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ABSTRACT

The Jean Marie Formation is a limestone unit in the subsurface of

northeastern British Columbia, northwestern Alberta, and the southwestern Northwest

Territories, where it crops out south of the Mackenzie River. This limestone

sequence consists of an extensive carbonate platform about 12 m thick, which

thickens westward to over 160 m, then "pinches out" in the Fort Simpson shales at

about 1220 W. To the south and east, the Jean Marie and overlying Redknife shales

grade into continuous carbonates.

Various rock types observed in the Jean Marie Formation have been

described, and eleven distinct lithofacies have been identified within three

depositional settings. The three depositional settings reconstructed include the

platform setting, the patch reef setting, and the barrier reef setting.

The platform setting consists of three lithofacies. These reflect sedimentation

in a subtidal-, a shallow subtidal-, and a deeper subtidal environment. Four

lithofacies were discriminated in the patch reef setting. They are interpreted to have

been deposited in a shallow shoal-, a moderate-energy reef-, a sub-turbulent reef

flank-, and a low-energy lagoonal environment. Six lithofacies were described in the

barrier reef setting. These lithofacies reflect sedimentation in a turbulent reef flank-,

a high-energy reef-, a moderate- to low-energy back-reef-, and a shoal environment,

as well as in an open-marine environment with an influx of shale.

The depositional history of the Jean Marie Formation has been summarized in

four distinct growth stages. Growth Stage 1 is reflected by the formation of a

relatively subdued carbonate platform sequence, which thickens abruptly along a

north-south line, then terminates in "basinal" shales westward. Shallowing of the

platform, indicated by biostromal growth, marks Growth Stage 2 of the Jean Marie



Formation. During this stage, patch reefs also formed on the platform, and a barrier

reef developed on the thickened platform margin sequence. Growth Stage 3 is

reflected by the presence of deeper water sediments over the carbonate platform and

most of the platform patch reefs. Backstepping and pronounced vertical upbuilding

occurred beyond this stage in some areas of the barrier reef. During Growth Stage 4,

a final terminating event ended carbonate sedimentation on the Jean Marie platform.

The end of this stage is marked by the deposition of the dark shales of the Redknife

Formation over the Jean Marie carbonates.

The diagenetic history of the Jean Marie Formation reflects periods of both

submarine and burial cementation. Calcite, Fe-calcite, and later dolomite, are .

represented in various lithofacies of the Jean Marie.

Ostracod assemblages identified from the Jean Marie place the formation in

the Lower DFr 5 ostracod zone. The Jean Marie ostracods can be correlated with

those of the Cynthia Member of the Nisku Formation of west-central Alberta, the

Escarpment Member of the Hay River Formation in the southwestern Northwest

Territories", and the lower Birdbear Formation in southeastern Saskatchewan.
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CHAPTER 1

INTRODUCfION

The Jean Marie Formation is an Upper Devonian, upper Frasnian limestone

unit known from the subsurface of northeastern British Columbia and adjoining

regions of Alberta and the southwestern Northwest Territories, where it is also

exposed in a few outcrop sections. Although the Devonian sedimentary rocks of

western Canada have been studied and explored for hydrocarbons for decades,

relatively little attention has been paid to this sequence. The following study thus

adds to the knowledge of a rock unit which is not only scientifically interesting, but

also economically important.

PURPOSE OF STUDY

The Upper Devonian Jean Marie Formation was fIrst described but only

briefly discussed in a G.S.C. Bulletin by Belyea and McLaren (1962). The reef

inventory and summary of Devonian reefs in Canada (C.S.P.G. Memoir 13) lists a

paper by J. Law (1971) as the standard reference for the Jean Marie reef complex.

However, very little other information has been published concerning this extensive

unit, and no detailed geological studies seem to have been undertaken to date, except

for internal studies and reports in the oil industry.

The purpose of this study, therefore, was to analyse, in detail, the rock and

fossil sequences in order to reconstruct and explain their depositional and diagenetic

history. A number of related problems were also considered. These include:

a) the biostratigraphic relationship of the Jean Marie Formation to other

Devonian carbonate sequences in western Canada;
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b) the relationship of the Jean Marie platfonn to the underlying and overlying

shale units;

c) the nature of the carbonate buildups and the question if they represent true

reefs; and

d) the reason for the location and configuration of the carbonate buildups in

the linear barrier reef complex, and in the fonn of isolated patch reefs on

the platfonn.

A study of this particular UPPer Devonian carbonate sequence should also

have some economic interest. The Jean Marie Fonnation is known to contain

significant natural gas reserves which are currently being produced in some areas.

An understanding of the sedimentology and the stratigraphy of this unit is beneficial,

therefore, for a better assessment of the exploration and development potential of this

fonnation.

METHODS OF STUDY

The study area (Figure 1) encompasses the I.t0rtheast comer of British

Columbia extending from the Alberta border westwards to approximately 1220 w.

In the Northwest Territories, only the type section at Table Rock Rapids on Trout

River was sampled, and one well core from the Imperial Island River No.1 borehole

(600 09' 29"N, 1210 08' 16"W) was studied. All other samples and infonnation are

from the subsurface of British Columbia, particularly from quadrangles 94-P and 94

I, and the eastern half of 94-0 and 94-J.

The thesis is thus primarily a subsurface study involving a detailed

examination of about 530 metres of core. Identification of various lithofacies and

interpretation of depositional settings are based mainly on these core analyses. In
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addition, geophysical well logs (gamma ray and sonic) were used to map the regional

distribution and thickness variations of the formation. The presence of patch reefs

within platform deposits could be inferred from sonic logs indicating porous

intervals. Cross-sections of well logs constructed with the help of the "Sierratl

geophysical computer mapping program show the distribution and shape of some

lithofacies, and their relationship within the Jean Marie Formation and to the units

adjoining it. These stratigraphic relationships were particularly helpful in interpreting

the overall depositional history of the formation.

Thin sections prepared from 60 selectively collected rock samples were

examined to identify small-scale sedimentary features, matrix compositions,

microbial material, and "micro"-fossils. About a third of the thin sections were

stained with alizarin red-S and potassium ferricyanide. These were subsequently

analysed with a petrograghic microscope to determine the composition and types of

diagenetic cements in the Jean Marie sediments to shed some light on the diagenetic

history of the sequence.

Microfossil samples from shaly and argillaceous limestone sections were

collected, on average, every 0.75 metre, but were closer spaced at lithologic

boundaries. The microfossils recovered and identified provided additional

information concerning depositional environments. These assemblages also allowed

for a precise biostratigraphic placement of the Jean Marie Formation within the

overall Upper Devonian framework of western Canada, and the stratigraphic

relationship of the adjoining units.

The Jean Marie type section in the southwestern corner of the Northwest

Territories at Table Rock Rapids on Trout River, and one nearby section on Poplar

River, were visited in the summer of 1988 (courtesy of Chevron Canada Ltd.).

Access was limited due to high water levels, but observations from 1.5 metres of
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exposed section could be made and some samples and photographs were taken to

confirm or complement observations and interpretations based on subsurface data.

CLASSIFICATION SCHEME ADOPTED AND MODIFICATIONS APPLIED

The classification scheme adopted (Figure 2) to identify carbonate lithofacies

is essentially that of Dunham (1962) and the modifications proposed by Embry and

Klovan (1971). However, the original term "boundstone" is used instead of

"bindstone", and certain adaptations were made regarding grain size. Embry and

Klovan, for instance, defined rudstones and floatstones on particle sizes greater than

2 mm. However, for the purpose of this study, a component size of greater than 5

mm is considered to have a floatstone or rudstone texture.

Most bioclastic material observed falls into two general size categories.

Crinoid ossicles and finely abraded brachiopod and other debris are commonly of

sand or granule size (less than 2 mm, and 2 to 4 mm respectively). Larger bioclasts

of the reef-building stromatoporoids and corals, however, are usually greater than 1

em (and up to 20 em) in length.

The change to 5 mm thus allows the shoal lithofacies composed primarily of

sand- and granule-sized material to be classified as packstones or grainstones.

Accumulations of larger bioclasts on reef flanks or reef margins, which are primarily

on a centimeter-size scale, are tenned rudstones. A rock containing bioclasts of both

size extremes is classified as a floatstone with a packstone or grainstone matrix.

The change in size limit from 2 mm to 5 mm also avoids the confusion which

would result in identifying a crinoid-rich grainstone and a crinoid-rich rudstone based

solely on a difference of a few millimeters in grain size.

The term "peloid" was coined by McKee and Gutschick (1969) as a purely
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Allochthonous limestone Autochthonous limestone
original components not organically original components organi-

bound during deposition cally bound during deposition

Greater than
Less than 10% > 5mm components 10% > 5mm

components

No as shown by intergrown
Contains lime mud lime skeletal matter, lamination

« .03mm) mud contrary to gravity, or
sediment-floored cavities
that are roofed over by

Mud supported >5mm organic or questionable
Grain Matrix com- organic matter and are too

Less than Greater supported sup- ponent large to be interstices.
10% than ported sup-

grains 10% ported
(>.03mm <5mm)

Mud- .acke- Pack- Grain- Float- Rud- Boundatone
atone atone atone atone atone atone

Figure 2: Classification scheme of carbonate rocks.
Dunham (1962), and Embry and Klovan (1971),
modifications.

After
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descriptive term for an internally structureless, ovoid, sand-sized grain composed of

micritic carbonate. The term is used in the same context in the lithologic descriptions

and thus without inference to any particular mode of origin.

The terms "carbonate buildup", "reef', and "bioherm" are interchangeably

used in the thesis to avoid constant repetition of one term. "Barrier reef', on the other

hand, is used exclusively in a geographic sense. The term identifies semi-continuous

carbonate buildups located at the shelf margin. "Patch reef' is employed to

differentiate a buildup composed of different lithofacies which formed within the

carbonate platform.

THE JEAN MARIE FORMATION: HISTORY OF NOMENCLATURE AND ITS

STRATIGRAPIDCSETTING

Belyea and McLaren (1962) introduced the term Redknife Formation for part

of the upper Frasnian "Grumbler Group" of the southern Northwest Territories,

corresponding approximately to Douglas' map-unit 20 (1959). The formation was

divided into a lower member --the Jean Marie Member-- and an informally

designated upper or "unnamed member".

The surface type section of the Jean Marie Member was chosen by Belyea and

McLaren at Table Rock Rapids on Trout River in the southwestern Northwest

Territories. The unit (11 feet exposed) was described (p. 6) as "variably argillaceous,

silty, and dolomitic limestone, with abundant fossil fragments." They also

recognized this member cropping out on Jean Marie Creek, and Jean Marie outcrops

have since been identified on Poplar, Blackstone, and Birch rivers. In the same

publication, a supplementary section in Briggs Turkey Lake No.1 well (61 0 01'

30"N, 1200 22' 33"W) from 228.6 to 237.7 m was named as subsurface reference.
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The Jean Marie was also described from four other Northwest Territories wells and

one in British Columbia.

Belyea and McLaren recognized that the Jean Marie Member extended

southward into the subsurface of northeastern British Columbia and northwestern

Alberta, but did not indicate a southern limit. They generalized, however, that the

unit becomes indistinguishable from the upper Tathlina Formation to the southeast,

and that it is not exposed east of Kakisa River (approximately 1080 W). To the west,

in British Columbia, it was mentioned as thickening locally and then pinching-out in

shales at about 1220 W. No further details, however, were given.

An abundant coral and brachiopod fauna was identified and mentioned by

Belyea and McLaren (1962) from outcrops at Trout River and Jean-Marie Creek,

which indicated a late Frasnian age for the Redknife Formation. This placement

allowed for correlations with "part of the Winterburn Group and the upper part of the

Southesk Formation" of the Alberta Rocky Mountains (p.7).

Very little information has since been added and published concerning the

Jean Marie sequence. Diagrammatic and sketchy information of general lithology,

distribution, and biota were provided in reviews by Griffin (1967), Bassett and Stout

(1967), and Nelson (1970), with reference always made to the Belyea and McLaren

paper. Law (1971) discussed the potential of the Jean Marie as an oil and gas

reservoir and provided an isopach map of a shelf margin with an "isolated reef trend".

Torrie (1973) used the terms Utahn-Jean Marie limestone and Utahn Formation -

terms which are rarely employed, however, in other publications. He also delineated

a depositional edge for the Utahn-Jean Marie limestone in northeast British

Columbia.

The correlation of the Redknife Formation with the Winterburn Group of

Alberta and upper Southesk Formation of the Alberta Rocky Mountains has been

8



expanded by Belyea, Morrow, and Monahan (1981) in the Lexicon of Canadian

Stratigraphy to include correlation with the Nisku and upper Ireton formations of

central Alberta. Klapper and Lane (1985) identified a conodont fauna from the Jean

Marie outcrops at Birch, Poplar and Trout rivers and Jean-Marie Creek, Northwest

Territories, which places the sequence in the same stratigraphic interval as the upper

Fort Simpson Formation and the lower part of the Redknife Formation. A varied

macrofauna has been mentioned (for the Jean Marie Member of the Redknife

Formation) in a field guide and includes reference to numerous species of

brachiopods, corals, conodonts, ostracods, Foraminifera, and algae, and species of

stromatoporoids, crinoids, and trilobites (McLean et al., 1987).

The Jean Marie was originally defined as a member and the early literature

followed the same fonnat. However, this unit would be more suitably defined as a

distinct formation rather than a member of the Redknife Formation.

The 1982 North American Commission on Stratigraphic Nomenclature

defines a formation (p.858) as "a body of rock identified by lithic characteristics and

stratigraphic position; it is prevailingly but not necessarily tabular and is mappable at

the Earth's surface or traceable in the subsurface" In addition it is mentioned that

"thickness is not a determining parameter in dividing a rock succession into

formations" (ibid).

TheJean Marie sequence in northeastern British Columbia and northwestern

Alberta and adjoining parts of the Northwest Territories is a discrete limestone unit in

between distinctive shale sequences. More than ten outcrops are known so far in the

southwestern Northwest Territories, and the unit extends from the outcrop area into

the subsurface of northeastern British Columbia and adjoining Alberta as a mappable

entity. The total subsurface area of the Jean Marie mapped in this study is

approximately 70,000 km2 (excluding Alberta), and it varies in thickness from 12 to

9



165m.

Accordingly, the Jean Marie satisfies all aspects of the definition of a

formation and warrants, therefore, to be raised to formational status.
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CHAPTER 2

REGIONAL GEOLOGY

DEVONIAN SEDIMENTATION IN WESTERN CANADA: AN OVERVIEW

The Devonian sedimentary sequences of western Canada (Figure 3) are the

product of several transgressive-regressive events with each transgression advancing

further than the previous one. The seas extended in a general southeasterly direction

over the slowly subsiding Western Canadian Interior Shelf, bordered by the

Precambrian Shield in the east and partially by the Western Alberta Ridge and Peace

River Arch in the west.

Devonian sedimentary sequences reflect a general shoreward and

autochthonous facies progression common for many Paleozoic deposits of western

Canada. Basinal shales in offshelf areas grade, or abruptly change, into shallow

marine carbonates on the platform edge. Shallower shelf conditions caused

progressively more restricted carbonates and eventually evaporites to form in a

landward direction.

Sea-level fluctuations produced both lateral and vertical lithologic changes.

During periods of transgression, facies onlapped shoreward while carbonate

sequences built rapidly upwards relative to basinal deposits. Regressions resulted in

facies shifting basinward, marked by platform progradation in this direction and

widespread deposition of evaporites and "restricted" sequences over the shallow shelf

areas. Such facies shifts, however, do not a priori indicate a drop in eustatic sea level

especially when sedimentation compensates for and even exceeds deepening effects

(both eustatic and tectonic). As a result, events termed "regressions" may actually be

periods of stillstand or represent a relatively slower pace of transgression

11
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accompanied by high sedimentation rates and progradation.

Five discontinuity-bound stratigraphic sequences, reflecting relative sea-level

rise and fall, have been identified in western Canada (Moore, 1988). Within these

major unconformity-bound units are smaller sequences which are the result of

smaller-scale events with or without regional effects. The sedimentary packages

within each of these groups thus exhibit both the lateral and vertical changes related

to sea-level fluctuations.

