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ABSTRACT 

Dur ing   the  summer of 1 9 7 6 ,  Utah Mines Ltd .   conducted   addi t iona l  
f i e l d   s t u d i e s   o v e r  t he  w e s t  half   Carbon  Creek  Coal  Licences 
l o c a t e d   i n   n o r t h e a s t e r n   B r i t i s h  Columbia. 

The o b j e c t i v s ~ s o f   t h i s   y e a r ' s   p r o g r a m  were: 

1) To complete a number o f   a d i t s  t o  obta in   unoxid ized   bu lk  
samples for coal q u a l i t y   a n a l y s e s ,   w a s h i b i l i t y  and  carboni- 
z a t i o n  tests. 

2 )  To s imula te   ac tua l   underground  mining   condi t ions  by u t i l i -  
zing  underground  mining  equipment t o  compl-ete t h e   a d i t s .  

3 )  To d e f i n e  by r o t a r y   d r i l l i n g ,   w i t h   c o n c u r r e n t   o n - p r o p e r t y  
s a m p l e   a n a l y s i s ,   t h e  depth of o x i d a t i o n   i n   t h o s e  seams 
d e s i g n a t e d   o p e n   p i t t a b l e   r e s e r v e s .  

4 )  T o  d e f i n e   b y   e x p l o r a t o r y   d i a m o n d   d r i l l i n g   a d d i t i o n a l  areas 
f o r   p o t e n t i a l   c o a l  reserves. 

5) To c o n s t r u c t   a n  access road  t o  t h e  coal l i c e n c e s .  Access 
t o  date has been by boat. o r  helicopter. To f ac i l i t a t e  t h e  

a n t i c i p a t e d   l e n g t h y   a n d   l a r g e  program a s i x t y  man t r a i l e r  
camp w a s  p u r c h a s e d   a n d   c o n s t r u c t e d   o n   l o c a t i o n   i n   e a r l y  

June. 

Mobi l i za t ion   o f   t he  t r a i l e r  camp by barge  across W i l l i s t o n  
Reservoir  began June 4th. By J u l y  l s t ,  t h e  camp c o n s t r u c t i o n  
was comple t ed   and   t he   ro t a ry   and   d i amond   d r i l l s  were opera- 
t i v e  * 
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I 

Mobi l i za t ion  o f  a d i t  eq:uipment  began i n  m i d  J u l y   a n d   a d i t  

work was i n i t i a t e d  on c o a l  seam 1 5   s h o r t l y   t h e r e a f t e r .  

To f ac i l i t a t e  movement of equipment  on  the  property  twenty-one 
( 2 1 )  miles of a d d i t i o n a l   r o a d  were cons t ruc t ed   and   s eve ra l  

miles were upgraded for  t r a n s p o r t a t i o n  of the  mining  equipment 

f rom  one   ad i t  t o  the  next . .  

By October 1 9 ,  1976 ,   162   ro t a ry   d r i l l ho le s   and   n ine t een  (19 )  

diamond d r i l l h o l e s   t o t a l l i n g   2 0 , 6 8 8   f e e t   a n d   1 1 , 2 2 5   f e e t  
respect ively  had  been  completed.  S i x  ( 6 )  a d i t s   f o r  a cumula- 
t ive  l e n g t h  of 1 , 6 8 9  feet  were completed. 

E x p l o r a t o r y   d r i l l h o l e s  76-72 t o  76-EO conf i rmed   con t inu i ty  of 
B e d s  52, 51A, 51, 4 7 ,  4 6 ,  40  and  31  south of Ten Mile Creek.  

T i l l  t h i c k n e s s ,  coal seam d a t a  for  beds 40  and   31   and   f au l t  
d e l i n e a t i o n  were d e f i n e d  by d r i l l h o l e s  76-82, E3 and 84  on 
l i c e n c e  number  3493 n e a r   t h e  w e s t  c e n t r a l  area of the   p rope r ty .  
D r i l l h o l e s  76-67, 68, 85, 86 and 87 were completed  north  and 
south  of   Seven Mile Creek t o  test  for B e d s  15  and 14. 

A d i t s  w e r e  driven using  mechanized  underground  mining  equipment 
on seams 15, 31  and 51-51A and  hand   dr iven   ad i t s  were completed 
on Beds 40, 52 and 1 4 .  

Company pe r sonne l   and   consu l t an t s  were a c t i v e l y   e n g a g e d   t h i s  
s e a s o n   c o l l e c t i n g   d a t a   n e c e s s a r y  t o  p repa re  a S tage  One r e p o r t  
r e q u i r e d  by the  Environmental   and Land Use Committee i n  Victoria. 
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A l l  d r i l l h o l e s   c o m p l e t e d  this season were l o g g e d   f o r   n a t u r a l  

gamma and  bulk  densi ty .   Both  logs  could be taken  s imultane-  

o u s l y  by a new combinat ion  tool   and  associated  equipment  

pu rchased   t h i s   yea r   fo r   t he   p rog ram.  

A coal sample   p repara t ion   and   assay  lab trailer were custom 
b u i l t   t h i s   s p r i n g   a n d   i n s t a l l e d  on t h e   p r o p e r t y  t o  provide  
for  a n a l y s i s   o f   c o a l   s a m p l e s   f r o m   t h e   d r i l l i n g   a n d   a d i t   p r o -  
grams. 

PROPERTY LOCATION & ACCESS - 
Licence  numbers  3445 t o  3505 i n c l u s i v e   t o t a l l i n g   3 8 , 0 4 7 . 7 8  

- .acres  “or 59.45  square miles and   ten  (10) a l i e n a t e d   c o a l  leases, 
numbers 319 t o  328,  comprise  the  Carbon  Creek  property.  

The l i c e n c e s  are l o c a t e d   i n   n o r t h e a s t e r n   B r i t i s h  Columbia 

about   twenty ( 2 0 )  miles west of t h e  W.A.C. Bennet t  Dam and 
approximately  twenty-f ive  (25)  miles n o r t h  of t h e  John Har t  
Highway which  connects  Prince  George  and Dawson Creek .  Geo- 
g r a p h i c a l   c o - o r d i n a t e s   f o r   t h e  center of t h e   p r o p e r t y   a r e  
55O55‘N Lat i tude   and  122°40‘W Longitude. 

The  Carbon C r e e k  embayment o f   Wi l l i s ton   Rese rvo i r   ex t ends  
f i v e   ( 5 )  miles southward   f rom  the   main   par t  of t h e  lake pro- 
v i d i n g  access t o  the   nor thern   end   of   the   p roper ty .   Adeq.ua te  
water depth  between  Dunlevy  Landing (a docking s i te  1 0  miles 
w e s t  of t h e  W.A.C. Bennet t  Dam)  and  Carbon  Creek  permits 
l a r g e   b o a t   a n d   b a r g e   a c c e s s   t o   t h e  area. Access v i a   c h a r t e r e d  
f loa t  p l a n e   o r   h e l i c o p t e r  is ava i l ab le   f rom MacKenzie, 

F t .S t .   John   o r  Chetwynd. 
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FIGURE I 

UTAH MINES LTD. 

CARBON CREEK COAL DEVELOPMENT 

LOCATION MAP 

SCALE IN MILES 



FlGUR t 2 
UTAH MINES LTD. 
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REGIONAL MAP 
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ECOLOGICAL STUDIES 

Ecological su rveys  were con t inued   du r ing   t he  1976 f i e l d  
season  a t  Carbon Creek. A b iophys ica l   p rogram  of   aqua t ic  
b io logy ,   hydro logy   no i se ,   vege ta t ion ,   su r f i c i a l .   geo logy ,  
water q u a l i t y   a n d  w i l d l i f e  s t u d i e s  were comple ted   th i s   season  
A d d i t i o n a l   o f f - p r o p e r t y   s t u d y   c a t e g o r i e s  were compxeted 
w h i c h ,   t o g e t h e r   w i t h   t h e   a b o v e ,   p r o v i d e d   i n p u t   f o r   U t a h ’ s  
S tage  One report. 

A w e a t h e r   s t a t i o n  for  mon i to r ing   t empera tu re ,   p re s su re ,   r a in -  
f a l l  and  wind  direct ion,   complete   with a s t r i p   c h a r t   r e c o r d e r  
was r e - i n s t a l l e d  on t h e   p r o p e r t y   i n   t h e   s p r i n g .  The  equipment 
w i l l  remain  working  on  the  property  during  the  coming  winter .  

