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ABSTRACT 

Minable c o a l ,  p a r t i c u l a r l y  lump-r e s i n i f  e rous  
c o a l ,  was sought dur ing  a p o r t i o n  of t h e  1971 summer f i e l d  
season by p rospec t ing  t h e  Amphitheatre fo rmat ion  i n  t h e  
n o r t h e a s t  s e c t o r  of Niamodlaoc Mountain. Area l  e x t e n t  of 
sedimentary exposures ,  and t h i c k n e s s  of s t r a t i g r a p h i c  
s e c t i o n  r evea l ed  i n  them, i s  much l e s s  t han  i n  t h e  1970 
f i e l d  a r e a  on t h e  western  mountainside.  S c a t t e r e d  t o  
c l u s t e r e d ,  e r o s i o n - r e s i s t a n t  v o l c a n i c  b o d i e s ,  appa ren t ly  
i n t r u s i v e  vo lcan ic  p l u g s ,  form c o n i c a l  landforms (coniforms)  
i n  predominantly Amphitheatre fo rmat ion  t e r r a i n .  The 
exposed Amphitheatre sediments a r e  poor ly  l i t h i f  i e d  t o  
u n l i t h i f i e d  sand,  pebbly sand,  s i l t ,  and c l ay .  Thin l e n s e s  
of banded b l a c k  c o a l  a r e  widespread and common. Larger 
l e n s e s  up t o  6 .5  f e e t  i n  t h i c k n e s s  a r e  p re sen t .  For t h e  
purpose of e x t r a c t i n g  a r e s i n  s e p a r a t e  f o r  a n a l y s i s  and 
t e s t i n g ,  a  semi-bulk sample of c o a l  was taken  from t h r e e  
sub jacen t  l enses .  

Should cont inuous seams of c o a l  b e  found i n  t h e  
n o r t h e a s t  s e c t o r ,  some of t h e  r e s e r v e s  may b e  amenable t o  
s t r i p  mining. Th i s  p o s s i b i l i t y  a r i s e s  from t h e  combination 
of f l a t - l y i n g  t o  g e n t l y  dipping c o a l  measures and f a i r l y  low 
s l o p e  a n g l e s  on t h e  n o r t h e a s t  s e c t o r  lower s lopes .  The 
poor ly  i n d u r a t e d  t o  un indura ted  n a t u r e  of t h e  c l a s t i c  s e d i -  
ments may make f e a s i b l e  t h e  removal of cover by hydrau l i c  
methods. This  i n c o r p o r a t e s  a means f o r  concurrent  thawing 
of permafros t ,  whose ex t en t  i s  unknown. The c l a s t i c  sediments 
a r e  themselves possessed  of a d i s p e r s e d  l e n s  c o a l  con ten t  
which may b e  p a r t l y  r ecove rab le  i n  t h e  c a s e  of t h e  l a r g e r  
l e n s e s  by s e l e c t i v e  removal dur ing  h y d r a u l i c  s t r i p p i n g ,  
and/or by washing a l l  of t h e  coa l -bear ing  s l u r r y  produced by 
hydrau l i c  s t r i p p i n g .  

The p o s s i b i l i t y  t h a t  t h e  hor izons  bea r ing  c o a l  
beds  a s  found on t h e  western  mountainside i n  1970 a r e  not  
n a t u r a l l y  exposed i n  t h e  n o r t h e a s t  s e c t o r  i s  d i scussed .  It 
i s  concluded t h a t  s t r i p  mining p o t e n t i a l  war ran ts  t r ench ing  
and/or d r i l l i n g  t o  determine i f  t h e  c o a l  seams a r e  p r e s e n t  
i n  t h i s  s e c t o r .  Reconnaissance geology and p rospec t ing  i n  
o t h e r  unexamined s e c t o r s  of t h e  mountain i s  recommended 
f i r s t ,  fo l lowed by measurement of s t r a t i g r a p h i c  s e c t i o n s  and 
geo log ica l  mapping i n  a l l  s e c t o r s  i n  p r e p a r a t i o n  f o r  t r ench ing  
and/or d r i l l i n g  i n  t h e  n o r t h e a s t ,  and o t h e r  s e c t o r s .  



INTRODUCTION 

Airborne and ground p rospec t ing  dur ing  1970 f i e l d  

work (Speelman, 1970) i n d i c a t e d  t h a t  s e v e r a l  c o a l  s e a m s  of 

minable t h i c k n e s s  were p re sen t  i n  t h e  Amphitheatre fo rmat ion  

(Muller ,  1967) ,  on t h e  w e s t  s i d e  of Niamodlaoc Mountain. 

Golden yel low t o  orange lump r e s i n  was commonly observed,  

e s p e c i a l l y  i n  t h e  upper seams. Pre l iminary  tests of mel t ing  

p o i n t  range ,  s o l u b i l i t y ,  and a s h  conten t  (Montgomery, 1970; 

Speelman, 1971, Sec t ion  E ) ,  and a c i d  number, performed on 

smal l  hand-picked r e s i n  samples, are s u f f i c i e n t l y  i n t e r e s t i n g  

t o  warrant  e v a l u a t i o n  of " t h e  complete range  of s o l u b i l i t i e s  

and c o m p a t i b i l i t i e s  of t h e  r e s i n s  i n  v a r i o u s  i n k  s o l v e n t s  

and o i l s ,  . . . . . . . . . a l s o .  . . . . . . . . . so lven t  r e l e a s e  p r o p e r t i e s ,  

co lour  v a l u e s ,  and p o s s i b l e  odour l e v e l s .  " (Winandy, 1971). 

For t h i s  t e s t i n g ,  r e s i n  samples each weighing about one 

pound a r e  r e q u i r e d ,  i n  t u r n  r e q u i r i n g  t h a t  r e s i n i f e r o u s  c o a l  

samples weighing s e v e r a l  hundred pounds b e  obta ined.  

It was f i rs t  in tended  t o  camp on t h e  s o u t h e a s t e r n  

p o r t i o n  of t h e  mountain, ad j acen t  t o  t h e  Halfbreed Creek 

road ,  and from t h e r e  prospec t  t h e  southwest  e r n  p o r t  i o n  of 

t h e  mountain f o r  r e s i n i f e r o u s  c o a l  i n  t h e  upper hor izons  of 

t h e  Amphitheatre format ion.  During t h e  l a s t  a e r i a l  

reconna issance  obse rva t ions  i n  1970, dark  grey or  b l a c k  



hor izons  were noted i n  a d d i t i o n a l  s t ream c u t  exposures 

p re sen t  t o  t h e  sou th  of l o c a l i t i e s  C and D (Speelman, 1970, 

P l a t e  1). It was planned t o  t h u s  bo th  extend t h e  western  

mountainside ground prospec t ing  southward, and hope fu l ly  t o  

a l s o  o b t a i n  t h e  d e s i r e d  sample of r e s i n i f e r o u s  c o a l  i n  t h e  

southwestern  s e c t o r .  A contingency p l a n  w a s  t o  r e t u r n  t o  

l o c a l i t y  AA ( i b i d . ,  - P l a t e  3 - I ) ,  near  which t h e  most h igh ly  

r e s i n i f e r o u s  c o a l  was noted i n  1970. Due t o  acces s  problems 

( i n f r a ) ,  n e i t h e r  p l a n  was workable. 

Access t o  t h e  n o r t h e a s t e r n  p o r t i o n  of  t h e  mountain 

w a s  found t o  b e  p o s s i b l e  from a campsi te  l o c a t e d  a s  f a r  up 

t h e  Halfbreed Creek road as i t  was p o s s i b l e  t o  go by 4 x 4 

t ruck .  Coal f l o a t  w a s  d i scovered  i n  t h e  c r e e k  bed near t h e  

campsi te ,  i n d i c a t i n g  t h a t  c o a l  must ou tc rop  on t h e  east 

s i d e  of t h e  mountain. A f i r m  f i e l d  d e c i s i o n  was then  made 

t o  p rospec t  f o r  c o a l  i n  t h e  n o r t h e a s t  s e c t o r ,  i n  a n t i c i p a t i o n  

t h a t  r e s i n i f e r o u s  c o a l  might a l s o  be  found on t h e  e a s t  s i d e  

of t h e  mountain. 

The f i e l d  p a r t y  c o n s i s t e d  of one g e o l o g i s t  ( t h e  

w r i t e r )  and one a s s i s t a n t  ( M r .  S c o t t  L y l e ) ,  w i t h  l o c a l  

t r a n s p o r t a t i o n  support  from M r .  J a c k  Gwartney. 

ACCESS 

A loca l ly -based  h e l i c o p t e r  was not  a v a i l a b l e  as 
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was t h e  case  l a s t  year.  Infrequent spot c h a r t e r s  could 

be obtained,  but  not a t  t h e  r equ i red  times. Nor could a 

c a t e r p i l l a r - t y p e  t r a c t o r  be l o c a l l y  obtained f o r  s e t t i n g  

out and picking up a camp, or f o r  r e p a i r i n g  bush roads.  

M r .  Maloney bases  a cons t ruc t ion  bus iness  i n  Burwash Landing, 

but he was working elsewhere. 

Although t h e  a rea  i s  eminently s u i t e d  f o r  horseback 

t r a v e l ,  and f ree- ranging  horses a r e  abundant, i t  was d i s -  

covered t h a t  i n  f a c t  t h e r e  a r e  no horses commercially 

a v a i l a b l e  f o r  packing or r i d i n g  except f o r  hunting p a r t i e s  

during t h e  b i g  game season. The use  of horses  f o r  commercial 

purposes o ther  than hunting appears t o  b e  a t  var iance  with 

l o c a l  t r a d i t i o n .  

A bush road ,  passable  by passenger car  f o r  about 

3 miles t o  e l eva t ion  2975 f e e t  leaves t h e  Alaska Highway 

a t  Mile 1089 on t h e  easz s i d e  of Halfbreed Creek. From 

about t h e  4 mile poin t  onward, t h e  road crosses  and rec rosses  

t h e  creek severa l  times. It was found t o  be  passable  by 

4 x 4 t r u c k ,  with some removal of f a l l e n  boulders ,  some 

shor t  de tours  around a c t i v e  ear thf lows,  and t r a v e l  a t  

reduced speeds over washouts, t o  a poin t  about 5.5 miles  

from t h e  highway where t h e  e l eva t ion  i s  about 3700 f e e t .  A 

camp was s e t  up a t  t h i s  poin t  (Figure 3 )  where a major 
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FIGURE 3 
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west -f lowing t r i b u t a r y  of Halfbreed Creek had t h i s  spr ing  

completely washed out t h e  road f o r  a d i s t ance  of about 100 

yards. From t h i s  campsite t o  t h e  prospect a rea  loca ted  on 

t h e  nor theas tern  lower s lopes  of Niamodlaoc Mountain 

( P l a t e  l ) ,  t h e  average d a i l y  t r a v e r s e  lengths  were about 

5 miles.  

The average grade of t h e  Halfbreed Creek road i s  

approximately 2.2% f o r  t h e  f i r s t  3 miles.  It i s  approxi- 

mately 5.2% f o r  t h e  next 4 mi les ,  a t  which p o i n t ,  about 

7 miles from t h e  Alaska Highway a t  an e l eva t ion  of about 

4000 f e e t ,  t h e  road e n t e r s  t h e  coa l  prospect a r e a  under la in  

by t h e  Amphitheatre formation. About 2 days of work with 

a D-8 c a t e r p i l l a r  t r a c t o r  would be requ i red  t o  r e p a i r  t h e  

road f o r  r o u t i n e  access  by 4 x 4 vehic les .  

Subsequent t o  t h e  depar ture  of t h e  f i e l d  crew, t h e  

semi-bulk sample of r e s i n i f e r o u s  c o a l  was removed from near 

t h e  sample s i t e  on Niamodlaoc Mountain t o  Burwash Landing 

by he l i cop te r  (Trans North Turbo A i r  L td . )  over an a i r  

d i s t ance  of approximately 10 miles.  It was f r e i g h t e d  t o  

Whitehorse by t r u c k  (White Pass & Yukon Route).  

PROSPECTING AND GEOLOGICAL RECONNAISSANCE CONDITIONS AND 
PR OCEDUR ES 

Direct prospect ing f o r  c o a l ,  and geologica l  

reconnaissance of eas t - s ide  coa l  measures began with a 
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b r i e f  a i rborne  examination of t h e  e a s t  s i d e  i n  1970 a f t e r  

completion of ground/airborne work on t h e  west s ide .  Light- 

coloured sediment s ,  apparent l y  belonging t o  t h e  Amphitheatre 

formation,  were s i g h t e d  i n  a few places  i n  stream c u t s  on 

t h e  lower s lope  of t h e  mountain, below t h e  genera l  break  i n  

s lope  above which t h e  reddish-brown, layered  S t .  Clare  

Group volcanics  capping t h e  mountain hold s t e e p  s lopes  and 

form c l i f f s  ( P l a t e  3).  Dark grey horizons,  which invar i ab ly  

s i g n i f y  c o a l  on t h e  west s i d e ,  were not s igh ted  from t h e  a i r  

on t h e  e a s t  s ide .  The e a s t - s i d e  lower s lope  cut  banks 

expose much l e s s  of t h e  s t r a t i g r a p h i c  s e c t i o n  than those  

on t h e  west s ide .  

For t h e  present  (1971) work, two sets of a i rpho tos  

covering t h e  nor theas t  sec tor  a t  one inch t o  t h e  mile  and 

a t  two inches t o  t h e  mile  (approximate),  were i n t e r p r e t e d  

f o r  a reas  of sedimentary outcrop. Exposures appeared t o  be  

confined t o  stream cu t s .  Traverses  were planned t o  reach  

t h e s e  a reas  mainly by fol lowing streams i n  order t o  look 

a l s o  f o r  outcrops too  small t o  d i sce rn  on t h e  airphotos.  

Traversing procedure included s i d e  t r a v e r s e s  up small 

s u b - t r i b u t a r i e s  of t h e  main e a s t  -f lowing t r i b u t a r i e s  of 

Halfbreed Creek (Figure 3) .  During t h e  mid-August pe r iod  
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some were d ry ,  and o t h e r s  conta ined  running water and 

could  u s u a l l y  b e  fol lowed t o  source  sp r ing  a r e a s .  Some 

of t h e s e  smal l  s t reams  e x h i b i t  d i sappearance  and re- 

appearance a long  t h e i r  channels ,  and t h e  l a r g e r  main 

t r i b u t a r i e s ,  wh i l e  not  complete ly  d i sappear ing  i n t o  t h e i r  

s t ream g r a v e l s ,  do e x h i b i t  cons ide rab le  v a r i a t i o n s  i n  

volume of s u r f a c e  f low along t h e i r  channels.  

Some t r a v e r s i n g  i n  s e a r c h  of f ro s t -heaved  c o a l  

was undertaken away from stream c u t s  i n  vege t a t ed  a r e a s .  

S tone  r ibbons  ( P l a t e  13) a r e  d i r e c t  evidence of a c t i v e  

f ro s t -heav ing  i n  t h e  a r e a .  The fo l lowing  f e a t u r e s  a r e  

a d d i t i o n a l  evidence t h a t  permafrost  i s  e x t a n t  i n  a t  l e a s t  

some p o r t i o n s  of t h e  a r e a :  ( a )  Small  mudflows observed 

t o  b e  most a c t i v e l y  moving when exposed t o  t h e  sun;  

( b )  Daily f l u c t u a t i o n  i n  f low of s t reams not  f e d  by 

g l a c i e r s  o r  by snow i n  t h e  late-summer p e r i o d  of observa- 

t i o n ;  ( c )  Slump depress ions  probably r e p r e s e n t i n g  thermal  

k a r s t .  Some slump depress ions  a r e  wel l -dra ined  (e.  g.  

P l a t e  11) ; o t h e r s  c o n t a i n  water .  Ground i c e  encountered 

i n  a  bench c u t  exposure of c o a l  ( P l a t e  8 )  c o n s t i t u t e s  

d i r e c t  evidence of permafrost .  

