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Previous Work

Amphitheatre Mountain and surrounding terrain were
aerially examined by the writer in the course of two
encircling helicopter passes during field work in 1970.
Black horizons are visible at several elevations in the
"amphitheatre" developed on the southeast face of the
mountain. Cairnes (1915, as reported in Bostock, 1957,
p.380) stated that the section in the amphitheatre included
". . . . at least 12 seams over 12 inches in thickness, that
contain in the aggregate at least 30 feet and probably
nearly 50 feet of lignite of good quality.'"* Cairnes
measured one seam 4 feet 5 inches in thickness (ibid.).
Muller (1967, p. 113) thought Cairnes' estimate of aggregate
thickness too optimistic since ". . . much of the coal is
shaly and of poor quality.", and the best seam seen by him
in the amphitheatre was 22 inches thick, including a 1 inch
shale parting. In reporting the results of a study of
radioactivity in coal, Cameron and Birmingham (1970, p.21)
write of ". . . .a fairly complete section with ten thin

seams or coaly layers on Amphitheatre Mountain. . . "

¥ "Lignite'" of Cairnes is now known to be sub=-bituminous
coal (see Bostock, 1952, p.42).



Better coal seam thicknesses were measured by
Muller (1950, as reported by Bostock, 1952, p.44) at a
locality about 1% miles south of the centre of the amphi-
theatre ". . . at an elevation of 5,500 feet on a fork
of Berry Creek, a small tributary of Badlands Creek, which
comes down from the slope of Mount Hoge opposite Amphi-
theatre Mountain." Muller (1967, p.113) later refers to
this same locality as ". . . at the head of south tributary
of Granite Creek.", and on his accompanying map (1177A)
shows the name "Granite Cr." for the stream shown previously
on Bostock's (1952) map (1012A) as "Badlands Creek." At
this locality Muller (ibid.) measured a 5' seam (a) and a
412" seam (b) separated by 5'8" of shale, with a few thin
shale partings in the coal. A 3'0" bed (c) of coal inter-
bedded with coaly shale and brown shale, and with ice in
its lower part, is separated from seam (b) by 0'8" of
clay. Seam (a), highest in the section of the three, has
a roof of unconsolidated sand and gravel, and has a floor
of blocky, fairly well bedded shale (5'8" thick) which
forms the roof for seam (b). Coal bed (c¢) is underlain
by 8 inches of clay, in turn underlain by 9 inches of coaly

shale.



Present Work

Since a helicopter wds not locally available
(Speelman, 1971, p.2-3) to provide access to the above
discussed area of coal occurrence south of Badlands Creek,
it was decided to reconnoiter ground access to the northern
part of the licence area in preparation for future recon-
naissance work. It was planned to prospect for coal float
in streams’at the same time. Coal had not previously been
reported in Amphitheatre formation terrain lying on the
north slope of Amphitheatre Mountain. Recent work in the
northeast sector of the Niamodlaoc Mountain coal area to
the east (Speelman; 1971, p.7-8) had shown that prospecting
for, and tracing of stream float coal can be an effective
way of finding coal outcrops.

On August 10, 1971, the writer and Mr. Scott Lyle
drove on the Burwash Creek Road from its junction with the
Alaska Highway to the base camp of the Cooper Creek Mining
Co., a distance of about 2.3 miles. From this point south
and westward to a point about 0.5 mile west of thé base
camp for Mr. Bessner's placer min;ng operation, a distance
of about 4 miles, the bed of Burwash Creek was prospected
by ground traverse. The stream gravels had been disturbed

and reworked by previous placer mining activity for



virtually the entire distance. No coal float was found.
Traverse return leg was by the Burwash Creek Road, which
is largely built of stream gravel,

The area was entered again on August 20, 1971 when
an attempt was made to travel with Cooper Creek Mining Co.
personnel by 4 x 4 truck to the vicinity of Cooper Crecek,
whence a ground traverse up one of the tributaries of
Burwash Creek flowing off the north slope of Amphitheatre
Mountain was planned. The connection was missed however,
due to the local practice, unknown to us, of observing
double Daylight Saving :ime.

It is recommended that a reconnaissance crew have
a 4 x 4 truck for use on the Burwash Creek road for access
to the northern part of the licence area. . Helicopter fly=
camps or daily set-outs from Burwash Lodge will be required
for reconnaissance work in the southern part of the area.
Alternatively, an airboat for shallow-draft travel on the

Duke River could provide transportation to the mouth of
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the southeastern portion of the licence area appear to be
feasible. This river-travel alternative or supplement to

helicopter access has the advantage of allowing a continuous
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ground-level assessment of one possible road construction
route. Mr. F. J. LeMoignan, of Destruction Bay, owns an
airboat which could be made available with sufficient

advance notice.

November 23, 1971

Respectfully submitted,

Norman H. Ursel Associates Limited

Edwin L. Speelman, B.Sc.
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ABSTRACT

Minable coal, particularly lump-resiniferous
coal, was sought during a portion of the 1971 summer field
season by prospecting the Amphitheatre formation in the
northeast sector of Niamodlaoc Mountain. Areal extent of
sedimentary exposures, and thickness of stratigraphic
section revealed in them, is much less than in the 1970
field area on the western mountainside. Scattered to
clustered, erosion-resistant volcanic bodies, apparently
intrusive volcanic plugs, form conical landforms (coniforms)
in predominantly Amphitheatre formation terrain. The
exposed Amphitheatre sediments are poorly lithified to
unlithified sand, pebbly sand, silt, and clay. Thin lenses
of banded black coal are widespread and common. Larger
lenses up to 6.5 feet in thickness are present. For the
purpose of extracting a resin separate for analysis and
testing, a semi-bulk sample of coal was taken from three
subjacent lenses,.

