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SECTION 1.0 - SUMMARY AN0  CONCLUSIONS 
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The coal  deposits o f  the Upper Hat Creek V a l l e y   l i e   i n   t h e  
In te r i o r   P la teau  o f  B r i t i s h  Columbia, 21.7 km (13.!i mi) west o f  
Ashcroft. It has been proposed t h a t  these  coal  deposit!; be the  source 
o f   f u e l   f o r  a thermal  plant i n  the  Trachyte H i l l s  4.8 km ( 3  mi) east o f  
the  deposits. 

The purpose o f  t h i s   i nves t i ga t i on  i s  to  provide  basel ine  data 
for  other  environmental  studies,  to  determine  the  regional  geology and 
extent o f  the  coal  resource,  to  provide an inventory o f  a l l  rock, 

mineral and petroleum  resources  that  could be a f fec ted  by  the  Hat  Creek 
Pro ject  and t o  note  potenttal  uses o f  these  resources where applicable. 
The land  area  that  would be a l ienated by  the  project  i s  estimated a t  

4310 ha (10,650 acres). The greatest  impact on geological  resources 
would be i n   t h e  Upper Hat Creek  Val ley  and the  Trach,yte Hi1 I s ,  the 
locat ions o f  the  proposed mine  and  powerplant. 

The Upper Hat  Creek Val ley i s  composed o f  a  graben o r  down- 
dropped f a u l t  block., The Te r t i a ry   s t ra ta   i n   t he   cen t re  o f  the  va l ley 

are  f lanked by older,   pr imari ly  volcanic and plutonic  rocks on the  west 
and by older limestone and volcanic  rocks on the  east. The No. 1 coal 
deposit i s  near  the  north end o f  the  va l ley.  The area f rom the No. 1 
deposit  southward f o r  22.5 km (14 mi) i s  bel ieved  to  tie under la in by 
coal .   Within  the  val ley  both  the No. 1 and No. 2 deposits have been 
dr i l led  extensively.   Addi t ional   explorat ion  holes have been d r i l l e d  
throughout  the Val 1e:y. 

The  No. 1 deposit has been proposed as the sou:rce o f  coal for 
a 2000 Mw thermal  generating  stat ion  with a  planned l i f e  o f  35 years. 
A t  the end o f  35 years  appreciable  reserves  would still remain i n  the 
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No. 1 deposi t  and i n   t h e  remainder o f  the  Upper Hat  Creek  Valley. 

These resources  could  be used t o  extend  the l i f e  of the  proposed  plant, 

enlarge  the  thennal  generating  capacity, or for t h e   a l t e r n a t e  uses t h a t  

have  been  proposed. 

This repo r t   i nves t i ga tes   t he   e f fec t  of the  Hat  Creek  Project 

on resources o f  petroleum and na tura l  gas, salts,  aggregate, 1 imestone, 

claystone,  baked  claystone,  additional  coal and by-product  coaly  waste, 
base  metals,  precious metals, semi-precious  rocks  and  minerals and 

by-product  trace  elements. It was found  that  the  only  resources 

s i g n i f i c a n t l y  affected would be: aggregate,  limestone,  claystone, 

baked claystone and by-product  coaly waste. O f  these  resources  aggre- 

gate  and  limestone  are abundant i n   t h e  area; the  former should be 

s t o r e d  in the  waste dump to ensure t h a t   s u f f i c i e n t   r e s e r v e s   a r e   r e a d i l y  

ava i lab le  to meet f u t u r e  needs; resewes of t h e   l a t t e r   c o u l d  be quarr ied 
nearby, i n  areas  not   a f fected by the  pro ject .  The c laystone  a t   Hat  

C m k  i s  being examined for the   p roper t ies  o f  i t s  m o n t m o r i l l o n i t i c  

(benton i t i c )  and k a o l i n i t i c   c o n s t i t u e n t s .  These minerals  are  occasion- 

a l ly  separate, in d isc ra te  zones, thereby  making  extract ion  possible. 

The k a o l i n i t i c   m a t e r i a l   c o u l d  be used for making re f rac to ry   ma te r ia l s ,  

ceramic  products o r  as  a  source o f  alumina;  the  bentoni t ic   mater ia l  may 

be useful  i n  foundry sands, d r i l l i n g  mud o r  oiT processing.  Potential 

by-product  coaly  waste i s  being examined as a  source o f  alumina and for  
the  manufacture o f  grog,  a component o f  br icks .   S imi la r ly ,   the  baked 
c laystone  that   over1  ies  par t  o f  the  coal  deposit may be usefu l   in   g rog  

o r  for road  construction. These add i t iona l  uses o f  the  resources  could 

enhance the  pro ject .  

There  are no  known mineral o r  petroleum  resources  that  would 

be adversely  affected  by  the  project  which  could  not be  compensated  by 

similar  resources  nearby.  There i s  a   p o s s i b l i l i t y   t h a t   t h e   e x c a v a t i o n  

o f  claystone,  burned  claystone, and coaly  waste may enhance the 

pro ject .  
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SECTION 2.0 - INTRODUCTION 

31 2.1 LOCATION 

The Upper Hat  Creek Val ley i s  t h e   s i t e  o f  the  Hat Creek coal 
deposits. The va l ' ley   l ies  midway between Ashcrof t  and L i l l o o e t ,  
200 km (125 mi) northeast o f  Vancouver, B r i t i s h  Columbia (Figure 2-1). 
The s i t e  i s  accessible  by  car or by .smal l   char ter   a i rcraf t  f rom nearby 
points  o r  from Vancouver. All three  major  railways i n   B r - i t i s h  Columbia 

pass  near  the s i t e .  The nearest  points are Ashcroft, 21.7 km (13.5 mi) 
to the  east, on the Canadian National and Canadian Pac i f i c  Railways, 
and Pavi l ion,  19.3 km (12 a i )   t o   t h e  northwest, on t h e   E r i t i s h  Columbia 
Railway. 

2.2 

The subsurface r i gh ts   t o   l and  necessary f o r  the development 
o f  the  Hat Creek coa l ! f ie ld   a re   cur ren t ly   he ld  by B r i t i s h  Columbia  Hydro 
and Power Author i ty  under  coal  licence and  Crown grant. or have been 

withdrawn as Crown reserve. The Crown reserves were establ ished under 
Orders-in-Council Nos. 1636,  1319 and 1666, B.C. Hydro current ly  holds 
36 coal   l icences  for  a t o t a l  o f  8000 ha (19,760 acres) and one  Crown 
grant   o f  259 ha (640 acres) i n  the Upper Hat Creek Val ley 
(Figure 2-2). The reserves f o r  coal,  mineral and placer  deposits, 
to ta l l ing  approx imate ly  51 700 ha (127,800 acres),  cover  the  trans- 
por ta t ion  and water :Supply corr idors and the  margins o f  the Upper Hat 

Creek Valley  (Figure 2-3). These reserves  could be reduced  appreciably 
when plans are f i n a l   i r e d  and access routes f o r  water,  roitds and trans- 
mission  l ines  are  confirmed. 

The land  al ienated by the proposed  openpit,  a 305 m (1000 ft) 
bu f fe r  around  the p i t ,  two  waste dumps, s tockpi les o f  coal and topso i l ,  
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2.2 - UNO - (Cont'd) 

a coal  processing plant,  reservoirs and diversion  canals,  internal 
conveyor systems and a conveyor system to  the powerplant i s  estimated 
a t  3380  ha (8360 acres). 61945 The proposed powerplant :road, airplane 
landing strip, water l ine,  pumphouse, cooling  water  reservoir,  fly ash 
dump and  bottom ash dump could alienate 930  ha (2290 acres).31 There- 
fore i t  i s  estimated  that  the land that could be alienated by the 
proposed Hat  Creek Tliermal Project  is 4310  ha (10,650 acres).  Several 
thousand hectares o f  this total  would not be disturbed, b u t  would l i e  
w i t h i n  the boundaries of the operating  part of the  project. 

2.3 HISTORY 

The Hat Creek deposits  are an o ld  discovery; however, the 
large  quantity of  inherent  clay and clay  partings  rerulted i n  the 
fa i lure  o f  ear l ie r  a,ttempts t o  market the  coal. The history of coal 
mining a t  Hat Creek i s  summarized as follows: 19,40,23 

W 
1877 - The Hat Creek coal occurrences were f i r s t  reported Iby G.M. Oawson 

of the Geologicall Survey o f  Canada. 

II 

'1925 - Three  shallow shafts,  two short   adits,  and  seven d r i l l  holes 
were completed. 

:1933 t o  1942 - There was limited  production o f  coal. 

:1957, 1959 - The property was optioned by Western Power  and  Oevelopment 
Ltd., a subsidiary of  B.C. Electric Co. Ltd. ; 15 hole:;  were dr i l led  
and a number o f  trenches  excavated. 

11974 t o  1975 - Coal 1 icences  covering most o f  the Upper  Hat Creek 
Valley were obtained by B.C. Hydro; 35 d r i l l  holes were completed 
in  the No. 1 deposit and geological  exploration o f  the remainder 
o f  the  valley began. 
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2.3 HISTORY - (Cont'd) 
1975 to 1976 - Exploration of  the Upper  Hat  Creek  Valley  and  speci- 

fically No. 2 deposit was completed.  Mining feasibility  studies 
were undertaken. 

1976 to 1978 - Development  drilling  and  geotechnical  drilling in the 
No. 1 deposit were largely  completed.  Mining  feasibility  studies 
and conceptual  design  studies  were  completed and are being 
updated. 

2.4 PURPOSE - 
The geological  aspects of the environmental  studies for the 

Hat Creek Thermal Project are  described in this report. The terms of 
reference  are listed in Appendix A. The purposes o f  these  studies are 
as  follows: 

L. To provide  baseline  geological  fnformation  for  interpretation o f  
hydrological,  geotechnical,  agricultural,  waste  disposal and trace 
element  studies. 

2. To provide a sllllrnary of  the  geology  as it relates to the total 
coal  resource  and to extraction of  the resource. 

3. To  provide an inventory of  mineral,  rock  and  petroleum  resources 
and describe how their future  exploitation  would be affected by 
the  Hat  Creek  Thermal  Project. 

4. To describe  the potential  uses o f  mine  waste  products and other 
mineral,  rock and petroleum  resources  that may be affected by the 
project. 

2 - 3  
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2.5 SCOPE 
The  minerals and  petroleum  evaluation  describes  the  mineral , 

rock  and  petroleum  resources in addition  to  the  background  geological 
information  needed t o  assess them. Specifically  this  report  examines 
and summarizes  the following: 

1. General  geology,,  physiography and slope  stability. 

2. The  reserves and resources  of coal i n  the  Upper Hat  Creek Valley. 

3. The potential  for  reserves of  petroleum, natural gas,  salts, 
aggregate,  limestone,  claystone, baked  claystone,  additional coal 
and  coaly  waste,  base  metals,  precious  metals,  rock  collecting 
localities  and  by-product  trace  elements. 

4. The potential  uses of mine  by-products and other  min'eral,  rock  and 
petroleum  resources  that  could be affected by the mine. 

Unlike  many  of  the  impacts  from  the  project,  the  mineral 
resource  impacts  are  site specific. Because  of  this  situation  mineral 
resource  potential has been  examined  only  for  areas with.in and immedi- 
ately  adjacent  to  the  Crown  reserves, coal licences and Crown grant. 
Therefore  this  study  examines in detail only  the  resources in the  Upper 
Hat Creek  Valley and adjacent  areas  which  could be affected by installa- 
,tions that in practice  could  not be maved  readily. 
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SECTION 3.0 - MEMODOLOGY 

This aspect of the environmental  study  can  be  conveniently 
divided  into  geological  and  resource  evaluation sections. 

In the geological  section the method o f  study  consisted 
primarily-of  geological  mapping of surficial  deposits  and  rock  outcrops 
in and  adjacent to the Upper Hat Creek Valley. This  information has 
been supplemented  with  considerable  diamond (core), rotary, hammer,  and 
auger drilling. Indirect  methods of data  collection  have  involved 
magnetowter surveys (both ground and  airborne), a  gravity  survey,  a 
very low frequency-electromagnetic (VU-EM) survey  and aerial  photo- 
graphic  interpretation;  additional  geophysical  methods were tasted, but 
they  provided  llttle  additional  information. The regional and surficial 

geological maps are  based  on  mapping by the  Geological  Survey of 
, B o t h  of these reports by the Geological  Survey of  Canada 

have been updated  with new Infomation derived from this and  other 
studies  related to Hat Creek. 38.26 

The resource  evaluation  involves  a  variety o f  disciplines  and 
a variety of study areas. As a result,  literature  surveys were under 
taken and assumed prime  importance in the case o f  petroleum and saline 
deposits. Tests were conducted on aggregate,  limestone,  claystone  and 
by-product  ash to determine their suitabilities for a  number of uses. 
The potential for additional  coal  deposits  was  examined by literature 
review,  geological  mapping  and  geophysical  reconnaissance. After a 
literature  search, one area was established  as  being a favourable 
geological  environment for base  metal  deposits.  This  area,  west of 
Houth Meadow, was  examined by  geological mapping,  supplemented by 
geochemical  and  geophysical  surveys.  Precious  metal  deposits  have  not 
been  recorded in the  Upper Hat  Creek  Valley;  however, a fossil placer 
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gold  proper ty   nor th  o f  the   va l ley  made it necessary t o  examine t h i s  
!s i te and analyze some d r i l l  core f rom below the  Hat Creek coal  deposit. 

A few minor  rock and m ine ra l   co l l ec t i ng   l oca l i t i es  were discovered 
while  conducting  geological mapping; these were examined. No addi t ional  

' l oca l i t i es  were found  from  the l i t e r a t u r e  survey. The r e s u l t s   o f   t r a c e  
element  studies on H a t  Creek coal were  examined t o   i d e n t i f y  any i n t e r -  
vals  with  high  concentrat ions o f  any o f  66 elements. These analyses 
were compared w i th   resu l t s  f rom other  coal f ie lds  to  determine i f  Hat 

Creek coal  contains any anomalous concentrations. I n   add i t i on   t he  
p r i c e  and demand f o r  various metals were  examined  where applicable. 
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SECTION 4.0 - GEOLOGY 

4.1 PHYSIOGRAPHY AND SURFICIAL DEPOSITS 

The  Upper Hat Creek  and Thompson River  Valleys l ie   pr incipal ly  
w i t h i n  the Thompson Plateau of British Columbia. The extreme  western 
margin  of the  study  area i s  i n  the  physiographic  region  defined  as  the 
Fraser  Plateau. 

The surf ic ia l  geology of the  region i s   i l lus t ra ted  i n  
Figure 4-1. The  Thompson River,  near  Ashcroft,  flows  through  a  deeply 
incised  river  valley.  Fluvial  sand,  gravel and s i l t  form terraces 
which rise  abruptly from river  level  at  275 m (900 f t )  elevation. t o  
the broad, commonly undulating  part of the Thompson Valley above 450 m 
(1500 f t )  elevation  (Figure 4-2). The land  slopes  gently  to moderately 
on the west t o  the base o f  the Cornwall and Trachyte Hi1 1s where there 
i s  an abrupt  break i n  slope and the  hi l ls   r ise   s teeply  to  2050 m 
(6700 f t ) .  The gently  sloping por t ion  of the Thompson Valley is charac- 
terized by fluted ground moraine consisting of t h i ck   t i l l  o r  t h i n  t i l l  
over  bedrock; the ground moraine i s  modified i n  part by esker, kame, 
and alluvial  fan  deposits  consisting of sand and gravel. In the 
Thompson Valley, bedrock i s  c m o n l y  exposed on the  steep  flanks of 
h i l l s  which r i s e   t o  325 m (1100 f t )  above the upper terrace. On the 
east  side,  the  slopes  rise  abruptly from the  terraces t o  the  plateau a t  
1825 t o  1975 m (6000 t o  6500 f t )  elevation. The terraces  consist 
f uvial sand and gravel and  an upper layer o f  glacial   t i l l@ dw 
(Figure 4 9 )  are common along  the banks of the Thompson River 'parti- 
cularly where t i l l   o v e r l i e s   s i l t  . These  banks become particularly 
unstable when the s i l t   i s  saturated by  snow melt or f lood irrigation. 

J 
57 

The Trachyte and Cornwall Hills ,  west of the Thompson River 
Valley,  are covered by a t i l l  veneer which thickens toward the north. 
Outcrops are  generally  scarce, b u t  they  are  locally abundant.  Bordering 
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Figure 4-2 Fluvial  terraces  along  the Thompson River 
with  the proposed pumphouse s i te  in  the 

centre o f  the  photo, l e f t  of the  railway 

bridge. 

Figure 4-3 Slide area on the Thompson River upstream 

from the proposed pumphouse s i t e .  
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4.1 - PHYSIOGRAPHY AND SURFICIAL DEPOSITS - (Cont '  d )  

the Upper  Hat  Creek Valley  the  hills  are covered w i t h  a veneer of 
g l ac i a l   t i l l  and there  are  scattered  outcrops. . 

The  Upper  Hat Creek Valley i s  near  the  centre! of the map 
(Figure 4-1). The valley ranges from 825 t o  1250 m (2700 to.  4100 f t )  
in elevation. The valley  is  flanked by the  Clear Range  on the west 
which rises steeply t o  over 2300 m (7600 f t )  and by the  Trachyte and 
Cornwall Hills  on the  east  (Figure 4-4). Surficial  deposits  in the 
valley  consist of hummocky ground moraine,  forming a thick  blanket of 
t . i l1 ,  b u t  reduced t o  a t h i n  veneer on hi l l  tops  and steep  slopes 
(Figure 4-5). Locally bedrock i s  exposed through the veneer.  There 
alre fluvial and glaciofluvial sands and gravels on the east  side of the 
valley,  north of Medicine Creek, and i n  the valleys oi: the  larger 
tributary  creeks; some of these  deposits  are  overlain by g1,acial t i l l .  
Alluvial  fans  extend  into the valley from the  surrounding mountains. 
F'luvial deposits comprise terraces  adjacent  to Hat Creek and ,underlie 
the creek. The glacial  history of the Upper  Hat Creek Valley i s  
complex. This complexity is  particularly  evident  in exposures on the 
lower reaches of  Harry Creek which drains from Harry Lake.. In th i s  
area an alternation o f  coarse and f i n e   t i l l ,  each 2 .4  m ( 8  f t )  o r  more 
thick,  overlies a thick sequence of glaciofluvial  deposits  consisting' 
o f  sand and gravel. Loess more than 10 feet   thick covers  the bench on 
the  east  side of  the Upper  Hat Creek Valley  south o f  Ambusten1 Creek. 

