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ABSTRACT

The Elk Formation is the uppermost formation in the Jurassic-Cretaceous Kootenay Group. It is characterized
by a relative abundance of coarse clastics (sandstone and locally conglomerate) and lack of coal, in comparison to
the underlying Mist Mountain Formation. Problems encountered in identification of the Elk Formation and its
contact with the Mist Mountain Formation prompted this study. Stratigraphic sections from five localities in the
Fernie basin (Crowsnest coalficld) and one from the Flathead coalfield were examined and described. Thicknesses
of sections are as follows: Coal Creek (type section) - 429.0 metres; Morrissey Ridge north (adjacent to reference
section) - 472.7 metres; Morrissey Ridge south - 436.1 metres; Flathead Ridge (“pipeline section") - 327.0 metres;
Lodgepole property - 154.5 metres; and Lillyburt property - 67.1 metres were examined, out of a total Elk Forma-
tion thickness of approximately 175 metres.

Sections 1 and 2 are characterized by an obvious three-part stratigraphy, in which the lowest and highest
divisions are dominated by conglomerate and sandstone, and the middle division by finer grained rock types.
Sections 3 and 4 are also divisible into three similar zones or facies, but the zone differentiation is more subtle.
Sections 5 and 6 exhibit no such divisions, apparently due to lateral facies changes, including the possible lensing out
of the basal coarse clastic facies and possibly part or all of the middle "fine facies". Conglomerate is an important
constituent of parts of Sections 1, 2 and 3. Distinctive units informally referred to as "needle siltstone” and "needle
coal" occur in Sections 1 through 5, but are restricted to the upper portions in all cases, suggesting the lateral
continuity of the upper facies away from the type area.

Elk Formation facies present in the study area are consistent with deposition by braided fluvial systems, in a
distal alluvial-fan environment for deposits on the western edge of the Fernie basin (notably Sections 1, 2 and 3),
and in a braidplain environment in other areas. Two models are presented to explain the formation’s lateral and
vertical variations; one based on the wedging out of the lower two divisions noted in Sections 1 through 4, and the
other based on lateral tramsition of these two divisions into contemporancous strata of the Mist Mountain
Formation.

Precise diagnostic criteria to aid in identification of the Elk Formation away from the type area do not appear
to exist. Unfortunately, the relatively clearly defined type and reference sections represent a local facies of the
formation (distal alluvial fan) and are atypical. At many localities, the Elk/Mist Mountain contact is difficult to
define objectively and consistently, because of the nature of the facies changes it represents (braided compared to
the Mist Mountain’s meandering fluvial systems). When identifying the contact, it is important to consider the
relative thicknesses of both sandstone units (with or without conglomerate) and coal seams, and not to
overemphasize one or the other.

Geologists working in the Kootenay Group are urged to use caution in identifying the Elk Formation and its
lower contact, and to give careful consideration to the lateral and vertical facies changes involved.
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Figure 1. Development of stratigraphic nomenclature in the Fernie basin area




INTRODUCTION

The Elk Formation is the uppermost formation in
the Jurassic-Cretaceous Kootenay Group (Figure 1;
Gibson, 1979). 1t is entirely nonmarine and is generally
considered to be Early Cretaceous in age (Gibson,
1985; Ricketts and Sweet, 1986), although it may be as
old as Late Jurassic in some locations (Gibson, 1985).
The Elk is coal bearing, but it contains mainly very thin
coal seams and has contributed in only a minor way to
coal production in southeastern British Columbia. It
conformably overlies the Mist Mountain Formation, the
major economic coal-bearing unit of the East Kootenay
district and adjacent portions of Alberta. The Elk is
overlain by the Cadomin Formation, basal unit of the
nonmarine Lower Cretaceous Blairmore Group. In the
study area, the Cadomin consists of a conglomerate
bed, or a series of conglomerate beds separated by
maroon and green mudstones (Ollerenshaw, 1981a),
and overlies the Elk essentially conformably, with some
subchannel erosion at the contact.
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Figure 2. General distribution of the Kootenay Group in
southeastern British Columbia. Outcrop of Kootenay Group is
stippled.

The Fernie basin is a complex synclinorium in the
Front Ranges of the Rocky Mountains. It comprises the
Crowsnest coalfield, one of three structurally separate
coalfields in southeastern British Columbia (Figure 2).

