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PREFACE 

~ u l f  Canada Resources Inc. has recently completed i t s  second major 

f i e l d  exploration program on the  Mount Klappan Coal Property, located 

in  Northwest Br i t i sh  Columbia. 

The report  which covers the period of March 1 ,  1983 t o  March 1 ,  

1984, provides a current  assessment of the geology, coal qual i ty  and 

resource potential  of the Property based on the 1982 and 1983 f i e l d  

data.  In addi t ion,  i t  covers the  more deta i led examination of one 

spec i f i c  resource area containing surface mineable coal .  
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1.0 SUMMARY 

G.C.R.I.'s Mount Klappan Coal Proper ty  i s  composed of 145 Crown 

l i c e n c e s  (38, 138 hectares)  o f  l a n d  w i t h  an a d d i t i o n a l  44 Crown 

l i c e n c e s  (12, 332 hectares)  under app l i ca t i on .  The Proper ty  i s  l o c a t e d  

i n  t h e  Bowser Basin o f  Northwest B r i t i s h  Columbia some 180 m i l e s  (288 

k i l o m e t r e s )  n o r t h  o f  Smi thers,  B r i t i s h  Columbia. 

E x p l o r a t i o n  du r ing  1983 comprised t h r e e  diamond d r i  11 ho les  t o t a l  1 i ng 

603 metres; t h e  excavat ion o f  93 trenches, and the  e x t r a c t i o n  o f  a 37 

tonne bu lk  sample from an a d i t .  I n  add i t i on ,  t h e  p roper t y  was mapped a t  

sca les  o f  1:5 000 and 1:10 000. 

The Mount K l  appan Proper t y  covers sedimentary s t r a t a  rang ing from 

Midd le  - Upper Ju rass i c  t o  Lower Cretaceous i n  age. S t r u c t u r a l l y ,  i t  

c o n s i s t s  o f  s t r a t a  which i s  cha rac te r i zed  by two phases o f  deformation. 

Th is  has r e s u l t e d  i n  f o l d s  o f  t he  f i r s t  phase t rend ing  NW-SE w i t h  minor 

t h r u s t s .  The second phase f o l d i n g  has r e s u l t e d  i n  genera l ly  broad, 

open NE t o  SW t r e n d i n g  f o l d s  w i t h  r e l a t i v e l y  ra re ,  f l a t  l y i n g  t h r u s t s  

expressed i n  several k l i p p e n  f a u l t  s t ruc tures .  

The sediments are subdiv ided i n t o  th ree  sequences which, i n  

ascending order, a re  l a b e l  l e d  t h e  Klappan, Ma1 l o c h  and Rhondda 

Sequences. The Klappan Sequence, which i s  p resen t l y  i n t e r p r e t e d  t o  

comprise j u s t  over  950 metres o f  minor conglomerates, sandstones, 

c laystones,  s i l t s t o n e s  and coal ,  i s  t he  main coal  bear ing  u n i t .  

The t o t a l  resource p o t e n t i a l  o f  t he  p roper t y  i s  c a l c u l a t e d  a t  4 

b i l l i o n  tonnes (rounded t o  t h e  nearest  b i l l o n  tonnes) o f  which 967 

m i l l i o n  i s  c l a s s i f i e d  as i n f e r r e d  and i n  excess o f  3 b i l l i o n  tonnes as 



specul a t i  ve resources. The resources are conta ined i n  16 seams rang i  ng 

up t o  seven metres i n  th ickness.  

The coa l ,  which i s  o f  a n t h r a c i t e  rank, can be cleaned t o  

s imul taneously produce a v a r i e t y  o f  s i zed  products, rang ing i n  ash 

con ten t  f rom 5% ash premium coa ls  t o  b r i q u e t t i n g  coa ls  w i t h  ash 

contents  o f  25% o r  greater .  

The a n t h r a c i t e  products are cha rac te r i zed  by low sulphur values 

( l e s s  than 1% and u s u a l l y  0.5%) w i t h  on ly  t races  o f  c h l o r i n e  and h i g h  

c a l o r i f i c  values. When crushed t o  pass 50 mm; 23% remains above 12 mm 

i n  s i z e  and 68% i s  g rea te r  than 1 mm i n  s ize.  
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2 .O RECOMMENDATIONS 

As a r e s u l t  of the  data col lected during the  1982 and 1983 

exploration seasons, the  fo l l  owing recommendations are made: 

1) Further work should be undertaken to  evaluate the resource 

potent ia l  of the  areas  underlain by Malloch sediments t o  

determine i f  these l icences  shoud be retained or surrendered. 

2 )  Based on the  1983 work, i t  i s  f e l t  t h a t  fu r ther  def in i t ion  of 

t he  Malloch-Klappan contact  will a s s i s t  in the unravelling of 

t he  s t ruc ture  and s t ra t igraphy of the Property. 

3 )  The Lost-Fox area provides the best  opportunity t o  i n t e r sec t  a 

complete or  near complete section of the Klappan Sequence. 

4 )  An increased comprehension of the s t ructural  domains occurring 

within the l icence boundary could best  be a t ta ined by studying 

Lost Ridge, the  Summit and L i t t l e  Klappan Areas where outcrop 

i s  good. In pa r t i cu l a r ,  a t t en t ion  should be directed t o  

t rac ing  the klippen s t ruc ture  iden t i f i ed  in 1983. 



3.0 INTRODUCTION 

3.1 Location 

The Mount Klappan coal  l i c e n c e s  are  s i t u a t e d  i n  Northwest 

B r i t i s h  Columbia approximately '930 k i  lometres n o r t h  o f  Vancouver, 

530 k i l o m e t r e s  nor thwest  o f  P r ince  George and 336 k i l o m e t r e s  

no r theas t  o f  P r i n c e  Rupert ( F i g u r e  3.1). 

Geographical ly  t h e  coal  l i cences  are  a t  the  no r the rn  

e x t r e m i t y  o f  the  Skeena Mountains between 5 7 "  06 '  and 57" 23'  

n o r t h  l a t i t u d e ,  and 128" 37' t o  129" 15 '  west l ong i tude .  The 

p r o p e r t y  covers the headwaters o f  the  Klappan, L i t t l e  Klappan, 

S p a t s i z i  and Nass Rivers.  

The neares t  community t o  the  Proper ty  i s  the  I n d i a n  community 

o f  I s k u t  ( p o p u l a t i o n  500) l o c a t e d  100 k i l o m e t r e s  t o  the  nor thwest  

on t h e  Stewart -Cassier  Highway. 
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3.2 Access 

The Proper ty  l i e s  on t h e  B r i t i s h  Columbia Railway l i n e  

between Dease Lake and P r i n c e  George. Although work on the  l i n e  

has ceased, s t e e l  was l a i d  t o  w i t h i n  80 k i l o m e t r e s  o f  the  

l i cences.  With the  except ion  o f  a  24-k i lomet re  s t r e t c h  n o r t h  o f  

t h e  K lua tan tan  R ive r ,  the  grade has been const ruc ted  from the  end 

o f  s t e e l  through and p a s t  the  Proper ty  t o  the  S t i k i n e  R i v e r  i n  the  

n o r t h  ( F i g u r e  3.2). 

The absence o f  t h ree  br idges  across the Klappan R iver ,  and 

Ealue and T s e t i a  Creeks, n o r t h  o f  Mount Klappan, negated the  use 

o f  t h e  r a i l w a y  grade f o r  access. However, as o f  March 1984, t h ree  

b r i d g e s  have been const ruc ted  and road access i s  now poss ib le  from 

Highway 37 a long t h e  Ealue Lake Road and hence down the  r a i l w a y  

grade. 

Dur ing  t h e  1983 program, access was by f i x e d  wing and 

h e l i c o p t e r  a i r c r a f t  t o  t h e  1000-metre Summit a i r s t r i p .  
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3.3 Proper ty  D e s c r i p t i o n  

The Mount Klappan Coal Proper ty  comprises 145 coa l  l i cences  

(38,138 hec tares)  o f  land.  The Proper ty  was acqui red over th ree  

separate a p p l i c a t i o n s  from 1981 t o  1982 ( F i g u r e  3 .3) .  A f u r t h e r  

44 coal  l i c e n c e s  (12,332 hec tares)  were app l i ed  f o r  f o l l o w i n g  

complet ion r e s u l t s  o f  t h e  1982 program, 

A r e - d e f i n i t i o n  o f  the  nor theas tern  boundary o f  the  Proper ty  

has occurred where G u l f  re -app l i ed  t o  the  Government o f  B r i t i s h  

Columbia, on November 16, 1982, f o r  approximately 1000 hectares o f  

land.  The l a n d  was p rev ious l y  a p p l i e d  f o r ,  b u t  n o t  granted t o  

G u l f  Canada Resources Inc. ,  due t o  the i naccu ra te  p o s i t i o n i n g  o f  

t h e  S p a t s i z i  P la teau  Wilderness P a r k ' s  southwestern boundary. 
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3.4 Ownership 

Gulf Canada Resources Inc. wholly owns the coal licences and 

the coal licence applications. 



3.5 Proper ty  Geography and Biophys ica l  Environment 

The Mount Klappan Coal Proper ty  i s  l o c a t e d  near t he  

headwaters o f  t he  L i t t l e  Klappan, Klappan, Nass, Skeena, and 

S p a t s i z i  R ivers  ( F i g u r e  3.4). Th is  area i s  w i t h i n  the  nor thern  

e x t r e m i t y  of t he  Skeena Mountains Physiographic Region. The 

reg iona l  physiography i s  o f  mountainous t e r r a i n  and broad 

nor thwest  t o  southeast  t r e n d i n g  r i  ver  va l  1 eys o f  the L i  ttl e  

Klappan, Klappan, Nass, and Skeena Rivers,  and Didene Creek 

( F i g u r e  3.4). 

E leva t i ons  on the  Proper ty  range from 1127 metres i n  t he  

S p a t s i z i  R i v e r  V a l l e y  t o  over  2000 metres on Mount Klappan and the  

ad jacen t  r i d g e  tops. 

The c l i m a t i c  regime o f  t h e  area i s  i n  t he  Northern and 

Cen t ra l  P la teau and Mountain Zone. P r e c i p i t a t i o n  values average 

300 t o  400 mm per  yea r  w i t h  the  mean d a i l y  temperatures comparable 

t o  F o r t  Nelson and P r i n c e  George. Th i s  i n fo rma t ion  i s  de r i ved  

f rom a  weather s t a t i o n  l o c a t e d  on the  nor theas tern  edge o f  the  

P rope r t y  which has been moni tored monthly s ince  i t s  i n s t a l l a t i o n  

t h r e e  years  ago. 

Tree l i n e  i n  t h e  area i s  a t  approximately 1500 metres. Val l e y  

bottoms are  p a r t i a l  l y  covered w i t h  sca t te red  con i fe rous  f o r e s t s ,  

grasses, shrubs, meadows, and bogs. The h ighe r  e l e v a t i o n s  a re  

c h a r a c t e r i z e d  by a1 p i n e  tundra. 
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4.0 EXPLORATION HISTORY 

4.1 Previous E x p l o r a t i o n  Work 

V.H. Dupont made the  f i r s t  publ ished d e s c r i p t i o n  o f  coal i n  

t h e  Northern Bowser Basin i n  1900 f o r  the  Canadian Department o f  

Rai lways and Canal s  ( F i g u r e  4.1). I n  h i s  repo r t ,  he describes a 

coal  outcrop near the  conf luence o f  Didene Creek and the  S p a t s i z i  

River .  Th is  outcrop i s  now recognized as p a r t  o f  the Klappan coal 

occurrences. 

The Geological Survey o f  Canada has i n i t i a t e d  f i v e  

e x p l o r a t i o n  programs i n t o  the  area. The f i r s t ,  i n  1911, was l e d  

by G.S. Mal loch (Mal loch, 1914) who undertook a geo log ica l  

e v a l u a t i o n  o f  the  Bowser Basin concent ra t ing  55 m i l e s  t o  the  south 

o f  Mount K1 appan i n  the  Groundhog Coal Measures. The second, i n  

1948, was l e d  by Buckham and La tou r  (Buckham and Latour ,  1950) 

which a l s o  concentrated i n  t h e  Groundhog area. The t h i r d  study i n  

1957 was c a l l e d  "Operat ion S t i k i n e " .  The f o u r t h  and f i f t h  

programs, which broadly covered the  Kl appan Coal Measures, were 

l e d  by Eisbacher i n  1974 and i n  1981. These s tud ies  r e s u l t e d  i n  

some o f  t h e  f i r s t  s t r a t i g r a p h i c  and s t r u c t u r a l  s tud ies  o f  t he  

area. I n  add i t i on ,  Eisbacher t r i e d  t o  broadly r e l a t e  the  

depos i t i ona l  h i  s t o r y  o f  the  Bowser Basin t o  the  t e c t o n i c  h i  s t o r y  

o f  t he  area. 

I n  1979, Richards and G i l c h r i s t  from the  B.C. Department o f  

Mines pub1 ished broad s t r a t i g r a p h i c  s tud ies  p r i m a r i l y  i n  t h e  
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Groundhog area. However, they a1 so i nc luded  re ference t o  the coal  

sequences o f  the  Nor thern  Bowser Basin. 

F u r t h e r  i n t e r e s t  i n  the  Klappan coal occurrences du r ing  the  

1  a t e  1970's r e s u l t e d  i n  both Esso M ine ra l s  and P e t r o f i n a  a c q u i r i n g  

1  icences i n  t he  area. These 1  icences were a1 lowed t o  lapse i n  

1980 f o l l  owing m i  nimal geol og i ca l  e x p l o r a t i o n  o f  the area. 

I n i t i a l l y ,  G u l f  entered the  Bowser Basin - i n  1979 

concen t ra t i ng  i n  t h e  Panorama-Groundhog Coal Measures. Th is  was 

f o l l o w e d  i n  1981 by t h e  a c q u i s i t i o n  o f  t h e  Mount K l  appan 

P roper t y .  



4.2 1981 Explorat ion Program 

4.2.1 Method01 ogy 

The methodology of the 1981 program revolved around 

t h e  mapping, trenching and sampling of exposed coal seams to  

determi ne thei  r s t r a t i  graphic posit ion ; t o  const ruct  a 

geological map; t o  del i neate areas of potenti  a1 ly 

surface-mineable resources; and to  s e l e c t  s i t e s  f o r  a fu tu re  

d r i l l i n g  program. 

4.2.2 Mapping 

Mapping of Property was undertaken on Government 

1:50 000 maps enlarged t o  1:10 000 and 1:10 000 

orthophotographs. 

4.2.3 Trenching 

Hand trenching,  c a r r i ed  out under the  supervision of a 

geo log is t ,  r esu l ted  i n  24 trenches being dug. The object ive  

of trenching was t o  fu l l y  expose those coal seams t h a t  were 

be1 ieved to  exceed a min imum thickness of 0.5 metres. 

4.2.4 Coal Qua1 i ty  

The Mount Kl appan coal was shown t o  be an an thrac i te ,  

based on ref lectance measurements. 



4.3 1982 Exploration Program 

4.3.1 Methodology 

Exp lo ra t i on  on the  Proper ty  f o r  1982 was c a r r i e d  o u t  

i n  two phases. Phase I, from June t o  J u l y ,  was d i r e c t e d  

towards the  mapping and t rench ing  o f  the  l i cences  o f  the  

eastern  mapping b locks.  Phase 11, from J u l y  t o  e a r l y  

September, concentrated on geo log ica l  l y  mapping the  western 

mapping blocks. Other s tud ies  inc luded a  s t r u c t u r a l  and 

depos i t i ona l  environment assessment o f  the  Property.  

I n  add i t i on ,  seven diamond d r i  11 holes were compl e ted  

on the  Proper ty  on s i t e s  def ined by the  f i r s t  phase o f  work. 

4.3.2 Mapping 

The 1982 mapping program was accompl ished a t  a  scale 

o f  1:10 000 and revo lved around f o u r  two-man crews, 

c o n s i s t i n g  o f  a  geo log is t  and a  geological  ass i s tan t .  Each 

crew was assigned s p e c i f i c  mapping b locks ou t  o f  a t o t a l  o f  

e leven b locks  w i t h i n  t h e  Proper ty  ( F i g u r e  4.2). A l l  crews 

were supported by four-wheel d r i v e  t r u c k s  and a  Hughes 500-0 

he1 i c o p t e r .  The mapping method cons is ted  o f  a  mod i f i ed  p l  ane 

t a b l e  method i n  o rde r  t o  c o n t r o l  t rave rse  s t a t i o n  p o s i t i o n s .  

A l l  t r ave rses  t i e d  i n t o  known topographic p o i n t s  on one o r  

more o f  t h e  213 c o n t r o l  po in ts .  Contro l  p o i n t s  inc luded 

d i s t i n c t i v e  physiographic fea tures ,  outcrop pa t te rns ,  and 
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1 one t r e e s  o r  shrubs having the  p o s i t i o n s  determined 

photogrammetr ica l ly  and p l o t t e d  on 1:10 000 map sheets. 

I n  areas o f  good outcrop,  sec t ions  were measured by 

mapping teams. They were then d r a f t e d  t o  a scale o f  1 : Z O O .  

4.3.3 Trenching 

A1 1 seams were t renched wherever s p o i l  i n d i c a t e d  the  

p o s s i b i l i t y  o f  a seam i n  excess o f  1 metre i n  t r u e  th ickness.  

T h i s  r e s u l t e d  i n  50 t renches be ing  excavated by hand, logged 

and sampled by g e o l o g i s t s  du r ing  the  1982 program. 

Trenches were descr ibed i n  d e t a i l  and measured i n  t r u e  

th ickness.  They were then surveyed i n  by cha in  and compass 

and p l o t t e d  on t h e  1:10 000 base maps. 

4.3.4 Diamond D r i l l  i n g  

The 1982 d r i l l i n g  program, t o t a l l i n g  1223 metres o f  

d r i l l i n g ,  cons i s ted  o f  7 ho les  be ing  d r i l l e d  i n  a 33-day 

p e r i o d  (F igu re  4.3 & Tab1 e 4.1). A Longyear Super 38 diamond 

d r i l l  was u t i l  i z e d  s ince  i t  was capable o f  be ing  broken down 

f o r  t r a n s p o r t a t i o n  by a Hughes 500-D he1 i c o p t e r  from s i t e  t o  

s i t e .  A1 1 d r i l l  ho les were surveyed i n  by cha in  and compass 

and geophys ica l l y  logged (except  DDH82001) w i t h  a f u l l  s u i t e  

o f  l o g s  a t  a general sca le  o f  1:200. D e t a i l e d  l o g s  were 

produced a t  a sca le  o f  1:40 over the  coal seams u t i l i z i n g  

d e n s i t y  , r e s i  s t i  v i  t y  , gamma ray  and c a l  i per  responses. 
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TABLE 4.1 
GULF CANADA RESOURCES INC.  - COAL D I V I S I O N  
15/NOV/82 PROJECT DATA SOURCE SUMMARY 

LOCATION 
DATA 
SOURCE 

NORTH1 NG ELEVATION LENGTH GEOPHYSICAL 
AREA EAST1 NG (m) [m) ANGLE AZIMUTH LOGS 

Hobbit  Creek 

Hobbit  Creek 

Hobbit  Creek 

Broatch Creek 

Lost  Ridge 

Broatch Creek 

Summit South 

0 Not logged 

0 Open Hole 

0 Open Hole 

40.0 Thru Rods 

55 .O Thru Rods 

345 .O Open Hole 

5.0 Mostly 
Open Hole 



4.3.5 Coal Qua l i t y  

The r e s u l t s  of the 1982 program again indicated t h a t  

t h e  Mount Kl appan Property was underlain by an thrac i te  t h a t  

could be washed t o  produce a  var ie ty  of product coals .  A 

more de ta i l ed  descr ipt ion i s  given in Section 4.4.2.  



4.4 Resul t s  o f  Explorat ion 1982 

4.4.1 Resources 

The 1982 e x p l o r a t i o n  program determined t h a t  the  Mount 

K l  appan Proper ty  has an e x p l o r a t i o n  resource p o t e n t i a l  o f  3 

b i l l i o n  tonnes. O f  t h i s  t o t a l ,  890 m i l  1  i o n  tonnes are 

c l a s s i f i e d  as i n f e r r e d ,  1.2 b i l l i o n  tonnes as specu la t ive .  

The remain ing resource o f  over 1 b i l l  i o n  tonnes i s  de f i ned  as 

a p o t e n t i  a1 resource. The i n f e r r e d  resource i s  conta ined 

w i t h i n  the  Hobbit-Broatch, Lost-Fox and Summit Resource 

areas which together  cover  on ly  15% o f  the  Proper ty .  The 

Hobbi t -Broatch  area i s  the  l a r g e s t  w i t h  620 m i l  1  i o n  tonnes, 

and i s  f o l l owed  by the  Lost-Fox area w i t h  240 m i l  1  i o n  tonnes. 

The Summit area i s  t he  sma l l es t  w i t h  30 m i l  1  i o n  tonnes. 

4.4.2 Coal Q u a l i t y  

The Mount Klappan Proper t y  i s  u n d e r l a i n  by a n t h r a c i t e  

which can be washed t o  produce a v a r i e t y  o f  p roduct  coals. 

These products range from low ash a n t h r a c i t e s  o f  5-6% and 

9-11% ash t o  b r i q u e t t i n g  coa ls  w i t h  20% ash. A l l  products 

a r e  low i n  su lphur  w i t h  values rang ing  from 0.40% t o  0.60%. 

The premi um coa ls  can be washed t o  produce ash l e v e l s  

f rom 5-6% and having c a l o r i f i c  values o f  7,800 c a l o r i e s  per  

gram (Appendix I V ,  Volumes I11 and I V ) .  



" 5.0 1983 EXPLORATION PROGRAM 

The g r e a t e s t  p o r t i o n  o f  t he  1983 program was d i r e c t e d  towards the  

areas l o c a t e d  o u t s i d e  o f  t h e  Hobbi t -Broatch area. Th i s  i nc luded  t h e  

areas d ra ined  by Tahtsedle Creek, G r i z z l y  Creek, and t h e  L i t t l e  

K l  appan, K l  appan, Skeena, S p a t s i z i  , and Nass R ivers  ( F i g u r e  5 . I ) .  The 

g r e a t e s t  concen t ra t i on  o f  work was i n  t h e  Lost-Fox area where one 

diamo-nd hole,  s i x  Winkie ho les  and one a d i t  were completed. The 

d u r a t i o n  o f  t he  program was from May 1983 t o  March 1984, a  t o t a l  o f  11 

months. O f  t h i s  per iod ,  mid-June t o  mid-October were spent i n  t h e  

f i e l d .  The remain ing f i v e  months were d i v i d e d  between f i e l d  

p repa ra t i on ,  da ta  compi 1 a t i o n ,  eva lua t i on ,  and r e p o r t  w r i t i n g .  
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5.1 Program Objectives and Method01 ogy 

5.1.1 Ob jec t i ves  

The o b j e c t i v e s  o f  the  1983 e x p l o r a t i o n  program were as 

f o l l  ows: 

1 )  To g e o l o g i c a l l y  map the Proper ty  i n  p r i o r i t y  

sequence a t  a  1:5 000 scale and 1:10 000 scale. 

2 )  To de f i ne  s t r u c t u r e s  con ta in ing  sur face mineable 

coal  o the r  than i n  t h e  Hobbi t -Broatch  Area. 

3 )  To d e l i n e a t e  the  q u a l i t y  and s i z e  d i s t r i b u t i o n  o f  

t h e  M t .  K l  appan coal .  

5.1.2 Methodology 

To accompl i s h  t h e  o b j e c t i v e s  out1 i n e d  i n  Sect ion  

5.1 .l, an e x p l o r a t i o n  program was designed i n  the  s p r i n g  o f  

1983. Th i s  program cons i s ted  o f  d e t a i l e d  geo log ica l  mapping, 

t rench ing ,  diamond d r i l l  i n g  and the  d r i v i n g  o f  one adi  t. 

Ob jec t i ves  1 and 2 were accomplished by d i v i d i n g  the 

Proper ty  i n t o  5  f i v e  main segments c o n s i s t i n g  o f  18 mapping 

b l o c k s  and subsequently mapping them i n  p r i o r i t y  sequence 

( F i g u r e  5.2). Ob jec t i ve  3  was accomplished by the d r i v i n g  o f  

one ad i  t i n  o rder  t o  remove a  37-tonne bu lk  sample. The 

b u l k  sample was e x t r a c t e d  from the  I seam on L o s t  Ridge. 
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5.2 Cartography 

The majority of the  topographic maps used fo r  geological 

i n t e rp r e t a t i on  were a t  1:5 000 sca le .  These maps were produced 

from 1:30 000 a e r i a l  photographs taken i n  the fa1 1 of 1982. A1 1 

diamond d r i l l  hole loca t ions  were based on chain and compass 

surveys from known points .  

The remaining areas  , lacking 1:5 000 topographic map coverage 

were geologically mapped on spec ia l ly  prepared 1:10 000 sca le  maps 

having a contour in terval  of 100 f e e t .  



5.3 Logist ics  

5.3.1 F i e l d  Camp 

The 1983 f i e 1  d  camp setup was completed by June 23 and 

was l o c a t e d  on a  p rev ious l y  c lea red  B.C.R. campsite. The 

exac t  l o c a t i o n  o f  the s i t e  was a t  the  j o i n i n g  o f  the L i t t l e  

Klappan R ive r  and the  B.C.R. sub-grade (UTM N6346900, 

E504360) (F igu re  5.1). The camp cons i s ted  o f  24 t e n t s  f o r  

personnel , o f f i c e ,  cooking, ea t ing ,  and storage f a c i  1  i t i e s .  

I n  a d d i t i o n ,  one Chevro le t  p ickup t r u c k  was used throughout  

t h e  du ra t i on  o f  the  program. The t o t a l  e x p l o r a t i o n  and 

suppor t  s t a f f  averaged from 15 t o  25 people f o r  t he  d u r a t i o n  

o f  the  program. 

A1 1 geo log i ca l  , camp equipment, t r uck ,  suppl i es and 

personnel were m o b i l i z e d  from Smithers t o  the  Summit a i r s t r i p  

on t h e  Mount Klappan Property .  T ranspor ta t i on  was 

p r o v i  ded by DHC-4 Dehavi 11 and Car ibou a i r c r a f t .  

A second t o t a l  l y  sel  f - c o n t a i  ned camp was es tab l  i shed 

on t h e  west end o f  t he  Summit a i r s t r i p  t o  accommodate the 

diamond d r i l l  i n g  crew, fo l l owed  l a t e r  by the  a d i t  crew. I n  

t o t a l  , i t  housed from f i v e  diamond d r i  11 e r s  t o  10 a d i  t crew 

members and a  cook. 

The G u l f  camp was demobi l ized i n  stages from August t o  

October o f  1983. The a d i t  and d r i l l  camp were demobi l ized 

d u r i n g  l a t e  October o f  1983. 



5.3.2 Mapping and Dr i l l i ng  Support 

The mapping and d r i l l i n g  programs were supported by 

a four-wheel dr ive  truck and a Hughes 500-D he l icop te r .  Road 

access t o  the  eas te rn  half  of the  Property was via the  

B r i t i s h  Columbia Railway sub-grade w i t h  the  remaining 

por t ions  accessed by the Hughes 500-D he l icop te r .  



5.4 Geological Mapping 

The 1983 expl o ra t ion  program i nvol ved the  deta i  1 ed mappi ng 

of the  Property a t  1:5 000 and 1:10 000 s ca l e s  (Geology Maps, 

Appendix 11, Volume I ) .  This was accomplished by dividing the 

Property i n to  5 segments comprising 18 mapping blocks with each 

block given a p r i o r i t y  I t o  111. I t  was fu r t he r  sub-divided 

between four mapping teams w i t h  each mapping team cons i s t ing  of 

one geologis t  and one geological a s s i s t a n t .  A1 1 crews reached 

t h e i r  t r averse  points  by a Hughes 500-D he1 icop te r  o r  by truck.  

Mapping in  the  f i e1  d was accomplished by a modified plane t ab l e  

method a s  described i n  Section 4.3.2. 

T h e  P r i o r i t y  I a r ea s  were mapped from June t o  the end of 

Ju ly .  These blocks included Summit South, ~os t ' -FOX,  Knooph H i l l ,  

Grizzly Creek, and Mount Klappan North and South. 

P r i o r i t y  I1  a reas  consis ted  of the following: Summit North, 

L i t t l e  Klappan North, South and West; Nass River; and the Skeena 

blocks. 

An  unusually wet summer hampered mapping operations and, a s  a 

r e s u l t ,  only one P r i o r i t y  I11 a r ea ,  the El 1 i s  block, was mapped. 

Data obtained in the f i e l d  from d r i l l  holes and trenches was 

entered i n t o  an on-si t e  database system compatible w i t h  Gulf ' s 

in-house system. T h i s  information was then t rans fe r red  t o  the 

main data base in the Calgary head o f f i c e .  



5.5 Trenching 

Nine ty - th ree  (93)  t renches were excavated by hand, logged and 

sampled du r ing  the  1983 e x p l o r a t i o n  program. A1 1 seams w i t h i n  the  

mapping b locks  were t renched wherever spoi 1 i n d i c a t e d  the  

p o s s i b i l i t y  o f  a seam th ickness  g rea te r  than 1.0 metre i n  

t r u e  th ickness.  Trenching crews cons is ted  o f  a two-man team under 

t h e  superv i s ion  o f  t he  g e o l o g i s t  respons ib le  f o r  t he  mapping 

b l  ock. 

The trenches averaged 0.8 metres i n  w id th ,  1.0 metres i n  

depth and 5.7 metres i n  length .  I n  t o t a l ,  338.99 metres o f  

t r e n c h i n g  was completed o f  which 100.95 metres were sampled. A l l  

t renched seams were measured i n  t r u e  th ickness  and descr ibed i n  

d e t a i l .  Locat ions  o f  t h e  trenches were surveyed i n  by the  cha in  

and compass method, and p l o t t e d  on 1:5 000 and 1: 10 000 base maps 

(Appendix 111). 



5.6 Diamond Drilling 

A Longyear Super 38 diamond dri 11, capable of being broken 

down fo r  t ranspor ta t ion by a Hughes 500-D he1 icop te r ,  was u t i l i z e d  

f o r  the  d r i l l i n g .  The r i g  was mobilized to  the Summit  a i r s t r i p  

from Dease Lake in  the  Caribou a i r c r a f t  and then a i r1  i f t e d  by 

he l icop te r  t o  the  d r i l l  s i t e s .  The d r i l l  r i g ,  which has a 

ve r t i c a l  depth capacity of over 360 metres, was adequate fo r  the  

program requirements which did not exceed 300 metres in  any one 

hole. 

A t o t a l  of 603.25 metres of d r i l l  ing in  3 holes was completed 

i n  a 22-day period.  (Figure 5.3). The r i g  was operated on a 

two-shift ,  24-hour-a-day basis  w i t h  a d r i l l e r  and a helper on each 

s h i f t .  Table 5.1 summarizes the r e s u l t s  of the program. All 

d r i l l  holes have been surveyed i n  by chain and compass, and appear 

on a1 1 appropriate geological maps and cross-sections (Appendix 

I11 and Appendix IV, Volumes 1-111). 

A t  the  completion of the d r i l l  ing program, the  d r i l l  r i g  was 

a i r l i f t e d  t o  the Summit a i r s t r i p  where i t  was prepared fo r  winter 

storage.  
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TABLE 5.1 DIAMOND HOLES 
GULF CANADA RESOURCES INC.  - COAL D I V I S I O N  

PROJECT DATA SOURCE SUMMARY 

LOCAT I ON 
DATA NORTH1 NG ELEVATION LENGTH GEOPHYSICAL 
SOURCE AREA EAST I NG (d (m) ANGLE AZIMUTH LOGS 

I 

W 
w KPNLRDDH83001 Lost-Fox N 6344261.00 1841 .OO 299.40 90 .O 0 Thru Rods 
I E 505704.00 

KPNLKDDH83002 L i t t l e  K l  appan N 6342845 .OO 1484.00 111.25 90.0 ' 0 Open Hole 
E 503090.00 

KPNSSDDH83003 Summit N 6349585.00 1825.00 192.60 60.0 230.0 Thru Rods 
E 501657.00 



5.7 Winkie D r i l l i n g  

, A W i  n k i e  diamond d r i l  l i n g  program was undertaken t o  

p r e c i s e l y  determine the  l o c a t i o n  o f  the  a d i t .  I n  t o t a l ,  s i x  

Winkie holes were d r i l l e d  i n  the  v i c i n i t y  o f  L o s t  Ridge f o r  t h i s  

purpose. Four o f  the  s i x  holes were spudded on top  o f  L o s t  Ridge 

and two were s i t u a t e d  on the  over turned l i m b  o f  the  L o s t  Ridge 

A n t i c l i n e  (Appendix I V ,  Volumes I, I 1  and 111).  

A t o t a l  o f  126.84 metres o f  d r i l l i n g  i n  the s i x  holes were 

completed i n  a  20-day per iod .  The r i g  was operated by a  two-man 

crew, 10-12 hrs.  per  day, weather pe rm i t t i ng .  A l l  d r i l l  ho les 

were surveyed i n  by cha in  and compass (see F i g u r e  5.3 and Table 

5.2 f o r  l o c a t i o n s  and a  summary o f  the  Winkie d r i l l i n g ) .  

A t  t he  complet ion o f  t he  d r i l l  program, the  d r i l l  was 

a i r 1  i f t e d  t o  the  Summit a i r s t r i p .  From here, i t  was t ranspor ted  

by  a  f i xed-wing Beach 18 a i r c r a f t  t o  Smi  t he rs ,  B.C. 

It should be noted t h a t  a1 though the  Winkie d r i l l  completed 

i t s  o b j e c t i v e  o f  de termin ing  c o n t i n u i t y  o f  t he  I seam, i t  has 

1  i m i  t e d  use i n  t h e  area o f  geo log ica l  coal  exp lo ra t i on .  



TABLE 5.2 WINKIE DIAMOND HOLES 
GULF CANADA RESOURCES INC.  - COAL D I V I S I O N  ' 

PROJECT DATA SOURCE SUMMARY 

LOCATION 
DATA NORTH I NG ELEVATION LENGTH 

I SOURCE AREA EASTING (m) (d ANGLE AZIMUTH COMPLETION 

L o s t  Ridge N 6344339.00 1827 .OO 7.01 90 .O 
E 505758.00 

Los t  Ridge N 6344340 .OO 1827 .OO 17.22 90 .O 
E 505758.00 

Los t  Ridge N 6344324.00 1832 .OO 21 .OO 90 .O 
E 505758.00 

Los t  Ridge N 6344334.00 1824 .OO 30.93 90.0 
E 505816.00 

Los t  Ridge N 6344670.00 1670 .OO 29.87 90 .O 
Overturned Limb E 504620.00 

Los t  Ridge N 6344675.00 1675 .OO 19.81 70 .O 
Overturned Limb E 504625.00 

0 L o s t  Hole 

0 Compl e ted 

0 Compl e ted  

0 Completed 

0 Los t  Hole 

205 .O Los t  Hole 



' 5.8 

sca 

t h e  

c a l  

Geophysical Logging 

A l l  diamond d r i l l  ho les  were geophys ica l l y  logged a t  a general 

l e  o f  1:200. D e t a i l e d  l o g s  were produced a t  a sca le  o f  1 :4O over  

coal  seams u t i l i z i n g  t h e  dens i t y  - r e s i s t i v i t y ,  gamma ray  and 

i per  responses. A d i  g i  t a l  geophysical 1 oggi ng system was empl oyed 

w i t h  the  i n f o r m a t i o n  from probe readings be ing  recorded d i  r e c t l y  onto 

magnetic tape. Paper p r i n t s  o f  t he  l ogs  were produced i n  t he  f i e 1  d t o  

a s s i s t  i n  core  l o g g i n g  and c o r r e l a t i o n .  Appendix I V ,  Volume I 1  

con ta ins  a complete s e t  o f  geophysical logs. 

