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PREFACE

The Cambrian System holds special scientific interest because it contains the primary
record of the earliest evolutionary diversification of metazoan life on Earth. Study of the
patterns of evolutionary diversification and associated environmental conditions provides our
understanding of the original colonization of the Earth's marine ecosystem by complex plant
and animal communities.

Rocks of Cambrian age contain a significant portion of the world's sedimentary and
metallic mineral resources. Increased understanding of Cambrian stratigraphy, depositional
environments, and paleogeography improves our ability to discover new deposits which are so
necessary to the agricultural and industrial well being of the world's human population.

This volume is the proceedings of the technical sessions of the Second International
Symposium on the Cambrian System, held August 9-13, 1981, in Golden, Colorado. The first
international Cambrian symposium was held in conjunction with the 20th International
Geological Congress in Mexico City in 1956. Since 1956, a wealth of research on Cambrian
stratigraphy and paleontology has been conducted in all parts of the world. This volume
contains a sample of that work in 72 scientific reports authored or coauthored by 95 research
scientists. Thirteen countries are represented by the contributors, including the United States
of America (37), the Union of Soviet Socialist Republics (16), the People's Republic of China
(12), England (6), Australia (5), Sweden (5), Canada (3), France (3), Argentina (2), Estonia (2),
West Germany (2), South Korea (1), and Poland (1).

This volume was edited and published with a lead time of less than three months from
the time manuscripts were received from authors. Reports were technically reviewed by at
least two specialists, and edited and proofread by the editor, who assugnes all responsibility for
errors in the published version of the authors' original texts.

Production of this proceedings volume in such a short period of time would not have been
possible without the dedicated effort of Julia E. H. Taylor, Leonard A. Wilson, and a group of
very capable publications specialists and typists from the U.S. Geological Survey in Denver,
Colorado.

Michael E. Taylor, Editor
June 12, 1981
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1. THE PRECAMBRIAN-LOWER CAMBRIAN FORMATIONS
OF NORTHWESTERN ARGENTINA

F. G. Acenolaza and A. J. Toselli

Universidad Nacional de Tucuman
Tucuman 4000, Argentina

For many vyears, a large area of slightly
metamorphosed outcrop in northern Argentina (fig. 1)
was considered to be of Precambrian age. The outcrop
area extends from near the Argentinian-Bolivian
border to 25° south latitude. The most significant fact
indicating the age of these rocks is that they lie in
angular unconformity beneath a  fossiliferous
sedimentary sequence of Cambrian-Ordovician age
(fig. 2). To the south the outcrops are connected with
highly metamorphosed rocks, which presumably
represent part of the South American Precambrian
craton. The studies of Keidel (1947) represent a line
of thought, well established in Argentine geology,
which attributed these outcrops to the Precambrian.

However, during the last decade, radiometric
investigations of crystalline rocks and the discovery of
ichnofossils of Cambrian age (table 1) have required
the revision of age interpretations and the elaboration
of new ideas regarding the geosynclinal evolution of
the western margin of the South American continent.

STRATIGRAPHY

The principal stratigraphic units exposed in

northwestern Argentina are described as follows:
1, Puncoviscana Formation: This formation is exposed
from the north end of the Sierra de Santa Victoria at
the border with Bolivia to the south end of Salta
Province; its western outcrops are in the Sierra de
Cobres (66° 30' W.), and the eastern extent is in Sierra
de La Candelaria (64° 30' W.). Turner (1960) described
the formation as a unit formed by slates, phyllites,
limestones, conglomerates, and quartzites, ranging
from dark gray to grayish red. The type locality is in
Sierra de Santa Victoria. The formation is affected by
intense folding. This fact makes difficult any
determination of the total thickness of the sequence.
Miller (1979) studied the deformation of this unit and
determined, by means of microstructural
measurements, that the general trend of the orogene
was NNE-SSW to NE-SW.

