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SAGE CREEK COAL LTD.,
FLATHEAD VALLEY, B.C.
GEOLOGICAL REPORT

SUMMARY

An exploration programme consisting of geological
mapping and drilling was .carried out for Sage Creek Coal Ltd. by
Rio Tinto Canadian Exploration Limited from October, 19270 to May,
1971. Winter conditions made progress slow but the intersection
of two large coal horizons and a number of smaller horizons com-
pensated for the pace of the programme. The quality of the coal
was established as medium volatile bituminous with favourable
coking possibilities. Beyond this, due to poor sampling of the
coal, little is really known and the true quality of the coal has
yet to be determined,
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services of Mr. L. Larkin who acted as expeditor and helper, over-
seeing the day to day progress of the operation. Mr. N. Sunderland
is also recognized for aiding the progress of the programme.

INTRODUCTION

This report is designed as a supplement to a -’
previous report, "Report On Exploration, October, 1970 to May, 1971"
by R. A. Benkis and essentially deals with the geology of the
property. For information regarding location, topography and
details of the exploration programme, the reader is referred to the
above named report,

A recent survey of the property, conducted by Dabbs
control Surveys Ltd. of Calgary, in July of 1971, has provided for
accurate locations of bore holes and surface exposure of coal. This
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necessitated the re~drawing of structural cross sections and some
modifications to the surface geology maps. Aerial photographs of
the property at 1" to 1,000' and 1" to 2,000' were supplied by
McElhanney cSurveying and Engineering Ltd. of Vancouver from photo-
graphy of August 25, 1971 and aided in modifications made to the
sur face geology maps.

PREVIOUS GEOLOGICAL EXPLORATION

The earliest geological mapping in the area was
conducted by R. A. Daly (1) from 1901 - 1906 and involved only a
general survey of the area immediately adjacent to the internation-
al boundary. T. D. Mackenzie (2) walked and mapped the area in
1914 and paid considerable attention to coal occurrences on Dally
and Dilly Hills, In 1962 (3) and 1965 (4), two Geological Survey
of Canada publications by R. A. Price resulted from field explora-
tion carried out between 1955 and 1960 which describe a complex
tectonic picture of the Fernie and Flathead map areas.

A coal exploration programme conducted by Pickands
Mather & Co. was carried out during the fall of 1968 and the
summer of 1969, This programme consisted of geological mapping
and seven exploratory diamond drill holes.

Short adits were driven into the coal seams on the
northeast-facing slope of Dilly Hill in the early 1900's and some
coal was extracted from seams on the north-facing slope of Dally
Hill and used for fuel for drilling rigs up until the early 1950's,

EXPLORATION CARRIFED OUT RY SAGE CREEK COAL

A relatively short time, from early October to early
November, 1970, was spent investigating the surface geoclogy of the
area. ..-Thé short time spent on surface geology was due to the
arrival of winter, making location of sparse outcrop impossible.
During this time, a rough survey of existing roads up Dally and
Dilly Hills was made and outcrop along the rcads was plotted on a
base map at 1" = 400 ft. A few sections along the roads were

(1) Daly, R. A., Geol. Surv. of Can., Mem. 38,1912,

{2) MacKenzie, J. D., Geol. Surv. of Can., Mem. 87, 1916,
(3) Price, R. A., Geol. Surv. of Can., Paper 61-24, 1962,
(4 Price, R. A,, Geocl., gsurv. of Can., Mem. 336, 1965,
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measured and strip logs drawn up at a suitable scale. Two trenches
totalling approximately 12,000 feet were dug on Dally Hill in an
attempt to expose bedrock. Little bedrock was encountered along
the trench on the south-facing slope but some information was
gathered. (See location map in pocket)., Coal seams along the road
were better exposed and measured.