The g e n e r a l  procedure  i n  s t ream t r a v e r s i n g  was 

t o  walk on t h e  s t ream beds,  and observe t h e  banks f o r  
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exposure. Scanning t h e  c r eek  bed i t s e l f  became r e g u l a r  

procedure  a f t e r  d i scovery  of c o a l  f l o a t  i n  s t ream g r a v e l .  

STREAM FLOAT AND FROST HEAVE RESULTS 

Stream F l o a t  

Sporad ica l ly  d i s t r i b u t e d  c o a l  f l o a t  was found more 

or  l e s s  cont inuous ly  a long t h e  l e n g t h  of t h e  s t ream p o r t i o n s  

i n d i c a t e d  on F igu re  3. It i s  u s u a l l y  found a s  smal l  p i l e s  

of c o a l  f ragments  r e p r e s e n t i n g  t h e  weathered d i s i n t e g r a t i o n  

produc ts  of lumps ranging  up t o  s e v e r a l  i nch  s i z e .  T h i s  

c o a l  occurs  on f l o o d  levees  and f l o o d  t e r r a c e s ,  a s  w e l l  a s  

underwater i n  t h e  summer channels .  No at tempt  was made t o  

determine t h e  abundance p a t t e r n s  of t h e  c o a l  f l o a t .  The 

o v e r a l l  impress ion was gained t h a t  a l though  some f a i r l y  

continuous s e c t i o n s  show h igher  abundance than  o t h e r s ,  t h e  

average abundance i n ,  say ,  a  1000 f o o t  s t r e t c h  of stream 

channel  would be  roughly equiva len t  t o  t h e  average abun- 

dance i n  any o the r  1000 f o o t  s t r e t c h .  The probable  r a p i d  

downstream d i s p e r s a l  of  c o a l  dur ing  sp r ing  f l o o d i n g ,  and 

t h e  tendency of lumps t o  r a p i d l y  d i s i n t e g r a t e  on s u r f  ace ,  

means t h a t  t h e  common presence  of c o a l  f l o a t  i n  a  s t ream 

v i r t u a l l y  proves  t h a t  c o a l  ou tc rops  somewhere a long  t h a t  

stream. Upstream from t h e  c o a l  l e n s e s  a t  c u t  bank L o c a l i t y  

B (F igure  3, P l a t e s  15  and 16 )  no o the r  bedrock c o a l  was 



seen,  and no f l o a t  could be found, though the  stream bed 

was examined up t o  t h e  S t .  Clare  Group volcanic  outcrops.  

Frost  Heave 

Frost  heave c o a l  was found i n  one a rea  centred 

about 400 f e e t  southeast  of Local i ty  A (Figure 3, P l a t e  3 ) .  

Here c o a l  fragments occurr ing sporad ica l ly  over an a rea  of 

vegeta ted ,  mar shy mountainslope must have been t r anspor ted  

t o  su r face  by f r o s t  heaving. 

BEDROCK RESULTS 

Local i ty  A 

Loca l i ty  A i s  a  cu t  bank on t h e  south s i d e  of a  

t r i b u t a r y  of Halfbreed Creek (Figure 3, P l a t e s  4 through 9 ) .  

The t r i b u t a r y  i s  not shown on NTS Sheet 115G/6 ( F i r s t  

e d i t i o n ) ,  but  was flowing i n  mid-August, 1971. The exposure 

extends i n  a  southwest-northeast  d i r e c t i o n  f o r  about 800 

f e e t  along t h e  stream, and s lope  d i s t ances  t o  t h e  top  of 

t h e  bank a r e  about 60 t o  100 f e e t .  

Vesicular t o  highly ves icu la r  reddish-brown 

volcanic  rocks,  probably i n t r u s i v e  ,. comprise t h e  nor theas t  

end of t h e  exposure ( P l a t e  4) and var ious  volcanics  a l s o  

occur i n  t h e  southwestern por t ion  ( P l a t e  5 ) .  Very poorly 

indura ted  c l a s t i c  sediments, e s s e n t i a l l y  f l a t  ly ing ,  com- 

p r i s e  about 80% of t h e  exposed rocks.  I n  t h e  upper p a r t  



of t h e  bank, p a l e  yellow and l i g h t  brown, very  s o f t ,  

a r g i l l a c e o u s  sands tone  i s  p r e s e n t .  The sand i s  s l i g h t l y  

l i t h i f i e d ,  holding s t e e p e r  ou tc rop  f a c e s  t han  would 

l o o s e  sand ( P l a t e  5 ) .  Lenses of s o f t ,  brown c l ays tone -  

s i l t s t o n e  and of b r i t t l e  c o a l  a r e  p r e s e n t .  I n  t h e  lower 

p a r t  of  t h e  bank, l ow- re l i e f  badlands  topography i s  

e x h i b i t e d  by i n t e r m i t t e n t  exposures of a  white-weathering 

( P l a t e s  6 ,  7 ,  8 and 9 ) ,  p a l e  greyish-green,  g r i t t y ,  pebble-  

bea r ing  sandstone.  T h i s  micaceous sands tone  i s  massive 

and very poor ly  indura ted .  The pebbles  i n c l u d e  w e l l -  

rounded whi te  q u a r t z ,  and c l a s t s  of ( a )  va r ious  v o l c a n i c  

l i t h o l o g i e s ,  ( b )  c o a l ,  and ( c )  green s i l t s t o n e .  T h i s  i s  

t h e  only  s i g n i f i c a n t l y  rudaceous u n i t  observed i n  t h e  

n o r t h e a s t  s e c t o r .  

The l a r g e r  c o a l  l e n s e s  occur i n  t h e  lower p a r t  

of t h e  upper bank sands tones ,  near t h e  c o n t a c t  w i t h  t h e  

lower bank sandstone.  One of t h e  l a r g e s t  l e n s e s ,  6.5 feet 

t h i c k ,  was exposed by s e v e r a l  bench c u t s  ( P l a t e  8 ) .  A 

few f e e t  i n  from t h e  o r i g i n a l  s l o p e  s u r f a c e  t h i s  c o a l  was 

s o l i d l y  f rozen .  A l o c a l  s t r a t i g r a p h i c  s e c t i o n  which 

inc ludes  t h e  t h i c k e s t  p a r t  of t h i s  c o a l  l e n s  i s  given i n  

Table  1. 

Another s i z e a b l e  l e n s  of c o a l ,  occur r ing  w e s t  of 



TABLE 1 

S t r a t i g r a p h i c  Sec t ion  a t  L o c a l i t y  A 

E leva t ion :  4730' (approx . )  Co-ordinates : 1390041~49t1W 

Thickness  of Unit L i tho logy  

Not measured 

2 ( t o p  covered)  

1' t o  2 '  

Not measured, 
mainly covered 

Not measured, 
lower p o r t  i o n  covered 

Sandstone,  a r g i l l a c e o u s ,  p a l e  yellow 
and l i g h t  brown, very  s o f t ,  wi th  
t h i n  l e n s e s  of s o f t ,  brown, c l ays tone -  
s i l t s t o n e  and b r i t t l e  c o a l .  

Sandstone,  moderately coar  se -gra ined ,  
p a l e  yel low,  very  s o f t ,  w i th  t h i n  
l e n s e s  of coa l .  

Clay, s i l t y ,  l i g h t  brown, upper two- 
t h i r d s  un indura ted ,  lower one- 
t h i r d  chunky, s o f t ;  wi th  t h i n  
l e n s e s  of c o a l .  

Coal, banded, f a i r l y  ha rd ,  c l e a n ,  
and b r i t t l e ,  occu r r ing  i n  a  l e n s  
a t  l e a s t  15 '  wide ( s i d e s  cove red ) ,  
f r o z e n  a  f e w  f e e t  benea th  su r f ace .  

Sand, a r g i l l a c e o u s ,  medium g rey ,  
f r o z e n  a  f e w  f e e t  benea th  su r f ace .  

Sandstone,  pebbly,  g r i t t y ,  micaceous, 
" s a l t  -and-pepper" t y p e ,  p a l e  
g rey ish-green ,  wh i t e ,  weather ing,  
pebbles  i n c l u d e  well-rounded wh i t e  
q u a r t z  and c l a s t s  of va r ious  
vo lcan ic  l i t h o l o g i e s ,  of c o a l ,  
and of green s i l t s t o n e ;  very s o f t ,  
massive, ou tc rops  form subdued 
badlands  topography . 

Base: Stream 
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t h e  above, has been i n t r u d e d  by a  dyke which i s  f i n e -  

t o  medium-grained, s l i g h t l y  p o r p h y r i t i c ,  l i g h t  t o  medium 

grey,  buff-weather ing,  appa ren t ly  a l t e r e d ,  and c o n t a i n s  

disseminated carbonaceous mat te r .  Though l e s s  p o r p h y r i t i c ,  

t h i s  body i s  on t h e  whole s i m i l a r  i n  l i t h o l o g i c  appearance 

t o  t h e  s i l l  found i n t r u d i n g  c o a l  a t  wes t - s ide  L o c a l i t y  D 

(Speelman, 1970, p. 5 ,  13 and Table  3, p. 14)  and  l a t e r  

s t u d i e d  i n  some - d e t a i l  (Speelman, 1971, Sec t ion  D)  . The 

dyke i s  about 10 f e e t  h igh and 15 f e e t  wide ( P l a t e  9 ) .  

Contact metamorphism of c o a l  i s  ev iden t .  B r i e f l y  examined, 

t h e  mesoscopic zones of a l t e r e d  c o a l  a r e  not  a s  w e l l  

de f ined  a s  t h o s e  a t  t h e  wes t - s ide  i n t r u d e d  c o a l  l o c a l i t y .  

L o c a l i t y  B 

On t h e  nex t  t r i b u t a r y  stream t o  t h e  sou th  of 

t h a t  hos t ing  L o c a l i t y  A ,  and approximately 3500 feet sou th  

of t h a t  l o c a l i t y ,  t h e r e  i s  another  prominent nor thwest-  

f a c i n g  c u t  bank, t h e  e a s t e r n  p o r t i o n  of which i s  des igna t ed  

L o c a l i t y  B ( P l a t e s  12 ,  1 3  and 1 4 ) .  Along t h e  exposure,  

t h e  maximum v e r t i c a l  r i s e  from a  po in t  on t h e  s t ream bed 

t o  t o p  of ad j acen t  cu t  bank i s  about 65 feet .  The p l a c e  

of maximum v e r t i c a l  exposure happens t o  b e  t h e  l o c a t i o n  of 

t h e  t h r e e  l a r g e s t  c o a l  l e n s e s  now r e v e a l e d  i n  t h e  c u t  bank. 

A measured s e c t i o n  (Table  2), which inc luded  t h e  



TABLE 2 

Measured S t r a t i g r a p h i c  S e c t i o n  a t  L o c a l i t y  B 

E leva t ion :  4750' (approx . )  
( t o p  of  c o a l )  

Thickness  of Unit Li thology 

2 '0 ' '  ( t o p  covered)  ( a )  Sandstone,  medium-grained t o  
moderately coarse-gra ined ,  
yel lowish-grey,  chunky, s o f t  , 
(poor ly  i n d u r a t e d ) .  

( b )  Claystone,  yel lowish-grey,  chunky, 
s o f t ,  becoming smal le r  chunks 
in te rmixed  wi th  w e t  c l a y  i n  
lower one-half .  

( c )  S i l t  s t o n e ,  medium-grey, chunky, 
s o f t .  

( d )  S i l t  s t o n e ,  medium-br own, chunky, 
s o f t .  

( e )  Clay,  l i g h t  g rey ,  wi th  t h i n  l e n s e s  
of c o a l .  

2 '8 ' '  ( t h i c k e s t  p a r t  of l e n s ) ( f )  Coal ,  medium and t h i c k  banded, 
f a i r l y  ha rd ,  c l e a n ,  and b r i t t l e ,  
occur r ing  i n  a  l e n s ,  about 16 '  
wide, which i s  t h e  westernmost 
of a  group of t h e  3 l a r g e s t  c o a l  
l e n s e s  occur r ing  a t  L o c a l i t y  B 
from which composite semi-bulk 
sample NHUA 8/18/71-4,5,6 was 
taken f o r  r e s i n  e x t r a c t i o n ,  
d i ssemina ted  mainly p a l e  yel low 
t o  golden yel low lump r e s i n  
p r e s e n t  i n  low concen t r a t i on .  

( g )  Sandstone,  coa ly ,  medium-grained 
t o  moderately coar  se -gra ined ,  
b r i t t l e  (medium i n d u r a t i o n ) .  



4' 0" ( b a s e  covered)  

( h )  Sandstone,  coarse-gra ined ,  micaceous, 
" s a l t  -and-pepper" t ype ,  l i g h t  
yellowish-brown, dark  buf f  t o  
orange-brown s t a i n i n g  common, 
ve ry  s o f t  (very  poor ly  i n d u r a t e d ) ,  
w i t h  v a r i o u s  l e n s e s  c o n s i s t i n g  of 
one o r  more, o f t e n  a l l  t h r e e ,  of 
t h e  fo l lowing  l i t h o l o g i e s :  
(1) medium-grey t o  g reen ish-grey ,  
s o f t ,  chunky c l a y s t o n e ,  ( 2 )  c o a l ,  
( 3 )  medium-br own t o  dar  k-br own 
s i l t s t o n e  t o  f i n e - g r a i n e d  t o  
coarse-gra ined  sandstone.  

( i) Sandstone,  coarse-gra ined ,  " sa l t -and-  
pepper" t ype ,  l i g h t  g rey ,  very  
s o f t  (very poor ly  i n d u r a t e d )  , some 
cross-bedding,  wi th  l e n s e s  of s o f t ,  
f o s s i l i f e r o u s  (carbonaceous) ,  brown 
weather ing,  medium-grey s i l t  s t o n e  
t o  sandstone.  (Note: To t h e  e a s t  
of t h i s  measured s e c t i o n  s i t e ,  i n  
t h i s  sandstone u n i t  ( i ) ,  occur 
t h e  o ther  two c o a l  l e n s e s  sampled 
t o  make up p a r t  of composite semi- 
b u l k  sample NHUA 8/18/71-4,5,6. ) 

Covered 

Base: Stream 
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westernmost and l a r g e s t  c o a l  l e n s  ( P l a t e s  15 and 16 )  i n  

i t s  t h i c k e s t  p o r t i o n ,  was measured from t h e  c r e e k  t o  a 

p o i n t  halfway up t h e  cu t  bank. Th i s  i s  a s imple  s t r a t i -  

g r aph ic  s e c t i o n  s i n c e  t h e  bedrock sediments ,  which a r e  l a r g e l y  

poor ly  i n d u r a t e d  yel lowish-grey , l i g h t  yellowish-brown, and 

l i g h t  g rey  sandstone,  t oge the r  wi th  l e n s e s  of f i n e r - g r a i n e d ,  

u s u a l l y  darker  c l a s t i c s  and of c o a l ,  a r e  e s s e n t i a l l y  f l a t -  

ly ing .  The t o p  of t h e  measured s e c t i o n  ends  i n  t h e s e  

Amphitheatre fo rmat ion  sediments which, more o r  less exposed, 

a l s o  comprise t h e  s e c t i o n  i n  t h e  upper p a r t  of t h e  c u t  bank. 

These Amphitheatre fo rmat ion  s t r a t a  a r e  o v e r l a i n ,  

appa ren t ly  paraconformably,  by w e l l - s t r a t i f i e d  sand,  g r a v e l ,  

and boulder  beds  of a predominantly reddish-brown co lour  

( P l a t e  1 4 ) .  Provenance of t h e s e  g r a v e l s  i s  t h e  S t .  C l a r e  

Group, ou t c rops  of which a r e  p r e s e n t  i n  t h e  s t ream c u t  on 

t h e  f a r  r i g h t  hand s i d e  i n  P l a t e  13. S t r a t i g r a p h i c  p o s i t i o n  

of hor izons  bea r ing  t h e  l a r g e r  c o a l  l e n s e s  a t  L o c a l i t y  B 

i s  e s t ima ted  t o  be roughly 100 feet s t r a t i g r a p h i c a l l y  below 

t h e  lowest S t .  C l a r e  Group v o l c a n i c  f lows.  Age of t h e  

s t r a t i f i e d  g r a v e l s  i s  T e r t i a r y  or  younger. 

