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ABSTRACT

Collections from the Whittaker Formation at Avalanche Lake 1 and Avalanche Lake
4B, near Avalanche Lake, N'W.T.,, demonstrate faunal changes through the Upper
Ordovician, extending into the Silurian. 33 species, representing 15 families, were
identified at AV4B and AVL. Thirteeen new species were identified, described, and
classified. Q-mode (sample by sample) and R-mode (taxon by taxon) biofacies analysis
was conducted using the Jaccard Coefficient and UPGMA clustering. Three biofacies were
recognized: the Bathyurus Biofacies, representing a nearshore environment; the Tricopelta-
Ceraurinella Biofacies, representing a deeper water shelf environment; and the Anaraphrus-
Cryptolithus Biofacies, representing a slope environment. Changes in trilobite faunal
composition, diversity, and sedimentology reveal the occurrence of the Rawtheyan
extinction event at the Avalanche Lake sections. Evidence suggests that cooling ocean
temperatures tollowing the onset of the Gondwana glaciation during the Upper Ordovician

may have been one of the factors that contributed to the Rawtheyan extinction event.
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Chapter 1: Introduction

Introduction

Several previous publications describe Middle Ordovician and Silurian trilobite
faunas of the southern Mackenzie Mountains (Chatterton and Ludvigsen, 1976; Ludvigsen,
1979; Perry and Chatterton, 1979; Chatterton, 1980; Chatterton and Perry, 1983, 1984;
Edgecombe and Chatterton, 1990, 1992; Adrain and Chatterton, 1994, 1995a, 1995b:
Siveter and Chatterton, 1996). Collections from exposed sections near Avalanche Lake,
N.W.T. provide exceptionally well preserved Ordovician trilobite assemblages. The faunal
composition, diversity patterns, and biostratigraphy of Late Ordovician trilobites from this
region are poorly known. To date studies are limited to description and phylogenetic
analysis of new taxa from the Middle Ordovician and Silurian, and studies of the Late
Ordovician and Silurian extinction events in the Selwyn Basin (Chatterton et al., 1990;
Wang et al., 1993).

Collections from Avalanche Lake 4B and Avalanche Lake 1 demonstrate faunal
changes through the Upper Ordovician, extending into the Silurian. The Upper Ordovician
is a period of particular interest to historical geologists because it includes a major episode
of global glaciation, and at least two distinct episodes of ensuing mass extinction. The first
episode of extinction, the Rawtheyan extinction event, is associated with a major reduction
in species diversity and the appearance of new taxa. The second event near the end of the
Ordovician (at the base of the G. persculptus zone) is associated with the extinction of
many of the families that survived the Rawtheyan extinction event, and is followed by
radiation of taxa into the Silurian.

Purpose and Scope of the Study

The objectives of this study were to collect and prepare fossils from a sequence of
previously unstudied Late Ordovician trilobite assemblages in the lower Whittaker
Formation, Mackenzie Mountains. The goal of the sampling strategy was to establish the
taxonomic composition of several trilobite faunas spaced along a particular outcrop where it
was suspected that faunal changes occurred in response to environmental changes during
the Late Ordovician. New and existing species were identified, described and classified.
The effects of the end-Ordovician glaciation, including rapid changes in sea level and
temperature, on faunal composition, changes in abundance, and diversity were explored.
Collections in the summer of 1998 have refined original descriptions of the geology of the
Upper Ordovician parts of the section in this region, and have demonstrated facies changes
in the interval that includes the extinction horizons. The finely resolved faunal and



stratigraphic data produced from Avalanche Lake will provide information on the

Rawtheyan extinction event.

Previous Work

Papers discussing the fauna preserved in the Mackenzie Mountain sediments have
focused primarily on the Middle Ordovician and Silurian. Within the Trilobita, Ludvigsen
(1975) discussed the shelly faunas of Canadian to Maysvillian age in several formations
within the southern Mackenzie Mountains. He identified seven discrete assemblages and
described many previously unknown silicified trilobites. Chatterton and Ludvigsen (1976)
described silicified trilobites of upper Whiterockian (late Chazyan) age from the lower half
of the Esbataottine Formation from the South Nahanni River area, and discussed their
biofacies and paleogeographic significance. Additional work by Chatterton (1980)
described the ontogeny and functional morphology of many of the same species discussed
in Chatterton and Ludvigsen (1976). Ludvigsen (1978) defined three platform trilobite
biofacies according to generic composition and species diversity from the upper
Whiterockian (Chazyan) to Edenian of the Sunblood, Esbataottine, and lower Whittaker
Formations. Ludvigsen (1979) established the first macrofaunal zonation of the Middle
Ordovician in western North America, in addition to describing twenty new species from
the region.

