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INTRODUCTION 

The Lower Cretaceous Gates Member is an important  coal-bearing 
s t r a t i g r a p h i c   u n i t  i n  the Rocky Mountain Foo th i l l s  of northeastern  Bri t -  
i s h  Columbia.  During the past two years,   deposit ional  environments  in 
the  Gates have been s tud ied  between the Wolverine  River and the Mount 

paper, some of the  preliminary results of this study are presented. 
Belcourt   area,  using  outcrop, core,  and geophysical log data .  In  t h i s  

LITHOSTRATIGRAPHIC NOMENCLATURE 

The l i thostrat igraphic   nomenclature  of the Lower Cretaceous  in the 
Foo th i l l s  and the   s t ra t igraphic   equiva len ts   in   the   subsur face  to the 
e a s t ,  is i l l u s t r a t e d  on Figure 1.  In the  Foothi l ls ,   south of the Pine 
River, the Gates,  together  with the €kIlcross  and  Boulder  Creek, are mem- 
bers  of the Commotion Formation.  In the subsurface to the e a s t  the 
s t r a t ig raph ic   equ iva len t s  to the Gates are the  Falher and the Notikewan 
Members. 

In recent   years ,  two new terms have come into  informal   use:   Transi t ion 
Beds, to descr ibe  an  interval  of t h i n l y  bedded sandstones and claystones 
between the underlying Moosebar Formation and the Gates; and the Torrens 

p a r t  of the Gates. Neither of these   un i t s  has  been formally described. 
Member, fo r  a thick,  reg iona l ly  extensive,  marine  sandstone i n   t h e  lower 

TECTONIC SETTING AND REGIONAL PALEOGEOGRAPHY 

During Early  Cretaceous time, nor theas t e rn   Br i t i sh  Columbia occupied part 
of the Rocky Mountain foredeep b a s i n ,  a rapidly  subsiding  sedimentary 

the   nor theas t  by the  Interior  Platform. A thick  sequence of molasse was 
t rough  that  was bounded to the  southwest by the Columbian Orogen and t o  

deposited  in  the  foredeep; it was derived  mainly from the   t ec ton ica l ly  
a c t i v e  area to the  southwest. The sediments here deposi ted  in   both 
marine  and  non-marine  environments. 

During the Early  Cretaceous, a major embayment  of the  Boreal Sea l a y   t o  

regress ive   cyc les  show tha t   t h i s   s ea   t r ansg res sed  southward on seve ra l  
the north  (Douglas, e t   a l . ,  1976). A series of major t ransgress ive /  

occasions. Wide areas of m r i n e  muds and silts were deposited  during 
major t ransgressions whereas  non-marine deposi t ion was more widespread 
during  regressions.  The Gates Member, which m n s i s t s  of non-marine  and 
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Flgure 1. L l t h o s t r a t l g r a p h l c   n m n c l a t u r e   o f   t h e   L w e r  
Cretaceous  In  the  FOathlIIs and the  strat lgr i tphlc 
equlvalents  In  the  subsurface  to  the  east;  f r a  
Stot t ,  1968. 

nearshore  marine  sediments, was deposited  during a general   per iod of 
regression.  

DUMB GOAT MOUNTAIN SECTION 

Dumb Goat  Mountain* is located  in   the  southern  par t  of the area, 
approximately 3 kilometres  northwest of Mount Belcourt.  Outcrop is good 
and a f a i r l y  complete sec t ion  was measured from the  base of the Moosebar 
Formation to the top of the Hulcross &&er (Figure 2 ) .  lPle  interval:^ 
are described as follows: 

( 1 )  Moosebar Formation: Twenty-seven metres of g rey ,   s i l t y   c l ays tones ,  
deposited i n  a marine environment. "ne lower contact  with  the 
Gething  Formation is abrupt and represented by a th in ,  10 to 20- 
centimetre-thick  conglomerate  overlying 1 metre of bicmturbated 
sandstones.  This  conglomerate was deposited  during the marine 
t ransgression which occurred a t  the base of the Moosebar. 

