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1. INTRODUCTION 

The Hat  Creek coa l f i e ld   con ta ins  low-grade coa l   depos i t s  which a r e  

t h e   t h i c k e s t  i n  the  world. The diamond d r i l l i n g  and geophysical  surveys con- 

ducted by B. C. Hydro o v e r   t h e   l a s t   s i x   y e a r s  have  indicated i n  excess  of 2 

b i l l i on   t onnes   o f   subb i tuminous   t o   l i gn i t i c   coa l .  

The c o a l f i e l d  i s  i n   t h e   I n t e r i o r  Plateau Dry Bel t ,   about  240 km NE 
of Vancouver  and conta ins  two, explored,  near-surface  coal  deposits  amenable 

to   surface  mining  (Figure 1). The ;Yo. 1 Deposit   contains  approximately 7 4 0  

mill ion  tonnes  of   coal  at  1 7 . 7 1  MJ/lcg or 7,600  Btu/lb a t  34.82% Ash and 24% 

Moisture. The No. 2 Deposi t   to   the  south  contains   appreciably more coa l  re- 

sources  a t  somewhat lower  grade,  but i t  has  not  been  explored s o  ex tens ive ly  

because  of i t s  h ighe r   s t r i pp ing  raC.0.  Therefore,  most of the explora t ion  

act ivi t ies   to   date   have  been  directed  towards  the  development  of the No. 1 

Deposit. 

The No. 1 Coal  Deposit has: been se l ec t ed  as the  source of f u e l   f o r  

a proposed 2,000 MW thermal   powerplmt  to   be  bui l t   about  5 !a e a s t  of the 

depos i t .  

The purpose of th i s   pape r  is t o  summarize the   da ta   ob ta ined  from t h e  

diamond d r i l l i n g  and the  geophysical   logging  in   the No. 1 Deposit  between 1974 

and 1 9 7 9 .  An attempt is made to   explain  the  deposi t ional   environment  of the  

Hat  Creek coal  measures.   Sicce  the  understanding of the  deposi t ional   environ-  

ment i n  a pa r t i cu la r   bas in  is es sen t i a l ly   an   eva lua t ion   o f   a l l   t he   geo log ic  

p rope r t i e s  of the   a rea ,   the   ava i lab le   geologica l   in format ion   in   the  No. 1 

Deposit  has  been  compiled on t h e   b a s i s  of c o n s i s t e n t   c r i t e r i a .  This inc ludes  

d a t a  on the   l i t ho logy  of the coal measures ,   th ickness   and  areal   d is t r ibut ion 

of   the   c las t ic   sed iments ,  and  on the  changes i n  the  megascopic   s t ra t igraphic  

p ro f i l e   based  on geophys ica l   cor re la t ion .  The palyno-petrographic  relation- 

sh ip  and detai led  sedimentological   aspects   are   not  examined i n   t h i s   p a p e r .  

Such studies  should  provide  important:   information  relating  the  causal  vegetal  

and  chemical  responses of the   coa ls  t:o environmental  changes. 

Extensive  deposi t ion of s u r f i c i a l   m a t e r i a l s   d u r i n g   d e - g l a c i a t i o n   l e f t  

most  of  the  area  of  the Upper Hat Creek  Valley  devoid of bedrock  exposures. 

S t r u c t u r a l  and s t r a t ig raph ic   f ea tu re s   a r e   h idden   benea th   g l ac i a l   depos i t s   and /o r  
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post-Eocene  volcanics. A s  a r e s u l r ,  the geo log ica l   i n t e rp re t a t ion  of t h e  Hat 

Creek coa l   bas in  has been  based  primarily on d r i l l i n g  and  geophysical  data.  

Because of th is ,  any explanat ion of the   deposi t ional   environment   detai ls  is 

t e n t a t i v e   u n t i l   t h e   d e p o s i t s   a r e   s t r i p p e d   f o r  development. 

2. PHYSIOGRAPHY AND GEOLOGICAL OUTLINE 

2 . 1  Physiography 

When measured i n  a nor th-south   d i rec t ion ,  the upper  Hat  Creek  Valley 

i s  24  km long  and 3 . 6  km wide. The va l l ey   r anges   i n   e l eva t ion  from 820 m t o  

1,280 m. The mountains  bordering the v a l l e y  on the e a s t  and west a re   e leva ted  

t o  2,050 rn and 2,300 m ,  respec t ive ly .  Hat  Creek with a width of 5 t o  10 m 
flows  northward  and  turns  north-easterly  to merge with  the  Bonaparte   River   north 

of Cache Creek. The  Thompson and Fraser Rivers, both   f lowing   to   the   south ,  

a r e  19 and 22 km re spec t ive ly  from  the Hat Creek  Valley. 

As  an  introduct ion  to   the  deposi t ional   environment  of t h e   T e r t i a r y  

c o a l   b a s i n   i n   t h e  No. 1 Deposit, it may be   necessary   to  examine b r i e f l y   t h e  

geology  of  the Hat Creek Val ley (Figure 2) .  

2 . 2  Regional  Stratigraphy 

The strat igraphic   sequence shown in   Table  1 covers a span of over 

200 mi l l i on   yea r s  of sedimentation  processes and i g n e o u s   a c t i v i t i e s   i n   t h e  

v i c in i ty   o f   t he  Upper Hat Creek  Valley. 

The l o w e s t   s t r a t i g r a p h i c   u n i t  is the   Pa leozoic  Cache Creek  Group, 

which has  been  divided  into  l imestone  of  the  Marble Canyon Formation and  Green- 

s tone.  The limestone was intruded by the  Mount Mart ley  s tock of J u r a s s i c  o r  

Cretaceous  age which is  composed of granodior i te   and   tona l l i t e ,   coeval   wi th  

the  Lyt ton  Bathol i th .  The s tock  is  #overlain  unconformably by  Lower Cretaceous 

andes i t e  and b a s a l t  of the  Spences  Bridge Group. The Kamloops Group is  of 

Eocene Age. Deposi t ion  of   this   uni t  began with  volcanic   erupt ions of lavas  

and py roc la s t i c s  composed of r h y o l i t e ,   d a c i t e  and b a s a l t .  The vo lcan ic   p i l e  

is ove r l a in  by c l a s t i c   r o c k s  composed mainly of conglomerate,  sandstone  and 

s i l t s t o n e  of the  Coldwater  Formation.  Lying  conformably  over  the  Coldwater 
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Table 1 

Period 

ouaternary 

rertiary 

I 
1 
? 

REGIONAL STRnTIGRAPhY - PAT CREEK COAL BASIN 

Epoch 
Thickness 

(m) Pack Types 

Not 
Alluviuo,  Colluvium, fluvial sands  and gravel: 

Determined 
slide debris, lacustrine sediments. 

Glacial till,  glaeio-lacustrine  silt, glacio- 
iluvial sands and  gravels.  land  slides. 

Unconformity 

niocene Basalt. olivine basalt (13.2 m.y.), andesite, Not Plateau Basalts 7 - 26 
Determined vesicular basalt. - 

Miocene or 
Middle 
Eocene '1 

Late Eocene I 

Kiddle 36 - 42 
Eocene 

Eocene 43.6-49.! 

Unconfomity (?) 

Finney Lake 
Formation  Determined 

Lahar, sandstone, conglomerate. 

I Unconfotmity 

I Paraconformity 

Hat Creek Coal 
Formation $50 

Mainly coal with intercalated  siltstone, clay- 

Caldwater 

Stone. sandstone and  conglomerate. 

Formation 
375 Siltstone, claystone, sandstone, conglomerate, 

minor coal. 

or Nonconformity 

I I 

I Not ! Rhyolite,  dacite,  andesite,  basalt and 
Determined  equivalent  pyroclastics. 

Unconfornit.y (E!cKay 1925; Duffell b McTagpart 1952) 
.. - 

Coniacian 
to 

88.3t3 

Aptian ** Cretaceous 

Andesite. dacite, hasalt,  rhyolite; tuff Spences Bridge Grou 1roc 
l0.y. breccias,  agglomerate. Determined 

or 
Later Erosional Ifnconformity  (Duffell b XcTaggart  1952) 

1 98 I Mount krtley - 

Stock 
Granodiorite,  tonallite. 

Determined 

Intrusive Contact  (Duffell 6 McTaggart  1952) 

1 I Cache Creek Group: 

250-330 1 Marble Canyon Not Marble.  limestone. argillite 
Formation Determined 
Greenstone Greenstone.  chert.  argillite: minor limestone A0 t 

Dctemined and quartzite, chlorite schist,  quartz-mica, 
rchis t . 

Based on palynology by Rouse 1977 

** Based on plant  fossils by Duffell 6 ElcTapgart 1952. 
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Formation i s  the  coal-bear ing,  over' 't57, m thick,   Hat  Creek  Coal  Formation. 

The coa l -bea r ing   s t r a t a   a r e   ove r l a in  i n  apparent  paraconformity by the  

Medicine  Creek  Formation,  which is made up  of  monotonous lacustr ine  sediments ,  

with  over  550 m i n  t rue   th ickness .  The Finney  Lake  Formation  represents  the 

uppermost s t r a t i g r a p h i c   u n i t  of the  Kamloops Group i n  t h e  Hat  Creek coa l   bas in .  

