
PAN OCEAN OIL LTD. 

BONNET PLUME PROJECT 

REPORT ON 

GEOLOGY AND EXPLORATION 

OF THE 

BONNET PLUME BASIN 

YUKON TERRITORY 

NTS 106-E 

65' 30' N 135' W 

COAL EXPLORATION LICENCES 

NOS. 72-73 and 77-98 

1 !$;<,,:< ,;,-:r I . { .  ::,:, ;I;;, ;;;.; q-; ..-,< 4. t.., 
C .  ..,:._ _.. .._ 

Prepared  By: 0 .  R. Cullingham i . . - ; , , i ;  i" .,:. -:.f.?:- 
S e n i o r  Geolog i s t  - Coal ... > . a  . ,.> 

Pan Ocean Report  No. 1-80 

February,  1980 



TABLE OF CONTENTS 

SUMMARY AND CONCLUSIONS 

INTRODUCTION 

LOCATION AND ACCESS 

PHYSIOGRAPHY 

EXPLORATION 

GEOLOGY 

ILLTYD CREED DEPOSIT 

WERNECKE DEPOSIT 

AIRSTRIP DEPOSIT 

WIND RIVER DEPOSIT 

EAST WIND RIVER AREA 

COAL RESERVES 

REFERENCES 

P a g e  1 

P a g e  2 

P a g e  4 

P a g e  4 

P a g e  6 

P a g e  9 

P a g e  13 

P a g e  20 

P a g e  2 3  

P a g e  2 5  

P a g e  2 8  

P a g e  30 

P a g e  36 

Pan Ocean 



I n  Pocke; 

I n  Pocket  PLATE I1 P r o p e r t y  P l a n  

PLATES 
T I 1  TO V I I I  
INCLVSIVE 

Bas in  Showing Topography and Geolog:~ Coxpi led  
From A e r i a l  Pho tography ,  Yapping 2nd 
D r i l l i n g  I n  Pocket  

I n  Pocke t  Geology P l a n  - I l l t y d  Creek D e p o s i t  PLA'IE I X  

PLATES 
x t o  X I 1 1  
- b  - 
I,, cLUSIVE Cross -Sec t ion  - I l l t y d  Creek D e p o s i t  I n  Pocke t  

PLATE X I V  L i t h o f a c i e s  Fence Diagram 
I l l t y d  Creek D e p o s i t  I n  Pocke t  

PLATE XV Tsopach No. 1 Seam Hor izon  
I l l t y d  Creek D e p o s i t  I n  Pocket  

PLATE 9VI S t r u c t u r e  Contour P l a n  Ease  K O .  1 Seam 
Hor izon  - I l l t y d  Creek D e p o s i t  I n  Pocke t  

PLATE X V I I  I sopach  No. 2 Seam Hor izon  
I l l t y d  Creek D e p o s i t  I n  Pocket  

S t r u c t u r e  Contour P l a n  Base  No. 2 Seam 
Hor izon  - I l l t y d  Creek D e p o s i t  

PLATE X V I I I  
I n  Pocket  

PLATE XIX I sopach  No. 3 Seam Horizon 
I l l t y d  Creek D e p o s i t  I n  Pocket  

S t r u c t u r e  Contour P l a n  Base No. 3 Ssam 
Hor izon  - I l l t y d  Creek D e p o s i t  

PLATE XX 
I n  Pocket  

I n  Pocket  

I n  Pocket  

I n  Pocket  

I n  Pocket  

Geology P l a n  - Wernecke D e p o s i t  PLATE XXI 

PLATE XXII 

PLATE X X I I I  

PLATE XXIV 

PLATE XXV 

Geology P l a n  - A i r s t r i p  D e p o s i t  

Geology P l a n  - Wind R i v e r  D e p o s i t  

Geology P l a n  - E a s t  Wind R i v e r  D e p o s i t  Area 

Raw Coal A n a l y s i s  - No. 1 Seam Hor izon  
I l l t y d  Creek D e p o s i t  I n  Pocket  

Pan Ocean 



List of Plates continued 

PLATE XXVI Raw Coal Analysis - No. 2 Seam Horizon 
Illtyd Creek Deposit 

PLATE XXVII Raw Coal Analysis - No. 3 Seam Horizon 
Illtyd Creek Deposit 

PLATE XXVIII Geology Plan - Area West of Illtyd Creek 
Deposit 

In Pocket 

In Pocket 

In Pocket 

Pan Ocean 



LIST OF TABLES 

TABLE I Summary Table  of I n  S i t u  

Geological  Reserves Page 32 

TABLE I1 Table  of I n  S i t u  Measured and Ind i ca t ed  Reserves: Page 33 

I l l t y d  Creek Deposit  (Block B) 

TABLE I11 Summary - Open P i t  Mineable Reserve Data 

To a Cut-Off Waste t o  Coal Rat io  of  4 : l  Page 35 

Pan Ocean 



LIST OF FIGURES 

FIGURE 1 Coal Licences 

FIGURE 2 LocationMap 

Page 3 

Page 5 

FIGURE 3 Generalized Stratigraphic Column Page 12 

FIGURE 4 Drill Hole Plan - Illtyd Creek 
Deposit Page 15 

Pan Ocean 



SUMMARY AND CONCLUSIONS 

I n  1977 c o a l  was discovered by Pan Ocean personnel  i n  t h e  Bonnet 

Plume Basin loca t ed  i n  t h e  Yukon T e r r i t o r y .  Subsequently Pan Ocean acqui red  

c o n t r o l  over 24 c o a l  l i c e n c e s  covering a  t o t a l  of 387,308 h e c t a r e s  (957,024 

a c r e s ) .  Follow-up reconnaissance mapping and d r i l l i n g  dur ing  t h e  1978 f i e l d  

season e s t a b l i s h e d  t h e  b a s i n  a s  a  p o t e n t i a l  source  of a  l a r g e  q u a n t i t y  of 

high q u a l i t y  thermal coa l .  I n  1979 a  major d r i l l i n g  programme was i n i t i a t e d  

which f u r t h e r  e s t a b l i s h e d  t h e  p o t e n t i a l  of t h e  b a s i n  and de l inea t ed  s u f f i -  

c i e n t  r e s e r v e s  i n  one s e l e c t e d  a r e a  - I l l t y d  Creek Deposit  - t o  support  a  

mine-mouth power development. 

I n v e s t i g a t i o n s  to-date  show t h e  Bonnet Plume Basin t o  con ta in  a  

c o a l f i e l d  of major propor t ions  conta in ing  high q u a l i t y  thermal c o a l  i n  

s u f f i c i e n t  quan t i t y  t o  supply a  v i a b l e  e l e c t r i c  power base  i n  t h e  Yukon 

T e r r i t o r y  f o r  i t s  immediate needs and f u t u r e  growth f o r  many y e a r s  t o  

come. 

Measured, i nd ica t ed  and i n f e r r e d  i n  s i t u  r e se rves  i n  excess  of 

380 m i l l i o n  tonnes have been e s t a b l i s h e d  i n  fou r  depos i t  a r eas .  Specula t ive  

r e se rves  conceivably could inc rease  t h e s e  r e s e r v e s  t o  g r e a t e r  than  1 b i l l i o n  

tonnes i n  s i t u .  
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1.0 INTRODUCTION 

During t h e  summer of 1977 c o a l  was discovered i n  t h e  Bonnet 

Plume Basin by personnel  of Pan Ocean O i l  Ltd.  Subsequently Pan Ocean 

acquired c o n t r o l  over  24 coa l  l i cences  covering a t o t a l  of 387,308 

h e c t a r e s  (957,024 ac re s )  (Figure 1 ) .  The l i c e n c e s  a r e  unde r l a in  by 

sedimentary rocks of T e r t i a r y  age conta in ing  l i g n i t i c  coa l s  (Upper 

Bonnet Plume Formation) i n  t h e  no r th  and sedimentary rocks of Cre- 

taceous age conta in ing  bituminous coa l s  (Lower Bonnet Plume Fornation) 

i n  t h e  south.  Deta i led  i n v e s t i g a t i o n s  by Pan Ocean have been r e s t r i c -  

t ed  t o  t h e  southern  a r e a  where t h e  underlying rocks con ta in  bituminous 

coa l s .  

I n  1977 s i x  coa l  a r e a s  were mapped w i t h i n  t h e  Lower Bonnet 

Plume Formation and during follow-up reconnaissance mapping i n  1978 

t h i s  number was increased  t o  twelve c o a l  a r e a s .  Two of t h e  a r e a s  were 

d r i l l  t e s t e d  i n  1978 and e s t a b l i s h e d  a combined t o t a l  of i n d i c a t e d  and 

i n f e r r e d  " in  s i t u "  coa l  r e se rves  of approximately 96 m i l l i o n  tonnes.  

I n  1979 a programme of follow-up mapping and d r i l l i n g  e s t a b l i s h e d  

measured, i nd ica t ed  and i n f e r r e d  " in  s i t u "  c o a l  r e se rves  i n  excess  of 

380 m i l l i o n  tonnes i n  four  depos i t  a r eas .  One of t h e  a r e a s  - t h e  

I l l t y d  Creek Deposit - was s u f f i c i e n t l y  d r i l l  t e s t e d  t o  e s t a b l i s h  

6 measured r e se rves  of i n  excess  of 120 x 10 tonnes.  Specula t ive  

r e se rves  conceivably could inc rease  t h e s e  r e s e r v e s  t o  g r e a t e r  than  

1 b i l l i o n  tonnes " in  s i t u" .  

