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In 1975, a preliminéry study was undertaken by the British Columbia

Department of Mines and Petroleum Resources to determine the mining potential
of the upper Elk River valley. A preliminary geological map waé prepared
(Pearson and Duff, 1966) but, because of poor bedrock exposure, problems

were encountered in trying to evaluate the ceal potential at the north ena
of the valley (Fig. 1). In co-operation with the British Columgié Deﬁartment
of Mines and Petroleum Resources, the Geological Survey of Canada began a
program to expand the earlier work of Pearson and Duff (1976).

In the summer and fall of 1976, a geological mapping and coring ﬁrogram
was undertaken in the upper Elk River valley (Fig. 2), the objectives of which
were: (1) fo obtain additional geological information in the area and prepare
a detailed geological map in support of a test drilling program; (2) to study
the Kootenay Formation in the subsurface as a ﬁeans of linking the economically
important Fernie and Cascade Cocal Basins to the south and north, respectively;
(3) to obtain informatioﬁ on the quality, quantity and distribution of the coal
seams in the area, as part of the Federal Coal Resource Evaluation ﬁrogram;'and
{4) to test new coal rank correlation techniques.

The area was mapped in J;ly by Graham at a scalc of approximately
1:16 000 to determine the feasibility of and the best location for drilling.
Between September and December, Graham, assisted by B.R. Cormier of the

Geological Survey, supervised the drilling of four lI.Q. size coreholes. The

core was re-examined and logged in detail by Gibson, with petrographic rank
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studies initiated by Gunther. Additional work is currcatly in progress by
other officers of the Geological Survey, including A.R. Camecron {maceral
analysis), A.R. Sweet (palynology), J.H. Wall (microfossils}), and Prof.

E. Ghent, University of Calgary (low-grade metamorphism). The results of

Y

these iﬁvestigations will be reported at a later date pending completion
of all laboratory phases of the investigation,

Approximately 30 km2 (11 sq miles) of the coal-bearing Kdotenay
Formation were studied between Cadorna Creek on the south and the British
Columbia-Alberta border on the north, and the northern extension of the
Lizard Range and the Elk Range on the west and east, respectively. The area
studied lies 55 kn (30 miles) north of Elkford, British Columbia'in the
southeastern corner of the province (Fig. 2), accessible by a gravel road
connecting Elkford to the Kananaskis Forestry Trunk Road in Alberta, via the
West Elk Pass. The upper Elﬁ River valley area df this report is presently

being withheld from coal licensing by the British Columbia Government.

Mapping program

Additional geélogical mapping was required to confirm the previous
structural interpretations of Pearson and Duff (1976}, and also to obtain
surface information on coal seams as an aid in planning the drilling program.
Results of the mapping are illustrated by Figure 2. Structurally, the study-
area is dominated by the Bourgeau(?) Thrust and the Alexander Creek Syncline.
The thrust runs northwest along the western edge of the valley bottom,

Bringing Palcozoic.carbOnate rocks in contact with the Kootenay Formation.
Additional smaller reverse faults occur on the east side of the vailey north
of Elk River, and may join fhe main Bourgeau Thrust at depth. Running parallel

to the main thrust and through the centre of the valley is the asymmetrical
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Alexander Creck Syncline (Fig. 2). This syng¢line, morc correctly termed a
synclinoxium, comprises two right-hand, en e¢helon synclines separated by a
short connecting anticline. The syncline plungbs both to the north and south.
Other small, simple-linkage anticliﬁeusynclinc pairs are present and associated

with the major syncline. Ollerenshaw (1968) observed similar fold structures

150 km (93 miles) to the north in the Limestone Mountain arca of Alberta.

Cdring program

Results of the ﬁapping were sufficiently encouraging to initiate the
drilling phase of the program. Because of depth limitation on the drilling
apparatus, four coreholes were necessary to penetrate the entire Kootenay
Formation., The first hole (EV-1; see Fig. 2) was located so.that it would
penetrate the lower contact of the Kootenmay. The location of each succeeding
hole was designed to penetrate younger strata and overlap with the upper
strata of the previous hole, thus giving a complete core of the Kootenay
- Formation, Each hole was planned to peﬁetrate the strata as close as possible
to right angles in order to reduce total footége to be drilliné, hole
deviation problemg, and to improve core recovery.

During the operation, 1641 m (5385 ft) were.drilled at a cost of

$156,600.00 or $95.35 per metre ($29.00 per ft)}. Operational costs included

equipment and moves, bulldozer operation and geophysical logging.