The f o l l o w i n g  i s  a l i s t  o f  t he  f u l l  s u i t e  o f  l o g s  run dur ing  t h e  

program: 

a) Gamma Ray 

b )  Neutron 

c )  S i  dewal l  Dens i ty  

d) Focused Beam R e s i s t i v i t y  

e )  C a l i p e r  

f )  D i r e c t i o n  D e v i a t i o n  



5.9 Drill Core Logging and Sampling 

The d r i l l  core  was logged and sampled by Gul f geo log i s t s  who 

descr ibed t h e  f o l l  owi ng parameters i n d e t a i  1  : bas ic  1  i tho1 og i  es, 

f o s s i l  occurrences, sedimentary s t ruc tu res ,  s t r a t i g r a p h i c  marker 

beds, and any s t r u c t u r a l  f ea tu res  such as l a r g e r  scale f o l d s  and 

f a u l t s .  The bedding t o  core angle (BCA), t he  angle between 

bedding and a  l i n e  para1 l e l  t o  the core ax i s ,  was recorded f o r  use 

i n  determin ing the  t r u e  th ickness  o f  the  s t r a t a  i n te rsec ted .  The 

d e s c r i p t i v e  d r i l l  l ogs  and a  l i s t  o f  abbrev ia t ions  used are found 

i n  Appendix I V Y  Volume I I .  

Coal core  l o g g i n g  was based upon the  percentage o f  the  coal  

maceral v i  t r a i  n  ( b r i g h t  coal  ) conta ined w i t h i n  a  measured u n i t  o f  

core, and upon any rock spl  i t s  found conta ined w i t h i n  the  coa l .  

The f o l l o w i n g  i s  a  breakdown o f  t he  coal  core d e s c r i p t i o n :  

B r i g h t  >80% V i  t r a i n  C- 1 

B r i g h t  Banded 60 - 80% " C-2 

D u l l l B r i g h t  40 - 60% " C-3 

D u l l  Banded 20 - 40% " C-4 

D u l l  (20% I1  C-5 

Bone o r  Stone 0% " C-6 

A l l  coal  core  i n  excess o f  0.5 metres apparent th ickness,  was 

sampled and sent  t o  l a b o r a t o r i e s  f o r  d e t a i l e d  coal  qua1 i t y  and 

w a s h a b i l i t y  t e s t s .  Samples were se lec ted  on the  bas i s  o f  

geophysical 1  og t races ,  cross-matched w i t h  the  w r i t t e n  1  og. 

Samples were taken i n  i n t e r v a l s  smal l  enough t o  a s s i s t  i n  l a t e r  



sample compositing. Rock samples were taken of the main 

1.i thologies  in  each d r i l l  hole f o r  f u r t he r  analys is .  Whenever 

poss ib le ,  the  core was photographed p r i o r  t o  sampling. 

S t r i p  logs i l l u s t r a t i n g  the  core descr ip t ion a s  d r i l l e d  and 

a s  corrected t o  t r ue  thickness were draf ted  a t  a s ca l e  of 1:200 

(See Appendix IVY Volume 11 ) .  A sample summary f o r  each d r i l l  

hole i s  a l s o  found in  Appendix IVY Volume 11. The core was 

stacked a t  the  campsite and covered t o  protect  i t  agains t  ra in  and 

snow. 



5.10 Drill Core and Trench Sample Analysis 

A1 1  d r i l l  c o r e  coa l  samples were subm i t t ed  f o r  p r e l i m i n a r y  

a n a l y s i s  t o  an independent  l a b o r a t o r y .  The coa l  samples were 

s u b j e c t e d  t o  d e t a i l e d  w a s h a b i l i t y  s t u d i e s  from which a  v a r i e t y  o f  

p r o d u c t  c o a l s  were produced. Each p roduc t  coa l  then  underwent 

e x t e n s i v e  a n a l y t i c a l  t e s t i n g  (see Appendix I V ,  Volumes I and 11). 



The a d i t  d r i vage  and bu l k  sampling program was undertaken 

d u r i n g  t h e  months o f  September and October. Superv is ion  was by 

G.C.R.I. Coal D i v i s i o n  personnel and J. Perry o f  Coal-Ex 

Consul t i n g  L td .  

P re l im ina ry  work t o  determine the  ad i  t s i t e  was undertaken 

d u r i n g  J u l y  by us ing  a Winkie diamond d r i l l  r i g .  A t o t a l  o f  s i x  

Winkie holes were d r i l l e d  i n t o  the  I seam t o  determine the  bes t  

1 oca t i on  f o r  t he  ad i  t. 

The a d i t  was d r i v e n  i n t o  seam I on the nor thwester ly  face o f  

L o s t  Ridge approximate ly  232 metres from DDH82-005 and 136 metres 

f rom DDH83-001 ( F i g u r e  5.3). Access t o  the  ad i  t s i t e  i s  on l y  by 

he1 i c o p t e r  a t  t h i s  t ime. The coordinates and e leva t i ons  f o r  t he  

p o r t a l  a re  given. be1 ow: 

A d i t  83-001 Loca t i on  E l e v a t i o n  

UTM N 6344350 1800 m 

E 5058555 

The a d i t  c o n s t r u c t i o n  and dr ivage was c a r r i e d  o u t  by Target  

Tunnel i ng L td .  o f  Strathmore, A1 be r ta .  

M o b i l i z a t i o n  o f  the  r e q u i r e d  a d i t  equipment and personnel 

began on August 29 th  and was completed by September 1 s t .  A l l  



equipment was mobil ized from Calgary ,  A1 b e r t a  and Smi thers, B.C.  

t o  Dease Lake, B . C .  From here ,  i t  was flown by f i x e d  wing 

D H C  4 Dehavil l and  Caribou a i r c r a f t  t o  the Summit A i r s t r i p  on t h e  

Mount K l  appan P rope r ty .  

P o r t a l  c o n s t r u c t i o n  began on September 2nd and was completed 

by September 9 t h .  Drivage of the a d i t  was t o  a depth of 50 met res  

and was completed by October 14 th .  A t  t h i s  p o i n t ,  a 37-tonne 

sample was removed us ing  200-45 g a l l o n  s t e e l  drums which were 

a i r l i f t e d  t o  the Summit A i r s t r i p .  From t h e r e ,  i t  was flown by 

Beach 1 8  f i x e d  wing a i r c r a f t  . t o  t h e  Barrage,  B . C . ,  A i r s t r i p  

l o c a t e d  on Highway 37 west of  the Klappan P rope r ty .  A t  t h i s  

p o i n t ,  the b a r r e l s  were loaded onto  t r u c k s  and shipped t o  B i r t l e y  

Coal and Minera l s  Tes t i ng .  For a more d e t a i l e d  d e s c r i p t i o n ,  see 

Appendix IVY Volume IV. 



5.12 Data Management 

D u r i n g  t h e  1983 f i e 1  d  season, a  HP 9816 computer was used i n  

t h e  f i e l d  f o r  budget purposes and f o r  t h e  s to rage  o f  t r e n c h  and 

d r i l l  h o l e  data.  T h i s  da ta  was then t r a n s f e r r e d  i n  Calgary  t o  

G u l f ' s  Coal Data Base. A1 1  da ta  s t o r e d  t o  da te  i n  Ca lgary  i s  on 

G u l f ' s  AMDAHL V6 computer. The da ta  s t o r e d  i n c l u d e s  a1 1  d r i l l  

c o r e  d e s c r i p t i o n s ,  d e t a i l e d  records  of each d r i l l  h o l e  and t rench ,  

comple te  d e s c r i p t i o n s  o f  a l l  samples c o l l e c t e d  and a l l  coa l  

q u a l i t y  and w a s h a b i l i t y  data.  The coa l  database u t i l i z e s  t h e  

System 2000 database management system and A c t  1 s o f t w a r e  t o  

p r o v i d e  easy o n - l i n e  da ta  e n t r y  and screen r e t r i e v a l  o f  s t o r e d  

data.  



5.13 Recl amati on 

The d r i  11 i ng program, undertaken w i t h  he1 i cop te r  support,  

r e s u l t e d  i n  minor d is tu rbance t o  the th ree  diamond d r i l l  s i t e s  and 

s i x  W i  n k i e  s i t e s ,  as v i r t u a l l y  no c l e a r i n g  o f  sub-a1 p ine  t rees  and 

shrubs was requ i red  f o r  s i t e  p repara t ion .  A l l  equipment and 

garbage has been removed from the s i t e s .  Coal seam hand trenches 

remain open f o r  f u r t h e r  i n s p e c t i o n  w i t h  b a c k - f i l l i n g  t o  be 

undertaken a t  a l a t e r  date. 

The camp area u t i l i z e d  a p r e - e x i s t i n g  B.C.R. campsite. A l l  

camp equipment and most f i e l d  equipment has been shipped t o  

Smi t h e r s  f o r  w i n t e r  storage, a1 though some m a t e r i a l  s have been 

s t o r e d  i n s i d e  the  B.C .R. communication t r a i l e r s  on the  Proper ty .  

A1 1 garbage has been removed from bo th  campsites. 



5.14 Special Projects 

5 . l 4 . l  Depos i t iona l  Environments 

I n  e a r l y  J u l y  and i n  mid-August, two sed imento log is ts  

f rom Gul f Canada ' s  Geological  Serv ices Department v i s i t e d  the  

Mount Klappan Proper ty  f o r  two weeks and one week, 

r e s p e c t i v e l y .  The purpose o f  t h e i r  v i s i t  was t o  cont inue 

s t u d i e s  which would l e a d  t o  a paleoenvironmental 

i n t e r p r e t a t i o n  o f  the  Mount K l  appan Proper ty .  Outcrops and 

d r i l l  core  were reviewed and sampled w i t h  spec ia l  a t t e n t i o n  

p a i d  t o  sedimentary s t ruc tu res ,  f o s s i l  con tent  and l i t h o l o g i c  

r e 1  a t ionsh ips .  Samples were ob ta ined f o r  p e t r o l o g i c  s tud ies  

and f o r  mic ro  and macro f o s s i l  i d e n t i f i c a t i o n .  

5.14.2 Regional S t r u c t u r e  

G u l f  has sponsored the  f i r s t  and second y e a r ' s  f i e l d  

work f o r  a  Ph.D t h e s i s  on t h e  reg iona l  s t r u c t u r e  o f  the  

n o r t h e r n  Bowser Basin. The Ph.D candidate,  I a n  Mof fa t ,  i s  

work ing  under t h e  superv is ion  o f  the  Geology Department o f  

t h e  U n i v e r s i t y  o f  B r i t i s h  Columbia. 



5.15 P r o j e c t  Management and Cont rac tors  

The 1983 e x p l o r a t i o n  program was managed by B. P. F lynn o f  

Gul f Canada Resources Inc .  F ie1  d opera t ions  were superv i  sed by 

C. S. Wi l l iams and G. E. Seve, w h i l e  the  a d i t  d r ivage was 

superv ised by J .  Per ry  o f  Coal-Ex Consu l t i ng  Ltd. ,  and J .  I n n i s .  

Coal q u a l i t y  ana lys i s  r e s u l t s  were i n t e r p r e t e d  by J .  I n n i s  w i t h  

ass is tance from K .  F u j i t a  o f  Norwest Resource Consul tants L td .  

Coal pe t ro logy  s tud ies  were performed by D. E. Pearson & 

Associates t t d .  

The fo1  lowing. a d d i t i o n a l  p ro fess iona l  and techn ica l  personnel 

c o n t r i b u t e d  t o  the  Mount Klappan Coal P r o j e c t :  

C. S. Wi l l iams 
G. E. Seve 

P r o j e c t  Geo log i s t  
A s s i s t a n t  P r o j e c t  Geo log i s t  

J. I n n i s  Senior  Geo log is t  

S. McKenzie 
K. Jenner 
J. E lde r  

R. Maylor  
S. Fawcett  
D. May 
C .  Nogas 

H. Dameron 
D. Z u t t e r  

Geo log is t  #I 

II 

Geological  A s s i s t a n t  
I1 It  

I1 I1 

II I I  

H e l i c o p t e r  P i l o t  
I I  11 

L. Scarbo Geophysical Engineer 

W. Hawthorne 
0. Dodd 

Cook 
II 



S. McClement 

B. Peterson 

F i r s t  A id  At tendant  
I 1  I 1  I 1  

D. Durant F i  e l  d  Accountants & Computer 

P. Tsavalos Operators 

The f o l l o w i n g  i s  a l i s t  o f  t he  se rv i ce  companies and 

suppl i e r s  used du r ing  the p r o j e c t :  

Serv ices 

Canadi an Marconi Co . 
West Can E l e c t r o n i c s  Serv ices L td .  
Camday Leasing 
Trans-Provi n c i  a1 A i  r l  i nes 
M. R. Renta ls  
Aero Expedi ti ng 
Hudson Bay Motel 
G l a c i e r  He1 i c o p t e r s  
Nor thern  Thunderbi rd 
High1 and He1 i c o p t e r s  L t d .  
Bu l  k l  ey Val 1 ey C l  eaners 
David E. Pearson & Associates L td .  
Cyclone Eng ineer ing  Sales L td .  
Canadian F r e i  gh tways 
Cent ra l  Mountain A i r  Serv ices 
J. T. Thomas Diamond D r i l l i n g  L td .  
B i r t l e y  Coal & Minera l  s  Tes t i ng  
Commerci a1 T e s t i n g  
Coors Spect ro l  -Chemical 
Target  Tunnel 1 i ng L td .  
Teck Corpora t ion  

Suppl i e r s  

Economy Bookbi ndery Co. L td .  
Nevi 11 e Crosby 
Smi t h e r s  Hardware 
Grove Rental  s  
Superval ue Stores  
Canadian Propane Gas & O i l  
Chevron Bulk Fuel & Serv ices  
A1 f a r  I n d u s t r i a l  Suppl i e s  Ltd.  
A lp ine  Wi r i ng  & Plumbing Serv ices  
Trac and T r a i  1 Equipment L td .  

Cal gary 
Cal gary 
Cal gary 
P r i  nce Rupert 
Smi  t h e r s  
S m i  t h e r s  
S m i  t he rs  
Smi  t h e r s  
P r ince  George 
S m i  t h e r s  
Smi t h e r s  
V i c t o r i a  
Edmonton 
Cal gary 
Smi  t h e r s  
Smi  t h e r s  
Cal gary 
Go1 den, Col o. 
Go1 den, Col o . 
Strathmore 
Vancouver 

Cal gary 
Vancouver 
Smi t h e r s  
Edmonton 
Smi t h e r s  
Smi  t he rs  
Smi  t h e r s  
Smi t h e r s  
S m i  t h e r s  
S m i  t h e r s  



Apol l o  Automotive P a r t s  
D i e t e r i c h  Post  ( A l t a . )  L td .  
Smi  t h e r s  Transpor t  
Smithers Lumber Yard Ltd.  
Bul k l e y  Val l e y  Wholesale L td .  
B. V. Freezer  Meat Supply 
She l l  Bulk  Dealer  
0 '  N e i l  1 ' s  Chevro le t  01 ds 1 td .  
Park Ambulance 
S t i  k i  ne Transpor t  L td .  
Tena j on Motel 
Nor thern Bui 1 d i n g  Movers Ltd. 

Srni t h e r s  
Edmonton 
Smi  t h e r s  
Smi  t h e r s  
Srni t h e r s  
Smi  t h e r s  
S m i  t h e r s  
S m i  t he rs  
Cal gary 
S m i  t h e r s  
Eddontenajon 
Srni t he rs  



6.0 GEOLOGY 

6.1 I n t r o d u c t i o n  

The 1983 program was designed t o  f u r t h e r  de f i ne  the  resource 

base o f  t he  Lost-Fox Area as we1 1 as eva lua te  the p o t e n t i a l  f o r  

a d d i t i o n a l  sur face m i  neabl e depos i ts  t o  occur on 1 icences o the r  

t han  those compri s i  ng the  Hobbi t -Broatch and Lost-Fox Areas. 

A d d i t i o n a l  d r i  1  1 i ng and i n t e r p r e t a t i o n  o f  geologic  data 

c o l l e c t e d  du r ing  d e t a i l e d  mapping o f  the Lost-Fox area, po in ted  t o  

an o v e r a l l  th ickness  i n  excess o f  900 me t res .  f o r  t he  Klappan 

Sequence. Fu r the r ,  t he  occurrence o f  coal  over much o f  the  

s e c t i o n  rendered the  1982 s u b d i v i s i o n  o f  the Klappan sediments, 

i n t o  an upper, m idd le  and lower  u n i t ,  somewhat meaningless. Hence 

i n  the  1983 r e p o r t ,  d i f f e r e n t i a t i o n  o f  the  Klappan Sequence i s  

d i  scont inued. 

Expl o r a t i o n ,  wh i l  e  c o n t i n u i n g  t o  con f i rm  the  sur face m i  neable 

resource base o f  t he  Lost-Fox Area, r e s u l t e d  i n  the  d iscovery o f  

two new areas; Summit i n  the  n o r t h  and L i t t l e  Klappan i n  the  west. 

Whi le  i t  i s  s t i l l  t oo  e a r l y  t o  eva lua te  t h e i r  t r u e  p o t e n t i a l ,  t he  

occurrence o f  seams i n  excess o f  3 metres w i t h  head ashes i n  t h e  

h i g h  teens and low twent ies ,  p o i n t  t o  t h e i r  being worthy o f  more 

d e t a i l e d  and concentrated e f f o r t .  



6.2  Regional Geology 

6.2.1 Geologic S e t t i  ng 

The coal  measures ' o f  t he  Mount Klappan Proper t y  a re  

conta ined w i t h i n  a  se r ies  o f  sediments deposi ted i n  t h e  

Bowser Basin du r ing  m i  ddl  e Ju rass i c  t o  e a r l y  Cretaceous 

t imes. ( F i g u r e  6.1).  The Bowser Basin conforms, i n  terms o f  

i t s  depos i t i ona l  s e t t i n g ,  t o  the  c l a s s i c a l  model o f  a  

"successor bas in"  ( E i  sbacher, 1974b, p. 274). The 

es tab l ishment  o f  the  Bowser Basin succeeded a p e r i o d  o f  

eugeosyncl i nal  mari ne vo l can i c  a c t i  v i  t y  and sedimentat ion. 

Up1 i f t  due t o  c r u s t a l  c o l l i s i o n  from the  west caused the 

b a s i n  t o  become a t  l e a s t  p a r t i a l l y  enclosed and i n i t i a t e d  a  

southwester ly  p rog rada t i on  o f  coarse marine t o  non-mari ne 

depos i ts .  

The Bowser Basin i s  bounded by the  S t i k i n e  Arch t o  the 

no r th ,  i n  t h e  area now occupied by t h e  S t i k i n e  River ;  by the  

Skeena Arch t o  the  south; and by the  Col umbia Orogen (Omi neca 

C r y s t a l 1  i n e  Be1 t )  t o  t he  eas t  ( F i g u r e  6.1). The western mar- 

g i 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 ion .  Pal eocur ren t  measurements 

i n d i c a t e  a  c e n t r i p e t a l  f l o w  i n t o  the  bas in  w i t h  m a t e r i a l  

be ing  drawn from the  respec t i ve  h ighlands t o  the nor th ,  south 

and east.  

A progression through d i s t a l  del t a i c  f a c i e s  and t u r b i -  

d i  t es ,  prodel  t a  subsea fans, d i s t a l  t o  proximal d i  s t r i  bu ta ry  
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channels and f i n a l l y  t o  para1 i c  coal swamps and a1 luvia l  fans 

i s  in te rpre ted  f o r  the  sedimentary environments of the Bowser 

Basin ( E i  sbacher, 1974b). 

6.2.2 Regional St ra t igraphy 

In the southern port ion,  the  assemblage contained 

w i t h i n  the  Bowser Basin, has been subdivided i n to  three  

groups by Tipper and Richards (1976). ~ h e s e  groups, i n  

ascending order are :  the Early Ju r a s s i c  to  Middle J u r a s s i c  

Hazelton Group; the  Upper Ju r a s s i c  Bowser Lake Group, and the 

Early Cretaceous Skeena Group. In 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  top of 

t h e  Bowser Lake Group. 

In the  Northern Bowser Basin, no such comprehensive 

work has been done, and the  sedimentary package associa ted 

w i t h  the  coal i n  t h e  Klappan-Groundhog Area has been 

variously named: the  Skeena Ser ies  (Ma1 loch,  1914) ; Upper 

Hazel ton (Buckham and Latour, 1950) ; Groundhog-Gunanoot 

(Eisbacher,  1974a), and has been dated as  Lower Cretaceous 

(Malloch, 1914; Buckham and Latour, 1950) and Upper J u r a s s i c  

t o  Lowest Cretaceous (Eisbacher,  1974a) (Table 6.1) .  

Gul f ' s geol ogi s t s  , unti 1 September 1982, adopted the 

name Skeena f o r  the coal sequence of the  Klappan-Groundhog 

Area because of the widespread use of t h i s  term i n  the  

southern pa r t  of the basin. A t  t h a t  time, lacking spec i f i c  
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f o s s i l  evidence t o  the  con t ra ry ,  M a l l o c h ' s  assignment o f  t he  

name Skeena t o  the  Lower Cretaceous was a l so  accepted f o r  t he  

K l  appan Area. 

I n  t he  fa1  1  o f  1982, m ic ropa leon to log i ca l  evidence 

(Gul f Laboratory - personal communication) i ndica ted  a  

J u r a s s i c  t o  e a r l i e s t  Lower Cretaceous age f o r  the Klappan 

sediments which would p lace these beds w i t h i n  the  Bowser Lake 

Group as de f i ned  by T ipper  and Richards (1976). Petrographic 

analyses f u r t h e r  supported a  poss ib le  Bowser Lake Group 

a f f i l i a t i o n .  

A d d i t i o n a l  f o s s i  1  d a t i n g  ob ta ined by Gul f geo log i s t s  

i n  1983, t oge the r  w i t h  work undertaken by M o f f a t  and Bus t i n ,  

( i n  press)  suppor t  an age o f  uppermost Midd le  J u r a s s i c  t o  

e a r l y  La te  Ju rass i c .  However, i t  should be noted t h a t  the  

f o s s i l  - assemblage c o l  l e c t e d  t o  date, r e f 1  e c t s  on l y  t he  1  ower 

p o r t i o n  o f  t he  s t r a t i g r a p h i c  sequence conta ined w i t h i n  the  

' Mount K l  appan Proper ty .  

6.2.2.1 Klappan-Groundhog Area S t r a t i g r a p h y  

I n  the  Klappan Area the  Upper J u r a s s i c  t o  

e a r l i e s t  Cretaceous sedimentary package i s  subdiv ided 

i n t o  th ree  sequences, which i n  ascending order  are, 

t h e  Klappan, Ma1 loch ,  and Rhondda Sequences, w i t h  the 

Klappan be ing  the main coa l -bear ing  u n i t  (F igu re  6.2). 

The s u b d i v i s i o n  i s  i n  many respects equ iva len t  t o  the  

s u b d i v i s i o n  es tab l  i shed i n  the  Groundhog Area (Gul f 
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Report). While the iYlal loch and Rhondda have been 

ten ta t ive ly  traced from the Klappan Area south to  the 

Groundhog Area, correlation of the Klappan Sequence 

w i t h  the equivalent unit  in the south i s  tenuous a t  

best  (Figure 6.3) .  

A1 though the Kl appan and Groundhog Sequences 

may be found to be equivalent, ,differences in coal 

qua1 i ty , thickness, and frequency, have resul ted in 

the two units being treated separately a t  t h i s  time. 

6 . 2 . 3  Structure 

Structural deformation of Bowser Basi n sediments 

resulted from intermit tent  tectonic s t resses  a t  the western 

cratonic margin from Cretaceous to  recent time. The 

deformation caused an extensive, shall ow decol1 ement, 

recumbent folds ,  and local thrust  f a u l t s  extending a few 

kilometres along s t r i k e  ( E i  sbacher, 1976). 

The large scale forces resulting from coll  ision of a 

remnant volcanic arc and cratonic margin subjected the area 

t o  northeast-southwest compression ( F 1 )  c rea t i  ng the 

general s t ructural  trend of northwest-southeast. This trend 

i s  recognized i n  fold axial planes, cleavages, and thrust  

surfaces,  which regionally tend to  dip to  the southwest. 
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L a t e r  p o s i t i o n i n g  o f  t he  former vo l can i c  a rc  t e r r a i n  

northwards a1 ong i n t e r l  aced r i g h t  l a t e r a l  h igh  angle f a u l  t s  

( E i  sbacher, 1981) may account f o r  the  l a t e r  nor th-south 

compressional (FZ) event. This  deformat ional  event 

r e s u l t e d  i n  genera l l y  broad, open NE t o  SW t r e n d i n g  f o l d s  

w i t h  r e l a t i v e l y  ra re ,  f l a t  l y i n g  t h r u s t s  expressed i n  several 

K l  ippen f a u l  t s t r u c t u r e s .  

The f i n a l  deformat ional  event which produced 

s t r i  ke-s l  i p  and some d i p - s l  i p  f a u l  t i n g  may have resu l  t e d  from 

a  change i n  t h e  r o t a t i o n a l  component o f  the western. c r u s t a l  

-block, t e r m i n a t i n g  compression. 



6.3 Property ~eology 

The Mount Klappan Proper ty  i s  under la in  by the  Klappan and 

Mal loch  Sequences and t o  a  much l e s s e r  e x t e n t  t he  Rhondda 

Sequence (Table 6.2). The Klappan Sequence i s  the  main coal  

bea r ing  un i  t, domi n a t i  ng the  Proper ty  i n  o v e r a l l  a rea l  ex ten t .  

Ma l loch  s t r a t a  i s  found w i t h i n  t h e  Klappan mountain massi f  and 

o t h e r  h igh land  areas l o c a t e d  on the east,  south and southwestern 

margins o f  t he  l i c e n c e  area. The Rhondda Sequence outcrops w i t h i n  

a  very small p o r t i o n  o f  t he  southern l i c e n c e  area, the  remainder 

o c c u r r i n g  f u r t h e r  t o  the  south o f  the Proper ty .  

W i t h i n  t h e  1982 Mount K l  appan Coal P r o j e c t  Geo log ica l  Report,  

r e fe rence  i s  made t o  marine s t r a t a  l y i n g  below the  Klappan 

Sequence. Since t h i s  Sequence was n o t  i d e n t i f i e d  on the  P roper t y  

i n  1983, i t  was n o t  i nc luded  on the  maps o r  c ross-sec t ions .  

6.3.1 Klappan Sequence 

The Klappan Sequence cons i s t s  o f  sandstone, s i l t s t o n e ,  

mudstone, coa l ,  and conglomerate. The coa ls  range i n  

th i ckness  from a  few cent imetres up t o  7.21 metres, 

rep resen t i ng  the  m a j o r i t y  o f  t he  p o t e n t i a l l y  economic coal on 

t h e  Proper ty .  

Sandstones, v a r y i n g  i n  ga in  s i z e  from very f i n e  

g ra ined  t o  a  g r i t ,  may e x h i b i t  r i p p l e  marks, p lana r  t a b u l a r  

and t rough cross-  s t r a t i f i c a t i o n ,  c o n t a i n  m i  nor  amounts o f  

carbonate cement, and i n  many cases i s  found t o  c o n t a i n  



TABLE 6 0 2  

N U m  KLAPPAN C O A L  PROPERTY 
TABLE O F  F O R M A T I O N S  

/ JKr / RHONDDA SEQUENCE 
MASSIVE TO THICK CONGLOMERATES AND GRITS INTER- 
BEDDED WlTH MINOR SILTSTONES AND SHALES. 

I J K ~  i MALLOCH SEQUENCE 
INTERBEDDED CYCLIC SEQUENCES OF PREDOMINANTLY 
DARK GREY TO DARK BROWN WEATHERING SILTSTONES, 
ORANGE WEATHERING SILICEOUS NODULAR SILTSTONES 
AND CONGLOMERATES. UNlT SHOWS MARKED INCREASE 
IN ABUNDANCE OF SANDSTONES, MASSIVE CONGLOM- 
ERATES AND THIN COAL SEAMS TOWARDS THE BASE. 
COAL SEAMS AVERAGE 1.0 TO 2.0 METRES IN THICKNESS 
AND CONTAIN ABUNDANT ROCK SPLITS. SEQUENCE 
MAY CONTAIN PETRIFIED WOOD. 

I JKk / KLAPPAN SEQUENCE 
SEQUENCE OF PREDOMINANTLY DARK GREY WEATHERING 
MUDSTONES AND SILTSTONES INTERBEDDED WlTH FINE 
TO COARSE GRAINED SANDSTONES, OCCASIONAL THIN 
BEDDED CALCAREOUS ORANGE WEATHERING SILTSTONE . 

NODULES, CONGLOMERATES AND ABUNDANT COAL SEAMS 
UP TO 5.7m THICK. UNlT GRADES DOWNWARDS INTO 
REPETITIVE SEQUENCE OF PREDOMINANTLY TABULAR 
BEDDED, MEDIUM TO COARSE GRAINED CONGLOMERATE 
SANDSTONES WHICH MAY DISPLAY TROUGH CROSS 
STRATIFICATION. INTERBEDDED SILTSTONES AND MUD- 
STONES OFTEN DISPLAYING LOW ANGLE CROSS LAMIN- 
ATION. THICK COAL SEAMS MAY BE ASSOCIATED WlTH 
THE MORE MASSIVE OF THE SANDSTONE BEDS. FOSSILS 
ASSOCIATED WlTH THE FINE GRAINED SEDIMENTS 
INCLUDE SEVERAL SPECIES OF BIVALVES AS WELL AS 
RARE BELEMNITES AND AMMONITES. 

GULF CANADA RESOURCES INC. 
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v a r y i n g  amounts o f  hemati te.  Petrographic analyses o f  the 

sandstones undertaken i n  1982, i n d i c a t e  d e t r i t a l  c h e r t  as the  

dominant c o n s t i  t u a n t  w i t h  some quar tz  and minor f e ldspa r ,  and 

v i r t u a l l y  no muscovite. X-ray d i f f r a c t i o n  reveal  s anker i  t e  

(ca lc ium, i r o n ,  magnesium and manganese carbonate (CaCo3. 

(Mg, Fe, Mn) C03) as the predominant cement. 

In terbedded s i l t s t o n e s  and mudstones are genera l l y  

dark grey t o  brown weathering, d i s p l a y  low angle c ross  

1 ami na t ions ,  r i p p l e  marks, and occassional varved bedding. 

Orange weather ing s i l  t s t o n e  o r  c h e r t  nodules have been found 

i n  these sediments. These f i n e r  gra ined u n i t s  a l s o  have been 

found t o  c o n t a i n  several  species o f  pelecypods, as we1 1 as 

r a r e  belemni tes and ammonites. Chert  pebble conglomerates 

o c c u r r i  ng w i  t h i n  t h e  Mount K l  appan Proper ty  may 1 ocal  l y  

exceed 15 metres i n  th ickness ,  and are o f t e n  found as a c l i f f  

fo rming u n i t .  The conglomerate beds genera l l y  e x h i b i t  sharp 

bases and grade l a t e r a l l y  and v e r t i c a l l y  i n t o  sandstone. The 

t o t a l  th ickness  o f  the  Klappan Sequence i s  p resen t l y  

i n t e r p r e t e d  t o  be i n  the  order  o f  900 metres. 

A sequence o f  massive t o  t h i c k  bedded, grey weather ing 

sandstones observed below L o s t  Ridge t o  the  n o r t h  and again 

i n  t he  Summit South Area, may be a poss ib le  marker bed w i t h i n  

t h e  Klappan Sequence. Fu r the r  work i s  necessary t o  de f i ne  

t h i s  sandstone u n i t  be fo re  d i v i s i o n s  w i t h i n  t h e  K l  appan 

Sequence can be made. 



6.3.1.1 Coal Seam Development 

The Klappan Sequence i s  i n t e r p r e t e d  t o  

c o n t a i n  up t o  16 seams over a  900-950 metre i n t e r v a l  

(Tab le  6.3). S t a t i s t i c a l  i n fo rma t ion  on the  16 seams 

i s  de r i ved  from d r i l l  ho le  and t rench i n fo rma t ion  from 

t h e  eastern,  c e n t r a l ,  and no r the rn  p o r t i o n s  o f  the 

Proper ty .  The seams are  l a b e l  l e d  i n  ascending order :  

A f o  P (F igu res  6.4 and 6.5), rang ing  i n  average 

th i ckness  from a  minimum o f  0.43 metres t o  a  maximum 

average th ickness  o f  7.21 metres (Tab le  6.3).  

The cumulat ive average th ickness  o f  a l l  t he  

seams combined i s  g r e a t e s t  w i t h i n  the  Lost-Fox area a t  

53.62 metres (F igu re  6.4). To the  southeast  w i t h i n  

t h e  Hobbi t -Broatch area a  cumulat ive average o f  22.08 

metres i s  obtained, w h i l e  t o  the  no r th ,  t he  Summit 

Area has an aggregate th ickness  o f  15.49 metres. The 

average in terseam th ickness a1 so increases towards the 

Lost-Fox Area a t  62 metres. The Hobbi t -Broatch Area 

has the  sma l l es t  in terseam th ickness  o f  15 metres, 

i ncreas i  ng t o  50.9 metres w i  t h i  n  t he  Summi t Area. 

On the  western s ide  o f  t he  P rope r t y  seams 

found w i t h i n  the  Klappan Sequence vary i n  th ickness  

f rom 0.86 metres t o  3.96 w i t h  a  cumula t ive  average 

th i ckness  o f  18.9 metres. The coal  bear ing  p o t e n t i a l  

f o r  much o f  t h e  covered ground between t h e  L i t t l e  



Table 6.3 
COAL SEAM THICKNESS S W Y  

Aggregate 

SEAM 

P 

DDH 
8200 1 * 

3.45 

0.93 

6.97 

1.73 

2.77 

DDH 
82002 

+4.03 

0.35 

3.16 

0.53 

0.67 

Aggregate of Seams greater  than 0.5 m 

* Net Thicknesses exclude core loss 

ROATCH 
DDH 

82004 

2.88 

0.04 

0.75 

0.35 

Average 
(m) 

2.99 

1.63 

5.65 

2.10 

3.27 

0.68 

1.67 

0.49 

0.43 

1.50 

1.67 

22.08 
21.16 

)ST-FOX A 

Trenched 

2.66 

2.47 

2.54 

5.63 

1 a33 

1.88 

0.94 

+ Includes upper and lower po r t i ons  

Average 
(m) 

2.66 

2.47 

2.54 

5.63 

2.24 

5.75 

5.16 

5.09 

4.58 

7.2 1 

4.82 

1.32 

1.33 

1.88 

0.94 

53.62 

Da i  
83003 

4.92t 

2.66t 

Average 
(m) 

4.92 

2.66 

3.9 1 

2.71 

1.29 

15.49 

IIT AREA. 

-.. 

+ Upper seam on1 y 

-- 
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Klappan-Nass R ive r  Area and the  Lost-Fox Area i s  

considered high. 

6.3.2 Mal loch Sequence 

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

i nterbedded s i l  t s t o n e  and mudstone, t h i c k  bedded t o  rnassi ve 

conglomerates, sandstone, and coa l .  The upper p o r t i o n  o f  the  

Ma1 l o c h  i s  predominant ly  dark grey weather ing s i  1  ts tones  and 

mudstones, in terbedded w i t h  sandstone and occassional 

conglomerate beds. These u n i t s  may con ta in  orange weathering 

s i  1  i ceous nodul es. The abundance o f  sandstone, congl omerates , 

and minor coal  seams increases towards the  base o f  the  

sequence. 