Should continuous seams of coal be found in the
northeast sector, some of the reserves may be amenable to
strip mining. This possibility arises from the combination
of flat-lying to gently dipping coal measures and fairly low
slope angles on the northeast sector lower slopes. The
poorly indurated to unindurated nature of the clastic sedi-
ments may make feasible the removal of cover by hydraulic
methods. This incorporates a means for concurrent thawing
of permafrost, whose extent is unknown. The clastic sediments
are themselves possessed of a dispersed lens coal content
which may be partly recoverable in the case of the larger
lenses by selective removal during hydraulic stripping,
and/or by washing all of the coal-bearing slurry produced by
hydraulic stripping.

The possibility that the horizons bearing coal
beds as found on the western mountainside in 1970 are not
naturally exposed in the northeast sector is discussed. It
is concluded that strip mining potential warrants trenching
and/or drilling to determine if the coal seams are present
in this sector. Reconnaissance geology and prospecting in
other unexamined sectors of the mountain is recommended
first, followed by measurement of stratigraphic sections and
geological mapping in all sectors in preparation for trenching
and/or drilling in the northeast, and other sectors.
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INTRODUCTION

Airborne and ground prospecting during 1970 field
work (Speelman, 1970) indicated that several coal seams of
minable thickness were present in the Amphitheatre formation
(Muller, 1967), on the west side of Niamodlaoc Mountain.
Golden yellow to orange lump résin was commonly observed,
especially in the upper seams. Preliminary tests of melting
point fange, solubility, and ash content (Montgomery, 1970;
Speelman, 1971, Section E), and acid number, performed on
small hand-picked resin samples, are sufficiently interesting
to warrant evaluation of '"the complete range of solubilities
and compatibilities of the resins in various ink solvents
and oils..........also...... ....s0lvent release properties,
colour values, and possible odour levels." (Winandy, 1971).
For this testing, resin samples each weighing about one
pound are required, in turn requiring that resiniferous coal
samples weighing several hundred pounds be obtained.

It was first intended to camp on the southeastern
portion of the mountain, adjacent to the Halfbreed Creek
road, and from there prospect the southwestern portion of
the mountain for resiniferous coal in the upper horizons of
the Amphitheatre formation. During the last aerial

reconnaissance observations in 1970, dark grey or black
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horizons were noted in additional stream cut exposures
present to the south of localities C and D (Speelman, 1970,
Plate 1). It was planned to thus both extend the western
mountainside ground prospecting southward, and hopefully to
also obtain the desired sample of resiniferous coal in the
southwestern sector. A contingency plan was to return to
locality AA (ibid., Plate 3-I), near which the most highly
resiniferous coal was noted in 1970. Due to access problems
(infra), neither plan was workable.

Access to the northeastern portion of the mountain
was found to be possible from a campsite located as far up
the Halfbreed Creek road as it was possible to go by 4 x 4
truck. Coal float was discovered in the creek bed near the
campsite, indicating that coal must outcrop on the east
side of the mountain. A firm field decision was then made
to prospect for coal in the northeast sector, in anticipation
that resiniferous coal might also be found on the east side
of the mountain.

The field party consisted of one geologist (the
writer) and one assistant (Mr. Scott Lyle), with local
transportation support from Mr. Jack Gwartney.

ACCESS

A locally-based helicopter was not available as
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was the case last year. Infrequent spot charters could

be obtained, but not at the required times. Nor could a
caterpillar-type tractor be locally obtained for setting

out and picking up a camp, or for repairing bush roads.

Mr. Maloney bases a construction business in Burwash Landing,
but he was working elsewhere.

Although the area is eminently suited for horseback
travel, and free-ranging horses are abundant, it was dis-
covéred that in fact there are no horses commercially
available for packing or riding except for hunting parties
during the big game season. The use of horses for commercial
purposes other than hunting appears to be at variance with
local tradition.

A bush road, passable by passenger car for about
3 miles to elevation 2975 feet leaves the Alaska Highway
at Mile 1089 on the east side of Halfbreed Creek. From
about the 4 mile point onward, the road crosses and recrosses
the creek several times. It was found to be passable by
4 x 4 truck, with some removal of fallen boulders, some
short detours around active earthflows, and travel at
reduced speeds over washouts, to a point about 5.5 miles
from the highway where the elevation is about 3700 feet. A

camp was set up at this point (Figure 3) where a major
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west-flowing tributary of Halfbreed Creek had this spring
completely washed out the road for a distance of about 100
yvards. From this campsite to the prospect area located on
the northeastern lower slopes of Niamodlaoc Mountain

(Plate 1), the average daily traverse lengths were about

5 miles.

The averadge grade of the Halfbreed Creek road is
approximately 2.2% for the first 3 miles. It is approxi-
mately 5.2% for the next 4 miles, at which point, about
7 miles from the Alaska Highway at an elevation of about
4000 feet, the road enters the coal prospect area underlain
by the Amphitheatre formation. About 2 days of work with
a D-8 caterpillar tractor would be required to repair the
road for routine access by 4 x 4 vehicles,

Subsequent to the departure of the field crew, the
semi-bulk sample of resiniferous coal was removed from near
the sample site on Niamodlaoc Mountain to Burwash Landing
by helicopter (Trans North Turbo Air Ltd.) over an air
distance of approximately 10 miles. It was freighted to
Whitehorse by truck (White Pass & Yukon Route).

