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RECONNAISSANCE OF PEEL RIVER 

COAL EXPLORATION LICENCES 

1. INTRODUCTION 

In 1976, Cyprus Anvil Mining  Corporation applied for ,  and was granted, 

two Terr i tor ial  Coal Exploration Licences i n  part  of the Bonnet Plume 

Basin, northern Yukon. The licences were designed to  cover an area 

interpreted to  be underlain by commercially important coal seams; the 

two licences are for  approximately 79,000 acres, as follows: 

Licence No. 46 - sheet 106 E/14, SE& 
Licence No. 47 - sheet 106 E/14, NE& 

A t  the end of the f i r s t  licence year, Licence No. 46 was reduced t o  

29,390 acres and Licence No. 47 was reduced t o  9,823 acres. 

During August  1977, the writer spent four days i n  the 1 icence area 

undertaking a prelim 

purpose of the study 

inary reconnaissance of the Bonnet Plume Basin. The 

was to  locate, describe and sample the coal seams 

a t  outcrop, to  examine the surrounding area for  rock outcrops and any 

sign of further coal occurrences, and t o  give a preliminary assessment 

of the potential for  mining the coal deposits. 



2. LOCATION AND ACCESS 

The Bonnet Plume Basin covers much o f  t he  cen t ra l  p a r t  o f  N.T.S. sheet 

106-E, Wind River, nor thern  Yukon T e r r i t o r y .  Approximate l o c a t i o n  o f  

t h e  coal  exp lo ra t i on  l i cences i s  65'50'~, 135°101~  (see Figures 1 and 2). 

Th is  l o c a t i o n  i s  s i x t y  m i les  due east  o f  t he  Dempster Highway, which i s  

the  nearest  road. Several w i n t e r  t r a i l s  and seismic c u t - l i n e s  cross the  

basin. The on ly  access t o  the  p roper t y  i n  summer i s  by a i r ;  t h e  p roper t y  

i s  150 m i l e s  due n o r t h  o f  Mayo. 





3. PHYSIOGRAPHY 

The Bonnet Plume Basin i s  a physiographic and structural depression, about 

700 square miles in area, surrounded by up land  terrain and i s  a very promi- 

nent feature on topographic maps. I t  l ies a t  the southern end of the 

Richardson Mountains, and i s  bounded on the west and south by the Wernecke 

Mountains and on the east by the Trevor and Knorr Ranges of the Mackenzie 

Mountains. The Wind and Bonnet Plume Rivers, bo th  major rivers, drain the 

Wernecke Mountains and flow into the basin from the south t o  join the 

Peel River. The Peel flows in from the west and flows o u t  to the east 

before turning north t o  join the Mackenzie River. 

Much of the floor of the basin i s  a flat-lying terrace a t  around 1,000 

feet A.S.L., and about 100 feet above the level o f  the major drainage 

channels. This terrace i s  formed of glacial and fluvial gravels, sands 

and s i l t s  which probably exceed f i f ty  feet i n  thickness, and i s  covered 

by thick moss and stunted spruce w i t h  abundant small lakes and swampy 

areas. The entire basin i s  subject to permafrost a t  or near land surface. 



4, HISTORY AND PREVIOUS WORK 

Coal was f i r s t  reported in the area by Count Edonard de Sainvi l le  in 1893. 

He ascended the Peel River by canoe from the Mackenzie River, walked 

about 25 miles u p  the Bonnet Plume River, crossed the basin to  the Wind 

River and returned to  his canoe by way of the Wind and Peel Rivers. 

During 1898, about ninety persons en route from Edmonton t o  the Klondike 

goldfields wintered i n  the area a t  "Wind City", near the mouth of Wind 

River. Some of these prospectors are  said to  have explored the surrounding 

countryside . 

In 1905, Camsell explored the area for  the Geological Survey (Camsell, 

1906). He was the f i r s t  to make specif ic  reference t o  a "basin", and 

referred the c l a s t i c  sequence overlying the Pal aeozoi c 1 imes tones t o  

the Cretaceous and Tertiary systems. He described six fee t  of l i gn i t e  on 

Wind River, about 12 miles below Mount Deception. 

The f i r s t  meaningful geological maps and s t ructure sections were made by 

C. R. Stelck (1944), who gave the name "Bonnet Plume Basin" to  the s t ructural  

depression between the Peel and Bonnet Plume Rivers. This work has formed 

the basis of a l l  future studies. Further s t rat igraphic and s t ructural  data 

were publ ished by Norris , Price and Mountjoy (1963) and Mount joy (1967). 

Rouse and Srivastava (1972) reported on palynological zonation of the coal- 

bearing rocks, and the superficial  geology of the area was described by 

Hughes (1972). The f i r s t  1:250,000 geology map (by Norris) was publ ished 

i n  1975, and continued studies by Norris and Hopkins were published i n  1977. 



5. GEOLOGY 

' The Bonnet Plume basin i s  under la in by a t h i c k  sequence (4,500 f e e t )  o f  

sandstones and conglomeratic rocks o f  a l l u v i a l  fan and braided stream 

fac ies  known as the Bonnet Plume Formation, which has been d iv ided 

in fo rma l l y  i n t o  lower and upper par ts  (see Figure 2). Ava i lab le  l i t h o -  

s t r a t i g raph i c  and b ios t ra t ig raph ic  data i nd i ca te  t h a t  the lower p a r t  i s  

o f  Middle o r  Late Albian (Lower Cretaceous) age and t ha t  the upper p a r t  

i s  Maastr icht ian and Palaeocene i n  age (Uppermost Cretaceous t o  ea r l y  

Te r t i a r y ) .  Hence the upper and lower par ts  are separated by an unconfor- 

m i  ty  representat ing a hiatus o f  considerable durat ion.  

The lower Bonnet Plume Formation consists predominantly o f  chert-pebble 

conglomerate w i t h  minor sandstone, shale and coal seams. The best  

exposures are t o  be found along I l l t y d  Creek, a t r i b u t a r y  o f  Wind River, 

i n  the southern p a r t  o f  the basin. The upper Bonnet Plume Formation 

consists o f  interbedded conglomerate, sandstone, shale and coal seams, 

and i s  wel l  exposed i n  c l i f f s  along the south bank o f  Peel River between 

the  mouths o f  Wind and Bonnet Plume Rivers. 

The s t ruc tu re  i s  r e l a t i v e l y  simple; the basin forms a single, broad, 

no r t he r l y  t rending sync1 i ne. The s t r uc tu re  i s  dominated, however, by a 

se r ies  o f  f a u l t s  t rending north-northwesterly. It has been in te rp re ted  

t h a t  deposi t ion i n  the basin was con t ro l led  by r e l a t i v e  downward movements 

o f  the cent ra l  por t ions o f  the basin along these f au l t s .  It i s  known from 

recent se ismic i t y  data t h a t  these f a u l t s  a re  s t i l l  ac t ive .  It had pre- 

v ious ly  been supposed t ha t  inward d ips  o f  the s t r a t a  around the edge o f t h e  

basin were very shallow, o f  the order o f  10' o r  so, bu t  more recent work 

has shown tha t  steeper d ips are  present l o c a l l y .  



Mountjoy (1967) reported three l igni te  seams more than f ive  f ee t  thick 

in the Upper Bonnet Plume Formation a t  Section 106-E-18 and two seams a t  

Section 106-E-17, both on Peel River (see Figure 2 ) .  Norris and Hopkins 

(1977) estimated that an aggregate thickness of for ty f ee t  of coal in 

seams greater than f ive  f ee t  thick t o  a s t rat igraphic depth of 400 fee t  

underlay a canoe-shaped area of 35 square miles extending south from Peel 

River, giving a reserve potential of 1.5 b i l l  ion short tons i n  place. 