It o v e r l i e s  unconformably t h e  Medicine  Creek  and/or Hat Creek  Formations  and 

c o n s i s t s  of lahar  beds  above  and  sandstone  and  conglomerate  beds  below. 

General ly ,   the  above-mentioned sediaentary  rocks are semi-indurated  and 

der ived from the  underlying  igneous,   sedimentary and  metamorphic  assemblages. 

The youngest  volcanic roclcs i n   t h e  area a r e   o l i v i n e   b a s a l t ,   b a s a l t ,  

ves i cu la r   basa l t ,   andes i t e   ( l oca l ly : )  and the   equiva len t   pyroc las t ics ,  a l l  of 

the  Miocene Epoch. A f low  or  dyke  of  these  rocks  occurs  in  the  headwall  of 

t he   ac t ive   s l i de   no r thwes t   o f   t he  No.  1 Deposit. 

During the   P le i s tocene  Epoch t h e   e n t i r e  Hat Creek area,   a long  with 

much of  the   In te r ior   P la ins ,   undewe.n t   ex tens ive   g lac ia t ion .   This   resu l ted  

in the   deposi t ion  of  a v a r i e t y  of g l a c i a l  and glacio-f luvial   sediments ,  

ranging   in   th ickness  from a few metres   to  200 m. 

2 . 3  Regional   Structure  

The Hat Creek coa l   bas in  l ies  i n  a north-trending  topographic  depres- 

s ion   wi th in   the   south-wes t   par t  of the  Intermontane  basin of t h e  Canadian 

Cord i l l e r a .  The Fraser  River  separates  the  Intermontane Belt from the  Coast 

P lu tonic  Complex. During  the Eocene  Epoch, non-marine,  synorogenic  and 

syn tec ton ic   c l a s t i c   s ed imen t s  were deposited,   preceded and possibly  succeeded 

by the  accumulation of sub-aer ia l   vo lcanics .   Mid-Ter t ia ry   e ros iona l   ac t iv i t ies  

resu l ted   in   widespread   sur faces  of low r e l i e f .  The main physiographic   features  

of  t h e  Fraser and Thompson r i v e r  dra;lnage  systems were well e s t a b l i s h e d   a t   t h i s  

time. 

The genera l   s t ruc ture   o f   the   Ter t ia ry  Coal  Basin i n   t h e  Hat  Creek 

Valley i s  a graben,  flanked on e i t h e r   s i d e  by g rav i ty   f au l t s .   Th i s   i n t e rp re -  

t a t i o n   o f   t h e   s t r u c t u r e  i s  based on the   reg iona l   t ec tonic   t rend  and the  

ava i lab le   geologica l   records .  
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This graben is formed p r i n c i p a l l y  by  downward  movement on a s e r i e s  

of no r th - sou the r ly   t r end ing   t ens iona l   f au l t s .   T ransve r se   f au l t s   t r end ing  

north-west   have  local ly   offset   the  :graben. 

3. GEOLOGY OF NO. 1 DEPOSIT 

Figure 3 r e f l e c t s  an inte .cpretat ion of the  subsurface  geology of 

the  No. 1 Deposit  based on data   obtained from the  152 m g r i d   p a t t e r n  of 

diamond d r i l l i n g   f o r  496 holes   to ta i l l ing  78,236 m i n  t he   v i c in i ty   o f   t he  

No. 1 Deposit. 

3 .1   Local   Strat igraphy 

The sed iments   in   the   a rea  of the  proposed  open p i t  have  been  divided, 

i n   a scend ing   s t r a t ig raph ic   o rde r ,   i n to   t h ree   fo rma t ions :  The Coldwater Forma- 

t i o n   ( r i v e r   d e p o s i t s ) ,   t h e  Hat  Creek  Coal  Formation (swamp depos i t s ) ,  and t h e  

Medicine  Creek  Formation ( l acus t r ine   depos i t s ) .   I nd iv idua l   rock   t ypes   w i th in  

these  three  formations  have  been  adequately  described by Campbell, Jory and 

Saunders (CIM Vol. 70, No. 782,  197;’). 

Based on l i t h o l o g i c a l  and geophysical   logs  and core   qua l i ty ,   four  

zones, A ,  B ,  C and D, were  recognized  within  the Hat Creek  Coal  Formation. 

Further  work i d e n t i f i e d  two distinct:  waste  zones  between A and B ,  and  between 

B and D, which  have  been  correlated  over  most  of  the  deposit. The genera l  

c h a r a c t e r i s t i c s  of these   zones ,   in   descending   s t ra t igraphic   o rder ,   a re  

tabula ted  below. 

Table 2 

General ized  Strat igraphic   Divis ion 

Hat  Creek  Coal  Formation 

Zone Thickness (m) Remarks - - 
A 

A6 

B 

c1 
C 

D 

110 - 225 

0 - so 
50 - 70 

0 - 170 
15 - 60 

60 - 100 

62% coal  (15.46  MJ/kg) 
38% waste 

Mostly  waste 

Mostly  coal(16.60 MJ/kg) 

Mostly  waste 

Mixed coa l  and  carb. clst.  
13.72 MJ/kg 

Clean coa l  (21.12 MJ/kg) 

De ta i l ed   s t r a t ig raph ic   co r re l a t ion  of t h e  Hat Creek  Coal  Formation 
is  descr ibed   in   the   succeeding   chapter .  
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3 . 2  Local   Structure  

As may be   subs t an t i a t ed   fu r the r  by the   s t ruc tura l   contour  map of  the 

base  of  the  lowermost  coal layer, D-Zone (Figure 4 1 ,  the  main s t r u c t u r e  of 

No. 1 Deposit is charac te r ized  by a broad   sync l ina l   fea ture ,   the  Hat  Creek 

Syncline. I t  s t r ikes   nor th-south  and p lunges   souther ly   a t  15 t o  25'. The 

trough of t h e  sync l ine  is r e l a t i v e l y  open i n   t h e   n o r t h  and r a p i d l y   c l o s e s   i n  

the  south.  The west limb is fa i r ly   cont inuous  and d ips  20' t o  40' t o  t h e   e a s t  

The eas t   l imb ,  which p a r a l l e l s   t h e   s y n c l i n a l   a x i s ,  i s  modif ied  to  a broken 

an t i c l ine   w i th   d ips   s t eepen ing   t o  7C t o  90°, and p a r t i a l l y   t r u n c a t e d  by the  

north-westerly  trending "Creek Fault"  (Figure 1 3 ) .  The Hat  Creek s y n c l i n a l  

s t r u c t u r e  is t runca ted   in   the   south  by the   nor th-eas te r ly   t rending  "Finney 

Fault".  

0 

0 

The Harry  syncline  immediately  east   of  the  Creek  Fault   str ikes 

N 20' W and  plunges  gently  to  the  southeast .  It is  a l so   t runca ted  by the  

Finney  Fault. 

The Finney  Fault is one of the  major  tectonic  elements  modifying  the 

s t r u c t u r e  and  coal  reserves of No. 1 Deposit. Movement occur red   a f t e r  forma- 

t i o n  of t h e  Hat Creek syncline  and  preceded  the  Creek  Fault. The Finney  Fault 

i s  o f f s e t   i n   p l a c e s  by secondary   ob l ique   t ranscur ren t   fau l t s ,  i .e .  Creek Fau l t ,  

Harry  Faul ts  No. 1-6. 

The Aleece Lake fau l t   sys tem  in   the   southwes t   par t  of the   depos i t  is 

a l s o  a s i g n i f i c a n t   t e c t o n i c   f e a t u r e   r e s u l t i n g   i n  numerous i n t e r n a l   t h r u s t  

f a u l t i n g  and loca l   over turn ing  of por t ions  of the  "A" coal  horizon  (Figs.12 h 2 3 ) .  

4 .  DETRITAL SEDIMENTATION I N  19AT CREEK BASIN 

Deposit ion of the  basal  c1,sstic  sediments  (Coldwater  Formation)  below 

the  coal  measures i s  in t e rp re t ed  as ,occur r ing   in  a narrow,  intermontane  lake 

basin.  The na tu re   o f   t he   de t r i t a l   s ed imen ta t ion  is i l l u s t r a t e d   i n   t h e   l i t h o -  

f a c i e s  map (Figure 5 )  and  the  schema.tic  paleographic  profile  (Figure 6 ) .  It 

is composed of conglomerate ,   sandstone,   s i l ts tone and claystone and  minor coal  

l e n s e s   o r  pods. 

Figure 5 i n d i c a t e s   t h a t   f i n e   c l a s t i c s ,   w i t h   g y t t j a   m a t e r i a l s ,   s u c h  

as carbonaceous  claystone, occupy t h e   c e n t r a l   p o s i t i o n  of the   bas in .  They 
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are   f lanked  by a reas  of s i l t s t o n e ,  which in   tu rn   a re   bordered  by sandstone and 

pebbly  conglomerates.   Macroscopically,   the  conglomerate  exhibits  poor  sorting. 

