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Abstract 

The Neoproterozoic Yellowhead, Monarch and Astoria platforms are isolated
 platforms outcropping within a 30 km radius north and 

west of Jasper, Alberta. These platforms are lateral equivalents of the lower Jasper 
Member of the lower McNaughton Formation and record a history of Neoproterozoic 
platform development during renewed late  Cambrian rifting. Platform 
development initiated on prograding prodelta sediments of a fan-delta forming during a

 high stand systems tract. Main platform accumulations represent 
progradation of carbonate sediments basinward during sea level highstand. 
A diverse array of stromatoforms was identified on the Yellowhead and Monarch 
platforms and form extensive tabular-bedded back-reef horizons and high-relief reef-rim 
(Yellowhead) and isolated biohermal (Monarch) structures. Stromatoforms identified 
include Conophyton,  simple non-
branching walled columnar and pseudocolumnar stromatolites. A strong ecologic control 
on stromatolite morphology was observed for some of these forms. 
Simple oncoids dominate on the Monarch Platform and reach diameters up to 12 mm. 
Compound oncoids dominate on the Yellowhead Platform and reach maximum lengths of 
up to 5 cm. These coated grains are composed of anastamosing, undulatory and uneven 
laminae, commonly exhibiting a preferential growth texture, a reflection of their

 origin. Oncolitic beds are generally structureless wackestones and packstones, 
with varying occurrences of packstones, and possibly represent transport and deposition 
away from the major carbonate-production zone.

 values for the Yellowhead Platform (-1.5 to +1.5  well with the only 
other recorded chemostratigraphic analysis of Neoproterozoic successions in the 
Canadian Cordillera. The Astoria Platform fell outside of the expected range (+1.0 to 
+5.0  High strontium values and numerous organic-rich horizons show potential for 
expanding and validating these apparently divergent signals. 
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1. INTRODUCTION
 THE PROTEROZOIC EARTH 

The Proterozoic represents a unique period of Earth's history, a time devoid of terrestrial 

organisms and during which microbial life thrived in oceans of a significantly different 

chemistry to that of any time subsequent. Carbonate platforms which developed during 

this period hold particular interest because despite being constructed exclusively by the 

growth or activity of microbial communities (stromatolites), they are comparable in both 

size and morphology to some of the largest Phanerozoic barrier and pinnacle reefs 

(Grotzinger, 1989a, b). The study of these ancient platforms is particularly important, as 

they provide a key to understanding the evolution of sea water, atmosphere and life on 

Earth. In the Rocky Mountains of the Canadian Cordillera, Neoproterozoic successions 

are represented by the Miette Group (Mountjoy, 1962) and possibly the overlying lower 

McNaughton Formation (this study). Traditionally these sequences have been interpreted 

to represent the final stage of Neoproterozoic deposition, and the incoming of the first 

Cambrian sequences, respectively (Mountjoy, 1985, 1988; Teitz, 1985; Teitz and 

Mountjoy, 1985). Neoproterozoic carbonate platforms outcropping in the Jasper area are 

the focus of this study and provide an excellent opportunity to investigate controls on 

stromatolite morphology and Proterozoic carbonate deposition, as well as providing a 

useful insight into the tectonic history of the ancestral North American margin.

 FIELD AREA AND ACCESS 
Three Neoproterozoic carbonate platforms were investigated within a 30 km radius north 

and west of Jasper in a region straddling the British Columbia and Alberta provincial 

boundary (Figure 1-1). The Monarch Platform is best exposed on the west and south 

faces of Monarch Mountain, located approximately 25 km northwest of Jasper (53° 

Lat;  Long) in Jasper National Park. The  Platform outcrops over 

numerous mountains in a region approximately 22 km west, south-west of Jasper, with 

the best and most accessible exposures occurring along the flanks of Mount Fitzwilliam 

and Mount Clairvaux in the Robson Provincial and Jasper National parks. The Astoria 

Platform outcrops over multiple mountains within the Campus Pass and Tonquin Valley 



Oldhorn

platform

 stratigraphic

areas in Jasper National Park, with best exposures on Blackhorn Peak and Throne and

 mountains. Extreme topographic relief in all of these regions made detailed 

mapping and section measuring difficult. Reconstruction of platform geometries was 

aided by the use of photomosaics, which enabled correlation of individual facies and 
visually distinct horizons across each platform. Detailed sampling of each platform for 

the purpose of thin-section and geochemical analysis was also done and where possible, 

these samples were collected at regular intervals along measured sections. If this was not 

possible, sampling was done via face mapping with topographic maps and altimeter. 

Sampling concentrated on visually least altered carbonate from representative portions of 

back-reef and reef-rim areas. Noticeably recrystallized samples, and samples containing 

extensive carbonate veining, were also collected for comparison of geochemical and 

isotopic signatures. 

Helicopter support was accessed from the Rockingham Creek Quarry, adjacent to the 

Mount Fitzwilliam trailhead. Due to the remoteness of the Monarch Platform, access was 

entirely by helicopter. Access to the Campus Pass area of the Astoria Platform was both 

via hiking along a 13 km trail up the Astoria and Verdant Creeks, and also via helicopter. 

Access to the Yellowhead Platform, as exposed along Mount Fitzwilliam, was via the 9 

km Mount Fitzwilliam trail from Yellowhead Lake. Mount Clairvaux and Roche Noir 

regions were accessed by helicopter. 

Fieldwork and detailed strati graphic analysis concentrated on the most complete and best 

exposed platforms, namely the Monarch and Yellowhead platforms. The Astoria

 is an incomplete record of platform evolution, due to the vagaries of outcrop 

distribution through the platform. However, geochemical and isotopic characteristics will 

be discussed for the Astoria platform as it pertains to regional  correlations. 
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Figure 1-1 Regional diagram depicting outcrop locations for the 
platforms studied with respect to the Alberta and British Columbia 
provincial boundaries. Mountain names in bold indicate platformal 
outcrops studied. Refer to text for specific platformal outcrops and 
associated mountains (Figure adapted from  1992). 

1.3 PREVIOUS STUDIES 
The first detailed account of Neoproterozoic carbonates exposed in the Jasper area was 

provided by Teitz (1985), who investigated (and named) the  and Astoria 

platforms (Figure  Through analysis of the sedimentology and stratigraphy of these 
sequences he provided an interpretation of their position within Cordilleran stratigraphy, 

as well as detailing their basic morphology and genesis. During this study Ediacaran

 body fossils were discovered at the base of the Yellowhead Platform. This was 
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the first recorded occurrence of the Ediacara fauna in southwestern Canada and was 

subsequently identified in a publication by Hofmann et  (1985). This discovery 

provides a biostratigraphic framework for the platform, confirming its place within

 stratigraphy.  (1992) made further advances in understanding 

the rifting history and associated sedimentation along the ancestral North American 

margin by examining in detail the extremely thick package of overlying 

separating it into distinct  packages (see Stratigraphic Framework section). 

This has enabled a more comprehensive Stratigraphic examination of these platforms, and 

brought to light a possible re-interpretation of their Stratigraphic position within the

 Cambrian stratigraphy of the Rocky Mountains.

 THE OBJECTIVES OF THIS STUDY INCLUDE; 
1) Detailing the stratigraphy, sedimentology and facies relationships of two 

Neoproterozoic carbonate platforms of the Jasper area, namely the Monarch Platform (not 

previously described) and the Yellowhead Platform. 

2) Determining individual platform geometries and genesis through the use 

of intraplatformal datum surfaces and lateral facies associations. 

3) Relating the formation of these Neoproterozoic platforms to the rifting 

history of the ancestral North American margin; and, 

4) Investigating the Stratigraphic position of these platforms within the 

Neoproterozoic/early Cambrian stratigraphy of the Rocky Mountains through the use of 

both physical and chemical Stratigraphic techniques. 
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 STRATIGRAPHIC FRAMEWORK 
The Yellowhead and Astoria platforms traditionally have been interpreted to be 

associated with the Neoproterozoic upper Miette Group of the Windermere Supergroup 

(Teitz, 1985; Teitz and Mountjoy, 1985). Through the stratigraphic, sedimentological 

and mineralogical examination of these carbonate platforms and associated siliciclastic 

strata recorded in this study, they are now assigned to the Jasper Member (Lower 

McNaughton Formation), and as such associated with the latest Proterozoic/earliest 

Cambrian rifting event. This chapter will outline the stratigraphy and general lithological 

and sedimentological characteristics of the Neoproterozoic Windermere Supergroup and 
lower Cambrian McNaughton Formation. A generalized stratigraphic column presenting 

the proposed re-interpreted stratigraphic position of these carbonate platforms, is 

presented below in Figure

 Windermere Supergroup 

The Neoproterozoic Windermere Supergroup of North America comprises a substantial 

thickness of predominantly siliciclastic, rift to post-rift sediments containing discrete 

carbonate formations, which were deposited along the rifted western margin of ancestral 

North America (Gabrielse and Campbell, 1992). These late Proterozoic sequences can be 

traced along almost the entire length of the Canadian Cordillera from the 

border in the north to the  States border in the south (Ross, et  1995; 

Figure 1-2). The Miette Group (Mountjoy, 1962) constitutes the Neoproterozoic strata in 

the Rocky Mountains and is the oldest sedimentary sequence seen in the study area. 

Classically defined to include all strata below the cliff-forming  of the early 
Cambrian Gog Group, the Miette Group is further divided into three informal sub-

divisions; lower, middle and upper Miette (Figure 1-3; Campbell et  1973). The 

Miette Group (and equivalent Neoproterozoic Cordilleran sequences) have been the focus 

of numerous studies (e.g.  et al, 1967; Poulton and Simony, 1980; Carey, 

1984; Carey and Simony, 1985; McDonough and Simony, 1988; Gal, 1989;  1990; 

Ross et  1989, 1995) and the reader is directed to those for more detailed 

sedimentological and stratigraphic descriptions.  is often used as generic term for 



a/.,

the thick packages of elastics observed in Miette sequences. Generally this term refers to 

the highly immature, very coarse-grained, granule and pebbly, arkosic sandstones and 

conglomerates which dominate certain portions of the Miette Group. 

30o 

Figure 1-2 Figure showing the approximate distribution of the 
Windermere Supergroup in western North America. Figure from Ross et

 1995. 
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 Lower and Middle Miette 

The lower and middle Miette were not observed in the study area. However, they are 

significant in the interpretation and correlation of the overall Neoproterozoic and Lower 
McNaughton sequences and are therefore briefly described here. 

The lower Miette Group can be divided into two distinct units: a lower grit- and 

conglomerate-dominated succession approximately 2000  thick (Mountjoy and Forest, 

1986), termed the lower Miette grit, and an upper  section, which ranges from 

approximately 380 m near  (Carey and Simony, 1985), up to 2000 m in the 

Selwyn Range (Mountjoy and Forest, 1986). 

The middle Miette comprises a substantial thickness of generally monotonous, arkosic to 

sub-arkosic grits exposed discontinuously along the length of the Canadian Cordillera

 1972). Thickness for the middle Miette has been estimated at approximately 

2300-2600 m (Mountjoy and Forest, 1986; Lickorish, 1992), to 2900 m (Campbell et 

1973; Carey and Simony, 1985). Individual grit beds are generally massive to normally-

graded  Ta divisions, which in some examples, can be traced laterally into 10-30 

meter thick, turbiditic  intervals (Bouma Tb, c and  intervals; Ross et 

1989). These stacked grit packages are interpreted to be lobate structures (Ross et al, 

1989) formed in a submarine fan-delta system which prograded out into the Windermere 

basin during active margin uplift  1990; Poulton and Simony, 1980;

 1967). 

1.5.1.2 Upper Miette 

The majority of the upper Miette consists of a  and maroon pelitic succession 

with minor interbeds of thin sandstones and brown-weathering, channelized arkosic grits 

and coarse sands (Charlesworth et al, 1967; Poulton and Simony, 1980; Kubli, 1990;

 Lickorish, 1992; this study) and is interpreted to represent the final stage of 

Neoproterozoic sedimentation in the Windermere Supergroup (Teitz, 1985; Teitz and 

Mountjoy, 1985). Conformable with underlying middle Miette sequences, this succession 

is interpreted to mark the transition from sedimentation controlled by normal faulting and 

uplift, to deeper water sedimentation during post-rift subsidence and relative sea level rise 



(Devlin  Kubli,

 al.,

 place

(Carey

 interfingering

Windermere

 Proterozoic/early

8

 and Bond, 1988;  1990). The transitional nature of the contact between the 

upper and middle Miette is shown by the gradual decrease in grit horizons, and an 

increase in the abundance of pelitic units. The boundary between the two members being 

placed at the highest mappable grit band (Lickorish, 1992) or where the ratio of mudstone 

to sandstone plus conglomerate becomes greater than one (Kubli, 1990). Because this 

contact is dependent on deposition of middle Miette grit bands, which are interpreted to 

be lobate in form (Ross et  1989; and hence, laterally variable) the contact between the 
upper and middle Miette is stratigraphically variable. This boundary is especially 

difficult to  where middle Miette sequences lack the characteristic grit deposition. 

Thickness measurements for the upper Miette range from 1800 m in the McBride area

 and Simony, 1985), to 320 m in the Dogtooth Range (Kubli, 1990). 

Locally, significant carbonate development is observed  with the pelite-

dominated upper Miette. These platforms are not regional in extent, but are discrete, 

laterally discontinuous platforms, making them difficult to correlate. Traditionally these 
carbonate platforms have been interpreted to represent deposition in a shallowing

 basin (Teitz and Mountjoy, 1985; Kubli, 1990). However, detailed study of 

three of these platforms in the Jasper area suggest that, at least these platforms, may be 

associated with deposition of lower McNaughton Formation sequences rather than the 
Miette Group, and were forming concurrent with late  Cambrian rifting. 



 Miette

Mural Fm. 

Gog Group 
Jasper Member 

Upper 

Upper McNaughton Fm. 

Lower McNaughton Fm. 

Miette Group 
Middle Miette 

Old Fort Point Fm. 

Lower Miette 

Figure 1-3 Generalized stratigraphic column for late Proterozoic and 
early Cambrian sequences of the study area. Diamond denotes 
approximate stratigraphic location of Ediacara fauna discovery by Teitz 
(1985) on the Yellowhead Platform and possibly the Monarch Platform 
(this study), the cross marks the approximate stratigraphic position of 
Planolites (Monarch Platform; this study). 

1.5.2 The McNaughton Formation 

The McNaughton Formation comprises the lowermost portion of the Lower Cambrian 

Gog Group and where the relevant stratigraphy is recognized, can be further divided into 

lower and upper McNaughton divisions (Figure 1-3; Lickorish, 1992). The lower 

McNaughton is composed solely of the Jasper Member, which in turn, is unconformably 

overlain by sequences of the upper McNaughton (Lickorish, 1992). Composed of three 

members (the Solitude, Sophist and Poker members), the Upper McNaughton Formation 
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is sharply overlain by the Lower Cambrian Mural and Mahto formations, completing the 

Cambrian Gog Group sequence.

 The Jasper Member 

Originally described as the Jasper Series (Allan et  1932), and later as the Jasper 

Formation  et  1967), the Jasper Member has recently been assigned

 status (Lickorish and Simony, 1995; Lickorish,  and re-defined to include 

the basal 183 meters of  of Charlesworth et al, (1967). The Jasper Member 

exhibits a distinct wedge-shaped geometry, rapidly thinning to the west from thicknesses 

of approximately 600  to 0  (e.g. from Stovepipe to Sophist Mountains; Lickorish, 

1992), and is interpreted to have formed during renewed latest Proterozoic/earliest 

Cambrian rifting. The contact between the upper Miette and the Jasper Member is 

interpreted to be conformable and apparently transitional (Charlesworth et  1967; 

Lickorish, 1992; Lickorish and Simony, 1995), with the lower contact of the Jasper 

Member being placed at the base of the first appearance of thick-bedded  This 

contact is also noted to be locally unconformable (Aitken, 1969; Teitz, 1985). The 

distinguishing feature about the coarse-grained elastics of the Jasper Member is the 

presence of fresh potassium feldspars, and the absence of plagioclase feldspars, 

specifically albite, which is associated the Miette Group. This is interpreted to be a result 

of exposure and erosion of newly uplifted craton during rifting (Lickorish, 1992) in 

addition to the effects of thermal-burial  of the Windermere succession 

prior to renewed rifting (Ross, 1991). 

This major compositional difference provides a readily identifiable distinction between 

siliciclastic sequences of upper Miette and Jasper Member affinity (and their inferred 

provenance), and allows the re-interpretation of the stratigraphic position of platforms 

investigated in this study. 

The Jasper Member has been divided into three, informal sub-members. These are the 

lower, middle and upper Jasper members. 
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1.5.2.2 The Sub-Solitude Unconformity 

In areas where the Jasper Member is absent, the Solitude Member is seen to rest

 upon grits and slates of middle Miette affinity, indicating the presence of 

a significant erosional unconformity in these areas. Although proposed to be essentially 

regional in extent (Aitken, 1969; Lickorish, 1990;  and Simony, 1995), the 

magnitude of this unconformity decreases northward and westward. Areas where the 

Solitude Member overlies thick deposits of the Jasper Member, only a minor period of 

non-deposition is inferred (Lickorish and Simony, 1995; Lickorish, 1992).

 Lower Jasper Member 

The lower Jasper Member constitutes the more argillaceous base of the Jasper Member, 

representing a transitional sequence between marine sediments of the upper Miette and 

the fluvial sediments of the overlying middle Jasper Member (Lickorish, 1992). 

Thickness generally ranges between 50 and 100 meters (Lickorish, 1992). Interpreted to 

represent a fan-delta type setting (Young, 1978) the lower Jasper Member consists of a 

series of alternating slates, argillites and coarse  sandstones. 

Sandstone beds are typically 20-30 cm thick, with individual bedsets ranging from one to 

five meters  et  1967; Lickorish, 1992). Potassium feldspar (microcline) 

comprises 10-40 percent of some sandstone beds, and approximately 10 percent of 

argillite beds (Charlesworth et  1967). 

1.5.2.2.2 Middle Jasper Member 

The middle Jasper Member constitutes the beginning of dominantly 

sedimentation of the Jasper Member. Up to 700  thick (Lickorish, 1992), the middle 

Jasper Member can be readily distinguished from the underlying lower Jasper Member by 

the absence of significant argillaceous beds (Lickorish, 1992; Charlesworth et  1967), 

predominance of coarse and granular conglomeratic beds, which are up to 30 meters

 and the presence of large-scale planar cross-bedding (30 cm to  meters in height; 

Lickorish, 1992). Pebble or cobble lag deposits present at the base of scoured horizons 

are also common. Clasts comprise well-rounded, well-sorted quartz and dark pink 

potassium feldspar and are commonly about 5 mm in size (Lickorish, 1992). Local 
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quartz or chert clasts up to 6 cm in size are also present  et  1967; this 

study).

 Upper Jasper Member

 of Charlesworth et  the upper Jasper Member represents a 

return to marine sedimentation. This unit is distinguishable from the middle Jasper 

Member by an absence of shale partings between beds and the presence of pebble lags at 

the base of many beds. The upper member constitutes an approximately 200 meter thick 

succession of coarse- and medium-grained, feldspathic quartzites with interbedded slates 

(Lickorish, 1992), thus completing lower McNaughton deposition. The upper Jasper 

Member is unconformably overlain by quartzites of the Solitude Member, the first 

member of the Upper McNaugton Formation. 
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2. PETROGRAPHY 
This chapter will describe and classify the variety of coated grains and 

observed on the Monarch and Yellowhead platforms and attempt to propose an origin and 

environment for their formation. A brief description of the diagenetic history of each 

platform will also be provided. Diagenetic analysis centred around the oncolitic facies of 

each platform, as these areas displayed the best developed and preserved cement fabrics, 

as well as their relationship to later-stage compactional events. Sampling of stromatolitic 

horizons for the purpose of thin-section analysis was not done in detail, as they rarely 

displayed significant, or diverse, cement morphologies. 

In an effort to minimize confusion when using the numerous classification terms 

published in the literature for coated grains, an individual set of classification criteria has 

been established (Figure 2-1). This scheme was developed through the combination of a

 classification scheme originally developed by Logan et  (1964) and 

a coated grain classification scheme outlined by  (1983). The term  in 

this context refers to any grain which exhibits laminae coatings on its outer surface. The 

term itself is not meant to give any indication of whether the nucleating material is a 

single clastic or carbonate grain, or a complex form of amalgamated constituents. This 

classification scheme diverts from those used to describe more  coated grains. It 

is necessary however, as the coated grains described in this study do not resemble

 coated grains in that the observed laminations are dominantly uneven and 

irregular, which is very distinct from the concentric and evenly laminated coated grains 

seen to dominate most other carbonate sequences from all time ranges. This 

classification scheme enables a three-fold description detailing the environment of 

growth, general morphological characteristics of a coated grain, as well as describing the 

origin of the laminations forming the grain (chemical or biogenic). This allows an 

accurate description of the unique forms of coated intraclasts/grains described in this 

study. This is especially important for terms which invoke  meanings such as 
'ooid' and  Under the present scheme terms such as ooid, vadoid and oncoid will 

refer to specific environments in which the coated grains have formed, as well as 
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indicating the origin of the laminations surrounding the grain. The terms have no size 

connotations. Ooid and vadoid are reserved for grains where laminations are a result of 

chemical precipitation in the marine and meteoric environments, respectively. The term

 is reserved for coated grains in which laminations are a result of biological activity 

in the marine environment. Of particular note is when a size descriptor is used to 

describe an elongate, or non-spherical, coated grain. In such a case the size descriptor 

will be used in reference to the long axis of the grain; no reference will be given to the 

width/short axis of the grain. This is followed by a final morphological descriptor, which 

describes the symmetry of the laminations within the grain (anastamosing, concentric or 

elliptical). This classification scheme has been designed such that a size descriptor prefix

 piso- and  can be coupled with an environmental and origin suffix 

(ooid, vadoid, oncoid), to produce a single coated grain descriptor. For example, a Mode 

C, piso-oncoid would refer to a spherical, or near spherical, coated grain where the 

laminations observed are a result of biological activity, and which is between 2 and 10 

mm in size. 

Oncolites, by their organic origin, are essentially small, mobile stromatolites, with their 

predominantly spherical, to sub-spherical form being produced by relatively regular 

movement in an agitated water column. To define a coated grain as an oncolite, an 

organic origin for the laminations must determined. Characteristics and classification of

 are discussed by Logan et  (1964) and basically are found to be the 

anastamosing, irregular and preferential growth nature of the laminae, as well as notable 

thickness variations of individual layers (see Table  These features also tend to make 
oricolites less spherical or uniform than coated grains of chemical origin. A summary of 

the characteristics used to infer an algal origin for the laminations seen in the oncolitic 

fades of the Yellowhead and Monarch platforms is presented in Table  Such features 

cannot be used alone to infer a purely biological origin for laminations. They must be 

used in conjunction a detailed petrographic and morphologic assessment of the coated 

grains to infer a depositional environment for the specific facies as well. In this way the 

likelihood of a vadose  caliche origin can be addressed. 
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It is important to make a distinction between what will be termed a  coated 

grain, and an intraclastic coated grain. Both will be used to refer to a coated grain which 

does not have a single grain as a nucleus. However, the term compound coated grain will

 reserved for coated grains where two or more components which form the nucleus 

show reasonable evidence that they were bound together (organically?) in the marine 

environment, and were not  prior to the last coating event (equivalent to the 

grapestone of Tucker and  1990). An intraclastic coated grain, by definition, will 

refer to a coated grain in which the nucleus shows reasonable evidence that it was 

cemented prior to the last coating event and is thus re-worked material. This usage 

differs from that of Folk  in that it is firmly cemented, and not weakly 

consolidated. The reworked material must still originate from, or near, the area of 

deposition.

 Folk (1969) described an intraclast as weakly consolidated sediment reworked from within the area of 
deposition. 
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OBSERVATION INTERPRETATION 

Irregular 

anastamosing laminae 

Preferential growth on various portions of the coated grain 

producing areas of higher accretion and thus irregular 

laminations. Extreme of this is geopetal and overlapping 

laminations 

Overlapping, geopetal 

Mode I laminations 

Preferential growth of algal laminae on the  of the 

coated grain resting on the substrate. 

Elongate to sub-spherical 

shape. 

Laminations the result of biological activity, not of agitation, 

so shape is not a product of constant movement in the water. 

Thickness variations 

within individual 

laminations 

Uneven growth of algal layers on the surface of the coated 

grains 

Large volumes of coated 

grains associated with 

marine carbonate/clastic 

sediments and 

textures/cements. 

Formation of grains within the marine environment, 

therefore reducing the possibility of a vadose zone 

formation. 

Table 2-1 Brief summary table of observations and their respective 
interpretations, considered to indicate a possible organic origin for 
laminations on coated grains seen on the Yellowhead and Monarch 
platforms. Based on the stromatolitic classification scheme of Logan et

 (1964). 



Microid  B-Macroid D-Macroid
 2-1 Omm 1-5cm 5-1 Ocm >10cm

Meteroic

Model

 concentric/unbroken

ModeR

 al., 1964
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A: Size Descriptor Prefix 

Coated Grain

 Pisoid Macroid 
<2mm 

B: Environment of Origin Suffix 

Laminations 

Chemical/Biological
Mediated Precipitation 

Marine 

Ooid Vadoid 

Biologically Encrusted 

Marine 

Oncoid 

C: Morphological Descriptors 

- geopetal, elliptical, overlapping
laminations 

Mode C 

-  laminations 

- anastamosing/overlapping to random laminations 

Figure 2-1 Classification diagram showing scheme used in this study 
for the description of size, shape and origin of coated grains. Note the 
restricted use of previously generic terms such as ooid and pisoid (scheme 
adapted from Logan et  and Peryt, 1983). 
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 ONCOLITIC FACIES 
Upwards of 60-70% of the  Platform, and approximately 50% of the Monarch

 is comprised of an oncolitic facies. In thin-section, this facies displays a variety 

of cements and diagenetic fabrics and is composed of a suite of coated grains which vary 

in form, size and complexity both within and across each platform. 

On the Yellowhead Platform, the dominant forms of coated grains observed are 

compound, piso-oncoids, with minor amounts of compound macro- and 

(Figure 2-2 and Figure 2-3). Simple micro-oncoids are present in varying amounts, 

dominating some horizons, but secondary to compound oncoids. These two dominant 
forms vary in abundance across the Yellowhead Platform and show no preferential 

depositional zonation. Coated grain morphology is dominated by an elongate form of 

Mode R and Mode C, with minor amounts of the Mode I form also present. Some 

oncolitic beds are comprised solely of compound piso- to  No beds were 

composed solely of simple micro-oncoids, rather, they are present as a  in beds 

which have varying percentages of  compound oncoids (Figure 2-2 and Figure 2-3; 

arrowed). Presumably, these small micro-oncoids originally had a carbonate grain 
nucleus, however, subsequent dissolution  neomorphism has removed or altered 

this nucleus, making identification of the original material impossible. 

Compound oncoids on the Yellowhead Platform exhibit as few as two coating-

agglomeration events  smaller piso-oncoids) to four or more distinct

 events (dominantly larger macro-oncoids; Figure 2-4). These 

compound oncoids range in shape from smooth, sub-rounded to rounded grains, to 

elliptical and dramatically elongate forms (Figure 2-3). Some individual beds are made 

solely of exceptionally large compound oncoids (Figure 2-5). A range of nuclei are 

present for the individual components which comprise these compound oncoids. The 

most dominant nuclei are  to sparitic carbonate and,  less 

commonly, dense micritic carbonate. Quartz grains constitute approximately 10% of the 

nuclei for compound grains. In intraclastic coated grains quartz is the dominant

 material (Figure 2-2). Individual components within compound grains are 
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separated by a dark, moderately dense micritic carbonate, which presumably bound the 

grains together prior to subsequent lamination events. 



 Piso-oncoidal

 (1C)

Figure  piso-oncoidal
 neomorphism
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Figure 2-2  grainstone from the Yellowhead Platform. 
Note the smaller simple micro-oncoids forming a crude matrix for larger 
compound piso-oncoids (white arrow) and the dominance of quartz nuclei 
in the large intraclastic oncoids  which also exhibit geopetal, Mode I 
type laminations (black arrow). Sample BU 5-5.

 2-3 Macro- to  packstone from the Yellowhead 
Platform showing centripetal  rimming both compound and 
simple oncoids (black arrow). Note exceptionally elongate and complex 
forms on the right of the photo and micro-oncoids which are present in the 
matrix (white arrow). 



 T-l.

Figure
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Figure 2-4 Thin-section photograph of a compound piso-oncoid 
showing multiple lamination events (numbered) and seen to be 
characteristic of the oncolitic facies for the Yellowhead Platform. Detail 
from Figure 2-3. Sample

 2-5 Field photograph of compound oncoid bed from the 
Yellowhead Platform. Note the predominance of exceptionally large 
compound oncoids. 
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Coated grains on the Monarch Platform are dominated by Mode C and Mode I, elongate 

to sub-spherical simple micro- to piso-oncoids. Varying percentages of exceptionally 

large (up to 12 mm), simple, spherical to sub-spherical Mode C macroids are also 

observed and are dominate in occasional oncolitic horizons. Compound oncoids and 

intraclastic coated grains, constitute up to 15% of some beds, but are still only minor in 

abundance when compared to simple oncoids. Virtually all intraclastic coated grains 

exhibit geopetal (Mode I) laminations and range in size from 8-10 mm up to 2.5-3 cm in 

length. Nucleating material, where still present, is dominantly carbonate, either as a 

carbonate grain, a dense micritic carbonate ball or an agglomeration of very small 

carbonate grains within a dense matrix (Figure 2-10). Where the original nucleus is no 

longer present the core is filled with geopetal micrite and sparry carbonate, or simply 

sparry carbonate. Quartz nuclei are rare on the Monarch Platform and constitute less than 

3% of the total nuclei observed. Of particular note is one specific, laterally discontinuous 

horizon observed immediately below the Post-Platformal sequence on the south face of 

Monarch Mountain (see description of Basal Shale/Sandstone Sequence for the Monarch 

Platform). Within this horizon flat, plate-like intraclastic coated grains were observed. 

The diameter of these exceptionally large coated intraclasts range from 3 to 20 cm, with 

most falling within 5 to 15 cm (Mode I, B and D-Macroids under the present scheme; 

Figure 2-6). The nucleating material for these exceptionally large coated grains is 

exclusively reworked  packstone and grainstone, which also comprises the 

matrix of the bed as a whole. Individual intraclasts are randomly oriented, matrix 

supported and exhibit on average approximately  mm of laminations which commonly 

exhibits a geopetal nature. This horizon thins to zero in adjacent areas. 
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 Platform Monarch Platform 

Dominant  form compound, piso-oncoids, 
showing 2 to 5 or more 

laminating events. 

simple micro- to piso-

oncoids. Locally, 

dominated by intraclastic 

coated grains. 

