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INTRODUCTION 

Trenches dug i n  1959 on the south and west side of the Dry  Lake de- 
p ress ion   a t  the north end O F  the No. l Coal Deposit a t  Hat Creek exposed 
single pieces and c lus t e r s  of pieces of hard, red-purple vesicular rock i n  
the regolith.  Core holes   dr i l led i n  the same v ic in i ty  and southward 
d u r i n g  1974-76 intersected  similar  material  i n  what appeared t o  be the 

hard and sof t   sha le  and s i l t s tones .  From this evidence Dolmage Campbell 
regol i th ,  along w i t h  considerable  quantit ies of red-to-yellow coloured, 

suggested i n  their  sumnary report on the geology of No. 1 Deposit s u n i t -  
ted i n  June 1977 t h a t  the poss ib i l i ty  of the existence of a t   l e a s t  two 
areas of b u r n t  i n  situ coal  measures on the west side of the deposit 
should be considered. These areas were designated on a map (F ig .  10) ac- 
companying tha t   repor t   as  Burnt Zones. 

In the summer of 1977 the excavation of Trench A on the  west  side of 
the deposit  exposed extensive thicknesses of orange-yellow-red-brown col- 
oured s t r a t a  of the Coldwater  Formation overlying the western extension 
of the No. 1 Deposit  coal.  Several  extensive nests of hard vesicular 
rocks were also exposed lying on top of the  coloured  strata b u t  beneath 
the over ly ing   g lac ia l   t i l l .  This exposure  suggested  that b u r n t  coal mea- 
sures may  be more extensive  than  earlier  anticipated,  in which case the 
poss ib i l i t y   t ha t   r e l a t ive ly   l a rge   quan t i t i e s  of coal may have been burned 
from the deposit had to  be considered. 

Follow-up invest igat ion of this feature  of No. 1 Deposit has con- 
sisted of a review of the su r f i c i a l  and core-hole geology tha t  might con- 
t r i bu te  per t inent  data and ii petrographic  (microscope)  examination o f  45 
t h i n  sections cut from 43 specimens of vesicular,  baked  and " b u r n t "  mate- 
rial   collected  mostly from No. 1 Deposit, b u t  a1 so from the v ic in i ty  of 
No. '2 Deposit. The surface  petrographic specimens of this material from 
both  deposits were collected. by Mr. J.F. McIntyre and the  core specimens 
were selected during relogging of No. 1 Deposit  holes by Messrs. L.T. 
Jory,  J.F.  McIntyre, P.J. S t ree t  and D.D. Campbell. In addition, Dr. 
Jory  obtained  .three  reference specimens of baked shale from Colorado and 
two reference  specimens of coal-f i re   "cl inker"  from Wyoming. 

logical and petrographic  investigations and, i n  i t s  appendix, the de- 
The present  report  includes the r e su l t s  o f  the above-described geo- 

tailed  petrographic  analyses  for each of the 45 t h i n  sections examined by 

s l ide can be conclusive or inconclusive or even misleading,  particularly 
the writer. The evidence derived from petrographic microscopy of  any one 

i n  the case of rock origins  or metamorphic processes. For this  reason, if 
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petrological   val idi ty  is  to  be established i t  is necessary  to examine as 
many d i f f e ren t  specimens a!; possible under the  microscope and t o  have a 
good knowledge  of the geological  sett ing from which the specimens  have 
been selected.  For the present study this prerequis i te  has been 
reasonably  sat isf ied;  however, the resu l t s  have not been to t a l ly  

t h a t   a r e  somewhat ambiguous. Nevertheless, enough evidence has been 
de f in i t i ve  since there remain some petrographic and geologic features 

accumulated to  establish  the  general   character and extent of the 
so-called " b u r n t  material" .in the No. 1 Deposit. The present  report is a 
co l lec t ion  of data   that  can be used by geologists working a t  Hat Creek as 
background reference when new exposures of this type of material  are 
revealed i n  the future.  

This report  is  divided  into  f ive main sec t ions :   the   f i r s t  is a gen- 

a review of the per t inent  geology of the Upper Hat Creek Valley and the 
era1  discussion on the charac te r i s t ics  of coal-burnt  rock; the second is 

No. 1 Deposit; the third is  a summary discussion of the resu l t s  of the 
petrographic  examinations; the fourth is a discussion of the conclusions 

f i f t h  and f ina l   sec t ion   i s  ,the Appendix which includes 45 individual pet- 
t h a t  can be derived from the  geological and petrographic  data; and the 

rographic  analyses. 
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IBURNT COAL MEASURES 

References i n  the l i t e r a t u r e  on the petrography of burnt  coal mea- 
sures are  sparse. One t h a t  has been used i n  the  present  study, "Baked 
Shale and Slag Formed by the Burning of  Coal Beds", G.S. Rogers, U.S.G.S. 
Prof.  Paper 108A,  was written i n  1917 and although i t  is not  well enough 
documented t o  comprise a definit ive  reference,  i t  does provide  useful de- 
sc r ip t ions  of  some products of coal bu rn ing .  

Burnt shales i n  B.C. 
The writer  has had extensive  exDerience i n  d r i l l i nq .  maminq and 

studying the two most extensive known areas of burnt c&l measures i n  
Bri t ish Columbia,  one along the Peace  River Canyon downstream of the 
Portage Mountain Dam, and the other on the east   s ide of the Fraser River 
south  of Quesnel. The f i r s t   a r e a  is  the la rges t  and occurs w i t h i n  folded 

was investigated f i r s t   f o r  the s i t e  of a dam. The relat ively large and 
Cretaceous  shale, siltstone and coal s t r a t a   a t  a point on the r iver  t ha t  

highly  irregularly shaped  underground  voids l e f t  by the combustion of ex- 
tensive coal seams and adjacent  carbonaceous shales rendered  the s i t e  u n -  
su i tab le   as  a damsite. The second area,  near  Quesnel,  occurs  within  flat- 

Coldwater  coal measures a t  Hat Creek. Both  the Peace River and Quesnel 
lying  Tertiary coal  measures essent ia l ly   ident ical  i n  character t o  the 

areas  o f  burned s t r a t a  extend over  areas  in  excess of a square  mile. 

. ,  I 

Both a t  Peace River, where the coal i s  t i l l  b u r n i n g  approximately 
3000 f e e t  downdip of the (canyon wall)  outcrop, and a t  Quesnel, there are  
no obvious  products from the combustion of the coal  except voids .  A t  
Peace  River,  because of the inherent strength of the s t r a t a  above the 
voids,  there has been l i t t l e   o r  no collapse and surface  subsidence; how- 
ever, a t  Quesnel,  because the  voids  are  relatively  shallow and f l a t ,  the 

ble,  slide-prone te r ra in .  
overlying (weak)  rocks have collapsed  over very wide areas,  forming  unsta- 

The most striking feature of the burnt coal  areas a t  bo th  Peace River 
and Quesnel is  the widespread  occurrence of "baked shale"  adjacent  to the 
b u r n t  (o r  burn ing)  coal. This rock is charac te r i s t ica l ly   re la t ive ly  hard 
(5-6) and uniformly brick red-orange i n  colour. Under the microscope i t  

voids  along the bedding. At Peace River, these  voids  appear  to be the 
i s  a hematite-impregnated mass  of f ine  grains  interspersed w i t h  elongate 

shales.  A t  Quesnel, the voids  appear t o  be due to  the  generation and ex- 
si tes of incinerated bitumen material   that  is a common component of the 

This cha rac t e r i s t i c  of the Quesnel " b u r n t  shale" renders i t  a marketable 
pansion of steam from the clay  shale d u r i n g  the int ia l   s tages  of baking. 

possol  anic  additive  for cement and/or a l i g h t  weight aggregate. A t  
Peace  River, the shales were n o t  only baked by b u r n i n g  coal seams b u t  were 
a l s o   f a r  more extensively ba.ked by combustion of t h e i r  own bitumen compo- 
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nents which were i g n i t e d  by the hot gases from the b u r n i n g  coal. 

Products of coal  combustion 
Roaers. i n  his 1917 oaoer.  describes 

States  of  ";esicular  glassy  slag"  near the 
He interprets this to  be a product of h o t  
the coal f i r e  and fusinq  adjacent rock to a 

, .  ~ 

the occurrence i n  the Western 
s i t e s  of b u r n t  o u t  coal seams. 

mol ten state  that   subsequently 
gases, (35OoC), escaping from 

hardens in to  a vesicular  g'iass. Specimens of similar  material we're ob- 

has been compared w i t h  the  vesicular  rocks found a t  Hat Creek, thus in t ro-  
tained by Dr. Jory from Wyoming for  this study. I t  is this material  that 

ducing the poss ib i l i t y  of the Hat Creek occurrence could have been formed 
by fusion from coal-fired  hot  gases. 

The d i s t i n g u i s h i n g  charac te r i s t ics  of this   s lag- l ike  mater ia l ,  which 
has been suggested as the product of fusion of adjacent rock and/or  coal 
mineral  matter,  are: (1) a frothy  appearance due to  the high content 
(50% or more)  of  rounded ves ic les ,  ( 2 )  a glassy,  grayish  matrix t o  the 
vesicles  and, (3 )  reddened  fragments of sedimentary rock encompassed by 
the frothy  glass.  Rogers reports tha t  this fused  product is most commonly 
vesicular   glass ,  w i t h  "minor facies" of recrystallized  minerals where 
depth of burial  has been su f f i c i en t  t o  permit slow cooling. He reports 
t h a t  the recrystallized  minerals  are  confined  to the "chimneys of slag", 
t h a t  the crys ta l s   a re   " f ine"  and t h a t  the minerals  are  generally metamor- 
phic.  The reported  minerals;  are:  magnetite,  cordierite,  epidote and pla- 
gioclase. 

The "baked shale"  occurring i n  the  vicinity of b u r n t  coal  beds is  
evidently  universally p i n k ,  red or  purplish  red i n  colour,  occasionally 
mottled, and  commonly has a splintery fracture  resembling  jasper. The red 
colour is due t o  the formation of hematite which tends to  impregnate the 
rock, producing a re la t ively hard  cement. 
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GEOLOGICAL  SETTING 

where brightly  coloured,  oxidized Coldwater s t r a t a  occur on the surface, 
There  are  four  principal  locations i n  the valley of Upper Hat Creek 

w i t h  or  without  vesicular,  fused rock. These areas,  shown  on Figure 1 of 
this report,  are  located  as  follows: 

Area (1): 8000 f e e t  west of the  north end of No. 1 Deposit. 
Area (2):  northeast  corner of No. 1 Deposit. 
Area ( 3 ) :  5000 f e e t  east o f  the north end of No. 2 Deposit. 
Area (4): a t  the south end of No. 2 Deposit. 

other three areas   a re  immediately  underlain by barren  Coldwater  sedimenta- 
Area #2 i s  the only one that  is   underlain by near-surface  coal. The 

ry  rocks  or by Miocene volcanic  rocks;  therefore, i t  is most unlikely 
t h a t  their or igins  can be a t t r ibu ted  t o  b u r n i n g  coal. 

oured  breccia i n  the form of p i l l a r s   s imi l a r  t o  those a t  Dry Lake. The 
Area #1 is prominent  bluff  outcrop o f  brick r e d  t o  maroon-brown col- 

rock consis ts  of angular  fragments of volcanic  rocks  in a matrix of vesic- 
ul a r   basa l   t i c   mater ia l .  

Trenc-ere exposures occur of brightly col oured (ye1  low-red-tan) 
Area #2 includes  the areas of Dry  Lake  and southwest of Dry  Lake ("A" 

Coldwater s t r a t a   a s  well a s  abundant  pieces i n  the regolith of breccias 
which cons is t  of brick  red,  orange and buff  coloured  fragments o f  shaly 
rock  in a vesicular  gray or maroon coloured  matrix. Specimens of breccia 
have been exposed on the  surface and i n  t he  1959 trenches  around D r y  Lake, 
as well a s  i n  dri l l   holes  near A Trench and in  that  trench. All  of these 
occurrences  are i n  the regol i t h  above glaciated bedrock and  below glacial  
t i l l ,  where i t  exists. 

Area #3 i s  a broad h i l l  near the main road eas t  of No. 2 Coal 
Deposit, i n  an area  underlain by Miocene volcanic  rocks, and consis ts  of 
exposures of multicoloured  volcanic  breccias  that  include  fragments of 
Coldwater  sedimentary  rocks and volcanic  rocks i n  a basaltic  matrix. 

Area #4 i s   s i m i l a r  t o  Area 3 b u t  also  includes  lahar-type  volcano- 
mudflow rocks. 

In the  1959 trenches, which are now f i l l e d ,  i n  the v ic in i ty  of  Dry 
Lake many pieces of the vesicular  "fused"  material were exposed i n  s o i l ,  
sand and gravels above  bedrock. These pieces comprised the only  hard  rock 

them. They a re  rounded i n  shape and were interpreted by the writer a t  
i n  the regol i th  and showed evidence of discolouring  the  soil  etc. around 

t h a t  time  as be ing  volcanic bombs. 

In Trench A, excavated i n  1977 on the west side of No. 1 Deposit, 
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there a re  extensive exposures  of  yellow,  tan and reddish  coloured 
Coldwater s t r a t a ,   ( P l a t e  1). These rocks  are  primarily  soft  shales and 
s i l t s t o n e s  which include  harder bands of relatively  poorly  defined, maroon 
coloured rock t h a t  appears  to be baked shale ,   (Plate  3 ) .  Of in te res t  i n  
this exposure is  the occurrence on the surface of these red coloured  rocks 

pieces of the vesicular  breccia. Also of interest i n  the Trench A expo- 
on the south side of the trench,  beneath  glacial t i l l ,  of c lus te rs  of 

ly  weathered,  oxidized  coal  lying  directly  beneath  glacial t i l l ,   ( P l a t e  
sures is  the extensive  occurrence a t  the west end of the trench o f  clear- 

2 ) .  This oxidized  coal,  together w i t h  the s o f t  nature of the Coldwater 
shales  and s i l t s tones   in   the  same area,   indicates  that ,   unlike other parts 

cal  -type  weathering of the Coldwater s t r a t a .  Exposures  very similar t o  
of No. 1 Deposit, this par t   represents   a   re l ic t  of pre-Pleistocene  tropi- 

Trench A,  w i t h  leached  hematite-1  imonite boxworks lying above earthy man- 
l a t e r i t i c   t r o p i c a l l y  weathered  profiles  are common  on bo th  sides of 

ganese-rich bands that   cross   a l l  bedrock s t ructures ,   (Plate  4 ) .  