According to Salfity and others (1975) it is
possible to include this unit in the Lerma Group, which
can be characterized lithostratigraphically in the Valle
de Lerma (Salta Province). It is formed by the

following formations (in ascending order): Sancha
(shales and slates), Volcan-Las Tienditas (dark
limestones), Puncoviscana (shales and slates), and
Corralito (conglomerates).

Shales of the Puncoviscana Formation have
provided abundant trace fossils in several localities in
Salta and Jujuy Provinces (table 1). They helped to
confirm that this unit is in part Lower Cambrian
(Acenolaza, 1978).

Typically, this formation is composed of
graywackes and pelitic rocks with rhythmic
structures. These rocks were affected by low-grade
metamorphic processes in the Cordillera Oriental
(Toselli, 1980).

2, Suncho Formationt The Suncho Formation is
exposed in the Sierra de la Ovejeria (Catamarca
Province), about 250 km southwest of Tucuman, in a
tectonic block bounded by Ordovician granites which

Table l.--Distribution of Lower Cambrian
Ichnogenera in northern Argentina.

Localities

1 2 3 4 5 5 6 7
Cochlichnus * *®
Dimaorphichnus *
Diplichnites * *®
Glockeria *
Cordia ®* ® = ® =
Helminthopsis LA
Nereites * ® *
Oldhamia * ® *
Planolites * X X X X X =
Protichnites *
Protovirgularia *
Tasmanadia *
Torrowangea *

Localities: 1, Sierra Ovejeria (Catamarca); 2, San

Antonio de los Cobres (Salta); 3, Cachi (Salta); 4,
Salta; 5, Purmamarca (Jujuy); 6, Munano (Salta); 7,
Campo Quijano (Salta).
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have been intruded by Cenozoic vulcanites. The
formation was first described by Mirre and Acenolaza
(1972) and was later studied in detail by Durand
(1980). The formation contains slates and graywackes
with rhythmic structures and several levels with trace
fossils (table 1). The metamorphic grade of this
formation is almost equivalent to that of the
Puncoviscana.

3, Medina and San Javier Formations: These
formations have been described by Bossi (1969) and
Toselli and others (1972) from outcrops in the Tucuman
Province. The structural and lithostratigraphic
characters shown are the same as those of the Suncho;
no fossils have been found in either the Medina or the
San  Javier. The  whole-rock  radiometric
determinations performed on the San Javier (512 m.y.)
and the Medina (570 m.y.) indicate only the age of
metamorphism.

4, Other Units: On the basis of mineralogic
characteristics and structural complexities, the
gneisses and schists from Aconquija and Cumbres
Calchaquies (Rossi de Toselli and Toselli, 1979) can be
considered as equivalents of the formations described
above (age of sedimentation, not metamorphism) as
can the quartz-micaceous schist from the Ancasti
Formation (Acenolaza and others, 1980) and the La
Cebila Formation (Espizua and Caminos, 1979) in
Catamarca and La Rioja Provinces. The sedimentation
of metamorphosed rocks in Maz-Umango, Toro Negro,
in La Rigja, also belongs to this cycle (Caminos, 1979).

STRATIGRAPHIC CONSIDER ATIONS

In the author's opinion the sedimentary cycle
during which these rocks were deposited began in late
Precambrian times (approximately 900 m.y. B.P.) and
lasted until the Middle to Late Cambrian age (530
m.y. B.P.). The sedimentary basin bordered the La
Plata River craton to the west; toward the north it
was situated between the Arequipa craton and the
Brazilian craton. Unfortunately, it is not yet possible
to clearly define evolution and development of the
basin because of tectonic complexities. It must be
pointed out that the main orogenic event occurred
during the Late Cambrian, as can be determined from
several sedimentary sequences in southern South
America (Acenolaza and Miller, 1980)
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Figure 2,--Correlation of selected upper
Precambrian through Lower Ordovician
units in Salta, Jujuy, and Catamarca
Provinces, northern Argentina.
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2. PTYCHOPARIID TRILOBITES IN THE LOWER CAMBRIAN OF SCANDINAVIA

