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Pacific Petroleums Ltd.'s Monkman Coal Project is located in
the southern part of the Peace River coalfield approximately 630 kilometres
by air north-northeast of Vancouver, British Columbia. Coal licences
forming the property are located to cover coal bearing Gates Member and
Gething Formation strata in two principal structural features referred

to as the Duke Mountain Block and the Wapiti Dip Slope.

Pacific Petroleums Ltd. has conducted exploration in the form
of driliing, mapping, aditing and trenching throughout the coal licences
from 1976 to the present, following the negotiation of an option agreement
with Canadian Superior 0il Ltd. and MeIntyre Mines Ltd., signed in 1976.
Pacific completed the requirements within this option in 1978 deriving a
fifty-percent interest in the coal property which covers an area of

34,497 hectares within one hundred and fifty coal licences.

Exploration to date has identified as many as thirteen Gates
Member coal seams and six Gething Formation seams. At the present time
gix of the Gates Member seams located in the Duke Mountain Block are
being explored to determine their economic mining potential. The remaining
seams are usually too thin to be mined although local thicker sections

may be incorporated in the final mining product.



I

o

armm——

The Duke Mountain Block consists of a large and complex

anticlinal Box fold located adjacent to a concentrically folded syncline.

The structures trend in a south easterly direction and are complicated
By a series of thrust faults and smaller scale folds. The Wapiti Dip
Slope consists of a series of large south~easterly trending synclines
located west of the Duke Mountain Block and developed in an en echelon
fashion. The central portion of the Wapiti Dip Slope is affected by a
large scale thrust fault which places older Paleozoic sediments over the

coal bearing Cretaceous and Jurassic strata.

A resource base of 2.8 billion tounnes of coal in place to a
depth of 500 m has been estimated for the property as 2 whole while
reserves, in various categories, of 1.12 billion tonnes of in place coal
have been calculated to a depth of cover of 500 metres in the Duke

Mountain Block. The following table summarizes those reserves:

DUKE MOUNTAIN BLOCK RESERVES

(Million Tomnes)

GATES COAL SEAMS

ARFA ' PROVEN INDICATED INFERRED TOTAL
Duke Pit Area 97.35 ' 97.35
South Duke Area ' 48.61 48.61
Fearless Pit Area 195.00 195.00
Quintette Area 260.57 260.57
Duke Syncline 114,25 114,25
North Boomerang 95.85 95.85
South Boomerang 126.34 126.34
East Boomerang

97.35 243.61 783.73 1,124.69
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Analyses from core and adit bulk samples have shown that the
coal in the Gates Member seams in the Duke Mountain Block is a medium

volatile ceoking coal which can be washed economically to the following

specifications:
Moisture 6%
‘Volatiles 23.5%
Fixed Caxbon 62%
Ash 8.5%
Sulphur 0.5%
F.S.T. 6

Thus it can be seen that the Monkman coal property comntains
large tomnages of an excellent quality coking coal much of which are
contained within geoclogical structures that appear to be amenable to
both surface and underground mining methods. In addition the property
is suitably located to take advantage of infrastructure developments
generated either from the west, at Prince George, B.C. or the north, at

Chetwynd, B.C.



INTRODUCTION

2.1 Location and Means of Access

The Monkman Coal Project is located in the southern part of
the Peace River Coalfield, approximately 630 km by air north-northeast

of Vancouver, British Columbia. Figure II.2-1).

The property is more or less equidistant by all-weather dirt
roads from Beaverlodge, Alberta and Tupper, B.C. which are situated on
the major highway connecting Grande Prairie and Dawson Creek. The
distance from pavement is approximately 125 km to the campsite on the
Kinuseo Falls réad, 1l km west of Stony Lake. A thi;d route, from
Dawson Creek, tﬁe Fellers Heights recad, is alsc passable and is being

improved by the B.C. Ministry of Mines and Petroleum Resources.

2.2 History of Land Tenure

In 1970, McIntyre Mines Ltd. acquired 134 coal licences from
the Government of British Columbia. In 1975, Canadian Superior 0il Ltd.
acquired a 66-2/3% interest in the property, which was reduced to 119
licences. Pacific Petroleums Ltd. entered into an option agreement with
McIntyre and Canadian Superior in 1976 and by the end of 1978 had earned
a 50% interest in the property, the shares of the partners Qeing reduced
to 16-2/3% and 33-1/3% respectively. 1In 1978, 31 licences were added to
the property, bringing the total to 150. The licences cover 34,497 ha,
of which the Duke Mountain Block, currently the centre of attention,

comprises 15,740 ha.
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The groupings in effect for this report are listed in Table
IT.2-1 and are shown on the map in Figure IT.2-2. The uniform date for
submission of assessment work on all the licences is December 16th. The
Administrator for Coal has kindly granted an extension of time for the

preparation of this report.

2.3 Topography

The Monkman property is situated in the inner foothills of the
Rocky Mountains, in an area of rugged topography. The property is
approximately 80 km long, stretching from the southern slopes of Quintette
Mountain in the northwest to the Narraway River south of Nekik Mountain
in the southeast (see Figure IT.2-1). The property is situated on a
dissected belt of highlandé which rises from a valley floor elevation of
950 m at Kinuseo Creek to a maximum of 2250 m on Secus Mountain. The
highlands are cut by seven streams which are, from north to south,
Kinuseo Creek, Fearless Creek, Dokken Creek, the Wapiti River, Red Deer

Cresk, Belcourt Creek and the Narraway River.,

The Duke Mountain Bloek, 17 kn in length and 10 km wide
includes the valleys of Kinuseo, Fearless and Dokken Creeks and Duke and
Duchess Mountains. Its southerly limit is the major river of the area,
the Wapiti. The highest.point is 1791 m, on Duchess Mountain. The
valleys and lower slopes are heavily forested with black spruce and

jackpine. Treeline is at 1400 m above sea level.
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TABLE II.2-}
MONKMAN COAL PROJECT

Groupings as of December 16, 1978

3154,
3160,

3145,

3139,
314e,

313z,

3239,
3261,

3238,
3248,

3233,
32585,

3azs,

3214,
3221,

3213,
Jaas,

3199,
3205,

3183,
3190,

3177,
318z,

3131,
3171,

3047,
3955,
- 3960

3944,
3945,
4521,

3155,
3161,

3148,

3141,
3147,

3133,

3242,
3262,

3240,
3247,

3245,
3256,

3229,

3215,
322z,

3217,
3235,

3200,
3209,

3134,
3198,

3178,
3193,

3166,
317e,

3948,
3956,

3941,
3846,
4522,

Licences

3157,
3162,

3149

3142,
ansi1,

3134,

3258,
3263,

3241,
3249,

3234,
3257

3230,

1216,
3226,

3218,
3238,

3z20z,
3210,

3187,
3201,

N7,
3195,

3167,
3173,

3949,
3957,

3942,
3950,
4523

3158, 3159
3163, 3164

3143, 3144
3152, 3153

3135, 3138

3259, 3260
3264

3243, 3244
3250, 3251

3248, 3254

3231, 3232

3219, 3220
3227, 3252

3223, 3224
3237, 3253

3203, 3204
32, 3212

3183, 3189
3206, 3207

3180, 3181
3196, 3197

3168, 3170
3174

3953, 3954,
3958, 3959,

3941, 3944,
3951, 3982,

* Groups A & B are under
application and have not
been confirmed.

Individual Licences

3936
3937
3938
3939
4518
4519
4520

Work Acreage

740
743
186
370
374
374
747

Work Acreage

" 5582
2235

5222
2242

4796
5531

3883
1815

7387
511
5176
5182
7036

5013

7041

6650
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2.4 Exploration History

The Monkman area was mapped in the course of a regional study
by the Geological Survey of Canada and reported on by Stott in 1968. 1In
1970, McIntyre Mines Ltd., sent in a small prospecting crew to examine
the area for coal and initial licences were acquired. McIntyre carried
out trenching and geological reconnaissance in 1973, then, in 1975,
turned over.the exploration work to Canadian Superior, which completed
a program of three diamond drill holes. Pacific took over management of
the project in 1976 and drilled twelve diamond drill holes in addition
to mapping and hand-trenching. The program continued in 1977 when eight
holes were drilled in the Duke Mountain Block, which was mapped in some

detail. A major program of 24 diamond drill holes, 22 hammer holes and

_two adits was carried out on the Duke Mountain Block in 1978, as well as

six diamond drill holes on the remainder of the property.
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1978 EXPLORATTION PROGRAM

3.1 Objectives

The objectives of the 1978 program were:

1)

2)

3)

4)

3)

To delineate the extent of strip and underground

coal reserves on the Duke Mountain Block,

To evaluate the coal quality, washability and coking
characteristics of major seams in the Gates Mewmber.
Adit driveage and bulk sampling had been planned in the
B3, B4 and B9 seams.

To carry out envirommental and engineering studies to
meet the British Columbia Govermment's Stage I submission

requirements.

To complete detail mapping of those areas of the property

that contain high volatile bituminous coal.

To further delineate, by drilling, the development and
quality of coal seams in the Gates Member which are found

along the Wapiti Dip Slope.
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3.2 Field Camp and Ancillary Services

" The 1978 program commenced on May 23rd. A 50 man Nodwell Bros.
, wheeled camp was set up at 93~-I-~15, d-68-B on the south side of the

Kinuseo Falls Road. The camp remained on site until all work was complete

and all equipment was removed on October 23rd.

Table II.3-1 on the following page lists the temporary and
permanent personnel employed to carry out the field work and subsequent
office compilation. A total of 17 technical- and support staff supervised
the field work and analyzed the data. A list of all contractors who
provided services for all aspects of the work is shown on Table II.3-2.
Details of their contributions are described in subsequent sections of

this report.