Size range and average Compound oncoids, 1mm to 
8cm, most falling between 

3-7mm. Simple oncoids, all 

<2-2.5mm. 

Simple oncoids from 

to  most between 1 

and 3mm. Coated intraclasts 

between 4mm and 25cm, no 

specific size preference. 

Nucleating material dominantly clear carbonate 

grains, minor quartz and 

micritic carbonate. 

Intraclasts dominated by 

quartz nuclei. 

dominantly clear carbonate 

and micritic carbonate. 

Minor amounts of quartz. 

Comments Abundant preferential 

(geopetal) laminae growth 

textures. 

Single horizon dominated 

by exceptionally large 

intraclastic coated grains 

ranging from 5-20cm). 

Table 2-2 Comparison table of characteristics of the oncolitic facies 
observed on the Monarch and Yellowhead platforms. 
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Figure 2-6 Field photograph of the laterally variable horizon near the 
top of the Monarch Platform containing extremely large, plate-like coated 
intraclasts  within a  packstone matrix (M).

 Interpretations 

Biological Origin 

A definite biological origin for the observed laminations on all compound grains is not 

possible, as no microbial organisms or algal filaments were identified. Oncoids which 

display a geopetal, overlapping Mode I laminating form (Figure 2-7), thickness variations 

in individual laminations (Figure 2-8) and the infilling and draping of micro-topographic 

lows and highs, respectively (Figure 2-9) indicate a biological origin. 

A biological or chemical origin for the smaller, generally simple, micro-oncoids observed 

is more difficult to determine. Generally, these small coated grains exhibit only thin, 

single laminations, and do not provide any of the definitive textures which would enable 

the determination of a specific origin for the laminations (Figure 2-7). However, the 

dominance of organically-mediated carbonate precipitation in this facies leads to the 

inference that even coated grains that do not display distinctive organically-derived 
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textures (such as  concentric laminae on spherical coated grains) are 

still the result of biologically-mediated precipitation. 

The predominance of compound oncoids on the Yellowhead Platform, and their notable 

scarcity on the Monarch Platform, must also be addressed. This is interpreted to be a 

function of the regularity of water agitation occurring in back-reef areas of the platform 

during formation of this facies. The formation of significant amounts of compound 

oncoids requires periodic agitation where water velocities that are strong enough to keep 

the grains in motion are interspersed by periods of more lax current flow. This would 

enable significant gelling and adhering of individual components to make them a single, 

movable unit between lamination events. Water agitation is inferred to have been more 

regular on the Monarch Platform, an interpretation supported both by the less abundance 

of compound oncoids on the platform, and the higher abundance of exceptionally large 

simple oncoids. 

Coated grains interpreted to be of marine origin have rarely been reported to exceed 2 

mm in size for Phanerozoic carbonates (Swett and Knoll, 1989). However, exceptionally 

large (i.e. >3 mm) coated grains of interpreted marine origin have been recorded from 

numerous Proterozoic carbonate platforms (Tucker, 1984; 1983; Swett and Knoll, 1989; 

Knoll and Swett, 1990; this study). Archean and Mesoproterozoic coated grains rarely 

exceeded 5 mm in diameter, whereas Neoproterozoic coated grains exceeding 12 mm 

have been recorded (Sumner and Grotzinger, 1993; this study) and are considered to be a 

characteristic unique to the Neoproterozoic (Sumner and Grotzinger, 1993; Knoll and 

Swett, 1990). This may have been aided by the highly supersaturated ocean water with 

respect to calcium carbonate inferred to have been present during the Precambrian 

(Sumner and Grotzinger, 1993; Tucker, 1992; Knoll and Swett, 1990; Grotzinger, 

1989b). This may have produced higher rates of accretion and, coupled with a possible 

lower supply of nucleating material and higher average water velocities, might have 

enabled the formation of the exceptionally large simple oncoids seen both on the 
Monarch Platform as well as those observed on other Neoproterozoic carbonate platforms 

(Sumner and Grotzinger, 1993; Swett and Knoll, 1989). 



 ppm,

 post-depositional

 Chemostratigraphy),

 Neomorphic

26 

Original Carbonate Mineralogy 

Trying to infer what carbonate mineral was the primary precipitate for both the nuclei and 

the laminations for these coated grains is also difficult. Modern coated grains which have 

an aragonitic precursor should have Sr concentrations upwards of 8,000 to 10,000 

whereas those of a high-Mg origin typically have Sr concentrations between 2-4,000 ppm 

(Brand and Veizer, 1981). However, ancient carbonates which contain >900 ppm 

strontium have been interpreted to have been originally aragonitic in composition. This is 

based on the belief that when a carbonate phase undergoes recrystallization, it is very 

unlikely to retain more than 50 % of its original strontium concentration (Brand and 

Veizer, 1981). Similarly, carbonate phases which contain approximately 300 ppm 

strontium can be inferred to have been originally aragonitic in composition, and have 

undergone extensive  alteration, or high-Mg calcite which has 

undergone less extensive diagenesis (Brand and Veizer, 1981). Geochemical analysis of 

the specific oncoids within this facies produced extremely low Sr values (typically less 

than 100 ppm; see  and is thus inconclusive for indicating whether 

high-Mg calcite or aragonite was the precursor carbonate mineralogy. 

fabrics observed for this facies indicate that the original carbonate mineralogy has been 

changed, whether this phase was actually aragonite or not can only be speculated. 

An important factor to note in the interpretation of the oncolitic facies from both the 

Yellowhead and Monarch platforms is the dominantly uneven to anastamosing, non-

concentric laminations occurring on irregularly-shaped, elongate coated grains that show 

no radial textures. Distinctive radial textures, along with very even and concentric 

laminations on almost perfectly spheriodal, well sorted coated grain sequences have been 

described from numerous Proterozoic carbonate sequences (Singh, 1987; Ross and 

Donaldson, 1989; Swett and Knoll, 1989; Simonson and Jarvis, 1993) and their virtual 

absence from both the Monarch and Yellowhead platforms is problematic. This may be a 

factor of the extreme dominance of biologically mediated carbonate precipitation 
interpreted to have been occurring on these platforms but it is unlikely that this sort of 

situation was uncommon during formation of other (older) Proterozoic carbonate 
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successions. This leaves the possibility that the Yellowhead and Monarch platforms may 

be representing a depositional setting relatively unique to the Proterozoic carbonate 

record. One factor to consider is the rise of Ediacaran metazoans, thought to be a 

significant factor in the dramatic decline in stromatolite diversity and abundance in the 

Neoproterozoic (Walter and  1985). 
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Figure 2-7 Preferential growth laminations on a compound piso-
oncoid from the Yellowhead Platform providing possible evidence for an 
algal origin for coatings on such grains. Note structureless, singly-
laminated simple  within matrix. Sample  2-16. 

Figure 2-8 Concentrically laminated elongate  from the 
Yellowhead Platform showing laminae thickening along the long axis. 
Sample BU 2-24. 
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Figure 2-9 Elongate compound macro-oncoid from a grainstone horizon 
on the Yellowhead Platform showing geopetal, algal laminations infilling 
micro-topographic relief. Note dense micrite within the coated grain 
which cements individual components together. Sample BU 2-24. 
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2.2 DIAGENESIS 

Carbonates of the Yellowhead and Monarch Platforms show a complex cementation and 

diagenetic history, with a wide range of cements and diagenetic fabrics present. This 

section will describe and interpret both cement morphology, along with subsequent post-

depositional textures which were observed in thin-section analysis. Cements observed 

include forms which are micritic and show gravity-influenced formation, bladed and 

fibrous isopachous cements and a final stage coarse spar mosaic.  non-

cement textures include mechanical and chemical compaction, and dissolution. Many 

cements have undergone fabric-obscuring  and recrystallization. Locally, an 

intense fabric-destructive dolomitization is seen on both platforms. These factors made

 of original carbonate mineralogy and origin of the cements difficult. 

However, where these factors are minimal an original carbonate mineralogy has been 

inferred, as well as an environment of formation. Whenever attempting a petrographic 

analysis of a carbonate suite it is vital to be able to identify carbonate phases which are 

cements and distinguish them from other processes such as neomorphism and 

recrystallization. This can be done by applying a set of fabric criteria for the recognition 

of cements developed by Bathurst (1975). A cement is "taken to include all passively 

precipitated, space-filling carbonate crystals which grow attached to a free surface" 

(Bathurst, 1975; pp. 416), and is distinct from neomorphism and recrystallization. 

Neomorphism is a secondary process which encompasses all transformations between 

one mineral and itself or a  The new crystals may be larger or smaller, or 

simply differ in shape from their precursors. In this way neomorphism is distinct from 

recrystallization and cementation in that it does not involve pore-space filling, precursor 

crystals must have gradually been consumed and simultaneously replaced by the same 

mineral, or a polymorph (Folk, 1965; Bathurst, 1975). Recrystallization is a process in 

which a change in the fabric of a mineral occurs; the precipitated mineral must be the 

same as the precursor. Such changes include alteration crystal volume, crystal shape and 

crystal lattice orientation (Bathurst, 1975). The set of fabric criteria designed by Bathurst 

for cement recognition include: 
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• Two or more generations of spar, a distribution unlikely to arise by

 of fine-grained carbonate. 

• The absence of relic or ghost structures such as are seen in 

spar. 

• Particles composed of micrite are not altered to spar or microspar. 

• Micrite coats are not altered to neomorphic spar or microspar. 

Aggradational neomorphism will change micrite to progressively coarse microspar 

and spar, as seen in the  rinds seen on oncolites in Figure 2-3. 

• Mechanically deposited micrite is present but unaltered. 

• Contacts between spar and particles is sharp. 

• The margin of sparry mosaics occupies the upper part of a cavity whose 

lower part is occupied by flat-topped internal (geopetal) sediment. 

• Intercrystalline boundaries are made up of plane interfaces (e.g. around 

point C in Figure 2-12). Irregular intercrystalline boundaries are a characteristic of 

neomorphic spar. 

• Crystal size increases away from the initial substrate in towards the cavity 

centre. 

• Crystals have a preferred shape orientation with longest axes normal to the 

initial substrate (such as the fibrous-acicular and bladed-prismatic cements seen in 

Figure  and Figure 

• Spar mosaics are characterized by a high percentage of enfacial 

among the triple junctions. Percentages for cements range from 30-73%, and 2-5% 

for neomorphic spar.

 A triple junction is the meeting place of three intercrystalline boundaries. An enfacial junction is a type of 
triple junction where one of the three angles is 180°. 
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No single fabric or texture described can, by itself, be conclusive evidence for the 

presence of a cement. However, by recognizing several of these criteria within the one 

sample, or for the one spar fabric, a higher degree of confidence can be obtained.

 Micritic Meniscoid Cements and Geopetal Micrite 

Meniscoid cements were observed in thin-sections from the Monarch Platform and 

consist of a patchy, dense micrite concentrated in pore throats near grain to grain contacts, 

or where grains are in close proximity (Figure 2-10). This micrite fringes most grains, 

being most strongly developed on what is interpreted to be the gravitational down-side of 

pore throats and grains. Where this cement is well developed a geopetal, or pendant, 

texture is developed (Figure 

Figure 2-10 Thin-section photograph of a micritic vadose, meniscus 
cement observed on the Monarch Platform. Note geopetal nature of 
cement defining gravitational down to the right (arrowed). Two of the 
dominant nucleation materials for the Monarch Platform are also observed, 
a dense micritic ball and a mass of carbonate grains within a dense micrite. 
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2.2.2  and Bladed-Prismatic Cements 

Well preserved  and bladed cements occur on both the Monarch and

 Platforms and preserve a history of significant phreatic cementation. Both 

cement types form fringing layers around both  and compound oncoids and show 

no gravitational growth textures. Two forms each of fibrous cements and bladed-

prismatic cements were recognized. 

Fibrous Cements 

Fibrous cements are always present as a first generation cement fringing compound and 

simple oncoids in thin-sections from both the Yellowhead and Monarch platforms. Of 

the two forms of fibrous types of cement one is an uneven, almost columnar, cement 

which exhibits uneven crystal lengths (lengths ranging from 50  to 160  and 

irregular crystal edges (Figure 2-13). This cement type was observed fringing 

ortcoids in thin-sections of the Monarch Platform, but was not clearly identified in any 

thin-sections from the Yellowhead Platform. These cements form perpendicular, or near 

perpendicular, to the oncoidal surface and show square to pseudo-rectangular 

terminations. This cement type is optically discontinuous with the subsequent coarse-

crystalline spar mosaic and under  exhibits alternating zones of 

moderate to high luminescence. 

The second type of fibrous cement consists of a very fine, fibrous, acicular fringing 

cement, showing an apparent  texture and occurs both on the Yellowhead and 

Monarch platforms either as the only cement prior to subsequent spar mosaic cements 

(maximum length of approximately 250  Figure 2-15), or underlying an isopachous 

prismatic spar (maximum length approximately 50-60  Figure 2-12). This cement 

grows approximately perpendicular to the oncoidal surface, however the  nature 

would infer a slightly chaotic, less organized, nature for the cement. Definitive textural 

criteria could not be ascertained due to the extremely fine nature of the cement and post-

formational, texture-obscuring  that has occurred. 
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 Cements 

Two distinct forms of bladed-prismatic cements were identified under thin-section, 

namely, an elongate, prismatic isopachous spar and a short, stubby isopachous spar. The 

relative timing of each of these cement types could not be definitively constrained and 

they will be discussed separately. 

The prismatic spar cement was observed in the Monarch Platform and as a second phase 

cement, growing subsequent to the formation of a first generation fine, acicular fibrous 

cement (Figure 2-12). This cement exhibits excellent  crystal terminations, 

which are often coated with a layer of opaque, possibly organic, material. Individual 

crystals regularly exhibit irregular inter-crystalline boundaries. Some individual crystals 

diverge as they radiate (perpendicular) from the substrate, growing to maximum length of 

approximately 300  This cement was not observed in conjunction with any 

mechanical compaction features, thus making determining the relative timing of this 

cement phase to such compaction impossible. 

A blocky isopachous cement type was observed on both the Monarch and 

platforms. This cement is a first generation cement consisting of short, stubby, closely 

packed crystals approximately 150  in length. This cement exhibits a very constant 

thickness and exhibits a length to width ratio of approximately 1:1 (Figure  The

 of this cement as a first generation texture was ascertained through the pre-

dating relationship it shows to both mechanical compaction textures and blocky mosaic 

spar cements (Figure 2-17). Fair to poor rhombohedral terminations are observed on 

nearly all crystals, which are commonly coated with a dense opaque (organic?) substance. 

2.2.3 Coarse Spar Cements 

A coarse mosaic spar is always the final stage of cementation in all thin-sections from 

both the Monarch and Yellowhead platforms. Crystal sizes range from 70  to 

approximately 160  This cement phase always exhibits a dull luminescence and is 

often seen infilling oncoids in which the original nucleus has been dissolved (Figure 2-12, 

point C within oncoid). Occasional  fabrics, which show an increase in crystal size 
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in towards cavity centres, were observed (Figure 2-12; point C within oncoid; Figure 2-

16, point A within oncoid). Clear identification of this cement is best under 

cathodoluminescent light, as under plain light many crystals show uneven inter-crystalline 

boundaries, which do not always reflect the crystal structure as seen under 

cathodoluminescence. 

2.2.4 Flower Spar Cement 

Observed in one sample from a large stromatolitic  on the Monarch Platform this 

cement type is the least abundant on the Monarch Platform, and apparently absent on the 

Yellowhead Platform. The cement is a void filling cement forming between stromatolitic 

laminae and consists of a randomly oriented array of brownish, elongate cement fibers. 

These fibers form bundles which radiate out from the substrate, producing a cement 

which ranges in thickness from approximately 300  to about 1 mm. Cement growth 

ceased before filling the entire void. 
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Figure 2-11 Thin-section photograph showing a first generation blocky 
fringing phreatic cement, followed by a second generation coarse equant 
spar mosaic cement. Sample BU 2-20. 

Figure 2-12 Thin-section photograph showing excellent fabric 
preservation of three cement generations. First generation is a very fine, 
fibrous fringing cement (arrowed; A), followed by an inclusion-rich 
isopachous prismatic spar (B), and a final coarse spar mosaic (C). Sample 
Mon 2-6. 
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Figure 2-13 Cross-polar thin-section photograph showing an uneven, 
first generation fibrous fringing phreatic cement (A), followed by a second 
generation coarse, crude prismatic spar (B). Sample Mon 

Figure 2-14 Flower spar cement seen in the stromatolitic facies of the 
Monarch Platform, followed by a coarser, void filling isopachous cement. 
Sample Mon 
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Figure 2-15 Spalling and fracturing oncoidal laminae seen in 
association with a pre-dating acicular fibrous fringing cement (arrowed), 
and a post-dating coarse spar mosaic cement. 

Figure 2-16 Combined plain light and cathodoluminescence photograph 
showing the variable luminescence of the early stage, and the dull 
luminescence of the late stage of burial cementation. 
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2.2.5 Interpretations 

The micritic meniscoid cements observed are identical in form to the vadose cements of 

Tucker and Wright (1990) and Bathurst (1975). These cements are always micritic, and 

closely resemble vadose meteoric cements described by Land (1970), Meyers (1978) and 

Loucks and Folk (1976) for various carbonate sequences. The typical, rounded to arcuate 

boundaries of the meniscoid cement are slightly obscured in some areas, especially where 

the gravitation cement form is observed. This is interpreted to be a function of the 

formation of the cement (Figure  Presumably cementation began in pore throats at, 

or near, grain to grain contacts, where the pore fluid was concentrated. As cementation 

proceeded and the cement grew further into the available pore space, the development of 

a pendant cement form began, thus obscuring the typical curved meniscus cement 

boundary. In conjunction with this is the micritic nature of these cements, which appears 

to be texturally  of  in such a mud-free grainstone. However, this can be 

explained if the formative processes of vadose cements is taken into consideration. 

Vadose cements presumably form through the de-gassing of carbon dioxide from the 

capillary-held water in open pore spaces. This can account for both the meniscoid form 

of the cements, due to the preferential cementation of pore throats, as well as their 

micritic nature, because large crystals cannot form due to the limited volume of pore fluid 

available at any one time (Tucker and Wright, 1990; Land, 1970).

 cements also presumably form through the degassing of pore fluids, with the 

larger, better formed crystals being the result of cement growth into void spaces saturated

 pore fluid (Tucker and Wright, 1990). The fibrous-acicular and blocky-prismatic 

cements have been interpreted to be a result of  cementation, however, 

differentiating between a cement of marine-phreatic origin, as opposed to one of

 origin is difficult. This is especially apparent when cements similar to 

the prismatic-blocky cements have been described as meteoric-phreatic cements (Folk 

and Land, 1975), as  cements (James and Ginsburg, 1979) and as early 

burial diagenetic cements (Singh, 1987). Using basic textural and paragenetic 

relationships inferences can be made as to the likely origin for most of these cements. 
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However, more detailed geochemical and petrographic (i.e. S.E.M.) investigation of these 

cement types would be required to better constrain their specific origin. 

The flower spar cement illustrated in Figure 2-14 is extremely similar in morphology to

 cements described by (James, 1972), and is here interpreted to be of like 

origin. Namely a product of meteoric-vadose cementation, and as such is a valuable 

indicator of subaerial exposure of the associated carbonate. Production of the inter-

laminae void in which these cements grow is interpreted to be a result of the dissolution 

of a precursor carbonate, possibly produced in response to the activity of the stromatolitic 

algae, during exposure of the stromatolitic mound. Subsequent meteoric-vadose 

cementation then produced the flower spar cement. 

The fine, fibrous fringing cements seen in Figure 2-13 and Figure 2-15 are both 

interpreted to be of marine phreatic origin. Morphologically identical cements have been 

described in other carbonate reefs, and have been interpreted to reflect both a calcitic and 

an aragonitic precursor formed in the marine phreatic environment (Bathurst, 1975; 

James and Choquette, 1983; Tucker, 1985a; Singh, 1987; James and Choquette, 1990a; 

Tucker and  1992;  et  1994). Unfortunately the fine crystal size of 
the cements, along with effects of  fabric-obscuring  and 

dolomitization has prevented a more detailed investigation of mineralogical and textural

 However, the fibrous nature of these cements, the faint rectangular crystal 

terminations discernible in Figure  along with the felted texture of individual needles 

in Figure  could be suggestive of an aragonitic precursor (Tucker and Wright, 1992). 

Prismatic spar cements seen in Figure  are interpreted to be of marine, early burial 

diagenetic origin being morphologically similar to many high-Mg calcite, early burial 

diagenetic cements described by previous authors (Tucker and Wright, 1992; Tucker, 

1981; Bathurst, 1975). This interpretation is further supported by the post-dating 

relationship of this cement to the irregular, finely  cement interpreted to be of 

early marine phreatic origin, indicating a later-stage cement formation, and the pre-dating 

relationship shown to the coarse spar mosaics of burial cementation origin. 
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The short, stubby isopachous cement described is interpreted to be the product of very 

early cementation, either in the meteoric or  environment. This 

interpretation is supported by the pre-dating relationship of  cement to subsequent 

mechanical compaction and burial cementation. This form of closely packed stubby, 

highly luminescent druse, pre-dating a sparry coarse cement, is very similar to cement 

types described by Purser (1969) for Jurassic limestones of the Paris Basin. Identical 

cement stratigraphy successions have been described for both the burial environment

 and James, 1990) and the meteoric environment (James and Choquette, 

1990b). However, the association of this cement with later dissolution and compactional 

features tends to imply a much earlier, possibly meteoric environment of formation. 

Equant spar mosaic cement are interpreted to be purely of burial origin. This is based on 

the cements post-dating relationship to mechanical compaction textures (Figure 2-17 and 

Figure  the incorporation of broken and collapsed micritic envelopes within the spar 

(Figure 2-17 and Figure  and the formation of sutured grain to grain contacts prior to 

formation of the spar (Tucker and Wright, 1992 and Bathurst, 1975). The equant spar 

drusy cement exhibits a competitive growth fabric into the cavity and represents the first 

stage of burial cementation. The alternating  luminescence represents 

precipitation from pore waters experiencing subtle variations in water chemistry. The 

coarse mosaic spar cement infilling the last of the pore void is dominantly dull under 

cathodoluminescence. Dull luminescence within carbonates is controlled by a number of 

factors, such as  ratios, precipitation rates and temperature (Machel and Burton,

 Machel et  1991). Even so, dull luminescence is often interpreted to represent a

 chemistry (Tucker and Wright, 1990), which in turn, has been interpreted to 

be another indication of a burial origin (James and Choquette, 
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2.2.6  Dissolution and Compaction 

The interpreted aragonitic  calcite precursors of the cements described in 

this chapter were susceptible to  as such carbonate chemistries are highly 

unstable in the diagenetic environment. The microsparitic rind occurring on compound 

oncoids (Figure 2-3) is interpreted to be a result of aggradational neomorphism producing 

a more texturally mature carbonate. This is based on the observation that this texture 

occurs only on the outer surfaces of compound oncoids, and never on the outer laminae of 

individual oncoids which comprise the compound coated grains. It is therefore a texture 

that post-dates the formation of such compound oncoids. Such centripetal alteration of a 

micritic carbonate fabric to microcrystalline carbonate is believed to occur where 

neomorphism  of the carbonate occurs in contact with marine 

waters (Scoffin, 1975b). The irregular crystal boundaries seen in many examples of the 

burial, coarse spar mosaic cements, which commonly do not coincide with crystal forms 

seen under cathodoluminescence, are also interpreted to be a result of neomorphism (see 

criteria of Bathurst (1975) outlined previously). Local neomorphism of some oncolites is 

also interpreted to have occurred. This interpretation is based on the presence of a

 texture seen in the laminae of some oncoids. Although not conclusive evidence for 

an aragonitic precursor, this texture has been interpreted to indicate one in other examples 

(Assereto and Folk, 1976; Tucker, 1984, 1985; Singh, 1986). 

Meteoric diagenesis has affected nearer-shore carbonate sequences. This is seen as a 

significant dissolution event which removed the carbonate nuclei of many oncoids. This 

is interpreted to be a result of either an incursion of the meteoric lens platformward, or 

exposure of the platform, possibly in response to repeated sea level fluctuations due to 

tectonic activity occurring during formation of the platform. This diagenetic stage is 

represented on both a macroscopic and microscopic scale in the carbonate sediments. 

Macroscopic features include breccia-filled collapse caverns seen adjacent to section BU-

6. these will not be discussed here however. In thin-section, this diagenetic stage is 

represented by the dissolution of the precursor carbonate, forming grain molds, which are 

either filled with subsequent phreatic cements and/or burial cements or are broken and 

shattered, forming the fractured eggshell structure seen in Figure 
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A number of both mechanical and chemical compaction textures were observed in thin-

section. These range from minor stylotization, to simple spalling of oncoidal laminae 

(Figure 2-15), to more brittle fracturing and spalling (Figure 2-17), to quite destructive 

shattering of simple oncoids (Figure 2-18). A minimum of two mechanical compaction 

events have been interpreted to have occurred, one more destructive and relatively early 

in the diagenetic history of the carbonate, presumably associated with a meteoric 

dissolution event (Figure 2-18), and a second, less destructive event associated with 

compaction due to increasing overburden stresses and bed thickness reduction (Figure 2-

 and Figure 

Dolomitization has also affected the carbonate facies of both the Yellowhead and 

Monarch platforms, however this will not be discussed in detail. Two stages of

 are interpreted to have occurred. The first dolomitization event resulting 

in only minor fabric destruction, as can be seen by the excellent textural preservation of 

many cements. A later stage dolomitization event is inferred to have occurred due to the 

extreme fabric destruction seen in many carbonate successions near the platform rim of 

the Yellowhead Platform, and in isolated areas of the Monarch Platform. This second 

event destroyed all but the faintest textures, reducing the associated carbonate facies to a 

coarsely sparitic dolomite. 
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Figure 2-17 Blocky isopachous cement (arrowed)  formation 
of mechanical compaction textures, which in turn pre-dates formation of 
prismatic spar mosaic cement. 

Figure 2-18  fracturing interpreted to be a result of significant 
meteoric dissolution, with subsequent mechanical compaction, followed 
by marine phreatic and burial cementation. 
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2.3 SUMMARY 
Carbonate facies of the Monarch and  Platforms reflect a varied history of 

oncoid formation and deposition and exhibit a complex series of cementation textures, 

with evidence for a number of shallow marine to vadose/meteoric transitions. By 

detailing the cement history of each platform, and inferring the subsequent diagenetic 

environments through which  portions of the platform has passed, a more 

detailed platform genesis can be determined. Vadose cements provide evidence for 

periods of relative sea level fall and platform exposure. Periods of carbonate dissolution 

(possibly also associated with a fall in relative sea level  platform exposure), can 

also be determined. A number dissolution events are inferred, occurring either prior, or 

subsequent to, an initial period of shallow marine cementation (as evident by pre- and 

post-dating relationships of shallow marine cements to periods of dissolution and 

mechanical compaction). A schematic paragenetic sequence for the diagenetic history of 

the platforms is proposed in Figure 2-19. Dashed lines indicate periods where specific 

timing relationships are uncertain. First generation cements are represented by micritic, 

pendant and flower spar cements interpreted to be of vadose-meteoric origin, and a highly 

luminescent blocky spar isopachous cement, interpreted to be of meteoric-phreatic origin. 

First generation cements interpreted to be of shallow marine origin are seen to be the two 

forms of fibrous fringing cements, possibly representing an aragonitic precursor. Certain 

areas of the platform were then subjected to meteoric dissolution and diagenesis. This 

resulted in the dissolution of original oncoid nuclei, thus creating grain molds. 

Subsequent mechanical compaction shattered grain molds of more simple and fragile

 producing  fracturing. Less destructive mechanical compaction also 

produced spalling of both single and multiple layers of oncoid laminae. This may have 

been a separate compactional event, or may have occurred concurrent with compaction 

that shattered the less robust  Marine cementation continued in the form 

of early burial cementation, represented by a prismatic spar. Final stages of cementation 

are represented by a dominantly dull luminescent, ferroan coarse spar mosaic interpreted 

to be deeper burial in origin. 
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Vadose Burial 

Flower Spar 

Micritic/Pendant 

Blocky Isopachous 

Fibrous 

Prismatic 

Mosaic Spar 

Mechanical 
Compaction 

Dissolution 

Dolomitization (1) 

Dolomitization (2) 

(1st 

Meteoric Marine 
Generation)

 ? 

? 

(Last Stage) 

Figure 2-19 Schematic paragenetic sequence showing approximate 
timing relationships between diagenetic phases. Dashed lines indicate 
periods where timing and/or duration of specific diagenetic phases is 
uncertain. Dolomitization (1) refers to the interpreted first stage 
dolomitization event, Dolomitization (2) refers to the second, fabric 
destructive dolomitization event. 
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3.  DESCRIPTIONS AND INTERPRETATIONS 

This chapter will describe and interpret the  platformal and 

facies of the  and Monarch platforms. The vertical and lateral associations of 

the specific lithologies which comprise each of these sequences are shown in Insert 1 

(Yellowhead Platform) and Insert 2 (Monarch Platform), which should be consulted in 

conjunction with the following  descriptions and interpretations. Aspects of 

specific carbonate and stromatolitic classifications and terminology will also be outlined, 

as will a summary of fan-delta systematics, as they are pertinent to subsequent 

lithological descriptions and interpretations. 

Detailed lithological examination of the Yellowhead and Monarch platforms over the 

course of two summer field seasons has enabled subdivision of each platform into several 

distinct lithological assemblages (Platformal sequences). Sedimentary sequences both 

underlying (Pre-platformal) and overlying (Post-platformal) the platforms were also 

examined. Through this the evolution and genesis of the individual platforms has been 

determined, and subsequently related to the evolution of Upper Neoproterozoic and 

Lower Cambrian sequences of the Canadian Cordillera. Where back-reef and reef

 areas show distinct facies variations the two are discussed separately. 

Sediments below and above each platform, which reflect changing depositional 

environments prior to initiation of platform development, and subsequent to platform 

termination, are also discussed separately. Extreme topographic relief of both the Mount 

Fitzwilliam and Monarch Mountain areas hindered detailed examination of many 

lithologies. This problem was minimized through the use of  which, when 

supplemented with field mapping and section measuring, enabled tracing of individual 

facies and visually distinct horizons around the platforms. 

