deposition, with packstone and grainstone beds representing
high-energy winnowed lags, and the silts representing low-energy
post-storm settling from suspension (see Kreisa 1981). Similar

coarse-fine sediment facies associations described in the literature
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(Kreisa 1981; Markello and Read 1981; Westrop 1989) have been

interpreted as shallow subtidal storm deposits.

Lithofacies Association 6

In this association (Figure 24), thick units of green-grey
quartz shale or siltstone (Lithofacies K, 1) occur with relatively thin
interbeds of oolitic and bioclastic grainstone (Lithofacies D, E). It
occurs in the Peyto Formation at Mount Jimmy Simpson, in the
Naiset Formation at Naiset Point, and in the upper Mt. Whyte
Formation at Park Boundary.

This association represents deposition on the margins of
carbonate banks. At Naiset Point and Mount Jimmy Simpson, the
coarse carbonate grainstones of Lithofacies D and E have been
transported and redeposited in outer shelf or upper slope shales in
advance of prograding shelf-edge carbonate lithosomes. Comparable
carbonates occur in shallow shelf quartz siltstones at Park
Boundary. Storm-generated currents are a probable agent of
sediment transport. Similar depositional sites were interpreted for
ooid packstones in the Nolichucky Formation of southwest Virginia
(Markello and Read 1981) and in the Sullivan Formation of the

southern Canadian Rocky Mountains (Aitken 1978).

LOWER - MIDDLE CAMBRIAN BOUNDARY SEDIMENTATION

The discussion of sequence stratigraphy presented in the next
section requires an understanding of the nature of disconformities
in the study interval. To this end, an evaluation of the Lower -

Middle Cambrian boundary is presented here, a boundary which
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reportedly contains "one of the larger, more significant
unconformities in the Phanerozoic strata of North America"
(Babcock, preface in Fritz, 1991).

Although Early to Middle Cambrian was a time of transgression
on the North American continent, there is a general consensus that a
major unconformity occurs in the study area at the base of the
Middle Cambrian (Rasetti 1951; Aitken 1989a, 1989b, in press; Fritz
et al. 1991). As defined in this thesis, the base of the Mt. Whyte
Formation is earliest Middle Cambrian in age, and the unconformity
reportedly occurs at the top of the Peyto Formation. Aitken (in
press) also claimed that the unconformity is apparent at the base of
the Naiset Formation on Mount Stephen.

Aitken (in press) cited several lines of evidence pointing to a
sub-Middie Cambrian unconformity, including the apparent erosional
beveling of the Peyto Formation across the axis of the Kicking Horse
Rim at Mount Stephen. This hypothesis is appealing because if
subaerial erosion was to have occurred anywhere on the Lower
Cambrian shelf, then surely it would have been most significant at a
major topographic-positive feature such as the Kicking Horse Rim.
However, subaerial exposure of carbonate deposits would have left
clear evidence. For example, the subaerial emergence of a Lower
Cambrian shelf-edge carbonate rim in the Franklinian basin of the
Canadian Arctic resulted in distinctive cave- and karst-fill of
breccia-conglomerates (Long, 1989). In basal Peyto oolite at Mount
Jimmy Simpson, evidence for local peritidal emergence by
deposition is in the form of iron oxide staining and thick cement

rims. However, there is no evidence whatsoever of extensive



FIGURE 25. Diagrammatic representation of Peyto carbonate
lithosome showing thickness variations across depositional strike
interpreted as a result of intertounging with Naiset shales and Gog

sandstones.
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FIGURE 26. Photograph and line drawing of the north face of Mount
Stephen showing correlation of selected beds from Monarch Creek
section to North Gully section. The beds that contain Olenellus at
Monarch Creek (collections B 26, B 28) are marked with an "X" and
can be correlated along a dark-coloured layer above a light coloured
layer (scree slope in places) to a point at North Gully marked with a
"Y".  This point is just above a clump of trees and overlies the beds

that yielded collection C 47 which contains Wenkchemnia walcotti

and Syspacephalus laticeps.
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FIGURE 27. Correlation of measured sections and collection sites on

Mount Stephen.
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emergence due to sea-level fall in the Lower Cambrian strata at
Mount Stephen, or in uppermost Lower Cambrian rocks anywhere in
the study area. New evidence from four sections on Mount Stephen
demonstrates that Lower Cambrian dolostone or trilobite-bearing
limestone ranging in thickness from 3 to 14 metres occurs along an
east-west transect (see Figures 26, 27). This work indicates that
thickness changes in Lower Cambrian strata on Mount Stephen and
elsewhere can be best explained with a depositional model that does
not require erosional beveling (see Figure 25). The lack of an
erosional unconformity at the Lower/Middle Cambrian boundary is by
no means unique to Mount Stephen. Hockley (1973) could not find
erosional features or karstification anywhere at the Peyto-Mt.
Whyte contact, and suggested that the disconformity is due mainly
to non-deposition rather than erosion.