The catering staff was provided by a local firm, Via Delle
Camp Catering, while Pacific Petroleums Ltd. provided all supplies.
This arrangement proved more efficient with lower total costs than by

contract catering services.

Helicopter support for all phases of the work was provided by
Liftair International of Calgary, with other chartered aircraft companies
being employed when necessary. Hughes 500C and Bell 206B machines were
employed for personnel movement and light 1lifting duties while Bell 2054

and Sikorsky S58T aircraft carried out drill rig moves.

Four-wheel drive wehicles were leased in Calgary and Grande
Prairie to provide light all-weather transport. Access to the areas
with more hazardous terrain was provided by a leased Kéx6 Hillbrand
A.T.V. Maintenance problems were encountered with the latter machine

which seriously affected its utilization.
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TABLE T1.3-1

LIST OF PERSONNEL EMPLOYED

Qffice Staff

Y. Wright

A. Smith

E. Bienia

J. Proudlock
L. Reid

G. Speed

J. Allen

€. Kinton

M. E. Kassam
E. Topacio

A, Yancie

Field Staff

Permanent

L.
A.
P.
J.
A
B.

A. Swmith

E. Bienia

J. Proudlock
L. Reid

G. Speed
Balabas

- Temgorary

D.
K.
c.

E. Bell
LaDouceur
Reidiger
Samson
Tymofichuk
Shankel

E. Scorgie
Lokhorst
Douglas

Chief Geologist

Senior Geologist
Geologist

Geologist

Geologist

Engineering Supervisor
Senior Mining Engineer
Senior Landman

Clerk

Draftsman

Secretary

Senior Geologist
Geologist

Geologist

Geologist

Engineering Supervisor

Senior Technician

Geologist
Assistant
Assistant
Assistant
Assistant
Assistant
Operator

Labourer

Camp Manager
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1IST OF CONTRACTORS AND SERVICES

A & B Contractors

Target Tunmelling

Airecraft Charter

Associated Helicopters

Kenting Helicopters

Highland Helicopters

Liftair Intermational

Pacific Petroleums Ltd.

Okanagan Helicopters

Camp and Catering

Nodwell Bros.

T.. I. Adam Contractors

Sprung Instant Structures

Via Delle Camp Catering

Coal Quality Studies

Birtley Coal and Mineral Testing

Cascade Coal Petrography

Energy Mines and Resources

Loring Laboratories

Roke 0il Enterprises

Calgary
Calgary

Edmonton
Calgary
Chetwynd
Calgary
Calgary

Kelowna

Calgary
Calgary
Calgary
Hythe

Calgary
Calgary
Qttawa

Calgary
Calgary
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TABLE II.3-2 (cont'd.)

Consultants

IEC Ltd.

G. R. Jordan Consultants
Majury and Hardcastle Ltd.
Teckman Ltd.

Drilling

D. W. Coates Enterprises

Interior Water Wells

Mapping Services

McElhanney Surveying
R. M. Hardy and Associates

Miscellaneous Services

Bagni Drafting

Beaver General I.G.A.

E. G. Whalley & Sons
Fosters Feed and Seed
Lodge Lumber

Kinnear Drafting

Northern Metallic

Northern Restaurant Service
Silljer Enterprises
Sorenson Drafting

Windsor Ford

- 14 -

Richmond
Calgary
Calgary
Calgary

Richmond

Prince George

Vancouver

Vancouver

Calgary
Beaverlodge
Vancouver
Beaverlodge

Beaverlodge

- Calgary

Grande Prairie
Edmonton
Grande Prairie
Calgary

Grande Prairie



" TABLE IL.3-2 (cont'd.)

! Rentals

r Bowmae Truck Rentals

Hillbrande Industyries

L Road Construction and Maintenance

L Grizzly Valley Contractors
Hackwell Constructions
L. I. Adam Contractors

Tompkins Contractors
Trucking

i Dakota Contracting
- Edgar and Sissell
P Gangster Transfer
L. I. Adam Contractors
; Overland Towing

Wally's Trucking

- 15 -

Grande Prairie

Edmonton

Grande Prairie
Grande Prairie
Grande Prairie

Fort St. Johm

Grande Prairie
Grande Prairie
Grande Prairie
Grande Prairie
Calgéry

Grande Prairie
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McElhanney Surveying produced a new set of aerial photographs
for the Duke Mountain Bleock. This survey was flown on September 12,

1978, producing photographs at a scale of 1:40,000.

3.5 Geological Mapping

The 1978 exploration program included extensive geological
mapping in the Onion Syncline, Wapiti Dip Siope, Belcourt, Secus, Nekik
and Saxon Extension areas at a scale of 1:5000. The mapping and subsequent
interpretation were carried out by Pacific's staff and the interpretation
was done with substantial assistance from G. R. Jordan Consulting Services
Ltd.

The mapping employed the chain and portable map ‘table method
and was, carried out b& a number of two-man crews. All field observatioms
were plotted directly on 1:5000 scale indexed map cards. The information
was then transferred onto 1:5000 scale base maps. The results of the

geologic mapping are described in Part 4 of this wolume.

3.6 Diamond Drilling

-~
D. W. Coates Enterprises Ltd. o% Richmond, B.C. provided a

Longyear Super 38 and a Longyear 44 drill for the diamond drill coring
program. HQ wireline core was extracted using a standard Longyear core
barrel. The program started on June 10, 1978 with one drill, and the
second drill joined the program on June l6th. A total of 16 holes were
drilled in Gates Member and Gething Formation strata on Duke Mountain.
Fifteen of these holes were located on the east facing dip slope of Duke
Mountain. One hole was drilled on the east side of the Duke Syncline.

A further eight holes were drilled on Duchess Mountain. Road access was

provided to all of these drillsirtes.
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Location Li- Elova- clinn-
(N.T.5.) Ccenco tlon tion

. (Y] )

93-1-15, c-59-D 3227 991.96 =90
93«15, a-50-D 3227 1021.43 =90
93-1-15, c-b0-D 3227 1022.37 =00
93-1-15, d-30-D 3226 1238.60 =90
93-1-15, c-29-B 3226 1245.94 =90
93-1-15, 0-29-D 3226 1301.76 -0
93~1-15, c~21-C 3239 1404.12 =90
93«1~15, c=20-D 3225 1466.01 =90
93-1-15, d-11-C 3235 1552.90 =90
93-1-15, a-13-D 3946  1575.50 =00
93-I-15, b-18-D 3224  1558.82 =90
93-1-15, 4-50-B 3227 1003.56 -850
93-1-15, c-18-B 3946 1439.48 =90
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93-1-10, b-74-J 3192 1642.62 -90
93-1-18, d-7-B 3224 143712 -90
93-1-15, 4-29-B 3226 1194.02 ~90
93-1-15, e-50-1 3227  1012.45 -90
93-1-8, ¢c-20-F 3142 1440 ~90
93-I-8, b-96-C 3138 1609.5 -72
93-1-8, a~-61-0 3148 1495 =65
93-1-8, c-28-L 3160 1550 =70
93-1-10, d-q6-A 3172 1130 =70
$3-1-10, e-55-A 1205 =70

bi-
roc-

tion
&

050
o050
050
050

050

TADLE T1,3-3

SUMMARY OF DIAMOND DRILL 110LE DATA

Dapth
{m)

'267.0
356. 5
332.3
A01.0
268.0
366.9
208.2
175.9
239.9
239,9
227.7
357.5
200.4
288.6
382.0

404.5

150,2

300.8
232.5
398.0
335.9
439.5
302.3
261.2
346.6
387.4
459.3
428.0
200.0

303.0

Core
Slao
nn
1Q
1o
iy
]
i}
Hq
"
1y
m
119
119
1
1
(5]
e
iQ
19

h
N
1

Over- Casing Geophysienl Logging Program
burden Left Cal./Bens. FoB. L, G.LUN. Devia-
{m) (m) () {m) T{my tlon m
35.3 3.5 1-265.0 35.5-265.0 0-265.0 -
30.8 a 0-350.5 31.2-350.5' 0-351.5 50-3419
21.3 21.3 0-330.0 182.5-331.0 0-33%:.0 10-329
3.4 2.7 0-400.0 3.5-400.0 0-400.0 50-398
26.5 25.0 0-265.5 25-265.5 0-265,5 10-260
3.7 3.0 0-365.0 51.2-366.0 0-566.0 55-365
2.1 8,2 0-206,0 51.3-2006.0 0-206.0 11-200
4.6 4.0 0-171.0 47.0-171.0 0-170.5 -
5.3 8.2 0-237.5 7.5-237.5 0-238.0 20-235
4.6 7.3 0-59,0 25.0-142.0 0-142.0 -

4.1 4.3 -225.5 50.0-226.0 0-226.90 10-225
83.5 2.7 0-256.0 B3.0-256.0 0-256.0 10g-250
G.1 6.1 0-207.0 6,0-207.0 0-208.0 15-200
3.7 3.7 Q-284.0 30.0-284.0 0-284.0 10-280
3.8 3.0 0-380.0 50.0-3R0.0 0-380.0 25-375
1.0 3.7 .0-400.0 24,0-400.0 0-400.0 25-400

S 8;2 i 6.7 0-447.5 30.0-447.5 0-448.0 50-445
11.0 10.7 (-299. 0 28.0-299.0 0-300.0 25-275
22.8 22.9 0-220.0 22.0-222,0 0-22i.ﬂ. 25-220

4.2 7.3 0-383.5 33.0-384.0 0-384.0 25-380
5.4 5,2 0-335.0 B6.0-334.0 0-335.0 25-335
3.2 1.5 0-437.0 0-437.0 0;437.0 25-435
B.2 7.6 0-390.0 8-350,0 0=-390.0 25-390
80.8 0 G0.0-258.5  B80.0-259,0 80.0.259,0 25-250
21,1 18.9 - - - -

3.2 1.8 0-381.5 - 0-382.0 25-375
5.5 9.8 0-456.0 0-456.0 0-456.0 25-450
5.5 5.2 n-427.5 - N=428.0 25-425
30,0 13.7 - - - -
2.0 I2.6 -302.5 32.;-393.0 0-392.5 25-300

4]

!