The coa l  i s  ranked as high v o l a t i l e  "C" bituminous (ASTM 

c l a s s i f i c a t i o n )  and i s  considered t o  b e  a h igh  q u a l i t y  thermal  coa l .  

It i s  suggested t h a t  t h i s  depos i t  p r e s e n t s  an a t t r a c t i v e  

a l t e r n a t i v e  t o  hydro power i n  t h e  Yukon T e r r i t o r y  and could supply 

t h e  e l e c t r i c a l  needs of t h e  Yukon a s  e a r l y  a s  1985. Not only a r e  

t h e r e  s u f f i c i e n t  resources  f o r  t he  Yukon's immediate use  bu t  t h e  

advantage of thermal c o a l  genera t ion  is  t h a t  t he  power s t a t i o n  could 

be sca l ed  up from a small  source t o  any s i z e  requi red ,  given s u f f i -  

c i e n t  coa l  r e se rves .  The r e se rves  appear t o  b e  i n  hand a t  l e a s t  t o  

support  a s t a t i o n  s i z e  of 2000 megawatts. 
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2.0 LOCATION AND ACCESS 

The Bonnet Plume Coal Basin is  loca t ed  i n  t h e  no r the rn  Yukon 

T e r r i t o r y  (Figure 2) .  It l i e s  e n t i r e l y  w i t h i n  t h e  Wind River  map-area 

(NTS-106E). The c e n t r e  of t h e  bas in  i s  loca t ed  by: 

65'30' N La t i t ude  

135'00 ' W Longitude 

The a r e a  is  approximately 210km (130 mi les )  no r th  of Mayo, 

240km (150 miles)  no r theas t  of Dawson Ci ty  and 330km (205 mi les )  

south of Inuvik ( P l a t e  I ) .  A i r  t r a n s p o r t a t i o n  i s  a v a i l a b l e  ou t  of 

most cen t r e s ;  however, s u i t a b l e  s e r v i c e  is  provided out  of Mayo and 

being t h e  nea re s t  l o c a t i o n  t o  t h e  proper ty ,  i s  t h e  c e n t r e  most o f t e n  

u t i l i z e d .  The Dempster Highway passes  130km (80 mi les )  t o  t h e  west 

of t h e  property.  A w in te r  road from E l sa  ( t h e  townsi te  f o r  Keno H i l l ) ,  

48km (30 miles)  no r th  of Mayo, e n t e r s  t h e  west s i d e  of t h e  proper ty  

along t h e  Wind River Val ley.  The d i s t a n c e  along t h i s  road from E l sa  

t o  t h e  property i s  approximately 165km (100 mi l e s ) .  This  road could 

be upgraded i n t o  a n  a l l  weather road i f  mining proceeds. 

3.0 PHYSIOGRAPHY 

The Bonnet Plume Basin is- bounded on t h e  no r th  by t h e  

Richardson Mountains, on t h e  e a s t  by the  Knorr Ranges, on t h e  south  

by t h e  Wernecke Mountains and on t h e  west by a  r a t h e r  i l l - d e f i n e d  

low h i l l y  reg ion  west of t h e  Wind River  ( P l a t e  11). The b a s i n  forms 

a  depression which i s  r e l a t i v e l y  f e a t u r e l e s s  gene ra l ly  having l o c a l  

r e l i e f  of l e s s  than  200 met res  and l y i n g  between 300 metres  above sea  

l e v e l  a t  t he  no r the rn  end and 800 metres  above s e a  l e v e l  a t  t h e  Wernecke 

Deposit  Area a t  t h e  southern end of t h e  c o a l f i e l d .  Much of t h e  a r e a  is 

low-lying marshy t e r r a i n  suppor t ing  s t u n t e d  b lack  spruce ;  some l a r c h  

and b i r c h ;  an  assortment  of mosses and g r a s s e s ;  willow and be r ry  bushes.  

The i n t e r i o r  marshy a r e a  i s  v i r t u a l l y  devoid of rock outcrops .  

Pan Ocean 
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Two r i v e r s  t r a v e r s e  t h e  proper ty  flowing from south  t o  no r th ;  

t h e  Bonnet Plume River i n  t h e  e a s t  and t h e  Wind River  i n  t h e  west.  Both 

r i v e r s  flow i n t o  t h e  Pee l  River ,  a major r i v e r ,  which flows from west t o  

e a s t  ac ros s  t he  no r the rn  margin of t h e  bas in .  Three major t r i b u t a r i e s  

feed t h e  Wind River  and a r e  from south t o  no r th ,  t h e  L i t t l e  Wind River ,  

I l l t y d  Creek and Hungry Horse Creek. These s t reams a r e  t y p i c a l l y  bra ided  

and o f t e n  form v a l l e y s  i n  excess  of 2km wide. 

Most sedimentary rocks of Cretaceous age was observed i n  out- 

crop,  occur along t h e  Wind River and i t s  t r u b u t a r i e s ,  forming low r e l i e f  

h i l l s  overlooking t h e  r i v e r .  

EXPLORATION 

4.1 His tory  

The e a r l i e s t  account of exp lo ra t ion  i n  t h e  Bonnet Plume Basin 

is provided by Edourd de S a i n v i l l e  who t r a v e l l e d  up t h e  Pee l  River  t o  

t h e  Bonnet Plume River i n  1893. During t h i s  excurs ion  he  t r ave r sed  

between the  Bonnet Plume River and t h e  Wind River  and recorded s e v e r a l  

occurrences of l i g n i t e .  The e a r l i e s t  geo log ica l  account of t h e  Bonnet 

Plume Basin is  provided by Camsell (1906) who explored t h e  Wind River  

a r e a  i n  1905. Camsell recognized t h e  sedimentary rocks and ass igned  

t h e  rocks t o  t he  Cretaceous system. 

I n  1946 MacKay (1947) v i s i t e d  t h e  known l i g n i t e  occurrences 

along t h e  Pee l  River  a s  p a r t  of a l a r g e r  programme t o  document t h e  coa l  

resources  of Canada and i n  1949 Bostock (1950) v i s i t e d  t h e  a r e a  t o  

s tudy  t h e  coa l  resources  a s  p a r t  of a programme t o  a s s e s s  t h e  minera l  

resource  p o t e n t i a l  of t h e  Yukon T e r r i t o r y .  
, 

The geology of p a r t  of t h e  Bonnet Plume Basin has been 

s tud ied  by Bostock (1961) Hume 1954, Douglas and MacLean (1963) and 

Mountjoy (1963); however, t h e  most comprehensive r e p o r t  on t h e  geology 

of t h e  Bonnet Plume Basin i s  provided by Norr i s  and Hopkins, Jr. (1977) 

from mapping c a r r i e d  out  i n  1962 augmented by v i s i t s  i n  succeeding years  

u n t i l  1975. The s t r a t i g r a p h y  and sedimentat ion of t h e  b a s i n  has  been 

s tud ied  by Mountjoy (1967) and Long (1978) wi th  pa lynologica l  support  

Pan Ocean 



provided by Rouse and S r ivas t ava  (1972) and Sweet (1978,1979). 

I n t e r e s t  i n  t h e  a r e a  f o r  economic p o t e n t i a l  comenced 

during World War I1 when C.  R. S t e l ck  mapped t h e  Bonnet Plume 

Basin f o r  Imper ia l  O i l ;  t h e  a r e a  was p a r t  of t h e  Canol P r o j e c t  t o  

i d e n t i f y  poss ib l e  sources of o i l  f o r  u se  by t h e  U.S. m i l i t a r y .  

Since then  t h e  a r e a  has  been explored by s e v e r a l  o i l  companies 

i n t e r e s t e d  i n  t h e  o i l  p o t e n t i a l ;  exp lo ra t ion  cons i s t ed  of geo log ica l  

mapping, g rav i ty  surveys and one se i smic  survey ac ros s  t h e  width of 

t h e  Bonnet Plume Basin. No w e l l s  have been d r i l l e d  i n  t h e  l i c e n c e  

a rea ;  however, one w e l l  was d r i l l e d  a long  t h e  Pee l  River  2000 metres  

e a s t  of t h e  e a s t e r n  boundary of Coal Licence #97. 

Cyprus Anvil acquired two c o a l  exp lo ra t ion  l i c e n c e s  covering 

t h e  l i g n i t e  occurrences along t h e  Pee l  River  and c a r r i e d  out  map- 

ping on t h e  l i c e n c e s  i n  1977. Aran O i l  and Gas Ltd. acqui red  t h r e e  

c o a l  exp lo ra t ion  l i c e n c e s  i n  t h e  northwestern c e n t r a l  p o r t i o n  of t h e  

Basin (C.L. No. 72, 73 and 93);  t h e s e  have s i n c e  been t r a n s f e r r e d  t o  

Pan Ocean O i l  Ltd. L ign i t e  resource  e s t ima te s  a r e  repor ted  t o  be  i n  

excess  of 1.5 b i l l i o n  tons .  

4.2 Explora t ion  by Pan Ocean O i l  Ltd. - 1977 and 1978 

4.2.1 - I n  1977 coa l  was discovered i n  t h e  Bonnet Plume Basin by 

personnel  of Pan Ocean O i l  L td ,  Sutsequent ly Pan Ocean acqui red  

21 coa l  l i c e n c e s  covering 339,144 h e c t a r e s  (838,014 a c r e s ) .  

