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I n s t i t u t e  of Sedimentary and Petroleum Geology, Calga 

In  1975, a preliminary study was undertaken by t h e  B r i t i s h  Colurilbia 

Department of Mines and Petroleum Resources t o  determine t h e  mining p o t e n t i a l  

of t h e  upper Elk River va l l ey .  

(Pearson and Duff, 1966) but ,  because o f  poor bedrock exposure, problems 

were encountered i n  t ry ing  t o  evaluate  t h e  coal  p o t e n t i a l  a t  t h e  nor th  cnd 

A preliminary geological  map idas prepared 

of t h e  v a l l e y  (Fig. 1 ) .  

of Mines and Petroleum Resources, t h e  Geological Survey of Canada began a 

program t o  expand t h e  e a r l i e r  work of  Pearson and Duff (197G). 

I n  co-operation with t h e  B r i t i s h  Columbia Department 

I n  t h e  summer and fall of 1976, a geological  mapping and coring program 

was undertaken i n  the  upper Elk River va l l ey  (Fig. 2 ) ,  t h e  ob jcc t ives  of xhich 

were: (1) t o  ob ta in  addi t iona l  geological  information i n  t h e  a rea  and prepare  

_. 

a d e t a i l e d  geological  map i n  support of a t e s t  d r i l l i n g  program; (2) t o  s tudy  

the.Kootenay Formation i n  t h e  subsurface a s  a means of l i nk ing  t h e  economically 
b 

important F e m i e  and Cascade Coal Basins t o  t h e  south and no r th ,  respec t ivc ly ;  

(3) t o  ob ta in  information on the qua l i t y ,  quan t i ty  and d i s t r i b u b i o n  of t h e  coa l  

seams i n  t h e  a rea ,  a s  p a r t  of t he  Federal Coal Resource Evaluztion Progran; and 

(4) t o  t e s t  new coal  rank co r re l a t ion  techniques. 

The area \*'as mapped i n  J u l y  by Gr;?ham a t  a scale OF approsinintely 

1:16 000 t o  determine t h e  f e a s i b i l i t y  of  and t h e  bes t  l oca t ion  f o r  d r i l l i n g .  

Between Scptcrnber and December, Grahm, a s s i s t c d  by B . K .  Cormier of t h e  

Geological Survey, superviscd the  d r i l l i n g  of four  1l.Q. s i z e  coreholes .  

core  was re-examined and loggcd i n  d e t a i l  by Gibson, with pc t rosrnphic  r a n k  

. 

The 
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s t u d i e s  i n i t h t c d  by Guntllcr. 

o the r  o f f i c e r s  of t h e  Geological Survcy, including A.R. Cameron (maccral 

ana lys i s ) ,  A . R .  S : p t  (p lyno logy) ,  J . H .  K a l l  (microfoss i l s ) ,  and Prof.  

E. Ghent, University of Calgary (low-grade metamorphism). 

t hese  inves t iga t ions  will be reported a t  a l a t c r ' d a t e  pending completion 

of a l l  laboratory phases of t h e  inves t iga t ion .  

Additional work is cu r ren t ly  i n  progrcss  by 

The r e s u l t s  of '.. I. 
~ 

2 Approximately 30 km (11 sq miles) of t h e  coal-bearing Kootenay 

Formation were s tudied between Cadorna Creek on the south and t h e  B r i t i s h  

Columbia-Alberta border on the  north,  and t h e  northcrn ex tens ion  o f  t h e  

Lizard Range and t h e  E l k  Range on t h e  west and e a s t ,  r e spec t ive ly .  

s tud ied  l i e s  55 km (30 miles) nor th  of Elkford, B r i t i s h  Columbia i n  t h e  

southeastern corner o f  t h e  province (Fig. 2 ) ,  access ib le  by a gravel  road 

connecting Elkford t o  t h e  Kananaskis Forestry Trunk Road i n  Alberta. v i a  the 

The area 

West Elk Pass. 

being withheld from coal l icens ing  by t h e  B r i t i s h  Colunbia Government. 

The upper Elk River va l l ey  a rea  of t h i s  r e p o r t  i s  p resen t ly  
-. 

Mapping program 

Additional geological  mapping was requircd t o  confirm t h e  previous 

s t r u c t u r a l  i n t e r p r e t a t i o n s  of Pearson and Duff (1976), and a l s o  t o  o b t a i n  

surface inforna t ion  on coal  seams as an a id  i n  planning t h c  d r i l l i n g  program. 

Resul t s  of t h e  mapping a r e  i l l u s t r a t e d  by Figure 2. S t r u c t u r a l l y ,  t h e  study- 

a r e a  i s  dominated by t h e  Bourgeau(?) Thrust and t h e  Alexander Creek Syncline.  