I RECLAMATION 

Utah  Mines  Ltd.  continued t o  o b s e r v e   t h e   B r i t i s h  Columbia 
F o r e s t   S e r v i c e   r e g u l a t i o n s   a n d   g u i d e l i n e s   w i t h  respect t o  
f o r e s t   a n d   s u r f a c e   d i s t x r b a n c e   d u r i n g   r o a d   c o n s t r u c t i o n .  
Measures were taken to minimize  surface  dis turbance.   Exces-  
s i v e  road grades  were a v o i d e d ,   c u l v e r t s   u t i l i z e d   a n d  a l l  
timber f e l l e d  for road   cons t ruc t ion ,   i nc lud ing   l ean ing  trees,  
which were s lashed  and  bucked.   Debris  w a s  bu r i ed   benea th  
road   grade   wherever   poss ib le .  Cross d i t c h e s  or “e ros ion  
bars“ t o  c o n t r o l   e r o s i o n   b y  water were p repa red  on excessive 
road   g rades   be fo re   l eav ing   t he   p rope r ty  a t  t h e  close o f   t h e  
f i e l d   s e a s o n .  A l l  p rocedures  met t h e   a p p r o v a l  of t h e   B r i t i s h  
Columbia F o r e s t   S e r v i c e .  
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Y 

Pr io r  t o  the   conc lus ion  o f  t he   1975   exp lo ra t ion   s eason ,   road  

s h o u l d e r s ,   d r i l l  s i tes and  campsites  of a l l  p r i o r  f i e l d  pro- 
grams  on t h e   p r o p e r t y  were seeded   wi th  a mixture  of grasses 
approved   by   the   Br i t i sh  Columbia F o r e s t  Service.  This  program 
was c o n t i n u e d   i n  1976 wi th   the   d i . spersa1   of   seed   over  miles 
of road. A s eed   mix tu re  similar t o  1975 was u t i l i z e d   a n d  
c o n s i s t e d  of: 

Creeping Red Fescue 40% 

Als ike   Clover  40% 

Timothy 2 0 %  

Dra inage   d i t ches  were b u i l t  a t  a l l  a d i t   l o c a t i o n s  to  channel  
runoff  water a r o u n d   t h e   a d i t   p a d   i n t o  a catchment  basin  below 
t h e  si te.  Berms  were cons t ruc ted   a round the  pe r iphe ry   o f   t he  
pad t o  p reven t   runof f  of coal i n t o   t h e   s u r r o u n d i n g   a r e a .  

Trees removed dur ing  pad p r e p a r a t i o n  were s a v e d   a n d   u t i l i z e d  
for  mine timbers. Upon complet ion,   the  area was graded  over  
w i t h  "cats" and  seeded  with  the  above  mixture .  

- 5 -  





PREVIOUS WORK 

Four  (4)  f i e l d  programs, 1971 t o  1973  and  1975 saw completion 
of the fo l lowing  work on the p rope r ty :  

TABLE 1 
SUMMARY O F  EXPLORATION 

1971 t o  1975 

19 71 9 6,752 2,300 19  93  

1972 1 4  9,296 2,600 1 4  130 

1973 17 7,488 2,100 5  95 

1975 36 24,946 3,500 24 296 

D r i l l h o l e   c o r r e l a t i o n  of t h e   s t r a t i g r a p h y   s u g g e s t e d   3 , 4 0 0  fee t  
of Lower Cre taceous  Coal bear ing  Gething  Formation  underlays 
t h e  property. A t o t a l  in -p lace  coal r e s e r v e  estimate f o r  seams 

58#  55, 54,  52 ,  5 1 A ,  51,  47, 4 6 ,  .40,  31,  29-28,  27-26, 1 5  and 
1 4  was c a l c u l a t e d   o u t  t o  132 ,841 ,000  shor t   tons .  

Minimum coal th i cknesses   u sed  for  s t r ip  and  underground reserves 
were 2.0 f e e t  and  3.0 feet  r e s p e c t i v e l y .  A maximum strip 
r a t io  o f  15 to 1 was u t i l i z e d .   U s i n g   t h e s e   p a r a m e t e r s  recov- 
erable reserves of   73 ,720 ,000   shor t   tons  were estimated. 
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1976  FIELD SEASON 

LOGISTICS 

All equipment   for   the   p rogram was m o b i l i z e d   t o  a docking s i te  
o n   t h e   n o r t h  shore o f   W i l l i s t o n   L a k e ,   t e n  (10) miles w e s t  o f  
t h e  W.A.C. Bennet t  Dam. Over-water   t ransportat ion  of   equip-  

ment t o  Carbon  Creek was f a c i l i t a t e d  by   tug   and   barge   ren ted  

on a per t r i p  basis from Findlay  Navigation  Ltd.  of McKenzie, 
B r i t i s h  Columbia. 

A s i x t y  man t r a i l e r  camp comple t e   w i th   f i r s t - a id   and   r ec rea -  
t i o n a l  fac i l i t i es  was cons t ruc t ed   du r ing   June  on a s i t e  j u s t  
n o r t h  of the  confluence  of   the   Carbon  and  Seven Mile Creeks. 
The camp w i l l  be winter ized  and  remain  on  locat ion  through 
the  coming win ter .  

Three ( 3 )  mobile t r a i l e r s  were b r o u g h t   i n  as a c u s h i o n   a g a i n s t  
extra  pe r sonne l   and   t h ree  ( 3 )  frame t e n t s  were e r e c t e d   f o r  
storage and  shop  space.  

A 75 kw d i e s e l  powered  generator   provided camp power  and a 
diesel supply  pump in   combina t ion  w i t h  a 5 ,000  g a l l o n  storage 

tank  was set up f o r   t h e  camp water supply.  Two lagoons were 
b u i l t   f o r  waste water d i scha rge   f rom  the  camp. 

A small t ank  farm w a s  set  up a t  t h e   o l d  cmp loca t ion   nea rby  
for s t o r a g e  of d i e s e l   f u e l   a n d   g a s o l i n e .  A l l  t a n k s  were set  
on sk ids   and  l e f t  on t h e   p r o p e r t y   t h i s   w i n t e r   w i t h   w h a t e v e r  
fue l   remained   a f te r   p rogram  comple t ion .  
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F i f t e e n  (151 pickups  and  one (11 suburban were b r o u g h t   i n  by 

Utah  and the v a r i o u s   c o n t r a c t o r s   f o r   o n - s i t e   t r a n s p o r t a t i o n .  
Utah  Mines  supplied two ( 2 )  t r a c k e d   v e h i c l e s  for u s e  o n  impas- 

sable roads :   one   for  access t o  t h e  diamond d r i l l i n g   a n d   o n e  
f o r   m o b i l i t y  of t h e  down-hole   geophysical   logging  uni t .  A 

t h i r d  was s u p p l i e d  by t h e   a d i t   c o n t r a c t o r .   Q u a t s i n o   W a t e r  
Car tage  w a s  c o n t r a c t e d  t o  supp ly   ove r -wa te r   t r anspor t a t ion .  

Utah  Mines  Ltd., Peter and  Paul  Demeulemeester L t d . ,  Longyear 
Ltd.   and  Quats ino Water Car t age   supp l i ed   r ad ios  for communi- 
ca t ion   pu rposes  t o  t h e   " o u t s i d e "  world. These were i n s t a l l e d  
i n   t h e  camp, i n  some of the  v e h i c l e s   a n d   i n   t h e   b o a t .   I n  
a d d i t i o n ,   m o b i l e   r a d i o s  were i n s t a l l e d   i n  some of t h e  s i t e  
v e h i c l e s   a n d   t h e  camp t h i s   y e a r  t o  p rov ide  on t h e  job commu- 
n i c a t i o n .  

ROAD B U I L D I N G  

A l l  access r o a d s   t o   d r i l l s i t e s   a n d   a d i t s  were b u i l t  by Peter 
and  Paul  Demeulemeester Ltd. of Chetwynd, B r i t i s h  Columbia. 
5.5 miles of  diamond drill access   roads ,   13 .5  miles of r o t a r y  
drill access roads and 2.3 miles of a d i t  access   roads  were 

b u i l t   t h i s   y e a r   b r i n g i n g   t h e   t o t a l  mileage on t h e  property up 
t o   8 3  miles. 

A D-7 and D-6 b u l l d o z e r   b u i l t   m o s t  of the   roads   and  two ( 2 )  
D-8's were u s e d   f o r  a d i t  prepara t ion   and  movement of heavy 
equipment. 
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The l a c k  of good  weather   dur ing   the   peak   cons t ruc t ion   per iod ,  
July  and  August ,   hampered  operat ions  severely.  Access to  
t h e   a d i t  o r  d r i l l   r i g s  was o f t e n   n o t   p o s s i b l e  by t ruck .  

Bombardiers  and "cats", or walking,   provided slow a c c e s s  
d u r i n g   t h e s e   p e r i o d s .  

A l l  r o a d s   a n d   b r i d g e s   b u i l t   d u r i n g  pr ior  y e a r s  were i n  good 
c o n d i t i o n  a t  i n i t i a t i o n  of t h e  program. They d e t e r i o r a t e d  
d u r i n g   t h e   r a i n ,   e s p e c i a l l y  so when t r a f f i c  was heavy. The 
b r i d g e  across Carbon  Creek  remained i n   p o s i t i o n   o v e r  l a s t  
win te r   and  was u s e d   a g a i n   t h i s  season wi thout   any   necessary  
r e p a i r  work. 

N o r t h s t a r   F a b r i c a t i n g   L t d .  (Norm Sawchuck) of Chetwynd was 
c o n t r a c t e d  t o  s lash   and   buck  trees f e l l e d   f o r   a d i t   p r e p a r a -  
t i o n  and road bui lding.   Four  t o  t e n  men were employed, 
depending  on  the  work  load.   Seeding of r o a d   s h o u l d e r s ,   d r i l l  
pads  and a d i t  s i tes  was completed  by t h i s  crew. 