PROSPECTING AND GEOLOGICAL RECONNAISSANCE CONDITIONS AND
PROCEDURES

Direct prospecting for coal, and geological

reconnaissance of east-side coal measures began with a



brief airborne eoxamination of the east side in 1970 after
completion of ground/airborne work on the west side. Light-
coloured sediments, apparently belonging to the Amphitheatre
formation, were sighted in a few places in stream cuts on
the lower slope of the mountain, below the general break in
slope above which the reddish-brown, layered St. Clare
Group volcanics capping the mountain hold steep slopes and
form cliffs (Plate 3). Dark grey horizons, which invariably
signify coal on the west side, were not sighted from the air
on the east side. The east-side lower slope cut banks
expose much less of the stratigraphic section than those
on the west side.

For the present (1971) work, two sets of airphotos
covering the northeast sector at one inch to the mile and
at two inches to the mile (approximate), were interpreted
for areas of sedimentary outcrop. Exposures appeared to be
coﬁfined to stream cuts. Traverses were planned to reach
these areas mainly by following streams in order to look
also for outcrops too small to discern on the airphotos.
Traversing procedure included side traverses up small
sub-tributaries of the main east-flowing tributaries of

Halfbreed Creek (Figure 3). During the mid-August period
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some were dry, and others contained running water and
could usually be followed to source spring areas. Some
of these small streams exhibit disappearance and re-
appearance along their channels, and the larger main
tributaries, while not completely disappearing into their
stream gravels, do exhibit considerable variations in
volume of surface flow along their channels.

Some traversing in search of frost~heaved coal
was undertaken away from stream cuts in vegetated areas.
Stone ribbons (Plate 13) are direct evidence of active .
frost~heaving in the area. The following features are
additional evidence that permafrost is extant in at least
‘'some portions of the area: (a) Small mudflows observed
to. be most actively moving when exposed to the sun;

(b) Daily fluctuation in flow of streams not fed by
glaciers or by snow in the late-summer period of observa-
tion; (c) Slump depressions probably representing thermal
karst. Some slump depressions are well-drained (e.g.
Plate 11); others contain water. Ground ice encountered
in a bench cut exposure of coal (Plate 8) constitutes
direct evidence of permafrost.

The general procedure in stream traversing was

to walk on the stream beds, and observe the banks for
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exposure. Scanning the creek bed itself became regular

procedure after discovery of coal float in stream gravel.

STREAM FLOAT AND FROST HEAVE RESULTS

Stream Float

Sporadically distributed coal float was found more
or less continuously along the length of the stream portions
indicated on Figure 3. It is usually found as small piles
of coal fragments representing the weathered disintegration
products of lumps ranging up to several inch size. This
coal.occurs on flood levees and flood terraces, as well as
underwater in the summer channels. No attempt was made to
determine the abundance patterns of the coal float. The
overall impression was gained that although some fairly
continuous sections show higher abundance than others, the
average abundance in, say, a 1000 foot stretch of stréam
channel would be roughly equivalent to the average abun-
dance in any other 1000 foot stretch. The probable rapid
déwnstream dispersal of coal during spring flooding, and
fhe tendency of lumps to rapidly disintegrate on surface,
means that the common presence of coal float in a stream
virtually proves that coal outcrops somewhere along that
stream. Upstream from the coal lenses at cut bank Locality

B (Figure 3, Plates 15 and 16) no other bedrock coal was
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seen, and no float could be found, though the stream bed
was examined up to the St. Clare Group volcanic outcrops.

Frost Heave

Frost heave coal was found in one area centred
about 400 feet southeast of Locality A (Figure 3, Plate 3).
Here coal fragments occurring sporadically over an area of
vegetated, marshy mountainslope must have been transported
to surface by frost heaving.

BEDROCK RESULTS

Locality A

Locality A is a cut bank on the south side of a
tributary of Halfbreed Creek (Figure 3, Plates 4 through 9).
Thé tributary is not shown on NTS Sheet 115G/6 (First
edition), but was flowing in mid-August, 1971. The exposure
extends in a southwest-northeast direction for about 800
feet along the stream, and slope distances to the top of
the bank are about 60 to 100 feet.

Vesicular to highly vesicular reddish-brown
volcanic rocks, probably intrusive, comprise the northeast
end of the exposure (Plate 4) and various volcanics also
occur in the southwestern portion (Plate 5). Very poorly
indurated clastic sediments, essentially flat lying, com-

prise about 80% of the exposed rocks. In the upper part
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of the bank, pale yellow and light brown, very soft,
argillaceous sandstone is present. The sand is slightly
lithified, holding steeper outcrop faces than would
loose sand (Plate 5). Lenses of soft, brown claystone-
siltstone and of brittle coal are present. In the lower
part of the bank, low-relief badlands topography is
exhibited by intermittent exposures of a white-weathering
(Plates 6, 7, 8 and 9), pale greyish-green, gritty, pebble-
beéring sandstone, This micaceous sandstone is massive
and very poorly indurated. The pebbles include well-
rounded white quartz, and clasts of (a) various volcanic
lithologies, (b) coal, and (c) green siltstone. This is
the only significantly rudaceous unit observed in the
northeast sector.

The larger coal lenses occur in the lower part
of the upper bank sandstones, near the contact with the
lower bank sandstone, One of the largest lenses, 6.5 feet
thick, was exposed by several bench cuts (Plate 8). A
few feet in from the original slope surface this coal was
solidly frozen. A local stratigraphic section which
includes the thickest part of this coal lens is given in
Tabie 1.

Another sizeable lens of coal, occurring west of



TABLE 1

Stratigraphic Section at Locality A

Elevation: 4730' (approx.) Co-ordinates: 139004'49"W
61°15'23"N
Thickness of Unit Lithology
Not measured Sandstone, argillaceous, pale yellow

and light brown, very soft, with
thin lenses of soft, brown, claystone-
siltstone and brittle coal.

2' (top covered) Sandstone, moderately coarse-grained,
pale yellow, very soft, with thin
lenses of coal.