Complo~  Roclama-

tion tion
Propram Progrom

2 1,2,3

2,4 1,2,3

2 1,2,3

2,4 1,2,3

2 1,2,3

2 1,2,3

2 1,2,3

2 1,2,3

2 1,2,3,

2 1,2,3

2 1,2,3 !

=

1,2 1,2,3 0
2 1,2,3 l
2 1,2,3

2 1,2,3

2 1,2,3

2 1,2;3

2 1,2,3

2,3 1,2,3

2 1,2,3

2 1,2,3

2 1,2,3

2 . 1,2,3

1 1,2,3

2 1

2 1

2 1

2,34 1

2 1,2

2 1,2
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In late August the Super 38 was converted for airborne rig
moyes, and commenced drilling on the extreme southern part of the
property. In September the 44 rig was moved to the Red Deer Creek area
By Bulldozer. It was subsequently serviced by helicopter amd by the
Hillbrand. The locations of these drill holes are shown on Figure II.3-1.

A total of 9644.6 m were completed by diamond drilling in 30

holes for an average depth of 321.5 m per drill hole. The average core

recovery, in coal, was 74%.

3.7 Rotary Drilling

Interior Water Wells of Prince George provided a THAQ Sanderson
Cyclone trucl-mounted drill rié for the rotary drilling program. Six -
inch casing was hammered into bedrock and the holes were drilled open
from that point. The maximum depth drilled by this method was 200

metres.

A total of 22 rotary holes was completed. Several of these
holes were used to locate seam outcrops for adit locations, while others
supplied stratigraphic data in proposed pit and adjacent areas. No
attempt was made to use these holes to obtain coal quality data. Geophysical
logging was the only form of testing carried out, The cost of drilling
using this technique was under $32.20/metre. It should be noted that
some difficulties were experienced with driving casing through overburden.
Another problem resulted from a lack of hammer bits which necessitated’
drilling with rock bits in very hard sandstone. fhe costs of materials

for this rock-bit drilling were thus higher than anticipated.



jlole

No.
MOl 78-01
Mol 78-02
Ml 78-03

MOl 78-04

MIEL 78-05
Ml 78-06
MbH 78-07

Y 78-08  Y93-1-15, a-69-B
o 78-08

MDIL 78-09

M1 78-10,

MOl 78-31

ML 78-32

Ml 78-13

MOt 78-14
MY 78-15

MUIL 7B-1S
Mt 78-16
MUl 76-17

" it 78-18
M 78-19
M 78-20

MOH 78-21
(MDD *24)

MO 78-22

Location Li- Eleva-

(N.T.5.) cence tion_ Depth

() {m)

93-1-15, b-40-3 3226 1447.78 48.9
93-1-15, ¢-40-B 3226 1151.36 30,5
93-1-15, c-40-B 3226 1151.27 28,4
93-1-15, c-40-8 3ﬁ26 1150,28 12,2
92-1-15, c-40-B 3226 1149.23 36.0
93-1-15, d-68-01 3232 995,96 182.8
93-1-15, c-80-B ° 3&552\ 093,49 1830

o 31233 996.28 o

info
93-1-15, c-68-B 5232 g0g.%8  182.9
93-1-15, 4-68-B 3232 997.40 7.2
93-§~15, b-66-B 3232 1016.06 184.0

93-1-15, c=50-8 3227 1009.84 no
info
93-1-15, ¢-9-B 3225 1609.27 177:2
92-1-15, a-20-B 3225 1508.26 184.4
93-I-15, a-30-B 3226 1372.82  183.0
93-1-1¢, c-74-J 3199 1512.88 103.6
03-I-10, e-74-J 3199  1518.95 4.5
93-1-10, b-84-J 3944  1490.10 63.4
92-1-10, a-85-J 3203 1476.17 39.6
92-1-10, 8-85-J 3203 1445+/- 1522
92-1-10, a-B5-J 3203 1522,02 7.2
93-1-15, ¢-50-8 3227 1412.45°  63.3
93-1-15, e-74-C 3246 976,01 183,0

fieclamation Program:

SUMMARY OF ROTARY DRILL HOLE DATA

TASLE I1.3-4

llole
Size
(mmi

152

152

152 .

152

152
152
152

152
152
152

152

152 °

152
152
152
152
152
152
<152
152
152

152

152

Over- Caslng Geophysical Logging Program (intexval in m) Reclomation
burden  Left M%m Frograin
{m) (m}
2.25 11.7 0-47.5 11.7-48,9 0-48.5 run 1,2,3
1.60 1.6 ;  0-29.0 - 0-29.5 - 1,2,3
1.50 5.0 0.-23.3 - 0-23.5 - 1,2,3
o
info - - - - - 1,%,3
3.00 3.0 0-35.5 - 0-36.0 - 1,2,3
25.9 25.0 0-180.0 25-156.0 @-181.0 run 1,2,.3
6.3 6.2 0-153.0 - - - 1,2,3
- - - - - - 1,2,3
30.5 30.5 0-182.0 - 0-182,0 - 1,2,3
30.0 30.0 unissing - 0.77.5 - 1,2,3
27.4 27.2 0-182.5 - 0-183.0 - 1,2,3
ap no
anly info - - 0-183,0 - 1,2,3
5.5 5.5 0-176.8 - 0-177.0 - 1,2,3
9.0 9.0 Q-175.0 » 0-175.0 - 1,2,3
23,0 23,0 0-181.5 23,0-159.0 0-182,0 - 1,2,3
1.8 1.8 0-100.5 14.0-102.0  0-102.% - 1,2,3
1.8 1.8 0-892,5 - - - 1,2,
2.5 2.5 0.57.5 - - - 1,2,3
0.8 0.8 0-37.0 - 0-37.0 - 1,2,3
0.0 . 0.0 0-12,5 - - - 1,2,3
0.6 . 0.6 0-74.5 43,0-74,5 - - X 1,2,3
Bo. 92 61.6 Cal. only ’
0-63.0 - - run 1,2,3
23 2.3 01740 2,3-175.0  0-175.0 - 1,2,3

cross ditchod, site and rond sceded ond fertidlzed

1-Littor yomovod; 2-trees slashed and sito lovelled; 3-pccoss road

—..'[z_
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3.8 Bulk Sampling

Two adits were driven on the Duke Mountain Block; Adit 1 on
Duke Mountain and Adit 2 on Duchess Mountain., A & B Contractors of
Calgary carried out the adit driveage and subsequent bulk sampling.
That company commenced work on July 30th and terminated in late August.
The average driveage was six metres in coal and 2.5 metres in rock per
shift. Doubts as to the quality of the first bulk sample resulted iﬁ

the hiring of Target Tunnelling Ltd. to resample Adit 1 in September.

3.9 Trenching

No trenches were dug in 1973, however numerous coal seams were
exposed by the roadbuilding program. It is expected that these outerops

will be mapped, trenched and sampled in 1979,

3.10 Coal Quality Studies

Coal quality studies were carried out on the cores and on
channel and bulk samples collected in the adits. The objectives of

these studies were to determine from the cores and the bulk samples raw

and washed coal characteristics for each seam, as well as coking characteristics.

These studies are discussed in some detail in Section 6.
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3.11 Cost Breakdown and Application of Work Cradit

Table IT.3-5 shown on the following page gives the total cost
hreakdown per licence group. It should be noted that no work was done
on Group C since these licences were not granted until the completion of

the £ield season.

Total expenditures on the project in 1978 were $2,094,537.06.
Drilling and geological mapping were carried out on the Wapiti Dip Slope
and Saxon Syncline areas in order to improve the knowledge of the Monkman

Coal property as a whole.

3.12 Reclamation

The reclamation work was carried out under the supervision of
International Envirommental Consultants Ltd. Their report, entitled:
"A Report on Reclamation of Coal Exploration on the Duke Mountain Block

of the Monkman Coal Project in 1978" is presented as a separate volume.