3 

3 

Y 

m 
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- PETROGRAPHIC  EXAMINATIONS 

Of the 43 specimens  studied  in t h i n  sect ions  for   this   report ,   f ive of 
them (#1244-1248) were obtained by Dr. Jory from Colorado and Wyoming, 
w i t h  no detailed  reference  locations,  and f ive  (#963-965, 965A, 966) were 
col lected by J.F.  McIntyre  in  the  areas of oxidized  material  located  east 
No. 2 Deposit,  (Figure 1). All of the   res t  of the  specimens have come 
from d r i l l   ho le s  and surface  exposures  in  the  northwest  corner of No. 1 
Deposit. The specific  1oca.tions of these specimens are shown on Figure 2 
of this report .  

For  ease of study,  the 45 petrographic  analyses  prepared from the 
above specimens,  (two  extra  slides were made fo r  two of the  specimens), 
have been grouped into  three  categories  and are so presented i n  the Appen- 
dix. These are:  

Group 1 - Vesicular  material - 9  (Variously termed s lag,   c l inker ,   scor ia  
and tephra b.y different   geologis ts .  ). 
- Sl ide  numbers #1244, 1245 Wyoming specimens. 

969 Surface, No. 1 Deposit. 
970 
971 

Surface, No. 1 Deposit. 

972 
Surface, No. 1 Deposit, 
Surface, No. 1 Deposit. 

Drill cores,  No. 1 Deposit. 

1243 
Dril l   cores,  No. 1 Deposit. 
Dril l   cores,  No. 1 Deposit. 

#1107-08 Dril l   cores,  No. 1 Deposit. 
1154-55 
1163-65 Drill  cores, No. 1 Deposit. 
1233-34 

Group 2 - Baked shale  
- Sl ide  numbers #1246-48 Colorado  specimens. 

963-964,965A Surface, E. of No. 2 Deposit. 
1109 
1156 

Drill cores, No. 1 Deposit. 

1162 
Dril l   cores,  No. 1 Deposit. 

1239 
Drill cores, No. 1 Deposit. 
Drill cores,  No. 1 Deposit. 

Group 3 - Oxidized  (weathered)  shale  etc. 
- Sl ide  numbers # 914-  916 Drill cores. No. 1 Deaosit. 

965- 966 Drill  cores; No. 1 Deposit. 

1118-1122 Dril l  cores, No. 1 Deposit. 
1160-1161 Drill cores,  No. 1 Deposit. 
1235-1236 Dril l  cores, No. 1 Deposit. 
1240-1241 Dril l  cores,  No. 1 Deposit. 

1110 Dril l   cores,  No. 1 Deposit. 

The separation of these specimens in to  the above three  categories i s  
a natural one that   required no in te rpre t ive  judgements. If   the specimen 
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exhibited  "frothy"  vesicular  rock, i t  was included in-,Group 1. If i t  was 
a re la t ively  hard,  uniform  brick  red or orange  coloured  shale or s i l t -  
stone,  i t  was categorized  as Group 2. (Specimens of baked shale  frag- 
ments i n  a vesicular  matrix were included  in Group 1). If  the specimen 
was relatively  soft ,   sedimentary and  of  any colour, i t  was categorized  as 
Group 3. 

Detai ls  of the  microscopic  features of each specimen can be read  in 
the  individual  petrographic  analyses  that  are appended t o  this report. 
The remainder  of. this section  (Petrographic  .Examinations) of the  report i s  

rock s tudied i n  thin  section. The discussions  are  under the same headings 
devoted  to  general  discussion of the   sa l ien t   fea tures  o f  each type of 

as  the  groups  described above. 

VESICULAR  MATERIAL 

Since we have no knowledge of the  origin of the two  specimens of 

cepted  as  clinker  products of b u r n t  coal. One (1244) i s  entirely  frothy 
s lag- l ike  mater ia l  from the Powder River  Basin i n  Wyoming, they a re  ac- 

ves icu lar   g lass ;   the   o ther  (1245) i s  a mixture of vesicular  glass and red 
fragments o f  baked shale. Under the  microscope, bo th  of these specimens 
exh ib i t  50-70 percent  voids i n  the  vesicular  material .  These voids con- 
t a i n  no mineral f i l l  ings and the  surrounding groundmass is a cloudy glass 
w i t h  t races  of  an acicular ,   microcrystal l ine mineral that   could be feld- 
spar. 

In contrast  to  the  simple  mineralogy of the Wyoming specimens, a l l  of 
the specimens from Hat Creek exhib i t  a wide range of mineralogical com- 
plexi ty .  In pa r t i cu la r ,  a large number of t he  Hat  Creek specimens exhib- 
i t ,  b o t h  megascopically and microscopically,  partial  and/or complete f i l -  
lings of ves ic les  by comb-c:rystalline  zeolites and plagioclase,  a common 
c h a r a c t e r i s t i c  of vesicular  volcanic  rocks. 

The vesicular   "s lag" t h a t  forms the groundmass between the  vesicles 
i n  the Hat Creek specimens  ranges i n  texture  from glass to f ine  crystal-  
l i ne .  The compositions of the   c rys ta l l ine  groundmasses s tudied  are   a l l  
c l ea r ly  i n  the  basalt ic  range, w i t h  the  feldspar being largely  basic  pla- 
gioclase  (bytownite-labradorite) and the  (minor)  mafic  minerals  including 
augite,  magnetite, and hornblende ( ? I .  Of c r i t i c a l   i n t e r e s t  i n  many  of 
the  Hat Creek specimens is  the  abundant  occurrence i n  the  "slag" ground- 
mass o f  re lat ively  coarse ,  ( u p  t o  1 mm) corroded  crystals o f  oligoclase 
plagioclase.  The presence of these  re l ic t   phenocrysts  i n  a basal t ic  mate- 
r ia l   c lear ly   ind ica tes   to   the   wr i te r  a magmatic origin  for  the  "slag"  at  a 
s i te  of  an e a r l i e r   c r y s t a l l i z a t i o n  of material of  more intermediate com- 
posit ion.  

There is  a complete  absence  in  the Hat  Creek vesicular rock specimens 
of the metamorphic minerals noted by Rogers (1917) i n  his examination of 
"coal  slag"  rocks. 
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t h a t   t h e  specimens of vesicular  "slag"  or  "clinker" found a t  Hat  Creek are 
Both t h e   f i e l d  and petrographic  evidence  suggest a strong  l ikelihood 

products of volcanic   act ion  ra ther  than of the b u r n i n g  of i n  s i tu   coal .  

BAKED SHALE 

The bes t   pe t rographic   c r i te r ia   for   the  baked sha le   i s  found i n  the  
fragments of red  shale   that  have been caught up i n  molten magma or slag 

shale  i s  a hard  rock of predominantly  hematite cement w i t h  up t o  50 per- 
in  the  previously  discussed  vesicular specimens. In these  fragments  the 

cent  voids. The voids  are  generally  elongate  elliptical  openings formed 
along  the  original  lamination or scattered  throughout  the  massive por- 
t i ons  of the  rock. They ex.hibit  mineral  fillings and evidently  represent 
the "degassing" of the  clay  shales and s i l t s t o n e s  through  the  generation 
of steam  during  heating. I n  several specimens of the baked shale i n  the 
vesicular  me1 t, the   r ec rys t a l l i za t ion  of the shale  fragments has begun 
and signs o f  assimilat ion by the  melt   are  clear.  This is found  only i n  
those  specimens  exhibi t ing  re la t ively  coarsely  crystal l ine  basal t ic  
groundmass. 

The ear ly   s tages  of baking are  marked by pervasive  replacement of 

ual s i l t   g ra ins   a r e   r ep laced  by hematite. There is no s igni f icant  amount 
the  c lay groundmass by finely  disseminated  hematite;  also, many i n d i v i d -  

of l imonite i n  these  rocks. The final  stages of  baked shale  are  charac- 
t e r i zed  by a total   conversion  to hard hematite, w i t h  or  without  voids. 

There is  no megascopic: or  microscopic method  of determining  whether 
the '  baking of the  shales  was brought  about by volcanic  heat or  coal - f i r e  
heat. 

OXIDIZED (WEATHERED) SHALE 

dril l   cores  throughout  the west s ide  of No. 1 Coal Deposit,  including from 
Specimens of yellow,  red and brown shale have  been collected from 

the A Trench.  All of the  specimens . d e a l t  w i t h  i n  t h i s  group i n  t h i s  
s tudy   a re   charac te r i s t ica l ly   sof t  and crumbly. Under the  microscope  they 
reveal a common development of laminar ragged voids and the  pervasive de- 
velopment of limonite.  Traces of pyrolusite and gypsum occur i n  some 
specimens.  Hematite is loca l ly  developed b u t  is not  pervasive. The lami- 

, na r  voids  have c l ea r ly  developed a t   t he  expense of the  clay groundmass of 
the  primary  shale.  There i s  no indication of recrys ta l l iza t ion ,  of the 
development of rounded (degassing) voids  or of an impregnation by  hema- 
t i t e  cement, a l l  of which a re   cha rac t e r i s t i c s  o f  the  baked shale. 
Rather,   al l  of t he   cha rac t e r i s t i c s  of the  specimens o f  soft ,   oxidized 
sha le   a re   ident ica l  t o  those  developed i n  weathered rock i n  warm cl imat ic  
conditions. 
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CONCLUSIONS 

ic   evidence  a t  Hat  Creek to  indicate  the  following: 
In the  wri ter ' s   opinion,   there  is  unambiguous i n  s i t u  and petrograph- 

(1) Some of the  Coldwater  shales  etc.  in  the  valley have  been 
baked by volcanic  action and some by undetermined actions,  which 
could  include  in situ c:oal f i r e .  

( 2 )  Most  of the specimens of vesicular  slag found  around No. 1 
Deposit  include  fragments of  baked shale and the  "slag" p o r t i o n  
of  them is basa l t i c  i n  composition and  magmatic i n  texture.  

above the  glaciated(?)   surface of unweathered  bedrock, under- 
( 3 )  All of the  vesicxlar  slag specimens found t o  date occur 

n e a t h   g l a c i a l   t i l l ,  in  the  regolith  in  sections of dr i l l   holes  
that   re turned  less   than 20 percent  core  recovery,  (Inset, F ig .  
2).  

( 4 )  Most  of the  br ight ly   coloured  s t ra ta  i n  Trench A are weath- 
ered  material and are   spat ia l ly   associated w i t h  weathered,  not 
b u r n t  surface  coal. 

The above evidence  leads  the  writer  to  conclude  the  following  possi- 
b l e   o r ig ins   fo r   t he  observecl phenomena: 

(1) The vesicular rock is volcanic  in  origin and was probably 
derived from explosive  pipes. I t  was sca t te red  as hot  airborne 
coarse  tephra (bombs) on the  unglaciated  surface of the 
Coldwater s t ra ta .   Possibly this semimolten  material  ignited 
loca l ,  i n  situ coal  and/or  coaly  beds, b u t  this was a minor 
phenomenum a t  No. 1 Deposit. 

i n  the   val ley of  Miocene volcanic  breccias which include  frag- 
One other  possibil i ty,   suggested by the remnants el sewhere 

ments of Coldwater s t r a t a ,   i s   t h a t   t h e  specimens of  baked shale 

mediately  beneath  the  contact of  Miocene flows which covered 
etc .   represent   the remnants of the  coaly  Coldwater  surface i m -  

p a r t  or a l l  of the Val ley. 

( 2 )  The sof t   mult icoloured  s t ra ta  i n  the   vicini ty  of Trench A 
represent an erosional remnant of p reg lc i a l ,   t rop ica l ly (? )  
weathered  Coldwater  rocks,  including  coal. These rocks  are 
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similar  in  every  respect  to  weathered  Tertiary  rocks  in the 
Southwest s t a t e s  and  would correspond to  many other pockets o f  
similarly  preglacially  weathered  rocks  scattered  across south-  
ern British Columbia. 

( 3 )  There i s  no clear  evidence of s ignif icant   quant i t ies  of 

Creek. 
coal  having been b u r n t  i n   s i t u  from the No. 1 Deposit a t  Hat 

Respectfully submitted, 

DDLMAGE CAMPBELL & ASSOCIATES (1975) LTD. 

Douglas D. Campbell 

w 
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APPENDIX 

GROUP 1 

VESICULAR ROCK 
("Slag,   c l inker ,   scor ia ,   g lass  and tephra") 

Wyoming 

Surface, No. 1 Coal Deposit, Hat Creek 

Dril l   cores,  No. 1 Coal Deposit, Hat Creek 



DOLMAGE  CAMPBELL e ASSOCIATES llS7H) LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec.No. 1244 

ROCK CATEGORY: Clinker 
Field Name:  Coal-fire  clinker  Proper  Name: SLnG 
Location: Wasatch Fm., Powder  River  Basin,  Wyoming 

MEGASCOPIC  DESCRIPTION: 
Massive,  hard (6-7), aphanitic,streaky, medium  rose-grey,  lightweight  burn  product 

that has  solidified to include 50 percent  unconnected  gas  bubbles that range in size 
from microscopic to 1 cm. 