4.2.2 - I n  1978 f u r t h e r  reconnaissance mapping e s t a b l i s h e d  12 

coa l  a r e a s  w i t h i n  t h e  Basin. Two of t h e  a r e a s  were d r i l l  t e s t e d  

and e s t a b l i s h e d  ind ica t ed  and i n f e r r e d  i n  s i t u  c o a l  resources  

of g r e a t e r  t han  96 m i l l i o n  tons .  Four diamond d r i l l  h o l e s  were 

d r i l l e d  f o r  a t o t a l  of 457 metres  (1500 f e e t ) .  I n  November 

1978 t h r e e  l i c e n c e s  he ld  by Aran O i l  and Gas were t r a n s f e r r e d  

t o  Pan Ocean O i l  Ltd. i nc reas ing  Pan Ocean's c o n t r o l  t o  24 

l i c e n c e s  encompassing 387,308 h e c t a r e s  (957,024 a c r e s ) .  

Pan Ocean 



4.3  Explora t ion  by Pan Ocean O i l  Ltd.  - 1979 

4.3.1 - In t roduc t ion :  I n  1979 a  programme of follow-up mapping, 

f u r t h e r  reconnaissance mapping and d r i l l  t e s t i n g  of f i v e  of  t h e  

c o a l  a r e a s  was c a r r i e d  ou t .  The programme commenced May 22 and 

was concluded September 20. 

4.3.2 - Mobi l iza t ion :  Mobi l iza t ion  of  equipment and s u p p l i e s  t o  

t h e  Bonnet Plume Basin was c a r r i e d  o u t  dur ing  March and A p r i l .  

E. Caron Diamond D r i l l i n g  provided a  D-6C and a  D-7E C a t e r p i l l a r  

bu l ldoze r s  f o r  mob i l i za t i on  and s i t e  p r epa ra t i on .  The bu l ldoze r s  

and two d r i l l s  were mobil ized t o  t h e  proper ty  a long  t h e  Mayo-Wind 

River  w in t e r  road. A s t r i p  on t h e  f rozen  s u r f a c e  of K i w i  Lake 

was prepared by t h e  D-7 c a t ;  a  Dash-7 a i r c r a f t ,  owned and opera ted  

by Ward A i r ,  was u t i l i z e d  f o r  mob i l i za t i on  of f u e l  and d r i l l i n g  

and camp s u p p l i e s .  Following completion of t h e  mob i l i za t i on  t h e  

D-6C c a t  was demobilized t o  Mayo. The camp was e s t a b l i s h e d  on 

t h e  shore  of Kiwi Lake a s  i n  prev ious  yea r s .  Pamicon Development 

Ltd.  of Vancouver organized and superv ised  t h e  mob i l i za t i on ,  

running of  t h e  camp and was r e spons ib l e  f o r  t h e  l o g i s t i c a l  suppor t  

f o r  t h e  e n t i r e  ope ra t i on .  

4.3.3 - D r i l l i n g :  D r i l l i n g  commenced May 27 and was completed 

September 12. Two d r i l l s  were used u n t i l  August 14 a t  which time 

one d r i l l  was demobilized because of  p r i o r  committment. The d r i l l s  

used were two super  38 d i e s e l  d r iven  skid-mounted d r i l l s ,  equiped 

t o  d r i l l  wi th  w i r e l i n e  and recover  H.Q.  and N.Q. core .  The d r i l l i n g  

c o n t r a c t  was awarded t o  E. Caron Diamond D r i l l i n g  of  Whitehorse.  

Twenty-three h o l e s  were d r i l l e d  f o r  a  t o t a l  of 4420 metres (14,500 f t ) .  

4.3.4 - On-Site Support: Support f o r  on - s i t e  t r a n s p o r t a t i o n  of 

personnel  and s u p p l i e s  and m o b i l i z a t i o n  of  d r i l l s  between s i t e s  

w a s  provided by a  Huges 500 "D'l h e l i c o p t e r  and a  B e l l  206 B 

h e l i c o p t e r .  The c o n t r a c t  f o r  t h e  supply  and ope ra t i on  of  t h e  

h e l i c o p t e r s  was awarded t o  Trans North Turbo A i r  Ltd.  of White- 

horse.  
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4.3.5 - Camp Support: Transportation of personnel and supplies 

to camp was provided by Air North operating float-equipped 

Beavers, Otters and a Husky Fairchild out of their base in Mayo. 

4.3.6 - Demobilization: Demobilization of camp equipment, supplies 

and personnel was under the supervision of Pamicon Development Ltd. 

and commenced September 15 and was completed September 20. Air North 

provided a single Otter; however, the bulk of the demobilization 

was carried out by a Twin Otter contracted from Kenn Borek Air 

Ltd. based in Inuvik. 

5.0 GEOLOGY 

5 . 1  - Introduction: This report covers the geology of the Bonnet 

Plume Basin as determined from regional mapping, airphoto inter- 

pretation and diamond drilling. 

5.2 - General: The Bonnet Plume Basin, as it exists today, is a 

structural and physiographic depression and is the culmination of 

a series of intermontane successor basins originating in the Middle 

Cretaceous and developed within a structural depression at the 

southern extremity of the Richardson Anticlinorium (Norris and 

Hopkins Jr. 19 77) . 

Surface outcrops within the Bonnet Plume Basin consist of 

recent alluvial and possible lacustrine deposits of glacial origin; 

Tertiary mudstones, sandstones and shales containing lignite beds; 

and Cretaceous conglomerates, sandstones and shales containing coal 

seams. The Cretaceous and Teritary sediments were deposited under 

varying and recurring conditions (bog to turbulent) in a continental 

fluviatile sedimentary environment. The strata unconformably over- 

lie Proterozoic to Permian strata. Local pre-Cretaceous fensters 

within the basin have been produced by faulting. 
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The straigraphy of the Bonnet Plume Basin sediments has been 

studied by Camsell (1906) , Mountj oy (196 7) , Norris and Hopkins Jr . 
(1977) and Long (1978). Mountjoy applied the term Bonnet -Plume 

Formation to this sequence of sediments; Norris and Hopkins refined 

the term into the Lower Bonnet Plume Formation and the Upper Bonnet 

Plume Fornation separated by a 35 million year hiatus. The hiatus 

is in part marked by a structural unconformity which in places causes 

deposition of the Upper Bonnet Plume Formation directly on pre- 

Cretaceous rocks. Evidence for the hiatus is provided from palynology 

investigations by Rouse and Srivastava (1972) who tentattvely applied 

an age of Middle to Late Albian for the Lower Bonnet Plume Formation 

and Maastriehtian to Paleocene for the Upper Bonnet Plume Formation. 

Recent and on-going detailed palynological investigations by Sweet 

and Long of the G.S.C. shed new light on age relations of the sedi- 

ments. Results of their work suggests, tentatively, a Campanian 

age of the coal seams in the southern half of the basin (Sweet 1979). 

Further palynological investigations are being conducted in order 

to arrive at a more detailed model of the age and correlation of the 

sedimentary rocks within the Basin. 

Investigations by Pan Ocean have been rescricted primarily 

to that area underlain by the Lower Bonnet Plume Formation in 

the southern half of the basin. 

5.3 - Upper Bonnet Plume Formation: This unit consists of uncon- 

solidated sandstones, mudstones, conglomerates and lignites of 

Late Cretaceous age, Maastrichtian, to Tertiary age, Paleocene, 

(Rouse and Srivastava, 1972) and possibly to Eocene (Sweet, 1979). 

The area underlain by the Upper Bonnet Plume Formation has not 

been studied in detail during field investigations carried out by 

Pan Ocean personnel. 
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Based on the limited observations made of this unit during 

reconnaissance mapping it is in part separated from the Lower 

Bonnet Plume Formation by a structural unconformity and in places 

is deposited directly on pre-Cretaceous age rocks. 

Lignite resources contained in the Upper Bonnet Plume Formation 

have been assessed by Norris and Hopkins (1977) to be in excess of 

1.5 x 10' tons in situ to a depth of 120 metres (400 ft.). Cyprus 

Anvil hold coal exploration licences covering this area; results of 

their investigations are unknown to the writer. 

5.4 - Lower Bonnet Plume Formation: The Lower Bonnet Plume Formation 

is composed of conglomerate, sandstone, siltstone, shale and coal 

seams and has an estimated thickness of 600-700 metres. The sedi- 

ments are generally poorly cemented, but well indurated and the 

conglomerates and coarse sandstones often form resistant bluffs 

along the Wind River and its tributaries. The shales and mudstones 

generally break down rapidly upon exposure and are rarely seen in 

out crop. 

From limited stratigraphic information three divisions within 

part of the Lower Bonnet Plume Formation can be discerned and are 

graphically illustrated on the generalized stratigraphic column 

(Figure 3). They are: 

1) a lower predominantly fine sequence consisting of 

shale, mudstone, siltstone and fine grained sand- 

stone with some interbeds of coarse sandstones and 

conglomeratic sandstones. The unit contains few 

thin coal seams which in areas investigated to-date 

do not appear to have economic significance. Green- 

ish and reddish mudstones frequently occur in this 

unit and rock types often display rusty reddish 

brown weathering. The Mt. Deslauriers conglomerate 

of Mazur (78-3) could represent a facies variation 

within this unit or more likely is in the basal 
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u n i t  below. Below t h i s  lower u n i t  i s  an  unde- 

termined th ickness  of sandstones,  conglomeratic 

sandstones and conglomerates wi th  t h i n  i n t e r v a l s  

of s h a l e  and s i l t s t o n e .  This  is considered t h e  

b a s a l  u n i t  and i s  i n  unconformable contac t  wi th  

Palaeozoic t o  Permain s t r a t a .  