I 

DRILLING 

Canadian  Longyear L t d .  w a s  c o n t r a c t e d  for t h e  w i r e l i n e  diamond 
core d r i l l i n g .   N i n e t e e n  (19 )  H Q  (2%" c o r e )   d r i l l h o l e s   t o t a l -  
l i n g  1 1 , 2 2 5  feet  were c o m p l e t e d   t h i s   y e a r .   D r i l l h o l e s  were 
located t o  tes t  for  a d d i t i o n a l   c o a l   r e s e r v e s   s o u t h   o f  Ten 
Mile Creek,  check for  f a u l t  offsets  a n d   p r o v i d e   a d d i t i o n a l  
in format ion   on  Bed 40 i n  the w e s t  c e n t r a l  area of t h e   p r o p e r t y  
and  Beds 15 and 1 4  i n   t h e   S e v e n  Mile Creek  v i c i n i t y .  

Garr i ty   and  Baker  L t d .  were c o n t r a c t e d  for t h e   r o t a r y   d r i l -  

l i n g .  Two ( 2 )  Mayhew 1000 Nodwell  mounted d r i l l  rigs 
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completed  20,688 feet  o r  1 6 2  t e s t  holes dur ing   the   season .  

The  equipment was set up t o  d r i l l   w i t h  either down h o l e  ham- 

mer, c o n v e n t i o n a l   r o t a r y   d r i l l i n g  or s t a n d a r d  core d r i l l i n g .  

The r i g s  were checking fo r  coal c o n t i n u i t y ,  seam t h i c k n e s s ,  
o x i d a t i o n  of coal b y   a n a l y s i s  of t h e  sample, s t r u c t u r e ,  aerial 
e x t e n t   a n d   l o c a t i o n  of t h e   s u b c r o p   p o i n t  on t h o s e  seams 
s e l e c t e d  for  a d i t  work. 

ADIT  WORK 

S i x  ( 6 )  underg round   en t r i e s  were e s t a b l i s h e d  on t h e  Carbon 
Creek   p rope r ty   du r ing   t he  1976 f i e l d  program. The purpose 
o f   t h e s e  w a s  twofold: t o  ob ta in   unox id ized   bu lk   s amples   fo r  
coal q u a l i t y   a n a l y s i s   a n d   w a s h a b j l i t y   t e s t i n g   a n d   t o   s i m u l a t e  
ac tua l   unde rg round   min ing   s i t ua t ions .   Se l ec t ion  of t h e  seams 
f o r   t h i s   t e s t i n g  was based  on  the coal q u a l i t y   a s   d e t e r m i n e d  
by  diamond drill core to  date and  by the   quan t i ty   o f   mineab le  
coal e s t i m a t e d  t o  b e   p r e s e n t  i n  t h e  seam. 

Track  mounted  rotary drills were used t o  d e f i n e   t h e   p o i n t   o f  
s e a m  ou tcrop   th rough the  ove rburden   cove r   i n   a r eas  of s u f f i -  
c i e n t   s l o p e  t o  provide   adequate  cover f o r   t h e   a d i t .   F a c e  
p r e p a r a t i o n   a n d   c o n s t r u c t i o n  of coa l   s to rage   pads  w e r e  completed 
us ing  Caterpillar D-8 doze r s .   Three   ad i t s  (15, 31, 51) were 
d r i v e n   u s i n g  a Joy 6CM cont inuous   miner   in   conjunct ion   wi th  
a Joy 1OSC-26 s h u t t l e  car. A 750 k i l o w a t t   g e n e r a t o r   d r i v e n  
by a Caterpi l lar  D-349 engine  provided e lectr ical  power for  

t h e   c o n t i n u o u s   m i n e r ,   s h u t t l e   c a r ,   v e n t i l a t i o n   f a n   a n d  a i r  
compressor.  Because  of  machinery  breakdown ad i t s  1 4 ,  40 and 
52 were hand  dr iven.  
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Post and  cap sets o f   n a t u r a l   t i m h e r  were u s e d   i n   t h e   p o r t a l  

c o n s t r u c t i o n   o f   t h e  8x18 f o o t   a d i t s   a n d  for  approx ima te ly   t he  

first 1 0 0  feet  of e n t r y .  Six (61 f o o t   r o o f   b o l t s  on a f o u r  

( 4 )  f o o t  by f o u r  ( 4 )  f o o t   p a t t e r n   w i t h  two (2) f o o t ,   g r e e n  
timber slabs as ha l f  headers  were used as r o o f   s u p p o r t   f o r  

the   remainder  of t h e   a d i t   l e n g t h .  

A one  and a ha l f   t on   and  a ha l f   ton   bu lk   sample  were o b t a i n e d  
from each ad i t .  

Channel  samples  taken a t  two (2) meter in t e rva l s   f rom  bo th  
ribs p r o v i d e d   c u r r e n t   q u a l i t a t i v e   i n f o r m a t i o n .   S i x  ( 6 1  a d i t s  
w i t h  a cumula t ive   l eng th  of 1 , 6 8 9  fee t  were completed  during 
the   1976   f i e ld   s eason .  A cross-cut a n d   a n   i n t e r s e c t i o n  were 
completed  and a s e c t i o n  of roof  was l e f t  u n b o l t e d   i n  one P 

I a d i t  for  p i l l a r   d e s i g n   d a t a   a n d   f o r  roof s t a b i l i t y   d a t a .  

GENERAL GEOLOGY 

STRATIGRAPHY 

The p r o p e r t y  is  l o c a t e d   w i t h i n   t h e   f o o t h i l l s   b e l t  of t h e  Rocky 

Moun ta ins .   Th i s   be l t ,   cha rac t e r i zed   by  a series of s y n c l i n e s ,  
a n t i c l i n e s   a n d  major west d i p p i n g   t h r u s t   f a u l t s ,  i s  u n d e r l a i n  
predominantly  by  Mesozoic  rocks.   The  high  northwesterly 
t r e n d i n g   r i d g e s   a n d   s t e e p - s i d e d   v a l l e y s  are g e n e r a l l y   p a r a l l e l  
w i t h   t h e   s t r i k e  o f . t h e  underlying  formations.  

The fo rma t ions   i n   a scend ing   o rde r ,  as de f ined  by the  Geologi-  
cal  Survey  of   Canada,   and  present   in  t he  Carbon Creek  v i c i n i t y  
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TABLE 0 F FORMATIONS 
CARBON CREEK COAL BASIN 

GROUP I FORMATION 

erosiona I surface 

Gething 

Bu l l head  

Group 
Cadomin 

erosional  unconformity 

1 beds 
transit ional 

Minnes 

Group Monach 

Beattie Peaks 

I Monteith 

Fernie 

THICKNESS 

0- 1350' 

3500' 2 

600'2 

1000' - 1500' 

300'- 430' 

750'- 1200' 

1000' 

1 

L I T H O L O G Y  

Alluvium 
Terraced  drift 
Glacial t i l l  

Fine  to  coarse  groined  sandstones 
siltstone,  coal  corbonoceous  shale 
and conglomerate. 

Sondstone  ,coarse  groined  to 
massive  conglomerate  with quartz 
and  chert  pebbles. 

Sandstone,  fine  groined  brown 
laminated  cross  bedded 
coo I . 

Sondstone,well sorted,fine  groined. 

Shales,  shaley  sondstone 
and  sondstone. 

Sondstone,  fine to coorse 
grained,  quartzose. 

Chiefly  shale,  sandy  near 
the top. 



r 

U 

a r e :  Upper Ju ras s i c   Fe rn ie   Fo rma t ion ,  Lower: Cretaceous Mon- 

te i th , 'Beat t ie  Peaks, Monack,  Cadomin and  Gething  Formation. 

The Gething  Formation i s  the o n l y   u n i t   i n   t h e  Peace River  
Canyon area c o n t a i n i n g   c o a l  of commerc ia l   i n t e re s t .   Th i s  
u n i t   u n d e r l i e s  most of t h e   s u r f i c i a l  area of the Carbon  Creek 
coal l i c e n c e s .  The other format ions  are exposed  on the 
m a r g i n s   a n d   a d j a c e n t   t o   t h e   l i c e n c e s .  

Conglomera tes ,   sands tones ,   s i l t s tones ,   muds tones ,  shales and 
coal are r e p r e s e n t a t i v e   r o c k   t y p e s   f o r   t h e   J u r a s s i c   a n d  C r e -  

t a c e o u s   u n i t s  named above. 

The non-marine  Gething  Formation  coal  measures are mainly 
a l l u v i a l - d e l t a i c  i n  o r i g i n   a n d  were depos i ted   on   an   e longate  
embayment i n t o  a b o r e a l  sea of   Ear ly   Cre taceous  time. 

The s t ra ta  c o n s i s t s   o f   a n   a l t e r n a t i n g   s e q u e n c e  of sands tone ,  

s i l t s tone ,   muds tone ,   coa l   and  a few l e n t i c u l a r   b e d s  of con- 
glomerate .  

Sandstones i n  t h e  formation  occur  i n  u n i t s  of less than  one 

i n c h   t h i c k  up t o  n i n e t y  ( 9 0 )  f e e t .  They are f i n e  t o  medium 
g ra ined ,   qua r t zose ,   occas iona l ly   ca rbonaceous ,  medium t o  
dark grey   and   lamina ted  o r  massive.   Cross  bedding i s  common 
on a medium scale. Convoluted  beddings,  burrows  and  graded 
bedding is common. Ripple marks are v i s i b l e  on  exposed 
s a n d s t o n e   s l a b s   a n d   f o s s i l i z e d   l o g   i m p r e s s i o n s  are occasion-  
a l l y   e v i d e n t   i n   s a n d s t o n e   e x p o s u r e s .  
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Carbonaceous   sha les ,   muds tones   and   s i l t s tones  are t y p i c a l   o f  
t h e   f i n e r   g r a i n e d   s e d i m e n t a r y   r o c k s .   S h a l e   u n i t s  are from 
one   inch  t o  several t e n s   o f  feet  th ick   and  are commonly asso- 
ciated w i t h  coal seams. They are blocky to  rubbly  and show 
l i t t l e  lamina t ion .  The bedded   s i l t s tones ,   o f t en   showing  
graded  bedding are commonly i n t e r b e d d e d   w i t h   t h e   s h a l e s .  
Colour   ranges from l i g h t   g r e y   s i l t s t o n e  t o  greyish-black 
carbonaceous  shale .  