1' to 2" Clay, silty, light brown, upper two-
thirds unindurated, lower one-
third chunky, soft; with thin
lenses of coal.

6.5’ Coal, banded, fairly hard, clean,
and brittle, occurring in a lens
at least 15' wide (sides covered),
frozen a few feet beneath surface.

Not measured, Sand, argillaceous, medium grey,
mainly covered frozen a few feet beneath surface.
Not measured, Sandstone, pebbly, gritty, micaceous,
lower . portion covered "salt-and-pepper" type, pale

greyish-green, white, weathering,
pebbles include well-rounded white
quartz and clasts of various
volcanic lithologies, of coal,

and of green siltstone; very soft,
massive, outcrops form subdued
badlands topography.

Base: Stream
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the above, has been intruded by a dyke which is fine-
to medium-grained, slightly porphyritic, light to medium
grey, buff-weathering, apparently altered, and contains
disseminated carbonaceous matter. Though less porphyritic,
this body is on the whole similar in lithologic appearance
to the sill found intruding coal at west-side Locality D
(Speelman, 1970, p. 5, 13 and Table 3, p. 14) and later
studied in some detail (Speelman, 1971, Section D). The
dyke is about 10 feet high and 15 feet wide (Plate 9).
Contact metamorphism of coal is evident. Briefly examined,
the mesoscopic zones of altered coal are not as well
defined as those at the west-side intruded coal locality.

Locality B

On the next tributary stream to the south of
that hosting Locality A, and approximately 3500 feet south
of that locality, there is another prominent northwest-
facing cut bank, the eastern portion of which is designated
Loéality B (Plates 12, 13 and 14). Along the exposure,
the maximum vertical rise from a point on the stream bed
to top of adjacent cut bank is about 65 feet. The place
of maximum vertical exposure happens to be the location of
the three largest coal lenses now revealed in the cut bank.

A measured section (Table 2), which included the
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TABLE 2

Measured Stratigraphic Section at Locality B

Elevation: 4750' (approx.)

(top

of coal)

Thickness of Unit

2'0"

0'8"

110”

0'811

2'8"

O'5H

(top covered) (a)

(b)

(c)
(d)
(e)

(thickest part of 1lens)(f)

(g)

Co~ordinates: 139004'42"W
61014'40"N

Lithology

Sandstone, medium-grained to
moderately coarse-grained,
yvellowish-grey, chunky, soft,
(poorly indurated).

Claystone, yellowish-grey, chunky,
soft, becoming smaller chunks
intermixed with wet clay in
lower one-half.

Siltstone, medium-grey, chunky,
soft.

Siltstone, medium-brown, chunky,
soft.

Clay, light grey, with thin lenses
of coal. '

Coal, medium and thick banded,
fairly hard, clean, and brittle,
occurring in a lens, about 16'
wide, which is the westernmost
of a group of the 3 largest coal
lenses occurring at Locality B
from which composite semi-bulk
sample NHUA 8/18/71-4,5,6 was
taken for resin extraction,
disseminated mainly pale yellow
to golden yellow lump resin
present in low concentration.

Sandstone, coaly, medium-~grained
to moderately coarse-grained,
brittle (medium induration).
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140" (h) Sandstone, coarse-grained, micaceous,
"salt-and-pepper" type, light
yellowish-brown, dark buff to
orange-brown staining common,
very soft (very poorly indurated),
with various lenses consisting of
one or more, often all three, of
the following lithologies:

(1) medium-grey to greenish-grey,
soft, chunky claystone, (2) coal,
(3) medium-brown to dark-brown
siltstone to fine-grained to
coarse-grained sandstone.

4'0" (base covered) (1) Sandstone, coarse-grained, '"salt-and-
pepper" type, light grey, very
soft (very poorly indurated), some
cross-bedding, with lenses of soft,
fossiliferous (carbonaceous), brown
weathering, medium~grey siltstone
to sandstone. (Note: To the east
of this measured section site, in
this sandstone unit (i), occur
the other two coal lenses sampled
to make up part of composite semi-
bulk sample NHUA 8/18/71-~4,5,6.)

70" Covered

Base: Stream
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westernmost and largest coal lens (Plates 15 and 16) in
its thickest portion, was measured from the creek to a
point halfway up the cut bank. This is a simple strati-
graphic section since the bedrock sediments, which are largely
pqorly indurated yellowish-grey, light yellowish-brown, and
light grey sandstone, together with lenses of finer-grained,
usually darker clastics and of coal, are essentially flat-
lying. The top of the measured section ends in these
Amphitheatre formation sediments which, more or less exposed,
also comprise the section in the upper part of the cut bank.

These Amphitheatre formation strata are overlain,
apparently paraconformably, by well-stratified sand, gravel,
and boulder beds of a predominantly reddish-brown colour
(Plate 14). Provenance of these gravels is the St. Clare
Group, outcrops of which are present in the stream cut on
the far right hand side in Plate 13, Stratigraphic position
of horizons bearing the larger coal lenses at Locality B
is estimated to be roughly 100 feet stratigraphically below
the lowest St. Clare Group volcanic flows. Age of the
stratified gravels is Tertiary or younger.

The other two main coal lenses at Locality B are
visible in Plates 15 and 16. As measured along the stream,

the west end of the middle lens is approximately 12 feet



from the cast ond of the west lens.  The middle and east
lenses occur in the light grey sandstone unit (i), the
top of which, in the measured section (Table 2), is 14
feet 5 inches below the base of the west coal lens.
Exposed length (or width) of the middle lens is 6 feet,
and maximum thickness is 10 inches. For the east lens
these dimensions are 3 feet, and 16 inches, respectively.
Both lenses are overlain by dark brown, soft, chunky
siltstone-claystone, and underlain by a brown, resiniferous,
coaly sandstone which, over a few inches, grades into light
grey sandstone unit (i). Similar lens '"sandwiches'" con-
sisting of coal between overlying fine clastics and under-
lying coarser clastics, both (roof and floor) being darker
than the enclosing sandstone, were also observed for
smaller coal lenses occurrring in light yellowish brown
sandstone unit (h) (Table 2).