The coa r se   c l a s t i c   s ed imen t s  are more pronounced i n   t h e  west. These f e a t u r e s  

i n d i c a t e   t h a t   t h e   l a t t e r  were c a r r i e d   i n t o   t h e   b a s i n  by surrounding  streams. 

The f low  ve loc i ty  and capac i ty  of the  s t reams w a s  h ighe r   i n   t he  west t h a n   i n  

t h e   e a s t  and can   be   r e l a t ed   t o   t he   r eg iona l   up l i f t   t o   t he   wes t .  

It i s  noted  that  the c e n t r a l   a r e a  with f i n e   c l a s t i c s  and carbonaceous 

mater ia l s   co inc ides ,  more o r   l e s s ,   w i t h   t h e  main a rea  of coa l   depos i t i on   i n  

t h e  No. 1 Deposit. 

5. DEPOSITION OF THE HAT CREEK COAL MFASURES I N  A LIMNIC ENVIRONMENT 

The Hat Creek coa ls  were formed i n  a limnic  environment;  no  marine 

f o s s i l s  have  been  found t o   d a t e .  At the   incept ion  of peat   deposi t ion,   fol lowing 

coa r se   de t r i t a l   s ed imen ta t ion ,   t he   a r ea  now  known as t h e  Hat  Creek  Region was 

genera l ly  a broad  north-trending marsh w i t h   l i t t l e   o r  no c i rcu la t ing   water .  

The cl imate  a t  that   t ime was sub-tropical  in which p l an t s   f l ou r i shed ,  growing 

near   the   water   t ab le .  The favourable   c l imat ic   condi t ion  a ided by the  s lowly 

sinking  basin  throughout  the  period of D-Zone depos i t ion   accounts   for   the  

immense thickness  of t he   v i r tua l ly   un in t e r rup ted   coa l  mass.  During t h i s  

period,  the  accumulation o f  t he   vege ta l  matter was balanced by subsidence 

(Figure 6). 

When equi l ibr ium was d is turbed  by r ap id   s ink ing ,   t he   a r ea  was cyc l i -  

ca l ly   f looded  by f resh   water ,   l ead ing   to   the   depos i t ion   o f  numerous rock  inter-  

beds in   the   coa l   measures ,   fo l lowing   the   depos i t ion  of "D" coal zone. 

Along wi th   in te rmi t ten t   bu t   s low and progressive  subsidence,   there  

formed a region of  lower   re l ie f  on t'ile west and  southwest  of  the  present  coal 

basin,  which  encouraged  the  development of the  drainage  pat tern  northwards.  

The peat  that  accumulated  along  the  :southwest  margin was not  of the  normal 

banded variety,   but  of  hypautochthonous  (semi-drifted)  origin due t o  a mixing 

of t he   p l an t   deb r i s  by the   i n t e rmi t t en t   ac t ion  of running  water. This is  

s u b s t a n t i a t e d  by the   fac t   tha t   carbonaceous   sha le   o r   the   coa ls   in  C-Zone 

general ly   grade  to   c laystone  both  hOriZOnta1ly  and  ver t ical ly   ra ther   than 

forming   d i scre te  seams. Most o f   t h e   d e t r i t u s   c a r r i e d  by the  s t ream was 
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deposi ted  near  the margin,  but  very  finely  suspended  quartz  grains  were  carried 

i n t o   t h e   c e n t r e  of the  basin  (Figure 7 ) .  Therefore ,   the   west  and  southwest  of 

the  "Hat Creek No. 1" peat   basin w a s  f o r   t h e  most par t ,   innundated by t h i s  

system  during  the  post  &Zone depos i t iona l   per iod .  This r e s u l t e d   i n  a rap id  

f a c i e s  change  from "main coa l "   t o  "main g y t t j a  and  rock"  towards the  south- 

west pa r t i cu la r ly   i n   rock  member u n i t s  C 1  and A6 (Figures 10  & 11). This 

f u r t h e r   i n d i c a t e s   t h a t   t h e  C1 and A6 rock members might  have  been  deposited  at 

the  same time as   those  of the  peat sequence i n  t h e  main  Hat  Creek  marsh  towards 

the  north.  It may a l s o   b e   t h a t  a stagnant  morass,  o r  t h e   i n i t i a l   p e a t ,   t h a t  

deposi ted on the  edges of the   bas in ,  was p a r t i a l l y  or t o t a l ly   e roded  by the  

stream and tha t   the   depress ion  was f i l l e d  by  sediment. The r e su l t i ng   " cu t  

and fill sedimentation" is exemplified by the C 1  and A6 rock   un i t s  which 

might   have  var ied  with  locat ion and time during  the  per iod  of   peat   deposi t ion 

and was dependent on the environmental  changes  caused by va r ious   f ac to r s   such  

a s   c l i m a t e ,   t h e   r a t e  of subsidence,   quant i ty  and grain  s ize   of   the   sediment  

load ,   runoff ,   e tc .   (F igures  2 3 - 2 5 ) .  The isopach maps f o r   t h e  A6 and C1 waste 

zones   ind ica te   c lear ly   the   souther ly   th ickening  of the   sed iment   in f lux   a f fec ted  

by the  stream  having meandered northwards  (Figures 8 & 9) .  

In t h e   c e n t r e  and n o r t h e a s t   p a r t s  of t h e   p e a t   b a s i n ,   t h e   r a t e s  of 

subsidence and deposit ion  were  about  equal  and  the  effect  of t h e   s i l t y   s e d i -  

ment from the  western  s t ream was minimal. This s i tua t ion   a l lowed   fo r   t he  

cont inued,   uninterrupted  accumulat i 'm of p l an t   deb r i s .  The p e a t   d e p o s i t   i n  

the nor theas t  was v i r t u a l l y   f r e e  of ex t raneous   minera l   mat te r ,   i . e .   c lay  or 

silt.  The In t e r io r   P l a t eau   r eg ion  was a f f ec t ed  by v o l c a n i c   a c t i v i t y ,  con- 

temporaneous  with  the H a t  Creek pea t   depos i t ion .  Dust and ash  composed p r i -  

mar i ly   o f   very   f ine   pyroc las t ics  we're e j ec t ed  from volcanic  vents and blown 

i n t e r m i t t e n t l y   o v e r   l a r g e   p o r t i o n s  (of t h e  Hat  Creek  peat  basin. The volcanic  

ash was accumulated  over  the  plant  debris or peat  body and later decomposed 

t o   b e n t o n i t e  and o ther   c lays .  The widespread  occurrence  of  ash  beds  in  the 

coal   measures   ref lects   these  episodic   volcanic   erupt ions.  

Pa lynologica l   ana lys i s   o f  65  samples  from  the No. 1 Depos i t   ind ica tes  

t ha t   t he   coa l - fo rming   p l an t s ,   a t   t he   i ncep t ion  of the peat  basin,   were sub- 

t ropical   types   of   a lnus,   walnut  and  fungus,  growing  under  moist  or  waterlogged 

condi t ions  (D coa l   hor izon) .  A s  t h e  Eocene Epoch (or possibly  Early Miocene) 

drew t o  a c lose   the   c l imate   cooled ,  s o  t h a t   t h e   c h a r a c t e r  of t h e   p l a n t   l i f e  

gradual ly  changed  from mois ture- lovhg  vege ta t ion   to   mass ive  tree types  such 
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as a lder ,   cypress ,   p ine  and oak,  growing  under r e l a t ive ly   d ry   cond i t ions  ("A" 

coal   horizon) .   Table  3 summarizes t h e  palynomorph  assemblages  from  Hole 74-44 

determined by D r .  G. Rouse, U.B.C. (1976). A palynological  correlation  between 

holes  74-44 and 76-136 i s  shown on Figure  19. 

The c lose  of the  coal-deposi t ional   phase was followed by a pronounced 

reg iona l   s ink ing  of t he   bas in   r e su l t i ng  i n  the  deposi t ion of a th i ck   l aye r  of 

lake  sediments.  Accumulation  of  this  uniform  sequence  of  lake silts up t o  

550 m thick  continued f o r  an  undetermined time (Figures 6 & 10) .  

6. CORRELATION 

6.1 General 

The Hat  Creek  Coal  Formation was i n i t i a l l y   d i v i d e d   i n t o   s i x  main zones: 

A ,  the  rock member between A and B ,   B ,  C and D by Dolmage Campbell & Associates 

(1976). These zones   were   fur ther   c lass i f ied   in to  1 4  subzones i n  the   recent  

r epor t  by Cominco-Monenco J o i n t  Ven.ture  (1979). Our cur ren t   geologica l   s tudy  

of t h e  No. 1 Deposit  based on geophysical  logs  has  recognized a t o t a l  of 1 6  

s t r a t i g r a p h i c a l l y   c o r r e l a t a b l e   h o r i z o n s :  A l ,  A2, A3, A4,  A5,  A6, B1, B2, C 1 ,  

C 2 ,  C3, C 4 ,  D l ,  D2, D3, and D4 (Figures  12  & 13) .  