Conglomerates from several inches  t o  seven ( 7 )  f e e t   o c c u r  

w i t h i n   t h e   s a n d y   s e c t i o n s   o f   t h e   f o r m a t i o n .   G r a i n   s i z e  is 
g r a n u l e  t o  pebble s i z e   c o n s i s t i n g  of qua r t z   and   b l ack   che r t  
cemented i n  a s i l i c e o u s   c l a y e y   m a t r i x .  The rounded t o  sub- 
rounded  gra ins  are modera t e ly   so r t ed .  

P l a n t  material i s  abundan t   w i th in   t he   fo rma t ion   and  i s  espe- 
c i a l l y   a b u n d a n t   i n   t h e   s h a l e s .  

The coals i n   t h e  Carbon  Creek  basin are banded,  moderately 
hard ,  medium t o  b r i g h t l y   l u s t r o u s ,   b r i t t l e   a n d   c o n s i s t i n g  of 
v i t r a i n   b a n d s   a l t e r n a t i n g  w i t h  a t t r i t u s  and  minor  amounts of 
f u s a i n .  Cleat, wi thout   secondary   minera l iza t ion ,  is common 
i n  most seams a l though marcasite minera l iza t ion   and   carbon-  
ates are sometimes present on cleat faces or as d i s semina t ions  
a n d   v e i n l e t s .  

The seams c a n   e x h i b i t   p a r t i n g s  of boney coal, carbonaceous 
s h a l e  or c a r b o n a c e o u s   s i l t s t o n e .   O c c a s i o n a l l y ,   f i n e   g r a i n e d ,  
carbonaceous   sands tone   and   ra re ly ,   b recc ia ted   muds tone   and  
s i l t s t o n e   o c c u r  as p a r t i n g s .  
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STRUCTURE 

W 

The Carbon  Creek  basin i s  an   i n t e rven ing   no r th - sou th   t r end ing  
sync l ine   l y ing   be tween  t w o  m a j o r   a n t i c l i n a l   b e 1 . t ~ .  The 
e m b r a c i n g   e a s t e r n   a n t i c l i n a l   b e l t  i s  a f a u l t e d   c o n t i n u a t i o n  
of a s o u t h e r l y   a n t i c l i n e .  The w e s t e r n   a n t i c l i n a l   b e l t  con- 
sists of several en-eche lon   fo lds   ex tending   f rom  the   southwes t  
corner of t h e   p r o p e r t y ,   n o r t h e r l y   a l o n g  t h e  west edge   o f   t he  
l i c e n c e s .   W i t h i n   t h e   n o r t h e r n   p a r t   o f   t h e   1 . i c e n c e   g r o u p   t h e  
sync l ine   p lunges   gen t ly   sou theas tward .   In   gene ra l ,   t he  coal 
measures   encountered are r e l a t i v e l y   f l a t   l y i n g   r a n g i n g   f r o m  
O o  t o  20'. I n   t h e   c e n t r a l  area of t h e   l i c e n c e   b l o c k   t h e  
b a s i n  i s  compl ica ted  by a h igh   ang le   wes tward   d ipp ing   t h rus t  
f a u l t   t r e n d i n g  NIOOW. There are a number of less severe 
paral le l  h i g h   a n g l e   f a u l t s  t o  t h e  west of t h i s   t h r u s t .  The 
s o u t h e a s t w a r d   e x t e n t  of t h e s e   f a u l t s  is p r e s e n t l y  unknown. 
I t  is  a n t i c i p a t e d   t h a t   t h e i r  traces p a r a l l e l   t h e   t r e n d   o f  
t h e  major fo ld  a x i s   o f   t h e  Carbon  Creek  syncl ine  and  are  
o b s c u r e d   b y   t i g h t   f o l d i n g   i n   t h e   s o u t h e a s t w a r d   p a r t   o f   t h e  
area. 

A t i g h t l y  folded z o n e   i n   t h e  coal measures is seen   f rom  the  
conf luence  of t h e   n o r t h   a n d   s o u t h   f o r k s  of Eleven Mile Creek 
eas tward   towards   Carbon  Creek .   Severa l   en-eche lon   fo lds  
have   been   r ecogn ized   i n   t h i s  area, b u t  t o  t h e   n o r t h   a n d   s o u t h  
a t h i c k   v e n e e r  of g lac ia l  d r i f t  masks t h e s e   f o l d e d   s t r u c t u r e s .  
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OBJECTIVES 1976 PROGRAM 

T h i s   y e a r ' s  program had   t he   fo l lowing  objectives: 

1) To locate, by  diamond d r i l l i n g ,   a d d i t i o n a l   c o a l  reserves 
i n   t h e   f o l l o w i n g   a r e a s :  

i) To tes t  fo r  Beds 52 t o  3 1   i n c l u s i v e   s o u t h  of Ten Mile 

Creek  and  north  of   the   North  Fork  Eleven Mile Creek .  

ii) To test €or Bed 40 n e a r  the headwaters of Nine Mile 

Creek. 

iii) To test  f o r  Beds 52 t o  31 i n  t he  v i c i n i t y  of d r i l l h o l e s  
75-46 and 75-64. 

i v )  To tes t  for Beds  15  and 1 4  i n  the Seven Mile Creek   v ic i -  

n i t y .  

2) To complete a number of a d i t s  t o  ob ta in   unox id ized   bu lk  
samples for coa l   qua l i t y   ana lyses ,   washab i l i t y   and   ca rbon i -  

z a t i o n  tests. 

3 )  To simulate actual  underground  mining  condi t ions  by u t i l i z i n g  
underground  mining  equipment t o  c o m p l e t e   t h e   a d i t s .  

4 )  To d e f i n e   b y   r o t a r y   d r i l l i n g ,   w i t h   c o n c u r r e n t   o n - p r o p e r t y  
s a m p l e   a n a l y s i s   t h e   d e p t h   o f   o x i d a t i o n   i n   t h o s e  seams 
d e s i g n a t e d  as s t r i p p a b l e   r e s e r v e s .  

5)  To c o n s t r u c t   a n  access r o a d   i n t o   t h e   p r o p e r t y .  To d a t e  

access has   been by h e l i c o p t e r  or boat. 
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Completion of c a t e g o r i e s  two to  f o u r  w o u l d   p r o v i d e   d a t a   f o r  

f e a s i b i l i t y   s t u d i e s  t o  d e t e r m i n e   t h e   e c o n o m i c   v i a b i l i t y  of 
the p rope r ty .  

RESULTS EXPLORATION DIAMOND D R I L L I N G  

South  of Ten Mile Creek,  North of North  Fork,  Eleven Mile Creek  

The n i n e  (9)  tes t  h o l e s   c o m p l e t e d   i n   t h e  area t h i s   s e a s o n  
conf i rmed   t he   geo log ica l   s t ruc tu re   suspec ted   f rom t h e  1971  
and  1972  programs. 

Bed numbers  52, 51Ar 51, 47 ,  46 ,  40 and 3 1  were i n t e r s e c t e d  
i n   t h i s  area 's  d r i l l h o l e s .  

F o u r   p a r a l l e l   n o r t h - s o u t h   f a u l t s   d i s s e c t   t h i s   a r e a   o f   t h e  

p rope r ty .  Throw can be as much as 500 feet  o n   t h e   c e n t r a l  

two f a u l t s .  

Nomencla ture   ( reverse   versus   normai )   o f   the   fau l t s  is n o t  

known a t  t h i s  time due t o  t h e   u n c e r t a i n t y  of t h e   f a u l t   p l a n e  
a t t i t u d e s .  The w e s t  block, however, i s  down i n  r e l a t i o n  to 
t h e  east block. 

Steeper t h a n   a n t i c i p a t e d  east d i p p i n g   b e d r o c k   a t t i t u d e s  were 
d r i l l   i n d i c a t e d  and  mapped  on  road  cut   exposures   this   year .  
Th i s  w i l l  r e s u l t  i n  a s h i f t   e a s t w a r d s  of t h o s e  coal bed sub- 
c r o p   l i n e s  west of t h e   w e s t e r l y   f a u l t .   T h i s  effect  w i l l  
r e d u c e   a n t i c i p a t e d   r e s e r v e  area for  these  seams.  
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1.I 
H i l l  40,  South  of  Seven Mile and  North  of Ten Mile Creeks ,  

Licence Nos. 3484 and  3493 

Two tes t  h o l e s  were planned t o  i n t e r s e c t  Bed 40  d r i l l e d   i n  
1975 i n   d r i l l h o l e s  6 1  and  70. T e s t  h o l e s  76-82 and 84 d i d  
no t   r each   bed rock   and   encoun te red   e igh ty   (80 )   f ee t   and   168  
feet.of g lac ia l  till r e s p e c t i v e l y .  A t h i r d   h o l e ,  76-83, 
1.ocated  2,300 fee t  southwest  of 75-61  spudded i n t o   t h e  sec- 
t i o n   5 5   f e e t   b e l o w  Bed (10. 