The type section of the Elk Formation is on the
north side of Coal Creek in the Fernie basin (Section 1,
Figure 3). The base of the type section is characterized
by an impressive series of conglomerate beds. Away
from the type section, even within the study area, the
base of the Elk becomes progressively less distinctive as
the conglomerates grade laterally into sandstones,
leading to difficulties in identifying the Elk/Mist
Mountain contact. Further difficulties in working with
the Elk stem mainly from regional and local variations
in its lithological character, and the possible lensing out
of the lower Elk away from the type section.

These factors prompted us to undertake a more
detailed analysis of the Elk Formation, at its type
section and in adjacent parts of the southern Fernie
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Figure 3. Locations of sections in this study.




basin, in order to document both its variations and
consistencies. This study should contribute to the
understanding of the Elk Formation and identify some
of the problems encountered working with it.

Stratigraphic sections were measured at five
localities in the southern part of Fernie basin
(Figure 3). Part of one drill core from the Lillyburt coal
property in the Flathead coalfield was also described. In
our descriptions and discussions we have deliberately
concentrated on the coarse clastics (sandstone and
conglomerate), coal, and so-called "needle coal" and
"needle siltstone”, and de-emphasized siltstone,
mudstone and shale, in order to focus the study on the
distinctive features of the Elk. In discussions of the
formation’s contacts we have concentrated on the lower
contact at the expense of the upper, because we wish to
focus on the contact which is of major concern to coal
geologists working in southeastern British Columbia,
and the one which is, in general, less well documented.
For an excellent and up-to-date discussion of the upper
contact (the Kootenay-Blairmore transition) on a
regional basis the reader is referred to Ricketts and
Sweet (1986).

DEVELOPMENT OF STRATIGRAPHIC
NOMENCLATURE

The term "Elk" was first applied to strata
(within the present-day Kootenay Group) in the early
part of the century by McEvoy (1902) and Rose (1918).

These early workers defined the "Elk conglomerates" in
the western part of the Fernie basin, as the
conglomeratic strata overlying the coal measures
(present-day Mist Mountain Formation), and thus
included both the present Elk and Cadomin formations
(Figure 1). The term "Elk conglomerates” was mnot
applied to related strata in any other areas. Newmarch
(1953) formally defined the Elk Formation in currently
accepted terms, and designated the type section on
Coal Creek. Once again, however, there was no intent
to apply the term "ELk" to strata outside Fernie basin.

Price (1962, 1965) did not recognize the Elk
Formation in his regional mapping, interpreting the
unit as a local conglomeratic facies of the Kootenay
Formation.

Jansa (1972), in his regional study of the Kootenay
in British Columbia and Alberta, reduced the Elk
Formation to member status, as the uppermost of three
members of the Kootenay Formation. Gibson (1977a,
1977b) upheld this nomenclature, but argued for the
return of the Elk to formation status.

Gibson later (1979) formally redefined the Elk as a
formation on a regional level, simultaneously elevating
the Kootenay to group status (Figure1). A more
accessible reference section on Morrissey Ridge was
designated, 6 kilometres south of the type section
(Section 2 in Figure 3). The anomalous nature of the
conglomeratic facies in the type area was pointed out;
nonetheless Gibson (1985) demonstrated that the Elk
Formation is a regionally extensive unit.



STRATIGRAPHY OF THE ELK FORMATION

DISTRIBUTION AND ENVIRONMENT

The Elk Formation is an entirely nonmarine
succession of interbedded sandstone, siltstone,
mudstone, coal, and locally, conglomerate. It comprises
a clastic wedge that thins to the east, northeast
(Figure 4) and southeast away from the Fernie area and
other sites of maximum deposition (that is, in the
vicinity of fans), such as Mount Allan in Alberta. The
formation varies in measured thickness from 28 to 590
metres (the latter at Mount Allan), and is totally absent
east of a line through Blairmore, Turner Valley and
Cochrane, Alberta (Gibson, 1985, page 39). The
thinning of the Elk is related to the amount of pre-
Cadomin erosion and/or stratigraphic thinning or
nondeposition eastward (Gibson, 1985; Ricketts and
Sweet, 1986).

The Elk is believed to have been deposited on an
alluvial plain closer to its western source area than the

underlying Mist Mountain Formation, and related to a
relative increase in the rate of uplift in the source area
(Columbian orogen), accompanied by and possibly
causing a drying trend in the foreland depositional
basin (Gibson, 1985).