6.2 Geophysical  Correlation Methodology 

The c o n t r a s t   i n   p h y s i c a l   p r o p e r t i e s  between  coals  and waste rocks 

of fe rs   an   accura te  and  convenient method of obtaining  sub-surface  information 

on the coal measures ,   espec ia l ly   depth   to   the   top  of bedrock,   l i thologic   iden-  

t i f i c a t i o n ,   d e p t h  and th ickness   o f   hd iv idua l   coa l   beds ,   genera l   hea t ing   va lue  

and ash  contents  of coals .  

The types of geophys ica l   l ogs   t e s t ed   i n   t he  Hat Creek  Coal  Deposit 

were Gamma Ray, Bulk  Density,  Resistance,  Caliper,  Focused Beam, Se l f   Po ten t i a l  

and  Acoustical. The  two most useful   logs were the  natural   Gama Ray and  Bulk 

Density,  which  could  be  applied  through  the d r i l l  stem. The o the r   l ogs  were 

of l imi ted   appl ica t ion   because   they   could   on ly   be  run i n  open holes.  

A marked c o n t r a s t  between coa l s  and  waste  materials on the  Gama Ray 

and  Bulk  Density  logs  leads  to  an  accurate  (depthwise),   unbiased,  graphic 

p re sen ta t ion  of the  coal  measures. 
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Based on the   var ious  API (American  Petroleum I n s t i t u t e   u n i t )   r a n g e s  

from the  Gamma Ray log ,   the   rocks  an.d coal   within  the  formation were c l a s s i f i e d  

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

i n t e rp re t a t ion   (F igu re   14 ) .  The formations  were  cross  checked  against  Bulk 

Density  values.  

- Table 4 

The f i v e  API ranges  tentat . ively  correspond  to  the  following  ash- 

thermal  values;  

- API Colour - Descript ion 

0 - 15  Black  Coal:  (22% Ash, 22.0  kJ/kg  db) 

15 - 25 Orange Coal:  (22.0-40.0% Ash, 22.0-16.0 kJ/kg  db) 

25 - 35 Blue Coal:  (40.0-60.0% Ash, 16.0-9.5 kJ/kg  db) 

35 - 45 Green Coaly shale  and/or  carbonaceous  shale 

+45 Yellow  Cl.aystone, s i l t s tone ,   conglomera te ,   sha le ,  

sandstone, marl, p e t r i f i e d  wood, volcanic  ash.  

6.3 Correlation  of  Coal  Measures - 

The l i t h o f a c i e s  change  frcm coal   to   rock  as   ment ioned  in   the  preceding 

chapter  is pronounced to   the   south  o f  Sect ion T and t o   t h e   e a s t  of 17E. This 

l i t h o f a c i e s  change i n t h e   s o u t h e r n   s e c t o r   o c c u r s   i n   a l l   s t r a t i g r a p h i c   s u b z o n e s .  

Re l i ab le   s t r a t ig raph ic   co r re l a t ion   can   be  made based on the   geophys ica l   c r i -  

teria (Table  4),   except  the  area  of  the  extreme  l i thofacies  change  which is 

compounded by s t ruc tura l   deformat ion   due   to   fau l t ing .  

&Zone 

D-Zone r ep resen t s   t he   i n i t i a l   pea t   depos i t i on  which  continued  uninter- 

rup ted   in   the   s lowly   s ink ing   bas in .  It v a r i e s   i n   t h i c k n e s s  from  60 m to   100  m 

and con ta ins   t he   bes t   qua l i t y  of c o a l   i n   t h e   e n t i r e  Hat  Creek  coal  measures. 

The &Zone coa l  is commonly b lack ,   hard ,   b r igh t ,   b reaks   wi th   conchoida l - f rac ture ,  

and contains   prominent   bands  of   vi t r ini te .  A t  i t s  base   there  i s  a pronounced 

t r a n s i t i o n  from  green-coloured  claystone/siltstone,  to  dark-coloured  mudstone  or 

coa l .  Such coaly  mudstone a t   t h e   b a s e  of D-Zone i n d i c a t e s   t h a t   t h e  Hat Creek 



peat  was depos i t ed   i n  a eutrophic  lake  environment.  The contact  between D 

and C-Zones i s  charac te r ized  by p e t r i f i e d  wood and i ronstone.  This marker- 

horizon is pronounced i n  Gama-Density  logs  because  of  their   different  densit ies.  

The geophys ica l   logs   for  D-Zone are   in   sharp   cont ras t   wi th   the   over -  

l y ing  C-Zone. The D-Zone coa l   genera l ly   conta ins  very few rock  par t ings  except  

f o r  some s i d e r i t e   o r   p e t r i f i e d  wood, s o  tha t   the   v i sua l   (macroscopic)   d i f fe r -  

e n t i a t i o n  of D into  fur ther   subzones is not   wel l   def ined .  However, geophysical 

cor re la t ion   d i scerns   four   subzones   as   fo l lows:  

D l :  This horizon is  readi ly   d i s t inguished  on the  geophysical   log 

throughout   the  deposi t .  A ser ies   o f   h igher   gama-dens i ty   va lues   to   the  

r i g h t  of t h e   c h a r t   s h i f t s   t o   t h e   l e f t  i n  the  good D-Zone coal .  Near t h e  D l  

hor izon.   there  i s  g e n e r a l l y   p e t r i f i e d  wood o r   i rons tone   s e rv ing  as a marker 

horizon. 

D2: Not prominent,  but may be marked by a higher  gamma value (15 - 
20 API range)  below D l .  

D3: Genera l ly   i den t i f i ed  by a r e l a t ive ly   h igh  gamma va lue ,  20 API 

below t h e  D2. 

D 4 :  Distinguished  throughout  the  property,  commonly i d e n t i f i e d  by 

the   h ighes t   gama  va lue ,  25-30 API immediately  above  the  base  of D. 

C-Zone 

C-Zone i n d i c a t e s  a hypaut,xhthonous  peat  accumulation, which  followed 

the   depos i t i on  of  D-Zone. Its lower members r ep resen t   t r ans i t i ona l   pe r iods  

due t o   t h e   i n f l u x  of f l u c t u a t i n g  amounts  of  sediments,  as  reflected by numerous 

in t e rbeds   o f   c l ays tone ,   s i l t s tone  and sandstone. 

C1: This un i t   cons i s t s   e s sen t i a l ly   o f   c l ays tone / s i l t s tone ,   s ands tone ,  

conglomerate,  and  occasionally  minor  carbonaceous  shale.  Table 5 shows t h e  

vary ing   th ickness  of t h i s   s u b - u n i t   i n   d i f f e r e n t   s e c t i o n s .  

C2: This   hor izon   represents   the   base   o f   the  C 1  stream bed as mentioned 

above, marked  by a band  of p e t r i f i e m i  wood. 
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" 
Table  5 

Hole No. 

127 

240 

248 

171 

44 

259 

51 

137 

132 

249 

176 

236 

179 

173 

237 

241 

THICKNESS  VARIATION OF C1 ZONE 

True  Thickness 
Section of C l ( m )  

S +80 

T +160 

T +90 

T +70 

U 75 

U 75 

U 130 

U +loo 

U +loo 

V +17 0 

V +170 

w 120 

w +120 

w +120 

X +14 0 

Y +170 

Composition 

S . S . ,  cgl., 
slst. 

Slst., S . S .  
cgl,  carb.sh. 

Clst. 

S.S., slst. 

S . S .  

Clst, 8 . 5 .  

some  carb. sh. 

Slst., S.S. 
some  carh.sh. 

Clst., slst., 
cgl. 

Clst.,  slst., 
cgl. 

Slst., S.S. 
cgl.,  some  carb. 

Slst., S.S.  

cgl.,  some  carb. 

Clst., S.S. 

cgl. 

Clst.,  slst., 
some  carb.sh. 

Slst., S.S. 

Slst., 8 . 8 .  

minor  clst. 

S . S . ,  cgl. 
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C3: A band of c l a y s t o n e / s i l t s t o n e  or  locally  sandstone/conglomerate 

marks th i s   ho r i zon .  

C4: The h ighes t  gamma r.ay va lue  of 55 API is obtained  immediately 

above  the good D c o a l  zone  and mar..ts t h i s   c l a y s t o n e   o r   s i l t s t o n e   h o r i z o n .  

B-Zone 

B-Zone consists  mainly of  coal   with  minor   interbeds of  carbonaceous 

c lays tone .  It r anges   i n   t h i ckness  from 50 m t o  70 m and t e n d s   t o   t h i n   t o   t h e  

south.  Sub-division  of B was base'd on the   fo l lowing   geophys ica l   c r i t e r i a :  

B 1 :  This  horizon i s  the  bottom  of  the A6 c lays tone /s i l t s tone   bed ,  

which shows conspicuously  high gamma and dens i ty   va lues  i n  c o n t r a s t   t o   t h e  

under ly ing   coa l  zone. The mixture of  low-grade coa l  and  carbonaceous  shale 

in   t h i s   ho r i zon   r ep resen t s   t he   t r ans i t i ona l   phase ,  where t h e   r a t i o  of t h e   c o a l  

i n t e r b e d s   t o  waste pa r t ings   i nc reases ,  i n  general ,   towards  the  top,   denoting 

an  end  of the  peat   deposi t ional   phase.  