" Lithostratigraphy

Recent work by Gibson (1977a, b) in Alberta and British Columbia has
demonstrated that the Kootenay Formation can be subdivided readily inte 3 main
stratigraphic units. The nomenclaturc tentatively applied to these units is,
in ascending order: the Basal Sandstone member, the Coal-Bearing member, and

the Elk niember. Results of the Kootenay coring project described in this report
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have dcmonstfated that surface Kootenay subdivisions arc both practical énd
applicable to subsurface investigations.

The Kootenay Formation in the subsurfacc of the upper Elk River valley
consist of an interstratified sequence of probable nonmarine -siltstone,
saﬁdstone, mudstone-shale, and coal. Unfortunately, the coring project failed
to intersect the upper and lower contacts of the formation. However, graphic
calculations from mappedjcontacts and geographic proximity to surface sections
measured by Gibson in 1976 (1977a), suggest approximately 91.4 m (300 ft) of
missing strata. The total Kootenay Formation thickness in‘the-reportnareé is
estimated to be approximately 1006 m (3300 ft). The Kootenay conformably but
abrubtly overlies sandstone, siltstone, and shale of the marine Jurassic
"Passage Beds'" of the Fernie Formation (Gibson; 1977a). The formation is
overlain unconformably by sandstone and conglomerate of the Cadomin Formation.
The Pocaterra Creek Member of the Blairmore Group, exposed in the Mist Mountain
area to fﬁe east (Gibson, 1977a), was not observed in exposures in the vicinity-

of the four cored holes.

Basal Sandstone member

The thick, medium to light grey, very fine to medium-grained quartzose'
sandstone recorded at the base of hole EV-1 (Fig. 3) is interpreted tpntatiﬁely
as the upper part of the Basal Sandstone member (Gibson, 1977a). The uppermost
13 m (43 £t) are medium to very fine grained and display normal graded bedding
(i.e. fining upward). This facies may be equivalent to Unit A observed
elsewhere in exposures in geographically adjacent areas of British Columbia
and Alberta (Gibson, 1977a2). The lower 8 m (26 ft} are fincr grai;cd, and
may be equivalent to only the upper part of Unit B (Gibson, op. cit.). For

example, at Mist Mountain, 9.6 km (6 miles}) east of hole EV-1 {Fig. 2), the
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Basal Sandstone is 79 m (260 ft) thick, with Unit B attaining a thickness
of 43.6 m (143 ft). At Weary Ridge, 22.4 km (14 wmiles) to the south of
hole EV-1 (Fig.‘X), the Basal Sandstone is 75.3.m (247 f£t) thick with Unit B

recorded with a thickness of 36 m (118 ft).

_Sedimentafy_structures are uncommon in the member. Thin.to thick,
Jight and dark grey, planar laminations were observed in the lower 7.6 m
(ZS.ft). P&orly preserved fine-scale planar cro#sbedding was noted only
in the upper few metres of the member.

The contact with the overlying Coal-Bearing membef is abrupt buf
conformable, It is placed at the base of the first occurrence of dark grey,
- carbonaceous siltstone overlying the thick sandstone of the Basai Sandstone -
member (EV-1; PFig. 3). It must be noted, however, that, in exposures and
core from Fordiﬁg Coél property 43.2 km (27 miles) to the southeast, Gibson
has recorded thick,'finé- to‘coarse—grained sandstone‘lithofacies in the
overlyiﬁg;CoalhBearing member. Some of these units are in excess of 24.4 m
(80 ft) thick, and are lithologically similar to the sandstone at the base
of hole EV-1 (Fig.'3). Uﬁtil ail phases of the investig;tion are complete,
-one cannot eliminate the possibility that the thick sandstone at the base
of hole EV-1 is one of the thick sandstones of the Coal-Bearing member.

Further petrographic and coal rank work is required to resolve the problenm.

Coal-Bearing member

The Coal~Béaring member, a name temporarily used by Gibson (1977a, b), -
comprises a thick succession of interbedded siltstong, sandstone, mudstone,
shale, and economically important thin to thick seams of medium to high

volatile bituminous coal. The member has an approximate thickness of 483.7 m

(1587 ft) (EV-1, EV-2, EV-3; TFig. 3). However, because of the faulting in
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the area, and cvidence of faulting in cores of the Elk Valley drilling project,
the recorded thickness of the Coal-Bearing member may be in error. Gibson has
recorded thicknesses in adjacent surface arcas of 381 and 487.7 m (1250 and
1600 ft) for the Coal-Bearing member at Mist Mountain and the property of
Fording Coal Company near the headwaters of Fording River, resp;ctiveiy.r
These surface values suggest that the thickness obtained in the subsurface
of the upper Elk Valley may be approximately correct. |