On November 4th, a diamond drilling programme got
underway to investigate the subsurface and to intersect the known
coal seams for the purpose of analysis (Plate 4). Unfortunately,
due to winter conditions and broken formations, progress was slow
and coal recovery poor; seam #5 proved to be virtually unrecover-
able. Three holes were completed by the end of March, 1971, at
which time subsurface exploration was switched to rotary drilling.
This method proved to be a lot faster and less difficulty with
broken formations was encountered. Results of coal analysis though
were disappointing:; cavings from above the coal seams had salted
the samples and increased the ash content. Seventeen holes for a
total of 10,280 feet were drilled by rotary drilling before the
programme was brought to a conclusion in late May, 1971.

A visual description of the lithology was prepared
from core or rock chips from each hole and gamma and neutron
probes were run. Sidewall density and caliper probes were run when
possible in the last few holes. (Logs included in "Report on
Exploration, October, 1970 to May, 1971" by R. A. Benkis).

During the construction of drill sites and access
roads, some bedrock was exposed but due to accumulating snow and
later the pace of drilling, no attempt was made to carry out
further surface mapping. However, recognizable outcrops were noted
and used in the development of a surface geology map.

GEOLOGY
General

Mesozoic and Cenozoic strata in this area are part
of the Lewis Thrust plate and owe their position to subsequent
downfaulting between two resistant blocks to the east and west.
Numerous northwest-striking normal faults, steeply dipping to the
west and southwest, cut the strata, causing horizontal lengthening.
The largest of these faults is the Flathead Fault, with a maximum
displacement of 25,000 feet, which extends along the southwestern
side of the Clark Range.

, Locally, the Kootenay Formation occupies the east
flank of a northwest trending anticline with the apex of the anticline
passing just to the west of Dally Hill. The strike of the beds is
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generally north~-northeast and dips to the east at approximately 30°
The Kootenay Formation is truncated against the Harvey Fault to

the northeast, the Flathead Fault to the east and southeast, and
passes under the MacDonald Thrust Sheet to the southwest. To the
northwest and west it lies conformably on the marine shales and
siltstones of the Fernie Group.

Stratigraphy
TABLE OF FORMATIONS
Group or .
Era Period or Epoch Formation Lithology Thickness
Cenozoic Quaternary Glacial till,
gravel, soil.
UNCONFORMITY
Tertiary Kishenehn Non-marine con- (0-1500"+})
(Eocene & Formation glomerate,breccia,
Oligocene) sandstone, lime-
stone & lignite,
UNCONFORMITY
Mesozoic Cretaceous Blairmore Sandstone,shale, 1500'-2000"

Group - conglomerate,thin
coal seams. Mostly
non-marine.

DISCONFORMITY

Cretaceous and Kootenay Non-marine, sand-~ 650'-850'
Jurassic Formation stone,conglomeratic
sandstone, silt-
stone, shale and

coal.
Jurassic Fernie Marine sandstone * 1000
Group siltstone, and
shale.
DI SCONFORMITY
Triassic Spray River White to light t 2500
Formation gray calcareous
guartzite,
Erosional Disconformity
Palaeozoic Undivided _ Limestone, dolomite,

calcareous quartzites,

siitstones and shales.
Mostly marine.
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Palaeozoic
Palaeozoic rocks form the mountains to the east and
west of the property and consist of limestone, dolomite, calcareous

quartzites, siltstones and shales, mostly of marine origin.

Spray River Formation

The rocks of the Triassic Spray River Formation
outcrop extensively to the west and northwest of the property and
consist mainly of light coloured, very fine, well sorted, subangular
grains of quartzite comented with a calcite cement. The formation
lies disconformably on the underlying Palaeozoic rocks and in this
area is estimated to be .~ 2500 feet thick,

Fernie Group

_ The Fernie Group lies disconformale on the under-
lying Spray River Formation and is estimated to be - 1000 feet thick
Qutcrop of this formation is sparse but a trench on the west slope
of Dally Hill exposes the upper part of the formation, The Fernie
Formation was intersected by three drill holes and changes in
lithology were observed.

The Fernlie Group consists of gray and green gaucon-
itic shales in 1ts lower half and interbedded siltstones, sandstones

and shales in the upper reaches,.