" TMLE 1f.3-5
HOHKMAR COAL FROJECT
1978 COSY BREAXDOUN

SUBFEATLRE 290 300 304 306 s 410 437 419 440 459 460 490 502 51§ 53} 572 HiH (11} 655 1978
1TEH LOCATION GEQPHYSICAL QUTSIOE CONSUMABLE  OTIER AIRCAAFT RENTAL CREDITS
SUAVEYING  COSTS LOCGELG CAP  LADDBR _ DRILLING  ASSAYING AIFS  COHSULTERG HATERIALS  SERVICES  CHARTER LABOUR _ TRAVEL _ FREIGIN EQP, _COMMUMICATIONS IMSURANCE _ ADMUN. 78 YOTALS ACREAGE  §/ACRE

GROUP 66  12000.00 0.00  2620.00  J1000.00 1000.00  arrio.00  2500.00 400  §000.00 100000 400,00  21000.00 10000.40  J100.00  95%00.00  |5000.84 2300.00 64,00 1330000 144594.8¢ 6502 25.90
&7 1300.00 0.00  2793,00 §500.00 1000.00  29100.00  S0G0.00 Q.00 e .00 0,00  13000.00 000,00  200.00  (000.00  2000.00 0.80 .00 50.00 669N 2235 kL s Iy

68 11220.00 0.03  2115.00 6000.00 100Q.00  22000.00  4300.00 0.00 B000.00 600,00 500,00  26000.00 15000.00  [200.00 910,00 15008.00 4836.52 TIS.00  15000.00 139894.52 5222 26,03

[ 4815.00 0.00 2u47.00 §500.00 1000.00  24405.00  5000.00 0.00  2000,08 290.00 123300 13200.00 $000.00  472.00  )000.00 0.00 0.00 0,00 350,00 69405.00 2242 30.56

163 1075.00 5000.00  1268.00 606,00 1100.00  13185.00 10000.00 0,00 4500.00  112:0.481 0.e0  14500.00 17300.00 600,00 1000,00  2000.00 0.00 0.00 6600.00  95748.81 4M96 0.1

164 2150.04  5000.00  1115.00  11000,00 1700.00 5925.00  5000.00 0.0 10000,08  14000,00 0.60  19500.00 14700,00  [000.00 1000&.00  £000,00 Q.00 0.00  10200.00 117290.00 551 2121

165 0.00 500G.06  1335.00 1000.00 242,85 7090.0¢  10000.00 0.00  1200.00  10000.00 0.00  10000.00  15000.00 2000.00  10000.00 405.00 .04 0.00  10000.00  B377.85 3303 2t.47

166 0.00  5182.00  18%0.00 1503.53 0,00 20032.00 15000.00 GO0 3000.00 003,00 0.a0 184238 5000.00 100,00 2141 1000.00 0.00 0.00 1000.00  €0067.78 1815 3310

167 0.00 1200.5) 20412.00 400.00 .00 [92441.00  §0999.61  JN206.43  1500.00 .0 0.00 4000.00 2684.00 0.00  4000.00  1000.00 G.00 0.00 2162.00  279506.6) 7387 3161

168 0.00  1500.00  100S0.00 2600.00 0.00  93365.00  10000.00 0.00  1500.00 0.co 0.00 4000.00 2844.00 0.00  1000.00  1004.00 0.00 0.00 162,00 13006100 511 25.15

169 0.00  1500.00  6190.00 1004.00 .00 58276.00 22974.00 11206.49  1500.00 0.00 - 0.00 3040.00 240411 900.00  1000.00  1000.00 0.00 0.00 162.00  133192.60 5176 251

170 11135.00 .00  S005.00  110600.00 0,00  §3000.00  S00Q.00 0.00  4000.00  13000.00 500,00  17000.00  15600.00  320.00  2000.00  21000.00 3000,00 .00 201.95  151750.95 5162 .21

m 1512500 0.00  5NLOD  14000.00 d.00  S5402.00  4300.00 0.00 $000.00 1090.00 0.00  \E000.00  20000.00 4055.35  5040.00 23000.00 5000.00 352.00  12800.00 198755.35 }036 20,25

1z 10rs0.00 0.00  3626.00  1lo00.00 0.c0  3172k.00  2004.00 0,00 ¥2000.00 2000.00 1000,45  23000.00 4000.00  1000.00  1000.00  22000.0d 1000.00 0.00 4000.00  146093.45 5013 2804

A 10750.00  7040.00 400 40263.71  1K0.00 0.00 0.00 0.00 1000000 5009,00 0.00 9000.00  15000.00 0.C0  91%0.00  2000.00 2226.00 0,00  15000.00 l28429.11 1Ml 17,36

2 10750.00  8O00O,G0  3508.30  12135.00 1000.00  35525.55  2845.00 0.00 0.00 o.00 0.00  14000.00 5000.00  $000.00  2000.00  3000.00 0.00 0.00 5419.00  104752.85 6650 | 15.75

c tao 0.00 0.00 .0 0.00 0.00 0.00 0.00 004 0.00 '0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 200 0.00 M55 9,00

LIC. 3938 mLn 0.00 0.00 6458.29 4.00 0.0 0.00 0.00 0.00 0.00 0.00 300000 1000.00 0.00 0.00 0.00 .00 .o 400,00  J2580.00 740 11.04

kA 1100.00 0.00 0.00 6448.,00 0.00 0.00 0.09 0,00 0.00 0.00 0.00 3000.00 1094.00 0.00 0.00 000 0.09 0.00 f00.00  I2648.00 ML 1107

938 435.00 .00 g.0a 100,00 0.0d 0,00 0.00 0.00 0,00 0.00 0.00 20104.00 500,00 a.00 .40 0.00 Q.00 2.00 300,00 J395.00 186 18,25

3913 195.00 0.0 0.00 1695.00 0.00 0.00 0.00 18] 0.0¢ 0.00 0.00 3000.00 500,00 0.00 0.00 0.00 0.00 0.00 100.00 62%0.00 370 17.00

TOTAL SI7UL.TL 39682.51  J2170.30  1S6501.53 934185  €HGSA9.55 TM49I6.61 G2412.90 TOME.T4  BGI0N.01 38145 21[048.78 15615211 16147.35 S9271.4Y  115495.84 18962.52 NI.00  J00606.95 2094512.06

_{72.—
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GEOLOGY

4.1 Regional Geology and Structural Setting

The Monkman coal property is located in the Rocky Mountain
Foothills coal belt of northeasternm British Columbia. This portion of
the foothills strata has been subjected to extensive exploration for
coal, oil and gas during the last decade and, in fact, is one of the
major coking coal prospects, on a world-wide basis, which has been

evaluated during that time span.

The foothills strata were deposited during Jurassic and Cretaceous
times when a shallow sea existed between the eastern stable shelf area
and the actively developing uplift areas of central British Columbia.
Clastic sediments from the erosion of the western highlands were trans-
ported eastward by streams and river and deposited over older marine
sediments, possibly %p an extensive deltaic enviromment, at the margins
of the uplift area. Large accumulations of plant debris formed in this
region at that time between phases of deposition of the continentzal
clastic sediments. This trend of sedimentation was interrupted from
time to time by periods of subsidence which allowed transgression of the

continental sediments.

The most significant coal accumulations are found in continental
clastic sediments of the upper Minnes Group to Gething Formation and the
Gates Member of the Commotion Formation. These two phases of continental
sedimentation overlie older marine sediments and are separated by the
marine deposits of the Moosebar Sea, with another marine cycle being
represented by the Hulcross sediments at the top of the coal-bearing

sequence.
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4.2 Stratigraphy

4,.2.1 General Statement

The Monkman coal property lies within the tectonically
disturbed Foothills strata of northeastern British Columbia. The
property contains the clastic sediments and coal seams of the Lower
Cretacecus Minnes, Bullhead, and Ft. St. John Groups, as shown on the

gstratigraphic column included as Table IIl.4-1.

The Minnes Group forms the base of the geological section
within the Monkman coal property. Overlying the Minmes Group are the
Cadomin, Gething, Moosebar and Commotion Formations, with an erocded
section of Shafteshury Formation 1lying at the top of the sequence. The
Commotion Formation includes the Gates, Hulcross and Boulder Creek

Members.

The Gething Formation and the Gates Member of the Commotion

Formation are the principal coal-bearing units on the property.

4.2.2 Minnes Group (Nikanassin Formation)

An incomplete section of Minnmes Group strata is exposed at
various locations on the Monkman coal property. Erosion has exposed at
least 1000 metres of the Minnes Group section which is kuown to have a

total thickness of approximately 2000 metres in this area.

Although the Minnes Group is a coal-bearing sequence of strata,
very little exploration work has been carried out to define the nature
of this stratigraphic unit on the Monkman coal property. More information
will be required concerning the numerous coal seams within the Minnes

Group before their economic significance can be assessed.
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TABLE IT 4-1

STRATIGRAPHIC COLUMN

PERIOD

" GROUP

FORMATION

LITHOLOGY

UNIT
THICK'N

(m)

*

LOWER CRETACEOTUS

Fort

St.

John

Shaftesbury

Dark grey marine mudstone; sid-
eritic concretions; some sand-—
stone grading to silty dark grey
marine mudstone and siltstone

in lower parti minor congomer-—
ate at base.

+ 250

Boulder
"Creck

Fine to coarse nommarine sand-
stone; mudstone, carbonaceous
claystone, and conglomerate;
few thin ceoal seams towards
base.

+ 200

Huleross
Member

Dark grey marine mudstone inter-—
layered with fine-grained sand-

stone and siltstone; gradation-

al change to nonmarine mollusc-

bearing sandstone & mudstone in

South. ’

10-70

Gates

Fine to coarse nommarine sand-
stone} conglomerate, major coal
seams, siltstone, and mudstone.

290

Moosebar

Dark grey marine mudstone with
sideritic concretions in the
lower portion; gradational in-
crease in sandstone and silt-
stone at top: base defined by
Kaolinitic beds.

120

Bluesky

Glauconitic fine-grained sand-
stone, varying locally to
glauconitic cobble—-conglomerate.

0.10

Bullhead

Gething

Fine to coarse brown sandstone,
coal, carbonaceous mudstone and
conglomerate.

165

Cadomin

Massive counglomerate containing
chert and quartzite pebbles
interbedded with quartzose sand-
stone.

40

Minnes

Nikanassin

Conglomerate, carbomaceous, clay-
claystone, thin-bedded grey and
brown sandstone; contains mmer-
ous coal seams.