By

Per Ahlberg

Lunds Universitet
Lund, Sweden

In Scandinavia, the Lower Cambrian
biostratigraphic framework is based mainly upon the
succession of trilobites. A review of the Lower
Cambrian biostratigraphy, as employed in Scandinavia,
has been presented by Bergstrtbm (1980). The zonal
scheme proposed in this study is based mainly on the
sequence in the Mjfsa area, southern Norway, and in
Sk8ne (Scania), southern Sweden. At present the Early
Cambrian faunal succession in Scandinavia is divided
into five zones. The conventionally lowermost zone is
characterized by the occurrence of non-trilobite
fossils such as Platysolenites antiquissimus and
hyolithids (Bergstrtbm, 1980 and this volume). In the
Dividal Group of northern Scandinavia, these fossils
may be associated with Spirosolenites and Aldanella
(Fpyn and Glaessner, 1979). The four successive Lower
Cambrian zones have been named after characteristic
trilobites, in ascending order: Schmidtiellus mickwitzi
and Holmia mobergi, Holmia n. sp., Holmia kjerulfi
(including a group of closely related forms), and
Proampyx linnarssoni. The significance of the two
uppermost zones, in terms of international correlation,
is discussed by Bergstrbm and Ahlberg (1981).

In contrast to the underlying zones, the Holmia
kjerulfi Zone contains well differentiated faunas. The

faunal elements include, amongst others: Holmia
kjerulfi and closely related species, Calodiscus

lobatus?, various inarticulate brachiopods, hyolithod
and helcionellid mollusks, and species of Indiana? and
Hyolithellus. However, in many localities the bulk of
the fauna is made up of ptychopariid trilobites., In
Scandinavia the Holmia kjerulfi Zone marks the
earliest appearance yet recorded for a number of
ptychopariid trilobites. Ptychopariid trilobites are
also a substantial component of the fairly rich and
diverse faunas of the Proampyx linnarssoni Zone.

The ptychopariid trilobites from the Lower
Cambrian of Scandinavia tend to be smooth,
generalized trilobites. They have been treated in a
monograph by Ahlberg and Bergstrtbm (1978), who
referred all forms to the subfamily Ellipsocephalinae
of the family Solenopleuridae.

OCCURRENCE OF GENERA

The available Lower Cambrian ptychopariid
trilobites from Scandinavia constitute at least 18
species representing four or possibly five genera. They

are dominated by species of the genera
Ellipsocephalus, Stenuaeva, and Proampyx. Two

species have questionably been referred to Comluella,
and a single species from the drill core File Haidar on
Gotland has tentatively been assigned to Strenuella.
According to Landing and others (1980, p. 403), the
ptychopariids Comluella and Strenuella have not been
recorded from cratonic regions and these trilobites
were regarded as outer shelf margin inhabitants.
However, as noted above, species tentatively referred
to the genera Comluella and Strenuella occur in the
Lower Cambrian shelf deposits of Scandinavia. In
Skfne, Comluella(?) scania has been recovered from
coarse bioclastic limestones suggestive of moderate to
high energy conditions. These sediments are
interpreted as shallow-water deposits (de Marino,
1980).

Strenuseva, with S. primaeva (Brégger, 1879) as
type, is a distinct genus characterized by deeply
impressed dorsal furrows, a wide transverse furrow in
front of the glabella and the ocular ridges, inflated
fixigenae, and a tumid anterior border. The genus is
indicative of an Early Cambrian age. Species of

Strenuaeva appear to characterize the Holmia kjerulfi

Zone of Scandinavia. However, the genus is locally
abundant in but not restricted to this zone, as it occurs
also in the next zone above in Skfne according to
Bergstrbm and Ahlberg (1981). Outside Scandinavia,

