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INTRODUCTION 

This  study was i n i t i a t e d   d u r i n g   t h e  1984 f i e l d   s e a s o n   t o  examine the  

Volcanic  ash  bands,   tonsteins and ben ton i t e s ,   occu r   i n   t he  lower Moosebar 
lower Moosebar and  upper  Gething  Formations  along  the  Peace  River. 

Formation  (Kilby,  1984b) and  were recognized  in  the  upper  Gething 
Formation  of t h i s   a r e a   d u r i n g   t h e  1984 field  season;  they  provided 
exce l l en t  marker  horizons on which t o  base  regional   correl .a t ions.  i l  
t o t a l  of 1 280  metres of d r i l l   c o r e  was examined  from  16 horeholes 
spanning an east-west  distance of 100 ki lometres   (Fig.  791. This  paper 
p re sen t s  a pre l iminary   cor re la t ion  of t h e s e   s t r a t a   a l o n g  t.he Peace  River 

undertaken i n  an ef for t   to   genera l ize   the   sed imentary   pa t t . e rn  of t h e  
(Fig.  80)  and a numerical   analysis  of the  sedimentary  sequences 

area.  

Many workers  have  contributed to   t he   unde r s t and ing  of t h e   s t r a t i g r a p h i c  
pos i t i on ,   l i t ho log ic   cha rac t e r ,  and  paleo-environments  of  deposition of 
formations  along  the  Peace  River. The number of authors  j.s t o o   g r e a t   t o  

Hughes, R. D. G i l c h r i s t ,  and P.McL.D. Duff. 
list here   bu t  a few  of t h e  major con t r ibu to r s   a r e  D. F. St:ott,  J. E. 

STRATIGRAPHY 

The s t r a t a  under  study  represents a regressive/transgressive cycle  (of t he  
Albian  Clearwater  Sea.  During  the  regressive  phase  non-marine 
f luv iode l ta ic   sed iments ,   inc luding   coa l ,  were deposited.  Flooding 'by the  
Clearwater Sea during tine t r ansg res s ive  phase r e s u l t e d  i n  deposition of 
t h e  marine Moosebar Formation.  Sediments were predominately  derived from 

Mountain Fold and Thrust B e l t .  The development of t he   bas in  and i t : s  
the  west, both from the  Omineca Geant ic l ine and the  u p l i f t i n g  Rocky 

consequent   in f i l l ing  of c las t ic   sed iments  seem t o  be r e l a t e d   t o  a 
no r theas t - t r end ing   h inge l ine   pa ra l l e l   t o   t he   anc ien t  Peace? River ArOh 
( s t o t t ,  1975). 

series of  thin-bedded rocks, derived from  overbank sediment, and coal.  
The Gething  Formation, i n  t h e  i n t e r v a l  examined i n  th i s   s tudy ,   cont , s ins  a 

The sequence i s  occasionally  broken by a thick  f luvial   sequence  of  
sandstone  and uncommon lag  conglomerates.  Three  notable  coal  horizons 
a r e   p r e s e n t   i n   t h e   i n t e r v a l  examined: 

( 1 )  Superior seam, s i t u a t e d   a t   t h e   t o p  of the   format ion   d i rec t ly  i n  
contact   wi th   the  Bluesky  uni t   or  up t o   s e v e r a l  metre!; below t h i s  
contact :  
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( 2 )  Trojan  seam,  located  about 30 metres  below  the  top  of  the  formation. 
The  Fisher  Creek  Tonstein  zone  has  been  located  in  this  seam: 

( 3 )  Titan  seam,  located  about 60 metres  below  the  top  of  the  formation. 
The No. 2  Tonstein is present  in  this  seam  along  Moosebar  Creek. 
Many  minor  seams  occur  between  these  three  horizons  and  there  is 
great  difficulty  in  correlating  the  zones  any  great  distance 
(Fig. 80). The  seams,  which  are  generally 1 to 2  metres  thick,  are 
of  medium to high  volatile  bituminous  rank. 