The coal appears megascopically to be dominantly
vitrain, medium and thick banded. The vitreous lustre
of the vitrain indicates a higher rank than lignite
(Schopf, 1960, p.48). Cleat is poorly developed; therefore
the coal is probably of sub-bituminous rank. It is
interesting to note that coal is the hardest rock present

in the local section.
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Lump resin, averaging about 1 to 3 millimetres
in diameter, and generally finer-grained than that observed
in 1970 in upper seams on the west side of the mountain,
was observed in the 3 large lenses. It occurs sparsely
more or less throughout the thickness of the lenses, but
is usually more abundant in lower parts, and is also
pfesent in the coaly sandstone immediately underlying
the lenses. Lump resin in the latter type of occurrence
tends to be amber to dark amber in contrast with the largely
pale yvellow to golden yellow resin visible within coal
lenses. Average abundance of resin across full thickness
ofvlenses is roughly estimated at 0.5%, or less, and is
thus also less than estimated for some west-side occurrences
observed in 1970.

A semi-bulk sample (approximately 560 1bs), com=-
prised of coal from the east, middle, and west coal lenses,
was taken in an attempt to extract enough resin for commercial
test purposes (see Appendix 1 for description of sampling
procedure).

Other Stream-Cut Exposures of Sediments

A number of other exposures of Amphitheatre for-
mation sediments occur along stream-cut banks at elevations
below Localities A and B in the northeast sector (e.g.,see

Plate 2). The exposed sediments, sand, silt and clay, are
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liéht-colourod and unlithified to poorly lithified. Thin
lenses of coal are common in all cases. A distinctive
white-weathering colour is noticeable at most exposures,

and this, together with the presence of coal, helps to
distinguish these Tertiary sediments from unconsolidated
Recent clastic sediments which may also occur along the
streams. However, along Halfbreed Creek, downstream from
the northeast sector of the Niamodlaoc Mountain coal area
(Figure 3), there are some deposits of white-weathering

sand in which coal, occurring in streaks and lenses, is
essentially unconsolidated, and may be clastic, reworked
material. If so, these are probably Recent beds, consisting
éf reworked Tertiary age Amphitheatre formation sediments.

Coniform Exposures of Volcanic Intrusives

Solitary conical landforms, or coniforms, a few
feet or tens of feet to a few hundred feet wide at base,
occur as projections dotting the rolling lower slopes.¥
Clusters of coniforms occur near the top of the lower
slope (see Plate 10), forming catchments behind which marshy
alluvial-colluvial slopes gently rise toward the base of

the upper slopes.

*¥Coniform - Here proposed and defined as a cone-shaped land-
form of any size, but for the larger examples the term is
superceded by terms such as "mountain peak", ''peak', or
"mount'", already in common usage.
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Outcrops occur on most coniforms, and on several,
brief examinations were made. The rocks when fresh are
grey or reddish-brown, mainly reddish-brown weathering, fine-
to medium-grained volcanic rocks, with massive, amygdaloidal,
and vesicular to highly vesicular structural-textural
varieties. Flow layering was not detected, and in the few
cases where structural-textural contacts were detected,
these were moderately to steeply inclined.

Except for the dyke/coal (intrusive) contact at
cut bank Locality A, no well-exposed volcanic/sediment
cbntact was observed. However, it is reasonably clear that
the lateral continuity of sedimentary units must be inter-
rupted by volcanic bodies exposed on the east end of the cut
bénk, and near its west end. The projected contact relation-
ships are either intrusive, or constitute nonconformities.
In the latter case, the volcanic units would be volcanic
cones or domes from which detritus was shed to accumulate
in flanking sedimentary units. It seems more likely that
the former alternative is the case, and that the coniform-
forming volcanic bodies are erosion-resistant volcanic plugs.

DISCUSSION

Possible Correlations

No immediately apparent marker horizon has been

found in the Amphitheatre formation as a result of the 1970
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and 1971 reconnaissance field work. Coal seams exposed

on the west side of Niamodlaoc Mountain are potential
markers, and the lowermost volcanic flows in the overlying
Sﬁ. Clare Group should be examined for marker bed potential
in future work. Even if good marker horizons cannot be
found, sections comprising as much stratigraphic thickness

as possible should be measured at several places of available
exposure around the mountain. There may be detectable
patterns of stratigraphic succession and of lateral facies
variation from which to judge if a coal seam present at one
locality is or is not present in the succession at another
locality. The short sections measured at various coal
localities are inadequate basis for judgement until some
feeling for rapidity or scale of facies changes can be
gained by measuring greater thicknesses of strata at
different places.

Due to lack of sedimentary outcrops between
Localities A and B (1971), which are about 3500 feet apart;
the intervening structure is unknown. Observable structure
is essentially flat-lying at both localities, and both lie
at approximately the same elevations (conf. Tables 1 and 2),
so they could have structural horizons in common. In

comparing stratigraphy, we note that at both localities the
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larger coal lenses occur near a contact or transition between
grey sandstones and overlying sandstones which are mainly
yvellow or brown. This generalization ignores stratigraphic
details, and in detail, no lithologic correlation is
apparent. This does not preclude correlation between the
more prominently coal-bearing horizons at the two localities,
andvthis remains a possibility.