Neither bio- nor lithostratigraphic evidence supports the
hypothesis of a major sub-Middle Cambrian unconformity due to
erosion or depositional hiatus in the study area:

1. Olenocides fieldensis, which has been recovered from the top
of the thickest sections of the Peyto formation at Park Boundary
(34.5 m), Mount Weed (34.6 m), and Mount Jimmy Simpson (46 m),
also occurs in the thinnest sections at Mount Stephen. However,
species recovered from the lowest part of Mount Weed do not occur
in the thin sections. This indicates that differences in thickness
between sections are not due to erosional removal of material from
the top of the Peyto Formation, as suggested by Aitken (1989a,
1989b, in press), but rather are a result of facies changes within

this interval (Figure 25). For example, the oolitic shoal facies at
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Mount Jimmy Simpson has not been observed anywhere else. This
interval may be coeval with unfossiliferous inner detrital-belt
quartz-sandstones of the Gog Group at other sections.

2. Rasetti's (1951) observation that the faunal change across
the Peyto-Mt. Whyte contact is sharp and that there is no
transitional fauna, has been cited by Hockley (1973) and Aitken (in
press) to support the hypothesis of a sub-Middle Cambrian
unconformity. At Mount Stephen, Lower Cambrian trilobites
(including Qlenellus sp. and Olenoides fieldensis) occur within the
lower portion of the Mt. Whyte Formation above previously-described
‘Middle Cambrian" trilobites (see Figures 26, 27). Furthermore, this
study demonstrates that at least six of the nine genera that occur in
the Peyto Formation also occur in Middle Cambrian strata. Even if

Bonnia is viewed as a valid genus, the closely related genus,

Olenoides, occurs in Middle Cambrian strata. The only significant
extinction involves the olenellids. Thus, this study has revealed
that the Lower / Middle Cambrian boundary is not as sharp as
previously thought. It is now clear that some trilobites (Fieldaspis,
Syspacephalus laticeps, Wenkchemnia) long viewed as Middie
Cambrian taxa existed in deeper-water slope biofacies coeval with
QOlenellus in shallower-water shelf biofacies.

3. The erosional surface identified by Aitken (in press)
overlying Peyto dolostone in a gully on Mount Stephen, 2 km
northeast of Field, is best interpreted as the base of a debris-flow
deposit which occurs in slope sediments (see discussion for
Lithofacies H). Here, directly overlying 5 m of Peyto dolostone, a

channelized, matrix-supported, boulder conglomerate occurs within



thinly laminated siltstone of the Naiset Formation (see Figure 11).
Just a few metres above and to the south of this channel can be
fecund intraformational truncation surfaces indicative of slides
(Figure 10), and coeval siltstones a few hundred metres to the east
on Mount Stephen clearly display severely distorted lamination
attributed to slumping (see Figure 10). Moreover, the Peyto
dolostone at this section is correlated with trilobite-bearing
limestones in eastern sections on Mount Stephen. In these eastern
locations, there is no conglomerate or "erosion surface" overlying
the Peyto; rather, the limestone is directly overlain by Naiset
siltstone.

In contrast to previously published reports of a sub-Middle
Cambrian unconformity of regional extent, it is now clear that no
such unconformity exists in the study area. Furthermore, some sites
examined in this study appear to preserve a complete record of
trilobite faunas across the Lower-Middle Cambrian boundary. These
conclusions have major implications for sequence-stratigraphic
models, the interpretation of the depositional history of the study

area and for biostratigraphy.

GRAND CYCLES AND SEQUENCE STRATIGRAPHY

The generalized rock sequence for the westward thickening
Cambrian miogeoclinal wedge throughout the Cordillera comprises
essentially two parts: a Lower Cambrian siliciclastic sequence and a
Middle to Upper Cambrian mixed carbonate-siliciclastic sequence.