Norri s and Hopkins (1977) described carbonaceous shale horizons w i t h i n  

the lower Bonnet Plume Formation in the I l l tyd  Creek area, b u t  discovered 

no commercial coal seams. 
7 



6. THIS STUDY 

This study was f a c i l i t a t e d  by f o o t  t raverses from camps establ ished by 

he1 icopter ,  together w i t h  two days o f  a e r i a l  reconnaissance. A p r e l  i m i -  

nary v i s i t  t o  the property was made by D r .  J. G. Simpson o f  Cyprus Anv i l  

on 11 August, 1977. 

On August 18, 1977, the w r i t e r ,  accompanied by an ass is tant ,  drove from 

Whitehorse t o  Mayo, where a l l  f i e l d  equipment and suppl ies were loaded 

aboard a Hughes 500 o f  Mayo Helicopters. A s i ng le  t r i p  was made t o  the  

property l a t e  t h a t  evening and the f i r s t  camp was establ ished a t  the no r t h  

end o f  Section 106-E-17 on Peel River, and the he l i cop te r  returned t o  Mayo. 

The f o l l ow ing  day, August 19th, was spent examining and sampling Section 

106-E-17. On August 20th, the he l i cop te r  returned and moved the camp t o  a 

l oca t i on  near the south end o f  Section 106-E-18, and the  remainder o f  t h a t  

day was spent i n  a e r i a l  reconnaissance along the Bonnet Plume, Peel and 

Wind Rivers and I l l t y d  Creek, and the areas i n  between. The fo l l ow ing  

day, August 21st, was spent examining -and sampl i n g  Section 106-E-18. It 

had been planned t h a t  the f i e l d  pa r t y  would be brought ou t  on the  morning 

o f  August 21st. However, because o f  breakdown o f  the Hughes 500, the crew 

was n o t  brought out  u n t i l  very l a t e  t h a t  day when a B e l l  206 o f  Trans North 

Turbo A i r  was sent i n  i t s  place. 

6.1 Section 106-E-17 - Peel River 

Three t h i c k  seams o f  l i g n i t e  were found a t  t h i s  section. The sect ion 

was n o t  measured i n  d e t a i l  because o f  l ack  o f  t ime and because o f  over- 

l y i n g  unconsolidated g l a c i a l  mater ia l  which, warmed by the sun, had 

me1 ted and flowed down the c l i f f s  from above. The sequence a t  Section 

106-E-17 may be summarised as fo l lows:  





U n i t  No. L i  tho1 ogy Approximate Thickness 

Light grey clay. 
Coal w i t h  clay interbands. 
Light grey clay. 
(covered interval ) . 
Chert-pebble conglomerate. 
Light grey clay. 
Coal with clay interbands. 
Medium grey clay. 
(covered interval ) . 
Pebble congl omerate w i t h  

sandstone 1 enses. 
Cross-bedded sandstone. 
(covered i n terval ) . 
Greenish-grey mudstone. 
Coal . 
Light grey-green clay. 

+10 f t .  (top not exposed). 
Approx. 20 f t .  
+6 f t .  (base not exposed). 
Approx. 100 f t .  
~pprox .  50 f t .  exposed. 
3 f t .  
16 f t .  
3 f t .  exposed. 
(not measured). 
Approx. 100 fee t .  

Base not exposed. 
(not measured) . 
+2 f t .  (top not exposed) . " 
6 f t .  . - .  

+2 f t .  (base not exposed). 

Both upper and middle coal seams are  cut  out by feather edge beneath 

the Quaternary unconformi ty. A1 1 the conglomerate and sands tone units 

a re  poorly consolidated and only s l igh t ly  cemented - most a re  real ly  

gravels and sands. The coal seams, by contrast ,  a r e  we1 1 indurated 

and are  the most res i s tan t  lithology. Each seam was described in some 

detai l  and sampled. Channel samples of about 20 to  30 lbs. each were 

taken over seam intervals  of up t o  12 feet.  They were obtained by 

removing a layer of weathered material up t o  one foot  thick from the 

surface of the outcrop and sampling relat ively unweathered coal beneath. 

Where clay (bentonite) bands were present, some care was taken t o  

sample coal and bentonite in approximately the r ight  proportions. 

Upper Seam 

The upper seam outcrop was found to  be affected by block slumping, 

and i t  proved d i f f i c u l t  t o  obtain a measured section. Lithological 

and structural observations made may be summarised as follows: 



Sampl e  
I n t e r v a l  L i tho logy Bedding No. 

Roof L i g h t  grey clay. 

12 ft. L i g n i t e  - mostly d u l l ,  dark 004/ 50E PR-1 
brown w i t h  some black v i t reous 
bands. 

1 ft. L i g h t  grey mud. 

(D iscon t inu i t y  (slumping) 

4  ft. L i g n i t e  - mostly d u l l ,  dark 081/26N PR-2 
brown w i t h  some black v i t reous 
bands, w i t h  whi t e  benton i te  
bands an inch  o r  so t h i c k  
every few inches. 

9 ft. L i g n i t e  w i t h  bentoni te bands - 102/31N PR-3 
as above. Good c l e a t  de- 
ve l  oped i n  v i  treous bands. 

(D iscon t inu i t y  ( ? f a u l t )  

4 ft. L i g n i t e  (as above) w i t h  t h i n  153/20NE PR-4 
bentoni te bands and a  few t h i n  
grey c l ay  bands. 

F loor  L i g h t  grey c l ay  w i t h  interbeds 
o f  dark brown carbonaceous 
muds tone. 

Middle Seam 

The middle seam appeared ra the r  harder and b e t t e r  indurated than the 

top  seam, and was less  a f fec ted by slumping. Observations made may 

be summarised as fo l lows:  

Sampl e  
I n t e r va l  L i tho logy  Bedding No. 

Roof L i g h t  grey clay. 

8 ft. Dark brown 1  i gn i t e ,  apparently 1 2 1 / 4 O ~ ~  PR- 5  
r a the r  muddy. 

8 ft. Dark brown t o  black l i g n i t e  
w i t h  a  few grey c l ay  bands up 
t o  one inch th ick .  

F loor Medium grey clay. 



Lower Seam 

The lower seam was discovered dur ing he l i cop te r  reconnaissance, and 

outcrops i n  a small creek va l l ey  a t  the west end o f  the sect ion. A 

s i ng le  sample, No. PR-7, was taken over the  s i x - f oo t  seam, which had 

an a t t i t u d e  o f  156/13NE. A descr ip t ion  o f  the seam fo l lows:  

I n t e r va l  

Roof 
15 inches 
12 inches 
24 inches 
12 inches 
12 inches 
F loor  

L i  tho1 ogy 

Greeni sh-grey muds tone. 
Hard, dark brown l i g n i t e .  
Soft,  b lack l i g n i t e .  
Hard, dark brown 1 i g n i t e  . 
Soft,  b lack 1 i g n i t e .  
Hard, dark brown l i g n i t e .  
L i g h t  grey-green c lay.  

6.2 Section 106-E-9 - Ill tyd  Creek 

A b r i e f  he l i cop te r  reconnaissance was made o f  the sect ion along 

I l l t y d  Creek. I n  a small creek immediately t o  the south of the 

sect ion described by Nor r i s  and Hopkins (1977), two coal horizons 

were found, an upper horizon about twenty f e e t  t h i c k  and a lower 

hor izon about s i x  f e e t  th ick .  These appear t o  correspond t o  

carbonaceous shale m i t s  9 and 14 respec t i ve ly  o f  Nor r i s  and 

Hopkins (1977). Because o f  very poor exposures, these seams were 

n o t  sampled. On Ill tyd  Creek i t s e l f ,  a we1 1 -exposed coal seam 

about 18 f e e t  t h i c k  was found, d ipp ing 197/12E. This coal, which 

has apparently no t  been prev ious ly  reported, i s  apparently r a t he r  

higher i n  rank than the coals found along Peel River. It consists 

o f  massive, hard, v i t reous black coal apparently w i thout  bentoni te 

o r  c lay  part ings.  The seam occurs w i t h i n  the  lower p a r t  o f  the 

Bonnet Plume Formation, and i s  ove r l a i n  by chert-pebble conglomerate 

and under la in  by a t h i c k l y  bedded, 1 i g h t  brownish-grey sands tone. 