I n  t h e  Klappan Mountain Area, seam th icknesses vary 

between 0.33 and 2.50 metres, w i t h  a cumulat ive average o f  

13.77 metres, over a 350 metre sect ion.  These seams are 

conta ined w i t h i n  the  lower p o r t i o n  o f  the  Mal loch Sequence 

and a re  t h i n n e r ,  and l e s s  numerous than those conta ined 

w i t h i n  the  Klappan Sequence. Again a p r o p o r t i o n  o f  the 

Skeena E l l i s  Area i s  u n d e r l a i n  by Mal loch sediments; however, 

coa l  s p o i l  has been l o c a t e d  ad jacent  t o  areas i n t e r p r e t e d  t o  

be w i t h i n  t h e  main coal  bea r ing  Klappan Sequence. P e t r i f i e d  

wood fragments have been found i n  several  areas u n d e r l a i n  by 

t h e  Mal loch  and these sediments are  thought  t o  be o f  a more 

t e r r e s t r i a l  na tu re  than those o f  t he  Klappan Sequence. The 

th i ckness  o f  t he  Mal loch Sequence i s  approximate ly  800 

metres. 



6.3.3 Rhondda Sequence 

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

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

and conglomerat ic  sands tones. Occasional 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  o rde r  o f  a  few cent imet res  t h i c k .  The th ickness  o f  

as y e t ,  been determined. t h e  Rhondda Sequence has not ,  

6.3.4 Environment o f  Depos i t  i o n  

I n f o r m a t i o n  gathered t o  date by G u l f  geo log i s t s  and 

sed imento log is ts ,  i n d i c a t e s  t h a t  i n t e r d e l t a i c  beach-barr ier  

i s l a n d ,  d e l t a i c  and a l l u v i a l  p l a i n  depos i ts  (Rowe, unpub. 

rep. 1983) comprise the  mai n  coal  bear ing  K l  appan Sequence. 

O v e r l y i n g  t h e  K l  appan Sequence, t he  Ma1 1 och Sequence i s  

dominated by f l  u v i  a1 and 1  a c u s t r i n e  depos i t i ona l  fea tures ,  

w h i l e  w i t h i n  t h e  uppermost sequence, the  Rhondda, a l l u v i a l  

i n f l  uences a r e  dominant. Under ly ing  the  coal  bear ing  

sequence a r e  s t r a t a  conta ined w i t h i n  a  marginal  

mar i  ne-to-marine f a c i  es. 

The l a r g e  sca le  depos i t i ona l  s e t t i n g  i s  i n t e r p r e t e d  t o  

be t h a t  o f  a  r e s t r i c t e d  basin, i n d i c a t e d  by sediment source 

d i r e c t i o n  from t h e  nor theas t ,  east,  and southeast. F u r t h e r  

work i s  necessary t o  d e l i n e a t e  t h e  pa leoshore l ine ,  and 

subsequent resource t a r g e t  areas. 



6.3.5 S t r u c t u r e  

The Klappan Area i s  dominated s t r u c t u r a l l y  by a  

sync1 i n o r i  um-antic1 i norium p a i r  t r e n d i n g  northwest-southeast.  

The a x i s  o f  the  M t .  Bei rnes Syncl inor ium (Richards and 

G i l c h r i s t ,  1979) i s  de f ined by t h e  massive conglomerates o f  

t h e  Rhondda Sequence s i t u a t e d  t o  the  south o f  t he  P rope r t y  

near M t .  Gunanoot. The western reaches o f  t h i s  sync l inor ium 

can be t raced  i n t o  the c e n t r a l  p o r t i o n  o f  the  L i t t l e  

Klappan-Nass R i v e r  Area o f  the  Proper ty .  

The Nass R ive r  A n t i c l i n o r i u m  ( M o f f a t  and Bus t i n ,  i n  

p ress )  i s  s i t u a t e d  t o  the south o f  M t .  Gunanoot and crosses 

t h e  south end o f  the L i t t l e  Klappan-Nass R ive r  Area. The 

l e s s  competent, f i n e r  g ra ined s t r a t a  o f  the  Ma1 l o c h  and 

K l  appan Sequences e x h i b i t  va ry ing  s t r u c t u r a l  compl e x i  ty . The 

f o l d s  w i t h i n  these u n i t s  a re  u p r i g h t  t o  over tu rned t o  the  

n o r t h e a s t  on t h e  eas tern  l i m b  o f  t he  sync l i no r i um and 

over tu rned towards the  southwest on the  western l imb.  F o l d  

vergence swings back again t o  the nor theas t  on the  western 

1  imb o f  t he  a n t i c l i n o r i u m .  

The bu l k  o f  t he  Proper ty  covers the  eas tern  

1  imb o f  the  Sync l inor ium (F igures  6.6, 6.7A & 6.7B). The 

area has been sub jec ted  t o  two phases o f  deformat ion ( B u s t i n  

and Mo f fa t ,  19831, (Mount K l  appan Coal P r o j e c t  Geological  

Report  19821, bo th  phases pos tda t i ng  the  youngest sediments 

w i  t h i n  the  P rope r t y .  
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The o r i g i n a l  compressional event, resu l  t e d  i n  t he  

development of f i r s t  phase fo lds  (F1) t r e n d i n g  i n  a 

nor thwest  t o  southeast  d i r e c t i o n .  Geometry o f  these f o l d s  

range from broad and u p r i g h t ,  t o  over tu rned 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  

nor theas t .  

F a u l t i n g  re1 a ted  t o  the  f i r s t  phase o f  deformat ion 

i n c l  udes t h r u s t  and ex tens ion  fau l  t s .  The K l  appan Th rus t  i s  

t h e  major f a u l t  w i t h i n  the  Proper ty  extending from the  

Tahtsedl e Creek-Spats iz i  R i ve r  conf luence, northward through 

t h e  Lost-Fox Area i n t o  the  Summit Area where i t  i s  

i n t e r p r e t e d  t o  d i e  out.  Displacement of t h i s  southwest 

d i p p i n g  f a u l t ,  though va r iab le ,  i s  est imated t o  be 

approximate ly  100 metres. 

Several o t h e r  t h r u s t  f a u l t s  occur w i t h i n  the Proper ty ,  

namely, t h e  L o s t  and Ridge F a u l t s  w i t h i n  the  Lost-Fox Area 

and the  Tahtsedle F a u l t  t r aced  a long the  southern edge o f  t he  

Proper ty .  Both the  L o s t  and Ridge F a u l t s  have l i m i t e d  d i p  

s l i p  displacements es t imated t o  approach a maximum o f  50 and 

150 metres, respec t i ve l y .  Traceable s t r i k e  l e n g t h  does n o t  

exceed 7.5 k i l o m e t r e s  f o r  e i t h e r  t he  L o s t  o r  Ridge Th rus t  

Fau l t s .  The Tahtsedle Th rus t  F a u l t  i s  ex tens ive  i n  s t r i k e  

l e n g t h  approaching 11 k i l o m e t r e s  and e x h i b i t s  an increase i n  

displacement from a few tens of metres i n  the  southeast t o  a 

maximum o f  500 metres i n  t he  Nass R ive r  Area. 



Extension o r  t e a r  f a u l t s  have a l so  been assoc ia ted  

w i t h  t h i s  f i r s t  phase o f  f o ld ing .  Several have been noted i n  

t h e  K l  appan Mountain and Hobbi t -Broatch  Areas. They are  

thought  t o  have l i m i t e d  s t r i k e  s l i p  displacement i n  t he  order  

o f  several hundred metres. 

A second stage o f  deformation, phase I 1  f o l d s ,  (F2)  

r e s u l t e d  i n  t he  fo rmat ion  o f  broad open f o l d s  t r e n d i n g  i n  a 

nor theast-southwest  d i  r e c t i  on. The i m p r i n t  o f  these f o l  ds on 

t h e  f i r s t  phase f o l d s  i s  seen as a se r ies  o f  plunge changes 

approaching maximum values o f  between 45" n o r t h  t o  21" 

south. 

Low angle t o  f l a t  l y i n g  t h r u s t  f a u l t s  a r e  a l s o  

assoc ia ted  w i t h  t h i s  compressional event. F a u l t s  o f  t h i s  

na tu re  i n  t h e  Summit Area, a re  thought  t o  have formed several 

k l i ppen ;  however, t h e  amount o f  displacement has n o t  been 

determi ned. 

I n  a d i r e c t  comparison o f  t he  f i r s t  and second phases 

o f  deformation, t h e  second phase appears t o  be the  weaker o f  

t h e  two. The second stage fo lds  a re  broad and open i n  

comparison t o  the  f i r s t  stage and e x h i b i t  a  much g rea te r  

wave1 ength and small e r  amp1 i tude. 



6.4 Detailed Geology 

6.4.1 I n t r o d u c t i o n  

The 1983 mapping program d i v i d e d  the  Proper ty  i n t o  

f i v e  main segments compr is ing 18 mapping blocks. These f i v e  

segments a r e  the  Lost-Fox Area, the  Summit Area, the K l  appan 

Mountain Area, the  L i t t l e  Klappan-Nass R ive r  Area, and the  

Skeena-Ell i s  Area ( F i g u r e  6.8).  A more d e t a i l e d  d e s c r i p t i o n  

o f  each fo l lows.  

6.4.2 Lost-Fox Area 

The Lost-Fox area extends roughly eas t  and south pas t  

Fox Creek; n o r t h  t o  t h e  P rope r t y  boundary and west t o  the  

L i t t l e  Klappan R i v e r  ( F i g u r e  6.9). 

S t r a t a  w i t h i n  t h e  Lost-Fox Area c o n s i s t s  1argel.y o f  

t h e  Klappan coal  bea r ing  Sequence. However, t he  southeastern 

co rne r  o f  t he  area i s  be1 i eved  t o  1 i e  w i t h i n  the  Ma1 l o c h  

Sequence. Th i s  i s  based on t h e  change i n  1 i t h o l o g i e s  i n  t he  

v i c i n i t y  o f  Fox Creek. As a r e s u l t  o f  t h i s  i n t e r p r e t a t i o n ,  

t h e  Mal loch contac t '  has been pushed down the  southeast  s ide  

o f  L o s t  Ridge from i t s  p o s i t i o n  i n  1982. 

Sediments o f  t he  Lost-Fox Area a re  i n t e r p r e t e d  t o  

range from marginal marine t o  marine i n  charac ter .  Evidence 

f o r  t h i s  i s  seen i n  core samples from DDH82005 and DDH83001. 

I n  t o t a l ,  two diamond d r i l l  ho les i n t e r s e c t e d  



I FIGURE 6 , 8  

MU. KLAPPAN G O A L  PROPERTY 

I 1983 AREAS OF DETAILED GEOLOGY 

S P A T S l Z l  PLATEAU 
WILDERNESS PARK 

-- 

LEGEND 

* t + k  PREPARED RA I L BED 
--- PROVINCIAL PARK BOUNDARY 

LICENCE AREA 
------------ LICENCES UNDER APPLICATION 

SCALE 

GULF CANADA RESOURCES INC. 
14/03/84 



F I G U R E  6.9 

MU. KLAPPAN C O A L  PROPERTY 
LOST F O X  A R E A  1983 M A P P I N G  A R E A  

I 
I 
I 
I 

I 
I 

S P A T S l Z l  PLATEAU ._______ WILDERNESS PARK 

I 
I 
I 

LEGEND 
c-H * PREPARED RA I L BED 
- - - - - - - - PROVINCIAL PARK BOUNDARY 

LICENCE AREA 
------------ LICENCES UNDER APPLICATION 

I FIRST PRIORITY 
II SECOND PR l OR l TY 

i n  THIRD PRIORITY 

SCALE 

GULF CANADA RESOURCES INC. 
O9/O 1 /84 



seams E th rough L w i t h  seam I being'  t he  common c o r r e l  a tab l  e 

seam. 

DDH82005 i n t e r s e c t e d  what a re  i n t e r p r e t e d  t o  be 

marginal  marine depos i ts  as i n d i c a t e d  by t h i n l y  bedded 

sequences o f  s i  1  t s tones  and sandstones con ta in ing  t h i c k  coal 

seams and p l a n t  f o s s i l s .  

D r i l l  ho le  DDH83001 i n t e r s e c t e d  some o f  the marginal 

marine depos i ts  seen i n  DDH82005 and more marine sediments 

near  t h e  bottom o f  the  hole.  These marine sediments c o n s i s t  

o f  conglomerat ic  s i l  t s tones  and sandstones, dark mudstones, 

w i t h  an i n c r e a s i n g  abundance o f  worm borrows and s h e l l  

fragments. T h i s  lower  marine u n i t  i s  be1 i eved  t o  be 

c o r r e l a t a b l e  t o  s i m i l a r  sediments t o  the  n o r t h  w i t h i n  the  

Summit South Area. 

6.4.2.1 Coal Seam Development 

The 1982 and 1983 diamond d r i l l i n g  programs 

have proved the  ex is tence of seams E through L (Tab le  

6.4). Seams A t o  C,  exposed on the  western end o f  

L o s t  Ridge and seams M t o  P ,  ou tc ropp ing  a long Fox 

Creek, have been hand trenched. Seams A t o  P comprise 

a t o t a l  seam th ickness  o f  53.62 metres over  an 

i n t e r v a l  o f  979.0 metres. Coal seam th icknesses vary 

f rom 0.94 metres t o  7.21 metres w i t h  an average 

th i ckness  o f  3.57 metres (F igu re  6 , l o ) .  A1 though 

seam D has been ex t rapo la ted  from DDH82007, i n t o  the  



Table 6.4 

SUMMARY OF LOST-FOX AREA DRILLED SEAM INTERSECTIONS 

Drilled Seam True Interseam Coal (m)/ 
Internal Thickness True Thickness Coal & Rock 

Drill Hole Seam (m) (m (m) (d 
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northern extreme of the Lost-Fox Area, i t  was excluded 

from the aggregate coal thickness, as i t  was not 

trenched or intersected by d r i l l  holes within the Lost 

Ridge Area. 

Excel l en t  exposure on the north face of Lost 

Ridge reveals the continuity of the seams, especially 

seam I which can be traced along s tructure for 1300 

metres. An a d i t  driven through the upright portion of 

t h i s  seam and DDH82005 and DDH83001 which both 

intersected seam I have provided an average seam 

thickness of 5.09 metres. Six Winkie d r i l l  holes 

intersected the seam w i t h  only 3 of the Winkie holes 

coring the total  seam. Seams E through H, which are 

n o t  as well exposed on the ridge face were trenched i n  

some 1 ocal i t i e s  and intersected by DDH83001. 

Strat igraphical ly  above seam L a re  the Fox 

Creek seams M through P.  These seams appear to  be 

dul le r  i n  hand specimen and to contain more rock 

partings than the Lost Ridge seams. The change in 

character of the coal may be par t ia l ly  due to the 

proximity of th i s  p a r t  of the Klappan Sequence to the 

Malloch contact. 

6.4.2.2 Structure 

Structural ly , the Lost-Fox Area i s  

characterized by the northwest-southeast trending Lost 

Ridge Antic1 ine and Lost Ridge Sync1 ine. The plunge on 



bo th  s t r u c t u r e s  i s  t o  the  southeast and v a r i e s  from 

30" on the  lower  n o r t h  face t o  8" on the  r i d g e  c r e s t  

and t o  as h igh  as 21" i n  Fox Creek (F igu res  6.11 & 

6.12 A-C). 

The L o s t  Ridge A n t i c l i n e  i s  over turned as 

much as 45" t o  the nor theast .  The southwest l imb ,  

which plunges more s teep ly  than the  topography 

r e s u l t i n g  i n  a ga in  o f  s t r a t i g r a p h i c  sec t ion ,  forms a 

d i p  s lope down the back o f  the r idge.  A f t e r  p a r t i a l l y  

fo rming another sync1 i n e  t h i s  1 imb i s  t runca ted  t o  the 

southwest by the  Ridge Th rus t  ( f o r m e r l y  the  Klappan 

T h r u s t  - Mount Klappan Coal P r o j e c t  Geological  Report  

1982), s t r i k i n g  nor thwest  and d ipp ing  60" a t  sur face 

through the  r i d g e  c r e s t .  As the  T h r u s t  t races  through 

Fox Creek, t he  sur face d i p  i s  47" sha l l ow ing  a t  depth. 

The lower seams o f  the  Klappan Sequence on the  western 

end o f  L o s t  Ridge have been t h r u s t  over t he  upper 

seams w i t h  a displacement o f  150 metres a t  the  top  o f  

t h e  r i d g e  narrowing t o  110 metres a t  Fox Creek. O f  

note, i s  t he  change i n  s t r i k e  and d i p  o f  the Ridge 

T h r u s t  from the  1982 i n t e r p r e t a t i o n .  The t r a c e  o f  

T h r u s t  has moved northeastward on the  southwest slope 

o f  L o s t  Ridge r e s u l t i n g  i n  a steeper d i p  on the  Th rus t  

a t  sur face.  



FIGURE 6 , I l  

. -  MUa KLAPPAN C O A L  PROPERTY 
. ., - LOST - FOX AREA GEOLOGY 

I ~ l e s  1 
H u n H C o  

0 

Metres IMX) KX) 0 - 
I TABLE OF FORMATIONS I GEOLOGICAL SYMBOLS 1 

JKr  - RHONDDA SEQUENCE 
CONGL.. GRITS, SHALES 

JKm - MALLOCH SEOUENCE 
INTRBD, SILTSTONES. CONGL. THIN COAL 

JKk - KLAPPAN SEOUENCE 
MDST.,SDST.. COAL SEAMS 

- LICENCE BOUNDARY ------- GEOLOGICAL CONTACT(APPROX..INFER) 
--- COAL SEAM(OUTCR0P INFER) 
f -ti ANTICLINE(QEFINED.APPROX.) 
- --- SYNCLINE(DEFINED.APPROX.1 
- -- r). THRUST FAULT(DEFINED.APPROX..INFER) 

GULF CANADA RESOURCES INC. 
16/03/04 



I 5  000 (WEST) 

q 2100 

RIDGE THRUST 

LOST THRUST 

I 

RIDGE THRUST 

I LOST THRUST 

RHONDDA SEQUENCE 
Massive to thick conglomerates and grits interbedded with minor 
siltstones and shales. 

MALLOCH SEQUENCE 
Interbedded cyclic sequences of predom~nantly dark grey to dark brown 
weathering siltstones, orange weathering siliceous nodular siltstones and 
conglomerates. Unit shows marked increase in abundance of sands tones, 
massive conglomerates and thin coal seams towards the base. Coal seorns 
average 1.0 to 2.0 metres in thickness and contain abundant rock splits. 
Sequence may contain petrified wood. * 

KLAPPAN SEQUENCE 
Sequence of predominontly dark grey weathering mudstones and siltstones IJKk interbedded with fine to coarse grained sandstones, occasional thin beddad 
calcareous orange weathering siltstone nodules, conglomer~les, and abun- 
dant coal seams up to 5.7 m thick. Unit grades downwards mto repetitive 
sequence of predominontly tabular bedded, medium to coarse grained con- 
glomeratic sandstones which may display trough cross stratif ication, Interbedded 
siltstones and mudstones often displaying low ongle cross lamination. Thick 
coal seams may be associated with the more massive of the sandstone 
beds. Fossils associated with the fine groined sediments include several 
species of bivalves as well as rare belernnites and ammonites. 

Legend 
LICENCE BOUNDARY' 

- - - - - -  COAL SEAM TRACE (OUTCROP,lNFERR€D) 

o m - - -  mmm..mmm.mmm.mmmmm B GEOLOGICAL CONTACT (APPRO%., INFERRED) 

L - - ................. 
- '  

FAULT TRACE ( DEFINED, APPROX., INFERRED) 

DIA.MOND DRILL HOLE WITH ATTITUDE CONTROL 

0 1/2 MILE , 

C 
0 500 1000 METERS 

FIGURE 6.12A 

MOUNT KLAPPAN COAL PROPERTY 
LOST - FOX AREA 

GEOLOGICAL CROSS SECTIONS 

15000 8 1000 (WEST) 



3000 N (WEST) 

I 
RIDGE THRUST -- 

LOST THRUST 

- 2500 N (WEST) 2200 0 I 2200 

RIDGE THRUST LOST THRUST 

I 

RHONDDA SEQUENCE 
Massive to thick conglomerates and grits interbedded with minor 
siltstones and shales. 

MALLOCH SEQUENCE 
Interbedded cyclic sequences of predominantly dark grey to dark brown 
weathering siltstones, orange weathering siliceous nodular siltstones and 
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Northeast of the Lost Ridge Anticline, the 

Lost Ridge Syncline plunges eastward into Fox Creek 

and extends .northward to the base of the Summit South 

Area. The northeast limb of the fold dips gently to  

the southwest before reaching Fox Creek where fold 

s ty l e s  are t igh ter  with smaller wavelengths. The axis 

of the Sync1 ine i s  crosscut by the northwest s t r ik ing  

Lost Thrust. Maximum dip s l i p  displacement along the 

Thrust i s  55 metres a t  the top of Lost Ridge narrowing 

t o  20 metres before i t  eventually dies out south of 

Fox Creek. Both the Ridge and Lost Thrusts are 

believed to  be a r e su l t  of the F 1  stage of 

deformation. 

The most northern and most extensive f a u l t  

through the Lost-Fox area i s  the Klappan Thrust. I t  

s t r ikes  northwest w i t h  a d i p  sl  i p  displacement of 100 

metres in the eas t  part  of the area and i s  interpreted 

t o  die out w i t h i n  the Summit South area. 

Several small normal faul t s  w i t h  displacement 

of 10 t o  20 metres ex i s t  on the eastern face of Lost 

Ridge as possible post-tectonic re1 axation features.  

The previously mentioned NW-SE folds a re  

charac ter i s t ic  of the Lost-Fox area b u t  a second 

deformational phase (F2) of NE-SW trending fol ds 

dominate the lower north face of Lost Ridge. 



I n f r e q u e n t  c l  eavage-beddi ng i n t e r s e c t i o n s ,  broad f o l d  

s t y l e s  and wavelengths o f  500 t o  600 metres, a l l  

suggest t h a t  t h i s  second phase o f  deformat ion was l e s s  

i n t e n s e  than the pr imary phase. The plunge reve rsa l s  

r e s u l t i n g  from the two i n t e r s e c t i n g  f o l d  pa t te rns  have 

n o t  been observed on the  southern o r  eastern areas o f  

Cost  Ridge due t o  the  l a c k  o f  outcrop exposure. I f ,  

w i t h  f u r t h e r  exp lo ra t i on ,  a  reve rsa l  i s  documented o f f  

t h e  eas tern  end o f  Los t  Ridge, the  950 metres o f  

Klappan Sequence sediments would be reduced. 

6.4.3 Summi t Area 

The Summit Area, which i nc ludes  the  Summit South and 

Summit Nor th  mapping areas, comprises the nor thern  p a r t  o f  

t h e  Mount K l  appan Proper ty  (F igu re  6.13). 

The s t r a t a  exposed i n  t h i s  area belong t o  the  lower 

p o r t i o n  o f  t h e  main coal  bea r ing  s e c t i o n  o f  the  Klappan 

Sequence. They a r e  be l i eved  t o  be s t r a t i g r a p h i c a l l y  

e q u i v a l e n t  t o  t he  lower p a r t  o f  the  Klappan Sequence exposed 

i n  the  Lost-Fox area t o  the  south. 

I n  general,  t he  sediments o f  the  Summit area are  more 

mar ine i n  cha rac te r  than t h e i r  southern s t r a t i g r a p h i c  

equ iva len ts  i n  t h e  Lost-Fox Area (Rowe, 1983). Th is  

conc lus ion  i s  based on the f o l  l ow ing  observat ions:  
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A h ighe r  p r o p o r t i o n  ( r e l a t i v e  t o  the  Lost-Fox 

Area) o f  marine sediments (micro-pal  eonto l  ogy ) . 

The occurrence i n  several l o c a l i t i e s  and 

s t r a t i  g raph ic  l e v e l  s o f  mari ne f o s s i  1  i n d i c a t o r s  

i .e. Be1 emni t e s  and pel  ecypod assemblages 

( S t e l  ck, Persona1 Comm). 

A t o t a l  o f  27 t renches were excavated and two diamond 

ho les  d r i l  l e d  i n  con junc t i on  w i t h  d e t a i l e d  f i e 1  d  mapping. 

6.4.3.1 Coal Seam Development 

The th ree  coal  seams, 0 ,  C, and D t h a t  were 

i n t e r s e c t e d  i n  DOH82007 have a  t o t a l  t r u e  th ickness  o f  

7.91 metres. Maximum and minimum th icknesses are 3.91 

metres and 1.29 metres r e s p e c t i v e l y  w i t h  an average 

th i ckness  o f  2.64 metres. The average in terseam 

th i ckness  i s  35.4 metres (F igu re  6.14). 

The f o u r  coal  seams, E upper, E lower ,  G 

upper and G lower ,  i n t e r s e c t e d  i n  DDH83003, have a  

t o t a l  th ickness  o f  7.58 metres. The maximium and 

minimum th icknesses o f  t he  coal  seams are  3.20 metres 

and 1.26 metres r e s p e c t i v e l y  w i t h  an average o f  1.90 

metres. The i nterseam th ickness  separa t ing  E 1  ower 

f rom G upper i s  i n t e r p r e t e d  t o  be 77.10 metres (Tab le  

6.5). 
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Table 6.5 

Summary of Summit Area Drilled Seam Intersections 

Dri 11 ed Seam True Interseam Coal (m)/ 
Drill Hole Seam Interval Thickness True Thickness Coal + Rock 

(m) (m (m (m) 

83003 G Upper 40.30-42.05 1.72 1.05/1.72 
2.71 

G Lower 44.80-48.00 3.20 1.9313.20 
77.10 

E Upper 126.95-128.24 1.26 1 .06/1 .26 
9.15 

E Lower 137.68-139.10 1.40 1.09/1.40 



6.4.3.2 S t r u c t u r e  

The s t r a t a  o f  t he  Summit Area have undergone 

two phases o f  deformat ion s i m i l a r  t o  the r e s t  o f  t he  

Klappan Proper t y  (F igures  6.15 and 6.16 A - D ) .  

The f i r s t  f o l d i n g  episode (F1) r e s u l t e d  i n  

nor thwest-southeast  t r e n d i n g  f o l d s  which range from 

t i g h t  t o  over tu rned a n t i c 1  i n e  sync1 i n e  pa i r s .  F a u l t i n g  

assoc ia ted  w i t h  the  F1 fo lds  r e s u l t e d  i n  main ly  

t h r u s t  and t e a r  f a u l t s  w i t h  the  t h r u s t  f a u l t s  

a t t a i n i n g  a t t i t u d e s  up t o  70" f rom h o r i z o n t a l .  

The second f o l d i n g  episode (F2) r e s u l t e d  i n  

east-west  t r e n d i n g  f o l d s  which are  main ly  broad open 

f o l d s  rang ing  i n  a t t i t u d e s  from 20°N t o  27"s. Th is  

phase o f  deformat ion imparted s i g n i f i c a n t  plunge 

angles on t h e  F1 f o l d s .  F a u l t i n g  assoc ia ted  w i t h  

t h e  F2 f o l d s  formed main ly  low angle (1 ess than 20" 

f rom h o r i z o n t a l )  t h r u s t  f a u l t s  which r e s u l t  i n  t he  

fo rma t ion  o f  a t  l e a s t  one k l i p p e  i n  t he  Summit area. 
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Mossive to thick conglomerates and grits interbedded with minor 
siltstones ond shales. 

MALLOCH SEQUENCE 

JKm Interbedded cyclic sequences of predommontly dark grey to dork brown 0 weathering siltstones, orange weothering siliceous nodular siltstones ond 
conglomerate$. Unit shows marked Increose in obundonce of sondstones, 
massive conglomerates and thin cool seams towords the bose. Cool scorns 
overoge 1.0 to 2.0 metres in thickness and contain abundant rock splits. 
Sequence moy contoin petrified wood. . 

KLAPPAN SEQUENCE 
Sequence of predorninontly dark grey weothering mudstones and siltstones 1x1 interbedded with fine b coorre grained sondstones, occasional thin bedded 
colcareous oronge weothering siltstone nodules, conglomeroles, and abun- 
dont cool sroms up to 5.7'm thick. Unit grodes downwards mto repetitive 
sequence of predominartly tabular bedded, medium to coorse groined con- 
glomeratic sandstonm which moy display trough cross stratif icotion. Inter bedded 
siltstones and mudstones often disploying low ongle cross lamination. Thick 
coal seams may be associated with the more rnossive of the sandstone 
beds. Fossils associated with the fine grained sediments include several 
species of bivalves os well o r  rare belemnites ond ommonifes. 

Legend 
LICENCE BOUNDARY 

6000 N.E 6 ( W E S T )  
------- COAL SEAM TRACE (OUTCROP,INFERR€D) 

, 0 -1 m o m o o o o m o m o o m o  mom. e GEOLOGICAL CONTACT ( APPROX., INFERRED) 

L - - ................. 
7 

FAULT TRACE ( DEFINED, APPROX., INFERRED) 

DOH 83001 

OIAMONO DRILL HOLE WITH ATTITUDE CONTROL 

1/2 MILE 

0 1000 METERS 

FIGURE 6.16A 

MOUNT KLAPPAN COAL PROPERTY 
SUMMIT AREA 

GEOLOGICAL CROSS SECTIONS 

KLAPPAN THRUST 
1400 - 1 

sooo a 5500 N.E. a (WEST) 



RHONDDA SEQUENCE 
Massive to thick conglornerotes ond grits interbedded with minor 
siltstones ond shales. 

MALLOCH SEQUENCE 
Interbedded cyclic sequences of predominontly dork grey to dork brown 
weothering siltstones, orange weothering siliceous nodular siltstones and 
conglornerotes. Unit shows morked increose in obundonce of sondstones, 
mossive conglornerotes and thin cool seams towards the base. Coal seoms 
overage 1.0 to 2.0 metres in thickness ond contain abundant rock splits. 
Sequence may contain petrified wood. 

KLAPPAN SEQUENCE 
Sequence of predominontly dork grey weothering mudstonos and riltstonos 
interbedded r ~ t h  fine to coorse grained sandstones, occasional thin beddod 
colcoreous orange weother ing siltstone nodules, conglomercller, and abun- 
don? cool seoms up to 5.7 m thick. Unit grodes downwords mto repetitive 
sequence of predominontly tabular bedded, medium to coorse grained con- 
glomemtic sondstones which may display trough crou stratif icotion. Inter bedded 
siltstones ond mudstones often displaying low mgle cross lominotion. f hick 
coal seoms moy be associated with the more massive of the sandstone 
beds. Fossils ossocioted with the fine grained sediments include several 
species of bivolves os well as rare belemnites ond ammonites. 
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6.4.4 Klappan Mountain Area 

The K l  appan Mountain Area comprises the  south-centra l  

p o r t i o n  o f  the  Proper ty  from the  southern l i c e n c e  boundary t o  

Fox Creek i n  t he  nor th.  The western l i m i t  o f  the area i s  

marked by the  h igh land  separa t ing  the  headwaters o f  the  

L i t t l e  K l  appan R i v e r  and t h a t  o f  Tahtsedle Creek, wh i l e  t o  

t h e  east,  the  f o o t  o f  Knooph H i l l  and eastern extensions o f  

G r i z z l y  Ridge and C inc ies  Ridge prov ide  the boundary ( F i g u r e  

6.17). A t o t a l  o f  18 t renches have been excavated. 

The Klappan Mountain Area i s  under la in ,  i n  o rder  o f  

abundance, by the Mal loch and Klappan Sequences and t o  a very 

smal l  p a r t  by the  sediments o f  the Rhondda Sequence. 

6.4.4.1 Coal Seam Development 

W i t h i n  the  Mal loch Sequence 11 seams have 

been t renched g i v i n g  a cumulat ive average th ickness  o f  

13.77 metres. These seams a re  conta ined w i t h i n  a 

s t r a t i g r a p h i c  i n t e r v a l  350 metres t h i c k .  The seams 

vary from a minimum average th ickness  o f  0.33 metres 

t o  a maximum average o f  2.50 metres. The average seam 

th i ckness  ( i n c l u d i n g  seams l e s s  than 0.5 metres)  i s  

1.25 metres. Interseam th ickness  va r ies  from 15 t o  87 

metres. Many trenches have n o t  been i nc luded  i n  t h i s  

c o r r e l a t i o n ,  as the  s t r u c t u r a l  and s t r a t i  graphic 

i n f o r m a t i o n  i s  as y e t  i nconc lus i ve  i n  several areas. 

Furthermore, numerous exposures o f  coal  spoi 1 a re  
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scheduled f o r  t renching.  The t renched seams are  

expected t o  increase the  number o f  c o r r e l a t a b l e  coal  

seams w i t h i n  the  area (F igu re  6.18). 

6.4.4.2 S t r u c t u r e  

The Klappan Mountain Area i s  dominated by 

nor thwest-southeast  t r e n d i n g  f i  r s t  phase f o l d s ,  

predominant ly  u p r i g h t  and open i n  nature. Several 

f o l d s  i n  the  Tahtsedle Creek area and one on the  no r th  

face  o f  Mount Klappan are  over turned t o  the nor theast .  

Fo lds  vary i n  wavelength from 200 t o  1000 metres 

averaging 500 metres, w i t h  amp1 i tudes reaching 300 

metres, b u t  commonly are 150 metres. 

The second phase fo lds ,  which are  seen as 

p lunge changes w i t h i n  the  pr imary f o l d s ,  a re  broad and 

open, r e v e r s i n g  n o r t h  t o  south d i p  d i r e c t i o n  on 

average every 900 metres w i t h  values o f  between 18" 

n o r t h  and 16" south. 

Two southwest d ipp ing  Th rus t  F a u l t s  have been 

noted i n  the  area, namely, the  Klappan and Tahtsedle 

T h r u s t  Fau l t s .  Both o f  the f a u l t s  have l i m i t e d  d ip  

s l  i p  displacement i n  t he  o rde r  o f  100 metres o r  l ess .  

I t  i s  suspected the re  are  several  o the r  Th rus t  F a u l t s  

o f  minor displacement w i t h i n  the  area. 

On t h e  n o r t h  face o f  Mount Klappan, two 

ex tens iona l  f a u l t s  have been mapped. Both f a u l t s .  
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s t r i k e  nor theast-southwest  and have s t r i k e - s l i p  

displacement o f  approximately 100 metres, the d i p  s l i p  

component i s  n o t  known a t  t h i s  t ime. Several normal 

f a u l t s ,  a  few tens o f  metres i n  displacement and o f  

1  i m i t e d  ex ten t ,  were a1 so noted (F igures  6.19 and 

6.20). 

6.4.5 L i  ttl e K l  appan-Nass R ive r  Area 

The L i t t l e  Klappan-Nass R ive r  Area occupies the  

southwest p a r t  of the P rope r t y  extending eas t  t o  L o s t  Ridge, 

n o r t h  t o  Summit South and southwest pas t  Nass Lake 

( F i g u r e  6.21). 

Most o f  t he  area i s  u n d e r l a i n  by the  K l  appan Sequence 

w i t h  the  Ma1 1  och Sequence outc ropp ing  a1 ong the  h ighe r  r i dges  

t o  the  south and southwest. 

The mappi ng area con ta i  ns bo th  mari ne and marginal  

mar i  ne sediments. Mudstone and s i l  t s t o n e  sequences h o s t i n g  

b i  va l  ves, i n t e r s e c t e d  by DDH83002, and coal  seams trenched 

a1 ong the  L i  ttl e K l  appan R i  ver  a re  consi  dered mari  ne. 

