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1.0 SUMMARY 

The Mount K1 appan An th rac i te  Property,  i n  Northwestern B r i t i s h  

Columbia, ranks as a wor ld  c lass  resource i n  terms o f  i t s  s i ze  and i t s  

p o t e n t i a l  t o  be a compet i t ive source o f  surface mined anthrac i te .  

Pre l iminary geological  exp lo ra t i on  has i d e n t i f i e d  a sedimentary 

coal  bear ing sequence approximately 900 metres t h i c k  . Several 

a n t h r a c i t e  seams each i n  excess o f  5 metres t h i c k  and other  add i t i ona l  

t h i n n e r  seams have been d r i l l e d  t o  date. Although the seams are fo lded 

and fau l ted,  t he  geological  s t r u c t u r e  i n  c e r t a i n  p a r t s  o f  the property,  

where t h e  coal seams are brought t o  the surface, i s  favourable f o r  open 

p i t  m i  n i  ng. 

The Mount Klappan proper ty  has an i n f e r r e d  resource o f  900 m i l l i o n  

tonnes o f  a n t h r a c i t e  i n  place which would be capable o f  sus ta in ing  an 

open p i t  mine producing 5 m i l l i o n  tonnes per year, o f  mixed products, 

f o r  more than 20 years. The actual  l e v e l  o f  i n i t i a l  product ion would be 

determined by market and economic condi t ions p r e v a i l i n g  a t  the t ime 

t h a t  a dec is ion i s  made t o  b r i n g  the  property i n t o  production. 

The a n t h r a c i t e  q u a l i t y  i s  s u i t a b l e  f o r  p o t e n t i a l  markets i n  North 

America, Europe and Asia. The ash content o f  the a n t h r a c i t e  products, 

t h a t  can be produced from t h i s  property,  ranges from a low o f  5% t o  a 

h igh  o f  25%. This range o f  products meets the d iverse user requirements 

o f  the consumi ng c o u n t r i  es. 



2.0 INTRODUCTION 

2.1 Location and Physiography 

The Mount Klappan coal l icences a re  located i n  northwestern 

B r i  ti sh Columbia, approximately 150 k i l  m e t r e s  nor theast  o f  

Stewart (popu la t i on  1 445) and 530 k i l omet res  northwest o f  P r ince  

George (popu la t i on  69 300). The nearest  community i s  t he  v i l l a g e  

o f  I s k u t  (popu la t i on  500) which l i e s  100 k i l a n e t r e s  t o  the 

northwest on t h e  Stewart-Cassiar Highway ( F i g u r e  2.1). 

The proper ty  i s  l oca ted  i n  t h e  Skeena Mountains physiographic 

r e g i o n  a t  t he  headwaters o f  t h e  L i t t l e  Klappan and Skeena Rivers 

between 57" 06' and 57" 22' n o r t h  l a t i t u d e  and 128" 37' and 

129" 09' west longi tude. Local ly ,  t h e  topography i s  character ized 

by broad open v a l l e y s  and genera l ly  subdued mountains, w i t h  

e leva t i ons  ranging from 1100 t o  2000 metres above sea l e v e l  . 
Scattered coni ferous f o r e s t  in terspersed w i t h  grass, shrubs, 

meadows and shal low bogs occur below the  t r e e  l i n e ,  which i s  a t  

1500 metres o f  e levat ion.  Above the  t r e e l i n e ,  a l p i n e  meadows g ive 

way t o  weathered bedrock a t  h igher  e levat ions.  

2.2 Climate 

The area i s  s i t u a t e d  i n  the  i n t e r i o r  t r a n s i t i o n a l  c l i m a t i c  

zone. I n d i c a t i o n s  a re  t h a t  p r e c i p i t a t i o n  i s  on t h e  order  o f  300 

m i l  l i m e t r e s  per year. The average y e a r l y  minimum temperature i s  on 

t h e  order  o f  -41°C and the  average y e a r l y  maximum temperature i s  

about 26"C, values which are approximately equiva lent  t o  those o f  

Ca l  gary, A1 berta. 
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2.3 Property Descript ion 

The property comprises a t o t a l  o f  50 470 hectares, o f  which 

12 332 hectares are c u r r e n t l y  under coal l i cence  a p p l i c a t i o n  t o  

t h e  Government o f  B r i t i s h  Columbia. The Mount Klappan l icences are 

f o r  the coal r i g h t s  on crown land and are h e l d  by Gu l f  Canada 

Resources Inc.  o f  Cal  gary, A1 berta.  