These sediments are much b e t t e r  indurated than those found along 



Peel River.  One small channel sample (about f i v e  pounds) was taken 

across the  lowest  f i v e  f e e t  o f  t h i s  seam (sample PR-8). 

6.3 Sect ion 106-E-18 - Peel R iver  

Sect ion 106-E-18 was found t o  conta in  eas t  and west l imbs o f  an 

a n t i c l i n e  - d i p  on t h e  east  l imb  i s  approximately 172/50E and on t h e  

west l i m b  about 260/14S. One coal seam, about 25 f e e t  t h i c k ,  i s  w e l l  

exposed on the  east  l imb; a t  present i t  i s  n o t  poss ib le  t o  c o r r e l a t e  

t h i s  d i r e c t l y  w i t h  one o f  t h e  seams on Sect ion 106-E-17. The l i g n i t e  

here i s  t h i n  bedded and i s  r a t h e r  d i r t y ,  b u t  conta ins some clean, 

b r i g h t  bands and a few wh i te  ben ton i te  bands. A d e s c r i p t i o n  o f  t he  

seam f o l  1 ows : 

Sampl e 
I n t e r v a l  L i t h o l o g y  No. 

Roof Grey c lay,  o v e r l a i n  by unconsol idated 
gravel s  . 

14 f e e t  Brown 1 i gni  t e  w i t h  b lack  v i t reous  JGS-1 
bands and wh i te  ben ton i te  bands. 

1 f o o t  Grey c lay .  

10 fee t+  Sof t ,  b lack carbonaceous mudstone Not 
(base n o t  conta in ing  l i g n i t e  bands a few inches sampl ed . 
exposed) t o  a f o o t  t h i c k  ( l e s s  than 50% 

l i g n i t e ) .  

On the  west l i m b  o f  the  a n t i c l i n e ,  t h e  upper, r e l a t i v e l y  c lean 

p o r t i o n  o f  the  seam i s  reduced t o  about s i x  f e e t  i n  thickness, w h i l e  

t h e  lower, d i r t y  p a r t  cons is ts  o f  t en  f e e t  o r  so o f  interbedded 

l i g n i t e ,  b lack  mudstone and l i g h t  grey c lay .  I n  both l o c a l i t i e s ,  

most o f  t he  remainder o f  t he  sec t i on  i s  obscured by p le is tocene and 

recent  unconsol i da ted  sediments. 



6.4 Sample Analysis 

Samples PR-1 to 8 inclusive and JGS-1 were sent to Cyclone 

Engineering Sales Ltd., Edmonton f o r  analysis. The following 

data were obtained fo r  air-dried samples: Proximate Analysis (Ash, 

Residual Moisture, Volatile Matter, Fixed Carbon), Calorific Value 

(B.T.U./l b.) and Sulphur. Values fo r  equilibrium moisture were 

also obtained. The resu l t s  a re  presented i n  Appendix I and sum- 

marized i n  Table 1. These resu l t s  show tha t  sample PR-8, from 

I l l t yd  Creek, i s  of considerably bet ter  quality than the others,  

a reflection of i t s  s l igh t ly  greater age. The remainder a r e  of 

l i g n i t e  t o  subbituminous rank, and have relat ively high ash- 

contents due t o  interbanded bentonite, The analyses a re  comparable 

w i t h  coal from the Tulameen basin in south-central Brit ish Columbia. 

TABLE 1 

Sumrnarv of Analytical Data 

Samp . 
No. 

PR-1 
PR-2 
PR-3 
PR-4 
PR-5 
PR-6 
PR-7 
PR-8 

JGS- l 

k i s t .  Volatiles F.C. 
Ash % % % % 

Equi 1. 
Moist. 

% 



6.5 Petrographic Analys is  

Samples PR-3 and PR-8 were selected f o r  petrographic ana lys is ,  and 

specimens were sent t o  Robertson Research (North America) Ltd.  , 

Calgary. The samples were forwarded t o  C.S.I.R.O. i n  A u s t r a l i a  f o r  

ana lys is  under a cont rac tua l  arrangement w i t h  Robertson Research. 

The i r  repo r t ,  which inc ludes samples c o l l e c t e d  elsewhere i n  t h e  

Yukon, i s  presented i n  Appendix 11. The data f o r  PR-3 and PR-8 a r e  

summarised i n  Table 2. 

The h igher  r e f l e c t a n c e  f o r  PR-8 conf i rms i t s  h igher  rank, t h e  r e s u l t  

o f  i t s  g reater  age. On a minera l -mat ter - f ree  basis, v i t r i n i t e  p lus  

e x i n i t e  i n  both samples exceeds 90%, a c h a r a c t e r i s t i c  o f  upper 

Cretaceous and T e r t i a r y  coals o f  t he  Circum-Pacif ic b e l t .  Th is  

c h a r a c t e r i s t i c  may render them s u i  tab1 e f o r  p o t e n t i a l  feedstocks f o r  

conversion t o  l i q u i d  o r  gaseous fue l s .  

TABLE 2 

P e t r o a r a ~ h i c  Anal v s i s  

Sampl e 
V i t r i n i t e  % 
Ex i  n i  t e  
Res in i te  
Fus in i  t e  
Semi fus in i te  
M i c r i n i  t e  
Mineral Mat ter  
Mean Max Reflectance % 
V i t r i n i t e  + E x i n i t e  (M.M. F.) 

- 
1 

Trace 
6 

0.29 
94 

- 
Trace 
Trace 

1 
0.43 

97 



7. CONCLUSIONS AND RECOMMENDATIONS 

The writer's observations indicate t h a t  the area underlain by coal- 

bearing strata in the Bonnet Plume Basin i s  much larger than was 

originally supposed. This conclusion i s  supported by recent observa- 

tions of the G.S.C. (see Long, 1978). Large volumes of 1 ignite and 

sub-bituminous coal are present, b u t  as yet insufficient data are 

available t o  permit reserve calculations t o  be made. Much of the coal 

present i s  very low in sulphur b u t  high in ash, much of the ash being 

present as discrete bentonite bands. I t  i s  very probable that a simple 

washing technique designed to separate coal and bentonite could be 

designed to produce relatively clean coal with a calorif ic value of the 

order of 9,000 B.T.U./lbs. Such a product should be suitable for a 

mine-mouth generating station or for conversion t o  clean gaseous o r  

liquid fuels. 

The presence of a relatively thick cover of unconsolidated b u t  frozen 

overburden would render any mining activity extremely dif f icul t ,  as 

would the high dips (up to 50') seen i n  the coal seams locally. These 

factors suggest that in-situ gasification may be the only practical 

method of exploiting these resources. 

Because of uncertainties regarding the number, thickness and lateral 

extent of the coal seams, exploratory dr i l l  ing i s  recommended. Since 

much of the strata consists of unconsol idated or poorly consol idated 

sediments, rotary dr i l l  ing, together with geophysical logging, i s  

recommended for a f i  rst-phase programme. For ease of data compilation, 

a kilometre grid should be se t  up,  with the ini t ia l  holes spaced a t  

2-km centres. Because of the terrain characteristics of the area, 
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1. INTRODUCTION 

Twelve coal samples were submitted for petrographic analysis by the 

Robertson Research Group of Companies* on behalf of the Cyprus Anvil 

Mining Corporation. These coals, which are of Mesozoic or Tertiary age, 

were collected from outcrops at various localities in the Yukon Territory, 

Canada. 

It is quite likely that the coals have undergone some degree o f  

oxidation and weathering, since they represent outcrop samples. As a 

result, the measured values for certain of the coal utilization parameters 

might be*expected to be at variance with the values for these parameters 

as determined on unweathered coal. It is possible that predicted values 

for coal utilization parameters, based on the coal petrographic data, 

may provide a more reliable assessment of coal quality than the results 

of chemical and physical testwork carried out on weathered coal. 

Therefore, Cyprus Anvil Mining Corporation requested that vitrinite 

reflectivity and maceral anailyses of the twelve coal samples be undertaken 

in order to compare the predicted coal utilization parameters with the 

measured values for these parameters. 