The t h r u s t  r u n s  northwest along t h e  western edge of  t he  v a l l e y  bottom, 

5 

bringing Palcozoic carbonate rocks i n  contact 1,:ith thc  Kostenay Fornation. 

Additional smaller reverse  fau l t s  occur on t hc  e a s t  s i d e  of  t h e  va l l ey  no r th  

of E l k  River, and may j o i n  t h e  main Bourgenu Thrust  n t  depth.  . Runninz p a r a l l e l  

t o  t he  main t h r u s t  and through thc  ccn t r c  o f  t h e  va l l ey  is t h e  nsyounetrical 
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Alexander Creck Synclinc (Fig. 2 ) .  

synclinoriurn, comprises two right-hand. e n  echelon syncl incs  scparatcd by a 

shor t  connecting a n t i c l i n e .  

Othcr small, simple-linkage an t ic l ine-syncl inc  p a i r s  a r e  present and a s soc ia t ed  

with the  major syncl ine.  

150 km (93 miles) t o  t h e  north i n  t h e  Limestone P.Iountain are.3 o f  Alberta .  

This  syncl inc,  morc c o r r c c t l y  terlacd a 

The sync l ine  plungcs both t o  t h e  north an~1 soutll. 

.i 
'.. .. 

Ollcrenshaw (1968) observed s i m i l a r  f o l d  s t r u c t u r e s  

. .  

Coring program -- 
Resul t s  of  t h e  happing were s u f f i c i e n t l y  encouraging td i n i t i a t e  t h e  

Because of depth l imi t a t ion  on the  d r i l l i n g  d r i l l i n g  phase o f  t h e  program. 

apparatus,  four  coreholes were necessary t o  pene t r a t e  t he  e n t i r e .  Kootenay 

Formation. The first hole  (EV-1; see F i g .  2) h'as located so t h a t  it would 

pene t r a t e  t h e  lower contact  of t h e  Kootenay. 

ho le  was designed t o  pene t r a t e  younger s t r a t a  and overlap with t h e  upper 

s t r a t a  of the previous hole ,  t hus  giving, a complete core  of  t h e  Kootenay 

Formation.: 

t o  r i g h t  angles  i n  order  t o  reduce t o t a l  footage, t o  be d r i l l i -ng ,  hole  

dev ia t ion  problems, and t o  improve core recovery. 

- 
The loca t ion  of each succeeding 

.~ .- 

Each hole  was planned t o  pene t r a t e  t h e  s t r a t a  as c l o s e  a s  p o s s i b l e  
I 

During t h e  operat jon,  1641 m (5385 f t )  \<ere d r i l l e d  a t  a cos t  of 
L 

$156,600.00 or $95.35 p e r  metre ($29.00 per f t) .  

equipment and zoves, bul ldozer  operat ton and geophysical logging. 

Operational c o s t s  included 

' ti tho s tm t i graphy 

Recent v:ork.by Gibson (1977a, b) i n  Alberta  a n d  B r i t i s h  Columbia has 

dernonstratcd t h a t  t h e  Kootcnay Formation can be subdivided r e a d i l y ,  i n t o  3 main 

s t r a t i g r a p h i c  u n i t s .  

i n  ascending order :  

t h e  E l k  sieinber. 

The nomenclature t e n t s t i v e l y  applied t o  t h e s e  u n i t s  i s ,  

t h e  Basal Sandstone member, t h e  Coal-Bearing member, and 

Resul ts  of t h c  Kootenay coring p ro jec t  descr ibed i n  t h i s  r c p o r t  
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have demonstrated t h a t  surface Kootcnay subdivisions ace both p r a c t i c a l  and 

app l i cab le  t o  subsurface inves t iga t ions .  

The Kootenay Formation i n  t h e  subsurface of t he  upper E l k  Itiver va l l cy  

c o n s i s t  of an i n t e r s t r a t i f i e d  sequence of  probable nonrnarinc-s i l ts tone,  
.>.. 

sandstone, muclstone-shale, and coal .  

t o  i n t e r s e c t  t he  upper and lower contac ts  of  the formation.' However, g raphic  

ca l cu la t ions  from mapped contac ts  and geographic proximity t o  su r face  sec t ions  

measured by Gibson i n  1976 (1977a), suggest approximately 91.4 m (300 ft) of 

Unfortunately, the cor ing  p r o j e c t  f a i l e d  

missing s t r a t a .  

estimated t o  be approximately 1006 m (3300 f t ) .  

ab rup t ly  o v e r l i e s  sandstone, s i l t s t o n e ,  and sha le  of t h e  marine J u r a s s i c  

The t o t a l  Kootenay Formation t h i c h e s s  i n  t h e  repor t -a rea  i s  

The Kootenay conformably but  

"Passage Beds" of  t h e  Fernie Formation (Gibson, 1977a). The formation is 

ove r l a in  unconformably by sandstone and conglomerate of  t h e  Cadomin Formation. 