The Yellowhead Platform is superbly exposed along a strike length of 6 km from Mount 

Fitzwilliam to Mount Clairvaux. Less accessible exposures occur approximately 4 km to 

the east of Mount Clairvaux in the Rostrum Hill region, giving a total strike length of 

approximately  km. Back-reef facies of the Yellowhead Platform are, for the most part, 

accessible along the southwestern face of Mount Fitzwilliam, to Mount Clairvaux in the 
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southeast (Figure 3-1). Reef-rim facies comprise the distinctive western face of Mount

 most of which was inaccessible and was interpreted through extrapolation of 

adjacent accessible facies and photomosaics.  platformal and post-

 relationships for the Yellowhead Platform, along with section locations, are 
shown in Figure 

Mount Robson 
Provincial Park

 Till, alluvium 

Platform 
I I Pre-Platform Sequence (above SB1) 
Hi Pre-Platform Sequence (below SB1)

 Shales and Grits (Miette Group) 

Sections line 
1 Section number (prefix with BU-)

 Thrust fault
 Provincial boundary 

SB1 Sequence Boundary 1 
Contour Interval 
Scale 1:50,000 

Figure  Geological map showing facies relationships between Pre-, 
Post- and Platformal sequences on the Yellowhead Platform at the Mount

 Clarivaux area. Figure modified from Mountjoy and 
Price  through field mapping. 
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The Monarch Platform is exposed solely on Monarch Mountain, with best outcrops 

predominantly occurring along a 3 km strike distance on the southwestern face of the 
mountain (referred to as  face  in Figure 3-2). This face proved the most 

useful and was mapped using topographic map sheets and an altimeter. Only two 

sections were measured, sections Mon-2 and Mon-4 (Figure 3-2). Minimal exposures of

 sequences were observed along the  side of the mountain

 face  of Figure 3-2). Even though all faces exhibited 

sequences, the extreme relief of the mountain, in addition to glacier cover, made 

investigation of these areas impossible. A compilation geological map showing 

approximate pre-platformal, platformal and  relationships is shown in 

Figure 3-2. 
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Monarch
 Mountain 

Post-Platformal Shales

 Post-Platformal

 Carbonate Platform

 Pre-Platformal Sandstones

 Pre-Platformal Shales

 Arkosic Grits and Shales 

Contour Inveral  feet 

Figure  Geologic map compiled from field mapping and sectioning 
showing vertical and lateral relationships of  Platformal and 
Post-Platformal sequences on the Monarch Platform. Numbers refer to 
sampling locations, and dashed lines to section locations. Outlined boxes 
on the north and south sides of the mountain are detailed in subsequent 
figures. 
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 FAN-DELTA TERMINOLOGY 
A fan-delta is an alluvial fan that progrades into a standing body of water from an 

adjacent highland (Ethridge and Wescott, 1984; Postma; 1990; Wescott and Ethridge,

 The sedimentary architecture of a fan-delta can be quite varied, being influenced 

by factors such as the width of the shelf and the interaction of fluvial and marine or 

lacustrine processes, climate, eustacy and associated depositional systems (Wescott and 

Ethridge, 1990). The overall geometry of a fan-delta sequence is a wedge or prism of 

coarse-grained to conglomeratic, immature sediments that rapidly thin away from a fault-

bounded landward margin (Ethridge and Wescott, 1984; Postma, 1990 and Wescott and 

Ethridge, 1990). Fan-deltas can be subdivided into two physiographic zones; the

 fan and the subaqueous fan-delta. The subaqueous fan can be further separated 

into the littoral fan (or transition zone) and the prodelta (Figure 3-3). The transitional 

zone comprises the delta front and delta slope (Ethridge and Wescott, 1984; Wescott and 

Ethridge, 1990). The following descriptions and definitions have been compiled from 

Ethridge and Wescott (1984), Postma (1990) and Wescott and Ethridge (1990). 

The subaerial portion of a fan-delta is essentially an alluvial fan, usually 

consisting of braided stream conglomerates and sandstones  coarse-grained 

meanderbelt deposits (Figure 3-3). In more arid regions debris flow deposits may 

constitute a significant fraction of the proximal deposits. 

The subaqueous fan zone can be subdivided into three zones; the delta front, delta 

slope, which comprise the transitional zone, and prodelta (Figure 3-3), with the prodelta 

being the most basinward division and the delta front the landward. The transition zone 

(delta front and slope), represents the uppermost zone of the subaqueous portion of a fan-

delta and is the region in which  deposits are modified by littoral processes, such 

as wave  tidal activity. These fluviatile sediments interfinger with marine (or 

lacustrine) sediments. The delta slope is transitional between the delta front and the 

prodelta, which dips gently toward the basin floor. Facies associations that characterize 

the transitional zone vary significantly, being dependent upon basin configuration, fluvial 

controls (such as frequency and magnitude of water and sediment discharge, slope and 
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grain size), and the intensity of wave and tidal currents. Following from this, two end 

members are possible, a  and a marine-dominated transitional zone. 

Prodelta sediments are dominated by muds and shales and contain occasional channelized 

conglomerates and sandstones. A characteristic sequence from delta front to prodelta 

sediments would include relatively steeply dipping conglomerates on the distal end of the 

delta front, gently dipping conglomerates on the delta slope, and finally, prodelta muds. 

Slumping is common on the subaqueous portion of a fan-delta, either as a result of 

elevated pore fluid pressures due to rapid sedimentation or tectonic activity. 

Subaerial 
Alluvial Fan 

Subaqueous 
Transitional Prodelta Shelf 

Figure 3-3 Idealized cross-section of a fan-delta sequence showing 
lateral transition from subaerial to subaqueous zones. Standard 
symbols are used. Figure adapted from Ethridge and Wescott (1984) and 
Wescott and Ethridge 
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3.2 CARBONATE TERMINOLOGY 
Significant carbonate terms utilized are compiled from Wilson  Semikhatov et 

(1979), James and Geldsetzer (1989), Tucker and Wright (1990), Schroeder and Purser 

(1986)  (1984; 1989). 

Carbonate Platform: A reef-rimmed carbonate buildup with a more less horizontal top 

and abrupt shelf margin where high energy sediments occur. Many carbonate platforms

 isolated and surrounded by deep water. Platform edges may have elevated rims, 

which are commonly the site of reef development. 

Reef: A massive or layered, laterally restricted carbonate buildup which formed in situ, 

possessed topographic relief and was stabilized syndepositionally by organic growth

 submarine cementation. 

Diagenesis: All the chemical, physical and biological changes undergone by a sediment 

after its initial deposition, and during and after its lithification, exclusive of 

alteration (weathering) and

 Sediments: Sediments originating on the carbonate platform and 

subsequently deposited in off-platform areas. 

Aggradation: The vertical growth or accretion of a reef or platform occurring 

synchronous with basin subsidence  relative sea level rise. 

Progradation: With respect to carbonate sedimentation, progradation is the lateral 

expansion of a platform. The proportion of progradation versus aggradation is a function 

of the rate of sea level rise versus basin subsidence, with two end members being present; 

a progradation-dominanted system, and an aggradation-dominanted system. When 

relative sea level rise and basin subsidence matches carbonate production, aggradation 
dominates (example A in Figure 3-4). When carbonate production outpaces relative sea 

level rise and basin subsidence, progradation dominates (example B in Figure 3-4). 
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carbonates 
Reef rim Aggradation 

Progradation 
SL

 Slope carbonates 

Basinai facies 

B 

Aggradation 

Reef rim IShelf/platform
carbonate 

Slope carbonates

 carbonates 

Figure 3-4 Two possibilities for prograding versus aggrading 
geometries of a carbonate platform. Example  represents an 
aggradational-dominated system, example B represent a prograding, and 
aggrading, carbonate system. Figures adapted from Tucker and Wright 
(1990). 

Two progradational styles are proposed, physiologic progradation and pathological

 (Bosellini, 1989). These forms will be discussed in more 

Carbonate platforms, by their nature, are areas of both high sediment production 
and accumulation, commonly producing more sediment than can be accommodated on 

their flat (or relatively flat) tops (Droxler and  1985; Read, 1985; Bosellini, 

1989). Through storm  current activity this excess sediment is transported and 



Biioherm:  lens-,

Kussiellia

55 

deposited into adjacent slope and basin areas. This creates a halo of periplatformal 

sediments on the basinward side of the platform. This, in conjunction with aggradation of 

the reef-rim, produces a lateral and vertical expansion of the platform, and is termed 

physiologic pro gradation (example B in Figure 3-4; Bosellini, 1989). 

Progradation can also occur as a result of repeated erosion and brecciation of the 

carbonate platform. In this case the prograding system is composed of an advancing talus 

facies, made of cemented carbonate boulders which originate on the platform. This is 

termed pathological progradation and is interpreted to reflect a series of repeated relative 

sea level falls (lowstand events; Bosellini, 1989). 

Stromatolite: A laminated, lithified, sedimentary growth structure that accretes away 
from a point or limited surface of attachment, which is commonly, but not necessarily, of 

microbial origin and calcareous composition.

 A  domed- or mound-shaped stromatolitic buildup enclosed by 

sediments of different lithology and composed predominantly of the in situ remains of 

organisms and syndepositional cements. 

Column: Discrete stromatolitic structure with the dimension in the direction of growth 

usually greater than at least one of the transverse dimension. Digitate will be used when 

describing individual stromatolitic columns. 

Ramification: The process by which a single stromatolite column branches and gives 

rise to one, or several, others. Ramification can be either be passive, such as shown by

 or active (Figure 3-5). 

Passive ramification occurs if the new branches do not widen upwards and the 

axes of the columns remain roughly parallel through the structure, such as shown by the 

form Kussiellia (example C in Figure 3-5). 

Active ramification is accompanied by a general widening of the structure, where 
axis of the newly formed columns diverge at the base and then either remain inclined to 



 Gymnosolenia,

 stromatoforms

Kussiellia
Strati/era

56 

each other at different angles (e.g. Tungussia, example A in Figure 3-5) or run parallel 

and grow upright again (e.g.  example D in Figure 3-5). 

Figure 3-5 Summary diagram depicting the major  and 
ramification patterns identified in this study. Active ramification is shown 
by Tungussia (A) and Gymnosolenia (D), passive ramification is shown by

 (C) and walled columnar stromatolites (CS in figure B).
 (S) is shown below CS in figure B. Illustrations from Hofmann 

(1969). 

For convenience the stromatolitic portion of each platform will be described in detail 

prior to other lithologies. Stromatolitic facies are a major component of each individual 

reef, comprising approximately 40% of the preserved Yellowhead Platform, and between 

50-60% of the observable Monarch Platform. 
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 THE CONTROVERSIAL REEF BUILDERS 
The Precambrian was the age of stromatolites, a time when every niche on a carbonate 

platform was dominated by microbial life and the many and varied structures they 

formed. Nearing the end of the Proterozoic (at approximately 700 Ma) a dramatic decline 

in stromatolite abundance and diversity was seen (Walter, 1992; Walter and Heys, 1985; 

Awramik, 1971), until, with the appearance of grazing organisms in the Cambrian, 

stromatolites were only a minor contributor to reef development. The cause for this 

dramatic decline is uncertain, but some authors attribute it to the rise of metazoans 

(Walter and Heys, 1985). Even with the abundance of stromatolites in Precambrian 

stratigraphy, very little is known or understood about these enigmatic structures. Major 

debates still run on nearly all aspects of stromatolite morphology and genesis. 

Numerous attempts have been made to develop a detailed systematics for stromatolite 

morphology  1976; Krylov, 1976; Hofmann, 1969a, 1969b; Raaben, 

1967). However, this has been hindered by the lack of agreement on what the controlling 

factor is in determining stromatolite morphology. As argued by Krylov (1976) and 

Walter et  (1976), attaching a firm and rigid classification scheme to stromatolitic 

morphology can be difficult, if not precarious, as many forms can be seen to occur in one 

hand sample (Figure  This raises doubts as to whether stromatolitic form is a direct 

result of the algae forming the stromatolite, of their formative conditions, or a complex 

interaction between the two (Logan et  1964; Raaben, 1969; Semikhatov, 1976; 

Semikhatov et  1979; Serebryakov, 1976; Cecile and Campbell, 1978; Grotzinger, 

1989a). Indeed; 

"most stromatophiles now agree that both ecologic and 

biologic factors play a role in determining stromatolite 

form, although (they do not agree) about the part each 

plays" (Cloud, 1983, pp. 27). 

This controversy is far from being resolved, and for this reason no environmental or 

biologic connotations  be applied to the names given to each stromatoform. Rather, 

each description will refer only to the general physical form of the stromatolite. Any 
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environmental interpretations will be stated separately. The only exception to this 

Conophyton, which has been interpreted by numerous authors to be an exclusively deep-

water  (Donaldson and Taylor, 1972;  1976a; Kerans and 

Donaldson, 1989). Conophyton is a specific type of columnar stromatolite where laminae 

thicken in the crestal region, have outer regions parallel to the outer surface of the column

 stack vertically to form columns which are discrete and never (or rarely) branch

 and  1985). Terminology used in this study is 

outlined in Figure 3-6. Branching forms of stromatolites will be classified based on their 

ramification (branching) styles, similar to schemes adopted by Bertrand-Sarfarti and 

Moussine-Pouchkine  Knoll and Golubic  and  (1969). Branching 

stromatoforms observed on the Yellowhead and Monarch Platforms include Tungussia, 

Gymnosolenia and Kussiellia, whereas non-branching forms include  and 

specific non-ramifying columnar stromatolites (Table 3-1). 
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 Form 

Gymnosolenia 

Walled Columnar 
Stromatolites 

Characteristics 

Walled, non-ramifying, cylindrical columns, well pronounced 
central zone which shows an increase in laminae thickness, and 
outer margins which are roughly parallel to the long axis of the 
column. 

Ramify passively, fringed and ragged edges which protrude into 
surrounding sediment, cylindrical to pseudocylindrical columns. 

Ramify actively, walled columns, usually widening upwards and 
have divergent column axes. 

Ramify actively, pseudocylindrical,  columns, axes running 
roughly parallel. 

Non-columnar stromatolite with crinkly to undulatory, 
anastamosing or approximately parallel laminae. May form 
tabular horizons or bioherms. 

Walled columnar stromatolites that may coalesce, passively 
ramify, or be non-ramifying. Does not include actively ramifying 
forms. 

Table 3-1 Summary table outlining morphological characteristics of 
stromatolitic forms identified on the Monarch and Yellowhead platforms. 
Table constructed from Hofmann (1969), Raaben (1969) and

 and Moussine-Pouchkine (1985). 
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BRANCHING AND COALESCING 

COLUMN SHAPE AND MARGIN STRUCTURE

 CONVEX

 STROMATOLITES 

Figure 3-6 Summary diagram of gross morphological terms used to 
described stromatolitic structures observed in the field. Alpha branching is 
characteristic of  beta and gamma of  and 
divergent patterns of  Figure adapted from Preiss (1976).

 Stromatolites of the Monarch Platform 

Stromatolites of the Monarch Platform consist of large, Stratifera bioherms, which 

comprise the base of the platform, discrete Stratifera bioherms and laterally continuous 

horizons present within oncolitic horizons, and varying forms of columnar to 

pseudocolumnar stromatolites forming both laterally continuous horizons and large, low-

relief bioherms. Branching and non-branching forms of columnar stromatolites observed 

include Tungussia, Kussiellia, Gymnosolenia and passively ramifying and non-ramifying 

walled columnar stromatolites (Table 3-1). Non-columnar stromatoforms will be 
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discussed first, followed by the much more varied forms of ramifying and non-ramifying 

columnar stromatolites.

 Non-Columnar Stromatolites 

The dominant form of non-columnar stromatolite observed on the Monarch Platform 

consists of Stratifera, which form large, dome-shaped  comprising the base of 

the platform.  stromatolitic horizons, which display strongly undulatory 

to pseudocolumnar laminations are also present, and interbed with columnar stromatolitic 

horizons in the mid-third of the platform. One laterally discontinuous thrombolitic 

bioherm was observed in shale sequences below the platform. 

Large  Bioherms 

In lowermost portions of the Monarch Platform, Stratifera constructs grey, high relief,

 bioherms showing approximately 30 m in synoptic relief (Figure 3-7). Stratifera 

laminations are 1-2 mm thick and parallel to crinkly (Figure 3-7). A minimum of three 

such extremely large bioherms were observed, two on the south face of Monarch 

Mountain and one on the west face. Poor outcrop exposure prevented detailed 

examination of Stratifera horizons on the west face of the mountain. Bioherms present 

on the south face could be examined in a cursory fashion, with field work again being 

restricted by the cliff-forming nature of outcrop. Laminations on the sides of individual 

bioherms are vertical to near vertical, then arch up and over to become inclined, then 

horizontal at their inflection points. These bioherms directly overlie shale and fine-

sandstones of  sequences and are surrounded by carbonate facies. On the 

western and central portions of the south face of Monarch Mountain these bioherms are

 by tabular-bedded oncolitic and sandy carbonates. Bioherms on the eastern 

edge of the south face are associated with a significant talus horizon, which forms an

 facies. The most visually apparent bioherm present on the south face of 

Monarch Mountain has a distinctively horizontal top, which is directly overlain by a red-

stained columnar stromatolitic horizon (Figure 3-8).

 Thrombolite refers to cryptalgal structures lacking any distinct lamination, being characterized by a 
macroscopic clotted fabric (Aitken, 1967). 
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Figure 3-7 Field photograph of large,  on the west 
face of Monarch Mountain. Dome shape of bioherm is outlined, field 
assistant circled for scale. 

Figure 3-8 View of large Stratifera bioherm on the south face of 
Monarch Mountain. Bioherm encompasses the entire width of 
photograph. Note distinct rectangular shape due to the horizontal top of 
the bioherm. Field assistant circled for scale. 



 undulatory Strati/era
 bioherms

63 

Figure 3-9 Field photograph of crinkly to 
laminations which form the large  comprising the base of the 
Monarch Platform. Lens cap for scale. 
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 to Strongly  Stromatolitic Horizons 

Stromatolitic horizons composed of pseudocolumnar and strongly undulatory laminations 

occur in the mid-third of the Monarch Platform and interbed with columnar stromatolitic 

horizons. They can be distinguished from  horizons by the pronounced relief 

(up to 2 cm) and more chaotic nature exhibited by individual laminations (Figure 3-15). 

Predominantly exposed in eastern areas of the south face of Monarch Mountain, 

individual horizons show relief of up to 2 cm and form laterally continuous horizons 

ranging in thickness from 0.5 to 2  Changes from columnar to non-columnar horizons 

are abrupt and non-transitional. Numerous columnar to non-columnar cycles are 

observed within single horizons, one of which is shown in Figure 3-15. 

One laterally discontinuous thrombolitic bioherm was observed approximately 35 m 

below the Monarch Platform in preplatformal sediments. Approximately 5 m in height 

this bioherm is composed of dark grey carbonate exhibiting a  fabric, considered 

characteristic of thrombolites (Aitken, 1967; Pratt and James, 1982). Lateral tracing of 

this horizon was not possible due to abundant scree cover. 

3.3.1.2 Columnar Stromatolites 

On the Monarch Platform columnar and pseudo-columnar stromatolites are most 

accessible on eastern-most exposures of the south face of Monarch Mountain (referred to 

as the  and comprise the dominant facies in this area. Visible as a 

distinctive red-stained carbonate horizon, this facies ranges from only a few meters thick 

on western exposures, where it overlies massive Stratifera bioherms and oncolitic 

carbonate, to approximately 60 m thick in the south bowl, where it overlies Stratifera 

bioherms and an extensive talus facies. In the south bowl of Monarch Mountain, these 

stromatoforms form both laterally continuous tabular-bedded horizons and large, low-

amplitude bioherms. Columnar stromatoforms observed on the Monarch Platform 

include Conophyton,  Gymnosolenia,  and passively ramifying and 
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coalescing walled columnar stromatolites. Some of these forms are not mutually 

exclusive, with more than one  commonly occurring in one horizon (e.g.

 pseudocolumnar and columnar stromatolite horizons in Figure 

Walled Columnar Stromatolites 

Walled columnar stromatolites are formed by the vertical stacking of rectangular and 

gently to steeply convex laminae which thin slightly at the margins. This thinning is 

accompanied by a pronounced curving of the edges, which descend along the column to 

join with one or more edges of the underlying laminae, enveloping the peripheral part of 

the column, forming a column  (e.g. columnar stromatolites in Figure 3-17). Such 

walled digitate stromatolites exhibit smooth and even edges, and include the forms

 and passively and non-ramifying, walled columnar stromatolites

 was the least abundant columnar stromatoform, being observed only in 

one laterally untraceable horizon in the south bowl. Individual structures range from 

poorly developed branching digitates 4 cm or less in length, to well developed structures 

exhibiting a distinct  divergent branching geometry, ranging in height from 4 

to 7 cm (Figure 3-10). All forms exhibit only a single bifurcation. 
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Figure 3-10 Field photograph of the branching 
(arrowed) on the Monarch Platform. Note the distinctive 
configuration of the divergent branches. Lens cap for scale. 

Figure  Detail of narrow  columns with intervening 
meniscate laminae. Scale at inflection point of trough-shaped laminae. 
Arrow on scale indicates growth direction. Stratigraphic top is to the left, 
indicating that these stromatolites grew perpendicular the bioherm edge. 
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 was only observed at one locality in the south bowl. This horizon 

has a light grey to buff colour, making it visually distinct from the surrounding red-

stained stromatolites. Individual columns are tan in colour, approximately 6 mm in width

 are spaced  cm apart (Figure  Individual laminae can be traced from one 

column to the next, forming an interdigitate meniscate-shaped trough. A paleorelief of 

approximately 4 cm is present from the crest of individual Conophyton to the centre of 

each trough (Figure 3-11). This stromatoform was observed radiating out laterally from 

the edges of a steep sided  composed of interbedded columnar and 

pseudocolumnar stromatolites (Figure 3-12). This transition is abrupt and possibly

 Individual Conophyton digitates grow perpendicular to the substrate 

upon which they initiate. Because they initiate on the sides of a pre-existing bioherm, this 

makes their growth angle oblique to horizontal, approximately 70° down from vertical. 

Approximately two meters from the point of origin the form of the Conophyton alters. 

Individual columns begin to widen and arch upwards (Figure 3-13) and over a distance of 

approximately one meter widen significantly to form  red-stained, branching

 coalescing columnar stromatolites of the form Kussiellia (Figure 3-12). Individual 

columns range in width from 4 to 25cm. Longest and widest columns are observed at the 

bottom of the arch, and get progressively smaller to the innermost portions of the arch. 

Columns continue to arch upwards over a distance of 1-1.5 m becoming almost vertical 

before outcrop ends (Figure 
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Figure 3-12 Transition (T) from grey weathered, 
(C) to red-stained, unwalled, columnar  (K). Note extreme arch 
of columnar stromatolites up towards vertical and size variation from the 
bottom to the top of the arch. Transitional zone detailed in Figure 

Figure 3-13 Gradual transition of columnar Conophyton to broader, 
unwalled columnar stromatolites, which continue to widen into Kussiellia. 
Note slight flexure in column towards vertical, which is directly up in 
photograph. 
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Passively ramifying and coalescing, and non-ramifying, walled columnar 

stromatolites are the dominant columnar stromatoform on the Monarch Platform. Where 

discernible, they form individual beds to one meter thick. Beds up to two meters in 

thickness are present where these columnar stromatolites interbed with pseudocolumnar 
and undulatory stromatolitic horizons (Figure 3-15). Ramifying and coalescing digitates 

are cylindrical to sub-cylindrical and one to four centimeters in diameter (Figure 3-13). 

Individual columns exhibit passive ramification and commonly coalesce, alternately 

halving and doubling their width, respectively (Figure 3-17). A singular horizon was 

observed where these ramifying columnar stromatolites exhibit pronounced elongation 

along a uniform azimuth of 140/320° (Figure 3-19). Non-ramifying columnar 

stromatolites show very little variation in morphology, as shown by the distinctive

 pattern seen on bedding plane surfaces (Figure 3-16). This pattern is 

produced by a concentration of hematite, which weathers to a brick red colour, in the 

apical region of the stromatolite, and contrasts with the pale, hematite-poor intracolumnar 

matrix. Individual columns are typically two to three centimeters in diameter and from 6 

to approximately 15 cm in length, depending upon the individual horizon. Spacing 

between individual digitates is also very uniform, being consistently between 6-10 mm 

(Figure 3-16). Where discernible, a paleorelief of approximately three centimeters was 

observed for individual digitates (Figure 3-18). One unique example of growth of non-

ramifying columnar stromatolites was observed on the western edge of the south face of 

the Monarch Mountain. Here columnar stromatolites, although growing vertically, do not 

initiate normal to the substrate, but rather oblique to bedding (Figure 3-14). 
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 3-14 Sketch of a field photograph showing vertical growth of 
walled columnar stromatolites oblique to bedding surface. Hammer head 
traced for scale. 

Figure 3-15  of undulatory  to  (P-C) 
stromatolitic laminae (above) and moderate to poorly formed, walled, 
columnar stromatolites (below). Note darker  form circled 
in bottom right, displaying internal variations of stromatolitic form within 
individual horizons. 
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Figure 3-16 Bedding plane view of simple, non-ramifying columnar 
stromatolite horizon (lateral view displayed in Figure 3-18). Note 
consistency of spacing and diameter of individual columns, none of which 
were observed to branch. 

Figure 3-17 Walled, passively ramifying and coalescing columnar 
stromatolite observed on the Monarch Platform. Note variation from 
steeply convex to rectangular laminae from non-branching digitate on the 
right to the ramifying and coalescing digitates on the left. Growth axes 
highlighted with lines and arrows. 



72 

Figure 3-18 Hand sample photograph of walled, non-ramifying 
columnar stromatolites displaying approximately 3 cm of paleorelief 
(outlined by white line labeled P). Bedding plane view of same 
stromatoform displayed in Figure 3-16. 

Figure 3-19 Bedding plane photograph of branching and coalescing 
columnar stromatolites which show a distinct elongation direction along 
azimuth 140/320° (white arrow). North is to the top of the photograph. 



Unwalled

Unwalled

 Kussiellia.

approximately

 Conophyton

bioherm

73

 Columnar Stromatolites

 columnar stromatolites are formed by a vertical stacking of predominantly 

rectangular, to occasionally gently convex laminae, which show only minor thinning and 

curving at the margins. Such forms have irregular and ragged edges and exhibit abrupt 

variations in width. In such columnar stromatolites fringes are formed by marginal parts 

of the laminae protruding into the surrounding sediment (Figure 3-20). All unwalled, 

columnar stromatolites observed are of the form  Stromatolites of this form 

are dominantly larger than the observed walled stromatolites, ranging in width from

 5 to 25cm, and range in length from 20 cm, to upwards of two meters 

(Figure 3-12). Individual columns exhibit significant variations in width, often thinning 

to less than half their maximum width prior to termination of column growth. Many 

columns were observed to passively ramify, but only rarely coalesce (Figure 3-20). This 

form was dominant in south bowl exposures, with largest forms observed being traceable 

back into a  horizon, which radiates off the margin of a columnar stromatolite

 (Figure 3-12). 
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Figure 3-20 Passively ramifying, unwalled columnar stromatolites
 observed on the south face of Monarch Mountain. Note the 

fringed and ragged edges and varying width of individual columns. 
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3.3.2 Stromatolites of the Yellowhead Platform. 

On the Yellowhead Platform, columnar stromatolites form only a minor component of the

 facies, with only one example of  being observed adjacent to the 
reef rim on the west face of Mount Fitzwilliam. Non-columnar stromatolitic laminations

 dominate on both the reef rim and back reef areas. Back-reef areas contain 

both laterally continuous horizons and discrete bioherms. Reef-rim areas consist of 

individual domal to lensoidal bioherms and large lenticular bioherms, which coalesce to 

form the platform rim. 

Reef Rim Stromatolites 

Bioherms which comprise reef rim facies on the Yellowhead Platform (with the exception 

of one outcrop of Tungussia) are grey to buff weathering and are composed exclusively of

 laminations. Bioherm size and geometry varies from smaller, laterally 

discontinuous bioherms which dominate in the lower part of the platform, up into the rim 

proper, were extensive stromatolitic horizons occur. Bioherms lie within shale sequences 

below the well-developed reef rim, and consist of dome-shaped, low relief, laterally 

discontinuous bioherms, with mound geometry being highlighted by shale and siltstone 

drapes. Individual bioherms range from 2  in width and 0.5  in height, to 

approximately 20 m in height (width not  due to scree cover  outcrop 

inaccessibility). Two  high and approximately 25 m long individual bioherms were 

observed in shale sequences near the reef rim, and lie on a laterally traceable depositional 

surface (Figure 3-21 and Figure 3-22). One of these bioherms (Figure 3-22) lies laterally 

adjacent to, and is overlain, by a reef talus facies. These  individual bioherms 

coalesce and amalgamate upsection to become indistinguishable as separate bioherms. 

Examination of reef-rim stromatolites higher in the platform was not possible due to the 

cliff-forming nature of outcrop. 
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Figure 3-21 Approximately 15  high  at the base of 
the Yellowhead Platform on the west face of Mount Fitzwilliam. The 
bioherm rests on sandstone and shale succession immediately below the 
platform. Field assistant circled for scale. 

Figure 3-22 Field photograph of the west face of Mount Fitzwilliam 
showing the lateral and vertical relationship between a large 
bioherm, talus facies and back-reef inclined  stromatolites. Scale 
bar is approximately 2 m in height. 
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Back-Reef Stromatolites 

Stratifera laminations forming laterally continuous horizons up to four meters in 

thickness were observed interbedded with the oncolitic facies in back-reef areas. 

Consisting of grey to buff-weathering dolomite, these horizons can be traced from back-

reef areas up to the reef-rim, where they overlie a talus facies and have a depositional 

angle of approximately 25-30° (Figure 3-22). Small-scale, laterally discontinuous 

Stratifera bioherms were also observed. Generally less than 2 m in length and 0.5 m in 

height, these bioherms commonly develop on top of the fine-sand and shale horizons 

visually traceable across the platform. 

Sub-meter thick beds of minor, laterally discontinuous,  pseudocolumnar 
stromatolitic bioherms were observed  with fine sand and shale beds at the 

very top of the Yellowhead Platform, immediately below the contact with the overlying

 Less than 30 cm in height and ranging in length from 30 cm to 1 m these 

discrete bioherms represent the final stage of stromatolitic growth for the platform. In 

these areas close to the reef rim, platform sequences shows no indication of subaerial 

exposure, and the transition from carbonate to clastic successions is gradational. 