2.4 Access 

The Mount Klappan property s t raddles the p a r t i a l l y  completed 

B r i t i s h  Columbia Railway l i n e  between Pr ince George and Dease 

Lake. P r i o r  t o  cessat ion o f  work on the cons t ruc t i on  o f  the l i n e ,  

s t e e l  was l a i d  t o  w i t h i n  85 k i lometres o f  the property,  and, w i t h  

t h e  exception o f  a sho r t  s t r e t c h  south o f  the l icences, the 

subgrade was constructed through and beyond the property t o  the 

S t i k i n e  R ive r  j u s t  south o f  Dease Lake. 

A t  present, road access i s  poss ib le  from the Stewart-Cassiar 

Highway (Highway 3 7 )  v i a  the Ealue Lake road along the B r i t i s h  

Columbia Railway subgrade, o r  by a i r ,  t o  a 1000 metre gravel 

a i r s t r i p  on the l icences. The road distances from Stewart and 

Terrace t o  the south are 380 and 650 k i lometres respect ive ly .  

3 .O REGIONAL GEOLOGICAL SETTING 

The coal measures o f  the Mount Klappan Property are contained 

w i t h i n  a se r ies  o f  sediments ranging i n  age from Middle Ju rass i c  t o  

e a r l y  Cretaceous. These sediments were deposited i n  the Bowser Basin, a 
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successor bas in  t o  the  volcanogenic Hazel t o n  Trough (T ippe r  and 

Richards 1976). The Bowser Basin i s  bounded t o  the  n o r t h  and south by 

t h e  S t i k i n e  and Skeena arches respect ive ly ,  and t o  the  east  by the  

Col umbi a Orogen (Om1 neca Crysta l  li ne Be1 t) . The western margi n i s 

thought t o  have been open t o  the  sea a t  t he  t ime o f  Bowser sediment 

depos i t i on  ( F i g u r e  3.1) 

The format ion and development o f  t he  Bowser Basin was c o n t r o l l e d  

by the  " c o l l i s i o n  and subsequent i s o s t a t i c  u p l i f t  o f  several c rus ta l  

b locks i n  the  Cord i l  l e r o n  Orogen o f  western Canada" ( E i  sbacher, 1981). 

These c r u s t a l  b locks i nc lude  the  S t i k i n e  Terrane (vo l can ic  arc complex) 

which d i  r e c t l y  under1 i es the  Bowser sediments, the At1 i n Terrane 

( remnant oceanic c r u s t )  and the Omi neca Crysta l  l i  ne Be1 t (western 

margin o f  t he  Nor th American Craton) . 

During the  Middle Ju rass i c  the  Skeena arch was u p l i f t e d  and the  

subsidence o f  the S t i k i n e  Terrane d i v ided  the  Hazelton Trough i n t o  the  

Bowser Basin ' t o  t h e  n o r t h  and the  Nechako Basin t o  the  south. Up1 i f t  o f  

t h e  A t l i n  Terrane t o  the  n o r t h  and nor theast  o f  t he  Bowser Basin, 

coup1 ed w i  t h  cont inued subsidence o f  t he  S t i k i  ne Terrane and c o l  1 i s ion  

and su tu r ing  o f  both these terranes w i t h  the  Omineca C r y s t a l l i n e  B e l t  

( E i  sbacher, 1981) r e s u l t e d  i n  a progradat ion o f  nonmarine over marine 

sediments w i  t h i n  the  bas i  n. 

Paleocurrent measurements i n d i c a t e  a c e n t r i p e t a l  f l ow  i n t o  the 

Bowser Basin from highlands t o  the  north, northeast, and south. 

Bowser sediment source rocks o r i g i n a t e  w i  t h i n  the  A t 1  i n Terrane 

( h i g h  c h e r t  low vo lcanic  content)  f o r  t he  n o r t h  and northeastern 

margins o f  t he  Basin, and from t he  remnant vo lcanic  arc assemblage o f  



the Stikine Terrane, ( h i g h  volcanic, low chert content) for the 
southern portion of the Basin. Sediments from early Cretaceous 
(youngest marine succession o f  the Bowser Basin) t h r o u g h  t o  the 
Paleocene are found only 

margins o f  the Basin. 

3.1 Stratigraphy 

In the southern 
has been subdivided 

on the eastern, and i n  p a r t ,  the southern 

por t ion  of the Bowser Basin, the assemblage 
i n t o  three groups by Tipper and Richards 

(1976). These groups, i n  ascending order are: the Early Jurassic 

t o  Middle Jurassic Hazelton Group; the .Upper Jurassic Bowser Lake 
Group, and the Early Cretaceous Skeena Group. I n  the area 
discussed by Tipper and Richards (1976) , the Skeena Group contains 
the major coal occurrences w i t h  some coal occurring a t  the t o p  of 

the Bowser Lake Group. 