According to Moore (1988), the fourth sequence, the Beaverhill

Saskatchewan Sequence, was deposited from middle Givetian to the end of Frasnian

time and consists of the Beaverhill Lake, Woodbend, and Winterburn groups. These

rock sequences were the product of a "super-transgression" which includes three

smaller-scaled cycles in the Frasnian.

The last of these transgressions represents the greatest expanse of the

Devonian seas onto the North American craton in Frasnian time. At the peak of this

transgression, the sea extended deep into the heartland of the continent. At this time,

open-marine shales accumulated in the Northwest Territories, northeastern British

Columbia, and as far south as central Alberta. Open-marine limestones with reef

deposits formed throughout central Alberta grading into more restricted carbonates

southward and eastward. Very few evaporites formed during this late Frasnian cycle.

The Winterburn Group (see Figure 4) contains the sediments deposited on the

cratonic platform during this late Frasnian transgressive event. The regressive

"lower" Nisku, deposited during the previous cycle, is overlain by the "upper" Nisku

Formation in Alberta. This upper Nisku sequence, which includes platform

carbonates and the "Zeta Lake" reefs of northern Alberta, marks the beginning of the

transgression. To the south and east, deposition of the dolomitic limestones of the

Birdbear Formation occurred over southeastern Alberta and southern Saskatchewan.
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Basinward and to the north and west, shales assigned to the Besa River Formation

and in particular the Fort Simpson Formation were deposited.

This terminal Frasnian transgression was interrupted by what is interpreted as

a small-scale but abrupt drop in sea level (Johnson et aI., 1985). The result was

deposition in the Williston Basin of a few minor evaporites and evaporitic dolomite

sequences of the Birdbear Member of the Jefferson Formation (Sandberg et aI.,

1988). In Alberta, growth of the Zeta Lake reefs slowed while the surrounding basin

filled with argillaceous siltstones and limestones (Chevron Expl., 1979). To the north

and west, the Jean Marie limestones may be equivalent to post-Zeta Lake off-reef

sequences, although such precise correlations cannot yet be proven. Equivalency or

not, the Jean Marie reefs are the product of more local and regionalized influences

(tectonism, environmental conditions) and are not part, therefore, of the Zeta Lake

reef trend.

Continuation of the transgression is indicated by the presence of siltstones and

carbonates above the Nisku Formation in Alberta (Chevron Expl., 1979). The

siltstones and shales of the Redknife Formation in northeastern British Columbia and

the Northwest Territories seemingly are a product of the resumption of more open

marine conditions created by the transgression.

FRASNIAN SEDIMENTATION OF NORTHEASTERN BRITISH COLUMBIA

AND SOUTHWESTERN NORTHWEST TERRITORIES

North and west of the Peace River Arch in northeastern British Columbia and

the southern Northwest Territories (Figure 5), Upper Devonian sedimentation

occurred over the broad Hay River Shelf and within the Liard Basin to the west

(Morrow, 1988). Sedimentary sequences generally reflect the same lateral facies and

15



LEGEND

SHELF
(CRATONIC PLATFORM)

BASIN
(CONnENTAl SHELF)

TROUGH
(CONTINENTAl SHELF)

ACTIVE lFl.FT
(~AAEA)

PASSIVE lFl.FT
(NON-SOt.R:E AREA)

D

III

'$:t.

[2)+ +
+ +

+ + +

Figure 5: Upper Devonian tectonic setting in northeastern
British Columbia and adjacent areas. After
Morrow and Geldsetzer, 1988.



vertical change in rock patterns as discussed in the previous section.

The study region lies approximately at the western margin of the Hay River

Mackenzie Shelf and the southeast part of the Mackenzie Basin (Figure 5). The

transgressing Devonian seas encroached onto the craton from the north and

northwest, flooding the Yukon-Northwest Territories fITst and the prairie provinces

last. Each Devonian transgressive pulse moved progressively farther to the south and

southeast than the previous event. Consequently, by Late Devonian time the sea

extended far beyond the study region, and open-marine conditions existed throughout

the area.

Upper Devonian sedimentary sequences in northeastern British Columbia

indicate deposition in three broad, north-south trending geographic zones (Torrie,

1973). In the Liard Basin west of the study area, siliciclastic deposition is supposed

to have been continuous throughout the Frasnian and Famennian. Its sources are

assumed to have such positive features as the Cassiar Platfonn and the Selwyn

Highland in the northwest. On the Hay River Shelf to the east, mainly argillaceous

limestones were deposited. In the "intennediate" area and generally along the shelf

margin, limestone-rich units alternate with shales and siltstones -- as is typical for the

study region.

The commonly accepted tenninology and correlations for northeastern British

Columbia are shown in the cross-section of Figure 6, butlocal and minor regional

deviations are not indicated. Shale deposition seems to have been continuous in the

Liard Basin and over the western part of the Hay River Shelf throughout middle and

late Frasnian time. The black, bituminous and radioactive Muskwa shale marks the

initiation of the fITst pulse of the Frasnian transgressions. In the western part of the

basin, unifonn dark grey and non-calcareous shales, with some sandy intercalations,

were deposited as part of the Besa River Fonnation. These shales, however,
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represent Middle Devonian to Mississippian "starved basin" sediments. Multi

coloured and fine-clastic sediments of the Fort Simpson Formation overlie the black

Muskwa shales in the eastern parts of the basin and onlap the shelf to the east; their

deposition continued well into late Frasnian time. A precise map boundary between

the Besa River and Fort Simpson formations, however, cannot be determined, as yet,

due to insufficient subsurface information.

In late Frasnian time, shale deposition on the Hay River Shelf was interrupted

and carbonate sedimentation was re-established, indicated by the presence of the

shaly and silty limestones of the Jean Marie Fonnation above the Fort Simpson

clastics. This period of carbonate deposition was brief, and was followed by

continuation of the Frasnian transgression and the resumption of shale deposition.

The final transgressive pulse resulted in deposition of the Redknife shales

over the Jean Marie carbonates on the Hay River Shelf. The Redknife shales, in turn,

are overlain by carbonates of the Kakisa Fonnation. To the west, deposition of the

Fort Simpson and Besa River shales continued until the end of Frasnian time and

beyond.

UPPER FRASNIAN JEAN MARIE FORMATION

The Jean Marie Formation is a relatively thin but laterally extensive carbonate

unit which crops out to the southwest of the elbow of the Mackenzie River in the

southwestern corner of the Northwest Territories. It extends into the subsurface of

northeastern British Columbia and northwestern Alberta, but is absent in the

subsurface north of the Mackenzie River.

To the south, in the Peace River Arch area, the Jean Marie limestones and the

Redknife shales grade into the silty limestones of the overlying Kakisa Formation,
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reflecting continuing carbonate deposition into latest Frasnian time. The same

general gradation can be observed eastward, where the Jean Marie passes into the

limestones of the Winterburn Group in northwestern Alberta and into limestones of

the Grumbler Group in the southwestern Northwest Territories (Belyea and McLaren,

1961).

The Jean Marie is about 12 m thick in northwestern Alberta where it is a

distinct carbonate unit bound by shales above and below. Westward, it thickens at

first gradually to an average of 30 m in thickness and then rapidly to over 160 m

(Figures 7,8). The formation "pinches-out" in the Fort Simpson shales at about

1220 W in the northeastern corner of British Columbia.
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CHAPTER 3

DESCRIPTION AND INTERPRETATION OF LITHOFACIES

The various rock types observed in the Jean Marie Formatinn are described

and eleven distinct lithofacies discriminated. The depositional environment

represented by each lithofacies has been interpreted from detailed core observations

and general regional considerations.

Three major depositional settings have been identified. The lithofacies have

been categorized accorC:iing to their respective depositional setting, and include:

Carbonate Platform Setting

A - Nodular Argillaceous Mudstone to Wackestone

B - Nodular Argillaceous Floatstone

C - Medium-bedded Mudstone

Patch Reef Setting

D - Bioclastic Packstone

E - Boundstone

F - Amphipora Wackestone

G-I - Bioclastic Floatstone - mudstone to wackestone matrix

Barrier Reef Setting

0-2 - Bioclastic Floatstone - packstone to grainstone matrix

G-3 - Bioclastic Floatstone - shale matrix

H - Rudstone

I - Stromatoporoid Boundstone

J - Bioclastic Grainstone

K - Oncoidal Rudstone (Floatstone)
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THE CARBONATE PLATFORM SETTING

Lithofacies A: Nodular Argillaceous Mudstone to Wackestone

Plate 1, Figures A to D

The nodular, argillaceous mudstone to wackestone lithofacies characterizes

the basal portion of the Jean Marie platform. The core from Mobil Thinahtea a-76

F/94-P-9 from 1059.6 to 1064.1 m is selected as a representative section.

The mudstone to wackestone lithofacies consists of nodular, medium- to

brownish-grey lime mudstone units with dark grey to black, wispy, argillaceous

partings or seams. The lime mudstone content varies from 50 to 75%, with equal

amounts of shale and limestone in more argillaceous sections. The mud, with some

peloids identified microscopically, is mottled or homogenous.

The shape of the nodular lime mudstone layers (reflecting the degree of pinch

and swell of beds) varies from slightly wavy, almost horizontal beds (Plate 1, Figure

B), to wavy beds, and to discrete nodules which are oval-shaped (flattened

horizontally) or irregular to subrounded (Plate 1, Figure A). Limestone layers are

commonly 1 to 5 cm thick, and some distinct beds up to 10 cm, with discrete lime

nodules usually 1 to 3 cm thick.

Argillaceous seams are grey to black, usually thin and wispy, and often less

than 1 cm in thickness. Thicker partings (1 to 3 cm) have a layered rather than wispy

appearance. These partings are commonly associated with very nodular sequences

with pinched lime boudins to subrounded nodules. Conversely, thin wispy seams are

often associated with thick limestone beds. Less common are thick shale partings

interbedded with thick limestone, and thin, wavy shale seams with smaller limestone

boudins or nodules.
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PLATE 1

Lithofacies A: Nodular Argillaceous Mudstone to Wackestone

(Scale bar is 5 em)

Figure A. Wackestone with irregular to subrounded lime mudstone nodules (L) and thin

argillaceous seams (A). Location a-76-F/94-P-9; depth 1061.5 m.

Figure B. Lime mudstone with wavy to horizontal lime mudstone layers (L) and thicker

argillaceous panings (A). Location c-80-G/94-P-7; depth 1321.0 m.

Figure C. Brachiopod-rich wackestone (B) within a thicker mudstone sequence.

Location a-61-J/94-I-13; depth 1530.9 m.

Figure D. Nodular, argillaceous wackestone of the Jean Marie type section at Table

Rock Rapids on Trout River, Northwest Territories. Hammer for scale.
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The fossil content of Lithofacies A varies from 5 to 20%. Brachiopods are

most abundant and represented either by complete or disarticulated shells.

Brachiopod-rich wackestones, as in LE.R. Camel a-61-J/94-1-13 (Plate 1, Figure C),

contain up to 40% bioclasts. Such richly fossiliferous intervals are, however, usually

less than 10 em thick.

Coral fragments and small to very small (less than 1 mm) crinoid ossicles are

present throughout, with minor amounts of stromatoporoids, Foraminifera, bivalves,

ostracods, gastropods, and various shell fragments and spines mixed in.

Microborings within shell debris indicate the presence of boring organisms. The

cyanobacteria Girvanella and Sphaerocodium encrust brachiopod shell fragments.

Rare sub-spherical oncoids are also present within the lime mudstone matrix. Fossils

occur in both limestone and shale units, with shale partings containing greater

amounts of finer and often crinoidal material.

Fossil content seems to vary with differences in bedding character. Units with

smaller and pinched or discrete nodules contain abundant brachiopods with lesser

amounts of crinoid ossicles and coral and stromatoporoid fragments. Wavy to

nodular bedded and less argillaceous sequences, in contrast, are less fossiliferous and

contain mainly coral fragments, gastropods, and ostracods, but only minor amounts of

brachiopods.

Sutured stylolites occur within or adjacent to argillaceous partings or seams.

They range in amplitude from 2 to 30 mm; both sharp and blocky patterns are

present. Stylolites generally contain an amorphous, reddish-brown residue and minor

amounts of disseminated pYrite.

The dominance of lime mud in the mudstone to wackestone lithofacies

suggests deposition in quieter and possibly deeper waters. It is generally accepted
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that a lower-energy regime (below wave base) is required to allow settling of the fine

carbonate sediments, and in particular the fine argillaceous material which is common

in this lithofacies.

The mottled texture of the lime mud units is due to spotty but frequent

bioturbation while "homogenous" units can result from thorough and extensive

bioturbation (Enos, 1983). Both the mottled and homogenous units contain an

abundant open-marine benthic fauna.

Nodular bedding, also referred to as pinch and swell bedding, or sedimentary

boudinage, is characteristic of semi-restricted to open-marine shelf deposits

throughout the Phanerozoic. This sedimentary structure is commonly interpreted to

reflect rhythmic variations in carbonate production and argillaceous sediment supply

which have been enhanced or distorted by bioturbation and by diagenetic effects (ie.

differential compaction of limestone and shale layers) (Rieken, 1986).

Differential compaction occurs because lime mud-rich beds become cemented

earlier than argillaceous layers (Rieken, 1986). Once cemented, the lime mudstone is

less affected by compaction effects than incompletely cemented sediments.

Consequently, argillaceous beds are compacted to a greater extent. Furthermore, the

higher the original carbonate content of the limestone beds, the greater the

cementation potential and the lower the mechanical compaction, resulting in higher

differential compaction and greater distortion of the argillaceous sections and the

original bedding character (ibid, 1986). As a result, the diagenetically altered

bedding rhythms accentuate the carbonate intervals and, therefore, may not clearly

reflect primary depositional features.

The fossil content may reflect variations in environmental conditions.

Brachiopods and crinoids, which are common to abundant in the nodular sequences,

indicate fully open-marine conditions and normal-marine salinity. Thicker and less
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well-bedded nodular units are generally less fossiliferous and contain coral

fragments,gastropods and ostracods, with only few brachiopods associated. Wilson

(1975, p.87) pointed out that a lack of brachiopods and crinoids reflects "water

somewhat warmer than open marine, nutrient depleted, and even slightly more saline

than the open sea".

The presence of cyanobacteria usually indicates water depths within the

photic zone. Sphaerocodium and Girvanella are occassionally found intergrown or

encrusting brachiopod fragments; oncoids are also present. Girvanella is reported

together with oncoids from quiet, slightly restricted subtidal settings within the Leduc

and Nisku formations of central Alberta (Machielse, 1972). Sphaerocodium, in

contrast, is common in fore-reef and shallow subtidal deposits within some Devonian

formations of Alberta (ibid, 1972).

In summary, the sedimentologic and biotic features of Lithofacies A reflect

deposition in a subtidal environment and an overall relatively shallow-marine setting.

Variations in the type and abundance of faunas suggest open-marine as well as some

semi-restricted conditions. With respect to water depth, changes in sea-floor relief

could have created local variations and determined restrictive conditions in certain

areas through time.

Lithofacies B: Nodular Argillaceous Floatstone

Plate 2, Figures A to C

The nodular, argillaceous floatstone lithofacies characterizes the middle part

of the Jean Marie platform and occurs above deposits of Lithofacies A. The

reference sequence was chosen in Mobil Thinahtea a-76-F/94-P-9 from 1051.9 to

1054.0 m.
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PLATE 2

Lithofacies B: Nodular Argillaceous Floatstone

(Scale bar is 5 em, unless otherwise stated)

Figure A. Argillaceous floats tone with dark, argillaceous partings and light-coloured,

tabular stromatoporoids (S) and tabulate coral fragments (C). Location

a-76-F/94-P-9; depth 1051.9 m.

Figure B. Argillaceous floatstone with abundant fragmented tabular stromatoporoids and

other fossil debris. Location c-80-G/94-P-7; depth 1319.1 m.