MICROSCOPY 

GENERAL  DESCRIPTION: 
Approximately  40-50,percent of the  slide  iscomprised of circular  (gas  bubble) 

voids  in a fine grained (0.15 mm) to  microcrystalline  brownish  grey  matrix  which 
includes  clear  fragments (0.15-0.02 mm) of quartz.  Most of the matrix  is  comprised 
of fine,  long  (0.1 mm) needle-like  crystals that have  about  30°extinction. 

glass  may be present. 
The composition of the matrix  components  is  hindered  by  the  cloudy  colouring,  but 

MINERALS 
% - 

50 Voids  Sharply  defined,  generally  circular  and  separate  bubbles. 

7 Quartz  Angular  fragments  and  splinters  (0.15-0.02 mm) of clear 
quartz  scattered  randomly  throughout  matrix. 

30 Unknown  Relatively  high  relief, clear to slightly  greenish,  needle-like 
crystals  in  acicular  and  star-shaped  clusters. Too fine  and 
clouded  to  readily  identify.  May be zeolite  (matrolite)  (scolecite?) 

13 Unknown  Possible  divitrified  glass e t  al in  cloudy,  fine  crystalline  matrix. 

DISCUSSION 

The presence of bubble  voids  indicates  that  the  material  had  reached a plastic 
state  and  that   water  vapour etc. had  been  driven from the  original  material  (rock?) 
by  heating. The residual  quartz  fragments  suggest a possible  sedimentary  origin  (shale?). 
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PETROGRAPHY 

Spec.No. 1245 

ROCK CATEGORY: Clinker 
Field Name: Coal-fire  clinker 
Location: As #12M 

MEGASCOPIC DESCRIPTION: 
Massive, multicoloured  (purple-brick red), aphanitic,  hard (5-6), moderately 

lightweight slag type product with about 30 percent  of the purple  matrix made up of 
unconnected bubbles, but no bubbles i n  the brick-red fragments (I"-3"). Red fragments 
are reactive  to HCI. 

MICROSCOPY 

GENERAL DESCRIPTION: 
Much  like K1244 only  with  higher  proportion  of voids (60-75%) and much darker, 

Contrary to megascopic appearance, the red fragments have equally as many voids 
(cloudier)  matrix and with no  quartz fragments. 

as the  purple groundmass, but they  tend to be  smaller. Under the microscope the 
other  difference between the red fragments and purple groundmass i s  that the matrix 
of the  purple  rock i s  a mass of  fine  acicular  needle-like crystals l ike  in #1244, (albite?), 
in  a black  matrix. 

MINERALS 
0% .. - 

Mineral  identification  of the cloudy submiscrscopic matrix between the voids 
i s  not readily possible optically. Judging from the relative weight of the specimen 
despite 60-75 percent voids, plus the red-purple  colour, it i s  inferred that much 
of the material must be oxides of  iron. 
The source of the HCI reactivity i s  not obvious. 

DISCUSSION 

The material has been heated to  a plastic state (bubbles) and the original  cmposi- 
tion destroyed. The fineness o f  grain suggests rapid  cooling. 
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Spec. No. 969 

ROCK CATEGORY: Burn 
Field name: Scoria  Proper name: TEPHRA 
Location:  Surface,  south  side of Dry Lake. No. 1 Deposit. 

MEGASCOPIC  DESCRIPTION:  Honeycomb mass of spl intery  plate- l ike cream 

cemented i n  a dark purple,  iron-rich,  "frothed" groundmass tha t  is 
and p i n k ,  f o l i a t e d  rock fragments ( u p  to  several  centimeters i n  length) ,  

60 percent  cavit ies  (bubbles),   l ightweight.  

Hard ( 5 )   t o   s o f t  ( 3 ) .  

MICROSCOPY 

GENERAL DESCRIPTION:  The en t i r e   s l i de  is made up of porous,  contorted 

minor inclusions of c lus t e r s  of quartz and cloudy  feldspar  fragments and 
and flattened,  wafer-l ike masses of largely opaque material ,  b u t  w i t h  

crystals  (0.2-0.5 mm). 

however, c l u s t e r s  of round " f r o t h "   a i r  bubbles  are common and a r e  
The voids i n  the  opaque wafers  are mostly elongate  partings; 

associated w i t h  the non-opaque mineral c lusters   that   include subhedral 
quartz ,   fe ldspar  and  poss ib ly   c r i s toba l i te .  

MINERALS 
% - 

65 Opaque 
mineraloids whose c:haracter is masked by an isotropic  mineraloid 

Fine-grained,  locally banded and contorted rock mass 

t h a t  i!; white t o  cream coloured i n  ref lected l i g h t ,  
b u t  black t o  dark brown i n  transmitted l i g h t .  

Most of  the   spl intery,  broken and twisted rock frag- 
ments are  pale  tan  to  yellowy  orange  in  colour and 
contain 25 percent  elongate  voids. The mre   so l id -  
appearing,  "frothy"  masses  are deep red or maroon 
in  t h i n  section and contain  about 25 percent  voids, 
b u t  they are   spherical .  

25 Voids Elongalx "expanded bedding  planes ( ? ) "  i n  t he   l i gh t  
coloured rock  fragments.  Spheroidal  "bubbles" i n  
the  dark  "melt"  material. 
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MINERALS 
," 
70 - 
7 Cavity Many  of the elongate  cavit ies,   particularly the 

f i l l i n g  narrower  ones  (0.1-0.5 m m ) ,  a re  wholly or pa r t i a l ly  
filled  with  cloudy-clear masses of a microcrystal- 
l i n e  (0.01-0.04 mm), generally low birefringent 
mineral which appears t o  be ch lor i t ic   c lay  accompa- 
nied by (lesser)  red  hematite  grains.  

3 Igneous Clusters of relatively  coarse (0.5-1.0 mm) subhedral 
minerals  crystals of quartz,  plagioclase and c r i s toba l i t e  ( ? )  

occur  close  to and w i t h i n  the "frothy"  melt  material 
t ha t  t e n d s  to   coat  and j o i n  the platey rock frag- 
ments. Also  occurring  in  these sites are  clusters 
of intergrown  microcrystalline (0.03 mm) enhedral 
e longate   crystals  of twinned plagioclase,  typical 
of the quenched plagioclase found in  volcanic  melts. 

The larger  quartz and feldspar   crystals  t h a t  occur 

variously  brecciated and the feldspars  (plagioclase) 
i n  t h e  "frothy" masses a re   a l l   f rac tured  and 

a re  commonly very  cloudy and corroded. 

Also, i n  the "frothy" mass are two clouded  fragments 
(1 mm) of l i g h t  co loured ,   f ine   c rys ta l l ine   l i th ic  
material,  possibly  volcanic. 

THIN  SECTIONS  969A and 9698: Two ext ra  t h i n  sections were made from 
this specimen i n  order  to  'provide  the  opportunity  to  study  the rock i n  
d i f f e ren t  dimensions. The general   characterist ics of the rock are the 

par t icu lar   fea tures  of i n t e re s t  i n  them are  as  follows: 
same i n  these  sections  as  those  described above fo r  No. 969; however, 

the cement f o r  the f la t tened  b u r n t  shale  wafers i n  th is  section is  made 
e: Approximately  50 percent of the frothy "magmatic"  rock tha t  forms 

ments of quartz,   plagioclase  (oligoclase) and other  nonidentifiable 
u p  of relatively  coarse  (0.5 m m )  cloudy and cracked  crystals and frag- 

minerals  (heavily  clouded). Noteworthy i n  the magmatic melt  or  froth is 
one fragment, 4 mm i n  length, of aphanitic  intermediate  volcanic  rock. 

Also the magmatic melt i n  this section  contains  abundant,  clear, 

basaltic  plagioclase  (bytowriite)  together w i t h  sheaves of clouded horn- 
re la t ively  coarse   crystal ine (0.1-0.2 mm) radiat ing clusters of quenched 

blende. 

excel  lent and abundant examples  of radiat ing clusters of quenched basal- 
9698: The most noteworthy features  i n  this section  are the relat ively 

t i c  plagioclase and the striking fact   that   wafers  of baked (hematized 
and dried) shale   are   essent ia l ly   unal tered  or   recyrstal l ized even 
though  they are  encased  in a vesicular  mass of basaltic-like  melt. 
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DISCUSSION 

The platey,  contorted  fragments  that make up most of t h i s  rock 

frothy "magma" which contains broken crys ta l s  of quartz, soda plagio- 
are baked and "expanded" shale t h a t  has been picked up by the darker, 

c lase  and hornblende as we'll as  igneous l i t h i c  fragments and c lus te r  of 
quenched basic  plagioclase,  typical of basalt ic  glasses.  

rocks could have been formed in a melt from burning  coal,  especially 
I t  is d i f f i c u l t   t o  c:onceive how the above igneous  minerals and 

since  the  grain  size i n  the adjoining baked shale  fragments has not 
changed  from i t s   o r i g i n a l .  

volcanic tephra formed by molten basa l t ic  f roth erupted from a vent. 
The most logical o r iq in   for  t h i s  rock is t h a t   i t  is a piece of 

The contorted, baked shale  fragments have been picked up from the vent 
walls and the whole mass has been ejected and landed  as a piece of 
scoria or bomb ( tephra)  on the Pleistocene ground surface. 
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Spec. No. 970 

ROCK CATEGORY: Burn 
Field name: Scoria  Proper name: BAKED RECRYSTALLIZED 

SHALE  (TEPHRA?) 
Location:  Surface, south  s ide of  Dry Lake. No. 1 Deposit 

MEGASCOPIC  DESCRIPTION: Dull brick  red,  moderately hard (5-61, curving 
thinly  laminated,  aphanitic: rock intr icately  inter leaved with  voids  both 
as  spaces between laminae and as  fine  bubbles i n  the  rock.  Relatively 
heavy considering  the high  void r a t i o  (50-60%). Some laminae  are  paper- 
- t h i n .  

MICROSCOPY  (Two thin  sect ions)  

GENERAL DESCRIPTION: 

Section 970A: All b u t  a very minor area of this s l i d e   i s  made up of 
red, baked fine-grained !;hale that   includes a myriad of elongate,  
"flattened"  voids. The shale i s  fine-grained and unrecrystall ized; how- 
ever, i t  has been rendered opaque i n  thin  section by the  impregnation 
w i t h  hematite from the  oxitlation of i t s  iron. 

~ 

Of major i n t e r e s t  on this s l i d e  is  tha t  one corner of i t  is  made up 
of dark  grey melt-l ike roc:k with  spheroidal  vesicles. This rock has a 

suggests  the  possibility,  although  the  evidence i s  n o t  en t i re ly  con- 
gradational  contact w i t h  the baked shale ,  whose voids   are   f la t .  T h i s  

clusive on this s l ide ,   tha t   the   sha le  has been heated high  enough, a t  
l ea s t   l oca l ly ,  t o  render it s o f t  enough ( p l a s t i c ? )  t o  permit t h e  gas 
voids  t o  assume a spheroidal  shape. 

Section 9708: T h i s  section i s  essent ia l ly   the  same i n  general  character 
as No. 970A; however, most of i t  i s  made up of reddish grey and grey 
rocks  (with  the m r e  spheroidal-shaped  voids) t h a t  is   evidently  grada- 

uniformly  recrystallized (0.05-0.25 mm) t o  a cloudy  assemblage of 
t ional from the baked shale.  In t h i s  example the rock is  c l ea r ly  

equidimensional-subhedral clay-feldspar,  sheaves o f  incipient   plagio-  
c lase  and minor c l u s t e r s  of quartz .   Also,   f ine  acicular   crystals  of 
plagioclase have grown i n t o  some of the  voids ,   indicat ing  that   re-  
c rys t a l l i za t ion  began a f t e r  gas (steam?) from the  heated  shale had 
formed the  voids. 
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DISCUSSION 

recrys ta l l ized  rock suggests  the poss ib i l i ty  of the shale being the 
This example of baked shale that  appears t o  be gradational  into a 

source fo r  a t   l e a s t  some molten or   plast ic   s lag.  However, this specimen 
was picked up from the  surface i n  an area of considerable  tephra,  there- 
fore  i t  could have been recrystal l ized i n  a volcanic vent or perhaps by 
burning  coal i n  s i tu .  
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Spec. No. 971 

ROCK CATEGORY: B u r n  
Field name: Scoria Proper name: TEPHRA 
Location:  Surface, south side Dry Lake. No. 1 Deposit 

MEGASCOPIC  DESCRIPTION: A rubbly porous breccia of baked shale  in a 
vesicular  "melt". The 1a.minated  fragments  of shale i n  the  purple 
"froth"  (vesicular)  are  uniformly  brick red and are mre or  less  identi-  
ca l   t o  No. 970. Relatively  lightweight. The fragments  are  moderately 
hard (5-6) and the glossy  froth is  hard ( 7 ) .  

MICROSCOPY 

GENERAL DESCRIPTION: Most of the s l ide  is  made up of red-brown frag- 
mented baked shale   that  is impregnated w i t h  hematite and laced w i t h  

l ized. The shale  fragments  are  all rimmed  by a dark  grey,  vesicular, 
"bedding plane  voids" b u t  i!; otherwise not a l tered ( i  .e.) n o t  recrystal - 
aphanitic  (melt) rock t h a t  only locally exhibits slightly  gradational 
contacts,  which, here,  suggest  digestion by a molten (magma) material 
rather  than by recrys ta l l iza t ion .  

The magmatic i n t e r s t i t i a l  rock is  locally  heavily  clouded w i t h  

basaltic  plagioclase  (bytownite)  with some relict  (corroded)  bytownite 
hematite b u t  is uniformly composed  of f ine ly   c rys ta l l ized  (0.05 m) 

phenocrysts (1.0 m m l .  

DISCUSSION 

picked u p  the baked shale fragments originated  as a basa l t ic  magma from 
This s l ide   c lear ly  indicates  that   the  "magma" material t ha t  has 

a volcanic vent, hence the vesicular  froth.  The corroded  bytownite 
phenocrysts  indicate  transport  o f  the magma from depth before i t  passed 
th rough  Coldwater  (presumably)  shales. 