+2000
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The Minnes Group as a whole consists of coarse-grained continental
sandstones and conglomerates iInterbedded with abundant plant-bearing '
siltstones, carbonacecus mudstones, and coal seams throughout the upper
two—thirds of the sequence. The lower third of the Minnes Group section
includes an increasing abundance of marine bioturbated sandstones and

marine mudstones.

4.2.3 Cadomin Formation

The Cadomin Formation is the oldest fully-exposed formation
on the Monkman coal property. This formation is approximately 40 metres
thick and unconformably overlies the Minnes Group strata. The'lithology
of the Cadomin Formation consists of conglomerate interbedded with
coarse-grained quaftzose sandstones. The conglomerate contains clasts
of chert and quartzite ranging in size from 1 to 20 centimetres included
within a sandstone matrix. The, sandstone matrix and the intraformationai
sandstone beds and lenses appear to be similar lithologically to the

clasts, consisting mainly of chert and quartz grains.

The Cadomin Formation forms a pronounced topographic expression
since-it is especially resistant to erosion. As a result, this unit has <
been utilized in aerial photograph interpretation to define geological
structures that occur within the Monkman coal property. The formation

is usually 40 metres thick on the property.

4.2.4 Gething Formation

The usually non-marine sedimentary rocks of the Gething Formation
conformably overlie the Cadomin Formation. The approximate thickness of
the Gething Formation is 165 metres on the Monkman coal property. The
formation consists of brown-weathering calcareous lithic sandstone
ranging from fine to coarse in grain size, interbedded with conglomerate,

siltstone, mudstone, and claystone.
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Several coal seams of economic: thickness occcur within the
Gething Formation. Limitations of time have not allowed a complete
evaluation of the economic potential of these coal seams. Information
to date indicates that although these seams have superior coking
characteristics, the seam thicknesses are usually significantly less

than those-of the principal coal seams of the Gates Member.

The most prominent coal-bearing horizon of the Gething Formation
appears to be consistently present near the top of the formation and may
be a time-stratigraphic equivalent of the Bird Seam found on coal
properties near the Sukunka River. It is noteworthy that in other areas
of the Peace River coalfield this seam is characterized by sulphur
values ranging from 1.5 to 3 percent. The percentage of sulphur on the
Duke Mountain Block is considerably less., These low sulphur values

appear to be caused by the presence of a thick unit of conglomerate

_immediately overlying the seam in this area, which has protected the

_coal from marine influences during the transgression of the Moosebar

Sea.
Considering the preliminary results of coal quality testing of
the Gething Formation coal seams from the Duke Mountain Block, a thorough

evaluation of their economic potential will be necessary.

4,2.5 Moosebar Formation

The Gething Formation ié overlain by the marine Bluesky and
Moosebar Formations. The poorly-developed Bluesky Formation consists of
approximately 10 centimetres of glauconitic conglomerate overlying the
non—glauconitic conglomerate and sandstone of the Gething formatiom.
The Bluesky formation is abruptly overlain by the dark grey mudstone of

the Moosebar Formatiom.
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The lower third of the Moosebar Formation consists of a
monotonous sequence of recessive dark grey marine mudstone containing
sideritic concretions. The upper two-thirds of the Moosebar Foimation
are characterized by increasing amounts of interbedded siltstone and
sandstone as the gradational contact with the overlying non-marine
Commotion Formation is approached. These two units of the Moosebar
Formation have been given member status on the Monkman coal property and
are termed the Lower and Upper Moosebar Members respectively. The
contact between the two members is defined by a pair of closely spaced
thin beds of white kaolinite, which are easily recognizable on geophysical

logs and in drill core. .

An additional pair of white kaolinitic beds, each about 20 cm
thick, is found within the Lower Moosebar Member near the contact with
the Bluesky Formation. The lower bed lies about 20 cm above that glaucomitic

formation and the upper bed is located a further 20 cm up the sectiom.

As a whole, the Moosebar Formation is about 120 metres thick

on the Monkman Coal property.

4,2.6 > Commotion Formation

The Commotion Formation contains the coal seams of prineipal
economic interest on the Monkman coal property. This formation has been
divided into three members, these being the coal-bearing Gates Member,
the marine Hulcross Member, and the non-marine Boulder Creek Member.

The total formation is about 560 metres thick, and the thickness of the
Gates, Huleross, and Boulder Creek Members are 290 metres, 70 metres,

and about 200 metres respectively.
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4,2,7 Gates Member

Thé Gates Member is the principal coal-bearing unit of strata
on the Monkman coal property. This member consists of brown-weathering
sandstone inte%ﬁedded with mudstone, siltstone, conglomerate and coal
seams, The coal seams have been numbered from 1 to 13 with the first

coal seam lying near the base of the member.

The basal unit of the Gates Member is a resistant, massive
sandstone referred to as the "Torrens Member'". This unit is approximately
25 metres thick and conformably overlies the interbedded mudstone,
siltstone, and sandstone of the Upper Moosebar Member. The "Torrens
Member" is an especially distinct unit which has been mapped consistently
throughout the Foothills coal belt of northeastern British Columbia and

now warrants member status within a redefined Gates Formation.

The upper contact of the ‘Gates Member with the Hulcross Member
is a thin argillaceous pebble-conglomerate bed from 0.l metres to 0.3

metres in thickness.

Due to the economic significance of this member particular
attention has been paid to the correlation of the various intramember
beds. The methods employed to achieve this correlation have included a
detailed interpretation and comparison of wvarious geophysical logs as

well as complementary investigations of core hole data.
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Fof correlation purposes and investigation of derailed
lithofacies enviromments, gamma ray and neutron as well as density
geophysical logs show extremely reliable patterns which "fingerprint"
various beds within the €ates Member. The stratigraphic correlation’
chart, Figure II.4-9, 1llustrates these features. It should be noted
that this correlation includes drillholes from the north of the property

to its southern extremity.

The detailed investigation has shown that although several of
the coal seams tend to split or cocalesce from the northern end of the
property to the south, most'of the interseam units maintain consistent
patteins, i.e. although the thicknesses change, the detailed nature of
the lithologies tend to be consistent. Two horizons in particular have
been found which show significant and rapild facies variations. These
two units include the interseam sediments between seams 1 and 3 and
between seams 4 and 6 respectively. Usually each of these units consists
pre—dominantly of mudstone. The lower unit between seams 1 and 3 also
includes interbeds of siltstone as well as minor sandstone phases towards
the centre. However, in an area between Duke and Duchess Mountains an
influx of medium to coarse-grained sandstone displaces the usual amount
of finer-pgrained clastics in both of these intervals. These sand units
appear to represent the penecontemporaneous erosion and redeposition of
channel deposits over a widespread area. In fact, where these sand
bodies achieve their maximum development, Seam 2 as well as Seam 5 and
the upper portion of Seam 4 have been completely removed. This feature
is best observed in drillholes located on the western flank of Duchess

Mountain.
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The features described above appear to be localized within the
Duke Mountain Block, since a normal stratigraphic sequence is observed
towards the south, along the Wapiti Dip Slope. The most significant
variations in the latter area include the apparent coalescing of seams
Bl, B2, and B3 near Mount Belcourt, and a dramatic change in the sedimen-
tation of the beds lying above seam 9; it has been found impossible to
correlate the sequence above seam 9 in the southern extremities of the

property with the normal sequence found farther towards the north.

Throughout the Monkman coal property, the Gates Member has develop-
ed to a surprisingly uniform thickness of approximately 290 metres even
though some significant facies variations can be observed f£rom the north
to the southern extremity of the property, a distance of approximately

75 kilometers.
Details of the coal seam stratigraphy as well as the stratigraphic
variations for each seam are discussed in the section of this report

entitled "Coal Seam Stratigraphy".

4.2.8 Hulecross Member

The recessive Hulcross Member conformably overlies the Gates
Member. In the north, where it is about 70 metres thick, and through-
out most of the Monkman coal property, the Hulcross Member consists of
a marine sequence of thinly laminated interbeds of mudstone, siltstomne,
and fine-grained sandstone. The unit thins toward the south, and a
gradual change takes plgce over a distance of about 20 km near Mount
Belcourt where marine desposition ended and the Hulcross horizon is
represented by about 10 metres of sandstone, siltstone, dark grey mud-
stone, and some conglomerate. The mudstone contains abundant mollusc

fossils. This transition can be seen in drill hole 78-28.
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Drillhole 78-28 contains a normal marine Hulcross sequence overlying
a relatively thin sequence of nonmarine strata includiné fresh water
pelecypods. This relationship shows the transgressive nature of the

Hulcross Sea from the northern end of the Monkman property towards
the south.

The small conglomerate unit which has been observed at the Gates-—
Hulcross contact is an ubiquitous feature observed in areas north of
the Monkman property and along the Foothills trend as far south as the
Alberta Provincial Boundary. In the vicinity.of Mount Belcourt and
extending throughout Denison Mines Limited's Saxon coal property the
conglomerate contains broken and reworked fragments of the pelecypod

fauna which are usually more clearly observed within the thin overlying

mudstones.

4.2.9 Boulder Creek Member

The Boulder Creek Member is the youngest fully-exposed unit on the
Monkman coal property and conformably overlies the Hulcross Member. This
unit consits of nonmarine sandstone interbedded with siltstone, mudstone,
minor coal seams and conglomerate. The strata of the Boulder Creek Member
are fairly resistant to erocsion and tend to form ridges and dip slopes.
The Boulder Creek Mewber has not been studied in detail on the Monlkman

coal property, but is estimated to be on the order of 200 metres thick.