Figure C. Close-up of lime mudstone (L) with a tabular stromatoporoid (S) overlain by

an argillaceous parting (A). Location c-80-G/94-P-7; depth 1316.6 m. Scale

bar is 1 em. (Negative thin section photograph)
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The floatstone lithofacies is similar to the nodular mudstone to wackestone

lithofacies. The mottled, micritic and peloidal lime mudstone beds and nodules are

similar in size and shape to those in Lithofacies A, but are light to medium grey with

a brownish shade. Dark, argillaceous layers occur as thin, wispy seams or as partings

up to 1 em thick. Lime mudstone is estimated to represent 50 to 75% of the rock

volume, as it does in Lithofacies A.

The limestone varies from light-grey, lime mudstone-rich sections to brown

and more argillaceous intervals. Where both occur on top of each other in core, they

are often separated by a tabular stromatoporoid, with the more argillaceous material

overlying the fossil. Similarly, limestone beds are sometimes capped by a

stromatoporoid and overlain by shale partings or seams (Plate 2, Figure C). In

general, the light-grey sections are stromatoporoid-rich and contain peloidal

mudstone.

The fossil content of the floats tone lithofacies ranges from 10 to 30%. Tan to

light-brown, thin (1 to 5 mm) tabular to columnar stromatoporoids characterize this

unit and in places comprise 25% of the rock volume. The stromatoporoids are

oriented horizontally in most cases, and occur less commonly as sub-horizontal

fragments within limestone, argillaceous limestone, or shale partings.

Tabulate and rugose coral fragments are also common, with 30 to 50 em thick

units with abundant thamnoporid rubble. Brachiopods, in contrast, are less abundant

than in the mudstone to wackestone lithofacies; however, a few brachiopod-rich and

coarse- to very fine-skeletal debris-rich horizons are present. Minor constituents

include crinoid ossic1es, oncoids (and microbial coatings), ostracods, Foraminifera,

molluscs, gastropods, and spines.

Stylolites always contain a reddish-brown insoluble residue and minor

amounts of disseminated pyrite. Vertical to subvertical microfractures are filled with
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clear to white calcite cement.

The texture of this lithofacies differs from the underlying mudstone to

wackestone lithofacies. The majority of the fossil components of Lithofacies B are

"large" (greater than 5 mm). This dominating organic component is not only the

reason why it is classified as a floatstone, but it is also useful in the interpretation of

the depositional environment.

An increase in fossil content, in particular the appearance of common to

abundant tabular stromatoporoids, is interpreted to indicate a shallower depositional

setting. for Lithofacies B than was reconstructed for Lithofacies A. Krebs (1974)

indicated that these stromatoporoids are most common in back-reef, reef, and fore

reef deposits in the Devonian reefs of central Europe; Playford (1984) made similar

observations in the Devonian Canning Basin reefs of Australia. Stearn (1982),

however, cautioned against using stromatoporoid morphology to make specific

interpretations about water depth and turbulence, and from this to infer conditions of

reef environments. However, at least in general terms, the presence of tabular

stromatoporoids suggests a shallower depositional environment than was postulated

for the brachiopod-rich mudstone to wackestone Lithofacies A.

Tabulate and rugose coral fragments occur in certain units of this lithofacies.

Solitary tetracorals are commonly reported from inter-reef limestones, while the

colonial and especially tabulate corals seem to have flourished more in biostromes

surrounded by terrigenous muds and in downslope areas of buildups. These corals

are generally considered to be more tolerant of turbid conditions than

stromatoporoids, and a shallow-marine setting is therefore not necessarily indicated.

However, the consistently fragmented nature of the corals and the increase in their

abundance in this lithofacies suggests a higher-energy and, by implication, a
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shallower-water environment than interpreted for Lithofacies A.

This same progression in shallowing was interpreted for other Devonian

sequences of western Canada. The first appearance of tabular stromatoporoids and an

increase in fossil abundance and fragmentation in the Golden and Evi reef complexes

of central Alberta has been interpreted to represent a change from quiet-water

(marked by a bioturbated crinoid-brachiopod wackestone) to a more agitated

environment higher-up in the photic zone (Gosselin et al., 1989).

Biostrome growth is interpreted for the more fossiliferous sections, which

contain as much as 25% stromatoporoids by volume, and lesser amounts of corals.

On the other hand, units with more of the common off-reef organisms and fragmented

bioclasts are envisioned to have been deposited in the inter-reef areas affected by

wave and current activity. A shallow-subtidal marine environment near wave base,

with biostrome development, is therefore interpreted for this lithofacies.

Lithofacies C: Medium-bedded Mudstone

Plate 3, Figures A to C

Lithofacies C is most common in the upper portion of the Jean Marie

platform. A relatively thick sequence in I.E.R. Camel a-61-J/94-I-13 from 1501.7 to

1515.7 m is chosen as the reference section.

The medium-bedded unit consists of argillaceous, medium- to dark-brownish

grey micritic lime mudstone. Limestone layers vary in thickness from 5 to 25 em,

and are commonly homogenous, but sometimes mottled. These layers make up 75 to

90% of the rock volume.

Infrequent argillaceous layers are thin (1 to 10 mm) and wispy, with rare 3 to

4 em-thick beds. The thicker layers contain small lime mudstone nodules and crinoid
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PLATE 3

Lithofacies C: Medium-bedded Mudstone

(Scale bar is 5 em)

Figure A. Medium-bedded mudstone below the Jean Marie-Redknife Fonnation contact

(C). Note the visible pyrite (metallic-yellow). Location b-62-D/94-P-14;

depth 1337.4 m.

Figure B. Medium-bedded mudstone. The sequence is poorly fossiliferous, with a few

burrows (B) and bioclasts in the argillaceous layer. Location a-76-F/94-P-9;

depth 1055.6 m.

Figure C. Medium-bedded mudstone below the Jean Marie-Redknife Fonnation contact

(C). Note the very abrupt contact with the overlying Redknife shale. Location

a-61-J/94-1-13; depth 1500.7 m.
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ossicles.

This lithofacies is unfossiliferous to poorly fossiliferous, with mainly

thamnoporid coral and tabular stromatoporoid fragments or other skeletal debris

representing the meager fossil content. Minor amounts of ostracods, brachiopods,

and crinoid ossicles are scattered throughout. A 0.5 to 1 metre section just below the

upper contact of the Jean Marie Formation contains very minor amounts of skeletal

debris or is unfossiliferous; this observation was important in the interpretation of the

depositional history of the formation (discussed later).

Pyrite occurs as disseminated masses or irregular patches up to 3 cm in width.

It is commonly noticeable in the unfossiliferous part of the platform, at or near the

contact with the overlying Redknife Formation (Plate 3, Figures A,C).

The poorly fossiliferous character of this lithofacies suggests either increased

water depths, "restrictive" conditions, or both. A deeper subtidal environment with

"restricted" conditions is interpreted for this lithofacies (reasons for the restrictive

conditions are discussed in the depositional history).

THE PATCH REEF SETTING

Lithofacies D: Bioclastic Packstone

Plate 4, Figures A to C

The bioclastic packstone lithofacies is prominently displayed in three Jean

Marie cores: Atlantic Tees c-15-J/94-I-6, Czar Wildboy b-24-I/94-P-ll, and Czar et

ai. Kli b-62-D/94-P-14. The packstone unit in c-15-J from 4886 ft (1489.2 m) to

4888 ft (1489.9 m) represents a typical bioclastic packstone sequence and is used,

36



PLATE 4

Lithofacies D: Bioclastic Packstone

(Scale bar is 5 em, unless otherwise stated)

Figure A. Crinoid-rich bioclastic packstone above a crinoid-rich nodular wackestone

(Lithofacies A). Location c-15-J/94-1-6; depth 4888 ft (1489.9 m).

Figure B. Brachiopod-rich bioclastic packstone above a nodular wackestone (Lithofacies

A). Note the fragmented tabular stromatoporoids. Location b-62-D/94-P-14;

depth 1350.3 m.

Figure C. Close-up of a brachiopod-rich bioclastic packestone. Location b-24-I/94-P-ll;

depth 1268.4 m. Scale bar is 1 em. (Negative thin-section photograph)
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therefore, as reference section.

This lithofacies contains abundant bioclasts which comprise 50 to 600/0 of the

rock volume. The unit is not bedded or layered, and bioclasts are unsorted and

angular to subangular.

Bioclasts are mainly coarse sand- to gravel-sized crinoid ossicles (I to 4 mm)

and disarticulated brachiopod shells, with less common complete brachiopods (up to

15 mm). In cores with abundant brachiopods in the underlying wackestone

lithofacies, brachiopods are dominant within the overlying packstone unit (Plate 4,

Figure B). Similarly, where crinoids are abundant in the underlying platfonn

deposits, they are the most common fossil within the associated bioclastic packstones

(Plate 4, Figure A). Thicker sequences show a proportionate increase in fossil

content and fragmentation upward, accompanied by a decrease in the amount of

matrix. All these features indicate reworking and a shallowing from wackestones

(Lithofacies A) to the packstone lithofacies.

Stromatoporoid debris is associated with some of the packstone units. A

brachiopod-rich section within b-62-D (Plate 4, Figure B) also contains bioclasts of

thin (1 to 5 mm), tabular stromatoporoids composing about 10% of the rock volume.

These are fragmented and vary from 1 to 2 cm in length. The majority of the

stromatoporoid fragments are disoriented, with less than half in a horizontal position.

Less common are thamnoporid and solitary rugose corals, ostracods,

gastropods and coralline algae 'within some units. Micritized rinds and algal

encrustations are visible microscopically on some brachiopods and gastropods. The

matrix consists of light- to medium-brownish-grey lime mudstone which is

commonly micritic with some peloidal textures. Complete brachiopod and gastropod

fossils contain geopetal features, with peloidal mudstone overlain by coarse calcite

spar. These geopetal features, however, are randomly oriented and do not indicate a
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specific "way-up" direction.

Thin argillaceous seams are rare in the packstone sequences. A few very

small stylolites contain reddish-brown insoluble residues. Secondary calcite cements

are present, and will be discussed in Chapter 6.

Abundant fossil debris comprising at least 50% of the rock volume suggests

deposition in agitated water. The fragmented nature of the fossils, the low percentage

of fine-grained matrix (less than 50%), and the absence of significant argillaceous

material also reflect deposition in a higher-energy setting than any interpreted for the

platform lithofacies.

The presence of abraded shells and other skeletal material, in addition,

indicates some transport of bioclasts before deposition, as do the randomly oriented

geopetal structures in brachiopod shells.

The dominance of a reworked "broken-up" fauna suggests deposition in a

shoal area under high-energy conditions rather than downslope transport of bioclasts

from one depositional setting to another. Stoakes (1980) interpreted similar skeletal

rudstones as beds containing a "displaced shallow-water assemblage". His

interpretation was based on beds with a sharp basal contact with underlying poorly

fossiliferous shales and poorly developed upward grading. In Lithofacies D, the

appearance of brachiopod-rich or crinoid-rich packstones above similar wackestone

sequences, and the increase in fossil content and fragmentation upward in the

sequence, however, suggest a shallowing event rather than the introduction of an

allochthonous, displaced fauna.

In summary, deposition occurred in a shallow, agitated shoal setting marked

by reworking of mainly autochthonous debris. The subangular nature of bioclasts and

the presence of lime mud suggests moderate energy levels. Coral- and
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stromatoporoid- rich packstones may reflect the transport of allochthonous debris

from surrounding higher relief areas.

Lithofacies E: Boundstone

Plate 5, Figures A to D

Lithofacies E was identified in most "patch reef' sequences. Czar Total

Peggo a-69-D/94-P-8 contains a representative boundstone unit from 1339.0 to

1356.2 m and is chosen as the reference section.

The boundstone lithofacies is commonly light-greyish-brown to medium

brownish-grey. The lithofacies is characterized by abundant tabular stromatoporoids

and Renalcis in a lime mud matrix.

The matrix is mainly a peloidal mud and is light to medium greyish-brown,

depending on the amount of tan to light-brown Renalcis present. Units of very fine

grained and homogenous lime mudstone are light brown and sometimes have a

bluish-grey, mottled appearance. These units are unfossiliferous and commonly

contain calcite.:.filled fenestrae.

Fenestrae are usually thin (less than 1 mm), laminar and wavy, and may be

laterally restricted (layers less than 5mm in length) or continuous. Some of the

thicker fenestrae (up to 6 mm thick) which have flatter bases (Plate 5, Figure D)

could be described as stromatactis structures.

The dominant skeletal component of this lithofacies is tabular and columnar

stromatoporoids. They are thin (2 to 10 mm) and preserved primarily in horizontal to

sub-horizontal position. They exhibit some fragmentation, although less than those in

the bioclastic lithologies.

Renalcis is sparse to very abundant between stromatoporoids in the non-
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PLATES

Lithofacies E: Boundstone

(Scale bar is 5 em, unless otherwise stated)

Figure A. Boundstone with Renalcis-rich lime mudstone (R) and abundant tabular

stromatoporoids (S).Location a-69-D/94-P-8; depth 1347.3 m.

FigureB. Close-up of a nodular stromatoporoid (S) with fenestral lime mudstone (F)

above, and Renalcis (R) encrusting the underside. Location a-69-D/94-P-8;

depth 1349.5 m. Scale bar is 1 em. (Negative thin-section photograph)

Figure C. Boundstone consisting of Renalcis (tan spots in the light brown matrix) with

colonial rugose coral in the upper right. Location b-24-I/94-P-11;

depth 1267.2 m.

Figure D. Boundstone with a fenestral lime mudstone (F) containing stromatactis (above

arrow). Location a-69-D/94-P-8; depth 1349.5 m.
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laminated, peloidal lime mudstone units; the amount of Renalcis, however, varies

throughout a sequence. It also occurs encrusting the underside of the tabular

stromatoporoids (Plate 5, Figure B), but is absent in the unfossiliferous fenestral

units.

The morphology of Renalcis is also variable. Single saccate chambers and

clotted aggregates are the most common forms observed microscopically, with

chambered forms also identified.

Corals (tabulates and rugosans) and brachiopods are secondary components of

this lithofacies. Molluscs, ostracods, Foraminifera, gastropods, shell debris, and

minor amounts of lithoclasts are also present. Microbial coatings are visible on some

stromatoporoid and coral fragments. Bioclastic material, not including Renalcis,

forms about 10 to 30% of the rock volume of this lithofacies.

Uncemented vertical fractures in some units are unique to this lithofacies.

Shelter, moldic, intraparticle (within leached Renalcis) and intercrystalline porosity is

also present, and usually ranges from 5 to 10%; some shelter cavities and fossil molds

have been cemented.

Minor amounts of stylolites are present, and contain the characteristic brown

insoluble residue described before.

The presence of tabular and columnar stromatoporoids indicates a reefal

setting. They are most common in the reef slope, reef margin, and reef flat settings of

the Canning Basin reefs of Western Australia (Playford, 1980), and are abundant also

in the Ancient Wall bioherms of the Rocky Mountains of Alberta (Mountjoy and Jull,

1970).

The diagenetic microfossil Renalcis (Pratt, 1984) is a common component of

many lower and middle Paleozoic reefs. It has been identified in reef and fore-reef
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facies of many European Devonian reefs (Burchette, 1981). Small mounds on the

fore-slope of the Ancient Wall reef complex in Alberta contain abundant Renalcis

(Mountjoy and Riding, 1981). In the reefs of the Canning Basin it was identified

within reef slope, reef margin, and reef flat environments (Playford and Lowry,

1966).

Mountjoy and Riding (1981) concluded that Renalcis acted to stabilize and

support the enclosing sediments. Pratt (1984) noted that it commonly encrusted

larger reef framework organisms, such as corals and stromatoporoids, in many middle

Paleozoic reefs.

Approximately 70 to 90% of the floatstone lithofacies consists of peloidal

mudstone. The presence of so much mudstone is usually interpreted to indicate a

quiet water environment. Although this is not always the case, the association of

ostracods, brachiopods, Foraminifera, and fenestral fabrics with abundant lime

mudstone does suggest sheltered conditions. On the other hand, the skeletal debris

and lithoclasts present suggest some agitation; however, fragmentation of the larger

bioclasts is minimal, pointing to lower-energy levels.