Rota ry   ho le  76-71 was spudded 1 , 0 0 0  f e e t  east of 76-83  towards 
75-61. Bed 40 was loca ted   175 .6  feet  below  the collar. The 
seam is spl i t  as i n  Hole 75-61. Two beds,  4.6 f e e t  and 4 . 0  
feet ,  are s e p a r a t e d  by a 22 .1   foo t   s tone   pa r t ing .  

There w i l l  be a s i g n i f i c a n t  coal r e s e r v e  loss f o r  Bed 40  i n  
t h i s  area west o f   t h e   f a u l t ,   d u e  t o  excessive g lac ia l  till 

cover .  However, t h e r e  w i l l  be p o t e n t i a l   f o r  Beds 52 and  51 
reserves. These seams, no t   p rev ious ly   encoun te red  i n  t h i s  
area, were d r i l l e d   i n   r o t a r y   h o l e s  76-53  and 76-65. 

To d e f i n e  more p r e c i s e l y   t h e  till cover  it w i l l  be   necessary 
t o  conduct a seismic survey similar t o  the 1975 program. 

Rotary  holes  76-53, 76-65 and 76-84 have   proven   the   ex is tence  
of n o r t h - s o u t h   f a u l t i n g   i n   t h i s  area. Pre l iminary  work i n d i -  
cates 175 feet  of   th row  on   the   fau l t .   Bedrock   d ip  a t  1 7  
degrees  west o f   t he   f au l t   and   12   deg rees  east  of the f a u l t .  
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H i l l  58 Eas t ,  South of Nine  and  North  of Ten Mile Creek  

Coal Lease Nos. 323 t o  326 I n c l u s i v e  

Two a d d i t i o n a l  test h o l e s ,  76-71 and 76-81 were comple ted   in  
t h e   v i c i n i t y   o f  75-46 and 75-64 t o  test  f o r   c o a l   t h i c k n e s s a n d  
q u a l i t y   a n d   p r o v i d e   d a t a  for  s t r u c t u r e  i n t e r p r e t a t i o n  of t h e  

f a u l t   i m m e d i a t e l y  west o f   t hese   ho le s .  

Seven Mile Creek  Vicini ty   and H i l l  31 

D r i l l h o l e s  76-85, 76-68 and 76-67 were d r i l l e d   n o r t h   o f   S e v e n  
Mile Creek. Beds 1 5  (4 .2  feet)  and 14 (7.8/8.5 fee t )  were 
i n t e r s e c t e d  a t  1 , 0 3 8 . 6   f e e t . a n d  1 , 1 6 0 . 7  fee t  r e s p e c t i v e l y   i n  

76-85. 76-67 and   76 -68 ,   p rev ious ly   d r i l l ed   t o  436 feet  and 
539 feet  i n  1975 were deepened to  check for  Beds 15  and 1 4 .  

76-68 c o u l d   n o t  be completed  because of d r i l l i ng   p rob lems   and  
76-67 was completed t o  1 , 6 6 6  f e e t .  Beds 15 (4 .7 /5 .7   fee t )  
and 1 4  (2.5/3.7 feet)  were i n t e r s e c t e d  a t  1,483.3 feet  and 
1 ,651 .1   f ee t   . be low  the  co l la r  r e s p e c t i v e l y .  

Two h o l e s  were d r i l l e d   s o u t h  of Seven Mile Creek.  76-86 was 
n o t  completed due t o  e x c e s s i v e  till cover  and drill problems. 
A 4 .0  foot  coal i n t e r s e c t i o n   i n  76-87 a t  818.0 f e e t  below 
t h e  collar i s  l i k e l y  Bed 15. 

ROTARY DRILLING 

The r o t a r y   d r i l l i n g   p r o g r a m   t o g e t h e r   w i t h   c u r r e n t  coal c h i p  
sample   ana lys i s  w a s  d e s i g n e d   t o  test  p r i m a r i l y  for  the   dep th  
o f   ox ida t ion ,  o r  locate the   approx ima te   pos i t i on   o f   t he  

boundary   d iv id ing   t he   ox id i zed   f rom  the   non-ox id ized   coa l ,   i n  

t h o s e  seams s p e c u l a t e d  as open-p i t t ab le .  

W 
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A series of test h o l e s   w o u l d   b e   d r i l l e d   a t   c l o s e l y   s p a c e d  

i n t e r v a l s  (less than  200 f e e t )   a l o n g  a roadcut   perpendicular  
t o  t h e   c o a l  seam (or s e r i e s  of c o a l s   f o r   c l o s e l y   s p a c e d  
seams),  subcrop.  Roadcu.ts were t o  be roughly 1 , 0 0 0  f e e t  
a p a r t .  The program  would: 

1) de te rmine   c lose ly   where   t a rge t  seams cropped  below  the 
till o r   s o i l   l e v e l ,  and 

2) with  sample  analysis   indicate   the  boundary  between  oxidized 
and  non-oxidized  coal .  

A c e r t a i n  amount of f i l l - i n   d r i l l i n g ,   t o g e t h e r  w i t h  the  above 
would   p rovide   da ta   for   c lose   approximat ion  of t h e  a c t u a l  

t onnage   o f   me ta l lu rg ica l   g rade   (ox id i zed   coa l  and s o i l   t h i c k -  
n e s s   t a k e n   i n t o   a c c o u n t )   i n   t h o s e  seams  deemed open-p i t t ab le .  

Not a l l   t he   p roposed   t e s t   ho le s   were   comple t ed   because :  

1) topography   d id   no t   pe rmi t   road   cons t ruc t ion   i n  all t h e  
in t ended  drill areas , ,  

2 )  a c e r t a i n  amount o f   f i l l - i n   d r i l l i n g  was necessary ,  

3)  it was n e c e s s a r y   t o   t e s t   f o r   s o i l   t h i c k n e s s ,  seam t h i c k n e s s  
a n d   p r e c i s e   s u b c r o p   l o c a t i o n  of t h e  seam below t h e   s o i l  
cove r   be fo re   p repa ra t ion  by b u l l d o z e r   a t   t h e   a n t i c i p a t e d  
l o c a t i o n s   f o r   a d i t   p a d s  1 4 ,  15, 31, 40 ,  51  and 52 ,  and 

4 )  t h e   p e n e t r a t i o n   r a t e  was slower than  expected.  
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F I G U R E  6 

STEREO  PLOT  OF  POLES TO ROOF FRACTURES 

FACE  AND  BUTT  CLEAT  FRACTURES FOR 

A D I T S  14.15. 31,40.51 AND 52 

L E G E N D  

Poles t o  f rac ture   p lanes  In roof of adits 

Poles l o  f a c e   c l e o t   f r a c t u r e s  I n  cool  seams 

A Poles to bull c l e o t   f r a c t u r e s  in cool  seams 



A D I T  GEOLOGY 

GENE=' 

A p p a r e n t   d i p   a t t i t u '  des,  s t r i k e   a n  d d i p  were recorded f o r   r o o f  

and seam a t  t h e  ad i t  p o r t a l s .  Once i n t o   t h e   d r i f t   t h e   l a c k  
of good  bedding  planes  and t h e  g e n e r a l l y   f l a t   b e d d i n g   d i d  

n o t  permit accu ra t e   a t t i t ude   r eco rds   by   Brun ton   compass .  

The s i x  seams were dry ,   a l though water dripped  from  the  back 
i n  a l l  ad i t s ,  e spec ia l lq r   nea r   t he  portal  or w i t h i n   t h e   o x i -  
dized  zone. N o  evidence  of  methane was d e t e c t e d   i n   a n y  of 
t h e  s ix  adits. 

Roof f r a c t u r e s  were g e n e r a l l y   t i g h t   a n d   n o n e   e n t e r e d  t h e  seam 
a t  the  back,   though cleat  a t t i t u d e s  do approximate  roof   f rac-  
t u r e   a t t i t u d e s  (See F igure  5 ) .  Near v e r t i c a l  roof f r a c t u r e s  
were more  numerous i n  ad i t s  15, 31  and 51, w i th  bedded s i l t s t o n e  
and  mudstone  roofrock. 

F r a c t u r e s  on  bedding  planes were e v i d e n t   w i t h i n   t h e   o x i d i z e d  
zone,  beyond t h i s  though, bedding w a s  t i g h t  and the rock 

b r o k e   c o n c h o i d a l l y   b u t   g e n e r a l l y   p a r a l l e l  t o  t h e  approximate 

bedding .   Frac tures  were two ( 2 )  t o  t h r e e  ( 3 )  feet  a p a r t  i n  
a d i t  51 and   more   wide ly   spaced   in  ad i t s  15 and 31. 

F r a c t u r e s  were n o t   e v i d e n t   i n   t h e  more competent  non-bedded 

sands tone  roofs of a d i t s  14 and 40.  

Bedding was c l e a r l y   e v i d e n t   i n   t h e   m u d s t o n e   r o o f  of seam 52 
a t  t h e  portal: beyond t h e   p o r t a l   n e i t h e r   f r a c t u r e s   n o r   b e d d i n g  
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were appa ren t  i n  the   genera l ly   mass ive 'muds tone  u n i t  above 

Bed 52 . .  Given time wi th   exposure  t o  a i r  bedd ing   f r ac tu res  
w i l l  appea r   a s   ev idenced  a t  t h e   p o r t a l   a n d  i n  diamond d r i l l .  
c o r e   l e f t   e x p o s e d  t o  t h e   a i r .  