CONTACTS

The conformable contact with the underlying
Mist Mountain Formation is placed at the base of the
lowest major sandstone or conglomerate unit above the
uppermost major coal seam in the Mist Mountain
Formation (Gibson, 1985). This stratigraphic position
usually corresponds with a topographic break in the
weathering profile, the Elk being the more resistant of
the two formations. The contact was described as "of
the interfingering type" by Gibson (1985, page 27); but
also as gradational by Jansa (1972) and Gibson (1985,
page 39), and it was mapped as such by Grieve and
Fraser (1985).
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Figure 4. Schematic diagram of the lithofacies and stratigraphic relationships of the Kootenay Group from Fernie northeast. (After Gibson,
1977, Figure 3.)




The ElK’s upper contact is placed at the base of the
Cadomin Formation, which consists of one or more
thick units of conglomerate or conglomeratic
sandstone, similar in appearance to Elk Formation
conglomeratic units. A series of up to four
conglomerate or conglomeratic sandstone units,
separated by predominantly green and maroon
mudstones, comprise the Cadomin Formation in the
western part of the Fernie basin (Ollerenshaw, 1981a),
part of the present study area. Although the contact is
abrupt and scoured in the western part of the basin, it is
probably conformable (Gibson, 1985; Ricketts and
Sweet, 1986). A similar situation exists in the Mount
Allan area, and possibly elsewhere (Gibson, 1985).
Elsewhere, especially in more eastern exposures, the
contact between the Elk and Cadomin formations is
generally an erosional unconformity, essentially channel
eroded at a local level, but probably diachronous
regionally.

DISTINGUISHING FEATURES

Several features have been described which
characterize the Elk Formation relative to the un-
derlying Mist Mountain Formation, which it otherwise
resembles. These include: the small number and
thinness of coal seams in the Elk (Gibson, 1985); the
presence of sapropelic coals, including "needle coals"
(Newmarch, 1953; Gibson, 1977a, 1977b, 1985;
Ollerenshaw, 1977, 1981a, 1981b; Pearson and Grieve,
1980); the presence of "needle siltstone" (Gibson,
1977b, 1985; Ollerenshaw, 1981a) in the upper part; the
greater abundance, coarseness, resistance, bedding
thickness and lateral continuity of sandstones in the Elk
(Gibson, 1985); less fine clastic material (Gibson,
1985); the greater abundance of carbonate clasts and
carbonate cement in Elk Formation rocks (Jansa, 1972;
Gibson, 1985); more brownish weathering colour in the
Elk (Jansa, 1972); and greater topographic relief of the
Elk Formation (Gibson, 1985). In addition, massive
units of conglomerate are characteristic of the
formation in parts of the Fernie basin and in the Mount
Allan area of Alberta (Gibson, 1985).

ELK FORMATION ROCK TYPES
SANDSTONE

Sandstone, the most common rock type in the Elk
Formation, ranges from very coarse to very fine
grained, and exhibits various scales of planar and
trough crossbedding, lamination and crosslamination
(Plates 1, 2 and 3). Basal scour surfaces are common, as
are pebbly lenses and stringers, some including
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mudstone rip-up clasts and some as basal lag deposits.
Lenticles of coal associated with large wood and/or
plant impressions are common features of coarser
grained units and lag deposits. Siltstone laminae and
partings are common in finer grained units. Sand
framework grains, where identifiable, tend to be
predominantly chert and quartz, and the sandstones are
commonly limonitic and/or calcareous. Sandstone is
generally grey and weathers brownish grey, becoming
rust coloured where limonite coated or stained. It
exhibits a range of splitting properties from platy or
flaggy to massive.

Medium and coarser grained sandstone tends to
form thick (3 to 20 metres), fining-upward, resistant
beds. Fine-grained sandstone commonly gradationally
overlies the coarser units and is transitional to finer
rock types (see "Fining-upward Sequences”, below, for
depositional environment). Fine-grained sandstone also
occurs in isolation from coarser sandstone deposits, and
is closely associated with siltstones, where it probably
represents a different depositional environment
(overbank or splay?).