T h i s  s l ide  suggests   that  the recrystal l ized  shale  i n  No. 970 
probably  originated  in the volcanic vent, since the m1.t is  def ini te ly  

material  could  not form coarsely  crystall ine  basic  plagioclase  within 
basa l t ic  i n  o r ig in  and not a melted  shale from a coal f i r e .  (Such 

the pressure-time condition!; of near-surface  coal  fires.) 
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Spec. No. 972 

ROCK CATEGORY: B u r n  
Field name: Scoria 
Location: No. 1 Deposiit. Surface, Dry Lake. 

Proper name: TEPHRA 

MEGASCOPIC  DESCRIPTION: Ident ical   to  No. 970. 

MICROSCOPY 

GENERAL DESCRIPTION:  The majority of this s l ide  is  made up of f ine- 
grained t o  microcrystal l ine opaque material  that is almost  completely 
hematized and is f u l l  of elongate,   f lattened voids (40%). Throughout 
the  hematite mass are  dispersions of a cloudy,  f ine  crystall ine,  h i g h  
birefr ingent ,   needle   to   platey mineral t ha t  may  be s e r i c i t e ,   ( r e c r y s t a l -  
l ized  c lay?) .  

Also, of most i n t e r e s t  on this s l ide  is a c l u s t e r  of very cloudy, 
corroded,  subhedral , poorly  twinned  plagioclase  (intermediate-basic) 
c r y s t a l s   t h a t  are p a r t i a l l y  hematized.  These c rys ta l s   appear   mre   to  be 
r e l i c t s  from an ear ly  phase of the  evolution of this rock,  rather  than 
the  products of (new) recrys ta l l iza t ion .  

DISCUSSION 

This rock i s  made u p  primarily of baked and degassified  shale  frag- 
ments that   appear t o  be  somewhat recrys ta l l ized .  The presence of 
apparently  relict   basic  plagioclase  feldspar  crystals on the edge of a 
baked shale  wafer  suggests; an or igin  for   the rock from the side of a 
volcanic  plug o r  vent,  rather  than  as a product of mel t ing  from buring 
coal. 
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Spec. No. 1107 

ROCK CATEGORY: Burn 
Field name: Clinker Proper name: TEPHRA (Vesicular  basalt)  
Location: No. 1 Deposit, DH 76-182, 146-151' (80% core  loss) 

MEGASCOPIC  DESCRIPTION: Hard (61, massive,  "agglomerate"-type of rock 
comprising l i g h t  coloured  (tan, cream and white), angular  to subround 
rock  fragments, (1 mm - 2 cm), i n  a dark  grey vesicular  (frothy)  matrix. 
The vesicles  comprise  about 15-20 percent of the rock and range up t o  
4 mn i n  diameter. The rock fragments  appear t o  be baked  and degassed 
shales,  sandstones, and possibly  igneous. 

MICROSCOPY 

GENERAL DESCRIPTION: A cryptocrystalline  grey-brownish-clear groundmass 
t h a t  encompasses a wide variety of foreign rock fragments (40%) and 
vesicular   a i r   pockets   (25%).  The a i r  pockets  are round t o  subround and 
severa l   a re   par t ia l ly   f i l l ed  w i t h  comb-structured  silicate  minerals. 
Fragments (0.5 m m )  of cloudy, somewhat corroded  plagioclase  crystals  are 
common i n  the groundmass. 

About 20 percent of .the slide is made up of curved, wafer-like 
fragments of rusty  coloured.  shale  that  are  variously  host  to  air  pockets 
and are  generally  surrounded by dark reaction  rims. Some exhibit  exten- 

cryptocrystal l ine groundmass. Many of them are a sol i d  mass  of  brown 
s ive  growth of fine  crysta.11ine  feldspar-zeolite ( ? I  crystals  within a 

limonite  (hematite?)  in  the centre with  rims of cloudy-clear, comb- 
c rys t a l l i ne  (0.10 mm),  nasc:ent  plagioclase  (oligoclase?). 

COMPOSITION: The  groundmass i s  composed' predominantly of feathery, 
subhedral,  cloudy and 1oca.lly  corroded  ol  igoclase  crystals. Anhedral 
fragments of quartz  are an u b i q u i t o u s  b u t  re la t ive ly  minor component. 
Cloudy, pale green, anhedral-subhedral  augite  grains (0.05-0.02 mm) a re  
common. Relatively  large (0.5 mn), highly  corroded,  or  poorly  formed, 

a re  rounded ghost fragments. of aphanitic basa l t i c  rock. 
subhedral  crystals of basic plagioclase,  ( labradori te) ,   are  common, as 

blende are   re la t ive ly  common both i n  the groundmass and even i n  some of 
Relatively  fresh,  euhedral columnar c rys t a l s  of muscovite and horn- 

the recrystallized  shale  fragments. 

i n f i l l i n g   i n  many  of the vesicles.  
Hornblende is common throughout the groundmass, as  well as comb 
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DISCUSSION 

The predominant rock is  a VESICULAR BASALT that  includes  corroded 
phenocrysts of basic  plagioclase and par t ia l ly   ingested  ( recrystal l ized)  
fragments of aphanitic  basalt.  Fragments o f  (Coldwater?)  shale have 
been picked u p  by the   ml ten   basa l t ic  magma and have been baked, dis- 
torted,  degassed and considerably  recrystallized. 



DOLMAOE  CAMPBELL e ASSOCIATES (1870) LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1108 

ROCK CATEGORY: Burn 
Field name: Clinker 
Location: No. 1 Depos,it, DH 70-182,  156-161'  (80% core  loss) 

Proper name: TEPHRA (Vesicular  basalt) 

MEGASCOPIC  DESCRIPTION: Essent ia l ly   ident ical   to  No. 1107 only  several 
pieces   are   dir ty ,  subrounded (eroded?) and weathered,  suggesting  surface 
transport  and/or  extended  time of exposure on the surface  as  a  detri tal  
product.  Nonreactive. 

MICROSCOPY 

GENERAL DESCRIPTION: Generally the saw  a s  Specimen 1107 except the 
s l ide  includes  a  greater  content of hematized partially  digested 
( recrys ta l  1 ized)  fragments of shale. 

Also, the groundmass contains  a  very h i g h  percentage o f  needle-like 
c r y s t a l s  (0.05-0.10 mm) of quenched plagioclase ( ? )  

Mafic  minerals  are much more sparse  than  in No. 1107. 

DISCUSSION 

Like Specimen 1107, t h i s  rock is a VESICULAR BASALT that   includes 

and  variously  recrystallized  shale. 
corroded  basic  plagioclase  phenocrysts, and abundant  fragments of baked 

The rock is  approximately 50 percent round t o  subround, unlined 
ves ic les  (0.5 - 5-10 m m ) .  



DOLMAGE CAMPBELL e ASSOCIATES  (1971) LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1154 

ROCK CATEGORY: Burn 
Field name: Clinker 
Location: No. 1 Depos,it, OH 76-167, 248' (80% core  loss)  

Proper name: TEPHRA (Vesicular  basalt)  

MEGASCOPIC  DESCRIPTION: Ident ical  rock to  No. 1107-1108 i n  D H  767-182 
400 feet   north.   Pale co'ioured  shaley rock fragments i n  dark  grey 
vesicular  matrix. 

MISCROSCOPY 

GENERAL DESCRIPTION:  The s l ide  comprises two large (1-2 cm) subround 
fragments of cloudy-opaque  "baked" shale  i n  a  highly  vesicular  (50%) 
matrix of f i n e  (0.05-0.5 mm) crystall ine,   clear  feldspar-mafic-magnetite 
igneous  rock. 

fragments, some  of the smaller ones of which are  invaded by tongues and 
Approximately 60 percent o f  the s l i d e  i s  made up of baked shale 

porphyroblasts of feldspar.  The shale  fragments  are  densely  clouded by 
mineraloids  (leucoxene and hematite),  so mineral ident i f ica t ion  is not 
possible by microscope. However, i t  is c lear   tha t   the   sha le  is only 

t h e  surrounding matrix. >-he basa l t i c  matrix has been ch i l l ed   a t   t he  
incipient ly   recrystal l ized,   a l though  local ly  invaded by feldspar from 

contact w i t h  the  fragments. 

MINERALS - (Matrix  only) 
5 - - 

70 

15 

10 

Anorthite The plagioclase is generally  clear and well  twinned, 
and i t  occurs i n  two hab i t s ;  (1) as stubby, small 
(0.1-0.02 mm) subhedral  crystals,  often  cloudy, and 
(2)  as long  (0.1-0.5 m m )  columnar c rys t a l s  which 
tend to be slightly  corroded around their   per ipher-  
ies.  Includes minor chilled  needles. The large 
c rys ta l s   a re   no t  uncommonly i n  rose t tes .  

Magnetite  Fine  crystal1  ine (0.02-0.10 mrn) euhedral  grains and 
c lus t e r s  of grains  of magnet i te   are   inters t ia l   to  
the  anorthite  throughout this rock.  Includes some 
cloudy  limonite (?). 

G1 ass Brownish grey, low r e l i e f ,  isotropic i n t e r s t i t i a l  
f i l l i n g .  Commonly with  magnetite. 
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MINERALS - (Matrix  only) 
% - ." 
5 Augite 

green, non-pleochroic  subhedral  crystals  generally 
Irregularly distributed, h i g h  r e l i e f ,  brownish 

i n t e r s t i t i a l   t o  the plagioclase. 

DISCUSSION 

local ly  glassy vesicular BASALT. The petrographic evidence indicates  
The matrix w i t h i n  which the shale  fragments occur is a normal, 

t h a t  the shale  fragments have been eroded and invaded by the basal t ic  
melt i n  a "stoping"  action, rather than  assimilation by recrystal l iza-  
t ion .  

I t  would appear t ha t  the rock was derived when molten basa l t ,  
e i t h e r  i n  a vent or i n  the  base of a now-eroded flow,  picked up frag- 
ments of shale   pr ior   to   f inal   sol idif icat ion.  
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DOLMAGE  CAMPBELL LL ASSOCIATES 11876) LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1155 

ROCK CATEGORY: Burn 
F i e l d  name: C l i nke r  
Locat ion:  No. 1 Deposit, DH 76-167, 257 90% core  loss)  + Pro  e r  name: TEPHRA (Basa l t )  

MEGASCOPIC  DESCRIPTION:  As No. 1154 o n l y   p r a c t i c a l l y   e n t i r e l y  composed 
o f   dark   g rey   to   b lack ,   hard ,   ves icu la r   mat r i x   w i th   ghos t   ou t1   ines   o f  
absorbed ( ? I  rock  fragments. 

MICROSCOPY 

GENERAL  DESCRIPTION: This  rock i s   e s s e n t i a l l y   t h e  same as Specimen  1154 
except  the  baked  shale  fragments  are  smaller and t h e   s l i d e   i n c l u d e s  one 

u n a l t e r e d   b u t  whose c l a y  ( ? I  m a t r i x  has been hematized. 
rounded  "pebble"  fragment  (5 mm) of  sandstone whose quar tz   gra ins  are 

The b a s a l t i c   m a t r i x   i s   g e n e r a l l y   f i n e r   c r y s t a l l i n e   t h a n   t h a t   i n  
No. 1154, much o f  it be ing   c loudy   c ryp tocrys ta l l ine .  O f  i n t e r e s t   i n  

phenocrysts   o f   o l igoc lase  . that   have  ev ident ly  been t r a n s p o r t e d   i n   t h e  
t h i s   m a t r i x   a r e  a number OF r e l a t i v e l y   l a r g e   ( 1 - 2  mm), cloudy  corroded 

b a s a l t i c   m e l t   f r o m  an e a r l i e r ,   d e e p e r   s i t e   o f   c r y s t a l l i z a t i o n .  

p o s s i b l y  leucoxene and a l l  have been impregnated by f i n e ,   i n c i p i e n t  
All of   t he   sha le  fragments a re  rendered opaque by hematite  and 

c r y s t a l s   o f   p l a g i o c l a s e .  I n  add i t i on ,  up t o  50  percent  of  each  fragment 
i s  made up o f  voids. I n   c o n t r a s t  t o  No. 1154, where the  basal t   around 
the  shale  f ragments i s   c h i l l e d ,   t h e   r i m m i n g   b a s a l t   i n   t h i s  specimen i s  
commonly more c o a r s e l y   c r y s t a l l i n e   t h a n   t h e  body o f  the matr ix .  

DISCUSSION 

The rock i s   e s s e n t i a l l y   t h e  same as No. 1154, but   the  ev idence 
here, i n   t h e   o l i g o c l a s e   p h e n o c r y s t s ,   f o r  a d e f i n i t e  magmatic  source i s  
c lea r .  The presence  of a fragment  of  sandstone, with the  shale, 

BASALT w i t h  baked  foreign  fragments. 
suggests a m ix ing   o f   rocks   du r ing   t ranspor t .  The r o c k   i s  a VESICULAR 



DOLMAGE  CAMPBELL & ASSOCIATES 1107IIS) LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1163 

ROCK CATEGORY: Coldwater  (Eurn?) 
Field name: Tuff (? )  Proper name:  VOLCANIC  GLASS (Tuff) 
Location: No. 1 Deposit, DH 76-191, 120'. As #1160. 

MEGASCOPIC  DESCRIPTION: Uniform, massive, somewhat lightweight, 
compact,  hard (6) ,   pa le  cream with  tan hue,  very fine-grained  with 
sca t te red ,  small (0.5 mm) irregular-shaped voids.  Non-reactive. 

MICROSCOPY 

GENERAL DESCRIPTION: Fine-grained (0.3-0.05 m m ) ,  opaque brown-black and 
cloudy-clear  mosaic of la rge ly   i so t ropic   to  low birefringent  grains i n  
sub-round  shapes. All cut  by network of microscopic  fractures  that  have 
the  appearance of dessication  cracks. 

MINERALS 
N x? - 
3 Quartz- 

fe ldspar  

10 Opaques 

2 Voids 

85 Groundmass 
(Glass?] 

Clear,  subround,  low-birefringent  grains and 
c lus te rs ,   genera l ly  0.10 n and l e s s .  Many  of these 
could be zeol i tes .  