Stratigraphic separations between prominent coal-
bearing horizons and one potential stratigraphic marker,
the lowest volcanic flow in the overlying St. Clare Group,
has not been measured on the west side (1970), nor in the
northeast sector (1971) of Niamodlaoc Mountain. This
separation at Locality B (1971) is roughly estimated at
100 feet. Greater uncertainty attaches to any estimate
of this separation at Locality A (1971), up-slope from
which the lower St. Clare Group flows are less well exposed
than at Locality B, and those which are exposed (Plate 3)
are also laterally (to the west) farther removed from the
coal locality than is the case at Locality B. However, a
very rough estimate, made by projecting to a hypothetical
simple stratigraphic section situation, gives us a separa-
tion at Locality A some 2 to 3 times that at Locality B.

A somewhat similar situation exists on the west
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side where at Locality C (1970) stratigraphic distance
from base of St. Clare Group down to the uppermost seam
(35 foot thick) of the three main upper seams is roughly
estimated at 100 feet. To the north at Locality A (1970)
the estimate is again more uncertain than at C (1970), but
separation is also thought to be greater than at Locality
C. ‘The middle seam (6 foot thick) and the lowest seam .
(3% foot thick) at Locality C (upper seams, 1970) are
respectively 31 feet and 43 feet stratigraphically below
the uppermost seam (Speelman, 1970, Table 2, p. 12).

If the horizons bearing the larger coal lenses
at northeast sector Localities A and/or B (1971) correlate
with a horizon containing one of the upper seams at west-
side Localities A, AA, or C (1970), then one of those
seams has apparently become lensy to the east and northeast.
On the other hand, some of the upper seams present on the
west éide, if continuous beneath the mountain, could be
présent on the east side some tens of feet lower down in
the section than the lowest exposures (Plates 6 and 14) at
the northeast sector Localities A and B (1971). On the
western mountainside the upper seams are only slightly more

resistant in outcrop than the sediments with which they are
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interlayered. The coal observed in lenses in the northeast
sector, although more competent than host sediments in
fresh exposure, appears to weather rapidly to small pieces,
and is no more resistant in outcrop than the host sediments.
Taking these two facts into consideration, we can predict
that i1f an upper seam is present in the northeast sector,

it will be 1little likely, or no more likely to outcrop
than the soft sediments in that sector, and these seldpm
outcrop except at some places in stream cuts.

Trenching and Drilling Required

In summary, there is no evidence that the upper
seams are present in the northeast sector of the mountain,
but exposure is insufficient to determine if they are
absent. In view of the important implications for seam
continuity that their presence on the east side could have,
it is worth 1 or 2 drill probes and/or long trenches, to
determine whether or not they are present.

Regarding the lower seam occurring on the west
side at Locality D (1970) and possibly at Locality B (1970),
it is roughly estimated that if present in the northeast
sector it will be at an elevation around 4000 feet. But
the lowest surface elevation in this sector of the

Niamodlaoc Mountain coal area, in the bottom of Halfbreed
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Creek, is also about 4000 feet. Therefore, a vertical
subsurface probe of several tens, perhaps up to a few
hundred feet, from a low elevation set-up, is required to
test for the presence of the lower seam in the northeast
sector. It is desirable to first do the above discussed
section measurement work, in order to refine the estimate
of the expected elevation of the seam, and thus decide what
length of drill hole would constitute an adequate search.

Strip Mining Potential

It is roughly estimated that 50% or more of the
1oﬁer_northeast mountain slope, mainly underlain by coal-
bearing Amphitheatre formation sediments, lies at a 7 to
17% grade. The sedimentary units are flat-lying to gently
dipping. 1In this northeast lower-slope sector of the
mountain alone, there is thus an estimated area of about
1 square mile in which bedrock structural attitudes and
slope attitudes on an average diverge by less than 10°.
This condition of near-conjunction between bedrock and
slope attitudes is favourable for strip mining. Moreover,
if continuous coal seams can be found in this sector, it
appears that the bedrock material to be stripped will be
unindurated to poorly indurated after permafrost is thawed.

Larger coal lenses might be selectively recovered during
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stripping. Also, the apparently ubiquitous coal occurring

in smaller lenses might be sufficiently abundant to warrant
treatment of the friable material to be stripped, in its
entirety, as a pseudo-placer deposit from which coal in

low concentration might be recovered by washing. A portable
washing plant to produce a rougher concentrate would minimize
tranéport of waste, an important operational characteristic

of placer mining. A coal pre-concentrate might be obtainable
simply by screening, since the coal in fresh exposure is

the most competent sedimentary rock seen in the northeast
sector. Stripping might be done by hydraulic giants, as

has been done at the Healy Creek operation in Nenana coal
field in Alaska (Barnes, 1964, p. 93). One conceivable
technique for rapidly thawing permafrost would employ water
passed to the hydraulic monitor from a coal-fired water heéter.

Lump Resin

While lump resin concentration and average size
as observed in northeast sector lenses is lower than observed
in west-side upper seams, especially as observed near Locality
AA (1970), the 1971 observations indicate that lump resin
occurrence is widespread in Amphitheatre formation coals.,

There is obviously considerable variation in grade.
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Resin extracted from a lens occurrence of coal
should be a valid sample for establishing the range of
resin quality to be expected in potentially minable seams.
It is known that in a general way the abundance of coal
lump resin increases with decreasing age of the host coal,
and this is substantiated by comparison of Jurassic-
Cretaceous coals and Tertiary coals observed by the writer

in the Yukon. It is unknown if there is also an age

effect on resin composition. If so, then depending on the

magnitude of the age difference between a coal lens and

a younger or older seam, a resin sample taken from the
former is obviously not directly valid as a sample of the
resin in the latter, but it is still valid in defining
the 1limits (upper or lower) of composition of resin in a
potentially minable seam in the same coal field.