Throughout .the Cenozoic history of  the Upper  Hat Creek 
Valley,  processes of  mass wasting have  been important. These  can be 
d.ivided into  preglacial and postglacial  features. 

Preglacial  lahars  or  volcanic mudflows a t  one time  covered 
much of the Upper  Ha,t Creek Valley. These deposits were eroded by 
glaciers  leaving only a few remnants; some are exposed as hoodoos or 
pinnacles whereas others  are covered by the t i l l  blanket. A preglacial 
landslide  consisting of  granit ic,   clastic  material  from boulder t o  sand 
s ize  and derived from Mount Martley covers  part o f  the Upper  Hat Creek 
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4.1 PHYSIOGRAPHY AND SURFICXAL  DEPOSITS - (Cont'd) 
Valley  west  of  the No. 1 deposit. The  slide is as  much as 60 m (200 
ft)  thick. West  of  Bedard  Lake  there is a  slide  of  volcanic  debris 
over 60 m (200 ft) thick. These  slides  are  currently  stable  and  are 
not  expected to cause  severe  problems in slope  stability.  Potential 
slip  planes  of  clay or micaceous  material in these  slides  tend  to  be 
di sconti nuous . 

There  are  numerous  additional  postglacial  slides  and  earth- 
flows in the  Upper  Hat  Creek  Valley; all but  one  of  these  appears  to be 
currently stable. West  of  the No. 1 deposit  there  are  inactive  slides 
covering  an  extensive  area  between  Finney  Lake  and  Houth  Meadows.  Part 
of this  slide  area is still  active  (Figure 4-6). The  number  of  slide 
planes in the  active  slide  has not been  determined,  but  there is at 
least  one  at 27 m (90 ft) which is associated with bentonitic  clay- 
stone. 26 The headwall of this  slide is characterized by numerous  ponds 
which  could  be  drained and may help to stabilize  the slide. The  insta- 
bility o f  the  slide is an  important  factor in planning  the mine. South 
of  the No. 1 deposit  there  are  numerous  "sand  boils"  resembling  quick- 
sand  as  further  evidence  of  the  unstable  nature  of  many  of  the  surficial 
materials. An extensive  flow  slide 76 m (250 ft) thick,  involving 
overburden  and  possibly  some  bedrock  descended  White  Rock  Creek and 
curved  down  the  Hat  Creek Val ley  (Figure 4-7). 

There  are  numerous  outcrops on the  sides  of  the  valley; 
however,  there  are  few  outcrops  near  the bottom. A talus  slope has 
formed  below  volcanic  outcrops  east  of  the No. 1 deposit. In the 
southeast  there  are  bluffs  of  limestone;  limestone  outcrops  are  also 
numerous along  the  northern limi t of the  Upper  Hat  Creek Valley.  On 
the  western  margin  of  the  valley  outcrops  of  granitic and volcanic 
rocks  are common. 
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Figure 4-4 The site of the proposed No. 1 openpit is 
in the  foreground with the Clear Range and 

Marble Canyon in the background. 

. .  

Figure 4-5 Hummocky ground moraine in  the foreground 

with outcrops of volcanic rocks in the 

centre of  the photograph. 



Figure 4-6 Area of the Xo. 1 Deposit w i t h  pit   outl ines  and active s l i d e .  



Figure 4-7 Area 0.t the No. 2 Deposit showing an inactive slide. 
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4.1 PHYSIOGRAPHY AND SURFICIAL DEPOSITS - (Cont'd) 
The surficial materials in and around the Hat ICreek Valley 

are very susceptible to gulleying. If the  surface  layer becomes broken, 
they also  tend to form a fine dust  which resists the rooting of plants 
in the dry climate. 

4.2 BEDROCK  GEOLOGY 

(a) Introduction 

There m e  few  exposures of bedrock in the valleys within 
the mapped area;  most of the  outcrops  are  concentrated on steep 
hillsides or along deeply incised gulleys. As a result the 
geological evaluation has relied on diamond drill.ing,  aerial 
photographic interpretation, and geophysics (gravity, ground 
magnetic, airbornle magnetic, VLF-EM surveys and borehole geophys- 
ics) to supplement geological mapping. 

I:b) Stratigraphy 

The bedrock consists of a wide variety of rock units as 
illustrated in Figure 4-8.23 Paleozoic limestone and metavolcanic 
rocks of the Cactle Creek group form the subcrop in the  centre of 
the area. These rocks generally strike north-northwesterly; 
although dips are variable, they cluster around 60 degrees south- 
west. The Paleozoic rocks are locally  intruded by peridotite and 
gabbro. Near Ashcroft, Jurassic sedimentary rocks lie uncon- 
fonnably on these! older rocks. The limestone near Marble Canyon 
has  been  intruded  by the Mount Martley stock, a biotite hornblende 
granodiorite, of iretaceous  age (Figures 4-8 and 4-9). A noncon- 
formity separates the stock from the overlying Spences Bridge 
volcanic rocks which consist principally of andesite and  dacite. 
Additional volcarlic episodes occurred in the Cenclzoic with 
resulting pyroclastic and flow rocks covering much of the area. 
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__. LEm 
Tertiary 

Miocene 
Vesicular  basalt,  olivine  basalt,  basalt,  andesite 

Eocene  andlor  Miocene 
Kamploops  Group 
basalt,  andesite,  rhyolite;  associated  tuff  and 

Beds) 
0 breccia;  lahar, minor sandstone  and  conglomerate  (Finney  Lake 

Sandstone,  claystone,  siltstone,  conglomerate and coal 

Creek  Formations) 
(includes  Coldwater  Beds plus Hat  Creek Coal and  Medicine 

Cretaceous 

i andesite,  dacite.  basalt  and  rhyolite;  tuff,  breccia,  agglomerate; 
Spences  Bridge  Group 

conglomerate,  sandstone,  grepracke and arkose 

El 
q - j  

Cretaceous  or  Jurassic 
Granodiorite and  quartz  diorite 

U Jurassic 

0 arenite 
Shale,  conglomerate,  sandstone,  breccia,  tuff,  siltstone  and 

m 
2 Triassic 

,...I..._. I basalt,  andesite  flows.  breccias  and  tuffs;  argillite,  greywacke 
<.L.:...-. Nicola  Group ..,...+z< :: Tp.f$$ ?.!!s:...~ 

I and limestone 

I Triassic  or Permian 

; @  Pavilion  Group 
argillite,  phyllite.  chert,  limestone,  tuff,  gregwacke, 
greenstone and schist I 

Permian  or  Carboniferous 
Cache  Creek  Group 
greenstone,  chert,  argillite,  greenschist,  quartzite and 
limestone 

(based  on  mapping  by Duffel1 and  Mc'laggart, 1952) 
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4.2 BEDROCK GEOLOGY - (Cont'd) 

The oldest  volcanic  racks  of  these  episodes  are of Eocene  age; 
they  are composed o f  basalt,   dacite and r h y o l i t e   o f   t h e  Kamloops 
group. The d i s t r i b u t i o n   o f   t h i s   u n i t   i s   v e r y   e r r a t i c  i n  the Upper 
Hat Creek Valley. It i s  exposed on t h e   h i l l s  and on the  western 
and eastern  f lanks  of  the  valley.  Sporadic  occurrences were a lso 
noted i n   t h e  area  south  of  the Upper Hat  Creek  Valley. The 
a t t i t u d e   o f  bedding i s  variable  throughout  the  unit. The contact  
between these  lower Kamloops volcanic  rocks and the  over ly ing 
Coldwater beds i s   f a u l t e d  wherever it has been found. The c l a s t i c  
sequence o f   t h e  Kamloops group i n   t h e  Hat  Creek Val ley has been 
d iv ided into the  Coldwater beds, the Hat Creek  Coal formation,  the 
Medicine  Creek  formation and the  Finney Lake  beds.I6 The Coldwater 
beds cons is t  o f  sandstone, siltstone.  claystone,  conglomerate and 
minor  coal  which  are  moderately  consolidated t o  almost unconso- 
l idated. This u n i t  i s  as  much  as I370 m (4500 ft) th i ck   eas t   o f  
the Upper Hat  Creek  Val  ley. The Coldwater beds are  over la in 
conformably  by  the  Hat Creek  Coal formation  which ranges t o  490 UI 

(1600 f t )  th ick .  The Hat Creek  Coal formation  consists  mainly  of 
coa l   w i th   l oca l l y  thick sections  of  si l tstone,  claystone, sandstone 
and conglomerate; t h in   pa r t i ngs  o f  s i l t s t o n e  and claystone  are 
common i n  the  coal. It i s   n o t   c e r t a i n  i f  there i s  a paracon- 
f o m i t y ,  a h ia tus or i f  the  Medicine Creek format ion  l ies  
conformably on the  Hat Creek Coal formation. The Medicine  Creek 
formation  consists  of  poorly  consol idated  bentonit ic,  lacustr ine 
claystone and s i l ts tone.  The Medicine Creek formation i s   o v e r l a i n  
by the  Finney Lake  beds. Th is   un i t   cons is ts   o f  sandstone and 
conglomerate a t   t h e  base and volcanic  rocks  higher i n  sequence. 
The sandstones, f o r   t he  most part,  are  well  sorted  except for  
scattered, rounded boulders of vesicular  volcanic  rocks  s imi lar   to 
those i n  the  lower  part of  the Kamloops group. The c l a s t i c  
sequence i s   o v e r l a i n  by lahar  (volcanic mudstone) which i s  composed 

4 - 5  



-. .. 

! 

I 

, 

I : I i I 
i 

" .  

i 

T HIT  CREEK PROJECT 

ENVIRONMENTIL 
DETAILED 

STUDIES 

' 

; ,% 
: 

I 
. .. 

I 
I " 



4.2 BEDROCK GEOLOGY - (Cont'd) 
o f  angular to subrounded Kamloops volcanic rocks, lithified 
primarily by compaction o f  the sandy clay matrix. These beds are 
Upper Eocene or later in age and  lie unconformably over the coal 
and claystone sequence; due to  the presence o f  this unconformity 
it  is  not known if the beds are  definitely part of the Kamloops 
group or if they are associated with Miocene volcanism. Locally 
there  are small exposures of olivine  basalt dykes and  flows: 
these  are probably related to extrusions of Miocene plateau basalts 
to  the north. 

(c)  Coal Geology 

Geological exploration in the Upper  Hat  Creek Valley has 
sought to determine the most economically and environmentally 
acceptable coal  deposit. The No. 1 deposit  was known f o r  many 
years; however, exploration o f  the valley located the No. 2 
deposit, a large additional reserve of coal. 

The No. 1 deposit  contains 410 million tonnes 
(450 million short tons) of thermal  coal to 730 m (2400 ft) eleva- 
tion and 825 million  tonnes (910 million short tons) in the  whole 
deposit.43  Ana1;yses of the heating value f o r  in situ  caal  in the 
No. 1 deposit, to i t 5  total depth, average 17 477 kJ/kg 
(7513 Btu/lb); the ash content is 35.41 percent, volatiles 
33.52 percent, fixed carbon 30.9 percent and sulphur 0.50 percent 
on a dry  basis (Table 4-1). The equilibrium moisture content is 
approximately 25 percent. 

The No. 1 deposit has  been divided into a number of 
zones and subzones based on variations in the borehole geophysical 
logs'' (Figures 4-10, 4-11 and 4-12). In the  centre o f  the  deposit 
the  Hat  Creek Coal formation consists of four zones designated A 
through 0 from the top downward. The A-zone consists o f  180 m 
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TABLE 4-1 

HAT CREEK COAL - MEAN PROXIMATE AND SULPHUR ANALYSES' 

No. 1 Oeoosit: 

A l l  ronest 

A-zone 

5-zone 

C-tone 

0-zone 

No. 2 Oeoosit: 

All zones 

Heating 
Thickness* Value*=  Ash Volatiles  Carbon  Sulphur 

Fixed 

46oc 
(EOO+) 

17 477 35.41 33.52  30.97 0.50 
(7 513) 
14 476 44. T1 30.35 26.59 0. n 
( 6  240) 
17 463 35.10 32. a7 31.84 0.80 
(7 495) 
uu2 47.22 28.68 22. a1 0.45 
(5 670) 
20 817 25.83 3 7 . u  37. n 0.33 
(8 934) 

16 063 39.47  31.26  29.45 0.63 

(6 906) 

* A l l  analyses are on a dry basis; carbonaceous  intervals with above 
75 percent ash have  been defined as waste and have not been included i n  
these analyses. 

** Thicknesses are in meters  with  equivalent  thicknesses in feet given in 
brackets. - Heating values a m  in kJ/kg with equivalent heating values in Btu/lb 
within the brackets;  ash, volatiles, fixed carbon and sulphur a m  in 
percent. 

t Analyses  for all zones have been sunmarired  over the whole  deposit; 
analyses o f  individual zones have  been, sunraarired to the approximate 
botton of  one proposed pit, i.e. 650 m (2UO ft) elevation.82 Analyses 
for No. 2 deposit are sumarired to the base of  the drilling. 
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4.2 BEDROCK GEOLOGY - (Cont'd) 

(600 ft) o f  interlayend clean  cdal,  clayey coal and clastic 
rocks; the zone  has a  large number o f  partings and many seams w i t h  
high inherent ash. fhe base o f  A-zone is predominantly waste and 
the zone as a whole consists o f  approximately 20 percent waste*. 
Analyses o f  the coal intervals o f  A-zone are summarized in 
Table 4-1. The B-zone i s  predominantly coal w i t h  few thick 
partings and cnoderata inherent ash content. The 8-zone is approxi- 
mately 75 IP (250 f t )  thick. Analyses o f  coal intervals  in 8-zone 
are  sumarized i n  Table 4-1. Approximately 10 percent o f  8-zone 
is waste. The  C-zone i s  '60 to 100 n (200 t o  350 f t )  thick. The 
zone  can  be subdivided into an upper waste subzone and a  lover 
coal subzone. The waste subzone becomes thicker t o  the west a t  
the expense o f  the coal (Figure 4-10). The analyses o f  the coal 
intervals i n  C-zone are summarized i n  Table 4-1. Approximately 
30 percent o f  C-zone i s  waste. The 0-zone contains  the  highest 
grade o f  coal i n  the  deposit and i s  the most persistent. The 
0-zone i s  from 60 to 110 m (200 to 350 f t )  thick. The analyses o f  
the coal intervals i n  0-zone are  sumarized i n  Table 4-1. Approxi- 
mately 3 percent o f  0-zone i s  waste.  In a l l  zones the  inherent 
a s h  and the frequency and thickness o f  partings  increases toward 
the west (Figure 4-10). 

The No. 2 deposit may contain  as much as 3100 mil 1 i on  
tonnes (3400 million  short  tons) of in si tu thermal coal t o  610 m 
(2000 ft) elevation which i s  the limit o f  the  current  drilling 
(Figures 4-9 and 4-13).44 Analyses o f  the coal indicate  that  the 
heating  values  average 16 063 W/kg (6906 8 t d l b )  w i t h  an ash 
content o f  39.47 percent,  volatile  content o f  31.26 percent,  fixed 

* Only parts o f  zones that could be defined have  been  used in 
determining the amount o f  waste i n  each  zone. Therefore some 
thick waste intervals on the west side o f  the No. 1 deposit have 
not been considered. 
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4.2 BEOROCK GEOLOGY - (Cont'd) 

carbon of 29.45 percent and 0.63 percent  sulphur on a dry basis 
(Table el). The equilibrium moisture content is similar to that 
i n  the No. 1 deposit. 

A r e a s  of extensive naturally burned coal a re  present i n  
both the No. 1 and No. 2 deposits. Eased on proximate and ultimate 
analyses and on the uniformity of  coal petrography among samples 
adjacent to the burn  and a t  a distance Prom i t ,  metamorphic effects 
extend only a short distance  into the coal adjacent  to the burned 
zones. 

(d)  Structural Geoloqy 

Although the  geological  structures of t h e  No. 1 and 
No. 2 deposits appear to differ,  they are only different  parts of 
the same overall  structure of the coal  basin. In t h e  No. 1 deposit 
the geological structure consists of a syncline  flanked on the 
east by a faulted  anticline w i t h  an additional  syncline  farther 
east3' (Figures 4-10 and 4- l l ) .  The locations of  Figures 4-10 
and 4 - l l  are  illustrated i n  Figure 4-9. The No. 2 deposit i s  
located on the eastern  flank of the principal  syncline 
(Figure 4-U). The geological structure plunges approximately 15 
to 20 degrees  south (Figure 4-U).  The structure i s  complicated 
by strike-slip and  normal faults. One of the la t ter   faul ts  has 
truncated  the No. 1 deposit t o  the southeast; the displacement'is 
a t   l e a s t  550 n (1800 f t )  . 

A number of known faults, topographic 1 ineaments and 
geophysical 1 ineaments are prevalent i n  the Upper Hat Creek Val1 ey 
(Figure 4-9). Small scale  faulting w i t h  displacements of  a few 
metres are comon i n  the No. 1 deposit. Other areas of weakness 
include bedding planes w i t h i n  the coal and clay  partings which 
vary from very s t i f f  soils to  very weak rocksz6; many of these 
partings,  particularly in A-zone and on the west side of the 
deposit, are composed  of swelling,  bentonitic  clays. 
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4.2 BEDROCK GEOLOGY - (Cont'd) 
These  factors  account for the low pit slope angle of 16' 

that has been selected. This  angle may be changed as subsequent 
studies and experience may  indicate. Similarly,  waste dump slopes 
have been kept at. low gradients of 1:lO or 1:ZO depending on which 
disposal scheme 'is adopted. Drilling and testing o f  rock strength 
and groundwater  flow are continuing in order to examine the 
feasibility of steeper pit and dump  slopes. 