Southward a t  h ighe r  e leva t i ons  i n  t he  Nass R ive r  Area, p l a n t  

f o s s i l s  and coal  seams ( l e s s  than 0.5 metres t h i c k )  w i t h i n  

s i  1  t s t o n e  and sandstone sequences, i n d i c a t e  margi nal  mari ne 

deposi ts .  West o f  the  Proper ty ,  ou tc rop  near the  Nass R ive r  

G l a c i e r  appears t o  be more marine (S. M. Rowe, 1983). 
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6.4.5.1 Coal Seam Devel opment 

Nine coal seams have been defined by coal 

qua1 i ty and trench log correl ation of the trenches 

excavated in the L i t t l e  Klappan-Nass River Area. Due 

to  the lack of d r i l l  hole data, interseam thicknesses 

were obtai ned from cross-sections. The coal seams 

to ta l  18.9 metres over a minimum interval of 670 

metres with seam thicknesses varying from 0.86 metres 

t o  3.96 metres (Figure 6.22). The average thickness 

i s  2 .1  metres. Four additional seams tha t  were 

trenched were not used in the coal seam s t a t i s t i c s  as 

the distance of projection to  the cross-section would 

have produced inaccurate interseam thicknesses. 

Of note i s  the Tahtsedle Thrust which cross 

cu ts  the coal bearing section. The displacement along 

t h i s  thrus t  has been approximated and fur ther  work to 

ascer tain the displacement may re su l t  in a change of 

the thickness of the coal bearing section. 

6.4.5.2 Structure 

The L i t t l e  Klappan-Nass River Area i s  

s t ruc tura l ly  dominated by the Mount Bei rnes 

Sync1 i nori urn. Northeast of Nass Lake, the syncl i ne 

plunges to  the southwest a t  14' w i t h  limbs dipping up  

t o  60". West of the syncl inal core, t i g h t  folds are 

overturned to  the southwest while eastward the folds 
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a r e  overtuned t o  the  nor theas t  ( B u s t i n  and Mo f fa t ,  

1983). 

Two deformational phases a re  ev iden t  

th roughout  the  area. Broad F1 f o l d s  dominate the  

s t r u c t u r e  w i t h  wavelengths rang ing  from 400 t o  700 

metres and ampl i tudes o f  250 metres. T i g h t e r  F1 

f o l d  s t y l e s  e x i s t  on a smal le r  scale. Along the 

L i t t l e  Klappan R ive r  these f o l d s  are u p r i g h t  t o  

over tu rned t o  the  no r theas t  t r e n d i n g  a t  110" and 

p lung ing  11" southwest. Wave1 engths vary from 250 t o  

400 metres w i t h  ampl i tudes o f  50 t o  100 metres. 

S i m i l a r  F1 f o l d s  e x i s t  westward, n o r t h  o f  Nass Lake. 

Second phase fo lds  have been documented where 

nor thwest  t r e n d i n g  F1 f o l d s  plunge 20" southeast  

then reverse  plunge t o  10" northwest.  

The Tahtsedle Thrus t  i s  the  major Thrus t  

F a u l t  across the  area. It has been mapped south o f  

Mount Klappan and t raced,  through a i r  photo 

i n t e r p r e t a t i o n ,  t o  j u s t  eas t  o f  Nass Lake. S t r i k i n g  

WNW and d ipp ing  a t  approximately 40" a t  surface, the  

Th rus t  t runca tes  nor thwest  t r e n d i n g  f o l d s  t o  the  south 

and p laces them over eastwest t r e n d i n g  f o l d s  t o  the  

no r th .  The t r u n c a t i o n  o f  these two f o l d  t rends may be 

a r e s u l t  o f  e i t h e r  a s c i s s o r i n g  e f f e c t  du r ing  

t h r u s t i n g  o r  a la rge-sca le  dips1 i p  displacement. A 

maximum o f  500 metres d i p  s l i p  displacement, narrowing 

t o  100 metres displacement, has been i n t e r p r e t e d  f o r  

t h e  Tahtsedle Thrus t .  To the  west, t h i s  Thrus t  i s  



untraceable.  The Nass Lake Thrus t ,  e x i s t i n g  west o f  

t h e  Nass R iver ,  was de l i nea ted  through a i r  photo 

i n t e r p r e t a t i o n  (F igures  6.23 and 6.24). 

Due t o  t h i c k  t r e e  cover and the  l i m i t e d  

e x t e n t  o f  mapping, much o f  the  s t r u c t u r e  i n  the  

western p a r t  o f  the  mapping area was determined 

through a i r  photo i n t e r p r e t a t i o n .  Fu r the r  e x p l o r a t i o n  

w i l l  p rov ide  b e t t e r  seam c o r r e l a t i o n  and support  the  

p o s s i b l e  e x i  stence o f  p l  unge reversa l  s  suggested i n  

a i r  photos. 

6.4.6 Skeena-El l is  Area 

The Skeena-El l is  Area occupies t h e  southeastern and 

eas te rn  p o r t i o n s  o f  t he  Mount Klappan Proper ty  ( F i g u r e  6.25). 

The l i c e n c e  boundary con f i nes  the  area on i t s  nor thern,  

southern, and eas tern  ex t rem i t i es .  The western l i m i t s  a re  

d e f i n e d  by t h e  Hobbi t -Broatch  resource area, t he  eas tern  

l i m i t  o f  C inc ies  Ridge and the  l i c e n c e  boundary on the  west 

s i d e  o f  the Skeena R i v e r  Val l ey .  

The area i s  u n d e r l a i n  by bo th  the  Ma1 l o c h  and Klappan 

Sequences dominat ing the  uplands and v a l l e y s  o f  the Skeena 

and S p a t s i z i  R ivers ,  respec t i ve l y .  

6.4.6.1 Coal Seam Development 

To date, on l y  1 i m i  t e d  prospect ive  e x p l o r a t i o n  

mapping has been conducted i n  t h i s  region.  Th i s  has 
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r e s u l  t e d  i n  t he  1 oca t i on  o f  numerous coal  showings b u t  

no t r e n c h i n g  o r  d r i l l  i n g  has been implemented. It i s  

apparent t h a t  s i g n i f i c a n t  coal does e x i s t  i n  bo th  the  

Klappan and Mal loch  Sequences and d e f i n i t i o n  of t h i s  

resource, however, awa i ts  f u r t h e r  work. 

6.4.6.2 S t r u c t u r e  

Reconnaissance mappi ng of t he  Skeena-El 1 i s  

Area has i n d i c a t e d  the  presence o f  the  two phases o f  

f o l  d ing  recognized across the  Mount K l  appan Proper ty .  

The f i r s t  phase f o l d s  are  dominant and are  seen t o  be 

u p r i g h t  and open; wavelength i s  i n  the  o rde r  o f  300 

metres and ampl i tudes range from 400 t o  l e s s  than 50 

metres. Plunge reve rsa l s  are much more subdued i n  the  

Skeena-El 1 i s  area w i t h  maximum values approaching 12" 

i n e i t h e r  a nor thwest  o r  southeast d i r e c t i o n .  

O f  no te  i s  the  d i . f ference i n  s t r u c t u r a l  s t y l e  

across the  Skeena R ive r  Val l ey .  The h ighlands t o  the 

west a re  dominated by the  Beirnes Sync l inor ium and 

e x h i b i t  very broad open fo lds  t h a t  t i g h t e n  and 

i ncrease i n frequency and complexi ty  towards t h e  

v a l l e y  f l o o r .  The e a s t  s ide  of the  Skeena R ive r  

V a l l e y  does n o t  r e f l e c t  t h i s  same g rada t i on  i n  

s t r u c t u r a l  complexi ty .  One p o s s i b l e  exp lana t i on  i s  

t h e  competancy o f  the d i f f e r e n t  s t r a t i g r a p h i c  u n i t s  t o  

w i ths tand  deformat ion ( B u s t i n  and M o f f a t ,  1983). The 

west  s ide  o f  t he  v a l l e y ,  j u s t  o f f  t he  l i cences ,  i s  

capped by t h e  massive and r e s i s t a n t  beds o f  t h e  



Rhondda Sequences which are  absent t o  t he  

e a s t  of the  Skeena R i v e r  (F igures  6.26 & 6.27). 

F a u l t i n g  i n  the  Skeena-El l is  area i s  expected 

t o  occur as i n  t he  r e s t  o f  t he  Proper ty ;  however, on l y  

two f a u l t s  have been recognized t o  date. The Klappan 

T h r u s t  Faul t cu ts  across C i  nc ies  Ridge southward i n t o  

t h e  v a l l e y  o f  t he  Skeena R i v e r  where i t  i s  covered by 

r e c e n t  f l u v i  a1 sediments. D i  sp l  acement i s  i n t e r p r e t e d  

t o  remain a t  approximately 100 metres across t h i s  

f a u l t .  On t h e  n o r t h  end o f  El  1 i s  Ridge, a normal 

f a u l t  i s  found w i t h  a displacement i n  the  o rde r  o f  

40 metres. Th i s  southwest-northeast t r e n d i n g  f a u l t  

can be t raced  f o r  on ly  a s h o r t  d is tance as i t  crosses 

E l l i s  Ridge, 
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7.0 RESOURCES 

7.1 ' Summary 

The Kl appan Sequence, underlying the Mount  Kl appan Property, 

i s  estimated to have an exploration resource potential of 4 

billion tonnes (rounded down t o  the nearest bill  ion) of anthracite 

coal. O f  this  amount, 967 million tonnes i s  classified as an 

inferred resource, and 3 billion tonnes i s  the speculative 

resource. 

Resources 

Inferred 

Specul a t i  ve 

Total Resource 

Billion 
Tonnes 



7 .2  Inferred Resource Area 

The i n s i t u  i n f e r r e d  resources are  conta ined w i t h i n  4 areas 

( F i g u r e  7.1). The Hobbi t -Broatch Area, d e l i n e a t e d  i n  the  1981 and 

1982 e x p l o r a t i o n  programs, was n o t  worked on and remains a t  620 

m i l  1 i o n  tonnes i n f e r r e d  resource. Continued work i n  the Lost-Fox 

Area increased i n f e r r e d  resources from 240 t o  330 m i l l i o n  tonnes. 

The Summit Area has an a d d i t i o n a l  i n f e r r e d  resource area w i t h i n  

i t s  boundary; however, addi t i o n a l  geo log ica l  i n f o r m a t i o n  acqui r e d  

d u r i n g  the  1983 e x p l o r a t i o n  season reduced the  i n f e r r e d  resources 

f rom 30 t o  17 m i l l i o n  tonnes. 

Resource Area 

Hobbi t -Broatch  

M i l l i o n  
Tonnes 

7.2.1 Hobbi t -Broatch Resource Area 

The Hobbi t -Broatch Area was n o t  examined du r ing  the  

1983 program. The i n f e r r e d  resource o f  620 m i l l i o n  tonnes 

(Tab le  7.1) and resource area out1 i n e  (F igu re  7.1) remain as 
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Table 7.1 

INFERRED RESOURCE AREA SUMMARY 

RESULT1 NG TOTAL SEAM TONNAGE ( m i  1 1 i on tonnes ) 

HOBBIT-BROATCH LOST-FOX SUMMIT TOTAL 

SEAM AREA AREA AREA 

Tota l  620.04 330.23 17.33 967.60 



per  the  1982 Mount Klappan Geological  Report. 

7.2.2 Lost-Fox Resource Area 

The Lost-Fox Resource Area occupies the eas tern  h a l f  

o f  L o s t  Ridge extending eas t  t o  the  base1 i ne ,  west t o  the  

Ridge Thrust ,  south t o  Fox Creek and n o r t h  t o  the e x t e n t  o f  

ou tc rop  c o n t r o l  ( F i g u r e  7 .I). This  Area c o n s i s t s  o f  

approximate ly  330 m i  11 i o n  tonnes o f  i n f e r r e d  coal  resources 

w i t h i n  a 6.0 square k i l o m e t r e  area (Tab le  7.1). 

7.2.3 Summi t Resource Areas 

The Summi t resource areas have been a r b i t r a r i l y  

d e f i n e d  as being w i t h i n  one k i l o m e t r e  s t r i k e  d i r e c t i o n  and 

w i t h i n  one k i l o m e t r e  d i p  d i r e c t i o n  from a geo log ica l  c o n t r o l  

p o i n t .  Geological  boundaries, descr ibed i n  Sect ion  6.4.3, 

f u r t h e r  r e s t r i c t  the  s i z e  o f  the  Summit Resource Areas. Only 

l a c k  o f  data l i m i t s  the con t i nua t i on  o f  the  Resource Areas i n  

a l l  d i r e c t i o n s  o t h e r  than subcrop d i r e c t i o n .  I n  the  Southern 

Summit Resource Area, an i n f e r r e d  resource o f  10.8 m i l l i o n  

tonnes o c c u r r i n g  i n  seams B, C, and D was c a l c u l a t e d  from an 

aggregate seam th ickness  o f  7.91 metres (Table 6.5). I n  t he  

Nor thern  Summi t Resource area, an addi t i o n a l  i n f e r r e d  

resource of 6.37 m i l  1  i o n  tonnes occu r r i ng  i n  seams E 1 ower, 

E upper, G 1 ower, and G upper was c a l c u l a t e d  us ing  an 

aggregate seam th i ckness  o f  7.58 metres (Tab le  6.5). The 

t o t a l  i n f e r r e d  resource i d e n t i f i e d  thus f a r  i n  the  Summit 

Area i s  17.3 m i l l i o n  tonnes ( Table 7.1). 



7 . 3  Specul a t i  ve Resource Area 

The specu la t i ve  resource o f  3.388 b i l l i o n  tonnes i s  

c a l c u l a t e d  t o  u n d e r l i e  an area o f  approximate ly  235 square 

k i l o m e t r e s  w i t h i n  the  Mount K l  appan Proper ty .  F i v e  mapping areas, 

which i n c l u d e  t h e  Skeena-El 1 i s, Lost-Fox, L i  ttl e K l  appan-Nass, 

Summit, and Hobbi t -Broatch  ( F i g u r e  7 . 2 )  were measured and the  area 

under1 a i n  by the  K l  appan Sequence determi ned. A p ropo ra t i on  o f  

t h e  Klappan Sequence aggregate coal  th ickness  was u t i l i z e d  t o  

o b t a i n  t h e  resources f o r  these areas (Table 7.2 1. 
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Table 7.2 

SPECULATIVE RESOURCE AREA SUMMARY 

To ta l  Property 
Specul a t i v e  
Resource 

Pl an ime t r i c  
Area Average 

(cm2) 

Cor rec t -  
t i o n  
Fac to r (%)  

Specu la t ive  P ropor t i on  
Aggregate Seal 
Thickness (m) 

S p e c i f i c  Tonnes 
Mapping Area ~ e s o u r c e  Area 

(krn21 
Grav i t y  
(glee 

Tonnes 
( m i l l  i o n )  

Skeena-El 1  i s  

L o s t  Fox 

L i  t t l  e-Kl appan 
Nass 

Hobbit-Broatch 



7.4 Total Property Resources 

The total  resource potential of the Property has. been 

calculated t o  be 4.355 b i l l ion  tonnes of anthracite.  The figure 

was derived by summi ng the inferred and specul a t i  ve resources. 



7.5  Procedures and Parameters 

The Proper ty  i s  subdiv ided i n t o  f i v e  resource areas based on 

conf idence i n  s t r a t i g r a p h y ,  s t ruc tu re ,  coal  seam d i s t r i b u t i o n ,  and 

coa l  th ickness.  Four o f  t he  areas are  de f ined as c o n t a i n i n g  

i n f e r r e d  resources, and the  remainder as c o n t a i n i n g  specu la t i ve  

resources. 

A1 1 1983 i n f e r r e d  resources were c a l c u l a t e d  by t h e  

c ross -sec t i on  method a t  a spacing of 500 metres t o  a t o t a l  depth 

of  650 metres. 

Seam th ickness  , seam 1 ength , sec t i on  w i  d t h  , and speci f i c 

g r a v i t y  c o n s t i t u t e d  the  bas ic  data f o r  a1 1 resource c a l c u l a t i o n s  

accord ing  t o  the  f o l  1  owing formul a: 

M e t r i c  Tonnes Coal = Thickness x Length x Width x S p e c i f i c  

G r a v i t y  

These parameters were appl i e d  i n  a s i m i l a r  manner f o r  a l l  

c ross -sec t i on  resource tonnage c a l  c u l  a t i ons .  

The seam th icknesses used were t r u e  th ickness  values. Where 

a coal  zone conta ined two d i s t i n c t  seams, the  th icknesses were 

summed. Parameters f o r  i n f e r r e d  resource c a l c u l a t i o n s  i n  t he  

Hobbi t -Broatch Area a re  unchanged and can be r e f e r r e d  t o  i n  the  

Mount Klappan Coal P r o j e c t  - Geological  Report 1982. 



W i t h i n  the Lost-Fox Area, seam thicknesses are based upon 

d r i l l  hole intersect ions and trench values. Where two or more 

values per seam were obtained, the thicknesses were averaged. The 

Summit Area seam thicknesses are  based on d r i l l  hole intersections 

only. 

Individual seam lengths in the Lost-Fox, and Summit Areas 

were measured to  a maximum depth of 650 metres. The individual 

seam thickness applied to  t h i s  seam length resulted i n  the 

cal cul ated coal area re1 ated to  i ndi vi dual cross-sections . 

The area of influence of each cross-section used to determine 

coal volume in inferred resource -areas ,  was defined as the 

distance between the m i  dpoi nts of adjacent cross-secti ons. The 

sections were spaced 500 metres apart  in a l l  inferred resource 

areas. 

A planimetric area approach was u t i l ized  to  determine the 

speculative resources within the Mount Kl appan Property (Figure 

7 .2) .  Included were the Skeena-El 1 i s ,  Lost-Fox, L i  t t l  e 

Kl appan-Nass, Summit, and Hobbi t-Broatch Areas. The outcrop area 

of the Klappan Sequence within each of these areas was measured by 

planimeter and coal tonnages derived by using a portion of the 

aggregate coal thickness found w i t h i n  the Lost-Fox Area of 53.62 

metres. This porportionate thickness of 8.47 metres was derived 

from an average'of 150 of the 950 metres of the Klappan Sequence 

interpreted to  underlie these areas. Inferred resource areas were 

removed from any area determi nations. 



A s p e c i f i c  g r a v i t y  o f  1.70 g/cc f o r  i n s i t u  coal was used 

throughout a1 1 resource ca lcu la t ions  t o  determine coal tonnage. 

Th is  f i g u r e  was der ived from average s p e c i f i c  g r a v i t y  

determi nat ions on d r i  11 core samples. 



' 8.0 COAL QUALITY 

8.1 SUMMARY 

The 1983 Mount Klappan e x p l o r a t i o n  program produced 

a d d i t i o n a l  coa l  qual  i ty  i n f  o rma t i  on on t h e  Lost -Fox and Summit 

Resource Areas. DDH83-001 p rov ides  da ta  on seams E, F, G, H and a 

second i n t e r s e c t i o n  o f  I t o  t he  resource  i n d i c a t e d  i n  seams I ,  J, 

K and L by DDH82-005. The o v e r a l l  average raw coa l  qual i t y  f o r  

t h e  Lost -Fox Area has n o t  changed through t he  a d d i t i o n  o f  these 

seams and t h e  p o t e n t i a l  f o r  gene ra t i on  o f  low su lphur ,  l ow  ash 

premium p roduc t s  i s  p reserved  and even improved. 

S imu la ted  c l e a n  c o a l  a n a l y s i s  f o r  a l l  seams i n  DDH83-001 

p r o v i d e  average qual  i t y  f o r  5% ash and 10% ash p roduc t s  i n  t h e  

Los t -Fox  Area. Seams E th rough I produce an average 22.6% 

l a b o r a t o r y  y i e l d  o f  5.0% ash coa l  w i t h  a  gross c a l o r i f i c  va lue  o f  

7940 ca l /gm (a.d.b.) and 0.6% su lphur .  A 31.8% y i e l d  o f  24.0% ash 

b r i q u e t t i n g  m a t e r i a l  w i t h  a  gross c a l o r i f i c  va lue  o f  5760 c a l  /gm 

(a.d.b.), (5910 ca l /gm (d.b.))  can be d e r i v e d  f rom 5% ash p roduc t  

r e j e c t .  

As an a1 t e r n a t i v e ,  a  34.1% l a b o r a t o r y  y i e l d  o f  9.2% ash 

premium coa l  can be produced from t h e  same seams. T h i s  p roduc t  

has a gross c a l o r i f i c  va lue  o f  7390 ca l /gm (a.d.b.) and a su lphu r  

l e v e l  o f  0.6%. R e j e c t  from t h e  p r o d u c t i o n  o f  t h i s  coa l  can be 

c leaned t o  y i e l d  6.9% b r i q u e t t i n g  coa l  a t  23.3% ash and 6010 

c a l  /gm (6100 c a l  /gm (d.b. ) gross c a l o r i f i c  value. 



TABLE 8.1 

COAL QUALITY SUMMARY TABLE 

Y i e l d  - 
Proximate ~ n a l ~ s i  s 

Residual Mo is tu re  1.8 
Ash 35.8 
Vol a t i  1 e Ma t te r  8.0 
F i x e d  Carbon 54.4 

Net C a l o r i f i c  Value (cal/gm) 4790 
Gross Cal o r i  f i c  Value ( c a l  /gm) 4900 

Hardgrove G r i  ndabi 1 i t y  Index 

Ch lo r i ne  (%)  

Carbon D iox ide  ( % )  

To ta l  Sulphur 

U l  t i rnate Ana lys is  
Carbon 
Hydrogen 
N i t rogen  
Oxygen 
Sulphur 

Ash Fusion ( O x i d i z i n g  Atmosphere "C) 
I n i t i a l  Temp. 1260 
So f ten ing  Temp. 1325 
Hemi spher i ca l  Temp. 1355 
F l u i d  Temp. 1390 

RAW 
Summit 5% Ash 10% Ash 

34.1 

1.4 
9.2 
6.9 

82.5 

7260 
7390 

36 

- 

0.2 

0.6 

82.8 
2.5 
0.9 
2.6 
0.6 

56.3 
23.0 

5.3 
2.6 
1.9 
1.3 
1.3 
1.1 
0.9 
1.5 

1255 
1390 
1415 
1440 



Table 8.2 

MT. KLAPPAN BULK SAMPLE 

S i z e  D i s t r i b u t i o n  o f  To ta l  
Sample Crushed t o  50 mm 

FRACTION CUMULATIVE 
(m) W T %  WT% 



The Hardgrove G r i n d a b i l  i t y  Index f o r  bo th  p roduc t s  i s  i n  t h e  

range o f  35 t o  36. The s i z e  d i s t r i b u t i o n  o f  raw coa l  f rom which 

s i z e d  p roduc t s  may ,  be generated can be approx imated by t h e  

a n a l y s i s  o f  t h e  b u l k  sample f rom seam I. O f  t h e  t o t a l  sample 

reduced t o  l e s s  than  50 mm, 23.4% i s  above 12 mm i n  s i z e  and 68.2% 

i s  above 1 mm. 

I n  t h e  Summit Resource Area, DDH83-003 i n t e r s e c t s  t h r e e  seam 

i n t e r v a l s  which have a r e l a t i v e l y  h i gh  head ash, b u t  can w i t h  

c l e a n i n g  make a modest c o n t r i b u t i o n  o f  10% ash p roduc t  (8.5% 

1 abo ra to r y  y i e l  d) . 

The t r e n c h  da ta  r e p o r t e d  i n  Sec t i on  8.4 i s  n o t  i n c l u d e d  i n  

average qua1 i ty  c a l c u l a t i o n s  f o r  t h e  resource  areas,  b u t  i s  

d iscussed  i n  terms o f  i t s  imp1 i c a t i o n s  f o r  f u t u r e  e x p l o r a t i o n .  

The b u l k  sampl i n g  program i s  desc r i bed  i n  d e t a i l  i n  Appendix 

I V ,  Volume I V .  



. -  
8.2 PROCEDURES AND PARAMETERS 

8.2.1 I n t r o d u c t i o n  

The 1983 Mount K1 appan expl o r a t i o n  pro  gram p r o v i d  

t h r e e  sources o f  data f o r  d iscuss ion  o f  the coal  q u a l i t y  on 

t h e  proper ty .  

An a d i t  was d r i v e n  i n  a  we1 1  de f ined seam o f  known 

q u a l i t y  s p e c i f i c a l l y  t o  o b t a i n  a  l a r g e  sample f o r  a n a l y t i c a l  

i n v e s t i g a t i o n s .  

Hand t renches were dug wherever coal  s p o i l  was 

encountered i n  any abundance. I f  good d e f i n i t i o n  o f  t he  

s t r a t i g r a p h y ,  r o o f  and f l o o r  o f  the  seam c o u l d  be gained 

through d igg ing  then a  rep resen ta t i ve  sample was taken t o  

c o n t r i b u t e  t o  t h e  body o f  data on p rope r t y  wide coal  

d i  s t r i  b u t i  on and qua1 i ty  . 

Three diamond d r i l l  ho les were bored a t  var ious  p o i n t s  

on the  p rope r t y  t o  f u r t h e r  s t r a t i g r a p h i c  and resource 

i n t e r p r e t a t i o n .  The seams cored i n  these holes were f u l l y  

analyzed t o  p rov ide  d e t a i l e d  q u a l i t y  data t o  accompany 

resource c a l c u l a t i o n s .  

Because o f  the  complexi ty  o f  the  ad i  t bu lk  sample 

a n a l y t i c a l  program and the  d e t a i l  i n  which the  f i n d i n g s  are  

discussed, a  separate volume (Appendix I V )  i s  devoted t o  it. 



The o b j e c t i v e s  and observat ions a r i  s i n g  from the  t rench ing  

and d r i  11 i ng programs are discussed here. 

8.2.2 Trenching Program 

8.2.2.1 Ob jec t i ves  

The o b j e c t i v e s  o f  the 1983 t r e n c h i n g  program 

were as fo l l ows :  

1) To prov ide  an ongoing c o n t r i b u t i o n  t o  the 

da ta  base on the  d i s t r i b u t i o n  and 

th ickness  o f  outcropping seams. 

2 )  To guide e x p l o r a t i o n  i n t o  new areas 

through t r a c i n g  of favourabl  e  analyses o f  

t rench  sampled coal .  

3 )  To c o n t r i b u t e  t o  the accumulated data on 

reg iona l  t rends  o f  q u a l i t y  and coal  

pe t rog raph ic  parameters. 

8.2.2.2 Methodology 

The procedures f o r  s i t i n g ,  o r i e n t i n g  and 

excavat ing  t renches are  descr ibed i n  Sect ion  5.5. Upon 

complet ion,  n o t  a1 1  t renches had s u f f i c i e n t  th ickness  

o r  a  h igh  enough coa l :  rock  r a t i o  t o  war ran t  sampling. 

I n  a d d i t i o n  ground cond i t i ons  sometimes made i t  

imposs ib le  t o  make a  f u l l  t r ansec t  o f  the seam, the  

t rench  r e s u l t i n g  s topp ing  s h o r t  o f  the r o o f  o r  f l o o r  



o r  both. I n  these cases rep resen ta t i ve  samples again 

c o u l d  n o t  be taken. 

The sampling technique was guided by t h e  

i n t e r n a l  s t r a t i g r a p h y  o f  the  seam. Normal ly,  a  f a i r l y  

homogeneous seam would be c u t  by a  s i n g l e  cont inuous 

channel.  I f  subs tan t i a l  p a r t i n g s  o r  changes i n  coal 

cha rac te r  were encountered i n  the  t rench,  then several 

sma l l e r  samples would be taken w i t h  sampled i n t e r v a l s  

conforming t o  s t r a t i g r a p h i c  con t ro l s .  Note was taken 

o f  the p o r t i o n  o f  the seam represented by each sample 

so t h a t  a n a l y t i c a l  r e s u l t s  cou ld  be l a t e r  compared and 

combined mean ing fu l l y .  

8.2.2.3 A n a l y t i c a l  Procedures 

The a n a l y t i c a l  program f o r  a l l  54 t rench  

samples i s  i l l u s t r a t e d  i n  F igu re  8.1. A l l  a n a l y s i s  

except  v i t r i n i t e  r e f l e c t a n c e  was c a r r i e d  o u t  by 

Cyclone Engi nee r i  ng Sales L td .  o f  Edmonton, A1 ber ta .  

Subsampl es f o r  r e f 1  ectance determi n a t i o n  were prepared 

by Cyclone and shipped t o  the Commercial T e s t i n g  and 

Eng ineer ing  Co. o f f i c e  i n  Go1 den, Colorado. Trench 

samples were analyzed on a  raw bas i s  on ly ,  a l l  

washabi 1  i ty and simul a ted  product  s tud ies  were 

conducted on the  diamond d r i l l  core samples. 
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8.2.3 Diamond D r i  11 i ng Program 

8.2.3.1 Ob jec t ives  

The o b j e c t i v e s  o f  t he  1983 Mount Klappan 

d i  amond d r i  11 i ng program were as f o l  1  ows: 

1) To i n t e r s e c t  and sample new seams i n  an 

e s t a b l i s h e d  resource area (DDH 83-001 i n  

t h e  Lost-Fox area) .  

2)  To sample new seams i n  an at tempt t o  

broaden the  es tab l  i shed resource 

(DDH83-003 i n the  Summit South B lock)  . 
3 )  To prov ide  washabi 1  i t y  and simul a ted  

p roduc t  ana lys i s  data f o r  the a d d i t i o n a l  

seams and t o  a l l ow  updat ing  o f  t h e  

qua1 i t y  i n fo rma t ion  on the resource 

conta ined w i t h i n  key areas. 

8.2.3.2 Methodology 

Diamond d r i l l  ho le  coal  seam samples, logged 

i n  d e t a i l  and sampled by increments, (see Appendix I V )  

were subjected t o  a  f u l l  program o f  a n a l y t i c a l  t e s t s  

and f l o a t  s ink  s tud ies ,  o u t l i n e d  i n  F igures  8.2 and 

8.3). 
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The 1983 M t .  Klappan diamond d r i l l  i n g  program 

i n v o l v e d  th ree  ho les  b u t  the  two seam i n t e r s e c t i o n s  i n  

DDH 83-002 were n o t  s u f f i c i e n t l y  t h i c k  ( l e s s  than 0.4 

m )  t o  war ran t  sampl ing and ana l ys i s .  

A1 1 chemical and rheo l  og i  c a l  analyses were 

done by Cyclone Eng ineer ing  Sales L td .  o f  Edmonton, 

A1 be r ta ,  as per  t h e  f l o w  sheet. 

V i  tri n i  t e  r e f l e c t a n c e  determi na t i ons  were 

done a t  Commerical Tes t i -ng  and Eng ineer ing  o f  Go1 den, 

Colorado. 

8.2.3.3 A n a l y t i c a l  Procedures 

The f low sheet i s  d i v i d e d  i n t o  f o u r  main 

p o r t i o n s  : 

1 )  Composi ti ng 

2 )  S i z e  Ana lys is  

3 )  De ta i  1 ed Washabi 1 i t y  Studies 

4 )  Produc t  Ana l ys i s  

8.2.3.3.1 Composit ing 

Composi ti ng o f  t he  i ncremental 

samples f rom each seam was guided by 

f l o a t - s i n k  t e s t i n g  o f  a smal l  p o r t i o n  o f  each 

sample t o  determine the  y i e l d  and ash 

c h a r a c t e r i s t i c s  o f  t h e  increment  (Appendix 



I V ) .  Based on data a v a i l a b l e  f rom 1981 and 

1982 coa l  q u a l i t y  assessments a  s p e c i f i c  

g r a v i t y  of 1.7 was chosen f o r  t h i s  i n i t i a l  

f l o a t - s i n k  t e s t .  

8.2.3.3.2 S i z e  Ana l ys i s  

Once composited, a p o r t i o n  o f  each 

composi te  sample was crushed t o  3/8 i n c h  

(10.0 mm) and then screened on 28 mesh (0.6 

mm) and 100 mesh (0.15 mm) screens. A 

d e t a i l e d  a n a l y s i s  o f  some l a r g e r  s i z e  

f r a c t i o n s  i s  i n c l u d e d  i n  t h e  b u l k  sample 

a n a l y s i s  r e p o r t  (Appendix I V )  . 
8.2.3.3.3 F l o a t  S ink Data 

A t o t a l  o f  10 s p e c i f i c  g r a v i t y  

f r a c t i o n s  between 1.40 and 2.10 S.G. were 

separa ted  o u t  o f  t h e  +28 and 28 x 100 mesh 

s i z e  f r a c t i o n s  of each composi te  sample. The 

s p e c i f i c  g r a v i t i e s  of f l o t a t i o n  were 0  .O5 

S.G. a p a r t  between 1.4 and 1.55 S.G. and 0.10 

S.G. a p a r t  f rom 1.60 S.G. upwards. 

The 100 x 0  f r a c t i o n  underwent 

f r o t h  f l o t a t i o n  f o r  pe r i ods  o f  30, 45, 60, 90 

and 120 seconds. 



Y i e l d ,  ash and c a l o r i f i c  va lue  

de te rmi  n a t i o n s  done on each s p e c i f i c  g r a v i t y  

f r a c t i o n  were used t o  group t h e  seams 

acco rd ing  t o  t h e i r  a b i l  i ty  t o  p roduc t  premium 

( 5  + 10% ash)  and b r i q u e t t i n g  q u a l i t y  (25% 

ash)  p roduc t s .  

C e r t a i n  c u t - o f f s  were a p p l i e d  i n  

d e c i d i n g  whether a  seam was capable o f  

p roduc ing  5% o r  10% ash (see  F i g u r e  8 .3 ) .  I n  

cases where marg ina l  p r o d u c t i o n  o f  5% ash was 

p o s s i b l e ,  sampl es were sp l  i t (where sampl e  

q u a n t i t y  was s u f f i c i e n t l y  l a r g e )  so t h a t  t h e  

p o t e n t i a l  o f  bo th  5% and 10% ash p roduc ts  

c o u l d  be assessed. A midd l  i n g s  p roduc t  o f  

abou t  26% ash was analyzed a f t e r  e x t r a c t i o n  

o f  t h e  premium p roduc t  wherever p r a c t i c a l .  

8.2.3.3.4 Produc t  k n a l y s i s  

The c l ean  coa l  and raw coa l  and 

mi dd l  i ngs p roduc ts  were sub jec ted  t o  

e x t e n s i v e  a n a l y t i c a l  t e s t s ,  which i n c l u d e d  

p rox ima te  a n a l y s i s ,  u l  t i m a t e  a n a l y s i s ,  t o t a l  

su lphu r ,  forms o f  su lphur ,  c a l o r i f i c  value, 

c h l o r i n e  and carbon d i o x i d e  determi  n a t i o n s ,  

Hardgrove G r i  ndabi  1  i ty and ash 

c h a r a c t e r i  s t i  cs. Some o f  these analyses were 



n o t  p o s s i b l e  f o r  some seams due t o  l i m i t e d  

a v a i  1  a b i  1  i ty o f  sample. 

Cal o r i  f i c  va l  ues f o r  1982 qua1 i ty  

r e p o r t e d  f o r  compari son have been c a l c u l a t e d  

f r om a  l i n e a r  r e g r e s s i o n  generated u s i n g  ash 

v a l  ues and measured gross c a l  o r i  f i c  va l  ues 

f r om a1 1 washabi 1  i ty  , p roduc t  and raw 

ana lyses  conducted t o  da te  f o r  M t .  Klappan 

c o a l .  The formul  a  d e r i v e d  i s: 

C a l o r i f i c  Value (MJ/kg)  = 34.989 - (Ash % x 

0.411) 

The r e g r e s s i o n  was c a l  c u l  a t e d  

u s i n g  f i g u r e s  on an a i r - d r i e d  b a s i s  and can 

be used as a  genera l  c o r r e l a t i o n  f o r  a1 1 M t .  

K l  appan coa l .  

Ne t  C a l o r i f i c  v a l  ues a r e  

c a l c u l a t e d  u s i n g  t he  formul  a: 

N e t  C.V. ( B t u )  = Gross C.V. ( B t u )  - 10.30 x 

( T o t a l  Hydrogen % x 9 ) .  