Strata in the study interval belong to two successive grand cycles



FIGURE 28. Grand Cycles of the study interval.
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FIGURE 29. Sequence stratigraphy of the study interval.
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(Figure 28). The Peyto Formation represents the carbonate upper

half of one cycle, while the Mt. Whyte Formation represents the
mainly siliciclastic lower half of a second grand cycle. Uppermost
Gog Group sandstones constitute the lower half of the Peyto cycle,
and the Cathedral Formation represents the carbonate upper half of
the Mt. Whyte cycle. Both of these grand cycles likely belong to a
single, genetically related, stratigraphic sequence formed during one
cycle of relative sea-level change. Nonetheless, each of these grand
cycles differs from the other in several important aspects, including
thickness, composition, and across-strike extent of the half-cycles,
and each one is discussed individually below.

The grand cycle comprising uppermost Gog sandstone and Peyto
limestone was identified by Fritz (1975) as being the youngest of
three Lower Cambrian grand cycles, which he recognized throughout
the cordillera. This view was supported by Palmer (1981) who
correlated the tops of these grand cycles. Due to limited exposure in
the sections examined for this thesis, only the uppermost Lower
Cambrian cycle was observed. The lower half of the Gog-Peyto cycle
is different from the Mt. Whyte half-cycle and most other
siliciclastic half-cycles in that it consists almost exclusively of
fine to coarse quartz-sandstone, rather than siltstone or shale. Hein
(1987) interpreted the uppermost Gog Group sandstones in the study
area as having been deposited by migrating sand waves in a shallow
marine shelf setting. Northwest of the study area, Young (1979)
interpreted sandstones of the lowermost Gog Group McNaughton
Formation as representing shallow marine, piedmont, and fan-delta

environments. Basinwards, the Gog passes laterally into outer
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detrital-belt shales. Early Cambrian subsidence was rapid, and
contributed to the entire Gog Group attaining a western maximum
thickness of about 2 km in the study area (Aitken, 1989a). To the
north, in the upper Fraser River region, the Gog Group has a maximum
thickness of about 3 km (Young, 1979).

The carbonates of the Peyto Formation rest conformably and,
in a regional sense, gradationally on top of the Gog sandstone. In
contrast to the more than 600 m of Gog sandstone exposed in the
study area, the Peyto attains a maximum thickness of about 45m at
Mount Jimmy Simpson. To the northeast of the study area at Mount
Kerkeslin, Hockley (1973) reported a thickness of about 126 m for
the Peyto. There, the bulk of the sequence consists of shallow
subtidal to intertidal lime-mudstones, but a lack of fossils
precludes an Early Cambrian age assignment for the complete
package. The formation thins markedly westward, attaining only a
few metres thickness at Kicking Horse Pass. It was not deposited in
deeper-shelf and slope environments, which received only silt and
mud of the Naiset Formation during latest Early Cambrian time.
Eastward, the formation interfingers with sandstones of the Gog.
Based on sedimentological analysis in this study, the Peyto is
interpreted to represent shelf-edge oolitic sand shoals and very
shallow, subtidal, inner shelf carbonate deposits.

In sequence-stratigraphic terms, the Peyto Formation,
together with at least the uppermost Gog Group, likely represents
the lowstand wedge portion (see Figure 29) of a lowstand-systems
tract (Van Wagoner et al. 1988). This conclusion is suggested by the

great thickness of coarse-grained, shallow marine and non-marine
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sediments, deposited on a subsiding continental shelf. The great
thickness of the Gog lowstand wedge is to be expected because of
its very early time of emplacement with respect to passive margin
formation. Very rapid initial thermal subsidence associated with
the early drift phase of the miogeocline (Bond and Kominz 1984)
contributed to the tremendous thickness of the Gog sandstones.
Although not observed during the course of field work for this
thesis, the lower sequence boundary (type 1 of Van Wagoner et al.
1988) may occur at the base of the Gog Group, which unconformably
overlies the Precambrian Miette Group (Windermere Supergroup).
The transition from continental slope to shelf sedimentation is
recorded across this unconformity (Hein 1987).

Towards the end of lowstand-wedge deposition- in the study
area, Peyto carbonates were deposited as a result of temporarily
increased shoaling of the shallow shelf, diminished coarse-clastic
input, or a combination of these factors. The occurrence of a tongue
of relatively thick, non-bioturbated, quartz-shales assignable to the
Naiset Formation, a few metres above the base of the Peyto
Formation at Mount Jimmy Simpson, indicates deepening conditions
during early Peyto time. Furthermore, the occurrence of the Naiset
Formation directly above Gog sandstones in the Naiset type section
near Mount Assiniboine, in combination with the absence both of
Peyto carbonates and of evidence for erosional removal, indicates
that shales of the Naiset Formation were deposited in this
basinward location at about the same time as Peyto carbonates were
deposited on the shallow shelf at other locations in this study. In

order to account for varying thickness of the Peyto Formation from
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FIGURE 30. Photograph showing typically sharp contact (at arrow)
between Peyto Formation (Gog-Peyto grand cycle) and overlying Mt.