The occurrence of reefal faunas with a common Paleozoic framebinding and

framebuilding microfossil, and the presence of abundant lime mudstone indicates

shallow depths and a moderate-energy or sub-turbulent reef environment.

Lithofacies F: Amphipora Wackestone

Plate 6, Figures A and B

The reference unit for the wackestone lithofacies was chosen in Czar et ale Kli

b-62-D/94-P-14 from 1337.6 to 1341.2 m. Thin units were identified also in BP

Petitot River a-01-D/94-P-13, and Exalta Coseka Kotcho d-55-E/94-P-3.
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PLATE 6

Lithofacies F: Amphipora Wackestone

Figure A. Amphipora wackestone dominated by the distinctive stromatoporoid

Amphipora. Location b-62-D/94-P-14; depth 1340.1 m. Scale bar is 5 em.

Figure B. Close-up of an Amphipora wackestone. Argillaceous material seen up as

wispy, light-coloured seams. Location b-62-D/94-P-14; depth 1337.1 m.

Scale bar is 1 em. (Negative thin section photograph)

Sub-lithofacies 0-1: Bioclastic Floatstone

- mudstone to wackestone matrix

(Scale bar is 5 em)

Figure C. Bioclastic floatstone with dipping bioclasts in a dark, lime mudstone-rich

matrix. Location c-67-K/94-1-14; depth 4880 ft (1487.4 m).

Figure D. Bioclastic floatstone with a dark, bioclast-rich interval.over a lighter coloured,

lime mudstone-rich section. Location b-24-I/94-P-11; depth 1269.6 m.
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This lithofacies consists of distinctive Amphipora debris within a dark-grey to

black, argillaceous lime mudstone to calcareous shale matrix. The Amphipora

fragments are small (1 to 3 mm), with a few fragments up to 5 mm in diameter;

lengths rarely exceed 2 em. Very small amounts of fine skeletal debris is present in

shale-rich beds.

Most sequences are thin (less than 10 em), and have a calcareous shale matrix

with extremely fine (less than 1 mm) debris, in addition to the Amphipora fragments.

However, the 3.9 m thick sequence in b-62-D has slightly nodular, dark-grey lime

mudstone beds alternating with the calcareous shale matrix. This suggests minor

fluctuations in conditions during deposition of the unit.

Accumulations of small Amphipora debris in a dark, organic-rich matrix are

considered diagnostic of shallow, quiet and restricted back-reef lagoons (Wilson,

1975). Krebs (1974) determined the distribution of Amphipora in central European

reefs to be more or less confined to back-reef settings.

The presence of the delicate and distinctive stromatoporoid Amphipora in a

fine-grained matrix, and the absence of other faunas, reflects deposition in a low

energy, restricted lagoonal setting for Lithofacies F.

Lithofacies G: Bioclastic Floatstone

Three bioclastic floatstone sub-lithofacies have been identified with one in a

patch reef setting, and the other two in barrier reef deposits. All three are

characterized by abundant, unsorted, and commonly dipping bioclastic and

lithoclastic debris layers. They are distinguished by differences in the volume and

depositional texture of the matrix, as well as by some other minor variations.
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Sub-lithofacies 0-1: Bioclastic Floatstone - mudstone to wackestone matrix

Plate 6, Figures C and D

The first of the floatstone sub-lithofacies was recognized in all cored

sequences containing patch reef deposits. A reference unit was chosen in Western

Natural Kotcho Lake c-67-K/94-1-14 from 4870 ft (1484.4 m) to 4903.5 ft (1494.6

m).

This bioclastic floatstone has a mudstone to wackestone matrix and minor,

thin, wispy argillaceous seams. The matrix consists of medium-brownish-grey lime

mudstone which can vary from light to darker grey in colour. Less common is a

medium- to dark-grey peloidal lime mudstone matrix with some light-grey sections.

Crinoid ossicles, ostracods, Foraminifera, and small skeletal material make up the

finer (less than 5 mm) bioclastic component of the matrix.

Larger bioclasts (1 to 8 em) include solitary rugose, thamnoporid tabulate, and

massive corals, with thin tabular and columnar (less than 5 mm thick), massive (5 to

20 mm thick) and occasional bulbous stromatoporoids. Most floatstone units contain

approximately equal amounts of coral and stromatoporoid bioclasts; however, some

sections are dominated by coral or stromatoporoid fragments. Brachiopods,

molluscs, gastropods, skeletal debris and minor amounts of oncoids are also common.

Bioclastic material makes up 20 to 50% of the rock volume. Sequences with

low percentages commonly contain smaller fragments, while more fossiliferous

sections usually contain larger bioclasts. The larger debris displays consistent dip

angles of 10 to 30°, with up to 50 to 600 in a few highly disturbed sections.

Lithoclasts are present in some of the units. Clasts of lime mudstone and

peloidal lime mudstone contain microbial material such as Renalcis, Girvanella, and

irregular to laminar microbial crusts. The lithoclasts often appear disoriented,
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reflecting transport of this debris.

Stylolites are common and usually contain reddish-brown insoluble residues.

These are often within or adjacent to argillaceous seams or beds. The stylolites and

argillaceous seams contain disseminated and blotchy pyrite, as well as fine bioclastic

debris.

The bioclastic floatstone sub-lithofacies 0-1 contains abundant

stromatoporoid and coral fragments -- the major skeletal elements of the Devonian

reefs. These larger bioclasts are randomly oriented, reflecting some movement of the

debris in a higher energy environment. This assessment is substantiated by the

presence of displaced lithoclasts. The commonly observed dip angles of the larger

stromatoporoid and coral fragments further indicate transport down a substantial

slope. All these features, therefore, suggest a reef flank setting for this lithofacies, as

opposed to a reef core environment where much of the bioclasts may have originated.

The presence of allochthonous fossil debris of reef-building faunas and

distinctly dipping strata, as well as a lime mudstone matrix and some argillaceous

material, suggest a sub-turbulent reef flank environment of deposition for Sub

lithofacies 0-1.

THE BARRIER REEF SETTINO

Sub-lithofacies 0-2: Bioclastic Floatstone - packstone to grainstone matrix

Plate 7, Figures A and B

Sub-lithofacies 0-2 is described from two cores: Chevron Petitot a-73-L/94-P

12, and Chevron et al. Petitot a-64-H/94-0-16. The reference section was chosen in
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PLATE 7

Sub-lithofacies 0-2: Bioclastic Floatstone

- packstone to grainstone matrix

(Scale bar is 5 em)

Figure A. Bioclastic floats tone with large bioclasts (B) and a crinoid-rich matrix (M).

Location a-64-H/94-0-16; depth 1428.7 m.

Figure B. Close-up of a bioclastic floats tone with a greyish-green packstone matrix (M).

Location a-73-L/94-P-12; depth 1372.3 m.

Sub-lithofacies 0-3: Bioclastic Floatstone

- shale matrix

(Scale bar is 5 em)

Figure C. Bioclastic floats tone with nodular limestone (grey) alternating with shale

(black). Thamnoporid coral fragments are abundant in the lime

mudstone and in the shale. Location a-21-E/94-P-12; depth 1559.0 m.

Figure D. Bioclastic floatstone (lower two-thirds of photo) with the distinctive dark shale

matrix. Location a-21-E/94-P-12; depth 1553.9 m.
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a-73-L from 1358.8 to 1372.6 m.

This sub-lithofacies is a floats tone with a packstone to grainstone matrix. The

fine lime mudstone within the matrix is greyish-green. Abundant small crinoid debris

(mostly less than 2 mm) consists of whole and broken ossicles. Less abundant

thamnoporid coral debris, lithoclasts, and fine skeletal fragments make up the rest of

the bioclastic component of the matrix.

Bioclasts are mainly massive corals and tabular, columnar, dendritic, massive,

and bulbous stromatoporoids. Larger bioclasts are up to 10 em in length. Some

sequences are dominated by stromatoporoids while some others are rich in corals.

Brachiopods, molluscs, larger crinoid ossicles, ostracods, and minor encrusting

Girvanella, Sphaerocodium, and Renalcis are also present in this sub-lithofacies.

Bioclast content ranges from 40 to 80% of the rock volume. Moderately

fossiliferous floatstones are often characterized by finer debris (less than 4 em) and a

wackestone to packstone matrix. Fossil-rich floatstones contain larger bioclasts and a

packstone to grainstone matrix. The majority of the bioclasts have dip angles of 20 to

300 . A few floatstones have bioclasts preserved in horizontal position.

Stylolites are abundant and often contain green residue; a few of these

stylolites also contain fine crinoidal debris.

This floatstone lithofacies is lithologically similar to Sub-lithofacies 0-1 of

the patch reef setting. The distinguishing features of Sub-lithofacies G-2 are the

presence of larger and more abundant bioclasts and a coarser matrix. This indicates a

slightly higher-energy regime than interpreted for Sub-lithofacies 0-1, and reflects

proximity to a reef located in a shallower, higher energy setting. Deposition under

sub-turbulent to turbulent conditions in a reef flank position adjacent to a prominent

reef margin is considered the most likely explanation.
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Sub-lithofacies 0-3: Bioclastic Floatstone - shale matrix

Plate 7, Figures C and D

Sub-lithofacies 0-3 is best developed in Norcen Dilly a-21-E/94-P-12, and

occurs at four levels between 1553.9 and 1578.7 m depth.

This floatstone is characterized by a dark-grey, non-calcareous shale matrix.

The shale matrix sometimes contains medium-grey lime mudstone nodules and

lithoclasts; in some sequences, the shale is interbedded with nodular limestone beds

up to 4 cm thick.

Bioclasts consist of abundant thamnoporid coral debris (up to 3 cm in length),

tabular stromatoporoids, and large to small crinoid ossicles; brachiopods and solitary

rugose corals are less abundant. Fragments are commonly disturbed, although tabular

stromatoporoids are often horizontally aligned. Larger fossils are most common in

the shale matrix. The limestone nodules, nodular beds, and lithoclasts contain mainly

sand-sized crinoid ossicles and skeletal debris, with some larger coral and

stromatoporoid fragments interspersed.

A diverse microfauna including various ostracods and abundant crinoids and

Foraminifera is typical for this lithofacies.

The presence of a dark, non-calcareous shale is commonly interpreted to

reflect either deeper-water conditions beyond the photic zone, or shallower-water but

euxinic conditions. The shale in Sub-lithofacies 0-3, however, does not occur as

discrete shale units, but rather as a matrix with abundant bioclasts, or interbedded

with carbonate mud. Interbedded limestone nodules and nodular beds suggest a

shallower setting coupled with a periodic decrease in influx of shale which would

allow the deposition of carbonate sediments.
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Although not conclusive, the presence of abundant bioclastic material,

particularly tabular stromatoporoids preserved in a horizontal position, points to

movement of reef debris for a relatively short distance only, or not at all in the case of

the tabular stromatoporoids. More importantly, this floatstone contains the most

diverse ostracod and general microfauna identified in any of the carbonate sequences

studied (see Chapter 7).

Sub-lithofacies 0-3 is interpreted therefore to have been deposited under

shallow, open-marine conditions with an influx of shale.

Lithofacies H: Rudstone

Plate 8, Figures A to C

The rudstone facies is best developed in Chevron Petitot a-73-L/94-P-12 and

Chevron et al. a-64-H/94-0-16. The reference section was chosen in a-73-L from

1367.6 to 1374.0 m.

This lithofacies consists primarily of large, reef-building organisms and little

matrix material. Tabular (5 to 10 mm thick) to massive (1 to 19 em thick)

stromatoporoids and massive corals (up to 15 em thick) occur together, or as

individual coral-rich or stromatoporoid-rich rudstones. Thamnoporid coral fragments

are usually less than 2 em in length. Large bioclasts comprise 80 to 90% of the rock

volume.

Bioclasts are usually broken but only slightly abraded or disturbed, and most

appear to be preserved in place. Although some bioclasts are displaced and preserved

in a sub-horizontal position, they never occur as a consistently dipping debris layer.

The matrix is primarily a crinoidal packstone to grainstone with less

ostracods, gastropods, brachiopod shells and shell fragments associated. Less
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PLATE 8

Lithofacies H: Rudstone

(Scale bar is 5 em)

Figure A. Coral-rich rudstone with bioclasts composing approximately 90% of the rock

volume. Location a-73-L/94-P-12; depth 1368.3 m.

Figure B. Tightly cemented rudstone with no matrix material. Location a-64-H/94-0

16; depth 1438.7 m.

Figure C. Close-up of a rudstone with a dark, bitumen-stained, crinoid-rich matrix.

Location a-73-L/94-P-12; depth 1369.9 m.
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common wackestone to packstone units contain shell fragments, as well as peloidal

and Renalcis-rich mudstone. Matrix material is commonly preserved in shelter

cavities beneath or between the reef-building organisms, and in some brachiopod and

ostracod shells. Coarse sparry calcite cement fills pores in the matrix or,

occassionally, forms geopetal structures with the sediment in a few of the brachiopod

and ostracod shells.

A rudstone unit in a-73-L at 1369.9 m (Plate 8, Figure C) has a dark, porous

matrix. The matrix is a crinoidal packstone to grainstone (with some wackestone

sections) with a dark-brown to black, bituminous residue lining the pores. Calcite

cement is less abundant in this unit than in most rudstone sequences. In contrast, a

rudstone in a-64-H at 1438.7 m (Plate 8, Figure B) is calcite cemented and has no

matrix porosity.

The abundance of stromatoporoids and corals as primary skeletal components

suggests deposition of this lithofacies in a reef setting, under optimum living

conditions with normal salinities, proper temperatures, and abundant light and

nutrients available.

A massive growth form of the stromatoporoids and the corals is commonly

interpreted to reflect moderate- to high-energy conditions (James, 1983). A high

energy reef setting is also indicated by the fragmentation of many of the large

bioclasts. The lack of abrasion and disturbance of fragments, however, would

indicate limited transport.

The presence of a packstone to grainstone matrix with a lack of fine material

indicates a relatively high-energy environment where finer sediment was removed by

wave action. The crinoids were established in deeper water or in protected areas, as

were the brachiopods, ostracods, and gastropods. Rare peloidal mudstone with

58



Renalcis also fonned in locations sheltered by larger reef-building organisms.

In summary, the growth form and abundance of the reef-building organisms,

and the presence of coarse matrix material, reflect a high-energy reef margin setting.

Lithofacies I Stromatoporoid Boundstone

Plate 9, Figures A to C

The boundstone lithofacies was observed in three cores: Noreen Dilly a-21

E/94-P-12, Chevron et al. Petitot a-64-H/94-0-16, and Chevron Petitot a-73-L/94-P

12. A representative section is in a-21-E from 1578.7 to 1586.1 m.

This lithofacies is characterized by dense accumulations of laminar to

undulose, encrusting stromatoporoids. Individual stromatoporoids are 2 to 5 mm

thick. They are commonly preserved in a horizontal position with only a few

disturbed fragments.

The matrix, comprising less than 10% of the rock volume, consists of a

greyish-yellow, dolomitic, crinoidallskeletal packstone to grainstone preserved in

cavities beneath the laminar stromatoporoids (Plate 9, Figures B,C). Some shelter

cavities are cemented (discussed in Chapter 6) and contain little or no matrix. Rare

but very dense boundstone units contain neither significant matrix nor cement.

The presence of only laminar encrusting stromatoporoids with very little

matrix reflects an environment characterized by intense wave energy and

consequently low sedimentation rates. Under very high-energy conditions, only

organisms which can grow in encrusting sheets are able to survive. By implication,

the area which is subjected to the most wind and wave energy is commonly the

highest and therefore shallowest part of a reef forming the reef crest.
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PLATE 9

Lithofacies I: Stromatoporoid Boundstone

(Scale bar is 1 em, unless otherwise stated)

Figure A. Stromatoporoid boundstone consisting of densely-packed, laminar

~ omatoporoids. Location a-21-E/94-P-12; depth 1585.8 m. Scale bar is 5

em.