Between  the  Gething  and  Moosebar  Formations is  an  excellent  marker 
horizon  known  as  the  Bluesky  unit:  it  defines  the  top of the: Gething 
Formation.  This  unit  is  considered to be  equivalent to the  Bluesky 

Bluesky  contains three  principal  units ranging  from 1 to 25 metres in 
Formation  in  the Alberta  subsurface. In the  Peace River Canyon  area,  the 

thickness:  local  accumulations  are to 50  metres.  The  basal  zone is  a 
chaotic,  sometimes  glauconitic,  chert  pebble  conglomerate wj.th a  mud  or 
sand  matrix  and  a  scoured  base.  The  scoured  base  may  reprer;ent  a  hiatus 
in sedimentation.  The  conglomerate  beds  are  massive  with  1l.ttle  sorting. 
Pebbles,  which  range  from  less  than 1 to 5 centimetres  in  diameter,  are 
generally  subrounded to rounded.  In  places  pebbles  are  absent  and  the 
basal  zone is a coarse  sand.  The  middle  unit is a bioturbated  and 
turbiditic  silty,  pyritic  mudstone.  Individual  trubidites  are  usually 
less  than  10  centimetres in  thickness  and  the  unit  commonly  exhibits  a 
coarsening  upward  response on geophysical  logs  (Kilby, 1984,a). The  upper 
unit  is  a  moderately  bioturbated,  glauconitic  mudstone  with  thicknesses 
to several  metres.  Generally,  glauconite  occurs  as  scatter(zd  grains  but 
sometimes  dominates  the  zones  as  a  coarse  gritty  sand.  All  three  Bluesky 
units  are  believed  to  be  marine:  however  their  depositional  history is 
still  in  question. 

The  Moosebar Formation  overlies the  Bluesky.  It  is  a  monotonous  sequ.ence 

concretions. The  origin  of  the siderite  bands  is  also  uncertain  hut  they 
of  dark  grey marine  shales  with occasional  siderite  bands  or  septarian 

are  probably  diagenetic.  Numerous 1 to 15-centimetre-thick  bentonite! 
bands  have  recently  been  documented  in  the lower Moosebar  Formation 
(Kilby,  1984b).  Commonly,  these  bentonite  bands  are  bioturbated:  rare 
shell  casts  occur. 

METAOWLOGY 

The  diamond-drill  core  was  examined  during  a  15-day  period  in July, 'I984 
at  the  British  Columbia  Ministry  of  Energy,  Mines  and  Petrclleum  Resources 
core  storage  facility  in  Charlie  Lake,  British  Columbia. P. total  of 

were  grouped  into  one  of  12  possible  lithologic  categories  (Fig. 81). A 
1 280  metres of core  from 16 drill  holes  were  described.  Iithologies 

total  of 1 022  discrete  rock  units  were  measured.  The  lithologic 

was entered  into  a  computer  data  base  system  using the  CAL  DATA LTD. 
categories  are  described in  detail  in  a  following  section.  Information 

Geological  Analysis  Package  and  a  Kaypro I1  64K micro-computer.  Computer 
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COAL 

MUDSTONE:  CARBONACEOUS 

MUDSTONE;  NONCAREONACEOUS 

-._ MUDSTONE  WITH  SANDSTONE  STREAKS 

MUDSTONE WITH  SANDSTONE  LENSES 

SANDSTONE,  MUDSTONE,  SILTSTONE  INTERBEITS 

S I L T S T O N E  

0 SANDSTONE  WITH  MUDSTONE  FLASERS 

0 SANDSTONE: F I N E   G R A I N  

SANDST0NE:MEDIUM OR COARSE GRAIN 
..... .*.*...*.* .*I...... 

n ..... SANDSTONE  WITH  MUDSTONE CLRSTS 

T O N S T E I N / B E N T O N I T E  

SCOURED  SURFACE ~ """" _ _ _  

Figure 81. Legend of l i thologies .  
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hole  i d e n t i f i c a t i o n ,  down hole depths t o   t h e   t o p  and  bottom  of each u n i t ,  
f i l e s  consis ted of  one record for   each described l i t h o l o g i c a l  un i t .  The 

l i tho logy ,   g ra in  s i z e ,  and a visual   es t imate   of   the   percentage of sand i n  
t h e   u n i t  were entered  in   the  appropriate   computer   f ie lds .  The data  base 
package   provided   easy   access   to   a l l   da ta .  Once a l l   d r i l l   h o l e   d a t a  was 
entered  and  edited,   borehole  columnar  sections  were  plotted  with  the 
computer  (Fig. 130). The  Markov ana lys i s  and plot t ing  programs were 
wr i t t en  by one  of t h e   a u t h o r s   ( K i l b y )   t o  be  compatible  with  the CAL DATA 
LTD. package. 

These  uni ts  are described  following: 
Twelve l i t h o l o g i c   u n i t s  were  used to  describe  Gething  Formation  core.  