Whyte Formation (Mt. Whyte-Cathedral grand cycle). Park Boundary

section, 34.6 m.
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one location to another, Aitken (in press) and Hockley (1973) invoked
block faulting during late Peyto time as a mechanism to explain
uplift and subsequent erosional removal of Peyto limestone.
However, this study shows that differences in thickness of the
Peyto Formation can be explained by facies changes, and by pinching-
out basinward with the Naiset and shoreward with the Gog (see
Figure 25 and discussion under Lithofacies association 4).

The contact with the base of the overlying Mt. Whyte-Cathedral
grand cycle is sharp (Figure 30), and is marked at every location by
the appearance of fine-grained siliciclastic sediments over top of
coarse quartz sands or carbonates. In the Naiset Formation, green-
grey to nearly black, non-bioturbated silts and shales overlie Gog
sandstone or very thin Peyto carbonate. It is at Mount Stephen
where the increase in water depth across this contact is most
obvious. Here, the basal Naiset consists of turbiditic, siliciclastic,
slope sediments with slumps, slide scars and a debris flow deposit,
and contrasts sharply with the cross-bedded, coarse, quartz sand
and pebbles of the underlying Gog. In the vicinity of Mount Stephen,
the Gog was interpreted by Hein (1987) as having a shallow marine
shelf origin. At Mount Field, the Naiset is similar to that of Mount
Stephen, but the Gog is covered, and at its type section, nearly
featureless, dark grey Naiset shales overlie typical Gog. In the Mt.
Whyte Formation, green-grey coloured, bioturbated quartz siltstones
and fine sandstones mark the base of the Mt. Whyte-Cathedral grand
cycle.

In sequence-stratigraphic models, the top of a lowstand wedge

is marked by a major marine-flooding surface, which is followed by



a transgressive systems tract (Van Wagoner et al. 1988). In this
case, the bases of the Naiset Formation and the Weed Member of the
Mt. Whyte Formation represent the marine-flooding surface, with
these two formations comprising the transgressive systems tract
(Figure 29). The maximum flooding surface (MFS, Walker 1990)
which, in allostratigraphic models, marks the change from a
landward-onlapping and upbuilding unit to a basinward-prograding
wedge, is represented in this study by the base of the Chephren
Member of the Mt. Whyte Formation. In this case, the limestones of
the Chephren Member, which constitute the base of the Cathedral
Lithosome (Aitken, 1989), prograde both basinward and shoreward,
over top of siltstones and shales of the Mt. Whyte and Naiset
formations respectively, and constitute the highstand systems tract
(Van Wagoner et al. 1988). With diminishing shale and silt content,
the Mt. Whyte and Naiset formations grade upwards into the massive
carbonate of the Cathedral Formation, which likely formed a
submarine escarpment with relief as high as 300 m at its basinward
edge (Aitken 1989b, Aitken and Mclireath 1990, Fritz 1990; but see
Ludvigsen 1989 for an alternate interpretation). As such, the
Cathedral Formation represents an example of a keep-up carbonate
highstand platform (Sarg 1988), as opposed to a more slowly
accumulating, ramp-like, catch-up carbonate highstand platform
(Sarg 1988). The early phase of the Cathedral Lithosome
represented by the Chephren Member of the Mt. Whyte Formation
constitutes such a catch-up platform.

The sequence top, by definition marked by an unconformity

(Van Wagoner et al. 1988), possibly occurs at the top of the
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Cathedral Formation, where a disconformable relationship exists
with the overlying Stephen Formation (Fritz et al. 1991, in Gabrielse
and Yorath eds.). Although this sequence contains both siliciclastic
and carbonate sediments (which are mixed in places), it displays
most of the fundamental characteristics of the model for a type 1
sequence deposited in a basin with a shelf break (Van Wagoner et al.
1988). Such a model predicts the possibility of minor submarine
erosion and nondeposition at the boundary between the lowstand
systems tract and the transgressive systems tract (base of Naiset
and Mt. Whyte formations in this study), but does not predict
subaerial erosion or basinward shift in facies at that systems
tracts boundary. The results of this study fully support the model in
this regard (see section on Lower-Middle Cambrian boundary

sedimentation).