CONCLUSIONS AND RECOMMENDATIONS

Ground-traverse surface prospecting for stre;m
float coal and outcrop coal has proven to be an effective
method in the Niamodlaoc Mountain area. Prospecting by
airborne observation of surface has also been effective on
the west side of the mountain, but not on the east side
where sizeable coal lenses found on the ground in 1971 were

not spotted from the air in 1970. It is recommended that
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ground-traverse surface prospecting be carried out in the'
as yet unexamined central-eastern, southeast, and southwest
sectors of Niamodlaoc Mountain.

It is concluded that the surface exposure avail-
able in the northeast sector is insufficient to prove the
absence of the upper seams, or of the lower seam, found
on the west mountainside in the previous period of field
work. It is possible that a horizon correlative with one
of the western upper seam horizons is somewhere included
in the available, albeit limited, northeast sector exposures
as discussed above. Given this possibility, the fact that
a seam was not observed in available exposures in this
sector could be an unfavourable result,

On the other hand, the discovery in the northeast
sector of topographic/bedrock structural conditions con-
ducive to strip mining is a favourable result. In addition,
the preponderantly poorly indurated sedimentary rocks in
this sector could probably be stripped by hydraulic methods.
On net, the 1971 results indicate to the writer that the
overall geologic potential of the Niamodlaoc Mountain coal
prospect is about the same as it was when considered in

light of the 1970 results.
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Because reconnaissance results so far obtained
show that the coal measures are flat-lying to moderately
dipping (less than 30°), mining costs should be lower here
than in the tightly-folded Jurassic-Cretaceous coal
measures in the Whitehorse Trough. Moreover, coal in
seams of minable thickness in the Bush Mountain area, one
of the Whitehorse Trough coal areas close to Whitehorse,
and heretofore considered a possible source of coal for
thermal power generation, has recently been found to be
high-ash, meta-anthracite or graphitic anthracite (E.L.
Sbeelman, in preparation; W. J. Montgomery, 1971; B. N,
Nandi, pers. com., September, 1971), and is probably
unsuited for combustion (D. S. Montgomery, pers. com.,
October, 1971), though an investigation is planned.
Besides further work to evaluate thermal coal
potential, continued study of by-product or co-product
potential of Niamodlaoc Mountain coal is recommended.
Investigation of the economic potential of lump resin
oécurring in the coal, now underway with an attempt to
separate resin from a semi-bulk sample from northeast
sector lenses, should be continued in the field with a
minimum objective of next obtaining a large sample from a

west-side seam, as originally intended for 1971.
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From information gained by surface work to date,
it is clear that much more of significance remains to be
learned from completion of reconnaissance geology work
to include the central-eastern, southeast, and southwest
sectors, plus measurement of stratigraphic sections, and
detailed geologic mapping of all areas of the Amphitheatre
formation, up to the basal units of the St. Clare Group.
Measurement of sections and geologic mapping should have
first priority after completion of prospecting and geological
reconnaissance. Ideally, the geological work should be
substantially completed before trenching and/or drilling
is begun. The short field seasons make this impractical
however, and enough is now known to plan to begin some
trenching and drilling while the above work is underway.
Access problems in 1971 stemmed from several
unanticipated washouts and blockages on the Halfbreed Creek
road, which had been reported to still be in good condition
when patrolled by snowmobile just prior to 1971 spring
breakup. According to local reports, the 1970-71 winter
snowfall in the mountains was heavier than normal. Some
repair of this road by bulldozer will probably be required
at the start of each field season. A 4 x 4 truck for

supply, and a few small all-terrain vehicles for off-road
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travel, should give sufficient access to most of the area,

with little helicopter support required.

An outline of field work tactics for one field

season 1s given in Appendix No. 2.

November 22, 1971,

All of which is respectfully submitted,

Norman H. Ursel Associates Limited

Elp i Bpesbinan—

Edwin L. Speelman, B. Sc.
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PLATE 1. Northeast sector of Niamodlaoc Mountain as viewed

from Halfbreed Creek Road, showing layered volcanic capping of
the mountain, and lower slopes underlain by coal bearing clastic
sediments (Amphitheatre formation) and volcanic plugs.

PLATE 2. A closer view of the northeast sector as seen from
the Halfbreed Creek floodplain. Cut banks left and right of
centre (distant foreground) expose predominantly light-coloured,
unindurated to very poorly indurated clastic sediments of the

Amphitheatre formation.



PLATE 3. Looking upslope over the lower slopes. Upper slopes
(with volcanic cliffs) in distant background. Cut bank exposure
Locality A is right of centre, on upper part of lower slope.
Coniforms developed on volcanic plugs on extreme left, also

near top of lower slope. Frost heave coal occurs in low area
lying between Locality A and coniforms on extreme left.



PLATE 4. Reddish-brown and grey, highly vesicular volcanics

exposed at northeast end of cut bank Locality A. Looking southeast.

PLATE 5. Light-coloured Amphitheatre formation sediments exposed
at the southwest end of cut bank Locality A. Cluster of small
volcanic coniforms visible from top of bank to upper right of
photograph. Looking southeast, with Kluane Range mountains in

distant background.
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PLATE 10. Looking downslope at coniform cluster (volcanic plugs)
immediately upslope of which is a grassy marsh area probably

overlying Amphitheatre formation sediments. Camera site is on
top of a solitary coniform, and reddish-brown weathering volcanic
talus is visible in foreground. Kluane Range mountains east of

Halfbreed Creek in distant background.

PLATE 11. Dry sink-hole about 10 feet deep developed at the
toe of a coniform slope on a grassy low area similar to that
visible on Plate 10.

b



PLATE 12

PLATE 13

PLATE 14




PLATES 12 through 14. Successively closer views of cut bank
Locality B, looking south across the sloping alluvial/colluvial
plain which forms a step-like boundary between the upper and
lower slopes of Niamodlaoc Mountain in its northeast sector.