4.2.10 Shaftesbury Formation

The youngest stratigraphic unit on the Monkman cocal property is
the Shaftesbury Formation which disconformably owverlies the Boulder Creek
Member. Erosion has left an incomplete sequence of Shaftesbury Formation
on the Monkman coal property, but at other locatioms in the Foothills this

formation has a thickness of approximately 250 metres,
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The Shaftesbury Formation censists of dark grey marine mudstone
containing sideritic concretions and some sandstone phases. In the
lower portion of the formation these lithologies grade inte silty dark
grey marine mudstone and siltstone with sandstone and minor conglomerate

near the base.

4.2.11 Coal Seam Stratigraphy

The Gates Member coal seams are numbered 1 to 13 from the base
of the section. The prefix letter "B" simply indicates that the seams
are located within the Gates Member as opposed to the Gething Formation.
Most of the information concerning seam thickness variations as well as
variations of their internal characteristics applies to the Duke Mountain
Block of the Monkman coal property where the major exploration effort
has been concentrated to this time. Each of the coal seams foxr the Duke
Mountain Block is described below. Additional comments concerning these
seams in the other structural blocks are made where pertinent data are

available.

The intermal characteristics of each seam are illustrated on
the drill-hole seam profiles included at the end of this report as
Appendix A, Variations of the seam characteristics for the Duke Mountain
Block are shown on the seam correlation charts included as Drawing II.4-
8, while the mining thickness variations for each of the major economic

seams are illustrated on the isopach maps included as Drawing II.4-5.
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Seam Bl

~ Seam Bl lies immediately above the clean sands of the "Torrens
Member" at the base of the Gates Member. This seam has been intersected
in all drillholes which have penetrated the whole of the Gates Member
saction throughout the Monkman coal property. The seam has also been
described at numerous outcrop locations and is known to exist on both of
Denison’s Quintette and Saxon coal properties. Information available at
the present has established that this coal seam is continuous throughout

the Monkman coal property.

Seam Bl varies from 3.00 metres in total thickness in the
vieinity of Duke Mountain to 8.00 metres on Duchess Mountain. The seam
is characterized by an abundance of mudstone and carbonaceous claystone
rock bands. The floor of the seam occurs at a sharp lithological break
between coal aqd the underlying medium-grained massive sandstones. The roof

usually consists of silty mudstones with frequent carbonaceocus phases

and thin coal bands.

The economic potential of the Bl seam is greatly retarded by
the high frequency of rock bands which constitute in-seam dilution. At a
limited arsa only within Duke Mountain is it possible to mine this seam
by surface methods where any coal split has achieved a sufficiently

thick development.

Seam B2

Seam B2 is poorly developed throughout the Monkman coal
property. This seam rarely develops a thickness in excess of one metre
and is known to be discontinuous from place to place. The most significant

cause for discontinuities within Seam B2 is the deposition of channel

. N GEOLOGICAL -
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Seam B2 has potential for commercial extraction at only a few
localities where it is sufficiently close to Seam Bl to be mined in

conjunction with the latter seam.
Seam B3

Like Seam Bl, Seam B3 has been found throughout the Monkman
coal property. On the basis of data available at the present this seam
is also believed to be continuous within this area. The maximum thickness
intersected to date is 12.6% metres at MDD 78-2, and the seam averages
5.00 metres thick on the Duke Mountain Block. The seam is characterized
by three distinct splits Whicﬂ have been often used as a diagnostic
marker on the various geophysical logs. The roof, floor, and rock bands

usually consist of silty or carbonaceous mudstones.

On the Duke Mountain Block Seam B3 is located 50 metres
stratigraphically above Seam Bl. However, Bl, B2, and B3 tend to coalesce
with a gradual subsequent reduction of the interseam sediments in the
vicinity of Mount Belcourt. On the Duke Mountain Block Seam B3 appears
to have the potential to be economically mined by both surface and

various underground methods.

Seam B4

The most prominent coal seam on Duke Mountain is Seam B4. In
the Duchess Mountain area, however, penecontemporaneious erosion and
deposition of channel sands appear to have removed the upper portion of
the seam. At Duke Mountain Seam B4 has an average thickness of 8§.50
metres, with the maximum thickness recorded being 12.69 metres in drill-
hole MDD 78-Z. The maximum and average thicknesses at Duchess Mountain are
3.42 metres and 8.00 metres respectively. Seam B4 has been intersected
throughout the Monkman coal property and is a prominent feature of the

stratigraphic section in the Mount Belcourt area.
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Where Seam B4 achieyes its most complete development it consists
of an upper clean coal split and a lower split which contains numerous
thin rock bands. A large parting of approximately 1.5 metres of silt-
stone separates these two coal leaves. The lower rock bands and the
Eloor consists mainly of silty and carbonaceous mudstones. The roof
strata are normally a monotonous sequence of mudstone similar in appearance
to the Lower Moosebar Member. In places, however, clean channel sands

of medium grain size replace mudstone as the roof lithology.

Seam B4, like Seam B3 appears to have the potential to be
mined by both surface and underground methods. Seam B4 is located 20

metres above Seam B3.

Seam B5

Seam B5 is usually poorly developed and is known to be discontinuous

within the Monkman coal property. At many locations penecontemporaneous
erosion has removed this seam. Seam B5 achieves its maximum development
at Duke Mountain where it has an average thickness of 2.25 metres. The
most distinctive feature of this seam is its response to density geophysical
logs. Omn those logé, the seam appears to be particularly dirty with

wide gradatiomal contacts from coal to rock at the roof and floor.
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MXp 78-27 (ecomt'd.)

Coal: dull, 10% bright, broken

Coal: dull, powdery

Coal: dirty with 107 bright bands
Coal: dull, 5% bright
Mudstone: with 3% bright bands
Coal: 95% bright
Samples Interval Width Dry Ash F.S8.I.
0679 219.79 - 220.33 0.534 36.2 &l
0680 220.33 ~ 220.76 0.43 39.4 6%
9

0681 220,76 - 220.91 0.15 10.4

Siltstone: with minor fine sandstone and plant
fragments.

Coal: broken, powdery, 50% bright.

Siltstone: with minor fine sandstone and plant
fragments.

Sandstone: fine, minor siltstome, abundant plant
fragments, some bioturbationoneag top, bedding
banded to indistinct, BCA 65 -75 .

Mudstone: minor siltstone, abundant plant fragments,
minor carbonaceous fragments, 0.01 dull coal
at 225.35 meters

COAL SEAM B-10

Coal: dull

Coal: bright

Mudstone: carbonaceous with plant fragments

Cocal: dull and dirty with 5% bright bands

Mudstone: carbonaceous with plant fragments

Coal: bone

Coal: bright

Coal: dull, 10% bright bands




-

T

e S

- 41 -
Seam BY has the potential to be mined by both surface and

underground mining methods. The seam is located 110 metres above the B4

Seam.

Seams B10O, Bil, B12 and B1l3

These thin seams show extremely variable development throughout
the Monkman coal property and no positive correlation has been completed
with the data available at present. The seams are usually less than one
metre in thickness and rarely exceed 1.5 metres. Tt is believed that
each of these seams is discontinuous within the property. Similar seams
located within this portion of the stratigraphic column south of Mount
Belcourt do not appear to have a direct correlation with Seams B10, Bil,
B1Z and B13.

It may be possible to mine portions of these seams economically

at a few locations on the property where the thickness of each is sufficient

to warrant coal extraction by surface methods and where Seam B9 and

other seams are the primary mining targets.




4.3 Structural Geology

4.3.1 Major Structural Elements

The Monkman coal property consists of a continuous dip slope
structure termed the Wapiti Dip Slope, trending in a southeastexrly direc-
tion throﬁéh the western and southern coal licences, and a complexly
folded sequence of strata located within the Duke Mountain Block. Further
subdivision of each of these areas is necessary to adequately describe
the structural geology. Those divisions are described in the following

¥

section of this report.

The Wapiti Dip Slope appears to be an extensive syncline
which has been truncated on the western flank by the main thrust fault
which places Paleozoic.sediments over Cretaceous and Jurassic strata.
The syncline remains intact only at its northern and southern extremi-

ties. Elsewhere only the west dipping limb remains intact.

An addendum to the Wapiti Dip Slope includes the Saxon
Extension coal licences. These coal licences éover the northern extrem—
ity of the main Saxon Syncline and are separated from the Dip Slope
proper by a broad thrust—faulted anticlinorium containing only Minnes

Group strata. -

The Duke Mountain Block includes an extensive and poorly-—
developed anticlinal box fold which is present on both Duke and Duchess
Mountains although the'continuity of the structure is disrupted by
several smaller tectonic features. Several large concentric folds,
developed in an en echelon pattern, lie adjacent to the anticlinal box
fold.

All of the major structural features trend in a southeasterly

direction although local variations are observed and will be described.
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4,3.2 @ Definitions of Structural Areas

The Wapiti Dip Slape has been subdivided into severdl units

on the basis of various topographic features for the purpose of exploration

and potential mine development. Those blocks, illustrated on Drawing

IT.4-10, are listed from north to south as follows:

1)
2)
3)
4)
5}
6)
7)
8)

The Five Cabin Syncline
The Onion Syncline

The North Wapiti area
The South Wapiti area
The Belcourt area

The Secus area

The Nekik area

The Saxon Syncline Extension

The Duke Mountain Block, illustrated on Drawing II.4-11

is similarly subdivided:

1)
2}
3}
4)
5)
6)
I
8)
9

Quintette area

Duke Syncline

Duke Mountain area

South Duke area

Duchess area

North Boomerang Prospect area
South Boomerang Prospect area
East Boomerang Prospect area

Dokken Creek area

Each of these blocks is defined by both topographic and

structural features.
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STRUCTURAL AREAS - DUKE MOUNTAIN BLOCK

Quintette

Duke Pit

Duke Syncline
South Duke Area

Fearless Pit
East Boomerang
South Boomerang

@~ o n

North Boomerang

Figure I11.4~11
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4.3.3 Structural Geology of the Wapiti Dip Slope

The Wapiti Dip Slope éonsists in detail of a series of
smaller en echelon structural features each trending in a southeasterly
direction. At the northern end of the Wapiti Dip Slope trend is the
Five Cabin Syncline. This large synclinal feature is assymetric in
nature since the western limb is found to dip at approximately 65°
towards the east while the eastern limb displays dips of approximately
20° towards the west. The syncline plunges towards the north at a
shallow angle and, although thick overburden masks the Cretaceous strata,
the southerly termination appears to be located in the vicinity of the

Kinuseo Falls Road.