The o the r  two main c o a l  l e n s e s  a t  L o c a l i t y  B a r e  

v i s i b l e  i n  P l a t e s  15 and 16. A s  measured a long t h e  s t ream,  

t h e  west end of t h e  middle l e n s  i s  approximately 12 feet 
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from t h e  e a s t  end of t h e  w e s t  l ens .  The middle and e a s t  

l e n s e s  occur i n  t h e  l i g h t  g rey  sandstone u n i t  ( i ) ,  t h e  

t o p  of which, i n  t h e  measured s e c t i o n  (Table  2 ) ,  i s  1 4  

f e e t  5 i nches  below t h e  b a s e  of t h e  w e s t  c o a l  l e n s .  

Exposed l e n g t h  (o r  wid th)  of t h e  middle l e n s  i s  6 feet,  

and maximum t h i c k n e s s  i s  10 inches .  For t h e  e a s t  l e n s  

t h e s e  dimensions a r e  3 feet ,  and 16 inches ,  r e s p e c t i v e l y .  

Both l e n s e s  a r e  o v e r l a i n  by da rk  brown, s o f t ,  chunky 

s i l t s t o n e - c l a y s t o n e ,  and u n d e r l a i n  by a brown, r e s i n i f e r o u s ,  

coa ly  sands tone  which, over a few inches ,  grades  i n t o  l i g h t  

grey sands tone  u n i t  (i) . S i m i l a r  l e n s  "sandwiches" con- 

s i s t i n g  of c o a l  between ove r ly ing  f i n e  c l a s t i c s  and under- 

l y i n g  c o a r s e r  c l a s t i c s ,  bo th  ( roof  and f l o o r )  be ing  darker  

than t h e  enc los ing  sandstone,  were a l s o  observed f o r  

smal le r  c o a l  l e n s e s  occu r r r ing  i n  l i g h t  ye l lowish  brown 

sands tone  u n i t  ( h )  (Table  2 ) .  

The c o a l  appears  megascopical ly  t o  b e  dominantly 

v i t r a i n ,  medium and t h i c k  banded. The v i t r e o u s  l u s t r e  

of t h e  v j t r a i n  i n d i c a t e s  a h igher  r ank  than  l i g n i t e  

(Schopf, 1960, p. 48) .  Clea t  i s  poor ly  developed; t h e r e f o r e  

t h e  c o a l  i s  probably of sub-bituminous rank.  It i s  

i n t e r e s t i n g  t o  n o t e  t h a t  c o a l  i s  t h e  ha rdes t  r o c k  p r e s e n t  

i n  t h e  l o c a l  s e c t i o n .  
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Lump r e s i n ,  averaging about 1 t o  3 m i l l i m e t r e s  

i n  d iameter ,  and g e n e r a l l y  f i n e r - g r a i n e d  t h a n  t h a t  observed 

i n  1970 i n  upper seams on t h e  west s i d e  of t h e  mountain, 

was observed i n  t h e  3 l a r g e  l e n s e s .  It occurs  s p a r s e l y  

more o r  l e s s  throughout t h e  t h i c k n e s s  of t h e  l e n s e s ,  bu t  

i s  u s u a l l y  more abundant i n  lower p a r t s ,  and i s  a l s o  

p re sen t  i n  t h e  coa ly  sands tone  immediately under ly ing  

t h e  l e n s e s .  Lump r e s i n  i n  t h e  l a t t e r  t ype  of occur rence  

tends  t o  be amber t o  dark amber i n  c o n t r a s t  w i t h  t h e  l a r g e l y  

p a l e  yel low t o  golden yel low r e s i n  v i s i b l e  w i t h i n  c o a l  

l enses .  Average abundance of r e s i n  a c r o s s  f u l l  t h i c k n e s s  

of l e n s e s  i s  roughly e s t ima ted  a t  0.5%, or  less, and i s  

t h u s  a l s o  l e s s  t han  e s t ima ted  f o r  some wes t - s ide  occur rences  

observed i n  1970. 

A semi-bulk sample (approximately 560 l b s ) ,  com- 

p r i s e d  of c o a l  from t h e  e a s t ,  middle,  and west c o a l  l e n s e s ,  

was taken  i n  an a t tempt  t o  e x t r a c t  enough r e s i n  f o r  commercial 

test purposes  ( s e e  Appendix 1 f o r  d e s c r i p t i o n  of sampling 

procedure) .  

Other Stream-Cut Exposures of Sediments 

A number of o t h e r  exposures of Amphitheatre f o r -  

mation sediments occur a long  stream-cut banks a t  e l e v a t i o n s  

below L o c a l i t i e s  A and B i n  t h e  n o r t h e a s t  s e c t o r  (e.g.  , see 

P l a t e  2 ) .  The exposed sediments ,  sand ,  s i l t  a n d  c l a y ,  a r e  
, 
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l i gh t - co lou red  and u n l i t h i f i e d  t o  poor ly  l i t h i f i e d .  Thin 

l e n s e s  of c o a l  a r e  common i n  a l l  c a se s .  A d i s t i n c t i v e  

white-weathering colour i s  not i c e a b l e  a t  most exposures ,  

and t h i s ,  t oge the r  wi th  t h e  presence  of c o a l ,  h e l p s  t o  

d i s t i n g u i s h  t h e s e  T e r t i a r y  sediments from unconso l ida ted  

Recent c l a s t i c  sediments which may a l s o  occur a long t h e  

streams.  However, a long Halfbreed Creek, downstream from 

t h e  n o r t h e a s t  s ec to r  of t h e  Niamodlaoc Mountain c o a l  area 

(F igu re  3), t h e r e  a r e  some d e p o s i t s  of whit  e-weathering 

sand i n  which c o a l ,  occur r ing  i n  s t r e a k s  and l e n s e s ,  i s  

e s s e n t i a l l y  unconso l ida ted ,  and may be  c l a s t i c ,  reworked 

m a t e r i a l .  If s o ,  t h e s e  a r e  probably Recent beds ,  c o n s i s t i n g  

of  reworked T e r t i a r y  age  Amphitheatre fo rmat ion  sediments. 

Coniform Exposures of Volcanic  I n t r u s i v e s  

S o l i t a r y  c o n i c a l  landforms,  o r  coniforms,  a f e w  

f e e t  o r  t e n s  of f e e t  t o  a few hundred f e e t  wide a t  base ,  

occur a s  p r o j e c t i o n s  d o t t i n g  t h e  r o l l i n g  lower s lopes .*  

C l u s t e r s  of coniforms occur near  t h e  t o p  of t h e  lower 

s l o p e  ( s e e  P l a t e  l o ) ,  forming catchments behind which marshy 

a l l u v i a l - c o l l u v i a l  s l o p e s  g e n t l y  r i s e  toward t h e  b a s e  of 

t h e  upper s lopes .  

Kon i fo rm - Here proposed and de f ined  a s  a cone-shaped land- 
form of any s i z e ,  bu t  f o r  t h e  l a r g e r  examples t h e  t e r m  i s  
superceded by terms such a s  "mountain peak", "peakfr,  o r  
ffmount", a l r e a d y  i n  common usage. 
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Outcrops occur on most coniforms, and on severa l ,  

b r i e f  examinations were made. The rocks when f r e s h  a r e  

grey or reddish-brown, mainly reddish-brown weathering, f i n e -  

t o  medium-grained volcanic  rocks,  with massive, amygdaloidal, 

and ves icu la r  t o  highly ves icu la r  s t r u c t u r a l - t e x t u r a l  

v a r i e t i e s .  Flow layer ing  was not de tec ted ,  and i n  t h e  few 

cases  where s t r u c t u r a l - t e x t u r a l  con tac t s  were de tec ted ,  

t h e s e  were moderately t o  s t eep ly  inc l ined .  

Except f o r  t h e  dyke/coal ( i n t r u s i v e )  contact  a t  

c u t  bank Loca l i ty  A ,  no well-exposed volcanic/sediment 

contact  was observed. However, i t  i s  reasonably c l e a r  t h a t  

t h e  l a t e r a l  con t inu i ty  of sedimentary u n i t s  must be  i n t e r -  

rupted by volcanic  bodies exposed on t h e  e a s t  end of t h e  cu t  

bank, and near i t s  west end. The p ro jec ted  contac t  r e l a t  i t i l l  

sh ips  a r e  e i t h e r  i n t r u s i v e ,  or  c o n s t i t u t e  nonconformities. 

I n  t h e  l a t t e r  case ,  t h e  volcanic  u n i t s  would be volcanic  

cones or domes from which d e t r i t u s  was shed t o  accumulate 

i n  f lanking  sedimentary u n i t s .  It  seems more l i k e l y  t h a t  

t h e  former a l t e r n a t i v e  i s  t h e  case ,  and t h a t  t h e  coniform- 

forming volcanic  bodies  a r e  e ros ion- res i s t an t  volcanic  plugs. 

DISCUSSION 

Poss ib le  Corre la t ions  

No immediately apparent marker horizon has been 

found i n  t h e .  Amphitheatre formation a s  a r e s u l t  of t h e  1970 
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and 1971 reconna issance  f i e l d  work. Coal seams exposed 

on t h e  w e s t  s i d e  of Niamodlaoc Mountain a r e  p o t e n t i a l  

markers, and t h e  lowermost vo l can ic  f lows  i n  t h e  over ly ing  

S t .  C l a r e  Group should b e  examined f o r  marker bed p o t e n t i a l  

i n  f u t u r e  wprk. Even i f  good marker ho r i zons  cannot be  

found,  s e c t i o n s  comprising as much s t r a t i g r a p h i c  t h i c k n e s s  

a s  p o s s i b l e  should  be  measured a t  s e v e r a l  p l a c e s  of a v a i l a b l e  

exposure around t h e  mountain. There may be  d e t e c t a b l e  

p a t t e r n s  of s t r a t i g r a p h i c  success ion  and of l a t e r a l  f a c i e s  

v a r i a t i o n  from which t o  judge i f  a  c o a l  seam p r e s e n t  a t  one 

l o c a l i t y  is  or  i s  not p r e s e n t  i n  t h e  success ion  a t  ano ther  

l o c a l i t y .  The s h o r t  s e c t i o n s  measured a t  v a r i o u s  c o a l  

l o c a l i t i e s  a r e  inadequa te  b a s i s  f o r  judgement u n t i l  some 

f e e l i n g  f o r  r a p i d i t y  o r  s c a l e  of f a c i e s  changes can b e  

ga ined  by measuring g r e a t e r  t h i c k n e s s e s  of s t r a t a  a t  

d i f f e r e n t  p l aces .  

Due t o  l a c k  of sedimentary ou tc rops  between 

L o c a l i t i e s  A and B (1971) ,  which a r e  about 3500 f e e t  a p a r t ,  

t h e  i n t e rven ing  s t r u c t u r e  i s  unknown. Observable s t r u c t u r e  

i s  e s s e n t i a l l y  f l a t - l y i n g  a t  bo th  l o c a l i t i e s ,  and bo th  l i e  

a t  approximately t h e  same e l e v a t i o n s  (conf.  Tables  1 and 2 ) ,  

s o  they could have s t r u c t u r a l  hor izons  i n  common. I n  

comparing s t r a t i g r a p h y ,  we n o t e  t h a t  a t  bo th  l o c a l i t i e s  t h e  
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l a r g e r  c o a l  l e n s e s  occur near  a  con tac t  o r  t r a n s i t i o n  between 

grey sands tones  and ove r ly ing  sands tones  which a r e  mainly 

yel low or  brown. T h i s  g e n e r a l i z a t i o n  igno res  s t r a t i g r a p h i c  

d e t a i l s ,  and i n  d e t a i l ,  no l i t h o l o g i c  c o r r e l a t i o n  i s  

apparen t .  This  does not  p rec lude  c o r r e l a t i o n  between t h e  

more prominently coa l -bear ing  hor izons  a t  t h e  two l o c a l i t i e s ,  

and t h i s  remains a  p o s s i b i l i t y .  

S t r a t i g r a p h i c  s e p a r a t i o n s  between prominent coa l -  

bea r ing  hor izons  and one p o t e n t i a l  s t r a t i g r a p h i c  marker, 

t h e  lowest  vo l can ic  f low i n  t h e  over ly ing  S t .  C l a r e  Group, 

has  not  been measured on t h e  west s i d e  (1970) ,  nor i n  t h e  

n o r t h e a s t  s e c t o r  (1971) of Niamodlaoc Mountain. T h i s  

s e p a r a t i o n  a t  L o c a l i t y  B (1971) i s  roughly e s t ima ted  a t  

100 f e e t .  Grea t e r  u n c e r t a i n t y  a t t a c h e s  t o  any e s t i m a t e  

of t h i s  s e p a r a t i o n  a t  L o c a l i t y  A (1971) ,  up-slope from 

which t h e  lower S t .  C l a r e  Group f lows  a r e  less w e l l  exposed 

than  a t  L o c a l i t y  B, and t h o s e  which a r e  exposed ( P l a t e  3)  

a r e  a l s o  l a t e r a l l y  ( t o  t h e  w e s t )  f a r t h e r  removed from t h e  

c o a l  l o c a l i t y  than  i s  t h e  c a s e  a t  L o c a l i t y  B. However, a  

very  rough e s t i m a t e ,  made by p r o j e c t i n g  t o  a  h y p o t h e t i c a l  

s imple s t r a t i g r a p h i c  s e c t i o n  s i t u a t i o n ,  g i v e s  u s  a  separa-  

t i o n  a t  L o c a l i t y  A some 2 t o  3 t i m e s  t h a t  a t  L o c a l i t y  B. 

A somewhat s i m i l a r  s i t u a t i o n  e x i s t s  on t h e  w e s t  
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s i d e  where a t  Lpcal i ty  C (1970) s t r a t i g r a p h i c  d i s t ance  

from base of S t .  C la re  Group down t o  t h e  uppermost seam 

(3$ f o o t  t h i c k )  of t h e  t h r e e  main upper seams i s  roughly 

est imated a t  100 f e e t .  To t h e  nor th  a t  Loca l i ty  A (1970) 

t h e  e s t ima te  i s  again more uncer ta in  than a t  C (1970),  but  

sepa ra t ion  i s  a l s o  thought t o  be g r e a t e r  than a t  Loca l i ty  

C. The middle seam (6 f o o t  t h i c k )  and t h e  lowest seam 

(3k foo t  t h i c k )  a t  Local i ty  C (upper seams, 1970) a r e  

r e s p e c t i v e l y  31 f e e t  and 43 f e e t  s t r a t i g r a p h i c a l l y  below 

t h e  uppermost seam (Speelman, 1970, Table 2 ,  p. 1 2 ) .  

I f  t h e  horizons bearing t h e  l a rge r  c o a l  l enses  

a t  nor theas t  sec to r  L o c a l i t i e s  A and/or B (1971) c o r r e l a t e  

with a  horizon containing one of t h e  upper seams a t  west- 

s i d e  L o c a l i t i e s  A ,  AA, o r  C (1970), then one of those  

seams has apparent ly become lensy t o  t h e  e a s t  and nor theas t .  

On t h e  other  hand, some of t h e  upper seams present  on t h e  

west s i d e ,  if continuous beneath t h e  mountain, could be  

present  on t h e  e a s t  s i d e  some t e n s  of f e e t  lower down i n  

t h e  s e c t i o n  than t h e  lowest exposures ( P l a t e s  6  and 14)  a t  

t h e  nor theas t  sec to r  L o c a l i t i e s  A and B (1971). On t h e  

western mountainside t h e  upper seams a r e  only s l i g h t l y  more 

r e s i s t a n t  i n  outcrop than t h e  sediments with which they a r e  
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i n t e r l a y e r e d .  The c o a l  observed i n  l e n s e s  i n  t h e  n o r t h e a s t  

s e c t o r ,  a l though  more competent t han  hos t  sediments i n  

f r e s h  exposure,  appears  t o  weather r a p i d l y  t o  smal l  p i e c e s ,  

and i s  no more r e s i s t a n t  i n  ou tc rop  than  t h e  hos t  sediments.  