Kootenay Formation >

The Kootenay Formation consists of non-marine strata
which lie conformably on the underlying marine shales and siltstones
of the Fernie Group. Outcrop of the formation is found on Dally and
Dilly Hills to the south and north of Cabin Creek and extends south
to Burnham Creek and north to Howell Creek. Downdip extension of
the Kootenay Formation passes underneath the valley floor of the
Flathead River where it 1s truncated against the Flathead Fault.

The thickness of the Kootenay Formation in this area
determined from drill hole data, varies between 650 feet and 850
feet and could be as much as 1150 feet as determined by J. D.
Mackenzie, 1914. The Kootenay Formation consists of sandstone,
conglomeratic sandstone, siltstone, shale and coal, deposited under
varying and recurring conditions (bog to turbulent) of a fluvial
and/or lacustrine environment. Lithological units within the form-
ation are lenticular in shape and grade laterally into one another
making correlation difficult. There appears to be no marker
horizon within the formation, however, the coal seams are fairly
characteristic throvghout the property making correlation possible.
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The Kootenay Formation in this area can be divided
into four component members. The basal sandstone,lying conform-
ably on the passage beds of the Fernie Group, is a heach sand,
deposited under a strand environment. This unit varies in thickness
from 40 feet to 80 feet and consists of medium light gray, very
slightly carbonaceous, fine to medium, sub-rounded, moderately to
well sorted grains of guartz and chert closely packed and cemented
with silica and limonite cement. This sandstone is thick to mass-
ively bedded and exhibits cross bedding. The next membenﬂgsfig-
nated the coal-bearing member, varies in thickness from 500 feet to

m and consists gﬁhgoal, shale, siltstone and sandstone. An
average in excess of 100 feet of coal in four seams (243, #4a, #4b &
#5) has been intersected in this member. The shales are basically
medium to dark gray, silty, blocky and slightly to very carbon-
aceous and the siltstones are medium grey, argillaceous and fairly
hard. The sandstones are mostly medium gray, very fine to fine,
sub-angular, poor to moderately sorted grains of guartz and chert
floating in an argillaceous matrix. These sandstones are thin to
thickly bedded and exhibit cross bedding. A hard, fine grained,
cleaner sandstone lense of greatly varying thickness between coal
seams #4b and #5, was intersected by a number of drill holes on
Dilly Hill and also occurs as outcrop in a few locations., The
third member consists of a resistant, medium gray, fine to coarse,
poor to moderately sorted grains of quartz and chert with sporadic
lenses of chert-gquartz pebble conglomerate. This is an identifiable
ridge~-forming member which outcrops in a number of locations on
the property. This unit varies in thickness from 40 to 120 feet
and is interupted by lenses of hard siltstone and shale. The upper-
most member consists mainly of recessive, fine grained sandstone,
siltstone shale and a few thin coal seams. A coal seam (seam #1)
from 5 to 10 feet thick, marks the base of this member and the
erosional disconformity at the base of the Blairmore conglomerate
marks the upper contact. The thickness of this unit varies from a
few feet to in excess of 200 feet.

A few fragments of plant fossils were observed at
random throughout the formation but only one horizon between coal
seams #2 and #3 was noted for producing reasonably well preserved
fossils.

Lithological descriptions of bore holes and traver-
ses have been prepared in strip log form and were included in the
"Report on Exploration, October, 1970 to May, 1971" by R. A.
Benkis. Drill holes #2b and #11 intersected nearly the entire
Kootenay Formation.

Blairmore Group

The Blairmore Formation lies disconformably on the
underlying Kootenay Formation and is estimated to be from 1500 feet
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to 2000 feet thick in this area. A resistant conglomerate at the
base of this formation approximately 80% feet thick, is the only
outcrop observed and exists in well defined ridges occurring mainly
on the eastern slopes of bally and Dilly Hills. Conglomerate
ridges have also been observed at various locations throughout
Dally Hill.

The lithology of the Blairmore Formation ig mainly
non-marine sandstone, shale, conglomerate and thin coal seams

although some marine sediments also occur.

Kishenehn Formation

The Kishenehn Formation lies unconformably on the
underlying Blairmore Formation and probably reaches thickness in
excess of 1500 feet. Outcrop was observéd by J. D. MacKenzie in
the cutbanks of the Flathead.River and the major tributarles cutt-
ing the property.

