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SUMMARY

The geolcgical mapping and coal sampling program of
the combined Tuya River coal licences of W.E. Kleinhout and Esso

!
Minerals Canada was conducted from June 1 to Jume 23, 1979. The

field work allowed division of the Lower Tertiary Sustut Group

into a fine-grained, coal-bearing Lower Member, a coarser-grained,

coal-bearing Middle Member, and an Upper Member consisting of
interbedded congleomerate and basalt flows. The stratigraphic
relationships between the units and their areal extent is not
well defined. The structural geology is moderately complex main-
ly consisting of northerly-trending open folds and minor faults.

The coal is estimated to be high volatile C bituminous
in rank. Reserves were not estimated due to insufficient data.
The Lower.Member coals are in two seams up to 4 metres thick
each with the best potential being west of the property. The
Middle Member coals are in a zone exposed on the east side of
the property with individual seams up to 2 métres thick.

The Tuya River property has the potential of holding
cbal reserves of the size and quality to be of interest to Esso
Minerals. Therefore, it is recommended Esso Minerals retain the
option on W.E. Kleinhout's coal licences and continue active ex-

pioration. A six-hole diamond drilling program is proposed for

the spring of 1980.
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1. INTRODUCTION

1.1 Obijective

As part of the obligations of the option agreement be-
tween Esso Minerals Canada and Mr. W.E. Kleinhout, a geclogical
ﬁapping program was conducted over Mr. Kleinhout's Tuya River
coal licences in June, 1979. The mapping was planned to collect
information on theHEEEEEEEEEEEY’ §EEEEEE£§lq§EE£E§§J and coal
geq&ggz on and around the licences. This report documents the

findings of the mapp%ng program, provides an in@erpretation, and

assesses the economic potential of the property.

1.2 Location and Access

The Tuya River property is situated in northwestern
British Columbia coveriné p;¥tions of NT§ map sheets I04J3/2 and
1043/7. The approximate center of the property is 46 kilometres
southwest and 44 kilometres northeast of the communities of Deacse
Lake and Telegraph Creek respectively. (See Figure 1.) A gravel
road joins those two communities and passes within 1.5 kilometres
of the southeastern boundary of the coal licences. An unused
trail connects the road and the property. No other vehicular
access is‘present. Airstrips are maintained at both Telegraph
Creek and Dease Lake.

The area is 260 kilometres north of Stewart. TFrom Deacge
Lake, B.C. Highway 37 travels north to Cassair and connects with

the Alaska Highway in the Yukon. Southward it joins Highway 16
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at Terrace and a second road from Stewart jeins at Meziadin Junction.

The road distance form Dease Lake to Stewart is 340 kilometres.

1.3 Geography

| The project area lies within the Stikine Plateau, an area
of subdued topography rising into the northeast to the Cassair Moun-
tains and to the southwest into the Coast Mountains. Elevations in
the map area range from 490 metres above sea level in the deeply-
incised river valleys to over 820 metres on the plateau surface,

Tuya River and its tributaries flow southerly into Stikine

River which flows inte the Pacific Ocean. At the mouth of the Tuya,
the Stikine flows rapidly through the steep gorge known as the Grand
Canyon of the Stikine. Tuya and Little Tuya Rivers are also swiftly-
flowing rivers, entrenched in valleys up to 200 metres deep. On the
plateau surface, drainage is very poor with many areas of swamp. The

s

rest is covered by coniferouns to mixed forests.

1.4 Previous Work

Cne of the first recorded examinations of the Tuya River
coal occurrences was by R,D. Featherstonhaugh in 1904 (Dowling, 19153)
for the Atlin - Tuya Coal Prospecting Syndicate. A Dr. W. Smither-
ingale re-examined the coal in 1953 (Dolmage Campell and Associates,
1975) while the first of the more recent geclogical maps of the re-
gion was published in 1957 (GSC, 1957). Subsequently, Gabrielse
and Souther {(1962), Souther (1972), and the G5C (1974) have updated

the geological interpretation of that portion of B.C. Little werk



has been done on the coal-bearing sediments: in the Tuya River area
in particular but they have been correlated to formations to the

southeast studied by Eisbacher (1674).

1.5 Land Status

Mr. W.E. Kleinhout was granted ten coal licences total-
ling 2590 hectares in the Tuya River area on June 23, 1978. The
numbers and locations are listed in Table 1 and their locations
shown on Figure 2. On May 4, 1979,Mr. Kleinhout and Esso Minerals
Canada signed an agreement in which Esso receiyed an option to pur-
chase the coal licences from Mr. Kleinhout and, in returnm, agreed
to pay the licence rental costs and fulfill the exploration obli-
gations as required by the British Columbia Government.

In addition, Esso has applied fo? four ccal licences,
approximately 1100 hectares, to the north of Mr. Kleinhout's 1li-
cences. The descriptions of these are also included in Table 1.

Pacific Petroleums of Calgary had fourteen coal licences
to the west of Kleinhout's and Esso's licence area, granted June 23,
1978, and has recently applied for three more licences. Their I1i-
cence and application area is approximately 11.5 kilometres in
length from north to south and 5 kilometres in width for a total
area of approximately 3900 hectar;s. There are nc other coal 1i-

cences or leases in the area.

1.6 Other Features

The only mining operation in the region is that of Cassiar
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Coal licenses of W. E. Kleinhout within the Tuya River Area, Cassair
Land Distriect, B.C.:

License Number Surface Lot Number
3904 2899
3905 2900
3906 2901
3907 2902
3908 2903
3909 2904
3910 2905
3911 2906
3912 2907
3913 2908

u Block B:

Block C:

Coal license applications of Esso Minerals Canada within the Tuya River
Area, B.C.

Within NTS Map 104J/7:

Portions of Units 25 and 26 not included in coal licenses
3904 and 3905, all of Units 35 and 36. Portions of Units

27 and 28 not included in coal licenses 39204 and 3%05, all

of Units 37 and 38. Portions of Units 29 and 30 not included
in coal licenses 3904 and 3905, all of Units 39 and 40.
Portions of Units 21 and 22 not included in coal license
3911, all of Units 31 and 32.

Table I. Descriptions of Coal Licenses and
Coal License Applications Controlled by
Esso Minerals Capnada in the Tuya River
Area, British Columbia.




Ashestos at Cassiar, north of Dease Lake. -There are no other large
industrial employers in the area. Electricity is generated locally
in diesel-fired units. However, B.C. Hydro has a large crew along
the Stikine this summer studving its suitabilitv for a hydro-electric
project.

Cassair Asbestos trucks its product to tidewater at
Stewart. No rail transportation is available, however, Dease Lake
was to be the terminus for a British Columbia Railroad line from
Prince George. This project has been postponed indefinitely since

the summer of 1977.



2. REGIONAL GECLOGY

The Stikine Plateau lies within the Intermontane Belt
of the Cordillera, an area underlain mainly by Paleozoic and Mes-
ozoic .sedimentary and volcanic rocks and flanked by the Coast and
Cassair-Omineca Crystalline Complexes. Within the belt are rema-
nents of Late Cretaceous to Early Tertiary sedimentarv rocks, such
as those at Tuya River, which lie unconformably on deformed Pale-
czoic and Mesozoic strata. From the Late Tertiary to the Recent,
predominantly basic igneous rocks were extruded as plateau basalts,
shield volcanoces such as Level Mountain, and complex compeosite vol-

canoes such as Mount Edziza (Souther and Armstrong, 1966).

The deformation of the Paleozoic strata ranges from slight
to intense with some areas_gxhibiting more than a single phase of
deformaticn. The Mesozoic rocks are characterized by folding and
a multitude of faults. The Tertiary-aged clastic rocks have been
faulted, tilted, and folded inte generally open folds. ©No folds
have been observed in the Tertiary-Quaternary voleanics, however,
faults have offset some Pliestocene and younger lava flows (Gabrieise

and Souther, 1962; Souther, 1972). 1In the Telegraph Creeck map area,

‘south of the Tuya River area, the major fault zones are oriented north-

south. Souther (1972) believes the system may have been established

as early as Late Jurassic and some remained active into the Quarternary.
The coal-bearing Tertiary rocks at Tuya River have been cor-

related with the Upper Cretaceous to Eccene Sustut Group, the main area

of which lies southeast of Tuya River. The Sustut Group was deposited



into a non-marine successor basin which was formed during the final
phases of the Cretaceous-Tertiary orogenic activity which caused the
intrusion and subsequent uplift of the Coast Crystalline Complex and
the contemporaneous deformation (Eisbacher, 1974b). Figure 3 shows
the regional correlation of Tertiary and Quaternary units of north-
western British Columbia.

The Sustut Group in Sustut Basin proper consists of a
lower Tango Creek Formation and an upper Brothers Peak Formation.
The Tango Creek Formation is a sandstone-mudstone sequence grading
up into the Brothers Peak Formation which consists of pebbly sand-
stones to coarse conglomerates7interbedded with ash-fall tuffs and

mudstones (Eisbécher, 1974a).
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DEASE LAKE
{Gabrielse & Souther, 1962)

TELEGRAPH CREEK
{Souther, 1972}

ISKUT RIVER
(GSC, 1974}

SUSTUT BASIN
(Eisbacher, 1974}

RECENT
Olivine basalt,
QUARTERNARY /?\ ﬂ‘;:;srtew:'s:
basalt, olivine A
PLIESTOCENE basalt, minor | -rhvolite and
dacite flows,
trachyte and pyroclastics,
PLlOCENE rhyolite basalt
Late \L basalt flows
and pyroclastic
rocks
> MIOCENE
o« v
< A
p OLIGOCENE
w SLOKO GROUFP
[
Early biotite andesite
. flows and sills
EGCENE I
biotite
Lacustrine leucogranitic
sandstone, siltstones, intrusions
conglomerates, tuff,
PALEOGENE and coal

SUSTUT GROUP

basalt

olivine basalt,
rhyolite, dacite

A

basalt

I~ |TUYA LAVA
LEVEL MTN GP. {basalt)
HEART PEAKS GP. {trachyte, rhyolite}

BROTHERS PEAK FM.
SLOKQ GROUP
SKUKUM GROQUP (andesite, basatt)

)

rhyolite
conglomerate, sandstone, shale
andesite
| _ conglomerate, sandstone, shale

Kastberg granodiorites

L

MBROTHERS PEAK FM.

TANGO CREEK FM.,

UPPER CRETACEQUS

Triassic and Jurassic
sedimentary and volcanic
rocks.
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Lower Jurassic Volcanic
rocks.

N W, N o WV o W a e

TANGO CREEK FM.
?
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Triassic and Jurassic sedimentary
and volcanic rocks.

P W o N o Wi o W A"

v

Mississippian to Cretaceous
sedimentary and  extrusive
and intrusive igneous rocks

Figure 3.

Regional Correlation Chart of Upper Cretaccous,

Tertiary, and Quaternary Rocks of Northwestern British Columbia



3. PROPERTY GEOLOGY

3.1 Stratigraphy

The clastic and volcanic rocks on the Tuva River prop-
erty have been correlated with the Upper Cfetaceous—Lower Tertiary
Sustut Group (GSC, 1974) as defined by Eisbacher (1974). The Sustut
Group of the Tuya River area have been tentatively subdivided into
three informal "members" based upon lithologic differences. The
charactegistics of and the relationships between these members are
summarized in Figure 4 and discussed below. The lower contact of
the sequence on or near the property is thought to be an unconfor-
mity over Triassic~Jurassic sedimentary and volecanic rocks. Un-
consolidated Quaternary sediments lie unconformably on the Sustut
Group.

The basal or Lower Member is z fining-upward sequence of
mudstone, siltstone, sandstone, and coal. A five metre thick basalt
flow is present near the middle of the unit. Characteristic of this
member in comparison with the higher members is the lack of sedimen-
tary rocks with a grain size larger than coarse grained sandstone.
The coal seams of this member appear to be the thickest and to have
the least number of partings in the area; the coal cccurrences will
be discussed further in Section 3.3. The upper contact of the mem-
ber was placed at the base of the first congleomerate above a siltsitone-
mudstone sequence. Over the property, the contact is probably grad-
ational, The lower contact was neot identified being west of the

pProperty.

-11-



QUATERNARY

UPPER CRETACEQUS

TO

p:wm TERTTARY

Unconsolidated glacial and fluvial deposits; tiil, varved clavs,
river gravels

e it T e

Glaciofluvial and glaciolacustrine
sediments

Glaciofluvial sediments

Upper Member: ©basalt-cobble
conglomerate, basalt,
minor sandstone

Middle Member:
chert-pebble conglomerate,

. sandstone, siltstone, mudstone,
SUSTUT GROUP coal, basalt

Lower Member:
sandstone, siltstone,
mudstone, coal, basalt

Figure 4. Stratigraphic Column for the
Tuya River Property Showing Informal
Members of the Sustut Group. No
Vertical Scale or Geographic
Location Implied.
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The Lower Member was identified only along Mansfield
Creek, a tributary of Little Tuya River. A siltstone-mudstone-
coal sequence, located along Little Tuya River, 4 kilometres
north of Mansfield Creek, is tentatively correlated with the
Lower.Member. (See Figure 5.)

The Middle Member consists of chert-pebble conglomerate,
sandstone, siltstone, mudstone, and coal. The top of the member is
dominantly conglomerate and sandstone grading downward into a mix-
ture of all lithologies with conglomerate still totalling about
50%Z of the outcreop areas.

The conglomerates are one to seven metres thick and char-
acteristically consist of chert-pebbles with clasts of other lith-
ologies totalling up to 5%. The clastic rocks commonly show re=-
peated fining-upward sequences one to fifteen metres thick. The
coal seams may best be described as zones with numerous partings.

The Middle Member-Upper Member contact is gradational,
chosen where conglomerate clasts become dominantly basalt cobbles.
The thickness is thought to increase from west to east. The Mid-
dle Member may be in part laterally equivalent to the Upper and/or
Lower Members.

The Upper Member consists of basalt, basalt cobble to
boulder conglomerate, and sandstone. The basalt occurs genmerally
as single flows about 10 metres thick. Columnar jointing is common
and the upper surfaces are generally vesicular and quartz filled.
Occasionally there is a 0.5 to 1.0 metre thick palecscl beneath
a flow. The conglomerate clasts are predominantly basalt cobbles
to boulders and the matrix is a sandy, black-chert-pebble conglom-

erates similar to the conglomerates of the Middle Member. Sandstones

’
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up to one metre thick, are present within the conglomerates. A
single coal seam was found in the area of the gradaticnal contact
between the Middle and Upper Members along Little Tuya River.

The Upper Member is found over the northern and western
portions of the property. Its thickness and number of basalt flows
probably vary over the property.

The top of the Upper Member is an unconformity on which
lie erratic but widespread glacio-fluvial sediments of rusty-brown
and grey sands and gravels, 0 to 8 metres thick. In a single out-
crop, additional 10 metres of glacio fluvial and glacio lacustrine
sediments are present and comnsist of brown sands and gravels and
buff varved clafs. Superimposed over the whole property is a 1.5
to 20 metres sequence of glacial till and varved clays along with
fluvial deposits.