B2:  The d iv i s ion  of B2 i s  made on the  midpoint of the  B c o a l  zone, 

present ing  a high gamma r a y   s h i f t  (45-50 API range).  

A-Zone 

Deposit ion  of A-Zone was in t e r rup ted  by per iodic   f looding   or   sed i -  

ment i n f l u x  from the  south.  This is r e f l e c t e d   i n   t h e  numerous l i t h o l o g i c  

in t e rbeds  i n  t h e  coal  measures and the i r   i nc reas ing   t h i ckness   i n   t he   sou th .  

There are   about  20 rock   par t ings   ranging   in   th ickness  from 1-10 m i n  t h e  

A c o a l  zone.  For th i s   s tudy ,   s ix   cor re la tab le   hor izons   a re   p resented .  

A l :  This hor i zon   r ep resen t s   t he   base   o f   t he   t h i ck   l acus t r ine   s t r a t a  

(Medicine  Creek  Formation),  denoting t h e  terminat ion of t h e  Te r t i a ry   coa l  

d e p o s i t i o n   i n   t h e  Hat Creek  area. 

A2: This hor izon   represents   the   base  of t he   t h i rd   c l ays tone  bed 

including  carbonaceous  claystone,  viewing from the  top  to  the  bottom. API 
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uni t s   range  from 45-50. The sharp  contact   wi th  the  underlying good coa l  se- 

quence i n d i c a t e s  an abrupt  flooding  condition  which  caused a temporary  pause 

i n  pea t   depos i t ion .  

A3: This  horizon  represents  the  upper limit of the  third  major  

c l a s t i c   s ed imen t s   i n   descend ing   s t r a t ig raph ic   o rde r  from N. The claystone 

or sandy  bed  thickens  to more than 20 m. The sharp   contac t  of t h i s   was t e  

bed w i t h  the  lower  coal  sequence  indicates  an  abrupt  f looding  condition 

which  discontinued  the  peat  deposit ion.  

A 4 :  This horizon is  the  base of  a s i g n i f i c a n t   c l a y s t o n e  or sil t-  

s tone  bed  (55 API) below the  A3 horizon. 

A5: The A5 horizon is sharply  def ined by claystone or sandstone 

below the  A4 horizon;  Gamma, 50 API and  Density, minimum 1.8 gramsfcc. 

A6: A6 marks  the  second  major  sediment  influx i n  the  Mat Creek coa l  

depos i t  - t h e   f i r s t  one  being C 1  which i n d i c a t e s  a break   in   pea t   depos i t ion  

between B2 and C2 coa l   hor izons .  Tne t h i ckness   va r i a t ion   fo r   t he  A6 c l a s t i c  

sediments  which  inundated  the  existing  peat  deposit  i s  shown on Table 6 .  

Table 6 

THICKNESS 'VARIATION OF A6 ZONE 

Hole No. Sect ion of A6(m) IComposition 
True Thickness 

120 S 50 Claystone,   Si l ts tone,  Minor 

!Carbonaceous Shale. 

195 T 75 Sandstone,  Sil tstone,   Claystone, 

Minor Carbonaceous  Shale. 

52 Z 115 S i l t s t o n e ,  Conglomerate 

254 X +70 Sil tstone,   Sandstone 
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7 .  SOME ASPECTS OF THE HAT CREEK COAL BASIP; 

7.1  Burn Zone 

The burned  zone in the  H.3t Creek  Valley  resulted from  combustion  of 

near-surface  coal  and baking of  inherent   c lay and the   assoc ia ted   c lays tone  

p a r t i n g s   i n   t h e   c o a l  seam. It is (exposed i n   t h e   e a s t e r n  part of  Trench A. 

Its p resence   has   a l so   been   no ted   i n   t he   d r i l l   co res  and outcrops   ad jacent   to  

Dry Lake. A geophysical   (magnet ic)   survey  carr ied  out  by B. C. Hydro i n  

1977-78 de l inea ted   the   sub-sur face   d i s t r ibu t ion  of the  burn zone (Figure 3 ) .  

The most s t r i k i n g   e f f e c t  from  burning  the  coal seam is  the  reddening 

of the   ad jo in ing   rock .  The claystone  in   the  burned  zone  has  a br ight   yel low 

colour.  A t o t a l   o f   e i g h t   c o a l   s a m p l e s   i n  Trench A were t aken   t o  B. C. Hydro's 

Hat  Creek s i t e   l a b  and  burned a t  ll.OO°C. The re su l t i ng   co lou r  and t e x t u r a l  

c h a r a c t e r i s t i c s   w e r e   i d e n t i c a l   t o  t:he "Burn Zone" ma te r i a l  now s e e n   i n  Trench A 

and d r i l l   c o r e s .  

The i g n i t i o n  of coa l  cou1.d have  been  caused by spontaneous  combustion, 

l ightning,   volcanic   f lows  or   forest .   f i res .   Burning  extended  through  the whole 

sequence  of  coal,  continuing down t o  a depth  of 50 m. 

The burned  zone in Trench A is bel ieved  to   be  the  burned B coa l  zone 

of the  Hat Creek  Coal  Formation. I t  shows a contor ted structure resembling 

somewhat t ha t   o f  a crumpled s c h i s t .   P a r t  of t h i s   s t r u c t u r a l   f e a t u r e  may have 

been  caused by slumping of t h e  baked clay  par t ings  as   the  burning  progressed.  

The sharp  contact  between  the  burned  zone  and  the  overlying till indi-  

ca tes   tha t   the   burn ing   preceded   P le i s tocene   g lac ia t ion .  However, t he   l ack  of 

g l a c i a l  t ill  above  the  burned  zone  in  most  of  the  area and a deep  collapse a t  

Dry Lake  would i n d i c a t e   t h a t  most o f  the  burned  zone i n   t h e  Hat Creek is post-  

g l a c i a l   o r i g i n .  

7 . 2  Limnic  Marls 

Limey beds  which are pr imar i ly  "marls" occur   i r r egu la r ly   w i th in   t he  

coal  measures. m e  marl in t he   bas in   appea r s   t o   have   o r ig ina t ed   i n  a f r e s h  

water  environment. The author   sugges ts   tha t   the   o r ig in  of f resh  water   marls  

in   Southern   F lor ida  (Speckman and others  1969) is s i m i l a r   t o   t h a t  i n  the  Hat 
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Creek  basin. The marl was probably  derived  from  an  algal mat, which  "develops 

on the  ground  surface  between  the  herbaceous  plants  and a c t u a l l y   c l o t h e s  sub- 

aqueous po r t ions  of the   rush  leaves.  The mat is composed of a complex mixture 

of  f i lamentous and colonial   a lgae,   d ia toms  and  bacter ia  and  entrapped  organic 

and  inorganic  debris.  The ca lc ium  conta ined   in   the   sur f ic ia l   water   could   be  

r e a d i l y   p r e c i p a t e d   e i t h e r  by l ime-secre t ing   a lgae   o r  by t h e  combined e f f e c t  of 

a l l  p l a n t s   p r e s e n t   i n   t h e  mat on the  carbon  dioxide  content of the  flowing 

su r face  water." (Geological  Society of America, spec ia l   pape r  114 ,  Environ- 

ments  of  Coal  Deposit,  Boulder,  Colorado  1969, pp 22-23). 

The chemical   data  on the   o rganic  m a t  used by Speckman and o the r s  

(1969) is adop ted   i n   t h i s   pape r :  

Table 7 

CHEMICAL ANALYSIS OF AN ORGANIC MAT I N  THE SPIKE-RUSH ENVIRONMENT 

Percent of  "dry" 
sample 

Moisture and Ash 

H2 O 1.35 

Ash 49.87 

C 16.46 

€1 1.07 

S ( t o t a l )  0.19 
Fe 0.11 

Ca 35.2 

Si 0.37 

A1 0.17 

Mg 0.42 
T i  0.01 

Mn 0.0140 

U 0.0002 
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8. QUALITY AND RESERVE DETERMINATION BASED ON STRATIGRAPHICAL 

CORRELATIONS USING DOWNHO5E GEOPHYSICAL DATA 

The coal  sampling method used  during  the 1979 d r i l l i n g  program was 

geophysical ly   or iented,  where  each :;ample interval   corresponds  to   one of t h e  

f ive   ca tegor ies   seen   in   Table  4.  A:; mentioned,  these same f ive   ca t egor i e s  

were  used f o r   t h e   s t r a t i g r a p h i c   c o r r e l a t i o n .  The sampling method i n   t h e  1979 

d r i l l i n g  program is  shown: 

- F:lgure 14 

%,le Method 

1979 D r i l l i n g  Program 

A t o t a l   o f  1555 samples  from  the  1978  dril l ing program  were  analyzed 

to   provide a b a s e   f o r   c o r r e l a t i n g   t h e  gamma ray and bulk   dens i ty   va lues   to   the  

heat   value and the  ash  content .  The r e c e n t   d e t a i l e d   s t a t i s t i c a l   s t u d y  of the  

ana ly t ica l   da ta   versus   geophys ica l   log   va lues   ind ica ted   tha t   the   ash  and 

thermal  values  could  be  predicted  approximately and d i r e c t l y  from t h e  geo- 

physics   (Figure 15 and 16) .  
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The a b i l i t y   t o   p r e d i c t   t h e   a s h  and thermal  values from the  geophysics 

has   immedia te   appl ica t ion   in   reeva lua t ing   the   ear l ie r   geophys ica l   logs ,  and 

i d e n t i f y i n g   i n  more d e t a i l   t h a n  is p o s s i b l e   w i t h   l i t h o l o g i c a l   l o g s ,   a l l   t h e  

i n t e r v a l s   t h a t  are below the   cu tof f   g rade   for   se lec t ive   min ing .  