The lithology consists of non-marine conglomerate,
breccia, coarse grained sandstone and freshwater limestone inter-
bedded with clay and thin seams of lignite. Deposition seems to
have been irregular and probably occurred concurrently with normal
faulting in the area.

guaternary

Quaternary deposits cover most of the Flathead
Valley floor and consist mainly of gravels originating from the
rocks of the Clarke Range to the east. Glacial till is found on
the lower slopes of the hills and has also been located in some
areas quite high on the hills,

structural Geology

The structure of the Kootenay Formation is the east
flank of the northwest~trending anticline with its apex passing
just to the west of Dally Hill. A number of minor normal faults,
sub-parallel to the Harvey and Flathead Faults, cut the strata
causing an eastwest extension of the Kootenay Formation.

The structure of the Kootenay Formation is somewhat
more complicated on Dally Hill than on Dilly Hill and therefore,
the detailed structure of both hills will be dealt with separately.

Dilly Hill

The geology of Dilly Hill was investigated by a
minimum amount of surface mapping and by a programme of 12 drill
holes spaced throughout the hill for exploratory purposes. From

L -
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data collected from the investigation, east-west cross sections at
intervals of 400 feet across the property were constructed at a
scale of 1" = 200' and a surface geology map produced at a scale
of 1" = 400'. BAerial photographs were used to identify possible
fault traces and ridges caused by resistant beds.

The beds strike approximately 10°-15° east of north
and dip to the east at 20°-30°, 1Local variations in strike ranging
from a few degrees west of north to as much as 30° east of north,
occur but this is normal in continental deposition. Few normal
faults striking northwest and dipping steeply to the southwest
interrupt the normal succession of strata causing downdip repet-
ition., The normal faulting is minor and the largest stratigraphic
displacement is estimated not to exceed 200 feet.

Correlation and structural interpretation are com-
plicated by local erosional disconformities and the interfingering
relationship of lithological units. Further subsurface exploration
will undoubtedly modify the structural interpretation but is not
expected to alter the general picture.

Dally Hill

The geology of Dally Hill was investigated by
sur face mapping, two east-west trenches and later by a drilling
programme involving eight exploratory holes. Information accumu-
lated to date is insufficient for a detailed structural interpreta-
tion but a general picture was compiled using aerial photographs
to identify traces of faults and resistant beds.

The beds strike approximately north-northeast but
vary from northwest to northeast. The dip is to the east at 10°
to greater than 40° but averages out at 25° to 30°. Normal faults,
sub-parallel to the Harvey and Flathead Faults,are more numerous
than on Dilly Hill and generally are of gre%EEF magnitude with
stratigraphic displacement possikbly up to 0 feet or greater in
some cases. Total stra %graphic separation across the hill ig in

the neighbourhood of 2 feet to 0 feet. Some minor thrusting
has been observedin the coal horizons.

A number of east-west cross sections were constructed
through Dally Hill, however, due to the lack of reliable informa-
tion, are highly interpretive. A surface geology map has been
produced at 1" = 400 ' but is also highly interpretive.

COAL

Coal seams on Dally and Dilly Hills were exposed
during the construction of access roads by Pickands Mather Co. in
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1968 and 1969, but the exposures were poor because of subsequent
weathering and bank encavements. The seams were cleaned out
wherever possible, measured and sections prepared.

During the mapping and trenching programme in the
fall of 1970 few areas of coal wash were located;however, an
attempt at exposing bedrock in the wvicinity by trenching, revealed
little more information.’

Coal intersected by the drilling Programme conducted
during the winter(1970-71) ,averaged in excess of_lﬁeffeet a hole
and occurred in five horizons. Seam #1, highest in the stati-
graphic succe551o% was 1ntersected by drill holes #2b and #11 and
was found to be L1 feet and 20 feet respectively. The thickness
of the seam from Hole #11 is unreliable because of caving and
probably contains a large percentage of shale,

Seam #2+3 was intersected by most drill holes on
Dilly Hill Eut by #19 only on Dally Hill and has an average thick-
ness of ;ﬁ' eet, Only %¢ hole #2b %%ﬁ this horizon separated into
two distinct seams of feet and/}/feet respectively, thus
accounting for the numbering system.