CONGLOMERATE

Conglomerate is relatively rare in the Elk
Formation, except locally, and where it occurs it is
closely associated with the coarser grained sandstone. It
is generally clast supported, and contains well-rounded
granule to pebble-sized (and occasionally cobble-sized)
clasts of chert, quartzite and, to a lesser extent, siltstone
(Plate 4) and locally, mudstone rip-up clasts.
Conglomerate units are generally coarsest at their
bases, where they commonly exhibit scoured surfaces
(Plate 2), and fine upward into sandstone. They are
generally massive but may contain medium and large-
scale trough crossbedding.

SILTSTONE

Siltstone in the Elk Formation is grey in colour and
many units are carbonaceous. Siltstone is commonly
interbedded, on a 10 to 50-centimetre scale, with fine-
grained sandstone, mudstone or coal. Siltstone units
exhibit  small-scale  parallel lamination  and
crosslamination; they may be rooted and burrowed, and
commonly contain plant fossils. A very distinctive type
of carbonaceous siltstone in the Elk Formation is the
informally named needle siltstone (Gibson, 1977b)
(Plate 5). It is a very dark grey rock but weathers very
light grey, is well indurated, has a hummocky upper
surface and occurs in beds up to 30 centimetres in
thickness. It may be rooted and may have imprints of



Plate 1. Crosslaminated sandstone, in an outcrop of the Elk formation on the north-facing slope of Flathead Ridge, west of the
pipeline. The scale is a 25-cent coin.

Plate 2. Channel, filled with pebble conglomerate, overlying parallel-laminated sandstone, lower Elk Formation, north side of
Coal Creek. The penknife is 7 centimetres long.
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Plate 3. Crosslaminated pebbly sandstone overlying pebble conglomerate. approximately 83 to 84 metres above the base of the
Elk Formation at Section 1, north side of Coal Creek.

<l 5

Plate 4. Pebbles on the upper surface of a sandstone unit, Elk formation, "pipeline” section, Flathead Ridge. Scale is a 25-cent
coin.
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Plate 5. Outcrop of light grey-weathering, needle siltstone beds (NS), on a ridge east of the pipeline and north of McEvoy Creek. Scale in
centimetres and inches.

"needles" similar to those of the needle coal lithotype,
and it commonly directly underlies coal.

MUDSTONE AND SHALE

Mudstone and shale occur both as individual beds
or thick units, but are commonly thinly interbedded
with siltstone and coal. They are very dark grey to
black, a reflection of their carbonaceous content. The
finest, most carbonaceous examples tend to be
relatively fissile, while the others tend to be somewhat
silty and are massive and uniform.

CoaL

Coal forms a minor proportion of the Elk
Formation and individual seams are generally less than
50 centimetres thick. Coal is associated almost
exclusively with fine-grained lithotypes. Individual
seams appear to have little lateral continuity. Coal is of
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two distinct types, humic and sapropelic. The humic
coal is vitrain-rich (bright) and forms the thickest
seams, occasionally exceeding 1 metre. The sapropelic
coal is hard, nonbanded and dull, and tends to occur in
seams less than 30 centimetres thick. It includes needle
coal (Plate 6) which consists of a felt of coal rodlets 1 or
2 centimetres (occasionally up to 4 centimetres) in
length, in beds up to 15 centimetres thick, which
commonly overlie needle siltstone. Otherwise identical,
hard, dull coal devoid of visible needles evidently
represents the other extreme of a textural continuum,
The term "Elk coal” has been applied to coals over this
entire range of textures (Grieve and Fraser, 1985).
Liptinite content in needle coal samples from the
Fernie basin exceeds 80 per cent (Kalkreuth, 1982). The
needles were originally believed to be algal in origin
(Pearson and Grieve, 1980), but recent analyses do not
support this theory, and do not offer a definite
alternative origin (Snowdon et al., 1986). In general,
sapropelic coals are known to represent material
deposited in standing water, in this case probably small
lakes and ponds.



Plate 6. Needle coal collected at Sparwood Ridge in the Fernie basin from the upper part of the Eik Formation. The sample is
coated with ammonjum chloride to enchance definition (from Kalkreuth, 1982.)