The Onion Syncline forms the next portion of the Wapiti Dip
Slope in a southerly direction. This syncline appears to have its
northernmost development near the southern limit of the Five Cabin
Syncline. The Onion Syncline also trends in a southeasterly direction
but is more symmetrical in nature since its limbs each dip at approxi-
mately 500. The northern limit of the Onion Syncline is also obscured
by thick overburden but the trend of the fold axes of both this and the
Five Cabin Syncline appear to show a displacement along the structural
trend suggesting an en echelon development. The plunge of the northern
end of the Onion Syncline camnmot be observed but at the well-exposed

southern limit the plunge is approximately 20° towards the north.

The North Wapiti, South Wapiti, Belcourt; Secus and Nekik
areas appear to constitute a single structural feature only subdivided

topographically by the Wapiti River, and Red Deer and Belcourt Creeks.
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These areas consist of a single elongated syncline which has been thrust
faulted from the west. The major thrust fault has removed most of the
easterly dipping western limb and placed Paleczoic strata above the
remaining Cretaceous and Jurassic seaiments. In the North Wapiti Bleck
and Nekik Block remnants of the western limb of the synclinal structure
appear to be preserved. The westerly dipping eastern limb extends
continuously between these areas. The syncline is doubly plunging with
a steep northerly plunge at the southern termination of the synciine in
the Nekik Area and a shallow southerly plunge at its northern termination
in the North Wapiti Area. The en echelon development of this syncline
can be clearily observed in the North Wapiti Area where the northern
limit of this structure is clearly displaced from the southern limit of
the Onion Syncline located towards the east. Throughout the North
Wapiti, South Wapiti, Belcourt, Secus and Nekik areas the remaining
eastern limb of the synecline dips at about 45° towards the west. Only
one structural fe;ture interrupts the continuity of the Dip Slope in
these areas. A major thrust faul?, the Saxon Thrust, displaces the

coal-bearing strata in the Mount Belcourt regiom.

The Saxon Extension Area does not constitute a structural
element within the Wapiti Dip Slope. However that area is discussed in
this section since it constitutes only a small portion of the Monkman
coal property and is located geographically close to the Wapiti Trend.

The Saxon Extension coal licences are located to cover Cretaceous coal-

bearing Gates Member and Gething Formation strata at the northern extremity

of the Saxon Synclime. 1In this area the syncline plunges in a southerly

direction and trends towards the southeast. The eastern limb of the
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syncline dips at approximately s0°. A large north dipping fhrust faulc,
trending towards the west, truncates the western limb and places Minnes
Group strata over the upper Commotion Formation sequences at the centre

of the syncline. The thrust fault appears to be continuous with the

Saxon Thrust in the Mount Belcourt region. The central portion of the
syncline is complicated by a series of smaller parallel trending anticlines.

Thus the Saxon Syncline can be more accurately described as a syanclinorium.

4,3.4 Structural Geology of the Duke Mountain Block

The Duke.Mountain Block congists of three main structural ele-
ments: The Quintette Area, The Duke Mountain Area, and The Duchess-
Dokken Area. The structural features of the Duke Mountain Area aand the
Duchess Area appear t¢ be essentially coantinueous, while the features of

the Quintette Area are separate and unrelated.

The Duke Mountain Block consists of a large anticlinal box
fold in the east which trends in a southeasterly directiom, lying

adjacent to a large syncline which trends in a parallel direction.

.C. D. A. Dahlstrom (1970) described the box fold style of
crustal shortening and suggested that this shortening mechanism was
typical of many folded sequences in the Rocky Mountain Foothills. One
of the examples of this type of structure cited by Dahlstrom is Babcock
Mountain, which is currently being explored and developed as a coal
property by Denison Mines Limited. A further example is Mount Spieker,
where Ranger Oil Canada Limited is currently developing its Mount

Spieker coal property.

The upper strata of box folds are characteristically flat lying and

are bounded by steeply dipping, relatively planar limbs. The junctioms
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Description

OVERBURDEN

GATES MEMBER - COMMOTICON FORMATION

Sandstone: fine grained, medium grey,
carbonaceous stringers and partings,
minor flow features; core fairly solid.
BCA = 56°

Sandstone: +very fine grained, medium grey,
carbonaceous stringers and partings,
some vitreous coal bands, minor ferrug--
inous staining, core broken.

Sandstone: +very fine to fine grained, medium
grey, ferruginous staining common, car-
bonaceous stringers and partings, flow
features, vitreous coal bands 2 - 3 cm
in width.

Sandstone: fine to medium grained, ferruginous
staining throughout, flow features, rip-up
clasts, carbonaceous stringers and partings,
occasional pyrite speck, core fairly solid.
BCA = 600

Sandstone: medium grained, carbonaceous partings
and stringers, numerous fractures filled
with carbonaceous material, vitreous coal
bands 3 - 4 mm in width, pyrite specks and
disseminations, minor slickensides.

BCA = 63°

Sandstone: fine grained, flow features, minute
fractures filled with calcite, occasional
carbonaceous speck or stringer, core solid.
BCA = 680

Sandstone: very fine grained, with 20%
siltstone interbeds, minute fractures
filled with calicte, occasional carbonaceous
speck and stringer, core solid.

Sandstone: very fine grained, flow features,
some vitreous stringers, core solid.

Siltstone: carbonaceous specks and stringers,
pyrite disseminations, minor slickensides,
core broken.

Siltstone with some fine grained Sandstone Bands:
carbonaceous, plant fossils, flow features,
pyrite specks and stringexs.

Siltstone: some vitreous bands, slickensides,
core broken and crushed.
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between the steeply dipping and the flat lying strata form abrupt monoclines.

The geometry of such folding requires that the monoclinal axes approach

each other at depth, so that disharmonic folding ard high angle reverse

faulting are typical of the deformation of the older strata lying within

the core of the anitcline, Drawing IL.4-12 is a diagrammatic illustration

of the nature of the deformation that is found within an anticlinal box
fold.

The Duke Mountain antielinal box fold is further complicated
by a series of thrust faults dipping in an easterly direction along the

eastern limb and in a westerly directiom along the western limb.

The synclinal structure trending along the western margin of
the hox fold is called the Duke Synecline. This structure ig nearly
symmetrical with dips of 55° on the eastern limb and 45° on the western
limb. The plunge is usually shallow and variable along the hinge line.
A large thrust fault dipping in an easterly direction lies adjacent to
the western limb of synecline. At the southern end of the Duke Mountain
Area the thrust fault appears to change trend towards an easterly
direction, truﬁcating both the syncline and the anticlinal box fold,
meeting the east ﬁipping limb of that anticline in the vicinity of
Fearless Creek, From there, the trend of the fault appears to turn
abruptly back to a southeasterly direction and continue along the
structural trend, leaving the property in the Dokken Ridge Area. A
splay from this thrust fault may continue in an easterly direction at

Fearless Creek.
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The structure at Duchess Mountain appears to be similar to the
Duke Mountain Area, complicated only by a more intense level of thrust
faulting and folding. The tendency towards more complicated structural
features being developed in a southerly direction can be clearly seen in
exposures at the northern end of Dokken Ridge along Dokken Creek. The
Boomerang and Duchess Prospect Areas are located over potentially mineable
equivalents of the anticlinal box fold and adjacent syacline in the

Duchess-Mountain Area,

At the northern end of the Duke Mountain pit area a series of
high angle reverse faults have been observed in outcrop and in drill
core. These structures effectively separate the Duke Mountain Block
from the Quintette Area. The structure of the Quintette Area consists
of a large southerly plunging anticline lying adjacent to a southerly
plunging and regularly folded syncline on the east side. Information
available at the present suggests that the anticline may also have a gox
style configuration; the broad hinge area of the fold dips at about 20°
towards the east before the dip abruptly increases to a near vertical
orientation., The western limb dips at about 50 degrees. Exposure of
the strata along the Kinuseo Falls Road in this area is marked by thickly
developed glacial overburden and the exact relationship between the Duke
Mountain area and the Quintette aresa cannot be clearly resolved.

However, the trends of the various fold axes appear to be displaced in
this region and therefore a large fault may be present which separates these
two blocks.
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The geological and structure contour maps illustrate the
structural geology of the Monkman coal property as well as the location
of the various prospect areas within the property. Cross-sections spaced
at intervals of 1000 metres throughout the Monkman property and at
intervals of 500 metres for the Duke and Duchess Mountain areas also
illustrate the various features of the structural geology and are

included within the map pocket of this report.
4,3.5 Faulting

On the Monkman coal property insufficient data are available at
the present time to allow an accurate representation of the relation-
ships between bedding and fault orientations to be made. However,
mechanisms and theories of fault orientation which have been used to aid

cross—section construction will be discussed at this point.