Both 1 imonite  grains  ( large) and angular  fragments 
of magnetite and schorl i te   ( tourmaline) .  

wholly  or p a r t i a l l y   f i l l e d  w i t h  zeo l i te .  
Various  irregular-shaped  voids, some of which a re  

Fine-grained,  irregularly brown (limonite-clay?) 
clouded.  generally  isotropic mineral or  mineraloid. 
Probably a1 tered  volcanic  glass.  

DISCUSSION 

The lack of  defini te   s t ructure ,   fabr ic   or   grains ,   together   with  the 
total   i sotropic   nature  of most of this slide,   suggest t h a t  the rock is 
VOLCANIC  GLASS. 
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DOLMACE  CAMPBELL e ASSOCIATES 118761 LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1164 

ROCK CATEGORY: Coldwater (Burn) 
Field name: Clinker 
Location: No. 1 Deposit. DH 76-191, 136'. As #1160 

Proper name: GLASS 

MEGASCOPIC  DESCRIPTION: Irregular ly  banded ( 2  mm - 1 cm), black,  grey 
and  cream coloured,  hard ( 7 ) ,  compact, lightweight expanded shale  type 
of rock. About half of the rock is made up of voids  (0.5-1.0 m m )  t h a t  
are  elongate and f l a t  i n  the cream-grey  bands, b u t  round i n  the black 
( f ro thy )  bands. 

MICROSCOPY 

GENERAL DESCRIPTION: The entire slide i s  composed of black, opaque 
material encompassing f la t tened ,   i r regular  shaped empty voids 
(0.1-4.0 m m ) .  

The opaque matrix is  dull  grey-white under re f lec ted   l igh t .  

MINERALS 
?" - 

50 Glass ( ? )  Opaque frothy  matrix. The different  coloured bands 
i n  the hand specimen a re  included i n  the t h i n  
section b u t  are  virtually  indistinguishable  mineral- 
ogically. 

%a 

50 Voids Evidently relicts o f  degassification. 

DISCUSSION 

however, the dis t inct   layer ing,   colour  banding and i r regular ,   f l a t tened  
This rock would appear  petrologically  to be a volcanic GLASS; 

v o i d s  suggest possibly a 'p las t ic ized   sha le   tha t  has been reduced t o  
glass.  



DOLMAQE CAMPBELL a ASSOCIATES (18751 LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1165 

ROCK CATEGORY: Coldwater (Burn) 
Field name: Burned sandstone Proper name: CRYSTALLINE TUFF(?) 
Location: No. 1 Depos,it. DH 76-191, 145'. As #1160, (Near f resh 

coal  surface). 

MEGASCOPIC  DESCRIPTION: Crudely wavey banded, hard  (6-7),  competent, 
medium-pale grey,  silty  grained rock completely  impregnated  with f ine ,  

diffuse  brick  red  colour  flanking  fractures.  Non-reactive. 
(0.1-0.5 mm) ,  i r regular ly  shaped voids.  Includes  irregular  patches of 

MICROSCOPY 

GENERAL DESCRIPTION: Uniform crystall ine  aggregate of brown-black 
opaque patches ( X % ) ,  angular  fragments  (15%) of f rac tured ,   c lear  
feldspar and minor quartz, cloudy roset tes  of plagioclase  microlites 
(20%) and irregular-shaped,  unconnected,  locally  partially  filled voids  
(40%). 

MI NERALS 
% - 

15 Feldspar Low r e l i e f ,  low birefringent,   angular,   fractured 
fragments  fragments (0.10-0.20 m m )  of K-Na feldspar. 

Minor quartz,   if  any. 

20 Plagioclase  Fine  granular t o  rosette microli tes (0.1 m m )  of 
microl i tes   c lear ,  rudely twinned plat ioclase  (ol igoclase?) ,  

general'ly encompassed i n  and pa r t i a l ly  clouded by 
the opaque mineral  oi d. 

25 Opaque 
mineraloid  microlite and mic roc rys t a l l i ne   i n t e r s t i t i a l   f i l l i ng  

Fuzzy, opaque patches (0.10-0.20 m m )  clouding the 

between the  feldspar  grains etc. 
Probably  mostly limonite. 

40 Voids Clearly  defined,  unconnected  voids  that  are essen- 
t i a l l y   t h e  same s i ze  and shape  as the feldspar 
grains.  Generally  angular and mostly w i t h i n  the 
matrix. 
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DISCUSSION 

a baked s i l t y   s h a l e   t h a t  has been degassed and  whose clay groundmass has 
T h i s  rock  appears t o  be a t u f f ;  however, i t  could  also  possibly be 

been converted  to a l imonite-plagioclase  microli t ic mosaic. The l a t t e r  

evidence.  Since  the f i r s t   i n t e r p r e t a t i o n  is  less  contrived, i t  i s  the 
in te rpre ta t ion  o f  o r i g i n  requires  considerable  extrapolation of the 

most l ike ly  one, namely; a CRYSTALLINE TUFF. 



DOLMAGE  CAMPBELL (t ASSOCIATES (187!11 LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1233 

ROCK CATEGORY: Burn 
Field name: Clinker Proper name: TEPHRA (vesicular  

Location: No. 1 Deposit, DH 77-216, 18'. (A-Trench) 
glassy  basalt)  

MEGASCOPIC  DESCRIPTION: Identical   to No. 1108, 1107  and 1154, only 
matrix i s  more vesicular and included  shale  fragments  are  larger and 
more fu l l  of voids  (degassified).  

MICROSCOPY 

GENERAL DESCRIPTION: The s l ide  consis ts  of two fragments of baked 
shale ,   that  comprise 60% of the s l ide ,  i n  a highly  vesicular  (40%) 
crystalline-glassy  matrix. The vesicles i n  the matrix are bulbuous i n  
shape and re la t ive ly   l a rge  (0.25-2.00 mm) whereas  those i n  the shale 
fragments tend to be smaller (0.05-1.00 mml and elongate i n  shape, being 
oriented  along  microfractures. The voids i n  the shale  fragments com- 
prise about 30 percent of the rock. 

The shale  fragments  are  largely  clouded  with opaque hematite; how- 
ever, about 5 percent of the fragments is  magnetite, i n  f ine  (0.02 mm) 

up of equally  f ine (0.01-0.02 mm) grains  (microcrystals) of fe ldspar(?) .  
crystals  scattered  throughout the rock, and a t   l e a s t  30 percent is  made 

The vesicular ma t r ix  i s  made up of rounded, often  clustered-like 
grapes,  voids  (40%) w i t h i n  a c l ea r   t o  cloudy crys ta l l ine  groundmass 
whose composition i s  g i v e n  below. 

MINERALS (Matrix) 
- % 
40 Voids Described above. Some are   l ined w i t h  a rim of f ine 

crystall ine  magnetite and needles of (quenched?) 
plagioclase  project   into many  of them. 

15 01 igoclase  Clusters of stubby,  subhedral c rys ta l s   tha t   a re  
s l i g h t l y  cloudy,  poorly  twinned,  strained and 
commonly overgrown w i t h  needles of quenched plagio- 
clase.   Crystal   size is  generally uniform (0.05- 
0.1 m m l .  
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MINERALS (Matrix)  (cont.) 
a ._ - 

15  Anorthite Cloudy-clear,  relatively  large (0.25-0.5 mm), skele- 
tal   subhedral  crystals t h a t  appear t o  be corroded 
relicts of an ear l ie r   c rys ta l l iza t ion .  

10 Magnetite 

20 Micro- 
c rys ta l l ine  
mineral s 

Clusters and bands of microcrystal1,ine (0.01 mm) 
euhedral  fresh  crystals.  Frequently rimming vesi- 
c les .  

Often  cloudy,  densely packed. Includes l o n g  needles 
of chil led  plagioclase (?) ,  devi t r i f ied  glass  and 
other ,  minor unidentified  minerals. 

DISCUSSION 

As i n  previous specimens of vesicular rock studied i n  this suite, 
this rock is  compositional'ly a BASALT. I t ' s   r e l i c t   f e l d s p a r  pheno- 
crysts ,   chi l led  fe ldspar  needles,. and mixed crystal   fabric  strongly 
suggest an igneous or ig in ,  (VESICULA!! BASALT), rather  than a coal f i r e  
me1 t. 



DOLMAGE CAMPBELL e ASSOCIATES 119751 LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1234 

ROCK CATEGORY: Burn 
Field name: Clinker  ('volcanic  ash?) 
Location: No. 1 Deposit, DH 77-216, 26'. (A* 

Pro e r  name:  OBSIDIAN 

MEGASCOPIC  DESCRIPTION: Large  core of massive,  uniform,  hard (6-7),  
dark  maroon-grey, aphani t ic ,   fa int ly   (pale   grey)   porphyri t ic ,   f inely 
vesicular   basal t  (?). Very similar  to  the  matrix o f  No. 1107, 1108, 
1154 and 1233. 

MICROSCOPY 

GENERAL DESCRIPTION: Uniform, cloudy, semi-opaque submicroscopic- 
grained mat  of (possibly)   devi t r i f ied  glass .  Approximately 50 percent 

controlled)  vesicles  about 30 percent of  which a re   par t ia l ly   o r   en t i re ly  
of the rock i s  occupied. by subround to  angular  (microfracture- 

f i l l e d  with  comb-crystalline,  cloudy-clear  zeolite. 

MINERALS 
% - 

45  Voids Round .to angular  vesicles,  some  of which trend 
along,  or  are  joined by, microfractures. T h i s  
suggests  late  concentration of gas a f t e r   t he  rock 
(g lass?)  had  begun to   sol idify.  

20 Zeolite  Partial   or  complete,   cloudy-clear  vesicle  f i l l ing.  
Probably chabazite. 

3 Magnetite Discontinuous  microscopic  threads i n  groundmass. 

2 B io t i t e  Frequent  al teration (brown) of zeol i te .  

30  Groundmass Submicroscopic,  near-opaque, largely  isotropic  mass. 
Probably devi t r i f ied   g lass .  

DISCUSSION 

This rock is a devi t r i f ied   ves icu lar  OBSIDIAN. 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1243 

ROCK CATEGORY: Burn 
Field name: White tu f f  ( ? )  
Location: No. 1 Deposit, OH 77-216, 13-ch) 

Pro e r  name:  VOLCANIC  GLASS 

MEGASCOPIC  DESCRIPTION: Massive,  white,  moderately  hard (41, aphanitic 
rock. Scattered,  irregular-shaped voids. 

MICROSCOPY 

GENERAL DESCRIPTION: Completely uniform, dark cloudy  grey,  near-opaque, 
massive  vesicular  devitrif ied glass, ( i so t ropic) .  

About 15-20 percent o f  the rock is  occupied by round t o  subround 
vesicles  (0.05-0.10 mm). 

About 10-15 percent of the rock is very  f inely  crystal l ine 
magnetite. 

cloudy z e o l i t e   t h a t   p a r t i a l l y   f i l l s  some .vesicles  and is  d is t r ibu ted  
About 15-20 percent of the rock is  composed  of weakly developed, 

throughout  the groundmass. 

DISCUSSION 

The rock i s  a ves icu lar  VOLCANIC GLASS. 
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APPENDIX 

GROUP 2 

BAKED SHALE 

#1246-4a 

# 963 
964 
965A 

#1109 
1156 
1162 
1239 

Colorado  specimens 

Surface, east of No. 2 Coal Deposit, Hat Creek 

Dril l  cores, No. 1 Coal Deposit, Hat Creek 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec.No. 1246 

ROCK CATEGORY: Baked shale 
Field Name: Baked  shale (Mesaverde Grp). Proper Name: - BAKED GW-E 

Location: Colowys  Mine, N.W. Colorado 

MEGASCOPIC DESCRIPTION: 
Massive, unifwm  pale  (brick) oronge, soft (4), very  fine grained, normal weight 

shale. 

MICROSCOPY 

GENERAL DESCRIPTION: 
Very  fine  grained (0.01 mm), faintly banded shale that has an orangy brown overall 

colourthat is-imparted by the  fact  thaiabout 30 percent of the grains are red-orange 
(limonite-hematite?).  About 30-40 percent  of the rock i s  canposed of clear, colourless 
quartz.  Scattered shell fragments of calcite are common in  the shale os are streaks 
and partings that were probably  coal or carbonaceous material  but  that are now hematite. 

.. 

MINERALS: 
% 
40 

~~ 

40 

19 

1 

Quartz Fine (0.01 mm), subangular grains forming clear, colourless 
port of slide. 

Hematite(?) Irregularly shaped, very  fine grains of  low-relief brownish- 
oronge mineral that appears to be hematite. Possibly oxidized 
mica, other ferromagnesian mineral grains and/or clay. Also 
i n  bands and knots of previous carbonaceous (coal?)  material. 

Sericite-clay  Very  fine (0.01 -0.005 mm) needles and grains forming remainder 
of groundmass. 

Calcite Scattered fragments of small (0.25-1 .OO mm) shells lying  along 
bedding. 

DISCUSSION 

The rock i s  a typical  detrital  (quartz)-clay shale that has evidently been rendered 
red  coloured by the oxidation of about 30-40 percent of i t s  mineral grains. Such oxida- 
tion  would appear to have been  from heat because weathering  would not  oxidize the 
carbonaceous material. 



DOLMAOE  CAMPBELL e ASSOCIATES (IS7Lll LTD. 

HAT CREEK  PROJECT 

PETROGRAPHY 

Spec.No.  1247 

ROCK  CATEGORY:  Baked shale 
Fie  Id Name : Baked shale (Mesaverde Grp.) Proper  Name: - BAKED SWALE 
Location: As #1246  (Colo.) 

MEGASCOPIC  DESCRIPTION: 
Massive to  crenulate-fissile, uniform  maroon brick  red, soft (4), very fine grained, 

noi-mal weight shale with scattered nodules (mud balls) up  to 7 mm in diameter giving 
rougher surfaces than #1246. 

MICROSCOPY 

GENERAL  DESCRIPTION: 
The slide is  comprised entirely of uniform, fine  grained,  opaque  hematite  (reflected 

light) with scatteredcuspate voids of relict fossils (shells?). 