PLATE 12. Camera site same as Plate 10,

PLATE 13. Parallel stone ribbon pair extends from right
foreground.

PLATE 14. Stratified sand, gravel, and boulders, predominantly
reddish-brown and derived from upper slope bedrock, are visible
in upper right hand portion of cut bank exposure mantling lower
slope bedrock consisting of poorly indurated, predominantly
light-coloured Amphitheatre formation sediments.



PEATE S

PLATE 16




Close-ups of cut bank Locality B showing

PLATES 15 and 16.
Stream in foreground

Amphitheatre formation sediments and coal.
bears coal float from this point downward to Halfbreed Creek.

PLATE 15. Faces of coal lenses partly prepared for sampling.

PLATE 16. After semi-bulk sample removed from three coal lenses.
Largest lens (upper right) partly obscured by cave-in.



APPENDIX 1

Sampling Procedure to Obtain Semi-bulk Coal Sample
NHUA 8/18/71-4,5,6 at Locality B

Sampling Procedure

In preparation for sampling, approximately 1 to 3 feet of coal
was stripped from the surface exposed coal lenses. There is an
ongoing natural stripping of coal in the stream-cut banks,
resulting in the coal being fresher than is usual for an outcrop
exposure. The resin was lustrous and fresh in appearance..

Coal was taken by hand implements along the full "length" (exposed
long dimension) of the lenses, except at the thin extremities.
Due to weak roof ground conditions, it was not practical to
achieve uniform depth (distance in away from stripped surface)
in sample removal. Therefore, to eliminate possible bias of
resin composition due to variation in composition with strati-
graphic position, coal was taken as a side-by-side series of
channel samples, each removed across the full thickness in each
of the lenses, generally cutting from roof to floor, with
uniformity of depth in any one channel, but with variation of
depth from channel to channel.

Due to the poor induration of the overlying sediments, it was

not possible, without ground support in conjunction with excavation,
to prevent some contamination of the sample by mineral matter
moving downslope. Since specific gravity of mineral matter is
about 100 to 200% higher than that of coal resin, this contamina-
tion is of no consequence to the immediate purpose of the sample,
i.e., to obtain a resin separate by gravity methods.

The coal sample, weighing approximately 560 pounds, is described
as follows:

Field Sample No. No. of Sacks Body Sampled Sample Weight
(pounds, approx.)
8/18/71 - 4 1 East lens 80
8/18/71 - 5 1 Middle lens 80
8/18/71 - 6 5 West lens 400

Approximate Total Sample Weight = 560 1bs.

The semi-bulk sample, NHUA 8/18/71°4,5,6, was sent in seven

sacks from Burwash Landing (via Whitehorse) to Western Regional
Laboratory, Department of Energy, Mines and Resources, Clover Bar,
Alberta, where it was received on October 21, 1971.




APPENDIX 2

Working Outline of Field Work Tactics for Next Field Season

A. Working out of accommodations at Burwash Landing or
Destruction Bay.

1. Repair of Halfbreed Creek Road by bulldozer. 2 days.

2, Pathfinding reconnaissance of southeast and south-
west sectors by all-terrain vehicle to determine
if any trailbreaking or pioneer roadwork is required
of the bulldozer to provide routine access by all-
terrain vehicles to western mountainside via
southern end of the mountain. 2 days coeval with
above.

3. One long exploratory trench, by ripper-equipped
bulldozer, across strike (trench orientation
probably perpendicular to topographic contours)
on the southern mountainslope where airborne=-
observation surface reconnaissance (1970) indicated
little natural exposure of bedrock. 6 days minimum.

4. (Optional) Trenching in one other area, possibly
in the northeast sector. 1If great difficulty is
encountered in ripping/trenching in permafrost at
this time, a further optional plan would be to make
first scraping passes to clear vegetation and pro-
mote thawing in some other prospective trench’
locations so that these can more easily be trenched
later in the summer.

5. Set up camp to accommodate full contingent of

personnel required in August (infra). (Optional)
Contract camp construction to be carried out
after A.1.

6. Release of bulldozer.

B. Working out of a camp set-up near small lake in southeast
sector of Niamodlaoc Mountain coal area (see Figure 3).

1. Transit-and-stadia closed traverse encircling
Niamodlaoc Mountain. Following achievement of
adequate closure, easily recognizable topographic
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points (tops of coniforms, stream intersections,
etc.) will be tied in to be used for control in
photogrammetric production of large scale topo-
graphic base map. Two survey field men. 20 to
30 days.

2. Geological reconnaissance and prospecting in
central-eastern, southeast, and southwest sectors.
Two men (party chief and assistant). 5 days,
coeval with first 5 days of B.1l. (above).

3. Measurement of stratigraphic sections. Two men
(party chief and assistant). 15 to 25 days to be
arbitrarily terminated to coincide with completion
of B.1l. survey,.

(End of June)

4. Systematic plane table topographic/geologic
mapping of lower slope sectors of Niamodlaoc
Mountain. Selected key areas to be mapped first.
Topographic aspect of mapping to be largely dis-
pensed with after receipt in field of topographic
base map prepared on contract specifying delivery
date to be X days after receipt of B.1l, field data.
Two 2-man crews. 30 days each crew.

(End of July)

5. Begin second-phase bulldozer trenching; supervision
and mapping of trenches by 2-man crew. Time
required indefinite.

6. Begin diamond core drilling (1 drill); supervision
and logging by other 2-man crew. 30 - 45 days

terminating by mid-September.

7. Personnel leave, except party chief, assistant,
and cook.

(Mid-September)

8. Close up camp, cache and store equipment.

(End of September)
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