3.3.3 Interpretations and Controls on Stromatolitic Form 

Interpretations of stromatolitic form must take into consideration both ecologic and 

biologic factors. Assigning a distinct stromatoform to a specific environment is not 

possible, as minor variations in environmental conditions can produce marked variations 

in the stromatolitic structure (Horodyski, 1977; Semikhatov et  1978). The only 

stromatoform considered to be specific to one environment is Conophyton, believed to be 

specific to basinal and slope environments (Donaldson and Taylor, 1972; Hofmann, 

1976;  et  1976;  and Moussine-Pouchkine, 1985; Grotzinger, 

1989b; Kerans and Donaldson, 1989; Walter,  Walter, et  1992; Figure 3-23). 

Aside from this, only very general environmental interpretations can be made without 

detailed investigation of possible environmental influences, facies associations, platform 

geometry or biotic composition. A very generalized  distribution pattern for 

an archetypal ramp and rimmed shelf Proterozoic platform is presented in Figure 3-23. In 
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both situations  develops in deep water settings below wave base. 

Elongation, size and extent of  forming the barrier reef rim in example A,

 present on the ramp setting in example B will change accordingly with differing 

environmental conditions. 

(A)

 ?

 .
 TIDE-FLAT

 STROMS.) 1
 BACK-REEF  \

 \ DOMAL

 STROMATOLITE
 COLUMNS;COLUMNS;

(B) 
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Figure 3-23  distribution of stromatoforms across an 
archetypal Proterozoic platform on a rimmed shelf (A) and a ramp (B) 
setting. Figure from Grotzinger (1989b). Note increase in bioherm size 
from deep to shallow-water environments in a ramp setting. 
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Conophyton

 is a distinctive form of columnar stromatolite, interpreted to represent a quiet 

subtidal setting below fair weather wave base, tens (and in some cases hundreds) of 

meters in depth (Donaldson and Taylor, 1972; Hofmann, 1976; Walter, et  1976;

 and Moussine-Pouchkine, 1985;  Kerans and 

Donaldson, 1989; Walter, 1992; Walter, et  1992). Comprising up to 17 % of

 in Early and Middle Proterozoic successions (Walter and  1985), this 

form shows a distinct scarcity in late Proterozoic successions  et  1965; Zhu, 

1982; Walter and  1985; Kerans and Donaldson, 1989; Walter, et  1992). 

Although significantly smaller in size than some other previously reported Conophyton 

stromatolites, which can measure up to 6 meters in diameter and have synoptic relief of 

12 meters (Kerans and Donaldson, 1989), the presence of this distinctive stromatolitic 

form is still interpreted to represent a deep-water setting (Figure  and Figure 3-12). 

This interpretation is supported by the  non-phototrophic growth nature of the 

Conophyton columns, being oblique to horizontal, and the subsequent phototrophic 

arching of  columnar stromatoforms which these Conophyton columns grade 

into. This gradual transition from Conophyton to Kussiellia observed would seem to 

indicate a (locally) strong ecologic control on morphology. The curving nature of the 

growths is interpreted to be a photic response by the stromatolites. This would represent 

a progressive shallowing of the environment up into the photic zone. The cycle as a 

whole represents a rapid sea level rise, with Conophyton growing on a possibly 

unconformable surface on the side of a columnar stromatolite bioherm, to a gradual sea 

level fall, as seen by the gradual transition from Conophyton into Kussiellia. 

Columnar Stromatoforms 

The formation (and maintenance) of a columnar stromatolite form is dependent upon the 

inability of the actively growing microbial communities on the top of the digitate to 

traverse the inter-digitate space,  the repeated destruction of the mat and laminae in 

this intervening area (Horodyski, 1977). Following this, the small-scale, repeated 

morphological variations from columnar to undulatory and pseudocolumnar stromatolites 
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observed on the Monarch Platform is most likely a result of periodic changes in the 

environment of stromatolite formation. Such environmental fluctuations would include 
changes in hydrodynamic activity and sedimentation rate (Serebryakov et  1972, as 

cited in Serebryakov and Semikhatov, 1974; Horodyski, 1977). Accumulation of non-

biologically stabilized sediment can have a distinct affect on stromatolite morphology. 

Where sediment accumulation is minimal or absent, biologic activity on topographically 

raised portions of stromatolitic growth surfaces is enhanced, leading to the formation, and 

maintenance, of columnar morphologies (Horodyski, 1977; example A in Figure 3-24). 

Where the amount of detrital accumulation exceeds the ability of the stromatolites to trap 

and bind the accumulating sediment, a columnar  tends to be obscured

 destroyed (example B in Figure 3-24). This is a result of an increased amount of 

sediment accumulating in intracolumnar zones. If this sediments builds up to the crests 

of individual columns, the algal mat is able to grow continuously across the previously 

existing depression. Continued high sediment fallout results in not only the inhibition of 

column formation, but also the production of undulatory to pseudocolumnar stromatolitic 

laminations. 

The degree of divergence, as well as the ability to ramify, of columnar stromatolites, is 

interpreted to be a function of the spacing of individual stromatolitic columns. In order 

for a singular columnar stromatolite to actively ramify, it must have the space to allow for 

the expansion of its form (Horodyski,  Closely spaced columns, as those observed 

in Figure 3-16, are constrained against lateral expansion by adjacent columns. They 

therefore cannot actively ramify, or ramify at all, thus perpetuating their simple form. 

Close, but not tightly packed columns may coalesce or passively ramify within the 

confines of adjacent columns, as seen in Figure 3-17. Widely divergent 

such as  must be relatively isolated to enable active ramification. 

The presence, absence or interbedding of active, passive or non-ramifying columnar 

stromatolites, pseudocoloumnar and strongly undulatory stromatolites, is interpreted to be 
a function of environmental controls, such as sediment input and intracolumnar spacing, 

and not a reflection of biological variations, thus enabling the interbedding and 
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intercalation of varied  within singular, and adjacent, horizons. Similar 

microenvironmental-induced interbedding between ramifying and non-ramifying 

stromatoforms have been reported for Proterozoic carbonates of the Belcher Group

 and Donaldson, 1989). One exception to this may be the apparent zonation 

between walled and unwalled columnar forms, which do not occur coincidentally, but are 

mutually exclusive (e.g. Gymnosolenia versus  Investigation of microbial 

structures within these stromatoforms would be required to ascertain such a biologic 

influence. 

Figure 3-24 Schematic representation of detrital sediment input versus 
stromatolitic growth. Example A where stromatolitic growth (S) outpaces 
sediment accumulation (D), and a columnar stromatoform is maintained. 
Example B represent detrital input (D) exceeding columnar stromatolite 
growth (S), destroying columnar growth, Figure from 
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Ecologic control on stromatolite morphology observed on the Monarch Platform is also 

shown by the elongation of branching columnar stromatolites. This elongation direction 

is interpreted to form parallel to that of  and/or normal to the shelf edge

 1961;  1965; Hoffman, 1967; 1974). Following this interpretation, a 

paleoslope strike of approximately 230/030° may be inferred for the Monarch Platform. 

However, a singular reading from columnar stromatolite elongation directions is by no 

means decisive in determining a paleoslope dip-direction. 

At least two examples of columnar stromatolites observed in this study exhibit positive

 i.e. growth towards light. This is shown by the arching of Kussiellia 

towards vertical in Figure 3-12, and the vertical growth of columnar stromatolites which 

do not initiate normal to the substrate (Figure 3-14). This would indicate growth within 

the photic  This, along with elongation of specific horizons, interpreted to be a 

result of current activity, and variations in form considered to be a reflection of sediment 

input, all indicate a shallow-marine, current influenced environment on the carbonate 

platform for columnar  observed. 

Large 

Formation of the observed large,  Stratifera bioherms on both the Monarch and 

Yellowhead platforms is interpreted to be initiated on a pro-delta system. This is 

supported by the predominance of shale and fine sand sediments, with channelized 

sandstones, below and adjacent to the bioherms, and the observed  geometry of 

these sediments. 

The Yellowhead shows a gradual progression from small, isolated bioherms, up into a 

distinct barrier-rim structure. No preferential elongation was observed for these 

bioherms, and no sedimentary structures suggestive of current activity were observed in 

the surrounding clastic sequences, suggesting initiation in a quiet water environment 

below wave base. Increase in size and subsequent amalgamation of these small bioherms 

into a barrier-rim structure composed of large-scale Stratifera bioherms is interpreted to 

represent a progressive shallowing of the sequence and a transition from a ramp, to 

rirnmed shelf setting (progression from example B to A in Figure 3-23). Such increases 
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in  size and degree of coalescence is seen on ramp settings with a progression 

from deeper to shallower-water settings (Figure 3-23; Grotzinger, 1989b) and is a 

common evolutionary theme from a ramp to rimmed shelf setting (Read, 1985). 

The Monarch Platform shows direct development of large-scale, high relief (30  Figure 

3-7)  directly over the  siliciclastic facies, with no 

observable intermediate zone of small-scale bioherms. By analogy with the Yellowhead 

Platform, where pre-platformal strata are well-exposed, such bioherms probably initiated, 

and grew, in a shallow-ramp setting. The association of these bioherms with shale and 

fine sands sequences, and the lack of wave-generated structures within these sequences, 

would indicate initiation on sediments deposited below wave base. The horizontal top 

exhibited by one of these bioherms, and the associated lateral talus facies, indicates that at 

least this bioherm was near sea level and subjected to exposure, erosion and brecciation. 
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3.4 SUMMARY 
Columnar stromatolites observed in this study display a distinct environmental 

control on stromatolitic form. Conophyton stromatolites exhibit a distinct non-

 growth style, growing oblique to vertical, supporting its deep-water 

interpretation. Walled and unwalled columnar stromatolites show a positive phototrophic 

growth style, as seen by forms initiating oblique to tilted bedding surfaces and by forms 

arching up towards vertical. Current influenced growth is also seen by elongation of 

columnar stromatolites. 

With the exception of Conophyton, variations in stromatolitic form from passive, 

active and non-ramifying stromatolites and pseudocolumnar and strongly undulatory 

stromatolites is a reflection of fluctuations in environmental conditions, and not of 

biological variations. The only exception to this possibly being the difference between 

walled and unwalled stromatolitic forms (Kussiellia versus  and 

passively ramifying and coalescing columnar stromatolites) which appear to be mutually 

exclusive. This could not be determined for certain as no microbial analysis was 

performed on these stromatoforms. 

Stromatolites of the Monarch Platform show a  shallowing cycle, with 

minor short-term fluctuations within. Pro-delta, relatively deep-water large

 comprise the base of the platform. These are overlain by walled 

ramifying and non-ramifying columnar stromatolites of shallow marine (photic zone) 

origin. Within this columnar stromatolite succession is evidence for a short-term sea 

level rise, and subsequent fall, as seen by the  succession. 

Stromatolites of the Yellowhead Platform show a progression from pro-delta 

initiation, represented by small-scale, laterally discontinuous  bioherms, to 

shallow marine barrier reef-rim formation, represented by the lateral coalescing of 

individual bioherms into a distinct rim structure. Sub-tidal to tidal-flat stromatolite 

growth is represented by laterally extensive, tabular beds of  occurring in back-

reef areas. 
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3.5  SEQUENCES

 The Yellowhead Platform

 sequence of the Yellowhead Platform are best exposed along the south and 

southeastern limits of Mount Fitzwilliam and on the eastern flanks of Mount Clairvaux 

(Figure 3-25). Successions are dominated by recessive weathering maroon to brown 

fissile shales, interbedded with a significant thickness of brown and white weathering, 

thickly bedded grit packages (Insert 1). For descriptive purposes these 

sequences have been divided into six separate lithological units; namely the Lower Shale 

Sequence, the Lower and Upper Grit Sequence, the Basal Shale Unit, the Basal Sandstone 

Unit and the Wedging Shale Unit (Figure 3-25). A prominent but cryptic boundary is 

placed between the Lower and Upper Grit sequences. This boundary marks an abrupt 

change from strata of inferred deep water origin to strata of shallow marine origin and is 

referred to as Sequence Boundary 1  Sediments below this sequence boundary 

(Lower Shale Sequence and the Lower Grit package) are considered to be unrelated to 

platform development, while those above it are believed to be genetically related to 

platform development  rifting of the basin margin.

 Lower Shale Sequence (LSh) 

Observed along the south eastern face of Mount Fitzwilliam and Mount Clairvaux, this 

sequence is dominated by thinly laminated, dark maroon to brown, fissile shales. No 

sedimentary structures or current indicators were observed in these successions. Basal 

portions of this interval contain abundant medium and thickly bedded, generally massive, 

sandy dolomites containing 5-15 % granular quartz. These beds exhibit abundant load 

structures, pinch and swell features and also locally contain dolomitized intraclastic 

flakes and shale rip-up clasts. Minor horizontal stratification is present in the upper half 

of these beds. 
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Figure 3-25 Field photograph taken from Mt. Fitzwilliam looking 
southeast towards Mt. Clairvaux showing section locations and detail of 
the vertical succession of  and Post Platformal 
successions which comprise the back-reef facies of the Yellowhead 
Platform.

 Lower Grit Package (LGp) 

This unit is seen as a series of brown,  structureless, coarse-grained to granular 

feldspathic sandstones. Approximately 60-70 meters in thickness, this cliff-forming unit 

is exposed along the eastern flanks of Mount Clarivaux. Feldspar grains, which are up to 

1 centimeter long, constitute 5-10% of these grit packages,  are exclusively white-

weathering plagioclase (albite). This sequence exhibits a sharp, locally erosional contact 

with the underlying shales and has bed thicknesses ranging from approximately 40 cm, to 

upwards of 2 meters. Where observable, these beds have flat tops, commonly capped 

with fine sand and shale. 
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Interpretations

 sequences on the  Platform below Sequence Boundary 1 

are interpreted to be of deep water, shelfal to possible pro-delta deposits situated below 

storm wave base (SWB). The LSh sequence is interpreted to record deposition of fine 

particulate sediment through suspension settling, interbedded with occasional incomplete 

distal carbonate  bedsets of dolomitic sandstone (Ta, b and e;  1962; 

Walker,  probably the result of storm activity on a  shelf. The 

transition into the thick, cliff-forming successions of LGP is rapid and 

LGP sequences are interpreted to represent massive debris flow deposition of 

structureless Bouma Ta beds sourced from a major fan-delta system. No current formed 

sedimentary structures were observed within either the grit packages or intervening 

sediment, indicating deposition below SWB. Such debris flows are seen to be a major 

contributor to material on fan-delta systems (Beaty, 1963). This interpretation is in 

accordance with interpretations made by previous authors (Poulton and Simony, 1980; 

Kubli, 1990; Ross et  1989) for upper Miette sequences of the Canadian Cordillera and 

are thus interpreted to be a part of upper Miette stratigraphy.

 Upper Grit Package (UGp) 

Approximately 70 to 90 meters in thickness, this interval consists of thickly bedded, 

coarse-grained, white weathering, clean, cross-bedded  sandstone. Plagioclase 

feldspar is present, but constitutes less than 5 % of the rock. Abundant cross bedding is 

present, with individual sets up to 70 cm in thickness. Occasional granular beds and 

calcareous sandstones exhibiting trough cross-bedding are also present. Sediment 

transport direction, as defined by measurements obtained from numerous cross-bed 

readings, define a dominantly north to north-east current flow (Insert 1). A definitive 

contact between this sandstone unit and the grit package below was not observed. 

However based on the marked lithological and sedimentological differences observed 

between these two units, a significant boundary is inferred and is referred to as Sequence 
Boundary 1 
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Breccia Horizons 

Two carbonate breccia horizons were observed at the base of the UGp in up-dip sections 
on the south and east sides of Mount Clarivaux. These breccia horizons vary in thickness 

laterally and consist of sub-meter (10 to 40 cm) to 2-3 meter scale blocks of sandy and 

laminated dolomite slabs, with very minor stromatolitic blocks, encased within a

 gritty sandstone matrix (Figure 3-26 and Figure 3-27). Rare sandy dolomite 

boulders exhibit planar cross bedding and current laminations. Blocks are dominantly 

matrix supported, with varying amounts of  areas, randomly oriented, and 

are dominantly angular to sub-angular (Figure 3-26). 

Interpretations 

A definite contact could not be established for the transition between the LGp and UGp. 

However a significant boundary is inferred due to the very distinct lithologies and 

sedimentary features displayed by the two sequences which represents a dramatic change 

from deep to shallow water depositional environments. This boundary is referred to as 

Sequence Boundary 1 (SB  Insert  and is interpreted to represent a significant fall in 

relative sea level occurring as a result of initiation of continental rifting. The lateral 

equivalent of this boundary in sequences to the east is interpreted to be represented by 

one (or possibly both) of the carbonate breccia horizons seen in sections on the southern 

and eastern flanks of Mount Clairvaux. These breccia horizons also indicate a relative

 in sea level, resulting in the exposure and erosion of platformal deposits interpreted to 

exist further to the east. Significant carbonate development in easterly regions can also 

be inferred from the abundance of  conglomerates seen in both the Basal 

Shale and Wedging Shales units. 

The UGp unit is interpreted to represent slope-fan deposition in front of a prodelta 

sequence.  based on the units association with a major sea level fall  and 

with overlying prodelta sequences. Such fan deposits are commonly seen to be associated 

with rapid and large sea level falls (Van Wagoner, et  1988; Wescott andEtheridge, 
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1988) and represent deposition at the toe of the prodelta slope. The mature and cross-

bedded nature of the sediments would be a result of sediment bypassing the shelf and 

shelf-slope break through stream incision, thus depositing relatively clean, mature 

sandstones directly into deeper parts of the basin (Posamentier et 

Figure 3-26 Carbonate breccia horizon present within the UGp on the 
southeastern flank of Mt. Clairvaux. Note poor sorting, random 
orientation and angular nature of carbonate blocks within this horizon. 
Outlined square indicate approximate area of Figure 3-27. 
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Figure 3-27 Detail of Figure 3-23 showing angular, laminated dolomite
 and (rare) stromatolitic (St.) blocks encase within an arkosic 

coarse-grained matrix  Note chaotic nature of shale rip-up clasts 
within matrix. Camera lens circled for scale.

 Basal Shale Unit (BSh) 

The Basal Shale Unit (BSh) is exposed along the southern flank of Mount Fitzwilliam 

and easternmost limits of Mount Clairvaux. The unit is dominated by a succession of 

dark maroon to chocolate brown, recessive weathering, thin bedded and flat laminated 

shales and very fine sands. Sub-meter thick beds of both medium-grained, massive 

sands, exhibiting load structures and scour bases, and massive sandy dolomites, with

 cross-stratification (HCS) and granular quartz, were observed. These increase 

in abundance upsection towards the contact with the Basal Sandstone unit. Near the base 

of section  a single 33 meter thick, clean, quartzitic sandstone unit was observed. 

This sandstone bed exhibits a distinctive lensoidal geometry, rapidly thinning laterally to 

become indiscernible in adjacent sections. This sub-unit is dominated by granular quartz, 
has a scoured base and cuts approximately 1.5-2  down into the underlying shales and 

passes into medium- to coarse-grained thickly-bedded sandstone containing 2-5% coarse-
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grained plagioclase feldspar. Large-scale (2  cross-beds with low-angle, planar 

laminations show a progradation to the south-east. Traced laterally from BU-3 to the 

west face of Mount Fitzwilliam the BSh Unit has an introduction of thick sequences of 

dark grey,  conglomerates. Generally comprising beds approximately 30-

40 cm thick, these conglomerates stack to form a 9 meter thick unit at BU-9, and are 

present as separate, but abundant, units separating shale and fine sand sequences at BU-

10. Clasts within these conglomeratic beds are dominated by  oncoidal and 

micritic carbonate.

 andstone Unit  St) 

Laterally traceable along the entire length of the south-west face of Mount Fitzwilliam, 

this unit represents the last significant deposit of sandstone prior to the initiation of 

platform development. This unit is a clean, white-weathering, coarse-grained to granular, 

tabular- and cross-bedded sandstone. At section localities  and BU-2 this unit lies 

directly under the first appearance of significant carbonate sequences constituting the 

Yellowhead Platform, while further west towards the platform margin it is separated from 

the platform by a  sand sequence (WSh Unit). At section locality 

BU-1 sub-meter thick sandy dolomite beds, containing approximately 5% granular quartz, 

are present within the unit. Locally the BSt unit has a lensoidal geometry, showing 

marked lateral thickness variation, rapidly thickening from 5 meters, to almost 15 meters 

over a distance of approximately 50 meters. This unit reaches a maximum thickness of 

approximately 35 meters (section localities BU-1 and  Thickest sequences of this 

unit exhibit a sharp, erosional basal contact with the BSh unit, scouring up to 3 meters 

down into the underlying shales. At these localities, the lowermost portion of the unit is 

dominated by well-sorted,  granular sandstones. These pass up into coarse-

grained, tabular and cross-bedded sands, with some cross-bed sets reaching up to 80 cm 

in height. Thin, structureless, medium- and fine-grained sandstone beds, with minor 

shale horizons, are observed locally separating these thicker, cross-bedded units. 

Plagioclase feldspar constitutes less than 5-7 % of these cross-bedded units. 

Paleocurrents inferred from measurements of cross-bed sets at numerous section localities 

define a dominantly north to north-easterly sediment transport direction (Insert  On the 
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northern face of Mount Fitzwilliam this unit becomes difficult to differentiate, due to the 

presence of  similar sandstone beds in the overlying Wedging Shale unit 

equivalent.

 Wedging Shale Unit (WSh) 

The Wedging Shale Unit (WSh), so named because of the wedge-like geometry of 

sedimentary units, sits conformably over the BSt Unit. The unit shows a variation in 

lithology from the south-eastern face of Mount Fitzwilliam (section location BU-3), 

where it underlies sandy and oncolitic carbonate, to the west face where it incorporates 

extensive stromatolitic horizons (Figure 3-28). Definite maximum thickness 

measurements are difficult to attain however, due to the incorporation of substantial 

thicknesses of stromatolitic mounds closer to the reef-rim, which continue up to form the 

platform proper. The unit dominantly consists of thinly laminated, fissile, recessive 

weathering dark maroon shales, and thinly bedded fine sands. No structures indicative of 

current flow directions were observed within this sequence. Sub-meter thick beds of 

sandy dolomite beds, which have erosional basal contacts, fine upwards and contain 

approximately 5 % granular quartz, were present throughout the sequence. 

Where this unit is absent at section localities  and BU-2 the platform proper sits 

directly upon the BSt unit with large, isolated, stromatolitic  observed sitting on 

top of the BSt unit. 

On the west face of Mount Fitzwilliam the WSh unit is dominated by thinly bedded 

maroon shales and fine sands, with occasional tongues of intraformational dolomite 

conglomerates and sandy dolomite beds. At these localities significant soft-sediment 

deformation is observed. Numerous, randomly oriented, stromatolitic boulders are 

observed associated with this deformation (Figure 3-29). Boulders are seen to be 

exclusively stromatolitic and range in size from less than a meter to nearly five meters. 

Boulders increase in abundance and size upsection towards the base of the platform 

proper. Three large stromatolitic rafts were observed adjacent to section  (Figure 

3-30). The larger of these has dimensions of 20 meters long and 6 meters high, and is 

composed of a range of smaller stromatolitic boulders cemented together in a dark, 
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micritic dolomite matrix. Minor, in situ, stromatolite development, comprising sub-meter 

scale, laterally discontinuous bioherms, are also observed in this area. In the uppermost 

portion of this facies, a major soft-sediment slump is observed. Here, abundant 

stromatolitic boulders are encased in chaotic and disorganized shale sequence. Fold axis 

measurements of a meter-scale antiformal slump feature present in the shale, indicate a 

slump propagation direction of approximately 250 degrees towards the southwest. 

Along the southwestern face of Mount Fitzwilliam, significant stromatolite development 

is seen in the uppermost portions of the WSh unit (Figure 3-28). Stromatolite 

development ranges from laterally continuous, meter-thick horizons, to large, isolated,

 bioherms. Abundant, sub-meter scale, isolated bioherms are also seen. The 

largest isolated bioherms reach upwards of 30 meters in length and almost 10 meters in 

height (Figure 3-28). Other less elongate bioherms reach upwards of 13 meters in height 

(maximum length indeterminable due to outcrop cover). Although these bioherms are 

locally isolated, they appear to form along laterally traceable horizons within the WSh 

unit. Morphologically, these stromatolitic horizons consist of undulatory to, crinkly algal 

laminations  see Stromatolites section), which define the shape of individual 

stromatolite horizons and bioherms (Figure 3-28). Stromatolitic units increase in size and 

abundance up through the WSh unit, until they dominate the sequence and shale becomes 

only a minor facies, thus making the distinction between stromatolitic platformal and 

WSh sequences problematic. These stromatolite-dominated platform successions will be 

discussed in more detail later. 
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Figure 3-28 View to the southeast at a major stromatolite 
developed within the WSh Unit below the reef rim at Mt. Fitzwilliam. 
Backpack circled for scale. 

Figure 3-29 Chaotic soft-sediment deformation in the WSh Unit on the 
west to southwest face of Mt. Fitzwilliam. Note the large, randomly 
oriented stromatolitic boulders (B) present within this horizon. Hammer 
circled for scale. 
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Figure 3-30 WSh Unit below the reef rim on the front of Mt. 
Fitzwilliam. Note the three large stromatolitic rafts occurring within this 
sequence. Person circled for scale. 
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Interpretations 

The BSt Unit exhibits a definite channelized nature and is interpreted to represent an 

incised sandstone unit cutting across the prodelta shales of the BSh and WSh units 

(Figure  Such incised channels are a common feature of prodelta sequences on a 

fan-delta system (Wescott and Etheridge, 1990). The large scale, low angle laminations 

observed within this facies are interpreted to represent a prograde fill feature, forming 

perpendicular to current flow direction (Reading, 1978). 

The WSh horizon is especially important because its deposition coincides with platform 

initiation in the Mount Fitzwilliam area, as well as development of the stromatolitic reef 

rim. The lack of shallow water sedimentary features, the presence of distal, incomplete

 sequences, the predominance of mud and shale and the continuity of very thin 

beds with planar boundaries are all indicative of a deep water environment below SWB. 

Breccias, stromatolitic talus, soft sediment deformation and slope failures all indicate the 

presence of a slope environment in front of a developing platform, possibly on a 

tectonically active margin. The distinctive clinoform geometry shown by this facies as a 

whole (defined by lateral tracing of the BSt Unit) is interpreted to be a function of its 

prodelta origin (Figure 

The occurrence of laterally discontinuous stromatolitic  along a singular horizon 

traceable from the reef-rim to back-reef areas indicates that stromatolite development 

initiated along a single temporal horizon. Stromatolites are believed to initiate 

subsequent to a relative sea level rise (Hoffman, 1975, 1976). For this reason this 

discrete horizon occurring within the WSh horizon, is interpreted as a fundamental 

change in basin evolution, possibly brought on by continental rifting to the east (Lickorish 

and Simony, 1995). 
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3.5.2 Summary

 sequences of the Yellowhead Platform begin with deep water grit and 
shale deposition (units LSh and LGp), interpreted to be of outer pro-delta to shelf origin 

deposited below storm wave base. The transition from the LGp to UGp unit is interpreted 

to represent a significant and rapid sea level fall. At section localities  and 

this transition is interpreted to be represented by one or more carbonate breccia horizons, 

representing a relative sea level fall and subsequent erosion of platformal sequences to the 

east. Sediments of the UGp unit are interpreted to represent a slope-fan deposit forming 

at the base of the prodelta slope. The abrupt nature of this contact, when viewed in 

conjunction with observed facies and mineralogical relationships in the overlying 

sequences, is interpreted as a fundamental change in basin evolution, perhaps brought on 

by continental rifting to the east  and Simony, 1995). 

This grit succession isthen overlain by prodelta shale and channelized sand sequences of 

the BSh, BSt and WSh units. Stromatolitic development is initiated within the WSh unit. 

Stromatolitic growth initiates along a distinct horizon and is interpreted to be associated

 a relative sea level rise, which retained fine  sediment in near-shore areas, 

thus allowing Stromatolitic growth. Stromatolitic growth may have been localized by the

 nature of the WSh Unit, concentrating growth at the slope break, and 

enhancing formation of the subsequent barrier rim on the Yellowhead Platform. 
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Figure 3-31 Schematic representation of BSh, WSh and BSt 
depositional environments (Pre-Platformal Sequences) with stromatolite 
initiation concentrated along  rims. Horizontal scale is 
approximate. 
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3.5.3 The Monarch 

Sequences of the Monarch Platform are less well-exposed than those of the Yellowhead 

Platform, mainly due to the extreme relief of the sequences, as is the case on the north 

face of Monarch Mountain, or due to being removed  severely deformed through 

tectonic activity, as is the case for the south face. As with the Yellowhead Platform,

 were used in conjunction with field mapping and section measuring to 

laterally correlate visually identifiable horizons across the platform. The south face of 

Monarch Mountain provided the best and most accessible exposures of platformal and

 successions. Minimal, and virtually inaccessible, exposures of pre-

 sequences were examined on the north face of Monarch Mountain. A very 

distinct lithological difference is seen between  sediments exposed on the 

north and south faces of Monarch Mountain. Minor exposures of pre-platformal 

sequences were also observed on the south face of the mountain. 

3.5.3.1 Basal Shale/Sandstone Sequence 

On the south face of Monarch Mountain the presence of a major thrust fault immediately 

southwest of the Platform severely hindered detailed examination of any pre-platformal 

successions by cutting out and intensely deforming the sequence in the footwall of the 

fault (Figure 3-2). However, where visible, this succession was seen to be dominated by 

brown to maroon, recessive-weathering, flat laminated and fissile shales, with minor, thin 

bedded, faintly laminated fine sands. No beds were observed which exhibited 

sedimentary structures indicative of current directions. At the south-western limit of 

outcrop, a horizon containing laterally discontinuous stromatolitic and thrombolitic 

bioherms was observed. This  was approximately 30 meters below the platform 

proper, and is situated within highly contorted and cleaved shales. Approximately 5-6 

meters in height this bioherm represents the first stages of carbonate deposition on the 

Monarch Platform and may be analogous to the isolated bioherms seen in the WSh unit of 

the Yellowhead Platform. 
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On the north face of Monarch Mountain a much more sandstone-rich succession was 

observed. Constituting upwards of 60-80% of the rock type (Figure 3-32), these 

sandstones beds are  massive, less than 80 cm thick and commonly capped by 

fine-grained sands and shales, stacking vertically to form packages upto 10 meters in 

thickness. Interbedded within these sandstone packages are maroon thinly-laminated 

shale sequences. Higher in the sequence, just prior to platform development, some of the 

sandstone unit show significant thickness variations, going from approximately 90 cm to 

over 3 meters in thickness over a distance of less than 20 meters (thicknesses and distance 

estimated due to inaccessibility of outcrop; Figure 3-32). This horizon was also seen to 

be noticeably arkosic, containing approximately 6-8% coarse-grained to granular 

potassium feldspar. Minor, laterally discontinuous stromatolitic horizons were visually 

recorded occurring high within this sandstone-rich sequence on the north face of Monarch 

Mountain, but were inaccessible. 