Figure B. Close-up of a stromatoporoid boundstone with minor amounts of sediment

(Sd) and calcite cement (Ca) filling shelter cavities. Location a-21-E/94-P-12;

depth 1583.6 m. (Negative thin section photograph)

Figure C. Close-up of a stromatoporoid boundstone showing laminar stromatoporoids

and greyish-yellow, crinoid-rich, cavity-filling sediment (upper left). Note the

photograph is to scale. Location a-64-H/94-0-16; depth 1435.5 m.
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McGillivray and Mountjoy (1975) identified a similar massive stromatoporoid

facies in the Golden Spike reef complex of Alberta. They interpreted the deposition

of this facies to have taken place in shallow, turbulent water.

Deposition of the stromatoporoid boundstone lithofacies therefore occurred in

a shallow-water, high-energy and reef crest environment.

Lithofacies J; Bioclastic Grainstone

Plate 10, Figures A to D

The bioclastic grainstone lithofacies was recognized in three barrier reef

cores: Norcen Dilly a-21-E/94-P-12, Chevron et ale Petitot a-64-H/94-0-16, and BP

Petitot River a-01-D/94-P-13. The reference section is described in a-21-E from

1554.3 to1557.7 m and from 1570.9 to 1573.6 m.

This lithofacies consists of very abundant, moderately well-sorted bioclasts

comprising 90% of the rock volume. Fragments are rounded to sub-angular;

rounding appears due to mechanical abrasion, but also seems to reflect on growth

form and the presence of microbial coatings.

Skeletal grains are primarily gravel-sized (2 to 5 mm) with less than 20%

sand-size material (less than 2 mm). Corals, stromatoporoids, and crinoids are most

common. Stromatoporoids include fragments of tabular, nodular and dendritic forms,

while corals are commonly dendritic. Crinoids occur as complete and fragmented

ossicles. Fine to coarse lithoclasts, brachiopod fragmen~s, and other skeletal debris

are also present. Rare large coral- and stromatoporoid fragments (1 to 4 cm) float

within the finer debris in some units.

Two types of bioclastic grainstones have been identified. In a-21-E and a-64

H (Plate 10, Figures A to C), grainstones rich in corals, stromatoporoids (excluding



PLATE 10

Lithofacies J: Bioclastic Grainstone

(Scale bar is 5 em, unless otherwise stated)

Figure A. Bioclastic grainstone consisting of abundant coral and stromatoporoid debris.

Location a-64-HJ94-0-16; depth 1447.6 m.

Figure B. Bioclastic grainstone dominated by crinoid ossicles, with some larger debris.

Location a-21-E/94-P-12; depth 1572.6 m.

Figure C. Close-up of a crinoid (Cr), thamnoporid coral (T), and skeletal debris-rich

grainstone. Location a-21-E/94-P-12; depth 1555.2 m. Scale bar is 1 em.

(Negative thin section photograph)

Figure D. Bioclastic grainstone dominated by thamnoporid coral and Amphipora debris.

Location a-01-D/94-P-13; depth 1437.1 m.
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Amphipora), and crinoids are common. In a-01-D, however, the grainstone units

contain primarily thamnoporid coral- and Amphipora fragments (Plate 10, Figure D).

Most grainstone sequences contain no matrix, but the thamnoporid- and

Amphipora-rich grainstones have peloids within the interparticle cements. These,

however, may be diagenetic features, and diagenetic processes are discussed in

Chapter 6.

The bioclasts are abraded, rounded, and sorted. This indicates wave action

sufficient to erode and rework these fragments. The absence of a fine-grained matrix

also indicates the presence of constant wave energy. Wilson's "Standard Facies Belt

6" (1975) consists of bioclastic grainstones or rudstoneswhich "formed in an

environment of constant wave or current action with mud removed by winnowing"

(p. 65.), and is interpreted to accumulate at or above wave base.

The type and variety of bioclasts present within a lithofacies may reflect a

more specific depositional setting. Grainstones composed of debris of common reef

building organisms imply deposition in or near a reef. Grainstones containing

abundant Amphipora debris, in contrast, suggest formation and deposition in a more

restricted setting; abundant Amphipora accumulations are usually interpreted to

reflect a restricted, lagoonal environment.

The bioclastic grainstone lithofacies, therefore, is considered to have formed

in a marine shoal environment at or above wave base. Grainstones rich in corals,

stromatoporoids, and crinoids formed in a constantly agitated shoal setting on or near

the reef margin or flank. Conversely, Amphipora- and thamnoporid-rich grainstones

formed in a shallow but slightly restricted back-reef shoal area with moderate

circulation.
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PLATE 11

Lithofacies K: Oncoidal Rudstone (Floatstone)

(Scale bar is 5 em, unless otherwise stated)

Figure A. Oncoidal rudstone (floatstone in places) with a dark-brown matrix. Location

a-01-D/94-P-13; depth 1439.1 m.

Figure B. Oncoidal rudstone with a medium-brown matrix. Location a-81-L/94-P-12;

depth 4676 ft (1425.2 m).

Figure C. Close-up of an oncoidal rudstone showing microbially-coated Amphipora (A)

and uncoated Amphipora (T). Location a-01-D/94-P-13; depth 1442.9 m.

Scale bar is 1 em. (Negative thin section photograph)
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lime mudstone matrix.

Oncoids commonly form in quiet, somewhat restricted waters marked by slow

deposition of sediment (Wilson, 1975). Moderate water movement regularly turns

the particles over, allowing concentric microbial laminae to form.

The type of debris forming the nuclei of the oncoids may point to the

depositional environment where they formed. For instance, the presence of abundant

Amphipora and thamnoporid coral debris at the center of most oncoids would indicate

a back-reef location (see discussion of lithofacies J). Wilson's "Standard Microfacies

22" is a "micrite with large oncoids" (p. 69) which characterizes shallow-water and

back-reef environments.

There Sf'''~ms to be some variability in the oncoidal rudstone lithofacies. A

gradation from cemented rudstones with uncoated bioclasts and oncoids to oncoid

rich rudstones with a dark lime mudstone matrix was observed. The sequences with

both uncoated bioclasts and oncoids are similar to Lithofacies J. The interpreted

depositional setting for these rudstones is a shallow-water, semi-restricted back-reef

setting. Wave energy was moderate, although less than that for the grainstones of

lithofacies J which lack microbial coatings.

The oncoid-rich rudstones, on the other hand, most likely formed in a more

restricted and lower-energy back-reef area. Slower sedimentation rates allowed

microbial growths to form, and low to moderate wave action was sufficient to rotate

oncoids but not enough to abrade them significantly, allowing successive layers to

develop.

Wilson (1975) suggested that oncoids in a micritic matrix originated in a

moderate-energy zone but then were re-deposited in low-energy, "muddy" settings.

Therefore, the depositional setting interpreted for the oncoid-rich rudstone
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(floatstone) with a fine, medium- to dark-brown lime mudstone matrix is that of a

low-energy, restricted, back-reef location downslope of where the oncoids formed.
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CHAPTER 4

RECONSTRUCTIONS OF TIm DEPOSITIONAL SETTINGS

PLATFORM SETTING

In northeastern British Columbia, the appearance of carbonate sediments over

the non-calcareous shales and siltstones of the Fort Simpson Fonnation denotes the

boundary with the Jean Marie Fonnation (Figure 9). Dark shales grade into thin (2 to

10 mm) and alternating layers of lighter-coloured calcareous shales and lime mud.

These lime mud units increase in abundance and thickness upward, with the lithology

correspondingly changing from dominantly shale to limestone over a 0.3 m interval.

A more abrupt contact is observed where these alternating shale and limestone layers

are overlain by nodular, fossiliferous mudstones to wackestones, as observed in Total

et al. Helmut c-80-G/94-P-7 at 1327.0 m (Plate 12, Figure A).

The change from siliciclastic deposits to primarily carbonates occurs more

gradationally in places. In c-80-G, for instance, nodular mudstone appears 0.3 m

above non-calcareous shale. However, in Mobil Thinahtea a-76-F/94-P-9, the dark

shale to lime mudstone alternations are repeated three times over a 2.5 m thick

section before continous carbonates are encountered. Both abrupt and gradational

contacts at the base of the Jean Marie are also observable in geophysical well logs.

The nature of the contacts may be a function of the topographic relief of the

sea floor, or it may be due to variations in the clastic influx to different areas of the

shelf. In fact, both causes could have been related; sea-floor relief may have affected

local currents thereby controlling local clastic supplies.

The Jean Marie platfonn carbonates consist primarily of ubiquitous fine

grained, medium-grey, and variably argillaceous limestones. Lithologies are laterally
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Lithofacies K: Oncoidal Rudstone (Floatstone)

Plate 11, Figures A to C

The oncoid-rich rudstone lithofacies is best developed in BP Petitot River a

01-D/94-P-13 from 1433.7 to 1446.2 m. It is also present in Western Natural Petitot

River a-81-L/94-P-12.

This lithofacies consists of abundant microbially-coated skeletal debris.

Oncoids comprise 50 to 100% of the clasts within this lithofacies. Units with lower

percentages of oncoids contain equal amounts of smaller, uncoated bioclasts (1 to 5

mm) and larger oncoids (up to 7 mm, depending on the size of the nucleus). In

oncoid-rich sequences, microbial coatings are generally thicker and oncoids vary

from 2 to 30 mm in diameter. The larger oncoids are often stretched and the contacts

between them flattened indicating some compaction prior to lithification. Smaller

oncoids are mostly rounded, but flattening at boundaries between these oncoids is

also evident.

The microbial coatings forming the oncoids consist of wrinkled, concentric

layers. Rare nondescript micritic coatings are also present on some bioclasts.

Uncoated bioclasts include fragments of thamnoporid corals, Amphipora, and

thin (1 to 5 mm), tabular stromatoporoids, with larger debris (stromatoporoids up to 3

cm) less common. Fragments of the same organisms and some unidentifiable

particles form the nuclei of the oncoids.

The nature and amount of matrix varies and with it the dominant type of

bioclasts. Units with smaller bioclasts and fewer oncoids usually contain peloids

within spar cement. These rudstone sequences are light-greyish-brown, and are

lithologically similar to the Amphipora- and thamnoporid-rich grainstone lithofacies.

In contrast, oncoid-rich units contain a medium- to dark-brown, micritic to peloidal
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PLATE 12

(Scale bar is 5 em)

Figure A. Contact between alternating shale-limestone layers and nodular argillaceous

mudstone to wackestone (Lithofacies A) at the base of the Jean Marie

Fonnation. Location c-80-G/94-P-7; depth 1327.0 m.

Figure B. Sharp contact (C) between a patch reef boundstone of the Jean Marie

Fonnation and the dark shale of the overlying Redknife Formation. Location

a-69-D/94-P-8; depth 1339.0 m.

Figure C. Nodular argillaceous wackestone (Lithofacies A) with a dip angle of 25 to

400 . Location c-15-J/94-I-6; depth 4890 ft (1490.5 m).

Figure D. Nodular argillaceous mudstone unit (Lithofacies A) with a dip angle of about

400 . Location c-15-J/94-I-6; depth 4802 ft (1463.6 m).
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persistent and unifonn, but there are three vertical lithological changes recognizable

in the platfoIm that reflect on variations in depositional settings through time.

The lower platfonn unit is composed mainly of a nodular, argillaceous

wackestone referred to as lithofacies A. Nodular bedding and abundant crinoidal and

brachiopod remains indicate that this basal portion of the Jean Marie Fonnation was

deposited in an open-marine, subtidal to shallow-subtidal setting.

Within this lower unit, some variation in nodular fabric and fossil content can

be discerned. Thin units of more massive, poorly fossiliferous mudstone may

indicate slower sedimentation rates and/or semi-restricted conditions. Brachiopod

rich wackestones, on the other hand, indicate slightly shallower and more open

marine conditions. These variations in primary composition suggest that, although

the basal unit was laterally continous over the shelf, sea-floor relief created some

variability in water depth and restriction in localized areas through time.

A gradational change from the basal wackestones of Lithofacies A to

Lithofacies B which fOIms the middle platfoIm unit is evident. This latter facies

consists primarily of nodular argillaceous floatstones, but its most telling feature is a

change in the dominant biota from off-reef and open-marine organisms to a variety of

reef-building taxa. The development of biostromes composed of tabular

stromatoporoids, and tabulate and rugose corals indicates a continuing shallowing

placing this lithofacies in a shallow-subtidal setting. Some "highs" subsequently

became sites for initiation of shelf patch reefs (discussed later), although the exact

nature of these "localizing" features is not known.

Rare units of massive lime mudstone within this unit reflect local deeper

water and/or restrictive conditions. In contrast, skeletal-rich grainstones and coral

rich floatstones indicate shoal settings or accumulations of debris transported from

nearby biostromes and patch reefs.
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An upper platfonn unit can readily be distinguished in the cores taken from

the upper part of the fonnation. Its common lithology is a medium-bedded mudstone

with a few corals and stromatoporoids associated, characterizing Lithofacies C. The

more massive nature of the unit and significant decrease in fossil content may

indicate changes in sedimentation rates and certainly more restrictive living

conditions. A "limited" and impoverished microfauna also suggests environmental

stress during this time (Braun, pers. comm.). These conditions could be caused by an

increase in water depth or, as readily, by restrictions of open-marine circulation.

Other evidence, discussed later, suggests a deepening event accompanied by

restrictions caused by the numerous carbonate buildups at the shelf edge.

The upper platform mudstone of the Jean Marie Formation are overlain by

dark, non-calcareous shales of the Redknife Formation. The contact between the

lithologies is abrupt and irregular, with disseminated and patchy framboidal pyrite

present in the lime mud and also in the overlying shale (Plate 3, Figures A and C).

This suggests an unconformity, and the contact is interpreted, therefore, to be a

submarine hardground. Concentrations of conodonts representing a lag deposit also

were recovered from the contact zone indicating the same unconformable relationship

between the Jean Marie platfonn and the overlying Redknife shales.

PATCH REEF SETIING

The shallowing over the Jean Marie shelf which resulted in deposition of the

nodular, argillaceous floats tone lithofacies was also conducive to the growth of

isolated patch reefs. These patch reefs occur as isolated buildups rooted in and, in

many cases, extending above the Jean Marie platform. Gamma-ray and sonic log

signatures indicate that these reefs were established and grew throughout the
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development of the middle platfonn (Figure 10). Many of the early-fonned buildups

terminated within the platform, while most later reefs extended above. One

exceptional buildup in Czar Total Peggo a-69-D/94-P-8 commenced growth very near

the top of the platform and extends 12 m above the surrounding platform top; its

boundstone lithofacies of the reef core is unconformably overlain by Redknife shales

(Plate 12, Figure B).

The patch reefs vary in thickness, with the greatest thickness measured (in a

69-D) at 12.2 m. This, however, indicates only that this particular reef is at least 12.2

m thick, and may be thicker depending on whether it was drilled at its thickest point

or closer to its edge.

The areal extent of the patch reefs cannot be detennined from the limited

subsurface infonnation. Lithologically similar Lower Devonian shelf patch reefs of

the Michigan Basin (Detroit River Group) are described, however, from outcrops of

southwestern Ontario. These buildups are reported to be up to 15 m in thickness and

900 m in diameter, although most are less than 100 m across (Pratt, 1989). They

could be used, therefore, as paleo-geographic models for the Jean Marie patch reefs.

The Nature and Origin of the Patch Reefs

In some but not all of the Jean Marie cores penetrating a patch reef, the

initiation of reef growth is indicated by the presence of a basal lens of bioclastic

packstone of Lithofaces D (Figure 11). The relatively thin (less than 1 m) basal

sequences indicate shoaling conditions, and they seem to represent the pioneer or

stabilization stage of reef growth according to Walker and Alberstadt's model (1975).

This phase of reef growth is initiated by the accumulation of pelmatozoan- or

echinoderm-rich sands and other skeletal debris which stabilize the underlying fine-
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grained sediment, and thus provide a substrate which sessile organisms subsequently

can colonize.