DEPOSITIONAL HISTORY

The depositional history of the study area can be summarized
in five stages:
1. Just prior to deposition of the Peyto Formation, shallow marine
quartz-sandstones of the Gog Group were deposited throughout the
study area, including places that would later receive slope
sediments of the Naiset Formation (Figure 31a).
2. During latest Early Cambrian time, shales of slope origin
belonging to the Naiset Formation were deposited over top of Gog
sandstone in basinward locations, while shoreward Peyto limestones

were deposited over top of Gog sandstone in shaliow shelf
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FIGURE 31. Depositional history of the Peyto, Mt. Whyte and Naiset
formations in Banff and Yoho parks. 1) Early Cambrian deposition of
Gog Group sandstone throughout the region. 2) Latest Early Cambrian
(Qlenellus gilberti - puertoblancoensis Zone) deposition of Peyto
carbonate across the continental shelf, and deposition of Naiset
shale and silt on the continental slope. 3) Earliest Middle Cambrian
(Syspacephalus laticeps Zone - Syspacephalus perola Zone)
deposition of Mt. Whyte silt (Weed Member) across the shelf, while
Naiset shale and silt deposition continues on slope. 4) Middle

Cambrian (Alokistocare cleora Zone) deposition of Mt. Whyte

carbonate (Chephren Member) across shelf and initial progradation
on to slope, while Naiset shale and silt deposition continues on
slope. 5) Middle Cambrian (Albertella Zone) progradation of

Cathedral lithosome across shelf and upper slope.



113

OUTER SHELF

INNER SHELF

Z
=

Z.
<
1

Z.
L_L_ L
- - I

SLOPE

SLOPE

SLOPE

OUTER SHELF

INNER SHELF

SLOPE

OUTER SHELF

INNER SHELF




environments. Closest to shore in most places sandstone deposition
continued (Figure 31b).

3. In the earliest Middle Cambrian, shales of the Naiset Formation
were deposited in slope environments, while bioturbated siltstones
of the Mt. Whyte Formation (Weed Member) were deposited on a
shallow shelf (Figure 31c).

4. During late Mt. Whyte time, slope-derived shales and deep-water
limestones of the Naiset grade upwards into shallow-water
limestones, while the Cathedral lithosome (Mt. Whyte Formation)
prograded basinward. At the same time, shallow-water limestones
of the Mt. Whyte Formation (Chephren Member) were deposited on the
shelf (Figure 31d).

5. Massive carbonates of the Cathedral Formation were deposited
over top of the Mt. Whyte Formation throughout the study area
(Figure 31e).



FIGURE 32. Correlation of measured sections in this thesis, with
lithofacies associations as described in text. Basinward locations
are to the left, shoreward locations are to the right. Note the
thinning of the Peyto Formation towards the basin. Also note that
the base of the Cathedral Formation is lowest near the shelf edge
(around Pope's Peak). This serves to illustrate how the Cathedral
lithosome prograded basinward and shoreward from an outer-shelf

point of origin.
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CHAPTER 4
TRILOBITE BIOSTRATIGRAPHY OF THE PEYTO, MT. WHYTE AND NAISET
FORMATIONS

INTRODUCTION

Numerous studies have documented strong biofacies
differentiation of trilobite faunas on Lower Paleozoic shelves (e.g.
Fortey, 1975; Robison, 1976; Ludvigsen, 1979a; Ludvigsen and
Westrop, 1983; Westrop, 1986; Tremblay and Westrop, 1991; Pratt,
1992). One qualitative study identified trilobite biofacies in strata
slightly younger than those of the study interval (Palmer and Halley,
1979). However, the succession of trilobite faunas across the
Lower-Middle Cambrian boundary is poorly known, so lowest Middle
Cambrian strata have often been recognized by an absence of
Olenellus, in conjunction with the presence of supposed 'Middle
Cambrian' genera. Such a definition of the Lower-Middle Cambrian

boundary is obviously imprecise, and hinders the understanding of

geologic events which took place over this interval in the study area.

Ludvigsen et al. (1986) have argued that biostratigraphic units, e.g.
zones, must be established in the context of environmental
distribution patterns of taxa, as expressed by biofacies. This

approach will be followed here.

TRILOBITE BIOFACIES

Introduction
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The purpose of this portion of the chapter is to identify the

smali-scale spatial distribution patterns of trilobite genera
(biofacies), and to relate these patterns to lithofacies. These
biofacies will permit the construction of a biostratigraphic
framework that is sensitive to the environmental distribution

patterns of trilobite genera.