Seams #4a and #4b were, 1ntersected by al} drill
holes and have an average thickness of 28’feet and }gifeet respect-
ively on Dilly Hill and a combined average thickness of 65’feet on
Dally Hill. oOn Dilly Hill, the horizon was broken into two
distinct seams but on Dally Hill, was essentially one seam with
small shale bands separating the seam into at least two component
parts.

4

rd

Seam #5 was intergqgted by all holes and was found
to have an average thickness of 40 feet. The coal seam on Dilly
Hill exhibited the same characteristics wherever intersected bhut
on Dally Hill the seam became very shaly towards the top in hole
#15. In holes #6 and #8 on the eastern slcpe of Dilly Hill, this
seam (#5) appears to have thinned considerably. This could be
true, in which case a trend of thinning to the east might be
realized or locally, an erosional disconformity might exist. Another
possibility is normal faulting displacing part of the seam

The coal recovered from the drilling programme was
analyzed and established as medium volatile bituminous coal with
favourable coking possibilities. However, because of poor recovery
using diamond coring techniques, and contamination resulting in
high ash content using rotary drilling techniques, the true
quality of the coal has yet to be determined. As a guide line to
the quality of coal, the results of analysis for seams #4a and #4b
from drill hole #2Zb, are summarized below. Recovery of cocal from
the seams in this hole was greater than 90%. (Plate 5).
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SEAM #da RAW COAL ANALYSIS
INTERVAL THK. |YIELD! ASH v.M. L R.M, |F.C. .5.I.|B.T, U, S.
488.6-496.1]7.5" 11.87|22.36 1 0.61165.16] 5% 13,290| 0.239
496.5-504.0 7.5 " 16.66]20.95 | 0.64161.75] 2% 12,390 0.20
504.0-506.4)5 7. 9.43{20.95 | 0.67(68.94| 1% |13,700| 0.32
507.2-510. 5)
510.5-517.5 7.0 15.73122.14 | 0.71]61.42| 25 12.670] 0.23
AVERAGE 13.64121.60 | 0.66(63.81| 3 12,971| 0.29
SEAM #4a FLOAT ANALYSIS AT — 1.40 SPECIFIC GRAV.
INTERVAL !THX |YIRLD| ASH V.M, R.M. |F.C. .5, I.|B.T.U. S.
488.6-496.117.5'170.631 5.45124.12 | 0.61169.82| 5% | 14,220 0.26
496.5-504.07.5'46.60] 6.05123.06 | 0.64]70.25| 5 14,140| 0.27
504.0-506.4)5 9+171.55| 4.66(23.11| 0.67]71.56| % 14,390| ©0.22
507.2~510. 5)
510.5-517.517.0'156.57] 5.18|23.20] 0.71]70.911 4% 114,370 0.13
AVERAGE 59.93] 5.32123.33] 0.62170.511 5 14,280 0.22
SEAM #4b RAW COAIL ANALYSIS
INTERVAL |THK. |vTeID| AsE | v.m. | R.M. |F.c. |F.5.2.(B.T.U.| s.
534.0-540.5 6.5 26.67119.03 1 0.64153.661 1% 110,570 0.231
543.0-549.0 6.0 21.04120.49 | 0.74157.731 4 11.610] 0. 32
549.0-557.0)g ¢ 24.33(21.66 | 0.72{53.29| 6% |11,160| 0.28
558.5-559., 1)
AVERAGE 24.13120.54 | 0.70 54.61] 4 11.113] 0.30
SEAM #4b FLOAT ANALYSIS AT - 1,40 SPEC. GRAV.
INTERVAL |THK, |YIELD | ASH | v.M. |R.M.IF.C. |F.S.I,|B.T.U.| S.
534.0-540.516.5'137.36 | 8.67 |21.71 1 0.64 |68.98 | 3 13,930 0.27
543.0-545.016.0'152.011 7.60 |23.01 | 0.74 68.65| 7 14,180 0. 30
549.0-557.0)g 51143.58 | 7.58 |23.71 | 0.72/67.99| 8 14,290 | 0.22
558.5-559. 1)
AVERAGE 44.02 ] 7.95122.82 | 0.70 68.42] 6 14,142 ] 0.26
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Probable coal reserves on Dilly Hill were calculated
from the cross sections across the hill, The block used in the
calculations lies between grid lines 344+00N on the south-facing
slope and 404+00N on the north-facing slope and from the surface
outcrop in the west down dip to 4,000 feet above sea level. The
results are tabulated in a separate report of June 15, 1971, and
therefore only the total probable reserves for Dilly Hill are
presented in this report. A total of 53,563,210 short tons of coal
was calculated. The reader should be aware that future exploration
resulting in better geological control will change‘;his figure, but
it is believed to be accurate within ten per cent.