(e) Seismicity 

The proposed Hat  Creek development is located in the 
Interior Plateau near the eastern margin of  the Coast Range. The 
former  physiographic region, in the area of Hat Creek, is classed 
as a Zone 1 seismic  risk based on the Seismic  Zoning Map of Canada 
(1967).26 The latter region is classed as Zone 2 seismic risk. 
Between 1899 and 1974, 10 earthquakes of Modified Mercall i 
Intensity I1 or more have been felt at  the site. The largest 
intensity was 0.02 g; this effect resulted from a 1946 earthquake 
of magnitude 7.3, with its epicenter in the Georgia  Strait near 
Powell River. 

None o f  the faults in the Hat  Creek  area  are known to be 
active. The nearest fault where  significant  post-Pleistocene 
movement has been recorded is the Yalakom Fault  zone, a branch o f  

the Fraser fault system extending northwestward from  Lillooet. A 

deep-seated displacement measuring 5.0 on the Richter scale was 
recorded near Relay Mountain in 1926. The main Fraser River fault 
system is considered to have been inactive since  the Tertiary. 

Based on the limited data available, the Dominion 
Observatory in Victoria has concluded  that the maximum acceleration 
of an earthquake that  would probably occur with a return.period o f  
100 years is 0.0'17 g. It  is concluded from this data that the Hat 
Creek area is subject to minor seismic r isk.  
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SECTION 5.0 - RESOURCE EVALUATION 

5.1 INTROOUCTION 

Thfs  Section summarizes the  evaluation o f  rock,  mineral and 
petroleum  resources o f  the Upper Hat Creek Valley and the Crown reserve 
associated with the Hat Creek  Thermal P r o j e c t .  Only d i rec t l y   a f fec ted  
resources  are examined  because they  are  the  only  resources  steri l ized 
or enhanced by the  project. I n   add i t i on  some by-products resu l t  from 
mining;  these  are examined as  raw materials  for’other  subsidiary  indus- 
t r ies .  The purposes o f  the  evaluation  are to  locate any natural 
resources and detam’ne the i r   po ten t ia l  for u t i l i z a t i o n  with and without 
the presence o f  a mine and thermal p lan t  a t  Hat .Creek. The program 
involved  appraisal o f  the  following resources: 

1. Petro lew and natural gas. 
2. Saline  deposits. 
3. Aggregate  deposits. 
4. Limestone  deposits. 
5. Clay  deposits. 
6. Baked claystone  deposits. 
7. Additional  coal  deposits and by-product  coaly waste. 
8. Base metal  deposits. 
9. Precious  metal  deposits. 
10. Rock and mineral   col lect ing  local i t ies.  
11. By-product trace elements. 

To evaluate  the  geological  resaurces o f  the Hat  Creek region 
a  suitable methodology had t o  be developed. This methodology i s  f l l u s -  
trated  schematically i n  Figure 5-1. Eleven potent ia l  resources were 
i n i t i a l l y   i d e n t i f i e d  based on specff ic evidence o f  geological  potential^ 
or on the  presence o f  a promising  geological environment.  Geological 
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5.1 INTROOUCTION - (Cant'd) 
mapping indicated that  there w a s  'no potential for  saline  deposits; 
mapping and drilling provided no evidence o f  petroleum or natural gas 
deposits. For the remaining potential resources the geological condi- 
tions  were  favourable and  an Inventory  was collected. Based on this 
compilation it was  concluded  that  there  are no significant  deposits o f  
base metals or precious metals within  the  area of  concern. If a 
resource was found the  effect  of  the  project on the  resource was 
identified as significant or not  significant. For by-product trace 
eleaents from the  nine and for  rock and mineral collecting  localities 
the  effects  were regarded as  not slgnificant;  therefore the resource is 
described only  briefly. For the  remaining resources the  effects  are 
significant. Therefore  the properties and  uses o f  the material were 
detemined and the present situation. future  situation  without the 
project and future  situation  with  the project are described. Other 
factors  that Influenced the  degree  to  which  a  resource  was  examined 
included i t s  scarcity in the area, economic value,  and the location and 
ease  with  which  a  facility  could be moved if it conflicted  with poten- 
tial utilization of  the resource. 

5.2 PETROLEUM AND NATURAL GAS 

Some sedimentary r o c b   s e w e  as source beds or reservoir 
rocb for petroleum. Intermontane  sedimentary basins, such as the Hat 
Creek basin, occur  throughout  western North America and some o f  these 
contain petroleum resources. These  relationships have necessitated a 
review o f  the Upper Hat Cree& Valley as a potential source  of petroleum 
and  natural gas. 

The methods employed in evaluating the potential f o r  petroleum 
were  a  literature  survey,  observation of gases escaping from drill 
holes and logging o f  diamond drill  cores. 
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5.2 PETROLEUM  AN0  NATURAL - GAS - (Cont'd) 

Most petroleum and natural gas deposits  are  associated with 
marine o r  brackish  water,  lacustrine,  sedimentary  rocks. The Hat Creek 
sedimentary  rocks  are  continental ; there is no evidence that  the  water 
was brackish. One o f  the most  famous lacust r ine  o i l   deposi ts   occurs  in  
the Green River  formation o f  adjoining  parts  of  Wyoming, Colorado and 
Utah.24  These depos'its are o i l  shales  which have both  brackish and 
fresh  water phases; it i s  not  clear which of these phases  gave r i s e   t o  
the  petroleum;  therefore  similar  deposits  could be postulated  for  the 
Upper Hat Creek Valley. However, i n  general,  biological environments 
promoting  the  formation  of  coal do not  favour  the  formation  of 
petroleum. 33 

Petroleum  deposits  are  associated  with brown shales or sand- 
stones. The brown colouration i s  due t o  an o i l  coating on the  mineral 
grains;  these  rocks have  a d i s t i n c t i v e  odor when struck  wi th a hammer. 
The claystones and sandstones from the Upper Hat Creek Valley  are  grey 
(black i f  carbonaceous) and  have no odor when st ruck  ind icat ing  that  
petroleum i s   n o t  present i n  the cores. 

A gas  has  been  seen bubbling from some d r i l l  holes once 
d r i l l i n g  has  ceased. A1 though it has not been tested it is expected 
t h a t   a t   l e a s t  some o f   t h e  gas i s  methane. This escape stops soon a f t e r  
d r i l l i n g  has  ceased.  Such  methane occurrences  are common i n  coal 
sequences. No abnormal  gas pressures have  been encountered. These 
observations  indicate  that  there i s  no appreciable  natural gas i n  the 
areas d r i  11  ed. 

Invest igat ion o f  areas outside  the Upper Hat Creek Val ley  d id 
not  locate any favourable  sites  for  petroleum  exploration. The val ley 
a t   t he  headwaters o f  Medicine Creek contains  rocks  similar  to  those 
underlying  the  coal sequence in the Hat Creek Val ley. One d r i  11 hole 
penetrated a short   d istance  into these  rocks; no evidence o f  petroleum 
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5.2 PEIXOLEUM AN0 NATURAL GAS - (Cont'd) 
was encountered. The  petroleum potential between Medicine Creek, the 
proposed Thompson River pumping station and the  powerplant is  low 
because  the  area is underlain by Paleozoic  metasedimentary and meta- 
volcanic  rocks  which  are unlikely reservoir or source  rocks  for petro- 
leum or natural gas. 

There has been considerable information collected on the 
potential for petroleum and natural gas deposits at Hat Creek as a 
result o f  coal  exploration.  No evidence  of  petroleum or natural gas 
deposits has  been found. 

5.3 SALINE  DEPOSITS 

Epsoaite (MgS04.7HzO), the natural form of Epsom  salts, 
comprises  the only significant saline deposits in the area. These 
deposits  are  designated  Basque Nos. 1 to 4 and they  are located i n  the 
Venables  Valley, near the  southern limit of  the  Crown  reserve 23 

(Figure 5-2). The deposits  uere last Pinad in l942.'* Because  the 
deposits are  outside the reserve they should not  be affected by the 
proposed Hat Creek Development. 

Initially a  literature survey of  the  region  was  undertaken 
and the only saline  deposits  recorded  are  those listed above.  As a 
result no further  investigation is considered necessary. 

5.4 AGGREGATE  DEPOSITS 

(a) Introduction 

Aggregate i s  plentiful in British Columbia. Therefore 
to be  useful  it must be found i n  the  area  where it is required. 
Deposits in the  Crown  reserve  are located in the eastern part  of 
the No. 1 deposit and south of White Rock Creek in the Upper Hat 
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5.4 AGGREGATE DEPOSITS - (Cont'd) 

Creek Valley, on the upper benches o f  the Thompson Valley and 
along  the Thompson River.  Other  deposits  are  located near Pavi l-  
i o n  Lake  and or) Bonaparte Indian Reserve No. 2 .  The deposits  are 
located i n   a l l u v i a l ,   f l u v i a l  or g lac io f luv ia l  beds as i l l u s t r a t e d  
i n  Figure 4-1. 

The method  and extent o f  the  examination o f  aggregate 
was related  to  the  proximity  of   the  deposi ts  to proposed f i xed  
ins ta l la t ions   fo r   the  Hat Creek  development. The deposits  within 
the proposed openpit were mapped, analyzed and surveyed i n  the 
1 i terature;  information was also  obtained f r o m  the Department o f  
Highways. Infclrmation  concerning  the  deposits on Soston Flats,  
south o f  Cache Creek, was obtained  by l i t e r a t u r e  research and  by 
discussions  with  the  bepartment  of Highways.  Because quarries  are 
s i t e   spec i f i c  and  because of   the  large  quant i ty   o f  sand  and gravel 
found i n  the Thompson Valley, no addi t ional  work was undertaken. 

The analyses of   the aggregate  deposits were conducted  by 
Thurber  Consultants  Ltd.  using  the  procedures recommended by the 
American Society f o r  Testing and Materials (ASTM) as designated i n  
Table 5-1. 63 

TABLE 5-1 

ASTM TESTS FOR AGGREGATE 

Desiqnation f o r  ASTM Test 

Grain S i z e  Anal.ysis 
Petrographic  Examination 
Soundness Test 
Abrasion  Test 
Uni t  Weight 
Organic Impurit ies 
Specific  Gravit,y 
Absorotion 1 
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5.4 AGGREGATE DEPOSITS - (Cont'  d) 
(b) Inventory 

Five  active  aggregate  quarries  are located in the  Hat 
Creek area. Quarries  are located in the  Upper Hat Creek Valley at 
the  site of  the No. 1 coal deposit, near Pavilion Lake,  on  Bona- 
parte Indian  Reserve No. 2 and on Boston Flats (two deposits) as 
illustrated in Figure 5-2. The quarry at the site o f  the No. 1 
coal deposit  uauld be most  seriously  affected by a  mine and power 
plant at Hat C m k .  At this  site,  bluffs  of sand and  gravel over 
30 m (100 ft) high are  developed  along the east side o f  Upper  Hat 
Creek and i n  the lower reaches of Harry Creek. Toward  the east 
and south, the bench consists  of more than I2 m (40 ft) o f  till 
overlying. sand and gravel. Three horizons of  till can be 
distinguished,  one of which  contains  boulders as much as 1 m 
(3 ft) in diameter. Additional aggregate  deposits o f  undetermined 
extent have  been found  west o f  Bedard Lake  and associated  with 
alluvial fans as  illustrated in Figure 4-1. 

Four  samples o f  aggregate  were  taken  to  serve as a  guide 
in determining  the  size  distribution and other  engineering prop- 
erties; they  are not necessarily  representative o f  the total 
deposit, but provide  a general estimate o f  the  characteristics of 
the aggregate. The  samples  were  collected from the bench on the 
east  side  of the No. 1 deposit; two samples were  collectad from 
the gravel quarry (Figure  5-21, one was collected from a  site near 
the Hat Creek bridge, north o f  the No. 1 deposit  (Figure 4-9) and 
the fourth was collected from the banks of Harry Creek which flows 
from Harry Lake (Figure 4-4). The results o f  sieve  analyses 
conducted at the  Hat  Creek S i t e  on the raw samples are sunraarized 
in Table 5-2. These  analyses Were undertaken to determine  which 
samples should be tested further. 

Crushing would undoubtedly jncrease  the finer sized 
fractions; however with screening and washing it  is expected an 
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Sieve 
Sizes 

+3/4" 

-. l/4" 3/8" 

3/8" x .265" 

.265" x 116 
VI 

8 116 X #30 
U 

1130 x Y60 

1160 x 11100 

11100 x 11200 

-11200 

Weight(& Percent 
Hat Creek Bridge 

403.9 9.4 

364.2 8.5 

188.4 4.4 

429.7 10.0 

1429.7 33.2 

900.6 21.0 

I 463.6  10.8 

118.1 - 2.7 

TABLE 5-2 

SIEVE ANALYSIS OF HAT CREEK AGGREGATE 

ToLal 4298.2  100.0 

Weight(g1 Percent 
Harry Creek 

719.8  12.4 

536.5 E. 2 
518.6  8.9 

1080.9  18.7 

2185.6  37.7 

237.4  4.1 

82.0  1.4 

34.9 __ 0.6 

5795.7  100.0 

Upper Gravel  Quarry 
Weight(& Percent 

1839.7 21.9 

"", . < 9.9 

481.5 5.7 

970.5 11.5 

3420.5 40.6 

743.3 8.8 

74.7 0.9 

33.8 0.4 

23.6 0.3 

8425.5 100.0 

a21 9 

Weight(& 

2451.4 

1630.0 

614.5 

1083.7 

1650.1 

309.6 

60.6 

34.8 

35.2 

7869.9 

Lower Gravel  Quarry 
Percent 

31.2 

20. I 

7.8 

13.8 

21.0 

3.9 

0.8 

0.4 

0.4 

100.0 



5.4 AGGREGATE DEPOSTTS - (Cont'd) 
acceptably sized product could be obtained  for road aggregate  or 
building construction, although no data is available on crushing 
tests. 

In addition  to  the  sieve  analyses  other  tests  were 
conductad on tu0 samples;  one  sample is from the Hat Creek gravel 
quarry and the  other is from the Hat Creek  bridge site. The 
sample f m a  the quarry represents typical aggregate  whereas  the 
sample  from  the bridge represents  the sandy materials from this 
site. The following  tests and measurements  were  conducted on 
these materials: grain size  analysis,  petrographic  examination, 
Los Angeles  abrasion test, specific gravity and  absorption. sound- 
ness, unit weight and organic impurities. A sumnary o f  the results 
is described in Tables 5-3a and 5-3b. 

The petrographic  analysis  indicates  that  the  aggregate 
samples consist o f  fragments of greenstone and quartzite w i t h  
lesser granite, gneiss (more probably  foliated  granodiorite from 
Mount Martley), schist, claystone, limestone, hornfels.  till and 
welded tuff. Fragments of claystone, till or welded tuff  should 
not be permitted in the aggregate in significant quantities. 

The samples are  acceptable  for  coarse  aggregate although 
some care must be taken to ensure  that the specific gravity and 
absorption  meet specifications. For  fine  aggregate  the  samples 
contain  a high percentage  of  organic impurities. All other 
properties fall within the  reconmended limits f o r  most uses. 

(c) Present  Situation 

Of  the  five quarries in the Crown reserves and surroun- 
ding area  the only quarries that may  be directly affected by the 
project are  the gravel quarry in the Upper Hat Creek Valley 
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5.4 AGGREGATE DEPOSITS - (Cont' d) 

and the sand quarry on Boston Flats. The tvo quarries produce 
approximately 15 000 tonnes (16,000 short tons) of aggregate  per 
year. Approximately UOO tonnes (KO0 short tons) of  sand are 
used on roads each winter to prevent  skidding. The reminder is 
aggregate tram the  gravel  quarry uhich i s  used for  road construe- 
t i on  and maintenance. As a result  the Department of Highways i s  
the  largest consuner of aggregate i n  the  area. 

The threa remaining quarries meet local demands. The 
quarry a t  Pavilion Lake provides  aggregate for mad maintenance on 
Highway K. The Department of Highways uses the  quarry on the 
Bonaparte Indian Reserve No. 2 to repair nearby parts of 
Highways U and 97. I t   i s   m e s s a r y   f o r  the Department of Highways 
to m a i n t a f n  a number o f  quarries  scattered over the area in order 
to reduce transportation costs. The gravel quarry a t  Boston Flats 
provides  aggregate for roads i n  Cache  Creek. Aggregate for 
building construction i s  obtained from a  quarry  approximately 
3.2 tun (2 m i )  east of Ashcroft,  outside  the C m n  reserve. 

Appreciable  unexploited  aggregate deposits of undeter 
mined size  are  located w i t h i n  the Upper  Hat  Creek  and  Thompson 
River valleys. In the Upper  Hat  Creek Valley,  approximately 600 m 
(2000 ft) south of Whi t e  Rock Creek, drilling has encountered an 
aggregate  deposit uhich i s  approximately 18 R (60 f t )  thick and of 
unknown extent.  Alluvial  deposits  that  constitute  the  river 
terraces,  alluvial fans and related geomorphic features could 
provide additional  large  quantities of aggregate for developments 
i n  the Thoepson Valley  (Figure 4-1). 

(d) Future S i t u a t i o n  u i thou t  the Project 

I t   i s  expected that operation of  the Department of 
Highways' quarry  in the Upper  Hat  Creek  Val ley would continue 
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5.4 AGGREGATE OEPOSITS - (Cont'd) 
without  the Hat Creek Thermal  Project. However,  the  amount  that 
i s  excavated should decrease from recent levels because of the 
completion of improvements to the  Upper Hat Creek Valley road. 
The amount of aggregate needed for repairing Highway 12 should not 
change appreciably. Similarly the quantity of sand required for 
sanding the highway near Cache Creek should not  change. 