Biofacies analysis
Following common procedure (e.g. Ludvigsen, 1979a; Ludvigsen

and. Westrop, 1983; Westrop, 1986; Tremblay and Westrop, 1991),
several trilobite biofacies are based upon relative abundance data
from large collections which have been gathered mainly from single
beds. Twenty-one collections obtained from the three formations in
the study interval have yielded 1,686 individuals. Individuals were
identified to the genus level for the purpose of the biofacies study.
Biofacies are based on recurrent associations of genera, and are
named for dominant genera.

Biofacies were first defined by visual comparison of pie-
diagrams constructed for each collection. This method is quick, and
provides a visually attractive result. Then, Q- and R-mode cluster
analysis, using Pearson's product-moment correlation coefficient as
a measure of similarity, was performed on the relative abundance
data. This technique both confirmed and summarized the results of
the pie-diagram assessment. The results were replotted with
collections on the Q-mode axis and genera on the R-mode axis.
Intersections of Q- and R-mode clusters define biofacies (Figure

33). These analytical methods resulted in the delineation of five
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FIGURE 33. Reordered data matrix formed by Q-mode clustering of
collections and R-mode clustering of taxa. Percentage values are
shown in four graduated size classes. Intersections of Q- and R-
mode clusters define five biofacies: Periomma Biofacies,

Onchocephalites Biofacies, Syspacephalus Biofacies, Antagmus
Biofacies, and Plagiura Biofacies.
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FIGURE 34. Pie graphs illustrating the distribution of trilobite

genera in three collections from the Periomma Biofacies.
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FIGURE 35. Pie graphs illustrating the distribution of trilobite
genera in two collections from the Onchocephalites Biofacies.
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FIGURE 36. Pie graphs illustrating the distribution of trilobite
genera in four collections from the Syspacephalus Biofacies.
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FIGURE 37. Pie graphs illustrating the distribution of trilobite

genera in four collections from the Antagmus Biofacies.
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FIGURE 38. Pie graphs illustrating the distribution of trilobite

genera in four collections from the Plagiura Biofacies.
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biofacies. These are described below, along with a Q- and R-mode

data matrix, and pie-diagram illustrations of representative

collections.
1. Periomma Biofacies (Figure 34) (Collections H0.3, H3.5, and

H3.7) — Late Early Cambrian, in light coloured, sandy limestones of
the Peyto Formation at Mount Weed, represented by low-diversity
collections dominated by Periomma and with subordinate Olenoides,
Olenellus, and Antagmus. It is associated with high-energy,
shallow-subtidal carbonate depositional environments which were

likely located shoreward of oolitic sand shoals.

2. Onchocephalites Biofacies (Figure 35) (collections H29, and
K29) — Late Early Cambrian, in light coloured lime-mudstones of the
Peyto Formation at Mount Weed and Mount Shaffer, dominated by
Onchocephalites, with Periomma, Olenoides, and Olenellus. It is
associated with shallow-subtidal carbonate depositional

environments.

3. The Syspachephalus Biofacies (Figure 36) (Collections Ce65,
C96, C99, C103, and F12) — Latest Early Cambrian to earliest Middle
Cambrian, in dark coloured shales and limestones of the Naiset
Formation at Mount Stephen, and in green coloured shales at Pope's
Peak. Elements also occur at Mount Field and Mount Niblock in shales
which should be considered tongues of the Naiset Formation.
Associated sedimentary facies represent deep subtidal, outer shelf

to upper slope environments. Syspacephalus is dominant, while
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other taxa include Wenkchemnia, Alokistocare, Poliella, Qgygopsis,
and Fieldaspis. All of these trilobites were included by Rasetti
(1951) in his Wenkchemnia - Stephenaspis Zone.

4. Antagmus Biofacies (Figure 37) (collections A94, A95, A96,
A115, and A117) — Early Middle Cambrian, in Mt. Whyte limestones
at most locations. Relatively high diversity collections contain, in
decreasing order of dominance, Antagmus, Alokistocare, Fieldaspis,
Kochaspis, Solenopleurella, and Oryctocephalites. This biofacies is
associated with subtidal, below normal wave base, carbonate facies

attributed to an outer shelf depositional environment.