The Sustut Group regionally is a totally non-marine se-
quence. At Tuya River, a preliminary interpretation of the sequence
coincides with the regional paleogeography. The Lower Member could
be a meandering or braided fluvial deposit grading upward into a
gravel-dominated, braided stream environment in the Middle Member.
The Upper Member probably represents alluvial fan deposits contem—
poranous with nearby basic volcanic eruptions.

Regional geological maps (Gabrielse and Souther, 1962;
GSC, 1974) date the Sustut Group as Upper Cretaceous to Lower Ter-
tiary and any basalt flows as Upper Tertiary to Recent. No dating
has been done on the Tuya River Sustut Group but if its upper limit

is Eocene, the basalts in the Sustut Group indicate volcanic activit:

—14=



began in the Lower Tertiary as opposed to the Upper Tertiary. A
logical source of the volcanic rocks would be the Level Mountzin
Complex located 35 kilometres to the northwest of the Tuya River

property.

3.2 Structural Geology

The structural geclogy of the Tuya River property appears
to be moderately complex. The dip of bedding surfaces range from
horizontal to 80 degrees, generally being toward the east or north-
east at 25 to 35 degrees., Some folding and faulting was observed
and more hypothesized.

(a)} ~ Tuya River shear zone - The position of Tuya River
appears to be controlled by a zone of fracturing or shearing which
strikes approximately north-south, roughly parallel with the orien-
tation of'thé river valley. Where the Sustut rocks are exposed
along bends of the river, they are highly fractured with displace~
ment of less than one metre to a few metres along several fracture
planes. Quartz and calcite veining or vug filling is founded near
the fracture planes. Overall displacement along the shear zome is
probably in the order of 10 metres; similar lithologies are present
on both sides of the assumed trace of the zone.

Two examples of the shear zone, represented by numerous
minor faults, are at the southern boundarv of Lot 2903 and along
the major bend in the river in Lots 2901 and 2902. (See Figure 5.)

The fracturing is most intensive in the ccal seams and mud-

stones. The coals have been highly jointed and fractured. The



mudstones exhibit both brittle and ductile deformation along
the shear planes. In the more competent lithologies of con-
glomerate and sandstone, the shear zone appears as an area of
jointing more intense than in adjacent strata

{b) Mansfield Creek folds and fault - Along Mansfield
Creek, at the western boundary of lot 2908, a normal fault zone
dipping 55° southeast was observed in the Lower Member sandstone-
siltstone sequence. The fault is poorly exposed but thought to
consist of several planes some of which have beén filled with
quartz viens a few centimetres thick. Above the fault is an
easterly-dipping basalt flow and below, the sandstone-siltstone
sequence 1is folded into a gentle open anticline, possibly a re-
sult of the faulting. One half kilometre west is a syncline with
a 200 metre wavelength. 1In the syncline is a basalt correlative
to the flow in the-hanging wall of the fault. This structure is
shown in Figure 6.

(c) Little Tuya River folds ~ A sequence of syncline-
anticline-syncline was interpreted to be present along the easterly-
flowing portion of Little Tuya River. These open folds may be used
to tie the geology of the eastern and western parts of the property
together. Their trend is approximately north-south, however there
are no exposures which verify the existance of these folds or their
orientation.

(d) Other tectonic deformation - The linearity of Little
Tuya River, Mansfield Creek and some tributary streams suggest they

also may be controlled by some type of tectonic defeormation. The

~16-



trends are generally east-west or north-south, plus or minus 159,
A number of other minor faults striking north or northeast were
observed along Tuya and Little Tuya Rivers.

The hypothesis of a north-south trending, Tuya River
shear zone and tectonic controls on the Little Tuya River are
reinforced by the existance of regional northerly-striking faults
in the Telegraph Creek map area immediately south of Tuya River
{Souther, 1972). These faults found to the scuth weré active from
the Jurassic into the Quaternary, a situation which could have been
duplicated in the Tuya River area.

(e) Glacial thrusting - In an outcrop two kilometres up
Little Tuya River from the northern boundary of Lot 2907, a coal
seam has been thrust over itself during a phase of glaciation.

A single failure plane dips gently to the west and displacement was

in the order of a few tens of metres from west to east. Drag fold-

ing extends vertically for about one metre below the fault plane.

To the east where the displaced seam is not present, the
surface of the in-place seam is broken and crenulated at its con-
tact with the overlying till indicating previous contact with the
glacial ice.

(f) Surficial deformation - A large number of rotational
landslides or slumps are present along the valleys of Tuya and Little
Tuya Rivers. {See Figure 4.) The slumps are from small to large
and commonly are imbricate (multiple).

One of the best examples is the large slump on the west

bank of Tuya River which covers large portions of Lots 2900 and 2901.

-17-



Combined with the slumps on the east side of the river, the out-
crops of the area must be viewed with some suspiciocn.

3.3 Coal Occurrences

The coal seams outcropping in the Tuya River map area
can be grouped according to stratigraphic position and geographic
location and the following discussion is so arranged. Graphic
logs of the seams examined in detail are included in Appendix II.

Lower Member coals:

Along Mansfield Creek, some of the best coal in the area
is exposed on the western boundary of Lot 2908 and west cof that on
Pacific Petroleums' property. There are seams present above and
below a basalt flow (the flow correlated across the fault zone).
These seams were not examined in detail and thicknesses are only
approximate. The seam below the basalt seems to vary from 2 metres
thick with partings in outcrop B53 to 3 metres thick in outecrop
B54, It was also observed in outdrops B55 and B56. Above the basalt
flow, the upper seam is thought to be 4 to 5 metres thick.

At outcrop B62 in the northwest corner of the map area,
two seams are separated by 1.15 metres of dark grey mudstone. The
upper one is 1.5 metres thick with one parting of 5 centimetres of
shaley coal, is dominantly attrital coal, and has numerous globular
masses of resin up to 1 centimetre in diameter. The lower seam
floor is brown-grey mudstone in sharp contact with 20 centimetres
of sideritic coal. "~ The main seam above that is 1.45 metres thick
with minor iron staining on the joints.

Middle Member ccals:

In the lower part of the Middle Member along Mansfield

-18-
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Creek, coal is present only as lenses a few centimetres thick.

In outcrop W28 on Little Tuya River near its confluence
with the Tuya, 10 centimetre and 30 centimetre thick coal seams
are sepérated by 20 centimetres of brown cealy mudstene,

South of the Little Tuya along Tuva River, outcyops
B33 and B38 contain coal seams. A total of three seams of coal
and/or shaley coal were observed but not measured in detail. The
thickness of each is about 1 metre and the-two which are exposed
in one outcrop are about 3 metres apart stratigraphically. Slump-
ing and faulting make the relative positions of these seams in-
determinate.

Further north on the Tuya, at the common corner cof Lots
2899, 2900, 2901, and 2912 are the greatest concentration of ceal

cutcrops in the map area. The faulting and the large scale slump-

ing has made seam correlation over the area nearly impossible and the

outcrops unreliable.

In outcrop B24  there is a sequence of coal and mudstone
which could be properly called a coal zone. At the south end and
base of the outcrop are four seams of 10 to 30 centimetres thick-
ness over 1.7 metres. Five to 10 metres stratigraphically above

that is a 40 centimetre seam, a 10 centimetre parting and a 1.0

metre Seam. Two to four metres above that are 4 seams, 20 to

40 centimetres thick over 1.8 metres. The cecel is 207 to 100%

vitrain with very little to no fusain. The joint surfaces in

the vitrain is commonly faceted to produce circular surfaces termed

"eye coal' (Schopf, 1960). Iron staining on the joints in the coal

-19-
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is common and calcite less common. These éeams are thought to
correlate with seams in outcrop W23 on the west side of the river.

Outcrop B25 just to the south of B24 contains a seam 2.15
metres thick which includes a 0.1 and a 0.2 metre thick parting.
Three additional thin seams are present below that. On the same
side of the river outcrops B26, B27, and B28 all include cecal seams
but all are poorly exposed and each individual seam is less than
1 metre thick.

On the west side of the river a 6 metre sequence in out-
crop W23 contains numerous coal seams of 0.1 to 0.7 metres thickness.
These seams generally appear dirty with shale partings and iron stain-
ing on the joint surfaces.

To the south in outcrop W24, 4 seams, 0.5 to 0.7 metres
thick, total 2.35 metres déTﬁoal over 3.6 metres of section. The
coal components again are vitrain and attrital coal with iren stain-
ing on the joint surfaces. An additional 0.6 metre seam is present :
in outcrop W26 further south.

Upper Member coals:

The only coal seam found in rocks assigned to the Upper
Member was in outcrop W12f. Over 1.1 metres of section there is
a sequence of coal (total of 0.5 m), shaley coal, and mudstone.

The amount of fusain in the coal is much higher in this seam than

others in the area.
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(.' ) ADDENDUM TO STRATIGRAPHY

The Paleontology Division of Esso Resources Production
Research Department has separated and identified pollen from the
Tuyva River coals. Small portions of a few coal channel samples
were submitted for palynological examination and all contained
abundant and well-preserved pollen and all proved to be of Early
Eocene age.

The sample numbers, outcrop of origin, and characteristics
are listed below.

1. Samples W3 and W4, outcrop W12f, Upper Member:

characterized by common small tricolporate’
pollen, common @smunda and taxodoids.

2. QSamples W8 and W9, outcrop W23, Middle Member:
characterized by abundant medium-sized
bisaceates, small older pollen.

Q.) 3. Sample W25, outcrop B26, Middle Member: 7
- characterized by abundant Laevigatosporites
and moderate fpngi, rare metasequoia pollen.

4, Sample W28 and W29, outcrop B24, Middle Member:

similar to sample W25.

REFERENCE: Memo from Frank L. Staplin to B.D. Vincent entitled
"Tuya River Property Coals', August 28, 1979.
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4. COAL QUALITY

Channel samples were taken of selected coal seam cut-
crops during the mapping program but as yet have not been analyzed.
The analyses and interpretations will form ancther report later
this year.

The only analyses available for Tuva River date from

1904 and 1953 and are as follows on an "as received" basis:

Featherstonhaugh, 1904 Smitheringale, 1953

(bowling, 1915) {(Dolmage Campbell
and Assoc, 1975)
Moisture 11.35% 16.9%
Ash 9.92% 5.1%
Volatile Matter 28,367 35.6%
Fixed Carbon 49,227 42,47
Sulphur 1.15% 0.9%
Calorific Valve 11,401 BTU/1b G680. BTU/1b

Using the standard Parr formulas for computations, the
moist, mineral-matter free calorific values in BTU/1b for the 1904
and 1953 analyses are 12,704 and 10,250 respectively. The firse
indicates a rank of high volatile C bituminous and the second sub-
‘bituminous B.

The value of these analyses are limited. An optimistic
estimate of the rank is high volatile C bituminous. This will de-
crease with the amount of ash included from partings. The raw
coal quality may be 10 to 15% moisture, 5 to 10% ash, 0.9 to 1.27%
sulphur, and 10,000 to 11,000 BTU/1lb. Again, these figures will

vary with the amount or number cf partings included in & sample.



5. COAL RESERVES

Insufficient control on the positicns, thicknesses, and
lateral continuity of the coal seams and on the structural geology
of the Tuya River property was obtained during the mapping program

due to the lack of outcrops to calculate even speculative coal re-~

serves. However, a few comments may be made on the reserve potentizl.

The coal seams in the Lower Member, as exposed along Mans-
field Creek, appear tb dip rapidly to depths of 600 metres under the
surface of the Tuya River property. Assuming constant stratigraphic
thicknesses, the Lower Member seams are laterally continuous, and

the structural interpretation of Figure 6 is true, the minimum cover

over the Lower Member coal seams would be between 200 and 300 metres.

These seams have their best potential west of Mr. Kleinhout's coal
licenceskon Pacific Petroiéﬁms' property where they should be nearer
surface, possibly surface mineab;e.

These Lower Member seams could be nearer surface on the
Tuya River property if faulting as opposed to folding is present
between the Little Tuya and Tuya Rivers. Other possibilities are
that the stratigraphic thicknesses could vary or the members later-
ally interfinger with each other. These situations could cause the
coal seams to be at unexpected elevations, pinch out, or laterally
grade into the coals of the Middle Member.

Along Tuya River, the Middle Member cocal zone or zomes is
in the northern third of the property. Because of the presence of
the shear zone and the large slumps in the valley walls, the corre-

lation of seams, their orientation, and their laterzl continuity



cannot be estimated. Assuming the seams are in their approximately

true location at river level, thev are about 200
surface of the surrounding plateau. No estimate
where tﬁe seams intersect the plateau surface if

It is poséible the Middle Member seams

er seams or, alternatively, their lateral extent

metres below the

can be made on

they do at all.
coalesce into thick-

may be limited by

lateral facies changes. The Middle Members' seams exposed on Tuyva

River at the south end of the property may thicken and become more

attractive. Presently, any extension of Middle Member seams appears

to lie within the Tuya River property.

Overall, the property could hold substantial in-place re-

N
serves of subbituminous to high volatile bituminous coal. ~Further |

definition of the reserves is possible only with additional explor-

ation.



6. CONCLUSIONS

The combined Tuya River ccal properties of W.E. Kleinhout
and Esso Minerals Canada have the potential of holding substantial
in~place coal reserves. The coal is estimated to be high volatile
C in rank with 5 to 10% ash, 0.9 to 1.2% sulphur, and 10,000 to
11,000 BTU/1b.

Qutcrops of the area are insufficient to estimate the num-
ber or extent of coal seams. However, the Lower Member coals appear
to be nearest surface to the west of Kleinhout's licences in the
area controlled by Pacific Petroleums. The Middle‘Member coal zone
have their best potential in the area held between Kleinhout and Esso
Minerals.

It is concluded that the Tuya River property contains coal
of suitable quality and sufficient thickness to warrant further ex-

ploration.
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7. RECOMMENDATIONS AND PROPOSAL

It is recommended Esso Minerals Canzda retain the option
on W. E. Kleinhout's Tuya River coal licenses, fulfill the obliga-
tions, and maintain in good standing any other licenses granted to
Esso in the area. Additional exploration, which will meet the fol~
lowing objectives, should be conducted over the Tuya River property:

1. Stratigraphic unit identification should be verified
and thicknesses, lithologies, and distributions mué£ Bé better defined.

2. True coal seam thicknesses must be determined aleng with
seam correlations and their areal extent. Coal samples must be ob-
tained which will provide more accurate analyses than will outcrop
samples.

3. Information must be gained in order to more accurately
interpret‘the structural geology.

4., Exploration must be done prior te June 23, 1980 in
order to meet the British Columbia Government's work obligation.

The following proposal will meet the above objectives.

Six drill holes, located as shown in Figure 7, with coring and geo-
physical logging would be sufficient for a preliminary phase of
exploration.