In the Northern Bowser Basin no such comprehensive work has 
been done and the sedimentary package associated w i t h  the coal i n  

the K 1  appan-Groundhog Area has been variously named: the Skeena 
Series (Ma1 loch, 1914); Upper Hazelton (Buckham and Latour, 1950); 

Groundhog-Gunanoot ( E i  sbacher, 1974a1, and has been dated as Lower 
Cretaceous (Malloch, 1914; Buckham and Latour, 1950) and Upper 
Jurassic t o  Lower Cretaceous (Eisbacher, 1974a). 

In the Mount Klappan area, the Upper Jurassic t o  Lower 

Cretaceous sediments have been subdivided i n t o  fou r  sequences fo r  

exploration purposes. Three of the sequences, which i n  ascending 



order are the  Klappan, Malloch and Rhondda Sequences, occur on the 

property.  The four th ,  and lowest sequence o f  marine sediments, i s  

n o t  discussed i n  t h i s  paper. The Klappan sequence i s  the main coal 

bear ing u n i t .  

3.1 . 1 K1 appan Sequence 

The K1 appan Sequence consi s t s  o f  sands tone, s i  1 t s  tone, 

mudstone, coal and conglomerate. Sandstone i s  the dominant 

1 i thotype comprised mainly o f  d e t r i  t a l  cher t ,  w i t h  some 

quar tz  and m i  nor f e l  dspar. Interbedded s i l  tstones and 

mudstones are genera l ly  dark grey t o  brown weathering, 

d i sp lay  low angle cross laminat ions,  r i p p l e  marks, and 

occassional varved bedding. These f i n e r  grained u n i t s  have 

been found t o  conta in  several species o f  pelecypods, as we l l  

as r a r e  ammonites and belemites. 

The Klappan Sequence i s  est imated t o  be i n  the order 

o f  900 metres t h i c k  and i t  contains up t o  16 seams. Seam 

thicknesses range from less than 0.5 metres t o  a maximum o f  

7.21 metres. The t h i c k e s t  accumulation o f  coal d r i l l e d  i n  

one area i s  34 metres occurr ing i n  8 seams over a 320 metre 

i nte rva l  . 

3.1.2 Malloch Sequence 

The m a j o r i t y  o f  t h i s  sequence comprises interbedded 

s i l t s t o n e ,  mudstone, t h i c k  bedded t o  massive conglomerates, 

sandstone, and coal .  The upper p o r t i o n  o f  the Malloch i s  



predominantly dark grey weathering s i  1 tstones and mudstones, 

interbedded w i t h  sandstone and occassional conglomerate beds. 

These u n i t s  may conta in  orange weathering s i l i c e o u s  nodules. 

The abundance o f  sandstone, conglomerates, and mi nor coal 

seams increases towards the base o f  the sequence. Thin coal 

seams occur w i t h i n  the  lower p o r t i o n  o f  the Malloch Sequence. 

The thickness o f  the u n i t  i s  i n  the order t o  800 metres. 

3.1.3 Rhondda Sequence 

The Rhondda Sequence o v e r l i e s  the Malloch Sequence and 

i s  comprised o f  massive c h e r t  pebble conglomerates, g r i t s ,  

and conglomeratic sandstones. Occassional t h i n  beds o f  

s i l t s t o n e  and mudstone are found associated w i t h  coal seams 

i n  the  order o f  a few centimetres th i ck .  The thickness o f  the 

Rhondda Sequence has not, as ye t ,  been determined. 

3.2 Structure 

The Klappan Area i s  dominated by a sync l inor ium - 
a n t i c l i n o r i u r n  p a i r  t rend ing  northwest - southeast. Both the M t .  

Be i  rnes Sync1 i n o r i  urn (Richards and G i  1 c r i  st, 1979) and the Nass 

R i v e r  A n t i c l i n o r i u m  (Mo f fa t  and Bus t in  i n  press) are l oca ted  

almost exc lus i ve l y  t o  the south o f  the property. The bulk  o f  the 

Mount Klappan Property covers the eastern l imb o f  the 

syncl inor ium (Figures 3.2 and 3.3). 

The area has been subjected t o  two phases o f  deformation. The 

o r i  g i  nal compressional event resul  t e d  i n  the  devel opment o f  f i r s t  

phase f o l d s  t rend ing  i n  a northwest t o  southeast d i rec t i on .  
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Geometry o f  these f o l d s  range from broad and up r igh t ,  t o  

overturned megascopic Z f o l d s  w i t h  a x i a l  planes i n c l i n e d  as much 

as 45" t o  the northeast. F a u l t i n g  r e l a t e d  t o  t h i s  phase o f  

deformation includes t h r u s t  f a u l t s  w i t h  displacements i n  the order 

o f  several hundred metres. 