Strenuaeva has hitherto been recorded from Poland,

Spain, and Morocco. One species, S. groenlandica
(Poulsen, 1927), has been reported from northwest
Greenland. However, I do not consider this species as
a typical representative of Strenuaeva. The genus
seems to have been a significant component in some of
the faunas which inhabited the shelf areas of the

eastern side of the Iapetus Ocean.
The Lower Cambrian ptychopariid trilobites of

Scandinavia show their greatest affinity with
ptychopariids described from Poland. Several closely
related ellipsocephalid species are known from Poland,
and the similarity in the faunas between the two areas
indicates that they formed part of a single faunal



province, the Balto-Scandian Province in terms of
Bergstrtm (1976). The faunas of the Holmia kjerulfi
Zone indicate a correlation with the Holmia Zone in
Poland. The Proampyx linnarssoni Zone may be
tentatively correlated with the Protolenus Zone in
Poland (Bergstrtim, this volume).

DISTRIBUTION

Lower Cambrian ptychopariid trilobites are
geographically widely distributed in Scandinavia. They
have been recorded from a variety of localities along
the Scandinavian Caledonides and in the Baltic Basin
(fig. 1). Generally, the Scandinavian species
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Figure l.--Locations of sites that have yielded
Lower Cambrian ptychopariid trilobites.
The heavy line indicates the approximate
position of the Caledonian thrust front.

of the subfamily Ellipsocephaline have a limited
regional extent. Moreover, they seem to be facies
controlled. However, they may be useful for local
correlations, as exemplified by Bergstrbm and Ahlberg
(1981) in the Lower Cambrian of Sk8ne.

A number of localities yielding ptychopariid
trilobites are situated in the narrow belt of
autochthonous sediments east of the Caledonian thrust
front. However, several important localities are also
known in the allochthonous sequence. Principal
localities along the Scandinavian Caledonides are to be
found in the Mijfsa area, southern Norway, and in the
Laisvall and Tornetrsk areas, northern Sweden. At
Assjatj (Aistjakk), in the Laisvall area, a rich and well
preserved Lower Cambrian fauna was described by
Kautsky (1945). The fauna was obtained from the
uppermost local Lower Cambrian (the top of the
Grammajukku Formation). It is dominated by a
ptychopariid trilobite, Ellipsocephalus gripi. Both
larval and adult specimens occur in the collections of

. gripi. The associated faunal elements include a
fallotaspldld trilobite, Fallotaspis ljungneri (see
Bergstrbm, 1973). At Mount Luopakte in the
Tornetrlisk area, ptychopariid trilobites have been
described both from the autochthonous sedimentary
sequence and from the lowermost thrust nappe
(Ahlberg, 1979, 1980). The largely carbonate
restricted trilobite faunas of the Tornetrsk area are
provisionally assigned to the Holmia kjerulfi Zone. In
northern Jémtland, an undetermined ptychopariid is
associated with Calodiscus lobatus (Larsson, 1976).

In the Lower Cambrian of Sk8ne, southern
Sweden, a thin but lithologically variable unit rests
disconformably on a predominantly quartzarenitic
sequence. This unit, forming the top of the local
Lower Cambrian, has been distinguished as the Gisltv
Formation (Bergstrbm and Ahlberg 1981). Ptychopariid
trilobites are abundantly represented in the Gisltv
Formation. The species obtained are shown in figure
2. The lower part of the formation has yielded
trilobites indicative of the Holmia kjerulfi Zone.
Excluding ptychopariids, they include Holmia sulcata
and Calodiscus lobatus?. Younger assemblages from
the upper part of the Gislbv Formation are assigned to
the Proampyx linnarssoni Zone. The topmost beds of
the Gislbv Formation have yielded Ellipsocephalus
lunatus and Comluella(?) scanica.
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represent either specimens questionably
referred to the species or those referred

to as cf.
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3. GENERALIZATIONS ABOUT GRAND CYCLES

James D. Aitken

Geological Survey of Canada,
Calgary, Alberta

A prominent feature of the Cambrian
stratigraphy of the southern Rocky Mountains of
Canada is the alternation of shaly formations with
formations consisting entirely of carbonate rocks.
Aitken (1966) first interpreted this alternation in
terms of depositional cycles. I called these large-scale
cycles ("300 to 2,000 feet thick, and spanning two or
more fossil zones") grand cycles, to distinguish them
from the meter-scale, shallowing-upward cycles
common in the Cambrian platform formations I studied
and in platformal carbonates worldwide.