Mr. O. D. Gorgichuk has recommended the drilling te be
done by diamond drilling and continuous coring. The drilling rig
would be moved by helicopter; drilling would total 1500 metres or
250 metres per hole; and downhole geophysical logging with gamma,
density, and resistivity tools would be done. Accommodations would

be in & hotel. Mr. Gorgichuk's estimated costs for such a program



, are: Drilling $100,000 57?9 7,
u Helicopter 45,000

; Logging 16,000

i . Room and Board 4,000

' Mobilization and

: Demaobilization 5,000

E Miscellaneous 8,000

E

TOTAL = $178,000
He estimates the program would last 21 days and would be

best conducted in July, August, or September; September being the

best.
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STATEMENT OF QUALIFICATIONS

Bruce D. Vincent

This is to certify that I cbtained a Bachelor of Science Degree
in Geology {rom the University of New Brumswick in 1974 and a~Master of
Science Degree in Geology at the University of Alberta in 1974.

I am registered with the Association of Professional Engineers,
Geologists, and Geophysicists of Alberta as a Professional Geologist.

My experience was gained during university by geological mapping
in New Brunswick and Alberta. Since 1977, I have been employed as a coal
geologist with Esso Minerals Canada and have been actively engaged in coal

exploration during that period.

Bruce D, Vincent, P. Geol.
June 30, 1979
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STATEMENT OF QUALIFICATIONS

Peter M. Waters

This is to certify that I obtained a Bachelor of Science
Degree in Geology from the University of Alberta in 1978 and I am
presently enrolled in a Master of Science program at the same university.
My relevant experience has included geological mapping in

Newfoundland, Quebec, and various parts of British Columbia.
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eter M, E;;;rs

June 30, 1979
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APPENDIX T

1979 EXPLORATION PROCEDURES
AND COSTS



1979 EXPLORATION PROCEDURES

The geological mapping pregram over the Tuya River
property was conducted from June 1 to June 23, 197%. The map-
ping party consisted of Peter M. Waters (Party Chief), Jane C.
Broatch (Senior Assistant), and Roberta L. Donald (Junior Assis-~
tant), all geology students along with staff member James J.
Lehtinen (Junior Assistant). Direct supervision was by Bruce
D. Vincent (Project Geologist).

The field party was based at Tenajon Center, Eddon-
tenajon Lake. Transportation to and from the field each was sup-
plied by an Associated Helicopters Bell 206B contracted to Esso
Minerals. Daily work consisted of standard geclogical mapping of
all outcrops and detailed ﬁéasurement and sampling of most coal
seams or coal-bearing zones. Trayerses were plotted in the field
on approximately 1:30,000 air photos and were transferred to a
1:10,000 topographic base map.

The outcrops are strictly limited to the river valleys
which in turn restricts the amount of structural and stratigraphic
information available. Otherwise field conditions were fairly good.
Three and omne-half days were lost due to bad weather. The rivers
were very high at the beginning of the program and additiocnal out-
crops were exposed late in the mapping. The snow cover was gene

from the area by the first of May.

1979 EXPLORATION COSTS

The following is a 1ist of costs incurred durinz the 1979

exploration program as compiled by Brian E. Howak.



A
C.-J On-Property Costs

Salaries, Wages, and Benefits
Professional Staff

Field Base Costs
Tenajon Motel, Iskut
Helicopter Fuel
Supplies
Transportation
Truck rental

Helicopter charter

Travel Expenditures
To and from field

Subtotal

Off-Property Costs

Logistics and field suppert

{ } Report preparation
Total Expenditures
/v
gert
e FF
g 'S
_[ f’/? P

$ 6,281.
$ 5,352,
996.

147.

850.
10,888.

2,475,

$26,992.

1,437

1,683.

$30,113.

76

92

33
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00
29

17

45

.01

71

21
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APPENDIX II

GRAPHIC LOGS OF
COAL SEAMS



W3

J

W2 Wa
W5
Channel
Samples

cm

204

30

50

60

Qutcrop Wi2f; Upper Member; Page 1/1

Medium grey mudstone to medium grain sandstone.

COAL -- 90% vitrain, 10% attrital; bright thick vitrain
bands.

Coaly mudstone.

Mudstone.

COAL - 50% wvitrain, 10% fusain, 40% attrital, ircn

stain on joints.
Mudstone.

COAL - 10% wvitrain, 907 fusain; ircn stain on joints
‘in fusain.
COAL - 10% vitrain, 50% fusain, 40% attrital; mederately

thickly banded vitrain, moderately bright; fusain
and attrital coal silky and iron stained.

Shaley COAL.

Grey brown wmudstone,

COAL with abundant mudstone partings.

Medium grey mudstone.

Fphfweecsr”
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u Channel

Sample

N .
u Channei

Sample

W

Wé

W7

8

10

20

30

80

90

100

10

90

200

Outcrop W23, Middle Member; Page 1/2

Medium grey mudstone with sideritic nodules.

COAL - 100% attriral, vellow staining.
Brown mudstone.

COAL ~ 50% attrital, 35% vitrain, 15% mudstone; iron-
staining on cleats.

Brown mudstone.

COAL - 10% vitrain, 80% attrital, 10% mudstone; iron and
sulphur staining on cleats; presence of resin.

Browvn mudstone.

COAL - 5% vitrain, 85% attrital, 10% ironstone (xxx); iron-
stain on joints.

1 Brown mudstone.

COAL - 30% vitrain, 507% attrital, 20% shale; irem and
sulphur staining on joints.

Brown mudstone.

COAL - 10% vitrain, 90% attrital; iron staining on cleats.

Brown mudstone.

4 COAL - 50% vitrain, 50% attrital; iron stained joints.

Brown grey mudstone.

=0/
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Channel
Sample
Wa

wq

Channel
Sample
W10

-

Outcrop W23; Middle Member; Page 2/2

4COAL -~ 5% vitrain, 85% attrital, 5% mudstone; iron stained joints;
resin

Brown mudstone

COAL - 100% attrital; iron stained cleats

Brown mudstone

COAL - 10-20% vitrain; 80-90% attrital; iron stained cleats

— |Grey brown mudstone
3004

104 |orange brown sideritic mudstone

COAL ~ 20% vitrain, 80Z attrital

Interbedded brown-grey mudstone and orange brown sideritic
mudstone. Iron nodules at about 430 cm.

JCOAL - 35% vitrain (eye coal), 55% attrital, 10% sideritic
sandstone (xxx); iron stained joints

Ewwé@épwaw\/
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Outcrop W24; Middle Mewber: Page 1/2

cm

k—i‘J Orange to brown grey mudstone, moderately soft

COAL - 50% vitrain (eve coal), 50% attrital; iron stained
joints, calcite on joints

50
Brown mudstone

60
COAL -~ 40% vitrain, 60% attrital, iron stained on joints
70

Brown mudstone; moderately soft
804

COAL - 20% wvitrain, 80% attrital

Grey brown to orange hrown mudstone

70xxx¥] Siderite mnodules

80

200

11-4 —_— o =P



Outcrop W24; Middle Member; Page 2/2

COAL - 50% vitrain (eve coal), 50% attrital .

Brown mudstone

- Brown grey mudstone; 0.9 m + thick; moderately soft

4004

%

RSV /N 4
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Outcrop W26; Middle Member, Page 1/1

Medium grey mudstone, moderately hard; plant debris

COAL - 100% vitrain; irom stained joints; massive and blocky

cgzzgii 30 COAL - 20% vitrain, 80% attrital; massive and blocky,
Wil not strongly weathered
40
50
— 60
B Medium grey to brown grey mudstone and silty mudstone;
70 - 3 metres + thick; moderately soft.
80 4
90 -
100 1

BN

T eener 50/79
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Channel
Sample
W30

Channel
Sample
W3l

Ch.

104

20+

30

40+

505

Qutcrop B24b; Middle Member; Page 1/1
-

B24b is 5 to 10 metres above BZ4a.
COVERED

Brown to dark brown coaly mudstone; 20% vitrain zs 1 to 3 cm
lenses

COAL - 100% vitrain (eye coal); very massive and tough;
calcite on joints

Rustbrown sideritic mudstone; wvery hard

COAL ~ 20% vitrain, 80% attrital; poorly exposed, possibly
some parting not obhserved

COVERED _
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Channel
Sample
W29

Qutcrop B24a; Middle Member; Page 1/1

Cﬁlr“_ Light brown sideritic mudstone; 10 to 15.-cm. exposed; hard

COAL -~ 10% vitrain, 90% attrital; iron stained joints

t—- | Brown mudstone, soft

50

60+

704 Brown to dark brown coaly mudstone
b e 10% vitrain as 1 to 3 cm bands or lenses

COAL - 80Z% vitrain, 20% attrital; iron stain and calcite
on joints

10+ Brown to dark brown coaly mudstone
20 _
304— |Rustbrown coaly mudstone

COAL - 80% attrital, 20% mudstone; ironstain on joints

COAL -~ 20% wvitrain, 807 attrital; iron and white stain on
joints

Light grey-brown sandy mudstone; one metre exposed; soft

" Editoreen
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Outcrop B24cj; Middle Member; Page 1/1

B24c i3 2 to 4 metres above B24b.

COVERED
‘ ) cm

45
5049—

—1 Brown ccaly mudstone

COAL - 20% vitrainm, 50% attrital, 30% mudstone

W3z

Dark brown mudstone

COAL - 20% vitrain, 607% attrital, 10% mudstone; iron stain
on joints

W33

W36 Medium to dark brown mudstone; 20% vitrain as 1 cm. bands

COAL - 10% vitrain, 907% attrital coal; iron stain on joints
W34

Dark brown coaly mudstone interbedded with very shaly coal;
30% vitrain as 1 to 2 cm. lenses

W35 COAL - 407 vitrain, 607 attrital

l_

Channel

{ ‘} Samples

COVERED, probably dark brown coaly mudstone

I1-10



Qutcrop B25; Middle Member; Page 1/1

cn COVERED by river

10

20
COAL - 80-90% vitrain; resin

30 .
40
215
50 2204
60 307 Siltstone
70 40—
80 o
90 COAL
Siltstone
COAL
100 Siltstone
10 Siltstone COAL
20
30
40 Siltstone

50

60 Siltstone

Hand Sample B4
70
80
90

200

10
215

-~
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g

Outcrop B26a; Middle Member; Page 1/1;
10 m * west of B26b

cm r—q Dark brown coaly mudstene, 0.3 m exposed, moderately soft

COAL - 60% vitrain, 20% attrital, 207% shale

20 {
— ] Dark brown coaly mudstone, 20% vitrain as 0.5 to 3.0 em thick
30 - bands and lenses
40 +
w26 50 ~

Wo4 COAL - 20% vitrain, B0% attrital

Dark brown coaly mudstone, 10% vitrain as 1 mm lenses

w25 COAL -~ 100% attrital
Channel Dark brown coaly mudstone, 10% vitrainm as 3 mm lenses
Samples 207 |
30
— Dark brown coaly sideritic mudstone
40 71 |
T

-fgxﬁéaéﬁé;@ﬂdab}/
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Qutcrop B26b: Middle Member: Pape 1/1:
10 t metres east of B26b

Dark brown coalv mudstone, 10 cm thick, soft

COAL - 10% vitrain, 80% attrial, 10% shale; iron stain
on joints and bedding planes

20
Channel
S;;?le 30 COAL - 807 vitrain, 20% attrital; vitrain predominantly

eye coal; trace of iron stain on joints

50
COAL - 20% vitrain, 60% attrital, 207 shale; iron stain

60 on joints and some bedding planes

COVERED
80

90

100 1

i Lenieen
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Outcrop B27: Middle Member: Page 1/1

Grev to brown grev mudstone; soft

W18 COAL -~ 90% vitrain., 10% attrital
Brown grey mudstone with 1 cm vitrain lenses which
304 —! make up to 10% of unit
40 A
— Dark brown coaly mudstone; 30% vitrain in lenses up
to 2 cm thick
50 4 ]
W19 COAL - 10% vitrain, 80% attrital, 10% mudstone;
trace calcite on joints
W22 90 4 Dark brown coaly mudstone, 20% vitrain and attrital coal
—] 1in.lenses up to 3 cm thick; calcite on joints
100 -
10 4
20 7
30 4
40 4
50 4—
COAL - 10% vitrain, 80% attrital, 10% mudstone;
W20 calcite and trace of iron stain on joints
Dark brown coaly mudstone
COAL - 10% vitrain, 60% attrital, 30% shale
21
Channel Dark brown coaly mudstone, soft, 0.4 metres
Samples

Fault
Light grey mudstone ';§2KZCZé;;bd&Wb)/
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w13

l

W14
wWl7

W15

Wi6

Channel
Samples

cm

. 10

20

30

40

- 50

60

70

80

90

100

Outcrop B28; Middle Member; Page 1/1

Brown grey to grey mudstone; 3 'm thick; soft

COAL - Z20% vitrain, 70% attrital, 10% shale; iron stain
on joints

Dark brown coaly mudstone, moderately soft

COAL ~ 30% wvitrain, 70% attrital; some vitrain shows
eyes on joints; iron stain on joints

Brown grey mudstone and dark brown coaly mudstone; soft
COAL - 10% vitrain, 807 attrital, 107 mudstone; iron stain on joints

Rustbrown sideritic mudstone, very hard

Dark brown coaly mudstone
COAL - 80% wvitrain, 20% attrital

Grey to brown grey mudstone interbedded with dark brown coaly
mudstone and medium grey sandstome; 4 metres thick; moderately
soft

'H§§ZGZL/£;4¢ﬁ€¢p;}
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10 12
20 B
l3o
40

50 ;

f 80 l
Channel 20 ;
B6 100 ¢
10§
20
20 2:..

40

907

2004

Qutcrop B62; Lower Member; Page 1/2

Till )
Thrust Fault - Glacial

COAL - 20% vitrain as 1 cm bands,
807 attrital

COAL - 5% vitrain; 75% attrital,
20% mudstone

COAL ~ 5% wvitrain, 957 attrital

Shaley Coal.

COAL - 5% vitrain, 95% attrital;
trace of white mineral on joints

Dark brown shaley coal

1I-16 et 30/72

Trace iron
staining on
joints

Whole seam has abundant (0.5% of total seam) resin
in globular masses up to 1 cm in diameter



Chanﬁel
Sample
B7

200

10

20

30

40

50

60

70

80

90

300

10

20

30

40

50

60

70

80

90

400

10

20

- 30

Qutcrop B62; Lower Member; Page 2/2

Dark grey mudstone, in part sideritic;
moderately soft to hard

trace iron staining on joints

~— 430
B3
— 440
B9 50
L 60
Channel —
Samples70
80 +—
20 -
500=-

iégﬁ ¢ P 2 s

COAL - 1007% attrital with high vitrain component;

Sideritic coal

COAL -~ 100% attrital

Browvn grey mudstone,
2 metres thick,
moderately soft

tjzAﬁLﬁ_?d//%f



Channel
Sample
W12

20 4

70 4

80 -

90 -

100 4

Outcrop W28b; Middle Member, Page 1/1

Brown coaly mudstone, moderately soft

COAL ~ 30% vitrain (eye coal), 50% attrital, 20% sideritic;
iron stained cleats

Brown coaly mudstone, moderately hard

COAL -~ 50% vitrain (eye coal), 45% attrital, 5% mudstone;
iron stained cleats; hard and blocky.