Additional demand for aggregate in the  Thompson Valley 
could be expected with increased demand for housing and services 
in Cache  Creek ,and Ashcroft should construction begin on a number 
of projects which  are  currently deferred. These ventures are the 
development o f  the  J-A.and Valley Copper deposits in the Highland 
Valley and development of the Maggie  Mine in the  Bonaparte Valley; 
in addition studies have been conducted for a copper  smelter at 
Clinton or in the Highland Valley.  None of these projects are 
currently attrac:tive; however  this situation could change with an 
increase in the price of copper.  Any of  these projects could 
create a need for increased housing  and other  facilities at Cache 
Creek or Ashcroft. The result would be an appreciable increase in 
the demand for aggregate although no estimate of quantities i s  
available. 

(e) Future Situation with the Project 

The proposed Hat Creek thermal development would have a 
number o f  important effects on the aggregate deposits in the area. 
These effects can be summarized as follows: 

1. Some  aggregate resources, notably those forming part o f  the 
east bench  at Hat  Creek and some deposits on  Boston Flats, 
could be sterilized.by the project. 
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5.4 AGGREGATE DEPOSITS - (Cont'd) 
2. So- aggregate  would be excavated in digging  the pit; this 

material could be  stockpiled. 

3. Soma o f  the  aggregate  that would. be excavated could be used 
for  orrsite facflities. Similarly  some of the  aggregate f r o m  
Boston Flats could be  used for construction and drainage 
associated  with the proposed water supply system, road and 
air strip. 

Only a small part o f  the  available  aggregate i n  the area 
would be affected by the project.  It  is estimated  that  within the 
east bench at Hat Creek  there is approximately 645 million tonnes 
(no million  short tons) o f  ungraded aggregate. O f  these  reserves 
approximately 200 million  tonnes (220 million  short  tons)  would be 
mined based  on the proposed PO-NCB pit plan. Only  about 1lO to 
l l 5  million  tonnes (KO to 125 million  short  tons)  would be 
needed for  the mine, powerplant and offsite facilities. It is 
expected that the  mine and powerplant would become  tourist attrac- 
tions  thereby  increasing  the use of  the Upper Hat Creek Valley 
road; the increased usage would  necessitate paving the road. The 
result would be  an  initial increase  then  a substantial decrease 
below current levels because less aggregate  would be required for 
maintenance. Additional aggregate would be required from Boston 
Flats to construct  the  eastern part o f  the proposed access road, 
water pipeline, pumphouse and air strip: a small quantity o f  
aggregate at Boston Flats could also be sterilized by these facili- 
ties. The dernand for housing at Pavilion Lake could increase with 
the project thereby  increasing  the demand on the Pavilion Lake 
quarry if the material is suitable; however because space is 
limited, the  number o f  potential homes is likewise limited and the 
quantity o f  aggregate  consumed is expected to be  small. 

5 - K  



5.4 AGGREGATE DEPOSITS - (Cont'  d) 
The amount of aggregate  that  would  be needed in the 

foreseeable  future by the project and other uses  is moderate 
compared to  the amount  that is expected to be excavated within tbe 
proposed openpit.. Once  the mine is depleted of coal reserves the 
additional 445 mi 11 ion  tonnes (490 mil 1 ion short tons) of aggregate 
could be excavated if reauired. 

(f) Conclusions 

Although an appreciable quantity of  the aggregate 
resource of the Upper  Hat  Creek Valley would be affected by the 
project, this effect would  be mitigated if  at least some of  the 
aggregate  was  stockpiled for later excavation and/or partly compen- 
sated by the use of fly  ash  and bottom ash for road construction. 
As a result of these considerations the effect of  the project on 
the aggregate Fesource in the Upper  Hat  Creek Valley would be 
minimal and could enhance  the utilization of aggregate. The use 
of sand from the quarry at Boston Flats could be partly affected 
by the  water pipeline. The appreciable  quantities of sand and 
gravel in the Thompson River Valley could provide an alternative 
source of sand. It i s  expected that a m a l  1 increased cost could 
result from transportation and possibly royalty payments if an 
alternate  site was considered. Because the quantity consumed i s  
small, the incremental cost  would be minimal. 

5.5 LIMESTONE 

(a) Introduction 

Large deposits of limestone are located near the Upper 
Hat  Creek Valley. The limestone of  the Marble Canyon formation 
comprises  the  bedrock along a discontinuous belt extending from 
Martel on  the Thompson River to Big Bar on the Fraser River, 93 km 
(58 mi) to the nclrth (Figure 4-8). 
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5.5 LIMESTONE - (Cont'd) 

The area  affected by the proposed Hat  Creek project i s  
restrictad t o  a satal1 part o f  the  large  limestone  resource. AS a 
result only  limestone more amenable to mining, that is limestone 
above the valley floor near Houth  Meadows (on the northwest 
boundary o f  the No. 1 deposit), was considered i n  determining  the 
magnitude o f  the  affectad  limestone  resource. 

Geological mapping  was undertaken because i t  was p r a c  
t ical  as a result o f  the abundant outcrop on the  hillside north o f  
Houth  Meadows. A few samples from outcrops were analyzed and 
l i terature was  examined to determine potential uses that could be 
d e  o f  this limestone. Discussions ware held w i t h  a representa- 
t ive o f  Steel  Brothers Canada Limited to determine the qual fty o f  
limestone a t   t he i r  quarry i n  Marble Canyon, northwest of the Upper 
Hat Creek Valley (Figure 5-3), and to compare that to the  limestone 
from Houth Meadows. 

(b) Inventory 

The limestone  in  the Hat  Creek area l ies  along  a north- 
south trending.  belt. Within and adjacent t o  the Upper  Hat  Creek 
Valley i n  excess o f  165 km (64 sq si) is underlain by limestone, 
including  part o f  the proposed Houth  Meadows waste df sposal s i te ,  
northwest o f  the No. 1 deposit  (Figure 4-9). Limestone i s  exposed 
north and south o f  the Hat  Creek s i t e  (Figure 4-8). Very l i t t l e  
i s  known about this limestone because only a small part o f  the 
limestone h a s  been  examined i n  detail w i t h  a view to future  produr 
t ion .  A number o f  samples f m  various localities contain  in 
excess o f  96 percent calcium carbonate w i t h  one sample being as 
high as 99.05 percent." A typical sample from the  Steel  Brothers 
quarry assayed 0.2 percent MgO, 54.6 percent CAO. 0.3 percent 
Fe203 plus A$03, 0.4 percent  Si02 and loss on i g n i t i o n  
44.2 percent.50  This  analysis i s  the  equivalent o f  97.46 percent 
calcium carbonate. 

2 
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5.5 LIMESTONE - (Cont'd) 
The  limestone north and west o f  the Houth Meadows  waste 

disposal site is grey,  white or white with black streaks.  It  is 
finely  crystalline and locally brecciated. Solution  cavities  are 
usually small and 1 ie at the intersection o f  bedding planes and 
joints. Four  analyses  were  obtained f r o m  limestone  samples col- 
lected north o f  Houth Meadows  (Table 5-4). The  samples  were  taken 
f r o m  outcrop and are expected to be high in insoluble residues. 
As  a result the  analyses  are only a  close  approximation to the 
coapooitfon o f  the limestone. The  analyses  indicate  that two o f  
the  four samples  have  acceptable CaC03 and are  low in SO2. The 
amount o f  MgO in the saaples i s  too high for soma uses. Both S i O z  
and MgO are  higher i n  samples f r o m  Houth Meadows  than in those 
f r o m  the Steel  Brothers'  quarry. These  preliminary results indi- 
cate  that  the  limestone is probably acceptable for use in cement, 
mortar, agricultural lime, industrial waste  treatment, animal 
feed, dust  abatement in  coal mines, sulphite pulp manufacture, 
hypochlorite bleach manufacture and water treatment. 

TABLE 5-4 

ANALYSES OF LIMESTONE FROM HOUTH MEAOOWS 

- Site c~o(%) k 2 g m  GB- 
HC-3 1.92 52.50 0.08 3.25  42.28 

HC-5 1.40 53.60 0.08 2.15 42.58 

HC-7 1.65 53.90 0.06 0.45 43.90 

HC-l3 1.38 54.40 0.05 0.35 43.25 

equiv. ( 4  

93. n 
95.68 

96.21 

97.10 

CaC03 

* LO1 means "loss on  ignition". 
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5.5 LIMESTONE - (Cant' d) 
(c) Present Situation 

Potent.ial reserves of limestone in the vicinity of the 
Hat  Creek Valley are very large. Limestone is currently being 
mined by  Steel  Elrothers Canada Limited in Marble Canyon.  Lime  is 
produced at the plant which has a rated capacity of 320 tonnes 
(350 short tons) per day.50 The lime is  used principally as a 
fluxing agent by  nearby mine mills and pulp  mills. Present demand 
by the pulp, paper and copper industries is low, therefore the 
plant is  not operating at  peak capacity. 

(d) Future  Situation  without the Project 

Industrial  uses o f  limestone will probably increase 
marginally in the near future and this demand could probably be 
met by  expansion1 of  the Steel Brothers plant. If new mines and a 
smelter  were  constructed in the Highland Valley the demand for 
lime as a fluxing agent could be appreciably increased. The 
possibility would then exist for opening a quarry on the hills 
north of Houth Meadows. 

There are a number of uses for limestone which are not 
currently promoted in the  Hat  Creek area. The limestone could be 
used f o r  making Portland cement, carbide, agricultural lime, 
whiting, aggregalte, railroad ballast, filter stone and for soil 
stabilization. The  distance from markets and the  resultant high 
transportation c:osts have blocked appreciable utilization of  the 
limestone deposits near Hat Creek. The markets i n  Vancouver  are 
served by barging limestone from  several operating quarries on 
Texada Island at lesser  cost than could be expected from Hat 
Creek. 
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5.5 LIMESTONE - (Cont'd) 
(e) Future  Situation with the Project 

Limstone is cDmwn in the  Upper Hat Creek area. The 
development o f  any limestone  resource  would  necessitate keeping 
the stripping  ratio  to  a minimum. Therefore it was  considered 
that, if the limestone at Houth Meadows was  developed, only the 
limestone  above  the valley floor  would be  involved. Approximately 
360  million  tonnes (390 million  short  tons) of  this limestone 
would be sterilized, based on the PO-NCB alternative A disposal 
plgn,  compared  with 90 million  tonnes (97 million  short tons) 
based on  alternative B26 (Figures 5-3 and 5-4). A wedge o f  1 iw 
stone KO0 m (4000 ft) long and as much  as KO m (400 f t )  thick 
lies north of Houth Meadows  and  above the prop0  alternative A 
waste dump. This  wedge  contains  approximately * g E n  tonnes 
(+oillion short tons) o f  limestone  that  could be  used i f  a need 
f o r  limestone arose. 

. 250 

I f  flue gas desulphurization i s  considered f o r  the pro- 
posed t h e m 1  plant, the Houth Meadows  limestone  above  the proposed 
dump could be used for  this purpose. However, there  are  other 
sources o f  limestone  south o f  the plant site  that  are  closer to 
the proposed thennal plant.  If partial scrubbing  was  introduced 
(i.e. if 50 percent of  the f lue gas were scrubbed) in order to 
reduce SOZ emission to 0.34 ms/U (0.8 lb/MBtu) from the uncon- 
trolled level o f  about 0.58 mg/U (1.37  lb/MBtu). the lifetime 
consumption (35 years) of  1 inestone would be about 4.3 million 
tonnes (4.7 million  short tons).52 These  estimates assume that 
the plant has a 65 percent capacity factor and that  the heating 
value of  the coal is U 800 kJ/kg (5500 Btu/lb)  and 0.36 percent 
sulphur at 25 percent moisture. 

Lime could be  used for conditioning  tailings and for 
stabilizing  the  waste material on the dumps. No estimates are 
available  of the quantities required if these  measures should be 
taken. 
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5.5 LIMESTONE - (Cont'd) 
Large quantities o f  concrete  would be required  over an 

extended period as each of the  four generating units is  installed. 
It is estimated  that approxirpately 73 000 m3 (96,000 cu  yd) of 
concrete  would be required for four units.49 It is assumed  that  a 
batch plant  would be installed and that  the plant would use cement 
that is hauled to the site by  truck. Therefore no denand would be 
placed on the  limestone  for  construction  of  the  powerplant  or 
other bui 1 dings. 

( f )  Conclusions 

Because  of  the  large  area o f  limestone  outcrops in the 
region, the resourcos o f  limestone a m  almost unlimited. However, 
the  quality of  this limestone is not w e l l  known. The large 
resources tend to mitigate the loss o f  limestone i n  Houth Meadows. 
Limited use is expected without  the project; a substantial increase 
i n  limestone use would be expected only if sulphur  scrubbing 
becomes necessary. 

5.6 CLAYSTONE DEPOSITS 

(a) Introduction 

Unlithified  claystone and siltstone  comprise an  appreci- 
able thickness o f  the M i c i n e  Creek and Hat  Creek Coal formations 
in the  Upper  Hat  Creek Valley. These  formations underlie approxi- 
nately ~9 b2 (42 sq mi) o f  the valley. Large quantities o f  
these  materials  would be excavated from a coal mine  at Hat 
Creek. 

The method o f  studying  the  effect of the proposed Hat 
Creek P r o j e c t  on the utilization  of  these  claystone resources has 
been to  define  the  distribution of  these  rocks based on existing 
drill cores and drill  logs  and to quantitatively  determine  their 
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5.6 CLAYSTONE DEPOSITS - (Cont'd) 

mineralogy. In the  next phase of   studies it will be necessary t o  
determine  other  properties and market factors which  could  influence 
t h e i r  use. 

The procedure for  quant i tat ive  determinat ion  of   the 
mineralogy of  the  claystones  involved X-ray d i f f r a c t i o n  scans  and 
in tegra t ion   o f  photon  counts  over the  d i f f ractometr ic  peaks. To 
obtain  these peaks the raw  samples  were f i r s t   p u l v e r i z e d  and 
homogenized. An X-ray d i f f r a c t i o n  scan was  made between 3 degrees 
and 95 degrees uf  2- the ta   f o r   a l l  samples. Some glycolated samples 
were analyzed to d i f f e r e n t i   a t e  between i 11 i t e  and  montmori  11 on i   t e  
(bentonite).  Attempts were made t o   i d e n t i f y   a l l  o f  the peaks on 
the  diffractogram.  Standard  calibration  curves were made using 
synthetic  mixtures  containing known quant i t ies o f  minerals  identi- 
f i e d   i n  the  clay samples. An internal  standard o f  10 percent by 
weight  of magnesia was used f o r  a l l  samples. The photon  counts 
over one peak o f  each o f  the  minerals was normalized and integrated 
with  respect to the  integrated peak density o f  magnesia. The 
areas  under the  curves  are  proportional to   the  quant i ty  o f  t h a t  
mineral i n  the rock; therefore  the amount o f  each mineral i n  the 
c lay sample could be determined. 13714915 The estimation  of min- 
erals by t h i s  technique i s  considered  accurate w i th in  23 percent 
f o r  feldspar,  quartz and k a o l i n i t e  and w i t h i n  f5 percent f o r  
bentonite. The fol lowing  minerals were also checked i f  they were 
found: pyrophyl l i te,  serpentine,  hal loysite,  dolomite,  calcite, 
siderite,  ankerite,  goyazite,  apatite, gypsum, magnetite,  pyrite, 
galena, sphaleri te,  tetrahedrite,  chalcopyrite, hyalophane and 
epidote. 

I n   add i t i on  t o  these quant i tat ive analyses, X-ray d i f -  
f ract ion  studies were conducted by Or. R.M. Quigley o f  the 
Univers i ty   o f  We:stern Ontario26 and Or. P.A. Hill o f  Carleton 
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5.6 CLAYSTONE  DEPOSITS - (Cont’d) 
~nivenity~’ on  a  large  number o f  samples. The purpose o f  there 
latter  studies w a s  to determine  the  cause o f  certain geotechnical 
properties o f  the rocks; however  information  on the clay as a 
potential resource  was  collected simultaneously. 

Once  the  types and distribution o f  the  minerals have 
been examined it is planned to investigate any potentially market- 
able clay minerals. The investigation o f  kaolinite  extraction is 
to be undertaken by Dr. A.C.O. Chaklader and Dr. I.H. Warren o f  
the Universi ty o f  Briti  sh  Columbia. The properties o f  the kao- 
linite and  their  relationship to  the following uses  will  be 
investigated: 

1. Production o f  mullite and alumina for making high temperature 
refractory  brick or as a  feedstock to an aluminum smelter. 

2. Production o f  alumino-silicate  catalysts  for the petroleum 
industry. 

3. Production o f  tricalciua  aluminate for cement. 

4. Production o f  ceramic-products using kaolinite and bentonitic 
claystones. 

The results o f  these studies  are expected in September 1978. 

Another  study is to be conducted in Ottawa by 
Dr. A. Winer o f  the  Canada  Centre for Mineral  and Energy Tech- 
nology. The study will datermine  the  properties o f  the kaolinitic 
claystone  for use in alwina production and the properties o f  the 
bentonitic claystone and its  potential uses. The former study 
will involve a detenination of  the amount o f  alumina  that can be 
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5.6 CLAYSTONE  OEPOSITS - (Cont'd) 
extracted; the methods are described in the environmental report 
on "Solid  Waste Oisposal Coal Storage Land  Reclamation". The 
latter study wi'll examine the cation exchange  capacity and the 
nature of  the exchangeable cation in the bentonite. The detennina- 
tion involves an ammonium acetate cation extraction, filtration, 
armnonia distillation into sulphuric acid, and back  titration with 
sodium hydroxide to determine the amount of  the ammonium radical 
(NH4+) that has replaced the exchangeable cation. The sodium and 
calcium  concentrations in the filtrate  are determined by atomic 
absorption. Considerable care must be taken in sampling to avoid 
contamination by sodi um bentonite from the drilling mud. These 
studies will also  examine the ash from fluidized bed combustion 
tests to determine if these by-products could be  used as a source 
of a1  umi  na. 