In addition to the petrographic analyses, moisture, ash and sulphur 

values were determined for each coal in order that the maceral analyses 

could be corrected for calculated mineral matter. 

2. GEOLOGICAL SETTING 

Latour.(1972) has listed the principal coal occurrences in the 

Yukon Territory; these occurrences may be summarized as follows 

( (a) White River and Yukon River drainage area 

! (southvestern z d  west F&sd 
TERTIARY COALS 1 (b) Bonnet Plume area (north ~uko*) 

( (c) Upper Liard River (southeastern Yukon) 

( (d) Southwestern Yukon - Laberge (Lover 
NESOZOIC COALS Jurassic - ? Upper ~urassic) and Tantafus 

(Upper Jurassic - Lower Cretaceous) 
Format ions 

* In this instance Robertson Research (Australia) Pty Ltd and 

Robertson Research (North America) Ltd. 



The Mesozoic coals are described as being mostly bituminous in rank, 

whereas, the Tertiary coals are described as being lignitic in rank, 
' 

Although, no locality maps were available at the time of writing, 

Cyprus Anvil Mining Corporation provided the following information in 

respect of sample location, sample age and the presence of intrusive 

rocks. 

: 1 : ] uPpe. Jurassic 

DM - 3 
FF - 1 LowerIMiddle Jurassic (Middle Tertiary) 

GC - 1 Jurassic - Cretaceous (possible intrusives) 
JC - 1 Cretaceous (Tertiary. ?) 

LP - 1 Middle/Upper Jurassic - Lower Cretaceous (~ossible intrusives) 

Upper ~urassic - Lower Cretaceous (possible intrusives) 
PC - 2 

PR - 3 Upper Cretaceous 

PR - 8 Lower Cretaceous 

RR - 1 Tertiary (~urassic - Cretaceous ?) 

DM = Division Mountain LP = Lone Pine Mountain 

FF = Five Fingers PC = Porters Coal 

GC = Gudders Coal PR = Peel River 

JC = Jump Out Creek RR = ROSS River 

Cyprus Anvil Mining Corporation indicated that the ages in parenthesis 

are possible alternative ages to those indicated on the geological maps, 

based presumably on their geologists' field observations. 

3. COAL PETROGRAPHIC DATA 

The vitrinite reflectivity and maceral analyses were carried out in 

accordance with the recommendations of the International Committee for 

Coal Petrology (I.C.C.P.), as set out in the I.C.C.P. Handbook (1963, 1971) 

(also, see Stach, 1975). Separate maceral analyses were performed on 

the low rank coals under incident-light, blue-light excitation. The 



resultant fluorescence of the liptinite/exinite group macerals permits 

a distinction to be made between the various macerals within this group 

and between the maceral group and very low reflectivity mineral matter, 

in particular finely divided quartz and clay minerals. (I.C.C.P., 1976; 

Spackman et aZ., 1976). 

The details of the petrographic analyses for the coals are presented 

in an Appendix, together with a number of photomicrographs illustrating 

the petrography of these coals. 

Coal Type: 

The results of the petrographic analyses are summarized in Table 1. 

On the basis of their petrographic composition the coals may be divided 

into vitrinite-rich and vitrinite-poor types. 

(A) Vitrinite-rich Coals 

The Peel River (PR-3 and PR-8), Jump Out Creek (JC-1) and Five 
4 

Fingers (FF-1) samples contain in excess of 90% of (vltrinite + exinite) 
on a mineral matter free basis; the inertinite content of the Peel River 

samples is 1% or less. The petrographic composition of these samples 

is similar to the restricted petrographic composition for uppermost 

Cretaceous (Senonian) and Tertiary coals of the western circum-Pacific 

region; in terms of coal rank and type the four samples are similar 

to the Neogene coals of Indonesia (Strauss e t  aZ., 1976). The I.C.C.P. 

d Handbook (1971) notes that inertinite is a minor component of most 

Tertiary brown coals and lignites, with the exc.>ption of certain indivi- 

dual occurrences in India and the Balkans. F-arthermore, sclerotinite 

is the important, if not dominant, component of the inertinite found 

in these coals. 

Although the ages assigned to the vitrinite-rich coals range from 

lower Jurassic to ? Tertiary, it seems likely that, on the basis of their 

petrographic composition, these coals are Upper Cretaceous to Tertiary 

in age. The petrography of these samples is illustrated in Plates I 

and 2. 

(B) Vitrinite-poor Coals 

With two exceptions, the remaining coal samples contain less than 

36% of (vitrinite + exinite) on a mineral matter free basis. The 

Lone Pine Nountain (LP-1) sample represents a coked coal (natural coke). 



Sample PC-2 is a high rank anthracite, with a maximum reflectivity (Eo max) 

in excess of 32, and, as such, it is difficult to carry out a meaningful 

maceral analysis on this coal. Reference to Table 1 shows the marked 

contrast in petrographic composition of samples PC-1 and PC-2, which have 

been assigned the same age (Upper Triassic - Lower Cretaceous) and which 
were collected from the same general locality. 

In terms of their petrographic composition and degree of coaliffca- 

tion, the vitrinite-poor coals broadly resemble coals from the Oaklands 

(Permian, New South Wales), Galilee Basin (Permian, Queensland), Blair 

Athol (Permian, Queensland), Callide (Triassic, Queensland) and Leigh 

Creek (South Australia, Triassic) deposits in Australia (Bennett and 

Taylor, 1970; Strauss et aZ., 1976). 

Cook (1975) notes that the inertinite-rich, Cretaceous coals of the 

Maryborough and Styx Basins (Queensland) are very similar in maceral 

composition to the Cretaceous coals of British Columbia and Alberta. 

In particular, with respect to the abundant semifusinite/fusinite derived 
A 

from well-preserved, thick-walled, woody tissue. Data presented by 

Cameron (1972) indicate a wide range in vitrinite content, i.e. 35-96%, 

for the Upper Jurassic - Lower Cretaceous coals in the Kootenay Formation 
in British Columbia and Alberta. The average value of 63% vitrinite is 

much higher than that for the Yukon samples examined. Vitrinite was 

distinguished from semifusinite of similar reflectivity (very low 

reflectivity semifusinite) by the presence of open slitlike cell lumens 

and/or the presence of granular (mottled) anisotropy in the semifusinite 
.t 

(Bennett, 1968). 

The ages assigned to the vitrinite-poor coals range from Upper 

Jurassic to Lower Cretaceous. The Tertiary age given for sample RR-1 

is based on the available geological map; however, it is understood 

that this coal is of Jurassic-Cretaceous age. The petrography of these 

samples is illustrated in Plates 3 and 4. 

It appears that, in very general terms, the petrographic composition 

of the Yukon coal samples reflects their age, i.e. vitrinite-poor, Upper 

Jurassic - Lower Cretaceous coals and vitrinite-rich,? Upper Cretaceous - 
Tertiary coals (see Figure 1). 



Coal Rank 

Reference to Table 1 indicates that the coal samples may be divided 

into two groups on the basis of their vitrinite reflectivity, namely 

lignite-subbituminous/high-volatile bituminous coal (Fo max = 0.29-0.642) 

and semianthracite - anthracite (xo max = 1.98-3.10%). None of the 

samples examined fall within the coking coal range of high- to l o r  

volatile bituminous coals. . 

(A) Low-rank Coals 

The vitrinite-rich coals, presumed to be of Upper Cretaceous- 

Tertiary age, exhibit a slightly lower range of vitrinite reflectivity 

values (G max = 0.29-0.51%) than those exhibited by the vitrinite- 

poor coals (% m a  = 0.56-0.64%), which are Upper Jurassic - Lower 
Cretaceous in age. This observation would be consistent with regional- 

coalification in relatively undeformed sediments, the differences in 

degree of coalification reflecting the different ages of the two groups 

of coal samples. 

(B) High-rank Coals 

The occurrence of semianthracite - anthracite in a region contain- 
ing low rank coals of the same age suggests the presence of intrusive 

rocks which have resulted in localized thermal alteration of the coal. 