*Dumb Goat M u n t a l n  - an informal nme used by coal  capany  geologists in 
t h e  area. 
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Figure 2. Moosebar,  Gates, and Hulcross section on Dumb Goat  Mountaln. 

246 



(2)   Trans i t ion  Beds  and Torrens Member: The Moosebar Formation is 
overlain  gradat ional ly  by two major coarsening-up  cycles  in  the 
Transi t ion Beds  and Torrens Member.  The lowermost  cycle  consists  of 
t h i n l y  bedded,  very  fine-grained  sandstones, and in te rbedded ,   s i l ty  
claystones.  The sandstones  occur as ind iv idua l   un i t s  15  to 30 
centimetres thick,  or  as  composite  units up to  2.5 metres thick.  
Contacts are genera l ly   abrupt   o r   s l igh t ly   e ros iona l ,   as   ind ica ted  by 
the  presence of small   clay rip-up c l a s t s .  Bedding is predominantly 
hummocky c r o s s   s t r a t i f i c a t i o n  (HCS) but   there  is some hclrizontal 
bedding.  Symmetrical wave ripples are  occasionally present on the 
top  surfaces of the  sandstones,  as are burrows,  tracks, and trail::. 

The second  coarsening-up  cycle  consists  init ially of t h in ly  bedded 
HCS sandstones and s i l t s t o n e s  l i k e  those  in   the lower cycle,   but 
they are overlain by a th ick   un i t  of f i ne  to medium-grained 
sandstone. The th in ly  bedded sandstones and s i l t s t o n e s  i n  the  lower 
cycle and the lower p a r t  of the second  cycle  are  assigned to the  
Transi t ion Beds; the thick  sandstone a t  the  top of the !:econd cycle 
is assigned to the  Torrens Member. On the  basis of sedimentary 
s t ruc tu res ,  three un i t s  are recognized i n  the Tbrrens. The 

has  large,  shallow  troughs,   horizontal   to low-angle  bedding,  and 
lowermost is fine-grained  sandstone  that  is 4.6 metres .thick. It 

occasional  planar  crossbedding similar to swaley  cross 
s t r a t i f i c a t i o n  (Walker,  1981). The overlying  10.8-metr<?-thick  unit 
cons is t s  of large scale, trough  crossbedded and hor izonta l ly  bedded, 
fine-grained  sandstones. It has  occasional  pebbly  streaks  near  the 
base. The upper u n i t  cons is t s  of 5.4 metres of hor izonta l ly  bedded, 

wood fragments  occur  along  the  bedding  planes. 
and occasional  planar  crossbedded, medium-grained sandstone. Small  

deposi ts  formed during a period of coastal   regression.  Thin-bedd.ed 
The Wansi t ion Beds and 'Ibrrens Member are in te rpre ted  to be marine 

HCS sandstones i n  the  lower pat are in te rpre ted  to be offshore 
storm-generated  deposits,  whereas  thick  sands of the  Torrens Member 
were deposited closer to shorel ine.  

(3) Non-Marine Part of the Gates: The  main part of the  Gates  section. i s  
a 259-metre-thick  sequence of non-marine sandstones,   s i l ts tones,  
claystones,  and occasional  coal seam (mostly  covered),  that 
includes three major conglomerate  intervals. 

The conglomerates occur a s  massive un i t s  10 to 24 metres  thick. 
Their lower contacts   are   erosional  and impressions of large  t ree  

interbedded  with  coarse,  pebbly  trough and planar  crossbedded 
trunks  are common nea r  the  base. Up section  the  conglomerates are 

hor izonta l ly  bedded sandstones and s i l t s t o n e s .  A coal seam 
sandstones which grade upward in to   f ine-gra ined   r ipp led   to  

generally  caps  these  fining-up  sequences. 

The conglomerates  are  mainly  clast  supported  with  coars,e  sand  in  the 
matrix. Most of the  pebbles  are  rounded and  show considerable 
var ia t ion  i n  s ize .  The l a r g e s t   c l a s t  measured was 16 by 7 by 7 
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centimetres;  the average  pebble  diameter is 1 to 3 centimetres.  
Bedding is uncommon but  pebble  imbrication  zones  are  very common and 
local ly   impart  a weak h o r i z o n t a l   s t r a t i f i c a t i o n .  