Figure 3-32  sandstones on the north face of Monarch Mt. 
Note the scoured nature of the base of the central sandstone and the thick, 
massive sandstone and (minor) shale sequences above. Thickest part of 
the channelized sandstone is approximately 2 meters. No cross-bed 
readings were obtained as outcrop was inaccessible. 
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Interpretations 

The lack of accessible  undeformed outcrop makes interpretation of this sequence 

difficult. However the lack of any sedimentary structures or current indicators, coupled 

with the finely laminated nature of the shales places deposition of this sequence below
 Sequences on the north face of Monarch Mountain are significantly different both 

sedimentologically and lithologically from those on the south face. These successions are 

dominated by what are interpreted to be incomplete turbiditic sequences (Ta, b) deposited 

on a distal prodelta system. Channelized sequences seen higher in the succession are 

interpreted to represent incised channel deposits associated with the same prodelta 

system. The notable difference in clastic percentages seen in sequences on the north and 

south faces of Monarch Mountain are interpreted to be a function of proximity to a 

sediment source or outflow area. Sediments on the north face are interpreted to be more 

closely associated with a fan-delta lobe than those on the south face, which likely 

represent an off-lobe or inter-lobe area. The presence of fresh potassium feldspar within 

these channelized sandstones associates this fan-delta system with renewed rifting on the 

basin margin. 
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Figure 3-33 Schematic representation of interpreted depositional setting 
of  sequences and large, high relief  for the 
Monarch Platform. 
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3.6  SEQUENCES
 sequences on the Yellowhead and Monarch Platforms are dominated by 

stromatolitic and oncolitic1 facies, with varying amounts of interbedded siliciclastics. 

These carbonate facies vary laterally and vertically within each platform, as well from one 

platform to the other, but appear to have a well-developed reef rim and back-reef facies 

tracts. This section will describe and discuss  carbonate facies of each 

platform and the associated elastics and then provide a sedimentological interpretation. 

Genesis of the oncolitic facies common to both platforms will be discussed collectively at 

the end of the section. 

3.6.1 Yellowhead Platform 

The Yellowhead Platform displays well developed back-reef and reef-rim facies. Back-

reef areas are seen to be dominated by an oncolitic facies which is interbedded with minor

 stromatolite horizons, present as either individual discrete  or as 

relatively laterally persistent horizons (see discussion under stromatolites section). For 

correlation purposes the carbonate facies of the back-reef area have, where possible, been 

divided into four units (units  D2, D3 and D4). Separating these carbonate horizons 

are a number of distinct and visually traceable siliciclastic horizons. Three of these 

horizons (Units G2, G3 and G4) have been used to establish an  datum 

(Insert 1). These carbonate and sandstone successions interbedded to produce a vertical 

succession representing mixed carbonate-siliciclastic deposition. Unit  does not 

extend a sufficient distance across the platform surface to be useful as a datum, although 

it is very significant both mineralogically and

 The term 'oncolite' is used here in accordance with the definition of Aitken (1978) and Peryt (1983), i.e. 
"an unattached, regularly or irregularly shaped, concentrically to semi- concentrically laminated body of

 origin". Following this, a rock in which oncolites form the major constituent can be referred to 
as oncolitic. 
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Figure 3-34 Photograph taken from Mt. Fitzwilliam looking southeast 
towards Mt. Clairvaux showing the vertical succession of interbedded 
siliciclastic and carbonate horizons that comprise back-reef platformal 
sequences on the Yellowhead Platform. Unit G2 not visible due to scree 
cover. 

3.6.1.1 

Unit  is seen as distinct lithology for approximately four kilometers along the south-

eastern flank of Mount Fitzwilliam. In easternmost areas it directly overlies the BSt unit 

(sections  and  while in more westerly sections it overlies shales of the WSh 

unit. Approximately 20 meters in thickness, this unit consists of current laminated sandy 

dolomites, some of which contain approximately 5% granular quartz, which interbed with 

laminated to massive, buff dolomites and minor, tabular bedded oncolitic dolomites. 

Beds are generally 20 cm or less in thickness, with hummocky cross-stratification and 

planar cross-beds occurring in many finer-grained sandy dolomite beds. Some granular 

dolomite beds have eroded tops, and have minor, poorly formed stromatolitic 

developed on the eroded surface. 

Correlation of this unit past section location BU-5 towards the reef rim is difficult. From 

section BU-9 onwards carbonate units are dominated by oncolitic successions, and 

siliciclastic horizons present within the platform lose their continuity. 
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Interpretation 

Unit  is representative of deposition near or above  as indicated by the presence 

of HCS and planar cross-bedding, in an environment where periodic event bed deposition 

has occurred. The unit is interpreted to represent a transition from deposition associated 

with a shelf to distal prodelta system, to more proximal prodelta deposition near an area 

of active carbonate production where storm activity  shelf instability periodically 

deposited sandy carbonate horizons as incomplete Bouma sequences. 

3.6.1.2 Talus Facies 

Observed on the west face of Mount Fitzwilliam the talus facies consists of two talus 

breccia wedges which abut against the stromatolitic facies to the east and pinch out 

westwards. Where accessible this facies is seen to comprise dominantly crinkly to

 laminated, grey to buff stromatolitic blocks encased with a pinky micritic 

dolomite matrix. Occasional shale beds are seen to drape individual boulder horizons. 

Finely laminated and homogeneous micritic dolomite boulders were also observed, but 

were seen to be much less abundant than those of stromatolitic origin. Blocks are very 

angular, to occasionally sub-angular, elongate, poorly sorted, randomly oriented and 
range from fist-size to 2-3 meters. Exposures on the southwestern face of Mount 

Fitzwilliam overlie and abut against basal stromatolitic horizons of the platform. Major 

soft sediment deformation and slumping occurs within the WSh unit, which lies

 below this talus facies. Bedding plane readings approximated off of the 

front of these talus wedges define a progradation direction of approximately west-north-

west (azimuth 310°), and a depositional angle of approximately 28-30°. Oncolitic and 

stromatolitic carbonate directly overlie these talus wedges and assume a depositional 

angle which mimics that of the talus breccia. Extreme recrystallization and 

inaccessibility to outcrop prevented a detailed examination of the relationships between 

these overlying sequences and those of the talus facies. 
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Interpretation 

The talus facies seen on the west face of Mount Fitzwilliam is interpreted to be a 

debris/talus apron deposited in front of a reef rim exhibiting significant topographic 

relief. Extremely poor sorting, along with the random orientation of blocks, indicate this 

facies is dominated by an accumulation of talus debris flows and slumps, presumably in 

conjunction with individual rock fall, originating from brecciation and collapse of 

strongly cemented portions of the stromatolitic platform rim. This collapse and 

brecciation could be the result of oversteepening of the platform margin, in conjunction 

with subaerial exposure of the platform rim, with individual flows being triggered by 

tectonic activity. As such, these talus wedges represent a pathological progradation of 

the platform. No evidence of subaerial exposure was observable on these bioherms. This 

could be a function of the inaccessibility of the stromatolitic mounds which comprise the 

reef rim. These debris flows froze near the base of the reef margin, with only occasional 

blocks and larger stromatolitic rafts being incorporated into the fore-reef slope 

horizon). This interpretation is based on the observation that no oncolitic carbonate 

blocks were observed within this faces and that blocks constituting the facies are 

lithologically identical to those of the abutting stromatolitic carbonates. The extreme 

angularity of these blocks (as well as those observed within the WSh Unit) indicate that 

the reef rim was well-cemented prior to brecciation and deposition of the talus facies. 

Early cementation of stromatolites is believed to be a common occurrence, possibly being 

enhanced by the biological activity of the microbial communities (James and Geldsetzer, 

1989) and by the inferred supersaturation of Precambrian ocean water with respect to 

calcium carbonate (Swett and Knoll, 1989). Boulder sizes upwards of 2 meters indicate 

the violent nature of brecciation and deposition, as does the size of  rafts seen 

in the WSh horizon. The micritic carbonate which constitutes the majority of matrix for 

this facies, as well as draping some horizons, is presumably periplatformal in origin. 
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 Oncolitic Facies (Units D2, D3 and D4) 

For correlation purposes, backreef carbonate facies above Unit  were sub-divided into 

three separate intervals; namely, Units D2, D3 and D4, which are separated by laterally 

continuous clastic units (Figure 3-34). These units will be discussed collectively, as only 

minor  variations are observed. Units D2 through D4 comprise oncolitic 

facies that dominate backreef areas on the Yellowhead Platform, comprising over 60% of 

the entire platform. This facies varies in thickness from almost 300 meters at its thickest 

point near the reef rim, where it interbeds with the stromatolitic facies, to less than 100 

meters in near shore sections where it laterally  with, and directly overlies, 

platform-equivalent arkosic sandstones (Units G1-G4). Units D2-D4 are composed of

 structureless, tabular bedded oncolitic packstones and wackestones, with 

minor occurrences of grainstones. Rare, planar cross-bedded horizons were observed 

high in the sequence in near shore areas. Bed thicknesses vary from approximately 40 

cm, to upwards of 1.5 meters. Compound oncoids predominate and range in size from a 

few millimeters to over 5 cm (long axis; Figure 3-35). Simple micro-oncoids were 

observed, commonly occurring as a  within beds containing compound oncoids. 

Occasional granular quartz and (rare) potassium feldspar were observed in these beds. 

Lower portions of this facies show numerous interbeds with sub-meter thick shale and 

very fine, structureless to faintly laminated, sand horizons. A more detailed discussion of

 comprising this facies, as well as an origin for the grains themselves, is 

presented in the Petrography chapter. Numerous stromatolitic intervals were seen

 with this facies and varied from small, laterally discontinuous  to 

more substantial and laterally continuous stromatolitic horizons, traceable to the platform 

rirn. These small, individual stromatolitic bioherms are developed locally upon eroded 

oncolitic horizons and thin clastic horizons and often show abrupt termination through 

smothering by a successive layer of oncolitic carbonate. 

Specific interpretation of the oncolitic facies will be left to the end of this section, where 

it will be discussed concurrent with the interpretation of the Monarch Platform oncolites. 



Yellowhead

 Units

 Gl

 intra-platformal

 shales

quartzitic

1.

108 

Figure 3-35 Compound oncoidal packstone, seen to be common on the
 Platform. Note the elongate and complex nature of the poorly 

sorted compound oncoids. 

3.6.1.4  G1-G4 

A minimum of four siliciclastic horizons were observed interbedded within upper 

portions of the oncolitic facies. Labeled Units  through to G4, these horizons provide 

useful markers across the platform and have been used to establish an 

datum. These horizons will be discussed presently. In general, each grit is thickest and 

coarsest grained in updip sections to the east, thinning and fining to distinctive 

varicoloured  near the platform rim. 

Grit Horizon, Unit Gl 

Traceable for approximately 3 km along the southern flank of Mount Fitzwilliam this unit 

is dominantly a purple siliciclastic horizon abruptly overlying carbonates of the oncolitic 

facies. At section localities BU-5 and BU-2 this units thickness is approximately 6 

meters, where it is seen as a relatively clean, planar laminated fine to medium-grained

 sandstones with minor shales/siltstone horizons capping more coarse-grained 

layers. A marked thickness increase and lithology change is seen at section locality BU-

 Here the unit is approximately 25 meters in thickness and is seen as a granular, tabular 
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and planar cross bedded arkosic sandstone. Quartz and potassium feldspar grains are 

generally rounded and 3-5 mm in length, with occasional grains up to 1 centimeter. 

Potassium feldspar constitutes 10-15% of the rock (Figure 3-37). Rounded, white to 

cream weathering granular-sized carbonate grains were also observed within these beds 

and constitute approximately 5% of the rock. Cross-bedding is common in this horizon, 

with sets ranging from 30 cm (Figure 3-36) up to one meter in height. The lower contact 

at this locality is erosional, cutting several meters down into the underlying carbonates. 

The upper contact is defined by a sandy to coarse-grained, current laminated dolomite 

horizon, which is in turn overlain by a stromatolitic horizon. This stromatolitic horizon 

contains laterally discontinuous, low relief bioherms which contain small pockets of 

oncolitic carbonate and are eventually totally covered by the  facies. 

Units G2, G3 and G4 

Lithologically, Units G2, G3 and G4 resemble the thinnest portions of Unit 

However, due to extensive scree cover at the southern limit of outcrop on Mount 

Fitzwilliam and Mount Clarivaux, no channelized granular/coarse-grained portion was 

observed for these horizons. Generally these horizons are seen as green to maroon, thin-

bedded fine-grained sandstones and shales, which couple to form fining-up packages. 

Very fine sand beds and shales are flat laminated, with thicker sand horizons, some of 

which reach 60 cm in thickness. No current indicators were observed within any of these 

beds. Small, individual, low relief stromatolitic bioherms were observed growing on top 

of these clastic horizons. 
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Figure 3-36 Unit  showing planar cross-bedded and granular nature 
of unit. Note hammer for scale. Photograph taken in channelized 
sequence at section  on southeastern limit of Mt. 
Clairvaux. 

Figure 3-37 Detail of Unit Gl showing granular nature of unit. Note 
granular sized potassium feldspar grain (circled) in centre of photograph. 
Match for scale. 
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Interpretations 

Units  through G4 are here interpreted to be identical in origin, even though no 

channelized portions of Units G2-G4 were observed. This is interpreted to be a function 

of the limits of outcrop exposure, rather than a reflection of varying depositional 

environments. The channelized (and inferred channelized) nature of these horizons, 

along with their poor sorting, coarse-grained to granular, immature nature and localized 

deposition all lead to the interpretation of an incised channel deposited in association with 

a fan-delta system (Wescott and Etheridge, 1990). These units represent a rapid change 

from carbonate to clastic sedimentation and result in deposition of an active part of a fan-

delta channel system over the platform. Slump propagation axis and direction of talus 

wedge propagation suggest that the northerly transport direction observed in these clastic 

horizons (as indicated by cross-bed readings from Unit Gl) is approximately 

perpendicular to the paleoslope, running almost parallel to the stromatolitic reef rim. 

This is interpreted to be a result of either a tectonic control, with channelized sandstones 

running parallel to a fault-controlled gutter system (as is probably the case for pre-

platformal sequences), or the reef rim acting as a barrier and diverting channel flow 

direction to the north (as is probably the case for  elastics), or 

possibly a combination of the two. These horizons represent a marked increase in

 input into the basin, interpreted to be a relative sea  fall reflecting 

renewed tectonic activity on or near the basin margin, with subsequent progradation of 

fan-delta siliciclastics onto the carbonate platform. This siliciclastic input is short-lived, 

with carbonate production resuming immediately following siliciclastic deposition. The 

development of small-scale stromatolitic bioherms on top of these horizons is 

coincidental with relative sea level rise prior to re-initiation of oncolitic deposition. As 

such, these horizons represent tectonically-induced meter, and decimeter scale shoaling 

cycles occurring within the development of the carbonate platform. The distinct lack of 

noticeable beach facies, the extreme immaturity of these elastics, and the rapid return to 

carbonate sedimentation, all support the interpretation that this progradation is 

tectonically-induced, and not a function of platform progradation  accretion. 
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3.6.1.5 Karstification 

Karstification is a dissolution phenomenon which can be a significant diagenetic process 

acting in a carbonate environment subjected to subaerial exposure. It can be defined as a 

"diagenetic facies, an overprint in subaerially exposed carbonate bodies produced and 

controlled by  and migration of calcium carbonate in meteoric waters and 

occurring in a variety of climatic and tectonic settings"  and Klappa, 1983, pp.

 Karstification can occur as surface karst features, or as subsurface karst features. 

Surface karstification can occur on bare rock or beneath soil, forming a multitude of karst 

morphologies (Esteban and Klappa, 1983). If occurring on bare rock, features tend to be 

more sharp and jagged, and more rounded if occurring under soil. Surface karst features 

include basins or pans, clints and grikes, roots, grooves, and others (Figure 3-38; James 

and Choquette, 1990b). Subsurface karst features are formed by the dissolution of 

portions of a carbonate body, with the majority of dissolution occurring at, or below the 

water table in the meteoric phreatic zone (James and Choquette, 1990b). Subsurface 

karstification features include passages, channels, breccia pipes and caves. Karstification 

identified in ancient environments (i.e. paleokarst) can be categorized into one of three 

types; depositional paleokarst, local paleokarst, and interregional paleokarst (Choquette, 

and James, 1988; James and Choquette, 1990b). Depositional paleokarst surfaces form at 

the top of meter-scale shallowing-upward sequences. Local paleokarst features form 

when a region of a carbonate platform is subaerially exposed through tectonically-

induced, minor relative sea level falls. Interregional paleokarst features develop 

regionally as a result of major eustatic-tectonic variations (James and Choquette,

 evident on the Yellowhead Platform include breccia pipes (subsurface karst) and 

solution-enhanced fracture systems of clints and grikes (surface karst; James and 

Choquette, 1990b). These features were only observed in back-reef areas of the platform, 

and were not laterally traceable to the reef-rim. 

Horizons exhibiting solution-enhanced fracture systems of clints and grikes were 
observed on the upper surface of numerous tabular oncolitic beds in updip sections 

exposed in the Forum and Roche Noir region, approximately 4 km to the east of Mount 
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Clarivaux (section location BU-8 and BU-7). A minimum of eight of these karstified 

horizons were observed. These horizons are separated by at least 3-4 m of oncolitic 
carbonate and never penetrated down to the previous karstified surface. Individual 

fractures are 2 to 5 cm in width and are filled with a medium to coarse-grained arkosic 

sandstone to form horizontal sandy horizons approximately  cm thick on the upper 

surface of the oncolitic bed (Figure 3-39). None of these surface karst features were 

laterally traceable to carbonate sequences studied at the Mount Clairvaux and Mount 

Fitzwilliam regions. 

FLUTES GROOVES

 OR PANS  & 

HEEL-PRINTS 

ROOTS 

Figure 3-38 Diagram depicting some of the varied surface karst features 
produced through subaerial exposure of a carbonate platform. Figure from 
James and Choquette 
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Figure 3-39 Surface karstification, seen as a dissolution-enhanced 
fracture system (Fr.) filled with a medium-grained arkosic sandstone 
(MgS) present on top of a tabular-bedded oncolitic carbonate. 

A subaerial exposure surface was also observed to have developed locally immediately 

prior to the incoming of the overlying siliciclastics of the  stage. Again 

only present in back-reef areas, this horizon exhibits dissolution-enhanced fractures, as 

well as breccia-filled, local erosional features, which have a measurable paleorelief of 4-6

 (Figure 3-40). In these areas, karstified and eroded carbonate sequences are abruptly 

overlain by a clean, thickly bedded quartz arenite with a granular to pebbly base (Figure 

3-40). Clasts filling these eroded channels are exclusively carbonate and are identical to 

the surrounding carbonate  The magnitude of the erosive nature of this contact 
diminishes and eventually disappears toward the reef-rim, where stromatolitic and 

oncolitic facies interbed with shale and fine sandy sequences, and grade transitionally into 

thick  sequences which overlie the platform. This contrasts with observations of 

previous workers who suggested regional karst features at the top of the platform (Teitz, 

1985; Teitz and Mountjoy, 1985). 

Subsurface karst features include breccia-pipes, three of which were observed in oncolitic 

carbonates in the Mount Clairvaux region. Measuring up to 100 meters in stratigraphic 
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height, these caverns are filled with large, rectangular, sandy, current laminated and 

occasionally micritic and oncolitic dolomite boulders. No arkosic sandstone blocks were 

observed. Boulders are generally one meter or less in length, but can measure up to 3 

meters, are lithologically identical to the surrounding carbonate and are encased in a fine 

to medium-grained sandy  matrix (Figure 3-41). These breccia caverns truncate

 adjacent sediments (Figure 3-41). 

Figure 3-40 Locally developed karstification surface developed in back-
reef areas on top of laminated, sandy and oncolitic carbonates immediately 
prior to the incoming of a clean quartz arenite over the platform. Field 
assistant circled for scale. 
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Figure 3-41 Field photograph of one of three breccia caverns observed 
in back-reef areas of the Yellowhead Platform in the Mount Clairvaux 
area. Note abrupt truncation of bedded dolomites against the cavern, and 
the exceptionally large laminated dolomite boulder in the centre of the 
photograph. Field assistant circled for scale. 
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Interpretations 

Both subsurface and surface karstification features observed to be associated with 

carbonates of the Yellowhead Platform are interpreted to be only local karstification 

features. The multiple horizons of solution-enhanced fracture systems indicate multiple 

subaerial exposures of the carbonate platform. The transition from oncolitic carbonate to 

subaerial exposure, to sand filling represent meter-scale shoaling cycles, and can thus 

interpreted to be depositional karstification features. The relative sea level  associated 
with these subaerial exposures was short lived, allowing only minor karstification 

surfaces to be developed before sea level rise and resumption of carbonate production. 

The lack of any lateral consistency to these horizons, and the absence of such features in 

sequences closer to the reef-rim, defines them as only local in extent, and as such they 

also fall into a local karstification feature. The extremely local nature of these 

karstification features can be interpreted to be a function of the tectonically active region 

in which these platforms are forming. Hinged block faulting 

formation around a carbonate platform could preferentially expose some portions of the

 while keeping other submerged, allowing uninterrupted deposition (examples A 

through C in Figure 3-42). 
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B 

Figure 3-42 Schematic representation of how tectonic activity could 
produce local and laterally discontinuous karstified surfaces on a carbonate 
platform. Initial carbonate deposition (A),  formation with 
subsequent karstification in updip areas (B) and  deposition over 
previously exposed surfaces (C). Figure adapted from  (1992). 

The timing of formation of the breccia caverns can only be estimated, as relationships to 

carbonate horizons immediately overlying these features  not be investigated. 

However, each cavern contains carbonate boulders exclusively, and was successively 

overlain by further carbonate horizons, no sandstone boulders were observed. This would 

indicate that cavern formation and filling occurred either during or after platform 

development, but prior to the incoming of the overlying siliciclastics. These caverns may 

be the result of an incursion of the meteoric lens into  sediments causing 

dissolution and reflects a relative sea level  Formation of these caverns may have 

been synchronous with development of dissolution-enhanced fracture systems observed 

in more updip sections. 
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 Summary

 sequences of the Yellowhead Platform initiated on prodelta shales associated 

with a fan delta system, coincidental with an interpreted sea level rise. Reef-rim 

successions begin with small-scale, laterally discontinuous stromatolitic  which 

coalesce upwards to form a distinct barrier-rim structure (Figure 3-43). Brecciation and 

sloughing of this reef-rim, possibly as a result of subaerial exposure, and enhanced by 

tectonic or storm activity, deposited a wedge of periplatformal talus basinwards of this 

rim. This talus wedge grades laterally into soft-sediment deformed slope shales which 

contain randomly oriented stromatolitic boulders and rafts. 

Back-reef areas of the Yellowhead Platform exhibit stacking of a series of meter, to 

decimeter, scale shoaling cycles. These shoaling cycles are shown by: 1) Channelized 

clastic horizons, which represent tectonically-induced progradation of a fan-delta system 

over the platform, and 2) Multiple depositional and local  features occurring 

on top of oncolitic carbonate sequences, and as carbonate-filled breccia pipes which 

truncate carbonate sequences. These features indicate rapid  short-term relative sea 

level fluctuations and periods increased siliciclastic input into  carbonate environment 

during periods of renewed tectonic activity. 

Karstification features are very local in extent, being restricted to back-reef areas, and as 

such does not represent total emergence of the platform. Reef-rim areas show a 

conformable and gradational contact with overlying siliciclastics, exhibiting no evidence 

of karstification or platform erosion. This is interpreted to be a reflection of tectonic 

activity on the basin margin. Karstification observed on top of the Yellowhead Platform, 

immediately below the overlying siliciclastics, exhibits a similar localized character. This 

indicates that this contact does not represent a regional unconformity as previously 

thought (Teitz, 1985; Teitz and Mountjoy, 1985), and therefore brings into question its 

interpretation as not only a formation boundary, but also as the stratigraphic position of 

the  boundary 
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Figure 3-43 Schematic diagram of platformal environments on the 
Yellowhead Platform and the association with a rifting margin. Note 
coalescing nature of reef rim (dashed lines) and minor stromatolite 
formation along unit  equivalents. 
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3.6.3 Monarch Platform 

Like the Yellowhead Platform,  sequences on the Monarch Platform are 

dominated by an oncolitic facies. A separate sequence has also been separated out of the 

general oncolitic and stromatolitic facies seen on the platform; the Tilted Bed Sequence 

(TBS). This sequence has been isolated because of its unique geometry and high 

depositional angle. This section will describe the specific structure and  of the 

oncolitic facies, the Tilted Bed Sequence and the Talus Facies. 

3.6.3.1 Talus Facies 

Talus breccia forms a significant facies on the Monarch Platform, being very prominent 

in basal parts of the platform. This facies is seen to occur in between the huge 

stromatolitic bioherms which form the base of the Monarch Platform (Figure 3-55), and 

form both multi-phase talus wedges and more structureless talus sheets. Blocks within 

this facies are dominantly poorly sorted, very angular and range from fist-size to upwards

 2  in length. Blocks are angular to very angular, generally randomly oriented (Figure 

3-44) and vary from being  to matrix supported. No grading or stratification was 

observed within these horizons. Interstitial material is an orange to reddish micritic 

dolomite, which occasionally drapes breccia layers, defining a crude bedding. On the 

south-eastern and western face of Monarch Mountain this facies forms sheet-like deposits 

in between massive stromatolitic bioherms. On the south face a multi-phase talus wedge

 off of an adjacent stromatolitic  (Insert 2). Readings obtained off of 

the front slope of this talus wedges give a progradation direction to the north-west 

(towards 335°). Talus blocks are lithologically identical to the adjacent bioherms, being 

predominantly grey, undulatory to crinkly laminated stromatolites. Occasional digitate 

stromatolite blocks were observed. A definite thickness for this horizon could not be 

obtained, due to the wedge-type nature of the facies  the lack of suitable outcrop. 

However, it was never found to extend into the overlying oncolitic facies. 
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Figure 3-44  talus facies of the Monarch Platform 
showing extremely angular nature of stromatolitic blocks  within 
the facies and the exclusively micritic dolomite (MD) comprising the 
matrix. 

Interpretation 

Blocks which comprise the talus facies on the Monarch Platform are interpreted to be 

entirely  in origin, being exclusively stromatolitic in composition and 

lithologically identical to the surrounding in situ stromatolitic  The angular 

nature and very large size of these blocks again indicates significant cementation prior to 

this brecciation events. The large lateral extent of this facies on the Monarch Platform 

suggests that it is not simply the product of periodic reef failure or rock fall. Extended 

periods of subaerial exposure allowing erosion and fracturing of the surrounding large-

scale bioherms, in conjunction with tectonic activity and/or platform instability could play 

a major in the production of such an extensive talus facies (Bechstadt and Boni, 1989;

 et  1989; Kerans, et  1986; Figure 3-49). On the south face of Monarch 

Mountain this talus facies is composed of a series of stacked, prograding talus wedges, 

representing pathological progradation to the northwest of this facies. Micritic dolomite 

seen to comprise the matrix of these talus blocks, and in some cases form a drape over 

boulder horizons, is also considered to be periplatformal in origin, 
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3.6.3.2 Tilted Bed Sequence 

Seen on the south face of Monarch Mountain the Tilted Bed Sequence (TBS) is a 

structure roughly 300 to 400 m in maximum width and approximately 120 meters in 

stratigraphic thickness (Insert 2).  within the TBS exhibit a scalloped nature, 

dipping in from the west and from the east to converge at central point, thus defining a 

distinctive trough shape. Dips of bedding, interpreted as primary depositional angles, of 

approximately 30° were recorded on the flanks of this sequence. These angles decrease 

gradationally in towards a central flexure point, where dips approximate horizontal and 

plunge slightly to the south. Flanking successions higher in the sequence also exhibit 

progressively less steep depositional angles.  this sequence is dominated by 

moderate to well-laminated muddy wackestone and packstone oncolites. Beds range in 

thickness from 30 cm to upwards of 2-3 m, with thickest beds occurring in central 

portions of the structure (Figure 3-45). Eastern-most limbs of this sequences are seen to 

directly overlie, and possibly  onto, the talus wedge observed west of a large 

stromatolitic bioherm. At this locality the depositional angle appears to mimic that of the 

talus facies. Uppermost portions of this sequence grade laterally into columnar and 

laminated stromatolite horizons, which form the shoulder of this structure. These 

stromatolitic horizons include toe-shaped structures comprised of laminated stromatolites, 

which extend and thicken in towards the trough-like structure (Figure 3-46), and 

columnar stromatolite horizons. These columnar stromatolitic horizons are laterally 

traceable to identical horizons in the south bowl of Monarch Mountain, and to thinner 

horizons on the west face of the mountain. Creep folds formed in single beds were 

observed on the eastern flank of this structure. Very basal portions of this sequence is 

comprised of a 5 to 10 meter thick succession of dark weathering, planar cross-bedded 

medium-grained sandstones. Beds are up to 1 meter in thickness and are laterally 

discontinuous and exhibit an erosional base. Granular quartz is present, often defining 

individual layers or comprising the base of beds. Fine sands and shales are seen to

 with this basal portion. 
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Figure 3-45 Field photograph of the Tilted Bed Sequence  as 
exposed on the south face of Monarch Mountain exhibiting a steep 
depositional angle (approximated on diagram as view is not perpendicular 
to strike). The succession as a whole plunges slightly to the south (right). 