5. Plagiura Biofacies (Figure 38) (collections H103, H106, H114,
H115, and H116) — Coeval with the Antagmus Biofacies, in upper Mt.
Whyte Formation only at Mount Weed. Very low-diversity
collections are dominated by Plagiura. Small numbers of
Alokistocare allow for correlation with the Antagmus Biofacies. It
is associated with shallow subtidal depositional environments
which were located relatively nearshore compared to more diverse,
contemporaneous biofacies. This association between very low-
diversity trilobite biofacies and very shallow subtidal ("nearshore")
depositional environments has been previously documented from
Middle Cambrian through Ordovician fossil communities (Westrop et
al., 1994; Palmer and Halley, 1979). The present study further
demonstrates that low-diversity trilobite associations were

present in nearshore environments as early as the Middle Cambrian.
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Biofacies distribution and interpretation

With the exception of trilobite biofacies proposed for the
Albertella Zone of the Carrara Formation in the Great Basin (Palmer
and Halley 1979), no paleoecologic analysis has been published for
rocks of similar age as the study interval. Moreover, other than
studies by Fritz (1972, 1991), there is a paucity of published,
reliable data on bed-by-bed, relative abundance of trilobites of this
age. Close comparisons can be made, however, between this study
and the work of Palmer and Halley (1979). In both the early Middle
Cambrian portion of the study interval and the Carrara Formation,
there is a similarity in upper-slope/outer-shelf biofacies containing
Ogygopsis, outer-shelf biofacies containing Corynexochids
(Eieldaspis, Albertella), and inner-shelf biofacies dominated by
Alokistocariids (Plagiura, Mexicella). These similarities, as well as
differences, will be discussed below, in addition to comparisons
with some of Fritz's Lower Cambrian work.

1. The upper Lower Cambrian Periomma Biofacies belongs to the
Olenoides fieldensis Zone, and thus is the oldest trilobite community
identified in this study. It occurs in Lithofacies Association 3,
where abundant quartz sand, oncolites, and thin oolitic beds indicate
a high-energy, shallow-subtidal shelf depositional environment. lts
location eastward of the nearby thick-bedded oolite at Mount Jimmy
Simpson suggests that this trilobite community inhabited a site
shoreward of oolitic sand shoals. There is scant evidence from the
study area to indicate that a coeval Olenellus - dominated biofacies
may exist basinward of the oolitic shoals. Although the green

shales, which occur interbedded with the fossiliferous limestones in
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this biofacies at Mount Weed, are barren, a small collection made

from similar shales near the base of the Peyto Formation at Mount
Jimmy Simpson yielded only a few cephala of Olenellus.
Both Lochman (1952) and Fritz (1991) have suggested that

uppermost Lower Cambrian strata (Bonnia - Olenellus Zone) may be
characterized by an abundance of ptychopariid trilobites along with
olenellids. This certainly seems to be the case with shallow
carbonate-shelf facies. Fritz (1991) identified seven ptychopariid
genera (recognized as four genera herein) from carbonates of the
uppermost Lower Cambrian llityd Formation in the Yukon Territory.
Of these, Antagmus and Syspacephalus occur in the Peyto Formation,
whereas Proliotracus and Variopelta are absent. All of these genera
occur in the Bonnia - Olenellus Zone of the Sekwi Formation in the

Northwest Territories (Fritz, 1972). Although detailed lithologic

information is not presented in Fritz's (1972, 1991) published
reports, it is clear that neither the Sekwi nor the llityd Formation
contains significant amounts of oolite. This contrasts sharply with
extensive oolite shoals developed in the Peyto Formation. In fact,
both of the Peyto biofacies occur partly in oolitic limestone. This
lithologic difference and the implied contrast in depositional
environments may account for the apparent biofacies differences
between the Peyto and the llltyd/Sekwi formations.

2. The uppermost Lower Cambrian Onchocephalites Biofacies
occurs in similar lithofacies to the Periomma Biofacies, although at
Mount Shaffer, it is in non-oolitic lime mudstone. This biofacies is

characterized by an abundance of the small, smooth, ptychopariid
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Onchocephalites. Onchocephalites occurs throughout Middle
Cambrian carbonates, including the Mt. Whyte Formation.