Taking t h e s e  two f a c t s  i n t o  c o n s i d e r a t i o n ,  we can p r e d i c t  

t h a t  i f  an upper seam is  p r e s e n t  i n  t h e  n o r t h e a s t  s e c t o r ,  

i t  w i l l  b e  l i t t l e  l i k e l y ,  o r  no more l i k e l y  t o  ou tc rop  

than  t h e  s o f t  sediments i n  t h a t  s e c t o r ,  and t h e s e  seldom 

outc rop  except a t  some p l a c e s  i n  s t ream c u t s .  

Trenching and D r i l l i n g  Required 

I n  summary, t h e r e  i s  no evidence t h a t  t h e  upper 

seams a r e  p re sen t  i n  t h e  n o r t h e a s t  s e c t o r  of t h e  mountain, 

b u t  exposure i s  i n s u f f i c i e n t  t o  determine i f  t hey  a r e  

absent .  I n  view of  t h e  important  i m p l i c a t i o n s  f o r  seam 

c o n t i n u i t y  t h a t  t h e i r  p resence  on t h e  e a s t  s i d e  could have, 

i t  i s  worth 1 or  2 d r i l l  probes  and/or long t r e n c h e s ,  t o  

determine whether o r  not  t hey  a r e  p re sen t .  

Regarding t h e  lower seam occu r r ing  on t h e  w e s t  

s i d e  a t  L o c a l i t y  D (1970) and p o s s i b l y  a t  L o c a l i t y  B (1970) ,  

i t  i s  roughly e s t ima ted  t h a t  i f  p re sen t  i n  t h e  n o r t h e a s t  

s e c t o r  i t  w i l l  b e  a t  an e l e v a t i o n  around 4000 feet .  But 

t h e  lowest s u r f a c e  e l e v a t i o n  i n  t h i s  s e c t o r  of t h e  

Niamodlaoc Mountain c o a l  a r e a ,  i n  t h e  bottom of Halfbreed 



Creek, i s  a l s o  about 4000 f e e t .  Therefore,  a  v e r t i c a l  

subsurface probe of seve ra l  t e n s ,  perhaps up t o  a  few 

hundred f e e t ,  from a low e leva t ion  se t -up ,  i s  requ i red  t o  

t e s t  f o r  t h e  presence of t h e  lower seam i n  t h e  nor theas t  

sec to r .  It  i s  d e s i r a b l e  t o  f i r s t  do t h e  above discussed 

sec t ion  measurement work, i n  order t o  r e f i n e  t h e  es t imate  

of t h e  expected e leva t ion  of t h e  seam, and thus decide what 

length of d r i l l  ho le  would c o n s t i t u t e  an adequate search. 

S t r i p  Mining P o t e n t i a l  

I t  i s  roughly est imated t h a t  50% or more of t h e  

lower nor theas t  mountain s lope ,  mainly under l a i n  by coal -  

bearing Amphitheatre formation sediments, l ies a t  a  7 t o  

17% grade. The sedimentary u n i t s  a r e  f  l a t - l y i n g  t o  gen t ly  

dipping. I n  t h i s  nor theas t  lower-slope sec tor  of t h e  

mountain alone,  t h e r e  i s  thus  an est imated a rea  of about 

1 square mile i n  which bedrock s t r u c t u r a l  a t t i t u d e s  and 

s lope  a t t i t u d e s  on an average diverge by l e s s  than 100. 

This  condi t ion  of near-conjunction between bedrock and 

s lope a t t i t u d e s  i s  favourable  f o r  s t r i p  mining. Moreover, 

i f  continuous c o a l  seams can be  found i n  t h i s  s e c t o r ,  i t  

appears t h a t  t h e  bedrock mate r i a l  t o  be  s t r i p p e d  w i l l  b e  

unindurated t o  poorly indura ted  a f t e r  permafrost i s  thawed. 

Larger coa l  l enses  might be  s e l e c t i v e l y  recovered during 
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s t r i p p i n g .  Also,  t h e  appa ren t ly  ub iqu i tous  c o a l  occur r ing  

i n  smal le r  l e n s e s  might b e  s u f f i c i e n t l y  abundant t o  warrant  

t rea tment  of t h e  f r i a b l e  m a t e r i a l  t o  b e  s t r i p p e d ,  i n  i t s  

e n t i r e t y ,  a s  a pseudo-placer depos i t  from which c o a l  i n  

low concen t r a t i on  might be recovered  by washing. A p o r t a b l e  

washing p l a n t  t o  produce a rougher concen t r a t e  would minimize 

t r a n s p o r t  of was te ,  an  important  o p e r a t i o n a l  c h a r a c t e r i s t i c  

of p l a c e r  mining. A c o a l  p re -concen t r a t e  might b e  o b t a i n a b l e  

simply by sc reen ing ,  s i n c e  t h e  c o a l  i n  f r e s h  exposure i s  

t h e  most competent sedimentary rock  seen  i n  t h e  n o r t h e a s t  

s e c t o r .  S t r i p p i n g  might be  done by hydrau l i c  g i a n t s ,  a s  

has been done a t  t h e  Healy Creek o p e r a t i o n  i n  Nenana c o a l  

f i e l d  i n  Alaska (Barnes,  1964, p. 93) .  One conce ivab le  

t echnique  f o r  r a p i d l y  thawing permafrost  would employ water  

passed t o  t h e  h y d r a u l i c  monitor from a c o a l - f i r e d  water h e a t e r .  

Lump Resin  

While lump r e s i n  concen t r a t i on  and average  s i z e  

a s  observed i n  n o r t h e a s t  s e c t o r  l e n s e s  i s  lower t han  observed 

i n  wes t - s ide  upper seams, e s p e c i a l l y  a s  observed near L o c a l i t y  

AA (1970) ,  t h e  1971 obse rva t ions  i n d i c a t e  t h a t  lump r e s i n  

occurrence i s  widespread i n  Amphitheatr e format i o n  coa l s .  

There i s  obviously  cons ide rab le  v a r i a t i o n  i n  grade.  
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Resin e x t r a c t e d  from a l e n s  occurrence of c o a l  

should b e  a v a l i d  sample f o r  e s t a b l i s h i n g  t h e  range  of 

r e s i n  q u a l i t y  t o  be  expected i n  p o t e n t i a l l y  minable seams. 

It i s  known t h a t  i n  a g e n e r a l  way t h e  abundance of c o a l  

lump r e s i n  i n c r e a s e s  wi th  decreas ing  age of t h e  hos t  c o a l ,  - 
and t h i s  i s  s u b s t a n t i a t e d  by comparison of J u r a s s i c -  

Cretaceous c o a l s  and T e r t i a r y  c o a l s  observed by t h e  w r i t e r  

i n  t h e  Yukon. It i s  unknown i f  t h e r e  i s  a l s o  an age  - 
e f f e c t  on r e s i n  composition. If so ,  t hen  depending on t h e  

magnitude of t h e  age  d i f f e r e n c e  between a c o a l  l e n s  and 

a younger o r  o l d e r  seam, a r e s i n  sample taken from t h e  

former i s  obviously  not  d i r e c t l y  v a l i d  a s  a sample of t h e  

r e s i n  i n  t h e  l a t t e r ,  b u t  i t  i s  s t i l l  v a l i d  i n  d e f i n i n g  

t h e  l i m i t s  (upper o r  lower) of composit ion of r e s i n  i n  a 

p o t e n t i a l l y  minable seam i n  t h e  s a m e  c o a l  f i e l d .  

CONCLUSIONS AND R ECOMMENDAT IONS 

Ground-t raverse  su r f ace  p rospec t ing  f o r  s t ream 

f l o a t  c o a l  and ou tc rop  c o a l  h a s  proven t o  b e  an e f f e c t i v e  

method i n  t h e  Niamodlaoc Mountain a rea .  Prospec t ing  by 

a i r b o r n e  obse rva t ion  of s u r f a c e  has  a l s o  been e f f e c t i v e  on 

t h e  w e s t  s i d e  of t h e  mountain, b u t  not  on t h e  e a s t  s i d e  

where s i z e a b l e  c o a l  l e n s e s  found on t h e  ground i n  1971 w e r e  

no t  s p o t t e d  from t h e  a i r  i n  1970. It i s  recommended t h a t  
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ground-traverse s u r f  ace  prospect ing be c a r r i e d  out i n  t h e  

a s  yet  unexamined cen t ra l - eas te rn ,  southeas t ,  and southwest 

s e c t o r s  of Niamodlaoc Mountain. 

It i s  concluded t h a t  t h e  su r face  exposure a v a i l -  

a b l e  i n  t h e  nor theas t  sec to r  i s  i n s u f f i c i e n t  t o  prove t h e  

absence of t h e  upper seams, or of t h e  lower seam, found 

on t h e  west mountainside i n  t h e  previous per iod  of f i e l d  

work. It i s  p o s s i b l e  t h a t  a  horizon c o r r e l a t i v e  with one 

of t h e  western upper seam horizons i s  somewhere included 

i n  t h e  a v a i l a b l e ,  a l b e i t  l imi ted ,  nor theas t  sec to r  exposures 

a s  discussed above. Given t h i s  p o s s i b i l i t y ,  t h e  f a c t  t h a t  

a  seam was not observed i n  a v a i l a b l e  exposures i n  t h i s  

sec to r  could be an unfavourable r e s u l t .  

On t h e  other  hand, t h e  discovery i n  t h e  nor theas t  

sec tor  of topographic/bedrock s t r u c t u r a l  condi t ions  con- 

ducive t o  s t r i p  mining i s  a  favourable  r e s u l t .  In  add i t ion ,  

t h e  preponderantly poorly indura ted  sedimentary rocks i n  

t h i s  sec to r  could probably be s t r i p p e d  by hydraul ic  methods. 

On n e t ,  t h e  1971 r e s u l t s  i n d i c a t e  t o  t h e  wr i t e r  t h a t  t h e  

o v e r a l l  geologic  p o t e n t i a l  of t h e  Niamodlaoc Mountain coa l  

prospect i s  about t h e  same a s  i t  was when considered i n  

l i g h t  of t h e  1970 r e s u l t s .  
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Because reconna issance  r e s u l t s  s o  fa r  ob ta ined  

show t h a t  t h e  c o a l  measures a r e  f l a t - l y i n g  t o  moderately 

d ipp ing  ( l e s s  than  3 0 0 ) ~  mining c o s t s  should b e  lower h e r e  

t han  i n  t h e  t i g h t l y - f o l d e d  Ju ra s s i c -Cre t aceous  c o a l  

measures i n  t h e  Whitehorse Trough. Moreover, c o a l  i n  

seams of minable t h i c k n e s s  i n  t h e  Bush Mountain a r e a ,  one 

of t h e  Whitehorse Trough c o a l  a r e a s  c l o s e  t o  Whitehorse, 

and h e r e t o f o r e  cons idered  a p o s s i b l e  source  of c o a l  f o r  

thermal  power gene ra t ion ,  has  r e c e n t l y  been found t o  be 

high-ash,  me ta -an th rac i t e  o r  g r a p h i t i c  a n t h r a c i t e  (E.L. 

Speelman, i n  p r e p a r a t i o n ;  W. J. Montgomery, 1971; B. N. 

Nandi, pe r  s. com. , September, l W l ) ,  and i s  probably 

u n s u i t e d  f o r  combustion (D. S. Montgomery, p e r s .  com., 

October,  1971) ,  though an i n v e s t i g a t i o n  i s  planned. 

Besides  f u r t h e r  work t o  e v a l u a t e  thermal  c o a l  

p o t e n t i a l ,  cont inued s tudy  of by-product o r  co-product 

p o t e n t i a l  of Niamodlaoc Mountain c o a l  i s  recommended. 

I n v e s t i g a t i o n  of t h e  economic p o t e n t i a l  of lump r e s i n  

occur r ing  i n  t h e  c o a l ,  now underway wi th  an a t tempt  t o  

s e p a r a t e  r e s i n  from a  semi-bulk sample from n o r t h e a s t  

s e c t o r  l e n s e s ,  should b e  cont inued  i n  t h e  f i e l d  wi th  a 

minimum o b j e c t i v e  of next  ob t a in ing  a  l a r g e  sample from a 

w e s t  - s i d e  seam, a s  o r i g i n a l l y  in tended  f o r  1971. 
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From informat ion  ga ined  by s u r f a c e  work t o  d a t e ,  

i t  i s  c l e a r  t h a t  much more of s i g n i f i c a n c e  remains t o  b e  

l ea rned  from completion o f  reconna issance  geology work 

t o  i n c l u d e  t h e  c e n t r a l - e a s t e r n ,  s o u t h e a s t ,  and southwest 

s e c t o r s ,  p l u s  measurement of  s t r a t i g r a p h i c  s e c t i o n s ,  and 

d e t a i l e d  geo log ic  mapping of a l l  a r e a s  of t h e  Amphitheatre 

fo rmat ion ,  up t o  t h e  b a s a l  u n i t s  of t h e  S t .  C l a r e  Group. 

Measurement of s e c t i o n s  and geo log ic  mapping should have 

f i r  st p r i o r i t y  a f t e r  completion of p rospec t ing  and g e o l o g i c a l  

reconnaissance.  I d e a l l y ,  t h e  g e o l o g i c a l  work should b e  

s u b s t a n t i a l l y  completed b e f o r e  t r ench ing  and/or d r i l l i n g  

i s  begun. The s h o r t  f i e l d  seasons  make t h i s  i m p r a c t i c a l  

however, and enough i s  now known t o  p l a n  t o  beg in  some 

t r e n c h i n g  and d r i l l i n g  w h i l e  t h e  above work i s  underway. 

Access problems i n  1971 stemmed from s e v e r a l  

u n a n t i c i p a t e d  washouts and blockages  on t h e  Halfbreed Creek 

road ,  which had been r e p o r t e d  t o  s t i l l  be i n  good c o n d i t i o n  

when p a t r o l l e d  by snowmobile j u s t  p r i o r  t o  1971 s p r i n g  

breakup. According t o  l o c a l  r e p o r t s ,  t h e  1970-71 win te r  

snowfa l l  i n  t h e  mountains was heav ie r  than normal. Some 

r e p a i r  of t h i s  r o a d  by bu l ldoze r  w i l l  probably b e  r e q u i r e d  

a t  t h e  s t a r t  of each f i e l d  season.  A 4 x 4 t r u c k  f o r  

supply,  and a few smal l  a l l - t e r r a i n  v e h i c l e s  f o r  o f f - road  
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t r a v e l ,  should g ive  s u f f i c i e n t  access  t o  most of t h e  a r e a ,  

with l i t t l e  he l i cop te r  support  required.  

An o u t l i n e  of f i e l d  work t a c t i c s  for one f i e l d  

season i s  given i n  Appendix No. 2. 

J 

November 22, 1971. 

A l l  of which i s  r e s p e c t f u l l y  submitted,  

Norman H. Urse l  Associates  Limited 

Edwin L. Speelman, B. Sc. 
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PLATE 1. Northeast sector  of Niamodlaoc Mountain a s  viewed 
from Halfbreed Creek Road, showing layered volcanic capping of 
t he  mountain, and lower s lopes  underlain by coal  bearing c l a s t i c  
sediments. (Amphitheatre formation) and volcanic plugs. 

PLATE 2. A c loser  view of t he  northeast sector  a s  seen from 
t h e  Halfbreed Creek floodplain. Cut banks left  and r i g h t  of 
cen t re  (d i s t an t  foreground) expose predominantly light-coloured, 
unindurat ed t o  very poorly indurated c l a s t i c  sediments of t he  
Amphitheatre formation. 



PLATE 3. Looking upslope over t h e  lower slopes. Upper slopes 
(with volcanic c l i f f s )  i n  d i s tan t  background. Cut bank exposure 
Locali ty A i s  r i gh t  of centre ,  on upper pa r t  of lower slope. 
Coniforms developed on volcanic plugs on extreme left . ,  a l s o  
near top of lower slope. Frcc~st heave coal  occurs i n  low area 
ly ing between Locali ty A and coniforms on extreme left.  