Medium dark to dark grey carbonaceous-argillaceous siltstone forms the
predominant lithology of the member, and is most commonly interbédded and
interlaminated with very fine grained sandstone (Fig. 3). Siltstone also
occurs in many of the coal, mudstone and shale intervals, where it is
characteristiéally darker grey, more carbonaceous-argillaceous, and contains
a noticeable concentration of vegetal matter. The sandstone is medium to
light grey, quartzose, rarely calcareous, and very fine to fine grained.
Medium- to coarse-grained sandstone is rare, but does occur, as can be seen,
for example, in the intervals from 32 to 41.1 m (l05-135 ft) and 304.2 to 311.2 m
{998-1021 ft) below the surface in hole EV-2 (Fig. Sj. These coarse-grained
sandstones become finer upward, are calcareous inﬂplaces, and commoﬁly-contain
vitreous coal fragments or thin anly laminations near theif base. In
addition, the base of the thick sandstone units is commonly characterized
by elongate, well-rounded to angular clasts of siltstone or mudstone.

Mudstone or shale is associated with the siltstone and coal%ithofacies.r
It is dark grey to black, very carbonaceous-argillaceous, with thermudstone
in part displaying a distinctive subconchoidal fracture. The mudstone may
contain brown ferruginous nodules or lenticular brown ferruginous or pyrit~f
iferous laminations and banding. Poorly to well-preserved pclecypods and

ostracod¥s have been collected from the member, Similar fossils have been
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recorded by Pearson and Duff (1976) in the Coal-Bearing member at Vieary Ridge

to the south (Fig. 2). 1In core from holes EV-2 and V-3 at lcvels of 260.0

and 396.2 m (855 and 1300 ft), respcctively (Fig. 3), two unusual pale yellowish
brown bands of claystone-mudstone were encountercd, up to 0.06 m (0.2 £t} thick,
associated with dark grey mudstone and coal. These samples were submitted for
X-ray diffraction and chemical analysis. ' Preliminary results indicate a

mineral composition of 75 per cent kaolinite and 25 per cent quartz for the
sample from EV-2, and a compasition of 100 per cent kaolinite for the sample
from EV-3. These two samples are thought to be “Tonsteins” (Meriaux, 1872), and
may eventually serve as a useful tool for correlation in the area.

Coal forms a lithologically characteristic and conspicuous componént
of the member in the-report-area. More than 50 seams ranging in thickness
from 0.12 to 5.5 m (0.5-18 ft) of medium to high volatile bituminous coal
have been recorded tFig. 2). Further discussion of the coal is present
elsewvhere in this report. |

Sediﬁentarf énd biogenic structures are common. Micro- to fine-scale
planar and festoon crossbedding océur in some of the siltstone and finer
grained sandstone strata and less commonly in the coarser grained sandstone
beds of the member. Contorted or convolute, ripple and ripple drift laminations
are common in the thin- to medium-bedded sandstones intersedded with the
siltstones. Trace fossils or burrow structures occur in many of the sandy
siltstones. These biogenic structures are generally uncommon in adjacent
exposures of the Kootenay Formation {(Gibson, 1977b). This absence, however,
may be attributable to the weathered naturc of the strata and, as:a result,
may have gone unrgcognizcd. The sedimentary structurds and structure
combinations suggest that the strata of the member are characteristic. of
fluvial flood plain, flood basin, swawp, channel, and point bar dcpositional

environments.



Facics c¢hanges between the subsurface, and geographically adjacent
exposures in the Mist Mountain and Weary Ridge arca of Alberta and British
Columbia are uncommon in the Coal-Bearing member. Gibson, however, has noted
that, to the east, coal seams in the Mist Mountain area of Algéita (Fig. ﬁﬂu-
displax a decrease in number and thickness.

The contact with the overlying Elk member is placed at the basc of
the first major sandstone above the last or uppermost major coal scém in
~the Coal-Bearing member (EV-3; Fig. 3). Coal seams, although présent_in the
Elk member, are thin and relatively uncommon in comparison with those of the
Coal-Bearing member. Accordingly, the presence or absence of thick secams
serves as a major criterion for &ifferentiatingrstrata of the Cdal—Beafing
" and Elk members. However, four seams were recorded in the Elk member near
-the base of hole EV-4 (Fig. 3). These sea;; are very shaly and may, upon
anaiysis, be classed mainly as shﬁly coal. Because of the impurities, these

seams, althdugh thick in part, are interpreted as atypical of the Coal-Bearing

member and, accordingly, are assigned to the Elk member.