The Pocaterra  Creek Member of t he  Blairmore Group, exposed i n  t h e  Mist Nountain 

a r e a  t o  t h e  e a s t  (Gibson, 1977a), IECS not  observed i n  exposures i n  t h e  v i c i n i t y  

of t h e  four  cored holes .  

Basal Sandstone member 

The th i ck ,  medium t o  l i g h t  grey, very f i n e  t o  medium-grained quartzose 

sandstone recorded a t  the  base of hole  EV-I  (Fig. 3) is  i n t e r p r e t e d  t e n t a t i v e l y  

as t h e  upper p a r t  of t h e  Basal Sandstone member (Gibson, 1977a). The uppermost 

13 m (43 f t )  are medium t o  very f i n e  grained and d isp lay  normal graded bedding 

(i .e.  f i n i n g  upward). 

elsewhere in exposures i n  geographically adjacent  a reas  of E r i t i s h  Columbia 

T h i s  f a c i e s  may be equivalent to U n i t  A observed 

and Alberta  (Gibson, 1977a). The lower S m (26  f t )  a r c  f i n c r  grained,  and 

may be equivalent t o  only the upper pnrt of U n i t  B (Gibson, T. - c i t . ) .  For 

cxamylc. a t  M i s t  Mountain, 9.G km (6 mi les )  e a s t  of hole EV-I (Fig. 2 ) ,  t h e  
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. .  

Basal ~ a ~ ~ d s t o n c  i s  79 m (260 f t )  th ick ,  w i t h  U n i t  U a t t a i n i n g  a. th ickncss  

of 43.6 m (143 f t ) .  

ho le  EV-1 (Fig. 3, t h e  Basal Sandstonc is  75 .3  in (247 f t )  t h i c k  w i t h  U n i t  B 

A t  Wcary Ridgc, 22.4 kin (14 milcs) t o  t h c  south of 

recorded with a th ickness  of 36 m (118 f t ) .  
-. 

Sedimentary s t r u c t u r e s  a r c  uncommon i n  t h e  member. Thin t o  th i ck ,  

l i g h t  and dark grey, planar  laminations were observed i n  t h e  lover  7.6 n 

(25 f t ) .  Poorly preservcd f ine - sca l e  p lanar  crossbedding \<as notcd only  

i n  t h e  upper few metres of the  member. 

The contac t  with the  overlying Coal-Bearing member is  abrupt bu t  

conformable. 

carbonaceous s i l t s t o n e  overlying t h e  th i ck  sandstone of t h e  Basal Sandstone 

member (EV-1; Fig. 3) .  

core  from Fording Coal property 43.2 km (27 miles) t o  t h e  southeas t ,  Gibson 

has  recorded th i ck ,  f i ne -  t o  coarse-grained sandstone ' l i t h o f a c i e s  i n  tlie 

overlying-Coal-Bearing member. 

(80 ft) th ick ,  and a r e  l i t h o l o g i c a l l y  s i m i l a r  t o  t h e  sands tone .a t  t h e  base 

of ho le  EV-1 (Fig. 3) .  U n t i l  a l l  phases of t h e  inves t iga t ion  are complete, 

I t  i s  placed a t  t he  base of t h e  first occurrcncc of dark grey,  

I t  must  be noted, however, t h a t ,  i n  exposures and 

Some of t h e s e  u n i t s  a r e  i n  excess of  24.4 m 

one cannot e l imina te  t h e  p o s s i b i l i t y  t h a t  t h e  th ick  sandstone a t  t h e  base 

k of hole  EV-1 is  one of  t h e  th i ck  sandstones of t he  Coal-Bearing member. 

Further  petrographic  and coal rank work i s  required t o  r e so lve  t h e  problem. 

Coal-Bearing member 

The Coal-Bearing member, a name temporarily used by Gibson (1977a. b),  - 
comprises a t h i ck  succcssi.on of interbtdded s i l t s t o n e ,  sandstone, mudstone, 

sha l e ,  and economically important t h i n  t o  th ick  seams of medium t o  high 

v o l a t i l e  bituminous coa l .  

(1567 f t )  (EV-1, EV-2, EV-3; Fig. 3 ) .  