Formation of a stabilized substrate then provided conditions suitable for

colonization by organisms adapted to shallower-water and reef or near-reef

environments. The appearance of tabular stromatoporoids, Renalcis, and corals

above the basal packstone (and in some cases above nodular wackestone) sequences

thus indicates patch reef inception. The presence of thick and continuous boundstone

sequences of Lithofacies E -- which can be as thick as the platform itself (Figure 10) 

- reflects on the substantial growth potential of the Jean Marie patch reefs.

The uniform reef core and thus the bulk of the patch reefs was built mainly by

tabular stromatoporoids and Renalcis, with abundant and sometimes fenestral, lime

mud. Its lithology reflects on growth in a fairly constant and relatively shallow-water

environment under moderate-energy conditions.

The reef core is flanked by the bioclastic floatstones of Lithofacies G-l. This

lithofacies commonly contains equal amounts of larger bioclasts of corals and

stromatoporoids in an argillaceous mudstone to wackestone matrix, and it exhibits

some vertical and lateral variations.

Occasional floats tones dominated by coral fragments occur in the lower flank,

but floatstones with more stromatoporoids are common in the upper flank deposits.

Laterally, flanking sediments display a gradational change away from the reef core.

Bioclasts become smaller and less abundant (with more coral fragments), and the

matrix grades from an argillaceous wackestone to a more argillaceous mudstone.

The upper section of three patch reefs contains Amphipora wackstones of

Lithofacies F. The presence of lagoonal sediments reflects the development of

shallow-water, restricted conditions over these reefs.

The core facies of the patch reefs is overlain by bioclastic floatstones
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(Lithofacies 0-1) in all but one of the reef sequences which is discussed in Chapter 5.

In the reefs encased in the lower part of the platform, these floatstones grade upward

into nodular, argillaceous wackestones or floatstones (Lithofacies A or B), followed

by medium-bedded mudstones (Lithofacies C), and finally by the shales of the

Redknife Formation.

BARRIER REEF SETTING

Only five cores which penetrated the Jean Marie barrier reef complex were

available for study (Figure 12). Three cores in the fore-reef and in reef locations are

limited "to the top portion of the reefs, whereas two cores of the back-reef region

include a more complete section.

Due to this very limited core control, interpretations of the facies relationships

and, particularly, the early development and depositional history of the barrier reef

are highly speculative. The evaluation, therefore, involves a detailed review of the

facies relationships, with the vertical development of the reef complex discussed in

general terms only in Chapter 5.

Paleogeography of the Barrier Reef Complex

The margin of the Jean Marie carbonates can be projected along a north-south

line at approximately 1220 longitude West (Figure 7). In places, the Jean Marie

thickens to over 160 m and then rapidly thins to zero westward along this line

adjoining the basinal shales of the Fort Simpson Formation. This carbonate complex

is interpreted as an extensive barrier reef system which formed at the western margin

of the platform.
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The reef tract can be traced for approximately 300 kIn from the outcrop area

in the southwestern comer of the Northwest Territories, to about 580 latitude North in

northeastern British Columbia. South of this area, the sparse well control limits

mapping and tracing of the formation. The barrier is not continous, however, but

rather consists of individual buildups separated by areas of lower relief in the shelf

margin. Buildups vary in thickness from about 75 m in the south to over 160 min

some of the northern sequences. Conversely, the width of reefs ranges from about 12

km in the south to 8 km in the north. Reasons for these differences are discussed in

Chapter 9.

The Facies Composition of the Barrier Reef Complex

The Jean Marie barrier reefs (Figures 13 and 14) exhibit distinct facies

changes from fore-reef to back-reef locations. A fore-reef flank facies occurs on the

seaward side of the barrier and is composed of bioclastic floatstones (Lithofacies G

2) dominated by consistently dipping layers of bioclasts of massive corals and tabular

to massive stromatoporoids in a packstone to grainstone matrix. This lithology

reflects deposition in a high-energy, sub-turbulent to turbulent environment.

The flank deposits are associated with the reef front facies characterized by

the rudstones of Lithofacies H. There is a gradation between the two lithologies and

a clear distinction between them cannot always be made. However, some general

features distinguish the rudstone deposits: the massive stromatoporoids and corals are

larger and, although broken, are not as disturbed or abraded (or in consistently

dipping layers) as those in the reef flank. Also, relatively little or no matrix·is present

in the reef front facies because deposition occurred in a high-energy, turbulent setting

shelfward and upslope of the fore-reef flank.
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The reef crest is fonned by the massive stromatoporoid boundstones of Lithofacies 1.

These deposits reflect a distinctive high-energy zone characterized by laminar and

encrusting stromatoporoids with very few other structures or sediments associated.

The reef crest, by implication, marks the highest part of the reef separating fore-reef

flank and reef front deposits from the back-reef sediments.

A back-reef facies has been identified shelfward of the reef front and/or reef

crest deposits. An oncoidal rudstone lithofacies (Lithofacies K) contains abundant

Amphipora, thamnoporid corals, and other debris as discrete bioclasts and/or as

nuclei within oncoids. Rudstones with bioclasts and oncoids indicate a shallow

water, semi-restricted and moderate-energy setting. Oncoid-rich and muddy

sequences, in contrast, reflect deposition in possibly deeper and certainly more

restricted back-reef locations.

In all four facies, accumulations of lime sands are relatively common. These

deposits consist of bioclastic grainstones (Lithofacies J) with very abundant gravel

and sand-sized debris but little or no lime mud matrix. Bioclastic grainstones in

Chevron et ai. Petitot a-64-H/94-0-16 (1446.2 - 1452.5 m) contain abundant

stromatoporoid, coral, and crinoid debris, and interfinger with reef flank, reef front,

and reef crest sediments. These grainstones are interpreted to have been deposited in

high-energy reef shoals near sea level.

Orainstones in Noreen Dilly a-21-E/94-P-12 (1554.3 - 1557.7 m, 1570.9 

1573.6 m, and 1576.5 - 1576.9 m) are lithologically similar to those in a-64-H and a

73-L, but occur between floatstones with a dark shale matrix (Lithofacies 0-3). The

abrupt contacts between these distinct lithologies suggests the grainstones may have

been transported from a high-energy setting to a relatively lower-energy setting.

A grainstone sequence in BP Petitot River a-01-D/94-P-13 (1436.2 - 1437.3

m) contains abundant Amphipora and thamnoporid coral debris, and is gradational
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with the oncoidal rudstones. This grainstone most likely was deposited in a back-reef

setting affected by moderate wave action.

Back-reef deposits also contain stromatoporoid- and Renalcis-rich boundstone

sequences of Lithofacies E alternating with oncoid-rich rudstones. These boundstone

sequences are lithologically identical to those forming the cores of the platform patch

reefs discussed earlier.

The two cores from the back-reef setting contain darker, finer-grained and

sometimes pyritic sediments near the top of the cored sections. In Western Natural

Petitot River a-81-L/94-P-12, for instance, oncoidal rudstones grade to dark-grey

oncoidal floatstones at about 1424.6 m depth. The dark floatstones, in tum, grade to

mudstones which are overlain abruptly by black shales of the Redknife Formation at

1419.9 m depth. This lithologic change records the termination event of reef growth

and carbonate deposition which is also observed in the platform and patch reef

settings.

Growth Stages of the Barrier Reef Complex

Gamma-ray and sonic well logs indicate the presence of a shaly sequence

within the clean carbonates in some of the barrier reefs (Figures 8, 14). This

"marker" is important, because it reflects the beginning of a transgressive event. Core

from this shaly section in Noreen Dilly a-21-E/94-P-12 (1578.7 - 1571.7 m) includes

stromatoporoid boundstones, bioclastic grainstones, and bioclastic floatstones..

Unique to this sequence, however, is the presence of abundant fossil debris

(commonly thamnoporid coral fragments) in a black, non-calcareous shale matrix,

producing a distinctive dark-coloured bioclastic floatstone (Lithofacies G-3).

The abrupt shale signature on well logs from some reefs, as well as the abrupt
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lithologic changes observed in the core from a-21-E, indicate termination of growth

of the platform and some areas of the barrier reef complex. Samples from this shale

rich floatstone yielded the most diverse microfauna observed in any Jean Marie

sequence indicating fully open-marine and strong transgressive conditions (Braun,

pers. comm.).

Whereas in a-21-E growth obviously was terminated shortly after the

appearance of Lithofacies 0-3, it continued briefly in others (Figures 8, 14). This

suggests that the barrier itself may have formed in two stages. The first and

volumetrically most significant stage of growth was during progradation of the

carbonate ramp and the buildup of the platform and its patch reefs. The second stage

took place during the early stages of the ensuing termination event which ended

growth of the Jean Marie platform and its patch reefs. This termination event is

discussed in detail in Chapter 5.
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CHAPTER 5

DEPOSITIONAL HISTORY

Development of the Jean Marie Fonnation in northeastern British Columbia

and adjacent areas occurred as a result of the re-establishment of carbonate

sedimentation over the Hay River Shelf. Progradation of the Jean Marie platform

may correspond to a small-scale sea-level fall in late Middle Frasnian time (discussed

in Chapter 3) which interrupted the last of the Frasnian transgressions. Equally, it

may be the result of regional tectonic influences, possibly even reflecting a climatic

change, or a combination of a number of factors.

Growth Stage 1

Subtidal conditions were conducive to the deposition over a wide area of

relatively unifonn argillaceous lime mudstone and wackestone sequences

characterized by an open-marine fauna (Figure 15). Some topographic relief on the

sea floor may have been responsible for the development of localized fossil-rich

wackestones and poorly fossiliferous mudstones. Overall, however, topography was

subdued with the platfonn sloping at rates of approximately 0.5 m/km to the west.

At a more pronounced break in slope (presently aligned north-south at about

1220 W), a thickened carbonate sequence developed marking the western edge of a

wider shelf. West of this slope break, the Jean Marie carbonates tenninated and are

adjoined by "basinal" shales.

Growth Stage 2

Carbonate production continued at a rate greater than sea-level change (due to

sea-level increase and/or basin subsidence) resulting in shallowing of the platfonn.
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Biostromal growth commenced as conditions became suitable for the survival of fore

reef to reef-dwelling organisms. "Highs" on the sea floor were colonized by

organisms which stabilized the platform sediments, and which sometimes provided

foundations for patch reefs.

The thickened carbonate sequence at the shelf edge itself became the base for

the development of a barrier reef along the shelf margin. Growth during this period

of shallowing resulted in significant lateral accretion of the barrier reef.

Unfortunately, the depositional history and lithofacies make-up of this complex is

mostly unknown due to lack of core and distinctive signatures on geophysical logs

(which sometimes differentiate lithofacies). Only the uppermost part of this stage of

reef growth has been cored in one well (see Figure 12). This part of the barrier reef

grew to near sea level, as indicated by the presence of a high-energy reef crest facies

(stromatoporoid boundstone).

Growth Stage 3

A rise in sea level may be indicated by the poorly fossiliferous to

unfossiliferous mudstone unit in the upper platform. Such deposits have been

interpreted not only as deeper-water sediments, but at the same time point also to

restrictions within the otherwise open-marine conditions over the shelf.

The presence of deeper water sediments (bioclastic floatstones, nodular

floatstones and wackestones, and medium-bedded mudstones) over most patch reefs

reflects such a deepening event. This gradation to deeper-water facies, however, does

not necessarily reflect a simple drowning episode. Schlager (1981) has indicated that

a sea-level rise alone is insufficient to terminate reef growth, and that a combination

of "superimposed effects" may be required in order for a sea-level rise to outpace the

rate of sediment production envisioned for ancient reefs. The presence of restricted
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conditions, possibly created by barrier reefs impeding the influx of open-marine

water, may have provided this "added effect"; restrictive shelf conditions could result

in less prolific reef growth and the inability of the patch reefs to "keep up" with the

rising sea level. Silurian reefs in Ohio, for instance, were interpreted to have stopped

growing when the area was "invaded by restricted environments represented by

brown micritic carbonate rocks" (Shaver, 1977) -- a situation similar to that in the

upper platfrom unit.

A patch reef in Czar Total Peggo d-69-D/94-P-8 illustrates a different

response to this event. This reef, which extended about 12 m above the surrounding

platform, has boundstone lithofacies abruptly overlain by dark, non-calcareous shales

of the Redknife Formation. The absence of evidence for gradual deepening suggests

that the buildup may have had enough relief so as to be relatively unaffected by the

Stage 3 event. Termination of growth of the d-69-D reef thus appears to have

occurred during a later event affecting the whole formation.

In any case, the deepening event affecting the platform and patch reef

sequences resulted in backstepping and pronounced vertical upbuilding of the barrier

reef in some areas (see Figures 7,8,14). While parts of the barrier reflect this event

(as discussed in Chapter 4), gamma-ray and sonic logs through thicker barrier reef

sequences show no distinct shaly units which could be interpreted as deeper-water

sediments. Instead, a continous, thick section of "clean" carbonates (reflected in the

geophysical logs) were deposited until the end of Jean Marie time. In a discussion on

carbonate platfonns, Read (1985) indicated that drowning of a rimmed shelf may

"initially cause upbuilding of the rim above the adjacent deepening lagoon". This

type of response could explain the presence of thick (up to 160 m) barrier reefs

associated with a relatively thin (12 t030 m) platfonn (see Figure 14).
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Growth Stage 4

A final tenninating event ended carbonate production on the Jean Marie

platfonn. The upper shelf mudstones are abruptly overlain by dark, non-calcareous

shales of the Redknife Formation. The contact between the fonnations, marked by a

submarine hardground and pyrite, points to a period of very slow sedimentation and

submarine erosion under restricted conditions prior to deposition of the shales.

Microfaunas within the overlying Redknife shale indicate transgressive, open-marine

conditions which appear to correlate with the continuation of the final late Frasnian

transgression (discussed in Chapter 2).

The patch reef in Czar Total Peggo d-69-D/94-P-8 was tenninated during this

event. A sharp litholog~c change, with dark shales directly overlying the reef core

lithofacies, is readily observable in the well core (Plate 12, Figure B). This

relationship suggests that reef growth was terminated abruptly. Evidence of subaerial

exposure, however, was not observed in the core.

The barrier reef also seems to have stopped growing at this time. Reef

carbonates are abruptly overlain by shales of the Redknife Formation according to all

geophysical logs, and microfaunas of the boundary zone at Noreen Dilly a-21-E/94

P-12 indicate a sudden increase in open-marine fonns in the overlying shale.

The apparently abrupt tennination of Jean Marie sedimentation again presents

the problem of a sea-level rise alone being incapable of drowning a growing reef

(Schlager, 1981, suggests growth rates for ancient reefs were at least an order of

magnitude higher than any sea-level rises). The influx of the dark clastics of the

Redknife Formation with the transgressing sea appears to be the "decisive effect"

which may have inhibited carbonate production and contributed to the termination of

reef growth.

A minor fluctuation in sea level and/or a waning in clastic influx is indicated
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by the presence of a thin but laterally extensive "limestone marker" (1 to 3 m thick) in

the Redknife Formation about 3 m above the top of the Jean Marie platform. Non

calcareous shales and siltstones above this limestone marker reflect the end of Jean

Marie carbonate sedimentation in northeastern British Columbia and adjoining areas.
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CHAPTER 6

DIAGENETIC HISTORY

Calcite cementation on the Jean Marie sea floor is indicated by the presence

of radiaxial fibrous and micrite-size cements (Figure 16). Bladed to equant calcite,

equant ferroan calcite, and dolomite reflect stages of burial diagenesis.

Other diagenetic features including pressure-dissolution seams, stylolites, and

fractures, also reflect the effects of burial diagenetic processes.

CEMENTATION

Submarine Cementation

Radiaxial fibrous calcite partially or completely fills fenestral cavities which

occur in the boundstone sequences of Lithofacies E (Plate 13, Figure A). The fibrous

calcite crystals are oriented perpendicular to the cavity wall; crystals vary in length

from 100 to 600 urn, and are commonly less than 100 urn wide. Larger fenestrae (on

a centimetre scale) could be termed stromatactis, although the more common smaller

structures should be referred to only as fenestral cavities due to their size.