Several authors subsequently found division of
the Cambrian column into "grand cycles" to be useful
in Canada and elsewhere, not only as a descriptive, but
also as an analytical device, because it was obvious
from the beginning that these cycles at least

approximate chronostratigraphic units.
Palmer and Halley (1979) used the concept of

grand cycles as the basic framework for their analysis
of the Carrara Formation of the southern Great
Basin. They have given the most detailed description
yet of grand cycles; it is one that fits in almost every
detail the Middle Cambrian (Albertan Series) grand
cycles of the Canadian Rockies, as redescribed by
Aitken (1978).

Although no one has stated it in print, it is
apparent that the Middle Cambrian, at least, of the
southern Appalachians also is a stack of grand cycles
with relationships similar, if not identical, to those
described for the Rocky Mountains and the Great Basin
(see Palmer, 1971, fig. 13) The question of
synchroneity of these cycles in separate "basins" or
geoclines arose naturally (see A. R. Palmer, this
volume).

The purpose of this brief paper is to:

a. Describe the essential characteristics of
grand cycles generally, as distinct from the
details, and

b. Consider, in particular, the nature of grand
cycle boundariest Are they disconformi-
ties? Are they isochronous surfaces (as
judged by physical evidence)? Are they
correlatable between "basins"?

ESSENTIAL CHARACTERISTICS

Because all interpretations offered to date
suggest grand cycles depend on continuous or
nearly continuous subsidence for their development,
and because these cycles are characteristic of
miogeoclinal successions, they must be features of
passive continental margins. They developed when
early, rapid, post rifting, clastic deposition had slowed
sufficiently to permit intermittent deposition of
carbonate sediments on subsiding shelves, and they
continued to develop until the supply of detritus had
diminished sufficiently to permit continuous
sedimentation of carbonate rocks. As seen through an
overlay of distracting sedimentological detail, their
essential characteristics are the following:

a. The base is marked by the abrupt appearance
of terrigenous mudrocks above a thick unit of
carbonate strata. These basal mudrocks are
the initial deposits of the shaly half-cycle.

b. The shaly half-cycle consists of mudrocks
interbedded  with  limestones  and (or)
sandstones. In the Carrara cycles, sandstones
are prominent; in the Canadian Rockies,
sandstone is rare, and beds of a variety of
limestones (lime mudstone, grainstone, algal
boundstone, etc.) are prominent. In the shaly
half-cycle, either mudrocks or carbonate
rocks may dominate. Meter-scale cyclicity
(shallowing-upward, "clearing-upward" cycles)
is widespread.

c. The midpoint of the cycle is marked by the
disappearance of mudrocks, at a gradational,
interbedded contact between the shaly and
carbonate half-cycles. This contact is
diachronous, younger toward the craton.

d. The carbonate half-cycle consists of various
kinds of limestone and = dolomitized
equivalents, including lime-mudstone,
grainstone, and cryptalgal boundstone. Minor
amounts of clay, silt, and quartz sand may or
may not be incorporated. Meter-scale,
shallowing-upward cycles may or may not be
apparent.

e. The cycle ends with the abrupt reappearance
of terrigenous mudrocks, the beginning of the
next cycle.




Cratonward, typical grand cycles are recognized
only to the pinchout of the carbonate lithosome
(carbonate  half-cycle), although in favorable
circumstances, equivalent strata have been identified
between marker beds in wholly clastic facies (Pugh,
1971).

Basinward, many grand cycles disappear as the
shaly lithosome pinches out between carbonate
lithosomes (fig. 2). Beds equivalent to the initial
deposits of the cycle, have not been identified within
the multi-story carbonate lithosomes of the outer
platform, but such identification may not be
impossible. In some cycles the shaly half-cycle is
continuous with shaly basinal deposits seaward of the
carbonate platform.