No f a u l t s  were i n t e r s e c t e d   i n  any  of t h e   s i x   a d i t s .  Bedding 
p l a n e  movement  was no t   ev iden t   i n   t he   roo f rock ,   t hough   minor  
s l i c k e n s i d i n g  was ev idenced   wi th in   each   of  t h e  seams. Some 
f r a c t u r e s   a t   a n g l e s  t o  the  bedding  and cleat  s u r f a c e s  were 
also e v i d e n t   w i t h i n   t h e  seams. 

Face   and   bu t t  cleat w a s  developed  in  each  seam,  but  not 

a lways   t h rough   t he   en t i r e  seam th i ckness .  

I n   t h e  s ix  a d i t s  it was n o t   e v i d e n t   t h a t   t h e   r o o f   f r a c t u r e s  
were a l i g n i n g   w i t h   t h e   c o a l   c l e a t   o r   t r a n s e c t i n g   a n d   c o n t i n u -  
i n g   i n t o   t h e  seam. However, a s t e r e o - n e t   p l o t   o f   p o l . e s   t o  
f r a c t u r e s ,   F i g u r e  5 ,  r e v e a l s  a f r a c t u r e  se t ,  roughly 123/83NE, 
on the   roo f   o f   t he   ad i t s   wh ich   approx ima tes   t he   a t t i t udes  
f o r   t h e   c o a l ' s   b u t t   c l e a t .  

A second set. 0 2 3 - 0 3 3 / f v t   a p p r o x i m a t e s   t h e   a t t i t u d e   f o r  t h e  

f a c e  cleat .  This  second s e t  lies a t  r i g h t   a n g l e s  t o  t h e  
t r e n d ,  335O of  the  Carbon Creek sync l ine .  

F igu re  5 d o e s   n o t   c l a s s i f y  t h e  p o l e s   a c c o r d i n g   t o   a d i t   l o c a -  
t i o n   b u t   p r e p a r a t i o n   o f   t h e   p l o t   i n d i c a t e d  cleat and  roof 
f r a c t u r e   a t t i t u d e s   a r e   n o t   d e p e n d e n t  upon a d i t   l o c a t i o n .  
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A D I T  14 

W 

V e r t i c a l   f r a c t u r e s  i n  t he   s ands tone   roo f   (d iv ides  t h e  t h i n  
u p p e r   s p l i t  from t h e   t h i c k e r   l o w e r   s p l i t )   a r e   e v i d e n t   a t   t h e  
p o r t a l .  A t  twenty-eight   (28)  meters from t h e  p o r t a l ,   f r a c -  
t u r e s   a r e   n o   l o n g e r   e v i d e n t   i n   t h e   r o o f  which has  a non-bedded 
conchoidal   appearance.  No  mud s p l i t s  were e v i d e n t   w i t h i n  
t h e  lower s p l i t .  The seam was dry  though  dr ippers  were 
e v i d e n t   i n   t h e   r o o f .  

On a bear ing   of   230°   the   ad i t   d imens ions   averaged  8.5 f e e t  
by  18 f e e t   r i s i n g  a t  a s lope   o f  2 1 / 2 O .  Coal  seam  thickness 
was c o n s t a n t  a t  92 i nches .  

ADIT 15 

Two ( 2 )  f r a c t u r e   d i r e c t i o n s ,  100-105/90°N to  f v t  and  177/f-vtr 
are e v i d e n t   i n   t h e   r o o f  of t h e   a d i t   t h r o u g h o u t  i t s  l eng th .  

The l a t t e r  set is second  generat ion  and  does cross c u t  t h e  

east-west set. 

Up t o  three (3)  inches  of  gouge i s  sometimes  evident  on  the 
e a s t - w e s t   f r a c t u r e  set. N e i t h e r   f r a c t u r e   s y s t e m   e n t e r s  t h e  

seam a t  t h e   r o o f   b u t   a l i g n s   s l i g h t l y  t o  t h e  coal cleat .  

Co l l apse  o r  movement i n   t h e   r o o f   a f t e r   c o a l   e x t r a c t i o n  was 
d i s c e r n i b l e   n e a r   f r a c t u r e   i n t e r s e c t i o n ;   t h e   f o o t w a l l  on t h e  
east-west showed  movement  towards t h e   a d i t   o p e n i n g .  

The caprock is a slabby  mudstone  and  si l ty  mudstone. Very 
h a r d   e l l i p t i c a l   s i l t s t o n e   l . e n s e s ,  up t o   t w e l v e  ( 1 2 )  i nches  

W 
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Butt   c leot  105 / 70 N - weak developed 
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Sondstone,  non-beded 
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V e r t l c o l   S c o l e  - I "  = 15' 

P H Y S I C A L   C H A R A C T E R I S T I C S  
N o v  / 1976 

C O A L  SEAM 14 F I G U R E  No - 7 
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P H Y S I C A L   C H A R A C T E R I S T I C S  

C O A L   S E A M  15 

( 2 2  M E T E R S  FROM T H E  P O R T A L  OF A D I T  15 )  



t h i c k   a n d   f o u r  ( 4 )  meters i n   l e n g t h ,   s e v e n t e e n  ( 1 7 )  inches  
t o  twenty (20 )  i nches  below t h e  roof of t h e  seam were e v i d e n t  
t h r o u g h o u t   t h e   a d i t s   l e n g t h .  The coal seam was dry  aZthqugh 
d r i p p e r s  were e v i d e n t   i n   t h e  roof. 

ADIT 31 

N o  roof rock was e v i d e n t  on Seam 31 a f te r  f a c e  up a t  t h e  por- 
t a l .  Glacial till covered   the  seam and  cont inued   for  a l e n g t h  
of f o r t y  ( 4 0 )  feet  i n t o   t h e  adit .  A t  f o r t y  ( 4 0 )  f e e t  from 
t h e  portal  l a r g e   r o t a t e d   b l o c k s   ( g l a c i a l l y   d i s t u r b e d )   o f  
coal were e v i d e n t   w i t h i n   t h e   u p p e r  split. The b locks  were 
enveloped  by s i x  ( 6 )  t o  e i g h t  ( 8 )  i n c h e s   o f   s o f t   f i n e   g r a y  
mud w i t h  coal i n c l u s i o n s .   T h i s  phenomena i s  n o t   e v i d e n t  
b e y o n d   t h e   p o i n t   w h e r e   r o c k   d i s p l a c e s  till as the  caprock.  

?tyo mud splits, two ( 2 )  inches  and  one (1) inch   t h i ck   and  
e i g h t  (8)  inches   and   th i r ty- two  (32)   inches   be low  the   roof  

were e v i d e n t   t h r o u g h   t h e   a d i t ' s   l e n g t h .   P y r i t e   f l a k e s  were 
e v i d e n t   w i t h i n   t h e   t o p   e i g h t  ( 8 )  inches  of t h e  seam. The 
seam i s  hard,  blocky  and  banded  with  good c leat  development 
throughout .  

A dominan t   f r ac tu re  set 130-145/703 to  +vt sometimes  carrying 
up t o  t h r e e   ( 3 )   i n c h e s  of gouge was e v i d e n t   i n   t h e  roof 
t h r o u g h o u t   t h e   a d i t ' s   l e n g t h .  A second set 50/rtvt was weakly 
developed. 
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P H Y S I C A L   C H A R A C T E R I S T I C S  

C O A L  SEAM 3 I 

V e r t l c o l   S c a l e  - 1' '  = 1 5 '  

Jon / 1977 

FIGURE No.  - 9 



ADIT 40 

Two f r a c t u r e  sets, 077-90/?  and 010/? were mapped w i t h i n   t h e  
roof.   Dip was n o t   a s c e r t a i n e d   b e c a u s e   o f   t h e i r   t i g h t   n a t u r e .  
The b r i g h t e r   a n d   b l o c k i e r   s e c t i o n s   o f   t h e  seams were excep- 
t i o n a l l y   h a r d .  The a d i t  was w e t  throughout  its l e n g t h .  

ADIT 5 1  

The portal  was c o m p l e t e d   i n   t h e   v i c i n i t y  of diamond d r i l l h o l e  
72-10. where less t h a n  s i x  ( 6 )  i n c h e s   o f   s h a l e   s e p a r a t e s  seams 
51  and 51A throughout   the   ad i t ’ s   l ength .   Average   combined  
seam t h i c k n e s s  was 8.5 feet  whereas west and  southwest  twenty 
( 2 0 )  t o  t h i r t y - f i v e   ( 3 5 )  feet  s e p a r a t e   5 1   a n d  51A which 
average  4.5 and  3.5 f e e t   r e s p e c t i v e l y .  

Two t i g h t   f r a c t u r e  sets, 120-125/75-85N and 25-35/855 were 
e v i d e n t   i n   t h e   r o o f .  The low in t ens i ty   s inuous   no r th - sou th  
set  d o e s   n o t   t r a n s e c t   t h e   h i g h   i n t e n s i t y  east-west set .  The 
immediate  back i n   t h e  a d i t  is a s l abby   s i l t y   muds tone ;  when 
mined away f rom  the   ox id ized   zone  it f r a c t u r e s   c o n c h o i d a l l y  
on f l a t  su r faces   app rox ima t ing   t he   depos i t i ona l   bedd ing .  
Wi th in   the   ox id ized   zone  it s l a b s  off a t  bedding  planes.  