Figure 3-46 Stromatolitic tongues on the flank of the Tilted Bed 
Sequence, projecting in towards the  flexure zone. These 
Stromatolitic horizons appear to interfinger with oncolitic horizons which 
dominate the central portion of the structure. Hammer (circled) for scale. 
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Interpretation 

The tilted bed sequence was not traceable into back-reef areas. As a consequence a 

definite geometry for it could not be determined, and all interpretations must be based on 

an essentially two-dimensional perspective. However, lateral facies relationships to 

adjacent stromatolitic and talus facies could be observed, allowing relative timing of 

formation of each facies to be determined. The tilted bed sequence as a whole is 

interpreted to represent the gradual physiological progradation of stromatolitic and 

oncolitic carbonates over and adjacent to  (and their associated talus 

wedges) into a significant  topographical depression (Figure 3-50). Initial 

primary depositional angles on the flanks of this trough reach approximately 30°. The 

progressive filling of this structure sees these steep depositional angles progressively 

decrease until they approximate horizontal. Such steep primary depositional angles as 

those recorded for this sequences are not uncommon for carbonate platforms, especially 

when early cementation of the carbonate sequences is occurring (Kerans et  1986), a 

feature believed to be common among Proterozoic sequences (Grotzinger, 1989c; Swett 

and Knoll, 1989). Initial deposits in the centre of the trough-like structure  onto 

talus and stromatolitic facies, indicating that deposition of these  sequences 

occurred after the development, and subsequent brecciation, of these bioherms. As 

progradation progressed, depositional angles decreased as the centre of the trough-like 

feature accumulated sediment. The lateral gradation of upper portions of this facies into 

columnar stromatolite horizons, traceable across the platform, indicates that these 

uppermost portions were forming concurrently with columnar stromatolite development 

on other areas of the platform. The slight southwesterly plunge of beds present in the 

centre of this feature would tend to indicate that progradation may have been progressing 

in approximately this direction. This entire sequence is then overlain by an oncolitic 

facies (Figure 3-55). 
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3.6.3.3 Sediment-Filled Fissure System 

Fissures may form in a carbonate sequence through platform failure as a result of tectonic 

activity, slope failure or slumping of underlying strata, or through karst dissolution along 

large fractures during subaerial exposure (Wilson, 1975; Kerans, et  1986). Fissures 

produced as a result of tectonism tend to be more sharp-sided and display a fitted texture. 

Neptunian dykes are fissures in which sediment, either of marine or meteoric origin, filled 

the fissures from above. When fissures are filled by an injection of sediment from below, 

probably as a result of the loading pressure of the carbonate, they are referred to as 

injection dykes (Wilson, 1975). 

An extensive fissure system of neptunian and injection dykes was observed in large, high-

relief Stratifera bioherms which comprise the base of the Monarch Platform. No fissures 

extend into the overlying columnar  horizons and thus are totally constrained 

within basal portions of the platform. 

Neptunian dykes range in width from 3-4 cm, up to 1  and are filled with either sandy 

dolomite containing coarse-grained to granular quartz, or micritic dolomite. Sediments

 dykes 30 cm or less in width show a distinct meniscate form. Dykes with jagged 

edges display a fitted texture to opposing fracture sides (Figure 3-47). A single 

orientation reading off of one neptunian dyke gave a strike of 

A large injection dyke was observed in the large Stratifera bioherm present on the south 

face of Monarch Mountain (Figure 3-48). Shale and sandstone sequences immediately 

below this fissure are chaotic and deformed. The fissure itself is filled with chaotic shale 
and fine sand sequences, as well as elongate, vertically oriented disjointed sandstone 

beds. One exceptionally large sandstone block is present at the base of the fissure (Figure 

3-48). 
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Figure 3-47 Neptunian dyke cross-cutting stromatolitic laminae in a 
large  bioherm and filled with micritic dolomite. Note fitted 
texture to opposing sides of the dyke. 
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Stromatolitic 

Figure 3-48 Injection dyke within a large 
Sediments within the fracture include disorganized  vertically 
oriented, broken sandstone beds and one large, elongate sandstone bed 
(SSt.). 

Interpretation 

The sharp bounding edges, fitted textures and sedimentary fills of the fissure system 

observed in the basal Stromatolitic bioherms all indicate that these feature were the result 
of brittle fracturing of these strongly cemented carbonate structures. Sandstone and

 carbonate sediments seen to fill neptunian dykes are interpreted to be marine in 
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origin. Forcing of sediment up into the injection dyke was likely a product of the loading 

pressure, and movement during failure, of the overlying  which also partially 

deformed sediment below the bioherm. These features indicate that formation of these 

fractures was the result of slope instability  by tectonic activity on the basin margin. 

Although subaerial exposure likely occurred, it apparently had only a minor influence on 

the morphology of this fissure system. The lack of continuity of these features, as well as 

the sediments that fill them, into the overlying stromatolitic horizons indicate that they 

were formed and filled prior to the development of overlying stromatolitic horizons. 

Tectonically-induced fissures in laterally extensive carbonate platforms can, but not 

always, form parallel to the paleoslope of the basin (Kerans et  1986). A reading 

obtained from one of these fissures  would therefore define a paleoslope with a 

strike of approximately southeast/northwest, presumably dipping to the southwest. 

However, the isolated nature and prodelta origin of the  in which these fissures 

ha.ve formed, as well as associated uncertainties as to the any interbiohermal controls on 

fissure formation, make this singular reading unreliable as a paleoslope indicator. This 

reading is also almost perpendicular to inferred current directions (140/320°) obtained 

from columnar  elongation directions and from progradation directions 

obtained from talus wedge slopes. This discrepancy, plus the lack of any definitive 

paleoslope indicators, makes inferring a dip direction for the paleoslope impossible. 
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3.6.3.4 Oncolitic Facies

 facies constitutes less than 50% of the Monarch Platform and, like the

 Platform, is seen to dominate upper portions of the platform. Both 

individual stromatolitic  and more laterally continuous horizons, are seen to 

interbed with this facies. These stromatolitic horizons generally comprise approximately 

20% of the sequence, but can reach upwards of 40%. The unit reaches a maximum 

thickness of approximately 150 meters and is dominated by tabular-bedded packstones 

and grainstones, with occasional minor wackestone horizons, which range in thickness 

from less than 30 cm to upwards of 1.5 meters. As with the Yellowhead Platform, no 

depositional zonation was observed for these bed-types. No sedimentary structures were 

observed in any beds within this facies, as virtually all beds are massive and internally 

structureless. Oncolites are dominated by simple, sub-spherical to spherical grains which 

are dominantly less than 4 mm in diameter. Simple oncoids up to 12 mm are present in 

many beds, but constitute less than 10-15% of the observed oncolitic population. 

Complex oncoids are also observed, as are intraclastic coated grains, but together 

comprise only 5-10% of coated grains. One exception to this is a singular, laterally 

discontinuous horizon observed directly below the  contact. 

Within this horizon, plate-like coated intraclasts from 5 cm, up to 20-25 cm in diameter 

were observed. Laminations on these exceptionally large intraclastic coated grains are 

often anastamosing, discontinuous and overlapping. The horizon itself is laterally 

discontinuous, becoming indiscernible in adjacent sections. A single clastic horizon was 

observed within this facies and is seen to separate a lower, buff-weathering oncolitic-

stromatolitic succession from an orange-weathering,  sequence. This 

clastic unit exhibits a laterally variable thickness, thickening from 70 cm to 

approximately 2.5 meters over a distance of approximately 15 meters (thickness and 

distance estimated due to inaccessibility of outcrop). The inferred lateral equivalent of 

this horizon is a maroon weathering, thin and thickly bedded fine-grained sand and shale 

sequence. 
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3.6.4 Summary 

The Monarch Platform is interpreted to be a ramp-associated platform (Read, 1985), 

lacking development, or preservation, of a distinct reef-rim. Large, isolated Stratifera

 initiated on prodelta shales and sandstones and developed into structures with 

up to 25  of paleorelief. A relative sea level fall subaerially exposed these cemented 

bioherms and resulted in their fracturing and brecciation. The erosion of the tops of these 

bioherms deposited a laterally extensive talus facies in between and adjacent to individual 

bioherms (Figure 3-49). Talus deposition may have been enhanced by tectonic activity by 

initiating debris flows. Tectonic activity may also have been a significant controlling 

factor in initiating slope failure and instability, forming  fissures which 

were subsequently filled with sediment from above (neptunian dykes) or had sediment 

forced into them from below (injection dykes). 

Basinward progradation of an oncolitic-dominated succession in a trough-like structure 

then began, as seen by the overlying and onlapping nature of these oncolitic beds onto 

talus and  facies (Figure 3-50). This occurred in conjunction with deposition of 

extensive shallow-marine columnar stromatolite horizons shoreward of these bioherms. 

Continued progradation of these sediments infilled the structure, at which point columnar 

stromatolite horizons, with depositional angles approximating horizontal, completely 

covered the former topographic 

This entire sequence is then overlain by an oncolitic facies, which is continuous until the 

incoming of the overlying clastic sequences (Figure 3-55). However, one arkosic 

sandstone horizon was observed. This sandstone horizon has a definite channelized 

character and is interpreted to be of like origin to lithologically similar horizons observed 

on the Yellowhead Platform. It represents a progradation of an active part of a fan-delta 

system into the carbonate producing area producing an influx of siliciclastic sediments 

over the platform 
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Figure 3-49 Schematic representation of the development of sediment-
filled fractures and significant talus facies on the Monarch Platform 
through exposure and brecciation of pre-existing  bioherms. 
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Figure 3-50 Diagram showing the proposed formation of the Tilted Bed 
Sequence on the Monarch Platform and the lateral association of this 
facies with tabular-bedded columnar stromatolite horizons. 
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 Interpretation of Oncolitic Facies for the Yellowhead and Monarch Platforms 

Numerous origins have been proposed for coated grains, ranging from lacustrine (Jones

 Wilkinson, 1978),  (McGannon, 1975), phreatic (Estaban and Pray, 1983)

 vadose (Chafetz and Meredith, 1983; Ruiji and Yaosong, 1983). However, through

 analysis and the investigation of  structures and 

relationships, this facies is interpreted to represent purely marine deposition, interspersed 

with short-term periods of sub-aerial exposure resulting in minor karstification and 

vadose diagenesis. A more detailed discussion of micro-textures and laminations which 

support a microbial and marine origin for this facies is presented in the Petrography 

chapter. Relationships that support a purely marine interpretation include: 

• The thickness and lateral continuity of this carbonate facies. 

• The association of the oncolites with both individual stromatolitic

 and more laterally continuous stromatolitic intervals. 

• The interpreted biological/algal origin for the laminations in the coated 

grains (see Petrography chapter). 

• The presence of sedimentary structures, such as cross-bedding, both within 

the oncolitic facies and the observed clastic intervals interbedded with it. 

• The lateral transition of this facies into elastics interpreted to be of 

shoreline-marine origin. 

• The predominance of marine cement fabrics over those of vadose or 

meteoric origin (see Petrography chapter). 

• The absence of textures indicative of a phreatic or vadose origin for these 

coated grains (such as teepee structure, polygonal fitted grains or inverse 

grading; Esteban and Pray; 1983; Peryt, 1983;  1975). 
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3.6.4.2 Mechanisms of Deposition 

A common feature to oncolitic facies of both the  and Monarch platforms is 

the massive nature of the beds, with  rare, poor to moderately well-developed planar 

cross-bedding observed. This lack of internal structure is problematic if a shallow-marine 

origin is to be assumed for their formation. Coated grain facies that form under the 

influence of current activity have been recorded to exhibit well-developed planar and 

herringbone cross-bedding,  bedding  horizontal laminations (Beukes, 1983; 

Dravis, 1979; Reigers and ten Have, 1983; Richter and Sedat, 1983). Oncolitic facies that 

form in environments with only mild current agitation may exhibit a reverse grading 

texture, progressing from juvenile, small coated grains at the base of beds up into large 

more  grains (Beukes, 1983; Esteban and Pray, 1983), interpreted to be a result of 

a combination of in situ sorting and growth of the grains (Esteban and Pray, 1983). No 

such textures were observed in the main portions of the oncolite facies on the Yellowhead 

or Monarch platforms. The predominance of  carbonate matrix as opposed to 

marine cements indicates that these beds were in an environment where the relative high 

amounts of water flux required for such cement formation were not present. 

Sporadic high energy conditions must have occurred during formation of the oncolites to 

enable rotation and overturning of the observed grains. However, the general structure of 

the beds themselves indicate that they were most likely deposited in an environment not 

subjected to strong or regular current activity. The possibility that the observed oncolitic 

beds are the result of mass flow or storm events, depositing the oncolites away from their 

area of formation, could be one explanation for this. The predominantly muddy matrix 
seen in these horizons would indicate minimal reworking and washing of the sediment. 

This requires an area producing vast amounts of carbonate to allow for the extreme 

thickness of oncolitic carbonate observed. Such an area may exist, however it was not 

identified within the limits of accessible outcrop. 
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3.7  SEQUENCES 

3.7.1 Yellowhead Platform

 sequences of the Yellowhead Platform comprise a series of cliff-forming, 

dark green-weathering  easily distinguishable from the underlying buff 

weathering carbonates. Detailed investigation of this sequence was severely hindered by 

the vertical nature of outcrop, with only the first 30-40  at most being accessible. The 

contact between the carbonate platform is locally karstified in back-reef areas, and 

gradational and conformable in  areas (see discussion in Karstification section). 

In areas where karstification of the platform top is observed, a distinct clean quartz 

arenite is observed. Towards the reef-rim this quartz arenite wedges out until at section 

locations above the reef rim, it is no longer observed and platformal carbonates grade 

vertically into  quartzites (Figure

 Quartz Arenite Unit 

Observed overlying locally karstified back-reef areas of the Yellowhead Platform this 

sequence consists of green-weathering, clean, highly mature quartz arenite. Where 

observable beds consist of medium-grained, rounded to well-rounded and well sorted 

quartz grains. Beds range from 10 cm (generally finer-grained) to 1 m (generally 

medium-grained). The base of this horizon is minorly erosional and consists of a layer of 

granules and pebbles of pink and milky vein quartz. Faint cross beds are present, ranging 

in size from 20-40 cm. In furthest updip regions in the Mount Clairvaux region this 

sequence is approximately 20 m thick, before it is  by noticeably arkosic 

quartzites. This thickness gradually decreases towards the reef rim where it is not 

observed.

 Arkosic Sandstone Unit 

The majority of the  sediments overlying the Yellowhead Platform consist 

of a series of thick to  arkosic sandstones and quartzites.  present
 these beds are almost exclusively potassium feldspar. Individual beds range from 

20 cm to 1 m in thickness. Interbeds of fine sand and shale horizons cap some thick, 
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structureless  beds. Planar cross-bed sets up to 70 cm in height were observed in 

some beds. Scours and trough cross-bedding were also observed, often being defined by 

pink and milky quartz granule horizons,  only one  thick. Rare blood-red 

granular chert clasts were also observed. Occasional planar cross-bed sets were 

measurable, and define a north to northwesterly sediment transport direction. 

Interpretations

 sequences of the Yellowhead Platform are interpreted to represent a 

progressive sea level rise over the previously exposed and locally karstified carbonate 

platform, followed by deposition of arkosic sandstones in a marine-dominated transitional 

(delta slope) zone on a fan delta system. The extremely mature and clean quartz arenite 

sequence present in back-reef areas of the  sequence represents constant 

winnowing and reworking of marine sands during initial sea level rise. This winnowing 

removed all easily weathered components (i.e. feldspars), leaving only well-rounded and 

well-sorted quartz grains. Subsequent deposition of the Arkosic Sandstone Unit 

represents a marine-dominated transitional zone on a fan-delta system. This interpretation 

is based on the extremely immature nature of the sediments, the presence of troughed and 

scoured medium to coarse-grained arkosic sandstones, and interbeds of cross-bedded 

medium-grained sandstones (Wescott and Etheridge, 1990). Structureless, thick-bedded 

sands capped by fine sand shales sequences are considered to be event beds deposited on 

the delta slope, flooding out from a fan-delta system. These sequences interbed with 

cross-bedded marine-influenced arkosic sands, which, in turn, are periodically cut by 

channelized, trough cross-bedded fluvial sands. Such facies relationships are considered 

to be characteristic of deposition within the transitional zone  and Steel, 1984). 

Post-platformal sediments represent termination of carbonate deposition on the 

Yellowhead Platform, and display the majority of criteria outlined for recognizing 

platform termination as a result of basinal shallowing, relative sea level fall or uplift

 1976). These are namely, a dominantly prograding sequence, an 

contact with overlying sediments (in back-reef areas only on the Yellowhead Platform), 

superposition of sandstones and siltstones of shallow water origin and dissolution and 
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karst phenomena associated with collapse and brecciation, and finally, phreatic diagenetic 

features (seen in thin-section analysis of nearer-shore carbonates of the oncolitic facies). 

Sea Level 

Platformal Sequences 

Figure 3-51 Block diagram showing termination of carbonate deposition 
on the Yellowhead Platform. Dashed line indicates karstified portion of 
the  atformal contact 
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3.7.2 Monarch Platform 

3.7.2.1  Clastics 

As with the Yellowhead Platform, the transition from  to 

sequences on the Monarch Platform is abrupt,  erosional and in 

places, minorly karstified. Paleorelief of up to 4-5 meters is observed along this contact. 

Post-platformal sequences are  and comprise approximately the first 225 

of sediments. This succession is subsequently overlain by thinly laminated shales, which 

continue to the peak of Monarch Mountain. 

Basal post-platformal elastics consist of a series of thin (<30 cm) and thicker (70 cm to 1 

m) bedded gravel to pebbly conglomerates (Figure 3-52) which have a medium to coarse-

grained arkosic matrix (Figure 3-53). Dominantly matrix supported, clasts within these 

conglomeratic horizons consist of rounded, elongate milky vein quartz up to 5-6 cm in 

length. Occasional coarse-grained to granular potassium feldspar grains, along with rare 

3-4 centimeter long blood red chert clasts were also observed. These gravels and 

conglomerates interbed with thicker-bedded (up to 1.5 meters) planar and trough cross-

bedded medium to coarse-grained arkosic sandstones. Large-scale trough-shaped, 

interpreted to be the side of large dune features, up to 1 meter in height were observed in 

many of these thicker arkosic horizons (Figure 3-54). Thinner (30 cm or less) medium-

grained arkosic sandstones are also present and interbed with conglomeratic horizons. On 

the west and far east faces of Monarch Mountain a 15-20 meter thick succession of

 thick (30-40 cm) and thin-bedded (5-10 cm), occasionally cross-bedded

 occurs prior to the occurrence of this conglomeratic unit 

A succession of dark chocolate brown, thinly laminated, fissile shales abruptly overlies 

this  succession. No sedimentary structures were seen within these shales. 

Abundant Planolites trace fossils were observed in these beds. Sub-meter thick, medium-

grained, laterally discontinuous quartzites interbed with this shale sequence higher in the 

section. Coarse-grained to granular pink and milky quartz constitutes 5% of these beds, 

and forming horizons one  thick at the base of beds. 
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 3-52  successions above the Monarch Platform 
showing the interbedding of dominantly structureless gravel horizons with 
planar and trough cross-bedded medium to coarse-grained arkosic 
sandstones. Person for scale. 

Figure 3-53 Detail shot of granular horizon within 
successions of the Monarch Platform. Large white grains are dominantly 
potassium feldspar and milky quartz. Camera lens for scale. 
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Figure 3-54 Flanks of large-scale trough features observed within 
medium to coarse-grained, arkosic,  successions of the 
Monarch Platform. 

Interpretations 

Sequences immediately overlying the Monarch Platform are here interpreted to be a 

succession of  elastics deposited in the transitional (delta front) zone 

on a fan delta system (Figure 3-55). The first 30 to 40 meters is interpreted to represent 

significant fluvial debris-flow flooding out from the fan-delta system, interbedding with 

channel deposits. This debris-flow interpretation is based on the sheetlike nature of the 

pebbly/conglomeratic beds, the non-graded (or rarely graded) bedding, matrix supported

 occasional minor imbrication textures observed and the lack of any significant 

basal erosion (Nemec and Steel, 1984). Intervening medium-grained more mature 

sandstones exhibiting  and  developed planar cross are suggestive 

of wave reworking. This association of mass-flow and  channel gravels and 

sandstones, intercalating with marine reworked sandstones, is a characteristic of 

transitional zone deposition associated with a fan-delta system (Nemec and Steel, 1984) 

and has been reported for many lithologically similar successions (Kleinspehn et 

1984; Surlyk, 1984). Paleocurrent readings off cross-beds present within these horizons 

give a wide dispersal pattern, indicating a significant  pattern to channel 

migration (Nemec et  1984). Upsection, a decrease in gravel and pebbly conglomerate 
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beds and an increase in medium to thickly bedded, planar cross-bedded sandstones and 

thinly laminated shales indicates a progressive relative sea-level rise, moving deposition 

into a more marine, wave-dominated transitional zone system with only periodic

 influences. A change in lobe orientation (and therefore depositional loci) on the 

fan-delta system may also have been a contributing factor in producing this distinctive 

facies/sedimentological change. Highest sequences show an absence of sandstone units, 

being dominated by marine shales. This is interpreted to represent continued relative sea 
level rise, with deposition occurring in a  system. Planolites was observed 

in abundance within this succession. Through the application of Walther's law of facies 

succession, this vertical succession is interpreted to represent a classic lateral facies 
transition seen on shelf-type fan delta where conglomerate and sand elastics 

basinward with marine mudstones and shales (Colella, 1988). 
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Figure 3-55 Block diagram showing lateral and vertical relationships of 
facies observed on the Monarch Platform. Uppermost dashed line indicate 
karstified upper-platformal contact prior to the deposition of the 
dominated  sequence. 
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 PLATFORM DEVELOPMENT

 PRECAMBRIAN CARBONATES 
Carbonate platforms have been recorded throughout the geological record, from the early

 (Mason and Von  1977; Von  and Mason, 1977; Lowe, 1983; 

Walter, 1983; Buick and Dunlop, 1987; Simonson and Jarvis, 1993), all through the

 (Kerans, 1982; Teitz and Mountjoy, 1985, 1989;  1986a; Aitken, 

1988; Haines, 1990; Narbonne and James, 1996) and into the substantial carbonate 

platforms of the Phanerozoic. Proterozoic (or specifically  carbonate 

platforms show an absolute dominance of microbial life in all carbonate environments. 

This can be attributed to the absence of any metazoans, thus enabling microbial 

communities to occupy all available niches the developing platform 

and Moussine-Pouchkine, 1983). In the early and middle Archean, carbonate platform 

developments were only minor, being restricted to brief periods of carbonate 

sedimentation occurring during cessations in tectonic activity. It wasn't until the late 

Archean and into the Proterozoic, that the growth of significant carbonate platforms 

containing well developed stromatolitic, grainstone, lagoonal and peritidal facies began. 

Precambrian carbonates hold particular interest because despite the marked difference in 

reef building organisms and formation in a significantly (chemically) different ocean, they 

formed platforms which are morphologically very similar to their Phanerozoic 

counterparts (Grotzinger, 1989b, c; Grotzinger and Knoll, 1995). In some cases these 

platforms are also comparable in scale to some of the largest Phanerozoic barrier and 

pinnacle reefs (Grotzinger, 1989a, 1989b).

 Mechanisms of Carbonate Production 

Grotzinger (1989a, 1989b) commented that the exceptionally large volume of

 sediments seen in the Proterozoic required that such areas be actual

 factories', that is, zones of carbonate production rather than merely zones of 

carbonate deposition. Carbonate production on the Yellowhead and Monarch platforms 

is interpreted to be a result of dominantly in situ carbonate precipitation, being largely 
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 by stromatolite development (organically influenced precipitation) and

 and agititative (abiotic "whiting") precipitation, interpreted to be a major 

source of fine carbonate sediment in both the Proterozoic (Grotzinger, 1989b; Knoll and

 1990; Fairchild, 1991) and the present (Milliman et  1993). Carbonate 

precipitation, in conjunction with varying amounts of sediment trapping and binding, 

enabled the development of significant carbonate facies tracts not only on the Yellowhead 

and Monarch Platforms, but throughout the Precambrian. Evidence for marked in situ 

precipitation is seen by the presence of large, high relief stromatolitic bioherms within

 successions (Fairchild, 1991), such as those seen in pre-

platformal sequences below both the Yellowhead and Monarch Platforms. Other, more 

indirect criteria for evidence of in situ carbonate precipitation include the lack of clastic 

grains incorporated into the stromatolitic laminae of these clastic-surrounded bioherms, 

as well as the fineness and continuity of the laminations (Walter, 1972; Cloud and 

Semikhatov, 1969). In Phanerozoic carbonates, the clotted  of 

thrombolites is also regarded as significant evidence for the in situ production of

 (Grotzinger, 1989a). Thrombolites are believed only to have been abundant 

during the earliest Phanerozoic, being absent, or almost absent, in the Proterozoic (Walter 

et al, 1992; Walter and  1985; Kennard and James, 1986). Thrombolitic bioherms 

were noted in  sequences below the Monarch Platform, and possibly below 

the Astoria Platform (extensive alteration present here prevented positive identification). 

This occurrence of thrombolites is not unique for the Proterozoic, with thrombolitic 

textures being recorded in Neoproterozoic sequences in the Mackenzie Mountain

 and Aitken, 1993; Aitken and Narbonne, 1989), the Neoproterozoic Noonday 

Dolomite of Death Valley (Cloud et  1974) and the Paleoproterozoic Rocknest 

Formation of the Wopmay Orogen (Hoffman, 1976). Caution must be observed however, 

in using this texture alone as proof of in situ carbonate production, especially when such 

textures have been explained via recrystallization processes (Monty,  Walter, 1972) 

and as simple detrital carbonate (Semikhatov  1979; Monty, 1976). 
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4.2 DEVELOPMENT OF A PROTEROZOIC CARBONATE PLATFORM 
This section will apply the terms of sequence stratigraphy to detail the genesis of the 

Yellowhead and Monarch platforms. Even though the geometric details achieved though 

seismic investigation of carbonate platforms cannot be matched based purely on field 

work, sequence stratigraphy can still be a useful tool in describing the development of a 

carbonate platform investigated in this way, as shown by the work of  et 

(1990), Garcia-Mondejar and  (1993), Narbonne and James (1996)

 Pelechaty et  (1995, 1996a, b). Prior to doing this, a brief explanation of sequence 

stratigraphic terms will be given. Definitions and terminology have been compiled from 

Posamentier et al,  Sarg  Van Wagoner et al,  and references cited 

therein. Where a definition  term specific for carbonate sequence stratigraphy 

differs from that used for clastic sequence stratigraphy, the carbonate sequence 

stratigraphic terminology will be used. An example of this is the more detailed 

breakdown a type 1 sequence boundary into a large-scale and small-scale type 1 sequence 

boundaries, which specifies the extent of platform exposure and magnitude of meteoric 

diagenesis. 

The basic building block of sequence stratigraphy is a sequence, which can be defined as 

"a relatively conformable succession of genetically related strata bounded by 

unconformities, and their correlative conformities" (Van Wagoner et al, 1988, pp. 39). 

A type 1 sequence is bounded below by a type 1 sequence boundary and a type 2 

sequence is bounded below by a type 2 sequence boundary. Each may be bounded above 

by either a type 1 or type 2 sequence boundary. 

Type 1 Sequence Boundaries 

A type 1 sequence boundary occurs when the rate of sea level fall exceeds the rate of 

basin subsidence at the platform margin, producing a  in relative sea level at that 

point. This results in subaerial exposure and erosion of the entire platform, which occurs 

concurrent with submarine erosion on the foreslope and  of shallow-marine platform 

sediments onto deeper-water sediments, and therefore, a basinward shift in facies (Figure 

4-1 and Figure 4-2). In non-carbonate sequences this would be represented by exposure 
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and erosion of the shelf, and a basinward shift in related sediments. This basinward shift 

in facies means that non-marine, or very shallow-marine, sediments may abruptly overlie 

deeper-marine sediments, with no sediments of intermediate environments being 

deposited. Two magnitudes of type 1 sequence boundaries are recognized; a large-scale, 

and a small-scale sequence boundary. 

A large-scale type 1 sequence boundary is characterized by a large sea level fall (75-100

 which occurs for an extended period of time. In association with this sea level fall is a 

seaward movement of the meteoric lens out into most regions of the platform. Due to the 

extended time of subaerial exposure, the meteoric lens becomes well-established within 

these sediments and significant dissolution of unstable carbonate phases, as well as 

abundant precipitation of meteoric cements, may occur. Such large-scale and long term 

sea level falls are generally associated with global sea level fluctuations and are 
considered to be rare in the geologic record, with most sea level falls representing 

smaller-scale type 1 sequence boundaries.

 type 1 sequence boundaries reflect brief periods of lower magnitude sea level 

falls (less than 75-100 m). In this situation the meteoric lens becomes less well-

established within  sediments, producing less-extensive and localized carbonate 

dissolution and meteoric cementation, which is most prevalent in back-reef areas. 

Type 2 Sequence Boundaries 

A type 2 sequence boundary forms when the rate of sea level fall is less than, or equal to, 

the rate of basin subsidence at the platform margin. This results in exposure of inner-

 areas only, with platform margin areas remaining submerged and a 

conformable contact. A downward shift in coastal  occurs seaward of the 

underlying shallow-water carbonate sediments (Figure 4-1 and Figure 4-2). Meteoric 

diagenesis  carbonate dissolution occurs in most shoreward back-reef areas.

 Coastal Onlap is the landward limit on the shelf or upper slope of sediment distribution. 
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Marine Flooding Surface 

A marine flooding surface is a dominantly planar surface which separates older strata 
from younger and across which there is evidence for an abrupt rise in sea level. These 

surfaces commonly exhibit minor submarine erosion.

 and Parasequence Sets 

A parasequence is a relatively conformable succession of genetically related sedimentary 

units which are bounded above and below by a marine-flooding surface. Individual 

parasequences within carbonate successions are dominantly aggradational and shoal 

upwards. Following this, a parasequence set is a genetically related stack of 

parasequences and commonly is bounded by more significant marine-flooding surfaces. 

The stacking pattern of parasequences within a parasequence set may show an overall 

progradational, aggradational or retrogradational geometry, depending upon 

accommodation space versus depositional rate. 

Boundaries defining a parasequence set: 

1) Separate distinctive parasequence stacking patterns 

2) May be coincident with sequence boundaries, and; 

3) May be downlap surfaces and system tract boundaries 

The stacking patterns of parasequence sets and parasequences then define system tracts, 

which, depending upon their position within a sequence, can be divided into one of four 

system tract styles; a lowstand, shelf margin, transgressive or highstand system tract. 

A lowstand systems tract consists of sediments deposited  of the platform 

margin and overlies a type 1 sequence boundary. Sediments associated with a lowstand 

systems tract may contain two separate parts; a lowstand fan, and a lowstand wedge 

(Figure 4-1 and Figure 4-2). Lowstand system tracts  onto the preceding platform 

margin and are associated with rapid sea level falls, and early parts of a sea level rise. 

The upper surface of a lowstand systems tract is a transgressive surface, which forms the 

base of the subsequent transgressive systems tract. 
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A shelf margin systems tract overlies a type 2 sequence boundary and is represented by a 

prograding and aggrading wedge that  sediments below a type 2 sequence boundary 

landward, and downlaps the sequence boundary in a  direction. Its upper 

boundary is a transgressive surface, which also forms the base of the subsequent 

transgressive systems tract (Figure 4-1 and Figure 4-2). 