SCG - c o a r s e   t o  medium-grained  sandstone,  relatively  thick,   high 

This   un i t  shows a s l igh t   f in ing-up  i n  gra in   s ize   and  a not iceable  
angle   c ross -s t ra t i f ied ,   f requent ly   having  a scoured   basa l   contac t .  

often  only  be  apparent  due t o   c o n c e n t r a t i o n  of  carbonaceous  debris 
absence  of  burrowing.  Laminae a r e  commonly ve ry   f a in t   and  may 

along  bedding  planes.   Reactivation  surfaces  are common. 

CGL - a mudstone  pebble  conglomerate.  Clasts  are  of  mudstone  and 
often  angular  with a coarse   o r  medium-grained  sandstone  matrix  and 
occas iona l   fo s s i l i zed  wood fragments. The c l a s t s ,  which o f t e n  show 
original   pr imary  bedding,   usual ly   have  an  imbricated  s t ructure   and 
may occur   in   mult iple   bands  each up t o  3 cent imetres   thick.  

contact  and  usually a fining-up  gradational  upper  contact.  
SFG - f ine-grained  sandstone  has  a sharp  but  not  scoured  basal 

Small-scale   c l imbing  r ipples ,   and  planar   and  r ipple   cross-  
laminat ion  are   the  pr imary  sedimentary  s t ructures .   Soft   sediment  

and  burrowing.  Evidence  of water f l u c t u a t i o n  i n  t h e  form  of 
deformation  appears as convoluted  bedding,  slumping,  root  growth, 

r eac t iva t ion   su r f aces   and   t h in  mud drapes   a re   loca l ly   p resent .  
Fine-grained  plant  debris  and  coal  spar is  usual ly   present   a long 
bedding  planes. 

commonly s i l t y ,  and  ranges  from simple t o   b i f u r c a t e d  wavy  mud 
SMLF - sandstone with  f laser   bedding,  is v e r y   f i n e   t o  fine-grained, 

f l a s e r s .  up t o  30 per  c e n t  of t h i s   u n i t  i s  mudstone. P l an t  
fo s s i l s   a r e   abundan t  on  bedding  planes.  Moderate  burrowing  and 
r o o t l e t  growth  cause  colour  mottling. 

SLT - s i l t s t o n e  showing f a i n t   t o   i n d i s t i n c t   b e d d i n g   t h a t  i s  
commonly convoluted;   s lump  s t ructures   and  bioturbat ion  are  common. 
Foss i l ized   p lan t   remains  are usually  abundant.  Uncommon small- 
scale planar   cross- laminat ions  and  c l imbing  r ipples   are   present .  

MSF - mudstone  with up t o  50 per  c e n t  l e n t i c u l a r   o r  wavy-bedded, 
s i l t y   t o  sandy  in te rca la t ions .  In wavy-bedded u n i t s ,  mud and  sand 
layers   a l ternate   and  form  cont inuous  layers .  In lent icular-bedded 
uni ts ,   sand lenses o r   r i pp le s   a r e   d i scon t inuous   and   i so l a t ed  
throughout  the  mudstone  host .  Some sandstone lenses show micro- 
crossbedding.  Sedimentary  structures  present  include  horizontal  
and ver t ical   burrows,   load  s t ructures ,   and  syneresis   cracks.  
Syneres i s   c racks   a re   pos tu la ted   to   resu l t   f rom  changes   in   water  
sa l in i ty   (Burs t ,   1965) .   Macera ted   p lan t   debr i s  i s  commonly 
present .   Contacts   are   gradat ional .  
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MNC - non-carbonaceous  mudstone,  massive t o   f a i n t l y   l a m i n a t e d  i n  
more s i l t y   u n i t s .   D l a n t   d e b r i s  and ironstone  bands  are  rare.  One 
i n t e r e s t i n g   f e a t u r e   n o t e d  i n  one  of these  mudstone u n i t s  i s  a t h i n  
pelecypod  shell  band tha t   can   be   t raced   th rough  severa l   cores  

g rada t iona l   t o   sha rp .  
(Fig.  8 0 ) .  Bioturbat ion is normally  very  s l ight .   Contacts   are  

MC - carbonaceous  mudstone  found in   a s soc ia t ion   w i th   coa l  seams i n  
the  s t ra t igraphic   sequence.   Local ly   the  mudstones  contain  coaly 

planes.   Soft   sediment  deformation  occurs  mostly  as  rootlet  
laminations  or  abundant  macerated  plant  debris  along  bedding 

penetrat ion.   Bioturbat ion i s  s l igh t .   Contac ts   wi th   coa l  seams a r e  
abrupt ;   e lsewhere  contacts  are generally  gradational..  