PLATE 4. Reddish-brown and grey, highly ves icu la r  volcanics  
exposed a t  northeast  end of cu t  bank Local i ty  A. Looking southeast .  

PLATE 5. Light -coloured Amphitheatre formation sediments exposed 
a t  t h e  southwest end of cut  bank Local i ty A. Cluster  of small  
volcanic coniforms v i s i b l e  from top  of bank t o  upper r i g h t  of 
photograph. h o k i n g  southeast ,  with Kluane Range mountains i n  
d i s t a n t  background. 

. , , . 

'. . I.. . . . . .. . . 





PLATE 6 
( l e f t  ) 

Pla tes  6 - 9 

PLATE 9 
( r igh t  ) 

PLATES 6 through 9. Overlapping scan view, looking southeast ( l e f t )  through southwest 
( r i g h t )  a t  shaded t o  p a r t l y  shaded, main c e n t r a l  por t ion of cut  bank Local i ty  A. 
Sco t t  Lyle s tands on upper l e v e l  of bench cut  exposure of coa l  l ens  (P la te  8 ) .  
Contact between upper bank and lower bank sandstone u n i t s  occurs immediately above 
white-weathering outcrops (e.g., outcrop t o  t h e  lef t  of coal  t a i l i n g s ,  P l a t e  8 ) .  
Coal l ens  on f a r  r i g h t  i s  intruded by buff-weathering 
i s  v i s i b l e  (P la te  9 ) .  

dyke, below which dyke t a l u s  



PLATE 10. Looking downslope a t  o o n i f s m  c l u s t e r  (volcanic p lugs) ,  
immediately upslope of which i s  a grassy marsh area  probably 
overlying Amphitheatre formation sediments. Camera s i te  i s  on 
top  of a s o l i t a r y  coniform, and reddish-brown weathering volcanic 
t a l u s  is  v i s i b l e  i n  foreground. Kluane Range mountains e a s t  of 
Halfbreed Creek i n  d i s t an t  background. 

rr PLATE 11. Dry sink-hole about 10 feet deep developed a t  t h e  
t o e  of a coniform s lope  on a grassy low area s imi la r  t o  t h a t  
v i s i b l e  on P l a t e  10, 



PLATES 12 through 14. Successively c l o s e r  views of cu t  bank 
Loca l i ty  B y  looking south across  t h e  s loping  a l l u v i a l / c o l l u v i a l  
p l a i n  which forms a s t e p - l i k e  boundary between t h e  upper and 
lower s lopes  of Niamodlaoc Mountain i n  i t s  nor theas t  s e c t o r .  

PLATE 12. Camera s i t e  same a s  P l a t e  10. 

PLATE 13. P a r a l l e l  s tone  r ibbon p a i r  extends from r i g h t  
foreground. 

PLATE 14. S t r a t  i f  i e d  sand, g rave l ,  and boulders ,  predominantly 
reddish-brown and derived from upper s lope  bedrock, a r e  v i s i b l e  
i n  upper r i g h t  hand por t ion  of cu t  bank exposure mantling lower 
s lope bedrock cons i s t ing  of poorly indura ted ,  predominantly 
l i g h t  -coloured Amphitheatre formation sediments. 





PLATES 15 and 16. Close-ups of cu t  bank Loca l i ty  B showing 
Amphitheatre formation sediments and coal.  Stream i n  foreground 
b e a r s  coa l  f l o a t  from t h i s  poin t  downward t o  Halfbreed Creek. 

PLATE 15. Faces of coa l  l enses  p a r t l y  prepared f o r  sampling. 

PLATE 16. Af ter  semi-bulk sample removed from t h r e e  c o a l  lenses .  
Largest  lens  (upper r i g h t )  p a r t l y  obscured by cave-in. 



PLATE 25 



APPENDIX 1 

S a m ~ l i n a  Procedure t o  Obtain Semi-bulk Coal Sample 
4 A 

NHUA 8/18/71-4,5,6 a t  L o c a l i t y  B 

Sampling Procedure 

I n  p r e p a r a t i o n  f o r  sampling,  approximately 1 t o  3 feet of c o a l  
was s t r i p p e d  from t h e  s u r f a c e  exposed c o a l  l enses .  There i s  an 
ongoing n a t u r a l  s t r i p p i n g  of c o a l  i n  t h e  stream-cut banks, 
r e s u l t i n g  i n  t h e  c o a l  be ing  f r e s h e r  than i s  usua l  f o r  an ou tc rop  
exposure. The r e s i n  was l u s t r o u s  and f r e s h  i n  appearance. 

Coal was taken  by hand implements along t h e  f u l l  " length"  (exposed 
long dimension) of t h e  l e n s e s ,  except a t  t h e  t h i n  e x t r e m i t i e s .  
Due t o  weak roof  ground c o n d i t i o n s ,  i t  was not  p r a c t i c a l  t o  
ach ieve  uniform depth ( d i s t a n c e  i n  away from s t r i p p e d  s u r f a c e )  
i n  sample removal. The re fo re ,  t o  e l i m i n a t e  p o s s i b l e  b i a s  of 
r e s i n  composit ion due t o  v a r i a t i o n  i n  composit ion w i t h  s t r a t i -  
g r aph ic  p o s i t i o n ,  c o a l  was taken  a s  a s ide-by-s ide  s e r i e s  of 
channel  samples, each removed a c r o s s  t h e  f u l l  t h i c k n e s s  i n  each 
of t h e  l e n s e s ,  g e n e r a l l y  c u t t i n g  from roof  t o  f l o o r ,  w i th  
un i formi ty  of depth  i n  any one channel ,  b u t  wi th  v a r i a t i o n  of 
depth  from channel  t o  channel .  

Due t o  t h e  poor i n d u r a t i o n  of t h e  ove r ly ing  sediments,  i t  was 
not  p o s s i b l e ,  wi thout  ground suppor t  i n  conjunc t ion  wi th  excava t ion ,  
t o  prevent  some contaminat ion of  t h e  sample by minera l  mat te r  
moving downslope. S ince  s p e c i f i c  g r a v i t y  of minera l  mat te r  i s  
about 100 t o  200% higher  than  t h a t  of coal r e s i n ,  t h i s  contamina- 
t i o n  i s  of no consequence t o  t h e  immediate purpose of t h e  sample, 
i . e . ,  t o  o b t a i n  a r e s i n  s e p a r a t e  by g r a v i t y  methods. 

The c o a l  sample, weighing approximately 560 pounds, i s  desc r ibed  
a s  fo l lows:  

F i e l d  Sample No. No. of Sacks Body Sampled Sample Weight 
(pounds, approx. ) 

8/18/71 - 4 1 East l e n s  80 
8/18/71 - 5 1 Middle l e n s  80 
8/18/71 - 6 5 W e s t  l e n s  400 - 

Approximate T o t a l  Sample Weight = 560 l b s .  

The semi-bulk sample, NHUA 8/18/71-4,5,6, was s e n t  i n  seven 
sacks  from Burwash Landing ( v i a  Whitehorse) t o  Western Regional  
Labora tory ,  Department of Energy, Mines and Resources ,  Clover Bar, 
A l b e r t a ,  where it was r e c e i v e d  on October 21,  1971. 



APPENDIX 2 

Working Outl ine of F i e l d  Work Tac t i c s  f o r  Next F i e l d  Season 

A. Working out of accommodations a t  Burwash Landing or  
Destruct ion Bay. 

1. Repair of Halfbreed Creek Road by bul ldozer .  2 days. 

2. Pathfinding reconnaissance of southeast  and south- 
west s e c t o r s  by a l l - t e r r a i n  veh ic le  t o  determine 
i f  any t r a i l b r e a k i n g  or pioneer roadwork i s  requ i red  
of t h e  bul ldozer  t o  provide r o u t i n e  access  by a l l -  
t e r r a i n  veh ic les  t o  western mountainside v i a  
southern end of t h e  mountain. 2 days coeval with 
above. 

3. One long exploratory t rench,  by r i p p e r  -equipped 
bul ldozer ,  across  s t r i k e  ( t rench o r i e n t a t i o n  
probably perpendicular  t o  topographic contours ) 
on t h e  southern mountainslope where airborne-  
observat ion s u r f a c e  reconnaissance (1970) ind ica ted  
l i t t l e  n a t u r a l  exposure of bedrock. 6 days minimum. 

4. (Optional)  Trenching i n  one o ther  a r e a ,  poss ib ly  
i n  t h e  nor theas t  s e c t o r .  If g rea t  d i f f i c u l t y  i s  
encountered i n  r ipping/ t renching i n  permafrost a t  
t h i s  t ime, a f u r t h e r  op t iona l  plan would be t o  make 
f i r s t  scraping passes  t o  c l e a r  vegeta t ion  and pro- 
mote thawing i n  some other  prospect ive  t rench 
loca t ions  s o  t h a t  these  can more e a s i l y  b e  t renched 
l a t e r  i n  t h e  summer. 

5 .  Set  up camp t o  accommodate f u l l  contingent of 
personnel r equ i red  i n  August ( i n f r a )  . (Optional)  
Contract camp cons t ruc t ion  t o  b e  c a r r i e d  out 
a f t e r  A . 1 .  

6 .  Release of bul ldozer .  

B. Working out of a camp set-up near small l ake  i n  southeast  
sec to r  of Niamodlaoc Mountain c o a l  a rea  ( s e e  Figure 3 ) .  

1. Transi t -and-stadia  closed t r a v e r s e  e n c i r c l i n g  
Niamodlaoc Mountain. Following achievement of 
adequate c losure ,  e a s i l y  recognizable  topographic 



po in t s  ( tops  of coniforms, stream i n t e r s e c t i o n s ,  
e t c .  ) w i l l  be  t i e d  i n  t o  be  used f o r  c o n t r o l  i n  
photogrammetric production of l a r g e  s c a l e  topo- 
graphic base  map. Two survey f i e l d  men. 20 t o  
30 days. 

Geological reconnaissance and prospect ing i n  
cen t ra l - eas te rn ,  southeas t ,  and southwest sec to r s .  
Two men ( p a r t y  chief  and a s s i s t a n t ) .  5 days, 
coeval with f i r s t  5 days of B . 1 .  (above).  

Measurement of s t r a t i g r a p h i c  sec t ions .  Two men 
(par ty  chief  and a s s i s t a n t ) .  15 t o  25 days t o  b e  
a r b i t r a r i l y  terminated t o  coinc ide  with completion 
of B.1.  survey. 

(End of June)  

4. Systematic plane t a b l e  topographic/geologic 
mapping of lower s lope  s e c t o r s  of Niamodlaoc 
Mountain. Se lec ted  key a reas  t o  be mapped f i r s t .  
Topographic aspect  of mapping t o  be l a r g e l y  d i s -  
pensed with a f t e r  r e c e i p t  i n  f i e l d  of topographic 
base  map prepared on cont rac t  specifying de l ive ry  
d a t e  t o  be  X days a f t e r  r e c e i p t  of B.1.  f i e l d  data .  
Two 2-man crews. 30 days each crew. 

(End of J u l y )  

5. Begin second-phase bul ldozer  t renching;  supervis ion 
and mapping of t renches by 2-man crew. Time 
requ i red  i n d e f i n i t e .  

6. Begin diamond core  d r i l l i n g  (1 d r i l l ) ;  supervis ion  
and logging by o ther  2-man crew. 30 - 45 days 
t erminat ing by mid-Sept ember. 

7. Personnel leave,  except p a r t y  c h i e f ,  a s s i s t a n t ,  
and cook. 

(Mid-Sept ember ) 

8. Close up camp, cache and s t o r e  equipment. 

(End of September) 
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ADDENDUM 1 

ANALYSES OF COAL, NATURAL COKE, IGNEOUS ROCK INTRUDING COAL, 
AND LUMP RESIN I N  THE NIAMODLAOC MOUNTAIN COAL PROSPECT. 

INTRODUCTION 

A n a l y t i c a l ,  pe t rog raph ic ,  and a l t e r a t i o n  c a l c u l a t i o n  s t u d i e s  
begun a s  p a r t  of t h e  1970 Yukon Coal Explora t ion  Program of 
Norman H. U r  s e l  Assoc ia tes  Limited are cont inu ing .  Some 
of t h e  d a t a  and d i scuss ion  which f o l l o w  he re ,  t oge the r  wi th  
d a t a  not  ye t  a v a i l a b l e  on c o a l  and n a t u r a l  coke r e f l e c t a n c e ,  
and exper imental  ca rbon iza t ion  s t u d i e s  being done a t  t h e  
Fue l s  Research Cent re ,  Ottawa, Department of Energy, Mines 
and Resources, w i l l  b e  prepared f o r  j o i n t  p u b l i c a t i o n  by 
B. N. Nandi, E. L. Speelman and D. S. Montgomery. R e s p o n s i b i l i t y  
f o r  p r e s e n t a t  i on  and t rea tment  of  d a t a  and opinions  expressed 
i n  t h e  p re sen t  r e p o r t  (Addendum I ) ,  w r i t t e n  by E. L. Speelman, 
i s  assumed by him. 

I n  t h e  upper p a r t  of t h e  upper Amphitheatre format ion,  t h e  
higher  r ank  i s  found f o r  t h e  s t r a t i g r a p h i c a l l y  lower of 
two seams (Sec t ion  A ) .  A ye t  lower seam, sampled about 
2,s  miles  t o  t h e  sou th ,  shows f u r t h e r  i n c r e a s e  i n  r a n k  
(Sect  ion  B )  wi th  decreas ing  s t r a t i g r a p h i c  height .  The r a n k  
sequence f o r  t h e s e  seams i s  sub-bituminous C - sub-bituminous 
B - sub-bituminous A. 

Two of t h e  t h r e e  seams a r e  low i n  ash ,  and a l l  are low i n  
sulphur.  The r ank  of t h e  lowest of t h e  sampled seams i s  
near t h e  sub-bituminous -bituminous c l a s s i f i c a t i o n  boundary. 
The l a t t e r  d ip s  i n t o  t h e  b a s e  of Niamodlaoc Mountain, and 
l a t e r a l  v a r i a t i o n  i n  rank ,  f o r  example, i n c r e a s e  i n  r ank  
with  s t r u c t u r a l  depth ,  i s  a p o s s i b i l i t y  t o  consider .  Some 
i n s i g h t  i n t o  t h e  e f f e c t  of hea t  per se on c o a l i f i c a t i o n  can 
be gained by s tudying  igneothermal a l t e r a t i o n  of coa l ,  Such 
an occurrence of thermal  a l t e r a t i o n  was a v a i l a b l e  f o r  inves-  
t i g a t i o n ,  and i s  d i scussed  i n  t h e  fo l lowing  s e c t i o n s .  



SECTTON A 

COAL CJIANNEL SAMI'LES NHUA 31/7/70-1 AND NIITJA 31/7/70-2 

NTS Area: SEQ 115G-6 

Coal Explorat ion Licence: No. 14, J e f f r e y  J. Van Zant 

Sample Co-ordinates : 610 15'  54"N 1390 7 '  18"W 

Locat ion Descr ip t ion :  Outcrops i n  s t ream c u t  exposure on 
sou th  s i d e  of a smal l  west-flowing t r i b u t a r y  of Ptarmigan 
Creek, on nor thwestern  s l o p e  of Niamodlaoc Mountain. 

Producing Unit:  Amphitheatre format i o n  (Muller , 1967). 
Paleocene or Eocene age. Thickness a t  l e a s t  1500 f t .  , 
p o s s i b l y  up t o  2500 f t .  Formation, which i s  o v e r l a i n  by 
S t .  C la re  Group, occurs  i n  d i scont inuous  pa tches  i n  Duke 
Depression. I n  t h i s  a r e a  forms p l i n t h  f o r  Niamodlaoc 
Mountain and has an e x t e n t  of about 12 square  miles ,  

S t r a t i g r a p h i c  P o s i t i o n  of Coal: Upper p a r t  of upper Amphi- 
t h e a t r e  formation.  