Comparison with the Donjek v e r t i c a l   p r o f i l e  model (Miall ,  1977) 

environment. In the Gates, the  conglomerates  are  associated  with 
suggests   that  these conglomerates were deposited i n  a bra ided   r iver  

deposi ts  may r e s u l t  from l a t e r a l   c h a n n e l   r e s t r i c t i o n  on the 
f a i r l y   t h i c k  overbank  deposits.  In  braided river deposits,  overbank 

floodplain,  coupled  with  rapid  subsidence (Miall, 1977). 

In  the  upper  part of the Gates, there  are several   f ining-up 
sandstone  units.  Their vertical p r o f i l e  and sedimentary structures 

smaller and  lower  energy r i v e r  system (? meandering) compared to the 
suggest  that   they  are  channel  deposits.  However, they  represent a 

underlying  conglomerate  channels. 

Although  they  are  largely  covered,  coal  seam  in  the  section are 
in fe r r ed  from coal  bloom and occasional  pieces of c o a l   i n  float. 
The thickest   coal  zones are i n  the lower p a r t  of the  sequence,  above 
the TOrrens  Wmber. Above the  upper  conglomerate coals occur a t  the 
top of fining-up  sequences.  These  coal seams appear to be thinner ,  
bu t  more numerous, than those i n  the lower part of the Gates. 

( 4 )  Hulcross Member: The marine  transgression a t  the top of the Gates 

The conglomerate rests on a thin  coal  seam and is overlain by 2 
is marked by a 30-centimetre-thick, c las t  supported  conglomerate. 

recognized;  the  top  cycle  resulted  in the development of a thick,  
f i ne  to medium-grained  marine  sandstone  (basal  Boulder  Creek  unit). 

predominantly  massive to hor izonta l ly  bedded. They have abrupt  
The sandstones  in  the  Hulcross  are 5 to 50 centimetres  thick and 

bases and tops. Hummocky c r o s s   s t r a t i f i c a t i o n  is p resen t   i n  80me 
and symmetrical wave ripples are common  on the  top  surfaces.  Small 

sandstones are in t e rp re t ed  to be offshore  storm  deposits and 
load   s t ruc tu res   my  be present  on basal surfaces.  Ihe t h i n l y  bedded 

turbidi tes ,   whi le   the  thicker   sandstone a t  the top represents 
relat ively  nearshore  condi t ions.  

REGIONAL CORRELATION OF THE MOOSEBAR  FORMATION, GATES AND HULCROSS 
MEMBERS 

A r eg iona l   co r re l a t ion  of the Moosebar Formation  and Gates and  Hulcross 
Members for a dis tance of 85 kilometres from Dumb Goat Mountain in   t he  
south to the Murray area i n  the north is shown on Figure 3. Marine  and 
non-marine i n t e r v a l s   i n  the Gates are shown  on this   sect ion  together   with 
the locat ions of major non-marine  conglomerates and the major coal zones. 
This c o r r e l a t i o n   i l l u s t r a t e s  the following  important  points:  

( 1 )  The non-marine p a r t  of the Gates thickens to the south, while  the 
marine Moosebar to  Torrens and lb l c ros s   i n t e rva l s   t h in   i n  that 
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di rec t ion .  Also the number of coarsening-up  marine  cycles  in  the 

Mountain to f ive  in   the Murray area.  
Transition  Beds/Torrens Member increases from two on I h m b  Goat 

?tlo major  marine  transgressions  are  present  within  the Gates Member. 
Both come from a nor ther ly   d i rec t ion  and extended  as  far  south .as 

nondepositional, most of the  marine  sediments were deposited dulring 
the Monkman area.  These t ransgressions are essential1.y 

the  following  phase of regression. 

Three  major  non-marine  conglomerates are recognized. A l l  occur a t  
cons is ten t   s t ra t igraphic   l eve ls   th roughout   the  area. I n  the  case of 
conglomerates 1 and 3, deposit ion was followed by periods of marine 
t ransgression.  