The member has an approximatc thickncsg of 1S3.7 In 

tlowevcr, bccausc of  t h c  fal t l t inf i  i n  



the a rea ,  and cvidcncc of f a u l t i n g  in corcs of the E l k  Vallcy d r i l l i n g  p r o j c c t ,  

t h e  rccorded thickness  of thc  Coal-Bcaring mei,ibcr may bc i n  e r ro r .  

rccorded thicknesses  i n  adjaccnt  su r face  a reas  of  351 and 487.7 lil (1250 a ~ ~ d  

lGO0 f t )  f o r  t h c  Coal-Rearing member 2 t  Mist hlountain and t h c  proper ty  of 

Fording Coal Company near  t he  h e a d w t c r s  of Fording River, respec t ive ly .  

These su r face  values  suggcst t h a t  t h e  thickness  obtained i n  t h e  subsurface 

of t h e  upper E l k  Valley may be approximately co r rec t .  

Gibson has 

. 

Medium dark t o  dark grey carbonaceous-argillaceous s i l t s t o n e  forms t h e  

predominant l i tho logy  of the  member, and is  most corrmonly interbedded and 

inter laminated with very f i n e  grained sandstone (Fig. 3 ) .  S i l t s t o n e  a l s o  

occurs  i n  many of t h e  coa l ,  mudstone and sha le  in t e rva l s ,  where it i s  

c h a r a c t e r i s t i c a l l y  darker grey, more carbonaceous-argillaceous, and. con ta ins  

a not iceable  concentrat ion of vege ta l  matter.  

l i g h t  grey, quartzose,  r a r e l y  calcareous,  and very f i n e  t o  f i n e  grained. 

Medium- tdIcoarse-grained sandstone is  r a r e ,  but does occur, a s  can be seen, 

for  example, i n  t h e  i n t e r v a l s  from 32 t o  41.1 m (103-135 f t )  and 3011.2 t o  311 .2  in 

(998-1021 f t )  below t h e  sur face  i n  hole EV-2 (Fig. 3). 

sandstones become f i n e r  upward, a r e  calcareous i n  places ,  and commotily con ta in  

v i t r e o u s  coal fragments o r  t h in  coaly laminations near t h e i r  base.  

addi t ion ,  t h e  base of t h e  thick sandstone u n i t s  i s  commonly charac te r ized  

by elongate,  well-rounded t o  angular c l a s t s  of s i l t s t o n e  o r  mudstonc. 

The sandstone i s  rnedium t o  

These coarse-grained 

I n  b 

Mudstone o r  sha le  is  associatcd w i t h  t h e  s i l t s t o n e  and coal  ' i t l io fac ies .  'i 

I t  i s  dark grey t o  black, very ~carbonaceo~is - -nre i l laceous ,  \,pith t h e  i:ir~dstone 

i n  p a r t  displaying a d i s t i n c t i v e  subconchoidal f r a c t u r e .  

conta in  brown ferruginous nodules or l e n t i c u l a r  broim fcrruginous o r  p y r i t -  

i f e r o u s  laminations ,and banding. 

The mudstonc may 

Poorly t o  i~-cll-prescrved pclecypods and 

have bcen co l lcc tcd  from the nic;iiber. Similar  f o s s i l s  have bccn 
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recorded by Pearson and Duff (1976) i n  t h e  Coal-Ccaring nclnbcr a t  I’lcary Ridge 

t o  t h e  south (Fig. 2). 

and 39G.2 m (655 and 1300 f t ) >  respcc t ive ly  (Fig. 3 ) ,  two unusual  pale ye1loLiish 

brown bands of claystone-mudstonc were encountercd, up t o  0.QG n (0.2 f t )  t h i c k ,  

assoc ia ted  with dark grey mudstone and coal .  

X-ray d i f f r a c t i o n  and chemical ana lys i s .  

mineral  composition of 7 5  per cent  k a o l i n i t e  and 25 p e r  c e n t  qua.rts f o r  t h e  

sahple  from EV-2, and a composition of 100 per  cent  k a o l i n i t e  for  t h e  sample 

from EV-3. 

may evcntual ly  serve  a s  a usefu l  t o o l  f o r  co r re l a t ion  i n  t h e  area. 

I n  core from 1101~s EV-2 and ~ v - 3  a t  i c v c i s  of 2~0.0 

i 

These samples were submittcd for 

Preliminary r e s u l t s  i n d i c a t e  a 
. .  

These two samples are thought t o  be ”Tonsteins” (Eleriaux, 1972). and 

Coal forms a l i t h o l o g i c a l l y  c h a r a c t e r i s t i c  and conspicuous component 

of t h e  member i n  the - r epor t - a rea .  

from 0.12 t o  5.5 m (0.5-16 f t )  of medium t o  high v o l a t i l e  bituminous coa l  

have been recorded (Fig. 2). 

elsewhere‘ i n  t h i s  r e p o r t .  