Coal: Two seams measured (see l o c a l  s t r a t i g r a p h i c  s e c t i o n  
P 

i n  Table  1, p.9, Report on Niamodlaoc Mountain Coal Prospec t ,  
1970) : 3.0 f t  ; 6.0 f t ;  d i p  15-250 SE; Prominent c l e a t  
s t r i k e s  1550, d i p  750 NE; Another cleat s t r i k e s  roughly 
700, d i p  s t e e p l y  N. 

Proximate Analyses ( fo l lows )  : 31/7/70-1, 3. O f t  ; 31/7/70-2, 
6.0 f t .  Both a r e  s t anda rd  3'' x  4" channel  samples f r e s h l y  
exposed a t  l e a s t  5 f t .  from o r i g i n a l  outcrop s u r f a c e  by 
t renching ,  

Maceral Analyses : (Fuels  Research Centre,  q u a l i t a t i v e )  : 
31/7/70-1, c o a l  c o n s i s t s  p r i n c i p a l l y  of v i t r i n o i d ,  wi th  
many r e s i n  i nc lus ions .  Rank appears  t o o  low f o r  coking 
coal.  31/7/70-2, c o a l  i s  low i n  minera l  mat te r ,  v i t r i n o i d  
predominates,  i n  which c e l l u l a r  s t r u c t u r e  i s  ev iden t  
showing low l e v e l  of metamorphic development. Coal i s  r i c h  
i n  e x i n i t e  and has a low concen t r a t i on  of c o a l  i n e r t s .  
Rank of  c o a l  s t i l l  appears  t o o  low f o r  coking b u t  low minera l  
mat ter  and high r e s i n  conten t  make t h i s  coa l  worthy of 
f u r t h e r  study. 



SECTION B 

COAL CI-fiNNEL SAMPLES NHUA 27/8/70-5 AND NHUA 27/8/70-4 

W S  Area: NIQ 115G-3 

Coal Explorat ion Licence:  No. 18, Ian  Wilson 

Sample Co-or dinat e s  : 610 l 3  14511N 

Locat ion D e s c r i ~ t i o n :  Outcrops i n  s t ream c u t  of a  s m a l l ,  
w e s t  -f lowing t r i b u t a r y  of Ptarmigan Creek, on lower western  
s l o p e  of Niamodlaoc Mountain. Stream forms smal l  c a t a r a c t  i n  
f lowing over c l i f f  f a c e  of conglomerate which over lies coa l .  
Sample s i t e  is  sou th  of stream. 

S t r a t i q r a ~ h i c  P o s i t i o n  of Coal: Lower p a r t  of upper 
Amphitheatre formation.  

Coal: One seam in t ruded  by a  s i l l  ( s e e  l o c a l  s t r a t i g r a p h i c  
s e c t i o n  i n  Table  3, P.14, Report on Niamodlaoc Mountain Coal 
Prospec t ,  1970):  11 f t .  of c o a l  and a l t e r e d  c o a l  below s i l l ,  
2 t o  4  f t .  above s i l l ;  d i p  270 NE. 

Proximate A n a l v s ~ s  ( f o l l o w ) :  27/8/70-5, lower 8 f t .  of 
u n a l t e r e d  lower c o a l ;  27/8/70-4, 1 f t .  of u n a l t e r e d  and 
s l i g h t l y  a l t e r e d  c o a l  (3" c o a l  - 3-9" c l a y s t o n e  p a r t i n g  - 
9" s l i g h t l y  a l t e r e d  c o a l )  s e p a r a t e d  from under lying lower 
8  f t .  of c o a l  by 1$-5" c l ays tone  pa r t i ng .  Both a r e  4" x 8" 
channel  samples f r e s h l y  exposed a t  l e a s t  5 f t .  from o r i g i n a l  
ou tc rop  s u r f  ace  by t renching .  

Mseral ana lvses  and r e f l e c t a n c e  measurements (Fue ls  Research 
Cent re )  : I n  progress .  
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SECTION C 

NATITIZAL COKE SAMPLE NHUA 2 7/8 /70-2 y 

Sample Location:  Same a s  NHUA 27/8/70-5 and 27/8/70-4. 

Natura l  Coke: F ive  t o  t e n  inch  band of columnar s t r u c t u r e d  
n a t u r a l  coke developed below lower con tac t  of s i l l .  

Proximate Analysis  ( fo l lows  ) : 27/8/70-2y, composite g rab  
sample of coke band taken from approximately 1 f t .  benea th  
o r i g i n a l  outcrop su r f ace .  

Ref lec tance  Measurements: I n  p rogress .  
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NATURAL COKE 

Contact metamorphism of c o a l  of t e n  produces f o u r  

zones of a l t e r e d  c o a l  which are i d e n t i f i a b l e  underground 

or  i n  t h e  f i e l d  (Williamson, 1967, p. 50-51). From ou te r  

t o  inner  thermal  au reo le  t h e  zones encountered a r e  as 

fo l lows:  

(a 1 Zone of i nc reased  c o a l  l u s t r e .  

(b  ) Cinder ( d u l l )  c o a l  zone. 

( C  > Columnar n a t u r a l  coke zone. 

( t - f )  Coke s k i n  on t h e  i n t r u s i v e .  

A l l  f ou r  zones appear t o  b e  p re sen t  a t  a l o c a l i t y  

i n  t h e  Niamodlaoc Mountain a r e a  where t h e  lowest of t h e  

sampled seams i s  in t ruded  by a s i l l  (Sec t ion  D ) .  Channel 

sample NHUA 27/8/70-4 (Sec t ion  B )  i nc ludes  a  p a r t i a l  channel  

of zone ( a )  f o r  9/12 of t h e  t o t a l  channel  l e n g t h  of 12 inches .  

The proximate a n a l y s i s  of t h i s  channel  d i f f e r s  l i t t l e  from 

t h e  a n a l y s i s  of t h e  lower 8  f t .  of t h e  seam. The l a t t e r  appears  

t o  b e  u n a l t e r e d  coa l .  

Analys i s  of zone ( e ) ,  columnar n a t u r a l  coke (Sec t ion  C ) ,  

i n d i c a t e s  t h a t  ex t ens ive  a l t e r a t  i o n  has  occurred i n  t h i s  zone. 

V o l a t i l e  mat ter  has decreased from 42.5% t o  16.1% ( d r y  b a s i s ) ,  

and i s  even lower i n  t h e  n a t u r a l  coke proper ,  because v o l a t i l e  

mat ter  a n a l y s i s  i nc ludes  CO from t h e  carbona te  i n c l u s i o n s  2  



and f r a c t u r e - f i l l i n g s  which a r e  observable  i n  hand 

specimen. Inc lus ions  and f r a c t u r e - f  i l l i n g s  of ca rbona te  

and o ther  m a t e r i a l  occur r ing  i n  zone ( d )  were examined 

microscopica l ly  a s  d i scus sed  i n  t h e  next  s ec t ion .  



SECTION D 

PARTLY ALTERED ANDESITE PORPHYRY PETROGRAPHIC SPECIMEN 

NHUA 2 7/8/70-2W and SILICATE ANALYSIS SAMPLE NHUA 27/8/70-1 

Sample Location:  Same as NHUA 27/8/70-5 and 27/8/70-4. 

P a r t l y  A l t e r e d  Andesi te  Porphyry: S i l l ,  3 t o  6 f t .  t h i c k ,  

i n t r u d i n g  c o a l  seam. 

Pe t rographic  Study ( f o l l o w s ) :  27/8/70-2W, Specimen from 
lower con tac t  of s i l l .  

S i l i c a t e  Analys i s  ( fo l lows ) :  27/8/70-1, Sample from c e n t r e  
o r  s i l l ,  



S I L L  INTRUDING COAL 

Pe t rographic  Study 

The petrography of t h e  s i l l ,  and of t h e  r e l a t i o n s h i p s  

a c r o s s  t h e  c o k e - s i l l  c o n t a c t ,  w e r e  s t u d i e d  i n  t h i n  s e c t i o n  o r i e n t e d  

normal t o  t h e  c o n t a c t ,  and inc luded  approximately a  1 cen t ime t r e  

width of t h e  s k i n  of n a t u r a l  coke occur r ing  on t h e  s i l l .  

D r .  R .  W. Deane, of Lake f i e ld  Research of Canada Limited,  

examined t h i s  t h i n  s e c t i o n ,  and h i s  r e p o r t  (1971) i s  c l o s e l y  

paraphrased and i n  p a r t  d i r e c t l y  quoted f o r  t h e  remainder of t h i s  

s e c t i o n  : - 
-: The modal and g r a i n  s i z e  e s t i m a t e s  f o r  t h e  s i l l  

m a t e r i a l  a r e  l i s t e d  i n  Table  1. The s i l l  m a t e r i a l  c o n s i s t s  of 

an i r o n - s t a i n e d  t u r b i d  a l b i t e - o l i g o c l a s e  f e l d s p a r  and carbona te  

mat r ix  ca r ry ing  phenocrysts  of An - An50 40 
p l a g i o c l a s e  f e l d s p a r  . 

It  was not  p o s s i b l e  t o  i d e n t i f y  a l l  c o n s t i t u e n t s  of t h e  mat r ix ,  

which i s  an extremely f i ne -g ra ined  mixture. P a r t  of t h e  

t u r b i d i t y  of t h e  mat r ix  i s  a s c r i b e d  t o  t h e  presence  of sub- 

microscopic p a r t i c l e s  of o rgan ic  i n c l u s i o n s  i n  t h e  mat r ix ,  i. e. , 
what appeared s submicron-sized p a r t i c l e s  of coke. The i r o n  

s t a i n i n g  i s  i n  t h e  f o r m  of hydrated i ron-oxide  c o a t i n g s  on and 

i n  t h e  matrix. The s i l l  m a t e r i a l  i s  not  uniform i n  co lour .  

A g r a d a t i o n a l  zone extending a t  l e a s t  1 cent imeter  from t h e  

con tac t  i s  n o t i c e a b l e  i n  hand specimen. The reason  f o r  t h i s  is  i n  

t h e  higher  concen t r a t i on  of i ron-oxide  and i n  t h e  g e n e r a l l y  



Table  1. Modal and Grain S i z e  Es t imates  f o r  a P a r t l y  , 

A l t e r e d  Andesi te  Porphyxy. 

S a m ~ l e  N o :  27/8/70 - 2 W  

Minerals  

Carbonate 
Feldspar  Phenocryst s 

Feldspar  Matrix 
I ron  oxide 
Coke 

Est .  % by Vol. Grain S i z e  (mrn) 1 Max. Avg . 



increased  t u r b i d i t y  of t h e  mat r ix  wi th  i n c r e a s i n g  d i s t a n c e  

from t h e  c o k e - s i l l  con tac t .  

Carbonate i nc ludes  bo th  s i d e r i t e  and c a l c i t e ,  w i t h  

s i d e r i t e  p re sen t  throughout t h e  mat r ix  and i n  f r a c t u r e  f i l l i n g s  

i n  coke. A t h i n  l aye r  of ru s t - co lou red  s i d e r i t e  forms an 

i n t e r f a c e  between t h e  coke and t h e  main con tac t  zone. The l a t t e r  

c o n s i s t s  of mat r ix  m a t e r i a l  and phenocrysts  and s i d e r i t e  (probably 

from r e a c t i o n  of i r o n  oxide wi th  CO ). 
2 

The coke i s  opaque i n  t h i n  s e c t i o n .  Columnar or 

polygonal  j o i n t i n g  pe r  s e  were not  observed i n  t h i s  s k i n  of 

n a t u r a l  coke i n  immediate con tac t  wi th  t h e  s i l l .  F r a c t u r i n g  of 

t h i s  coke i s  gene ra l ,  and t h e  longes t  f r a c t u r e s  a r e  p a r a l l e l  wi th  

t h e  contac t .  F r a c t u r e  widths range  from 5 t o  150 microns,  and 

f i l l i n g  m a t e r i a l  c o n s i s t s  of ca rbona te ,  groundmass m a t e r i a l  from 

t h e  a n d e s i t e ,  and a  mineral  which may b e  e i t h e r  c h a b a z i t e  o r  

pec t  o l i t  e.  

Ves ic les  a r e  p resen t  i n  bo th  s i l l  and coke. The average 

diameter i s  approximately 30 microns. They a r e  ova l  i n  shape, 

and t h e  i n t e r i o r  s u r f a c e s  c a r r y  rhombohedra1 p l a t e l e t s  of c a l c i t e  

and drusy c r u s t s  of what may have been z e o l i t i c  m a t e r i a l .  I n  

gene ra l ,  most of t h e  v e s i c l e s  were ba r r en  of f i l l i n g s ,  bu t  t h i s  

may have been t h e  r e s u l t  of p lucking of f i l l i n g  m a t e r i a l  dur ing 

t h i n  s e c t i o n  p repa ra t ion .  The few v e s i c l e s  p re sen t  i n  t h e  coke,  

ranging from 100 t o  smal le r  t han  30 microns,  a r e  l i n e d  with  t h e  

u n i d e n t i f i e d  drusy m a t e r i a l ,  and i n  one or two cases  wi th  

p l a t e l e t s  of c a l c i t e .  :' 



h i g h  C02, i n d i c a t e s  t h a t  m a t r i x  i r o n  c a r b o n a t e  is  a l s o  abundan t  i n  t h e  

i n t e r i o r  u f  t h e  s i l l .  C a l c i t e  i n  v e s i c l e s  and  amgdules c o n t r i b u t e s  t o  t h e  

h i g h  C 0 2 ,  b u t  any  ca rbonaceous  m a t e r i a l  p r e s e n t  c a n n o t ,  b e c a u s e  GO2 

was a n a l y z e d  by combust ion  i n  a  n i t r o g e n  a t m o s p h e r e .  

S i l i c a  c o n t e n t  i s  n e a r  t h e  c h e m i c a l l y  d e f i n e d  u l t r a b a s i c / b a s i c  

c l a s s i f i c a t i o n  boundry .  Assuming t h a t  t h e  h i g h  C02 is t h e  r e s u l t  of 

c o p t a m i n a t i o n ,  a  r e c a l c u l a t e d  S i O  i n c r e a s e s  t o  a  v a l u e  i n  t h e  r a n g e  f o r  
2  

b a s i c  r o c k s .  The rock  i s  h i g h l y  p o t a s s i c ,  and  i n  i t s  o v e r a l l  chemica l  

c o m p o s i t i o n  r e s e m b l e s  c e r t a i n  v o l c a n i c  r o c k s  i n  t h e  Bufumbira F i e l d  o f  

Uganda, i n c l u d i n g  a  l e u c i t c  b a s a l t ,  a  t r a c h y b a s a l t ,  and  a  m e l i l i t e -  

l c u c i t e  n e p h e l i n i t e  (Holmes and  Harwood, 1937,  p. 91 ,  a n a l .  H ,  p. 159 ,  

a n a l .  0 ;  Sahama, 1953,  p. 1 5 ,  a s  reportrbd i n  T u r n e r  and Verhoogen,  

1960,  p .  238 ) .  T i 0  i s  h i g h ,  which i s  u s u a l  f o r  a l k a l i n e  r o c k s .  The 
2  

h i g h  po ta sh  s u g g e s t s  t h a t  t h e  s i l l  c o u l d  be a t r a c h y a n d e s i t e ,  however,  

t h e  o b s e r v e d  low s i l i c a  would be  unusua l  f o r  t h i s  r o c k  t y p e ,  and  a  p o t a s h  

f e l d s p a r  was n o t  i d e n t i f i e d  p e t r o g r a p h i c a l l y  n e a r  t h e  s i l l  m a r g i n .  The 

l i t h o l o g y  of  t h e  s i l l  a p p e a r s  t o  be e s s e n t i a l l y  un i fo rm,  i n c l u d i n g  t h e  

p o r p h y r i t i c  t e x t u r e  which e x t e n d s  t o  t h e  c o n t a c t s .  The p r e s e n c e  o f  

f e l d s p a r  phenocrys  t s  c l o s e  t o  t h e  c o n t a c t s  s u g g e s t s  t h a t  t h e y  

c r y s t a l l i z e d  p r i o r  t o  i n t r u s i o n  o f  t h e  s i l l .  The h i g h  p o t a s h  i n d i c a t e s  

t h a t  t h e  m s t r i x  f e l d s p a r  ( a l b i t e - o l i g o c l a s e )  i s  a p p r e c i a b l y  p o t a s s i c ,  o r  

t h a t  a  po t a sh  f e l d s p a r  is  p r e s e n t  i n  t h e  c e n t r e  o f  t h e  s i l l .  
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Contarni n a t i o n  A 1  t c r a t i o n  o f  t h e  S i l l  I > \  V o l a t i l e  C a r b o n i z a t i o n  Prucluc ts 

Intrutluc.ed P r i o r  t o  C rys  t d l l  i ~ a  t ic>n 

l 1 0 ~ 1 1  r o c k  a n a l y s i s  anti p c t r o g r n p h i  c o b s e r v a t i o r ~ s  I ntlit t ba  t 

t t i t ~  x i 1  1 has been a l t e r e d  by g a i n  o f  CO2. I n  t h e  f i e l d ,  a l t c r a t i o n  i s  

i n d i c a t e d  by t h e  l i g h t  g r e y  c o l o u r  o f  b o t h  t h e  s i l l  and  s u s p e c t e d  

fi.r.tler d i k e s ,  which a r e  b l e a c h e d  compared t o  t h e  p r e d o m i n a n t l y  r e d d i s h -  

brown s u r f a c e  f l o w s  o f  which  t h e y  may b e  s h a l l o w  i n t r u s i v e  e q u i v a l e n t s .  