———mar T

Probable coal reserves on Dally Hill were calculated
from a cross section (294+00N) for one block only. A strike
length of 3,000 feet and a dip length of approximately 2,700 feet
from outcrop to a base level of 4,000 feet above sea level were
used in the calculations, A total of 28,441,000 short tons was
arrived at. The reserves for Dally Hill will increase as more
information is accumulated and it is expected will eventually exceed
80,000,000 short tons.

CONCLUSTONS

1. The Kootenay Formation in the area of interest
varies from 650 feet to 850 feet.

2. The dip of the beds is to the east at an
average of 30° but varies from 10° to 40°,

3. The normal stratigraphic succession is inter-
upted by a number of normal faults striking
northwest - southeast causing down dip
repetition of the strata.

4. bally Hill appears more structurally comp-
. licated than Dilly Hill,

5. Three major coal horizons are consistent over
the property with a combined total thickness
of approximately 70 to 80 feet.

6. The quality of the coal is uncertain but is
a medium volatile bituminous coal with good
coking potential.
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7. The total probable reserves of coal have been
calculated at 82,000,000 short tons but this
figure could double when adding in possible
reserves from Dally Hill.

RECOMMENDATIONS

The realization of a mining situation is dependent on
the quality of the coal and therefore, the next stage of exploration
should be adit driving for the purpose of bulk sampling. Both seams
#4 and #5 should be sampled on Dilly Hill and Dally Hill for a total
of four adits .

Concurrent with adit driving, additional surface mapping
should be carried out, especially on Dally Hill, in an attempt to
walk out resistant beds and to prove or disprove the present surface
geological maps. The use of a helicopter for a few days at the
outset and the conclusion of such a programme would prove very help-~
ful in spotting areas to investigate and for tying in information
accumulated.

If analysis of coal recovered from the first two adits
on Dilly Hill proves to be of a mining quality, then an extensive
exploratory drill programme should be carried out on Dally Hill to
prove out additional reserves of coal.

2
%&M@
November, 1971 Owen Cullingham
Toronto, Ontario.
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PLATE £

Communication problems.
Yagi Antennae at top of
pDilly Hill provided for,
"waather permitting”.,
communications.,

PLATE 1

View from Dilly Hill,
looking northeast.

PLATE 3

Flathead forestry road
in March. View Inking
east toward Clarke Range
in the background.



PLATE 4

Diamond Drill rig.
S5.C.C. #2B, Februarvy,

1971,

PLATE 5

Coal core from Seam &#4H,
recovered from Diamond
Drill Hole §.C.C. #2ZB.
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CANADIAN EXPLORATION LIMITED
DRILL & CORE LOG

PROPERTY:  SAGE CREEK. COAL TRENCH No. q_=
LOCATION Dilly Hill - Along Road

AZIMUTH : ELEVATION : DIP:
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RIO TINTO CANADIAN EXPLORATION LIMITED
DRILL & CORE LOG

PROPERTY: SAGE CREEK COAL TTD. ~ 8601 TRENCH No. T—6
LOCATION: pally Hill
AZIMUTH: ELEVATION ; DIP:
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