MSL - mudstone wi th   t h in ,   f l a t   s ands tone   s t r eaks   f l oa t ing   i n  $3 
mudstone hos t .  Less than 10 per  cent  sand i s  normal.ly  presen'c. 
The u n i t  is typ ica l ly   ba r r en  of p l an t   deb r i s  and r o o t l e t s .  

COAL - coa l   d i sp l ays   du l l   t o   modera t e ly   b r igh t   l u s t r e ,   r e f l ec t ing  
the  maceral   content.   Cleat development is good;  and l o c a l l y   t h e r e  
is abundant  pyrite on bedding  planes  or   f ractures   surfaces .  

SMSI - interbedded  sandstone,   s i l ts tone,   and mudstone usua l ly  i n  

with  small-scale   crossbedding,   r ipples ,  and €laser   bedding;  
less   than  10-cent imetre   layers .  The sands tones   a r e   f i ne   g rahed  

laminat ions  are   fa int   and  of ten  convoluted.  Mudstones a r e  
g e n e r a l l y   s i l t y .  A l l  t h r e e   l i t h o l o g i e s  commonly contain  abundant 

b io turba t ion .  
comminuted p l an t   deb r i s  and low t o  moderate l e v e l s  o €  

ASH - t o n s t e i n s  and ben ton i t e s   a r e   a l t e r ed   vo lcan ic   a sh  bands 
d e p o s i t e d   i n  non-marine  and  marine fac ies ,   respec t ive ly .   Tons te ins  
a re   kaol in   r ich ;   o f ten   they   have  a speckled  appearance  from  the 
development of vermicular  kaolinite  (Kilby,  1984b).  In  core  .they 
a r e  medium grey,  have  sharp  contacts,   can  be  scratched  with a 
f i n g e r n a i l ,  and o f t en   con ta in   coa l   spa r  and plant   dt?bris .  
Bentoni tes   cons is t  of c lay-s ized  mater ia l ,   are   l ight :   grey  to  
greenish  grey,  break  in  poker-chip  fashion, and o f t en   d i sp l ay  low 
l e v e l s  of b io turba t ion .  

MARKOV PROCEDURES AND STANDARD SECTION DEVELOPMENT 

The  Markov procedures  used i n  t h i s   s t u d y  have  borrowed heavi ly  from 
techniques  descr ibed by Siemers  (1978)  and  Davis  (1973). In t h i s   s t u d y  
u n i t s  i n  ind iv idua l   ho les  were not numerous  enough to   p rov ide  meani.ngfu1 
r e s u l t s ,  so a l l   h o l e s  were  combined. The Eirst s t e p   i n   t h i s   s t u d y  was t o  
count  the number of t r a n s i t i o n s  from  one l i tho logica l   un i t :   to   anothsr  i n  
an upward d i r ec t ion .  The count   t rans i t ion   mat r ix   (F ig .  82)  d i sp lays   t he  

boreholes.  
r e s u l t s  of t h i s  procedure; 8 0 2  t r a n s i t i o n s  were  recorded  from  the 1 6  

From the   count   t rans i t ion   mat r ix  it was apparent   tha t  some? t r a n s i t i o n s  
were more common than  others ,   such  as  MC t o  COAL with 8 0  occurrences of 
t h i s   t r ans i t i on   r eco rded .  Note tha t   t hese   va lues  do no t   t ake   i n to  
account   the   re la t ive  amounts  of  each un i t   p re sen t .  To examine t h i s  
problem,  following  Siemer  (1978),  the  expected  matrix was ca lcu la ted .  

239 



Figure 82. Count,  expected, and difference  mtrices  for  Gethlng  Formation  sediments. 
Table summarizes  abundance and average  thickness  of  I lthologlcal  units. 
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The  values  in  this  matrix  were  those  expected  if  the  succession of 

was  computed  by  cross-multiplying  the  count  matrix  row  and  column  totals 
lithological  states  was  perfectly  random.  Each  element  in  this  matrix 

and  dividing  by  the  total  number  of  transitions.  This  expected  matrix 
was  subtracted  from  the  count  transition  matrix  of  observed  transitions 
to produce  a  difference  matrix  (Fig. 82) ,  that  shows  the  differences 
between  the  observed  and  expected  values.  Positive  elements:  in  the 
difference  matrix  represent  upward  transitions  that  had  a  higher  than 
random  probability  of  occurring.  Figure 82 also  contains  a  tabulation  of 
the  number,  total,  and  average  thickness  of  the 12 units. 