In addition, several aluminum companies  were approached 
as a result of  the Preliminary Environmental Study on Hat Creek. 21 

The Preliminary Environmental Study noted that aluminum companies 
may  be interested in clay (and/or fly ash)  as a source of alumina. 
Some  analyses of alumina  were completed by the Aluminum Company of 
America Inc. ( A l ~ o a ) ~ ~  and Alcan International (1975) Ltd. 
( A l ~ a n ) . ~ ~  In 1.5 169 m (49 754 ft) of Hat  Creek dri 11 core, the 
ash has been analyzed f o r  alumina as part o f  the standard mineral 
analysis. The t.ota1 aluminum in the ash, expressed as aluminum 
oxide (A1203), ha.s been summarized by  coal zone in histograms. 

(b) Current uses of l u  

Clay for industrial  use  is divided into  several different 
types based on mineralogy and properties which relate to its 
potential  end China  clay (kaolin)  is white,  consists pri- 
marily of kaolinite and  has a high fusion temperature.  Ball clay 
is plastic, white-firing and consists of kaolinite, sericite and 
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5.6 CUYTTONE OEPOSITS - (Cont'd) 
s o a  organic matter. Fire  clay is plastic or rock-like and c o w  
SistS of  kaolinite with some diaspore, bauxite clay,  shale, ball 
clay, burley and burley flint. Bentonite  consists primarily of 
montmorillonite;  the clay is divided into the  swelling or sodium- 
type and the nonswlling or calciwtype; the  former will  swell  as 
much as Ls or 20 times its  dry  volume.  Fuller's earth is a non- 
plastic clay-like material with adequate  decolouriring and  puri- 
fying properties;  the material is composed  of  attapulgite or 
montmorillonite with or without  opaline silica. Common clay is a 
plastic clay or clay-like material which  can be readily moulded 
and which vitrifies below l l O O ° C ;  it usually consists  of kaolinite, 
illite, chlorite and montmorillonite. Conrwn clay is usually 
higher in alkalies and ferruginous  minerals and lower in aluminum 
than the kaolins, ball clays and fire clays. 

Clay resources in the world are very  large. However 
most countries, although they may have adequate  supplies  of some 
clay types, generally do not have the  specialty clays. The United 
States is an exception in that it has large resewes o f  all types 
o f  clay. Canadian imports of  clay  are listed in Table 5-Sa. 
Although Canada is the fourth largest  producer  of clay.4 princi- 
pally common  clay and f i r e  clay,  this production is concentrated 
in the east; there  are only a few small plants in western Canada. 
Few known deposits of  fire clay or ball clay are being utilized. 
In 1975 Canada imported 257 000 tonnes (283,000 short tons) of 
bentonite and more than 148 000 tonnes  (164,000 short tons) of 
kaolin. 64 

The  degree  of  processing o f  the natural clay depends  on 
i t s  quality and the value o f  the clay for  a  particular end use. 
Principal processing methods range from simple crushing of  common 
clay or shale for most structural clay products and refractory 
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5.6 CLAYSTONE DEPOSITS - (Cont'd) 
cement to a combination of several techniques for specialized 
kaolin clays i,ncluding crushing, blunging, sedimentation, water 
fractionation, ultraflotation, acid treatment, calcination, air 
floating, attrition grinding and  delaminating. 

Becau!;e of the scarcity of specific  types o f  materials, 
principally china  clay, refractory fire clay and bentonite, these 
materials can be mined, processed and transported a considerable 
distance. Mining costs for clays range from $1.00 to over $10.00 
per tonne. Processing costs can range from a feu cents per tonne 
for common cla,ys to  over $100.00 per tonne for s,pecial paper 
coating and  high quality clays. 

The amount of clay consumed particularly for cement and 
for brick manufacture is very large. A summary of demand in the 
United States by clay type and a forecast of clay demand in the 
year 2000 are listed in Table 5-5b.4 The demand is increasing at 
an average rate of approximately 4 percent per year. 

The uses of clays  are dictated mainly by  local markets; 
however there are a few  exceptions. The types of clay used depends 
on the availability, cost and properties of the clay. Approxi- 
mately 40 percent o f  the clay consumed i n  the United States in 
1975 was common clay and shale for use in building bricks, drain 
tile, vitrified sewer pipe and a number of other construction 
materials. Twenty percent of the clay was used in the manufacture 
of Portland cement;  this  was primarily common clay and  shale. 
Approximately l!j percent of the clay was used in making lightweight 
concrete floors and walls because clay provides bett,er insulation 
than sand  and  gravel aggregate; these clays  were predominantly 
common clay or shale. Approximately 10 percent of the clays was 
fire clay for use in refractories.  Kaolin for paper filler and 
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5.6 CLAYSTONE DEPOSITS - (Cont'd) 
TABLE 5-Sa 

CANAOIAN IMPORTS IN 1975 BY N P E  OF CLAY 
(in thousands) 

- Tonnes 

Kaolin 148 

Bentonite and  Oril ling Mud 
Fire Clay 43 

257 
Activated Clay (Fuller's  Earth) 
M e r  Clays u7 

44 

Short  Tons 

164 

283 
48 

151 
48 

TABLE 5-5b 
U.S. O M A N 0  IN 1973 AN0 OEMANO 

( i n  thousands) 
FORECAST FOR THE YEAR 2000 BY TYPE OF CLAY 

Type 1973 2000* 

Short  Short 
Tonnes - Tons Tonnas - Tons 

Kaolin 4 803 5,295 20 000 22.000 
Ball Clay 604 
Fire Clay 3 5x3 

666 3 000 3,000 
3,872 l5 000 16,000 

Bentonite 2 288 
Ful  fer' s Earth 980 

2,522 6 000 7,000 
1.080 5 ooo 5 .  ooa 

* Numbers are rounded to the nearest thousand. 

coater  filler in cosmetics, fine  china,  refractories, plastics, 
etc. accounted  for  approximately 4 percent of U.S. consumption. 
About 10 to 11 percent o f  the clay  consisted of bentonite, common 
clay, ball clay, kaol in and  Fuller's earth for  miscellaneous 
special uses such as drilling mud, iron ore pelletizing, pottery 
and ceramic  ware, and as a decolourizer or purifier. 
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5.6 CLAYSTONE  DEPOSITS - (Cont'd) 
(c) Inventory 

Studies were conducted on rock samples from the Hat 
Creek Valley to determine the types of clay and their distribution 
in the No. 1 deposit. This information is  essential i n  order to 
examine  the potential  use of  the claystone. The  claystone in the 
hanging wall arid in the upper half of  the coal measures contains 
appreciable bentonite. The lower half of the coal measures 
contains predominantly kaolinite both  as inherent mineral matter 
in the coal  and as partings as much as 9.4 m (31 ft) or more 
thick. 

Within the lacustrine beds above  the coal, bentonite 
predominates over kaolinite with the sampling distribution skewed 
toward the less-bentonite end (Figure 5-5). The samples from the 
A coal zone are generally lower in bentonite, but the distribution 
is skewed toward the more-bentonite end. Samples from the 8, C 
and 0 coal zones have low bentonite; most exceptions are  associated 
with the "shale out" on the west  side of the deposit. The distri- 
bution of clay minerals from below the coal  (foot wall) is  irregu- 
lar,  but the samples are generally low in bentonite. 

Figures 5-6 through 5-9 illustrate the variation of  the 
dominant minera.ls in the coal measures and adjacent rocks. These 
histograms were constructed for quartz, kaolinite, bentonite and 
feldspar from the hanging wall, foot wall and coal zones A ,  B, C 
and 0. Within the  coal zones most of the samples are from carbona- 
ceous or coaly intervals because totally noncarbonaceous intervals 
are rare. The  quartz content increases from the hanging wall 
through B zone; C and 0 zones and the footwall have wide distribu- 
tions in quartz content (Figures 5-6a through 5-6f). The concen- 
tration of kaolinite is related inversely to the concentration of 
bentonite (Figures 5-7 and 5-8). The kaolinite content is  low in 
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5.6 CLAYSTONE  DEPOSITS - :[Cont'd) 

the hanging wal'l and increases  through A, B and 0 zones. C zone 
has a wide  d is t r ibut ion with numerous  samples low i n  kaol in i te;  as 
described above, these  are  related  to  the  "shale  out" on the west 
s ide  o f   the No. 1 deposit. The  samples from the  foot   wal l  seldom 
contain  appreciable  bentonite;  the  distr ibution  of  kaol inite i s  
scattered. The feldspar  content i s  commonly l o w  w i th  samples from 
C zone having  the most var iat ion  (Figure 5-9). The  samples com- 
monly have only  trace amounts, i f  any, o f  epidote,  siderite, 
calc i te,   anker i te and p y r i t e ;   i n  a few  samples these  consti tute 
major  mineral phases of   the rock. 

The remainder o f  the Upper Hat Creek Valley,  outside  of 
the No. 1 deposit,  contains  appreciable  claystone  with a mineralog- 
i ca l   d is t r ibu t ic ln  which i s  probably  s imi lar   to  that  i n  the No. 1 
deposit. 

Invest igat ions  to   begin  ear ly   in  1978 are  expected t o  
ind icate i f  kao l in i te  can  be extracted and t o  determine the 
propert ies o f  th is   kao l in i te .  I n  addi t ion it i s  planned t o  examine 
the  nature  of  the exchangeable cat ion  in  the  bentoni te.  These 
programs will determine  possible uses f o r   t h e   k a o l i n i t i c  and the 
bentonitic  claystones. 

The Prel  iminary  Environmental  Impact  Study fo r   t he  
proposed Hat Creek development noted  that aluminum  companies may 
be interested i n   c l a y  (and/or f l y  ash)  from  Hat Creek as a source 
o f  alumina. Before  the  d istr ibut ion o f  the  types o f  c l a y   i n   t h e  
deposit was appreciated, samples  were  examined  by the Aluminum 
Company o f  America ( A l ~ o a ) ~ ~  and Alcan Internat ional  (1975) Ltd. 
(Alcan).* The resu l t s   o f  these  analyses  are summarized i n  
Table 5-6. The analyses indicate  very low  alumina i n   t h e  hanging 
wall  claystone whereas  samples f r o m  the  coal zones contain more 
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5.6 CLAYSTONE  OEPOSITS - (Cont'd) 
alumina. Of  the A 5 O 3  in sample 74-37A:ll60-1290, the  alumina 
extractable by an acid leach is approximately 80 percent  of the 
total. A S w r y  of the  distribution of A$03 among each o f  the 
four coal zones is illustrated in Figure 5-10. The concentrations 
of A1203 in the ash have a broad range;  however they are  generally 
between 25 and 30 percent. The  alumina is enriched in the  nore 
kaolinitic intewals of the claystone and siltstone  sections and 
depleted on the  nest  side  of  the No. 1 deposit and in the  sandstone 
horizons. A plot of  the kaolinite-bentonite ratio versus parting 
thickness is illustrated in Figure 5 - l l .  The  purpose  of  this plot 
uas to determine if selective  mining  would be possible in some o f  
the  areas  containing  appreciable kaolinite. O f  the 24 samples  of 
kaolinitic claystone  that were examined, thirteen  are from partings 
greater  than 1.5 m (5 ft) thick and seven  of  these  are  over 6 n 
(20 ft) thick. Based on  this  preliminary  information some selec- 
tive  mining  could be practical; studies into the uses of  these 
clays  are continuing. 

A more detailed  examination of  the feasibility o f  
extracting  alumina f r o m  mine and plant wastes  (claystone and  fly 
ash) i s  included in the  section  of the Hat Creek Detailed Environ- 
mental Study entitled %lid Waste Disposal Coal Storage Land 
Reclamation". 

(d) Present  Situation 

Claystone and siltstone  deposits underlie much o f  the 
Upper Hat Creek Valley.  In addition they are interbedded with the 
coal sequence, particularly in A and C zones. 
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5.6 CLAYSTONE  DEPOSITS - (Cont'd) 

TABLE 5-6 

ANALYSES FOR ALUMINA I N  CLAY SAMPLES  FROM 
'THE UPPER HAT CREEK  VALLEY 

Hole No.:Interval ( i n   f e e t )  - Zone  -2-3 A 1  0' ( X )  i n  Dry Ash 

74-37A:  270 - 430 
74-26:  830 - 1020 

H. W. * 16.79 
H. W. 

74-37A: 1160 - 1290 
16.84 

74-46: 562 - 582 
A 
C 

20.59 
29.5 ~ ~ ~~~ ~ ~- ." 

74-46:  670 - 690 C 24.8 
74-46:  774 - 802 C 26.8 

"" 

74-46: 831 - 8 s i  C 
74-46: 956 - 986 C 
74-46: 986 - 1026 D 
74-46: 1106 - 1146 D 
74-46: 1528 - 1540.5 D 
74-106: 1490 - 1835 D 

~~ ~ 

28.7 
26.1 

28.8 
30.4 

26.8 
29.3 

* H.W. i s  an abbreviat ion  for  the hanging wal l   lacust r ine 
sedimentam1 rocks  overlying  the  coal sequence. 

No c lay has  been mined previously i n  the Upper Hat Creek 
Valley. The  demand f o r   c l a y  depends  on marketabi l i ty  based on 
mining,  processing and transportat ion  costs as well  as the  accept- 
a b i l i t y   o f   t h e  product. The Hat Creek area i s  iso la ted from the 
Lower Mainland where most of the demand for  clay  products i s  
centered. The cost o f  exclusively  mining  the more k a o l i n i t i c  
clays would involve  considerable  stripping  plus  the  separation o f  

coal and bentoni t ic  beds.  The cost  could  not be j u s t i f i e d  under 
present  conditions where neither  the  coal  nor  the  bentonit ic beds 
could be sold and  where the  total   cost   of   mining and transportat ion 
must  be borne by the  kaol in i t ic   c lay.  

5 - 28 



5.6 CLAYSTONE OEWSITS - (Cont'd) 

(e) F u t u r e  Situation  without the Project 

Without the project i t  is expected the clay from  Hat 
Creek would not be mined i n  the foreseeable  future. The conditions 
affecting the uses o f  clay  are  not  likely t o  change without  the 
presence o f  a thermal plant  or  other  industry using the coal and 
paying most o f  the cost of mining the  clay. 

( f )  F u t u r e  Situation with the Project 

The coal mine proposed for  the Upper Hat  Creek Valley 
would produce appreclable  claystone. Once the  detailed mine pt  an 
i s  conplatad,  predictions can  be made regarding  the  scheduling o f  
the types of clay and the total amount that  could be expected. 

Based on the PO-NCB preliminary mine plan, as much as 
1060 million tonnes (1170 mill  ion  short tans)  of combined bentan- 
i t ic  and kaolinitic claystone and siltstone, coaly  waste,  sandstone 
and conglomerate would be removed.43 Clay is in discrete partings 
and as inherent mineral matter in the coal. Some of the thicker 
clay  intervals  illustrated in Figure 5-ll could be extracted 
during mining o r  by separation  in a Bradford  Breaker; rejects from 
a beneficiation  plant could provide additional  clay from the 
thinner partings.  Feasibility  studies on methods o f  beneficiation 
are  presently being conducted. 

Program are progressing which  examine the separation 
and properties of  the clay  materials  in  order  to determine their 
potential end uses. Sone of the uses that have been proposed are 
as follows: 

1. Production o f  mullite and alumina for making high temperature 
brick;  the  latter could also be  used as a feedstock to an 
aluminum smelter. 
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2. Production of alumino-silicate catalysts for  the petroleum 

industry. 

3. Production of tricalcium  aluminate for cement. 

I 

I 

4. Production of drilling muds, moulding sands, etc. provided 
the bentonites contain sodium as the exchangeable  cation; 
there  are also a number of limited uses for calcium 
bentonite. 

5. Production of ceramic  products (bricks, tiles, etc.) using 
kaolinitic and bentonitic claystones. 

Only :if the claystone  waste  was used  as a source of 
alumina could an appreciable part of the  claystone resource be 
utilized. The limiting factors are the remoteness from markets 
and the resulting high cost  of transportation. 

(g) Conclusions 

The c'iay minerals at Hat Creek have a well defined 
distribution and would be extracted in large quantities from a 
mine at Hat Creek. Some  of  the clays could be removed during 
mining, crushing o r  washing. The information on quantities and a 

schedule for clay types awaits results of the mining studies. 
Information on practical  uses awaits results of the clay extraction 
study  and subsequent examination of the economics and  potential 
marketability o f  the large quantity of clay expected from the 
No. 1 deposit. Mine planning relating to waste disposal should 
remain sufficiently flexible to allow for separation of the clay- 
waste products i:nto kaolinitic and bentonitic zones for subsequent 
extraction. 
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5.7 BAKED CLAYSTONE 

(a) Introduction 

The northwest and north  central  parts o f  the No. 1 
deposit and an undetermined p a r t  o f  the No. 2 deposit  are  overlain 
by  baked claystone.  This  material  consists o f  red,  orange and 
yel low,  brick-l ike, baked clay and isolated  pockets of grey 
cl inker. The baking i s  the  resul t  o f  a  natural  coal  f ire;  the 
baked clay i s  the  adjacent  claystone.  partings and inherent ash 
associated  with  the  coal  that burned. 

L i t t l e  work has  been completed to  assess the baked clay. 
Drill hole  infonuation and magnetometer surveys have  been  used t o  
determine  the  extent o f  the  deposit. The l a t t e r  method  has proven 
useful because the  bakd  claystones  are more magnetic  than  the 
adjacent  claystone and coal. 

(b) Inventory 

The baked ciaystone  overlies  a  large  part o f  the No. 1 
deposit. , Orill hole  information has indicated  that  the zone 
ranges to almost 70 m (230 ft) thick;  the  quantity i s  conserva- 
t i v e l y  estimated a t  16 m i l l i o n  tonnes (18 mi l l ion   shor t  tons). 
Because o f  the  occurrence of  thick  claystone  part ings  in  the 
or ig ina l  coal sequence, some clay beds are  less baked than  others. 
Colour  variations  occur  within  the baked  zone  due to   var ia t ions   in  
iron  content and to degrees o f  oxidation  during  burning and  subse- 
quent  weathering. 