3. The Syspacephalus Biofacies occurs in uppermost Lower
Cambrian to lowest Middie Cambrian strata with Lithofacies
Association 1 of the Naiset Formation. Characterized by an
abundance of the eponymous genus, this deep-water slope biofacies
represents a trilobite community that existed during the period in
which Olenellus became extinct. At North Gully on Mount Stephen,
this biofacies occurs in beds that correlate with units below the
highest occurrence of QOlenellus, a few hundred metres to the east at
Monarch Creek (see Figures 26, 27). At Pope's Peak and Mount
Niblock, the Syspacephalus Biofacies occurs about 4 m above the
highest occurrence of Olenellus. In most of these cases, Olenellus is
restricted to high-energy packstones and grainstones (coquinas),
while the Syspacephalus Biofacies occurs in lower-energy, thinly
laminated black limestone, or green to black shale. The Olenellus-
bearing grainstones were likely reworked by storms. In contrast,
the trilobites of the Syspacephalus Biofacies are frequently
preserved intact. It is worth noting that complete trilobites are
more common in the black shales at Mount Stephen than in the green
shales at Popes Peak or Mount Niblock.

It seems possible that towards the end of its stratigraphic
range, Olenellus became restricted to shallow carbonate-shelf
environments, while pytchopariids and corynexochids exploited
deeper water facies where olenellids once dominated.

The trilobite Ogygopsis occurs in thinly laminated, black lime-
mudstone beds of the Syspacephalus Biofacies at North Gully on



Mount Stephen. This deep-water occurrence of Qgygopsis in the
Naiset Formation compares closely with its occurrence locally in
the Stephen Formation (Rasetti, 1951), the Carrara Formation of the
Great Basin (Palmer and Halley, 1979), the Kinzers Formation in
southeastern Pennsylvania (Campbell, 1971), and other locations
(Nelson, 1963). Indeed, Palmer and Halley (1979) concluded that the
occurrence of Ogygopsis is indicative of carbonate platform-margin
deposition throughout the early half of the Middle Cambrian. This
study supports that conclusion.

Although nowhere does the Syspacephalus Biofacies share any
species with a carbonate-shelf biofacies, it does include the genera
Alokistocare and Fieldaspis which occur widely across younger shelf
biofacies described below. A. agnesensis and F. bispinosa from this

biofacies are older than A. cleora and species of Fieldaspis from the

Antagmus Biofacies.

4. The Antagmus Biofacies belongs to the Middle Cambrian
Alokistocare cleora Zone. It occurs in lithofacies C and D, where
thin oolitic and bioclastic-grainstone beds indicate deposition on a
high-energy, shallow-subtidal shelf. The occurrence of Alokistocare
and Fieldaspis, which also occur in the upper-siope Syspacephalus
Biofacies, the close association with thick, laminated shales a few
metres below at Mount Field and its location in the westernmost
outcrop of the Mt. Whyte Formation, suggest that this trilobite
community existed near the edge of the carbonate shelf.

In some respects, this biofacies is similar to the Lower
Cambrian Periomma Biofacies. Both were deposited close to oolitic

shoals, and both are dominated by ptychopariids. Although no Lower
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Cambrian corynexochids were encountered in this study, Rasetti

(1951) reported Zacanthopsis from the Peyto at Mount Shaffer, and

Fritz (1972, 1991) recovered this genus from the Bonnia - Olenellus

Zone of the Sekwi and llityd formations. The corynexochid
Fieldaspis is a major constituent of the Antagmus Biofacies.

The presence of Fieldaspis here allows a comparison with the
younger Albertella - Mexicella Biofacies of Palmer and Halley
(1979). This biofacies, characterized by a single corynexochid,
occurs in carbonate platform/terrigenous clastic sediments. Palmer
and Halley's biofacies appears to have had a stronger terrigenous
clastic influence, and, apparently, a lower species diversity, than
the Antagmus Biofacies.

5. The Plagiura Biofacies, also in the Alokistocare cleora Zone,
has no apparent analogue in Lower to Middle Cambrian rocks. Its
very low diversity in large collections and association with very
shallow subtidal carbonates distinguished by oncolites and
stromatolites, compares very closely with Ordovician nearshore
biofacies characterized by Bathyurus (Tremblay and Westrop, 1991;
Westrop et al., 1995). This association with very shallow subtidal
rocks and its eastern location at Mount Weed combine to suggest
that the Plagiura Biofacies was deposited shoreward of the
Antagmus Biofacies.

TRILOBITE ZONES
Introduction
As discussed in the previous section, trilobites are highly

facies-specific and their spatial segregation across the continental
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shelf and slope can be described with biofacies. Ludvigsen et al.

(1986) demonstrated the utility of establishing species-based zones
for different, coeval biofacies. The resuit of this "dual
biostratigraphy" method are paralle! sets of zones for different
biofacies, correlation between which is made by the presence of
relatively rare, shared species. In s