Trilobite faunas of early Silurian age have been described by a number of workers.
Perry and Chatterton (1979) discussed fifteen Wenlock trilobite genera and an associated
brachiopod fauna from the beds of the Whittaker Formation and Delorme Formation.
Chatterton and Perry (1983, 1984) continued work from the Avalanche Lake sections,
describing silicified odontopleurid and cheirurid trilobites from early Llandovery to early
Ludlow age. Edgecombe and Chatterton (1990, 1992) discussed the systematics of Silurian
encrinurine trilobites from Llandovery strata of the Whittaker Formation. Adrain and
Chatterton (1994, 1995a, 1995b) discussed new species of aulacopleurid trilobites from the
Wenlock of the Whittaker Formation. Siveter and Chatterton (1996) discussed Llandovery
and Wenlock calymenid trilobites from the Avalanche Lake sections.

Other faunal components discussed from Mackenzie Mountain sediments include
conodonts (Over and Chatterton, 1987; Mitchell and Sweet, 1988; Nowlan et al., 1988),
ostracods (Copeland, 1974; Copeland, 1978; Copeland, 1982; Copeland, 1989),
brachiopods (Jin and Chatterton, 1997), rostroconchs (Johnson and Chatterton, 1983;
Caldwell and Chatterton, 1995), and sponges (Rigby and Chatterton, 1994, 1999).

Chatterton et al. (1990) and Wang et al. (1993) discussed mass extinctions and
faunal turnovers occurring in the Upper Ordovician and Silurian portions of the Avalanche



Lake sections. Chatterton et al. (1990) discussed trilobite and conodont lineage turnovers in
Silurian shelf marginal sections of the Mackenzie Mountains and the relationship of these
changes to fluctuations in sea level and migration of these organisms. Wang et al. (1993)
presented a detailed study of the geochemistry, sedimentology, and fossil distribution in
two Avalanche Lake sections at the Ordovician-Silurian boundary intervals in the Selwyn
Basin. They found that trilobites and conodonts suffered a profound extinction at the end of
the Ordovician that coincides with a maximum shallowing followed by a transgression,
probably caused by a eustatic regression induced by Late Ordovician glaciation.

Materials and Methods

Two sections about 10 km east of Avalanche Lake were examined and described
and bulk samples from each interval containing well preserved, distinct trilobite fossils
were collected. Fossiliferous horizons were detected visually by the presence of silicified
material such as corals. The trilobites in this study were extracted from samples from
several collecting trips. In 1978 and 1979 material was collected from Avalanche Lake 4B
and Avalanche Lake | and the sections were described by B.D.E. Chatterton and D.G.
Perry. Additional specimens were recovered from AV4B and AV during the summer of
1998 by Dr. Brian D.E. Chatterton and others (including the writer). The Avalanche Lake
4B section was measured in detail and changes in lithology were described based on the
Dunham carbonate classification, the allochems present, and sedimentary structures in
order to determine depositional environment.

Bulk samples of fossiliferous limestone were collected from numerous horizons
from Avalanche Lake 4B. The section was measured using a 1.5 metre stick, and samples
were labeled according to their stratigraphic position above a datum. Approximately 3
metres of sediments were exposed during the 1998 trip that were not exposed in the
previous trip to the locality. Measurement of the 1998 section started 3 m below the original
datum established in 1978. Material collected from the 1998 field trip is labeled 98AV4B.
Material collected previously by Brian Chatterton is labeled AV4B. Bulk samples collected
from talus were indicated by a "T" on the field label.

Bulk samples of limestone were dissolved in 10% hydrochloric acid to extract
silicified material. Dissolution of each sample required several days. The residue was then
sieved into four size fractions, allowed to dry, and specimens were then picked from this
residue.

Specimens were photographed with a Field-Emission Scanning Electron
Microscope (FE-SEM) of the Earth and Atmospheric Sciences Department at the University
of Alberta. SEM stubs were covered with exposed film to provide a smooth surface and



specimens were glued to the stubs with gum tragacanth, that dissolves in water to allow for
easy removal of specimens at a later date.

Both new and known species were identified, described and classified based on
morphology. Identification of most species was restricted to holaspid material, but later
stage meraspids were incorporated where material was abundant.

All specimens illustrated in this thesis are housed in the University of Alberta
Paleontological Type collections and are identified by University of Alberta (UA) numbers.