Thin micrite crusts are present on the outer surface of some bioclasts in most

lithofacies (Plate 13, Figure B). These are not micritic envelopes, but they rather

closely resemble the thin micrite cements which coat sand-sized grains in the Belize

barrier reef (James et aI., 1976). Micrite-size cements are the most common and

ubiquitous cements formed in the sea-floor setting, but are difficult to differentiate

from lime mud (James and Choquette, 1983).

Micrite crusts on sea-floor sediments also form hardgrounds. Submarine

hardground surfaces were observed at the contact between the Jean Marie and the
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PLATE 13

(Scale bar is 500 urn)

Figure A. Fenestral cavity with radiaxial fibrous calcite cement (RF) overlain by equant

calcite spar (E). Location c-18-A/94-P-10; depth 1133.4 m.

Figure B. Micrite crusts (M) on a brachiopod shell fragment in a bioclastic packstone

(Lithofacies p). Location b-24-I/94-P-11; depth 1268.4 m.
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overlying Redknife Fonnation (Plate 3, Figures A and C). The contact is marked by

an irregular surface, and eroded lithoclasts occur in the overlying shale.

Peloidal textures are rare to common in all lithofacies encountered except for

the Amphipora wackestone and the stromatoporoid boundstone lithofacies. Peloids

occur within lime mudstone and calcite microspar either as discrete particles ranging

from 50 to 100 um in diameter, or as clots of peloids. A gradation from pelmicrite to

clotted peloids within microspar (texture grumeleuse of Cayeux, 1935 - see Bathurst,

1971) to a pelsparite is commonly observed. These textures are also present as

pelmicrites and pelsparites within shells. The sediment may fill the cavity completely

or produce a geopetal fabric with equant spar (Plate 14, Figure A).

The origin of these features is still debated. Some peloids in the bioturbated

lime mudstones of the platform lithofacies may be fecal pellets, although no

supporting evidence for this has been found. Macintyre (1985), on the other hand,

argued that a good deal of evidence points to chemical precipitation as the origin for

most peloids. He noted that the primary evidence for this interpretation is the

generally spheroidal shape, size restriction, and the isolated sites of deposition (ibid,

1985). To date, the origin (or origins) of the peloidal texture has not been determined

exactly.

Burial Cementation

The meteoric diagenetic environment may consist of a vadose or zone of

aeration, and a phreatic or zone of saturation. Vadose zone cements were not

observed in any Jean Marie sediments, and phreatic cements were identified

tentatively, for they may also represent burial cements.
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PLATE 14

(Scale bar is 500 urn)

Figure A. Ostracod with geopetal fabric fonned by equant calcite cement (E) overlying

pelmicrite (P). Location d-48-H/94-1-11; depth 1274.4 m.

Figure B. Brachiopod shell with frrst stage rim of bladed calcite spar (B) and a second

stage equant calcite cement (E). Location d-35-D/94-P-15; depth 1274.4 m.
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The most common cement within the platform and most of the patch reef and

barrier reef lithofacies is bladed to equant calcite. Four distinct stages of calcite

cementation have been identified, although the first stage is not common.

The first stage consists of a rim of bladed calcite cement. Bladed crystals

sometimes have prismatic terminations and are oriented perpendicular to the substrate

from which they grew (Plate 14, Figure B). Crystals vary from 30 to 40 urn in width

and 100 to 150 urn in length.

The second stage cement is the most common void-filling cement observed; it

is a fine- to coarse-crystalline equant calcite (Plate 14, Figure B; Plate 15, Figures

A,B). This cement may be a mosaic of equicrystalline spar, or a drusy spar marked

by an abrupt or gradational increase in crystal size towards the centre of fossil molds,

voids, and shelter cavities. Coarse-crystalline equant spar is also observed fonning

syntaxial overgrowths on some crinoid ossicles within the bioclastic packstones of

the patch reefs. Crystal sizes range from 10 to 20 urn for the fine spar; larger crystals

vary from 100 to 1500 urn in width.

Vertical to sub-vertical fractures are most common with rare, very thin,

horizontal fractures also observed. Vertical fractures filled with fine- to medium

crystalline equant calcite are about 1 mm in width while horizontal fractures are less

than 1 mm wide. These fractures cut across fossils and the matrix. Where they

intersect calcite cemented voids and shelter cavities, the cements in the fractures

appear contemporaneous with the void- and cavity-filling cements.

A third stage cementation is indicated by the presence of coarse-crystalline,

equant, ferroan calcite in some skeletal molds and in shelter cavities (Plate 15, Figure

A); 50% or more of the cement in the bioclastic packstone lithofacies is ferroan

calcite. Crystal sizes vary from 100 to 800 urn. This cement is typically the last

cement to fill the larger voids.
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PLATE 15

Figure A. Third stage equant Fe-calcite cement (EF) postdates second stage equant

calcite spar (E1) and is postdated by a fourth stage equant calcite spar (E2).

Location d-35-D/94-P-15; depth 1274.4 m. Scale bar is 200 urn.

Figure B. Fe-calcite cemented fracture (EF) crosscutting an equant calcite cemented

fracture (E). Location g-86-B/94-I-6; depth 4884 ft (1488.8 m). Scale bar is

500 urn.
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Vertical to sub-vertical fractures up to 1 mm wide are the most common

forms of equant Fe-calcite cemented fractures observed. These fractures are

extensive and cut across the matrix, fossils, and cemented cavities, as well as the

calcite filled fractures (Plate 15, Figure B). Where the fractures intersect calcite

cement, either a Fe-calcite-filled fracture is observed, or the calcite and the interstices

between crystals have been infiltrated by the ferroan fluids.

Some fossil molds, cavities, and fractures contain coarse calcite spar post

dating Fe-calcite cement (Plate 15, Figure A). Crystal sizes of this fourth stage spar

are the same as the coarser fraction of the second stage calcite cements.

James and Choquette (1983) indicated that isopachous phreatic cements "may

be diffiCult or impossible to distinguish from isopachous cements of submarine, sea

floor origin". Elongate prismatic calcite can also occur as an overgrowth on marine

cement or bioclasts. Furthermore, Choquette and James (1987) suggested that such

calcite could be an early burial cement. Consequently, a precise origin is unclear, and

the first stage bladed cements may reflect either submarine or burial cementation.

The second stage equant calcite cements are common forms of burial cements.

Although blocky calcites are also typical phreatic cements, an absence of karst

features and vadose zone cements suggests that these equant cements are of burial

and not freshwater phreatic origin. The presence of equant spar in fractures also

suggests a burial origin.

Fe-calcite, the third stage of equant cement, is commonly precipitated in deep

subsurface zones where ferrous iron within the reducing waters is readily

incorporated into the calcite structure (Choquette and James, 1987). This cement,

therefore, indicates a late stage diagenetic event post-dating most calcite cementation.

Cross-cutting relationships of Fe-calcite cemented fractures with calcite cemented

fractures also indicate this to be a late stage cement.
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The calcite cement post-dating Fe-calcite cement indicates a late stage of

calcite precipitation within spaces which were never completely filled by earlier

cements. This latest stage calcite cement was precipitated by burial waters which

were not reducing (Choquette and James, 1987).

COMPACfION FEATURES

Pressure-dissolution seams are common in nodular wackestones and

floatstones of the platform, and less abundant in the reef lithofacies (Plate 16, Figure

A). These features, as well as the nodular fabric itself, reflect the processes of

mechanical compaction and pressure-dissolution which become concentrated in less

cemented strata, and which are common in argillaceous platform limestones

(Bathurst, 1987). They differ in this respect from the thicker partings (see Chapter 3,

Lithofacies A) which appear to be depositional features.

Fossils within the argillaceous seams are cemented in a number of ways.

Very small fragments are usually cemented by equant calcite. Some ostracods are

filled with rhombohedral Fe-dolomite or zoned dolomite (discussed in the next

. section). Larger bioclasts, mostly thamnoporid corals, have a calcite skeleton with

calcite cement or Fe-dolomite rhombs filling corallites.

Stylolites are present in the platform wackestone and floatstone lithofacies,

usually within or adjacent to the argillaceous seams or thicker partings (Plate 16,

Figure C). They are less common in reef lithofacies where they are not associated

with argillaceous seams. These features are small in amplitude (mostly less than 2

cm) and are usually single forms.

Stylolites contain abundant Fe-dolomite rhombs with some zoned crystals

(discussed in the next section). A dense insoluble residue is also common within the
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PLATE 16

(Scale bar is 1 em, unless otherwise stated)

Figure A. Pressure-dissolution seam (DS) within a thicker argillaceous parting. Location

d-48-H/94-I-ll; depth 4248 ft (1294.8 m). (Negative thin section photograph)

Figure B. Sub-vertical fractures (F) normal to a sub-horizontal stylolite (ST). Note that

the fractures end abruptly at the stylolite, and taper out and away from it.

Location d-48-H/94-I-l1; depth 4252 ft (1296.0 m). (Negative thin section

photograph)

Figure C. Stylolite (ST) within an argillaceous seam. Stylolites commonly contain a

dark-brown residue. Location a-81-L/94-P-12; depth 4698 ft (1432.1 m).

Scale bar is 2 mm.
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stylolites. The composition of this residue is not clearly recognizable, but is probably

similar to insoluble material which Scholle and Halley (1985) identified as "clay,

organic matter, iron oxides, etc".

The argillaceous seams, commonly referred to as non-sutured pressure

dissolution seams, and the stylolites or sutured seams, are common products of burial

compaction processes.

Fe-calcite filled fractures have not been observed to cut across stylolites.

Instead, some fractures extend vertically from the stylolites. The fractures are normal

to the stylolites and thin away from them (Plate 16, Figure B). This relationship

suggests an intimate association between the formation of stylolites and these

fractures. Machel (1986) observed the same relationship in the Nisku Formation of

southern Alberta referring to them as "tension fractures". Not all Fe-calcite fractures

are, however, associated with stylolites.

DOLOMITIZATION

Dolomite and Fe-dolomite are common within the sediments of the reef flank,

reef margin, and reef crest deposits of the barrier reef setting, and in the patch reef

packstone lithofacies. In contrast, dolomite is less abundant in the platform

lithologies.

The reef sediments (bioclastic floats tones, rudstones, framestones, bioclastic

grainstones, and bioclastic packstones) contain fine matrix dolomite and

rhombohedra of Fe-dolomite, dolomite, and zoned dolomite. The bioclastic

grainstones also have dolomitized crinoid ossicles and coarse, equant dolomite.

Platform sediments commonly contain only dolomite rhombs. All these types of

dolomite are interpreted to have formed during a late stage of burial, as deduced from
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their cross-cutting relationships with calcite and ferroan calcite cements.

Calcite and Fe-calcite cement and minor microspar in reef sediments have

been partially replaced by a fine matrix dolomite (Plate 17, Figures A,B). Contacts

show dolomite crystal terminations crossing and obliterating calcite and Fe-calcite

crystal boundaries. Similar observations in the Miette buildup in the Fairholm Group

of Alberta have been interpreted as recrystallization of calcite to dolomite (Mattes

and Mountjoy, 1980).

Coarser (50 to 150 um) and finer (30 to 50 um) euhedral dolomite

rhombohedra are recognized in the barrier reef and packstone lithologies,

respectively. Within the argillaceous carbonates of the platform, these rhombs are 10

to 80 um and commonly euhedral to anhedral. They occur in pressure-dissolution

seams, in the calcite and Fe-calcite spar, and also as floating entities in lime mudstone

and the fine dolomite matrix (Plate 17, Figure A). Such a relationship points to an

origin post-dating calcite and Fe-calcite cementation and matrix dolomite formation.

Some voids are filled with dense accumulations of coarse, rhombohedral

dolomite. It is uncertain whether this void fill is a recrystallization dolomite or a

precipitated dolomite cement.

Equant dolospar (with Fe-dolospar terminations on some crystals) replaces

matrix dolospar in some bioclastic grainstone deposits (Lithofacies J)(Plate 17,

Figure B), and appears to form syntaxial overgrowths on a few crinoid ossicles (Plate

18, Figures A,B). Crystals are up to 500 um in diameter. While it post-dates the

matrix dolomite, this cement appears to share a common boundary with some rhomb

spar within the matrix dolospar, suggesting contemporaneous formation of the two

coarse cements. The equant dolomite spar has not been recognized in any other Jean

Marie lithologies.

Stylolites and some grain-contact solution sutures contain brown, insoluble

110



PLATE 17

Figure A. Fine matrix dolomite (D - dark green) and dolomite rhombohedra (RD 

turquoise and green) replace lime mud (L - dark red) and calcite spar (E 

pink). Location a-64-H/94-0-16; depth 1430.5 m. Scale bar is 500 urn.

Figure B. Equant dolospar (ED) replacing matrix dolomite (D). Note the Fe-dolomite

rhombohedra (RD), one with a dolomite core and one without. Location a-21

E/94-P-12; depth 1555.2 m. Scale bar is 200 urn.
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PLATE 18

(Scale bar is 500 um)

Figure A. Crinoid ossicle (CR) with a syntaxial overgrowth of dolomite cement (ED).

Note the abundant equant dolospar cementing the bioclastic grainstone.

Location a-21-E/94-P-12; depth 1555.2 m.

Figure B. Figure A in cross-polarized light, showing the similar crystallographic

orientation of the crinoid ossicle and its dolomite overgrowth.
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residues and dolomite rhombs. Rhombs within pressure-dissolution seams are 10 to

80 urn in diameter in platfonn lithologies, and somewhat coarser in reef sediments.

Dolomites associated with pressure-dissolution are common in many marine

carbonates, including the Miette reef. Stylolites and solution seams in the Miette

buildup have been interpreted as post-dating calcite cementation and dolomitization

(Mattes and Mountjoy, 1980).

Dolomite rhombs within the matrix, cements, and voids are morphologically

and compositionally similar to dolomite associated with pressure-dissolution features.

Grains are mainly euhedral and usually zoned. Most common is a dolomite core with

an outer Fe-dolomite zone. The inner core varies in size while the outer ferrous layer

is of fairly consistent thickness. Some rhombohedra have an innermost Fe-dolomite

core. Rare unzoned dolomite and Fe-dolomite crystals are also present.

The zonation observed within dolomite rhombohedra suggests growth during

more than one phase of alteration marked by iron-rich and iron-poor fluids. Similar

dolomites in the Miette buildup are believed to have formed during a long-lasting

dolomitizing event which allowed for the sustained movement of dolomitizing fluids

of different compositions through the strata.

It is uncertain whether dolomite rhombs within and adjacent to pressure

dissolution seams were formed by the same processes which produced these features

and the stylolites. Rhombohedra are commonly abundant within a seam or stylolite

and decrease in abundance and size in the surrounding matrix. Wanless (1979) noted

this as supportive evidence that the rhombs in the matrix are a product of pressure

dissolution processes. However, Mattes and Mountjoy (1980) pointed out that

dolomite is resistant to solution under burial conditions, and that it will accumulate as

an insoluble residue along stylolites.

Dolomite rhomb spar within calcite cement and matrix, and especially within
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voids, can be abundant in the absence of stylolites. This suggests a genesis unrelated

to pressure-dissolution. Mattes and Mountjoy (1980) have identified floating

dolomite rhombs and coalesced mosaics in the Miette buildup mostly as a

replacement of calcite spar and, in some cases, as a space-filling cement.

It would appear, therefore, based on these observations and evaluations, that

rhombohedral dolomites have formed in the burial realm both in association with, and

independant of, the formation of pressure-dissolution features commonly referred to

as stylolites.
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CHAPTER 7

GENERAL CHARACTERIZATION OF MICROFAUNAS

Microfaunas within the Jean Marie platform carbonates and especially in the

reefal sequences "thin out" in both variety and abundance in comparison with most

shaly sequences. This is common for carbonates and reflects on the rather specialized

living conditions which were not the most conducive for most of the ostracod and

other microfossil species (Braun, pers. comm.).

Although Devonian reef and carbonate platform microfaunas are commonly

impoverished in variety, some species have been found in great individual

abundances. A drop in abundance of individuals in low-diversity or monotypic

faunas, however, is probably more a function of high sedimentation rates or a

"dilution factor" rather than due solely to "restricting" environmental conditions.