A refinement  and  expansion  of  the  previously  mentioned  procedure  was 
performed  following  Davis ( 1 9 7 3 ) .  Five  matrices  were  contructed;  upward 
and  downward  transition  probability  matrices,  upward  and  downward 

and 85). The  upward  transition  probability  matrix  is  a  measure  of  how 
substitutability  matrices,  and  a  mutual  substitutability  matrix  (Figs. 84 

frequently  a  given  unit  is  followed  up  section  by  another  particular 
unit.  It  was  calculated  by  dividing  each  element in each  row  of  the 

transition  probability  matrix  is  a  measure  of  the  frequency  a  given  u!nit 
count  matrix  by  the  total  of  the  row;  each  row sums to one.  The  downward 
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Figure 83. Transit ion  f low  diagram  I l lustrat ing 

s lgn i t icant   t rans i t ions  on the 
basis  of  strongly positive values i n  
the dif ference  matr ix .  241 
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was preceded  by  deposition of another  particular  unit.  This;  factor  was 

by  the  column  total;  each  column of this  matrix  sums  to  one.  The  third, 
calculated  from  the  count  matrix  by  dividing  each  element  in  each  column 

measure  the  degree  of  similarity  between  two  units  with  respect  to 
fourth,  and fi€th matrices  are  the  substitutability  matrice:<,  they 

surrounding  units.  The  upward  substitutability  matrix  contains  measures 
of  similarity of any  two  lithologic  units  to  be  overlain  by  a  similar 

except  the  similarity  is  based on the  tendency for  two stat:es to  be 
lithological  unit.  The  downward  substitutability  matrix  is  the  same 

underlain  or  preceded  by  a  similar  lithology.  The  upward 
substitutability  matrix  was  calculated  for  each  pair  of  lithologies  by 
calculating  the  cross-product  ratio  of  the  respective  rows.  The  downward 
substitutability  matrix  was  calculated in  the  same  manner  but  using 
columns  instead of rows.  The  mutual  substitutability  matrix  measures  the 
degree  to  which  two  units  are  over  and  underlain  by  similar  units.  This 
matrix  was  obtained  by  multiplying  the  corresponding  values  from  tha 
upward  and  downward  substitutability  matrices. 

A chi-square  test  was  used to test  the  count  transition  matrix  €or  the 
Markov  property  (Davis, 1973, p. 2 8 8 ) .  The  null  hypothesis  stated  that 
the  observed  transitions  were  independent of each  other  and  therefore 
random.  The  alternative  hypothesis  was  that  they  had  a  s;igniEicant 
degree of dependency  and  thus  formed  a  Markov  chain. The statistic 

hypothesis  was  rejected  with  a  confidence  of at  least 99.5 per  cent;  the 
obtained  was 854 with 120 degrees  of  freedom, therefore  the null 

sequence  has  a  first  order  Markov  property,  With  such  a  strong 
rejection,  the  possibility  exists  that  higher  order  chains  may  be 
present;  this  hypothesis  was  not  tested. 

Attempts  to  obtain  a  representative  sequence  of  lithological  unit:: 

was  made  by  a  combination  of  traditional  and  automated  techniques. 
descriptive  of  the  major  sedimentary  pattern  for  the  Gething  Formation 

Traditionally  the  difference  matrix  is  interpreted  and a schematic flow 
diagram  constructed to illustrate  the  determined  pattern  of  unit 

positive  difference  values  (highlighted)  in  the  difference  matrix 
transitions.  Figure 83 is  such  a  diagram:  it  is  based on the  strongly 

(Fig. 8 2 ) .  This  interpretation  suggested a general  firking  upward 
depositional  cycle  composed  of  two  fining up sub-cycles. The ov'erall 
cycle  in the Gething  goes  from  a  scour  surface  through  successively  finer 
grained  sediments to coal.  At  the  position  of  non-car'bonaceous  mudstone 
(MNC) the  progression  has  about an even  statistical  chance oE continuing 
on to Einer  grained  sediments  or  cycling  back  into  coarser  grained 
material.  When  the  progression  passes MNC into  the  finer  sediments, 
fining  generally  continues  until COAL is encountered.  Coal  will  in  turn 
be  followed  by  either  carbonaceous  mudstone or non-carbonaceous  mudstone. 
The  two  sub-cycles  are  the  coarse-grained  cycle SCOR to MNC  and  the  fine- 
grained,  coal-bearing,  cycle MNC to COAL. These  two  sequences  are 
believed  to  represent  fluvial  (lateral  accretionary)  and  overbank 
(vertical  accretionary)  deposits,  respectively.  The  units SMSI. and FlSL 
were  not 
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r e p r e s e n t e d   i n   t h i s   i n t e r p r e t a t i o n ,  due   l a rge ly   t o   t he  low number of 

matrix  (Fig.  84) i s  similar i n  some re spec t s   t o   t he   d i f f e rence   ma t r ix  
t r ans i t i ons   i nvo lv ing   t hese   un i t s .  The upward t r a n s i t i o n   p m b a b i l i t y  