8.3 Coal Rank 

The Mount K lappan coa l  i s  a n t h r a c i t e .  The mean maximum 

r e f l e c t a n c e  o f  v i t r i n i t e  i n  o i l  ranges up t o  4.87% and t he  d r y  

m ine ra l  m a t t e r  f r e e  (d.m.m. f. ) v o l a t i l e  m a t t e r  c o n t e n t  o f  t h e  

p u r e s t  washed coa l  a v a i l a b l e  on t h e  p r o p e r t y ,  (2-5% ash) ,  i s  6% o r  

l e s s .  A f u e l  r a t i o  o f  15, o b t a i n e d  by d i v i d i n g  t h e  f i x e d  carbon 

c o n t e n t  by t h e  v o l a t i l e  ma t te r ,  i s  c a l c u l a t e d  f o r  the  same low ash 

coa l .  

A n t h r a c i t e  coa l  i s  c h a r a c t e r i z e d  as hav ing  a  mean maximum 

r e f l e c t a n c e  i n  excess - o f  2.5%, a  d.m.m.f. v o l a t i l e  m a t t e r  con ten t  

o f  between 2% and 8% (A.S.T.M.) and a  f u e l  r a t i o  i n  excess o f  9 

(Japan I n d u s t r i a l  Standards Assoc ia t i on  - J.I.S.). 

A un ique f e a t u r e  o f  t h e  Mount Klappan a n t h r a c i t e  i s  the. 

presence o f  ca rbonate  i n  t h e  ash and p a r t i n g s  w i t h i n  t he  seam. 

D u r i  ng t e s t s  t o  determi  ne v o l  a t i  l e  m a t t e r  con ten t ,  t h e  carbonates 

i n  t h e  ash produce f rom l e s s  than  1% t o  5% carbon d i o x i d e ,  which 

i s  r e p o r t e d  as a  p a r t  o f  t h e  t o t a l  v o l a t i l e  ma t te r .  It shou ld  be 

no ted  t h a t  i n  c o a l s  w i t h  carbon d i o x i d e  con ten t s  i n  excess o f  I%,  

t h e  apparent  va lue  o f  v o l a t i l e  c o n t e n t  w i l l  be i n f l a t e d  beyond t he  

l e v e l s  a c t u a l l y  c o n t r i b u t e d  by t h e  coa l .  T h i s  w i l l  occur  

p redominan t l y  i n  c o a l s  w i t h  h i g h e r  ash l e v e l s .  The v o l a t i l e  m a t t e r  

c o n t e n t  o f  premium l ow  and medium ash c o a l s  w i t h  carbon d i o x i d e  

c o n t e n t s  be1 ow 1% wi  11 be r e p r e s e n t a t i v e .  



8.4 Coal Qua1 i ty - T rench ing  Program 

8.4.1 Proximate, Sulphur  and C a l o r i f i c  Value 

As a l l  coa l  d e r i v e d  f rom t r e n c h  samples i s  weathered, 

a n a l y s i s  o f  these samples w i l l  n o t  be i n d i c a t i v e  o f  t he  t r u e  

c h a r a c t e r  o f  t h e  coa l .  Prox imate analyses a re  g e n e r a l l y  

u s e f u l  o n l y  i n  t h a t  an i n d i c a t i o n  o f  ash l e v e l  i s  p rov ided .  

Due t o  t h e  extended o x i d a t i o n  o f  ou t c ropp ing  coa l ,  m o i s t u r e  

1  eve l  s  and f r e q u e n t l y  a1 so vo l  a t i  1 e  con ten t s  a re  a r t i  f i c i  a1 l y  

e l  evated. The v o l a t i l e s  a re  a f f e c t e d  because t h e  ash 

m a t e r i a l  i s  so s a t u r a t e d  w i t h  mo i s tu re  t h a t  n o t  a1 1  mo i s tu re  

can be d r i v e n  o u t  o f  hyd ra ted  ash m i n e r a l s  a t  t h e  low 

tempera tu re  used i n  r e s i d u a l  moi s t u r e  determi  n a t i o n .  The 

rema in ing  m o i s t u r e  r e p o r t s  as water  vapour t o  t he  v o l a t i l e  

component. A  f u l l e r  d i scuss ion  o f  t h i s  phenomenon i s  g i ven  

i n  t h e  volume on b u l k  sample a n a l y s i s  (Appendix I V )  . 

As these  samples a r e  f rom a  number o f  d i f f e r e n t  seams 

d i s t r i b u t e d  ove r  a  wide area i t  i s  n o t  s u r p r i s i n g  t h a t  ash 

l e v e l s  vary  f rom 12% t o  a lmos t  65%. Most ash l e v e l s  a re  

depressed below t r u e  l e v e l s  f o r  t h e  coa l  i n  unox id i zed  s t a t e  

because o f  t h e  r a i s e d  mo i s tu re  and v o l a t i l e  con ten ts .  

M o i s t u r e  l e v e l s  a re  no l owe r  than 2% and peak a t  a lmos t  16%, 

ave rag ing  around 6%. V o l a t i l e s  range between 4.3% and 26.5% 

and average 14%. 

Sulphur  l e v e l s  appear t o  be n o t  much a f f e c t e d  by t h e  

o x i  d a t i o n  1  eve l  s  i n h e r e n t  i n  t r e n c h  samples and average 



around 0.4%, much the  same as f o r  d r i l l  core. The odd 

t rench  w i t h  an except iona l  l y  h igh  su lphur  va lue 1  i k e l y  

con ta ins  some 1  ocal l y  concentrated p y r i t e .  

C a l o r i f i c  values vary i n v e r s e l y  w i t h  ash l e v e l  though 

these, too, a re  somewhat lower than would be found i n  d r i l l  

co re  samples w i t h  comparable ash l e v e l s ,  again, because o f  

t h e  r a i s e d  mois ture  l e v e l s  i n  t rench samples. The c a l o r i f i c  

va lue  corresponding t o  the  t rench  w i t h  the  lowest  ash l e v e l  

(12.2% i n  TRC83-072), i s  6880 c a l  lgm (g ross ) .  

Fo r  t rench  sample ana lys i s ,  prox imate ( c h i e f l y  ash) 

and c a l  o r i  f i c va lue  measurements ( su lphur  1  eve1 s  b e i  ng equal ) 

p o i n t  t o  two p rospec t i ve  areas f o r  f u r t h e r  i n v e s t i g a t i o n .  

These are, i n  o rder  o f  p o t e n t i a l ,  L i t t l e  Klappan West, and 

Summit North.  

I n  t he  L i t t l e  Klappen West mapping b lock,  t rench  

83-072 i n t e r s e c t s  a  seam w i t h  a  th ickness  o f  3.51 m (12.2% 

ash, 6880 cal/gm (gross)  as above). Other seams o f  i n t e r e s t  

a r e  i n  t rench  83-073 (3.36 m t h i c k ,  ash o f  17.0% and 

c a l o r i f i c  va lue o f  6370 cal/gm (g ross ) ) ,  and t rench 83-076 

(1.54 m i n  th ickness ,  w i t h  an ash o f  17.5%, and a  c a l o r i f i c  

va lue  o f  5090 c a l l g m  (gross)  a t  a  mois tu re  l e v e l  o f  8.5% 

(5560 c a l  /gin on a dry  bas i s )  . The seam i n t e r s e c t e d  by t rench 

83-087 a l s o  has a  f a i r l y  low ash (19.5%) b u t  i s  on l y  0.8 m 

t h i c k  where i n te rsec ted .  

Seams t renched i n  t h e  Summit Nor th  b lock  have a  

s l i g h t l y  h igh  ash, b u t  a re  t h i c k e r .  Trench 83-066 has a  



thickness of 7.02 m w i t h  an ash of 21.4% and a gross 

c a l o r i f i c  value of 3780 cal/gm a t  14.9% moisture 

(4450 ca l / g r  d.b.) .  Several o ther  seams of reasonable 

th ickness  have i n t e rva l s  with head ash l eve l s  in the  range of 

25-30%. The seams as  a whole have qua1 i ty as  follows: 

83-051, 1.22 m ,  28.8% ash;  83-055, 2.74 m ,  37.2% ash;  83-056, 

2.32 m, 40.1% ash;  and 83-058, 5.7 m th ick ,  29.6% ash. The 

ash leve l s  wil l  be higher, b u t  ca lo r i  Fic values will probably 

a1 so be higher fo r  t he se  coals analyzed in unoxidized form. 

Several trenches in Malloch coal located in the Mount 

Klappan North block, have some in t e rva l s  w i t h  head ash 

between 11% and 30%, but a l l  are  0.5 m in thickness or l e s s .  

8.4.2 Petrographic Analyses 

A v i  t r i n i t e  ref lectance determination was done on each 

trench sample l a rge ly  t o  add t o  data already co l lec ted  on 

regional ref lectance variance w i t h i n  the  Property. A few of 

t h e  samples were so oxidized t h a t  an i n su f f i c i en t  number of 

unweathered grains were avai 1 able fo r  a meani ngful 

i n t e rp re t a t i on .  For s l  igh t ly  l e s s  weathered samples, a 

number of re1 a t i  vely unoxi  dized vi tri n i  t e  grains were 

spec i f i c a l l y  se lected i n  order t o  provide fo r  a sample. T h i s  

p rac t ice  has a tendency t o  bias the reading towards a higher 

mean, but i n  severely oxidized samples, t h i s  i s  des i rable .  

Even so, some values fo r  Ro max. were reduced t o  2.20%. On 

the other  hand, some l e s s  oxidized samples returned Ro max. 

values as high as  4.87%. 



The dispersion of values supports previous and 

current stratigraphic interpretations. The highest Ro max. 

val ues, and therefore the 1 owest stratigraphic horizons, 

occur largely in L i t t l e  Klap'pan West, Lost Ridge and Summit 

South. Most of the lowest Ro rnax. values are from coals i n  

the Ma1 loch of the Mount  Klappan North block. Intermediate 

stratigraphic level s appear t o  under1 ie  the Knooph Hi 11, 

Broatch Creek, L i t t l e  Kl appan North, Li t t le  Kl appan South, 

Summi t North and Mount  Kl appan S o u t h  bl  ocks. 



8.5 Coal Qua1 i ty-Diamond D r i  11 ing  Program 

8.5.1 Raw Coal 

The two diamond d r i l l  ho les f o r  which 1983 coal  

qual i t y  data i s  avai  1 able, DDH83-001 and DDH83-003, are 

l o c a t e d  i n  the  Lost-Fox and Summit South resource areas, 

r e s p e c t i v e l y  . DDH83-001 i s  re1 a t i  ve l y  c lose  t o  DDH82-005 and 

i s  t h e r e f o r e  considered t o  c o n t r i b u t e  t o  the  sane resource 

area. A comparison o f  average raw coal q u a l i t y  f o r  1982 and 

1983 i s  p rov ided i n  Tables 8.3, 8.4 and 8.5. A1 though 

DDH83-003 and DDH82-007 are  both i n  the  same mapping b lock,  

t h e  d is tance between them requ i res  tha t ,  a t  present ,  they be 

considered separate ly .  Only DDH83-003 i s  d i  scussed i n  t h i  s  

r e p o r t  (see Table 8.6); t h e  1982 Mount Klappan Geological  

Report con ta i  ns a t rea tment  o f  DDH82-007. 

I n  t he  Lost-Fox resource area, DDH82-005 penet ra tes  

seams I, J, K and L, w h i l e  DDH83-001 i n t e r s e c t s  E, F, G, H 

and I. I n  the  scenar io under rev iew i n  the  1982 r e p o r t ,  

c e r t a i n  o f  the  seam i n t e r v a l s  o f  DDH82-005 were n o t  i nc luded  

i n  p roduct  d iscussions,  because they d i d  n o t  meet the  

c r i t e r i a  then appl ied.  For  t he  purposes o f  t h i s  d iscussion,  

a1 1 seam i n t e r v a l  s  i n  bo th  holes are inc luded.  I n  the  

average qual i t y  t a b l e  f o r  the  two holes taken together  (Tab le  

8.5), an average q u a l i t y  f o r  t he  two i n t e r s e c t i o n s  o f  seam I 

was c a l c u l a t e d  before  i t  was combined w i t h  the  o the r  seams. 

T h i s  was done t o  avo id  b i a s s i n g  the average by i n c l u d i n g  

seam I twice .  



TABLE 8.3 

MT. KLAPPAN DDH 83-001 
AVERAGE RAW COAL QUALITY 

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat te r  
F ixed  Carbon 

SIZE ANALYSIS: 
+0.6 m I 0.6m - 0.15mm I 0.1Smm - 0 

Tota l  Sulphur 
Combustible Sulphur 

84% 

A i r  
Dry - 
1.9 

33.8 
7.0 

57.3 

D r y  
Basis  - 

- 
34.5 

7.1 
58.4 

11% 

Chlo r ine  0.06 - 
Carbon Diox ide 2.4 
HGI 49 - 
Net C a l o r i f i c  Value ( c a l  /g) 4980 5090 
Gross C a l o r i f i c  Value ( c a l  /g) 5090 5190 

5% 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
"C 

Ox id iz ing  
Reducing 

I n i t i a l  Sof ten ing Hemispherical F l u i d  
1260 1330 1360 1395 
1185 1280 1315 1360 

Ash Analysis: 

Si02/A1203 Rat io :  2.94 

S i l i c a  %: 83.09 

Foul i ng Factor :  0.22 

Base/Acid Rat io :  0.18 

Dolomite %: 37.37 



TABLE 8.4 

MT. KLAPPAN DOH 82-005 
AVERAGE RAW COAL QUALITY 

Proximate Analysis 
Residual Mo is tu re  
Ash 
V o l a t i l e  Mat te r  
F ixed  Carbon 

SIZE ANALYSIS: 
+0.6 mm I 0.6mm - 0.1Smn I 0.15m11 - 0 

To ta l  Sulphur 
Combustible Sulphur 

84% 

Ch lo r ine  
Carbon Diox ide 
HG I 
Net C a l o r i f i c  Value ( c a l  /g) 
Gross C a l o r i f i c  Value ( c a l  /g) 

10% I 6% 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
" C 

Ox id iz ing  
Reducing 

A i r  
5 
2.0 

34.2 
9.3 ~ 

54.5 

D rY 
Basis - 

- 
34.9 

9.5 
55.6 

I n i t i a l  Sof ten ing Hemispherical F l u i d  
1255 1325 1355 1390 
1205 1265 1290 1345 

Ash Analysis: 

1 5102 1 A1203 I Fez03 I CaO I MgO 1 

Si02/A1203 Rat io :  2.17 

S i l i c a  %: 72.57 

Foul i ng Factor :  0.28 

Base/Acid Rat io :  0.28 

Dolomite %: 45.93 



TABLE 8.5 

LOST-FOX RESOURCE AREA 
AVERAGE RAW COAL QUALITY 

S I Z E  ANALYSIS: 

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat te r  
F ixed Carbon 

Tota l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f i c  Value ( c a l / g )  
Gross C a l o r i f i c  Value ( c a l / g )  

U l t i m a t e  Analysis 
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
" C 

Oxi d i  t i  ng 
Reducing 

A i r  !I rY 
Dry - Basis - 
1 .8 - 

35.8 36.5 
8.0 8.1 

54.4 55.4 

I n i t i a l  Sof ten ing Hemispherical F l u i d  
1260 1325 1355 1390 
1200 1275 1305 1355 

Ash Analysis: 

Si02IA1203 Rat io :  2.60 

Si 1 i c a  %: 78.27 

Foul i ng Factor :  0.25 

Sf02 

54.5 

Base/Aci d Rat io :  0.23 

Dolomite %: 42.43 

,I1 2O3 

20.9 

Fe203 

7.8 

CaO 

4.2 

MgO 

3.2 



TABLE 8.6 

MT. KLAPPAN DDH 83-003 
AVERAGE RAW COAL QUALITY 

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat te r  
F ixed  Carbon 

SIZE ANALYSIS: 

t +0.6 mm I 0.6m - 0.15mm I 0.15m - 0 

To ta l  Sulphur 
Combustible Sulphur 

87% 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f i c  Value ( c a l  /g) 
Gross C a l o r i f i c  Value ( c a l  /g) 

U l t i m a t e  Analys is  

9% 

Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

4% 

Ash Fusion: 
O C 

Ox id iz ing  
Reducing 

A i r  D r y  
Dry - Basis - 
1.5 - 

56.0 56.9 
6.8 6.9 

35.7 36.2 

I n i  ti a1 Sof ten ing Hemi spher i ca l  F l u i d  
1250 1305 1335 1365 
1200 1255 1290 1335 

Ash Analysis: 

Si021A1203 Rat io :  3.06 

S i l i c a  %: 84.08 

Fou l ing  Factor :  0.25 

BaseIAcid Rat io :  0.18 

Dolomite %: 38.04 



8.5.1.1 Prox imate Ana l ys i s  

8.5.1.1.1 Mo i s tu re  

M o i s t u r e  l e v e l  s  average between 

1.5  and 2.0% on a  raw b a s i s  i n  b o t h  the  

Lost -Fox and Summit South resource  areas. I n  

t h e  Lost -Fox area, DDH83-001 and DDH82-005 

have s i m i l a r  average moi s t u r e  l e v e l  s  o f  1.9% 

and 2.O%, r e s p e c t i v e l y .  I n  bo th  these ho les ,  

seam I ,  b e i n g  r e l a t i v e l y  t h i c k  and w i t h  a  

h i g h  m o i s t u r e  va lue,  tends t o  r a i s e  t h e  

o v e r a l l  average. The e l e v a t e d  m o i s t u r e  l e v e l  

i s  l i k e l y  because seam I i s  t he  h i g h e s t  seam 

i n  bo th  ho les  and t h e r e f o r e  most exposed t o  

o x i d a t i o n .  Fo r  t h e  t o t a l  Lost-Fox resource  

a rea  average, t h e  i n f l u e n c e  o f  seam I i s  

reduced as o n l y  one i n t e r s e c t i o n  i s  i n c l u d e d  

w i t h  a lmost  t w i c e  t h e  number o f  deeper, d r y e r  

seams. The average mo i s tu re  l e v e l  f o r  t h e  

Lost -Fox area i s  1.8%. 

A1 1  seams i n  DDH83-003 have 

t y p i c a l  m o i s t u r e  l e v e l s  and t h e  average, 

w i t h o u t  t h e  i n f l u e n c e  o f  seam I, i s  1.5%. 



8.5.1.1.2 Ash 

The average ash l e v e l  i n  t he  

Lost-Fox resource area has changed very 

1 i t t l e  from 1982 f i g u r e s .  F igures  are 33.8% 

i n  DDH83-001, 34.2% i n  DDH82-005, and 35.8% 

o v e r a l l  . Again, the  h ighe r  o v e r a l l  f i g u r e  i s  

because the  r e l a t i v e l y  low ash seam I i s  

averaged w i t h  on ly  3 o t h e r  seams i n  82-005, 

and seven o t h e r  h ighe r  ash seams i n  82-005 

and 83-001. The lower average ash i n  83-001 

r e l a t i v e  t o  83-005, i s  due t o  t he  i n c l u s i o n  

of  low ash i n t e r v a l s  i n  t he  c e n t r a l  s e c t i o n  

o f  seam H (16.7% ash over  1.6 m) and i n  seam 

E ( 17.4% ash over 1.32 m) . 

A1 1 seam - i n t e r s e c t i o n s  i n  

DDH83-003 are  q u i t e  h igh  i n  ash, c l o s e  t o  the  

average o f  56%. 

8.5.1.1.3 V o l a t i l e  Ma t te r  

The average vo l  a t i  1 e con ten t  

i n d i c a t e d  f o r  DDH83-001 i s  much more 

r e p r e s e n t a t i v e  than t h a t  f o r  DDH82-005; 7.0% 

compared w i t h  9.3%. Th i s  i s  l a r g e l y  because 

t h e  average f o r  DDH82-005 i nc ludes  th ree  h igh  

ash i n t e r v a l  s ( J  midd le ,  L 1 ower and L upper, 

a l l  between 43.6% and 60.2% ash),  w i t h  



unusua l ly  h igh  conten ts  o f  carbonate. The 

C02 con ten t  produced f rom these t h r e e  

i n t e r v a l s  i s  around 7.5% f o r  t he  f i r s t  two, 

and a lmost  28% f o r  t he  l a t t e r .  I n  t u r n ,  the  

v o l a t i l e  con ten t  f o r  these i n t e r v a l s  i s  

r a i s e d  t o  13%, 14% and 31.3%, r e s p e c t i v e l y ,  

due t o  t he  presence o f  t he  carbonate. Most 

o t h e r  seam i n t e r s e c t i o n s  have re1 a t i  ve l y  

normal v o l a t i l e  ma t te r  con ten ts  between 7% 

and 8%. The o v e r a l l  average f o r  t he  Lost-Fox 

area i s  8.0% (a.d.b.1. 

Desp i te  t he  h igh  ash o f  t h e  

DDH83-003 i n t e r v a l  s, t he  vo l  a t i  1  e  con ten t  i s  

n o t  unduly a f f e c t e d  by ex te rna l  i n t e r f e r e n c e .  

The average v o l a t i l e  con ten t  i s  6.8%. 

8.5.1.1.4 F i x e d  Carbon 

F i x e d  carbon l e v e l s  have remained 

f a i r l y  c o n s i s t e n t  between 1982 and 1983. For  

DDH83-001, t h e  average con ten t  i s  57.3%, 

s l  i g h t l y  h ighe r  than f o r  DDH82-005 (54.5%), 

because a  g r e a t e r  number o f  s l i g h t l y  t h i c k e r  

1  ower ash i n t e r v a l  s  a re  inc luded.  Ove ra l l  , 

t h e  average f i x e d  carbon con ten t  i s  reduced 

t o  (54.4%), once again, because the  p o s i t i v e  

e f f e c t  o f  seam I i s  d i l u t e d  by a  l a r g e r  

number o f  h ighe r  ash seams. 



Due t o  h igh  ash l e v e l s ,  the f i x e d  

carbon content  through 83-003 averages on ly  

35.7%. 

8.5.1.2 Tota l  Sulphur  and Ch lo r i ne  

A1 1 seams i n  the  Lost-Fox resource area have 

"normal" su lphur  l e v e l s ,  a t  o r  below 0.5%. The 

average l e v e l  f o r  DDH83-001 a t  0.5% i s  h igher  than t h e  

average f o r  DDH82-005 (0.4%) and r a i s e s  the  o v e r a l l  

average t o  0.5%. 

I n  the  Summi t South area, as represented by 

83-003, su lphur  l e v e l s ,  on average, are h ighe r  (0.6%) 

i n f l u e n c e d  by a p y r i t e  zone i n  seam E 1 ower ( r a i s i n g  

su lphur  l e v e l s  here t o  1.2%). 

Ch lo r i ne  l e v e l s  a re  u n i f o r m l y  low i n  a l l  

seams i n  bo th  areas. Averages are  0.06% f o r  

DDH83-001, 0.05% f o r  DDH82-005, 0.06% f o r  the Lost-Fox 

area and 0.05% f o r  DDH83-003. 

8.5.1.3 C a l o r i f i c  Value 

The c a l o r i f i c  va lue o f  raw coal  i s  c l o s e l y  

r e l a t e d  t o  the ash content .  Leve ls  i n  DDH83-001 a r e  

s l i g h t l y  h ighe r  ( a t  5090 cal/gm (g ross ) ,  than i n  



DDH82-005 (5010 c a l  lgm (gross)  ) , as would be expected 

i n  comparing the  two ash l e v e l s .  The o v e r a l l  average 

gross c a l o r i f i c  value i s  4900 cal lgm. 

Because o f  the  very h igh  ash l e v e l s  f o r  a1 1  

seams i n  DDH83-003, the  average gross c a l o r i f i c  va lue 

amounts t o  on ly  3040 cal lgm. 

8.5.1.4 Hardgrove G r i n d a b i l  i ty Index 

A cons tant  r e l a t i o n s h i p  has been noted i n  

Mount K l  appan coal  s  between h i  gh ash 1  eve1 s  and 

cor respond ing ly  h igh  values f o r  H .G. I .  The coal  

i t s e l f ,  under most circumstances, i s  q u i t e  hard and 

t h e  progress ive  i n c l u s i o n  o f  more ash ma te r ia l  tends 

t o  r a i s e  the H.G.I. This  e f f e c t  seems t o  i n f l u e n c e  

DDH83-001 more s t r o n g l y  than DDH82-005. Several 

h i g h e r  ash i n t e r v a l  s  o f  subs tan t i a l  th ickness ,  c h i e f l y  

i n  seam G, have H.G.I.'s i n  t he  5 0 ' s  and 6 0 ' s ,  r a i s i n g  

t h e  average f o r  DDH83-001 t o  49 compared w i t h  44 f o r  

DDH82-005. The average f o r  the  Lost-Fox area i s  48. 

I n  t he  DDH83-003, t h e  h igh  ash l e v e l  s  r e s u l  t 

i n  an average H.G.I. o f  62. 

8.5.1.5 U l t i m a t e  Analys 

There i s  r e a l l y  

i s  

no subs tan t i a l  d i f f e r e n c e  i n  



u l t i m a t e  composi t ion between 1982 and 1983 r e s u l t s .  

Hydrogen 1 eve1 s are  mar,gi nal  l y  1 ower i n DDH82-005 than 

DDH83-001, because the  average f o r  82-005 i nc l  udes the  

p r e v i o u s l y  discussed seam L upper i n t e r v a l  . Here the  

source o f  the  very l a r g e  v o l a t i l e  content  a1 so creates 

an apparent imbalance i n  u l t i m a t e  components w i t h  

19.1% oxygen and on ly  0.7% hydrogen. The o v e r a l l  

composi t ion o f  56.3% carbon, 1.9% hydrogen, 0.6% 

n i t rogen ,  and 3.1% oxygen f o r  the  Lost-Fox area, 

c l o s e l y  r e f l e c t s  the  analyses f o r  bo th  83-001 and 

82-005. 

The h igh  ash l e v e l  o f  the 83-003 seams 

reduces bo th  carbon and hydrogen l e v e l s  as these are  

both, f o r  t he  most p a r t ,  elements o f  t he  combust ib le 

p o r t i o n  o f  t he  coa l .  U l t i m a t e  ana lys i s  i n d i c a t e s  a 

c o n t e n t  o f  37.6% carbon, 1.4% hydrogen, 0.3% n i t r o g e n ,  

and 2.6% oxygen. 

8.5.1.6 Ash Fusion Temperatures 

There i s  no d i f f e r e n c e  i n  ash f u s i o n  

temperatures between 83-001 and 82-005. For  these, 

and f o r  t he  o v e r a l l  average, temperatures i n  an 

o x i  d i  z i  ng atmosphere a re  1260°C f o r  i n i  ti a1 

deformat ion and 1390°C f o r  f l u i d i t y  - + 5°C. I n  a 

reduc i  ng atmosphere, temperatures range between 1185°C 

and 1360°C. 



F o r  DDH83-003, the  temperatures are extremely 

comparable t o  the  Lost-Fox area temperatures. They 

a r e  1250°C t o  1365°C ( i n i t i a l  t o  f l u i d )  i n  an 

o x i d i z i n g  atmosphere, and 1200°C t o  1335°C i n  a  

reduc ing  atmosphere. 

8.5.1.7 Ash Minera l  Composit ion 

Desp i te  the extreme s i m i l a r i t y  i n  ash fus ion  

temperatures between 83-001 and 82-005, t he re  are  

d i s t i n c t  d i f f e r e n c e s  i n  ash minera l  composit ion. 

These d i f fe rences,  however, have a- tendency t o  o f f s e t  

each o the r  i n  terms o f  t h e i r  e f f e c t  on ash f u s i b i l i t y .  

0DH83-001 has a s l i g h t l y  h igher  s i l i c o n  con ten t  and 

a  s l i g h t l y  lower alumina content  than 82-005. This  

would tend t o  lower the  r e l a t i v e  f u s i o n  temperatures 

o f  83-001 because o f  i t s  g rea te r  amount o f  excess 

s i l i c a .  The contents  o f  i r o n ,  ca lc ium and magnesium 

a r e  much h i g h e r  i n  the  seams o f  82-005 than i n  83-001, 

caus ing  a  h ighe r  base t o  a c i d  r a t i o  (Fez03 + (CaO 

+ MgO + Na20 + K20 : Si02 + A1203 + Ti021 

which counterac ts  the e f f e c t  o f  the s i  1 i c a / a l  umi na 

balance. The o v e r a l l  average f o r  the Lost-Fox area 

has i n te rmed ia te  amounts o f  a l l  th ree  oxides and the 

equi  1  i b r i  um between the  opposing tendencies i s  

mainta ined.  

C o i n c i d e n t a l l y ,  the  ash minera l  composi t ion 

o f  83-003 i s  almost i d e n t i c a l  t o  t h a t  o f  83-001, which 



accounts f o r  the  correspondence i n  ash f u s i o n  

temperatures. 

8.5.2 5% Ash Product  

8.5.2.1 Y i e l d  

As i l l u s t r a t e d  i n  F i g u r e  8.3, a1 1 seams were 

reviewed i n  terms o f  t h e i r  p o t e n t i a l  t o  produce a 5% 

ash product .  I f  examinat ion o f  w a s h a b i l i t y  data 

(Appendix I V )  i n d i c a t e d  t h a t  a y i e l d  f o r  a seam 

i n t e r v a l  g rea te r  than 5 % c o u l d  be achieved, then a 

simul a ted  product  ana lys i  s was c a r r i  ed o u t  f o r  t h a t  

i n t e r v a l  . 

Fo l l ow ing  t h i s  procedure, i t  was found t h a t  

none o f  t he  seams i n  83-003 c o u l d  produce any 

s i g n i f i c a n t  q u a n t i t y  o f  5% ash product .  However, a l l  

b u t  one ( G  l ower )  o f  the  seam i n t e r v a l s  i n  DDH83-001 

were capable o f  some 5% ash coal product ion.  Seam I, 

as a whole, y i e l d e d  39.2%, 5% ash coal by l a b o r a t o r y  

measurement. A 1 aboratory y i e l d  o f  20.6% was r e a l  i zed 

f o r  seam H, 11.3% f o r  seam G upper, 15.0% f o r  seam F 

and 22.0% f o r  seam E. 

The coal  q u a l i t y  o f  t h i s  5% ash product  i s  

presented i n  c o n t r a s t  t o  t h a t  achieved i n  the 1382 

Mount Klappan ana lys i s  program (see Tables 8.7 and 

8.8). The d i f f e r e n c e  i n  emphasis between the two 



TABLE 8.7 

MT. KLAPPAN DDH 83-001 
AVERAGE 52 COAL PRODUCT 

I Z E  ANALYSIS: 
+ . mm 

97% I 3% D i  scarded 

Proximate Analys is  
Residual Mois ture 
Ash 
V o l a t i l e  Mat ter  
F ixed  Carbon 

To ta l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Oiox i  de 
HGI 
Net C a l o r i f i c  Value ( c a l  / g l  
Gross C a l o r i f i c  Value ( c a l  /g)  

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

A i r  D r y  
D rY - Basis 

0.8 - 
5.0 5.0 
5.8 5.8 

88.4 89.2 

Ash Fusion: 
0 C I n i t i a l  Softening Hemispherical F l u i d  

Ox id iz ing  1240 1400 1430 1450 
Reducing 1215 1320 1380 1425 

Ash Analysis: 

SiO2/A1203 Rat io :  1.92 

S i l i c a  %: 85.28 

Foul i n g  Factor :  0.20 

Base/Acid Rat io :  0.14 

Dolomite %: 35.45 

M!3O 

1.4 

CaO 

2.5 

Fez03 

4.9 

Si02 

51 .O 

A1 203 

26.5 



TABLE 8.8 

MT. KLAPPAN DOH 82-005 
AVERAGE 5% COAL PRODUCT 

SIZE ANALYSIS:* 
+0.6 mm I 0.6m - 0.15mm I 0.15mm - 0 

92% I 8% Discarded 

*crushed t o  10.0 mn (3 /8")  A i r  Dry 

Proximate Analysis 
Residual Mo is tu re  
Ash 
V o l a t i l e  M a t t e r  
F ixed  Carbon 

To ta l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f f  c Value ( c a l  /g)  
Gross C a l o r i f i c  Value ( c a l  /g) 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
O C 

Ox id iz ing  
Reducing 

Ash Analysis: 

I n i t i a l  Sof ten ing Hemi spher ica l  F l u i d  
1230 1435 1475 1500 
1230 1425 1460 1500 

Si02/A1203 Rat io :  1.61 

S i l i c a  8: 87.84 

Fou l ing  Factor :  0.13 

Base/Acid Ra t io :  0.11 

Dolomite %: 46.59 



programs (1982 and 1983) i s  t h a t  w h i l e  i n  1982 t h e  

p o s s i b i l i t y  o f  max imiz ing  t h e  5% ash y i e l d  o f  a  s i n g l e  

seam (I l o w e r )  was reviewed, i n  1983 t h e  a l t e r n a t i v e  

approach o f  g l e a n i n g  a t  l e a s t  some 5% ash p roduc t  

wherever p o s s i b l e  was undertaken. A  n o t a b l e  

cons i s tency  i n  most aspects o f  q u a l i t y  a n a l y s i s  i s  

apparent .  

8.5.2.2 Prox imate Ana l ys i s  

The Prox imate  a n a l y s i s  o f  the  average 5% ash 

p r o d u c t  f rom 83-001 i s  ve ry  l i t t l e  changed f rom t h a t  

o f  t h e  1982 l o w  ash coa l .  The 5% ash coa l  f rom 

DDH83-001 i s  drawn f rom a  number o f  seams w i t h  a  

r e l a t i v e l y  h i g h  raw ash l e v e l ,  w h i l e  i n  1982, 

p r o d u c t i o n  was f rom a  s e l e c t e d  i n t e r v a l  w i t h  a  very  

l o w  head ash. The d i f f e r e n c e  i n  t h e  c h a r a c t e r  o f  t h e  

ash accounts f o r  t h e  s l i g h t l y  h i g h e r  m o i s t u r e  l e v e l  

i n  DDH83-001. A1 though b o t h  c o a l s  have been c leaned 

t o  t h e  same ash l e v e l ,  t h e  source and t ype  o f  t h e  ash 

i s  d i f f e r e n t  i n  each case. 

The t a r g e t  o f  5.0% ash was w e l l  ach ieved i n  

b o t h  cases. 

As w i t h  mo i s tu re ,  t h e  v o l a t i l e  l e v e l  i n  

83-001 i s  s l  i g h t l y  e l e v a t e d  because o f  the  v a r i a b i l i t y  

i n  ash. Wh i le  seam I l o w e r  f rom 82-005 was chosen as 



an i d e a l  case, some i n t e r v a l s  c o n t r i b u t i n g  t o  t he  

average 83-001, 5% ash resource are  marginal .  

Due t o  the  r e l a t i v e l y  h ighe r  mo is tu re  and 

v o l a t i l e  contents,  the  f i x e d  carbon l e v e l  i n  83-001 i s  

88.4% compared w i t h  89.3% i n  82-005. 

8.5.2.3 T o t a l  Sulphur ,  Ch lo r i ne  and Carbon D i o x i d e  

A1 1 these parameters are q u i t e  low i n  t he  

average q u a l i t y  f o r  5% ash coal f rom DDH83-001. 