ADIT 52 

The mudstone  roof a t  t h e   p o r t a l   e x h i b i t e d   s l a b b i n g   a l o n g  
bedding  planes  and a f r a c t u r e  set  t r e n d i n g  035/80N. Within 
t h e  a d i t  v e r t i c a l   r o o f   f r a c t u r e s  were not   evidenced.  

- 25 - 



Thickness In inches 

Bonded f r l o b l e  

So f t  c r u m b l y  c o o l  , n o  bedding 

Very  ha rd  b l o c k y  coal  
V l t ro ln   s t reahs   th roughout  
Foce  c leat  025 / 6 6  W 
Butt   c leat  105 / 66 N 

PHYSICAL  CHARACTERISTICS 

COAL  SEAM 40 

V e r t j c o l  S c o l e  - I "  15' 

N O Y  / 1976 

F I G U R E  N o  - IO 



Blocky  mudstone 

S i l t y  mudstone,   blochy 

and   s labby  

Bonded  cool w l t h  good  c leot   development  

Foce  c leat  040/ 76 N W  

B u t t   c l e o t  137 / 7 7  NE 

Poor cleat   development,weohly  bonded 

Traces of pyrite 

P H Y S I C A L   C H A R A C T E R I S T I C S  

C O A L   S E A M  51 

V e r t i c a l   S c a l e  - I" = 40' 

J a n  / 1977 

FIGURE No - I1 



e 

e 

W 

Thickness in  inches 

0 

41 

62 

80 

D u l l  bonxded,   cool  

Foce  cleat 030/ 77 N 

Mudstone  wi th   coal   s i reoks 

Drr iy  c o o l ,  no bonding 

P H Y S I C A L   C H A R A C T E R I S T I C S  

C O A L   S E A M  52 

V e r t l c o l   S c a l e  - 1 ' '  : 15 '  . 
J a n . /  1977 

F I G U R E  NO. - 12 



COAL QUALITY 

I 

A sample p r e p a r a t i o n  t r a i l e r  ( lO 'x40 ' )   and   an   a s say   l ab  trailer 
( lO 'x52 ' )  were c u s t o m   b u i l t ,   e q u i p p e d   a n d   i n s t a l l e d  on t h e  
p r o p e r t y   t h i s   s e a s o n   f o r   a n a l y s i s   o f   d r i l l   c o r e ,   r o t a r y   c h i p  
and a d i t  coal samples. The u n i t s   e n s u r e d   q u i c k   r e t u r n  of 
t h e   a n a l y t i c a l   r e s u l t s  so t h a t :  

I) the   non-oxidized-oxidized coal boundary  could be d e f i n e d  
u s i n g  rotary d r i l l  samples i n   t h o s e  seams deemed  open- 
p i t tab le ,  

21 representa t ive   non-oxid ized   bu lk   samples   would   be   co l lec ted  
a t  t h e   a d i t ,  and 

3 )  t h e   o n - s i t e  labs would be capable   o f   handl ing   la rge  numbers 
of sample for  assay  and  would  ensure  quick  turn  around 
time be tween  de l ivery  of the   s ample   and   r ece ip t  of t h e  
a n a l y s i s .  

F l o w s h e e t s   i l l u s t r a t i n g   t h e   m e t h o d s  of a n a l y s i s  for  diamond, 
r o t a r y   a n d  a d i t  samples follow. 

D u p l i c a t e s  of a l l  samples were made f o r  cross check   ana lys i s  
i n  the  company l a b  a t  Palo Al to ,   Ca l i fo rn ia .   Ana ly t i ca l  
data f rom  the  1976 program is n o t   c u r r e n t l y   a v a i l a b l e   b u t   t h e  
average a n a l y s i s   for^ each  major seam from p r e v i o u s   y e a r ' s  
work follows. 
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t t 

FLOW C H A R T   F O R  ANALYSIS 
O F  

DIAMOND D R I L L   H O L E   S A M P L E S  

A I R   D R I E D  
I 

1) CRUSH 3/4" 
2 )  CRUSH 3/8" 

WEIGH  TOTAL  INCOMING-  SAMPLE - 
SPLIT SMALL AMOUNT FOR RUN 

I 
WASI ( 1 . 4  S P E T I F I C  GRAVITY) 

EXCESS SAMPL!2 
FOR STORAGE 

OF M I W F :  (R.O.M.) SAMPLE HEAD ( R . 0 . Y .  - 1062 GRAMS 
1) PIILW?RIZF 60 MESH 

I 

J 
J 

I 1 . 4  FLOAT 1 . 4  S I N K  

1) A I R  DRY 
2 )  WEIGH  SAt4PLE* 
3 )  PULVERIZE (60  MESH) 

1) A I R  DRY 
2 )  bEIGH SAWPLE* 
3 )  PULVERIZE (60 MESH) . 

v / 

4 )  MAKE CARBON CREEK  SAMPLE & DUPLICATE  SAWLE 
5) RUN ASSAYS 

b) %MOISTURF 
a) FSI 

d )  %SULPHUR 
c) %ASH 

e )  %VOLATILE MATTER 

:IGHT RECOVERY OP COAL I N S I D E  SAMPLE 

2 )  MAKX C'ARRON CiiEEK 

3 )  RIJN ASSAYS 
SAMPLE E; DUPLICATE 

a )  FSI 
b) S.IAOISTURE 
c) %ASH 

e )  %VOLATILE 
d )  %SULPHUR 

MATTER 

CALIFORNIA - DUPLICATE SAMPLES  ARE  ALSO RECOVEXZSD. 
FOR DDH SAMPLES OVER 3 FEET EXCESS SAiiPLE AND EXCESS 1 .4  FLOAT & 1 . 4  S I N K  SENT TO  COLTANY LAASORATORY AT PALO ALTO, 

b l 7 0  
F I G U R E  No. - 3 



t c 

F L O W  C H A R T  FOR A N A L Y S I S  
OF 

R O T A R Y  D R I L L   H O L E   S A M P L E S  

INCOXNC- SAMPLE 

AIR  DRIED 

l! CRUSH  TO 3/4" 
2 )  CRUSH  TO 3 / 8 "  I F  NEEDED 

~ - - - r 
S P L I T  - 1000 GRAMS + 

Sl'nmm 
(EXCESS SAMPLE) 

WASH 1 . 4  S P E C I F I C  GRAVITY 

I 

N 
co 
I 1.4 FIDAT 1 . 4  S I N K  

1) A I R  DRY 
2 )  PULVERIZE (60 MESH) 
3)  MAKE CARBON  CREEK  SAMPLE 

AND DUPLICATE SAMSLG* 
4 )  RUN ASSAYS 

1) A I R  DRY 
2)  STORAGE 

b) %NOISTURF 
a) FSI 

c )  %ASH 

* DUPLICATE SAM?LES RECOVERED FOR ANALYSIS IN THE COEiPAMY LABORATORY AT  PAL0  ALTO,   CALIFOWIA 

F I G U R E  NO. - 4 
10 / 76 



INCOMING  SAMPLE 

AIR  DRIED 

1) CRUSH TO 3/4" 
2 )  CRUSH  TO 3/8" 

L - 
S P L I T  SMALL AMOUNT FOR + 
RUN OF  MINE  (R.O.M.) EXCESS SAMPLE 

I 

N 
W 

I 

WASH ( 1 - 4  SPECIFIC  GRAVITY)  FOR STORAGE  SAMPLE (R.  O.M. 
HEAD 

+ 1) PULVERIZE 60 M€SH 
2 )  MAKE CARBON CREEK 

- 100 c;PA"Is 

1 . 4  FLOAT 1 . 4  SINK 

1) A I R  DRY 
2 )  WEIGH-SMAPLE* 
3 )  PULVERIZE (60 MESH) 

S A ? P L E S  & DUPLICATE 
3)  XUN ASSAYS 

1) A I R  DRY 
2 )  WEIGH  SAMPLE* b) %ASH 
3) PULVERIZE (60 MESH) 

/ 

a) %MOISTURE 

l" c )  F S I  
v 

5 )  RtN ASSAYS 
4 )  MAKE CARBON CREEK  SAMPLE h DUPLICATE  SAMPLE 

a) FSI 
b) %MOISTURE 
c )  %ASH 

6) RUN FOR  SULPHUR  R.O.M., 1.4 FLOAT, 1.4 S I N K  
r O R  EVERY 3rd SAMPLE I N  A D I T  



TABLE 6 

COAL ANALYSIS  AT 1.40 S P E C I F I C  GRAVITY 

COAL 
SEAM THICKNESS RECOVERY H20 

NUMBER 
ASH  SULPHUR MATTER CARBON  BTU FSI  

VOLATILE  FIXED 

in feet  % % % % 

55 

54 

I 52 
W 
0 5 1A 
I 

51 

47 

46 

40 

31 

15 

14 

5.0 

4.9 

4.4 

4.4 

5.7 

4.3 

5.1 

4.8 

7.3 

8.4 

7.7 

85.8 

90.8 

67.0 

90.1 

87.2 

76.2 

88.1 

80.0 

59.7 

89.0 

76.1 

2.35 

2.32 

1.90 

2.14 

2.21 

2.52 

2.05 

1.80 

1.50 

1.35 

1.15 

3.90 

2.35 

4.61 

2.92 

2.67 

3.39 

2.96 

3.66 

5.62 

3.53 

4.90 

0.73 

0.73 

1.57 

0.86 

0.79 

0.96 

0.86 

1-00 

1.02 

0.50 

0.56 

30.3 

28.0 

30.8 

26.6 

26.2 

27.1 

28.9 

29.3 

28.4 

22.3 

21.3 

65.8 

69.6 

64.6 

70.6 

71.0 

69.9 

68.6 

67 -7 

65.2 

74.9 

74.1 

14,169 

14.402 

14.114 

14.384 

14,412 

14,209 

14,441 

14,420 

14,280 

14,860 

14,710 

3.1 

2.0 

5.0 

2.7 

2.6 

2.3 

3.6 

6.8 

7.9 

4.1 

3.7 



RESERVES 

Because 'of  a d e l a y   i n  new  map p r e p a r a t i o n   f o r   t h e   p r o p e r t y  
r e v i s e d  coal r e s e r v e s  are n o t   c u r r e n t l y   a v a i l a b l e .  