9. CONCLUSION 

The pea t   depos i t s   o f   the  Hat Creek  Coal  Formation were der ived from 

vege ta t ion  which grew i n  fresh  water  marshes  and swamps i n  a no r the r ly   t r end ing  

intermontane  basin.  The or ig in   o f   the   coa ls  may be  the  combination  of  auto- 

chthony  and  hypautochthony. 

During the   ove ra l l   pe r iod  of coa l   depos i t i on ,   t he   r a t e  of a r e a l  sub- 

sidence  and  peat  deposit ion  maintained an equi l ibr ium  for  a long  period of time 

so t h a t  an immense, p robably   the   th ickes t  low-grade coa l   depos i t  i n  the  world 

formed i n  the  upper Hat Creek Val1e:y. However, the  equi l ibr ium was pe r iod ica l ly  

d is turbed  by a v a r i a t i o n   i n   t h e   r a t e   o f   s u b s i d e n c e  which   lead   to   the   a l te rna t ion  

of   coal   layers   and  country  rock.  l%e western and the  southwestern  margins  of 

the   pea t   bas in   rece ived   f luc tua t ing  amounts of coa r se   c l a s t i c   s ed imen t s  from 

a drainage  system  which meandered northwards  fol lowing  the  deposi t ion of "D" 

c o a l  zone. 

The s t r a t ig raph ic   co r re l a t ion   p re sen ted   he re   has   been   e s t ab l i shed   w i th  

a high  degree of  confidence. Based on t h i s   c o r r e l a t i o n ,   t h e   c o a l   d e p o s i t s   a r e  

r easonab ly   d iv i s ib l e   i n to   de t a i l ed   subzones   con ta in ing  no waste pa r t ings  which 

can be separa ted  by select ive  mining.  The s t r a t i g r a p h i c   c o r r e l a t i o n  u s i n g  the  

geophysical  parameters w i l l  enhance the   geo log ica l   eva lua t ion  of  t he   coa l  

depos i t .  A p r e l i m i n a r y   s t a t i s t i c a l   s t u d y   i n d i c a t e s   t h a t   t h i s   c o r r e l a t i o n   b a s e d  

on de t a i l ed   r eeva lua t ion  of the  geophysics would upgrade  the  qual i ty  more than 

8% and  reduce  the  tonnage more than 12%.  

ACKNOWLEDGEMENT - 
The author  wishes  to acknowledge t h e  management of B. C. Hydro  and 

Power Authori ty   for   a l lowing  this   presentat ion.   Special   ment ion is made of 

S .  D. Handelsman,  Chairman  of  Coal Divis ion - D i s t r i c t  6, 1979 ,  who arranged 

t h i s   p r e s e n t a t i o n .  The au tho r   a l so   ex tends   h i s   app rec i a t ion   t o  .I. J. F i t z p a t r i c k ,  

B. Dutt,  P. T. McCullough  and A. W. Penner f o r   u s e f u l  comments. 

- 19 - 



- REFERENCES 

Campbell, D.D., Jory,  L.T. and Saunders, C. R.,  1977, "Geology  of t h e  Hat 
Creek  Coal  Deposits.", CIMM B u l l e t i n  Vol. 70, No. 782,  pp. 99-108. 

Church, B. N., 1975,  "Geology  of t h e  Hat  Creek  Basin." Summary of F ie ld  
A c t i v i t i e s  B. C. Dept. of Mines, pp. 104-108. 

Church, B. N., 1977 ,  "Geology of t h e  Hat Creek  Coal  Basin." In "Geology i n  
B r i t i s h  Columbia.", B. C. Minis t ry  of Mines Publ icat ion.  

Cominco-Monenco Joint  Venture,  July  1978, "Hat Creek P r o j e c t ,  Mining Feasi-  
b i l i t y  Report." Vol. I1 Geology  and  Coal Qual i ty .  

Dawson, G. M., 1895, Kamloops Map - Sheet,  B. C. Report,  Geol.  Surv. of Canada 

Dickenson, W.,  1976,  "Sedimentary  Basins  Developed  During  Evolution of Mesozoic- 
Cenozoic  Arc-trench  System in Western  North  America." 

Dolmage Campbell & Associates  Ltd.,  1976, "Hat Creek  Coal  Exploration  Project- 
Assessment  Report." B. C. Hydro F i l e .  

Dolmage Campbell & Associates  Ltd. ,   1976,  "Exploration  Report ,  No. 1 Deposit 
Hat Creek  Coal  Development." 

Duf fe l l ,  S. and K. C. McTaggart.  1991,  "Ashcroft Map - Area, B. C." Memoir 
262,  122  p.,  Geological  Survey of Canada ( including Map No. 1010A). 

HOy, T., 1975, "Geology of a Tertiary  Sedimentary  Basin NE of Hat  Creek." 
Summary o f   F i e ld   Ac t iv i t i e s ,  B. C. Dept. of Mines, pp. 109-115. 

McCullough, P. T., 1975,  "Hat  Creek  Magnetometer  Survey." B. C. Hydro F i l e .  

MacKay, B. R.,  1926,  "Hat  Creek  Coal  Deposit, Kamloops D i s t r i c t ,  B. C." 
Summary Report, Geol. Surv. of Canada, p t .  A,  pp.  164-181. 

Marchioni, D. L. ,  1979, "Reflectance  Studies   in  Brown Coals - An Example 
From the  Hat  Creek  Deposit: of B. C.", I n s t .  of Sedimentary & 
Petroleum Geology. I X  Carboni ferous   Congress ,   I l l ino is  May '79. 

Quigley, R. M., 1975,  "Preliminary  Mineralogical  Analyses - Hat  Creek  Coal 
Measures, B .  C." 

Rouse, G. E., 1976,  "Palynological  Zonation  and  Correlation of Hat  Creek  Core 
Samples. " 

Wilkinson  and  Galloway,  1924, "Hat Creek  Coalfield" B. C. Dept.  of  Mines 
Report . 

- 20 - 





























0 10 20 30 40 50 6 0  70 CO TO IC0 
__ 

50 t t ~ t t i t i t + i t i t + t i ~ t t ~ t i + i t + t + + ~ t t t i t + + t + ~ + + + + i + + + + ~ + + + ~ + + + ~ + ~ + t ~ + + + t t + ~ + t + + ~ + t + + ~ + + + + t + + + + ~ + + + + + + + + + ~  50 
t 
+ 
+ 
t 

45 - 
t 
+ 
t 
t 

40 - 
+ 

+ 
t 

+ 
35 - 

+ 
+ 
+ 
+ 

30 - 
t 
t 
+ 
+ 

25 - 
+ 

t 
t 

20 - 
+ 
+ 
t 
+ 

15 - 
+ 
t 
t 
+ 

10 - 
+ 
t 
+ 
t 

5 -  
t 
+ 
t 

EXCLUDING  API  DATA > Z*STO ERR OF EST FROil THE EQN Y =  3.08235EtO + 3.28225E-1X 
RNSA:A*C-DATA 5 UNITS FROM Y=-30.6+.COlX 

* 
* 
* 

** * x* ** 
* * x  ** 

* *x ** * * * *** *** *I* ** *I * 
*** x**** *** ** I* * * 

* *x **x* ** * * *** * 
* * *  * *  ** * ** * * 

* x *  * * x  * * *  * 
* * **x** **x* ** * ** * * * ** ***********x~x** * ** ** 

* * **x* **x**** *x* *x  *x * 
* * * x* * ****I(** *x* ** **x** * * **** I* * ** * * * ***x**** * ** * ** * * * * **X***** * x *  *x** x * * * *I*** x****** ***x* *x*  

* **** *** *****x* *x** * * *  
** **I***** * * 
* *** * * *** * * 

I* I***I*X***** * * ** 

* *** *****I** * 
***I ** **x* *** 

*x 
*I x* * * * *  * 

+ 
+ 
+ 
t - 45 
t 
i 
t 
+ 
- 40 
+ 
+ 
t 
t - 35 
t 
t 
+ 
+ - 30 
+ 
t 
+ 
t - 25 
+ 
+ 
+ 
t - 20 
+ 
+ 
t 
t 
- 15 
+ 
+ 
+ 
+ - 10 
+ 
t 
+ 
+ 
- 5  
t 
t 
+ 
+ 