Reference to Stach (1975) suggests carbonization temperatures of 400°C 

to 500°C for the semianthracite - anthracite samples with vitrinite 
d 

reflectivity values of 1.98% to 3.10%, assuming that the original coals 

were of low rank and that the thermal alteration occurred in the absence - 
of excess pressure. The bireflectance (KO max % - Ro min %) values of 

0.59% to 1.03% indicate that the samples were not subjected to excess 

pressure during carbonization. 

The Lone Pine Mountain (LP-1) sample consists of a natural coke 

that exhibits the development of small spherical vesicles and a very 

fine-grained anisotropic (see Plate 5 a & b) mosaic structure which 

suggests that the original coal falls outside the coking coal range, 

i.e. a relatively low rank coal. Data presented in British Carbonizati0~-. 

Research Association (B.C.R.A.) Report 25 (1976) suggest that development 

of a fine-grain anisotropic mosaic is associated with the carbonization 

of caking coals in the 400-600 class (N.C.B. 1964). The reflectivity 



value  of 6.2% f o r  t he  v i t r i n i t e  coke in sample LP-1 i nd i ca t e s  a carboniza- 

t i o n  temperature of 650°C t o  700°C. 

It is understood t h a t  i n t r u s i v e  rocks occur i n  t h e  Po r t e r s  Coal 

and Lone Pine Pbuntain l o c a l i t i e s .  Although no i n t ru s ive  rocks appear 

t o  be recorded from t h e  a rea  of the  l o c a l i t y  of sample RR-1, i t  is l i k e l y  

t h a t  t he  high rank of t h i s  coa l  is  the  r e s u l t  of l o c a l  thermal a l t e r a t i on .  

Reference t o  Barnes (1961) and Rao (1975) revea ls  t he  presence of 

subbituminous coal  i n  neighbouring Alaska. The Eagle Field l i e s  c l o s e  

t o  t he  Yukon-Alaska border where t h e  Yukon River c rosses  t he  f r o n t i e r  

between Canada and t he  U.S.A. The J a r v i s  Creek and Nenana F ie ld  i n  

Central  Alaska and t he  Susi tna,  Beluga and Kenai.Fie1d.s i n  South Cent ra l  

Alaska contain l i g n i t e  and subbituminous coal .  Higher rank coa l s  are 

a l s o  recorded in Alaska. The Bering River F ie ld ,  which i s  loca ted  about 

100 miles  from the  southwestern corner of t he  Yukon Ter r i to ry ,  conta ins  

semianthraci te-anthraci te .  The l a t t e r  i s  reported t o  be badly crushed 

and faul ted:  in view of t he  mechanical deformation of t he  coa l  t h e  h igh  

rank is  probably due t o  reg iona l  metamorphism, r a the r  than loca l ized ,  

thermal metamorphism. I n  t he  Matanuska F ie ld ,  South Cent ra l  Alaska, 

t he  coa l  rank ranges from subbituminous, through bituminous, t o  

semianthracite-antracite moving from west t o  e a s t  over a d i s t ance  of 

about 60 miles. Both Te r t i a ry  and Cretaceous coa ls  a r e  known t o  occur  

i n  Alaska. The lower rank coa l s  (subbituminous-bituminous) of t h e  

Matanuska Field include Te r t i a ry  coa ls  which a r e  character ized by t h e i r  
2 very high contents  of v i t r i n i t e  (CSIRO, 1964). 

4. PREDICTION OF COAL UTILIZATION PARAMETERS 

FROM THE COAL PETROGRAPHIC DATA 

Coal u t i l i z a t i o n  parameters can be predicted on t h e  b a s i s  o f  coaf - 
petrographic da t a  using graphs published by Bennett and Taylor (1970). 

These graphica l  so lu t ions  have proved t o  be  q u i t e  success fu l  in t h e  

pred ic t ion  of the  p rope r t i e s  of Austral ian Gondwana (Permian) coals ;  

however, caution should be exercised when attempting t o  p r ed i c t  t h e  

proper t ies  of o ther  coa ls .  I n  t h i s  study no attempt has been made to 

c a l c u l a t e  composition balance index (CBI) o r  s t rength  index (SI) in 

order  t o  pred ic t  coke s t a b i l i t y  using t h e  method of Schapiro e t  aZ. (1961). 



I n  order  t o  improve t he  qua l i t y  of t he  pred ic t ions  i t  is adviseable  

t o  co r r ec t  t he  maceral ana ly s i s  t o  a ca lcu la ted  mineral matter  bas i s .  

This  cor rec t ion  avoids t he  problems inherent  i n  accura te ly  determining 

t he  mineral matter  component by microscopic methods. The ca l cu l a t ed  

mineral matter  value i s  derived from t h e  moisture, ash and t o t a l  sulphur  

contents  using a modification o f p a r r ' s e q u a t i o n  (see Francis ,  1961) 

a s  follows: - 
Ash (wt . X )  x 1.08 + Sulphur (wt .%) x 0.55 

Calculated (dry ba s i s )  (dry ba s i s )  
Mineral matter  = 

(volume %) 2 

I 
Table 2 p resen ts  t he  values f o r  t he  moisture, ash and sulphur  

determinations, t he  ca lcu la ted  mineral matter  values and t he  corrected 

values f o r  the maceral ana lys i s  f o r  each sample. 

Table 3 presents  a comparison between t he  r e s u l t s  of t he  moisture, 

ash and t o t a l  sulphur analyses car r ied  out  by CSIRO and t he  r e s u l t s  f o r  

these  analyses provided by t he  Cyprus Anvil Mining Corporation. There 

appears t o  be a considerable discrepancy between t he  values f o r  t he  ash  

analyses. This probably i nd i ca t e s  t h a t  t he  subsamples forwarded t o  CSIRO 

f o r  petrographic ana lys i s  a r e  not  represen ta t ive  of the  subsamples 

analysed by t he  Cyprus Anvil Mining Corporation. The d i f f e r ence  i n  

composition between subsamples renders d i f f i c u l t  t he  pred ic t ion  of c o a l  

u t i l i z a t i o n  parameters from the  petrographic data. 

Table 4 presents  predicted coa l  u t i l i z a t i o n  parameters f o r  e i g h t  
4 

of t he  Yukon coal  samples and measured values f o r  t he  same parameters 

f o r  s i x  of these samples. The c lo se s t  agreement between predicted and 

measured values f o r  coa l  u t i l i z a t i o n  parameters a r e  yielded by samples 

PR-3 and PR-8, f o r  which t h e r e  i s  t he  c l o s e s t  agreement between CSIRO 

values f o r  moisture and ash and the  values f o r  these analyses  provided 

by t he  Cyprus Anvil Mining Corporation. Although some evidence of 

s l i g h t  oxidat ion was observed i n  t he  low-rank coa l  samples, t h e  

discrepancies  between predicted and measured values f o r  coa l  u t i l i z a t i o n  

parameters appears t o  r e f l e c t  a sampling problem r a t h e r  than t h e  

inf luence of oxidation. Strong oxidat ion was observed i n  t he  semi- 

an th rac i t e  - an th rac i t e  samples, GC-1, PC-1 and PC-2 (see P l a t e s  5c 6 5d) ; .  

however, t he  pred ic t ion  of coa l  u t i l i z a t i o n  parameters f o r  coa l s  wi th  

a r e f l e c t i v i t y  i n  excess of 2% i s  not  poss ib le  with t he  graphica l  



so lu t ions  avai lable.  It is doubtful whether t he re  is much value in 

atterhpting t h i s  exercise f o r  coa ls  t h a t  have undergone severe thermal 

a l t e r a t i o n  and which exhib i t  evidence of s t rong oxidation. 