P re l imina ry   i n -p l ace  coal r e s e r v e s   f o r   t h e  recent d r i l l i n g  
s o u t h  of Ten Mile Creek  i n  1977  have  been  calculated  using 
t h e   o l d  maps. R e s u l t s  are p r e s e n t e d   i n  Table 7. 

' . Coa l   r e se rves  for  the  remainder  of t h e   p r o p e r t y  (as c a l c u l a t e d  
i n  1975-76) are p r e s e n t e d   i n  Table 8. 
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TABLE 7 

SEAM 
NUMBER 

INDICATED IN-PLACE COAL RESERVES,  1976 

South of Ten Mile Creek, North of the 
North  Fork,  Eleven  Mile Creek 

Carbon Creek  Coal  Licences 

QUANTITY 
Metric Tons 

SEAM  THICKNESS 
Meters 

9 

52 

5  1A 

51 

47 

46 

40 

31 

1,156,000 

1,228,000 

1,543,000 

5,253,000 

8,170,000 

1.37 

1.22 

1.22 

1.31 

1.77 

6,329,000 1.34 

not  calculated 
as yet 

23,679,000 

V 
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TABLE 8 

1 9 7 5  CARBON CREEK COAL RESERVE  ESTIMATE 

(metric t o n s )  

Seam In-Place Tons  Recoverable  Recoverable Balance Recoverable 
Number Tons Tons-In-Place In-Place For Underground 

Open-Pit  Contour  Mining  Underground Mine Reserves 
1 5 : l  Avg. Rat io  

58  2,339,000 2,105,000 

55  4,208,000 3,787,000 
54  4,233,000 3,810,000 

I 

W 
52 10,022,000 1,856,000 

W 51A 11,833,000 2,255,000 

5 1  2,105,000 1,895,000 

47  9,098,000 

46  13,655,000 

40  20,494,000 

3 1  2,290,000 

29-28  4,891,000 

27-26  5,162,000 

15  14,992,000 

1 4  9,728,000 

I 

2,061r000 

4,402,000 

4,646,000 

1,368,000 

2,012,000 

1,296,COO 

761,000 

1,331,000 

1,793,000 

6,440,000 

7,092,000 

6,977,000 

11,810,000 

1 7 r 2 3 5 r 0 0 0  

2,848,000 

3,225,000 

3,071,000 

5 r 1 6 1 r 0 0 0  

7,120,000 

115,050,000  26,817,000  8,561,000 

14,992,000 

9,728,000 

74,224,000 

5,629,000 

4,441,000 

31,495,000 



Y 

TABLE  9 

INDICATED  IN-PLACE  COAL  RESERVES,  1975 

McAllister  Creek  Area 

Carbon  Creek  Coal  Licences 

Seam  Quantity Thickness 
Name  Metric  Tons Meters 

Upper  Seam 2,087,000 1.52 

Lower  Seam  2,268,000 1.37 

4,355,000 
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FIGURE 13 

CARBON  CREEK 

LOCATION OF SEAMS  UTILIZED FOR 

1976 COAL  RESERVE  ESTIMATE 
I 

J A N U A R Y  I977 

0 
t- - -1 

I 2 

SCALE IN MILES 
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ON ADIT  SAMPLES, DIAMOND CORE 

SAMPLES AND ROTARY C H I P  SAMPLES 

CARBON CREEK COAL PROSPECT 

B R I T I S H  COLUMBIA, CANADA 

1976 

REPORT O F  
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ORE D R E S S I N G  LABORATORY 
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76-71 
76-72 
76-73 
76-74 
76-75 
76-76 
76-77 
96-78 
76-79 
76-80 
76-81 

76-83 
76-82 

76-84 
76-85 
76-86 
76-87 
76-67 
76-68 

LIST OF GAMMA  LOGS, BULK 
DENSITY  LOGS  AND  LITHOLOGIC LOGS 

INCLUDED  WITH  THIS  REPORT 

DIAMOND  DRILL  HOLES 

Gamma Ray Logs Density  Logs 

X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 

- *  
- 
- 

X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 

- 
- 
- 

Lithologic Logs 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 

- 
- 
- 

* Drillhole  not  completed  to  bedrock,  excessive overburden. 



1 

76-1 

76-3 
76-2 

76-4 
76-5 
76-6 
76-7 
76-8 
76-9 
76-10 
76-11 

76-13 
76-12 

76-14 
76-15 
76-16 
76-17 
76-18 
75-19 
76-20 
76-21 

76-23 
76-22 

'76-25 
76-24 

76-26 
76-27 
76-28 
76-29 
76-30 
76-31 
76-32 
76-33 

76-35 
76-34 

76-36 
76-37 
76-38 
76-39 
76-40 

ROTARY  DRILL HOLES* 

Gamma  Ray  Logs 

X 
X 
X 
X - 
X 
- 
- 
- 

X 

X 
X 

X 
X 

X 

X 

- 
- 

- 
- 
- 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

- 

- 

Density  Logs 

X 
X 
X 
X - 
- 
x 
X 
X 

X 

X 
X 
X 
X 

X 

X 

X 
X 
-X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

.- 

- 

- 
- 
- 

- 

- 

- 

* Bad  hole conditions, unable to probe  hole. 
** No lithologic  logs  were  compiled  from  chip  samples  from 

the  rotary  drillholes. 



W 

76-41 
76-42 
76-43 
76-44 

76-46 
76-45 

76-47 
76-48 

76-50 
76-49 

76-51 
76-52 

76-54 
76-53 

76-55 
76-56 
76-57 
16-58 
76-59 
76-60 
76-61 
76-62 

76-64 
76-63 

76-65 
76-66 
76-67 
76-68 
76-69 
76-70 
76-71 
76-72 
76-73 

76-75 
16-74 

76-76 
76-77 
76-78 
76-79 
76-80 

ROTARY  DRILL  HOLES* 

Gamma Ray Logs 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

- 

- 
- 
- 
I 

- 
- 
- 
- 
- 
- 
- 

X 
X 
X - 
- 
- 
X 
X 
X 
X 

X 
- 
- 
- 
- 
X 

* Bad  hole  conditions,  unable to w o b e  hale 

Density Logs 

X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

- 

- 

- 
- 

X 
X 

X 
X 

X 
X 
X 
X 

X 

- 

- 

** No lithologic  logs  were  compiled  from  chip  samples from 
~~~~ 

the  rotary  drillholes. 



76-81 
76-82 
76-83 

76-85 
76-84 

76-87 
76-86 

76-88 
76-89 

ROTARY  DRILL  HOLES* 

Gamma Ray Logs  Density Logs 

X 
X 

X 
X 

- 

- 

* Bad  hole  conditions,  unable  to  probe hole. 
** No lithologic  logs  were  compiled from chip  samples from 

the  rotary  drillholes. 
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76-101 
76-102 
76-103 
76-104 
76-105 
76-106 
76-107 
76-108 
76-109 

76-111 
76-110 

76-112 
76-113 
76-114 
76-115 
76-116 
76-117 
76-118 
76-119 
76-120 
76-121 
76-122 
76-123 
76-124 
76-125 
76-126 
76-127 
76-128 
76-129 
76-130 
76-131 
76-132 
76-133 
76-134 
76-135 

~~ 

76-136 
76-137 
76-138 
76-139 
76-140 
76-141 
76-142 

ROTARY DRILL noms 
Gamma' Ray Logs 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

X 

X 

X 
X 

- 

- 

- 

- 

- 

- 
- 
- 

- 
- 
X 

Densi ty  - Logs 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

- 

- 

X 
X 



V 

76-143 
76-144 
76-145 
76-146 
76-147 
76-148 
76-149 . , 

76-150 
76-151 
76-152 
76-153 
76-154 
76-155 
76-156 
76-157 
76-158 
76-159 
76-160 
76-161 
76-162 
76-163 
76-164 
76-165 
76-166 
76-167 
76-168 
76-169 
76-170 
76-171 
76-172 
76-173 

ROTARY DRILL  HOLES 

Gamma Ray Logs 

X 
X 

- 
X 
X 
X 
X 

D e n s i t y  Logs 

- 
X 
X 
X 
X 
X 
X 
X 
X 
X - 

X 
X 
X 
X 
X 

X 
X 

- 

- 
- 

X 
X 

- 

X 

X 
x 
' X  
X 
X 
X 

Y 
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