2) a middle u n i t  comprised predominantly of rhythmic 

sequences of conglomerates t o  mudstones f r equen t ly  

capped by c o a l  hor izons .  It is  i n  t h i s  u n i t  t h a t  

coa l  seams have developed t h a t  a r e  t h e  focus of 

t h i s  r e p o r t .  A p e r s i s t e n t  conglomerate u n i t  90 

t o  110 metres  t h i c k  marks t h e  upper l i m i t  of t h i s  

u n i t  . 

3) an  upper u n i t  comprised predominantly of rhythmic 

sequences of sandstones t o  mudstones f r equen t ly  

capped wi th  carbonaceous t o  coa ly  s h a l e  r a r e l y  

conta in ing  t h i n  c o a l  seams. Conglomeratic sand- 

s tones  and t h i n  conglomerates a r e  developed spor- 

a d i c a l l y  a t  t h e  base of t h e  sequences. 

I n  1977 s i x  c o a l  bea r ing  a r e a s  were mapped wi th in  t h e  Lower 

Bonnet Plume Formation and dur ing  follow-up reconnaissance mapping 

i n  1978 t h i s  number was increased  t o  twelve c o a l  a r eas .  These 

showings a r e  descr ibed  previous ly  i n  Pan Ocean " ~ e p o r t  on t h e  

Geology of t h e  Bonnet Plume Basin" (McKinney 79-1) and t h e  des- 

c r i p t i o n  w i l l  no t  be repea ted ;  however, t h e  a r e a s  a r e  i nd ica t ed  

on t h e  1:50,000 geology p lans  of t h e  Basin ( P l a t e s  I11 t o  V I I I  

i n c l u s i v e ) .  Five of t h e  a r e a s  have been d r i l l  t e s t e d  and a r e  

discussed i n  t h e  fol lowing.  

6.0 ILLTYD CREEK DEPOSIT 

6.1 - The I l l t y d  Creek Deposit  i s  a n  a r e a  extending along t h e  e a s t  

s i d e  of I l l t y d  Creek f o r  a d i s t a n c e  of 5000 metres .  The a r e a  i s  

bounded on t h e  west by I l l t y d  Creek, which co inc ides  wi th  t h e  sub- 
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crop traces of the coal seams; to the south by a northeast- 

southwest striking fault; to the east by an arbitrary down- 

dip cut-off of a depth of 300 metres to the base of the No. 1 

Coal Seam Horizon and to the north by an arbitrary line 250 

metres north of the furthest north drill hole (BP-79-21) 

(Plate IX). 

The structure of the Illtyd Creek Deposit consists of a 
0 

broad syncline plunging to the east. Maximum dips of 20 

occur along the western outcrop trace and at the north end of 

the deposit. Generally flatter dips occur at depth to the 

south and east. The structure of the deposit is illustrated by 

twelve east-west cross-sections drawn at 500m intervals through- 

. out the length of the deposit and three north-south cross-sections 

across the axis of the syncline (Plates X to XI11 inclusive). 

Outcrop over the Illtyd Creek Deposit consists primarily 

of conglomerate and coarse to conglomeratic sandstones with coal 

and carbonaceous shale exposures underlying the conglomerate at 

the south end of the area. Outcrop is mainly confined to the 

banks along Illtyd Creek and Mosquito Creek and is rarely exposed 

away from the creeks. A thick conglomerate unit forms a prominent 

ridge that can be traced the length of the deposit. Outcrop of 

the conglomerate occurs almost continuously along this ridge north 

from hole BP-78-2 for approximately 2000m to a point where the 

ridge diverges away from Illtyd Creek. To the north the outcrop 

along the ridge is intermittent and to the south is nonexistent; 

however, the ridge provides an excellent starting point for in- 

vestigating the deposit. From outcrop and drill hole examination 

the conglomerate is thickly to massively bedded, moderately sorted, 

poorly cemented, well indurated and contains small to large, rounded 

to well rounded, blade, roller and semi-spherical pebbles predomin- 

antly of chert and quartzite. The matrix ranges upwards to 20% and 

consists usually of medium to coarse grained, subangular, quartz and 

chert sand. Lenses of cross-bedded sandstone occur infrequently 
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throughout t h e  u n i t .  The conglomerate i s  p e r s i s t e n t  throughout 

t h e  depos i t  and i s  90 t o  llOm t h i ck .  

Outcrops of coa l  seams along t h e  e a s t  bank of I l l t y d  Creek 

below d r i l l  h o l e  BP-78-2 a r e  preserved from e ros ion  due t o  t h e  

over ly ing  conglomerate. Two i d e n t i f i a b l e  seams occur i n  t h e  cu t  

bank along t h e  creek and a r e  i d e n t i f i e d  i n  h o l e  BP-78-2 a s  t he  No. 

1 Seam Horizon and No. 2  Seam Horizon. Coal wash i n  t h e  cu t  bank 

200m nor th  of t h e  No. 2  Seam exposure is probably t h e  s u r f a c e  

exposure of t h e  No. 3 Seam Horizon i n t e r s e c t e d  i n  h o l e  BP-78-2, 

Nineteen diamond d r i l l  ho l e s ,  f o r  a  t o t a l  of 3462 metres ,  

d r i l l e d  i n  t h e  depos i t  a r e a  e s t a b l i s h  t h e  c o n t i n u i t y  of t h r e e  

coa l  horizons and provide adequate geo log ica l  c o n t r o l  i n  o rde r  

t o  e s t a b l i s h  measured and ind ica t ed  r e se rves  (Figure 4) .  A 

l i t h o f a c i e s  fence  diagram of t h e  depos i t  g raph ica l ly  i l l u s t r a t e s  

c o r r e l a t i o n  throughout t h e  depos i t  ( P l a t e  XIV). 

On t h e  west s i d e  of I l l t y d  Creek, conglomerate, conglomeratic 

sandstone,  sandstone and few c o a l  seams outcrop.  The conglomerates 

and sandstones t y p i c a l l y  form r i d g e s  3 t o  5 metres  h igh .  The 

b a s i c  s t r u c t u r e  i s  a con t inua t ion  of t h a t  descr ibed  f o r  t h e  I l l t y d  

Creek Deposit and t h e  rocks a r e  probably b a s a l  of t h e  Lower Bonnet 

Plume Fornat ion.  The rocks a r e  probably i n  unconformable contac t  

with t h e  Palaeozoic carbonates  t o  t h e  v e s t  ( P l a t e  XXVIII). Few 

coa l  occurrences along t h e  west bank of I l l t y d  Creek suggest  t h i n  

seams w i t h i n  carbonaceous s h a l e  sequences; however, t h e  a r e a  should 

be d r i l l  t e s t e d .  

6.2 - Coal: D r i l l i n g  has e s t a b l i s h e d  t h e  c o n t i n u i t y  of t h r e e  c o a l  

horizons throughout t h e  I l l t y d  Creek Deposi t ,  Deeper seams a r e  

known from i n t e r s e c t i o n  i n  t h r e e  ho le s ;  however, c o n t i n u i t y  of t hese  

seams has been e s t a b l i s h e d  only over l i m i t e d  a r e a l  ex t en t  which 

precludes them from being used i n  r e s e r v e  c a l c u l a t i o n s  a t  t h i s  

time. A l l  coa l  seam horizons i n t e r s e c t e d  i n  d r i l l  ho l e s  were 
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sampled on t h e  b a s i s  of l i t ho logy .  Analysis  of t he  c o a l  was done 

by B i r t l e y  Coal and Minerals Tes t ing  i n  Calgary. Ana ly t i ca l  

r e s u l t s  of t h e  t e s t i n g  and c a l c u l a t e d  va lues  f o r  recomposited 

i n t e r v a l s  a r e  recorded on d r i l l  h o l e  graphic l o g  forms f o r  each 

hole .  Copies of t h e s e  have n o t  been incorpora ted  i n  t h i s  r e p o r t ;  

however, a r e  incorpora ted  i n  Pan Ocean Report 25-79. Raw c o a l  

a n a l y s i s  f o r  each seam i n t e r s e c t i o n  i s  presented  ad jacent  t o  a  

graphic  l o g  of t h e  seam on P l a t e s  XXV t o  XXVII i nc lus ive .  

6 .2.1 - No. 1 Seam Horizon: The No. 1 Seam Horizon i s  gene ra l ly  

t h i c k  and has an  average th ickness  of 6.85m. Vara t ion  i n  hor izon  

th ickness  throughout t h e  depos i t  is  depic ted  on t h e  Coal Horizon 

Isopach Plan  ( P l a t e  XV).  The No. 1 Seam Horizon i s  immediately 

o v e r l a i n  by t h e  t h i c k  conglomerate u n i t  capping t h e  middle u n i t  

descr ibed above. The contac t  i s  gene ra l ly  sharp  and t h e  roof 

condi t ions  sound. The foo twa l l  of t h e  Horizon i s  a medium dark 

gray s h a l e  which breaks down r a p i d l y  upon exposure. A t  t h e  no r th  

end of t h e  depos i t  t h e  upper p a r t  of t h e  hor izon  s h a l e s  out  thus  

causing a  s h a l e  bed t o  be found between t h e  top  of t h e  c o a l  and 

t h e  over ly ing  conglomerate. A s t r u c t u r e  contour p l a n  of t h e  

Horizon i l l u s t r a t e s  t h e  r e g u l a r  s t r u c t u r e  of t h e  depos i t  ( P l a t e  

XVI) . 