Figure 2,based on da ta  presented by Bennett and Taylor (1970), 

Strauss e t  aZ. (1976) and Taylor and Shibaoka (19761, i l l u s t r a t e s  t h e  

petrographic da ta  f o r  t he  Yukon coal  samples by comparison with t h a t  

f o r  Austral ian coa ls  and t h e i r  po t en t i a l  u t i l i z a t i o n .  The high 

v i t r i n i t e  Yukon coals ,  PR-3, PR-8 and FF-1 may have some appl ica t ion  as 

po ten t i a l  feedstock f o r  coal-oi l  conversion, although the  rank of PR-3 

is very low, i .e .  high moisture and oxygen contents; t he  remaining 

coa l  samples can only be consid'ered a s  thermal coals  f o r  e l e c t r i c i t y  

generation. 
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TABLE 1. PETROGRAPHIC DATA FOR THE YUKON COAL ShqLES 

Reflectivity 
Maceral Analysis Sample Information Anal: 

2 

DM- 3 

Coked Coal 
(Natural coke) 

tr!ce 

trace trace 



TABLE 2. CORRECTION OF MACERAL ANALYSES TO A CALCULATED 

MINERAL MATTER BASIS 

Natural Coke - 

* "~eact ives" = (v i tr ini te  + exinite)% 

"Inerts" = ( inertinite + mineral matter)% 



TABLE 3. COMPARISON OF CHEMICAL ANALYSES 

Sample Data 

E! 
rl 
U 

J 
Ir 
W 
Ir 

a u 
d e 
0) Q 
Ira 
B4 rl 

DM-1 

DM- 2 

DM-3 

PR-3 

PR- 8 

RR-1 
- 

CSIRO Analyses 
Analyses Provided 

by Cyprus Anvil Mining Corporation 



TABLE 4.  COMPARISON OF PREDICTED AND MEASURED VALUES FOR COAL UTILIZATION 

PARAMETERS FOR THE YUKON COAL SAMPLES 

Petrographic 
Sample Data I Data 

DX-1 

DM-2 

DM- 3 

FF-1 

JC- 1 

PR-3 

PR- 8 

RR-1 

-, 
Measured Values 

Predicted Values fo r  f o r  U t i l i z a t i o n  
Ut i l i za t i on  Parameters 'ameters 
1 

d.a.f. = dry  ash f r e e  bas i s  

d.m.m.f. = dry mineral matter  f r e e  b a s i s  

Vo la t i l e  Matter - - lOO(Volati1e Matter ( a i r  d r ied) )  
(dry ash f r ee )  100 - (Moisture + ash) 

The Queensland Coal Board (1972) employs t h e  following equation t o  convert 
- 

c a l o r i f i c  value ( a i r  d r i ed  bas is )  t o  c a l o r i f i c  value (d.m.m.f.). 

Ca lo r i f i c  Value - 54 Sulphur Btu,lb 
Ca lo r i f i c  Value loo ( ( a i r  dr ied bas is )  ( p y r i t i c )  

(d.m.m.f.) 100 - (Moisture + 1.1 ash ( a i r  d r ied  bas is ) )  

(* CSIRO t o t a l  sulphur values were used t o  ca l cu l a t e  the  c a l o r i f i c  value (d.m.m.f.) 

since the sulphur values were not made ava i l ab l e  f o r  samples DM-1, DM-2 and DM-3). 



V ITR I N  ITE 

M a i n  Composit ional 
f ie ld o f  Ter t ia ry  
coals in Ind ia  a n d  
West C i r c u m  - Paci f ic  
reg ion  

100 
100" 

INERT I N  ITE 

o Low - r a n k  coals 
o Semianthrac i te  - A n t h r a c i t e  

FIG. 1. PETROGRAPHIC COMPOSITION OF YUKON COAL SAMPLES 
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FIG. 2. COMPARISON OF COAL PETROGRAPHY DATA OF THE YUKON COAL SAMPLES WITH 
THAT FOR AUSTRALIAN COALS AND THEIR POTENTIAL U T l L l  ZAT ION 



crawler-mounted rotary rigs drilling in winter would probably be 

requi red. 

Respectfully submitted, 
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CYPRUS ANVIL I41 I l l  ta!G CORPORATI 9i.I 

Pro jec t :  Peel River 

Sanpl c No. PR-1 

Noveinber 3 ,  1977 

PROXIPIATE ANALYSIS 

Ash % 

R.M. $ 

VIM- % 

F .  2 

SULFUR "6 

A i  r-dry bas i s 

18.19. 

l0.'29 

41 -48 

30. G4 

Dry bas i s  -- 
20.28 



CYPRUS ATNIL I*IItlIiIG CORPORATIOll 

Project: Peel River 

Sample No. PR-2 

PROXIMATE ANALYSIS 

Ash % 

R.M. % 

V.M. I 

F-C. X 

. 

CALORIFIC VALUE (BTU/l b. ) 

SULFUR % 

Ai r-dry basis Dry basis 



CYPRUS ANVIL l*!Il{If.IG CORPORATION 

Project: Peel River 

Sample No. PR-3 

November 3, 1977 

PROXIMATE ANALYSIS 

Ash % 

R.M. % 

V.M. % 

. F.C. I 

. CALORIFIC VALUE (BTU/l b. ) 

SULFUR % 

Air-dry bas is Dry basis 

13.91 ' 15.53 

CYCLONE CNGINEERING SALES LTD. 



CYPRUS ANVIL MINING CORPORATION 

Project: Peel River 

Sample No. PR-4 

November 3, 1977 

Ash % 

R.M.  % 

V.M. % 

F.C. % 

Air-dry basis 

14.74 

CALORIFIC VALUE (BTU/l b. ) 8,810 

SULFUR X 

. Dry bas .- i s 

36.55 

CYCLONE ENGINEER1I:G SALES LTD. 



CYPRUS A I ' N I L  LII I I I I~IG CORPORATIOi l  

Project: P e e l  River 

Sample No. P R - 5  

November 3, 1977 

PROXIMATE ANALYSIS 

Ash % 

RIM. % 

V.M. X 

F.C. X 

Air-dry bas is  

28.98 

.. C A L O R I F I C  VALUE (BTU/l b. ) 7,460 

SULFUR % 0.28 

Dry bas i s  

CYCLONE E H G I N E E R I N G  SALES LTD.  



CYPRUS A W I L  IIZHIPIG CORPORATIOI'I 

Project: Peel River 

Sarnpl e Mo. PR-6 

laoveniber 3, 1977 

Ash % 

R.M. I 

V.M. % 

F.C. % 

Air-dry basis 

39.54 

9.49 

30.30 

20.67 

CALORIFIC VALUE (BTU/l b. ) 5,860 

SULFUR % 0.14' 

.Dry basis 

43.69 

CYCLONE ENGINEERIKC SALES LTD. 



CYPRUS AiIYIL MINII,IG CORPORATI OI'4 

Project: Peel River 

Sample r'lo. PR-7 

PROXIl4ATE ANALYSIS 

Air-dry bas is  Dry b a s i s  

Ash % 

R.M. % 

V.M. X 

F.C. X 

CALORIFIC. VALUE (BTU/l b . ) 

SULFUR % 

CYCLONE ENGIFIEEllI l l G  SALES LTD. 



CYPRUS ArJVI L 141 t4IlIG CORPORATI Oil 

Project: General Coal Project 

Sample #: PR8 

PROXIMATE ANALYSIS . 

Ash % 

R.M. % 

V.M. % 

F.C. % 

C A L O R I F I C  VALUE (BTU/I b. 

SULPHUR X 

Air-dry Bas is  Dry Basis 

4.70 5.18 

9.29 - - 
36.81 40.58 

219.20 54.24 

CYCLOHE C N G I N E E U I  t lG SALES LTD. 

EDl?lOi'll'Ol4, ALGERTi1, CNiADA. 



CYPRUS ANVIL PIItIII.(G CORPORATI0f.I 

Project:  Peel River Project 

Sample #: JGS-1 @r~?t 10)  

PROXIblATE ANALYSIS 

Ash 4: 

R.M.  % 

V.M. % 

F.C. % 

CALORIFIC VALUE (BTU/lb.) 

SULPHUR % 

Air-dry Basis Dry Basis 

10.77 12.34 

CYCLOHE ENGINEERING SALES LTD. 