Clayburn  Industries  Limited i s  current ly  test ing  the 
baked claystone  to  deternine i f  it i s  suitable f o r  b r ick  manu- 
facture.  Results o f  the i r   test ing  are expected soon. 
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5.7 BAKED CLAYSTONE - (Cont'd) 
(c) Present Situation - 

In the summer of 1977 a trench  was excavated to extract 
coal for a test burn at  the Battle River Powerplant of Alberta 
Power Company. During excavation of this  trench roads were con- 
structed from the baked  claystone. The material  was  found to be 
useful for that purpose; the baked claystone road  material remained 
relatively dry  and the road surface  was not slippery even after 
heavy  rains. Similar baked claystones are used elsewhere in place 
of aggregate for gravel  roads. 

(d) Future  Situation  without the Project 

Clayburn Industries Limited have indicated that, if the 
results of  their testing  are favourable, they would he interested 
in acquiring baked claystone for use  in brick  manufacture  whether 
the project is to proceed or not. The amount required by Clayburn 
would be between 14 000 and 45 000 tonnes (15,000 to 50,000 short 
tons) per year. Economic factors such as the  cost  of  the baked 
claystone and .the transportation costs influence the potential 
utilization of this resource. 

The baked claystone could also be  used to improve 
conditions on the  Hat  Creek Valley road. After a rain or in the 
spring, conditions on the m a d  are hazardous due to the high clay 
content in the  aggregate being used. 

(e) Future Situatiori with the Project 

Because of the value of  the baked claystone as road 
building material  and possibly for bricks, it is recommended that 
this baked claystone  waste  rock be  left isolated and retrievable 
within or adjacent to  the waste dump  area. Some of the burned 
material would be required f o r  road building in the early stages 
of stripping of the pit. Once  the powerplant is in production 
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this material could be supplemented or replaced by bottnm ash. 
Because o f  the heavy  equipment  moving over the roads i t  nay bo 
necessary to lay down a base o f  coarse  aggregate on top o f  the 
clayey t i l  1s to ensure that a good base i s  present and that  the 
bottom ash or baked clay i s  not quickly compacted in to  the t i l l .  

I f  the t e s t s  on the baked claystones  indicate  that they 
are  suitable for making bricks,' this use could absorb a large 
quantity o f  the  available  material. However,  even allowing f o r  
appreciable loss during mining, there should be sufficient baked 
clay f o r  both mad maintenance and b r i c k  manufacture. 

( f )  Conclusions 

Studies are continuing i n t o  the  properties o f  the baked 
claystone. Results are expected soon. The two most probable uses 
for the baked claystone are i n  road  maintenance and brick manu- 
facture.  Neither o f  these uses would utilize  the  total o f  
16 million t o n n e  (18 million short tons) o f  baked claystone; 
however the two uses together would use most o f  it. The problems 
o f  selectively mining  and stockpiling  plus  the requirements o f  the 
mim for this material will have to b e  examined. 

5.8 AOOITIONAL COAL DEPOSITS AN0 COALY WASTE 

(a)  Introduction 

A t  the beginning o f  the current  series o f  exploration 
and development programs on the Hat Creak coal deposits, coal was 
known to occur only in the No. 1 deposit. This deposit was 
originally  discoverad because a few small outcrops were  exposed in 
the bed o f  Hat Creek. Subsequent exploration  datemined  the 
limits o f  the No. 1 deposit,  discovered and explored the No. 2 
deposit, and datemined that coal i s  expected to underlie most o f  

5 - 33 



5.8 ADDITIONAL  COAL  0EPOSI:TS AND COALY  WASTE - (Cont'd) 

1 

the Upper Hat Creek Valley. These la t ter   d iscover ies were made 
despi te   the  lack  o f  outcrop.  Additional  clastic  rocks o f  the 
Coldwater beds are exposed on t h e   h i l l s   t o   t h e  east,  adjacent t o  
Medicine Creek, a broad open val ley, which  lacks  outcrops;  the  dip 
o f  the beds is i n to   the   va l ley  where the  recessive beds o f  the Hat 
Creek  Coal formation  could have  been located. 

Because o f  the  peculiar  nature o f  the Hat Creek deposits 
and t h e i r  immense thickness,  there  are  large  quantit ies o f  low 
grade  coal and  carbonaceous rock. A coaly waste w i th  between 
59 percent and 65 percent ash could form a future source o f  energy 
or  raw mater ia l   for   br ick.  Coaly  waste w i t h  between 59 and 
75 percent ash could be used as  a source o f   kao l in i t i c   c lay ;   the  
uses  were described i n  Section 5.6. 

To invest igate  the  coal   potent ia l  and t o  'locate areas 
with  favourable  stratigraphy a l i t e r a t u r e  survey was undertaken. 
The favourable  areas were investigated by  reconnaissance  geological 
mapping.  The maoping was supplemented wi th   addi t ional  mapping  by 
D r .  T. Hijy30  and Or. B.N. Church16 o f   t he   B r i t i sh  Columbia Min is t ry  
o f  Mines  and Petroleum Resources.  The  most favourable  area f o r  

coal was near the headwaters o f  Medicine Creek; t h i s  area was 
examined by gravity' and magnetometer3* surveys. Some dri 11 i n g  
was also completed as p a r t  o f  a geotechnical  evaluation  of  possible 
s i t es  o f  containrlent dams for f l y  ash disposal. 

(b) Inventory . 

Reconnaissance geological mapping indicated  that  Kamloops 
group sedimentaly  rocks  underlie  several areas where pro ject  
ins ta l la t ions  may be located. These instal lat ions  are  the No. 1 
openpit,   part  of  the Houth Meadows and Medicine Creek waste 
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disposal areas, the Hat Creek  diversion dams and canal,  the 
Medicine  Creek fly ash disposal area, parts of  the  water supply 
and parts of  the  possible m a d  access routes. Geological mapping 
indicated that  the only site  outside  of  the  Upper Hat Creek  Valley, 
with potential for  appreciable  quantities  of  coal, is at the 
headwaters of Medicine Creek. 

The  lack o f  outcrops in this  Medicine  Creek  area neces- 
sitatad the use of  indirect geophysical methods  to  locate and 
assess potential drill  targets. A magnetometer  reconnaissance 
line was oriented east-west along the axis  of  the  Upper  Medicine 
Creek Valley (Figure 5-12].  It was  determined  that  the  relief  was 
low and characteristic o f  areas  where glacial till overlies lime- 
stone o r  other  sedimentary rocks. A gravimeter was used  to 
determine the intensity of the gravitational field over the same 
reconnaissance line. Two small anoaalies  with low gravity were 
found; such anomalies could be due to coal. A computer  modelling 
study was  undertaken in which two models  were considered: 

L 

1. Two dipping coal  seams. 

2. Two buried stream channels. 

The latter hypothesis proved to fit the data very well indicating 
that it  is unlikely there is any coal in the Upper Medicine  Creek 
Valley. Subsequent geotechnical drilling for the fly ash disposal 
system has verified this conclusion. 

No rock i s  exposed in the eastern part of Houth Meadows. 
Magnetic and gravity surveys indicated the  presence of limestone 
or other  sedimentary rocks devoid of coal. Limestone is exposed 
in the eastern part o f  Houth Meadows as  well  as along its northern 
and western margins (Figure 4-9); this limestone formation 

I, 

R 

R 
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underlies the coal sequence  indicating  that  there is no potential 
for coal under Houth Meadows. These  conclusions have  been verified 
by drilling mlated to the geotechnical program. 

The bench northeast of  the No. 1 deposit has  been 
explored by geological mapping, magnetic and gravity  surveys and 
diamond drilling. Only thin seams of "dirty" coal  have  been 
encountered at depths  of 150 m (500 ft) and more. These beds are 
part o f  the Coldwater formation  that  underlies  the  coal-bearing 
sequence (Figure 4-9). Because of  the  abundance of coal in the 
valley these seams are not likely t o  be of  interest  during  the 
life o f  the plant. A gravity  survey  over the Upper Hat Creek 
Valley indicated no appreciable  gravity  anomalies in this  area 
that  could be attributable to coal.' 

Coaly waste occurs  throughout  the deposit, but it i s  
particularly  prevalent in A and C coal  zones. The A zone forms 
the upper 180 m (600 ft) of  the deposit, B zone  the neat 75 m 
(250 ft), C  zone  the  following 90 n (300 ft) and 0 zone  the  lower 
75 m (250 ft). Because  the  deQOSit  plunges  to the south,  the 
lower coal zone f o m  the  subcrop at the north  end of  the 
deposit. 

A considerable  quantity  of coal - quality  information 
has been collected on the Hat Creek deposit. Assuming  that mate- 
rial betwen  58 percent and 75 percent ash on  a dry basis is coaly 
waste, A zone is 12.32 percent coaly waste, B zone i s  4.21 percent, 
C zone is 16.79 percent and 0 zone is 1.22 percent. Material 
above 75 percent ash is simply waste. It is currently proposed 
that material between 44 and 58 percent ash would be blended with 
better quality coal from elsewhere in the deposit. It is 
expected that coaly waste with between 58 and 69 percent ash would 
be stockpiled f o r  future use in a  fluidized bed  system. Similar 
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stockpiles  are recommended for  coaly waste w i th  between  69  and 
75 vercent ash. 

(E) Present  Situation - 
In  the   pas t ,  coal was taken  from  the  Hat Creek deposit 

f o r   hea t ing   i n  the  nearby towns  and vi l lages. A t  present  the  coal 
i s  no t   be ing   u t i l i zed   p r i nc ipa l l y  because o f  i t s  high ash  and 
moisture  content and correspondingly  low c a l o r i f i c  value. 

(d)  Future  Situation  without  the  Project 

The  demand f o r  Hat Creek coal  could  increase i n  the 
future. A study on t h e   u t i l i z a t i o n   o f  Hat Creek coal was completed 
i n  1977.59 This  report examined the  fol lowing  alternate uses f o r  
Hat Creek coal and concluded: 

1. The manufacture of   synthet ic  natural  gas i s   t echn ica l l y  and 
economically  viable. 

2. The manufacture o f  methanol i s  technical ly  feasible,   but  
markets  are  uncertain. 

3. The manufacture o f  ammonia i s  technical ly  feasible,  but 
markets.  are  unsatisfactory. 

4. The manufacture o f  coal l i q u i d s   i s   n o t  economically a t t rac t i ve  
a t  present., 

5. The manufacture o f  coal  solids i s  not  technical ly  feasible 
because of   the  h igh ash content. 

6 .  The techno'logy o f   i n   s i t u   g a s i f i c a t i o n   i s   u n c e r t a i n .  
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Hat m e k  coal has a  number of potential uses besides 

thermal power generation. However,  there  are  few uses f o r  material 
which, for mining purposes, is classified as coaly waste. The 
cost of mining  could not be borne by the coaly  waste itself, so 
only in the  event of the coal being utilized could  coaly  waste 
become avai 1 ab1 e. 

(e) Future  Situation with the P r o j e c t  

The construction o f  mine, powerplant and offsite  facili- 
ties  should not affect any coal deposits. It is planned to drill 
all sitas of permanent  installations  before  construction begins. 
Geophysical surveys and mapping have not detected any coal in the 
areas adjacent to the Upper Hat Creek Val  ley.  As indicated in 
Sub-section 4.2(c) the coal resources of the Upper Hat Creek 
Valley are very large and have the potential to sustain more than 
a 2000 Mi coal-fired generating station. 

It is planned that  the lowest  grade  of coal which  could 
be sent to the powerplant is approximately 16 070 U/kg 
(6900'8tu/lb) or 39  percent ash on a dry  basis. A fluidized bed 
combustion system could be designed for Hat  Creek coal at 
10 250 U/kg (4400 Btu/lb)17 on a dry  basis. Therefore,  lower 
grades of coal should be stockpiled as proposed i n  current  mine 
planning. When fluidized bed systems become technically  feasible 
this low grade coal could be  utilized. 25 

Alternately, some of the coaly waste could be used to 
make grog fo r  the  brick industry. The potential for  this use 
would depend largely  on the  economics  of  transportation to the 
marketplace  either as. brick or as calcined clay and on studies in 
progress on the  suitability o f  the material. 
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(f) Conclusions 

The areas that have coal  potential  based on geological 
mapping were investigated by magnetic and gravity surveys and 
drilling. No significant  quantities of coal were encountered 
outside of  the Upper  Hat  Creek Valley. Therefore no potentially 
mineable coal  will  be sterilized by the fixed installations related 
to the Hat Creek Thermal  Project. However, care should be taken 
to ensure that mine planning is sufficiently flexible to permit 
extraction of the total resource in the No. 1 deposit and  not just 
the coal above 730 m (2400 ft)  elevation. Similarly the  other 
coal resources in the Upper  Hat  Creek Valley should not  be jeopar- 
dized. 

The coaly  waste should be stockpiled for future use in 
a fluidized bed, to provide calcined clay as the basis for a brick 
industry either locally or in the lower mainland, or to provide a 
source for kaolinitic clay. 

5.9 BASE METAL DEPOSITS 

(a) Introduction 

The interior o f  British Columbia has been an area of 
very active base  metal exploration (Figures 4-9 and 5-2). Large 
mines are located in the Highland Valley southeast of Ashcroft and 
large deposits are located in the Highland Valley  and  north of 
Cache Creek. Significant showings are located north  and south o f  

Cache Creek, in the Thompson and Bonaparte River valleys. 

The scope of this study on base metal deposits involved 
a detailed examination of areas of proposed, permanent facilities 
such  as the openpit, preparation plant, powerplant, reservoirs, 
waste dumps and  ash  dumps. Another criterion affecting the scope 
of this study wa:s the presence of known  mineral showings or 
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claims. Because  of the effects  that could be expected on showings, 
the studies  were  site specific. 

Based on  a  literature  survey and experience in the area 
it was concluded  that  the  rocks o f  the  Cache  Creek group and the 
Mount Martley  stock have considerable potential for base metal 
deposits (Figures 4-9 and 4-10). The proposed Houth Meadows  waste 
disposal area, the powerplant  site,  the  water supply route, the 
pumphouse and possibly the fly ash disposal area lie at least 
partly  within  these  rock units. 

Base metal deposits in the volcanic  rocks o f  the  Cache 
Creek group tend to be relatod to  areas o f  appreciable hydrothennal 
alteration  adjacent to small stacks. The Mount Martley  stock is 
exposed  west of Houth Meadows. Here  the  stock  intrudes  limestone 
with greenstone  dykes o r  sills  which  are part of the Marble  Canyon 
fonnation  of  the Cache Creek group. 

The  proposed  water pipel ine and m a d  access mutes 1 ie 
mostly across  Cache  Creek  greenstone  which could be intruded by 
mineralized plutons similar  to  that at the  Maggie  Mine 
(Figure 5-2). north of Carquile. Mineralization has  been found at 
Red Hill, along one  of  the proposed transmission line routes. 

The  pumphouse  site  on the Thompson River is close to the 
margin  of  the  Guichon  batholith  (Figure 4-8) which  contains 
numerous large porphyry copper deposits.23 For this reason the 
site was designated as having  base metal potential. 

In addition, mineral claims have  been staked over most 
of  the  Trachyte Hi1 Is during the last 15 years. Most of  these 
claims  were staked on speculation associated with discoveries 
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around the Maggie Mine and i n  the  Highland  Valley. Assessment 
reports were f i l e d  on some o f  these  claims. These reports were 
examined t o  determine the  mineral  potential  of  the  claims. 

To emmine the  potential  for  mineral  deposits,  si te 
investigations were undertaken; e x i s t i n g   d r i l l  logs were studied; 
government claim maps, mineral  inventory maps and  assessment 
reports were  examined. L i terature on  base metals -in the  area was 
studied  includi ing  Br i t ish Columbia Min is t ry   o f  Mines  Annual 
Reports and the  series Geology, Exploration and Mining i n   B r i t i s h  
Columbia. A favourable  area was investigated by geological, 
geophysical and geochemical  surveys. 

The area  west o f  Houth Meadows which was examined i n  
some de ta i l  was selected as having base metal  potential  while 
l y ing   w i th in   the  PO-NCB a l ternat ive A waste dump and  an  assumed 
610 m (2000 f t)  buf fer  around the  site.  This  buffer  contained 
par t   o f   the  contact  between the Marble Canyon limestone and the 
Mount Martley  stock. The stock i s  a favourable s i t e  f o r  porphyry 
copper-molybdenum deposits and the  contact i s  favourable f o r  
contact metasomatic deposits. 

The analyt ical  method of t race metal analysis on s o i l ,  

s i l t  and rock siamples consisted  of  crushing  rock samples, drying 
the   so i l  and s i l t  samples a t  38OC and separating 1. gram o f  the 
minus 80 mesh -fract ion from  these samples. A perch lor ic-n i t r ic  
ac id  (HC104-HN03) digestion was used  and Cu, Zn,  Mo,  Pb and Ag 

were analyzed tty atomic  absorption. A bead consist ing o f  NaC03, 
KN03 and the sample was formed and  a colourimetr ic method was used 
t o  determine  the amount o f  tungsten (W).  Tin (Sn) was determined 
colourimetrical'ly  using an  ammonium iodide (NH41) fusion. An aqua 
regia (HC1-HNO,) digestion and atomic  absorption were  used t o  
analyze f o r  gold. 

-8 
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(b) Inventory 

As a result of the  literature and field surveys the 
following sites were  found to  be  of interest  for base  metal 
deposits  (Figure 5-2): 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

The  Cache  Creek  chromium  showing. 
The Midas claims. 
The  Cornwall  Creek  chromium  showing. 
The R e d  Hill and RJ copper-silver showings. 
The  McLean claims. 
The Joe claims. 
The Milk claims. 
me R claims. 
The Houth Meadows site. 

These sites, showings  and claims were researched i n  the l i terature 
and/or examined i n  the  field. The degree of study on any s i t e  was 
related to the  influence  that a faci l i ty  for the Hat  Creek develop- 
ment  would  have on the s i t e  and t o  the degree o f  permanence of 
that  facility. 