Regional Geology

The Avalanche Lake sections are situated on the margin of the shelf or slope into the
Selwyn Basin from the Redstone Arch region (Gabrielse et al., 1973). The sections are
located approximately 10 km east of Avalanche Lake on the northeast flank of the
Avalanche Syncline (Fig. 1.1). The Avalanche Lake sections include seven distinct
exposures; AV1, AV2, AV3, AV4 and AV4B, AVS, AV6, and AV7. Over and Chatterton
(1987) considered the lithology and faunas of these sections to be diagnostic of deeper
water, deposited in a deep-shelf or slope setting. AV1 and AV2 are considered to represent
environments more proximal to shore, AV3, AV4 and AV4B, AVS, AV6, and AV7
represent sections progressively more distal and deeper water environments (Over and
Chatterton, 1987). Three Ordovician and Silurian formations are defined in the region. The
Whittaker Formation contains Ordovician to Silurian strata, and interfingers with the Road
River Formation in the Avalanche Lake area (Over and Chatterton, 1987). At AV1 and
AV4B the Whittaker Formation crosses the boundary between the Upper Ordovician and
Lower Silurian, ranging into the Wenlock (Copeland, 1989). The Whittaker Formation
consists predominately of dark, fine-grained limestones, commonly argillaceous, with
interbeds of carbonaceous shales. The Whittaker Formation is conformably overlain by the
Delorme Formation, or the Road River Formation, where they occur together (Chatterton
and Perry, 1984). The Delorme Formation consists of limestones, shales and dolomites
and is Wenlock in age (Chatterton and Perry, 1984). The Road River Formation is a
sequence of graptolite-bearing shales interbedded with calcareous strata (Chatterton and
Perry, 1984). Chatterton and Perry (1983, 1984) recognized only the Whittaker and
Delorme Formations in the Avalanche Lake sections.

Geology and Paleontology of Avalanche Lake 4B and Avalanche Lake 1
Sections AV1 and AV4B are located near the bases of adjacent valleys cut into the

northeast slope of an unnamed mountain range, about 10 km east of Avalanche Lake,

central Mackenzie Mountains, Northwest Territories (Wang et al., 1993). The strata in
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Figure 1.1. Study area and locality map of measured Avalanche Lake sections in the southern
Mackenzie Mountains.Inset shows relationship of measured Avalanche Lake sections to each
other (after Over and Chatterton, 1987).



AV4B are exposed through the uppermost Ordovician and lowermost Silurian; the AV1
section contains several covered intervals and therefore is less complete.

Minor differences in the sedimentological descriptions between the 1978 description
and 1998 description account for variation between the two lithologs of the same section
(Fig. 1.2). The 1978 measurement of AV4B revealed approximately 130 metres of section,
of which 90.75 metres were sampled for silicified trilobites. The 1998 collection of AV4B
spanned 110.9 metres, and was sampled more completely.

The section at AV4B consists of a series of dark, micritic mudstones and
wackestones low in the section and interbedded argillaceous limestones and calcareous
shales higher in the section. Interference ripples present at 2.75 m indicate shallow water
deposition low within the section. Evidence of biogenic activity is indicated by burrows
that occur low in the section. At approximately 21 m in the section a restricted interval of
limestones with sparry calcite and mudstone intraclasts are found. These reworked
mudstone intraclasts cemented by calcite spar indicate the occurrence of mass movement,
possibly a slump or a slide. Wavy to planar laminations occur throughout the section,
indicating variation in the nature or size of the carbonate material deposited through time,
possibly resulting from current deposition (Boggs, 1987). At approximately 75.25 m. a
distinct sedimentological change occurs, with dark micritic mudstones changing to
calcarous shales that are interbedded with light gray, argillaceous limestones. The contact
between the two is sharp. Chert nodules compose 10-20% of the limestone interbeds. The
end-Ordovician mass extinction event was identified as occurring between two prominent
beds sandwiched in a shaly-looking sequence of argillaceous limestones and shales (Wang
et al., 1993). This level originally was placed by Nowlan et al. (1988) at 111.3 m. The
1998 measurements of the AV4B section place the same horizon at 110.6 m. The
Ordovician-Silurian boundary was located 1 metre above this horizon based upon graptolite
data (Wang et al., 1993)

Surface fossils visible at AV4B consist of rare tabulate and rugose corals, crinoid
ossicles, brachiopod shell fragments, and rare trilobite fragments. Visual inspection of the
outcrop indicated that surface fossils were prevalent within the wackestone interval. Above
the 75.25 m horizon, exoskeletal fragments of Cryptolithus were visible on the surface and
as crack-out specimens. Above 101.5 m, graptolites appear in the section.

Preparation of rock samples shows the distribution of in situ trilobite material at
AV4B (Fig. 1.3, 1.4).Trilobites that occur 35 m below the Ordovician-Silurian boundary
in the AV sections are dominated by the Ordovician genera Cryptolithus, Anataphrus, and
Robergiella. Below this level, the fauna consists of typical Ordovician genera such as
Borealaspis, Ceraurinella, Tricopelta, Isotelus, Bumastoides, Ceraurus, Cybeloides, Holia,
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