EDMONTOI4, ALBERTA, CAWDA.  



SEPARATION OF BULK MATERIALS 

Manufacturing, Engineering, Testing Services 9751 - 51 Avenue 
Edmonton, Alberta T6E 4Z5 
Telephone: (403) 436-1 385  

Cable Address: 
Cyclone, Edmonton 

Telex: 037-3793 

Ref: S1-251 

December 12, 1977 

Cyprus Anvil Mining Corporation 
330, 355 Burrard St ree t  
Vancouver, B. C. 

Attention: Mr. R. Hill 

Dear S i r  : 

Listed be1 ow are  Equi 1 ibriu~n Moisture determinations on PR1 - PR7 inclusive. 

Sample # E q u i  1 i bri um Noi s ture  

PR- 1 
PR-2 
PR- 3 
PR-4 
PR-5 
PR- 6 
PR-7 

Calculation of BTU values on the moist, mineral-matter f ree  basis using 
equilibrium moisture as the bed moisture show the coals are  of a rank between 
subbituminous C and l ign i t e  A. 

Attached herewith a re  a1 so resu l t s  of analysis on Sample JGS-1, Equi 1 i bri um 
Moisture values for  PR-8 and JGS-1 will  be forwarded when they are  available.  

Yours t ru ly ,  

CYCLONE ENGINEERING SALES LTD. 

0.  Y.  H. Wong 

BYIIW/cjr 
Encl . 



SEPARATlOtd OF BULK MATERIALS 

Manufacturing, Engineering, Testing Services 9751 - 51 Avenue 
Edmonton, Alberta T6E 425 
Telephone: (403) 436-1 385 

Cable Address: 
Cyclone, Edmonton 

Telex: 037-3793 

Ref: S1-252 

January 27, 1978 

Cyprus Anvi 1 Mining Corporation 
330, 355 Burrard S t r e e t  
Vancouver, B. C. 

Attention:  Mr. R. Hill  

Dear S i r :  

Listed below a r e  repeated values of  equilibrium nioisture on samples PR-8 
and JGS-1, together with the  previous determinations. 

Sample # Repeated Equil. Moisture Previous Equi 1.  Moisture 

" JGS-1 18.7 % 19.8 % 

We bel ieve  t h a t  the  low values 11.8 % f o r  PR-8 and 15.5 % f o r  JGS-1 a r e  
w i t h  e r r o r s  from the  other  laboratory.  The data  i n  this l e t t e r  should 
the re fore  be entered i n to  the  repor t .  

Yours t r u l y ,  

CYCLONE ENGINEERING SALES LTD. 

per: - ()\-.,<:A -- ..- (U Wew 
B. Y .  H. dong 
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APPENDIX 

VITRINITE RICH COALS: 

PEEL RIVER SAMPLES:. 

PR-3 PR-8 

MACERAL MIALY S I S 

GROUNDMAS S VITRINITE % 
BAND VITRINITE % 
RESINOUS (DARK) VITRINITE (NON-FLUORESCENT) 

RESINOUS (DARK) VITRINITE (a WEAKLY FLUORESCENT) % 

GELINITIC c n L s  x 
PORIGELINITE % 
RESINOUS (DARK) VITRINITE CELLS % 
CORPOHUMINITE % 

TOTAL VITRINITE % 

SPORINITE % 
CUTINITE % 
RESINITE % 
SUBERINITE % 
OTHER LIPTINITE/EXINITE x 

TOTAL LIPTINITE/EXINITE % 

FUSINITE X 
SEMIFLlSINITE % 

d~~~~~~~~~~~~ x 

TOTAL INERTINITE % 

QUARTZ X; 
CARBONATE % 
CLAY MINERAL % 
SULPHIDE % . 
ALTERED IRON OXIDE % 

TOTAL MINERAL MATTER % 

(VITRINITE + ExINITE) (m.m.f.) % 

REFLECTIVITY DATA 

e - % max. % 

Standard deviation i 

Range of R, max % values 

VITRINOID TYPES hX 
V2X 

V3X 

'J4X 

V5X 

24 8 
3 

34 
79 . 

17 

8 1 1 
1 - 

trace - 
- trace 

87 9 7 

trace 1 - - 
1 trace 

- 
trace 

trace trace 

1 trace 

- - - trace 
5 1 
1 - 
- trace 

6 1 

99 100 - 



APPENDIX 

Low-reflectivity (dark) vitrinite exhibits 

a very weak pale brown fluorescence 

BLUE-LIGHT EXCITATION FLUORESCE;?CE OF LIPTU;IE/EXINITE 

Principally exsudates (exsudatinite) 

Principally liptodetrinite 

Represented by characteristic fungal bodies, e.g. sclerotia, 

FLUORESCENCE COLOURS 

teleutospores 

a PALE YELLOWISH YELLOW TO 

GREEN TO YFLLOWISII 

YELLOW ORANGE 

The reflectivity data may be subdivided as follows 

resinous (dark) vitrinite 0.23 + 0.03 (0.18 - 0.30%) 

vi trini te 0.34 + 0.05 (0.24 - 0.45%) 
gelinitic cells 0.34 + 0.05 (0.27 - 0.49%) 

The resinous (dark) vitrinite component could be regarded as 

a maceral transitional between vitrinite and liptinite/exinite, 

in which case the vitrinite reflectivity value for sample DM-1 

would be 0.34%. 
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APPENDIX 

JUMP OUT CREEK AND FIVE FISGERS SNIPLES 

VITRIXITE-RICH COALS: 

JUMP OUT CREEK AND SAFPLES: 

I JC-1 I FF- 1 
IlACERAL ANALYSIS 

CUTINITE % 
RESINITE % 
OTHER LIPTINITE/EXINITE X 
TOTAL LIPTINITE/EXINITE % 
FUSINITE % 
SEMIFUSINITE % 
INERTODETRINITE % 

&ONATE x 
CLAY MINERAL % 2 9 3 

trace SULPHIDE % 

5 5 
20 - 

8 

8 3 
2 - 

GROUNDXASS V I T R N I T E  % 
BAND VITRINITE % 
VITRINITE PARTINGS IN CARBARGILLITE % 
RESINOUS (DAM) VITRINITE % 

TOTAL VITRIXITE % 
SPORINITE % 

SCLEROTINITE % 
TOTAL INERTINITE % 
OUARTZ % 

trace 40 

17 
2 

5 9 
1 - 

trace 
a 6 

7 
1 
3 
1 

5 I 7 - I trace 
- trace 

Range of Ro max % values I I 
.. , 

VITRINOID TYPES 
qn 

6 
1 
7 

trace  
4 
2 
1 

, . --- 

REFLECTIVITY DATA 

.. - ~ 

the ciay mineral bands. 

b. Principally l ip tode tr in i t e  and exsudatinite.  

0.51 

0.04 

- % max Z VIYRINITE 

Standard deviation f 

v6 X - 5 

BLUE-LIGHT EXCITATION J?LUORESCENCE OF LIPTINITE/EXINITE 

0.48 

0.03 

YELLOW TO YELLOWISH 
ORAlYGE (ORANGE FLUORESCENCE COLOUR 

(FAINT BROWN) TO PALE BROWN) 

a. Principally yellowish-green fluorescent exsudatinite; minor amounts of 
veaklv fluorescent bituminite.  These macerals are concentrated in 

PALE YELLOWISH 
GREEN TO YELLOW 



VITRINITE-POOR COALS: 

DIVISION MOLWTAIN SMPLES 

DM- 3 DM-1 DM-2 

3 
3 - 
6 

3 
trace 
1 

trace 

4 

2 
63 
7 
6 
5 

trace 

83 

- - 
7 

trace 
trace 

7 

11 

13 
3 
2 

18 

5 
trace 
1 

trace 

6 

2 
59 
3 
5 
6 

trace 

7 5 

- - 
1 - 

trace 

1 

24 

I+ACER;U, ANALYSIS 

GROUNDMASS VITRINITE % 
BAND VITRINITE % 
RESINOUS VITRINITE % 

TOTAL VITRINITE % 

SPORINITE % 
CUTINITE , % 
RESINITE % 
OTHER LIPTINITE/EXINITE % 

TOTAL LIPTINITE/EXINITE % 

FUSINITE % 
SEMIFUSINITE % 
VERY LOW REFLECTIVITY SEMIFUSINITE % 
INERTODETRINITE % 
MACRINITE % 
FINE (GRANULAR) MICRINITE % 