Brown coaly mudstone, 0.7 m thick; lower contact gradatiomal
to medium grained sandstone
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COAL OUTCROP SAMPLE ANALYSES,
TUYA RIVER PROPERTY,
BRITISH COLUMBIA
NTS 104J/2

Coal Licences 390%—3913 Incl.

Bruce D. Vincent, P. Geol.
Fsso Minerals Canada

Coal Department

Calgary, Alberta

September, 1979
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ABSTRACT

Thirty-nine outcrop channel samples from the Tuya River
coal property (NTS 104J/2) were submitted for coal analyses
including moisture content, proximate analysis, calorific wvalue,
and specific gravity. A thickness-weighted average of 19% moisture
was assumed to be representative of the seams. The other analytical
results were then prorated to a 19% moisture basis; weighted averages
were found and are ash 21.5%, volatile matter 29.4%, fixed carbon
30.1%, calorific value 16159 kJ/kg (6950 BTU/1b), sulphur 0.46%.

The average mineral matter was found to be 23.5% on a 19% moisture
basis and specific gravity 1.57 on an air-dried basis. The moist
{19% moisture) mineral matter—-free calorific value is 9828 BTU/1b

(22850 kJ/kg) which determines the coal rank is subbituminous B.
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1. ENTRODUCTION

1.1 Purpose

During the geological mapping of the Tuya River coal

‘property conducted in June of 1979, most of the outcrops of coal

seams were sampled for laboratory ceal analysis. This report
containg the results of the analytical work and discussion of

the results.
1.2 Location

The Tuya River coal licenses are situated in north-
western British Columbia with their center approximately equi-
distant from the communities of Dease Lake and Telegraph Creek
as shown in Figure 1. For a further discussion on the region,
its geology, and the property geology, the reader is referred
to the exploration report by Vincent (1979). i

. The locations of the outcrops from which the samples
were taken are shown in Figure 2. More detailed locations are
shown on the property geological map contained in the exploration

report mentioned above.

LN ARt. e as

1.3 Sanmpling and Analyses

During geological mapping all coal seams encountered ‘
were noted and described. Near the end of the program, the most .

representative seams were chosen for sampling and were revisited.
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1.3 Sampling and Analyses (Cont'd)

The outcrops were prepared for sampling by removing a
section of coal and overburden, by pick and shovel, up to 0.3
metres wide perpendicular to the seam top and bottom from the seam
top to bottom if at all possible. The purposes of this were to
get as clean and unoxidized a sample as possible and to obtain
as accurate a seam thickness as possible.

The coal seam was then examined and described in detail
which included estimations of coal constituents. If possible, the
seam was subdivided into portions based on varying constituent
proportions or by the presence or absence of mudstone partings.

Continuous channel samples of each of the subdivisions
of the seam were then taken by chipping off a small'portion of the
exposed face. Care was taken to remove roughly equal portions from
all parts of the seam for an equal representation. These were
immediately placed in plastic bags and labelled in the field and
packed in metal cans upon retutrn to base for shipment.

After the samples were shipped to Calgary, small portions
of a few samples were removed for}palynological analyses and then
resealed and all were sent to Birtley Coal and Minerals Testing of
Calgary for analyses. Birtley performed the standard analyses for
moisture, proximate analysis, total sulphur, calorific value, and

specific gravity on the samples.
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2. ANALYTICAL RESULTS AND CALCULATIONS

2.1 Introduction

The results as received from Birtley Coal and Minerals
Testings form Appendix I of this report. The results are also

displayed along with graphic logs of the coal seams in Appendix 2.

2.2 Moisture Content

The moisture content of the Tuya River samples were
analysed on an as-received basis. That is, the total water content
of the sample when initially analysed. As no other analytical work
was done on moisture content, the as-received moisture was assumed
to be an approximation of the natural moisture of the seams. It
is only an approximation since the samples were taken from outcrops,
a location which may increase or decrease the natural bed meoisture.

The moisture contents of the samples ranged from 13.9 to
25.4 weight percent. The weighted average for the samples is 19%

and this value is assumed to be the average for the property.

2.3 Proximate Analyses

The determination of the ash, volatile matter and fixed
carbon content of thirty-nine samples was done and reported on an
as-received basis and also reported en a dry basis. In addition,
seven samples were composited into 3 additional samples and analysed.
The results are presented in Appendices I and II.

In order to determine an average for the property, the
ash and volatile matter were recalculated for an average moisture

content of 19% by the following formulas:



2.3 Proximate Analyses (Cont'd)

- M
Ag = 810 -5
and VM = (1 - —ELJ
19 VMD 100
where Al9 = ash at 197 moisture,
AD = ash on dry basis,
M = moisture = 19%,
VM19 = wvolatile matter at 19% moisture,

Il

volatile matter on dry basis.

and VMD

Fixed carbon was calculated by difference. The results of these
calculations are included in Appendix II.

In addition, the mineral matter content of the samples
was calculated by the Parr formula.

MM 1.08A + 0.55 8§

It

mineral matter,

where MM

A = ash,

" and S total sulphur

with the ash and sulphur contents having been reported on the same
basis. The calculation of the mineral matter contents and use of
them instead of ash contents makes corrections necessary due to
losses of ash and sulphur during the analytical process. The mineral

matter content was calculated for each sample on as-received and

dry bases and for 19% moisture.

he



2.3 Proximate Analyses (Cont’d)

The weighted averages of the ash, volatile matter, and

mineral matter were calculated using the seam thickness from which

. representative samples or composite samples were taken. The

average fixed carbon was calculated by difference. The weighted

averages at 19% moisture are:

Ash 21.5%
Volatile Matter 29.4%
Fixed Carbon 30.1%

{Mineral Matter 23.52%)

2.4 Sulphur

The total sulphur content of each sample and composite
sample processed in the proximate analyses was found and reported
on an as-received and a dry basis. The as-received values ranged

from 0.11% to 0.92%. The sulphur content was also calculated for

- 19% moisture and the range was between 0.26% and 0.87%. The

weighted average sulphur content was determined to be 0.46%.
2.5  Calorific Value and Coal Rank

Calorific values for 34 samples and 3 composite samples
were founded and reported as BTU/1lb on as-received and dry bases.
These have been converted to the standard SI unit of kiloJoules per -
kilogram (kJ/kg). The values were prorated from a dry basis to é

19% moisture basis by the following formula:



2.5 Calorific Value and Coal Rank (Cont'd)

M
CV19 = CVD(l.O kT
where CV19 = calorific value at 19% moisture
CVD = dry calorific wvalue,
and : M = moisture = 19%

In order to determine an average calorific value least-
squares linear regression was done for calorific value versus ash
and calorific value versus mineral matter (Figures 3 and 4). These
graphs were possible by plotting the values previously calculated
to a 19% moisture basis. .

The regression line of the plot of calorific wvalue versus
ash (Figure 3) is described by the formula with the format

Y = mx + b

where m is the slope and b is the y-intercept which in this case

becomes
A19 = (-O.DO7S)CV19 + 73.38
where A19 = ash content at 19% moisture
CVl9 = calorific value at 19% moisture

The calorific value corresponding to the weighted-average ash
content at 19% moisture of 21.5% was determined to be 16,159 kJ/kg
{6950 BTU/1b). The calorific value at 0% ash is 22771 kJ/kg

(9794 BRU/1b). The correlation coefficient of the plot of calorific

value versus ash content is -0.982,
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2.5 Calorific Value and Coal Rank (Cont'd)

For the plot of calorific value versus mineral matter
content at 19% moisture (Figure 4) the regression line may be described
as

Mmlg' = (—0.0081)CV19 + 79.57.

For the weight-average mineral matter content of 23.57% calculated
above, the corresponding calorific value was found to be 16,043 kJ/kg
(6900 BTU/1b). At 0% mineral matter, the calorific value is 22850 kJ/kg
(9828 BTU/1b). This is better termed moist, mineral matter-free
calorific value. The correlation coefficient of this plot is -0.981.

The American Society for Testing and Material has subdividéd
low-rank coal on the basis of moist, mineral matter-free calorific
value. At 19% moisture, the meist, mineral matter—-free calorific
valua of‘the Tuya River samples is 9823 BTU/1b which is in the range

of values for coal with a subbituminous B rank.

2.6 Specific Gravity

The air-dried specific gravity was reported for 3 composite
samples and their individual portions. The weighted-average was
found to be 1.57 for the samples. This value may be assumed to be
the average for the field while remembering it is reported om an
air-dried basis while the other averages are reported on a 19%

moisture basis.

—11-



3. DISCUSSION OF RESULTS .

3.1 Quality of the Results

From the fact that all of the Tuya River samples are
from outcrop exposures of coal seams and associated strata, it
can be assumed all of the samples have been oxidized and the com-
ponents altered to some degree. This is true even though the
outcrops were cleaned to expose as fresh a face as possible. But,
the results of the analyses are of usé and thought to be a close
representation of the actual coal quality. Points in favour of
this assumption are the small range of values for moisture content
and the close correlations between calorific value and each of
mineral matter and ash.

Any further analytical work using drill core samples
would probably increase the coal quality by reducing the ash
content ahd thereby increasing the calorific value. It is unlikely
the increase would be dramatic. It is also unlikely the rank of
the coal would change and if it did, probably only up to subbituminous

A.
3.2 Ash Versus Mineral Matter

The mineral matter content of coal is the inorgamic

constituents of coal and is composed primarily of clayey materials

(aluminum silicates and silica), pyrite, and calcite. The ash is
the non-combustible residue left after the ashing of coal. This
residue originates from extraneous mineral matter and inorganic
material combined with the organic fraction of the cecal. The ash
value is always less than the mineral matter value because, during

ashing, some of the inorganic material is altered. The most common



3.2 Ash Versus Mineral Matter (cont'd)

reactions are the loss of water of hydration from clay minerals and
the oxidation of pyrite and calcite. These reactions are compensated
for in the Parr formula for determining mineral matter (Rees, 1966).
In this report, the mineral matter values are used to
determine the rank of the coal with the weighted-average value for
mineral matter used as a constituent of the coal. The average calorific
value of the samples was derived from the calorific value versus ash
plot and reported with the weighted-average ash value since that calorific
value is the one actually achieved upon burning as opposed to one
derived from the average mineral matter. Both plots and regression

lines are included here because of the two distinct uses of the data.

-13-



4. SUMMARY

From the laboratory analyses of outcrop channel samples, agood
approximation of theunoxidized coalquality aﬁg‘fﬁﬁﬁ-of thedTuya R;ver
coal seams has been obtained.

The average quality, using thickness-weighted averages,

for the property is

Moisture 19.0%

Ash 21.5

Volatile Matter 29.4

Fixed Carbon 30.1

Total Sulphur 0.46

Calorific value 16159 kilojqule/kilogréﬁ

(6950 BTU/1b)
Mineral Matter 23.5% : !

Specific gravity,

air-dried basis 1.57

The coal rank was determined to be subbituminous B from
a moist (197 moisture), mineral matter—-free calorific value of
9828 BTU/1b (22850 kJ/kg). This is within the range of values
defined te be that of subbituminous B ceal of 9500 to 10,500 BTU/1b.
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APPENDIX II

Coal Analyses on

Graphic Logs



Abbreviations used on graphic logs:

Moist. moisture

V.M. 'volatile matter
F.C. fixed carbon

5 sulphur

C.V. calorific value
M. M. mineral matter
Sp.Gr. specific gravity
As rec'd As received basis

19% moist

Notes:

19% moisture basis

C

All values except calorific value are given as a percentage.’

Calorific value is stated as kiloJoules per kilogram where

1 kJ/kg = 2.325 BTU/1b.

All interval values are given in centimetres.



=3

,g I i Y Pr ‘ . o :‘ : ) ' . ’

- } '

TS g MR e e
- oA I .

' . 1
_‘ .-«.-11:{-_-&,«-_ . ..“.ﬂ“"f—?“"“"’“""‘""“‘“" ; o !'*“"‘.‘-"'r‘“ . ¢ (.g-.— . ,_ne-“@mu_:?.x;-;, R T T . T ey T e dmen s e e iy e M" -"""3"{""“"
i o . ' . v IR . . Lo, . ! . E
¢ . : oo e T "
g ™ T PV 4 ! s N p—

G~ Tuvn iR 7904 0

'ESSO MINERALS CANADA — COAL DEPARTMENT @
. GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION _ 104J/2 OUTCROPNUMBER _D24a =~
SEAM NAME LOCATION

FORMATION MIDDLE MEMBER ELEVATION |

COMMENTS ORIGIN OF LOG: CORE CHIP SAMPLES

GEOPHYSICALLOG .~ OUTCROP _ X

GEOLOGIST _P.M. WATERS DATE

DESCRIPTION

SAMPLE INTERVAL | LITHOLOGY | moIsT ASH V.M, r.C. S C.V. MM, BASIS 3P, GR, LITHOLOGY

T T " LIGHT BROWN

| SIDERITIC MUDSTONE

) i

COAL

e BROWN
; ‘ MUDSTONE

= _ BROWN
TO DARK BROWN
COALY MUDSTONE

- 90 T

“—4' | BROWN TO DARK

—- 110 : I
k BROWN COALY
MUDSTONE

| 130 , . RUSTBROWN MUDSTONE

l COAL
— 140

BROWN COALY MUDSTONE

12 s 32,1 89 0A5 | 19048 1083 (AS REC'D,
w20 - 100 - COAL
190 100 230 70 047 | 19881 1L11 [19% MOIST

....... LIGHT GREY-BROWN
g SANDY MUDSTONE
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ESSO MINERALS CANADA — COAL DEPARTMENT @
DRILL HOLE OR
PROPERTY TUYA RIVER NTS LOCATION 104J/2 OUTCROP NUMBER __B24h
SEAM NAME LOCATION
FORMATION MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE CHIP SAMPLES
GEOPHYSICAL LOG OUTCROP __ X
GEOLOGIST __ P.M. WATERS DATE
DESCRIPTION
SAMPLE INTERVAL | UTHOLOGY | moIsT ABM VM, FC. s c.V. MM, BASIS | 8P. GR, LITHOLOGY
< COVERED
= 0
- i“ t .
=t BROWN TO DARK
- % ! BROWN
' COALY
- A0 ‘ MUDSTONE
. B0
- 80
o5
- 70
| w0 1.4 40 233 483 0.27 22468 447 |AS REC'D,
w30 139 COAL
' 90 190 29 322 “u9 0.28 29771 434 9% MOIST
AIR
| 00 DRIED
. 108 RUSTBROWN
— 110 SIDERITIC MUDSTONE
Tl
- 130
T
COAL
L 180 188 20.1 L 1F:] 205 0.49 18314 2197 |AS REC'D.
157
L te0 190 200 N7 23 049 18233 2187 [19% MOIST|
w1 AR
— 170 DRIED
- 180
L 190
| ana
_L_ 210
¢ 218
- 220
| 2% \ | y COVERED
[ -/ \..
ANALYSSBOF | | )
COMPOSITE OF | 171 105 28 398 0.9 20018 1154 |ASREC'D.| 148
SAMPLES N8 19.0 102 32,0 k-] 037 19680 1122 N9% MOIST
w30 AND W3 [~
r_
SN
- |
- : l
B
T
| :
B *
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ESSO MINERALS CANADA — COAL DEPARTMENT 73
GRAPHIC COAL SEAM LOG

PROPERTY TUYA RIVER

SEAM NAME

NTS LOCATION

FORMATION __ MIDDLE MEMBER

COMMENTS

ORIGIN OF LOG:

1049/2

LOCATION

ELEVATION

CORE

DRILL HOLE OR
OUTCROP NUMBER _ B26b

GEOPHYSICAL LOG

GEOLOGIST _P.M. WATER®

CHIP SAMPLES
OUTCROP _ X _

DATE

!