One of the necessary, though loosely defined,
characteristics of grand cycles is scale. The
ubiquitous, meter-scale, shallowing-upward cycles are
not grand cycles. Neither are the kilometer-scale,
unconformity-bounded sedimentary cycles  (for
example, Weller, 1960, p. 379; Gignoux, 1955, p. 18) of
classical stratigraphy. Aitken (1966) put the scale at
"300 to 2,000 feet of strata and two or more fossil
zones," but this definition now requires modification.

The somewhat arbitrary nature of the
distinctions between grand cycles and lesser cycles is
illustrated by Aitken's (1966) identification of the
cycle comprising the Mount Whyte and Cathedral
Formations (580 m) as a single grand cycle (fig. 1)
Had his work followed that of Palmer and Halley
(1979), he probably would have seen the same
succession as three cycles, the first beginning with the
Mount Whyte, the second with the Ross l.ake Shale
Member, and the third with the upper shale member of
the Cathedral. These smaller cycles would then
correspond in scale (and in fauna) with the grand
cycles of the Carrara Formation of the Great Basin.
Nevertheless, no subdivision into yet smaller cycles
would be reasonable, nor would any interval larger
than the Mount Whyte-Cathedral cycle have any sort
of unity in cyclical terms.

When the Mount Whyte-Cathedral cycle is
divided into three grand cycles, the first cycle
comprises the Plagiura-'Poliella’ Zone, the second, the
Albertella Zone, and the third, three quarters of the
Glossapleura Zone. Another grand cycle that spans
beds showing very little faunal change is the Pika
Formation (390 m), comprising most, but not all, of the
Bolaspidella Zone (Aitken, Fritz, and Norford, 1972).
At the opposite extreme, the Sullivan-Lyell Grand
Cycle (720 m) comprises most of the Cedaria Zone and
all of the Crepicephalus and Aphelaspis Zones, while
the Survey Peak Formation (520 m) comprises the top
of the Saukia Zone and Zones A through Gl of the
L.ower Ordovician (Aitken and Norford, 1967). There
is, thus, at least an order-of-magnitude
correspondence in scale among these grand cycles, a
unity seen again in a comparison of grand cycles in the

Canadian Rockies, the Great Basin, and the southern
Appalachians (fig. 2).

Aitken's (1978) re-analysis of grand cycles in the
Canadian Rockies emphasized the role of a platform-
edge, peritidal rim. There, in every Middle and Upper
Cambrian cycle for which the appropriate rocks are
accessible, the deposits of such a rim are demonstrably
present throughout the carbonate lithosome. In the
interpretation of Palmer and Halley (1979), the rim
appears only toward the end of the cycle and plays
only a secondary role in its evolution. Palmer and
Halley acknowledged, however (1979, p. 53) that they
had not seen the transition from platformal to basinal
facies, and by inference, that they had not seen the
outermost platform deposits, precisely the expected
locus of a rim.

Depositional Environments and Products

The foregoing paragraphs summarize the
essential characteristics of grand cycles that can be
perceived amongst a collection of extremely varied
rocks, the products of depositional environments that
are by no means the same from cycle to cycle.

The Lower and Middle Cambrian cycles of the
Carrara Formation (Palmer and Halley, 1979) and the
Albertan (Middle Cambrian) cycles of the Canadian
Rockies (Aitken, 1966, 1978) are virtually identical. A
peritidal, platform-rim facies passes cratonward into
subtidal lime mudstones. The lime mudstones pass
eastward into terrigenous mudrocks that apparently
were deposited in water of similar depth and similarly
low turbulence. The near identity of the Albertan and
Carrara cycles extends to details, such as the
abundance of oncoids in the lime mudstones near
underlying shales and the eastward extension of a thin
unit of cryptalgal laminite as the terminal event of the
cycle.