(F ig .   82 )   bu t   qu i t e   d i f f e ren t   i n   o the r s .  The probabi l i ty   matr ix   does  not  
address  the  problem  of t h e  r e l a t i v e  abundance  of t h e   u n i t s ,  however, it 
can  be  used t o   g e n e r a t e  a r ep resen ta t ive   s t r a t ig raph ic   pa t t e rn  by a form 
of Monte Carlo  simulation. In the   s imulat ion a s t a r t i n g   u n i t  was chosen, 

matrix  the  sequence of t ransi t ions  determined.  The f i r s t   s i m u l a t i o n  was 
i n  t h i s   c a s e  SCOR, and on t he   bas i s  of t he   p robab i l i t y   va lues   i n   t he  

allowed t o   c o n t i n u e   u n t i l   a l l  12  sedimentary  units were r ep resen ted   a t  
l e a s t  once. One thousand  simulations  were  performed  with  the  average 

u n i t s .  In most c a s e s   t h e   l a s t   u n i t   t o   b e   r e f e r e n c e d  was e i t h e r  SMSI o r  
length of s e c t i o n   r e q u i r e d   t o   i n c l u d e   a l l  12 uni t s   be ing  61 l i t ho log ic  

MSL due t o   t h e   r e l a t i v e l y  low  upward t r ans i t i on   p robab i l i t i e s   fo r   bo th .  
In an e f f o r t   t o   o b t a i n  a more compact  sequence these  two l i t h o l o g i c   u n i t s  
were  assumed t o  be a subset  of l a rge r   un i t  and  grouped  with  'other  similar 
units.  Groupings  were  based on t he   mu tua l   subs t i t u t ab i l i t y  :matrix 
(Fig.   85).  As desc r ibed   ea r l i e r ,  two u n i t s  which are s t rongly  
subs t i tu tab le   a re   over la in   and   under la in  by similar u n i t s ,  and  thus 
deposited i n  similar  environments. Both SMSI and MSL were maost c lo se ly  

p robab i l i t y  matr ix  was then u t i l i z e d   i n  another Monte Carlo :simulation. 
matched  with t h e   s i l t s t o n e  (SLT) u n i t .  The modified upward t r a n s i t i o n  

The ave rage   s ec t ion   l eng th   i n   t h i s   ca se  was 36 un i t s .  The simulation was 
then  continued  and 10 sequences  of  exactly 36 u n i t s  were genarated. The 
average number of  each  unit was then   ca lcu la ted  from these  1 0  sequences 
t o   a r r i v e   a t   t h e  number and   type   o f   un i t s   in   the  Monte Carlo  s tandard 
sec t ion .  Based on t h i s   s imu la t ion  and the  flow  diagram  (Fig. 8 3 ) ,  a 
representative  sequence was constructed  (Fig.  86). The stan(9ard  section 
i s  36 u n i t s   i n   l e n g t h  and  contains  four  fining-up  sub-cycles.  For  ease 
of unit i den t i f i ca t ion   t he   s t anda rd  and  simulated  sequences  (displayed a l l  
un i t s   wi th   the  same thickness:   Figure 8 2  contains  a t abu la t ion  of t h e  
average  uni t   th icknesses .  The simulation  confirmed  the  inte:cpretation 
represented on Figure 83: t h e  two sub-cycles are present   and   l i tho logies  
of   the two do  not  mix.  Sequence No. 2 of the   s tandard   sec t ion  is an 
example of the complete, uninterrupted  sequence  from  coarse-<grained 
through  finer  grained  serliments t o   c o a l .  