A transgressive systems tract is composed of a series of backstepping or retrogradational 

units which thin basinward and upwards, forming a condensed section at the top and are 

associated with periods of rapid sea level rise. The surface at the base of transgressive 

systems tract is a transgressive surface. Landward, sediments of the transgressive systems 

tract  onlap a type 1 sequence boundary. Basinward, sediments downlap 

over sediments of the lowstand systems tract (Figure  and Figure 4-2). 

The highstand systems tract is a prograding wedge of sediments that directly overlie the 

transgressive systems tract. Sedimentation is associated with late parts of a sea level rise, 

a sea level stillstand, and the early part of a sea level fall. Basinward, sediments of a 

highstand system downlap conformably onto transgressive systems tract sediments, while 

landward they onlap unconformably onto either a type 1 or type 2 sequence boundary 

(Figure 4-1 and Figure 4-2). The basal surface is referred to as the maximum flooding 

surface, and represents the highest sea level position for the sequence. 
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Canyon 

SB  Type 1 Sequence Boundary 
SB 2: Type 2 Sequence Boundary

 Maximum Flooding Surface 
TST: Transgressive Systems Tract 
LSF:  Fan 

DLS: Downlap Surface 
TS: Transgressive Surface 
HST: Highstand Systems Tract

 Shelf Margin Systems Tract 
LSW: Lowstand Wedge 

Figure 4-1 Schematic cross-section showing relationships between 
specific system tracts and sequence boundaries Figure from Sarg (1988). 

Highstand Highstand
 Tract (2) 

Shelf Margin
Systems Tract 

Figure 4-2 Diagrammatic representation showing geometry of system 
tracts and their relationships to the coast and shelf. Type 1 and type 2 refer 
to sequence boundaries. Figure from Posamentier et 
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The limited outcrop exposures of the Yellowhead and Monarch platforms, as well as the 

inaccessibility of observed outcrops, hindered the detailed examination of many facies 

relationships. This is highlighted by the extreme homogeneity of the oncolitic facies seen 

on the Yellowhead and Monarch platforms, making lateral tracing of individual horizons 

from back-reef to reef front areas difficult. This made concise sequence stratigraphic 

analysis difficult, especially when many definitions with respect to what constitutes 

sequence boundaries, parasequences, and systems tracts are extremely precise. However, 

generalized terms can be assigned to the larger-scale depositional cycles observed on the 

Yellowhead and Monarch platforms, but cannot be applied with the same resolution as 

seen in  sequences studied through seismic and biostratigraphic analysis. 

This means that many correlations and classifications are based purely on lateral

 associations based on visual tracing of horizons, or on inferences made about 

unobserved lateral facies associations.

 Genesis of the Yellowhead Platform 

Genesis of the Yellowhead Platform can be divided into a series of systems tracts, 

separated by both inferred and laterally traceable conformable and unconformable 

horizons. These systems tracts and horizons have been classified and interpreted 

according to the previously outlined sequence stratigraphic criteria. A schematic 

representation of the developmental sequence as a whole is represented in Insert 3. This 

diagram shows the interpreted lateral and vertical relationships of the previously outlined 

lithological units with the following systems tracts and sequence boundaries and should 

be consulted in conjunction with the following descriptions.

 Systems Tract  LSh and LGP) 

Sediments represented by the LSh and LGp units are inferred to represent the basinal 

portion of a  systems tract prograding into the Windermere basin. This 

assumption is based not so much on lithological associations observed within the field 

area, but on related descriptions and interpretations given by previous authors for 

assumed equivalent sediments (e.g.  1990). Sediments associated with this 
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 systems tract are interpreted to be of upper Miette affinity, representing the 

final stage of sedimentation for the Miette Group. 

Sequence Boundary 1 (Type  LGp to UGp Transition) 

The transition from the interpreted deep-water  sequences to shallower-water

 sequences is abrupt and is referred to as Sequence Boundary 1. This boundary 

represents a significant sea level fall and a basinward shift in facies. Subaerial exposure

 subsequent erosion of carbonate sequences shoreward of the investigated exposure is 

also interpreted to have occurred, based on the occurrence of carbonate breccia horizons, 

interpreted to be the result of erosion of the inferred carbonate sequences to the east, with 
subsequent deposition in incised channels which sit directly on top of the type 1 sequence 

boundary. This association, as well as the presence of an interpreted lowstand fan and 

wedge above, leads to the interpretation that this contact represents a type 1 sequence 

boundary. This boundary coincides with, and is interpreted to be, the formational 

boundary between the upper Miette and the Lower McNaughton. 

Lowstand Fan  UGp) 

Sediments of the LGp unit are interpreted to represent a lowstand fan of a lowstand 
systems tract. This unit is deposited on top of the type 1 sequence boundary below in a 

lower slope setting and in front of the assumed prodelta sediments which occur 

shoreward. This sequence forms the base of a lowstand systems tract deposited during 

rapid a fall in sea level and represents the first sequence of the Lower McNaughton, 

formed through reworking of uppermost upper Miette sediments. 

Lowstand Wedge (Units BSh, BSt and WSh?) 

A return to deposition of shale-dominated sequences, as seen by the BSh and WSh units,

 with channelized sandstone horizons, represents a progression into lowstand 

wedge deposition of  wedge sequences. The distinctive clinoform 

geometry of these sequences reflects the progradation of lowstand wedge parasequence 

sets basinward. These sediments presumably downlap onto either the previous lowstand 
fan or the type 1 sequence boundary basinward, and the type 1 sequence boundary 
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shoreward. These sediments were deposited during reduced rates of sea level fall and 

slow rates of a sea level rise.

 Surface and Transgressive Systems Tract (WSh Unit?) 

Limited outcrop and stratigraphic data meant that a distinct transgressive surface 

transgressive systems tract could not be identified. No outcrop was observed that gave 

any indication of a change in the geometry of these sediments. It can be inferred that both 

a transgressive surface and a transgressive systems tract exist, their position however, can 

only be approximated. Sequences immediately below platform initiation are interpreted 

to have been formed during deposition of a transgressive systems tract, associated with a 

relative sea level rise. This is based on the idea that carbonate production is greatly 

reduced, or stopped, during transgressive events (Hoffman, 1976;  1981; Read, 

et  1986; Sarg, 1988). The transgressive surface would form the base of this 

transgressive systems tract and would occur somewhere stratigraphically above the type 1 

sequence boundary. 

Maximum Flooding Surface  Unit) 

Platform initiation is represented by the development of stromatolitic bioherms along a 

singular, laterally traceable horizon, and is interpreted to be equivalent to the maximum 

flooding surface. In areas closer to the reef-rim, this horizon occurs within the WSh Unit, 

while in back-reef areas it occurs on top of the BSt Unit. Stromatolitic initiation has been 

reported to occur along the condensed section associated with a maximum flooding 

surface, near termination of the transgressive systems tract and into basal portions of the 

highstand systems tract (Hoffman, 1975, 1976; Tirsgaard, 1996). This surface represents 

a change from sea level rise to a sea level stillstand and a shift from the progradational 

and backstepping sedimentation of the transgressive systems tract, to the dominantly 

aggradational and progradational sediments of the overlying carbonate highstand systems 

tract. 



Highstand

 highstand

of

Strati/era

Parasequences

 inner-piatformal

oncolitic-dominated

 inner-platformal

154

 Systems Tract 2 (Carbonate Sediments) 

The Yellowhead Platform represents a  systems tract and consists of a series of 

dominantly progradational stromatolitic and oncolitic carbonate sediments. Progradation

 the carbonate sediments is best seen on the west face of Mount Fitzwilliam where

 and oncolitic horizons prograde basinward over the pre-existing talus facies. 

The homogenous nature of the oncolitic facies and restricted outcrop prevented 

determination of any distinct progradational geometries for the majority of the platform. 

As progradation continued, a thick sequence of oncolitic carbonate was deposited over 

the top of these Stratifera horizons stratigraphically above the previous reef-rim.

 and Parasequence Sets 

Parasequences and parasequence sets are discernible in the oncolitic facies of the 

Yellowhead Platform and are superimposed on the overall highstand systems tract. A 

parasequence set can be differentiated in near-shore back-reef areas, being represented by 

the stacking of meter-scale parasequences which are defined by surface karstification 

features. Each parasequence is bound above and below by the marine flooding surface 

associated with the termination of surface karst development. The upper surface of this 

parasequence set is coincident with the type 2 sequence boundary (SB2) which marks 

platform termination. This parasequence set represents multiple, short-term sea level 

fluctuations which intermittently exposed near-shore areas of the platform. Individual 

parasequences with this parasequence set were not traceable into  areas. 

Units D1-D4 represent individual parasequences and comprise the majority of the

 back-reef sediments on the Yellowhead Platform. Individual 

parasequences are defined by the flooding surfaces present at the top of the clastic 

horizons Units G1-G4, which interbed with  and back-reef sediments. 

These horizons represent a rapid fall in sea level which was substantial enough to allow 

rapid progradation of transitional zone fan-delta sediments over the platform and 

presumably eroding near-shore areas, but was not substantial enough to expose inner-

platformal areas. 
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Sequence Boundary 2 (Type 2; Carbonate to Arkosic Sandstone Transition) 

The upper bounding surface of the carbonate  systems tract is a type 2 sequence 

boundary. This is based on the observation that subaerial exposure and surface 

karstification is restricted to  areas, and did not extend to the reef-rim, 

thus representing only partial exposure of the carbonate platform. Subsurface 

karstification and meteoric diagenetic features were also only observed in most back-reef 

portions of the platform. This surface represents a significant sea level fall and marks the 

termination of carbonate sedimentation on the Yellowhead Platform. 

Lowstand Systems Tract 2  and Transgressive Surface 

Only back-reef areas provided accessible outcrop to examine the transition from

 to  sediments across the type 2 sequence boundary which forms 

the upper bounding surface on the Yellowhead Platform. These updip areas are

 and as such, represent a hiatus in sedimentation. In equivalent basinward 

sequences a lowstand systems tract would have been deposited as sediments bypassed the 

exposed platform. Observable back-reef portions lack a representative lowstand systems 

tract, making the type 2 sequence boundary coincident with the transgressive surface

 which, in basinward areas, would form the upper bounding surface of the lowstand

 tract. 

Transgressive Systems Tract and Marine Flooding Surface (Quartz Arenite Unit) 

Directly overlying, and presumably backstepping onto, the unconformable portion of

 is a transgressive systems tract, represented by the Quartz Arenite Unit. This 

unit represents a transgressive lag deposit, formed during a landward movement of the 

shoreline and sea  rise back over the upper, karstified platformal surface. The top of 

the Quartz Arenite Unit is a marine flooding surface, which is the upper boundary of the 

transgressive systems tract and the base of the subsequent highstand systems tract. 
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Highstand Systems Tract 3 (Arkosic Sandstone Unit) 

The third highstand systems tract interpreted to occur is represented by the Arkosic 

Sandstone Unit. This unit represents the progradation of sediments out over the 

transgressive surface which forms the top of the transgressive systems tract (Quartz 

Arenite Unit) during the final stages of sea level rise, and during sea level stillstand. 

Summary 

Sediments encompassed within Sequence Boundary 1  and Sequence Boundary 2 

(SB2) represent a type 1 depositional sequence, being bounded below by a type 1, and 

above by a type 2, sequence boundary, respectively. The sequence as a whole consists of 

a lowstand systems tract, a transgressive systems tract, and a final stage high stand 

systems tract. The lowstand systems tract (LGp and BSh units, and possibly the BSt 

Unit) was deposited on top of the type 1 sequence boundary, interpreted to represent the 

boundary between sediments of upper Miette affinity, and those associated with 

deposition of the Lower McNaughton. Sediments of the lowstand systems tract are likely 

the result of reworking the uppermost sediments of the upper Miette during sea level fall. 

This would account for the mineralogical  of these sediments (i.e. the presence 

of plagioclase feldspars only) with those of  Miette Group. Potassium feldspars 

occur in fan-delta associated clastic horizons in lowermost sequences of the carbonate

 and likely represent initiation of renewed rifting on the basin margin and 

exposure of  crystalline basement. A definitive transgressive systems 

tract could not be determined, but is inferred to consist of part, or all, of the WSh and BSt 

units. A maximum flooding surface occurs within the WSh Unit in reef-rim areas, and 

above the BSt Unit in back-reef areas, and coincides with initiation of platform 

development. This surfaces marks the shift from clastic deposition associated with a 

transgressive system tract, to carbonate deposition associated with a highstand system 

tract. Superimposed on this highstand systems tract is a series of parasequences and a 

parasequence set. These represent rapid, short-term sea level fluctuations which reflect 

progradation of fan-delta associated elastics over the platform, or periodic exposure of 
near-shore platform areas, respectively. Termination of platform growth is marked by the 
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subaerial exposure of back and inner-reef areas and the development of a type 2 sequence 

boundary. In back-reef areas this sequence boundary is coincident with the transgressive 

surface TST2, and is directly overlain by a transgressive systems tract (Quartz Arenite 

Unit). A marine flooding surface occurs at the top of this transgressive systems tract and 

is overlain by the Arkosic Sandstone Unit, which represents a subsequent highstand 

systems tract. Outcrop exposure was limited to back-reef areas, preventing identification 

of the inferred lowstand systems tract, which is likely associated with the type 2 sequence 

boundary occurring on top of the Yellowhead Platform. 
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4.2.2 Genesis of the Monarch Platform 

The lack of adequate  sequences, as well the inaccessibility of back-reef 

facies on the Monarch Platform makes the breakdown of the platform into sequence

 terms difficult, with nearly all interpretations having to be based on south 

face exposures. However, as with the Yellowhead Platform, the development of the 

Monarch Platform can be broken down into broad depositional cycles and subsequently 

related to basin  sea level variations. Facies associations and interpreted sequence 

stratigraphic systems are represented on Insert 2, which should be consulted in reference 

to the following descriptions.

 Systems Tract 

No pre-platformal relationships were accessible or exposed on the Monarch Platform. 

However, if compared to the Yellowhead Platform it can be inferred that the high-relief

 initiated on, or near, a flooding surface and subsequently developed 

in association with a highstand systems tract. The presence of a type 1 sequence 

boundary above, and lowstand wedge deposits lateral to these bioherms tends to support 

this idea. 

Sequence Boundary 1 (type 1;  to Columnar Stromatolite Transition) 

The only observed occurrence of this contact is on top of the Stratifera bioherm on the 

south face on Monarch Mountain. This boundary is interpreted to be a type 1 sequence 

boundary and represents a substantial sea level fall which exposed bioherms associated

 the underlying highstand systems tract and presumably the shelf to the east. This 

subaerial exposure resulted in beveling of the bioherm top and precipitation of vadose 

cements in  voids  cement described in Petrography section). An 

equivalent surface could not be determined in sequences on any other face of Monarch 

Mountain. As a result, determining if this boundary represents the  boundary 

between sediments of upper Miette affinity and those of the Lower 
Formation, as was the case on the Yellowhead Platform, was not possible. The presence 

of potassium-rich, channelized sandstones in upper pre-platformal and lower platformal 
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sequences on the north face of Monarch Mountain suggests that at least some of the 

observed  sequence below this sequence boundary may of lower 

McNaughton affinity. This draws attention to the difficulty of attempting to correlate 

major sequence boundaries in a tectonically active region, where differential fault-block 

movement may produce time-variable boundaries. As a  sequences below this 

interpreted sequence boundary will only tentatively be regarded as upper Miette.

 Systems Tract (Talus Fades) 

Occurring between, and prograding off of the Stratifera bioherms, the substantial talus 

facies of the Monarch  represents a lowstand systems tract deposit. Formed in 
association with the type 1 sequence boundary, these talus sheets and wedges are the 

result of prolonged subaerial exposure, brecciation and the subsequent breakdown of the 

stromatolitic bioherms. Talus wedges show a distinct progradational character, possibly 

indicating repeated exposure and breakdown events. They presumably downlap onto the 

type 1 sequence boundary below in a basinward direction. Upper-most portions of this 

talus facies are laterally equivalent to tabular bedded columnar stromatolite horizons.

 Surface and  Systems Tract 

A transgressive surface overlies both the talus facies of the lowstand systems tract and

 This surface represents the first sea level rise or flooding event after  and forms 

the base of the subsequent carbonate highstand systems tract. This transgressive surface 

may be coincident with the maximum flooding surface for the sequence. 

As with basal portions of the Yellowhead Platform, no distinctive transgressive systems 

tract was recognized. The presence of such a sequence can be inferred, due to the 

association of the lowstand systems tract below and a highstand systems tract above, 

however, all sequences overlying  and the lowstand wedge deposits will be 

considered to be associated with a highstand systems tract and described as such. 
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 Systems Tract 2 (Tilted Bed Sequence, Columnar, Pseudocolumnar and Non-

Columnar Stromatolites, Oncolitic Fades) 

The majority of the Monarch Platform is interpreted to represent a prograding carbonate 

highstand systems tract which prograded basinwards over the  surface. The 

progradational character of basal portions is best displayed by the Tilted Bed Sequence, 

which progrades over the previous lowstand wedge deposits and type 1 sequence 

boundary and onlaps laterally onto adjacent stromatolitic 

On a broad scale, carbonate sequences of the Monarch Platform can be divided into three 

parasequences  P2 and P3). Parasequence 1 is bounded below by the inferred TS 

surface on top of  and above by the abrupt horizon marking the transition into

 successions.  forms the basal portion of the carbonate highstand 

systems tract and can be separated into two parts; easternmost stromatolite-dominated 

horizons, and the tilted bed sequence in westernmost areas. These two successions were 

forming coevally, and are therefore interpreted to part of the one parasequence. 

Parasequence 2 is the first oncolitic-dominated sequence on the Monarch Platform and 

contrasts strongly with the stromatolitic-dominated  The boundary between these two 

very distinct parasequences is abrupt, representing a sudden basinward shift in 

depositional zones on the carbonate platform. Although no outcrops were observed 

which would indicate if this horizon represents a parasequence boundary, it none-the-less 

represents a sudden change in basin geometry, and is thus interpreted as one. 

Parasequences 2 and 3 together comprise the upper oncolitic facies on the Monarch 

Platform. Separating these parasequences is a channelized clastic horizon, which, like 

those observed on the Yellowhead Platform, represents a sudden sea level fall and rapid

 of transitional zone fan-delta sediments onto the carbonate platform. The 

upper bounding surface of parasequence 3 is coincident with the type 2 sequence 

boundary which represents termination of platform development. 
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Sequence Boundary 2 (type 2; Carbonate to Clastic Transition) 

Only localized surface karstification features were observed associated with the upper 

sequence boundary of the Monarch Platform (referred to as SB2). Therefore this contact 

is considered to reflect only minor and short term subaerial exposure, and as such is most 

likely a type 2 sequence boundary. This surface is coincident with the transgressive 

surface TS2 which forms the basal boundary for the overlying shelf margin systems tract. 

Shelf Margin Systems Tract  to Marine-dominated Siliciclastics, Marine 

Shales) 

Sequences overlying  grade from  to marine-dominated 

siliciclastics, to marine shales, and represents a progressive sea level rise. These 

sediments are interpreted to represent a shelf margin systems tract, being the first systems 

tract which overlies a type 2 sequence boundary and mark the beginning of the overlying 

type 2 sedimentary sequence. This systems tract exhibits a progressive deepening of the 

depositional environment and presumably a gradual  migration of the shoreline. 

Sediments presumably backstep onto the type 2 sequence boundary shoreward, and 

downlap onto the boundary in a basinward direction. 

Summary 

Initiation of Monarch Platform carbonates is associated with an inferred highstand 

systems tract and is represented the development of large, high-relief  bioherms. 

This highstand systems tract is tentatively interpreted to be associated with upper Miette 

sedimentation. A significant sea level fall resulted in prolonged subaerial exposure, 

brecciation and breakdown of these bioherms and the formation of a type 1 sequence 

boundary  Lowstand systems tract deposits consist of an extensive talus facies, 

which was deposited as a talus sheets and wedges in between these eroded bioherms. 

This talus facies forms the basal portion of the  depositional sequence which 

constitutes the majority of the Monarch Platform. The upper surface of these lowstand 

wedge deposits is a transgressive surface which marks the initiation of a rapid sea level 

rise. No transgressive systems tract deposits were identified. All carbonates above 
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are interpreted to be formed in association with a carbonate highstand systems tract and 

can be divided into three separate parasequences (P1-P3).  is stromatolitic-dominated 

in eastern exposures and both stromatolitic and oncolitic-dominated in western exposures, 

where it exhibits a pronounced progradational geometry. P2 and P3 together form the 

oncolitic-dominated upper portion of the Monarch Platform. These two parasequences 

are separated by a channelized sandstone unit, which represents a rapid and short-term sea 

level fall, resulting in progradation of active fan-delta sediments out over the carbonate 

platform. The upper bounding surface of P3 is coincident with the type 2 sequence 

boundary which marks the abrupt termination of platform development. This contact 

represents rapid sea level fall and subaerial exposure of the Monarch Platform. SB2 is 

coincident with the transgressive surface which forms the lower boundary of the 

overlying shelf margin systems tract. The shelf margin systems tract is the first sequence 

of the type 2 sedimentary sequence which overlies the Monarch Platform. Sediments of 

this systems tract show a progression from  to marine-dominated 

transition zone fan-delta sediments, into marine shales, representing a gradual sea level 

rise, landward migration of the shoreline and backstepping onto the previous type 2 

sequence boundary. 
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4.2.3 Development on a Rifting Margin 

The Yellowhead and Monarch platforms are interpreted to be deposited in association 

with sediments of the Jasper Member of the Lower McNaughton Formation. As the 

Jasper Member is interpreted to be deposited in a series of half grabens during the late

 Cambrian rifting event (Lickorish, 1992), a tectonically active setting 

for the growth of these platforms must also be assumed. The tectonic control on 

carbonate sedimentation and specifically, platform development, has been well 

documented  1967; Martin 1967; Maxwell, 1968). Tectonics either directly or 

indirectly, influence the rate of basinal sedimentation and subsidence, and the width of 

the platform (Hanford and Dutton, 1980; Bosellini, 1984; Sarg, 1988; Aigner, et 

1989; Bosellini, 1989; Tucker and Wright, 1990). This, along with additional factors 

such as eustasy, bathymetric profile, shelf width, leeward or windward position, currents, 

storms and climate, can also influence facies relationships within a platform (Wilson, 

1975; Read, 1985; Tucker,  Bosellini, 1989). 

The geometry, internal structure and lateral facies associations of the Yellowhead and 

Monarch platforms are suggestive of a strong tectonic control on their development. The 

isolated and discontinuous nature of platform developments is suggestive of a tectonically 

active setting (Read, 1985), with the  normal faulting of the basin margin 

preventing the formation of a singular, broad carbonate platform. 

Repeated, short-term shoaling cycles, as those seen by the development of parasequences

 parasequence sets on the Yellowhead Platform, and to a lesser the Monarch Platform, 

are not uncommon for carbonate platforms of either the Proterozoic (Grotzinger, 1986b, 

c) or the Phanerozoic (James, 1984; Read, 1995) and have often been attributed to

 cycles (Grotzinger, 1986c; Read, 1995). 

The vertical, lateral and internal, association of these platforms with fan-deltaic 

sediments, and the rapid facies changes of these sediments across the platform, is 

probably the most compelling evidence for a tectonically active setting. The association 

of a carbonate platform with a fan-delta system is not uncommon, with similar facies 

associations being reported for the Permian  Dura Basin in Texas (Hanford and 
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 1980), the Middle Cambrian sequences in Sardinia (Bechstadt and Boni, 1989), 

the Upper Cretaceous of northern Spain (Garcia-Mondejar and 

1993) and for the Proterozoic Neohelikian reef  (Jackson and  1989), all 

of which are forming in association with a fan-delta system on a tectonically active 

margin. 

Other internal features include the abundant slumping in slope shales in front of the reef 

rirn on the Yellowhead Platform, substantial neptunian and injection dykes on the 

Monarch Platform, and the development of significant talus facies on both platforms. 

However, such features are not unique to carbonate platforms forming in a tectonically 

active setting, and can be produced through over-steepening of the platform rim during 

rapid accretion (Read, 1985) and subaerial exposure and collapse of an early-cemented 

carbonate platform (Kerans et  1986; Chilingarian et  1992). 
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4.2.4 Stratigraphic Re-interpretation and the Precambrian/Cambrian Boundary 

Through the mineralogical investigation of clastic sequences overlying, laterally 

equivalent to, and associated with the Yellowhead and Monarch platforms, it is proposed 

here that these carbonate platforms are lateral equivalents to the lower Jasper Member. 

This places the formation of these platform syntectonic with the latest Proterozoic/earliest 

Cambrian rifting event. 

However, by making this Stratigraphic association, the question of the age of the Lower 

McNaughton must now be addressed, and along with this, the Stratigraphic position of the 

Precambrian/Cambrian boundary. Traditionally, the Precambrian/Cambrian boundary has 

been placed at the top of these carbonate platforms, immediately below the cliff-forming

 of the McNaughton formation (Mountjoy, 1962; 1985, 1988). The age of the 

platforms investigated in this study has been interpreted as Neoproterozoic (Ediacaran). 

This has been established through both fossil and morphological evidence. This includes 

the discovery of Ediacaran fauna beneath the Yellowhead Platform (specifically

 Hofmann et  1985) and beneath the Monarch Platform

 this study; Hofmann, pers.  1997). The lack of any distinctively 

Cambrian fauna, the total dominance of stromatolites, and the similarity of these 

stromatolitic structures with those previously recorded for Precambrian carbonates, is also 

suggestive of a Precambrian age for these platforms. The observed sandstone and 

conglomeratic sequences which overlie these platforms strongly contrast both visually 

and lithologically with the buff-weathering carbonates below, and mark an abrupt change 

in both sedimentary facies and basin paleogeography. As such, prior to detailed 

Stratigraphic and sedimentological analysis, it is not unreasonable to place a formation 

boundary at this Stratigraphic interval. However, karstification features present on top the 

Yellowhead platform, which have been used as supporting evidence for this being a 

significantly unconformable surface, and hence the Stratigraphic position of the 

Precambrian/Cambrian boundary, are seen to be only local features and not regional in 

extent. The interpreted tectonically active setting present during deposition of sediments 

immediately underlying these platforms and the platforms themselves, support the 

interpretation that basin uplift and subsidence was being controlled by tectonics. In such 
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situations, multiple locally unconformable surfaces, such as those seen throughout the

 Platform, can be produced through differential tilting and rotation of faulted 

blocks (see Karstification section). Therefore, the extrapolation of this upper contact into 

the basin to infer a major regional unconformity is impractical. Regionally, this contact 

has been shown to be both locally unconformable (Aitken, 1969; Teitz, 1985), as well as 

conformable and gradational (Mountjoy, 1962; Cambell et  1973; Lickorish 1992). 

When considering this in conjunction with the presented  sedimentological 

and mineralogical evidence, an interpretation that this contact is purely lithological and

 and does not represent the Precambrian/Cambrian boundary must be 

reached. 

One surface that should be considered as a potential stratigraphic location for the 

Precambrian/Cambrian boundary is the sub-Solitude unconformity (Figure 4-3). This 

unconformable surface separates lower and upper McNaughton sequences and is 

interpreted to be regional in extent (Lickorish, 1992). In easternmost areas where the 

Solitude Member directly overlies sediments of middle Miette affinity, up to 1500 m of 

sediment has interpreted to have been removed (Lickorish, 1992). The possibility that 

this unconformity represents the Precambrian/Cambrian boundary is (tentatively) 

supported by the total absence of distinctively Cambrian fossils in any Jasper Member 

sediments. Distinctively Cambrian fauna are not recorded until after the sub-Solitude 

unconformity. Gal (1989) reported the possible presence of  (?) in his 

equivalent to the Solitude Member of Lickorish  Cruziana has also been reported 

in upper portions of the Poker Member (Lickorish, 1992) and in the Mural Formation 

(Gal, 1989), which also contains Archeocyathids in uppermost units (Gal, 1989), giving 

these sequences a definite Cambrian age. The lack of fossil evidence is by no means 

conclusive evidence that the Jasper Member is not Cambrian in age. However, the lack 

of any discernible regional unconformity within middle and upper Jasper Member 

sequences, which lie directly over lower Jasper Member equivalent carbonates of

 age, would tend to lend credence to this interpretation. This interpretation 

places the entire Lower McNaughton within the Neoproterozoic, making the Solitude 

Member the first Cambrian sequence (Figure 4-3). 
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Figure 4-3 Generalized stratigraphic section showing relevant 
formations associated with the Precambrian/Cambrian boundary in the 
Rocky Mountains, and the newly interpreted position of this boundary. 
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5. 

5.1 BACKGROUND 
The lack of a detailed biostratigraphic framework for Proterozoic stratigraphy hinders 

both intra and  correlations. Generally, workers have had to rely on 

correlations based purely on  associations, which can be difficult if suitable, 

relatively continuous outcrop is not available. However, as our knowledge and 

understanding of this unique time in Earth's history expands, more avenues are becoming 

open to aid in correlating these fossil-poor sediments on a local, regional and global 

One such method is the use of secular variations of certain stable (carbon, oxygen) and 

radiogenic (strontium) isotope ratios in sedimentary carbonates as a  tool 

(chemostratigraphy). Chemostratigraphy is based on the premise that fluctuations in the 

isotopic signature of sedimentary carbonates is a reflection of changes in the chemistry of 

the seawater in which the carbonates formed in (Veizer and Hoefs, 1976; Williams and 

Trainer, 1986; Deny et  1992;  1989). Large perturbations in the C-isotopic 

signal reflect sudden environmental changes, such as mass extinction events (Magaritz, 

1989) or glaciations (Knoll et al, 1986; Kaufman et al, 1991, 1993; Deny et al, 1992) 

and have been especially useful in attempts to correlate major time-boundaries, such as 

the Precambrian/Cambrian boundary (Magaritz et al, 1986; Brasier et al, 1990; 

Magaritz, 1990; Tucker, 1990) and the  boundary (Magaritz et al, 1988). 