TOTAL INERTINITE % 

20 
7 
3 

30 

4 
trace 
7 

trace 

11 

1 
41 
2 
7 
5 

trace 

5 6 
p- 

0.64 

0.05 

0.55-0,79 

- 
21 
60 
19 

0.58 

0.04 

0.47-0.72 

2 
69 
27 
2 

- 
% max % VITRINITE 

Standard deviation + 
Range of Ro max X values 

VITRINOID TYPES v4 x 
VS x 
v6 x 
v7 x 

QUARTZ X 
CARBONATE % 
CLAY MINERAL % 
SULPHIDE % 
FILTERED IRON OXIDE % 

J TOTAL MINERAL MATTER 

(VITRINITE + EXINITE) ( rn .m. f . )  % 

0.56 

0.05 

0.41-0.70 

7 
7 3 
19 
1 

trace - 
2 - 
1 

3 

42 

BLUE-LIGHT EXCITATION FLUORESCENCE OF 

FLUORESCENCE COLOURS 

REFLECTIVITY DATA 

LIPTINITE/EXINITE 
YELLOWISH- 
ORANGE TO 

ORANGE 

ORANGE 
(YELLOWISH 
ORANGE) 

ORANGE 
(YELLOWISH 

ORANGE 



HIGH RANK COALS: 

GROUNDXASS VITRINITE % 
BAND VITRINITE % 

TOTAL VITRINITE % 

PC-2 RR-1 GC-1 

--- - - - 

FUSINITE % 
SEMIFUSINITE % 
LOW REFLECTIVITY SEKCFUSINITE % 
INERTODETRINITE % 
MACRINITE % 
FINE (GRANULAR) MICRINITE % 

MACERAL ANALYSIS 

PC-1 

3 
56 
17 

trace 
1 - 

5 

trace 

- 

2 
7 9 
7 
3 
2 

trace 

TOTAL INERTINITE % 

CARBONATE % 
CLAY MINERAL % 
SULPHIDE % 
ALTERED IRON OXIDE % 

- - 
2 - 

trace 

trace 
2 - 

trace 
1 

trace 
trace 

TOTAL MINERAL MATTER % 1 

(VITRINITE + EXINITE) (m.m. f .) % 3 

REFLECTIVITY DATA 
- - 
% max X VITRINITE 

Standard deviation i: 
Range of R,, max % values 
Birefringence 

4 VITRINOID TYPES v17  % 

V l 8  X 

v19 X 

v 2 0  X 

V 2 l  X 



PLATE I 

PLATES 

SAMPLE PR-3 

Dark humotel ini te  (texto-ulminite A t r a n s i t i o n a l  t o  eu-ulminite A) 

(medium grey) containing dark, resin-f  i l l e d  c e l l  lumens (black) 

and l i g h t  corpohuminite ( e u - g e l i n i t e ? c e l l s )  (pa le  grey) 

( x  500, inc ident  white l i g h t ,  o i l  immersion) 

A s  above. Bright f luoresc ing  r e s in - f i l l ed  c e l l s ,  weakly- 

f luorescent  humotel ini te  and non-fluorescent corpohuminite 

( g e l i n i t i c  c e l l s )  

(x 500, i nc iden t ,  blue-l ight  exc i t a t i on ,  o i l  immersion) 

Suber in i te  (dark cel l -wall  t i s s u e ) ,  containing corpoluminite 

(eu-gel ini te  ? )and  p o r i g e l i n i t e  f i l l e d  c e l l  lumens, assoc ia ted  

wi th  humotel ini te  (eu-ulminite) 

(x 500, inc ident ,  white  l i g h t ,  o i l  immersion) 

A s  above, b r igh t  f luoresc ing  sube r in i t e ;  non-fluorescent huminite 

(x 500, inc ident ,  blue-l ight  exc i t a t i on ,  o i l  immersion) 

PLATE I1 SAMPLE PR-3 

Humodetrinite (densini te)  groundmass containing fungal  bodies 

(mul t ice l lu la r  sclerot ium and s ingle-cel led te leutospores)  and 

i n e r t i n i t e  (lower p a r t  of photomicrograph) and dark 

l i p t i n i t e l e x i n i t e  and mineral matter  

(x 500, inc ident  white l igh t ,  o i l  immers-on) 

A s  above, b r i gh t l y  f luorescent  s p o r i n i t e  and weakly f luorescent  

sube r in i t e  (upper l e f t )  and l i p t o d e t r i n i t e .  Mineral matter  is  

non f luorescent  i n  t h i s  photo-micrograph 

(x 500, incident ,  b lue- l igh t  exc i t a t i on ,  o i l  immersion) 

Teleutospores(sclerotinite) i n  a  humodetrinite groundmass. 

These fungal spores a r e  t y p i c a l  of uppermost Cretaceous 

(Senonian) and Te r t i a ry  coa ls  

(x 500, inc ident  white l i g h t ,  o i l  immersion) 

SAMPLE PR-8 

Deta i l s  of bo tan ica l  s t r u c t u r e  i n  v i t r i n i t e  

(x 500, incident  white  l i g h t ,  o i l  immersion) 



v i i  . 

PLATE I11 SAMPLE DM-1 

Semifusinite associated with dark l i p t i n i t c / e x i n i t e  o r  mineral 

matter  (?) 

(x 500, incident  white l i g h t ,  o i l  immersion) 

A s  above, fluorescence behaviour ind ica tes  low r e f l e c t i v i t y  

mater ia l  i s  l i p t i n i t e / e x i n i t e  ( r e s in i t e )  

(x 500, inc ident ,b lue- l igh t  exc i t a t i on ,  o i l  immersion) 

Narrow band of v i t r i n i t e  (grey) associated with semifusini te ,  

which i s  typ i ca l  of t h i s  i ne r t i n i t e - r i ch  coa l  

(x 500, incident  white l i g h t ,  o i l  immersion) 

Bright ly f luorescent  c u t i n i t e  i n  v i t r i n i t e  (dark) 

(x 500, inc ident ,b lue- l igh t  exc i ta t ion ,  o i l  immersion) 

PLATE I V  SAMPLE .PC-1 

V i t r i n i t e  and semifusini te  ( c e l l  s t ruc tu re  c l e a r l y  defined) 

(x 500, inc ident  white l i g h t ,  o i l  immersion) 

A s  above, semifus in i te  exh ib i t s  granular (undulose) anisotropy 

by comparison with even ex t inc t ion  of v i t r i n i t e  

(x 500,incident white l i g h t ,  o i l  immersion, x polarizors)  

V i t r i n i t e ,  exhibi t ing oxidat ion f i s s u r e s ,  and semifus in i te  

(x 200, incident  white l i g h t ,  o i l  immersion) 

A s  above, granular anisotropy serves t o  d i s t i ngu i sh  v i t r i n i t e  

from semifusini te  with a  s imi la r  r e f l e c t i v i t y  

(x 200, incident  white l i g h t ,  o i l  immersion, x polarizors)  



PLATE V SAMPLE LP-1 

5a Vesicle structure in coked coal. Note thick coke walls 

( x  500, incident white light, oil immersion) 

5b As above. Fine grained anisotropic mosaic structure 

(x 500, incident white light, oil immersion x polarizors) 

SAMPLE PC-1 

5c Oxidation cracks and associated lowering of reflectivity in 

vitrinite in semianthracite-anthracite 

(x 500, incident white light, oil immersion) 

5d Oxidation cracks and low reflectivity margins in 

semianthracite-anthracite vitrinite 

( x  500, incident white light, oil immersion) 





II
a 

II
d 



PLATE I11 





PLATE V 
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