There are  several minor chromite (FeCr03) occurrences 
near Cache Creek including  the Cache Creek, Midas  and  Cornwall 
Creek occurrences. The Cache  Creek occurrence is  situated on the 
west bank o f  the Bonaparte River near the  junction of  Highways 1 
and 97 a t  Cache Creek.23 The occurrence consists o f  lenses o f  
serpentinite as much as 305 R (UOO f t )  wide. Serpentinite i s  
often  a host rock for chromite o r e  deposits. The showing contained 
one mass o f  chromite weighing 3 tans; no other chromite discoveries 
were made here. The Midas claims  are  located south of  Cache  Creek 
and west of the Bonaparte River.35 Magnetometer and electro- 
magnetic surveys were  done on the group consisting o f  the Midas 
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and the Bird  claims. The survey examined a small ultrabasic 
stock, but no mineralization  was found. The Cornwall Creek  showing 
is located 4.3 h (2.7 mi) up Cormall Creek from Highway 1. The 
showing  consists of appreciable  serpentinite  float and some out- 
c r o p ~ . ~ ~  A large boulder of chromite is the only sign of minerali- 
zation  that  was found on the property. 

Near the Cornwall chromite  deposit  there is a diorite 
stock  intruding Cache Creek greenstone and lime~tone;~ the diorite 
is in turn intruded by  small serpentinite plutons.  The minerali- 
zation  consists o f  pyrrhotite (FelJ) and limonite (FeO(OH).nH20) 
with  lesser  chalcopyrite (CuFeSz), chalcocite (Cu2S)  and garnierite 
((Ni, Mg) SiO3,.nHZ0). Examination by the owners consisted of 
geological and geochemical surveys in addition to trenching. The 
mineralization  was not of economic interest. 

The Red  Hill and RJ 6’8’12 deposits lie  adjacent to the 
Trans-Canada Highway, 18 kn~ (11 mi) south of Cache Creek. The 
deposits lie within Cache Creek  group  metavolcanic rocks, quartz- 
ite, chlorite schist, sericite schist and  limestone. There  are 
quartz  diorite intrusions nearby. The mineralization  consists o f  
disseminated pyrite (FeSz) with a few erratic veinlets and/or 
minor disseminated chalcopyrite (CuFeSz), molybdenite (MoSz) and 
limonite (FeO(OH).nHzO). This mineralization is associated with 
an extensive, well-developed gossan zone.  In examining these 
properties the owners conducted geochemical soil, induced  polariza- 
tion, resistivity, electro-magnetic, magnetic and geological 
surveys; in addition percussion drilling, diamond drilling and 
trenching  were (completed on favourable zones. There is  no mineral- 
ization of present economic interest.  However, this area is  still 
considered to have potential for  the development of ore deposits 
because of its location and geological  environment. The  Maggie 
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Mine,41 near Caquile, which has  not  been developed as yet, 
contains in excess of 100 million  tons of copper-molybdenum miner- 
alization  which  assays 0.4 percent  copper equivalent. The geologi- 
cal environment is similar  to the deposits at Red Hill 
(Figure 4-8). The Guichon  batholith imediately east of Red  Hill 
contains  the  Highland Valley prophyry copper  deposits  consisting 
of Bethlehem and Lornex copper mines, the JA and  Val  ley Copper 
deposits and numerous  smaller deposits. 

The  site o f  the  proposed  pumphouse  station is adjacent 
to the  northwestern  margin o f  the  Guichon batholith. Because o f  
the abundance o f  mineral deposits  within  the  batholith  the  area 
was  regarded as having a potential for coppermolybdenum deposits. 
Drilling has indfcated that  the  bedrock  consists o f  Middle  to 
Upper Jurassic shale. There  was no evidence of  mineralization. 
No showings  are known to  occur in these rocks. These investiga- 
tions have substantially  reduced  the  possibility o f  the pumphouse 
station  affecting  exploitation of mineral  deposits. 

A geochemical survey  was  conducted  over  the McLean 
claims.34 The soils were analyzed for copper, lead  and  zinc. A 
magnetometer survey was  completed on the Ed and Joe  claims2 and 
the  Milk claims.32 The magnetic  readings tended to be low sugges- 
ting deep overburden and, in the  case of the Milk claims,  the 
presence o f  underlying  Tertiary  sedimentary rucks. There is  no 
evidence of mineralization  described in the  published information 
on these properties. 

The R claims  are held by Bethlehem Copper  Corporation 
and 1 ie between Bonaparte  Indian Reserves Nos. 1 and 2. The 
claims  are underlain by Tertiary  sedimentary rocks. There is no 
published information on mineralization. 

5 - 4 4  



5.9 BASE METAL  DEPOSITS .. (Cont'd) 
Mineral claim maps were examined. There  was only one 

set o f  mineral claims  within the Crown reserves set aside f o r  the 
Hat  Creek Thermal  Project. The  claims  were west of McLean Lake 
near the proposed water supply route. The  claims have been 
cancelled becau:se no assessment  was recorded on them prior to 
their anniversary date. 

The slope o f  Mount Martley,  west of  the Houth Meadows 
waste disposal ispea, was identified from earlier geological mapping 
as having a potential f o r  base metal  mineral  deposits. The geolog- 
ical environment is one in which the Mount Martley stock intrudes 
Marble Canyon limestone resulting in potential for  both contact 
metasomatic  type (associated with intrusions o f  molten rock or 
magma into limestone) or porphyry type (implying disseminated 
copper and ~molybdenun minerals in an intrusive rock)  deposits. 
The contact type o f  deposit could contain  copper, molybdenum, 
tungsten, lead, zinc, iron, tin and/or  gold. In the porphyry type 
the metals o f  primary interest  are  copper and  molybdenum. As a 
result a geochemical survey o f  the  contact between the limestone 
and the  stock  was  undertaken; all  soil  and silt samples were 
analyzed for  copper, molybdenum, lead  and zinc and some  samples 
were also analyzed for tungsten, tin, gold  and  silver. These 
metals were chosen because they are compatible with this geological 
environment. The contact zone  was defined by geological mapping 
and a magnetometer survey. Rock outcrops and the  magnetometer 
survey on which the contact is  based are illustrated in 
Figure 5-13. These surveys were conducted on a grid comprising a 
total o f  12 100 m (39,700 ft) of line. 

The magnetometer survey was used to determine the  contact 
between the Mount Martley stock and the adjacent limestone. 
Magnetic readings were corrected for drift and  diurnal variations 
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5.9 BASE METAL DEPOSITS - (Cont'd) 

by tying into  a Mmber o f  established  stations  several  times i n  
1 day  and also on succeeding days. 

The area  underlain by  igneous rock i s  characterized by 
steeper  magnetic  gradients  than  are typ ica l  o f  the  limestone  ter- 
rane, therefore  the  contact  could be defined. The steep gradients 
I n  the  northeast and southeast  parts o f  the  grid  are  possibly due 
to greenstone dykes that  intrude  the  l imestone;  greenstone  f loat 
i s  evident i n  the area. 

A geochemical s o i l  and s i l t  survey was undertaken t o  
examine the   d is t r ibu t ion  o f  copper, molybdenum, lead,  zinc,  gold, 
si lver,  tungsten and t in .  Soil p r o f i l e s  were examined to  determine 
the optimua  sampling depth. The A soi l   hor izon i s  ra re l y  devel- 
oped.  Where possible  the 8 soi l   hor izon was sampled;  however only 
the C horizon i s  developed a t  most s i tes  where it i s  interspersed 
with talus. The soi ls  are brown through l i g h t  brown to grey 
brown.  Based on the  or ientat ion survey be t te r  samples Were 
obtained from the brown than froa the  grey brown samples and from 
8 horizon o r  till samples than f r o m  C horizon samples; the  better 
samples were higher i n  metals. 

The soil  and s i l t  samples usually  contain  only 5-11 
quant i t ies  of   the elentents tha t  were analyzed. For each element 
the mean and standard  deviation As calculated. Anomalous  concen- 
trat ions  are  defined as any analyses above two standard  deviations 
f r o m  the mean. 

The d is t r i bu t i on  o f  copper i n  the  so i ls  on  Mount Martley 
i s  i l l u s t r a t e d   i n   F i g u r e  5-14. The mean copper content i n  the 
so i l s  i s  ll.55 ppm and the  standard  deviation i s  5.74 ppm. There- 
f o r e  any concentration  over 23.0 ppm i s  regarded as anomalous. In 
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5.9 -I METAL  DEPOSITS - (Cont'd) 

the  central   part  o f  the  gr id  there  are two small anomalous  zones, 
one  on  each side o f  the  intrusive  contact. A larger  anomalous 
zone i n  the   nor thern   par t   o f   the   g r id  extends  over three  l ines.  
The highest  value i s  41.0  ppm. Outcrops  adjacent to   the  sample 
s i t e   a re  composed o f  limestone. A b e l t  o f  high magnetics  crosses 
t h i s  zone (Figures 5-U and 5-14). 

The concentrat ion  of molybdenum i n   s o i l s  over  the  gr id 
i s  very low; i n  most  samples  none was detected  (Figure 5715). The 
highest  value  for molybdenum i s  2 ppm.  The sample s i t e   i s   i n   t h e  
area o f  a copper anomaly. 

The concentrat ion  of   lead i n  the  soi  1s was determined 
over  the  grid. The  mean lead  content  of  the  soi ls i s  13.4 ppm and 
the  standard  deviat.ion i s  3.8  ppm. Therefore a l l  samples  above 
20 ppm are anomalous. Four  lead anomalies were determined 
(Figure 5-16). One anomaly coincides  with  the  larger copper 
anomaly. Additional anomalies are  located i n  the  centre,  the 
southwestern part,  and the  southern  part  of  the  grid. The  anomaly 
a t   t he   no r th  end o f   t h e   g r i d  extends  over three  l ines and i s  
somewhat s i m i l a r   i n  form to   the  copper anomaly.  Three o f  these 
anomalies  are  located  near  the  intrusive  contact  (Figures 5-13 
and 5-16). 

The concentration  of  zinc i n   s o i l s  ranges t o  188 ppm 
(Figure 5-17). The  mean zinc  content i s  62.2 ppm and the  standard 
deviat ion i s  33.1 pplm. Therefore a l l  samples  above  128 ppm are 
anomalous. There are   f i ve  zones o f  anomalous zinc. The largest 
zone coincides  wi th  part  o f  the copper-lead anomaly at   the  nor th  
end of   the  gr id.  There are  other  smaller anomalies i n  the  north 
central,  south  central,  western and southeastern  parts o f  the 
grid. One o f  these  coincides  with a copper-lead anomaly. Two o f  
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5.9 BASE METAL DEPOSITS - (Cont' d) 
the anomalies  are  within the intrusion,  two lie in the  limestone 
near  the  intrusive  contact and one lies in the limestone 500 m 
(1640 ft) from  the contact. 

A few  silt  samples  were  analyzed f o r  gold,  silver, 
tungsten and tin in addition  to  copper,  molybdenum, lead and zinc 
(Figure 5-18). The maximum concentrations  are 30 ppb for gold, 
0.9 ppm for  silver, 35 ppm for  tungsten and 70 ppm for tin. None 
of  the  values  are  sufficiently high to be of interest. 

(c) Discussion 

It is evident  from  the  geochemical  analyses  that  the 
area o f  most  interest is in the  northern  part  of  the grid. A 
copperlead-zinc anomaly  corresponds  with  the  margin  of  the intru- 
sion in this area. Because the concentrations of all  elenrents are 
low even in the  areas  where they  are  anomalous, it is expected 
that  the  anomalies are due  to  slightly  above  average  concentrations 
in the  underlying rock. Examination in the field  indicated  that 
greenstone  float is abundant in the  most  anomalous  area, but rare 
outside  the anomaly. Geochemical  analysis of the  greenstone 
supports  the  conclusion  that  the anomalies  are related to the 
difference in rock type. A sample  of  greenstone  contains 57 ppm 
Cu whereas  the  adjacent  limestone  contains 7 ppm. 

(d) Conclusions 

There is no evidence  of  significant base metal deposits 
or potential for  deposits in the  area  currently proposed for  the 
Hat Creek  mine,  powerplant and related structures. Therefore it 
is unlikely there will  be any conflicts  between  exploitation  of 
coal at Hat Creek and base metal deposits. It  is possible  that a 
transmission line down  Oregon  Jack  Creek, if this  option is 
chosen, could conflict  with  development  of  the Red Hill deposits; 
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5.9 - BASE  METAL  DEPOSITS - (Calnt'd) 
however  there  are no known deposits at Red Hi 1 1  that  are econo- 
mically viable.  Any future  conflict could be  corrected by moving 
the transmission lin8e. 

5.10 pRE:CIOUS METAL  DEPOSITS 

(a) Introduction 

As prospectors travelled up the Fraser, Thompson and 
Bonaparte valleys toward the Cariboo gold discoveries  considerable 
prospecting  was undertaken. The  only  previous metal prospect 
within the crown  reserve or coal licences is the Red  Hill copper 
silver  deposit  which  was  described in Section 5.9. 

The AV showing is a fossil placer gold prospect on 
Maiden Creek, 18 km (11 mi) north o f  the proposed plant site and 
outside the area o f  concern (Figure 5-13). However, the deposit 
is  in Coldwater  conglomerate of the type that underlies the coal 
sequence at Hat  Creek and which would be  mined in the north and 
west parts o f  the proposed pit. The rocks associated with the AV 
deposit  were examined and this deposit  was used as a model for 
studying the Coldwater beds at Hat Creek. Government reports on 
the property were  also examined. 7,39,58 

(b) Inventory 

The rocks o f  the AV deposit on Maiden Creek  were exanr 
ined. The host rock is a fine, yellow,  quartz pebble conglomerate: 
coarser  quartz  pebble  conglomerate is also common.  Based on 
literature research one sample from the property assayed $3.75 in 
gold per ton (in 1.901).58 A geochemical soil survey conducted 
over  the property in 1973 encountered samples with as much as 
57 ppm  gold although most samples assayed .02 ppm. 39 
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5.10 PRECIOUS METAL DEPOSITS - (Cont’d) 
Because o f  the discovery o f  gold in Coldwater beds on 

Maiden Creek  the  core  at  Hat  Creek was examined to locate  similar 
material or to find magnetite  (“black sand”) concentrations. 
Because o f  their high specific  gravities gold and magnetite are 
often found together in placer gold showings.  No traces  of gold 
or  magnetite  concentrations  were found. Five samples  of  sandstone 
and conglomerate f r o m  the  Coldwater beds at Hat Creek  were ana- 
lyzed. The  samples all assayed .001 ounce  of gold per ton. . 

(c) Conclusions 

T h e n  is only one known deposit o f  precious  metals o f  
concern to the Hat  Creak project. The Red  Hill deposit  contains 
silver  together  with copper. The deposit is not o f  economic 
grade. Should the transmission  line,  which may cross  the prospect, 
interfere with development  of  a  major resource, the transmission 
line could be noved; therefore  possible  conflict  with  the  resource 
is not regarded  as serious. 

5.11 ROCK AN0 MINERAL  COLLECTING  LOCALITIES 

(a) Introduction 

Numerous  minerals o f  interest  to  collectors  occur in the 
ruck units that are  found in the Hat Creek Valley and adjacent 
areas affected by the project.36 The  volcanic  rocks o f  the K a n r  
loops group  which  outcrop in the  Trachyte Hi1 1s are known to 
contain quartz geodes,  zeolites, agate, calcfte and  opal  as  indivi- 
dual crystals or cavity fillings. The  limestone  of  the Cache 
Creek group contains  rhodonite  and the volcanic sequence  contains 
jasper. Agate has been found at various localities in the Spences 
Bridge group. Chromite and serpentine  are found associated with 
small serpentinite plutons in the Bonaparte and Cornwall Creek 
valleys. Peridot i s  associated with some of the Tertiary olivine 
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5.11 - ROCK AND MINERAL  COLLECTING  LOCALITIES - (Cont'd) 
basalt in the area. Amber and pertrified wood  are associated with 
the coal deposits in the  Upper  Hat  Creek Valley. 

To examine the potential for rock and  mineral collecting 
localities, sites  found during geological mapping were examined 
specifically for rocks and minerals of interest to collectors. A 
literature survey was  conducted to find other  rock  collecting 
localities. 23,36 

(b:l Inventory 

Because of  the nature of this resource and the distribu- 
tion o f  the resource through  the  rock units, only collecting 
localities within the mine and powerplant sites could be adversely 
affected by the development o f  the Hat  Creek coal  deposits. The 
amber and petrified wood  are generally soft, brittle and therefore 
of poor quality. They may  still  be of limited interest to col- 
lectors. Large quantities of petrified wood  are expected from the 
pit. This material is softer than petrified wood from most other 
localities therefore it is of only limited interest. Some petri- 
fied wood  could  be  collected during mining and crushing for distri- 
bution to rock collectors. 

Jasper has  been found as float in the  creek beds of the 
Upper Hat Creek Valley. Quartz geodes, zeolites and agate  occur 
in rocks of  the Kamloops group east of the No. 1 deposit a1 though 
these  are generally small  and of inferior quality. The serpentine 
of  the Cornwall  C:reek Valley may  be workable and therefore of 
interest to collectors. No chromite has been found in outcrop in 
the Val  ley. 
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5.11  ROCK  AND MINERAL  COLLECTING  LOCALITIES - (Cont’d) 
(c) Conclusions 

. Them are numemus ruck  collecting  localities in the 
area  that would not be affected by the development. Known locali- 
ties  that  would be directly and adversely affected contain material 
of  inferfor quality. The extraction  of petrified wood and amber 
could be enhanced by the project. 

5.12 BY-PRODUCT TRACE ELEMENTS 
(a) Introduction 

The purpose o f  examining  possible by-product trace 
elements f m a  Hat Creek is to ensure  that a resource  which is 
small in volume, but potentially valuable, would not be discarded. 
Trace  elemants tend to be concentrated in coal seams  through  three 
stages in the formation o f  the coal: 

1. During the life o f  the  plants because some plants  extract 
elements preferentially. 

2. During partial decay o f  the vegetal matter and leaching o f  
the peat. 

3. During coalification. 

In addition  nonvolatile  elements can be concentrated in the fly 
ash resulting f r o m  combustion. This aspect i s  being examined as 
part o f  the environmental study on “Solid Waste Disposal Coal 
Storage Land  Reclamation”. 