Numerous studies have been done on the isotopic signal of the Proterozoic (Knoll et al, 

1986; Lambert et al, 1987; Lambert and Donnelly, 1991; Kaufman et al, 1991, 1992, 

1993; Derry et al, 1992), from which an integrated global biostratigraphic and isotopic 

signal has been constructed (Figure 5-1). To date, isotopic data for Neoproterozoic 

successions of the Canadian Cordillera are limited, with only a single integrated
 and biostratigraphic section currently published for the upper

 Supergroup (Figure 5-2; Narbonne et al, 1994). This section extends from 

just below the sediments associated with second Proterozoic glacial event (the Ice Brook 

Formation) into the Lower Cambrian. Isotopic variations observed along this section 

correlate well with the proposed global carbon and strontium isotope curve, giving an 

indication of the potential for the use of isotopes as a correlation tool. Even so, 



chemostratigraphy  post-depositional

simple  possible
metazoan

 Mountains
?—————7

 al,

169

 can be fraught with hazards, with numerous 

processes possibly acting within the system that could alter the primary isotopic signature 

to one representing a diagenetic signal. This problem can be minimized through 

petrographic and geochemical evaluation, which help to determine the degree of 

alteration individual samples have undergone, and thus determine signal quality. Such 

uncertainties dictate that any chemostratigraphic correlation must be used cautiously, and 

integrated with stratigraphic and (where possible) biostratigraphical data. Distinguishing 

between isotopic variations representing local environmental changes and those reflecting 

changes in global seawater chemistry is also of major concern.

 discs of
 origin in 

Mackenzie 
640 -

650 -

Figure 5-1 Composite global section showing biostratigraphic zonation 
and secular variations in carbon and strontium isotopic ratios. Note the 
marked negative-positive excursion associated with the Varanger 
glaciation and the Precambrian-Cambrian boundary, a fundamental for 
chemostratigraphy. Figure from Narbonne et  (1994). 
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Figure 5-2 Integrated chemo- and biostratigraphic data for upper 
Windermere Supergroup and lowest Cambrian strata of the Mackenzie 
Mountains. Note the marked similarity of this curve with the proposed 
global isotopic curve of Figure  Figure from Narbonne et 
Points A, B and C are referred to in Discussions section. TOC, total 
organic carbon; LS, limestone; DS, dolostone; BBR, Backbone Ranges. 
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The isotopic ratios of carbon  expressed as  and oxygen  expressed 
1 S as 5 O), as well as specific trace and major elemental abundances, have been measured 

on selected carbonate samples collected along measured sections through the Yellowhead 

and Astoria platforms. This chapter will present and discuss the observed isotopic signal 

observed through these platforms. An assessment of signal quality, and the geochemical 

techniques used to accomplish this, will also be made.

 Sampling and Analysis 

A total of 45 samples were selected for isotopic analysis from the Yellowhead and 

Astoria Platforms, specifically  samples from the Yellowhead and 14 from the Astoria. 

From this suite of 45 samples, 58 powders of approximately 20-30  were drilled out 

using a hand-held dental drill in order to minimize spatial mixing of components (i.e. 

matrix versus allochems) and separated into two aliquots. One aliquot was analyzed for 

carbon and oxygen isotopic ratios, the other for trace and major elemental abundances 

(specifically Mn, Sr, Ca and Mg). Samples selected were pure, or near pure, carbonates. 

Samples with a high amount of matrix were chosen to allow specific sampling of 

carbonate components as well as matrix. Within each sample, areas that contained the 

least visible alteration, such as recrystallization, fracturing and veining were preferentially 

selected. Due to constraints on sample size and difficulty in isolating desired material, no 

cements were sampled from either the Yellowhead or Astoria platform. When simple or 

compound oncoids were sampled, only those with carbonate nuclei were selected. 

Intraclast samples from the Yellowhead Platform contained minor amounts of quartz 

grains as nuclei. All clasts from the Astoria were dark, micritic dolomite with no, or a 

very minor, quartz content. In an attempt to quantify any  and/or 

diagenetic alteration of the primary isotopic signature, highly altered, sparitic dolomites 

(suffixed with R in Tables 5-1 and 5-2), as well as  veins, were also 

sampled. This is considered vital if any serious attempt to determine the magnitude of 

secondary alteration and extract a primary, or near primary, isotopic signal is to be made. 
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 Results

 and isotopic results for the  and Astoria platforms are 

summarized in the following tables. Carbon and oxygen isotopic ratios are reported as 

parts per thousand relative to the standard Peedee belemnite (PDB) and are expressed as

 and  values, respectively. These values are given in reference to the heavier, 
1  1

less abundant isotope ( C and O) such that more positive values contain relatively more 

of the heavy isotope, and as such are referred to isotopically  or enriched. 

Conversely, negative values contain relatively more of the lighter isotope and are referred 

to isotopically  or depleted.

 Yellowhead Platform 

Results of elemental and stable isotopic analyses for the Yellowhead Platform are 

presented in Table 5-2. Carbon isotope  for the  Platform range 

between -4.5 and +3.5  with the majority of values falling between -0.5 to +3.0 

(Figure 5-3). Oxygen isotope values range from approximately 0 to -17  with majority 

of values falling between 0 and -8.0  (Figure 5-3). Three groups have been 

distinguished on a  cross-plot and are referred to as Groups 1 though 3 

respectively (Figure 5-3). These groups are not totally mutually exclusively, with data 

overlap being evident. Most depleted  and  values occur in Group 1, which 

consists of vein dolomite, micritic dolomites sampled below  and three micritic 

dolomites sampled from within the platform. The most depleted  values recorded 

from the sample set (-4.49 and -2.69  are from micritic and vein dolomite, 

respectively. Excluding these two samples, the  values of this group do not vary 

markedly from groups 2 and 3 (Figure 5-3). All samples within this group have 

values below -10  with a minimum of -17.5  coming from a vein dolomite. Group 2 

is composed of micritic and matrix dolomites and carbonate intraclasts. Samples within 

this group exhibit  values ranging from -1.0 to +1.5  and  values from -8.0 to -

3.5  (Figure 5-3). Group 3 is composed almost exclusively of stromatolitic/oncolitic 

carbonates and contains the most positive  and  values. Samples of this group 

show a slight overlapping nature with Group 2. Oxygen isotope values for this group 
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range from -5.0 to -0.5  and 6 C values from +1.0 to +3.5  Mn/Sr ratios for the 

sample set range from  to almost 30, with approximately 57 % of samples having a 

ratio of <10. Three  couplets were measured within the sample set. Two 

of these showed an  enrichment in the matrix ranging from  to 0.5  The third 

sample showed no variation in the 5 C value for the two phases. Four (stromatolite-

oncolite)/matrix pairs were also measured. Of these, all showed a  enrichment in the

 carbonate. This enrichment ranged from 0.2 to 0.7 
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Sample No. 
Sxn 
BU 1-2.1 

1-7.1 
1-11.1 
1-23.1 
1-23.2 

Sxn BU-2 
BU 2-5.1 

2-7.1 
2-16.1 
2-22.1 
2-22.2 
2-22.3 
2-23.1 
2-24.1 
2-24.2 
2-25.1 
2-27.1 
2-27.2 
2-28.1 
2-28.2 

Sxn BU-5 
BU 5-5.1 

5-5.2 
5-2.1 
5-2.2 

Sxn 
BU 10-3.1 

10-10.1 
Sxn BU-6 

Sxn BU-9 
BU 9-3.1 
9-14.1 
9-31.1 
9-35.1 
9-35.2 
9-36.1 
9-36.2 

Sxn 
BU 12-30.1 

12-16.1 
12-16.2 

Sxn 
BU 15-9.1 
Sxn 
BU 16-6.1 

16-7.1 

Type 

MD 
MD 
MD 
ST 
V 

MD 
MD 
0 
V 

M 
M 

V 

M 

MD 
MD 

O 

ST 
M 

MD 
ST 

V 

M 
MD 
MR 

M 
O 
M 

STR 
ST 
O 

MD 

MD 
MD 

-0.62 
0.01 
-4.49 
1.18 
3.48 

-0.43 
-0.3 
2.08 
-0.55 
0.44 
0.48 
1.23 
0.76 
0.52 
1.35 
0.87 
0.71 
-0.28 
-1.57 

3.3 
2.81 
0.91 
0.69 

0.55 
1.72 

-2.69 

1.55 
-0.41 
1.35 
0.6 

0.91 
0.93 
0.72 

1.47 
2.78 
2.06 

-0.14 

0.3 
-0.53 

-14.29 
-14.88 
-13.58 
-5.28 
-0.6 

-3.29 
-4.06 
-4.95 
-14.57 
-8.01 
-7.18 
-4.04 
-4.1 

-10.09 
-1.9 
-4.6 

-5.08 
-6.13 
-12.54 

-3.44 
-4.74 
-4.24 
-3.22 

-14.14 
-0.55 

-17.56 

-14.07 
-3.78 
-5.24 
-4.88 
-4.24 
-3.78 
-4.94 

-3.53 
-4.86 
-4.27 

-15.06 

-4.45 
-2.57 

Sr 
(ppm) 
385 
900 
495 
169 
94 

450 

141 
153 
76 
73 
66 
61 
55 
78 
49 
44 
70 
68 
77 
63 

78 
82 
156 
76 

120 

83 

763 
144 
64 
138 
89 
56 
53 

117 
64 
64 

460 

269 
60 

Mn 
(ppm) 
145 
208 

1227 
231 
325 
2332 

754 
400 
1152 
583 
863 
1311 
995 
926 
1385 
632 

1217 
1877 
743 

813 
700 
965 
494 

72 
243 

1206 

150 
431 
631 
1162 
822 
875 
452 

1329 
606 

1300 

491 

644 
636 

Mn/Sr 

0.38 
0.23 
2.48 
1.37 
3.47 
5.18 

5.35 
2.62 
15.20 
8.00 
13.12 
21.65 
18.19 

28.40 
14.33 
14.76 
17.95 
24.42 

10.48 
8.54 
6.17 
6.54 

0.07 
2.02 

14.55 

0.20 
3.00 
9.93 
8.41 
9.23 

15.56 
8.50 

11.31 
9.47 

20.31 

1.07 

2.39 
10.66 

Recovery 

63.7 
64.2 
60.4 
90 

93.8 
93.4 

88.9 
93.7 
99.4 
90.3 
75.4 
97.2 
93.6 
98.8 
86 

96.8 
91.1 
93.1 
90.5 
41.6 

90.7 
68.6 
92.5 
93.4 

88.4 
89 

95.4 

92.4 
76.1 
96.1 
90.3 
93.2 
92.7 
94.6 

92 
96 

93.6 

89.1 

81.2 
93.7 

Table 5-2 Summary table of geochemical and isotopic data collected 
for the Yellowhead Platform. MD refers to micritic dolomite samples, V 
to veins, ST to stromatolite, STR to recrystallized stromatolite, M to 
matrix, MR to recrystallized matrix,  to intraclast and O to oncoid. 
Sample numbering goes as follows; section #, sample # and drill-sample #. 
Recovery refers to percentage of total sample mass dissolved. 
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5.1.2.2 Astoria 

Results of elemental and isotopic analyses for the Astoria Platform are summarized in 

Table 5-3 and plotted in Figure 5-4.  values for this platform show a much wider 

range than those of the Yellowhead Platform, ranging between -1.62 to +6.8  with 

most values occurring between +1.0 and +6.0  values show a similar range to 

that of the Yellowhead, with results falling between -3.0 to -14.9  Three isotopically 

distinct data groups were identified on a  cross-plot, and are referred to as 

Groups 1 through 3 respectively. Group 1 consists only of two points, which are 

characterized by the most depleted  values seen in the sample set (-14.9 and -14.4 

and  values of +1.8 and +0.2  respectively. Group 2 contains the most isotopically 

heavy  values, in conjunction with the some of the most negative  values. 

values range from +5.5 to +6.8  while  range between -12.8 and -13.1  The 

third data group identified is constrained within 5 C values of  and +5.0  and 5 O 

values of -7.5 and  A single value exhibiting a similar  value (-3.0  but a 

more  value (-1.6  plots outside of Group 3. One dolomite vein was 

sampled from the Astoria Platform, and plots in between data groups 2 and 3 along a 

possible negative correlation line between these two groups. Four  pairs 

were measured within the sample set. Three of these showed a  enrichment with 

respect to the matrix, ranging from 0.4 to 0.6  The fourth showed a  depletion of 

0.9  of the matrix with respect to the intraclast. Although these apparent fractionations 

fall outside of the interpreted error margin for the analytical procedure (±0.2  the 

inconsistency of the direction and magnitude of fractionation must call into to question 

the possibility of it reflecting something other than chance or diagenesis. Mn/Sr ratios for 

the Astoria Platform range from <0.1 to almost 42. Most values however, are less than 

20, and 65% are less than 10. 
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Sample 
Sxn 
AS 

1-1.2 
1-4.1 
1-4.2 
1-7.1 
1-9.1 
1-9.2 

1-10.1 
1-14.1 
1-23.1 
1-24.1 

Sxn AS-3 
AS 3-2.1 

3-2.2 
3-6.1 
3-6.2 
3-13.1 
3-17.1 
3-21.1 

Type 

CL 
M 
CL 
M 
M 
CL 
M 
V 
M 
M 
M 

CL 
M 
M 
CL 

MSV 
MSV 
MD 

N/A 
5.98 
3.01 
3.59 
5.69 
6.79 
5.87 
4.67 
4.12 
0.24 
-1.62 

1.8 
2.23 
4.99 
4.3 

2.21 
1.14 
1.68 

N/A 
-13.13 
-5.26 
-5.75 
-12.75 
-13.07 
-14.11 
-10.28 
-6.54 

-14.36 
-3.05 

-5.23 
-4.08 
-6.64 
-7.62 
-4.7 

-5.12 
-14.88 

Sr 
(ppm) 
270.8 
444.9 
53.8 
50.8 

488.3 
436.0 
404.8 
61.8 
71.7 

367.6 
52.3 

273.7 
157.2 
84.6 
117.3 
67.1 

231.3 
632.6 

Mn 
(ppm) 
173.1 
87.7 

792.1 
967.4 
85.6 
212.8 
141.1 

2078.9 

101.1 
2188.0 

870.8 
865.4 
1363.6 
1382.7 
492.9 
1868.3 
64.1 

Mn/Sr 

0.6 
0.2 
14.7 
19.0 
0.2 
0.5 
0.3 
33.6 
6.8 
0.3 

41.8 

3.2 
5.5 
16.1 

7.3 
8.1 
0.1 

Recov. 

93.4 
94.6 
96.9 
97.5 
99.7 
96.6 
96.3 
95.4 
100 
95.1 
96.8 

88.8 
96.7 
96.7 
94.3 
97.3 
93.4 
85.6 

Table 5-3 Summary table of geochemical and isotopic data collected 
for the Astoria Platform. M refers to matrix samples, CL to clasts, V to 
veins, MSV to massive dolomite, and MD to micritic dolomite. 
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Figure 5-4  cross-plot for the Astoria Platform showing 
grouping of the data into three zones. Dotted line represents possible 
negative correlation between sample groups 2 and 3. Horizontal line 
denotes  critical value between possible altered and unaltered 
samples. Error margin ±0.2  for isotope values.

 Evaluation of Signal Quality 

One major obstacle to overcome in the use of isotopes in chemostratigraphy is the 

determination of signal quality. That is, are the values obtained representative of a 

primary sea water isotopic composition, or so they reflect some diagenetic overprint? In 

an attempt to quantify  isotopic alteration and identify results which 

have the highest probability of having retained a primary (or near primary) isotopic 

signal, a set of geochemical sample selection criteria has been developed by various 

authors (Fairchild et  1990; Asmerom et  1991; Kaufman et  1991; 1992; 1993;

 et al, 1992; Narbonne et al, 



 al.,  al., 1991,

 al.,  al.,

 1981;

 613C

 518O  <-ll%o)

 hydrothermal

 518O  >-ll%0  513C

 518O

 al.,  al.,
IT in

 513C  al.,

 513C

 518O.  a

 al.,

 neomorphism  and/or

 al., 1990).

 513C

 613C

179 

The use of the Mn/Sr ratio in particular has been used by many authors as an indicator of 

diagenesis (Kaufman and Knoll, 1995; Narbonne et  1994; Kaufman et 

1992, 1993; Deny et  1992; Asmerom et  1991). This is based on the theory that as 

a carbonate is exposed to increasing amounts of diagenesis, the elemental abundance of 

Sr will decrease, and conversely, that of Mn will increase (Brand and Veizer, 1980, 

Veizer, 1983). Kaufman and Knoll (1995) suggest that carbonates (both limestone and 

dolostone) which contain an Mn/Sr ratio of <10 commonly retain near primary 

values. Oxygen isotope values have also used as an indicator of diagenesis, with 

decreasing  values (especially those  considered to be representative of 

isotopic exchange with meteoric or  fluids, and thus diagenetically altered 

(Kaufman and Knoll, 1995). Following this, highest confidence is placed on samples that 

fall into the following criteria. 1) low abundances of siliciclastic material (high carbonate 

percentage), 2)  values  and, 3) Mn/Sr ratio of <10. The covariance of 

and  isotopic signals is also interpreted to be a sign of diagenetic alteration (Allan 

and Mathews, 1982; Fairchild et al. 1990; Kaufman et  1992; Pelachaty et  1996). 

In the majority of cases, 5 C shows no variation with decreasing 5 O, indicating that 

diagenetic fluids affecting the carbonates were abundant enough to alter the oxygen 

isotope ratio, but insufficient to alter  values (Kaufman et  1995). If a relationship 

does exist, it is dominantly found to be a positive correlation, with  values decreasing 

proportionally with  Such correlations are considered to be  representation of either 

meteoric diagenesis (Veizer, 1983; Given and Lohmann, 1986; Derry et  1992), the 

physical mixture of phases of different isotopic composition (Given and Lohmann, 1986), 

or progressive  over a period of time during which the composition 

temperature of the diagenetic fluid changed (Fairchild et 

Mn/Sr Ratios 

No correlation between Mn/Sr ratios and  values was observed for sample sets from 

either the Yellowhead or Astoria platforms (A and B of Figure 5-5). A vertical line on 

each graph denotes the critical value (10) proposed by Kaufman and Knoll (1995) to 

separate samples that have a high probability of retaining a primary  value, and those 
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more likely to be reflecting a diagenetic one. Approximately 57 % of samples from the 

Yellowhead sample set, and 65 % from the Astoria, fall outside of this value. However, 

of particular note is the consistency of the C-isotopic signal between samples with Mn/Sr

 less than 10, and those with higher values. An exception to this is one value in the 

Astoria sample set which has the highest Mn/Sr, and a  value inconsistent with the 

trend of the sequence, and may therefore be considered suspect. However, the opposite 

occurs in the Yellowhead sample set, where a  C value that is apparently anomalous 

4.5  falls within the selection criteria. Consistency of the carbon-isotopic signature 

beyond this proposed Mn/Sr value of 10, in conjunction with the lack of any correlation 

between  and Mn/Sr values, would tend to suggest that, in this study at least, this 

ratio is not conclusive as an indicator of  alteration.

 Values and  Cross-plots 

1 & A total of ten samples from the Yellowhead Platform contained 8 O values below the 

critical value of  Out of these ten samples, three were vein dolomites, six were 

from thin carbonate beds interbedded with  shale sequences, and only one 

was from within the platform. Excluding vein dolomites, only one of these carbonates 

contained a  value that was not consistent with the overall trend for the sequence 

(sample 1-7.1, -4.5  Table 5-2). This general  consistency within samples that 

contain  values less than -10.0  suggests that, for the Yellowhead Platform sample 

set at least, this selection criteria is not conclusive as an indicator of  alteration. 

Rather, these  values are more likely a function of the environment of 

deposition of these beds, possibly representing diagenesis under the influence of deeper 

basinal fluids. 

From the Astoria Platform, six samples contain  values less than -10.0  Four of 

these six samples show an apparent  containing 5 "C values  and 

come from the main carbonate sequence. The remaining two samples come from 

carbonate sequences above the thick  succession separating this carbonate 

succession from the main carbonate sequence and have  values relatively lower 
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values (+1.68 and +0.24  than the rest of the sample set (+1 to +5  This apparent 

discrepancy in  values between samples that fall outside of this  criteria and 

those that do not suggests that this selection criteria may be applicable as an indicator of

 alteration. 

A possible negative correlation was observed for  and  values between groups 2 

and 3 in samples from the Astoria Platform (dashed line, Figure 5-4). This apparent 

correlation shows a progressive increase in  values from approximately 1-1.5  to 

+6.5  with a progressive decrease in  values from -4.0 to approximately -14.0 

This negative correlation is in contrast to the predominance of positive 

correlations recorded by other authors (Zempolich et  1988; Fairchild et  1990; 

Kaufman et al, 1992; Corsetti and Kaufman, 1994; Pelechaty, et al, 1996). However, 

regardless of the character of the correlation, this relationship may still indicate a possible 

diagenetic origin for  values >5.0 
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 Discussion of Signal Quality 

Out of the total sample population of 58, only two samples failed both the 

and isotopic criteria, a vein dolomite and a micritic dolomite. A total of 19 samples (15 

from the Yellowhead Platform and 5 from the Astoria) passed both criteria, the remaining 

37 samples failed either the  or Mn/Sr selection criteria. As with previous isotopic 

studies conducted by this author  1992, 1995), the use of the Mn/Sr ratio in 

particular has proven inconclusive in distinguishing samples which may contain 

diagenetically altered 5 C values. This is also apparent in work by other authors where 

samples which theoretically pass this geochemical  are conspicuously not included 

in the interpreted isotopic profile (points A, B and C in Figure 5-2). 

The use of  and  cross-plots as indicators of  alteration proved 

inconclusive for the Yellowhead Platform samples set, with no correlation between 

samples with  values <-10.0  and the respective  values being apparent. 

However, a possible negative correlation between  and  values, and the 

inconsistency of  values from samples with  values <-10.0  suggests that this 

technique may be applicable to the Astoria  sample set. This correlation would 

exclude  values >+5.0  from the sample set, even though these samples fall well 

below the Mn/Sr critical value. 

The lack of consistency between these sample-selection criteria when applied to the two 

sample sets highlights the difficulty in treating results on an individual basis. Rather, 

results from each section should be viewed collectively, with each individual value being 

assessed with respect to the overall trend of the sequence. This emphasizes the need for 

multiple sampling of all available carbonate phases, including vein fills and highly altered 

samples. In doing this, end members of the alteration versus primary isotopic signal may 
1(possibly) be determined, independent of the Mn/Sr or 5 O signature of the system. One 

way to minimize the uncertainties involved with attempting to determine signal quality is 

the analysis of 5 C from organic and carbonate-carbon from each sample (Knoll et 

1986; Kaufman et  1993). Numerous diagenetic processes are known that can 

significantly alter the  value of either the carbonate carbon or organic carbon phase. 
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However no process is known that that can alter both signals by the same magnitude, and 

in the same direction. As such, the covariation of the isotope values from these two 

carbon sources is taken as a strong indicator of a primary carbon isotope signal (Knoll et

 1994; Kaufman et  1995.

 Trends: The  Platform 

The overall stratigraphic  trend for the Yellowhead Platform (Figure 5-6) shows a 

progression from values ranging from -1.0 to just below +2.0  (LSh,  WSh and 

basal platform samples) to values ranging from +2.0 to +3.5  (mid-platform samples), 

and finally down to values ranging from -1.5 to +1.5  Significant

 which are inconsistent with this overall trend were obtained from vein dolomite 

samples and one micritic dolomite sample, and these values are treated as suspect. Even 

though this overall trend is internally consistent, the apparent positive excursion seen in 

the mid-portion of the platform must still be viewed as suspect in regards to it 

representing a primary change in seawater chemistry (and therefore a 

anomaly). All values representing this positive excursion were obtained from 

stromatolitic/oncolitic samples which, as a  have consistently higher  values 

than the rest of the sample set (Group 3, Figure 5-3). In samples where matrix dolomite 

was sampled for a comparison, the stromatolitic/oncolitic portion of the samples was 

enriched in  by 0.2 to 0.7  Fractionations of 2-3  towards isotopically heavier

 values have been reported to occur between sparry carbonate phases relative to 

microbial laminites in Precambrian sequences (Tucker, 1983). Similar 

have been recorded in stromatolites from modern lacustrine environments (Hillaire-

et  1986). However, this is not the case in all situations. A detailed study 

comparing marine cements with stromatolitic micrites in Proterozoic successions found 

no evidence for biologically-related fractionation (Fairchild et  1990). Without further 

detailed sampling of (stromatolite/oncolite) pairs on the Yellowhead Platform, the nature 

of this excursion cannot be resolved, and therefore, must be viewed as suspect. 

Overall, the carbon-isotopic signature of the Yellowhead Platform, and associated 

sediments, appears to fall consistently between the range of -2.0 to +1.5  (+3.5 if 



 al,

 al.,

185 

stromatolitic/oncolitic samples are included). This signal correlates well with that of the 

carbonate Risky Formation of the Mackenzie Mountains (Narbonne et  1994; Figure 

5-2). However, making a correlation between these two successions must be made 

tentatively, as all isotopic data reported by Narbonne et  (1994) also come from 

samples that fail one or both of the geochemical selection criteria previously outlined. 
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column for the Yellowhead Platform. Sample locations were determined 
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The Astoria Platform 

The  graphic trend of  values through the Astoria Platform is much more varied 

than that of the Yellowhead Platform (Figure 5-7). Figure 5-7 includes all measured data, 

including isotopically heavy  values above +5  and values <+1.0  which are 

considered suspect. An initial, isotopically heavy (+6  sample is recorded in shale 

sequences below the platform. Values recorded immediately below the platform, and in 

very basal portions of the platform, range between +1.5 and +3.6  The data set above 

this is much more enriched, ranging from +4 to +6.9  before showing a progression 

back to values of +2 to +4  Values recorded from carbonate sequences directly above 

the thick succession of quartzites range from approximately  to +2  Even if values 

considered to be suspect (i.e. those >+5.0 and <+1.0  are not considered a part of the 

Astoria Platform sample set, overall  values for the this platform (+1.0 to +5.0 

are generally higher than those observed on the Yellowhead Platform (-1.5 to +1.5 

and those reported for the Risky Formation of the Mackenzie Mountains (-0.5 to +1.5

 This inconsistency of the  signal for the Astoria Platform with the Yellowhead 

Platform values may indicate that this platform is not time correlative to the Yellowhead. 

This signal may also be a reflection of local variations in 
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signature up-section.  refers to platform sequence above the thick 
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Qtz refers to  quartzites. 
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Summary

 confidence is placed in  values between -1.5 and +1.5  for the Yellowhead 

Platform, and for values between +1.0 and +5.0  for the Astoria Platform. Overall, the 

Mn/Sr selection criteria proved inconclusive as an indicator of  alteration for both the 

Yellowhead and Astoria sample sets. The use of  cross-plots and  values 

was inconclusive for determining altered samples in the Yellowhead sample set, but did 

indicate a possible diagenetic trend for the samples of the Astoria Platform. The variation 

in overall isotopic signature between these two sample sets may be a function of either: a) 

different time of formation for the platforms, b) local variations in sea water composition, 

c) unidentified diagenetic processes, or d) missing strata in the Mackenzie Mountain 

sections. Subtle, but significant, unconformities within the stratigraphic record 

emphasize some of the dangers associated with attempting chemostratigraphic 

correlations. Further detailed sampling of specific carbonate phases, as well organic 

carbon, is needed to better constrain these signals. 

The isotopic signature for the Yellowhead Platform correlates well with values recorded 

for equivalent section of the Mackenzie Mountains (-0.5 to +1.5  while those of the 

Astoria Platform generally  outside of this range, indicating that this isotopically 

heavier signal may not be representing overall sea water composition, or that the 

equivalent stratigraphic interval was not sampled in the Mackenzie section due to 

sampling or missing strata. 

Isotopic analysis of the Yellowhead and Astoria produced promising results, suggesting 

that further analysis of these platforms, as  as the Monarch Platform, should be 

considered. Specific targeting of organic-rich sections to allow for measurement of 

(organic) and  (carbonate) couplets would enhance determination of signal quality, as 

would determination of  isotopic ratios from Sr-rich carbonates. 
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6. CONCLUSIONS 
The Yellowhead and Monarch platforms are stromatolite/oncolite-dominate platforms 

which record a history of Proterozoic platform development on a tectonically active 

margin. Platform development initiated on prodelta sediments of a fan-delta system 

forming in association with renewed rifting of the ancestral North American margin. 

Main  sequences represent a basinward progradation of carbonate facies during 

a sea level highstand. Shallowing of the basin  sea level fall produced localized 

platform exposure prior to the incoming of transitional zone fan-delta siliciclastics. The 

isolated nature of these platforms, abundant  features suggestive of a 

tectonically active margin, and their association with fan-delta channelized arkosic sands 

containing abundant potassium feldspar, ally, these platforms with deposition of the 

lower Jasper Member of the lower McNaughton Formation. Ediacara fauna discoveries 

below each these platforms confirms their Proterozoic age, and by association, places the 

lower Jasper within the Proterozoic. The localized nature of karstification at the contact 

between these platforms and the overlying siliciclastics suggests that this contact 

represents a major change in the paleogeography of the basin, but is likely not the 

position of the  boundary. The stratigraphically higher sub-

Solitude unconformity is a likely candidate for representing the transition from the 

Proterozoic into the Cambrian, making the Solitude Member the first Cambrian sequence. 

This study provides the first detailed account of a diverse and extensive array of

 this late in the Neoproterozoic for the Canadian Cordillera.

 identified include Conophyton, Stratifera,

 simple non-branching walled columnar and pseudocolumnar 

stromatolites. Stromatolitic forms investigated exhibit a strong ecologic control on 

morphology. One such  is the transition from Conophyton to Kussiellia, which 

exhibited a positive  character, supporting the interpreted deep-water origin 

for Conophyton and shallow-water for Kussiellia. 

The Yellowhead and Monarch platforms contain an extensive  facies. Individual

 are unique in size and internal structure. Simple oncoids dominate on the 
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Monarch Platform and reach diameters up to 12 mm. Compound oncoids dominate on 

the Yellowhead Platform and reach maximum lengths of up to 5 cm. These coated grains 

are composed of anastamosing,  and uneven laminae, commonly exhibiting a 

preferential growth texture, interpreted to be a reflection of their microbial origin.

 beds are generally structureless, wackestones and packstones, with varying 

occurrences of packstones, and possibly represent transport and deposition away from the 

major carbonate-producing zone. 

Isotopic analysis of the Yellowhead and Astoria platforms provided promising results for 

the application of chemostratigraphy to these sections. The  signal for Yellowhead 

Platform (-1.5 to +1.5  correlated well with the only other recorded chemostratigraphic 

analysis of Neoproterozoic successions in the Canadian Cordillera (-0.5 to +1.5  for the 

Mackenzie Mountains). The Astoria Platform fell outside of the expected range (+1.0 to 

+5.0  however, the sample set was too small to determine if this is a factor of 

diagenetic alteration, sample-set size or unconformities within the sections. High 

strontium values and organic-rich horizons show potential for expanding and validating 

these apparently divergent signals. 
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