The seam conta ins  s e v e r a l  s h a l e  and carbonaceous s h a l e  

p a r t i n g s  which c o l l e c t i v e l y  r e s u l t  i n  an  average raw ash  content  

of 40%. Much of t h e  ash content  r e s u l t s  from adven t i t i ous  m a t e r i a l  

and is  r e a d i l y  separa ted  by g r a v i t y .  Proximate a n a l y s i s  of t h e  seam 

f o r  raw c o a l  and f o r  a  c l ean  coa l l  product i s  given below: 

1 Whenever c l ean  c o a l  s p e c i f i c a t i o n s  a r e  given i n  t h i s  r e p o r t  
c lean  c o a l  i s  a  r e c o n s t i t u t e d  sample of t h e  $'' x 28 mesh f r a c t i o n  
a t  -1.90 S.G. and t h e  28 mesh x 0 f r a c t i o n  on a  raw b a s i s .  
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Raw Coal Clean Coal 

Yie ld  100% 61.45% 

Moisture  6.1% 5.0 % 

Ash 40.3% 20.4 % 

V o l a t i l e s  28.5% 32.6 % 

Fixed Carbon 17.8% 41.9 % 

C a l o r i f i c  
Value N.A.  9,023 B T u ' s  

Sulphur 0.2% 0.35% 

6.2.2 - No. 2 Seam Horizon: The No. 2 Seam Horizon l ies  from 10 

t o  40m below t h e  No. 1 Seam Horizon and h a s  an average t h i cknes s  

of 3.66m. In te rvening  s t r a t a  i s  gene ra l l y  a f i n i n g  upwards 

sequence from a b a s a l  pebble conglomerate o r  coa r se  sandstone t o  

s h a l e .  Vara t ion  i n  hor izon  th i cknes s  throughout t h e  depos i t  i s  

depic ted  by t h e  No. 2 seam Horizon Isopach P l an  ( P l a t e  XVII). The 

roof of t h e  No. 2 Seam ~ o r i z o n  i s  v a r i a b l e  from conglomerate t o  

coa r se  gra ined  sandstone and is  g e n e r a l l y  sound. The con tac t  w i th  

t h e  roof rock i s  gene ra l l y  sharp.  The foo twa l l  of t h e  No. 2 Seam 

Horizon i s  s h a l e  which breaks  down r a p i d l y  upon exposure.  A 

s t r u c t u r e  contour  p l a n  of t h e  base  of t h e  No. 2 Seam Horizon 

i l l u s t r a t e s  t h e  r e g u l a r  s t r u c t u r e  of t h e  depos i t  ( P l a t e  XVIII). 

A t  t h e  south  end of t h e  depos i t  t h e  hor izon  occurs  a s  two 

seams, Seam 2A (upper) and Seam 2B ( lower) .  The lower seam s h a l e s  

o u t  r a p i d l y  n o r t h  and west of h o l e  BP-79-14 and e a s t  of ho l e  

BP-79-13; however, is  p e r s i s t e n t  beyond t h e  most sou the r ly  ho l e  

BP-79-12A. The p e r s i s t e n c e  of t h e  lower seam t o  t h e  south i s  

evidenced by t h e  occurrence of two benches i n  t h e  No. 2 Horizon 

i n  h o l e  BP-78-1 d r i l l e d  i n  t h e  Wernecke Deposit  4000 met res  t o  

t h e  south .  

The Seam con ta in s  few s h a l e  and carbonaceous s h a l e  p a r t i n g s  

which c o l l e c t i v e l y  r e s u l t  i n  an  average raw ash  conten t  of 23%. 

The average raw ash can be  reduced t o  14% by washing t h e  +28M 

f r a c t i o n  a t  1.90 s p e c i f i c  g r a v i t y .  Proximate a n a l y s i s  of t h e  

seam f o r  raw c o a l  and f o r  c leaned c o a l  i s  given below. 
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Raw Coal Clean Coal 

Yield 100% 79.8% 

Moisture 7.1% 

Ash 23.9% 

V o l a t i l e s  31.0% 

Fixed Carbon 37.6% 

C a l o r i f i c  
Value N.A. 

Sulphur 0.26% 

9,923 BTU's 

0.33% 

6.2.3 - No. 3 Seam Horizon: The No. 3 Seam Horizon l i e s  from 10 

t o  20m below t h e  No. 2 Seam Horizon and has  a n  average t h i cknes s  

of 2.40m. In t e rven ing  s t r a t a  i s  v a r i a b l e  from f i n i n g  upwards 

sequences of conglomerate t o  s h a l e  t o  predominantly s i l t s t o n e ,  

f i n e  gra ined  sandstone,  and sha l e .  Vara t ion  of  t h e  No. 3 Seam 

Horizon throughout t h e  depos i t  is  depic ted  on t h e  No. 3 Seam 

Horizon Isopach P l an  ( P l a t e  XVIX). The roof of t h e  No. 3 Seam 

Horizon is  v a r i a b l e  from s h a l e  t o  conglomerate. The s h a l e  

degrades r a p i d l y  upon exposure.  The f o o t b ~ a l l  of t h e  ho r i zon  is 

gene ra l l y  carbonaceous s h a l e  which breaks  down r a p i d l y  upon 

exposure. A s t r u c t u r e  contour  p l a n  of t h e  No. 3 Seam Horizon 

i l l u s t r a t e s  t h e  r e g u l a r  s t r u c t u r e  of t h e  depos i t  ( P l a t e  XX). 

The seam con ta in s  s e v e r a l  s h a l e  and carbonaceous s h a l e  

p a r t i n g s  which c o l l e c t i v e l y  r e s u l t  i n  an  average raw ash conten t  

of 40%. Much of t h e  ash conten t  r e s u l t s  from a d v e n t i t i o u s  m a t e r i a l  

and i s  r e a d i l y  s epa ra t ed  by g r a v i t y .  Proximate a n a l y s i s  of t h e  

seam f o r  raw c o a l  and f o r  a c l e a n  c o a l  i s  given below. 

Yield 

Moisture 

Ash 

V o l a t i l e s  

Fixed Carbon 

C a l o r i f i c  
Value 

Sulphur 

Raw Coal 

100% 

5.1% 

40.7% 

25.9% 

28.2% 

N.A. 

0.21% 

Clean Coal 

59.2% 

4.9% 

19.7% 

32.5% 

42.7% 

9,140 BTU's 

0.35% 



6.2.4 - Three h o l e s  BP-79-7, BP-79-13 and BP-79-14 were d r i l l e d  

beyond t h e  No. 3  Seam Horizon and i n t e r s e c t e d  a f o u r t h  Seam Horizon 

from 20 t o  40m below t h e  No. 3  Seam Horizon. This  ho r i zon  has  a  

t o t a l  th ickness  of from 7m t o  16m and t y p i c a l l y  con ta in s  two benches 

of  coa l  wi th  a  combined th i cknes s  of 3  t o  4m. The p a r t i n g  c o n s i s t s  

of s h a l e ,  s i l t s t o n e  and sandstone. This  c o a l  ho r i zon  has  no t  been 

included i n  t h e  c a l c u l a t e d  r e s e r v e s  of  t h e  I l l t y d  Creek Deposi t ;  

however, i t  does i n c r e a s e  t h e  p o t e n t i a l  of t h e  depos i t .  

Proximate a n a l y s i s  of t h e  hor izon  less t h e  p a r t i n g ,  f o r  t h e  

raw c o a l  and f o r  a c l e a n  c o a l  i s  given below. 

Raw Coal Clean Coal 

Yield 100% 93.9% 

Moisture  7.9% 4.2% 

Ash 13.6% 11.2% 

V o l a t i l e s  33.6% 35.6% 

Fixed Carbon 44.9% 48.5% 

C a l o r i f i c  
Value 9,721 BTu's 10,564 BTU's 

Sulphur 0.23% 0.22% 

7.0 WERNECKE DEPOSIT 
' 

7.1 - The Wernecke Deposit  a r e a  occurs  on t h e  no r th  f l a n k  of t h e  

Wernecke Mountains between I l l t y d  Creek t o  t h e  e a s t  and t h e  Wind 

River t o  t h e  west .  The a r e a  i s  bounded on t h e  south by over- 

r i d i n g  P ro t e rozo ic  age rocks along t h e  Wernecke Thrust  and t o  t h e  

n o r t h  by Cambrian rocks  juxtaposed a g a i n s t  Cretaceous rocks  a long  

a  s p l a y  of t h e  Des l au r i e r s  F a u l t .  

The b a s i c  s t r u c t u r e  of t h e  Wernecke Deposit  a r e a  i s  a  mono- 
0 

c l i n e  dipping south  a t  25 t o  35O. The depos i t  has  a  w e l l  def ined  

s t r i k e  l e n g t h  of 4500m and a  p a r t i a l l y  obscured s t r i k e  length  of  

a  f u r t h e r  2500m ( P l a t e  XXI). I n s u f f i c i e n t  ou tc rop  and/or  topo- 

g raph ic  express ion  r e s t r i c t s  f u r t h e r  p r o j e c t i o n :  however, fut .ure 
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d r i l l i n g  may extend t h e  s t r i k e  l eng th .  