MINERALS: 
% - 

Hemafite This opaque, red-orange material totally masks the character 
of the mineral mass. 

DISCUSSION 

Apparently the original  shale (fossiliferous) has been baked,  as pottery clay is 
fired,  to form an opaque impregnation of hematite "glaze". 
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HAT CREEK  PROJECT 

PETROGRAPHY 

Spec.No. 1248 

ROCK  CATEGORY:  Baked sc~ndstone 
Field Name Baked sandstone Proper Name: Arkosic sandstone 
Location: CO~OWYO Mine, N.W. Colorado 

MEGASCOPIC  DESCRIPTION: 
Small specimen of massive to  faintly banded, moderately hard (5), very fine  grained 

(silty), normal weight, very pale brownish red, silty sandstone. 

MICROSCOPY 

GENERAL  DESCRIPTION 
Relatively fine grained (0.01-0.10 mm) arkosic sandstone comprising generally 

angular  grains of quartz (60%) with lesser feldspar?  mica,  calcite, ferromagnesian 
minerals and  carbonaceous (?) material, 

The reddish colour of the rock  is due  to the reddish oxidation of the ferrarnag 
minerals and the carbonaceous  material. 

MINERALS 
o/, - I- 

60 Quartz  Clear,  angular grains  and fragments that  are somewhat  commonly 
oriented, but are not appreciably sorted. None have been 
tinged  (coloured) by oxidation. 

15 Micas Pale brown flakes  distributed throughout. Brown colour is 
non-pleochroic  and masks narmal  pleochroism; therefore, is 
oxidation. 

20 Ferromagnesian 
Minerals  Relatively high relief,  irregularly sized  and  shaped,  pale brawn 

to reddish sub-opaque  grains. Obviously oxidized. 

5 Calcite  etc.  Scattered,  relatively  large, high relief unoxidized (clear) 
grains. 

DISCUSSION 

This sandstone is a relatively common detrital type of rock whose pale reddish tint 
could  have  been imparted by "baking", or by weathering. 
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IHAT CREEK  PROJECT 

PETROGRAPHY 

Spec.No. 963 

ROCK  CATEGORY: Oxidized : 

Field Name: Ash(?) Proper Name: Shale (Possibly baked) 
Location: No. 2 Deposit area (E?). Surface, 

MEGASCOPIC  DESCRIPTION: 
Small chips of deep reddish black,  soft (3), fissile, easily broken shale (?). 

MICROSCOPY 

GENERAL  DESCRIPTION: 
Uniform, fine  crystalline (0.03-0.05 mm), dense aggregate of stubby, flakey, 

subhedral, rectangu'lar grains.. Well banded by brown clouding alfernahng with clear 
bands (0.05-0.15 mm). Approximately 15 percent of the grains are opaque stubby 
rectangular  hematite  that  are  evidently oxidized  magnetite. 

" - 

15 Hematite 

5 Quartz  etc. 

Flakey, subhedral, low relief, low birefringent grains that 
form the mass  of the rock. Some  of this is somewhat  high 
birefringence  and is therefore probably sericite. 

Opague,  red, euhedral  crystals  that impart the reddish hue to 
the rock. Evidently oxidized ferromags and  magnetite of the 
original shale. 

Evenly distributed  anhedral grains of quartz, feldspar and other 
minor detrital minerals. 

" 

DISCUSSION 

This rock is  a clay SHALE that has possibly been slightly  baked,  since the original 
iron-rich minerals have  been  oxidized to hematite  and the clay has been somewhat 
crystallized. The softness of the rock, however, suggests oxidation by weathering 
rather than by baking. 



DDLMAGE  CAMPBELL e ASSDCIATES 1197ti) LTD. 

HAT CREEK  PROJECT 

PETROGRAPHY 

Spec.No. 964 

ROCK  CATEGORY: Oxidized 
Field Name: ' Baked shale Proper Name: Oxidized  Shale 
Location: Surface !sample probably NE of No. 2 Deposit. 

MEGASCOPIC  DESCRIPTION: 
Massive, very  fine  grained, uniform brick-orange, fairly hard(4-5). 

MICROSCOPY 

GENERAL  DESCRIPTION: 
Evenly colour banded (0.2-2.0 mm),  brown and clear,  relatively ccurse  grained 

(0.02-0.07 mm) shale made up of clear  angular  detrital mineral grains, hematite 
grains  and red-brown clouded groundmass grains. Slide has 10-15 percent  grain  sized 
voids. 

MINERALS: 
% 
50 

~~ 

20 

15 

15 

Clay  

Quartz e t  al 

Hematite 

Voids 

Ultrafine,  crystalline  felted masses and clouded flakes making 
up  groundmass of rock. Many clear and  cloudy detrital "grains" 
are made  up entirely of micra-crystalline clay. 

Subround to  angular  detrital grains, generally  clear. Also 
includes some feldspar, mica etc. 

Fuzzy clots  and grains of red hematite (reflecting  light)  as well 
as dust that impregnates and clouds the rock mass. 

Grain sized  and shaped voids. Probably plucked during slide 
preparation. 

DISCUSSION 

This rock is an OXIDIZED SHALE  in that the relative  abundance of hematite and the 
pervasive orange  colour are sharply aberrant from the  Coldwater unweathered shales. 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 965A 

ROCK CATEGORY: Burn ( ? I  
F ie ld  name: Ash 
Location:  Probably NE of No. 2 Deposit.  Surface. 

Proper name: SHALE 

MEGASCOPIC  DESCRIPTION:  Medium brown-grey, massive, sof t   (3-4)   s l ight ly  
f i s s i l e   s h a l e .  Very s imi la r  t o  No. 963, b u t  the l a t t e r  has been possi- 
bly baked t o  give i t  a reddish  tinge and a sl ightly  harder  surface.  

MICROSCOPY 

GENERAL DESCRIPTION: Essent ia l ly   the same shale  as Specimen 965 except 
f o r  (1) more, continuous and wider (0.12 mm) c l e a r  and re la t ive ly   c lear  
bedding bands (25% of rock), ( 2 )  pale-to-dark brown colours,   (rather 
than  the  yellows and reds of 965), and ( 3 )  a re la t ive ly  h i g h  content 
(10%) of evenly  dis t r ibuted,   f ine (0.2-0.05 mm)  columnar, opaque 
c rys t a l s .  

The colour changes from c l e a r   t o  brown is  diffuse under h i g h  
magnification. 

MINERALS : 
% - I 

80 Dense mass of ul t raf ine  grained amorphous  and acicu- 
l a r   t o  columnar grains. Exh ib i t s  range two types 
of  birefringence, one very low  and the  other con- 
siderably  higher,  suggesting a possible m i x t u r e  of 
montmorillonite and kaolinite  types.  

10 Quartz  Scat tered,   re la t ively  large,  rounded to  angular,  
c lear   grains  and fragments.  Probably  includes  feld- 
spars and other  minerals as well  as  the  predominant 
quartz. 

e 
10 Hematite All o f  the opaque crys ta l s   a re  deep red  hematite. 

DISCUSSION 

T h i s  rock is  a clay SHALE t h a t  has been only  very s l ight ly   oxi-  
dized, as  evidenced by the a l t e r a t ion  o f  the f ine  columnar mineral t o  
opaque  hematite. 



DOLMAGE  CAMPBELL R ASSOCIATES (1975) LTD 

HAT CREEK PROJECT 

PETROGRAPHY 

Spe. No. 1109 

ROCK CATEGORY: Burn 
Field name: Clinker 
Location: No. 1 Deposit, DH 76-182, 116-171', (80% core loss) 

Proper name: BAKE0  SHALE 

MEGASCOPIC  DESCRIPTION: Dull brick red powder  and crinkled rock f lakes  
of hard (5) and s o f t  ( 3 1 ,  baked and moderately  degassed  shale (?) .  
Nonreactive. 

MICROSCOPY 

GENERAL DESCRIPTION: This s l i d e  is  made up en t i re ly  of  one piece of 
finely  laminated 70.5-0.05 m m ) ,  locally  highly  contorted,  very f i n e  

opaque by limonite-hematite and a fine  crystall ine,   white  .(opaque) 
grained  shale. The rock is  colour banded brown to  red to  yellow-grey to  

mineraloid  (leucoxene?). 

The c lay  ( ? )  mass  of the  shale shows inc ip ien t   recrys ta l l iza t ion  by 
coalesence  along  the  bedding  planes, b u t  not by the formation of spicu- 
l e s  of fe ldspar  such as  occur i n  the  vesicular  basalt   tephra specimens. 

DISCUSSION 

This s l i d e  is a "BAKED" SHALE.  The baking i n  this specimen i s  
evidenced by hematization,  deformation and by inc ip ien t   recrys ta l l iza-  
t ion  and degassing. 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1156 

ROCK CATEGORY: Burn 
F ie ld  Name:  Baked shale Proper name: OXIDIZED ( B A K E D )  SHALE 
Location: No. 1 Depos'it, DH 76-167, 290'. (Base of regol i th   that  

had 10% recovery). 

MEGASCOPIC  DESCRIPTION: Somewhat lightweight,  massive,  pale orangey 
brick  colour,   relatively  hard (5-6) ,  very fine  grained, baked (?), s i l t y  
shale.  Impregnated with pinpoint  voids. 

MICROSCOPY 

GENERAL DESCRIPTION: This   s l ide is made u p  en t i r e ly  of massive, unsort- 
ed, angular   to  subround feldspar  grains (0.1-0.01 m m )  and minor quartz 
and magnetite  grains. The finer  grained groundmass of this rock i s  
e n t i r e l y  impregnated w i t h  dull red-brown hematite (dust). Also,  about 
5 percent of the primary grains have been pseudomorphically  replaced by 
b r i g h t  red  hematite. 

The relative  hardness and compact character of this rock has been 
imparted by the  impregnation, and resulting  cementation, by hematite. 

the  original  clay  minerals  that   originally formed the cementing matrix 
Presumably, the  hematite groundmass represents  a  total  replacement of 

of the rock. 

MINERALS 

17 
% - 

20 

3 

60 

Voids 

Feldspar- 
quartz 

Magnetite 

Hematite 

Subround and angular,  unconnected  voids  that  are 
general ly   larger  (0.1-0.25 mm) t h a n  the l a rges t  
grains  in  the  rock;  nevertheless, many appear t o  be 
s i t e s  of leached-out  grains. 

Predominantly u n t w i  nned feldspar  with mi nor  twinned 
ol igoclase and quartz. All of. the  fe ldspar  is 
variously  clouded by hematite and  somewhat corroded. 

t ion  from the  (c lay)   matr ix  dur ing  baking. 
None appears t o  have been  formed by recrys ta l l iza-  

Opaque euhedral grains   scat tered through the rock. 
Some are  variously  altered  to  hematite.  

Both discrete   grains  and the  dull  impregnation of 
the groundmass. 



DOLMAGE CAMPBELL e ASSOCIATES ( 1 ~ 7 5 1  LTD 

DISCUSSION 

The rock is an OXIDIZED SILTY SHALE. The oxidation has been  accom- 
panied by a hardening o f  the rock through the conversion o f  c lay(?)  
e tc .   to  a hematite  matrix,,  indicating  probable  baking,  rather  than 
weathering. 



DOLMAGE  CAMPBELL e ASSOCIATES (19761 LTD, 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1162 

ROCK CATEGORY: Col dwater  (Burn?) 
Field name: Burnt shale Proper name: BAKED SILTY  SHALE 
Location: No. 1 Deposit, DH 76-191, 116’. As #1160. 

MEGASCOPIC  DESCRIPTION: Uniform, pale orange, re la t ively hard (4),  
compact, fine-grained sha1e.y rock w i t h  somewhat conchoidal f racture .  
Non-reactive. 

MICROSCOPY 

GENERAL DESCRIPTION: Uniform ske le t a l ,  microscopic three dimensional 
lacework of hematite-1 imonite embracing  a residue of unbedded, unsorted 
round to  subangular  grains (0.03-0.15 m m )  of c lear  t o  cloudy  feldspar, 
quartz and minor  hematite. 

MINERALS 
3; - 

25 Detr i ta l  Mostly quartz and feldspars  (rarely  twinned),  
grains  variously  clouded  with  limonite. Some  may be 

zeol i tes. 

75 Hematite - Skeletal lacework t h a t  embraces the   r e l i c t   de t r i t a l  
Limonite  minerals i n  the rock. 

DISCUSSION 

c ipa l ly  by the fine,  pervasive  hematite-limonite  lacey framework tha t  
The hardness and compact competence of this rock is imparted  prin- 

has  pseudomorphically  replaced most o f  the original  (clay?) groundmass 

cesses tend t o  decompose and soften  a  rock, the hardening and cementing 
of the rock, which was probably  a SILTY SHALE. Since  weathering  pro- 

bv hematite-limonite of t h i s  soecimen suaaest   that  i t  was imoarted bv 
4ome other  process, probab1.y baking. %us, t h i s  rock is  piobably B 
BAKED SILTY  SHALE. 
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KAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1239 

ROCK CATEGORY: Burn 
Field name:  Baked Shale 
Location: No. 1 Deposit, DH 77-215, 22' re-p A-Trench 

Pro er name: BAKEO SHALE 

MEGASCOPIC  DESCRIPTION: Massive, heavy,  hard (5 ) ,  vaguely mottled dark 
brick red, very  fine-grained,  dense (minor voids), baked (? )  shale. 

MICROSCOPY 

GENERAL DESCRIPTION: T h i s  s l i d e   i s  made up of a uniform, s t ruc ture less  
dense opaque red mass of hematite  that is  impregnated w i t h  euhedral 

t o  hematite. Each magnetite  grain i s  surrounded by a haloe of c l ea r ,  
grains (0.10-0.05 m m )  o f  magnetite, much of  which is  partially  converted 

amorphous s i l i c a t e  (?).  

MINERALS 
% 
1 Feldspar 

15  Magnetite 

- 

10 Si1  i c a t e  

74 Hematite 

Scat tered  re l ic t   angular   grains ,  (0.10 m m ) .  