More than 50 s e a m  ranging i n  th ickness  

Further  discussion of t he  c o a l  is present  

Sedimentary and biogenic s t r u c t u r e s  are common. Micro- t o  f ine - sca l e  

p l ana r  and fes toon  crossbedding occur i n  some of t h e  s i l t s t o n e  and f i n e r  

grained sandstone s t r a t a  and l e s s  commonly i n  t h e  coarser  gra ined  ;andstone 

beds of t h e  member. 

are common i n  t h e  t h i n -  t o  medium-bedded sandstones interbedded with t h e  

s i l t s t o n e s .  

s i l t s t o n e s .  

exposurcs of t h e  Kootenay Formgtion (Gibson, 197%). T h i s  sbsence, houever, 

may be a t t r i b u t a b l e  t o  the  weathered na ture  of t h e  s t r a t a  and, a s : a  r e s u l t ,  

Contorted o r  convolute, r i p p l e  and r i p p l e  d r i f t  laminat ions b 

Trace fossils  or  burros  s t r u c t u r e s  occur i n  many of t h e  sandy 

These biogenic s t r u c t u r e s  a r e  genera l ly  uncommon i n  ad jacent  

[ 

may have gone unrecognized. 

combinations suggest t h a t  thc 

f l u v i a l  f l o o d  p l a in ,  flood basin,  svniitp, channel, and point  b a r  dcpos i t iona l  

The sedinentary s t ruc tu rbs  and s t r u c t u r e  

s t r a t a  of  t he  member are c h a r a c t c r i s t i c .  of 



Facics  changcs bctwccn t h c  subsurfacc,  and g e o p ~ p l i j . c a l l y  ad jaccnt  

exposurcs i n  t h e  Hist Mountain and Weary Ridge a rca  of Alberta  and B r i t i s h  

Columbia a r e  uncoiiunon i n  the  Coal-Bcaring mcnbcr. Gibson, hoiwvcr, has  noted 

t h a t ,  t o  t h e  east, coal seams i n  t h c  Mist Mountain a r e a ' o f  AlbcWa (Fig. 

d i sp l ay  a decrease i n  number and thickness .  

The contact  with t h e  overlying Elk member is placcd a t  t h e  basc of 

t h e  f irst  major sandstone above t h e  l a s t  o r  uppermost. major coa l  scam i n  

t h e  Coal-Bearing member (EV-3; Fig. 3 ) .  Coal scams, although p resen t  . i n  t h e  

Elk member, a r e  t h i n  and r e l a t i v e l y  uncommon i n  comparison w i t h  those of  t h e  

Coal-Eearing member. Accordingly, t h e  presence or absence of  t h i c k  scams 

serves  a s  a major c r i t e r i o n  f o r  d i f f e r e n t i a t i n g  s t r a t a  of t h e  Coal-Bearing 

and Elk members. However, four seams were recorded i n  t h e  Elk member ncar  
., 

t h e  base of ho le  EV-4 (Fig. 3) .  These seans a r e  very sha ly  and may, upon 

ana lys i s ,  be c lassed  mainly as sha ly  coal .  

seams, although th i ck  i n  p a r t ,  a r e  in t e rp re t ed  as a typ ica l  o f  t h e  Coal-Eearing 

member and, accordingly,  a r e  assigned t o  t h e  Elk nember. 

Because of t h e  impur i t i e s ,  t h e s e  .- 

Elk member 

I n  t h e  subsurface of t h e  upper Elk River val ley,  t h e  Elk member i s  

l i t h o l o g i c a l l y  similar t o  strata of t h e  underlying Coal-Gearing member. It 

c o n s i s t s  of interbedded s i l t s t o n e ,  sandstone, mudstone, sha l e ,  and t h i n  seams 

of coal .  

d r i l l i n g  and, consequently, t h e  exact o r  t r u e  thickness  of t h c  member is 

As noted above, the top  of  the  member was not pene t ra ted  dur ing  

specula t ive ;  396.2 in (1300 f t )  of probable E l k  s t r a t a  werc d r i l l e d ,  i n  ho lc s  

EV-3 and EV-4 (Fig. 3 ) .  

s t r a t a  have hcen estimatcd t o  occur between t h e  top  o f  EV-4 and t h c  con tac t  

w i t h  t he  Ulairmorc Group. 