Outcrop over  t h e  Wernecke Deposit  c o n s i s t s  p r imar i ly  of 

conglomerates and sandstones with r e c e s s i v e  zones r ep re sen t ing  

s i l t s t o n e s ,  s h a l e s  o r  mudstones and coa l  hor izons .  The t h i c k  

conglomerate capping t h e  middle u n i t  of t h e  Lower Bonnet Plume 

Formation, prev ious ly  descr ibed ,  is  t h e  most prominent exposure 

and de f ines  t h e  s t r i k e  length .  Coal seams occurr ing  s t r a t i -  

g raph ica l ly  below t h i s  conglomerate outcrop i n  a creek a t  t h e  

e a s t  end of t h e  depos i t .  D r i l l  ho l e  BP-78-1 was c o l l a r e d  i n  t h e  

t h i c k  conglomerate ad jacent  t o  t h e s e  showings and i n t e r s e c t e d  

two coa l  seam hor izons .  The hor izons  a r e  c o r r e l a t e d  t o  t h e  No. 

1 Seam Horizon and No, 2 Seam Horizon of t h e  I l l t y d  Creek Deposit .  

7.2 - Coal: Severa l  coa l  occurrences a r e  mapped on t h e  Wernecke 

Deposit;  t h r e e  only ,  occurr ing  i n  t he  creek mentioned above, a r e  

outcropping seams. The upper two occurrences have been i d e n t i f i e d  

a s  t h e  No. 1 and No. 2 Seam Horizons of t h e  I l l t y d  Creek Deposi t ;  

t h e  t h i r d  is  s t r a t i g r a p h i c a l l y  below the  o t h e r  two and i s  postu- 

l a t e d  t o  be  t h e  No. 3 Seam Horizon. The o t h e r  showings occur  a s  

f l o a t  brought t o  t h e  su r f ace  i n  f r o s t  b o i l s  and may i n d i c a t e  

underlying c o a l  seams. Attempts were made t o  hand t rench  t h e s e  

showings; however, overburden was too  t h i c k  and t h e  seams remain 

concealed. 

7.2.1 - No. 1 Seam Horizon: The No. 1 Seam Horizon has a th ickness  

of 8.49m; however, only t h e  upper 5.65m is considered mineable.  

The No. 1 Seam Horizon i s  i n  sharp  con tac t  wi th  t h e  over ly ing  t h i c k  

conglomerate u n i t .  The conglomerate i s  usua l ly  sound. The f l o o r  

of t he  horizon is  carbonaceous s h a l e  and breaks  down r a p i d l y  upon 

exposure. Proximate a n a l y s i s  of a c l ean  coa l  product is :  

Yield 58.2% 

Moisutre 3.9% 

Ash 12.9% 

V o l a t i l e s  36.1% 

Fixed Carbon 47.3% 
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C a l o r i f i c  
Value 10,547 BTU's 

Sulphur N .  A. 

7.2.2 - No. 2 Seam Horizon: The No. 2 Seam Horizon has  a th ickness  

of 9.51m, and occurs  30m below t h e  No. 1 Seam Horizon. In t e rven ing  

s t r a t a  i s  predominately conglomerate wi th  in t e rbeds  of sandstone.  

The roof i s  a medium grained sandstone and i s  sound. The f l o o r  of 

t h e  hor izon  i s  carbonaceous s h a l e  grading i n t o  mudstone which breaks 

down r a p i d l y  upon exposure. The horizon occurs  i n  two benches 

separa ted  by 1.69m of carbonaceous and coaly sha l e .  The two 

benches a r e  equiva len t  t o  Seams 2A and 2B i n  t h e  southern  p a r t  

of t h e  I l l t y d  Creek Deposit .  Proximate a n a l y s i s  of a c l e a n  c o a l  

product is:  

Yield 73.6% 

Moisture 5.0% 

Ash 10.3% 

V o l a t i l e s  36.0% 

Fixed Carbon 48.9% 

C a l o r i f i c  
Value 10,810 B T U ' s  

Sulphur N.A. 

7.2.3 - No. 3 Seam Horizon: D r i l l  ho l e  BP-78-1 was not  d r i l l e d  

deep enough t o  i n t e r s e c t  t h e  No. 3 Seam Horizon; however, c o a l  

outcropping i n  t h e  bank of a creek below t h e  No. 2 Seam Horizon 

d iscussed  above i n d i c a t e s  t h e  e x i s t e n c e  of t h e  horizon.  The 

width of t h e  exposure along t h e  creek sugges ts  t h e  seam t o  b e  

equiva len t  i n  t h i ckness  t o  t h e  No. 1 and No. 2 Seams; however, 

t h e  occurrence is  weathered and p a r t i a l l y  obscured and a 

measurement was not made. 
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8.0 AIRSTRIP DEPOSIT 

8 .1  - The A i r s t r i p  Deposit  a r e a  i s  l o c a t e d  west of  t h e  Wind River ,  

approximately 6km due west of t h e  Wernecke Deposit .  The depos i t  

i s  bounded t o  t h e  no r th  and e a s t  by t h e  Wind River ,  t o  t h e  south  

by t h e  p ro j ec t ed  subcrop t r a c e  of t h e  No. 3  Seam Horizon and t o  

t h e  w e s t  by a break i n  t h e  topographic  exp re s s ion  5500111 west of 

t h e  Wind River .  

The b a s i c  s t r u c t u r e  of t h e  A i r s t r i p  Deposit  i s  a  west-northwest 

eas t - southeas t  t r end ing  sync l ine  having an apparent  l e n g t h  of 5500m 

and a  width of 1500m ( P l a t e  XXII). The s y n c l i n e  appears  t o  b e  

non-plunging and observed d ips  a long t h e  Wind River  p rog re s s ive ly  
0 

s t eepen  t o  30 t o  40° a long  t h e  t r a c e  of t h e  No. 3  Seam. 

Outcrops along t h e  Wind River  c o n s i s t  of smal l  pebble  con- 

glomerates  and medium gra ined  t o  conglomerat ic  sands tones  with 

r e c e s s i v e  zones i n  which c o a l  skams occur .  The No. 1 Seam Horizon, 

No. 2 Seam Horizon and a  lower hor izon  thought t o  be  t h e  No. 3  

Horizon a l l  outcrop a long  t h e  Wind River .  D r i l l  h o l e  A-79-23 

was c o l l a r e d  i n  a  smal l  t o  medium.pebble conglomerate c o r r e l a t e d  

t o  t h e  t h i c k  conglomerate u n i t  of t h e  I l l t y d  Creek Area and was 

terminated a f t e r  i n t e r s e c t i n g  t h e  No. 1 and No. 2  Seam Horizons.  

8.2 - Coal: Three coa l  seams outcrop  along t h e  Wind River  and 

have been c o r r e l a t e d  t o  t h e  No. 1, No. 2  and No. 3  Seam Horizons 

of t h e  I l l t y d  Creek Deposit .  

8.2.1 - No. 1 Seam Horizon: The No. 1 Seam Horizon has  a th i cknes s  

of 5.5m The hor izon  i s  o v e r l a i n  by s h a l e  which breaks  down r a p i d l y  

upon exposure.  I n  t h i s  a r e a  t h e  No. 1 Seam Horizon is  sepa ra t ed  

from t h e  ove r ly ing  conglomerate by 8.34m of sha l e .  The f l o o r  of t h e  

No. 1 Seam Horizon is s h a l e .  Proximate a n a l y s i s  of  a  c l e a n  c o a l  

product is:  
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Yield  

Moisutre  

Ash 

V o l a t i l e s  

Fixed Carbon 

C a l o r i f i c  
Value 

Sulphur 

8.2.2 - No. 2 Seam Horizon: The No. 2 Seam Horizon has  a  t h i cknes s  

of  4.89m and occurs  58m below t h e  No. 1 Seam Horizon. In t e rven ing  

s t r a t a  is  in te rbedded  s h a l e  and sandstone wi th  few beds of smal l  t o  

medium pebble conglomerate. The hanging w a l l  of t h e  hor izon  i s  

s h a l e  which becomes carbonaceous a s  t h e  hor izon  i s  approached. The 

f l o o r  of t h e  hor izon  is g rada t iona l  from carbonaceous s h a l e ,  through 

s h a l e  t o  sandstone over  1.63m. Proximate a n a l y s i s  of a  c l e a n  coa l  

product is: 

Yield 

Moisture  

Ash 

V o l a t i l e s  

Fixed Carbon 

C a l o r i f i c  
Value 

Sulphur 

8.2.3 - No. 3 Seam Horizon: Hole A-79-23 was terminate1 3 b e f o r e  

i n t e r s e c t i n g  t h e  No. 3 Seam Horizon. However, a c o a l  ho r i zon  

thought t o  b e  t h e  No. 3 Seam Horizon was t r a c e d  a long  t h e  Wind 

River  f o r  a  d i s t a n c e  of 2500m. The No. 3  Seam Horizon h a s  been 

included i n  i n f e r r e d  r e se rves  f o r  t h e  A i r s t r i p  Deposi t .  
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9.0 WIND RIVER DEPOSIT 

9.1 - The Wind River Deposit  a r e a  occurs  on t h e  west bank of t h e  

Wind River approximately 27km nor th  of t h e  A i r s t r i p  Deposit  and 

5500m south of t h e  confluence wi th  I l l t y d  Creek. The depos i t  

a r e a  occurs  a s  a h i l l  wi th  a l o c a l  r e l i e f  of 180m capped by a 

granule  conglomeratic sandstone. 