A l t e r a t i o n  of  i gneous  b o d i e s  which  i n t r u d e  c o a l  is  known i n  o t h e r  

c o a l f i e l d s ,  and  t h e  t e rm " w h i t e  t r a p "  h a s  b e e n  a p p l i e d  t o  b l e a c h e d  a n d  

s o f t e n e d  r o c k s  o f  a  g r e y i s h  c o l o u r  (Wi l l i amson ,  1967,  p. 4 9 ) .  I n  

n o r t h e r n  Hobar t  q u a d r a n g l e  i n  t h e  S t a t e  o f  Washington ,  a  v e r y  l i g h t  g r e y  

t o  y e l l o w i s h  g r e y  s i l l  5-8 f e e t  t h i c k  i n t r u d e s  t h e  t o p  o f  t h e  Big E l k  

c o a l  b e d ,  of which o n l y  1 - 3  i n c h e s  a r e  a l t e r e d ,  w h i l e  t h e  s i l l  i s  

c o m p l e t e l y  a l t e r e d  t o  k a o l i n i t e ,  q u a r t z ,  l i m o n i t e  v e i n l e t s ,  c a l c i t e  pods ,  

and d a w s o n i t e  a g g r e g a t e s  (V ine ,  1969,  p. 34-35) .  

I t  i s  i n t e r e s t i n g  t o  t e s t  by c a l c u l a t i o n  t h e  a s s u m p t i o n  t h a t  

t h e  h i g h  C 0 2  c o n t e n t  o f  t h e  s i l l  was g a i n e d  by t h e r m a l  d e v n l a t i l i z a t i o n  

o f  c o a l  i n  the Niamodlaoc Mounta in  a r e a .  Where a s i l l  f o l l o w s  a  c o a l  

bed ,  t , he re  i s  f o r  e a c h  u n i t  a r e a  o f  c o n t a c t  s u r f a c e  a c o r r e s p o n d i n g  

volume o f  s i l l  and o f  a l t e r e d  c o a l  s o  t h a t  q u a n t i t a t i v e  l o s s - g a i n  

e s t i m a t e s  a r e  p o s s i b l e .  We would e x p e c t  t o  f i n d  t h a t  more C 0 2  was l o s t  

from t h e  c o a l  t h a n  i s  p r e s e n t  i n  t h e  s i l l  because  t h e  communica t ing  

sys t em p r o b a b l y  i n c l u d e d  f e e d e r  d i k e s ,  and  i n d e e d ,  t h e  s e v e r a l  d i k e s  

o b s e r v e d  downsec t ion  below t h e  s i l l .  a r e  n o t  o n l y  b l e a c h e d ,  b u t  a l s o  

p o s s e s s  t h i n  c o a l y  marg ins  t h o u g h t  t o  b e  condensed  c o a l  d i s t i l l a t i o n  

prod uc ts . 
S i n c e  t h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e  v a r i o u s  t h e r m a l  

d i s t i l l a t i o n  p r o d u c t s ,  g a s e s ,  l i g h t  o i l s ,  and  t a r ,  v a r y  from c o a l  t o  

c o a l ,  t h e  i d e a l  t r e a t m e n t  would use  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e  

p r o p o r t i o n s  produced  f o r  t h e  c o a l  i n  q u e s t i o n .  I n  t h e  a b s e n c e  o f  t h i s ,  

we h a v e  used  t h e  r e s u l t s  f o r  a n o t h e r  h i g h  v o l a t i l e  c o a l  (Coal  No. I, 

Z e i g l e r ,  I l l i n o i s ,  P e t e r  a n d  O v i t z  a s  r e p o r t e d  i n  S p e r r ,  1922,  T a b l e  

X X I I I ,  p .  1 9 0 ) .  C o m p o s i t i o n a l  d a t a  f o r  t h e  g a s  m i x t u r e  produced  a t  

d i f f e r e n t  t e m p e r a t u r e s  a r e  a v a i l a b l e .  The d a t a  used  a r e  f o r  a coke  oven 



w a l l  temperature  o f  700°C, under which c o n d i t i o n  the  maximum tempera tu re  

r t a c l l t d  i n the c o a l  was 585°C.  With :ci r e a s i n s  t empera tu re  of carbon-  

i z d t  i o n ,  the gas  mixture  becomes r i c h e r  i n  ca rbon  and i n  CO whi le  t c i t n i  2 ' 
gas y i e l d  d e c r e a s e s ,  w i t h  t h e  r e s u l t  t h a t  v a r i a t i o n  i n  n e t  y i e l d  oL 

carbon and CO i s  no t  l a r g e .  Thus, d i f f e r e n c e s  o f  p lus  o r  minus 100°C 
2 

lwtween t empera tu re  chosen f o r  t h e  c a l c u l a t i o n  and t h o s e  which a c t u a l l y  

occr i r red ,  w i l l  no t  a f f e c t  t h e  v a l i d i t y  o f  t h i s  e x e r c i s e .  

With d e c r e a s i n g  t empera tu re  of  c a r b o n i z a t i o n ,  y i e l d  of  t a r  

( p l u s  l i g h t  o i l s )  i n c r e a s e s ,  and gas  y i e l d  d e c r e a s e s .  P e r - t o n  y i e l d s  

of  9 ,000  cub ic  f e e t  of gas  and 15 g a l l o n s  of  t a r  (S.G.  1.140) used h e r e ,  

a r e  taken from the  r e s u l t s  of V .B .  Lewes ( a s  r e p o r t e d  i n  C o f f i n ,  1922,  

Table  XLVT, p. 410) f o r  c a r b o n i z a t i o n  of a  c o a l  a t  700°C. The p e r - t o n  

weight  y i e l d  of d i f f e r e n t  gases  i n  the  m i x t u r e  a r e  f i r s t  c a l c u l a t e d ,  

n e g l e c t i n g  minor ammonia. These y i e l d s  a r e  summed f o r  coniparison w i t h  

the  weight  y i e l d  o f  t a r  ( i n c l u d i n g  l i g h t  o i l s ) :  



Weight o f  gas 
Ton o f  c o a ;  c a r b o n i z e d  

Weigh t  C 0 2  
f i n  i:i coal carbonizes 

CnH2n 

(:I = 2 ,  e s t . )  

Weight of Gases i n  t h e  Vo la t i l e  Matter Gas Mixture 

- - Volume per cent  
X 

Total  volune Moles Gram-molecular weight 
100 Ton of coa l  carbonized Unit volume 

3 
6 4 9,000 f t .  / t on  2 . 7 9  x l b .  mole 44 = ~ b s  . l ton 

='X 
100 70 

gm f t /  mo l e  

- 2 6  9  9,000 x 2 .79  x 10') x 2 -'x = 14 - 
100 

Total  gas = 457 

W r i g h t  o f  T a r  ; 15 ga l lons  1.140 x 8.35 = 143 
Ton of coa l  carbonized ga l lon  

Total  V o l a t i l e  Matter = 600 lbs . / ton  

Weigh t  t o t a l  gas 457  - 0.762 = - -  
W e i g h t  t o t a l  v o l a t i l e  matter  600 



Tar  compr i se s  a b o u t  24% by w c i g h t  o f  t o t a l  v o l a t i l e  m a t t e r  

y i c i l d .  We hdvtk e v i d e n c e  o f  ma rg ina l  s e g r e g a t i o n  of  c o n d e n s a t e s  I n  t h e  

d i k c s .  P o s s i b l y  t h e  coke  s k i n  o n  t h e  s i l l  a l s o  r e p r e s e n t s  a t h i n  r.ontt 

w l ~ i t  t~ was e n r i c h e d  i n  t a r s .  We assume t h e n  t h a t  t a r s  m a i n l y  conJensed  

a t  t h e  c o o l c r  i n t r u s i v e  marg ins  and  c o n t r i b u t e d  l i t t l e  t o  c a r b o n   onte tent 

w i t h i n  t h e  body of t h e  s i l l .  T h i s  l e a v e s  f o r  c o n s i d e r a t i o n  t h e  g a s e s  

C 0 2 ,  CO, CnH2n, and CnH n+2, which t o g e t h e r  w i t h  hyd rogen  compr i se  a b o u t  
2 

76% by w e i g h t  o f  t o t a l  v o l a t i l e  m a t t e r  l o s t .  

I n  t h e  e q u i l i b r i u m  sys t em C O  
2 (8 )  

- CO - C 
(8 )  ( s ) '  

a t  I a t m o s p h e r e  

t o t a l  p r c>ssu re ,  t h e  r a t i o  i n c r e a s e s  w i t h  d e c r e a s i n g  t e m p e r a t u r e ,  m 
from a p p r o x i m a t e l y  0 .56  a t  700°C t o  a p p r o x i m a t e l y  160 a t  4 0 0 ' ~  

(Muan and Osborn ,  1965,  F i g u r e  35,  p. 51) .  Below a b o u t  750°C, t h e  p02 

of t h i s  sys t em i s  s u c h  t h a t  FeO i s  s t a b l e  r e l a t i v e  t o  F e  and  
( s )  ( s )  

O2(s)  
. C o o l i n g  o f  t h e  s i l l  s h o u l d  f a v o u r  t h e  r e a c t i o n  FeO + CO,, 

( s )  - ( a>  - 
FeCO 

3 ( s )  ' 
s u g g e s t e d  by Deane ( above ) .  

A l l  o f  t h e  above  c o n s i d e r e d  e q u i l i b r i a  and  r e a c t i o n  d a t a ,  

i n c l u d i n g  t h a t  f o r  t he rma l  d e v o l a t i l i z a t i o n  o f  c o a l ,  were  f o r  a  t o t a l  

p r e s s u r e  o f  a b o u t  one  a t m o s p h e r e .  Because  g a s e s  a r e  i n v o l v e d ,  p r e s s u r e  

w i l l  have  t h e  e f f e c t  o f  r a i s i n g  r e a c t i o n  t e m p e r a t u r e s  i n  most  c a s e s .  

No a t t e m p t  h a s  been  made t o  e s t i m a t e  t h e s e  e f f e c t s .  F o r t u n a t e l y ,  

w e  a r e  d e a l i n g  w i t h  g e o l o g i c a l l y  low t o  mode ra t e  p r e s s u r e s .  The s h a l l o w  

i n t r u s i v e  v o l c a n i c  s i l l  i s  though t  t o  h a v e  been  emplaced a t  some t ime 

d u r i n g  a c c u m u l a t i o n  o f  a n  o v e r l y i n g  l o a d  o f  v o l c a n i c  f l o w s .  L i t h o s t a t i c  

l oad  p r e s s u r e  on  t h e  i n t r u d e d  s i l l  i s  e s t i m a t e d  a t  be tween 75  t o  230 

a t m o s p h e r e s ,  c o r r e s p o n d i n g  t o  1 ,000  t o  3 , 0 0 0  f e e t  o f  c o v e r .  

I f  ma in t enance  o f  C O  - C O  - C e q u i l i b r i a  was d e p e n d e n t  o n  2 
communicat ion o f  C O  and C O  w i t h  c a r b o n  i n  t h e  coke  a t  t h e  s i l l  c o n t a c t ,  2 
t h e n  t e m p e r a t u r e  g r a d i e n t s  n e a r  t h e  c o n t a c t  may have  p r e c l u d e d  

e q u i l i b r i u m  exchange .  However, c a rbonaceous  m a t t e r  i s  p r e s e n t  i n  t h e  

s i l l  i t s e l f ,  a t  l e a s t  n e a r  t h e  c o n t a c t .  T h i s  s u g g e s t s  t h a t  CnH n  and 
2  

CnH2n+2 g a s e s ,  which  upon e n t e r i n g  t h e  s i l l  were  s u b j e c t e d  t o  h i g h e r  

t e m p e r a t u r e s  t h a n  t h o s e  o b t a i n i n g  i n  t h e  c o a l ,  may have  undergone 

p y r o l y s i s  r e s u l t i n g  i n  s o l i d  c a r b o n  a s  one  o f  t h e  p r o d u c t s .  Fo r  

example ,  w i t h  i n c r e a s i n g  t e m p e r a t u r e ,  methane c a n  decompose t o  a  



mixture of coaplex aromatic.hydrocarhons, f r e e  carbon,  and hydrogen. 

There is no reason t o  suspec t  t h a t  the o r i g i n a l l y  v o l a t i l i z e d  

hydrocaq-bon gases ,  CnH2n and CnH n+2, o r  t h e i r  py ro ly t i c  r e a c t i o n  2  
product., con t r ibu t ed  t o  the  present  C02 conten t  of the  s i l l .  

Preferent i .1  l o s s  of hydrogen o r  ga in  of oxygen would be requi red .  

While th ir  i 8  poss ib le ,  i t  is beyond t h e  scope of t h i s  e x e r c i s e ,  

which asrues that t h e  s i l l  (p lus  feeder  d i k e ) / a l t e r e d  coa l  system 

wao e o r e n t i a l l y  c losed  to a l l  ccxnponents dur ing  c r y s t a l l i z a t i o n  o f  t he  

s i l l .  Only t h e  con t r ibu t ions  of o r i g i n a l l y  v o l a t i l i r e d  C02 and CO 

are cocuidcred in t h e  follow in^ c a l c u l a t i o n s :  

Weight of C , + Co2 equ iva l en t  of  CO a s  a  propor t ion  o f  v o l a t i l e  motter 

CO, = 70 

C02 + C% equiva len t  of CO 

Tot81 v o l a t i l e  M t t e r  

lbe,  
303 ton 

C 0 2  + C02 equiva len t  of C O  l o s t  from a l t e r e d  coa l  

Ca lcu l a t i on  of weight of  C02 + C02 equ iva l en t  l o s t  from 

tharr~rl ly a1 t a r ed  coa l  is bared on the  assumptions t h a t  t h e  pre- 

a l t e r a t i o n  V.N. conten t  (1) var ied  l i t t l e  wi th  s t r a t i g r a p h i c  pos i t i on  

i n  the ,em, a d  (2) a s  a n  approximation was equal t o  t h a t  now observed 

f o r  t he  una l te red  o r  l i t t l e  a l t e r e d  coa l .  The f i r s t  assumption i s  

j u s t i f i e d  by v i r t u s l l y  i d e n t i c a l  V.M. values ,  42.3 and 42.!5Z, f o r  two 

una l te red  o r  l i t t l e  a l t e r e d  s equen t i a l  channel samples (27/8/70-5 and 

27/8/70-4). S ince  these  va lues  r ep re sen t  the  presen t  r e s u l t  of any 

n o r m 1  geothermal c o a l i f i c a t i o n  which may have continued t o  occur  

s i n c e  i n t r u s i o n  of the s i l l ,  the  second assumption cannot lead  us t o  

overer t imate  vole t i l e  mat te r  p resen t  p r io r  t o  igneothermal a l t e r a t i o n ,  

nor f o r  young, high v o l a t i l e  coa l  should i t  lead  t o  a  s e r i o u s l y  under- 

es t imated value. . 