Between 30.5 and 61 m (100-200 f t )  of add i t iona l  

)lowever, i t  must be notcd t h a t ,  a s  i n  t h c  underlying 



- .  c 
Coal-Bearing nienibcr, Some of thc  E l k  mcitiber corc  is  charac tc r izcd  by 

s l ickcnsidi i ig ,  numerous c a l c i t e - f i l l e d  f r a c t u r e s ,  micro-faul ts ,  and t ~ i i n  

f a u l t  b recc ia  zones, a l l  cr i ter ia  suggesting poss ib lc  f a u l t i n g  o r  bcdding 

p lane  movement. Furthcr iwrk is  lleedcd t o  r e so lvc  t h e  th i ckness  problcln. 

S i l t s t o n c  appears-to form t h e  predominant l i t ho logy  of  t h e  membcr, 
i 

and is  most commonly interbeddcd and inter laminated with sandstone. 

dark t o  medium dark grey,  carbonaceous-argillaceous, and i n  some cases  

calcareous.  

I t  is  

S i l t s t o n e  is  a l s o  interbedded with mudstone, s h a l e  and coal .  

' The sandstone i s  l i g h t  t o  medium grey, commonly calcareous,  and very  f i n e  ' - 

t o  medium grained.  

conta in  brown ferruginous nodules and lenses ,  and t h i n  bands of v i t r e o u s  

coal. 

r e spec t ive ly  (Fig. 3 ) ,  contain poorly t o  well-prescrved pelecypods, gastropods,  

and ostracod$s. 

diagnost ic .  component o f  t h e  upper E l k  member i n  many su r face  exposures 

(Gibson, 1977a), was n o t  encountered i n  core  of  EL'-4. However, i n  an  

exposure near  hole  EV-4, a t h i n  u n i t  of "needle coal" was observed i m e d -  

i a t e l y  underlying t h e  Cadomin Formation. 

to t h e  south, chert-pebble conglomerate and conglomeratic sandstone form a 

d iagnos t ic  f a c i e s  of t h e  E l k  member (Gibson, 1977a, b). Th i s  d i s t i n c t i v e  

facies was not observed i n  core from t h e  upper Elk River va l ley .  

Mudstone and sha le  a r e  conmon i n  t h e  menlber, and cdmmonly 

Some of  t h e  mudstones near t h e  base and top  of holes  EL'-4 and EV-3,  

Coal seams, although present ,  are t h i n .  "Xeedle coal", a 
. .  _- 

I n  t h e  Fernie  a r e a  112 km (70 miles) 

k 

Sedimentary and biogenic s t r u c t u r e s  a r e  common and siinilar t o  those  

observed i n  t h e  underlying Coal-Bearing menbcr. Thcy c o n s i s t  of f ine - sca l e  

crossbedding, r i p p l e ,  r i p p l e  drift, and convolute o r  contor ted laminations,  

a l l  c h a r a c t e r i s t i c  of  flood p l a in  and f l u v i a l  dcpos i t iona l  cnviro.. -ment s .  

The mudstones, shales ,  and coals  probably represent  former l a c u s t r i n c  and 

stiamp depos i t iona l  environnlents. Biogcnic s ructiires are s imilar ,  bu t  less 

common than those i n  t h e  Coal -Bcarinp, iiic~nber 

c 
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Facies  changcs betwccn t h e  subsurface and exposurcs of thc  Elk nlcmbcr 

i n  adjacent  arcas arc shown by t h e  sandstones and by the occurrcncc and 

concentrat ion of mudstone, sha le  and coal/coaly shhlc.  For  c.xanplc. i n  

t h e  Mist Mountain a rea  t o  the  e a s t  (Fig. Z),  Gibson has noted t h a t  ecdium- 

to coarse-grained sandstonc is more common, and i n  general  is coa r se r  grained 

than  t h a t  encountered i n  'the subsurface Elk of t h e  upper Elk River va l l ey .  

addi t ion ,  mudstone, sha le ,  coal  and coaly s t r a t a  were observed t o  dccrcase  i n  

concentrat ion t o m r d  t h e  Mist Mountain area.  

'.?. 

In 

The contact  of t h e  E l k  member and Cadomin Formation was not  pene t r a t ed  

in ho le  EV-4 (Fig. 3); however, it was observed i n  exposures near  holc ELr-4. 

The darker  grey, carbonaceous s i l t s t o n e ,  mudstone, sandstone, and coa l  of the  

upper Elk member are over la in  unconformably by thick-bedded c h e r t  pebble 

conglomerate and sandstone of t h e  Cadomin Formation. 