C h l o r i n e  l e v e l s  cannot be measured d i r e c t l y  from the 

produc ts  as excess c h l o r i n e  absorbed from the  heavy 

1 i q u i d s  used i n  f l o a t / s i n k i n g  i n t e r f e r e s  w i t h  the  t r u e  

reading.  The va lue  expected here i s  an average o f  

measurements f rom raw coa l .  The i n c l u s i o n  o f  severa l  

seams i n  83-001 appears t o  improve the  l e v e l s  o f  

c h l o r i n e  and carbon d i o x i d e  r e l a t i v e  t o  82-005. The 

su lphur  l e v e l  , however, i s  s l  i g h t l y  h igher .  DDH83-001 

con ta ins  an average 0.6% su lphur ,  0.06% c h l o r i n e  ( i n  

raw) and 0.1% carbon d i o x i d e  compared w i t h  0.4% 

sulphur ,  0.07% c h l o r i n e  ( i n  raw) and 0.2% carbon 

d i o x i d e  i n  DDH82-005 (seam I 1 ower) . 

8.5.2.4 C a l o r i f i c  Value 

The gross c a l o r i f i c  va lue measured f o r  t h e  

1 ow ash resource f o r  83-001 (7940 cal /gm) i s  v i r t u a l l y  

i d e n t i c a l  t o  t h a t  measured i n  1982 (7950 c a l  /gm). 



8.5.2.5 Hardgrove G r i n d a b i l i t y  Index 

The H.G. I. a1 so i s  very 1 i t t l e  changed though 

t h e  value f o r  83-001 (35)  r e f l e c t s  the i n c l u s i o n  o f  

some seams c o n t a i n i n g  s l  i g h t l y  s o f t e r  m a t e r i a l  (The 

H.G. I .  f o r  82-005 seam I lower  i s  33) .  

8.5.2.6 U l t i m a t e  Ana lys is  

Two t h i n g s  can be noted about the u l t i m a t e  

a n a l y s i s  o f  the  83-001 low ash product .  The n i t r o g e n  

l e v e l  has been reduced through the  i n c l u s i o n  o f  more 

seams (0.9% compared w i t h  1.2%) and the  oxygen l e v e l  

has been i n f l u e n c e d  by the  c o n t r i b u t i o n  o f  h igh  head 

ash coa l .  A t  1.6% oxygen compared w i t h  0.7%, a 

g r e a t e r  con ten t  o f  ox id i zed  mater i  a1 , coa l  o r  ash, i s  

demonstrated. The o the r  components are very 

comparable i n  t h e i r  p ropor t ions ;  carbon i s  88.5% and 

hydrogen 2.6% f o r  83-001, carbon i s  89.4% and hydrogen 

2.8% f o r  82-005. 

8.5.2.7 Ash Fusion Temperatures 

Ash f u s i o n  temperatures f o r  average 83-001, 

5% ash coal  range from 1240°C t o  1450°C ( i n i t i a l  t o  

f l u i d ,  o x i d i z i n g  atmosphere) and 1215°C t o  1425°C 

( i n i t i a l  t o  f l u i d ,  reducing atmosphere). These 

temperatures are  s l i g h t l y  lower and w i t h  a narrower 

span than those f o r  82-005 seam I lower  (1230°C t o  



1500°C i n  bo th  atmospheres). C o n t r i b u t i o n  from a  

v a r i e t y  o f  seams r e s u l t s  i n  an ash o f  somewhat 

d i f f e r e n t  composi t ion and character .  

8.5.2.8 Ash Minera l  Composit ion 

Although the  r a t i o s  between var ious  ash 

m ine ra l s  f a v o r  h igh  f u s i o n  temperatures f o r  t he  

average low ash product  o f  83-001, the  d i f f e r e n c e  from - 

t h e  r a t i o s  f o r  82-005 accounts f o r  t he  d i f f e r e n c e  i n  

ash f u s i o n  temperatures. Whi le the  base t o  a c i d  r a t i o  

i s  q u i t e  low f o r  83-001 and the  s i1 ica :a lumina r a t i o  

l e s s  than 2 ,  bo th  r a t i o s  a re  even lower f o r  82-005 

(seam I lower ) .  The average ash o f  83-001 seams, w i t h  

an i r o n  con ten t  g rea te r  than t h e  sum o f  i t s  ca lc ium 

and magnesium contents,  i s  cha rac te r i zed  as 

"b i tuminous type" w h i l e  t h e  82-005 seam I lower  ash 

exempl i f i e s  t h e  reverse  c o n d i t i o n  and i s  termed 

"1 i g n i  t i c  type". Th i s  charac ter  d i f f e r e n c e  f u r t h e r  

accounts f o r  t he  lower f u s i o n  temperature o f  83-001 

ash. Overa l l ,  t h e  s i l i c a  con ten t  o f  83-001 i s  



s l i g h t l y  h ighe r  than f o r  82-005 and the  alumina 

con ten t  i s  s l i g h t l y  lower. I r on ,  magnesium and 

t i  t a n i  um contents  a re  h i  gher and ca l  c i  um and 

phosphorous contents are lower. The presence o f  an 

m a r g i n a l l y  h ighe r  amount o f  sodium i n  83-001 i n  

con junc t i on  w i t h  the  d i f f e r e n c e  i n  ash type makes the  

average 5% ash product  l e s s  i d e a l  i n  terms o f  f o u l i n g  

p o t e n t i a l  than t h a t  which can be produced f o r  seam I 

1 ower e x c l u s i v e l y .  

8.5.3 10% Ash Product  

8.5.3.1 Y i e l d  

A f t e r  p roduc t i on  o f  a 5% ash product ,  t he  

p o t e n t i a l  o f  each seam t o  produce an a d d i t i o n a l  10% 

ash product  was assessed. No i n t e r v a l s  were capable 

o f  producing a minimal y i e l d  (5% o r  more) o f  10% ash 

a d d i t i o n a l  p roduct  so t h e  t a r g e t  f o r  secondary 

p roduc t i on  f o r  a1 1 i n t e r v a l s  was s e t  t o  a b r i q u e t t i n g  

ash l e v e l  (around 25%). The 10% ash products 

d iscussed here were produced as a l t e r n a t i v e s  t o  5% ash 

and s imu la ted  c lean coal  analyses were done t o  p rov ide  

f l  e x i b i l  i ty o f  choice i n  des ign ing  scenar ios f o r  

maximized e x p l o i t a t i o n  o f  t he  Lost-Fox resource 

p o t e n t i  a1 . 

A1 1 seam i n t e r v a l s  i n  both 83-001 and 83-003 

were capable o f  producing a t  l e a s t  some medium (10%) 

ash product.  The y i e l d s  i n  83-001 were 57.8% f o r  



TABLE 8.9 

MT. KLAPPAN DOH 83-001 
AVERAGE 10% COAL PRODUCT 

SIZE ANALYSIS: 
+0.6 mm I 0.6mm - 0.151m I 0.15mm - 0 

98% I 2% I Discarded 

Proximate Analys is  
Residual Mois ture 
Ash 
V o l a t i l e  Mat ter  
F ixed  Carbon 

To ta l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
HG I 
Net C a l o r i f i c  Value ( c a l  I g )  
Gross C a l o r i f i c  Value ( c a l l g )  

U l t i m a t e  Analysis 
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

A i r  0 r y  
5 - Basis 

Ash Fusion: 
" C I n i t i a l  Sof ten ing Hemi spher ica l  F l u i d  

Ox id iz ing  1255 1390 1415 1440 
Reducing 1200 1345 1380 1415 

Ash Analysis: 

Si021A1203 Rat io :  2.45 BaseIAcid Ra t io :  0.15 

Si02 

56.3 

S i l i c a  %: 85.17 

Foul i n g  Factor :  0.20 

Dolomite %: 36.89 

A1 203 

23.0 

Fez03 

5.3 

CaO 

2.6 

MgO 

1.9 



TABLE 8.10 

MT. KLAPPAN DDH 82-005 
AVERAGE 10% COAL PRODUCT 

S I Z E  ANALYSIS: * - - - - . - . - - . 
+0.6 ~ I I I  I 0.6111m - 0.15mm I 0.1511m - 0 

89% 11% 1 Dl scarded 

*crushed t o  10.0 mm (3 /8")  A i r  D r y  

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat ter  
F ixed  Carbon 

Tota l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f i c  Value ( c a l  /g) 
Gross C a l o r i f i c  Value ( c a l  / g )  

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
OC I n i t i a l  Sof ten ing 

Ox id iz ing  1235 1375 
Reducing 1230 1370 

Ash Analysis: 

Hemi spher ica l  F l u i d  
1390 1410 
1385 1400 

Si02/A1203 Rat io :  2.30 

S i l i c a  %: 85.65 

Foul i ng Factor :  0.17 

Base/Acid Ra t io :  0.14 

Dolomite %: 47.32 



TABLE 8.11 

MT. KLAPPAN DDH 83-003 
AVERAGE 102 COAL PRODUCT 

SIZE ANALYSIS: 

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat ter  
F ixed  Carbon 

To ta l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f i c  Value ( c a l  /g) 
Gross C a l o r i f i c  Value ( c a l  /g) 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
O C  

Oxid iz ing  
Reducing 

Dry 
Basis  - 

- 
9.4 
5.6 

85.0 

0.6 - 
- 
- 

7440 
7570 

I n i t i a l  Sof ten ing Hemispherical F l u i d  
1220 1315 1340 1375 
1155 1240 1280 ' 1315 

Ash Analysis: 

1 5 1 0 2  1 A1203 1 Fez03 I CaO I MgO I 

Si02/A1203 Rat io :  2.09 

S i l i c a  %: 80.96 

Foul i n g  Factor :  0.23 

Base/Acid Rat io :  0.19 

Dolomite %: 36.24 



seam I, 39.2% f o r  seam H, 13.3% f o r  seam G, 26.2% 

f o r  seam F, and 44.3% f o r  seam E.  Y i e l  ds were 

cons iderab ly  lower  f o r  DDH83-003 a t  8.0% f o r  seam G 

lower, 8.3% f o r  seam E upper, and 9.9% f o r  seam E 

lower  (seam E upper and lower a re  separated by a  

s u b s t a n t i a l  rock s p l i t  and must be considered 

separa te l y ) .  

The i n t e r v a l s  from 82-005 f rom which a  10% 

ash s imu la ted  product  was e x t r a c t e d  were again 

se lec ted  f o r  t h e i r  a b i l i t y  t o  produce a  maximum y i e l d .  

As w i t h  t h e  5% ash product ,  the  s t ra tegy  f o r  p roduct  

a n a l y s i s  i n  83-001 (and 83-003) was changed i n  o rder  

t o  eva lua te  product  q u a l i t y  as de r i ved  f rom a l l  

p o s s i b l e  seams. The seam i n t e r v a l  s  i nvol  ved from 

82-005 were I upper, J lower,  J upper and L middle.  

8.5.3.2 Proximate Ana lys is  

The d i  ss imi  1  a r i  t y  between t h e  prox imate 

analyses o f  83-001 and 82-005, 10% ash seam i n t e r v a l s  

(most ly  i n  mo is tu re  and v o l a t i l e s ) ,  can be exp la ined 

by c i t i n g  t h e  d i f f e r e n c e  i n  c o n t r i b u t i n g  ash 

c o n s t i t u e n t s .  Residual mo is tu re  1 eve1 s  and vo1 a t i  1  es 

a r e  bo th  h ighe r  i n  83-001 (1.4% and 6.9% compared w i t h  

0.7% and 6.1%). The average y i e l d  o f  10% ash product  

f rom 82-005 i n t e r v a l s  was 62.3% compared w i t h  the  much 

lower  y i e l d s  de r i ved  f rom 83-001 seams. As the  

c l e a n i n g  cha rac te r  d i f f e r e d ,  so does the cha rac te r  o f  



t h e  ash i nc luded  i n  t h e  medium ash produc ts  from each 

source., and so, i n  t u rn ,  does the  amount o f  mo is tu re  

r e t a i n e d  i n  t h e  ash and re leased i n  bo th  t he  r e s i d u a l  

mo is tu re  and v o l a t i l e  determinat ions.  

Ash l e v e l s  are comparable a t  9.2% f o r  83-001 

and 9.8% f o r  82-005 and, due t o  t h e  v a r i a t i o n  i n  t h e  

o t h e r  prox imate components, t h e  f i x e d  carbon l e v e l s  

a l s o  vary (82.5% f o r  83-001 and 83.4% f o r  82-005). 

The w a s h a b i l i t y  o f  t he  coa l s  f rom 83-003 i s  

d i f f e r e n t  y e t  aga in  and so the  prox imate  a n a l y s i s  

shows d i s t i n c t  c h a r a c t e r i s t i c s .  Whi le t h e  average c u t  

p o i n t s  f o r  83-001, 10% ash produc ts  were 1.68 S.G. f o r  

t h e  10 mm x  0.6 mm f r a c t i o n  and 1.79 S.G. f o r  t h e  

0.6 mm x 0.15 mm f r a c t i o n ,  lower  separa t ion  g r a v i t i e s  

o f  1.57 and 1.65, r e s p e c t i v e l y ,  were r e q u i r e d  t o  

generate even t h e  smal l  y i e l d s  a t t a i n a b l e  from 83-003 

seam i n t e r v a l s .  The ash components c a r r i e d  w i t h  t he  

coa l  i n  each case were t h e r e f o r e  n o t  t h e  same and 

i n f l  uenced t h e  prox imate a n a l y s i s  (mo is tu re  and 

v o l a t i l e s )  i n  d i f f e r e n t  ways. The ash l e v e l s  o f  

DDH83-001 and 83-003 a re  s i m i l a r  (9.2% and 9.3%) b u t  

t h e  mo is tu re  and v o l a t i l e  l e v e l s  f o r  83-003 a r e  0.7% 

and 5.6% (compared w i t h  1.4% and 6.9% f o r  83-001). 

The f i x e d  carbon con ten t  o f  83-003 i s  84.4% and f o r  

83-001 i s  82.5%). 



8.5.3.3 Total ~u lphu ' r ,  Chlorine and Carbon Dioxide 

Sulphur, chlor ine  and carbon dioxide level  s 

a r e  a l l  qu i t e  s imi la r  f o r  10% ash products. In the  

Lost-Fox Area the re  i s  a s l i g h t  increase in  sulphur 

and chlor ine  between 1982 and 1983, as the number of 

seams involved increases.  The re1 a t i v e  carbon dioxide 

content ,  however, decreases.  Values f o r  83-003 a r e  in 

very much the  same range. F o r  83-001, the sulphur 

content  i s  0.6%, chlor ine  i s  0.06% and carbon dioxide 

0.2%. The values a r e  0.4%, 0.04% and 0.3% f o r  82-005, 

and 0.6%, 0.05% and 0.3% f o r  83-003. 

8.5.3.4 Ca lo r i f i c  Value 

The higher moisture level  reduces the  

avai l  ab le  heat  content  from 83-001. Gross c a l o r i f i c  

value i s  7390 callgm compared w i t h  7450 callgm fo r  

82-005. DDH83-003 has a lower ash content  than 82-005 

(9.3% and 9.8%, respect ively)  a t  the same moisture 

1 eve1 and the re fore  has a r e l a t i ve ly  enhanced gross 

c a l o r i f i c  value of 7520 callgm. 

8.5.3.5 Hardgrove Gri ndabil i ty  Index 

The average H.G.I. f o r  a l l  seams i n  both the  

Lost-Fox and Summit South resource a reas  i s  very 

s imi la r .  Values a r e  36 f o r  83-001, 37 f o r  83-003 and 

38 f o r  82-005. 



8.5.3.6 U l t i m a t e  Ana lys i s  

The oxygen l e v e l  o f  t he  10% ash produc ts  f rom 

'83-001 i s  e leva ted  r e l a t i v e  t o  t h e  o t h e r  10% ash 

produc ts  under cons ide ra t i on .  Th i s  i s  a  companion 

e f f e c t  t o  t h e  i n t e r f e r e n c e  w i t h  mo is tu re  and v o l a t i l e  

measurements descr ibed p r e v i  ous ly  . It does n o t  

i l l u s t r a t e  a  coa l  c h a r a c t e r i s t i c  so much as i n d i c a t e  a  

f e a t u r e  o f  t h e  ash c a r r i e d  w i t h  t he  coa l .  The oxygen 

va lue  f o r  83-001 i s  2.6% as opposed t o  1.8% f o r  82-005 

and 1.7% f o r  83-003. For  t h e  same data sets ,  carbon 

1  eve1 s  a re  82.8%, 83.6% and 84.3%, hydrogen conten ts  

a r e  2.5%, 2.7% and 2.5%, and n i t r o g e n  values are 0.9%, 

1.0% and 0.9%. 

8.5.3.7 Ash Fusion Temperatures 

The d i f f e r e n c e s  i n  ash cha rac te r  suggested by 

p rox imate  and u l t i m a t e  analyses do n o t  appear i n  t h e  

ash f u s i o n  temperatures, which a t  1255°C t o  1440°C 

( i n i t i a l  t o  f l u i d ,  o x i d i z i n g  atmosphere) f o r  83-001 

a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom those f o r  82-005 

(1235°C t o  1410°C, under t h e  same c o n d i t i o n s ) .  For  

83-003, t h e  temperatures a re  somewhat lower  (1220°C t o  

l375"C, a1 so o x i d i z i n g  atmosphere). 



8.5.3.8 Ash Minera l  Composit ion 

The d i f f e r e n c e s  i n  ash mentioned above do, 

however, appear i n  t he  ash minera l  analyses. The ash 

f rom 10% ash product  coal  o f  83-001, i s  comparable t o  

82-005 i n  most respects,  w i t h  the  except ion  o f  having 

a h ighe r  i r o n  and magnesium and a lower sodium and 

phosphorous content .  These small v a r i a t i o n s  determine 

t h a t  t h e  83-001 ash i s  "b i tuminous type" and t h e  

82-005 ash i s  " l i g n i t i c  type".  The base lac id  r a t i o s  

f o r  t h e  two Lost-Fox holes are  approximate ly  equal, 

account ing f o r  the  s i m i l a r i t y  i n  f u s i o n  temperatures. 

The r a t i o  f o r  83-003 i s  a 1 i t t l e  h igher ,  however, and 

t h e  fus ion temperatures are a l i t t l e  lower. 

8.5.4 B r i q u e t t i  ng Coal Product  

Simulated b r i q u e t t i  ng coal  produ .S were - generated 

f rom t h e  seams i n  83-001 and 83-003 through processing o f  the  

s i n k s  a f t e r  premium coal  e x t r a c t i o n .  These "middl i ngs" were 

c leaned from the  r e j e c t  o f  bo th  5% ash and 10% ash products. 

The a n a l y t i c a l  r e s u l t s  o f  the  midd l ings  from 5% ash r e j e c t  o f  

DDM83-001 cannot  be combined w i t h  the  midd l ings  from 10% ash 

r e j e c t ,  because t h e  two premium coa ls  were examined as 

a l t e r n a t i v e s  t o  one another (See Tables 8.12 t o  8.14). 

Though a1 1 m i  ddl  i ngs were cleaned t o  the  same t a r g e t  ash, and 

have s i m i l a r  c h a r a c t e r i s t i c s ,  t he  r e j e c t  f rom t h e  two 



TABLE 8.12 

MT. KLAPPAN DOH 83-001 
AVERAGE BRIQUETTIN6 PRODUCT (AFTER 5% ASH PRODUCTION) 

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat ter  
F ixed Carbon 

S I Z E  ANALYSIS: 

I +0.6 nnn I 0.6nnn - 0.15mm I 0.15mm - 0 

Tota l  Sulphur 
Combustible Sulphur 

89% I 1 % 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f i c  Value ( c a l  /g) 
Gross C a l o r i f i c  Value ( c a l  /g) 

10% 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
'C 

Ox id iz ing  
Reducing 

I n i  ti a1 Sof ten ing 
1255 1370 
1205 1320 

Hemi spher ica l  F l u i d  
1395 1420 
1370 1405 

Ash Analysis: 

Si02/A1203 Rat io :  2.95 

S i l i c a  %: 83.01 

Foul i n g  Factor :  0.20 

BaseIAcid Ra t io :  0.18 

Do1 omi t e  %: 43.22 



TABLE 8.13 

MT. KLAPPAN DOH 83-001 
AVERAGE BRIQUETTING PRODUCT (AFTER 10% ASH PRODUCTION) 

SIZE ANALYSIS: - - . . . . . - . - - - . 

t +0.6 mm I 0.6tmn - 0.1bmm I 0.1Smn - 0 
90% N e g l i g i b l e  I 10% 

Proximate Analysis 
Residual Mois ture 
Ash 
V o l a t i l e  Mat te r  
F ixed  Carbon 

To ta l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
H G I  
Net C a l o r i f i c  Value ( c a l  / g )  
Gross C a l o r i f i c  Value ( c a l  /g) 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash i u s i o n :  
C 

Ox id iz ing  
Reducing 

Ash Analysis: 

A i r  Dry 
a - Basis 

1.5 - 
23.3 23.7 

7.8 7.9 
67.4 68.4 

I n i t i a l  Sof ten ing Hemi spher ica l  F l u i d  
1240 1380 1405 1440 
1190 1340 1385 1405 

Si021A1203 Rat io :  3.15 

Si 1 i c a  %: 85.64 

Foul i n g  Factor :  0.15 

Si02 

61.9 

BaseIAcid Rat io :  0.15 

Dolomite %: 34.87 

A1 203 

19.7 

Fe203 

6.1 

CaO 

2.1 

MgO 

2.3 



TABLE 8.14 

MT. KLAPPAN DDH 83-003 
AVERAGE BRIQUElTING PRODUCT (AFTER 102 ASH PRODUCTION) 

SIZE ANALYSIS: 

I +0.6 mn ( 0.611~n - 0.1Sm I 0.15m - 0 
99% I 1% Negl i g i  b l  e 

Proximate Analys is  
Residual Mois ture 
Ash 
V o l a t i l e  Mat te r  
F ixed  Carbon 

Tota l  Sulphur 
Combustible Sulphur 

Ch lo r ine  
Carbon Diox ide 
HGI 
Net C a l o r i f i c  Value ( c a l  /g) 
Gross C a l o r i f i c  Value ( c a l  /g) 

U l t i m a t e  Analys is  
Carbon 
Hydrogen 
Ni t rogen 
Oxygen 

Ash Fusion: 
O C I n i t i a l  Sof ten ing Hemispherical F l u i d  

Ox id iz ing  1185 1295 1325 1370 
Reducing 1160 1255 1295 1340 

Ash Analysis: 

Si02/A1203 Rat io :  2.93 

Si 1 i c a  %: 84.44 

Foul i n g  Factor :  0.22 

Base/Acid Rat io :  0.17 

Dolomite %: 43.14 



a l t e r n a t i v e  cases must here be cons idered  sepa ra te l y ,  a l s o  as 

a l t e r n a t i v e  poss i  b i  1  i tes .  F o r  83-003, o n l y  mi dd l  i ngs c leaned 

f r om r e j e c t  o f  10% ash premium p roduc t  a re  d iscussed  as no 5% 

ash p roduc t  was a t t a i  nab1 e. 

8.5.4.1 Y i e l d  

The washab'i 1 i ty  o f  ivlount K l  appan a n t h r a c i t e  

i n  genera l  i s  such t h a t  t h e  c u t  p o i n t  t h a t  must be 

used t o  c l e a n  a  5% ash p roduc t  i s  ve ry  d i s t i n c t .  

There i s  a  very  narrow range o f  s p e c i f i c  g r a v i t i e s  

between t h e  p o i n t  a t  which no coa l  w i l l  f l o a t ,  and t he  

p o i n t  where t h e  cumu la t i ve  ash o f  a1 1  f l o a t  i s  5%. 

The s l ope  o f  t h e  w a s h a b i l i t y  cu rve  i s  ma in ta i ned  

between 5% and 10% ash, such t h a t  i n  most cases t h e  

y i e l d s  f o r  10% ash p roduc ts  by seam (see Sec t i on  

8.5.3.1) a r e  a lmos t  e x a c t l y  t w i c e  t h e  y i e l d s  f o r  5% 

ash coa l  (see  S e c t i o n  8.5.2.1). Above approx imate ly  

10% ash, however, t h e  i nc rease  i n  cumu la t i ve  ash l e v e l  

o v e r  t h e  same range o f  s p e c i f i c  g r a v i t i e s  i s  much 

reduced. Because o f  t h i  s  c h a r a c t e r  o f  washabi 1  i ty  , 
t h e  y i e l d  o f  m i d d l i n g s  p roduc t  a f t e r  5% ash p r o d u c t i o n  

i s  much g r e a t e r  t han  t h a t  a f t e r  10% ash p roduc t i on .  

The y i e l d  o f  5% m i d d l i n g s  from seam I i s  30.1% w h i l e  

t h e  y i e l d  o f  10% m i d d l i n g s  i s  3.4% ( f o r  I upper  o n l y ) .  

The r e s p e c t i v e  y i e l d s  f o r  seam H a r e  39.8% and 9 .I%, 

f o r  seam G a r e  18.3% (G upper o n l y )  and 8.8%, f o r  

seam F a r e  33.6% and 3.3%, and f o r  seam E a r e  44.6% 



and 11.8%. The t a r g e t  ash o f  t he  secondary 

b r i q u e t t i n g  p roduc t  was s e t  a t  26%. 

F o r  83-003, t h e  y i e l  ds o f  m i  ddl  i ngs a f t e r  10% 

ash produc t  a re  much t h e  same as f o r  83-001, a t  5.4% 

f o r  seam G lower,  10.9% f o r  seam E upper, and 19.5% 

f o r  E lower .  

8.5.4.2 Prox imate Ana lys i s  

As t h e  ash l e v e l  o f  t he  b r i q u e t t i n g  p roduc t  

i s  h igh  r e l a t i v e  t o  t he  premium products,  so gene ra l l y  

a r e  t h e  mo is tu re  values. Mo is tu re  l e v e l s  are a t  1.5% 

f o r  t h e  m idd l i ngs  a f t e r  10% ash produc t  i n  bo th  83-001 

and 83-003 b u t  a re  a t  2.5% f o r  t he  m i  ddl  i ngs a f t e r  5% 

ash produc t  f rom 83-001. It appears t h a t  t he  ash 

m a t e r i  a1 t h a t  r e t a i n s  moi s t u r e  we1 1  (as d i  scussed 

p r e v i o u s l y )  comes o u t  w i t h  t h e  p roduc t  coa l  i n  

approx imate ly  t h e  1.60 S.G. t o  1.80 S.G. range. The 

e f f e c t  i s  seen i n  t h e  10% ash produc t  coa l ,  which has 

a  h i g h e r  mo is tu re  l e v e l  than t h e  5% ash produc t  f rom 

t h e  same source. It i s  a l s o  seen i n  t h a t  t h e  r e j e c t  

f rom 5% ash product ,  which i nc ludes  t h e  e x t r a  ash t h a t  

makes up t h e  10% ash product ,  a l s o  has a  h ighe r  

m o i s t u r e  con ten t  than t h e  r e j e c t  f rom 10% ash 

produc t ion .  Above t h e  c u t  p o i n t  f o r  10% ash product ,  

t h e  ash m a t e r i a l  seems t o  have l e s s  mo is tu re  r e t e n t i o n  



capac i t y  than between t h e  c u t  p o i n t s  f o r  5% ash and 

f o r  10% ash. 

The v o l a t i l e s  a re  a1 so a f f e c t e d  by t h e  

p e c u l i a r  cha rac te r  o f  t he  ash i n  t h i s  S.G. range. Fo r  

t h e  m idd l i ngs  a f t e r  10% ash produc t ion ,  t h e  v o l a t i l e  

c o n t e n t  i s  7.8% f o r  83-001 and 7.4% f o r  83-003. For  

t h e  m idd l i ngs  a f t e r  5% ash product ,  t he  average 

v o l a t i l e  con ten t  o f  83-001 i s  9.4%. 

The ash values f o r  b r i q u e t t i n g  coa l  a re  

g e n e r a l l y  lower  than t h e  t a r g e t  a t  24.0% (83-001 a f t e r  

5%), 23.3% (83-001 a f t e r  10%) and 23.5% (83-003). 

A1 though t h e  c u t  p o i n t s  chosen f rom w a s h a b i l i t y  

r e s u l t s  were designed t o  g i v e  a h ighe r  ash (26%),  i n  

p r a c t i c a l  a p p l i c a t i o n  t h e  ash o f  t he  premium produc ts  

a f t e r  c l  eani  ng was s l  i g h t l y  1  ow (see p rev ious  

sec t i ons )  and as a  r e s u l t ,  t he  m idd l i ngs  p roduc t  ash 

. i s  a l s o  low. 

F i x e d  carbon l e v e l s  a re  q u i t e  c o n s i s t e n t  

except  where a f f e c t e d  by i n f l a t e d  mo is tu re  and 

v o l a t i l e  values: 67.4% f o r  83-001 a f t e r  10% ash 

produc t ion ;  64.1% f o r  83-001 a f t e r  5% ash produc t ion ;  

and 67.5% f o r  83-003 a f t e r  10% ash produc t ion .  

8.5.4.3 To ta l  Sulphur,  Ch lo r i ne  and Carbon D i o x i d e  

Sulphur  1  eve1 s  a re  approx imate ly  c o n s i s t e n t  



w i t h  what i s  seen on a  raw bas i s  and are  s t i l l  q u i t e  

low. The value f o r  83-001 a f t e r  5% i s  0.5%, w i t h  0.6% 

f o r  83-001 a f t e r  10% and 0.9% f o r  83-003. The average 

i s  r a i s e d  i n  83-003 by an unusual ly  h igh  value o f  1.3% 

i n  the  E upper i n t e r v a l .  I n  t h i s  p a r t i c u l a r  instance,  

t h e  h igh  con ten t  o f  su lphur  i s  n o t  a  f u n c t i o n  o f  

p y r i t e  concent ra t ion .  

Chl o r i  ne measurements a re  n o t  avai  1  ab l  e  f o r  

any m idd l i ngs  product  because o f  the i n t e r f e r e n c e  o f  

t h e  heavy l i q u i d s  used i n  f l o t a t i o n .  Because o f  the  

two-stage processing i nvol  ved i n genera t ing  the  

b r i q u e t t i n g  products, i t  i s  n o t  reasonable t o  quote 

raw values as be ing  representa t ive .  

Carbon d i o x i d e  content  has r i s e n  w i t h  the  ash 

1  eve l  i n  t he  m idd l i ngs  products and i s  f a i r l y  un i fo rm 

a t  0.8% f o r  83-001 a f t e r  5%, 0.9% f o r  83-001 a f t e r  

10% and 0.9% f o r  83-003. These l e v e l s  o f  carbon 

d iox ide ,  no doubt, c o n t r i b u t e  somewhat t o  r a i s e d  

v o l a t i l e  ma t te r  readings, b u t  o the r  e f f e c t s  must be 

invo lved,  as descr ibed above, s ince  the  carbon d i o x i d e  

1  evel  s  a re  cons tant  through the  m i  ddl  i ngs products 

w h i l e  t he  v o l a t i l e s  vary. 

8.5.4.4 C a l o r i f i c  Value 

Cal o r i  f i c val  ues 1  a rge l y  r e f  1  e c t  ash 1  evel  s, 



b u t  a re  a l s o  a f f e c t e d  by moisture.  The b r i q u e t t i n g  

coa l  f rom 83-001 a f t e r  5% ash product ion ,  w i t h  i t s  

h i g h  mois ture  l e v e l ,  i s  5760 cal/gm (gross)  compared 

w i t h  6010 cal /gm f o r  83-001 a f t e r  10% ash and 5990 

c a l  /gm f o r  83-003. 

8.5.4.5 Hardgrove G r i n d a b i l  i t y  Index 

There i s  minimal v a r i a t i o n  i n  H.G.I. through 

a l l  b r i q u e t t i n g  coal  analyses. The f i g u r e s  are 

s l i g h t l y  h ighe r  than f o r  the  premium products,  

r e f l e c t i n g  the  h ighe r  ash l e v e l s .  The H.G.I. f o r  

83-001 a f t e r  5% i s 47, f o r  83-001 a f t e r  10% i s 46, and 

f o r  83-003 a f t e r  10% i s 43. 

8.5.4.6 U l t i m a t e  Ana lys is  

The 1  i n k  between r a i s e d  oxygen l e v e l s  and 

i n f l  a ted  mo is tu re  and vo l  a t i  1 e  values descr ibed 

b r i e f l y  i n  t h e  10% ash product  s e c t i o n  (see Sect ion  

8.5.3.6), i s  a l s o  i n  evidence here. Ox ida t i on  type 

e f f e c t s ,  c h i e f l y  t he  concent ra t ion  o f  water and o t h e r  

p roducts  o f  o x i d a t i o n  processes through the  breakdown 

o f  bo th  coal  and i t s  conta ined ash minera ls ,  are 

observable i n  proximate analyses through changes i n  

mo is tu re  and vol  a t i  1  es, and i n  u l t i m a t e  analyses 

through increases i n  oxygen, and i n  some cases, 

decreases i n  hydrogen. The oxygen l e v e l s  i n  83-001 

a f t e r  5% ash product ion ,  w i t h  i t s  h igh  mois ture  and 



v o l a t i l e  con ten t ,  i s  5.3% compared w i t h  4.2% i n 83-001 

a f t e r  lo%,  and 3.8% i n  83-003. There i s  n o t  much 

v a r i a t i o n  i n  hydrogen values: 2.0%, 2.1% and 1.9%, 

r e s p e c t i v e l y ,  o r  i n n i t r o g e n  value, a1 1 averaging 

0.7%. The carbon value f o r  83-001 a f t e r  5% i s  

p r o p o r t i o n a l l y  smal le r  where t h e  oxygen and ash l e v e l s  

a r e  h ighe r ,  65.-X compared w i t h  67.6% f o r  bo th  83-001 

a f t e r  10% and 83-003. 

8.5.4.7 Ash Fusion Temperatures 

Ash f u s i o n  temperatures suppor t  t h e  

c o n t e n t i o n  t h a t  t h e r e  a re  some d i f f e r e n c e s  i n  ash 

c h a r a c t e r  between the  r e j e c t s  a f t e r  5% ash p roduc t i on  

and a f t e r  10% ash p roduc t i on  from t h e  same coa l s  i n  

t h e  Lost-Fox area. There a l s o  appear t o  be 

d i f f e r e n c e s  i n  t h e  ash between r e j e c t s  a f t e r  10% ash 

p r o d u c t i o n  i n  t h e  Lost-Fox area and i n  t h e  Summit 

South area. I n  an o x i d i z i n g  atmosphere, temperatures 

range f rom 1240°C t o  1440°C ( i n i t i a l  t o  f l u i d )  f o r  

83-001 a f t e r  lo%, from 1255°C t o  1420°C f o r  83-001 

a f t e r  5%, and f o r  1185°C t o  1370°C f o r  83-003. Very 

much the  same p a t t e r n  i s  fo l lowed by f u s i o n  

temperatures i n  a  reduc i  ng atmosphere. The 

exp lana t i on  f o r  t h i s  d e c l i n i n g  t r e n d  l i e s  i n  t h e  ash 

minera l  analyses. 



8.5.4.8 Ash Minera l  Composit ion 

A number o f  d i f f e r e n t  minera l  c o n s t i t u e n t s  

seem t o  f o l l o w  the  t r e n d  es tab l i shed  by ash f u s i o n  

temperatures f rom 83-001 a f t e r  10% through 83-001 

a f t e r  5%, t o  83-003. S i l i c a ,  magnesium and t i t a n i u m  

values f l u c t u a t e  randomly over a f a i r l y  narrow range, 

b u t  alumi nay calcium, sodium, potassium, sulphur  

t r i o x i d e  and phosphorous values a l l  r i s e  s t e a d i l y  from 

sample t o  sample. I r o n  values descr ibe the  oppos i te  

t rend.  The r e s u l t  o f  these s h i f t s  i s  t h a t  w h i l e  

83-001 a f t e r  10% ash product ion  has a decidedly 

"b i tuminous type" ash, t he  ash o f  83-001 a f t e r  5% ash 

i s  marg ina l l y  1 i g n i t i c  and the  ash o f  83-003 s l i g h t l y  

more so. The base t o  a c i d  r a t i o  increases over  t h e  

span between t h e  same samples, account ing f o r  t h e  

r e d u c t i o n  i n  f u s i o n  temperatures. By examinat ion o f  

average ash minera l  composit ion, t h e r e  appears t o  be 

no reason why the  f u s i o n  temperatures f o r  83-003 

should be s i g n i f i c a n t l y  lower than f o r  83-001 a f t e r  5% 

ash product ion .  Th i s  appears t o  be a case where the  

l ow  f u s i o n  temperatures f o r  a s i n g l e  seam (E upper) 

have a f f e c t e d  the  average i n  a way t h a t  t h e  ash 

minera l  values have not.  The v a r i a t i o n s  i n  percentage 

o f  c e r t a i n  minera ls  i s  smal le r  than the  e f f e c t  t h a t  

such v a r i a t i o n  has on the  f u s i o n  temperatures. 
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Th is  i s  t o  c e r t i f y  t h a t  I obta ined my Bachelor o f  Science 

Degree i n  Geology a t  The U n i v e r s i t y  o f  A1 b e r t a  i n  1979. 