In contrast to the consistency just described, the
latest Early Cambrian Peyto Formation of Canada, a
carbonate half-cycle overlying a sandstone-dominated
half-cycle, is mainly of "high-energy" origin and is
largely composed of coarse skeletal and ooid
grainstone and oncoid packstone with large
thrombolites at many localities. The coeval Gold Ace
L.imestone Member of the Carrara, on the other hand,
is similar in every respect to the Middle Cambrian
grand cycles overlying it.

The Pika Formation of the Canadian Rockies
conforms to the stereotype of the Albertan grand
cycles in the outer and inner parts of the platform.
Along the mountain front, however, it contains at its
top along, narrow lens or member in which
dolomitized, cyclically recurring beds of oolite and
flat-pebble conglomerate are prominent (Aitken, in
press). This member has no known counterpart in any
other grand cycle; it appears to be localized above a
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Figure 1l.--Lower and Middle Cambrian stratigraphy, southern Rocky Mountains, Canada.

nascent structural high that later, in the Early and
Middle Devonian, became more pronounced and
emergent.

The Sullivan-Lyell cycle of Canada (fig. 3) shares
only the essential characteristics of the Albertan
grand cycles. In it, the platform-edge peritidal
complex expanded enormously, as the Lyell
Faormation. The complex consists of a fringing belt of
oolite with thrombolites, offlapping the strata of the
shaly half-cycle and itself offlapped by strongly
cyclical rocks of the shaly half-cycle (Sullivan
Formation) accumulated in an inshore basin to the east
that was separated from the open sea by the peritidal
complex. Aitken (in press) concluded that these rocks-
-shales interrupted by spaced, massive beds of oolitic,
skeletal and conglomeratic limestone--accumulated
below wave base and that the ooids were introduced
into the basin by mass-transport mechanisms from
their site of origin, namely, the edge of the carbonate
complex. Markello and Read (1981) have

10

independently arrived at a similar model for the
deposition of the Nolichucky Shale of the southern
Applachians, which is at least partly coeval.

Finally, the most aberrant grand cycle known to
me is that of the Arctomys (shaly) and Waterfowl
(carbonate) Formations, straddling the Middle
Cambrian-Upper Cambrian boundary (fig. 3). The
carbonate half-cycle in this example resembles the
Lyell Formation, described above, but the shaly half-
cycle consists largely of peritidal, mudcracked
red beds in shallowing-upward, meter-scale cycles.
Salt hoppers, vuggy siltstone beds, and thin solution
breccias are evidence of an evaporitic environment.
The presence of sandstone beds in this cycle and the
location of its pinchout, which is inferred to be far to
the southwest of those of other Cambrian Grand
Cycles, show that this cycle was deposited during a
basinward stand of the shoreline. An episode of aridity
(probably the one recorded by the Saline River
evaporites of the Mackenzie Mountains) undoubtedly
contributed to sediment character in this case.




BOUNDARIES

Any geologist giving serious thought to the
nature of grand cycles soon arrives at three questions
about their boundaries:

a. Are they disconformities?

b. Are they isochronous?

c. Can they be correlated extrabasinally?
These questions are approached in the context of
formations with which I am most familiar.
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Figure 2.--Comparison of Grand Cycles in the
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Relation to Disconformities: The answer to the
question about disconformities may depend on position
within a basin or, more properly, a geocline. In the
thick, western sections of the Canadian Rockies, the
base of the Survey Peak Grand Cycle is almost
certainly conformable; the change from latest
Cambrian to earliest Ordovician faunas takes place
within the widely recognized basal silty member. At
the base of at least one of the thinner, eastern
sections, however, quartz sandstone unknown

elsewhere fills erosional channels,
The Sulivan-Lyell Grand Cycle has a clearly

marked basal contact in the thick western sections,
but has not been shown to be disconformable. Again,
however, unequivocal erosional relief has been
observed at an eastern section and, in the subsurface
of the Plains, the Sullivan oversteps the entire
Arctomys-Waterfowl Grand Cycle, to lie

unconformably on the Pika.
On the other hand, the Cathedral-Stephen and

Eldon-Pika contacts are gradational, as are the
contacts at the bases of shaly members in the
Cathedral Formation, viewed as grand cycle
boundaries. 1 would guess that the boundaries of grand
cycles are, as a rule, conformable in thick, basinward
sections, but that most or all of them may pass into
disconformities toward the craton.