_ _  
Coal rank s tud ie s  

Coal rank s t u d i e s  were i n i t i a t e d  as a co r re l a t ion  technique. It h a s  

been demonstrated by Hacquebard and Donaldson (1974) t h a t  coa l  rank (Ro) 

va lues  i n  t he  Kootenay increase  with depth. 

w i l l  l o c a l l y  show similar ranks and, therefore ,  can be used as a t o o l  for  

co r re l a t ion .  

Coal seams of  similar depth 
t 

Coal samples for petrographic  s tud ie s  were co l l ec t ed  from a l l  seams 

0.3 m (1 f t )  t h i ck  or g rea t e r .  

samples \<ere taken, of which 73 now have been examined t o  detcrinine pe t ro -  

From the  f o u r  cored holes ,  a t o t a l  of 130 
< 

graphic  rank. I n  addi t ion ,  64 o f  t hesc  samples idere subn i t t cd  €or proxiinate 

analyscs;  t h e s e  were collcctctl  from a l l  scams 1 .2  ~ i i  (4 f t )  t h i c k  or g r c a t c r .  
- 

Samples werc prcpared using t h e  standard proccdurcs outlinccl i n  ' t h e  

handbook o€ t h c  American Socicty f o r  Tcst ing and blritcrinls (1973, p.  411--114). 
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The SamJ)lCS were crushcd t o  minus 20 rncsh s i z c  and thcn  r j f f l cd ,  so t h a t  

an unbiascd s p l i t  could bc obtained. Next, p c l l c t s  were iiiadc i n  a p rc s su rc  

bomb a t  5000 p . s . i . ,  using a thermal s e t t i n g  niouiiting ntcdium. F ina l ly ,  thcy  

were pol ished w i t h  0.3 urn and 0.05 urn alumina g r i t s .  

r e f l ec t ance  value f o r  each sample was ca lcu la tcd  from 5O_valucs of  maximum 

r e f l e c t a n c e , .  measured on v i t r i n i t e  i n  the  sample. 

(1970, p.  1141) descr ibe  the method and equipment i n  d e t a i l .  

The mcan v i t r i n i t c  
.< -- 

tlacquebard and Doiialdson 

The mean maximum re f l ec t ance  (Ro) values  and standard dev ia t ions  

were p l o t t e d  on graphs of depth versus  R o  (Fig.  4a-d). 

l i n e  (Ro gradien t )  w s  p l o t t e d  i n i t i a l l y  on t h e  graph conta in ing  t h e  Ro 

information pe r t a in ing  t o  the EV-2 hole .  

t h e  least d is turbed  as far as increasing rank was concerned (Fig .  4a-d),  t h e  

EV-2 Ro g rad ien t  was then used as t h e  norm o r  standard.  

g rad ien t  was then p l o t t e d  through t h e  data  po in t s  on t h e  o t h e r  t h r e e  graphs 

us ing  a b e s t - f i t .  

were poss ib le .  

A b e s t - f i t  s t r a i g h t  

Because t h i s  hole  appeared t o  be 

This  standard 

A t  t h i s  s tage,  co r re l a t ion  and s t r u c t u r a l  i n t e r p r e t a t i o n s  

For example, from geological  napping and core examination, it has  

been demonstrated t h a b m a j o r  and minor f a u l t s  occur i n  t h e  r epor t - a rea .  

Figure l a ,  when compared with Figure 4b ( t h e  norm], demonstrates evidence 

of probable f a u l t s .  Between t h e ~ c o a l  sample a t  250 m (620 f t )  and t h e  

% 

sample a t  265 fil (935 ft), a s  suggested by t h e  o f f s e t t i n g  of t h e  b e s t - f i t  

Ro gradien t  l i n e ,  a t h r u s t  f a u l t  is  proposed. 

was observed a t  260 m (854 ft); f u r t h e r  supporting t h e  i n t c r p r e t a t i o n .  

Between the coal  samples a t  91 and 122 m (29s and 400 f t ) ,  because of 

missing Ro values ,  a normal f a u l t  is proposed. 

va lues  fo r  EV-1 (0.81-1.16 Ro; Fig. l a )  and EV-2 (0.S2-1.16 Ro; Fig. 4$) are, 

s t a t i s t i c a l l y  speaking, t h e  same. Evidcncc from Ro and gcopliysical logs  

A t h i n  zone of f a u l t  gouge 

Thc t o t a l  s p m  of reqcctancc 
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s t rongly  suggest IiV-1 and EV-2 a r e  i n  p a r t  rcpcat  s cc t ions ,  probably caused 

by t h r u s t  f au l t i ng .  

Vigurc 5 i s  a p l o t  of mcnn Ro values f o r  a l l  four  holes .  If t h c  

b e s t - f i t  Ro gradien t  (Fig. 4b) is p lo t t cd  on t h i s  graph, coniplications arc 

apparent.  