Plate 7. Looking northwest at the section of Elk Formation (E) along the pipeline cut on Flathead Ridge. Mist Mountain
Formation (M) is to the bottom left corner of the photo. The bases of three fining-upward sequences are indicated by arrows
(see text for explanation).
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FINING-UPWARD SEQUENCES

The most conspicuous facies sequences observed in
the Elk Formation sections studied here are fining-
upward sequences (Plate 7). These generally range
from 10 to 40 metres in thickness, and each, in general,
progresses upward from sandstone (with or without
conglomerate) to siltstone and/or mudstone (with or
without coal). Within the sandstone/conglomerate
portion, average grain size decreases upward. Scour
surfaces and lag deposits are associated with the bases
of the sequences. Trough-shaped crossbedding is
generally associated with the basal portions of
sequences, and the scale of all forms of cross-
stratification tends to decrease upsequence, with ripple-
drift crosslamination associated with the fine-grained
sandstone and siltstone.
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Based on accepted facies models (for example, Walker
and Cant, 1984) such sequences commonly represent
gravel and/or sand deposition in fluvial channels and
bars, giving way upsection to deposition of finer
sediment in floodplain environments. In the case of the
Elk Formation sections reported here, the fluvial
deposits are generally thicker than the floodplain
deposits within any sequence. This is in marked
contrast to the underlying Mist Mountain Formation, in
which the fluvial deposits tend to be thinner (Gibson,
1985). This suggests that in general the Mist
Mountain/Elk transition in the study area represents
the upward facies transition from a meandering to a
braided fluvial system (Walker and Cant, 1984). This
model was proposed by Gibson (1985), and is described
at greater length in the section on depositional setting.



NOTES
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DESCRIPTION OF SECTIONS

Five complete Elk Formation sections in the
southern half of the Fernie basin were measured in this
study (Figure 3). These include the type section
(Section 1); a section (Section 2) very close to Gibson’s
reference section at the north end of Morrissey Ridge;
a section at the south end of Morrissey Ridge
(Section 3); the "pipeline” section on Flathead Ridge
(Section 4); and a section on the Lodgepole coal
property (Section 5) supplemented by an incomplete
section on McLatchie Ridge (Section SA). In addition,
a cored section of part of the Elk Formation from the
Lillyburt property in Flathead coalfield was logged
(Section 6). The Elk Formation in the study area varies
in thickness from a high of 472.7 metres at Morrissey
Ridge north to a low of 157.0 metres at Lodgepole.

SECTION 1, COAL CREEK
(TYPE SECTION)
(FIGURE 5; PLATES 3, 8 TO 10)

The Elk type section is 429.0 metres thick. The
underlying Mist Mountain Formation is recessive and
poorly exposed, and the uppermost units are covered.
The base of the Elk Formation is placed at the base of
a series of cliff-forming conglomerates and sandstones
(Plates 8 to 10). The section is broadly divisible into
three parts, with more resistant upper and lower
divisions dominated by coarse clastic units, separated by
a relatively recessive division in which finer grained
clastics predominate.

The first division, representing the lowest 155
metres of section, consists of thick (20 to 55 metres)
fining-upward sequences, each of which includes thick
units of conglomerate and/or conglomeratic sandstone
interbedded with sandstone, overlain by thinner
recessive intervals (in most cases at least partly
covered) consisting predominantly of siltstone and finer
material. The predominant sedimentary structures in
the coarse clastics are medium and large-scale planar
and trough crossbedding. Conglomerates are composed
predominantly of pebble-sized clasts, with some units
containing cobbles up to 10 centimetres long. Only one
seamlet of humic coal, 20 centimetres thick, was noted.

The overlying or middle division (the interval from
165 to 270 metres above base) is predominantly
recessive, with thinner, more widely separated units and
beds of sandstone, alternating with thicker units of
siltstone and mudstone, commonly with relatively thin
bedding. A few fining-upward sequences with sandstone
bases are present, generally less than 10 metres in total
thickness. Sandstones are predominantly very fine to
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fine grained, with some medium grained. Crossbedding
in the sandstone units is typically smalil scale. No coal
was observed.

The third division, representing the uppermost 160
metres of the section, consists of thick fining-upward
sequences (averaging 25 metres in thickness), each with
a conglomerate unit at the base and usually at other
levels in the lower part. Trough crossbedding and
medium and large-scale planar crossbedding are
common in the coarse-grained units. Clasts in the
conglomerates range from granule to pebble size, with
some small cobbles up to 7 centimetres long. Several
occurrences of sapropelic coal, predominantly needle
coal, were observed, together with a few beds of needle
siltstone.

Pebbly coarse-grained sandstone of the Cadomin
Formation overlies a relatively recessive, mainly

covered interval with small exposures of fine to
medium-grained sandstone containing scattered lenses
of small pebbles.