MOIST ASH

V.M,

FC.

DESCRIPTION

cV,

MM,

BASIS

$P, GR.

LITHOLOGY

SAMPLE INTERVAL l LITHOLOGY

t

DARK BROWN
COALY MUDSTONE

2041 180

19.0 182

305

u3

a3

a.82

17747

17980

17.73

17,08

AS REC'D,

19% MOIST

COAL

,,,,,,,

COVERED
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ESSO MINERALS CANADA — COAL DEPARTMENT —

GRAPHIC COAL SEAM LOG -
DRILL HOLE OR
PROPERTY _TUYA RIVER NTS LOCATION _104J/2 OUTCROP NUMBER _B24c
SEAM NAME LOCATION
FORMATION MIDDLE MEMBER ELEVATION
COMMENTS \ ORIGIN OF LOG: CORE___ CHIP SAMPLES
GEOPHYSICAL LOG OUTCROP _ X
GEOLOGIST _P.M. WATERS DATE
DESCRIPTION
SAMPLE INTERVAL | LITHOLOGY | MOIST ASH M FC s cv MM BASIS 3SP. GR. LITHOLOGY
[ t COVERED
o |
| 50 i . ; BAOWN COALY
BRI b ey MUDSTONE
“ l——Ll- H
] 176 419 219 188 032 |9991 4843 [AS REC'D,
] L COAL
: 190 41.2 215 183 032 |9823 4470  [19% MOIST
w2 - 80
L g0
100
. DARK BROWN
. 10 MUDSTONE
— ¥
B 20 20,1 26 25 8.3 0.74 185212 2482 (AS REC'D.
COAL
w33 19,0 29 28,9 292 0.75 15426 28,08  [19% MOIST
- %0
— 138
N ‘ MEDIUM TO DARK
we!| | ? AROWN MUDSTONE
180
- 184 153 202 389 0.43 18177 1897 | AS REC'D.
was 1.0 184 20,0 5.8 043 | 18084 1888  19% MOISY] COAL
- 70
~ 90 - DARK BROWN
SRS N COALY MUDSTONE
L 200 L;___._' AND VERY
—_— MUDDY COAL
— 10 . ‘
— 28
- 20 203 150 205 %2 0.38 18141 16.41 |AS REC'D.
. COAL
wes | L 30 19.0 152 30,0 %38 0,38 18391 18.65  [19% MOIST
240
— 80
- 7/__ N
. N
- : 3 21.7 s n9 20,0 0.38 11053 3842 |AS RECD, WHOLE SEAM
W36 ANALYSIS ] : "0 368 .7 20,7 0.38 11430 39.74  |19% MOIST SAMPLE

=
L ‘ ‘
1 {
SRR S
N 1
- ; f
N ]
i i
| : !
- 1
‘
|
e -
- - 4;

...............
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ESSO MINERALS CANADA — COAL DEPARTMENT @

GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION _ 104J/2 OUTCROP NUMBER __B26a
SEAM NAME LOCATION
FORMATION __MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE______ CHIP SAMPLES
GEOPHYSICALLOG ___ _ OUTCROP _ X
GEOLOGIST _P.ii, VIATERS DATE
DESCRIPTION
SAMPLE INTERVAL | LITHOLOGY | moisT ASH VM, rC, $ c.V. MM, BASIS | sP. GR, LITHOLOGY
~ T canly mpsernt
Tm ° 161 | 203 | ;01 | 3:s o4 | 17637 | 217 |asmecD | COAL
190 108 291 13 243 | <7078 2147 5% MOIST
10 R
...T;,_g,. __f._..
» 20 . I
A
. % 5 DARK BROWN
COALY
L e 1 | MUDSTONE
. [
| ]
w28 - IR
) 149 280 208 30.3 002 | 17482 2751 |AS RECD.
w24 19,0 237 283 8.9 087 | 1ee3s 26,19  19% MOIST coAL
[ s0 :
. - | NARK BROWN
ws [ % i COALY MUDSTONE
— 100 14.4 78 36.8 26,0 0.64 18921 26.08 |AS REC'D. COAL
) 19.0 24 4.7 239 0.81 16022 2457 [19% moisT|
. 110 R
-"f—*'““l - DARK BROWN
- 120 : COALY MUDSTONE
,,,i,“.
-~ 139 ‘1
| —— HTL DARK BROWN
140 — COALY SIDERITIC
B MUDSTONE
L 100
wae T 178 24 %2 24.1 0.50 14008 36,05 [AS REC'D. WHOLE SEAM
ANALYSIS B 19.0 3.8 2.3 28 0.66 | 13762 3449 fox moOIST ANALYSIS
.
B v
L gi '
|
B |
A
|1 M,%ﬁ_
RN
N _
el
- -
I | ol ﬁ: .
e
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ESSO MINERALS CANADA — COAL DEPARTMENT (T
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION _ 104472 OUTCROP NUMBER __ 827

SEAM NAME LOCATION

FORMATION MIDDLE MEMBER ELEVATION

COMMENTS ORIGIN OF LOG: CORE____ CHIP SAMPLES
GEOPHYSICALLOG _______ OUTCROP _ X
GEOLOGIST __P.M. W"TERS DATE

DESCRIPTION

l\.
SAMPLE INTERVAL | LTHOLOGY | Mot ASH V.M, F.C. s cv. MM, BASIS LITHOLOGY
HE GREY TO BROWN
. GREY MUDSTONE
- 0
148 209 .1 30.2 047 17298 | 7283 [ASREC'D, COAL
wis| | 10 190 19.8 nE .| 287 045 16ae7 | 188 [1exmoisy
= 20 i
:
- 30 e BROWN GREY
: MUDSTONE
N 40 |
|.
|
|
| 50 b DARK BROWN
i l
A I COALY MUDSTONE
- 60 —_—
63 j
: 14s 24.6 27 8.1 0.81 16961 | 269  |ASREC'D, COAL
= 70 -
w19 19.0 233 N0 26.7 0.58 16084 253 19% MOIST)|
78
= 80 B Sy
- 90 e e DARK BROWN
. t
w22 b COALY MUDSTONE
- 100 —= ;
- 110 o
i
| 120 !
R
i
L 130 1
- 140 f
T
L 180 :
L~ 180
185
L 170 219 312 7.0 057 16491 | 3048 |AS REC'D.
- COAL
wao | w20 20 282 204 %3 0.53 15508 | 2884  [19% MOIST
1
- 190 DARK BROWN
. COALY MUDSTONE
j— 200
344 258 248 0.43 12013 | 3739 ASREC'D.
| 210 -
: 330 248 238 0.41 13318 | 3883  Nhe% MOIST COAL
w21
- 220
| a0 DARK BROWN
3 COALY MUDSTONE
240 AL FAULT
n : .
. LIGHT GREY
- 250 - MUDSTONE
| owa L] e 40.7 s 145 0A3 11274 | 4419 |AS REC'D,
ANALVEIS 190 297 72 141 0.42 110086 | 4310  [19% MOIST
E
| :
' )
- z
| |
i r
,
- f
!
- H
N
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ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

TUYA RIVER OUTCROP NUMBER

PROPERTY NTS LOCATION _104J/2

SEAM NAME LOCATION

B62

LOWER MEMBER

FORMATION ELEVATION

COMMENTS ORIGIN OF LOG: CORE_

GEOPHYSICAL LOG

GEOLOGIST P.M. WATERS

CHIP SAMPLES
OUTCROP X

DATE

DESCRIPTION

SAMPLE INTERVAL MOIST ASH v, FC. s C.v, MM, BASIS SP, GR.

LITHOLOGY

LITHOLOGY

ﬁ,_f’;agm

THURST FAULT - GLACIAL

TILL

-

144 ns 0.30 15350 18.72 |AS REC'D.

153

AlR
DRIED

16.8 ns n ,| 032 18587 16.98 [19% MOIST

COAL

108

SHALEY COAL

— 110

COAL

180

DARK BROWN
SHALEY COAL

- 210

- 220

- 230

|- 240

— 260

- 260

- 270

- 280
285

DARX GREY
MUDSTONE

- 290

— 300

- 310

- 320

- 330

— 340

— 350 284 8.9 102 65 038 17696 882 AS REC'D.

147
AlIR
DRIED

B?

19.0 8.7 385 oM 19368 10.72 19% MOIST

[~ 360
— 370

— 380

— 410

COAL

205
19.0

41.8
428

202
0s

1.88
AlR

DRIED

175
179

03t - 48,31

48,19

AS REC'D,

B8 ho% MOIST

SIDERITIC COAL

231 17.88 |AS REC'D. 1.51

AlR
DRIED

163 0 A5 16817

B9 —

19.0 172 s 2.2 0.47 16984 1880 [19% MOIST

COAL

.................

BROWN GREY
MUDSTONE

ANALYSIS OF
[COMPOSITE OF |-
SAMPLES BY,
88 AND B9

‘238 20,1 2740 29.1 0.37 2191 |ASREC'D.| 1.0

AIR
DRIED

14878

19.0 288 308 0.40 16912 2337 [19% MOIST
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ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION 104J/2 OUTCROP NUMBER _Wi2f
SEAM NAME LOCATION
FORMATION UPPER MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE CHIP SAMPLES
GEOPHYSICAL LOG OUTCROP X
GEOLOGIST ___P.M. “WATERS DATE
DESCRIPTION
i SAMPLE INTERVAL LITHOLOGY MOIST ASH VM. F.C. s €.V, M.M. BASIS SP. GR. LITHOLOGY
! S ' MEDIUM GREY SANDSTONE
T o TO MUDSTONE
A n 1. .
- 5 COALY MUDSTONE
. 29 MUDSTONE
— 2%
— 30 17.4 80.3 138 8.7 0,14 - - REACS' D. - CoAL
w3l MUDSTONE
- @ coaL
- 48
MUDSYONE
w2 - B0
wa - 5o V7.2 52.1 10.7 140 0.17 - - n:’cb. - COAL
[ 70
SHALEY COAL
" 8o GREY BROWN
ws MUDSTONE
’ - 90
AS
- 100 158 55.2 "7 136 0.12 - = REC'D, - SHALEY COAL
. B 108
= 110
—v— 14
- 120 MEDIUM GREY
; SANDSTONE
L 130
w2 — l AS
ANALYSIS u 18.8 875 14.7 - 11,2 [+ R} | - RECD, -
i
. ,Tu L. L
B -
R
1
|
I
-
— ¥
.'""'I’ T
I.
i L
- I
I r_ e
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ESSO MINERALS CANADA — COAL DEPARTMENT
DRILL HOLE OR
PROPERTY _TUYA TIVER NTS LOCATION _ 104J/2 OUTCROP NUMBER _ W23
SEAM NAME LOCATION
FORMATION _MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE. __ CHIP SAMPLES
GEOPHYSICAL LOG OUTCROP X
GEOLOGIST __P.M. WATERS DATE
DESCRIPTION
SAMPLE INTERVAL LITHOLOrGY MOIST ASH V.M, EL, s c.v, MM, BASIS SP, GR, LITHOLOGY
: R MEDIUM GREY
. SANDSTCNE
we E . EES 10190 61 | 5 Moty | - COAL
BROWN
- 10 MUDSTONE
13
L 20 COAL
20
N BROWN
L a0 — MUDSTONE
L B0
|
L COAL
%3 282 253 058 12645 28.17 |ASREC'D.| 160
i 70 AlIR BROWN MUDSTONE
203 268 258 0.57 13929 28,78 Mox moIsT
| po . DRIED
SIDERITIC NODULES
L 90 COAL
BROWN MUGSTONE
ol 1“ L
w? L. 10 COAL
. 20
I BROWN
MUDSTONE
- a0
L S0
COAL
L 80
YL »
. BROWN
" MUDSTONE
I "o COAL
L g0 BROWN GREY
..... - MUDSTONE
[ "1 N
- 200
. COAL
- 20
SRR S
. 0 an BROWN
‘ MUDSTONE
- 40
248
— 80 20 7.0 202 %58 oy 13352 25,04 |AS HEC'D, COAL
ws 190 48 29.3 279 0.40 14413 2699 N9% MOIST
p— ”
70 _I'— N BROWN
P MUDSTOMNE
L 80
COAL
— 90
GREY BROWN
MUDSTONE
L 200 ORANGE BROWN
MUDSTONE
a0
- 1w
COAL
L 20
Y| s
- %
n INTERBEDDED
BROWN GREY AND
i ORANGE BROWN
MUDSTONE
- 480
a0 200 184 32,8 30.8 0.37 18817 18,82 |AS REC'D, SIDERITIC NODULES
e o 19.0 188 332 2. 0.37 17033 18,14  19% MOIST coaL
L L 490
— BROWN TO
GREY BROWN
= * MUDSTONE
- — 880
|
580 214 182 30.1 333 041 17062 16.84 |AS REC'D,
- COAL
w0 L sy0 190 158 30 U4 042 17861 1711 [19% MOIST
880
800
Y. |
. 800 ]1 :
i gﬁﬂt ! BROWN GREY
i : \ MUDSTONE
ANALYSIS OF | |
SO 2.7 2.0 277 258 0,50 13618 27.27 |AS REC'D,
COMPOSITE OF ; 11 9.0 %8 287 285 o.52 14080 28.19 [19%moisy
BAMPLERS W7 & Wil y 5 e ) )
B : : \,
_________ i '
| .
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ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG |

DRILL HOLE OR
PROPERTY . TUYARIVER  NTSLOCATION _104/2  OUTCROP NUMBER W28

SEAM NAME . . , LOCATION

| FORMATION _ MIDDLE MEMBER = ELEVATION _

COMMENTS , . : _ ..  ORIGIN OF LOG: CORE__.___ CHIP SAMPLES _

- GEOPHYSICALLOG . .. ._ . OUTCROP X

GEOLOGIST PM. WATERS DATE _

DESCRIPTION

SAMPLE INTERVAL | LITHOLOGY | MOIST ASH | VM. FC. s CV. | MM, BASIS | 8P, GR, LITHOLOGY

i MEDIUM GREY
‘ MUDSTONE

T— 0

144 ‘14.1 372 | 343 | OIY | 1990 168 |ASREC'D.