The marine u n i t   i n  the upper p a r t  of the Gates has  not  previously  been 
formally  recognized  or  described. It is well developed in   t he  Babcock 

metre-thick  unit of sandstones  with  occasional  conglomerates and thin 
and  Murray areas ,  where it cons is t s  of a l a t e ra l ly   ex t ens ive  25 to 40- 

claystones.  These,  together  with  the  underlying non-marine conglomerate, 
form a d i s t i n c t i v e   l i t h o l o g i c a l   u n i t   t h a t  Denison  Mines' geologis ts  (call 
the Babcock Member. 

Marine bivalves were found i n  the  sandstones.  Subsequently  they were 
ident i f ied   as   pec t in id   b iva lves ,   p robably   h to l ium and Camptonectes 'by 
D r .  Paul  Smith a t  the  University of Br i t i sh  Columbia.  Further  evidence 
fo r  a marine depositional  environment i s  provided by t r a c e   f o s s i l s ,  .which 
a r e   f a i r l y  common and easily  recognized i n  cores.  These  include  several 
d i s t inc t ive   types  of marine  burrows. The base of the  marine  sands i:3 

marked  by a thin  layer  of very  coarse  conglomerate  that is in te rpre ted  to 
be a marine  lag  deposit formed during  the  transgression. The overlying 
marine  sandstones form a coarsening-up  sequence, i n  which severa l  
l i thofacies   are   recognized.   Detai led  core   s tudies   suggest   that   them 
were deposi ted  in  marine shelf  and t ida l ly   in f luenced   coas ta l  
environments. 

COAL OCCURRENCES 

Between the Monkman and  Murray a reas ,  four dis t inc t   coa l   zones*   a re  
recognized. The locat ion of these  zones is shown on Figurf! 3. 

ZONE I A :  This zone occurs between tw marine u n i t s  i n  the lower p a r t  of 

general ly  less than 1 metre thick; seams thicken to the south 
the  Gates and contains one or two thin  coals .  The coal is 

and pinch  out to the  north.  Coals  in this i n t e r v a l  were 
deposited a t  the  top of a regionally  extensive,   coarsening-up 
marine sequence  during a short-lived  regressive  phase. 

ZONE 1B: This zone occurs above  the next  coarsening-up ma:sine Unit  and 
represents  the  beginning of the main phase of non-marine sedi-  

*Coal zones: refers to an Interval r l t h  one or more coal seans. 
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ZONE 2: 

ZONE 3: 

mentation  in  the Gates. In the Babcock area,  up to three 
closely  spaced seams are  present i n  this in t e rva l .  Ihe thic'k- 
e s t  of these,  seam J, has an average  thickness of 6 metres. 

This zone occurs  above zone 1B and below the marinl? un i t   i n   t he  
upper p a r t  of the Gates. On Babcock, t h i s  zone contains  four  
to f ive  seams, each w i t h  an average  thickness of approximately 

tops of fining-up  cycles. On Babcock, two of the seams i n  tbis 
2.5 to 3.5 metres. Typically, these coals  are  developed a t  the 

zone, seams E and G, w d g e   o u t   l a t e r a l l y  and are r'zplaced by 
channel  deposits. 

This zone occurs  between  the Upper Gates  marine  sands and the 

portant .  On Babcock there are three seams, A, B, and C, whi.ch 
Hulcross Member. Coals i n  it are   th in  and not  economically i m -  

r a r e l y  exceed 0.75 metre in  thickness.  Seam B, the middle 
seam, is the  thickest  and most pe r s i s t en t .  

PALEOCURRENTS 

Figures 4 to 7 show paleocurrent   data ,   p lot ted as a series of rose 
diagrams,  for  the  following  intervals: 