Euhedral,  generally  skeletal  grains  separately 
scattered  throughout the rock. 

Amorphous t o  microcrystal 1 i ne, c lear  ha1 oes  around 
the magnetite  grains.  Probably  feldspar-clay re l ic t  

a result of a "reaction rim" around the magnetite i n  
of original  clay ( ? )  groundmass tha t  is revealed  as 

a f i e l d  of hematite. 

Amorphous, opaque groundmass. 

DISCUSSION 

This rock is an intensely BAKEO SHALE w i t h  the only  recrystalliza- 
t i o n  probably being the magnetite. 
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APPENDIX 

GROUP 3 

OXIDIZED (WEATHERED) SHALE 
(Includes some unweathered shale)  

# 914-916 Drill  cores, No. 1 Coal Deposit, Hat Creek 

1110 
1118-1122 
1160-1161 
1235-1236 
1240-1241 

965-966 



DOLMAGE CAMPBELL e ASSOCIATES (1s75i1 LTD. 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 914 

ROCK CATFGORY t Oxidized Col dwater . ._  _. . _. . . . . . _. . . - . - . ~~ . . . 

Field name: Burnt shale  Proper name: WEATHEREO SILTSTONE 

pieces of core i n  h i g h  core-loss (50%) section on t o p  of sol id  
Location: No. 1 Deposit, DH 74-38, 111'. Red-orange and yellowish 

shaley  coal. 

MEGASCOPIC  DESCRIPTION:  The rock is  pale  pinkish-tan,  relatively hard 
7 4 ) ,  f ine  colour  bedded  and u l  tra-fine-grained w i t h  some coarser-grained 
l a y e r s .   I t  is highly  permeable, and non-calcareous. Bedding planes a t  
both  ends of the dr i l l -core  sample carry well  -preserved  impressions of 
deciduous  leaves.  Vesicular  or  solution  type  voids  along bedding planes 
a re  common, although  the  specific  gravity of the rock i s   e s sen t i a l ly  
normal f o r  a s i l ts tone-shale .  

MICROSCOPY: 

GENERAL DESCRIPTION:  Under the microscope this sample displays  the 
t ex tu re  of a sandy s i l t s t o n e ,  w i t h  perceptible  if  poorly  defined bedding 
expressed by contrasting  grain-size.  There is  no s t r ic t ly   gradat ional  
sor t ing ,  and relative  concentrations of coarser  grains  are  set  i n  a much 
f iner   mat r ix  somewhat i n  the  manner  of a greywacke. Overall  colour is  
pa le  brown, b u t  the rock contains  abundant  angular  colourless  grains of 
fe ldspar  and quartz,  and appreciable  disseminated very fine-grained  car- 
bonaceous material and opaque magnetite  grains  surrounded by hematite- 
limonite  halves. 

Under h i g h  magnification it  appears  that   microcrystall ine  chlorite- 
clay  comprise the very fine-grained groundmass. 

MINERALS 
N 

35 Feldspar-  Angular to  subangular  fragments of c rys t a l s ,  from 
quartz very f i n e   t o  0.25 mm. Mostly (b i ax ia l ) ,  non-twinned 

feldspar,,  relatively  .fresh  (unclouded),  except  for 
.very f ine  grains   that   tend  to  be clouded  with limo- 
nite  and/or groundmass. 

70 

10 Magnetite  Angular to  subangular  grains i n  same size  ranges  as 
the  feldspar-quartz  grains.  All are  variously 
replaced by hematite and surrounded by pronounced 
limonite  haloes. 
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MINERALS 
% - 

53 Chlorite - Ultrafine  grained green (ch lor i te )  and colourless,  
clay ( ? )  low r e l i e f ,  low birefringent  grains  that  form the 

groundmass. 

2 Pyri te  Euhedral to  subhedral,  variously  hematized,  corroded 
margin grains. 

DISCUSSION 

This rock is a SHALEY  SILTSTONE tha t  has been mderately oxidized,  
probably by weathering. The lack of recrystal l izat ion of the  chlor i te-  
clay and pervasive  hematization  suggest t h a t  combustion, or  baking, d i d  
no t   a f fec t  this rock. The voids i n  the specimen are not evident i n  the 
sl ide;  however, i t  i s  suggested  that  they  are caused by leaching under 
normal weathering  conditions. 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 915 

ROCK CATEGORY: Oxidized  Coldwater 
F ie ld  name: B u r n t  shale  Proper name: WEATHERED SHALE ( ? )  
Location: No. 1 Depos.it, DH 74-38, 123' 

MEGASCOPIC  DESCRIPTION: Brick red and reddish cream powdery "soi l"  and 
so l id  core of pale orange-creamy buff,   gri t ty  to  very  f ine  grained, 
poorly  sorted,  vaguely banded, poorly cemented,  very s o f t  (1-21, clayey 
rock.  Breaks down readily i n  water. Highly porous.  Non-calcareous. 

MICROSCOPY 

GENERAL DESCRIPTION: A loosely banded, d i s in tegra ted   ( in t r ica te ly  
fractured)  generally  platey or flakey mass of dessicated limonite and 
limonitized  minerals. 

ident i f ica t ion  o f  primary  minerals i s  n o t  possible under the microscope; 
Because of the near-ubiquitous cover of iron oxide, positive 

however, the less densely  oxidized areas reveal a fine-grained,  scaley 
texture suggestive of either original  clay  mineralogy  and/or breakdown 
by alteration  (weathering) t o  limonitic  clay  products. 

DISCUSSION 

sedimentary  origin. The disintegration o f  the rock in to  a so i l - l i ke  
The crude banding and texture of the specimen indicate a probable 

form,  together w i t h  intense limonitization, suggest a l t e r a t ion  by 
weathering processes. In Canada such advanced oxidation weathering 
indicates  a pre-Pleistocene  product  that  escaped removal by glaciation. 
Such pockets of residually  weathered  rocks  are found  throughout the 
southern f r inge  of B.C.,  generally  only  east o f  the Coast Range, as i n  
par t s  of the Okanagan Valley, the Columbia River Valley  (Revelstoke 
damsite) and i n  the Kootenays (Ymir). 

I t  is a l a t e r i t i c   t y p e  of weathered  product. 
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tIAT CREEK PROJECl 

PETROGRAPHY 

Spec. No. 916 

ROCK CATEGORY: Oxidized  Coldwater 
Field name: Burnt shale Proper name: WEATHERED SHALE ( ? )  
Location: No. 1 Deposit, DH 74-38, footage unknown (74-148). 

MEGASCOPIC  DESCRIPTION:  Deep brick  red,  almost maroon, massive, 
s o f t  (21, very fine-grained, reworked porous clay  or mud t h a t  has 
hardened upon drying. Much  of i t  has  crumbled to   hemati t ic   gr i t .  A few 
fragments of cream-coloured  shale  occur i n  the red  matrix. 

MICROSCOPY 

GENERAL DESCRIPTION:  The sect ion is  comprised en t i re ly  of  brecciated 
(dessicat ion  cracks)  masses of opaque brown t o  pale  tan  (clouded) 
amorphous mi neraloids. About  30-40 percent of the   s l ide  is  opaque 
hematite, much of  which occurs  as subround spherul i tes  (0.05-.10 mm) 
that   probably  or iginated  as   pyri te   or   s ider i te .  

The non-hematite  mineraloid  material is  cloudy (grey) ,  low r e l i e f ,  
low birefringent,  submicroscopic  scaley mat t h a t  appears  under h i g h  
magnification  to be predominantly a mixed chlorite-clay  layer  mineral. 
Very fine  (submicro)  subhedral  crystals of carbonate (? )  are   local ly  
scattered  throughout t h i s  groundmass. In some places i n  the groundmass 
ghosts of poss ib l e   r e l i c t   o r   i nc ip i en t   f e ldspa r  ( ? )  c rys t a l s   a r e  
suggested by patches of higher  birefringence. 

MINERALS 
% 
I 

40 Hematite 

60 Clay - 
c h l o r i t e ( ? )  

Amorphous, opaque masses and spherul i t ic   (col lod-  

groundmass. 
ia l?)   grains   dis t r ibuted  errat ical ly   throughout   the 

Submicroscopic  grained,  scaley mass of low b i re f r in-  
gent  mineraloid  that  appears,  under h i g h  magnifica- 

c r y s t a l s  i n  a clay-type  matrix. 
t i o n ,   t o  be composed  of inc ip ien t   ch lor i te  micro- 

.. . 
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DISCUSSION 

This material is  essent ia l ly   ident ical  i n  mineral  content and 
texture t o  LATERITIC SOIL, s imi l a r   t o   t ha t  formed from Tertiary  rocks i n  
the Southwest U.S., etc.  It probably  represents relict  pre-glacial 
regol i t h  (weathered rock 1. 
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PETROGRAPHY 

Spec. No. 965 

ROCK CATEGORY: Burn (?)  
Field name: Ash Proper Name:  OXIDIZED SHALE 
Location:  Surface  sample,  probably NE of No. 2 Deposit 

MEGASCOPIC  DESCRIPTION: Essentially  identical  t o  No. 964 only mre 
yellow  in  colour on fresh  surfaces.   Fracture  surfaces  are unevenly 
reddish orange  in  colour, b u t  this colour  only  penetrates beyond the 
f rac ture   face   for   about  0.5 m. 

MICROSCOPY 

GENERAL DESCRIPTION: Locally and discontinuously  colour banded w i t h  

pale brown colour o f  the rock. 
th in  (0.02 mm) colourless bands unevenly distributed on the general 

l e s s e r  number of grains l a rge r  t h a n  0.04 mm. Most o f  the larger   grains  
Relatively poorly sorted grains (0.01-0.12 mm), w i t h  re la t ively 

a re   c lear ,  opaque ones are very minor. In the groundmass about 15 per- 
cent of the grains  are  reddish,  25 percent  are  clear and the  remainder 
a re  yellow-brown. 

Most of the large  clear  grains  are  quartz.  The groundmass is a 
f e l t ed  mass  of clay,  variously  stained from yellow to  brown-red by 
oxidized  iron. 

MINERALS 
,̂ a - 

95 Ult raf ine ,   fe l ted  mass of flakey  clay(s).  The 
various  shades o f  yellow, brown and red are evident- 
l y  simply  stages of discolouration by iron oxida- 
tion.  Clear and oxidized  grains  are  \ intimately 
intermix.ed. Low birefringence suggests a predomi- 
nance o f  kaolins. 

2 Quartz Relatively  coarse,  angular  to round, clear  grains.  

2 Hematite Scat tered  large and small, dark red grains. 

1 Opaque Unidentified  grains. 
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DISCUSSION 

Like Specimen 965, this rock is an  OXIDIZED  SHALE. The pervasive 
nature of the rusty  discoloration,  together  with i t s  higher concentra- 
t ion  along  fractures,   suggests  that  the oxidation  could most probably 
be due t o  weathering. 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 966 

ROCK CATEGORY: Burn ( ? )  
Field name: Ash Proper name: SHALE 
Location:  Surface.  Probably NE of No. 2 Deposit 

MEGASCOPIC  DESCRIPTION: Pale  yellowish cream coloured, massive, so f t  
( 2 ) ,  very  lightweight,  very  fine-grained  ash-type rock.  Nonreactive. 

MICROSCOPY 

GENERAL DESCRIPTION: An essentially  colourless,   (very  pale  yellowish),  
and non-banded version of Specimen 965.' A dense fe l ted  mass of u l t ra -  
f ine  grained (0.02 mm) clay  mineral groundmass with  scattered,  coarser 

fragments of what appear to be blades o f  grass,  (0.25-1.0 mm). These 
(0.1-0.2 mm) fragments and grains of quartz and micro foss i l i fe rous  

microfossils  a re   c lear  and only become noticeable under crossed  nicols. 

MINERALS 
% 
%"Clay Dense, c lear ,   u l t raf ine  grained (0.01-0.05 m m ) ,  

bladed  felted mass  of extremely low birefingent 
mineral . Suggests montmori 11 oni te. 

5 Quartz  Scattered,  relatively  large (0.05-0.1 mm) grains and 
e t  al:  fragments of quartz,  limonite,  hematite and the 

foss i l   f lo ra ,  which appears t o  be m s t l y   c a l c i t e .  

DISCUSSION 

oxidized either by weathering  or by burning. 
This rock is a clay SHALE, n o t  an ash. I t  has  not been noticeable 
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IHAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1110 

ROCK CATEGORY: Burn 
F i e l d  name: Clinker 
Location: No. 1 Deposit, DH 76-182, 181 186 80% core  loss) .  +-” Pro er name: WEATHERED SHALE 

MEGASCOPIC  DESCRIPTION: Very l ightweight,   soft  ( 2 1 ,  crumbly, flakey, 
clayey, cream  and  pink-brown,  vaguely bedded ash or baked shales. Many 
pieces ( the  specimen  ranges from powder t o  4 cm pieces)   are   par t ia l ly  
coated w i t h  sooty  black  pyrolusite ( ? I ,  suggesting  surface  exposure 
(weathering). 

MISCROSCOPY 

GENERAL DESCRIPTION: The s l ide  is made up of friable,   sinuously lami- 
nated (0.4-2.0 m m ) ,  pale brown, uniformly  submicroscopic  grained ( i n  
fa in t   l amina t ions)  hematized  shale. 

There is no evidence OF recrystal l izat ion,   degassif icat ion  or   other  
pyrometamorphic e f fec ts .  

MINERALS 
% 

40 
- 

d 

u 

W 

Y 

Y 

td 

48. 

10 

2 

Hematite  Sinuous bands  (0.05-0.10 mm) of  opaque very f ine  
crystal  1 ine (specul  ari te)  material  and amorphous 
dust .  

Generally brown-yellow dusted,  submicroscopic  grain- Clay 
minerals(?) ed, platy  fabric groundmass of the rock. 

Voids Discontinuous, t h i n  (0.05-0.10 m m )  lensey  openings 
para l le l   to  the 1 aminae. Invariably rimed by  hema- 
t i t e  concentrations. 