0 t+t+tt~+*t~+++b+tttt++++++t~+t+ttt++t++++t+++ti++*t+t*++++~tt+~+*+++~+++++tt+++t++it++++t+++++++++~++ 0 

0 
I 

10 
I 

20 
I 

30 
I 

40 
I I 

50 
I 

60 
I 

70 
I 

80 
I 

90 
I 

100 
2 DRY ASH 

Y SCALE = 1 API UNIT 
X SCALE E 1% DRY ASH 

Y INTERCEPT = t0002.3 
Y INTERCEPT AT 100% ASH = 36.9 

FIG. 15 - # J 



SATE:  3 CCT 79 tiAT CnECK COAL F2OJECT - S T A T I S T I C A L  ASILYSIS OF A P I  VS DRY ASH PAGE 1 - 
~~~~ ~. 

9!6A:A+C-D:TA 5 C i I T S  FIG? I = -35 .6 i .S01X 
L I S T I ! G  O F  A P I  DATA EXCLL'3ED F R C i  S T A T I S T I C S  

~~ 

INCLUDING  API   OATA > ZXSTiI ERR 0: EST FRO3 THE EP:I Y: 3.08235EtO + 3.28225E-1X 

*****X*********I*******X*X****~~***~~~~****I*************** 
I DHlllSAH?l LE1:FTHS I I GXGSSI % DRY1 A P I  I % OF I 
! I B I F R W  I TO IZN! K J / K G I   A S H   I V A L U E I S A W L E I  
I * X * * I * * Y * I * * * X X * * l * * ~ * * * ~ l ~ * ! * ~ ~ ~ ~ ~ ! * ~ * * * * ! * * * * * l ~ * * ~ ~ ~ !  . .  

271  2U 47.40 63.20 C t l 3 2 9 5  47.40 28.17 100.00 
271  17U 83.00 83.50 C +16577 ?9.15 24.45 1 0 0 . 0 0  
2 7 1  200 87.00 87.50 C + I 6 1 9 1  40.16 30.28 100.00 
274 18U 69.00 69.50 C + 9730 58.40 15.44 100.00 
274 bOU 132.50 133.60 A t 7192 64.61 30.87 100.00 
274 69U 156.90 150.00 A t 14607  43.37 8.90 100.00 
274 78U 169.50 170.00 A + I0290  56.88  11.40  100.00 
274 90U 185.30 136.30 A t 11349  53.76  12.23  100.00 
274 103U 208.50 209.00 A + 2996 80.01  20.62  100.00 
274 1OSil 213.40 214.10 A + 4Z05 73.84  16.16  100.00 
274 136U 243.70 244.00 A t 3103 79.09  11.05  100.00 
274 154U 275.50 276.00 A + I 4 6 5 9  43.36 26.20 100.00 
274 170U  296.20 297.20 A t 4103 54.86 14.48  100.00 
274 171U  297.20 297.90 A t20529 27.01  19.01  100.00 
274 259U 421.40 422.00 C i 1 7 6 1 0  36.57 21.61  100.00 
274 260U 4 2 2 . 0 0  422.70 C +16180 37.20  25.64  100.00 
275 2U 17.40 18.20 A + 4233 74.27  6.22 100.00 
275 5U 20.30 21.00 A t24336 12.06  15.58  100.00 
275 1OU 25.80 26.00 A t13656 49.17  10.12  100.00 
275 28U 43.00 43.40 A +13340 46.95  25.7-  100.00 
2 75 

2 75 
275 

275 
275 
276 
276 
278 
278 
2  78 
2  78 
278 
278 

280 
279 

2 8 1  
2 8 1  
281 
281 
2 8 1  
281 
2 8 1  

2 8 1  
2 8 1  

282 
283 
283 

zao 

35U 49.00 

113U 145.80 
40U 55.70 

1300  171.90 
131U 172.70 

37V 97.50 
41U 102.80 
24U 310.20 
72U 386.50 
76U 396.10 

1OSU 454.80 
l l l U  456.40 
117U 462.00 

16U 156.20 
14U 418.40 
32U 452.10 
16U  262.10 
17U  262.40 
36U 297.40 
48U 316.20 
67U 349.00 
72U 363.30 
74U 368.00 
81U 377.00 
96U 401.10 
2U 17.00 

16U  44.00 
2OU 49.00 

49.30 A 
56.00 A 

146.20 C 
172.70 C 
173.30 C 

103.40 C 
97.8Q C 

311.30 A 
387.00 A 

455.20 A 
396.40 A 

457.30 A 
463.00 A 

419.40 A 
158.10 A 

453.00 A 
262.40 A 
264.80 A 
297.90 A 
316.70 A 
349.30 A 

368.40 A 
363.80 A 

377.30 A 
401 .50  A 

44.50 A 
17.30 C 

49.50 A 

+ 4426 

t 2 0 3 4 1  
t14426 

*12881 
t14052 

t 9802 
t 5527 
t 1 1 5 9 1  
+ 9341 
t 8704 
t21806 
+ 7546 
+21476 

*24346 
t145C6 

116931 
t22297  
t14654  
t 7532 
+12523 
+21437 
+190?7 
+ 9146 

+15322 
113937 

* l e 6 5 2  
t l 3 9 7 5  

t 8683 

73.67 
45.15 
26.73 
44.31 
47.03 
59.07 
73.12 
53.95 
62.18 
60.41 
24.31 
63.26 
24.91 
42.98 
16.75 
36.98 
20.93 
44.76 
64.55 
49.04 
24.30 

59.64 
32.27 

41.62 
45.18 

61.52 
31.10 
46.24 

18.96  100.00 
27.05  100.00 
20.11 lOOI00 
24.17  100.00 
28.79  100.00 
14.97  100.00 
16.21 100.00 

31.04 100.00 
9.80 100.00 

14.42 100.00 
20.84 100.00 
32.25  100.00 
27.92 100.00 

9.33  100.00 
18.61  100.00 
23.82 100.00 
20.26 100.00 

17.90 100.00 
8.48 100.00 

12.56 100.00 
20.62 100.00 
21.27 100.00 
16.24 100.00 
27.16 100.00 
23.10 100.00 
12.08 100.00 
20.25  100.00 
10.65  100.00 

FIG. 15-2 1 



P A T E :  3 OCT 79 HAT CREEK COAL PROJECT - STATISTICAL  AflALYSIS OF A P I  VS CRY  ASH  PAGE 2 -. 
INCLUDING  API DATA > Z*STD EKR OF EST FROH THE EG!i Y= 3.08235EtO + 3.28225E-1X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I CHNlSAHPi LEHGTHS I 1 GROSS1 % DRY1 A P I  I X OF I 
I I X I FROM I TO lZNl   KJ/KGI ASH IVALUEISANPLEI 
~ * * * * l X * * * I * * * * f * * ~ * * ~ * * * * l * * ~ * * * ~ f * ~ * * * ~ * * ~ * * * * * ~ * ~ * * * * ~  

285 19U 111.50 112.00 A t19155 30.58 2 2 . 4 6  100 .00  
285 2OU 113.00 113.70 A t21518 22.38  30.44 1 0 0 . 0 0  
292 11U 107.30 106.00 C ,20815 25.59 10.64 100.00 
292 17U 115.60 116.10 C t 8539 63.27  15.78  100.00 

"~ 

FIG. 15- 3 
- 



)ATE: 3 OCT 7 9  HAT  CREEK  COAL PROJECT - STCTISTICPL ANALYSIS OF A P I  VS. DRY KJ PAGE 3 7 

EXCLUDING A P I  DATA > 2*STD ERR OF EST FRCX  THE  EON Y: 3 .16717Et l  - 9.71629E-4X 
RS5h:AtC-OATA 5 W I T S  FROrl  Y=-29.5+.879X 

SAMPLE  TYPE  LENGTH C O W  I DRY BASIS I 
I************** 

;ERIES 1- 8 9 9   8 3 4 . 2   5 6 4  1 
SERIES 901-  999 

I GROSS1 

>ERIES  2001-2999 
0.0 
0.0 

0 I A P I   I K J  PER1 
0 I VALUE1 KG I 

/ * * * X * X ~ * X * * * * ~  

I 
I 

I 

MAXIMUM 
I 

MrNInUM 
I 31.15 268281 
I 4.29 30081 

RAS5E I 26.86 2 3 8 ~ 0 1  
I 

WEIGHTED  MEAN 
I 

I 15.98 161431 
SAMPLE  COUNTS 564 I I 

I 
WGTO STANDARD DEVIATION 

I 
I 6.06  53251 

4GTD  COEFF.  OF VARIATION Z I 37.97 32.981 *************** 

TOTAL 

I*************! 

4GTD REGRESSION  EQUATIONS  (DRY BASIS): Y = 3.25886E+01 + -1.02901E-03 X 
X 3.16700Ei04 + -9.71812EiO2 Y 

4GTD LINEAR COXRELATION COEFFICIENT = -0.9032 

STANDARD  ERROR OF ESTIMATION 2.6024 SE**Z = 6.7725 

WHERE Y = API. 
X GROSS KILOJOULES PER KILOGRAU. 



0 10 20 30 40 50 6 0  70 63 90 100 
100 t t * t t t * t t t l + t t t t t t t t l ~ t t t t + t t t ~ t t + + + + t t t l t t t t t t t t + ~ + t + t t + t t + l t t + + t + t t + l + + + + + + + t t ~ i t ~ t t t t + t l t t + t t t t t t l  IC0 

~. , 
t 
t 
t 
t 

9 0  - 
t 
t 
t 
t 

80 - 
t 
t 
t 
t 

7 0  - 
t 
t 
t 
+ 

60  - 
t 
t 
t 
t 

C" - 
+ 
+ 
+ 
t 

*" 

40 - 
t 
+ 
t 
t 

30 - 
t 
t 
t 
t 

20 - 
t 
t 
t 
t 

IO - 
t 
t 
t 
t 

EXCLUDING  DEN DATA > 2*sTD ERR OF EST FRON THE EQN Y =   3 . 6 8 3 7 1 E t 1  t 3 .82C84E- lX  
RN5A:AtC-DATA 5 UNITS FROM Y - - 3 0 . 6 * . 9 0 1 X  

* * *  
* ** * 

*x * *** **x* * * 
* ** *x*  *x ***x* * 

** *x** * ** *I x* * 

*I** * ******I***** * * * * * 
* x* x*** *x** **x ** ** **x 

* ** * *x* ** ****x** ** * * * * * * x** *x ***********X * I***** * * 
**x* * ****x*** **x*** **x* * * 

* 

* *x**  ******x** *x** ******* * 
*a **""*I **I ** **x* **x** x * ** 

** ******x*** *****x** * * * *** * *I* ** *x x 
**** I* ** *** x*** 

* *x*  * * * 
* * *** 
* ** 

* 

t 
t 
t 
t - 
t 
t 
+ 
t - 
t 
t 
t 
+ - 
+ 
t 
+ 
+ - 
+ 
+ 
+ 
+ - 
+ 
t 
+ 
t - 
t 
t 
+ 
+ - 
+ 
t 
+ 
t - 
t 
i 
t 
+ - 
t 
t 
+ 
+ 

9 0  

80 

7 0  

60  

50 

40 

3 0  

20  

10 

0 t+*ttttttt++ttttttttt*ttttttttt+ttt+*+t+++++++tt++tttt*++~+t+ttttttttt+tt+t++++tttt++tt++t+ttt+t+t+tt+ 0 
I 
0 

I 
10 

I 
20  

I 
30 

I 
40 

I I 
50 

I 
6 0  

I 
7 0  

I 
80 

I 
9 0  

X DRY ASH 
100  

X SCALE = 1% ORY ASH 
Y SCALE L. 2 DENSITY  UNITS Y INTERCEPT = + 0 0 3 5 . 9  

Y INTERCEPT AT 100% ASH 76.1 



FATE: 3 OCT 79 HAT CREEK  CCAL  PROJECT - S T A T I S T I C A L   A ! l A L Y S I S  OF D E I S I T Y  VS D?Y  ASH 
R N 5 A : C I C - D A T I  5 W I T S  F R G l  Y=-30.6*.9OlX 

L1STII:G OF DENSITY  EATA EXCLV2ED F2O:l S T A T I S T I C S  

PAGE 1 > 
INCLUDING DEN OCTA > 2*STD EEI? OF EST FRO3 THE EQI4 Y =  3.68371Eil + 3.82084E-1X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I DiiNlSAllPl LENGTHS I 1 GQOSSI % D?YI   DEN- l  % OF I 
I I S I FROPI I TO IZNI KJ/KGI ASH 1 S I T Y I S ~ . I I P L E i  

271 2U 67.60 66.20 C ,13295  47.40  70.11 100.00 
I * * * * ~ * * * * I * * * f * * * ~ * * * a * * X l i X I X X X * X * I X I I ~ * * l ~ * * * ~ ~ ~ * ~ * ~ * l  

.. . ~~ ~ ~. ~ "" ~~ ~ ~~ 

271 7U 73.80 74.30 C t13221 48.99  65.71 100.00 
271 17U 83.00 83.50 C i16577 38.15  59.31 100.00 
271 20U 87.00 87.50 C 116191 40.16  66.60 100.00 

271 27U 98.60 102.30 C tlZ696 46.43 63.18 100.00 
271 25U 92.60 96.00 C 112854 50.35 64.95 100.00 

271 
271 
274 
274 
2 74 
274 
274 
274 
274 
274 
2 74 

2 74 
274 
274 
274 
274 
275 
275 
275 
275 
275 
275 
276 
276 
278 
278 

., 7L 
LIT 

. .  . 280 
281 
281 
281 
281 
281 
281 
281 
281 
281 

. .  

ll6U 319.60 
623 203.10 

6U 47.90 
17U 68.60 
69U 156.90 
88U 182.80 
90U 185.30 
91U 186.30 

103U 2C8.50 
107U 211.70 
109U 213.40 

140U 249.00 
136U 243.70 

154U 275.50 
171U 297.20 
268U  429.00 

40U 55.70 
?U 17.40 

1 , 7 1 1  99" *" 
LA," LLL.L" 

113U 145.80 
130U 171.90 
131U  172.70 
136U  177.00 

41U 102.80 
37u 97.50 

24U 310.20 
45U 355.30 
76U 596.10 

109U 454.80 
117U 462.00 

14U 418.40 
150 419.40 

~~ 

32U 452.10 
2OU 268.40 
e2U 310.50 
47U 315.60 
67U 349.00 
72U  363.30 
8OU 376.50 
81U 377.00 

102U 407.10 
9SU 401.10 

204.10 
320.80 
49.30 
69.00 
153.00 
184.50 

187.00 
209.00 
212.30 
214.10 
?22.50 
244.00 
250.00 
276.00 
297.90 
430.30 

56.00 
16.20 

146.20 
172.70 
173.30 
177.60 
97.80 
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311.30 
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409.60 

186.30 
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A 
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A 
A 
A 
A 
A 
A 

A 
A 

A 
A 

A 
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" 
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41.62 
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FIG. 16-2 
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- 
RN5A:AiC-DATA 5  U:IlTS FRO:( Y=-30,6+.FOlX 

LISTING OF DENSITY D&TA  EXCLL'JED FRCPl STATISTICS 

PAGE 2 

INCLUDING DEN OATA > 2*SiD EER OF EST FRCY TiiE ESN Y =  3 . 6 8 3 i l E t l  + 3.82C84E-1X 

[ x * * * ~ * * * * ~ * * * * * * * ~ * * * * * * * l * * [ * ~ ~ * ~ * ~ * * ~ ~ * * [ * * * ~ * ~ * * * * ~ * [  
2 8 1  106U 416.20 416.70 A +?5291 13 .46   50 .91  100.00 
281 113U 423.00 425.50 A + l6C40 40.89 45.69 100.00 
262 ZU 17.00 1 7 . 3 0  C +-8668 61.52  49.39 100.00 
285 19U 111.50 112.80 A + I9155  30.58  59.41  100.00 
205 20U 113.00 113.70 A +21518 22.38  62.97  100.00 
269 51U 144.50 145.00 C + 6580 68.80 51.79  100.00 
292 17U 115.60 116.10 C + 6539 63.27  51.78  100.00 