A second stage o f  deformation, r e s u l t e d  i n  the format ion o f  

broad open f o l d s  t rend ing  i n  a nor theast  - southwest d i rec t i on .  

The i m p r i n t  o f  these f o l d s  on the f i r s t  phase f o l d s  i s  seen as a 

s e r i e s  o f  plunge changes approaching maximum values o f  between 45" 

n o r t h  and 21" south. 

4 .O RESOURCES 

The K1 appan Sequence, u n d e r l y i  ng t h e  Mount K 1  appan Property,  i s 

est imated t o  have an i n  s i t u  i n f e r r e d  resource o f  967 m i l l i o n  tonnes. 

The resources are contained w i t h i n  4 areas (F igure 4.1). The 

Hobbit-Broatch area contains 620, the Lost-Fox area 330 and the Summit 

n o r t h  and south areas 17 m i l l i o n  tonnes. 

5.0 COAL QUALITY 

5.1 Introduction 

The Mount Klappan coal i s  a low sul  c i t e  from which 

s i z e d  products can be produced t o  s a t i s f y  most market requirements 

i d e n t i f i e d  t o  date. Products ranging i n  s i z e  from 0 t o  50 

m i l l i m e t r e s  a t  5% and 10% ash leve ls ,  and 0 t o  25 m i l l i m e t r e s  a t  

ash contents o f  between 20 and 25% can be produced. Table 5.1 and 

5.2 compare Mount Klappan a n t h r a c i t e  products w i t h  Hongay #4 from 

Vietnam and Pennsylvania 10% ash anthrac i te ,  respect ive ly .  

hur anthr  
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Table 5.1 

Size 

Residual Moi s t u r e  

Ash 

V o l a t i l e  Mat ter  

VM (d.m.m.f.) 

F ixed Carbon 

CV ( c a W g . 1  

Sulphur 

Ni t rogen 

Seam I 

M t .  Klappan 

35 x 15 mm 

1.9 

4.2 

6.5 

6.4 

87.4 

7,830 

0.5 

0.9 

(ana lys i s  on an a i r  d r i e d  bas is)  

Table 5.2 

Size 

Residual Moi s t u r e  

Ash 

V o l a t i l e  Mat ter  

VM (d.m.m.f .) 

F ixed Carbon 

CV (cal./g.) 

Sul phur 

Ni t rogen 

M t .  Klappan 

6 x l m m  

1.1 

8.9 

5 04 

5 .O 
84.6 

7,430 

0.50 

0.8 

Hongay #4 

(Vietnam) 

35 x 15 mm 

1.2 

4.2 

5.8 

5.6 

88.8 

8,250 

0.4 

1.0 

Pennsylvania 

6 x l m m  

1.8 

9.8 

4 03 

3.8 

84.1 

7,170 

0.57 

0.6 

( a n a l y s i s  on an a i r  dr ied basis)  



-- 

5.2 Rank 

Anthrac i te ,  as def ined by the Americian Society for  Tes t ing  

and Ma te r ia l s ,  has a f i x e d  carbon content o f  between 92 and 98% 

and v o l a t i l e  mat ter  o f  between 2 and 8%, both determined on a dry 

mineral  mat ter  f r e e  basis (Table 5.3). 

Table 5.3 

ANTHRACITE (A.S.T.M.) 

V o l a t i l e  matter (d.m.m.f.) 2% - 8% 

F ixed  Carbon (d.m.m.f .) 92% - 98% 

I n  apply ing the  ASTM parameters t o  coal i n  the northern 

Bowser Basin, e a r l i e r  workers may have been confused by the 

i n c l u s i o n  o f  carbon d iox ide  and o the r  gases, generated by 

carbonates and c lays  present i n  the  seam p a r t i n g s  dur ing tes t i ng ,  

w i t h  the measured v o l a t i l e  percentage f o r  the coal p o r t i o n  o f  the 

seam. This  sometimes r e s u l t s  i n  d.m.m.f. v o l a t i l e  matter analys is  

i n  excess o f  the def ined range f o r  anthrac i te .  