N a t u r a l  i g ~ c ~ o t h c r r n a l  a l t c z  c t i n n  under  l i t h o s t a t  i c .  1 add I ~ ( L S C S  

c-on L th ic-knclss  ro  d e c r e a s e  and  d e n s i  1-y t o  i n c r e a s e  a c c o r d i n g  t o  tile 

d a t a  o f  Edwards ~ n d  Tomlinson  (1958,  a s  r e p o r t e d  i n  W i l l i a m s o n ,  19b7,  

p .  50,  T a b l e  10 ,  p.  5 1 ) .  By r e l a t i n g  o u r  a l t e r e d  c o a l  v o l a t i l e  n l a t t c r  

con ten^ t o  t h e i r  d a t a  o n  t h i c k n e s s ,  V.M. ,  and  s p e c i f i c  g r a v i t y  for 

d i f f e r e n t  s t c  t i o n s  o f  a  c o a l  seam c o n t a c t  metamorphoscdby a d i k e ,  t h e  

d e n s i t y ,  and  t h e  t h i c k n e s s  d e c r e a s e  f a c t o r s  f o r  o u r  t h e r m a l l y  a l t e r e d  

zones  a r e  e s  t i rna tcd  a s  g i v e n  i n  T a b l e  3 .  A p l o t  from t h e i r  d a t a  shows 

t h a t  a s  v o l a t i l e  m a t t e r  d e c r e a s e s ,  t h e  s p e c i f i c  g r a v i t y  i n c r e a s e  is  

i n i t i a l l y  g r a d u a l ,  becoming more marked f o r  t h e  most  a l t e r e d  c o a l .  

Tt1is is    rob ably e x p l a i n e d  by t h e  f a c t  t h a t  w i t h  i n c r e a s i n g  t e m p e r a t u r e  

o f  c a r b o n i z a t i o n ,  t h e  c o m p o s i t i o n  o f  t h e  m i x t u r e  o f  v o l a t i l e  g a s e s  

becomes " l e a n e r " ,  i . e . ,  p o o r e r  i n  c a r b o n  and  r i c h e r  i n  hyclrogen ( above ) .  

Thus,  i n  c o n t a c t  metamorphic zones  o f  p r o g r e s s i v e l y  h i g h e r  t e m p e r a t u r e ,  

t h e  d e n s i t y  c o n t r a s t  between v o l a t i l i z e d  g a s  m i x t u r e  and  r e s i d u a l  c o a l  

became c o r r e s p o n d i n g l y  h i g h e r ,  r e s u l t i n g  i n  a n  i n c r e a s i n g  r a t e  o f  

s p e c i f i c  g r a v i t y  i n c r e a s e  p e r  u n i t  d e c r e a s e  o f  V.M. T h i c k n e s s  

d e c r e a s e  f a c t o r s  were  o b t a i n e d  by l i n e a r  e x t r a p o l a t i o n  o f  t h e i r  d a t a  

( t h i c k n e s s  2. % V.M.) t o  h i g h e r  \ l o l a t i l e  m a t t e r  v a l u e s .  

Average  V.M. v a l u e  f o r  t h e  n a t u r a l  coke  zone is  a s  o b s e r v e d ,  

w h i l e  t h a t  f o r  t h e  zone o f  c i n d e r  c o a l ,  which as exposed  was u n s u i t a b l e  

f o r  s a m p l i n g ,  i s  e s t i m a t e d  t o  have  a n  a v e r a g e  v a l u e  e q u a l  t o  t h e  a v e r a g e  

o f  t h e  n a t u r a l  coke and  t h e  u n a l t e r e d  o r  l i t t l e  a l t e r e d  c o a l .  T h i s  

a l l o w s  f o r  e i t h e r  e s s e n t i a l l y  l i n e a r  v a r i a t i o n  i n  V . M .  c o n t e n t  s. 
p o s i t i o n  i n  t h e  c i n d e r  c o a l  zone ,  from 42.5% a t  t h e  b a s e  t o  16.1X a t  

t h e  t o p ,  o r  a n  e s s e n t i a l l y  s t e p w i s e  v a r i a t i o n  be tween t h e  l i t t l e  a l t e r e d  

c o a l  below and n a t u r a l  co lumnar  coke  above .  

The two main t h e r m a l l y  a l t e r e d  zones  a r e  c a l c u l a t e d  s e p a r a t e l y  

( T a b l e  3 ) .  The volumes c o n s i d e r e d  a r e  columns p e r p e n d i c u l a r  t o  t h e  

c o n t a c t ,  w i t h  c r o s s - s e c t i o n a l  a r e a s  o f  1 s q u a r e  f o o t .  

The w e i g h t  o f  C 0 2  + C 0 2  e q u i v a l e n t  l o s t  from n a t u r a l  coke  

and c i n d e r  c o a l  zones  combined = 1 6 . 9  + 11.4  = 28.3  l b s .  





;invc> - 1 1  ~ o u n t e d  f o r  on[  y one of the  two c o n t a c t s ,  a n d  a d d i t i o n  of an 

I c/11;1 1 . t n i i r i ~ r ~ t  ~issnmed t o  h d v ~  bt>cn l o s t  by a l t e r 3  t i n n  o f  c c u l  av tk l  l v i  ng 

~ h ~ .  ( , i  1 l i forlhles t h i s  v a l u e ,  g i v i n g  us 2 x 28 .3  = 57 l b s .  l o ~ ; t  to tile 

2 
s i l  l t l i r  o u g h  t w o  1 f  t .  c o n t a c t  a r e a s .  Th 1s compares we1 1 w 1 th . I  

i i k . ~ l r - c >  o f  5 1  l b s .  o f  C 0 2  c a l c u l a t e d  t o  bc presen t  i n  a cor respond ing  
2 c c , l ~ n ~ n a r  v o l m c 5  of  he s i l l  hav ing  a  c r o s s - s e c t i o n a l  a r e a  of 1 f t .  , 

a n d  n h e i q h t  e q u a l  t o  a n  average  s i l l  t h i c k n e s s :  

C0 c o n t e n t  of  t h e  s i l l  2. 

Weight CO = Weight per c e n t  D e n s i t y  ( s i l l ,  e s t . )  , Volume 
2 

100 

co2 = 6.88 160 l b  55.5 f t .  , 1 f t S 2  
100 sx12 

Cons ide r ing  t h e  s e v e r a l  subes  tima t e s  and assumpt ions  which l e d  

to the  f i n a l  f i g u r e  of C 0 2  l o s t ,  t h i s  p a r t i c u l a r l y  c l o s e  agreement i s  

probably f o r t u i t o u s .  One would not  have been s u r p r i s e d  t o  f i n d  c a l c u l a t e d  

C02 l o s s  t o  s i g n i f i c a n t l y  exceed,  perhaps by  50% o r  more, the  amount 

p r e s e n t  i n  the  s i l l ,  t h e  excess  hav ing  been t r a n s f e r r e d  t o  f e e d e r  d i k e s .  

Sampling and C 0 2  a n a l y s i s  of  the  l a t t e r  would be o f  i n t e r e s t .  

The  r e s u l t s  s u g g e s t  t h a t  d e v o l a t i l i z a t i o n  from one c o n t a c t  

i s  i n s u f f i c i e n t  t o  accoun t  f o r  s i l l  C 0 2  c o n t e n t  u n l e s s  t h e  s i l l  i s  

a p p r e c i a b l y  t h i n n e r  e l sewhere .  Th i s  a l l o w s  t h e  p r e d i c t i o n  t h a t  i t  is 

un l ike1  y t h a t  the  s i l l  e lsewhere  d r i f t s  o r  jumps s e c t i o n  t o  t h e  t o p  o r  

bottom of the  c o a l  seam, s o  p r e s e n t i n g  o n l y  one c o n t a c t  t o  the  c o a l ,  o r  

i f  i t  d o e s ,  i t s  a r e a l  e x t e n t  i n  t h i s  s t r a t i g r a p h i c  p o s i t i o n  i s  n o t  l a r g e  

a s  a  p o r p o r t i o n  of the  t o t a l  e x t e n t  o f  t h e  s i l l .  P r e d i c t i e n s  of  t h i s  

type  have obvious  u t i l i t y  i n  p lann ing  e x p l o r a t i o n  of  t h i s  c o a l  seam. 
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SECTION E 

R S I N  SAMPLE NTIUA 30/7/70-4 

NTS Arcn: SN) 115C;-6 

Coal Explorat ion Licence: No. 14,  J e f f r e y  J. Van Zant ' 

Sample Location:  Small exposure of r e s i n i f e r o u s  c o a l  
approximately 1500 f t .  southwest of NHUA 31/7/70-1 and 
31/7/70-2 l o c a l i t y .  

Location Descr ip t ion :  West of L o c a l i t y  AA (p.  9 ,  Report On 
Niamodlaoc Mountain Coal Prospect ,  l W O ) ,  on sou th  s i d e  of 
t h e  next  stream g u l l y  t o  t h e  sou th  of  31/7/70-1 and 31/7/70-2 
l o c a l i t y .  m t e n s i v e  downslope movement i n  t h i s  a r e a  sugges t s  
many exposures,  inc lud ing  t h i s  one, a r e  detached or slumped 
b locks ,  not  outcrop.  

S t r a t i g r a p h i c  P o s i t i o n  of Sample: Apparently same hor izons  
a s  f o r  31/7/70-1 and 31/7/70-2, j-n upper p a r t  of upper 
Amphitheatre format ion.  

Resin:  Golden yel low t o  orange lump r e s i n  whose abundance i n  
r e s i n i f e r o u s  c o a l  may b e  a s  high a s  10%. 

Resin Analysis  ( f o l l o w s ) :  30/7/70-4, Lump r e s i n  hand picked 
from s u r f a c e  grab sample of coa l .  

Coal Resin:  Golden yellow t o  orange lump r e s i n s  were observed 
i n  most of t h e  c o a l  occurrences  i n  t h e  Niamodlaoc Mountain 
a r ea .  O f  t h e  var ious  Yukon coa l  occurrences  examined, t h o s e  
i n  t h i s  a r ea  a r e  t h e  most no t i ceab ly  r e s i n i f e r o u s .  Lump 
r e s i n  i s  much l e s s  common i n  t h e  o lde r  Jurass ic -Cre taceous  
c o a l s  examined a t  va r ious  l o c a l i t i e s  i n  t h e  Whitehorse Trough. 
Q u a l i t a t i v e l y ,  t h i s  f i t s  a  p a t t e r n  e s t a b l i s h e d  by obse rva t ion  
of c o a l s  from d i f f e r e n t  p a r t s  of t h e  world, namely, t h a t  
lump r e s i n  i s  most abundant i n  t h e  younger c o a l s .  

The f a c t  t h a t  lump r e s i n  can usua.lly b e  e a s i l y  s epa ra t ed  from 
t h e  c o a l  by g r a v i t y  methods was not  app rec i a t ed  dur ing t h e  
f i e l d  work. The fo l lowing  comments a r e  t h e r e f o r e  r e c a l l e d  
impress ions  on ly ,  and a r e  not based on observa t ions  recorded  
i n  t h e  f i e l d :  

1. Abundance of lump r e s i n  i n  some cases  v a r i e s  no t i ceab ly  
wi th  s t r a t i g r a p h i c  p o s i t i o n  i n  a  seam. 



2. Average abundance v a r i e s  between t h e  va r ious  occurrences.  

3. Abundance v a r i e s  from i n s i g n i f i c a n t  amounts up t o  
p o s s i b l y  5%. 

4. A t  one poor ly  exposed occurrence,  abundance may have 
been as high as 10%. 

Lump r e s i n s  hand picked from a su r f ace  grab  sample of t h e  
la t ter  occurrence w e r e  t e s t e d  by Western Regional  Labora to r i e s ,  
Mines Branch, Dept. of Energy, Mines and Resources. There 
a r e  innumerable tests which can b e  performed on r e s i n s ,  bu t  
mel t ing p o i n t  range,  s o l u b i l i t y  i n  va r ious  common organic  
s o l v e n t s ,  and a sh  conten t  are important  ones from t h e  s tand-  
p o i n t  of p o s s i b l e  commercial u t i l i z a t i o n .  

T e s t s  on r e s i n s  from var ious  p a r t s  of t h e  world a r e  r e p o r t e d  
i n  t h e  paper "Resins i n  Coal" (Se lv ig ,  1945). Only one r e s i n  
desc r ibed  i n  t h i s  paper has a higher  mel t ing po in t  (3950C) 
than t h e  Niamodlaoc sample. The s o l u b i l i t y  of t h e  la t ter  
a l s o  compares w e l l  wi th  t hose  r e p o r t e d ,  a l though a d i r e c t  
comparison i s  not  p o s s i b l e  s i n c e  d i f f e r e n t  s o l v e n t s  o r  
so lven t  mixtures  were employed. 

The w r i t e r  i s  not  aware of any c u r r e n t  u t i l i z a t i o n  of  lump 
r e s i n  p h y s i c a l l y  s epa ra t ed  from coal .  The above paper p o i n t s  
out  (p. 1) t h a t  c o a l  r e s i n s  are "probably.. . . . . . s i m i l a r  i n  
many p r o p e r t i e s  t o  t h e  n a t u r a l  r e s i n s  of commerce, which are 
not a s s o c i a t e d  wi th  coa l  and which a r e  used e x t e n s i v e l y  i n  
manufacturing produc ts  such as va rn i sh ,  l acquer ,  p a i n t ,  
p r i n t i n g  ink ,  and l inoleum." Up u n t i l  1945 t h e  main use  
contemplated f o r  c o a l  r e s i n  was i n  t h e  manufacture of varn i sh .  

Cur r i e  Products  Limited,  Hamilton, Ontar io ,  s y n t h e s i z e  a 
r e s i n  us ing  t h e  d i s t i l l a t i o n  produc ts  of coke ovens. It  
i s  not c l e a r  t o  t h e  w r i t e r  what r e l a t i o n s h i p  t h i s  r e s i n  b e a r s  
t o  t h e  r e s i n  i n i t i a l l y  i n  t h e  coa l .  Colour i s  important  
s i n c e  t h e  main u s e  i s  as a f i l l e r  and b inder  i n  rubber  
products .  For many uses ,  t h e  l i g h t e r  t h e  colour  t h e  b e t t e r .  
Cur r i e  Products  could p o s s i b l y  double t h e i r  domestic market 
i f  a s u i t a b l e  l i gh t - co lou red  r e s i n  could  be  obta ined.  

The w r i t e r  has con fe r r ed  wi th  va r ious  i n d i v i d u a l s  involved 
wi th  c o a l  chemicals,  thermoplas t ics ,  p l a s t o i d s  and o ther  



chemical p roduc ts ,  concerning p o s s i b l e  commercial app l i ca -  
t i o n s  f o r  t h e  Niamodlaoc c o a l  r e s i n s .  The consensus i s  
t h a t  t h e r e  i s  a ve ry  good p o s s i b i l i t y  of developing,  
through i n d u s t r i a l  r e s e a r c h ,  new produc ts  based on t h e s e  
r e s i n s .  The high mel t ing p o i n t  i n d i c a t e s  t h a t  t h e i r  
market va lue  w i l l  b e  higher t han  t h a t  f o r  t h e  n a t u r a l  
r e s i n s  of commerce and a l s o  most e x i s t i n g  s y n t h e t i c  r e s i n s .  

The next  s t e p  i s  t o  o b t a i n  a l a r g e  sample of t h e  r e s i n s  
on which t o  beg in  i n d u s t r i a l  research .  

March 19, 1971. 

Respec t fu l ly  submit ted,  

NORMAN H. URSEL ASSOCIATES L I M I T E D  

Edwin L. Speelman, B. Sc. 
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