COAL

190 134 382 24 o082 19036 1481 [t19% MOIST

wn

MEDIUM GREY
TO BROWN GREY -
i MUDSTONE
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ESSO MINERALS CANADA — COAL DEPARTMENT ~
~ GRAPHIC COAL SEAM LOG L
; DRILL HOLE OR
PROPERTY TUYA RIVER NTS LOCATION _104J/2  OUTCROP NUMBER _W28b
SEAM NAME LOCATION
FORMATION MIDDLE MEMBER ELEVATION
COMMENTS - ORIGIN OF LOG: CORE CHIP SAMPLES
GEOPHYSICALLOG ____~ OUTCROP _ X
GEOLOGIST _ P.M. WATERS DATE
DESCRIPTION
SAMPLE INTERVAL | LITHOLOGY | MOIST ASH VM. F.C. $ c.V. MM, BASIS | SP. GA. LITHOLOGY
:"5:: e BROWN COALY
i MUDSTONE
N [
. COAL
R ”_'_i_'T"_'.':_:
T O BROWN
- 20 ; . COALY
i MUDSTONE
. ==k
F | =
b o«
’ 14.0 208 0.2 352 0.74 17978 2265 |ASREC'D.| COAL
wi2 - 50 %0 4 mA 33,2 0.73 17072 21,39  [19% MOIST
L e
e
L‘ T R
' b RROWN COALY
' L 20 W_L : MUDSTONE
o |
L 100 _.ﬂﬁ_.___,____
.
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!
l._. ¥
= 1 l
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ABSTRACT

Thirty-nine outcrop channel .samples from the Tuya River
coal property (NTS 104J/2) were submitted for coal analyses
including moisture content, proximate analysis, calorific value,
and specific gravity. A thickness-weighted average of 19% moisture
was assumed to be representative of the seams. The other analytical
results were then prorated to a 197 moisture basis; weighted averages
were found and are ash 21.5%, volatile matter 29.47%, fixed carbon
30.1%, calorific value 16159 kJ/kg (6950 BTU/1b), sulphur 0.46%.

The average mineral matter was found to be 23.5% on a 19% moisture
basis and specific gravity 1.57 on an air-dried basis. The moist
(197 moisture) mineral matter-free calorific value is 9828 BTU/1b

(22850 kJ/kg) which determines the coal rank is subbituminous B.
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1. INTRODUCTION

1.1 Purpose

During the geological mapping of the Tuya River coal
property conducted in June of 1979, most of the outcrops of coal
seams were sampled for laboratory coal analysis. This report
contains the results of the analytical work and discussion of

the results.
1.2 TLocation

The Tuya River coal licenses are situated in north-
western British Columbia with their center approximately equi-
distant from the communities of Dease Lake and Telegraph Creek
as shown in Figure 1. For a further discussion on the region,
its geology, and the property geology, the reader is referred
to the exploration report by Vincent (1979).

The locations of the outcrops from which the samples
were taken are shown in Figure 2. More detailed locations are
shown on the property geological map contained in the exploration

report mentioned ahbove.
1.3 Sampling and Analyses
During geological mapping all coal seams encountered

were noted and described. Near the end of the program, the most

representative seams were chosen for sampling and were revisited.
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1.3 Sampling and Analyses (Cont'd)

The outcrops were prepared for sampling by removing a
section of ccal and overburden, by pick and shovel, up to 0.3
metres wide perpendicular te the seam top and bottom from the seam
top to bottom if at all possible. The purposes of this were to
get as clean and unoxidized a sample as possible and to obtain
as accurate a seam thickness as possible.

.The coal seam was then examined and described in detail
which included estimations of coal constituents. If possible, the
seam was subdivided into portions based on varying constituent
proportions or by the presence or absence of mudstone partings.

Continuous channel samples of each of the subdivisions
of the seam were then taken by chipping off a small portion of the
exposed face. Care was taken to remove roughly equal portions from
all parts of the seam for an equal representation. These were
immediately placed in plastic bags and labelled in the field and
packed in metal cans upon return to base for shipment.

After the samples were shipped to Calgary, small portions
of a few samples were removed for palynological analyses and then
resealed and all were sent to Birtley Coal and Minerals Testing of
Calgary for analyses. Birtley performed the standard analyses for
moisture, proximate analysis, total sulphur, calorific wvalue, and

specific gravity on the samples.



2. ANALYTTCAL RESULTS AND CALCULATIONS

2.1 Introduction
The results as received from Birtley Coal and Minerals
Testings form Appendix T of this report. The results are also

displayed along with graphic logs of the coal seams in Appendix 2,

2.2 Moisture Content

The moisture content of the Tuya River samples were

_analysed on an as-received basis. That is, the total water content

of the sample when initially analysed. As no other analytical work

was done on moisture content, the as-received moisture was assumed

to be an approximation of the natural moisture of the seams. It

is only an approximation since the samples were taken from outcrops,

a location which may increase or decrease the natural bed moisture.
The moisture confents of the samples ranged from 13.9 to

25.4 weight percent. The weighted average for the samples is 19%

and this value is assumed to be the average for the property.

2.3 Proximate Analyses

The detérmination of the ash, volatile matter and fixed
carbon content of thirty-nine samples was done and reported on an
ag-received basis and also reported on a dry basis. In addition,
seven samples were composited into 3 additional samples and analysed.
The results are presented in Appendices T and II.

In order to determine an average for the property, the
ash and volatile matter were recalculated for an average moisture

content of 19% by the following formulas:



2.3 Proximate Analyses (Cont'd)

M

Ag = Ap(1.0 - 955
and w = (1 - -
\ 19 M, 100
where A19 = ash at 19% moisture,
AD = ash on dry basis,
M = moisture = 19%,
VMlg = wvyolatile matter at 19% moisture,

and VMD volatile matter on dry basis.
Fixed carbon was calculated by difference. The results of these
calculations are included in Appendix II.

In addition, the mineral matter content of the samples
was calculated by the Parr formula.

MM 1.08A + 0.55 8

mineral matter,

where MM

A = ash,

and 5 total sulphur

with the ash and sulphur contents having been reported on the same
basis. The calculation of the mineral matter contents and use of
them instead of ash contents makes correcfions necessary due to
losses of ash and sulphur during the analytical process. The mineral

matter content was calculated for each sample on as-received and

dry bases and for 197% moisture.



2.3 Proximate Analyses (Cont'd)

The weighted averages of the ash, volatile matter, and
mineral matter were calculated using the seam thickness from which
representative samples or composite samples were taken. The
average fixed carbon was calculated by difference. The weighted

averages at 19% moisture are:

Ash 21.5%
Volatile Matter 29.4%
Fixed Carbon 30.1%

(Mineral Matter 23.52%)
2.4 Sulphur

The total sulphur content of each sample and composite
sample processed in the proximate analyses was found and reported
on an as-received and a dry basis. The as-received values ranged
from ¢.11% to 0.92%. The sulphur content was also calculated for
19% moisture and the range was between (.26% and 0.87%. The

weighted average sulphur content was determined to be 0.46%.
2.5 Calorific Value and Coal Rank

Calorific values for 34 samples and 3 composite samples
were founded and reported as BTU/1lb on as-received and dry bases.
These have been converted to the standard SI unit of kiloJoules per
kilogram (kJ/kg). The values were prorated from a dry basis to a

197 moisture basis by the following formula:



2.5 Calorific Value and Coal Rank (Cont'd)

) M
CV19 = CVD(l.O —-100
where CV19 = calorific value at 19% moisture
CVD = dry calorific value,
and M = moisture = 19%

In order to determine an average calorific value least-
squares linear regression was done for calorific value versus ash
and calorific value versus mineral matter (Fighres 3 and 4). These
graphs were possible by plotting the values previously calculated
to a 19% moisture basis.

The regression line of the plot of calorific value versus
ash (Figure 3} is described by the formula with the format

Y = mx + b
where m is the slope and b is the y-intercept which in this case

becomes

A

(—O.OO?S)CVl + 73.38

19 9
where Al9 = ash content at 19% moisture
CV19 = calorific value at 19% moisture

The calorific value corresponding to the weighted-average ash
content at 19% moisture of 21.53% was determined to be 16,159 kJ/kg
{6950 BTU/1b). The calorific value at 0% ash is 22771 kJ/kg

(9794 BRU/1b). The correlation coefficient of the plot of calorific

value versus ash content is -0.9§2.
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2.5 Calorific Value and Coal Rank {(Cont'd)

For the plot of calorific value versus mineral matter
content at 19% moisture (Figure 4) the regression line may be described

as

Mml9 = (—0.0081)CV19 + 79.57.

For the weight-average mineral matter content of 23.5% calculated

above, the corresponding calorific value was found to be 16,043 kJ/kg

(6900 BTU/1b). At 0% mineral matter, the calorific value is 22850 kJ/kg

{9828 BTU/1b). This is better termed moist, mineral matter-free

calorific value. The correlation coefficient of this plot is -0.981.
The American Society for Testing and Material has subdivided

low-rank coal on the basis of moist, mineral matter—-free calorific

value. At 197 moisture, the moist, mineral matter-free calorific

value of the Tuya River samples is 9823 BTU/lb which is in the range

of values for ceal with a subbituminous B rank.
2.6 Specific Gravity

The air-dried specific gravity was reported for 3 composite
samples and their individual portions. The weighted-average was
found to be 1.57 for the samples. This value may be assumed to be
the average for the field while remembering it is reported on an
air-dried basis while the other averages are reported on a 19%

moisture basis.

-11-



3. DISCUSSION OF RESULTS

3.1 Quality of the Results

/k,—— i

-~
Frove |
\,‘,wjmffhe fact that all of the Tuya River samples are from out-

crop exposures of coal seams and associated strata, it can be assumed
all of the samples have been oxidized and the components altered to
some degree. This is true even though the outcrops were cleaned to
expose as fresh a face as possible. Wut

T Honeas , Ehe results of the analyses are of use and thought

to be a close representation of the actual coal quality. Peoints in

favour of this assumption are the small range of values for moisture
content and the close correlations between calorific value and each

of mineral matter and ash.

Any further analytical work using drill core samples would
probably increase the coal quality by reducing the ash content and
thereby increasing the calorific value. Tt is unlikely the increaée
would be dramatic. It is also unlikely the rank of the cecal would

change and if it did, probably only up to subbituminous A.
3.2 Ash Versus Mineral Matter

The mineral matter content of coal is the inorganic
constituents of coal and is composed primarily of clayey materials
(aluminum silicates and silica}, pyrite, and calcite. The ash is
the non-combustible residue left after the ashing of ccal. This
residue originates from extraneous mineral matter and inorganic
material combined with the organic fraction of the coal. The ash
value is always less than the mineral matter value because, during

ashing, some of the inorganic material is altered. The most common

-12-



3.2 Ash Versus Mineral Matter (Cont'd)

reactions are the loss of water of hydration from clay minerals
and the oxidation of pyrite and calcite. These reactions are
compensated for in the Parr formula for determining mineral matter

(Rees, 1966).

are .
In this report, the mineral matter values wese ysed to &
. w i value r mineral matler
ditermine the rank of the coal amé the wei hted—averageaie-géaon
wse . R
Ads bedng a constituent of the coal. The average calorific

value of the samples was derived from the calorific value wversus

ash plot and reported with the weighted-average ash ﬁglue since that
calorifié”value is the one actually achieved upon buE%ng as opposed
to one drived from the average mineral matter. Both plots and
regression lines are included here because of the two distinct uses

of the data.

-13-
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From the laboratory analyses of outcrop channel samples,
unoxidized .
a good approximation of thgqcoal quality and rank of the Tuya River
coal seams has been obtained.
The average quality, using thickness-weighted averages,

for the property is

Moisture 19.0%

Ash 21.5

Volatile Matter 29.4

Fixed Carbon 30.1

Total Sulphur 0.46

Calorific wvalue 16159 kiloJoule/kilogram

(6950 BTU/1b)

Mineral Matter 23.5%

Specific gravity,

air-dried basis 1.57

The coal rank was determined to be subbituminous B from
a moist (19% moisture), mineral matter-free calorific value of
9828 BTU/1b (22850 kJ/kg). This is within the range of values
defined to be that of subbituminous B coal of 9500 to 10,500 BTU/1b.

V4=
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2.5 Calorific Value and Coal Rank (Cont'd)

For the plot of calorific value versus mineral matter
content at 19% moisture (Figure 4) the regression line may be described
as

Mm19 = (—O.OOSl)CV19 + 79.57.

For the weight-average mineral matter content of 23.5% calculated
above, the corresponding calorific wvalue was found to be 16,043 kJ/kg
(6900_BTU/lb). At 0% mineral matter, the calorific value 1s 22850 kJ/kg
(9828 BTU/1b). This is better termed moist, mineral matter-free
calorific value. The correlation coefficient of this plot is -0.981.

The American Society for Testing and Material has subdivided
low-rank coal on the basis of moist, mineral matter—free calorific
value. At 197 moisture, the moist, mineral matter-free calorific

value of the Tuya River samples is 9823 BTU/1lb which is in the range

of values for coal with a subbituminous B rank.

2.6 Specific Gravity

The air-dried specific gravity was reported for 3 composite
samples and their individual portions; The weighted-~average was
found to be 1.57 for the samples. This value may be assumed to be
the average for the field while remembering it is reported on an
air-dried basis while the other averages are reported on a 19%

moisture basis.

-11~



3. DISCUSSION OF RESULTS

3.1 Quality of the Results

From the fact that all of the Tuya River samples are
from outerop exposures of coal seams and associated strata, it
can be assumed all of the samples have been oxidized and the com-
ponents altered to some degree. This is true even though the
outcrops were cleaned to expose as fresh a face as possible. But,
the results of the analyses are of use and thought to be a close
representation of the actual coal quality. Points in favour of
this assumption are the small range of values for moisture content

and the close correlations between calorific value and each of

mineral matter and ash.

Any further analytical work using drill core samples
would probably increase the coal quality by reducing the ash
content and thereby increasing the célorific value, It is unlikely
the increase would be dramatic. Tt is also unlikely the rank of
the coal would change and if it did, probably only up to subbituminous
A.

3.2 Ash Versus Mineral Matter

The mineral matter content of coal is the inorganiec
constituents of coal and is composed primarily of clayey materials
(aluminum silicates and silica), pyrite, and calcite. The ash is
the non-combustible residue left after the ashing of coal. This
residue originates from extraneous mineral matter and inorganic
material combined with the organic fraction of the coal. The ash
value .is always less than the mineral matter value because, during

ashing, some of the inorganic material is altered. The most common

17



3.2 Ash Versus Mineral Matter (cont'd)

reactions are the loss of water of hydration from clay minerals and
the oxidation of pyrite and calcite. These reactions are compensated
for in the Parr formula for determining minéral matter (Rees, 1966).