The b a s i c  s t r u c t u r e  of t h e  depos i t  is  b e s t  descr ibed  a s  a 
0 

gently-dipping monocline wi th  d i p s  from 5 t o  20' t o  t h e  north-  

e a s t .  The a r e a  is  d iv ided  i n t o  two blocks;  a nor thern  block and 

a southern  b lock  separa ted  by an east-west f a u l t  a g a i n s t  which 

t h e  nor thern  block has  been d isp laced  downwards r e l a t i v e  t o  t h e  

southern block.  The Wind River Deposit a r e a  i s  de l imi ted  i n  

a r e a l  ex t en t  by t h e  i n t e r p r e t e d  subcrop t r a c e s  of c o a l  seams, 

by the  Wind River and t o  t h e  n o r t h  by a break  i n  topographic 

express ion  ( P l a t e  XXIII). Severa l  c o a l  occurrences ad j acen t  

t o  t he  no r th  of t h e  ou t l i ned  a r e a  i n d i c a t e  increased  p o t e n t i a l  

i n  t h a t  d i r e c t i o n ;  however, due t o  a l a c k  of s t r u c t u r a l  i n f o r -  

mation have been excluded from re se rves  a t  t h i s  time. 

Outcrops over t h e  Wind River Deposit  c o n s i s t  of conglomerates 

and medium grained t o  conglomeratic sandstones forming r i d g e s  up 

t h e  e a s t  s i d e  of t h e  h i l l  s epa ra t ed  by r e c e s s i v e  zones which conta in  

coa l  seam. 

9.2 - Coal: Severa l  c o a l  outcrops occur  along t h e  west bank of 

t h e  Wind River  underlying a p e r s i s t e n t  conglomeratic sandstone 

r idge .  These occurrences r ep re sen t  a t h i c k  seam gen t ly  dipping 

t o  t h e  no r theas t  and t e n t a t i v e l y  c o r r e l a t e d  t o  t h e  No. 2 Seam 

Horizon of t h e  I l l t y d  Creek Deposit .  Up t h e  h i l l  from t h e  r i v e r  

c o a l  wash was encountered underlying a medium t o  l a r g e  pebble 

conglomerate r i dge .  The conglomerate is  t e n t a t i v e l y  c o r r e l a t e d  

t o  t h e  t h i c k  conglomerate u n i t  capping t h e  middle u n i t  of t h e  

Lower Bonnet Plume Formation and t h e  wash i s  der ived  from an  

underlying t h i c k  seam c o r r e l a t e d  t o  t he  No. 1 Seam Horizon of 
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of t h e  I l l t y d  Creek Deposit .  A t h i c k  c o a l  occurrence i n  t h e  

west bank of t h e  Wind River approximately 400 metres  no r th  of 

t he  previously mentioned occurrences is  a l s o  i n t e r p r e t e d  t o  be 

t h e  No. 1 Seam Horizon. 

D r i l l  Hole W-79-1 was c o l l a r e d  on t h e  conglomerate r i d g e  

and i n t e r s e c t e d  both seam hor izons .  The h o l e  was terminated 

a f t e r  i n t e r s e c t i n g  t h e  second seam. 

Two coa l  f l o a t  occurrences a r e  mapped on t h e  west s l o p e  of 

t h e  h i l l  approximately 1700 metres  west of t h e  Wind River .  A 

coa l  outcrop i s  loca t ed  150 metres  west of t h e  Wind River  Winter 

Road west of t h e  above two occurrences.  The two f l o a t  occurrences 

a r e  probably i n d i c a t i v e  of No. 5 Seam Horizon i n t e r s e c t e d  i n  ho le  

W-79-6/6A. Hole W-79-6/6A was c o l l a r e d  1200 metres  sou theas t  of 

W-79-1 i n  t h e  granule conglomeratic sandstone capping t h e  h i l l .  

Four coa l  hor izons  were i n t e r s e c t e d  i n  t h i s  ho le ;  t h e  upper two 

hor izons  have t e n t a t i v e l y  been c o r r e l a t e d  wi th  t h e  No. 2 and No. 3 

Seam Horizons of t h e  I l l t y d  Creek Deposit  and t h e  lower two 

hor izons  a r e  termed t h e  No. 4 and No. 5 Seam Hoirzons. 

Several  c o a l  occurrences mapped along t h e  Wind River  no r th  of 

t he  No. 1 Seam occurrence a r e  probably repea ted  occurrences of t he  

No. 1 and No. 2 Seam Horizons; however, due t o  a l ack  of s t r u c t u r a l  

con t inu i ty  have been precluded from re se rve  e s t ima te s  a t  t h i s  t ime. 

9.2.1 - No. 1 Seam Horizon: The No. 1 Seam Hoirzon has a th ickness  

of 8.0m. The hor izon  i s  o v e r l a i n  by a pebble conglomerate separa ted  

by a 0.15m bed of medium t o  coarse  grained sandstone. The conglom- 

e r a t e  is  moderately sound but  e x h i b i t s  weathering throughout decrea- 

s i n g  wi th  depth.  The f l o o r  of t h e  hor izon  i s  mudstone grading t o  

sandstone over 3.5m. The mudstone breaks down r a p i d l y  upon exposure. 

Proximate a n a l y s i s  of a c l e a n  coa l  product is :  
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Yield 61.3% 

Moisture 4.4% 

Ash 18.8% 

V o l a t i l e s  31.0% 

Fixed Carbon 45.6% 

C a l o r i f i c  
Value 9,743 BTU1s 

Sulphur 0.53% 

9.2.2 - No. 2 Seam Horizon: The N o .  2  Seam Horizon has a  th ickness  

of 4.53m i n  h o l e  W-79-1 and 5.28m i n  ho le  W-79-6/6A. The hor izon  

i s  i n  sharp con tac t  wi th  a  sound conglomeratic sandstone t o  con- 

glomerate hanging w a l l .  The f l o o r  of t h e  hor izon  i s  carbonaceous 

s h a l e  t o  s h a l e  which breaks down r a p i d l y  upon exposure. Proximate 

a n a l y s i s  of a  c l ean  coa l  product is: 

Yield 73.82% 

Moisture 4.67% 

Ash 10.87% 

V o l a t i l e s  34.13% 

Fixed Carbon 50.34% 

C a l o r i f i c  
Value 10,461 BTU1s 

Sulphur 0.41% 

9.2.3 - No. 3 Seam Horizon: The No. 3  Seam Horizon has  a  t h i ckness  

of 2.60m, however, only 2.41m i s  considered mineable. The hanging 

w a l l  is g rada t iona l  from sandstone,  through carbonaceous s h a l e  t o  

coa l .  The f l o o r  is g rada t iona l  from carbonaceous s h a l e ,  through 

s h a l e  t o  sandstone over  an  i n t e r v a l  of 1.0m. Proximate a n a l y s i s  

of a  c l ean  c o a l  product is: 

Yield 89.6% 

Moisture 3.2% 

Ash 13.1% 

V o l a t i l e s  33.3% 

Fixed Carbon 50.4% 

C a l o r i f i c  
Value 10,568 BTU'S 

Sulphur 0.51% 



9.2.4 - No. 4 Seam Horizon: The No. 4 Seam Horizon has  a t h i cknes s  

of  1.39m. The hanging w a l l  i s  carbonaceous s h a l e  and s h a l e  and 

breaks  down r a p i d l y  upon exposure.  The f l o o r  i s  a s h a l e  grading 

downwards i n t o  sandstone over  an  i n t e r v a l  of 4.0m. Proximate 

a n a l y s i s  of a c l ean  c o a l  product  is: 

Yield 79.4% 

Moisture  2.9% 

Ash 12.4% 

V o l a t i l e s  33.0% 

Fixed Carbon 51.7% 

C a l o r i f i c  
Value 10,630 BTU'S 

Sulphur 0.48% 

9.2.5 - No. 5 Seam Horizon: The No. 5 Seam Horizon has  a th i cknes s  

of  9.75m; however, on ly  t h e  upper 8.84m i s  considered mineable.  The 

hanging w a l l  i s  Bhale and breaks  down r a p i d l y  upon exposure.  The 

f l o o r  is  a sound f ine-grained sandstone.  Proximate a n a l y s i s  of a 

c l e a n  c o a l  product  i s :  

Yie ld  76.30% 

Moisture 3.90% 

Ash 8.70% 

V o l a t i l e s  33.60% 

Fixed Carbon 53.60% 

C a l o r i f i c  
Value 11,012 BTU'S 

Sulphur 0.50% 

10.0 EAST WIND RIVER AREA 

10.1 - The Eas t  Wind River  Area i s  l o c a t e d  on t h e  e a s t  s i d e  of  t h e  

Wind River  oppos i t e  t h e  Wind River  Deposi t .  The a r e a  i s  bounded 

by t h e  Wind River t o  t h e  w e s t ,  I l l t y d  Creek t o  t h e  n o r t h  and e a s t  

and by Cambrian carbonates  t o  t h e  south.  The a r e a  i s  d iv ided  i n t o  

two p a r t s ,  s epa ra t ed  by an unnamed west - flowing creek which could 

r ep re sen t  t h e  s u r f a c e  express ion  of a f a u l t .  South of t h e  c reek  

is  c o a l  a r e a  9 and no r th  is  c o a l  a r e a  10 ( P l a t e  XXIV). 
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10.2 - The rocks mapped i n  c o a l  a r e a  9 a r e  t y p i c a l  Lower Bonnet 

Plume Formation l i t h o l o g i e s  c o n s i s t i n g  of conglomerates, sand- 

s tones ,  s h a l e s  and carbonaceous and coaly sha l e .  A t h i c k  coa r se  

pebble conglomerate outcrops along a  north-flowing creek along 

the  no r th  edge of t h e  depos i t .  S t r a t i g r a p h i c a l l y  below t h i s  

conglomerate a r e  discont inuous r i d g e s  of conglomeratic sand- 

s tone  and sandstone; occass iona l  outcrops of s h a l e  and carbon- 

aceous and coa ly  s h a l e  a r e  l o c a l l y  preserved ad jacent  t o  sand- 

s tone  outcrops.  No s i g n i f i c a n t  c o a l  outcrops have been found; 

however, a  c l i n k e r  occurrence near  t h e  base of t h e  s e c t i o n  was 

found . 