The study o f  trace elements is restricted to the area o f  
the No. 1 coal deposit with particular emphasis on the coal to be 
mined as part  of the current mining proposal. 
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5.12 - BY-PRODUCT TRACE ELEMENTS, - (Cont'd) 

The  method o f  study  involved 1 i terature  research con- 
ce rn ing   t he   d i s t r i bu t i on   o f   t race  elements i n  coals from various 
regions,  the  enr iching  ef fect   of   coals on trace element d is t r ibu-  
t i o n  and the  pr ices and demand f o r  t race elements that   are anoma- 
lous i n  Hat Creek coal. 

Analyses on trace elements were obtained  from  the  report 
"Air q u a l i t y  and (Climatic  Effects  of  the Proposed Hat Creek 
Project  - The Inf luence  of   the  Project  on Trace Elements i n  the 
Ecosystem". Method:; o f  analyses  included  spark  source mass spect- 
roscopy,  flameless  atomic  absorption  spectrophotometry, plasma 
atomic  emission  spectroscopy and specif ic  ion  electrode. The 
methods of  analysis  are  described i n  the  report "Air qua l i t y  and 
Cl imat ic  Ef fects  of   the Proposed Hat Creek Project - The Inf luence 
o f  the  Project  on Tmce Elements i n  the Ecosystem'. 

(b)l Inventory 

Trace  element concentrations have  been determined on 
three samples from the Canadian  Combustion Research Laboratory's 
t e s t  burn and on e'leven composite samples o f  d r i l l  core  from  the 
Hat Creek No. 1 deposit. The  samples  were  chosen to   g ive  a 
sat is factory  sampling distr ibution  aver  the  deposit.   Addit ional 
samples are  being  analyzed t o  improve the   d i s t r i bu t i on  still 
further. 

The resul ts   o f   the analyses  are summarized i n  columns 1 
and 2 o f  Table 5-.7.48 For comparison  average  analyses o f  more 
than 799 samples from  various  parts  of  the  United  States  are 
summarized i n  columns 3 through 7. One problem tha t  is encountered 
i n  making these comparisons i s  that   data from other  deposits i s  
incomplete. O f  the elements i n  the  coal  that  could be o f  economic 
interest   only vanad-ium  and titanium  are  appreciably  higher  than i n  
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TABLE 5-7 

AVERAGE COALS FROM FIVE COAL PROVINCES* OF THE UNITED STATES 
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Column 2: 

Col umn 2: 

Column 4, 

Column S 

Column E; 

Column i 

Mean o f   th ree  samples o f  coal  from  the  Hat Creek No. 1 deposit 
tha t  were analyzed a t  Commercial Testing and Engineering Labora- 
tor ies,  Golden, Colorado ( i n  ppm). 

Mean o f  eleven  additional  coal samples from  the  Hat Creek No. 1 
deposit  analyzed a t  Commercial Testing and Engineering Labora- 
tor ies,  Golden, Colorado ( i n  ppm). 

Mean of coal sample!; from the I n t e r i o r  Coal Province, U.S.A. ( i n  
ppm1.60 

Mean o f  coal samples from  the Gulf Province, U.S.A. ( i n   p ~ m ) . ~ ~  

Mean o f  coal sampler; from the  Northern  Great  Plains Coal Province, 
U.S.A. ( i n  p ~ m ) . ~ ~  

Mean of  coal sampler; f r o m  the Rocky Mountain Coal Province, U.S.A. 
( i n   p ~ m ) . ~ O  

Appalachian Coal  Region, U.S.A. ( i n   p ~ m ) . ~ O  
Mean o f  samples o f  nonanthracitic  coal f r o m  the  Eastern  Province 

** Mean o f  samples o f  I l l i n o i s   c o a l ,  U.S.A. ( i n  ppm).?? 

*** Mean o f  samples o f  coal  from the  Northern  Plains, Mid-western,  Appalachian 
and East.ern I n t e r i o r  regions, U.S.A. ( i n   p ~ m ) . ~ ~  
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the U.S. coals.  Burning  tends to concentrate  these  elements i n  
the f l y  ash along  with  other  non-volati le elements. As a  resul t  
the f ly  ash would provide  a  better  potential source o f  vanadium 
and titanium. 

Vanadium occurs i n  the  coal samples i n  concentrations 
ranging f r o m  32 to 400 ppm. Concentration  factors i n  burning  the 
coal range from 2.8 t o  more than 17.9 times r e s u l t i n g   i n  concen- 
t ra t ions  o f  vanadium f r o m  380 ppm to more than 1000 ppm.  As a 
resul t   the vanadium content o f  the ash  samples ranges f r o m  0.38 kg 
per  tonne to mare than 1 kg per  tonne (0.76 lb  per  short   ton to 

more than 2 lb  per  short  ton). The pr ice  o f  vanadium i n  1977 was 
approximately $11.99 (U.S.) per kg ($5.44 per 1b) . l0  The feasi- 
b i l i t y   o f   e x t r a c t i n g  vanadium from the f l y  ash i s  described b r i e f l y  
i n  the  Hat  Cnek P r o j e c t  report   "Sol id Waste Oisposal Coal Storage 
Land Reclamation". 

Titanium i s  present i n  the  coal i n  concentrations of 
approximately 1400 ppm. These concentrations a r e  increased i n  the 
f l y  ash t o  as  much  as l3,OOO ppm or  1.3 percent.  Titanium  metal 
i s  valued a t  approximately $5.95 per kg or 92.70 (U.S.) per  lb. 

(c)  Oiscussion 

Only tuo potent ia l ly   valuable elements, vanadium  and 
titanium, are  anomalously  concentrated i n  Hat Creek coal. Vanadium 
i s  presently  obtained as a  by-product o f  uranium, o i l ,  bauxite, 
l a t e r i t e  and titaniferous  magnetite  processing. Some uranium 
deposits i n  the Colorado  Plateau o f  the  United  States  contain as 
much  as 5 percent V205. Vanadium i s  extracted from asphalt i te ash 
resul t ing frm burning  the heavy  end  members o f  some crude o i l s .  
Argentinian  asphaltite ash contains between 0.63 and 38.22 percent 

'2'5. 2o Titaniferous  magnetite ores f rom the  Al lard Lake region 
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of Quebec  contain between 0.1 and 0.2 percent vanadium; 42,54 this 
potential  by-product;  is  not currently recovered.  It  is evident 
that  there  are large reserves of vanadium with grades as good or 
better  than  Hat  Creek that  are currently being processed for other 
products; in many cases the vanadium is  not extracted because of 
economic considerations. 

In addition, ashes from vitrified clay like  that expected 
from Hat  Creek probably would not react as readily as most  crude 
oil asphaltic residues, based on the  experience of Great Canadian 
Oil Sands Limited.'j5 The process for extracting the vanadium 
involves a sulphurit: acid leach based on a process developed by 
Petrofina  Canada Limited. The process works well on crude oil 
residues which  consist mostly of unburned carbon and V205, but was 
not successful on oil sand residues. 

Titanium is present in anomalous  concentrations relative 
to  other coals. However,  there  are numerous richer sources o f  
titanium than Hat  Creek coal or fly ash. Titanium is the eighth 
most  abundant metal in the earth's  crust. 22 Some ilmenite  ores 
from Quebec  contain between 20 and 22 percent titanium; iron  and 
other metals are  obtained as by-products. Beach sands provide 
additional large sources o f  titanium elsewhere i n  the world. 
Titaniferous magnetites comprise  other large,  potential sources o f  
titanium; however a$ with ashes from  Hat  Creek it i s  generally 
difficult to separate. Titanium  ores  are normally concentrated by 
gravity separation, magnetic  separation or froth flotation. 
Because titanium is likely to be intimately associated and bonded 
with other elements in the crystal lattice of any constituent 
minerals or glass, 01' as small exsolved blebs of ilmenite, recovery 
of titanium  oxide from titaniferous magnetite and magnetite- 
ilmenite deposits or fly ash is very  difficult. Liberating 
titanium metal of sufficient purity is even more difficult. 

l a  

53 
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(d) Conclusions 

There are no trace elements i n  the coal that  may be o f  
economic benefit a t  present. Vanadium i s  concentrated i n  some f ly  
ash i n  quantities  in excess o f  1 kg per tonne (2 lb per short 
ton), therefore  the technology and  economics o f  vanadium extraction 
should be watched closely.  Similarly,  titanium i s  not o f  any 
current value.  Because o f  large resources elsewhere and the 
difficult ies o f  separation,  the  extraction o f  titanium from coal 
or fly ash is  not  expected t o  become o f  economic interest. 
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SECTION -6.0 - IMPACT MATRIX 

6.1 - INTROOUCTION 

The purpose of constructing  the impact matrix is to provide a 
tahulated summary o f  environmental impacts.  In this report the effects 
of the mine, powerplant and offsite  facilities on geological resources 
are examined. The geological resources are  site  specific; most of the 
construction of facilities and mining  are located within the Upper Hat 
Creek Valley as illustrated in Figure 2-1. Therefore most of  the 
effects of these facilities occur  within  the valley. Lesser effects 
would result from the access road. water pipeline and  punphouse. 

The impact on geological resources relates to sterilization 
of the resources, so that they cannot be  exploited.  As a result  the 
efFects of  the project  occur primarily during the operating phase of 
the project. Effects during construction  consist of utilization of 
local aggregate resources for construction purposes, but these effects 
are not regarded as significant  because of the large aggregate resources 
that  are believed to be available in the region and within the  Upper 
Hat Creek Valley in particular. 

6.2 MTRIX DESCRIPTION 

In the impact; matrix the resources are plotted along the 
ordinate and the various impacts that may affect  these resources are 
plotted along the abscis5;a. The matrix is illustrated in Figure 6-1. 

The aggregate resources that occur in and adjacent to the 
northeast part o f  the proposed openpit are the geological resources 
most seriously affected by the development.  It  is estimated that 
645 mi 1 1  ion tonnes (710 mi 1 1  ion short tons) of aggregate are contained 

6 - 1  



Resource 

I 
Flgure 6 4  

ENVIRONMENTAL IHPACT  MATRIX - OPERATION 

Mine - 
8 
h 
IC 

Plant - 

f 
i: 
E 
I- 

Y 
c 
0 

0 
0 

legend: Negative Impact Benefldal Impact 

Offsi te 



6.2 - MATRIX DESCRIPTION - (Cont'd) 

wi th in   the bench northe!ast o f   the  No. 1 deposit. O f  t h i s  resource 
approximately 200 m i l l i o n  tonnes (220 mi l l ion   shor t  tons)  would be 
mined based  on the propclsed PO-NCE p i t  plan. These materials would be 
stored i n  the Houth Meadows waste disposal area. Pit excavation and 
mine f a c i l i t i e s   c o u l d  have a severe e f f e c t  on t h e   u t i l i z a t i o n  o f  these 
resources  during  operation and through  the post-decommissioning phases. 
These ef fects  would  be  $#evere only i f  no provis ion was  made for   iso la-  
t ion o f  a s ign i f i can t   pa r t   o f   t he  aggregate wi th in   the waste dump area. 
Aggregate  resources i n  the Thompson Valley  would be on ly   s l i gh t l y  
af fected by o f f s i t e   f a c i l i t i e s ,  namely the proposed  Cornwall Creek road 
and, water  supply  line. 

Limestone  resources  adjacent t o  Houth Meadows would  be appre- 
ciably  affected. I f  the PO-NCE a l ternat ive A disposal  plan was adopted 
approximately 360 m i l l i o n  tonnes (390 mi l l ion   shor t  tons) o f  limestone 
woulld be s ter i l ized.  I f  a l te rna t ive  B was adopted the amount s t e r i l i z e d  
woulld  be approximately 90 m i l l i o n  tonnes  (97 mi l l ion   shor t  tons). 
Applroximately +43 m i l l i o n  tonnes @mil l ion  short  tons) would l i e   i n  
a wedge nor th   o f   the waste dump and  above the  level   of   the  "Plan A" 
dump should that   a l ter r la t ive be adopted.  These limestone  resources 
coulld  be u t i l i z e d  i f  either  disposal  plan was adopted. In   addi t ion,  
the conveyor systems, roads and water  supply  pipeline would  cross some 
limtestone terrane,  but  the areas involved  consist  of  only a few narrow 
str ips.  

230 

The claystone  deposits l i e   w i t h i n  and  above the  coal 
seqiuence. Although  precise  quantit ies  are  not  available it i s  estimated 
tha.t between 800 and 9100 m i l l i o n  tonnes (880 and  990 mi l l ion   shor t  
tons) o f  claystone and si l tstone,  consist ing  mainly  of  clay  minerals, 
lie with in   the proposed PO-NCB openpit. As yet   the  potent ia l  uses o f  
these materials have not been determined; however these  studies  are i n  
progress. It i s  expected that,   at   best ,  uses could be found for   on ly  a 
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6.2 MATRIX OESCRIPTION - (Cont'd) 
s m a l l  part  of  these deposits which  consist of both kaolinitic and 
bentonitic clays. Overburden and coal  removal would permit  access  to 
this  resource  which i s  othenise inaccessible. However, coal excavation 
and arbitrary  dumping into the  waste disposal areas  would  adversely 
affect  their  future recovery. Other  lesser and temporary  effects 
result from the  construction  of  installations  which  would  eventually be 
obsolete; soma of  these  installations  overlie  claystone  which  could be 
excavated when the facilities have  been decomissioned. 

The only rock and mineral collecting locality directly 
affected by the Hat  Creek  Project is  on the  eastern  edge of the No. 1 
openpit w h e n  thin  slivers of agate can be found in the  Kamploops 
volcanic rocks. Agate and ambar will be excavated by the  mine and some 
could be recovered  for collectors. The locality is of  minor  importance 
and i s  not currently used by  collectors. 

The only  by-product trace  element from the coal that  could be 
of any importance is vanadium. It  tends to be concentrated in the fly 
ash and i t s  potential, therefore,  has been reviewed in the study on 
"Solid Waste Oisposal  Coal Storage Land  Reclamation". 

Decmissioning would have few special effect on  resources. 
The only significant  effect results from filling  the pit with water 
after mining. ceases. Only half  of the coal would be extracted at the 
end of the 35-year life of the powerplant. Allowing for soma flow 
downstream during filling, it is estimated  that it would take 26 years 
to  fill the pit so that  the  water could flow down its original 
course.45 The difficulties in pumping out the pit should mining be 
required to recommence during or after  filling o f  the pit would result 
from the  time involved, the instability of the  saturated pit walls,  the 
adverse  effect on the Hat Creek channel morphology and the possible 
flooding downstream as a result o f  the increased water flow. 
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6.3 - MITIGATION AND  COMPENSATION - 
There are  several  opportunities f o r  mi t igat ion and  compensa- 

t i o n   o f  resources  affected  by  the  Hat Creek  Thermal Project. The 
e f fec ts   o f   the   p ro jec t  on, cu r ren t l y   u t i l i zed  aggregate  resources  could 
be s,evere; however, the a.dverse ef fects  can  be mit igated by i s o l a t i n g  
the aggregate i n   p a r t   o f   t h e  waste dump area. This would a1 low  the 

' aggregate t o  be re-excavated as required;  other sources o f  aggregate 
are   ava i lab le   in   the   va l ley ,   bu t   a t  a cost  penalty. I n  addit ion, 
bott,om ash could be subst i tuted f o r  some aggregate.  Bottom ash could 
be o f  considerable  benefit  for  reducing  skidding on i cy ,  paved  roads. 
By adopting PO-NCB a l te rna t ive  8 waste disposal  plan  only a small p a r t  
of  the  limestone  resource would be s te r i l i zed .   In   add i t ion ,  because 
limeistone  resources i n  the  area  are  very  large,  the  total  effect o f  the 
pro jec t  on t h e   u t i l i z a t i o n  of  limestone  resources i s  small,  whether 
waste  disposal  alternative A o r  B i s  adopted;  however, t he   e f fec t  on 
the  resource  adjacent t o  Hat Creek i s   s i g n i f i c a n t .  Claystone a t  Hat 
Creek is  present ly  inaccessible;  i f  the  claystone i s  segregated i n  the 
waste dump according t o  <:lay type, it could  possibly be adopted f o r  a 
number o f  uses.  The project   could  therefore einhance the  excavation and 
use of  the  claystone resource.  Studies on i t s   s u i t a b i l i t y  f o r  several 
uses are  continuing.  There i s  a potent ia l  market f o r   t he  burned clay- 
stone. The mine a t  Hat Creek would  enable more  economic ext ract ion  o f  
this potent ia l  resource.  Tests are  being conducted t o   e s t a b l i s h   i t s  
s u i t a b i l i t y  as  a replacement f o r   a r t i f i c a l l y   c a l c i n e d   c l a y ;   s i m i l a r i l y  
"coely waste" may be usied f o r  producing  calcined  clay.  This mine 
by-product  would not be  used without  the  project because it would not 
be . feasible  to mine it. The ef fects   o f   the  pro ject  on rock and mineral 
co l ' lec t ing  loca l i t ies  would be minimal. 
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APPENDIX A 
TERMS OF REFERENCE 

A.l W R A L S  AND PETROLEUM 

(a) Inventory 

1. Describe coal  reserves by maps, cross-sections, volume and 
quality. 

2. Describe in general terms the geology of  the Hat Creek Valley 
and its  'environs. 

(b) Effect of  the Developnent - 
1. Describe mine  planning as it affects geological resources. 

2. Inventory rock,  mineral and petroleum resources other than 
coal directly affected by the development. 

3. Describe the impact of mining, coal processing and  thermal 
power generation on the geological resources of  the valley. 

4. Provide input to  the Hat Creek Project  "Resource Evaluation 
for Environmental Account". 

A report on the work will be prepared for integration 
into the overall Environmental Impact Statement. 

(c) Utilization of Mine Waste Products 

Describe the potential  uses of significant  mine waste 
products and other  mineral,  rock and petroleum resources that may 
be affected by the project. 
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