In this report, the mineral matter values are used to
determine the rank of the coal with the weighted-average value for
mineral matter used as a constituent of the coal. The average calorific
value of the samples was derived from the calorific value versus ash
plot and reported with the weighted-average ash value since that calorific
value is the one actually achieved upon burning as opposed to one
derived from the average mineral matter. Both plots and regression

lines are included here because of the two distinct uses of the data.

-13-



b SUMMARY

From the laboratory analyses of outcrop channel samples, a good
approximation of the unoxidized coalquality and rank of the Tuya River
coal seams has been obtained.

The average quality, using thickness-weighted averages,

for the property is

Moisture 19.0%

Ash 21.5

Volatile Matter 29.4

Fixed Carbon 30.1

Total Sulphur 0.46

Calorific value 16159 kiloJoule/kilogram

(6950 BTU/1b)
Mineral Matter 23.5%

Specific gravity,

air-dried basis 1.57

The coal rank was determiﬁed to be subbituminous B from
a moist (19% moisture), mineral matter-free calorific value of
9828 BTU/1b (22850 kJ/kg). This is within the range of values
defined to be'that of subbituminous B coal of 9500 to 10,500 BTU/1b.

—14-
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APPENDIX I

Coal Analyses Laboratory Report
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August 31, 1979

Mr. Bruce Vincent
Esso Minerals Canada-
Coal Department

500 - 6 Avenue SW
Calgary, Alberta

T2P 0S1

Dear Mr. Vincent:
Re: TUYA RIVER 104J/2

Please find enclosed the analyses reguested in your letter dated
August 1, 1979 on samples identified as ''Tuya River Outcrop

PU .Channel Samples''.

Yours truly,

BIRTLEY COAL AND MINERALS TESTING

bk flloid

Frank J. Horvat
General Manager

cas
Encl.

o

505 - 50th Avenue S.E., P.O. Box 5488, Station A", Calgary, Alberta T2H 1X9 Telephone (403} 253-8273



CLIENT: ESSO MINLRALS CANADA
PROJFCT:  TUYA RIVER QUTCROP CHANHEL SARPLES
RECLIVED AUGLST 3, 1979 '

leb # & AIRDRIED CALC,
Sziple # MOTSTUREZ ASK% VoL. % F.C.% S.% B.T.U. BASIS S.G. FACTORS

3200 16:6 | 575 | g .2 ol --- - ach.

W12F,W2 68.9 17.6 ..13.5 0.13f _~-~ T-c .9

3201 o 37.h 1 6003 4 13,6 | 8.7 [ 034} --- | --- | arb __.
WI2F,W3 | 72.9 16.4 10.7 0.17] --- -=- db

3202 17.2 52.1 16.7 14.0 0.17 --- ---= arb

WI12F,Wh 62.9 20.2 16.9 0.201 --- - db

3203 | 155 ] s5.2 15.7 | 13.6 | o.12] --- arb

WI2F W5 65.3 18.5 [ 16.2

3204 ___18.8 _ | _.39.9.. 1. __23.0_._.1.__ 18.3__1.0.79] 4383 __1_____ ——— arb
W23,W6

e

3205 | 20.7 25.8 ©28.2 25.3 | 0.5@__55@3__J____JJ50 ________ arb

W23,W7 32.5 | 35,6 | _ 31.9__1.0.70] 7396 __| ____ e b

3206 ﬁ'__ﬁ___2_5_-_0____W_3__3_-9___N__3_6_-2 _______ 25.8__1.0.37) 5743 1 ____ - arb
W23,W8 306 | 35.0 | 34.4  lo.bg] 7654 | - e b

—_———_——— s 4 e -=
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CLIENT: LSS0 KIRLEALS CAHADA
PROJECT: TUYA RIVIR OUTCROP CHANNEL SANMPLES
RECEIVED AUGUST 3, 1879

&

tab Fog AIRDRIED CALC.

Sainple f MOITSTUREZ ASHE VOL. % F.C.% 5.% B.T.U. BASIS S.G. FACTORS
3209 | ___ P JURE S T P R 37.2 | _34.3_.10.7) ._8_6_.0_2_______P_'.':____n_,_}a,cbﬂ___
w2e W | 16.5 1 43,5 | uo.0_ |0.83ooss | --- ] db
3210 . Jdbo o yo20.6 | . 30.2 1. 35.2 107 7837 oo arb .
Wb Wiz | ] 240 | 35.0 |- k0.9 1 0.90| 9065 |  --- ] . db .
3211 o221 9.8 p 32.1. 1 036.9_ | 08518197 | -em 4. arb ____
E: 1
#2ha w28 | S d2.4 ). ho.7 | k6.9 [6.58010337 4 --- . Jo_db_ .

3212 162 20.3 | _ 32,5 | 31.0. | 0.74] 028 | ___--- | . arb____
grle L ez 203 L3283

bﬂzl‘a:ww _________________ 24,2 | 33_3_@”74[ 37.0 0.88 18397 ¢+ --- | db

3213 | _v6A | Ao L 33.3. . k6.3 1 0.27 /9664 | 39 b arb____
3 __h
W24 W30 ] k8 i 39.8 i 55.4 | 0.32 11561 | --- -y db
3214 8.6 | .: 2001 31.8____| .29.5__|0Q.49 7007 | ___ V.57 1 _- arb
g2hb, w3l | | 2h.7 4. 39.1____|__ 36.2__10.60 (8620 | ___--- & b
3215 LT T hi.o 1. 21.9. 1 . 18.6_ 10.32 | 4297 | ___--- 1 . arb
82hc, W32 50.9 26.5 22.6 0.39 {5216 - db

3216 200 22.6 | _.28.5 1 _ 28.8__|0.74 | 6543 | o] __arh_._._
B2be, w33 ) 1 : 28.2 | _.35.7.__1__ 36.1__40.92 {8191 |  --- | __dh .
3217 ;__J_&}t____l_Jﬁ_-ﬁ _______ 30.2____| _.35.9__{0.43 7818 | --- ] _arh.___.
h B2he, W3k} |__,L9_-_0________3_7_-9 _______ bh.oo |0.53 |9586 | --- 1 db _____
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CCLIENT: ESSO HINERALS CANADA
PROJECT : TUYA RIVER CQUTCROP CHANHEL SAMPLES
RECEIVED AUMUST 3, 1873

Lab # & ATRDRIED CALC.
Sample # MO1STURES ASHE. VOL. % F.C.% S.% B.T.U. BASIS S.G. FACTORS

3218 (. 20,3 {._15.00 __|__29.5__ . _35.2._.10.38{7803 | _ --- 1 . arh.__.
82hc, W35 S 18.8._ 1 _.37.0___.t_ 442 | O0.M7yv9766 | --- | __9b

3219 21.7 35.4 22,9 | _20.0_ |0.35 4754 R arb

B2hc,W36 4g.2

3220 | 6.1 ]..20.3 | . 30.0 1o 33.5 )04k 7586 b -] . arb ____
B26a,W23 | o zh.2 35-9 .. 39-9 _10.531 9042 | ~e- i . db____.

.o o - - S U R

A B26a,W24 29.3 35.0 35.7 1.08 { 8833 - .86 ____

3222 b 23.8 6.8 | 250 |O0.6417278 | - | arb |

B26a,W25 . 27.7 42.9 29,4 0.75 | 8507 --- - db

IS

3223 L 17.6 32.) 26,2 24 .1 0.63 | 6025 o | LR

PR oS S e LN I ool i DR S S A SRS | e U S gy

R26a,W26 1 39.0 3).8 _29.2 |0.84]7308 | e

3224 20.1 16.0 30,1 33.8 _10.8)17633 | _ --- | _@arb

B26b,W27 20.0 370 42.3__1.1.01 | 9550 Tt ALl _

3225 | 4.8 20.9 _3h.] 30.2__toszizmze ] _se- ] L arh____

S K i Bl

~ B27,W18 2h.5 50,1 35.%__10.5518733 | ___so- L] _dh_

3226 14.6 24 .6 32.7___ | _28.1L__d0.61 472917 | ___--- ____ | _ arh___.

A B27,W19 28.8 38.3 | 32.9__|0.72 18540 | ~-- | _ab_____
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lLab # &

3227
B27,W20

B27,W21

3229
B27,W22

3230 WI3

Wik wisg,
‘.'ys,wr7
3231
B62,86

Sauple #

3228 .

- B2B T

cl.
PROJECT:

TENT:

RECEIVED AUCUST 3,

___349__;J

LSS0 MINERALS CANADA
1979

VOL.%

SR 1 P S
RPN (- PO S |
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AIRDRILD
BASIS S.G.
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zon 175103V == ] 1.86 | arb
_—— —_—— db

__30.6._ 1 0.45
_.39.8__0.58
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Lab # &
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W8
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PROJECT :
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£550 MINLRALS CANADA
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APPENDIX IT

Coal Analyses on

Graphic Logs



Moist.
V.M. |
F.C.

5

C.V.
M.M.
Sp.Gr.
As rec'd

19% moist

Notes:

1 kJ/kg =

Abbreviations used on graphic logs:

moisture
volatile matter
fixed carbon
sulphur

calorific value
mineral matter
specific gravity
‘As received basis

19% moisture basis

All values except calorific value are given as a percentage.

Calorific value 1s stated as kiloJoules per kilogram where

2.325 BTU/1b.

All dinterval values are given in centimetres.
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ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION 104J/2 OUTCROP NUMBER _W1ct

SEAM NAME LOCATION

FORMATION UPPER MEMBER ELEVATION

COMMENTS ORIGIN OF LOG: CORE CHIP SAMPLES
GEOPHYSICALLOG ____ OUTCROP _X
GEOLOGIST __P.M. WWATERS DATE

DESCRIPTION

} SAMPLE INTERVAL | LITHOLOGY | MOIST ASH VM, F.C. s C.V. MM, BASIS | SP. GR. LITHOLOGY
R MEDIUM GREY SANDSTONE
1 YO MUDSTONE
X ° |
COAL
COALY MUDSTONE
| 29 MUDSTONE
— 28
- 20 17.4 80.3 128 87 0.14 - - AS - COAL
' ’ " ' ) REC'D.
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_—
MUDSTONE
w2 80
= 17.2 52,1 18.7 14,0 0.17 - - AS 0 _ roal
W4 & 32 - : - . REZD, )
/
70
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- 8o
ws GREY BROWN
, MUDSTONE
- o0
- 100 8.5 552 18.7 136 0.12 AS - SHALEY COAL
. : * - - REC'D.
L 110
. o :
1 - _ MEDIUM GREY
B SANDSTONE
L 130
T !
m == —— H As
I ‘ ) - -
ANALYSIS T | res 515 17 1.2 0.11 REC'D.
! I
1 i
S I
. i
[ — -i:—- SR S
. -1
i
I
— i
IS IS
1
+
i
R O S
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N | :
- R
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ESSO MINERALS CANADA — COAL DEPARTMENT  (3)
DRILL HOLE OR
PROPERTY _TUYA TIVER NTS LOCATION _ 104J/2 OUTCROP NUMBER _ W23
SEAM NAME LOCATION
FORMATION _MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE _ _ CHIP SAMPLES
— GEOPHYSICAL LOG OUTCROP __ X
GEOLOGIST __P.M. WATERS DATE
DESCRIPTION
SAMPLE INTERVAL | uTHOLOGY | morsT ASH VM, (7.3 s Cc.V. MM, BASIS | SP, GR, LITHOLOGY
’ | MEDIUM GREY
. SANDSTONE
we E ) wE o 10190 62| 53 Rac’ _ COAL
BROWN
- 10 MUDSTONE
13
L 20 COAL
2
= N -
N BROWN
N o MUDSTONE
. =0
I
L m COAL
20,7 258 282 253 0.56 13845 28,17 |ASREC'D.| 1.60
L 70
‘ —— BROWN MUDSTONE
XX ¥ % | 100 203 258 %8 0.57 13920 2274 hoxwoist N
- 80 . DRIED
SIDERITIC NODULES
- 20 COAL
(-BROWN MUDSTONE
- 100
w7 L 10 coAL
L. 20
L 30 ; BROWN
— MUDSTONE
)
") COAL
- e0
YL »
—_— BROWN
5 : - MUDSTONE
T COAL
85
L g0 — | BROWN GREY
N MUDSTONE
* 197
— 200
L 10 COAL
s |
L 3 | ! BROWN
_L |+ MUDSTONE
245
- s0 0 70 22 %A oy 1wa %04 | ag REOD, COAL
ws 190 243 283 279 0.40 14413 2699 f9x molsT|
| eo
A | j BROWN
S MUDSTOME
e E
COAL
- % . GREY BROWN
fon MUDSTONE
L oo ORANGE BROWN
MUDSTONE
a0
- 10
COAL
L 20
Y| s
L ! _
o
= ; L L" L INTERBEDDED
ST BROWN GREY AND
5 ' ../t, DRANGE BROWN
Aﬂ/v I‘ MUDSTONE
o N
L 470 200 104 123 30,8 0.37 18217 18,83 |AS REC'D, SIDERITIC NODULES
e a0 1.0 188 132 21,2 o 17033 18,14  19% MOIST coaL
L 490 —
[ W BROWN TO
i f/./’ ‘“/{N. GREY BROWN
/J" : MUDSTONE
- ]
1.
L 580 214 B2 30.1 133 041 17062 16.64 |ASREC'D,| COAL
wo I— 190 168 310 244 0.42 17581 17.11  [19% MOIST
- B8O
L L %00
. e00 |
b BROWN GREY
N | MUDSTONE
ANALYSIS OF | — -
vt o 212 %0 277 25.8 0.50 13615 2127 |AS RECD.
COMPOSITE OF ! ! -
) L . - 19.0 .8 28.7 785 052 14080 2819 [19% MOIST
BAMPLES W7 & Wi ] :




ESSO MINERALS CANADA — COAL DEPARTMENT @
GRAPHIC COAL SEAM LOG

DRILL HOLE OR
PROPERTY . TUYARIVER = NTSLOCATION 1042 . OUTCROP NUMBER W28

SEAM NAME LOCATION

FORMATION  MIDDLE MEMBER = ELEVATION

COMMENTS ‘ , ORIGIN OF LOG: CORE .. _____ CHIP SAMPLES _ .