Relation to Isochronous Surfaces: Aitken (1966)
gave evidence suggesting that the bases of grand
cycles approximate isochronous surfaces. (Some of the
faunal evidence cited then now requires revision.)
These suggestions can now be supplemented.

As discussed earlier, the Mount Whyte-Cathedral
cycle can be treated as three grand cycles, rather than
one, to achieve harmony with the Palmer-Halley
treatment of cycles in the Carrara Formation. In the
southern half of the region studied by Aitken (1966,
1978), the upper and Ross Lake Shale Members of the
Cathedral Formation are very thin, only one or two
meters, and they are shaly half-cycles. In view of the
self-evident rule that "time planes do not cross
tongues,” these thin members approximate isochronous
surfaces. Detailed lithostratigraphic and
biostratigraphic correlations (Aitken, in press)
demonstrate that the northeastward thickening of
these members is at the expense of the overlying
carbonate half-cycle; therefore, even where the
tongues have thickened to tens of meters, their bases
are probably isochronous.

In an astonishingly belated discovery of the
obvious, Aitken (mé:ress) realized that over a region of
at least 20,000 km*, the lower member of the Stephen
Formation, long reCOgmzed by him informally and now
formalized in manuscript, consisted of two, and only
two, small-scale shallowing-upward, "clearing-upward"
cycles dominated by subtidal lime mudstone. Except
at the platform-edge rim, these cycles do not contain
peritidal facies (fig. 4); hence, they are not subject to




THKNSS. FOSSIL ZONES
AGE FORMATION LITHOLOGY '
(MAX) FOSSILS
ORDOVICIAN SURVEY PEAK Q - - - =
7 Ao Tt
_ LIMESTONE, DOLOMITE;
TT_EE“:piA MISTAYA 500' | STROMATOLITES SAUKIA
UAN (152M) | PROMINENT
PTYCHASPIS-PROSAUKIA
, SHALE,
BISON CREEK 700 CIMESTONE
CONASPIS
FRANCONIAN
A ELVINIA
LIMESTONE AND —
DOLOMITE
' DUNDERBERGIA
LYELL 200 | e sty
37 ) [
(370m) AND CHERTY A
ZONES APHELASPIS
A
¢ CREPICEPHALUS
ORESBACHIAN SULLIVAN 1400’ f’T'»fésE% ONE
(a3im) | b
A CEDARIA
. LIMESTONE, DOLOMITE,
WATERFOWL (22785'“ SILTSTONE
““~ |NTERBEDDED RED AND GREEN | ]
: SHALES AND SILTSTONES;
ARCTOMYS (2;;5") MINOR LIMESTONE AND
MIDDLE DOLOMITE; SALT - HOPPERS
CAMBRIAN BOLASPIDELLA
PIKA

Figure 3.--Upper Cambrian stratigraphy, southern Rocky Mountains, Canada.

interpretation as diachronous, progradational cycles.
The conclusion that each of the cycles is isochronous,
and that the top of the Cathedral Formation, upon
which the lower cycle rests, is also isochronous, seems
inescapable. Faunal evidence agrees: Glossopleura
has not been found above the lower member of the
Stephen, nor trilobites of the Bathyuriscus-Elrathina
Zone below the upper member.

The mode! presented by Palmer and Halley (1979,
p. 543 fig. 34) for the Carrara Formation shows slight
diachroneity at the bases of grand cycles.
Diachroneity in this case is not supported by faunal or
physical evidence but is a necessary corollary of the
hypothesis adopted to explain the cycles. Given the
virtual identity of the Carrara and Albertan cycles, it
appears fair to challenge the Palmer-Halley
interpretation with<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>