Elk member

In tﬁe subsurface of the upper Elk River valley, the Elk member is
lithologically similar to strata of the underlying Coal-Bearing member. It
consists of interbedded siltstone, sandstone, mudétone, shale, and thin séams
of coal. As nqted above, the top of the member was not penetrated during
drilling and, consequently, the exact or true thickness of the member is
speculative; 396.2 m (1300 ft} of probable Elk sirata were drilled in holes
EV-3 and EV-4 (Fig. 3). Between 30.5 and 61 m (100-200 ft} of additional
strata have been estimated to occur between the top of EV-4 and the contact

with the Blairmore Group. However, it must be noted that, as in the underlying



Coal-~Bearing member, some of the Elk member core is characterized by
slickensiding, nunerous calcite-filled fractuves, micfo—fauits, and thin
fault breccia zones, all criteria suggesting possiblc faulting or bedding
plane movement. Further work is needed to resolve the thickness problem.
Siltstonc appears .to form the predominant lithology of t;e member,
and is most commonly interbedded and interlaminated with sandstone. It is
dark to medium dark grey;'carbonaceous-argillaceous, and in some cases
calcareous. Siltstone is also interbedded with mudstone, shale and coal.
' The sandstone is light to medium grey, commonly'calcareous, and #ery.fine
té medium grained. Mudstone and shale are common in the member, and commonly
contain brpwn ferruginous nodules and lenses, and thin bands of vitreous
coal. Some of the mudstones near the base and top of holes EV-4 and EV-3,
vreSPectively (Fig. 3), contaip poorly to well-preserved pelecypods, gastropods,
and_ostracod%é. Coal seams, although present, are thin. "Needle coal"; a
.diagnosfiéfcomponent of the upper Elk member in many surface exposufesA
(Gibson, 19772), was not encountered in core of EV-4. However, in an
exposure near hole EV-4, a thin unit of 'needle coal" was observed immed-
iately underlying the Cadomin Formation. In the Fernie area'112 km (70 miles)
to the south, chert-pebble conglomerate and conglomeratic sandstone form a
diagnostic facies of the Elk member (Gibson, i977a, b). This distinctive
facies was not observed in core from the upper Elk Riyer valley.
Sedimentary‘and biogenic structures are common and similar to those
observed in the underlying Coaf—Bearing member. They consist of fine-scale
crossbedding, ripple, ripple drift, and conveolute or contorted laminations,
all characteristic of flood plain and fluvial depositional envivonments.
The mudstones, shales, and coals probably rcpresent former lacustrine and

swamp depositional cnvironments. Biogenic structures are similar, but less

common than those in the Coal-Bearing member.
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Facies changcé betwcen the subsurface and exposurcs of the E1k member
in adjacent arcas are shown by the sandstones and by the occurrence and
concentration of mudstdne, shale and coal/coaly shule. For example, in
the Mist Mountain area to the east (Fig. 2), Gibson has noted ghat medium-
to coarse-grained sandstone is more common, and in general is coarser grained
than that encountered in the subsurface Elk of the upper Elk River valley. In
addition, mudstone, shale, coal and coaly strata were observed to dccreage in
concentration toward the Mist Mountain area.

- The contact of the Elk member and Cadomin Formation was not penetrated
in hole EV-4 (Fig. 3); however, it was observed in exposures near hole EV-4.
The darker grey, carbonaceous siltstone, mudétone,'sandstone, and cozal of the

upper Elk member are overlain unconformably by thick-bedded chert pebble

conglomerate and sandstone of the Cadomin Formation.

.-

Coal rank studies

Coal rank studies were initiated as a correlation technique. It has
been demonstrated by Hacquebard and Donaldson (1974} that coal rank (Re)
values in the Kootenay increase with depth. Coal seams of similar depth
will locally show similar ranks and, therefore, can be used as a tool for
corxrelation.

Coal samples for petrographic studies were collected from all seams
0.3 m (1 ft) thick or greater. From the four cored holes, a total of 130
samples were taken, of which 73 now have been examined to determine petro-
graphic rank. In addition, 64 of these samples were submitted férfproximate
analyses; these were collected from all seams 1.7 m (4 ft) thick or grecater.

Samples werc prepared using the standard procedures outlined in the

handbook of the American Socliety for Testing and Materials (1973, p. 411-414).
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The samples wexe crushed to minus 20 mesh size and then riffled, so that
an unbiased split could be obtained. Next, pellets weére made in a pressurc
bomb at 5000 p.s.i., using a thermal setting mounting medium. Finally, they

were polished with 0.3 um and 0.05 um alumina grits. The mean vitrinite

.

reflectance value for each sample was calculated from 50.values of maximum
reflectance,. measured on vitrinite in the sample. Hacquebard and Donaldson
(1970, p. 1141) describe the method and equipment in detail.