I have gained my geo log ica l  experience through coal  

p r o p e r t y  eva luat ions  and e x p l o r a t i o n  mapping and d r i l l  i ng programs 

s i t u a t e d  i n  A1 b e r t a  and B r i t i s h  Columbia. I have been employed as a 

Geo log is t  w i t h  t h e  Coal D i v i s i o n  o f  G u l f  Canada Resources Inc .  s ince 

1979. 



STATEMENT OF QUALIFICATIONS 

JOHN W. INNIS 

Th is  i s  t o  c e r t i f y  t h a t  I obtained my Bachelor o f  Science 

Degree i n  Geological Science a t  Queen's Un i ve r s i t y  i n  1977, and a 

Master o f  Science Degree i n  Geology a t  the Un i ve r s i t y  o f  Western 

Ontar io  i n  1980. 

My geological  experience inc ludes i nvol vement i n m i  neral  

exp lo ra t i on  and mapping programs i n Newfound1 and, Saskatchewan and 

B r i t i s h  Columbia f o r  th ree summers, and l a t t e r l y  s i x  summers i n  coal 

exp lo ra t i on  i n  northeastern and nor th-cent ra l  B r i t i s h  Columbia. I have 

been employed as a Geolog is t  i n  the Coal D i v i s i o n  o f  Gu l f  Canada 

Resources Inc.  s ince 1980 and have p a r t i c i p a t e d  i n  the eva luat ion o f  

Gul f ' s Panorama and Mount K l  appan proper t ies .  



STATEMENT OF QUALIFICATIONS 

F. SCOTT MCKENZIE 

Th is  i s  c e r t i f y  t h a t  I obtained my Bachelor o f  Science Degree 

i n  Ear th  Sciences a t  the Un i ve r s i t y  o f  Waterloo i n  1982. 

My geological  experience i nc l  udes i nvol vement i n  m i  neral  , 
petroleum and coal exp lo ra t ion  i n the Northwest T e r r i t o r i e s ,  

Ontar io,  A1 be r t a  and B r i t i s h  Columbia. I have been employed as a 

Geolog is t  w i t h  Gul f Canada Resources Incorporated s ince my 

graduat ion i n  May, 1982. 
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MT. KLAPPAN COAL PROJECT LICENCES - 1983 

LICENCE 
NUMBER 

7118 
7 119 
7120 
7121 
7122 
7123 
7124 
7 125 
7126 

7127 
7128 
7129 
7130 
7131 
7132 
7133 
7134 
7135 
7136 
7137 
7138 
7139 
7140 
7141 
7142 
7 143 
7144 
7145 

7146 
7 147 
7148 
7149 
7150 
7151 
7152 
7 153 
7154 

7 155 
7156 
7157 

7158 
7159 
7 160 

DATE 
ISSUED HECTARES 

Sept. 1/81 
I 1  

Dec. 31/83 
11 

Sept. 1/81 
Dec. 31/83 

I 1  

Sept. 1/81 
I 1  

Dec. 31/83 
Sept. 1/81 

I 1  

Dec. 31/83 
I 1  

Sept. 1/81 
Dec. 31/83 
Sept. 1/81 

I 1  

Dec. 31/83 
I 1  

Sept. 1/81 
I 1  

Sept. 1/81 
I 1  

I 1  

Dec. 31/83 
I 1  



MT. KLAPPAN COAL PROJECT LICENCES - 1983 

LICENCE 
NUMBER 

7161 
7162 
7163 
7164 
7165 
7166 
7167 
7168 

7169 
7170 
7171 
7172 
7173 
7174 
7175 
7176 
7177 
7381 

7382 
7 383 

7384 
7 385 
7386 
7387 
7388 
7 389 
7390 

7391 
7392 

7416 
7417 
7418 
7419 
7420 

7421 
7422 

DATE 
ISSUED 

Dec. 31/83 
I 1  

Sept. 1/81 
I 1  

Dec. 31/83 
I 1  

I 1  

I 1  

I 1  

I 1  

Sept. 1/81 
Dec. 31/83 
Sept. 1/81 
Mar. 18/82 

Mar. 15/83 
I t  

I 1  

I 1  

I 1  

HECTARES SERIES 



MT. KLAPPAN COAL PROJECT LICENCES - 1983 

LICENCE 
NUMBER 

7423 
7424 
7425 
7426 

7427 
7428 
7429 
7430 
7431 
7432 

7487 
7488 

7489 
7 490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
7498 
7499 
7500 
7501 

7502 

7 503 
7 504 

7 505 
7506 
7 507 
7508 
7 509 
7510 
7511 

HECTARES 

281 
280 
280 
280 

281 
281 
281 
28 1 
281 
28 1 

281 
28 1 

282 
282 
282 
282 
282 
282 
282 
282 
28 1 
281 
28 1 
281 
28 1 

281 

281 
281 

28 1 
281 
28 1 
281 
28 1 
281 
28 1 

SERIES 

104-H-7 
I t  

11 

I1 

104-H-3 
I1  

I1  

11 

11 

104-H-3 
I1  

104-H-2 
I1  

I1  

I1  

I 1  

I1  

I 1  

I1  

I1  

I1  

I1  

I1  

11 

104-H-2 

104-H-3 
11 

104-H-3 
11 

I1 

I1  

I1  

I1  

I t  



LICENCE 
NUMBER 

7512 
7513 
7514 
7515 
7516 
7517 
7518 
7519 
7520 
7521 
7522 
7523 

7 524 
7525 
7526 
7527 

7528 
7529 
7 530 
7531 
7532 
7533 
7534 
7535 
7536 
7537 
7538 
7539 
7559 
7560 
7561 

MT. KLAPPAN COAL PROJECT LICENCES - 1983 

DATE 
ISSUED 

Oct. 21/82 
Jun. 30/83 

I1 

HECTARES 

Under app l i ca t ion :  

44 Mar. 14/83 12,332 104-H-2 J,G 
104-H-6 A,B,G,H 
104-H-7 D 



STATEMENT OF QUALIFICATIONS 

KIMBERLEY A. JENNER 

This is  to  ce r t i fy  tha t  I have obtained my Bachelor of 

Science Degree in Geology from Dal housie University i n  1982. 

My geological experience has been gained through m i  neral 

and coal exploration i n  the A1 t a n t i c  Provinces, Quebec and Bri t ish 

Columbia. I have been employed as a Geologist w i t h  the Coal Division of 

Gul f Canada Resources Incorporated since my graduation in May, 1982. 



MOUNT KLAPPAN COAL PROPERTY 
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CARTOGRAPHIC PROCEDURES 



CARTOGRAPHIC PROCEDURES 

A set of 17 1:10 000 s c a l e  map sheets covering t h e  Mount Kl appan 

Anthraci t e  Property was compi 1 ed from exi sti  ng federa l  a i  r photo 

coverage i n  May, 1982, by Western Photogrammetry of Edmonton. In 

August, 1982, WE1 hanney Surveying and Engineering Ltd. of Vancouver 

and Western Photogrammetry were contrac ted  t o  provide a new set of a i r  

photographs and prepare a 1:5 000 s c a l e  map set. The photography was 

completed on September 15,  1982, and the  preparat ion o f  a map set 

consi s t i  ng of 64 1 :5 5000 map sheets  was compl e t e d  on J anuary 17 ,  

1983. 



" 

Western Photog rammetry 
I 

17007 - 107 Avenue 
Edmonton, Alberta TSS 1G3 

, Telephone (403) 483-7722 
Telex 037-2537 

OUR FILE NO. Q 566 

Gulf  Canada Resources Inc. 
9 th  Floor 
401 - 9 t h  Avenue, S.W. . 
CALGARY, A1 ber ta  
T2P 2H7 

.Attention: Mr .  John Inn is  
Coal D iv is ion  

Dear S i  r: 

Re: MOUNT KLAPPEN PROPERTY - TOPOGRAPHIC MAPPING 

Following our discussions w i t h  Mr .  B r ian  Flynn of your company we are 
pleased t o  submit our proposal , and cost  estimates t o  undertake mapping 
on t h i  s property. 

The attached plan shows t h e  l i m i t s  of the  area t o  be mapped. Also 
shown are the  f l i g h t  l i n e s  o f  e x i s t i n g  Federal Government 1:60000 
scale aer i  a1 photography, which would be used. We have researched the 
a v a i l a b i l i t y  o f  e x i s t i n g  ground cont ro l  i n  the  area. This i s  obtainable 
from B.C. Government, t r i g  contro l  d iv is ion .  A t o t a l  o f  twelve s ta t ions  
are establ ished and they range from 2nd t o  4th order ho r i zon ta l l y  and 
fourth order v e r t i c a l l y .  We propose t o  supplement t h i s  w i th  add i t iona l  
v e r t i c a l  values obtained from the 1:50000 map sheets - 104 H 2, 3, 6 & 7 
covering the area. A l l  coordinates w i l l  be based upon the U.T.M. g r i d  
system and Geodetic Datum. I n  add i t ion  we have contacted B.C. Rai l  t o  
conf i  m t h a t  data i s  ava i lab le  on the  r a i l r o a d  bed ( t o  Dease Lake). 
This would enable us t o  incorporate t h i s  data onto our mapping. Any 
coordinates supplied through t h i s  source would be used t o  increase the 
contro l  network. 

% 

Division of Underwood McLellan Ltd. 
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The resu l tan t  accuracy of mapping i s  not  expected t o  be t o  the  standards 
and general speci f i  c a t i  ons o f  t he  Canadian Association o f  Aeri a1 Surveyors. 
We understand t h a t  for  t he  purposes of t h i s  mapping t h a t  t h i s  use o f  
e x i s t i n g  contro l  i s  acceptable. Subsequently, the  main areas o f  concern 
would be re-flown and mapped a t  a l a r g e r  scale using new ground cont ro l  
as requi red. 

The mapping t o  be produced now would be a t  a scale o f  1:10000 w i t h  10.0 
metre contours i n t e r v a l .  The f i na l  sheets would be suppl ied on a cronar 
posi ti ve from scr ibed negat i  ves produced from the penci 1 manuscripts. 
This would r e s u l t  i n  a h igh qua1 i t y  reproducible product ra ther  than the 
cheaper penci l  manuscript. The f i n a l  sheet layout  i s  understood t o  be 
required on a system based upon the  coal l icences. A t  t he  t ime of p lo t t i ng ,  
we a lso understand t h a t  a number o f  f i e l d  check po in t  (+ 200) are t o  be 
selected by your department. These points  would be p l o t t e d  onto the penci l  
manuscripts fo r  l a t e r  use by f i e l d  s ta f f .  

Costs 

a) To ob ta in  a l l  e x i s t i n g  f i e l d  contro l  data and undertake ae r ia l  
t r i angu la t i on  o f  27 overlaps f r o m  1:60000 scale photography. $1930.00 

b) To compile topographic mapping i n  penci l  manuscripts a t  a scale o f  
1:10000 showing 10.0 metre contours. 27.54 per hectare. 

c) To produce reproducible cronar p o s i t i v e  map sheets from b) 
244 per  hectare. 

The area ou t l i ned  i s  ca lcu lated t o  measure 24300 hectares and our u n i t  
pr ices would apply t o  the  area actual l y  mapped. 

A1 1 mapping would be c a r r i e d  ou t  i n  our Edmonton o f f i ces .  Our f a c i l i t i e s  
being the 1 argest photogramnetri c operation i n  Western Canada. We have 
successful ly undertaken numerous mapping pro jec ts  over the  past twelve 
years f o r  c l i e n t s  i n  the  mining industry,  w i t h  special  emphasis on the 
coal mining area. 

These c l i e n t s  include: 

Baroid Canada Ltd. 
Canadian Is land Creek Coals Ltd. 
Cardinal River Coals Ltd. 
Dentherm Resources Ltd. 
Esso Resources Ltd. 
Luscar Ltd.  

Manalta Coal Ltd. 
McIntyre Mines Ltd. 
PreCambri an Shie ld Resources 
Suncor Inc. 
Syncrude Ltd. 
Union O i l  Co. Canada Ltd. 



McElhanney Surveying 
& Engineering Ltd 
200 - 1 166 Alberni Street. Vancouver, B.C. 
Canada V6E 1 A5 (604) 683-8521 
Telex 04-51 474 Cable SURVENG 

18 August, 1982 

Our Ref.# 37005-0 

Gulf Canada Resources Inc . ,  
P.O.  Box 130, 
Calgary, Alber ta  

Attention:  M r ,  B r i a n  F l v n n  - -J "" 

e r i a l  Photography . - 

our  r e c e n t  telephone conversat ion w e  would 
l i k e  t o  thank you f o r  au thor iz ing  us  t o  provide you wi th  2 
e x t r a  l i n e s  of 1:30,000 black and white a e r i a l  photography. 

W e  understand t h a t  you r e q u i r e  2 a d d i t i o n a l  f l i g h t  l i n e s  t o  the  
south of t h e  a rea  w e  had o r i g i n a l l y  proposed t o  f l y .  I n  add i t i on ,  
you would l i k e  us  t o  extend t h e  f l i g h t  l i n e s  approximately 2 
m i l e s  t o  t h e  w e s t  of t h e  o r i g i n a l  des ignated a rea .  Please  see 
t h e  enclosed map showing complete 'photo coverage of t h e  r ev i sed  
area .  

Fee Schedule 

1) For t h e  provis ion of 2 a d d i t i o n a l  f l i g h t  l i n e s  f o r  a t o t a l  
of 5 2  l i n e  mi les  a s  descr ibed above, t h e  f i rm lump sum 
amount of ................................................$1,150.00 
plus  appl icab le  tax.  

2) The o r i g i n a l  c o n t r a c t  p r i n t s  f o r  t h e  1:30,000 b lack  and 
white a e r i a l  photography was t h e  f i rm lump sum of ........$ 5,590.CICl 
p lus  appl icab le  t ax .  

3) For t h e  provis ion of 2 r o l l s  of t a r g e t  ma te r i a l ,  the 
f i rm lump sum amount of ..................................$ 500.00 
p lus  appl icab le  tax.  

The new t o t a l  f o r  t h e  complete job is . . . . . . . . . . . . . . . . . . . . . . . . $ 7 , 2 4 0 . 0 0  
plus  appl icab le  tax .  



W e  understand t h a t  a l l  t a r g e t s  have been s e t  o u t  and we a r e  await ing 
f o r  t he  weather s i t u a t i o n  t o  improve before  f l y i n g .  W e  w i l l  con tac t  
you a s  soon as t h e  a rea  has  been flown. 

During our  l a s t  conversat ion you mentioned t h a t  you would r equ i r e  
f i e l d  survey crews t o  t i e  i n  t he  photo con t ro l  t a r g e t s .  We do have 
f i e l d  crews working i n  t he  v i c i n i t y  of your p r o j e c t  a r ea  and it 
would be advantageous t o  t r a n s f e r  them t o  your s i t e  wi th in  t h e  nex t  
week o r  two. Please  contac t  us and l e t  us know when t h e  surveyors 
w i l l  be required.  

W e  apprec ia te  +he oppor tuni ty  of o f f e r i n g  our s e rv i ces  t o  you an3 
look forward t o  a success fu l  completion of t h i s  assignment. 

Yours very t r u l y ,  

McELHANNEY SURV Y I N  & ENGINEERING LTD., 

- - k R d  
~ l 6 ~ d  J . ~  H u m e ,  C.E.T. 

Business Development Representat ive 

LJH: l e o  
Encl . 
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1 7007 - 107 Avenue 
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01 
.Telephone (403) 483-7722 
' Telex 037-2537 

Gulf Canada Resources Inc. 
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Gulf Canada Resources Inc. 
Coal Di v i  s i  on, 9 th  Floor East 
401 - 9 th  Avenue, S.W. 
CALGARY, A1 be r t a  
T2P 2H7 

ATTENTION: M r .  B. P. Flynn, Supervisor . 
Regional Explorat ion 

Dear S i  r s  : 

Re: MOUNT KLAPPAN, TOPOGRAPHIC MAPPING - 1:5000 

I n  response t o  your i n v i t a t i o n ,  t h i s  w i l l  conf i rm the  d e t a i l  s of our 
proposal and the cost  breakdown t o  produce mapping and enlargements 
a t  a scale of 1:5000 of the areas t h a t  you requested. 

The areas of i n t e r e s t  are: 

1) The o r i g i n a l  33000 hectares, mapped a t  1 : 10000 w i th  10.0 
metre contours by Western Photogrammetry e a r l i e r  t h i s  year 
and 

2) The new area t o  the  south and west, approximately 27480 
hectares. This area i s  t h a t  shown on copy o f  f igure 1.4 
( M t .  Klappan Coal Property) as t ransmi t ted t o  us by t e l e -  
copier. I n  add i t ion  t o  the  area shaded on t h i s  plan, an 
add i t iona l  1 km s t r i p  i s  t o  be included around the perimeter. 
This s t r i p  amount t o  8480 hectares. The new area of 22000 
hectares i s  reduced by 3000 ha t o  19000 ha; by the mapping 
a1 ready produced i n o r i g i n a l  area. 

Division of Underwood McLellan Ltd. 
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Your requi rements c a l l  f o r :  

a) The add i t i on  o f  5.0 metre contours in te rpo la ted  by photo- 
grammetric p l o t t i n g  from the  1967 1:60000 ae r ia l  photography 
of t he  o r i g i n a l  area a t  1:10000 scale, the  sc r i b ing  and sub- 
sequent enlargement of t h i s  area t o  1:5000 scale. This would 
invo lve  the production of an estimated t o t a l  o f  40 f i n a l  map 
sheets. 

b) The p l o t t i n g  o f  new area a t  1:10000 scale, w i t h  10.0 metre 
contours and 5.0 metre in te rpo la ted  contours from same 
1 :6OOOO aer ia l  photography. This would enta i  1 the  acquisi  - 
t i o n  o f  new photos from N.A.P.L. i n  Ottawa and ground contro l  
data from B.C. Government t o  cover the souther ly por t ions of 
t h i s  area. 

This p l o t t i n g  would then be scr ibed and enlarged t o  1:5000 scale, as 
i n  a) above. An estimated t o t a l  of 36 f i na l  sheets would be involved 
i n  t h i s  area. 

c) The l o c a t i o n  o f  the B r i t i s h  Columbia Railway t rack  bed would 
be p l o t t e d  from the  1 : 30,000 scale aer i  a1 photography obta i  ned 
by Gulf Resources i n  September 1982. This would be added t o  
the  f i n a l  map sheets. 

The accuracy of t he  5.0 metre in te rpo la ted  contours would be equal t o  
t h e  10.0 metre contours. This i s  normally given as one ha1 f of the 
given contour i n t e r v a l  i .e. + 5.0 metres. Spot heights are s i m i l a r l y  
guaranteed t o  one quar ter  of-the contour i n t e r v a l ,  + 2.5 metres. Both 
of these f igures being f o r  ground not  obscurred by Gee o r  vegetation 
cover. These accuracy standards are those supplied by the General 
Speci f i  c a t i  ons o f  the  Canadian Association o f  Aeri a1 Surveyors. The 
r e l a t i v e  accuracies between contours and spot heights a t  any given l oca l  
area of mapping would be be t te r  than these absolute accuracies. 

Costs 

a) To p l o t  5.0 metre contours a t  1:10000 scale of o r i g i n a l  
area (33,000 ha) $ 5,600.00 

b) To d r a f t  5.0 metre contours a t  1:10000 scale $ 5,000.00 

c) Photographic en1 argement of 1 : 10000 t o  1 :SO00 
Negatives $ 1,500.00 
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d)  Reg is t ra t ion  and masking of f i n a l  1:5000 
Negative sheets $ 2,100.00 

e )  Product ion o f  f i n a l  mylar  pos i t i ves  1:5000 
approximately 40 sheets $ 1,800.00 

Sub To ta l  1) 

a) Aerot r iangula t ion,  adjustment and compila- 
t i o n  of new area (27480 ha) a t  sca le  1 :10000 
w i t h  10.0 metre contours $ 7,500.00 

b) D ra f t i  ng of 1 : 10000 / 10.0 metre contours $ 6,500.00 

Sub To ta l  2)  $14,000.00 

a) Compilat ion o f  5.0 metre contours of new 
area. $ 4,600.00 

b) Dra f t ing  of 5.0 metre contour of new area $ 4,400.00 

c) Photographic reproduct ion and en1 argement 
t o  1:5000 scale  $ 1,500.00 

d) Reg i s t ra t i on  and masking of 1:5000 negat ives $ 1,800.00 

e)  Product ion of f i n a l  my1 a r  p o s i t i v e s  .1:5000 
approximately 36 sheets $ 1,600.00 

Sub To ta l  3) $13,900.00 

P l o t t i n g  o f  B.C. R. r a i l  bed from 1982 1:30000 a e r i a l  photography 
and d r a f t i n g  onto f i n a l  sheets. $ 1,100.00 

Any changes t o  boundaries and area noted w i l l  be ad justed up o r  downward 
p r o p o r t i o n a l l y  t o  f igures suppl ied here. 

To ta l  Items 
1, 2, 3  & 4 $45,000.00 



! Gulf Canada Resources 
1982 12 15 ,. . . / 4  

Del i very  

In response t o  your request we ant ic ipa te  t h a t  progressi ve del i veries  
of f ina l  sheets will  comence i n  mid January 1983 w i t h  f inal  delivery 
being around the  end of January. 

We will be pleased t o  arrange f o r  the  scheduling of the delivery of 
i n i t i a l  p r i o r i t y  area sheets  as  indicated by you, following fur ther  
discussions between us. 

We trust tha t  this proposal and cos t  breakdown meets your requirements 
and we request t h a t  you should contact the  undersigned i f  there are  
any questions a r i s ing  from i t .  

We grea t ly  appreciate this opportunity t o  o f fe r  our organizat ion 's  
services t o  your company a t  this time. We look forward t o  co-operating 
w i t h  you on this project.  

Yours t r u l y ,  

WESTERN PHOTOGRAMMETRY 

L * 

J . R'." Symonds 
MAPPING MANAGER 
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I .  INTRODUCTION 

This project was carried o u t  on request of the Coal department 

to further assess the paleo-environment and sedimentology of the M t .  

Kl appan area in northern British Columbia. 

The M t .  Ylappan area l ies  roughly between 128°30'->129015' and 

57a10'->57020' being bordered t o  the north by the Spatsizi Nil derness 

Park, w i t h  the abandoned C P R  railroad grade lying within the study area 

boundaries (see figure 1). 

This project is  a continuation of the brief assessment done in 

August, 1982, trying t o  further unravel the structural complexity of the 

area in order t o  determine the true stratigraphy. A total of four weeks 

were spent in the fie1 d examining outcrops, as we1 1 as reexamining the 

cores dril led in 1982. The new core, dril led in the 1983 summer season, 

was also examined. 

However, due t o  inclement weather, not a1 1 outcrops and areas 

intended for viewing were reached, especially in la te  August when low 

clouds and snow obscured much of the high ground t o  the north o f  the camp 

in the S u m m i t  area. 

In this report, a tentative correlation of the stratigraphy in 

the area will be made as well as attempting t o  relate the cores t o  the 

outcrop sections observed. A1 though exposures are abundant, they are 

mostly s t r ike sections rather than showing a complete vertical section 

(throughout the area),  omitting their relationship t o  underlying s t rata .  



Therefore the relationships between certain outcrops are s t i l l  largely 

speculative. 

Recommendations w i  11 a1 so be made for further studies , possible 

dri 1 1 locations and general exploration trends. 



I I .  STRUCTURE 

The s t r u c t u r e  o f  the area was d e a l t  w i t h  i n  d e t a i l  by the coal  

department and they should be consul ted f o r  any s p e c i f i c s  concerning the 

s t r uc tu re .  However, t o  understand the o v e r a l l  s t r a t i g raphy  o f  the area, 

a  good understanding o f  the bas ic  s t r u c t u r a l  s e t t i n g  i s  necessary. 

Basica: l y  the area appears t o  be a  WNW t o  SSE t r e n d i n g  an t i c1  i n e  and 

sync l ine ,  superimposed upon t h i s  i s  a  se r ies  o f  E-W t r end ing  f o l d s  (see  

f i g u r e  2 ) .  .Along w i t h  these two dominant fo l  d  d i r e c t i o n s  numerous minor 

smal l  sca le  f o l d s  and f a u l t s  are present throughout the e n t i r e  area (see  

f i g u r e  2 ) .  Th is  tends t o  compl icate the s t r a t i g raphy  g rea t l y ,  making 

c o r r e l a t i o n  between i n d i v i d u a l  outcrops very d i f f i c u l t .  Fo r  example, 

t he re  i s  a  lack  o f  outcrop between Didene Creek and Hobb i t  Creek, 

subsequently i t  can on ly  be i n f e r r e d  what i s  happening there.  The most 

l o g i c a l  assumption i s  t h a t  they would be s t r a t i g r a p h i c  equiva lents .  This 

i s  an area t h a t  needs much more work done. 

Ma jo r  fac ies changes are a lso  l i k e l y  t o  occur throughout the 

area. Extens ive d r i l l i n g  appears t o  be needed t o  ob ta in  s u f f i c i e n t  

s t r u c t u r a l  data. 



Minor f a u l t  showing displacement. 

Figure 2 : General Structure of M t .  Klappan Area 
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111. SEDIMENTOLOGY & PETROLOGY 

The va r ious  rock u n i t s  o f  the  area were descr ibed i n  l a s t  years  

r e p o r t  (Mt. Klappan coa l  p roper ty ,  November 1982) b u t  a few new u n i t s  

have Seen added. From s t r a t i g r a p h i c  h i g h e s t  t o  l owes t  t i le  t o t a l  sequence 

i s :  

A. Non Mar ine U n i t s  

1. Conglomerates ( . lm t o  16m t h i c k )  

2. P ink  c r o s s  bedded sandstones (.5n t o  20m t h i c k )  

3. Interbedded, p a r t i a l l y  varved sandstone, s i l t s t o n e ,  sha le  and 

mar l  u n i t  (3m t o  10m t h i c k ,  may be repeated) 

8. T r a n s i t i o n a l  U n i t s  

4. Coal u n i t  ( c o a l  l a y e r s  a re  found i n  severa l  o t h e r  u n i t s  as w e l l  ) 

(each b e i n g  .2m t o  3m t h i c k )  

5. A r g i  1 laceous sandstone u n i t  (sandstone w i t h  r e d  specks ) ( l0m t o  

20m t h i c k  

c. Wari ne Uni  t s  

6. In terbedded sandstone, s i l t s t o n e  and sha le  u n i t s  u s u a l l y  w i t h  

c h e r t  banding (5m t o  50m t h i c k )  

7. Shale u n i t  ( l o w e r  c o n t a c t  unknown b u t  where observed 10m t o  30m 

t h i c k )  

The complex s t r u c t u r e  o f  the  V t .  Klappan area makes i t  

d j f f i c u l t  t o  determine t o t a l  t h i ckness  o f  the s t r a t i g r a p h i c  sequence. 

From data c o l l e c t e d  t o  date, i t  appears the sequence i s  about 150m t o  

300m i n  t o t a l  th ickness.  Th is  th ickness i s  taken f rom approx imate ly  t h e  

t o p  o f  the  conglomerate on M t .  K lappan t o  the shales (base no t  de f ined  

y e t ) ,  o f  t he  Summit area. 



1. The Conglomerates 

The conglomerates o f  the  ?It. Klappan area, a1 though widespread, 

appear t o  be more con f ined  t o  the  upper non-marine sect ions,  a l though  i n  

a few l o c a l i t i e s  they come very c l o s e  t o  the marine areas such as i n  

S p a t s i z i  Park where l a r g e  b i v a l v e  s h e l l s  were found a t  the base o f  the 

conglomerates. 

The conglomerates o f  the  Y t .  Klappan area make up a major  c l i f f  

f o rm ing  u n i t .  Conglomerates found on F l t .  Klappan a re  16 m a t  t h e i r  

t h i c k e s t  and a s i n g l e  1 cm pebble  l a y e r  a t  t h e i r  t h i n n e s t  (as  a l a g  i n  

t h e  base o f  a sandstone channel) .  The conglomerate l i e s  conformably on 

t h e  sandstone u n i t  i n  p laces w h i l e  c u t t i n g  i t i n  o t h e r  p laces such as 

upper Fox Creek where the  conglomerates c u t  i n t o  a sandy shale. 

The conglomerate appears massive i n  m s t  l o c a l i t i e s  bu t  on 

i n t e n s i v e  examinat ion,  l a r g e  sca le  h i g h  angle c ross  bedding was observed. 

These c ross  beds were r a r e l y  v i s i b l e  due t o  t h e i r  l a r g e  scale.  

Most  conglomerate outcrops d i sp layed  a very sharp base and a 

s l i g h t l y  g r a d a t i o n a l  top.  I t  appears t h a t  numerous cyc les  make up the  

conglomerate as a whole. An o v e r a l l  f i n i n g  upward t r e n d  was no t i ced .  

The conglomerate i s  a coarse g ra ined  c h e r t  conglomerate w i t h  a 

c l a s t - s u p p o r t e d  sand mat r i x .  A l a t e r  stage o f  carbonate cementat ion was 

n o t e d  i n  a l l  conglomerates, (see f i g u r e  3 ) .  Gra in  s i z e  ranges from 3 mm 

t o  10 cm w i t h  the  average pebble s i z e  be ing 1 cm. 





I n  outcrop the  conglomerates weather t o  a d u l l  grey and a re  

prone t o  be covered by a dark l i c h e n  growth, which obscures the  na tu re  o f  

t h e  rock i n  p laces.  

The conqlomerate i s  found i n  severa l  l o c a l i t i e s  w i t h i n  the 

s tudy area, as w e l l  as i n  the  sur round ing ~nounta ins  t o  the south and 

sou th  east .  The conglomerate by the  r a i l r o a d  grade (see  f i g u r e  4 f o r  
IS 

o u t c r o p  l o c a t i o n s )  may be a t o t a l  l y  separate conglomerate  but^ probab ly  

t i m e  equ iva len t .  I n  t h e  area o f  M t .  Gunanoot numerous cyc les  o f  

conglomerates a r e  p resen t  and appear t o  be s t r a t i g r a p h i c a l l y  h i g h e r  than 

those o f  M t .  Klappan. 

Much o f  the  Mt. Klappan r e g i o n  has been documented as d e l t a i c  

(Eisbacher,  1974). The l a r g e  conglomerate channels appear t o  be l a r g e l y  

f l u v i a l  t o  d e l t a i c .  P o s s i b l y  they rep resen t  a l a r a e  t i d a l  channel w i t h  a 

f a i r l y  e x t e n s i v e  b r a i d e d  stream system assoc ia ted  w i t h  i t  (as seen i n  the  

c r o s s  bedded sandstones t h a t  a re  l a t e r a l  equ iva len ts  t o  the  conglomerates 

(see  f i g u r e  5 ) .  As you approach L o s t  Ridge a more d e l t a i c  environment 

( c o a l  swamps, mar ine forams) i s  encountered. I n  the  o the r  d i r e c t i o n ,  t o  

t h e  south, the  conglomerates take  on a more f l u v i a l  appearance w f t h  

a s s o c i a t e d  varved l a c u s t r i n e  depos is ts  and non-marine m i c r o f o s s i  1 s. 

To the  south  and sout? east  o f  the  area, where conglomerates 

a r e  more widespread, they  p o s s i b l y  rep resen t  a1 1 u v i  a1 p l a i n  t o  a1 l u v i  a1 

f a n  depos i ts .  



rnt. klappon 

x-i&$ nos3 I e -I 
roliroad 

no33 toke 
glacier 

rode 
(oproximote) 

i 

mt. Gvlanool 

FIGURE 4 : Outcrop locotion mop 



TWO jloml separate gh angle 
cros, &ddei, ,,,ost ~ o n t ~ ~ , , ~ ~ , ,  pebble lags. 

Cross bedded pink sandstones. Tops are t o  the l e f t .  

Figure 5: Channeling on M t .  Klappan 
B 



2. P ink ,  Cross Bedded Sandstones 

L i k e  the  conglomerates, these sandstones a l s o  appear t o  be 

a s s o c i a t e d  w i t h  the  more non-marine p o r t i o n  o f  the area. I n  p a r t i c u l a r  

t h e y  a re  assoc ia ted  w i t h  the conglomerate channels on Mt. Klappan (see  

f i g u r e  5). They are o f  l e s s e r  v e r t i c a l  e x t e n t  than the conglomerates 

b e i n g  f rom .5m t o  ZOm (average about 3m). They appear to  be discon- 

t i n u o u s  over t h e  area which i n d i c a t e s  t h a t  they may be a p a r t  o f  a l a r g e  

meandering r i v e r  o r  d e l t a i c  channel system. 

The p i n k  sandstone weathers a p a l e  grey ish-p ink  c o l o u r  and has 

a s l i g h t l y  suc ros ic  t e x t u r e .  It i s  ve ry  equ ig ranu la r ,  w i t h  equal 

p o r t i o n s  o f  c h e r t  and quar tz .  It appears t o  be the same as the m a t r i x  

f o r  t h e  conglomerate w i t h  m ino r  carbonate cementation. The average g r a i n  

s i z e  i s  l e s s  than 1 mm (see f i g u r e  6). 

3. In terbedded and Varved Sandstone, S i l t s t o n e ,  Shale and Mar l  u n i t .  

T h i s  u n i t  i s  a l s o  c h a r a c t e r i s t i c  o f  the no re  non-marine 

i n t e r v a l s  o f  the area w i t h  the  b e s t  example be ing  a t  the top o f  M t .  

Klappan by the  smal l  l a k e  ( s e e  . f i g u r e  7 ) .  Here the sediments a re  

d i s t i n c t l y  varved w i t h  numerous assoc ia ted  r i p p l e s  and an occas iona l  marl 

bed. Th is  would i n d i c a t e  l o c a l  sha l low l a c u s t r i n e  c o n d i t i o n s .  These 

sediments appear t o  he very  c y c l i c  i n  nature,  n o t  o n l y  on the sca le  o f  

t h e  varves (Imm t o  3cm) b u t  a l s o  on a l a r g e r  sca le  ( s e v e r a l  meters)  as 

observed on Vt. Gunanoot where these sediments occur a t  r e g u l a r  

i n t e r v a l s  a long  w i t h  the  conglomerate and sandstone u n i t s  ( see  f i g u r e  7 ) .  



Pink sandstone u n i t  t h i n  section showing Carbonate 
Cement (1), Chert (Z), Quartz(3) 6.3~ 
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This sect ion has been determined to  be non-marine from paleontology. 

4. Coal U n i t  

The coal u n i t  as described previously ( M t .  Klappan coal 

Property, 1982) contains a high grade anthrac i te  w i t h  thicknesses from 

several centimeters to  several meters. No fur ther  work was done t h i s  

year  on the coal un i t s ,  but  i t  appears these coals were formed mainly in 

i n t e r d e l t a i c  marginal marine swamps. Minor coal forming a l so  took place 

i n  l acus t r ine  conditions. 