Plate 8. Coal Creek section (Section 1), looking north at the upper
Mist Mountain Formation (M), lower Elk (LE), middle Elk (ME),
upper Elk (UE), Cadomin (C), and gladstone formation (G).



Plate 9. Looking north from the Coal Creek section (Section 1) at the upper Mist Mountain Formation (M), overlain by the
cliff-forming units of the lower Elk Formation (E).

Plate 10. Close-up view of the Mist Mountain (M)/Elk (E) contact on Coal Creek. Looking west from Section 1.
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SECTION 2
MORRISSEY RIDGE NORTH
(FIGURE 5; PLATE 11)

Section 2, which is situated 500 metres north of the
Elk reference section on Morrissey Ridge, is 472.7
metres thick. The base of the Elk Formation is placed
at the base of a 56-metre-thick continuous series of
cliff-forming conglomerate, conglomeratic sandstone
and sandstone, which directly overlies a coal seam 2.5
metres thick at the top of the Mist Mountain
Formation. This basal unit correlates laterally with the
base of the Elk in Coal Creek (Pearson and Grieve,
1981), and the underlying coal seam is probably roughly
equivalent to the B seam at Coal Creek. As is the case
with the Coal Creek section, this section is broadly
divisible into three zones, the middle being relatively
recessive and the other two relatively resistant.

The lowest division, comprising the basal 210
metres of section, consists of several fining-upward
sequences, two containing conglomerate, in addition to
the thick, coarse clastic basal unit mentioned above.
Clasts in the conglomerates of the basal unit are
predominantly pebble sized with some small cobbles,
while the other conglomerates in this zone contain
granule and pebble-sized clasts. A humic coal seam, 1
metre thick, is exposed in a trench and overlies the
lowest fining-upward sequence.

The overlying middle division (the interval
approximately 210 to 293.5 metres above base) is
relatively recessive, with significant covered intervals.

Outcrops of interbedded siltstone and fine-grained
sandstone occur throughout, and a few graded fine-
grained sandstone to siltstone sequences, with bedding
thicknesses of 10 to 100 centimetres, were noted near
the top of the zone.

The uppermost 180 metres of section forms the
upper, relatively resistant zone of the triad and, like the
lowest zone, it is characterized by a continuous series of
sandstone and conglomerate units, overlain by three
fining-upward sequences, two of which have
conglomerate at their bases. Conglomerates in this
zone have predominantly pebble-sized clasts. Needle
coal and needle siltstone occurrences are restricted to
the uppermost 30 metres of the formation.

Cadomin Formation pebble conglomerate overlies
recessive, dark grey siltstone of the Elk.

Despite its proximity, Section 2 is 49 metres thinner
than the Elk reference section (Gibson, 1985). This
discrepancy appears to be accounted for by the fact that
strata included by Gibson in the lower part of his
section are placed beneath the basal Elk unit in our
section. These strata do include a resistant
conglomeratic sandstone unit which can be traced
northward to Coal Creek, but this sandstone is overlain
by a thin recessive zone containing a coal seam 2.5
metres thick (referred to above). We agree with
Pearson and Grieve (1981), who placed these strata in
the Mist Mountain Formation. We note that Gibson
(1985, Figure 5) did not encounter the 2.5-metre coal
seam, which doubtless influenced his decision on where
to place the contact.

Plate 11. Looking north at the Eik Formation at Section 2 on Morrissey Ridge. The cliff immediately beneath the
microwave tower belongs to the Cadomin Formation.
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SECTION 3
MORRISSEY RIDGE SOUTH

(FIGURE §; PLATES 12, 13)

The Elk Formation in Section 3 has a measured
thickness of 436.1 metres. The base of the Elk
Formation is placed below the base of a thin resistant
unit of granule to pebble conglomerate overlain by
coarse-grained sandstone. The conglomerate directly
overlies a carbonaceous unit 2.1 metres thick, including
1.2 metres of coal, exposed in a trench. Section 3 is not
obviously divisible into large contrasting zones or facies.
However, the fact that conglomerate units are
concentrated in the lowermost 150 metres and
uppermost 75 metres of the section shows a less
obvious but strong underlying similarity to the tripartite
nature of Sections 1 and 2. The main difference here is
that major, cliff-forming channel sandstone units occur
between 266.5 and 304 metres and are, therefore, within
the otherwise relatively recessive middle portion of the
section.