DISCUSSION 

Correlat ion of gross   fea tures  is re la t ive ly   s t ra ight forward  on t h e  

a re   eas i ly   fo l lowed  across   the   sec t ion .  The bentoni tes   in   the  lower 
correlat ion  diagram  (Fig.  8 0 )  and t h e  Moosebar-Bluesky-Gething contacts  

Moosebar  Formation are  everywhere  present  and  provide a t ime  cons t ra in t  
t o   t h e  diagram. The thickness  between  these  bentonites  and  the  top of 

i n   t h e   e a s t  and ac t ive   coa l  swamps i n  the  west.  The Bluesky  marker 
the  Gething  Formation  increases to   t he   ea s t ,   sugges t ing   mar ine   depos i t i on  

in t e rva l   i nc reases  i n  thickness  from  the west t o   t h e   e a s t .  Column 15 

Bluesky. me Bluesky  Formation i n   t h e   s u b s u r f a c e  of Alberta  and 
(Fig.  8 0 )  contains  a very  large  thickness   of   sandstone  bel ieved  to  be 
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STANDARD 
SEDIMENTARY 

SEOUENCE 

RANDOM EXAMPLES 
OF 

MONTE  CARLO SIMULATION 

Figure 86. Derived  standard  sedlmntary sequence for   the upper Gethlng  forrnatlon based  on 
a Monte Car lo   s imulat ion of the upward t r a n s i t i o n   p r o b a b i l i t y   m t r i x .  
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n o r t h e a s t e r n   a r i t i s h  Columbia i s  of a similar  thickness;   conceivably  the 
sec t ion   conta ins   the   t rans i t ion  zone  from  what is re fe r r ed  to as Bluesky 
on t he   coa l   p rope r t i e s  of the  Foothi l ls   to   the  formal   Bluesky  Formation 
in   the   subsur face .  

Correlat ion of  Gething s t r a t a  is d i f f i c u l t .  Coal  seams  can  be co r re l a t ed  
across   several   holes   but ,  w i t h  t h e  exception of t h e  Trojan :seam, 

Trojan seam has   been   ten ta t ive ly   cor re la ted   across  much of the  western 
ind iv idua l  seams are   no t   l a te ra l ly   cont inuous  on t h i s   s e c t i o n .  The 

por t ion  of the   sect ion.   Tonsteins  seem to be e r r a t i c ,   b u t   t h i s  is not 

as 120 kilometres  southward t o   t h e  Sukunka region.  Apparently 
the   case  i n  r e a l i t y .  Two of t h e  major  zones  have  been c o r r e l a t e d   a s   f a r  

s i g n i f i c a n t  numbers  of these  bands were removed from t h e  core  w i t h  the  
coa l   in te rva ls   dur ing   sampl ing   thus   l imi t ing   the i r   usefu lness   in   th i s  

cor re la ted   across   the   sec t ion .  In some c a s e s   t h i s   c o r r e l a t i o n  is 
study. A major  mudstone  zone,  approximately 10 metres thick,  has  been 

strengthened  the  correlation.  Structure  has  also  complicated  boreho1,e 
tenuous,  but i n  others   the  presence of a coquina  band in   s eve ra l   ho le s  

cor re la t ions .   Faul t   dupl ica ted   sec t ions  were noted in   ou tc rop   s ec t ions ,  
and  geophysical  logs show seve ra l   dup l i ca t ed   i n t e rva l s   i n  t h e  holes  
presented  here .   Resolut ion  of   the  s t ructure   has   not   yet   been  a t tempted.  
Despite  structural   complications,   several   prominent  zones were 
cor re la tab le   over   s ign i f icant   d i s tances .  

The  Monte Carlo  standard  section  for  the  Gething  Formation  depicts two 
sub-cycles and  one large  cycle  made up of the  combination  cf two 
sub-cycles. The coarse-grained  sediments  represent  active  meandering 
stream deposits.  The lower  cycle  (Fig. 86) cons i s t s  of thick,   f ininq-up, 
l a t e ra l ly   acc re t ed   s ands tone   channe l   f i l l   w i th  a scoured  base  and  la(; 
deposits  and  ends  with silts and  non-carbonaceous  mudstones. The f i n e r ,  
coal-bearing  cycle  represents  vertically  accreted  f loodplain  deposits;  
with well to   poor ly   d ra ined  swamps and  peat swamps and  charnel  margin 
levee  deposits.   Episodic  crevasse  splay  deposits  comprise a t h i r d ,  minor 

on the  standard sec t ion ) .  
cycle  which  can enter the   f l oodp la in   cyc le   a t  any point   (not   represented 

Typical  meandering stream channels  erode on the  concave  side and deposi t  
on t h e  convex por t ion  of each  meander,  point  bar. This conbination 
produces a tabular   sand   un i t   over ly ing  a near  horizontal   erosion  surface,  
wi th   o r   wi thout   l ay   depos i t s .   Po in t   bar   depos i t s   a re   comonly   over la in  
by f i n e r  grained  f loodplain  deposi ts .  In t h i s   s tudy   l i t ho l .og ica l   un i t s  
associated  with  this   environment  would be SCOR, CGL, SCG, SEG, and SL'I', 
with MNC represent ing  the  overlying  f ine-grained  f lood  deposi ts .  