Ostracods identified from the reefal and platform sequences indicate that the

buildups and the platform carbonates developed contemporaneously and during a

relatively short interval of late Frashian time. The overall diversity of the mega- and

microfaunas indicates relatively open-marine conditions, with isolated units

containing impoverished and low-diversity faunas reflecting localized restrictive

conditions. The same restrictions can also be recognized in the composition of the

megafossils and in the nature of the sedimentary features.

The distinctive bioclastic floatstones of Lithofacies G-3 (mainly thamnoporid

coral debris in a dark, non-calcareous shale matrix) in Norcen Dilly a-21-E/94-P-12

contain the most diverse ostracod and general microfauna of any of the sequences

sampled. This indicates a transgressive pulse and open-marine conditions rather than

restricted and "euxinic" conditions which are often interpreted for such dark and

shaly sequences. Similar "thamnoporid-rubble" units are known from several levels
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in Middle Devonian deposits of western Canada, but the true origin of these peculiar

sequences is still unclear (Braun, pers. comm.).

RELAnONSHIP OF THE JEAN MARIE MICROFAUNAS TO THOSE OF THE

ADJACENT FORMAnONS

The Fort Simpson shales underlying the Jean Marie Formation contain a

meager Upper DFr 4 ostracod fauna (zonal scheme by Braun, 1968) changing

gradually into the the Lower DFr 5 assemblage that characterizes the Jean Marie

carbonates. This gradual shift in the microfaunal spectrum points to a conformable

transition between both formations. This concurs with the conodont studies of

Klapper and Lane (1985) who placed the Jean Marie in the same stratigraphic zone as

the upper Fort Simpson Formation. The contact between the formations is also void

of features such as pyrite accumulations or conodont lag deposits which would

suggest an unconformable relationship.

The Redknife shales overlying the Jean Marie Formation contain an

abundance of ostracods, Foraminifera, and other microfossils both in terms of variety

and individual abundance. The ostracods in the Redknife also belong to Braun's

Lower DFr 5 assemblage, which indicates an overall time equivalence with the Jean

Marie assemblage. However, conodont lag deposits at the Jean Marie - Redknife

contact strongly point to an unconformable relationship between the units. This

interpretation is also supported by the discovery of a submarine hardground in cores

taken at the top of the Jean Marie sequences indicating a period of erosion -- brief as

it may have been. The Redknife shales thus are slightly younger than the Jean Marie

carbonates.

The shales in the Redknife Formation are commonly more fossiliferous than
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in a limestone marker occurring within the lower part of the unit. However, in some

sections (such as in Atlantic Tees c-15-J/94-I-6) the shales are relatively

unfossiliferous and rich in pyrite indicating euxinic conditions. Conversely, the

microfauna is sometimes more abundant and varied within the limestone marker than

in the adjacent shales. These contradictory differences may be explained by the

presence or absence of obstacles - namely the Jean Marie buildups - which would

restrict the flow of marine waters. Similar localized restricted conditions related to

sea-floor relief have also been postulated for some of the facies variations within the

Jean Marie carbonates.

BIOSTRATIGRAPHIC CORRELATION OF THE JEAN MARIE FORMATION

The Jean Marie Formation contains the Lower DFr 5 ostracod assemblage

which is the most widespread of all North American Devonian microfaunas. This

assemblage flourished during the strongest and most extensive of the Devonian

transgressions in late but not latest Frasnian time, and it has been traced from east

central Alaska to Iowa and right across western Canada (Braun, personal

communication).

The Jean Marie ostracods can be correlated with those contained in the Mount

Hawk Formation of the Rocky Mountains and the Cynthia Member of the Nisku

Formation of west-central Alberta (Figure 17). This implies that the "Nisku reefs It

(Zeta Lake Reef Member) of the Edmonton area are slightly older than the Jean

Marie reef complexes, as are the reefs on Hay River. In the Northwest Territories,

the formation corresponds to the Escarpment Member of the Hay River Formation,

and in southeast Saskatchewan to the lower Birdbear Formation -- based on the

microfaunal evidence.
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CHAPTER 8

THE JEAN MARIE REEFS

NATURE OF THE REEFS

The definition of the term "reef' has evolved over a period of six decades.

Heckel (1974) proposed a redefinition of a reef as "a buildup that displays 1)

evidence of a) potential wave resistance or b) growth in turbulent water which

implies wave resistance, and 2) evidence of control over the surrounding

environment".

Kornicker and Boyd (1962) pointed out that influence of the reef upon the

environment is reflected in the development of flanking beds and often in

differentiation of the buildup into distinct facies commonly termed "flank", "reef

margin", and "back-reef". Dunham (1970) applied a genetic meaning to the more

specific term "ecologic reef'. Such a reef is defined as a "rigid wave resistant

topographic structure" which is produced by "actively building and sediment binding

organisms."

The Jean Marie barrier reef meets the requirements of a reef according to

Heckel's definition. Growth into turbulent water is interpreted for the bioclastic

floatstone, the rudstone, the stromatoporoid boundstone, and the bioclastic grainstone

lithofacies (flank, reef-margin, reef crest, and shoal facies) based on various

sedimentologic and biotic features. Fragmentation of large reef-builders, and

abrasion and rounding of small bioclasts, infers a turbulent setting. The laminar form

of stromatoporoids in the boundstone deposits is commonly interpreted as a wave

resistant growth form. Secondly, back-reef sediments characterized by delicate

Amphipora, oncoids, and lime mudstone reflect control of the reef over its
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environment which resulted in a lower-energy setting leeward of the high-energy reef

zones.

The barrier reef also qualifies as an "ecologic reef" according to Dunham's

definition. The distinct lateral zonation with a low-energy facies shelfward of a high

energy facies implies the presence of a topographic structure controlling wave and

current action. Corals and stromatoporoids are abundant in the rudstone,

stromatoporoid boundstone, and bioclastic floats tone lithologies. These organisms

are recognized as the dominant reef-building taxa of Devonian bioherms (James,

1983).

The Jean Marie patch reefs can also be considered as reefs which satisfy both

definitions. Growth in sub-turbulent water is indicated by the presence of a flank

facies (bioclastic floatstone lithofacies). The boundstone texture of the reef core

facies reflects a wave resistant structure. The presence of an Amphipora wackestone

lithofacies implies control of the reef on its environment which resulted in formation

of a low-energy, restricted lagoon adjacent to the patch reef core facies.

Stromatoporoids are common in the reef core facies; Renalcis is also

abundant. Renalcis is a common encrusting and sometimes framebuilding organism

in reefs of Cambrian to Devonian age (Pratt, 1984). Pratt and James (1982)

interpreted Renalcis-bearing bioherms of the S1. George Group as ecologic reefs

based on a number of observations, including some of those discussed above.

LOCALIZATION OF THE REEFS

The causes of localization of many Devonian buildups in western Canada are

poorly understood. Linear reef trends may be controlled by the bathymetry of the

platform margin or by linear tectonic elements (Mountjoy, 1980). A number of linear

122



Devonian reef tracts such as the Rimbey-Meadowbrook and Bashaw-Duhamel trends

in Alberta are presumed to be controlled by tectonic features. Although the presence

of a deep-seated fault controlling Jean Marie barrier reef growth can only be

suspected but not proven, the linear nature of the platform margin and barrier reef

itself suggests a tectonic influence. Fischbuch (unpublished report) referred to this

lineament as the "Jean Marie hinge" and implied the presence of a normal fault.

As discussed previously, the Jean Marie thickens drastically at a noticeable

break in slope. If this slope break was due to movement along a normal fault

contemporaneous with reef growth, it could readily explain the development of the

very thick barrier carbonates on a relatively thin platform sequence. This idea has

been evaluated by Greggs and Greggs (1989) to explain thick carbonate buildups

which are lithologically similar to thin platforms on which they occur. The Greggs

and Greggs model is not directly applicable, however, because the Jean Marie barrier

contains reef lithofacies that are distinct from the platform lithologies. In this case,

the drastic change in thickness could be explained by structural movement during reef

growth.

There is some indirect evidence for such fault-related vertical movement

within the Jean Marie platform. Core from Atlantic Tees c-15-J/94-I-06, for instance,

shows tilted bedding at two intervals. At the base of the formation, from 4914 ft

(1497.8 m) to 4888 ft (1489.9 m), alternating lime mudstone and shale beds and

nodular wacketone beds exhibit dip angles of 25 to 400 (Plate 12, Figure C). A

nodular mudstone sequence in the Redknife Formation overlying the Jean Marie

termed the "limestone marker" (see depositional history), from 4806 ft (1464.9 m) to

4801 ft (1463.3 m), has dip angles of about 400 (Plate 12, Figure D). Nodular

limestones are formed by mechanical and chemical compaction (see discussion of

lithofacies A) and have characteristic horizontal bedding. These tilted beds,
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therefore, suggest faulting and uplift which may be related to the localization of the

patch reef observed at this location.

An unusually thick Jean Marie sequence occurs within Texaco NFA Judy c

53-D/94-P-06 (Figures 7,8). In this well, the formation is 79 metres thick in an area

where the platform is only about 21 to 28 metres in thickness. Unfortunately, the

Jean Marie was not cored in this well; however the litholog produced by Canadian

Stratigraphic Services Ltd. from well cuttings indicates that the sequence in question

is characterized by shaly limestones with bioclastic interbeds; coral debris was

identified in only one 3 m-thick section. Furthermore, the gamma ray log indicates

an argillaceous limestone unit different from the lithologies in the barrier and patch

reefs.

The lithologic evidence, limited as it may be, nevertheless suggests that this

buildup is not an ecologic reef. Furthermore, it would be difficult to account for the

accumulation of 79 metres of relatively unifonn argillaceous limestone on a thin,

shallow-water carbonate platform. Movement along a localized set of faults (a

graben structure perhaps) may have kept the shelf in this area at an optimum depth

for carbonate production for an extended period of time, resulting in an anomalous

thickness of platform carbonate despite the absence of reef-building taxa. Greggs and

Greggs (1989) model appears to be directly applicable, therefore, in the case of this

buildup.

Influence of faulting and uplift associated with the patch reef in c-15-J and

possibly with the anomalous buildup in c-53-D suggests that localization of these and

other patch reefs may have been fault controlled or influenced. This evidence of faul t

movement within the platform may then strengthen the argument for the existence of

faults affecting barrier reef localization.

It is again worth noting that tectonic control over localization of carbonate
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buildups has been presumed for other Devonian reefs in western Canada. Cant

(1988) indicated that uplifted basement blocks in the Peace River area "influenced the

locations of bioherms in onlapping carbonate units", citing the Slave Point and Keg

River reefs at the Slave Field as examples. The Cadjebut Fault in the Canning Basin

of Western Australia too is interpreted to have defined the margin of a carbonate

platform (Playford and Lowry, 1966). The Jean Marie barrier reef, it appears, would

be no exception.

BARRIER REEF DIMENSIONS

In the discussion of the depositional settings, the Jean Marie barrier reef was

described as being approximately 8 km wide and in places over 160 m thick in the

northern part of the study area, whereas in the southern part it is about 12 km wide

and approximately 75 m in thickness (Figure 7).

This is similiar to what Wilson (1975) described for a reef trend along the

Lennard shelf margin of the Canning Basin in Western Australia. In the north, the

steep, relatively narrow profile of the reef resembles a modem linear barrier reef. To

the southeast, however, the buildups broaden into a belt of circular shallow atolls.

Wilson (p.139) explained that "the reef development is upward or outward depending

on the ratio of production compared with subsidence".

A similar change in reef dimensions along the Jean Marie barrier suggests that

the subsidence rate and resulting carbonate production may have varied from north to

south. The rate of subsidence appears to have been greater in the north than in the

south part of the study area, reflected in the relatively greater vertical growth of the

barrier reef to the north.
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BARRIER REEF THICKNESS

A noticeable feature of the Jean Marie Fonnation is the striking difference

between the very thick barrier reef compared to the relatively thin platform

(discussed in chapters 4 and 5). It may seem difficult to explain growth of a reef over

160 metres on a thin carbonate platform that most likely fonned under regressive

conditions. However, new insights into the growth potential of modem carbonate

systems may point to a possible explanation.

Schlager (1981) noted that modem platforms and reefs have growth potentials

of about 1 metre per 1,000 years, although he indicated that accumulation rates for

ancient platfonns are commonly believed to have been lower. The most recent study

of the Great Bahama Bank (Wilber et al., 1990), however, indicates vertical

accumulation rates of 11 to 15 metres per 1,000 years, which was emphasized to be

"10 to 100 times greater than previously known for periplatform muds". At such

rates, the thickest section measured in the Jean Marie (about 165 m) would have

taken no more than 15,000 years to form. At half the rate, the barrier still would have

grown to this thickness in about 30,000 years.

Such accumulation rates may readily explain the growth of the thick barrier

reef, but do not explain its presence on the thin platform. This difference in thickness

is a result of a change in tectonic and general setting from the shelf to the margin.

On the shelf, shallow-water conditions limited vertical accumulation of

carbonate sediments. Toward the shelf margin, a westward, gently sloping sea floor

(either pre-existing or due to slightly increased subsidence) is reflected by a

progressive thickening of the platform (Figure 7). At the shelf margin, a pronounced

break in slope (again, reflecting a pre-existing shelf edge or a deep-seated linear

fault), together with fully open-marine conditions, resulted in greatly increased

126



vertical accumulation of reefal sediments. Active faulting in this region (as discussed

earlier) could also result in drastically increased sediment accumulation at the shelf

margin.
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CHAPTER 9

CONCLUDING REMARKS

The succession of progressively stronger transgressions affecting ever greater

areas of the Late Devonian western Canadian seaway is also well expressed in

northeastern British Columbia and adjacent areas. Smaller order cycles within the

large scale pulses, sometimes combined with more regional influences, are reflected

in such deposits as the Jean Marie Formation.

The Jean Marie carbonates, deposited during the most extensive of the

Devonian transgressions, exhibit a number of features typical of carbonate platfonns

of Devonian or any other age. Many of the lithofacies recognized in the platfonn and

in the reefs are similar to lithologies described in other carbonate sequences of

western Canada, western Australia, and Europe. The diagenetic history of the Jean

Marie is also comparable to that interpreted for some Devonian carbonates in Alberta.

The Jean Marie Fonnation, however, also differs in some conspicuous ways

from many of the Devonian sequences of western Canada. The barrier reef edge

trends north-south, in contrast to the common northeast-southwest and northwest

southeast trends of most Devonian carbonate sequences in western Canada. If this

trend reflects a structural influence, then it was a short-lived feature unique to this

area during Jean Marie time.

Distinctive patch reefs are less common in other Devonian carbonate

platfonns in western Canada. The recognition of distinctive patch reef lithofacies in

many of the cored sections studied, as well as numerous isolated "thicks" on the Jean

Marie isopach map, however, suggest that these patch reefs were common features

within the Jean Marie platfonn. Also, corals are noticably abundant within the Jean

Marie barrier reef carbonates, whereas coral-rich rudstones and floats tones are
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relatively rare in most stromatoporoid-dominated Devonian reefs of western Canada.

In a field trip guide book, McLean et al. (1987) listed 9 genera of corals and 12

species (as well as several unidentified species) which have been identified from Jean

Marie outcrops -- a varied assemblage for Devonian coral faunas.

The presence of numerous species and so many specimens of corals, and the

common occurrence of platform patch reefs, and above all a barrier reef, suggest

living conditions as well as the structural setting may have been unique in this region

during deposition of the Jean Marie sediments.

On a regional scale, the Jean Marie Formation reflects a pattern of

sedimentation typical of many carbonate sequences of Devonian or any other age. A

carbonate platform was established, and grew outward and upward. As the platform

developed, distinct environmental settings evolved -- the carbonate platform, patch

reefs on the platform, and a barrier reef along the platform margin. A continuation of

the latest Frasnian transgressive event initially slowed growth of the platform and

some of the patch reefs, and resulted in upbuilding of the platform margin barrier

reef. Continued transgression terminated growth of the platform and reefs, ending

Jean Marie sedimentation in northeastern British Columbia and adjacent areas.
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