Fining-upward sequences are similar to those in
Sections1 and 2. Clasts in the conglomerates are
almost exclusively within the granule and pebble size
ranges. The predominant sedimentary structures in the
coarse clastics are medium and large-scale planar and

trough crossbedding. Two humic coal seams 1.2 metres
thick occur in the interval between 100 and 115 metres.
Needle siltstone occurs in the uppermost 100 metres
only, and only one needle coal layer was observed,
approximately 20 metres below the top of the formation
and closely associated with a humic coal scam 40
centimetres thick.

Cadomin Formation pebble conglomerate, in a unit
10.5 metres thick, overlies an FElk mudstone unit
containing thin interbeds of crosslaminated fine-grained
sandstone.

The existence of two coal seams in what otherwise
appears to be the lower third of the Elk Formation
presented problems with placement of the Elk/Mist
Mountain contact. Initially we chose a position 130
metres above the base of the section, corresponding
with the base of the first major sandstone/
conglomerate unit overlying the two seams. We
changed our minds after reconsidering our decision in
the light of the definition of the contact, which stresses
both major sandstone and major coal (Gibson, 1985).
Neither of these two coals constitutes a major coal
seam, whereas the package of conglomeratic strata
underlying them is a major coarse-grained unit, far
more appropriate to the Elk Formation than the Mist
Mountain. Qur decision was made in terms of the
relative significance of the two lithological criteria.

Plate 12. Looking northwest along Morrissey Ridge at the coarse clastic facies of the upper Elk (E) and Cadomin (C)
formations, immediately nothwest of Section 3.
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Plate 13. Panorama taken from Section 3, on Morrissey Ridge, looking east at the Elk (E) and Cadomin (C) formations.

SECTION 4, FLATHEAD RIDGE
("PIPELINE" SECTION)
(FIGURE 5; PLATES 4, 7)

Elk Formation strata are very well exposed along
the gas pipeline route across Flathead Ridge, and at
this locality the formation is 327 metres thick. The base
of the Elk Formation is placed below a cliff-forming,
medium to coarse-grained, crosslaminated (large-scale)
sandstone, with "tree" (branch and stem) imprints and
shale rip-up clasts, and directly overlies a recessive unit
6.5 metres thick in which coal predominates. Section 4
does not appear to be readily divisible into large
contrasting zones, and there is little obvious evidence of
the tripartite zonation noted at Sections1 and 2.
However, the interval between approximately 94 and
216 metres above base is characterized mainly by
sandstones occurring in scattered thin beds and by
relatively fine grain size and small-scale cross-
lamination. This may be analogous to the middle
division of the previous sections. Throughout the
section the coarse clastics are mainly sandstone, with
conglomerate occurring in two relatively minor beds
only, approximately 25 and 50 metres below the top of
the Elk Formation. Thus, the bases of the fining-
upward sequences tend to consist of medium or coarse-
grained sandstone, with large or medium-scale
crossbedding. Two seams of humic coal, 1.2 and 1.0
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metres thick respectively, occur in the interval between
310 and 520 metres. No sapropelic coals were
observed, and needle siltstones occur only in the
uppermost 120 metres of the Elk. An interesting bed of
mudrock, 1.25 metres thick, is exposed 125.25 to 126.5
metres above the base of the section. This rock has the
colour and textural characteristics of a fossil soil profile,
complete with carbonized fossil roots.

Cadomin Formation conglomerate containing
sandstone lenses overlies a 3-metre-thick covered unit
underlain by carbonaceous shale with interbedded
needle siltstone. The recessive covered interval is
almost certainly part of the Elk Formation, but the Elk/
Cadomin contact is not exposed.

As was the case with Section 2, we have chosen a
different position for the Elk/Mist Mountain contact
than Gibson (1985, Figure 5). In this case, the basal 52
metres of our Elk section was placed in the Mist
Mountain Formation by Gibson. At this locality, neither
of the two coal seams that occur in the lower Elk by
virtue of our placcment of the contact constitutes a
major seam and, thus, our revision of the contact does
not violate the criteria for its definition. Furthermore,
as was the case at Section 3, the lower sandstone unit
that we have chosen to mark the contact is more
prominent than the sandstone, at 52 metres above the
base of our Elk section, chosen by Gibson. We
considered the sandstone to be a major component and



the coal to be a minor component of the contact
placement "equation”. We acknowledge that the factors
affecting our decision in this case are open to
interpretation and that a reversal in the relative
thickness of these same units along strike would result
in a different placement of the contact.