With channel   migrat ion,   substant ia l   f lood  basin  sedimentat ion,   consiat ing 
of v e r t i c a l l y   a c c r e t e d   d e p o s i t s   i n   t h e   i n t e r d i s t r i b u t a r y   a r e a s ,  is 
in i t i a t ed .   F lood   p l a ins   ac t   a s   s e t t l i ng   bas ins   i n  which long-continued 
accumulations  of  fine-grained  suspended  sediments  are  derived from 
overhank  flows  (Reineck  and  Singh, 1980). In well-drained swamps 
periodical  subaerial   exposure  oxidizes  sediments,   destroying  the  organic 
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matter.  Non-carbonaceous  mudstones (MNC) often  seen in the  section  may 
represent  this  setting. I n  stagnant  waters  reducing  conditions  preserve 
organic  matter,  creating  carbonaceous  muds  (MC).  Continued  accumulation 

peat  development  and the  beginning  of coal  swamps. The association  of 
of  the  organic  matter results in thick vegetation growth that  leads  to 

mudstones  and  coals  is  demonstrated in  the  difference,  upward  and 
downward  transition  probability  matrices  where  MC  and  COAL  have  high 
transition  measures. 

coNcLusIoN 

Examination of the  upper  portion  of  the  Gething  Formation  along  the  Peace 
River has only  begun.  More  work is  needed to sort  out  the  structural 
problems  and to attempt  detailed  correlations to facilitate  understanding 
of  the  depositional  history  of  this  area  and  document the areal 
distribution of the  various  facies.  The  study to date  has: 

(1) demonstrated  the  presence  of  potentially  powerful  marker  horizons; 
(2) shown the presence of a  strong  preferred  ordering in the sedimentary 

(3)  illustrated the  time  relationship of the Gething-Bluesky-Moosebar 
sequence;  and 

contacts  in  this  area. 

ACKNOWLEDGMENTS 

The  authors  would  like to thank  Dr. D. W. Gibson  of  the  Geological  Survey 
of  Canada  for  useful  discussion  during  core  logging  and K. Clark of the 
Ministry  of  Energy,  Mines  and  Petroleum  Resources  for  excellent  service 
at  the  Charlie  Lake  core  facility. 

Burst, J. F .  (1965):  Subaqueously  Formed  Shrinkage  Cracks in  Clay, 
Jour. S e d .  Petrol., Vola 35, NO. 2, pp.  348-353. 

Davis, J. C. (1973):  Statistics  and Data  Analysis  in  Geology, John 
W i l e y  and Sons, New  York,  550  pp. 

Kilby, W. E. (1984a): The  Character  of  the  Bluesky  Formation  in  the 
Foothills  of  Northeastern  British  Columbia  (930, P, I), .B.C. 
Ministry of Energy ,  Mines & Pet .  Res., Geological  Fieldwork, 
1983,  Paper 1984-1, pp.  109-112. .......... (1984b):  Tonsteins  and  Bentonites in Northeast  British 
Res., Geological Fieldwork, 1983,  Paper 1984-1, pp. 95-107. 
CohUnbia  (930, P, I), B.C. Ministry of Energy, Mines & Pet. 

248 



Reineck, H. E. and  Singh, I. R. ( 1 9 8 0 ) :  Depositional  Sedimentary 
Environments  with  Reference to   Te r r igenous   C las t i c s ,  
Springer-Verldg,  New York, 549 pp. 

Siemers, C. T. ( 1 9 7 8 ) :  Generation  of a Simplif ied Working Deposition,al 
Model fo r   Repe t i t i ve  Coal  Bearing  Sequences  IJsing Field Data: An 
Example from t h e  Upper Creatceous Menefee Formation  (Mesaverde 
Group),  Northwestern N e w  Mexico, i n  Proceedings of t h e  Second 
Symposium on t h e  Geology  of Rocky Mountain  Coal, H. E. Hodgson, 
editor,   Colorado Geol. Surv., pp. 1-22. 

S t o t t ,  D. F. ( 1 9 7 5 ) :  The Cretaceous  System in   Nor theas t e rn   Br i t i sh  
Columbia, i n  The Cretaceous  System i n   t h e  Western I n t e r i o r  of 
North  America, W.G.E. Caldwell ,   editor,  Geol. A S S O C .  Can., 
Special  Paper 13, pp. 441-467. 

249 



250 