Reflectance has proved t o  be a much more r e l i a b l e  i n d i c a t o r  

o f  rank. The lower mean maximum re f l ec tance  l i m i t  f o r  a n t h r a c i t e  

(measured i n  o i l )  i s  2.5%. (Stach 1975). 
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Based on 146 surface coal exposures, t he  average re f l ec tance  

f o r  Mount Klappan coal i s  3.45% and range fran 2.2 t o  5.0%. Much 

o f  t he  v a r i a t i o n  i s  r e l a t e d  t o  s t r a t i g r a p h i c  l e v e l  w i t h  average 

re f l ec tances  o f  3.54% being recorded f o r  t he  Klappan Sequence 

coals  and 2.98% for t he  s t r a t i g r a p h i c a l  l y  h igher  Ma1 loch Sequence 

coals. Th is  c o r r e l a t i o n  i s  i l l u s t r a t e d  by comparing F igu re  3.2 

and F igu re  5.2. On t h i s  basis, v i r t u a l l y  a l l  t he  Mount Klappan 

coals  a re  c l a s s i f i e d  as t r u e  anthrac i tes.  This  c l a s s i f i c a t i o n  i s  

confirmed by the  analyses from f resh  d r i l l  core samples w i t h  5 t o  

10% ash. 

5.3 Products 

The a b i l i t y  t o  simultaneously wash the  raw mined a n t h r a c i t e  

t o  produce premium low and medium ash products as wel l  as 

b r i q u e t t i n g  coal products i s  a fea tu re  o f  t he  Mount Klappan coal .  

Analyses o f  expected products fo r  each o f  t he  th ree  ash l e v e l s  are 

shown i n  Table 5.4. 

Table 5.4 

Residual Moi s t u r e  

Ash 

V o l a t i l e  Mat ter  

VM (d.m.m.f .) 

F ixed Carbon 

Sulphur 

CV ( c a l  . /go) 

Low Ash Medium Ash 

Product Product 

1.5 1.5 
5.1 10.3 
6.2 6.8 
6 .O 6.5 

87.2 81.4 
0.5 0.5 

7,870 7,350 

B r i q u e t t i n g  

Product 

1.5 
17 09 

8 .O 
7.9 

72.6 

0.7 
6,540 



6.0 MINING POTENTIAL 

While no d e f i n i t i v e  mine plans have y e t  been prepared f o r  t he  
Mount Klappan a n t h r a c i t e  resources, a number o f  conceptual plans and 
p r e - f e a s i b i l i  ty s tud ies have been considered. This  work i nd i ca tes  
tha t ,  once appropr ia te long term sales con t rac ts  a r e  secured, t he  Mount 
Klappan p r o j e c t  has the  po ten t i a l  t o  be a major f a c t o r  i n  the  wor ld  
a n t h r a c i t e  market. 

The s tud ies t h a t  have been done t o  date i n d i c a t e  t h a t  much o f  t he  

resource i s  a v a i l a b l e  f o r  conventional open p i t  mining using t rucks  and 
shovels. I n d i v i d u a l  p i t s  woul d be capable o f  produci ng up t o  5 m i l  l i o n  
tonnes per  yea r  o f  mixed products. The nominal design, which Gu l f  
Canada Resources i s  using as a base case f o r  t he  assessment o f  t he  
p ro jec t ,  has a product ion capaci ty o f  3.5 m i l l i o n  tonnes per year  o f  
washed and s ized products as we l l  as uns ized,  b r i q u e t t i n g  coal.  The 
coal i n  t h i s  scenario would be mined a t  a s t r i p  r a t i o  o f  6.3 bank cubic 
metres f o r  each tonne o f  mined raw coal This  p lan  has not  been 
opt imized and the  actual  s t r i p  r a t i o s  a re  the re fo re  expected t o  be 
somewhat 1 ower. 

N ine ty - f i ve  percent o f  t he  waste rock i s  expected t o  r e q u i r e  
d r i l l i n g  and b l a s t i n g  before being loaded by 24.5 cubic  metre shovels 

i n t o  a f l e e t  o f  154-tonne end dump trucks. The coal would be mined by 
2 1  cubic  metre hyd rau l i c  shovels and a 15 cubic  metre f ront-end loader, 
I t  too  would be loaded i n t o  154-tonne end dump t rucks  b u t  these would 
be equipped w i t h  coal boxes. I n  t h i s  p l a n  a l l  o f  t he  waste would be 
conveyed from the  p i t  t o  waste p i l e s  f o r  9 years when some b a c k f i l l i n g  

o f  t he  p i t  would begin. By year  15 t h e  conveyor would be shut down and 
a l l  t h e  waste would be back f i l l ed .  A mine o f  t h i s  s i t e  would 
i n i t i a l l y  provide some 800 d i r e c t  jobs i n  t h e  area and t h i s  cou ld  be 
expected t o  increase t o  about 1100 j o b s  i n  l a t e r  years. 
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