SECTIONS 5 AND 5A, LODGEPOLE
PROPERTY AND MCLATCHIE RIDGE
(FIGURE 5; PLATE 14)

The Elk Formation on the Lodgepole coal property
has a measured thickness of 154.5 metres. The base of
the Elk Formation is placed at the base of a resistant,
medium-grained, medium-scale crosslaminated sand-
stone, that overlies a carbonaceous shale and mudstone
unit 2.5 metres thick, that in turn overlies a coal seam
7.6 metres thick. Compared to the other sections,
Section5 lacks a single "major" sandstone/
conglomerate at any point, which makes application of
the definition of the Elk/Mist Mountain contact
difficult. The Elk Formation at Section5 does not
appear to be divisible into large zones of contrasting
character, although much of the upper two-thirds is

Plate 14. Recessive upper Elk strata (E) overlain by cliff of
Cadomin Formation (C) at Section 5 (Lodgepole property).

relatively recessive compared to other sections in this
study. Throughout the section, sandstone forms the
dominant coarse clastic, with one thin unit of
conglomeratic sandstone occurring roughly in the
middle of the formation, and one very coarse-grained
sandstone with granule-rich layers at approximately 20
metres below the top. Fining-upward sequences tend to
have medium-grained sandstone at their bases. Poorly
exposed humic coal was observed at about 30 metres
above the base of the Elk. Sapropelic coal was not
observed, and needle siltstone occurs only in the
uppermost 40 metres of the formation.

Cadomin Formation conglomerate overlies, on a
scoured surface, medium to coarse-grained, cross-
laminated sandstone of the upper Elk.

Section 5A is a supplemental section of uppermost
Elk, 24.5 metres thick, exposed on McLatchie Ridge, 4
kilometres north of the Lodgepole section. It consists of
three relatively unimpressive, generally medium-
grained sandstone units, two of which are conglom-
eratic at the base, separated by recessive covered
intervals. No needle coal or needle siltstone units were
observed in place, although some fragments occur in
the float. Cadomin Formation pebble conglomerate
directly overlies the uppermost sandstone.

SECTION 6, LILLYBURT PROPERTY
(FIGURES 5, 6)

A section of upper Elk Formation was described
from drill core LB-301 from the Lillyburt coal property.
At the time the core was examined we believed that this
67.1-metre  section represented the entire Elk
Formation. Later examination of the drill logs, how-
ever, convinced us that the Elk Formation is actually
approximately 175 metres thick. Figure 6 is a
representative stratigraphic column of Kootenay Group
from the Lillyburt property, which matches drill core
LB-301 very closely. Applying the definition of the
Elk/Mist Mountain contact to this section leads to the
conclusion that the contact is in fact a few metres above
"D-seam", and not above "E-seam” as we had originally
assumed (hence our 67.1-metre incomplete section),
because the significance of E-seam is overshadowed by
the size, thickness and spacing of the sandstone units
that underlie it. This placement of the contact also
corresponds with the point in the section at which a
dramatic change in weathering profile occurs.
Sandstone is the dominant rock type within the portion
of the Elk Formation that we described, with only one
minor unit of conglomerate. The sandstones range from
fine to coarse grained, but are predominantly medium
grained. Crosslamination ranges from small to medium
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Figure 6. Generalized stratigraphy of the Kootenay Group at
Lillyburt. (After McKinstry, Crows Nest Resources Limited.)

23

scale and some units are massive or parallel laminated.
The only coal noted occurs as partings and lenticles in
the sandstone, probably corresponding to original plant
debris. Needle siltstone was not observed, although it
would be difficult to identify on the fresh, unweathered
surfaces available in drill core, as the fresh colour of the
siltstone is very dark grey to black.

The exact placement of the Elk/Cadomin contact is
not clear, but it probably corresponds with the base of a
thin, medium-grained sandstone unit containing pebble
stringers and rip-up clasts, overlain by 5.5 metres of
pebble conglomerate with sandstone interbeds. The
sandstone overlies interbedded, very fine-grained
sandstone and siltstone, considered to be the top of the
Elk.
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