The mean maximum reflectance (Ro) values and standard deviations
were plotted on gréphs of depth versus Ro (Fig. 4a~d§. A best-fit straight
line (Ro gradient) was plotted initially on the graph.containing the Ro
information pertaining to the EV-2 hole. ‘Because this hole_appeéred to be
the least disturbed as far as inéreasing rank was concerned (Fig. 4a-d), the -
EV-2 Ro gradient was then used as the norm or standard. This standard
gradient was then plotted thrbugh the data points on the other three graphs
using a best-fit. At this stage, correlation and structural interpretatiéns
were possible.

For example, from geological mapping and core examination, it has
been demonstrated that major and minor faults occur in the'repoerarea.
Figure 4a, when compared with Figure 4b (thé norm), demonstrates evidence
df pfobable faults. Between the coal sample at 250 m (820 ft) and the
| sample at 285 m (935 ft),'as suggeSted by the offsetting of the best-fit
Ro gradient line, a thrust fault is proposed. A thin zone of fault gouge
was observed at 260 m (854 ft); further supporting the interpretation.
Between the coal samples at 91 and 122 m- (298 and 400 ft}, bccausg of
missing Ro values, a normal fault is proposed. The total span of refectance
values for EV-1 (0.81-1.16 Ro; Fig. 4a) and EV-2 (0.82-1.16 Ro; Fig. 45} are,

statistically speaking, the same. Evidence from Ro and gcophysical logs
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strongly suggest ﬁV—I and EV-2 are in part repeat scctions, probably caused
by thrust faulting.

Figure 5 is a plot of mecan Ro values for all four holes. If tﬂc
best-fit Ro gradient (Fig. 4b) is plotted on this graph, complications are
apparcent. When the gradient is plotted through the points below 487.7 m

{1600 ft], it does not intersect the points above the position. -In-conlxaxt,
Cowl A
lgne may-suggest that the gradlent over the total Kootenay Formation may be a

]
vy

Yoo

and not necessarily -a~faukts
e o PR
Fhe-writers—tentatively—favour—the—first—interpretation. Additional samples’

curved rather than a straight lin?} \Aecordlncly, the oradlent discrepancy 1n

e, O.f.._A,i -

Eigure.5 may be-attributed to a'curv1ng-grad1entpq

and furtherianalyses are needed to clarify the problem so that a reasonable
explanation can be derived.

Another unusual aspect of the rank study is the low range of absolute
rank values when compared to other adjacent areas. For example, Hacquebard_
and Donaldson (1974) document Ro values from two sections in the Elk River
valley: Fording River at Eagle Mountain, and Line Creek Ridge. They
recorded Ro values from the Coal-Bearing member ranging from 1.13 to 1.43
at Forciiné River [337 m (1124 £t) thick] and from 0.97 to 1.49 at Line Creek
{308 m (1026 £t} thick]. The highest Ro value in the study~afea approaches.
1.16 Ro. In ferms of ASTM rank, coals obtained from the coring project in
the uvpper Elk River valley are medium to high volatile bituminous whereas,
generally, Kootenay coals from other areas are low to medium volatile
bituminous. The lower ranks found in the study-area may be explained, in
part, by a lower geothermal gradient, which in turn is reflected by the
lower Ro gradient. The gradients are as follows: study-area, 0.079 Ro/100 n
(0.024 Ro/100 ft); Fording River, 0.092 Ro/100 m (O.OES.ROIIOO ft); and
Line Creck, 0.164 Ro/100 m (0.050 Ro/100 ft). These gradients would tend

to indicate a regional trend in the geothermal gradient, which increascs in
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a southerly direction in the Elk River valley.

Concluslions
1.  The restored thickness of thc Xootenay Formation is consistent with
other sections in the same geologic ' sctting to the north and-ESUth.
2, Seams of mineable thickness were encountered but their lateral extent
was not determined,
3. The average rank of the coal seams in the study-arca is unusually léw
in coﬁparison to the ranks of adjacent sfudied areas.
4. Petrographic rank studies can be used as an aid to cozal seam correlaiion
and to delineate major tectonic movement in the Kootenay Formation of the

upper. E1k River valley.
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Upper Elk River valley, looking northwest. GSC 199244,
Geological map, upper Elk River valley, British Columbia.

Lithostratigraphy logs, geophysical logs and mean maximuin
reflectance of coals, upper Elk River valley coring program.

Depth versus reflectance (Ro) graphs.

Composite thickness versus reflectance {Ro) graph of coal secams
in EV-1 to EV-4,.
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