The s t r u c t u r e  of t h e  depos i t  a r e a  is a monocline wi th  

enclosed s t r a t a  dipping t o  t h e  no r theas t  a t  5  - 15'. The 

na tu re  of t he  contac t  of t h e  Lower Bonnet Plume Formation with 

t h e  underlying carbonates  i s  t h i s  a r e a  i s  not  c l e a r ;  s p a r s e  

evidence e x i s t s  t o  support  e i t h e r  an  unconformable con tac t  o r  

a  f a u l t  con tac t .  

Two h o l e s  (W-79-2 and W-79-4) f o r  a  t o t a l  of 258 metres  

were d r i l l e d  t o  t e s t  t h i s  depos i t .  A carbonaceous t o  coa ly  

s h a l e  hor izon  was i n t e r s e c t e d  and is  t h e  source of t h e  c l i n k e r .  

No economic s i g n i f i c a n c e  i s  a t t ached  t o  t h i s  i n t e r s e c t i o n .  

10.3 - The rocks mapped i n  c o a l  a r e a  10 c o n s i s t  of conglomerate, 

sandstone, s h a l e ,  carbonaceous s h a l e  and c o a l  and a r e  considered 

t y p i c a l  of Lower Bonnet Plume Formation l i t h o l o g i e s .  Abundant 

c o a l  wash and f l o a t  found i n  two g u l l i e s  was t r aced  t o  t h e  sur-  

f a c e  exposure of a  s i g n i f i c a n t  coa l  horizon.  

Two d r i l l  ho l e s  (W-79-3 and W-79-5) f o r  a  t o t a l  of 205 

metres  were d r i l l e d  t o  t e s t  t h i s  horizon.  The hor izon  i s  4.58 

metres  t h i c k  i n  ho le  W-79-5 and conta ins  s e v e r a l  p a r t i n g s  of 

s h a l e  and carbonaceous sha l e .  A proximate a n a l y s i s  of t h e  

horizon f o r  a  c l ean  c o a l  is  given below: 
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Yield 54.7% 

Moisture 3.0% 

Ash 15.4% 

V o l a t i l e s  35.8% 

Fixed Carbon 45.9% 

C a l o r i f i c  
Value 10,426 B T U ' s  

Sulphur 0.69% 

The same hor izon  i n t e r s e c t e d  i n  h o l e  W-79-3 cons i s t ed  of 

carbonaceous and coaly s h a l e  and i s  of no economic importance. 

The a r e a l  ex t en t  of t h e  hor izon  could be l o c a l  and i s  t h e r e f o r e  

precluded from re se rve  e s t ima te s  a t  t h i s  time. 

The s t r u c t u r e  of t h e  a r e a  i s  an  a n t i c l i n e  wi th  the  a x i s  

t rending  northwest.  Cambrian l imestone was i n t e r s e c t e d  i n  

both ho le s  approximately 20 metres  below t h e  coa l  hor izon;  

t he  contac t  appeared t o  b e  a  f a u l t  con tac t .  

11.0 COAL RESERVES 

11.1 - Coal r e se rves  i n  t h e  Bonnet Plume Basin were r epo r t ed  

i n  a  previous r e p o r t  of November, 1979 (Pan Ocean Report No. 

25-79) and w i l l  be  d iscussed  only b r i e f l y .  

11.2 - Reserves have been determined f o r  four  coa l  depos i t  

a r e a s  to-date.  They a r e :  

I l l t y d  Creek Deposit  

Wernecke Deposit  

A i r s t r i p  Deposit  

Wind River  Deposit 

The four  a r e a s  a r e  l oca t ed  on P l a t e  I1 a t  t h e  back of t h i s  r e p o r t .  
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I n  one of t h e  a r e a s  - I l l t y d  Creek Deposit - d r i l l i n g  has 

e s t ab l i shed  more than s u f f i c i e n t  measured r e se rves  t o  suppor t  a 

mine-mouth development f o r  30 years .  I n  s i t u  measured r e se rves  

i n  t h i s  depos i t  a r e  i n  excess  of 121 m i l l i o n  tonnes.  

A "break-down of i n  s i t u  r e se rves  by a r e a  and by ca tegory  

is  shown i n  Table I. Measured, i nd ica t ed  and in fe r r ed1  i n  s i t u  

r e se rves  have been e s t a b l i s h e d  i n  excess  of 380 m i l l i o n  tonnes.  

11.3 - Sa leab le  tonnes of c o a l  were ca l cu la t ed  f o r  only t h e  

I l l t y d  Creek Deposit ,  assuming: 

Case a)  a product der ived  from s t r i p  mining t o  a 

maximum cut-off r a t i o  of 10:l  (Cubic metres  

of waste t o  tonnes of c o a l ) .  

Case b)  a product der ived  from underground mining 

t o  a depth of 300 metres  below t h e  su r f ace .  

For Case a )  approximately 37.7 m i l l i o n  tonnes of measured s a l e a b l e  

coa l  have been ca l cu la t ed  (Table 11) .  This  c o a l  has  t h e  fol lowing 

s p e c i f i c a t i o n s :  

Moisture 5.1% 

Ash 17.0% 

V o l a t i l e  Content 33.6% 

Fixed Carbon 44.2% 

S p e c i f i c  Energy 9,500 B T U ' S / ~ ~  

Sulphur 40.5% 

Ash Fusion Temp. ,2400' F 

1 The terms measured, i nd ica t ed  and Tnferred a r e  terms t o  denote 
t h e  p red i s ion  of e s t ima te s  and a r e  def ined  i n  "1976 Assessment 
of ~ a n a d a ' s  Coal Resources and Reserves1' Report EP 77-5 pub- 
l i s h e d  by t h e  Department of Energy, Mines and Resources. 
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TABLE I 

PAN OCEAh' OIL LTD. 

BONNET PLUHE PROJECT 

SUMMARY 'FABLE OF I N  SITU GCOLOGIrAL RESERVES 

( m i l l i o n s )  THICKNESS YIELD ( X )  RESIDUAL 
MOISTURE 

-----.I ___ 
lc lq  x 2 N I  ( 1  - I  .')I) 5 . y .  

\AVERAGE COAL SPECIFICATIONS FOR COPIPOSITC OF 
il , ZK I AVCRACE AVERAGE 

RESERVE AREA TOTAL COAL TOTAL AREA 
(ha) ASH 

% 

I N  SITU 
TONNES 

MEASURED 

I l l t y d  D e p o s i t  (Block  B) 
I I I I I I 

INDICATED 

l l l t y d  D e p o s i t  (Block  B) 
L'crnecke D e p o s i t  (Block  A) 
A i r s t r i p  D e p o s i t  (Block  C) 
lJind River D e p o s i t  (Block  D) 

5 . 1  T o t a l  Measured 

T o t a l  I n d i c a t e d  

T o t a l  Eleasured 6 I n d i c a t e d  

I I I I I I 

12 .55  
1 5 . 1 6  
10.39 
25.26 

68.24 

INFERRED 

Wernecke D e p o s i t  (Block  A) 
A i r s t r i p  D e p o s l t  (Block  C) 
Ulnd River D e p o s i t  (Block  D) 

I I 
T o t a l  Eleasured,  I n d i c a t e d  

121  

I I I I 

1 66 .22  

178 
20 3 
495 
104 

17.80 
2.64 

12.64 

T o t a l  I n f e r r e d  

2 9 
40 
6 6 
3 4 

180 
825 
186 

9 2 

& I n f e r r e d  I 

1-1 1.1 67.89 
I I I I 

381 ] 68.15 1 4 . 8  



Table I1 
PAN OCEAN O I L  LTD. 

I0NNF.T PLIMT. PROJECT 

ILLTYD CREEK DEPOSIT (ULOCK B )  

SUtiUARY OPEN P I T  - MINEABLE RESERVE DATA - TO A CUT-OFF WASTE TO COAL TO BASE OF S E W  3 OP l o t 1  

AVCRASE TOTAL AREA I N - S I T U  4 RESERVES TO I O : I  Cur-OFF 
Ill  iCKNt.SS (a2) HINEABLE ASll 

( m )  TONIIES I 

I 



For Case b) approximately 35.3 million tonnes of measured saleable 

coal have been calculated (Table 111). This coal has the following 

specifications: 

Moisture 5.2% 

Ash 15.4% 

Volatile Content 34.0% 

Fixed Carbon 45.1% 

Specific Energy 9,704 B~~'s/lb 

Sulphur 0.5% 

Ash Fusion Temp. 2400' F 

Tonnages and specifications will be further refined upon completion 

of mining study designed to determine the most efficient and prac- 

ticable method(s) of mining. 

11.4 - Several other areas of Lower Bonnet Plume Formation con- 
taining known coal seams have been located in the basin and 

contain speculative reserves of considerable potential. Although 

no determination has been made for speculative reserves the total 

in situ reserves for the basin could be increased to greater than 

1 billion tonnes. 

NOTE: Average specifications of the coal as presented in the tables 
are for reconstituted samples of the k'' x 28 mesh fraction at 
-1.90 Specific Gravity and the 28 mesh x 0 fraction on a raw 
basis. 
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