- GEOPHYSICAL LOG o QUTCROP X

GEOLOGIST P.M. WATERS DATE

DESCRIPTION

i |
SAMPLE INTERVAL LITHOLOQY MOIST L ASH | YM, F.C. J s ‘ cV. MM, BASIS ”.!_Gns._,, L'THOLOGY N
L B | P i G W P, GR, | . __. LOGY
! ; ! | . MEDIUM GREY
| . . MUDSTONE
S ] ; ,
TF | ‘ : I ;
: [ | { ‘
{ : !
- 10 ‘ . !
! | ;
; 1 i |
| f- 1 |
T ‘ ; | |
us | 1 © 312 33 | 0T 19920 156 |AS REC'D.
o ! ‘ ! ‘ - COAL
00 134 -] 174 082 18938 14.81  19% MOIST
w11 1 ; 4 ;
© %. ; ‘ l
| | |
‘L } i
[ & i .
1 |
S
; 1 ; !
| | : : MEDIUM GREY
S . | . TO BROWN GREY
I
! ’ i MUDSTONE
80 _— i i
! !
. |
| i
0 ! I
| ! .
. ! i
- 1“ . : ‘
- i
i f
H |
i |
i :
: ! |
i |
i |
i
| |
|
i .
i | s
i ! [
_ ! {
L | ‘
| |
o | J
|
— ! |
i
|
| |
| : ‘
: |
4 : |
| _ i r
| : : 3
? :
- i i
: |
i |
; | | ,
i .
N : ! ! .
o
- : !
‘: | |
; ! :
i | | |
| | |
L H I !
i !
: I ! !
: ! ,
[~ : ‘ ‘ ' !
; | ‘ i f
- s | |
i i |
t ! i |
| : 1 |
- ! i | ;
| | |
: | | 1 i
| i % !
_ i | |
i ' !
H | ! H
| g 3 i
- : ' ; i
5 : : ! ;
\ ; \ f Y
i |
: ]
| ; r
e |
1 ! ]
; \
1 : |
i ! !
| ! w
| f | 1




ESSO MINERALS CANADA — COAL DEPARTMENT G’-.:p
GRAPHIC COAL SEAM LOG -

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION _104J/. ~~ OUTCROP NUMBER _ co2
SEAM NAME LOCATION
FORMATION __ MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE CHIP SAMPLES

_— GEOPHYSICAL LOG . OUTCROP _ A

GEOLOGIST _ P.M_# TERs DATE

DESCRIPTION

SAMPLE INTERVAL | LITHOLOG MOISY ASH vm, F.C. s cV. MM, BASIS sp. ¢, LITHOLOGY

. 239N COALY

; MUDSTONE

DAL

S RROW"!
— 20 : e cosLy
MUDSTONE

ki 2,35 LS REQJ'D,
14.0 08 0.2 5.2 0.7¢4 17375 22 S RES'D ~ cnAL

9.0 194 28.4 332 0.73 17072 2123 193% MDIST

: ¢ NN COALY
. L 80 e - | WHIDSTONE

.........

........

.......




ESSO MINERALS CANADA — COAL DEPARTMENT g
___GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION _ 103J/2 OUTCROP NUMBER 2244
SEAM NAME LOCATION
FORMATION _ MIDDLE MEMBER ELEVATION
COMMENTS _ o ORIGIN OF LOG: CORE CHIP SAMPLES
e GEOPHYSICAL LOG OUTCROP _ X
GEOLOGIST __P.M. WATERS DATE
DESCRIPTION
SAMPLE INTERVAL | LITHOLOGY | mMoOIST ASH VM, F.C. 5 cv. | mm. BASIS | SP_ GR, LITHOLORY
I LIGHT ?RDOWN
ey I SINERITIC MUDSTONE
o . ——
- 10 ; COAL
w?sa 2
' - 20
L 10 ..___.Wm v |
B G BROWN
L a0 = MUDSTONE
- 50 : 1
- 70 —_——t TH CARK SROWN
R | COALY MUDSTONE
- 80 Rt G ;
. s0 | ’
L 100 ‘
I T GROWN TD DARK
- 1o , : BROWN COALY
. MUDSTONE
L 120 _
120 b — OUSTBROWM MUDSTONE
COAL
L 140
L BROWN COALY MUDSTONE
- 50
w28 | oo 212 9.8 121 369 0.45 190%8 1083 |ASRECD.| COAL
19.0 10.0 a3p no 0A7 | 19581 1111 [19% MOIST
- 10 LICHT GREY—BROWN
SANDY MUDSTONE
180 1 j
i :




ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG @

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION _104)/2 _ OQOUTCROP NUMBER _B24b
SEAM NAME LOCATION
FORMATION __MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE CHIP SAMPLES
GEOPHYSICALLOG _______ OUTCROP _X
- GEOLOGIST __P.M. '"WATERS DATE

DESCRIPTION

SAMPLE INTERVAL | LITHOLOGY | MOIST ASH V.M, F.C. ] CV. MM, BASIS SP. GR, LITH2LDGY

e _ COVERED

................

s BROWN TO DARK
- 30 | BROWN

: . COALY
= 40 ‘ MUDSTONE

40 33 45,3 0.27 124838 447 |AS REC'D,

139 COAL
39 22 “9 0.28 21T 434 ha% MoIST

AlR i
DRIED

RUSTBROWN
SIDERITIC MUDSTONE

: CoAL
201 ns 2.5 049 16314 2197 |AS REC'D. |

157
0 317 n3 0A9 16233 21,87 [19% MOISY|
AlIR
DRIED

v COVERED

ANALYSIS OF | : 3
COMPOSITE OF F ‘ 171 105 ns k. 1] 0.38 20018 11,54 (AS REC'D. 1.48

SAMPLES T 19 102 2.0 388 037 19660 1122 19% MOIST
W30 AND W31 [~

........




ESSO MINERALS CANADA — COAL DEPARTMENT -

GRAPHIC COAL SEAM LOG

PROPERTY _TUYA RIVER

SEAM NAME

DRILL HOLE OR

NTS LOCATION _104)/2  OQUTCROP NUMBER _%24:

LOCATION

FORMATION MIDDLE MEMBER

ELEVATION

COMMENTS ORIGIN OF LOG: CORE _____ CHIP SAMPLES
GEOPHYSICAL LOG OuUTCROP _ X
1
GEOLOGIST _ P.M. '"WATERS DATE
SAMPLE INTERVAL | LITHOLOGY | MOIST ASH VM FC s cv MM BASIS | SP. GR, LITHOLOGY
_ ' COVESED
. T
s i
BROWN COALY
MUDSTONE
80
|
17.6 419 21.9 188 032 | 9991 4543 |AS REC'D,
70 COAL
' 18.0 41.2 215 1B.3 0.32 | 9823 4470 9% MOIST
w2 80
20
100
L] . TARK BROWN
! L}
10 | AUDSTONE
—— ¥
20 20.1 228 ns 288 0.74 15212 2482 |AS REC'D.
COAL
wx 19.0 229 289 292 0.75 15426 2598 N19% MOIST
30
— 135
© MEDIUM TO DARX
BROWN MUDSTONE
150
60 3.4 155 202 35.9 043 |18177 1697 | AS RECD.
w34 19.0 15.4 0.0 356 0.43 18084 18.85  [19% MOIST] COAL
70
— 180
%0 DARK BROWN
COALY MUDSTONE
200 AND VERY
MLDDY COAL
10
— 218
20 20,3 15,0 205 352 038 | 18141 1641  |AS REC'D.
. COAL
— 20 198.0 15.2 20,0 75.8 038 | 18391 16,56  [19% MOIST
240
50
80
70
e |
! 1 X b
i 1 21.7 5.4 229 200 035 | 11053 3842 |AS RECD WHOLE SEAM
W36 ANALYSIS S 19.0 6.6 237 20.7 038 | 11430 39.74  [19% MOIST SAMPLE
0
I
i ]
B
; :
i i
T
1 H
B
f :




ESSO MINERALS CANADA — COAL DEPARTMENT

GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION __10+J/2 OUTCROP NUMBER __ 82%a
SEAM NAME LOCATION
FORMATION __ MIDDLE MEMBER ELEVATION
COMMENTS B ORIGIN OF LOG: CORE___ _ CHIP SAMPLES
— GEOPHYSICAL LOG OUTCROP __ X
_ _ GEOLOGIST _P.ii, VATER:  DATE -
SAMPLE INTERVAL | LITHOLOGY | MOIST ASH VM. FC. s C.V, MM, B.SIS SP. GR. LITHOLOGY
—_— DARK BROWN
COALY MUDSTONE
0
W23 -16.1 203 30.1 315 0.44 17837 7217 |AT REC'D _ COAL
19.0 198 2.1 12,3 0.43 17028 21,41 [19% MOIST
10
- 20
L | NARK BZOWN
S COALY
. @ I S MUDSTONE
I —
W26 ‘ L
[
] 14.9 290 20.3 30.3 .092 17482 2751 |AS REC'D.]
w24 19.0 237 28.3 29.3 0.87 18635 26.19  N18% MOIST ! coaL
. 80 : ! 4
i — f ~ARK BTN
L 90 :
w25 i C>"LY MUDSTONE
- 100 14.4 ns 3538 25.0 064 | 16921 2:0¢ |3 RICT. : COAL
\ I 19.0 74 347 219 0.61 16022 2457  |13% MOIST| :
110 - t
e DARK BROWN
- 120 o CIALY MUPSTONE
L 130 !
. i
,,,,, | S ARK BROWN
L 140 I S
: CILLY SIDERITIC
"""" T MUDSTOMNE
L 150 —
w26 17.6 32.1 262 24.1 0.69 14008 2505 |AS REC'D, NHOLE SEAM
ANALYSIS [ 19,0 3.8 2.3 236 066 | 13782 3448 flewmolsT ANALYSIS
] i
......... - :
....... A , \
B !
1
R A N
u 5 :




ESSO MINERALS CANADA — COAL DEPARTMENT @
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY _ TUYARIVER _ NTSLOCATION _¥~/. __ OUTCROP NUMBER _22%
SEAM NAME — S LOCATION _ —
FORMATION _ MIDDLE MEMBER R ELEVATION _ . . ...
COMMENTS ~______ ORIGIN OF LOG: CORE CHIP SAMPLES
- - GEOPHYSICALLOG __ ... OUTCROP _X
- I o S GEOLOGIST _P.M, waTERe —  DATE _ _
a DESCRIPTION
SAMPLE INTERVAL | LITHOLOGY | MOIST | ASH V.M, FC. s cV. MM, 1SS | SP. GR. | LITHOLOGY
[ | NARK BRWN
S | COALY MUISTONE
[ 0
- 10
w21 L 160 30.1 e 081 17747 1773 |AS REC'D. | cont
L 4 18.2 305 343 0,82 17986 <735 (3% VIOIST ?
|
o 50 |
" | |
" 70
COVERED
- 80
- 90
- T |
- 74%7,&., —
|
- — --T-———-———-
R
L |
— |
R |
- |
| __+ —— |
" . | |
 Eans o
- — ]
i N
o SEET -
N
,‘I, .
e
L +?
- {l,- .
L —— ,,T.; b ———




ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY TUYA RIVER NTS LOCATION __ 104J/2 OUTCROP NUMBER __ %<7
SEAM NAME LOCATION
FORMATION MIDDLE MEMBER ELEVATION
COMMENTS ORIGIN OF LOG: CORE______ CHIP SAMPLES
GEOPHYSICALLOG____ OUTCROP _ >
B GEOLOGIST __ P.M. ‘A TERS DATE

DESCRIPTION

SAMPLE INTERVAL | LITHOLOGY | MOIST ASH VM, F.C. S cC\V. M.M, B2SIS LITHOLOGY
e GREY TO BROWN
GREY MUDSTONE
: 0
? i 14.8 20.9 .1 0.2 o047 17296 2283 |AS REGC'D. COAL
w18 = 10 19,0 19.8 25 - 28.7 045 16447 21,88  [19% moIST
- 20 P TP
- 30 | : BROWN GREY
Lo MUNSTONE
| a0 i
O R
- 50 _ﬁ_,_L
' : DARK BROWM
"""" COALY MUDSTONE
L. 60 - o
63
! -
L - 14.8 248 27 28.1 0.61 16951 263 A4S REC'D. _ COAL
w1g 19.0 233 Do .7 058 16084 253 19% MMST
78
- 80 - e —
|
A{
—— !
- 90 — DARK BROWN
w22 : - COALY MUDSTOME
L 100 SRS
— 110 R
A ~
‘: .
. 120 ; !
L 130 F
R
- 140 :
L 180
— 180
185
- 170 219 N2 270 0,57 16401 A5 |AS RECD,
- COAL
wao | w20 180 262 29.4 %3 0.53 15508 2834 [19% MOIST
| 190 DARK BROWN
' COALY MUDSTONE
200
344 %8 248 0,43 13913 3738 |AS REKC'D.
b— 210 —
33.0 248 235 0.41 13318 3583 19% MOIST COAL
w21
— 220
| 20 DARK BROWN
COALY MUDSTOME
| 240 !
H LIGHT GREY
- 250 : e MUGSTONE
1 4
- T
w22 ! _[ 17.0 407 78 145 043 11274 4499 |AS REC'D.
S . . 0 -
ANALYSIS | - 1 190 1.7 272 14.0 0,42 11008 41 19% MOIST
| i
,,,,;...‘ ...+.___
N S
]
|, ,t
i i
n | |
¥ i
i |
Bl bt

,,,,,,,,,,,,,,




ESSO MINERALS CANADA — COAL DEPARTMENT
GRAPHIC COAL SEAM LOG

DRILL HOLE OR

PROPERTY _  TUYA RIVER _ NTS LOCATION _104J/2 OUTCROP NUMBER _"62
SEAM NAME LOCATION _ _ . .
FORMATION __ LOWER MEMBER } ELEVATION _ e

COMMENTS ORIGIN OF LOG: CORE______ CHIP SAMPLES

OUTCROP X

GEOPHYSICALLOG

GEOLOGIST ___P.M, WATERS =~ DATE _

DESCRIPTION

SAMPLE INTERVAL MOIST ASH V.M, F.C. s C.v. MM, BASIS LI¥HOLOGY

LITHOLOGY

B6

87

Ba

B9

40

50

60

70

80

90

100

105

110

120

10

140

150

180

170

180

190

200

210

220

230

240

250

260

210

280
285

290

300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

P o

THURS

T FAULT

GLACIAL

TILL

25.0

19.0

14.4

15.8

291

315

315

333

0.30

032

15350

16587

15.72

16.98

2S REC'D,

19% MCIST

153

AlR
CRIED

SHALEY COAL

COAL

DARK BROWY
SHALEY CDAL

DARK GAEY
MUDSTONE

254

19.0

89

9.7

302

328

355

385

0.38

041

17696

193586

9.82

10.72

(S RECD,

9% MIIST

1.47
AlR
DRIED

COAL

2056
18.0

41.8
42,6

20.2
205

175
12.3

0.31
0.32

4531
46,13

AS REC'D.
19% M ZIST

1.86
AlR

nRIED

[
|

SIDERITIC COAL

231

19.0

16.3

17.2

200

316

30.6

322

0.45

047

16617

16984

17.3%

18.30

S REZ'D.

19% M7 IST

1.51

AlR
CRIED

CDAL

FEOWN GREY
MVIUDSTONE

ANALYSIS OF
COMPOSITE OF
SAMPLES A7,
B8 AND B9

238

19.0

201

214

27.0

283

291

30.8

0.37

0.40

14878

15812

21,31

23.31

245 REC'D.

9% MOIST

1.60

Al=R
DRIED