Transi t ion Beds:  Measurements i n   t h i s   i n t e r v a l  were made  on axe3  of 
symmetrical wave r ipp les ,  and f l u t e  and groove marks from th in ly  
bedded sandstones  that  were deposi ted  in  t h e  of fshore   a rea   as  a 
r e s u l t  of s torm  act ivi ty .  The axes of symmetrical wave ripples  give 
an  approximate  guide to the  trend of the  paleocoastl ine,   while  f lute 
and  groove marks ind ica te  the d i r ec t ion  of the paleoslope.  This 
data  suggests an average  east-northeast  - west-southwest  orientation 

paleoslope. The f l u t e  marks indicate   that   sediment  wazi derived from 
for   the  paleocoast l ine and a north-northwest - south-southeast 

the  southeast  . 
in the non-marine part of the Gates between the Tvbrrens Member and 
'Middle' Gates: D a t a  is from f luvial   sandstones and conglomerates 

the  conglomerate i n  the Upper Gates. Measurements wen? made o f  
trough  crossbedding,  planar  crossbedding,  pebble  imbri(:ation, and 

an  average  paleocurrent  direction to the north-northea,st  although 
the  alignment of logs from the  base of channels. The 'data ind ica t e s  

Pa r t  of the spread  in   paleocurrent   direct ions is from using 
the  range  includes  directions between  northwest and east-northeast ,  

d i f f e ren t   k inds  of pa leocurrec t   da ta   for   d i f fe r ren t   types  of f l u v i a l  
sys tems  in   th i s   in te rva l .  

from  the  conglomerate  below  the marine sands  in the upper p a r t  of 
'Upper' Gdtes Conglomerate:  This map shows paleocurrent information 

Measurements are from pebble  imbrication,  log  orientation, and 
the Gates and from conglomerate 3 on  Dumb Goat Mountain. 

planar  cross-bedding.  Conglomerate 3 on Dumb Goat  Mountain show a 
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PALEOCURRENT  DATA 

TRANSITION BEDS 

Figure 4. Paleocurrent data - Transltlon Beds. 
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PALEOCURRENT  DATA 
MIDDLE  GATES 

Figure 5. Paleocurrent  data - 'Mlddle' Gates. 
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Flgure 6. Paleocurrent  data - 'Upper'  Gates c o n g l m r a t e .  
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UPPER  GATES  MARINE  UNIT  AND  HULCROSS  MEMBER 
PALEOCURRENT DATA 

Flgure 7. Palmcurrent data - 'Upper' Gates rrmrlne u n l t  and Hulcross Umber. 
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paleocurren t   d i rec t ion  to the north,  while fur ther  to the  north  the 
average  direct ion is to the northwest.  Planar  cross-bedding from 

opposi te   direct ion,  toward  the  east-southeast.  This is in t e rp re t ed  
sandstones near the top of the  conglomerate  suggest  currents  in the 

destructive  phase a t  the  onset of marine  transgression which occurs 
to   represent   deposi t ion  associated  with  the start of the marine 

a t  the top of the  unit .  

( 4 )  Marine Units of the 'Upper'  Gates/Hulcross:  Paleocurrent 
measurements from these  intervals  were made  on the axes of 

conglomerates. The conglomerates  occur a t  the base of the Upper 
symmetrical wave r i p p l e s  from t h in ly  bedded  marine  sandstones  and 

Gates and Hulcross  marine  transgressions and are believed to !.E the 
r e s u l t  of  marine  processes. I n  addi t ion,  measurements were made  on 
the  long ax is  o r i en ta t ion  of large  pebbles   in  the ' l ag '   depos i t  a t  
the base of the Upper Gates  transgression on Babcock. 

In the Babcock  and Murray a reas   t h i s   da t a   i nd ica t e  an average  east-  
west trend  for the paleocoastl ine.  On Babcock, the data  suggest an 
east-southeast  - west-northwest  orientation  for  the  upper  Gates 
paleocoast l ine.  

DISCUSSION 

( 1 ) Gates Nomenclature 

The l a s t  comprehensive  description of Lower Cretaceous  s t ra t igraphy 
in   t he   Foo th i l l s  was that by S t o t t  ( 1 9 6 8 ) .  Since then, much  new 

companies.  Consequently,  there is a need for a review of the 
information  has become ava i lab le  as a r e s u l t  of d r i l l i n g  by coa l  

s t ra t igraphic   nomenclature .  Some of the  problems w i t h  regard to the  
Gates nomenclature are as follows: 

The type  section of the Gates (McLearn, 1 9 2 3 )  is in  the-Peace 
River Canyon, e a s t  of Hudson Hope. The Gates there  is 
predominantly marine and very   d i f fe ren t   in   charac te r  from the 
Gates fur ther  to the south  along  the  length of the  coalf ie ld .  