The cross-sections show, in most instances, that the faults
have a dip of 15° to 20° where the strata are flat laying. The dip
directions of the strﬁctures have been assumed to lie in the same direction
as the major faults which have been clearly observed in the field and

cn aerial photographs.

Small scale structures which have been proven by drilling om
both the Sukunka and Babcock coal properties have similar orientations
to those suggested for the Monkman coal property. In addition, studies
in rock mechanics conducted on the failure of rocks by brittle deformation
under compression indicate that failure planes are generated at approxi-

mately 26° to the direction of the primary maximum principal stress.
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Further, given a pronounced, suitably oriented anisotropy such as
bedding, the angle between failure planes and the maximum principal
stress direction can be reduced to as little.as 10°. Hence it is only
necessary to demonstrate that the primary maximum principal stress
direction was subhorizontal at the time of deformation for the proposed
fault orientations to become those most likely to be present. Detailed
studies at Sukunka indicate that the primary remanent principal stress
direction is subhorizontai. Mining conditions encountered during trial
mining have confirmed that stress oriemtation. Since the primary

remanent principal stress direction can only reflect the direction of

the primary maximum principal stress at the time of failure, the conclusion

must be drawn that the primary maximum principal stress had a horizontal
orientation at deformation. Consequently, it must be anticipated that
the small scale structures, and indeed the large scale thrust faults,

will be oriented between 10° and 26° to the orientation of bedding.

A similar orientation of faulting with respect to bedding can
be anticipated, and in fact is found in steeply dipping and flat lying
strata on other coal properties along the Rocky Mountain Foothills
trend, i.e., the bedding dips at an angle of say 50O while thrust faults
penetrate those heds at 15° for a dip of 65°. It is not known within
the Rocky Mountains whether the faulting originally developed in a near-
horizontal orientation and was later folded to a steeper .orientation, or
whether the anistoropy of the rocks was sufficiently great to cause a

local modification of the deformation stress field parallel to bedding.
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£.3.6 Folding

A variety of fold styles have been observed on the Monkman
coal property, including concentric folding, chevron folding, and box
folding. Box and chevron folding are both related, being formed by
buckle fold mechanisms during brittle deformation. Concentric folding
is commonly encountered during brittle deformation. Thus is should be
expected that these fold styles will be encountered in strata such as
those which have been subject to brittle failure. In fact, these fold
styles are common to all strata situated along the Rocky Mountain

¥oothills coalfield of northeastern British Columbia.
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RESERVES AND RESOURCES

5.1 Total Coal Rescurces Monkman Coal Property

Most of the exploration carried out om the Monkman Coal property
to date has been concentrated within the Duke Mountain block of coal
licences, with a much lower exploration emphasis being placed on the
Wapiti Dip Slope. The principal reason for this approach is the concentration
of apparently attractive mining structures in the Duke Mountain Block.

As a result, a relatively close spacing of data points displaying seam
thickness and quality is present in the Duke Mountainm Block while only a
small number of widely spaced data points is available throughout the
extensive Wapiti Dip Slope Area. Consequently two separate calculations
of reserves and resources have been made for the property. The first of
these calculations establishes a resource base for the whole of the
Monkman Coal Property and includes all seams in excess of one metre

encountered to a depth of cover of 500 metres.

The resource evaluation does not include any allowance for
mining or plant losses etc. and has been made, in fact, without regard
for the potential mineability of any area when compared with other

areas.

On this basis the total resource potential of the Monkman Coal

Property is 2804 x 106 tonnes.

The second calculation, the reserves of the Duke Mountain
Block, is described in a following section of this report.

GEOLOGICAL BRANCH
ASSESSMENT REPART

e
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5.2 Resource Evaluation Method of Calculation

The calculation of total coal resources has been made using
the cross—section method. This method involves the measurement of seam
lengths on each section within the property area to an absolute limit of
500 metres of cover. The lengths were converted to areas by applying
gseam thicknesses determined in the various drill holes. ' For sectionms
lying Between adjacent drill holes seam thickness yvalues for each section

have Been calculated By interpolation of the thicknesses at each hole.

The cross-—sections were constructed at a spacing of 1000

" metres for all areas of the Monkman coal property except the Duke and
Duchess portions of the Duke Mountain Block. TIn the latter areas the
density of drilling is sufficiently great to allow meaingful: sections

to be constructed at a spacing of 500 metres. Areas of influence for
each cross—section of either 1000 metres or 500 metres, depending on the
section spacing, have thus been used to determine total coal resource
volumes. Finally, the résource potential in tonnes has been determined
by applying a specific gravity of 1.4 gm/c.c. for in situ coal throughout
the property.

.

5.3 Coal Reserves of the Duke Mountain Block

For the purpose of reserve calculations the Duke Mountain
Block has been subdivided into a number of areas on the basis of topography,
geologic structure or the current level of exploration. Those areas are

listed as follows:
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1) Quintette area (Kinuseo and Honeymoon Prospects)
2) Duke Syncline

3) Boomerang North Prospect

4)  Boomerang South Prospect

5) Boomerang East Prospect

6) TFearless Pit

7) South Duke Area

8) ~Duke Pit

The current intensity of exploration incresases through the areas
listed above with few widely spaced drill holes for those areas at
the top and a high density of drilling for the areas at the base of
the list. Reserves have been calculated for each of the areas and
those reserves are categorized according to standards established
by the Geological Survey of Canada. Thus areas Nos. 1 to 5 are
categorized as inferred, areas Nos. 6 and 7 are placed in an indicated

category and area 8 is considered to contain proven reserves,

The figures quoted below are considered to be "geological"
reserves, that is, they represent tomnes of coal in place. No calculations
for product coal involving allowances for geological, mining or plant
losses have been made. In addition, although parameters and limits have
been applied which reflect various mining methods for the reserve
figures in different portions of the Duke Mountain Block, only a very
preliminary judgement has been made concerning the applicability of

those mining methods.

The method of calculation used to détermine the in situ reserves
is the cross-sections method which is fully described in the following
section of this report. The parameters and limits applied to the calculation

are also described.
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DUKE MOUNTAIN BLOCK RESERVES
(Million Tonnes)
GATES COAI, SEAMS

AREA PROVEN INDICATED INFERRED TOTAL

Duke Pit Area 97.35 ~97.35
South Duke Area 48.61 48.61
Fearless Pit Area ' 195.00 195.00
Quintette Area 260.57 260.57
Duke Syncline 114.25 114.25
North Boomerang 95.85 95.85
Scuth Boomerang 126.34 126.34

East Boomerang

97.35 243.61 783.73 N 1,124.69

The reserve areas and their geographical relationships are shown
on Drawing TI.4-7 (map box). Appendix E at the end of this report includes
various tables showing in detail the reserve calculations for each reserve

block.
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5.4 Method of Reserve Calculations

The eross-section method has been used to calculate reserves
throughout the Duke Mountain Block. Cross-sections were constructed at
regular intervals of 500 metres for all areas except the Quintette area
where a limited amount of drill hole and surface data is available. In

the latter aresa the section spacing is 1000 metres.

Using the cross—section caleulation method, total coal tonnes
are determined by applying a coal specific gravity and a sectional area
of influence to the coal area shown on each cross-section according to

the following formula:

Coal in Place = Coal Area/Section x Sectional

Influence Distance x Specific Gravity

The sectional influence area for any section is determined to
be equal to the distance between mid points to the adjacent cross-—

sections. The specific gravity used in this calculation is 1.5 gm/c.c.
'-u..._._.._____‘___‘-_

which is equal to the run-of-mine specific gravity established for both
un—oL-mine ¢

the Duke and Fearless pits.

Where sufficient drill hole data is available a2 series of mining

section isopach maps have been prepared for use in determining seam thick-

nesses per section. The intersection of the cross—section and isopach
iines have been projected to the pertinent seam on the cross—-section and
the mean value of the interval between adjacent isopach contours applied
to each seam portion. The total cocal area per section has then been
determined by summing each seam slice length multiplied by the relevant
thickness. Coal tomnnages per seam in each section as well as a total

tonnage figure for each reserve block were thus calculated.



ey
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This method of calculation c&uld be used for Seams No. Bi,
B3, B4, B5 and BY9 on the Duke Pit and for seams Bl, B3, B4 and B9
in the Fearless Pit. In other seam calculations there is only
sufficient data to determine seam thickness per section line by

interpolation of thickness values between adjacent drill holes.

An absolute depth 1limit of 500 metres was used in all the
reserve calculations and an allowance of 15 metres vertically at the

seam outcrops applied to compensate for oxidized coal.

The reserve calculations include all the reserve calculations
and an allowance of 15 metres vertically at the seam outcrops applied to

compengate for oxidized coal.

The reserve calculations include all seams with thicknesses
greater than one metre located within the boundaries of a 13/l high wall
ratio pit in the Duke-Duchess area as outlined by the mining engineers.
Seams to a minimum of one metre are included in the calculation in the
Duke Syncline and the north Boomerang Prospect where there appears to be
a reasonable potential for surface mining. A one metre limit was also
applied to a depth of 200 metres in other areas with apparent potential
for surface mining methods of extraction. Outside those areas only seams

with a thickness of three metres or greater have been included.
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CONCLUSIONS

Exploration on the Monkman coal property to date indicates the
presence of large tomnnages of prime medium volatile coking coal in
place. BSome of the potential mining structures have been explored to
date, however further work will be required to fully evaluate the coal

reserves as well as to develop a fully integrated mine plan.

_ In the Duke Pit area additional exploration will be necessary
to clarify a number of geclogical problems and further data is necessary
in all other areas to bring the reserves to a proven category. This

work will be undertazken during the 1979 and subsequent field programmes.
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