5. Argillaceous Sandstone Unit 

This un i t  has been described in the previous report .  The 

a rg i l l ac ious  sandstone u n i t  was found to  be f a i r l y  widespread throughout 

the  area and was in terpre ted  to  represent a marginal marine, d e l t a i c  

system. A var ie ty  of these sands were noted throughout the area such as 

the possible  d e l t a i c  t i da l  channels a t  the bluff .  The sandstones appear 

t o  be sourced from d i f f e ren t  d i rec t ions ,  b u t  they a l l  seem to  be marginal 

marine to d e l t a i c  in appearence. - They average 10 - 20m in thickness.  

These sandstones have high heamatite content ,  and pebble lags a re  usually 

found along the base of the channels. Similar sandstones a re  found e a s t  

of camp, a t  the a i r s t r i p ,  a t  the o u t f i t t e r s  gate and a t  the the top of 

the canyon to  the north on the ra i l road  grade ( s e e  f igure  4 f o r  outcrop 

1 ocat ions) .  That i s  not to  say these a re  a1 1 the same sands but they do 

most l i k e l y  represent  s imi lar  conditions and s imi lar  source areas over a 

period of time. 



6. In terbedded Sandstone, S i l t s t o n e  and Shale U n i t s ,  u s u a l l y  w i t h  Limy, 

C h e r t  Bandi n p  

T h i s  u n i t  was determined by pa leon to logy  t o  be marginal  mar ine 

t o  marine. The b e s t  example i s  seen a t  H o b b i t  Creek. Here i t  occurs as 

w e l l  formed t u r b i d i t e s  r e p r e s e n t i n g  a p r o d e l t a i c  fac ies .  Th is  p a r t i c u l a r  

area has unusua l l y  l a r g e  limy c h e r t  nodules (see  f i g u r e  8) .  The u n i t  i s  

a l s o  found a t  t h e  n o r t h  end o f  the  canyon and t o  a c e r t a i n  e x t e n t  on L o s t  

Ridge. O v e r a l l  these beds a re  very rhy thmic  i n  n a t u r e  on about a 30 - 50 

cm s c a l e  and con t inue  over as much as a 50 meter  i n t e r v a l .  S i m i l a r  u n i t s  

a r e  found by the  Nass R i v e r  G l a c i e r  ( s e e  f i g u r e  9 )  b u t  may represent  

p o s s i b l y  s l i g h t l y  deeper v a t e r  c o n d i t i o n s .  No e x t e n s i v e  pa lyno logy work 

o r  pa leon to logy  work has been done on t h i s  area so the d e p o s i t i o n a l  

c o n d i t i o n s  a re  very  t e n t a t i v e .  

7. Shale U n i t  

Shale i s  found everywhere and i n  every u n i t  b u t  i t  i s  most 

p e r v a s i v e  i n  t h e  deeper mar ine u n i t s  ( a s  determined by pa leon to logy ) .  

The shales a re  very  dark and appear t o  l a c k  ex tens ive  b i o t u r b a t i o n .  

Be iemni tes  a r e  found i n  t h i s  u n i t ,  i n d i c a t i n g  good open mar ine 

c o n d i t i o n s .  The mar ine shales a re  dominant i n  the  Sunmi t area as we1 1 as 

i n  ho les  831 near i t s  base, 833, and 827. They were a l s o  found i n  the 

S p a t s i z i  'Wilderness Park (see f i g u r e  10) .  
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I V .  STRATIGRAPHIC CORRELATIONS AND PALEOGEOGRAPHY 

As mentioned p rev ious ly ,  s t r a t i g r a p h i c  c o r r e l a t i o n s  a re  very 

d i f f i c u l t  because o f  the  complex s t r u c t u r e  i n  the  area. Another f a c t o r  

i s  the  l a c k  o f  core. Wi th  the  sparse core  a v a i l a b l e ,  the  tendency has 

been t o  i g n o r e  s t r u c t u r e  i n  it. There i s  no reason t o  b e l i e v e  t h a t  the  

c o r e  has no t  been f o l d e d  and f a u l t e d ,  i n  the  same way as sur round ing 

rocks.  F o l d i n g  o r  f a u l t i n g  through a sha le  i s  n o t  l i k e l y  t o  be observed 

i n  core  b u t  none-the-less would be present.  Many f a u l t s  i n  outcrop a re  

o n l y  i n f e r r e d  as w e l l .  Others do d i s p l a y  displacement o f  the more 

competent beds (see  f i g u r e  11) .  

B a s i c a l l y  the area appears t o  represent  a reg ress ive  c y c l e  from 

mar ine  t o  non-marine. There a l s o  appears t o  be a f a c i e s  change from 

ma in l y  mar ine  c o n d i t i o n s  i n  the n o r t h  t o  main ly  non-marine c o n d i t i o n s  i n  

t h e  south. The t h i n n i n g  o f  the  conglomerates towards the n o r t h  west, 

m ino r  p a l e o c u r r e n t  d i r e c t i o n s ,  and mar ine c o n d i t i o n s  t o  the nor th ,  o o i n t  

t o  a s o u t h e a s t e r l y  t o  e a s t e r l y  d i r e c t i o n  f o r  the  source area. However, a 

few p a l e o c u r r e n t  d i r e c t i o n s  (McKenzie pers  corn.) appear t o  be coming from 

t h e  no r th ,  i n d i c a t i n g  the  bas in  has a l i m i t e d  e x t e n t  t o  the n o r t h  o f  the 

Summit area. Th is  apparent c o n f l i c t i n g  evidence o r  v a r y i n g  t r a n s p o r t  

d i r e c t i o n s  can be exp la ined  by a r a t h e r  r e s t r i c t e d  bas in  ( see  f i g u r e  12 ) .  

T h i s  bas in  c o u l d  e i t h e r  be c u t  o f f  from the main mar ine source o r  

a c t u a l l y  be open t o  the  main mar ine i n f l u e n c e  t o  the  west. E i t h e r  way i t  

would  n o t  change t h e  p o s i t i o n  o f  the b a s i n  i n  the  K t .  Klappan area. The 

dominance o f  mar ine cond i tons t o  the  n o r t h  i s  the main reasons f o r  the  

b a s i n  b e i n g  t o  the no r th ,  b u t  d e f i n i t e l y  more work i s  needed t o  v e r i f y  

t h i s  comple te ly .  To t h e  n o r t h  i n  the  Summit Area, as ,well as i n  a 
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s i m i l a r  s t r a t i g r a p h i c  l o c a l i t y  i n  the S p a t s i z i  Wi lderness Park, mar ine  

be lemni tes  were found. Belemnites were a l s o  found i n  cores d r i l l e d  i n  

s i m i l a r  l e v e l s  such as i n  ho les  833,832,831. 

As you move south, and p o s s i b l y  s l i g h t l y  h i g h e r  s t r a t i g r a p h -  

i c a l  l y ,  you encounter t h e  more marginal  mar ine depos i t s  o f  D idene Creek 

( o y s t e r  r e e f s ) ,  t h e  b l u f f  ( t i d a l  channels) ,  and Hobbi t Creek (p rode l  t a  

t u r b i d i t e s ) .  L o s t  Ridge would a l s o  come i n t o  t h i s  ca tegory  b u t  i t  i s  

u n c e r t a i n  whether i t  i s  s t r a t i g r a p h i c a l l y  e q u i v a l e n t  t o  H o b b i t  Creek o r  

no t ;  more co re  data  are needed. The o y s t e r  r e e f s  d e f i n i t e l y  i n d i c a t e  

marg ina l  marine, s a l t  t o  b r a c k i s h  water  c o n d i t i o n s .  A1 so severa l  

pa leon to logy  samples taken f rom the Hobbi t Creek area i n d i c a t e  b r a c k i s h  

c o n d i t i o n s .  

Even f u r t h e r  t o  the  south, M t .  Gunnanoot and sur round ing areas 

d i s p l a y  a  d i s t i n c t  f l u v i a l  and l a c u s t r i n e  i n f l u e n c e .  The numerous 

conglomerates appear t o  be main ly  d e l t a i c  ( t o  the  n o r t h )  and f l u v i a l  ( t o  

t h e  south) i n  the M t .  Klappan area bu t  c o u l d  be a l l u v i a l  p l a i n  even 

f u r t h e r  t o  the  southeast. 

The general t r e n d  t h e r e f o r e  appears t o  be go ing from marine 

sediments t o  the  n o r t h  through t r a n s i t i o n a l  sediments i n  the  midd le  t o  

non-marine sediments i n  t h e  southern  p a r t  o f  the study area. 

F i g u r e  12 d e p i c t s  a  d e l t a  model. These d e l t a s  c o u l d  be from 

t h e  same source o r  c o u l d  be from d i f f e r e n t  l o c a t i o n s  on the a l l u v i a l  

p l a i n .  They do over lap  however, such as the d e l t a  a t  H o b b i t  Creek which 

appears t o  o v e r l i e  the  main coa l  seam. Th is  seam accord ing  t o  t h i s  model 

c o u l d  extend q u i t e  a ways n o r t h  under the  o v e r l y i n g  d e l t a .  



Outcrop near the Nass R iver  Glac ier  t o  the southwest appears t o  

be m r e  marine. This may be due t o  a connection t o  the west w i t h  the 

Bowser basin (see f i g u r e  121. 

C o n s i d e r i n g  t h e  number o f  f a c i e s  changes i n  the area, 

c o r r e l a t i o n  o f  the core i s  extremely d i f f i c u l t .  A vo lcanic  pebble 

hor izon  (see f i g u r e  13) was not iced i n  several holes. The cores were 

then cor re la ted  on the assumption t h a t  t h i s  l aye r  was widespread enough 

i n  the area t o  be the same event i n  time. More cor ing i s  needed t o  

determine i f  t h i s  volcanic l aye r  i s  a v a l i d  marker. 

To date t h i s  l aye r  has not  been found i n  outcrop. Volcanic ash 

l aye rs  were noted i n  core as we l l  as i n  outcrop but  none appear r e l i a b l e  

enough t o  cons t i t u te  a marker horizon. For a t e n t a t i v e  co r re la t i on  o f  

the core, see f i g u r e  14. 





V.  DISCUSSION 

The sediments a t  M t .  Klappan seem t o  be very s i m i l a r  i n  age and 

appearance t o  the  southern  A l b e r t a  and B r i t i s h  Columbia N ikanass in  

Formation/Kootenay Group and o v e r l y i n g  Cadomin Format ion (see  f i g u r e  15 ) .  

I n  A l b e r t a D r i t i s h  Columbia the  Nikanassin/Kootenay comprises 

an i n t e r s t r a t i f i e d  sequence o f  medium t o  dark grey to ye l lowish-brown 

wea ther ing  s i l t s t o n e ,  sandstone, mudstone, sha le  and minor  t h i n  seams o f  

c o a l  wh ich ranges i n  th i ckness  f rom 53 rn t o  488 m (Gibson 1978). Th is  

sequence has been determined t o  be i n t e r d e l t a i c  beach-bar r ie r  i s land ,  

d e l t a i c  and a l l u v i a l  p l a i n  t o  the  south i n  the  Kootenay and m r e  

t y p i c a l l y  d e l t a  p l a i n  t o  the  n o r t h  i n  the  cor responding Nikanass in  

Format ion (Gibson, 1983) (see f i g u r e  16 ) .  

These u n i t s  a re  o v e r l a i n  unconformably by sandstone and 

conglomerate o f  the  Cadomin Format ion o f  the B l a i r m o r e  Group which 

v a r i e s  f rom a l l u v i a l  depos i t s  near the  F o o t h i l l s  F r o n t  Ranges t o  main ly  

f l u v i a l  towards the  west (Gibson, 1978).  

The Kootenay Group i s  broken i n t o  3 d i s t i n c t  fo rmat ions:  the  

M o r r i s s e y  Format ion,  t h e  M i s t  Vountain Format ion,  ( f o r m e r l y  c a l l e d  the  

c o a l  b e a r i n g  member) and a t  the  top  the  E l k  Format ion (Gibson, 1983) 

The M o r r i s e y  Format ion i s  a c l i f f  f o rm ing  seouence separa t ing  

t h e  Kootenay f rom the  u n d e r l y i n g  mar ine sha le  "Passage beds" o f  the 

F e r n i e  Format ion.  The Mor r i ssey  Format ion c o n s i s t s  o f  dark grey  t o  b lack  

mudstones and shales and l i m o n i t i c  s i l t s t o n e s  and sandstones w i t h  l o c a l  

channels c o n t a i n i n g  pebb le  l ags  (Ol lerenshaw 19771, and a f i n e  t o  coarse 
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Figure howing the  beginnings o f  the  F-. ...- .,....,-.,.. before  the  
Nevadan Orogeny u p l i f t  mountains t o  t h e  West. 
( a f t e r  A . S . P  Geological H i s t o r y  nf W=+?rn Canada) 



g r a i n e d  quar tzose sandstone prone t o  a  l i g h t  grey weather ing.  Th is  has 

been i n t e r p r e t e d  as be ing  o f f s h o r e  " p r o d e l t a "  and s t r a n d l i n e  depos i t s  o f  

a  h i g h l y  c o n s t r u c t i v e ,  wave-dominated del t a  system (Gibson, 1983). 

There i s  a  s i m i l a r  sequence o f  rocks found a t  Y t .  K lappan i n  

t h e  Summit area and near the  very n o r t h  o f  the r a i l r o a d  grade ( s e e  f i g u r e  

17).  Here the  s t r a t i g r a p h i c a l l y  l ower  shales c o n t a i n  belemnites . 

i n d i c a t i n g  good mar ine c o n d i t i o n s  s i m i l a r  t o  the "Passage beds" o f  the 

F e r n i e  Format ion.  Above t h i s  a re  a  sequence o f  i n t e r l a y e r e d  greasy b lack  

sha les ,  a r g i l l a c e o u s  s i l t s t o n e s ,  and l i m o n i t i c  t o  c h e r t y  s i l t s t o n e s  which 

a r e  c u t  i n t o  a t  the  top  by a  c l i f f  fo rming in terbedded s i l t s t o n e  and 

c h e r t y  sandstone. Some minor coal  i s  present  i n  the i n t e r l a y e r e d  

sequence o f  b lack  shales and a r g i l l a c e o u s  s i l t s t o n e s .  Th is  outcrop a t  

t h e  f a r  n o r t h e r n  end o f  the r a i l r o a d  grade i s  most l i k e l y  s t r a t i g r a p h -  

i c a l l y  e q u i v a l e n t  t o  the  outcrops a t  the  o u t f i t t e r s  gate, the a i r s t r i p  

and the  outcrop j u s t  eas t  o f  camp on the r a i l  grade. A l l  i n d i c a t i o n s  

p o i n t  t o  these outcrops as be ing mars ina l  mar ine (pa leon to logy  da ta ) ,  

h a v i n g  formed p a r t s  o f  a  l i t t o r a l  environment, p o s s i b l y  a  wave-dominanted 

d e l t a i c  system s i m i l a r  t o  t h a t  . i n t e r p r e t e d  by Gibson. 

The n e x t  u n i t ,  t h e  M i s t  IMountain Format ion,  f o r m e r l y  c a l l e d  the 

coa l  b e a r i n g  member, i s  a  grey t o  grey-brown, i n te rbedded  carbonaceous- 

a r g i l l a c e o u s  sandstone, s i l t s t o n e ,  mudstone, sha le  w i t h  numerous seams o f  

b i tuminous coal .  M ino r  conglomerates and cong lomerat ic  sandstones are 

documented i n  p laces as w e l l  (Gibson 1977). Th is  has been i n t e r p r e t e d  t o  

be i n t e r d e l t a i c  beach-bar r ie r  i s l a n d ,  d e l t a i c  and a l l u v i a l  p l a i n  depos i t s  



North end o f  canyon, i n t e r l a y e r e d  s  s  
and l i m o n i t i c  t o  c h e r t y  s i l t s t o n e s  e 

. 
' .i uark marine shales ot  t h e  Summit area c o n t a i n i n s  



(Gibson 19768). The M i s t  Mountain format ion represents  main ly  a 

t r a n s i t i o n  zone from marine t o  non-marine. M t .  K lappan 's  s i m i l a r  

sequence o f  rocks comprises a1 1 t h e  major  coa l -bear ing  sequences such as 

H o b b i t  creek and L o s t  Ridge. P o s s i b l e  s t r a t i g r a p h i c  equ iva len ts  a r e  a l s o  

Didene Creek and the  B l u f f  by the  road. H o b b i t  Creek appears t o  be a 

p r o d e l t a i c  t u r b i d i t e  sequence. The d e l t a i c  sequence appears t o  be 

o v e r l y i n g  an o l d e r  coa l  sequence which i s  probab ly  more i n d i c a t i v e  o f  

s h o r e l i n e  c o n d i t i o n s  (see  f i g u r e  12).  S t r u c t u r a l l y  i t  i s  very hard  t o  

d i s t i n g u i s h  whether the  outcrops a t  the B i u f f  and Didene Creek are above 

o r  below H o b b i t  Creek. Didene Creek and the R l u f f  by the  road appears t o  

c o n t a i n  numerous channels near the  top o f  the s e c t i o n  ( p o s s i b l y  t i d a l  

d e l t a i c  c h a n n e l s )  . P a l e o n t o l o g y  i n d i c a t e s  m a r i n e  t o  b r a c k i s h  

cond i  :ions. 

H o b b i t  Creek c o a l s  were b u r i e d  r a p i d l y  by the t u r b i d i t e s  o f  a 

p r o d e l t a i c  sequence due t o  a minor  t ransgress ion .  From H o b b i t  Creek, 

s t r a t i g r a p h i c a l  l y  upwards, c o n t i n e n t a l  s i l  t s t o n e  a re  encountered. They 

c o n t a i n  l e a f  impress ions and a few t r e e  stumps rang ing  f rom .4 m t o  3 m 

i n  d iameter.  

The f i n a l  u n i t  o f  t he  Kootenay Group i s  the  E l k  Formation. The 

E l k  Format ion i s  a s e r i e s  o f  conglomerates which grade l a t e r a l l y  i n t o  



coarse g ra ined  sandstones and s i l t s t o n e s  o r  i n t o  a  c y c l i c a l  succession o f  

sandstones, s i l  t s tone ,  and shales (Gibson, 1977). Th is  i s  g e n e r a l l y  a  

c l i f f - f o r m i n g  sequence and a l s o  con ta ins  sporad ic  t h i n  seams o f  coa l .  I n  

severa l  l o c a l i t i e s  (eg. It. A l l a n ,  A l b e r t a )  t h e  coa l  seam was r e f e r r e d  t o  

as a  "Needle Coal "  be ing composed o f  uo t o  15 cm o f  a  compacted mass o f  

c o n i f e r o u s  needles. Th is  would suggest  a much more c o n t i n e n t a l  o r i g i n  o f  

t h e  sediments such as the  more prominent p a r t s  o f  a l l u v i a l  p l a i n s  and the 

d i s t a l  p o r t i o n s  o f f  a l l u v i a l  fans (Gibson 1983). M t .  Y lappan's s i m i l a r  

sequence would be a t  W. Klappan i t s e l f .  M t .  K lappan i s  composed o f  

l a r g e  c l  i f f - f o r m i n g  conglomerates which l a t e r a l l y  become sandstone t o  

s i l  t s t o n e s  (see  f i g u r e  15). Minor  coa l  seams as we1 1  as t r e e  stumps and 

l e a f  impress ions a re  found near the  top  o f  Xt .  Klappan. Th is  sequence 

appears t o  be f l u v i a l  i n  na tu re  (pa leon to logy  r e s u l t s )  and most l i k e l y  

con t inues  over t o  the  lower  p o r t i o n s  o f  ;It. Gunanoot, as w e l l  as some 

dpper s e c t i o n s  o f  the  S p a t s i z i  Wi lderness Park. Towards the park however 

t h e  sediments appear t o  change t o  a  more mar ine f a c i e s  as i n d i c a t e d  by 

be lemni tes  and clams found i n  outcrop.  

O v e r l y i n g  t h e  E l k  Formatfon, e r o s i o n a l l y  i n  most p laces,  i s  the  

cong lomera t i c  sandstone o f  the  Cadomin Format ion o f  the B l a i r m o r e  Group. 

I n  some l o c a l i t i e s ,  however, t he  i l k  Format ion i s  o v e r l a i n  a b r u p t l y  and 

v c s s i b l y  conformably by the  f i n e  t o  coarse c l a s t i c s  o f  the Poca te r ra  

Member o f  the B l a i r m o r e  Group. 

As, so f a r ,  l i t t l e  work has Seen done t o  the south o f  the  M t .  

Klappan area, i t  i s  hard t o  t e l l  i f  a  s i m i l a r  s i t u a t i o n  e x i s t s  here too.  



Most l i k e l y  the  conglomerates on top o f  M t .  Gunanoot and sur round ing 

peaks a r e  s i m i l a r  i n  o r i g i n  and c h a r a c t e r i s t i c s  t o  the  Cadomin 

conglomerates which, depending on t h e i r  d i s tance  f rom the  source, a r e  

a1 l u v i  a1 t o  f l  u v i  a1 deposi t s .  

Because o f  M t .  K lappans'  many s i m i l a r i t i e s  to the Kootenay 

Group, i t  i s  suggested t h a t  very  s i m i l a r  c o n d i t i o n s  e x i s t e d  bo th  on the 

e a s t  and west  s i d e  o f  the Nelson u p l i f t .  F u r t h e r  t o  the n o r t h  i s  the 

C a i s s i a r  Omineca u p l i f t  which j o i n s  the Nelson u p l i f t  i n  the  E a r l y  

Cretaceous (see  f i g u r e  18). Depending on Mt. Klappans'  p r o x i m i t y  t o  the  

source, go ing  outward (west  t o  n o r t h  west)  f rom the  m u n t a i n s  you would 

encounter  f i r s t  a l l u v i a l  depos i ts ,  w i t h  assoc ia ted f l u v i a l  depos i t s  then 

d e l t a i c  and f i n a l l y  mar ine  ( s e e  f i g u r e  19). This  i s  very  s i m i l a r  t o  the 

s i t u a t i o n  on the  eas t  s i d e  o f  the mountains. 

V I .  CONCLUSIONS AND RECOMMENDATIONS 

I n  conc lus ion  i t  i s  though t  t h a t  the mar ine b a s i n  i s  t o  the 

n o r t h  o f  the  area n o t  t o  the south as p r e v i o u s l y  assumed, making the 

b a s i n  independent o f  the  aowser Basin.  However, t he  p o s s i b i l i t y  o f  the 

two be ing  j o i n e d  t o  the west should no t  be d is regarded bu t  f o r  the 

purposes o f  c o r r e l a t i o n  i n  the  area they shou ld  be cons idered as m o  

separa te  basins.  

T h i s  concept o f  the bas in  t o  the  n o r t h  g i ves  room f o r  much more 

e x p l o r a t i o n  p o t e n t i a l  on the  east, n o r t h  and p o s s i b l y  the  south margins 

o f  the  bas in  ( see  f i g u r e  20).  





FERNIE S E A  

FIGURE 19 : Schematic paleogeogrophic map illustrating environmonis of deps i t ion  of k o l e n a y  Groupbfler Gihaon,83), 

and pussihlc cnvironrncnt of deposit  ion of the Mt. K l ~ p p o n  crer l  
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I n  comparing the Ht.  Klappan area to the Kootenay Group, i t  i s  

not  meant t o  compare exact events i n  geological h i s t o r y  hu t  to emphasize 

the vast s i m i l a r i t i e s  o f  deposi t ion a t  a s i m i l a r  t ime span. The Kootenay 

Group spans the e n t i r e  Rocky Mountain Front  w i t h  the type o f  i r r e g u l a r -  

i t i e s  expected i n  any te r ra in ,  such as numerous i nd i v idua l  a1 l u v i a l  fans, 

and numerous deltas. But overa l l ,  s i m i l a r  condi t ions ex is ted a t  s i m i l a r  

times. Therefore, i t  i s  a l og i ca l  assumption tha t  s im i l a r  events also 

took place on the other side o f  the u p l i f t  a t  approximately the same 

time. So even i f  the two basins are separated by the Nelson and Omineca- 

Cassiar u p l i f t ,  s i m i l a r  sediments should be deposited to the east as 

would be t o  the west. The much be t te r  understood Kootenay Group i s  

considered a v iab le  model f o r  the Bowser basin as v e l l  as f o r  the Ht. 

Klappan region but  on a much smaller scale. 

Much more work i s  needed to p inpo in t  the exact shorelines. To 

do t h i s  the gross s t ruc tu re  of the area has t o  be be t te r  known so you can 

co r re la te  one outcrop t o  another. 

Coring rmst be done on a much more in tens ive  scale. The 

co r re la t i ons  o f  the cores a t  present are somewhat dubious. There i s  a 

l o t  o f  distance between the present ten holes w i t h  too much s t ruc tu ra l  

f o l d i n g  i n  between to expect easy c o r r e l a t i o n  on a large scale. More 

cores would a lso help determine more o f  the environmental aspects o f  the 

coal, g i v i n g  a th ree  dimensional p i c t u r e  o f  the area. Fox creek i n  

p a r t i c u l a r  needs to be t i e d  i n t o  the area as to whether i t  i s  above or  

below o r  equivalent t o  Los t  Ridge. 
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MOUNT KLAPPAN COAL PROPERTY 

APPENDIX E 

RESOURCE DATA 6 CALCULATIONS 



INFERRED RESOURCE 
CALCULATIONS 



INFERRED RESOURCE AREA SUMMARY 

RESULTING TOTAL S E N  TONNAGE ( m i  11 ion  tonnes) 

HOBBIT-BROATCH LOST-FOX SUMMIT TOTAL 

SEAM AREA AREA AREA 

Total 620.04 330.23 17.33 967.60 



Seam 

Hobbit-Broatch Resource Area 

Resulting Total  

I%%%?%%, 

52.60 
59.55 

TOTAL 620.04 

Hobbit-Broatch Resource Figure 



Section 

Sumary 
Calculat ion o f  In fer red  Resources 

i n  the Hobbit-Broatch Resource ~ r e a  

TOTAL 

Hobbit-Broatch Resource Figure 

Resulting Total  
Seam Tonna e 

7 i m n d k )  



SECTION 500 S 

Seam 

Seam Width of Seam Soeci f i c 
Length Influence Thickness 6;avity Tonnes 

(km) (km) (m) (glee (mi l l ion)  

TOTAL 10.27 

SECTION 1000 S 

TOTAL 28.52 



SECTION 1500 S 

Width o f  
I n f  1 uence 

(km) 

Seam Specific 
Gravity 

( glcc 
Length 

(km) 
Thickness 

(m) 
Tonnes 

(mi l l ion)  Seam - 
K 
J 
I 
H 
G 
F 
E 
0 
C 
B 
A 

TOTAL 

SECTION 2000 S 

TOTAL 



SECTION 2500 S 

Seam Width of  Seam 
Influence Thickness 

(km) (m) 
Length 

Seam - (km) 
Tonnes 

(mi l l ion)  

TOTAL 

SECTION 3000 S 

TOTAL 61.70 



SECTION 3500 S 

Seam 
Length 
(km) 

Width of 
Inf 1 uence 

(km) 

.500 

.500 

.500 

.5OO 

.500 

.500 

.500 

Seam 
Thickness 

(m) 

3.13 
1.41 
6.07 
2.12 
3.32 
0.87 
1.66 

Tonnes 
(million) Seam - 

TOTAL 

SECTION 4000 S 

TOTAL 



SECTION 4500 S 

Seam Width o f  
Influence 

(km) 

.500 

.500 

.500 

.5OO 

.500 

.500 

.500 

Seam 
Thickness 

(m) 

Specific 
Gravity 

(glee 1 
Tonnes 

(mi l l ion)  
Length 

(km) Seam - 

TOTAL 

SECTION 5000 S 

TOTAL 



SECTION 5500 S 

Seam 
Length 

Seam - (kn) 

Width of Seam Specific 
Influence Thickness Gravity 

(km) (m) ( g k c  

.500 3.13 1.70 

.500 1.41 1.70 

Tonnes 
(mi l l ion)  

TOTAL 



Seam 

SUMMARY 

LOST-FOX RESOURCE AREA 

Resul ti ng To ta l  

l%%%%%l 

.325 

1 .O4 

4.69 

11.69 

33.18 

32.60 

42.55 

42.28 

48.60 

22.19 

46.62 

12.50 

12.41 

14.29 

5.27 

TOTAL 330.23 



SUMMARY 

Section 

CALCULATION OF INFERRED RESOURCES 
IN THE LOST-FOX RESOURCE AREA 

Resul ti ng To ta l  
Seam Tonnage 

( m i l l  i o n  tonnesl 

TOTAL 330.23 



SECTION 1000 N 

Seam - 
0 

N 

M 

L 

K 

J 

I 

H 

G UP 

G l o  

F 

E 

C 

B 

A 

Seam 
Length 

(km) 

Width o f  
I n f  1 uence 

(km) 

Seam 
Thickness 

(rn) 
Gravi ty  

( g/cc) 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

TOTAL 

Tonnes 
( m i l l  ion)  

.325 



SECTION 1500 N 

Seam 

N 

M 

L 

K 

J 

I 

H 

G UP 

G l o  

F 

E 

C 

B 

A 

Seam 
Length 

(km) 

.055 

.I95 

1.35 

1.46 

1.56 

1.89 

1 .go 

1.90 

1 .go 

1.89 

1.69 

1 .I4 

.390 

.250 

Width o f  
Inf luence 

(km) 

.500 

.5OO 

.500 

.5OO 

-500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

Seam 
Thickness 

(m) 

2.54 

5.63 

2.24 

5.75 

5.16 

5.09 

4.58 

4.95 

2.26 

4.82 

1.32 

1.33 

1.88 

.94 

Speci f ic  
Gravi ty  
(glee) 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

TOTAL 

Tonnes 
( m i l l i o n )  

.I88 

.933 

2.57 

7.14 

6.84 

8.18 

7.40 

7.99 

3.65 

7.74 

1 .go 

1.29 

.623 

.200 

56.64 



SECTION 2000 N 

Seam 

N 

M 

L 

K 

J 

I 

H 

G U P  

G lo 

F 

E 

C 

El  

A 

Seam 
Length 

( k m )  

.045 

.I35 

1.59 

1.74 

1.80 

2.23 

2 -22 

2 .O5 

2 .O5 

1.75 

1.54 

1.09 

.550 

.200 

Width of 
Influence 

( k m )  

.500 

Seam 
Thickness 

( m )  

2.54 

5.63 

2.24 

5.75 

5.16 

5 .O9 

4.58 

4.95 

2.26 

4.82 

1.32 

1.33 

1.88 

.94 

Specific 
Gravity 

( glee) 

1-70 

1.70 

1.70 

1.70 

1.70 

1-70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

TOTAL 

Tonnes 
(million) 

.097 



SECTION 2500 N 

Seam 
Length 

Seam (km) 

L 1.17 

Width o f  
I n f  1 uence 

(km) 

.500 

.500 

.500 

.500 

300 

.500 

.500 

.500 

.500 

.500 

.500 

.SO0 

Seam 
Thickness 

(m) 

2.24 

Speci fi c 
Gravity 
(glee) 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

TOTAL 

Tonnes 
( m i l l i o n )  

2.23 

6 .SO 

6.58 

9.22 

9.03 

9 .O9 

4.15 

8.73 

2.40 

1.70 

1.65 

.264 

61.54 



SECTION 3000 N 

Seam 
Length 

Seam - (km)  

L .480 

K .680 

3 .855 

I 1.35 

H 1.62 

G up 1.93 

G lo 1.93 

F 2 .09 

E 2.31 

C 2 .16 

B 1.64 

A 1 .13 

Width of 
Influence 

(km)  

.500 

.500 

.500 

.5OO 

.500 

.5OO 

.500 

.500 

.500 

.5OO 

.500 

.500 

Seam 
Thickness 

( m l  

2.24 

5.75 

5.16 

5.09 

4.58 

4.95 

2.26 

4.82 

1.32 

1.33 

1.88 

.94 

Specific 
Gravity 
(glee) 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

TOTAL 

Tonnes 
(million) 

.914 

3.32 

3.75 

5.84 

6.31 

8.12 

3.71 

8.56 

2.59 

2.44 

2.62 

.903 

49.08 



SECTION 3500 N 

Seam 

J 

I 

H 

G UP 

G l o  

F 

E 

C 

B 

Seam 
Length 

(km) 

Width o f  
I n f  1 uence 

(km) 

-500 

Seam 
Thickness 

(rn) 

1.70 

1.70 

1.70 

TOTAL 

Tonnes 
( m i l l i o n )  



SECTION 4000 N 

Seam 
Length 

(km) 

Width o f  Seam Soeci f i c 
I n f  1 uence 

(km) 
Thickness ~ r a v i  ty 

(m) (glee) 
Tonnes 

( m i l l i o n )  Seam 

H 

TOTAL 



SEAM - 

G Upper 

G Lower 

E Upper 

E Lower 

D 

C 

B 

SUMMARY 

SUMMIT RESOURCE AREAS 

RESULTING TOTAL 

Seam Tonnage 

(mi l l ion tonnes) 

Tota l  



Section 

5000 N 

5500 N 

6000 N 

9500 N 

10000 N 

SUMMARY 

CALCULATION OF INFERRED RESOURCES 

IN THE SUMMIT RESOURCE AREAS 

Total Seam 
Resul t fng  Tonnage 

(Mi l l ion  Tonnes) 

1.90 

5.52 

2.14 - 
TOTAL 17.33 

SUMMIT RESOURCE FIGURE 



SECTION 5000 N 

Seam - 
D 
C 
B 

Seam - 
D 
C 
B 

Seam - 
D 
C 
B 

seam - 

Seam 
Length 

(km) 

1 .goo 
1.520 
1.900 

Seam 
Length 

(km) 

0.725 
0.850 
1.050 

Seam 
Length 

(km) 

0.400 
0.550 
0.720 

Seam 
Length 

(kml 

G Upper 0.290 
G Lower 0.290 
E Upper 1.000 
E Lower 1.000 

Width o f  Seam Spec i f i c  
Inf luence Thickness Grav i ty  

(km) (m) (glee) 

TOTAL 

SECTION 5500 N 

Width o f  Seam Spec i f i c  
In f luence Thickness Grav i ty  

(km) (m) ( g lcc  

TOTAL 

SECTION 6000 N 

Width o f  Seam s p e c i f i c  
Inf luence Thickness Grav i ty  

( km) (m) ( g lcc )  

TOTAL 

SECTION 9500 N 

Width o f  Seam Spec i f i c  
In f luence Thickness Grav i ty  

(km) (m) ( g lcc)  

TOTAL 

Tonnes 
( m i l l i o n )  

1.01 
0.56 
0.33 - 
1.90 

Tonnes 
( m i l l i o n )  

2.41 
1.96 
1.15 

5.52 

Tonnes 
( m i l l i o n )  

1.33 
1.27 
0.79 - 
3.39 

Tonnes 
( m i l l i o n )  

0.53 
0.99 
1.35 
1.50 - 
4.38 



SECTION 10000 N 

Seam Width o f  Seam Spec i f ic  
Length Inf luence Thickness Gravi ty  Tonnes 

Seam - (km) (km) (in) (glee) ( m i l l i o n )  

G Upper 
G Lower 
E Upper 0.910 0.520 1.26 1.70 1.01 
E Lower 0.910 0.520 1.40 1.70 1.13 

TOTAL 2.14 



SPECULATIVE RESOURCE 

CALCULATIONS 



Mapping Area 

Skeena-Ellis 

SPECULATIVE RESOURCE AREA SUMMARY 

Total Property 
Speculative 

P l  animetric 
4rea Average 

(cm2) 

Soeci f i c  Tonnes 
Tonnes 
( m i l l i o n )  Resource 

Lost Fox 

Li t t l e - K l  appan 
Nass 

Summit 