The Gates in   the  Peace  River  area  has  formation  status,  but i n  

member s ta tus   wi th in   the  Commotion Formation. 
the Pine  Pass and the Footh i l l s  to the south, it is given  only 

The Torrens Member i s  a name frequent ly  used for  a th ick ,  
re la t ive ly   cont inuous  marine sand i n  the lower part of the 
Gates. This  unit ,  however, has  not been formally  described and 
there  i s  some ambiguity  in  deciding which marine sand it r e f e r s  
to .  For  example, in   the   reg iona l   cor re la t ion   sec t ion   (F igure  
3 ) ,  does the Torrens Member re fe r  to the  sand  above or below 
coal zone 1 A, or  both? 

Eollowing  suggestions may be of value  in  a future   revis ion  of  
nomenclature: 
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( a )  The Gates is a su f f i c i en t ly   impor t an t   i n t e rva l   fo r  it to be 
given  formation s t a t u s  along  the  length of the coa l f i e ld .  

(b)  Several  marine  units  within  the  Gates can be recognized and 
correlated  over a f a i r ly   l a rge   a r ea .   (T race   fo s s i l s   a r e  
par t icular ly   useful   in   ident i fying  these  marine  uni ts) .  These 
uni t s   increase   in  number to the  north and are  replaced by non- 

u n i t s  be given member s ta tus   within the Gates Formation. The 
marine sediments to the  south. It is proposed that  these marine 

marine uni t   in   the  Upper Gates is p a r t i c u l a r l y  well developed i n  
the Babcock area i s  re fer red  to as   the Babcock Member  by Denison 
geologis ts .   This   uni t  is probably  equivalent to p a r t  of the 
Notikewan Wmber in  the  subsurface to the east. 

( 2 )  Paleocurrents 

Many of the  published  paleogeographic maps of the Lower Cretaceous 
show the main f l u v i a l  systems  trending  to  the  east  or northeast ,  ai: 
r i g h t  angles to t h e  t ec ton ic   s t r i ke .  These a re   f requent ly  
hypothe t ica l   d i rec t ions  and they   d i f fe r  from  measured paleocurrent 
direct ions  presented i n  t h i s  paper and those of Leckie ( 1981 ) for  i:he 
Gates north of the  Wolverine  River. Both s tudies  show a more 

paleocoastl ine  oriented  approximately  east-west.  
norther ly  component for the   f luvial   paleocurrents  and a 

Measured paleocurrent   data   indicates ,   therefore ,   that  the main 
drainage patterns in  the  Gates weke longitudinal,   subpara.l le1 to the 

d i r ec t ion  of flow of the  major  rivers is longi tudinal ,   sc ibparal le l  
t ec tonic   s t r ike .   In  the present  day Himalayan molasse basin,  the 

similar drainage  patterns  are found in  the  Gates, which  formed i n  a 
to   the   t ec tonic   s t r ike .  It is not   surpr is ing,   therefore ,   that  

s imi la r   t ec tonic   se t t ing .  

3 )  Conglomerates,  Tectonics, and Marine Transgressions 

The interdependence of sedimentation and tectonics  i n  mol.asse basi:ns 
has heen described i n  some d e t a i l  by Miall (1978).  I n  the Gates, 
three major conglomerates  are  recognized a t  cons i s t en t   s t r a t ig raph ic  
levels  throughout  the  area. These are   in te rpre ted  as ind ica t ing  
three  separate  phases of t e c t o n i c   a c t i v i t y  i n  the  source  area. 

~n the Gates, deposit ion of conglomerates 1 and 3 was followed by marine 

isostatic adjustment and increased  subsidence  in  the  foredeep  basin 
t ransgressions.  It is postulated  that   these  t ransgressions  rwulted from 

following  periods of increased  tectonic   act ivi ty .  Other f ac to r s  such  as 
sediment  supply and eustatic  sea  level  changes can also  cause a marine 
t ransgression.  me relative  importance of these  in  the  Gates has yet to  
be fu l ly   eva lua ted .  
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