(1600 f t ) ,  i t  does not  i n t e r s e c t  t h e  po in t s  above t h e  pos i t i on .  :I~n-cam:~r, 

o n e  inaysuggest t h a t  t h e  gradient  over t he  t o t a l  Kootenay Formation may b e  ;I 

.- 

IVhcn t h e  grad ien t  i s  p l o t t e d  through thc  p o i n t s  below 467.7 m 

t o t & \  i. 

curved r a t h e r  than  a s t r a i g h t  l i n e  & x a r d i n g l y j ~ t h e  g rad ien t  discrepancy i n  - 

Eigure .5 may-.be--attributed t o  a,curving-gradient,iland not  necessarily-&t, cf <. 

xll-- -ively?avaurthe-fi-rst-h t eqwet-ation. 

J . .-~1-.-_-.--- ol;r,:l.; ., .I  'L-..  

.:I- -,. L, *4 -1: 
Additional samples' 

and f u r t h e r  analyses  are needed t o  c l a r i f y  t h e  problem so t h a t  a reasonable  

explanat ion can be der ived.  

Another unusual aspect of t h e  rank s tudy is t h e  low range of abso lu te  

rank va lues  when compared t o  o the r  adjacent  a r eas .  

and Donalason (1974) document Ro values  f ron  tlio sec t ions  i n  the E l k  River 

va l l ey :  

recorded Ro va lues  from t h e  Coal-Bearing member ranging f r o n  1.13 t o  1.43 

at Fording River 1337 m (1124 f t )  thick]  

For example, Hacquebard 

Fording River a t  Eagle Mountain, and Line Creek Ridge. They 

and from 0.97 to  1.49 at Line Creek . 
[308 m (1026 f t )  thick] .  The highest  Ro value i n  t h e  s tudy-area approaches 

1.16 Ro. I n  terms of A S l N  rank, coa l s  obtained from t h e  cor ing  p r o j e c t  i n  

t h e  upper Elk River v a l l e y  a r e  medium to high v o l a t i l e  bituixinous whereas. 

genera l ly ,  Koo'ienay coa l s  from o the r  a r e a s  a r e  low t o  mediuin v o l a t i l e  

bituminous. 

p a r t ,  by a lower geothermal grad ien t ,  which i n  t u r n  is  r e f l e c t e d  by t h e  

lowcr Ro gradien t .  The gradien ts  a r c  as follows: study-area,  0.079 Ro/100 m 

(0.024 C0/100 f t ) ;  Fording River, 0.092 Ro/100 m (0.02s Ro/100 i t) ;  and 

Line Crcck, 0.164 llo/100 111 (0.050 Ro/l00 f t ) .  'rhcsc grsdi.cnts i~oul t l  tcnd 

t o  i n d i c a t e  a regional  t rend i n  t hc  gcotlicrnal grad ien t ,  which i t icrcascs  i n  

Thc lower ranks fbund i n  t h e  study-area may be explained, i n  
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a souther ly  d i r ec t ion  i n  t he  I l lk  River va l l ey .  

Conclusions 

1. 

o the r  s ec t ions  i n  the  same geologic . s e t t i n g  t o  the  nor th  and south.  

2. 

was not determined. 

3. 

The r e s to red  thickness  of t h e  Kootenay I'ormntion i s  c o n s i s t e n t  with 

Seams of mineable thickness  were encountered but  t h e i r  l a t e r a l  ex tcn t  

The average rank of the Coal seams i n  the  study-area is unusual ly  low 

i n  comparison t o  t h e  ranks of adjacent  s tud ied  a reas .  

4. 

and t o  d e l i n e a t e  major t ec ton ic  movement i n  t h e  Kootenay Formation o f  t h e  

upper E l k  River va l ley .  

Petrographic rank s t u d i e s  can be used as an a i d  t o  c o a l  seam c o r r e l a t i o n  
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Figure 1. Uppcr E l k  Rivcr v a l l e y ,  looking northi<cst .  GSC 199244. 

Figure 2. Gcological nap, upper E l k  River va l l cy ,  B r i t i s h  Colu$ia. 

Figure 3.  Lithostrat igrapl iy  logs ,  geophysical logs and mean maximuin 
r c f l cc t ance  of coals ,  upper E l k  River va l l cy  cor ing  program. 

Figure 4 .  Depth versus  r c f l ec t ance  (Ro) graphs. 

Figure 5. Composite th ickness  versus r e f l ec t ance  (Ro) graph o f  coal seams 
i n  EV-1 t o  EV-4. 
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