~~~~ 

FIG. 16 -3 
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HAT CREEK COAL FRDJECT - STATISTICAL AtlbLYSIS OF DENSITY VS DRY ASH PACE 3 7 \ DbTE: 3  CCT  79 

SAMPLE  TYPE LENGTH COUNT 
TOTAL 

SERIES 1- 899 806.1 546 
SERIES 901-  999 
SERIES 2001-2999 

0.0 
0 .0  

0 
0 

nnxInun 
MINInun 

RANGE 

WEIGHTED  nEAH 
SAKPLE  COUNTS 546 

UGTD COEFF. OF VARIATION X 
UGTD  STANOARO DEVIATION 

*I 

I 3  

I 

I 
I 
I 
I+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
*! 

EXCLUDING DEN DATA > ZrSTD ERR OF EST FRO5 THE ECN Yz 3.66371E*1 t 3.62064E-1X 
RN5A:ArC-OATA 5 UNITS FRCX Y=-30.6*.90lX 

,I************ 
DRY BASIS I 

,************I 
DEN- I % I 
SITY I oxy I 
VALUE1 ASH I 

e*****  I **x*** I 
I 

70.60  76.301 
I 

36.19 7.961 
34.41 70.341 

I 
51.70  39.161 

I 
I 

7.17  16.081 
13.87 41.061 
***********I** 

UGTD  REGRESSION  EQUATIONS (DRY BASIS): Y = 3.59583El01 I 4.01974E-01 x 
X = -8~94545Ft01  + 2.48773Et00 Y 

W E R E  Y = DENSITY. 
X 2 DRY ASH 

WGTD LINEAR CORRELATION  COEFFICIENT = 0.9006 

STANDARD ERROR OF ESTINATION = 3.1137 SE**Z = 9.6953 

. .  

d 

FIG. I6 -4 
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