Schor l i te   Sca t te red   c lus te rs  of f i n e  (0.05 mm),  s late blue 
enhedral c rys t a l s  strung o u t  along  laminations. 
Evidently  detri tal .  

DISCUSSION 

“baked”, b u t  w i t h  the pervasive development of hematite and development 
T h i s  pink-cream-brown coloured rock shows no signs of being 
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o f  voids along the micro  bedding planes,  with  concentration o f  hematite 
around the voids,  together w i t h  the softening and  breakdown o f  the rock, 
suggest  that  i t  i s  a WEATHERED SHALE. 
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PETROGRAPHY 

Spec. No. 1118 

ROCK CATEGORY: Oxidized rock 
Field name:  Baked sha'le Proper name: WEATHERED ARKOSIC 

Location: No. 1 Deposit, DH 77-38, 65'. 
SHALEY  SILTSTONE 

MEGASCOPIC  DESCRIPTION: \lavey,  crinkly banded (with  discontinuous 
cav i t i e s  UD t o  1 mm i n  w i d t h ) ,  r e la t ive ly  hard (4-51, sil ty  grained, 
uniform pale  tan,  non-react.ive,-  relatively- compact "baked shale". T h e  
planar   cavi t ies  i n  the rock occur  along bedding  and fracture  planes and 
appear  to be more 1 ike 1 eaching  products  than  gas  cavities. The rock 
i s  very  porous. 

MICROSCOPY 

GENERAL DESCRIPTION: Crudely bedded, essentially  unsorted assemblage of 
angular,  clear  to  cloudy,  frequently  corroded,  grains of feldspar 

pale  tan,  microscopic  grained  clayey groundmass. The grain  size of the 
(K-Na), quartz,  magnetite and chlor i t ized mafic  minerals, i n  a cloudy, 

detri tal   grains  ranges from (0.05-0.2 mm).  

The magnetite  grains  are  largely  altered  to  hematite and the 
surrounding  minerals were stained by a limonite  haloe. 

The rock is  interrupted by discontinuous,  planar  voids developed 
along the bedding,  ranging i n  width from 0.05-2.0 mm, and comprising 
about 25 percent of the s l ide.  

MINERALS 
,̂ 

ib - 
30 Feldspar, 

quartz 

7 Hematite 

38 clay 
groundmass 

Angular. unsorted fragments,  about  one-third t o  a 
half of which are  probably  quartz. 

Scattered  grains of oxidized magnetite. 

Submicroscopic,  cloudy-clear  structureless,  almost 
i so t ropic ,  low-re1 i e f  .mass t ha t  seems t o  be composed 
of,  under h i g h  magnification,  fine  nuclei of chlor- 
i t e  i n  a clay groundmass. 

Probably mixed chlorite-clay  layer.  



DOLMAGE CAMPBELL e ASSOCIATES 11~7:s) LTD 

MINERALS 
01. ," - 

25 Voids Ubiquitous  bedding  cavities t h a t  a re   ne i ther   f i l l ed  
nor lined  with any secondary  minerals,  as  are the 
vesicular  voids i n  the "melt"  portion of the  tephra- 
l ike rocks from the Dry Lake t o  the .north. 

DISCUSSION 

This rock is a relatively  mildly  oxidized ARKOSIC  SILTSTONE t h a t  
has l o s t  much of i t s  cohesive strength by leaching o f  the cement through 
weathering. 
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PETROGRAPHY 

Spec. No. 1119 

ROCK CATEGORY: nxidized rock 
Field name: Baked shale  Proper name: WEATHERED ARKOSIC 

Location: No. 1 Deposit, DH 77-38, 75' 
SHALEY SILTSTONE 

MEGASCOPIC  DESCRIPTION: Uniform, massive,  compact, re la t ively hard (4 ) ,  
very  fine-grained, uniform pale  tan (somewhat greyer t h a n  No. 1118), 
non-reactive "baked shale". There are  occassional, small solution-like 
cav i t i e s  i n  this rock similar  to  those i n  No. 1118. Porous  rock. 

MICROSCOPY 

GENERAL DESCRIPTION: Essentially a finer  grained  version of No. 1118 
only  with a more cloudy groundmass, fewer large  grains and less 
numerous, smaller  voids.  Also, i t  is  faintly  colour banded (bedded) 
although the grains  are n o t  sorted. The overall  colour of the rock is  
more uniformly  rusty,  (limonitized). 

MINERALS 
3; - 

25 Feldspar,  Angular,  unsorted  grains (0.02-0.10 mm); mostly 
quartz  feldspar,. 

20 Limonite - Red-brown grains  entirely  replaced by limonite and 
hematite (mi  nor)  hematite. A1 so cloudy  patches  throughout 

10 Voids 
plane openings.  Unlined and unfi l led.  
Incipient,  discontinuous (0.10 x 1.0 m m ) ,  bedding 

groundmass. 

45 Mixed Clay  Submicroscopic,  cloudy mass of ch lor i te  (? )  and 
clay.  Probably mixed chlorite-clay  mineraloid. 

No evb'dence of recrys ta l l iza t ion  or "baking". 

DISCUSSION 

finer  grained. I t  is  an oxidized ARKOSIC  SHALEY  SILTSTONE. Because the 
T h i s  rock is s imi la r   to  No. 1118 b u t  mre oxidized and  somewhat 

clay  matrix i s  n o t  recrystal l ized and the l imonitization i s  grain- 
s e l ec t ive  and the voids  appear  to be solution-type, i t  would appear 
t h a t  the oxidation and a l t e r a t ion  of the rock i s  due t o  WEATHERING, 
rather  than burning.  
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DISCUSSION 

subjected  to   moderate  leaching,   e i ther  by weather ing  (surface  waters) o r  
This  rock i s  an a rkos i c  SILTY SHALE t h a t   i s   u n o x i d i z e d   b u t  has been 

by groundwater. 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No.. 1120 

ROCK CATEGORY: Oxidized rock 
Field anme:  Baked s i l t y  sandstone  Proper name: ARKOSIC  SILTY 

SHALE 
Location: No. 1 Deposiit, DH 77-38, 85'. 

MEGASCOPIC  DESCRIPTION: Uniform, massive,  very compact, re la t ive ly  
hard (41, pale  greyish-cream,  non-reactive, s i l t y  ( f ine)  sandstone. 

MICROSCOPY 

GENERAL DESCRIPTION: Uniform, f a in t ly  bedded (colour  bands),   mttled 
c l e a r  and cloudy  grey  coloured rock composed  of  an aggregate of round t o  
angular  grains (0.03-0.10 mm) of c lear   fe ldspar  and quartz i n  a sub- 
microscopic,  cloudy-greenish  matrix of chlor i te-clay (?).  

About 20 percent of the s l ide  i s  made u p  of evenly  distributed, 
unlined and unfi l led  voids   that  have the same sizes  as  the  grains o f  the 
rock. 

MINERALS 
4. 
66- Feldspar- Predominantly feldspar (K-Na) crystal  fragments, 

quartz mostly  angular, b u t  commonly rounded,  ranging from 
c lear  to heavily  clouded ( a rg i l l i zed ) ,  

10 Opaques Mostly somewhat fuzzi ly  out1 ined carbonaceous 
(coaly?)  material,  with minor  magnetite  grains. 

20 Chlori te  - Generally  cloudy  grey,  low-relief, low birefringent 

groundmass between the grains tha t  make u p  most of the rock. 
unrecrystallized,  submicroscopic  grained cement 

20 Voids Separated,  evenly dis t r ibuted voids o f  the general 
size of the rock grains, b u t  more rounded i n  shape. 

w i t h  secondary  minerals. Many instances of voids 
They are ragged-edged and neither  l ined nor f i l l e d  

surrounding isolated  grains  suggest tha t  they have 
been formed by the differential   leaching of the 
mixed chlorite-clay cement. 

* 
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PETROGRAPHY 

Spec. No. 1121 

ROCK CATEGORY: Oxidized roc:k 
Field name:  Baked shale  Proper name: WEATHERED SHALE 

Location: No. 1 Deposit, DH 77-38, 106’. 
(CLAYSTONE) 

MEGASCOPIC DESCRIPTION: Un.iform, massive, very fine  grained,  soft  ( 2 ) ,  
pale  greyish cream, highly porous, non-reactive, somewhat remolded clay 
shale  (mudstone). Checked around  periphery by dessication  cracks. 

MICROSCOPY 

GENERAL DESCRIPTION: Dist.orted,  crudely banded, relatively  coarse 
platey-grained (0.10-0.50 m m )  fibrous-scaley mass of the  greenish-grey 

clay-chlor i te  ( ? ) *  
and opaque brown, low r e l i e f ,  low birefr ingent ,   fa int ly   pleochroic  mixed 

Subround t o  angular  detrital  grains  (0.1-0.5 mm) of ch lo r i t e ,  
hematite and l imonite  are common throughout. 

MINERALS 
% ._ - 

25 Hematite - 
1 imoni t e  

25 Voids 

50  Mixed 
Chl or i   t e -  * 

Pseudomorphic  replacements of d e t r i t a l  ( ? )  grains  
and crystals   as  well  as opaque impregnations of the 
mass. 

Extensive  cracks and f rac tures ,  many o f  which my 
have been opened by slide  preparation, b u t  most of 
which are   natural .  

Scaley, amorphous greenish,   faintly  pleochroic,  low 
b i re f r ingent  mat. 

DISCUSSION 

recrystal l ized,   leached,  remolded CLAYSTONE. There is  no evidence of 
This specimen appears t o  be  an oxidized  (weathered), non- 

“baking”, b u t  ample evidence o f  decomposition by weathering. 
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PETROGRAPHY 

Spec. No. 1122 

ROCK CATEGORY: Oxidized  rock. 
Field name: Baked shale Proper name: WEATHERED SHALE 

(CLAYSTONE) 
Location: No. 1 Deposit, D H  74-38, 127'. 

MEGASCOPIC  DESCRIPTION: Essentially  identical   to No. 1121 only coarser 
grained,   sandstone,   (gr i t ty   s i l ts tone) .  

MICROSCOPY 

GENERAL DESCRIPTION: Essentially  identical  t o  No. 1121 only wre dense 

pleochroic  tan,  fibro-sca1e.y mass o f  mixed clay-chlor i te  (?). 
(minor  voids) and a more uniformly  textured and coloured,  pale,  faintly 

DISCUSSION 

A remolded CLAYSTONE; weathered  shale? 
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HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1160 

ROCK CATEGORY: Coldwater ( B u r n ? )  
Field name: Tuff ( ? )  Proper name: WEATHERED SHALE 
Location: No. 1 Deposit, DH 76-191, 77 ' .  Section of t i l l  and 

tephra ( ? )  e tc .  on surface of fresh  coal. 

MEGASCOPIC  DESCRIPTION: Core t h a t  has  largely  disintegrated t o  f i n e  
flakey  chips and nodules; one large  piece remains.  Uniform, massive, 
s o f t  (31, s l i g h t l y   f i s s i l e ,  very  f ine-grained  to  sl ightly  si l ty,   pale 
brownish tan  coloured,  weathered  to dark brown on exposed surfaces. 
Non-reactive. 

MICROSCOPY 

GENERAL DESCRIPTION: The s l i d e  is  made up of broken,  interconnected, 
ragged-edged  wafers of a c:lear  to opaquely brown (limonite)  clouded, 
f ine-grained  clay groundmass (0.01 mm) w i t h  scattered  occasional sub- 
round  cloudy grains (0.03-0,,15 m m )  of limonite,  chlorite,  quartz,  feld- 
spar,  brown hornblende and z e o l i t e  (?) .  

MINERALS 
% 
3 Primary  Quartz, fe ldspar  and brown hornblende. All are 
- 

Detritals  generally  corroded and partially  l imonitized. 

70 Clay Dense flakey  fine-grained mat of  low rel ief ,   pale  
Minerals greenish ( ? )  brown, dusty,  faintly  pleochroic,  low 

to  sl ight  birefringent  minerals  that   appears  to be a 
ch lo r i t e - c l ay   (kao l in - i l l i t e )  mixture. 

2 Secondary  Pseudomorphic, flakey  replacement of detr i ta l   grains  
De t r i t a l s  by chlor i te ,   l imonite  and zeo l i t e  ( ? )  

20 Limonite Opaque replacement  or  coating  of  all  minerals. 
Occurs i n  diffuse  patches and bands. 

DISCUSSION 

The rock is not   recrystal l ized,  hardened or impregnated  with  voids; 
therefore ,  i t  is n o t  a baked product. I t  has no charac te r i s t ics  of a 
tu f f .  I t  is a moderately  weathered (decomposed and limonitized) SHALE. 



DOLMAGE  CAMPBELL e ASSOCIATES (197?11 LTD 

HAT CREEK PROJECT 

PETROGRAPHY 

Spec. No. 1161 

ROCK CATEGORY: Col dwater (Burn?) 
Field name: Tuff ( ? I  
Location: No. 1 Deposlt, DH 76-191, 87'. As #1160. 

Proper name: WEATHERED SHALE 

MEGASCOPIC  DESCRIPTION: Identical   to #1160. 

MICROSCOPY 

GENERAL DESCRIPTION: Essentially the same as #1160 only w i t h  more 
clouding by dense, opaque Vimonite. 

MINERALOGY:  Same as #1160. 

DISCUSSION 

This rock and specimen #1160 were suspected, because of  their pale 
tan  colour,  somewhat lightweight and rather compact character, of  being 
tu f f s   ( a sh ) .  Microscopic  study  reveals them t o  be limonitized 
(weathered)  clay-shales. 
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PETROGRAPHY 

Spec. No. 1235 

ROCK CATEGORY: Burn 
Field name: Ash ( ? )  Proper name: OXIDIZED (WEATHERED) SHALE 
Location: No. 1 Deposit, OH 77-216, 62' (A-Trench) 

MEGASCOPIC  DESCRIPTION: Crumbly, p i n k i s h  pale cream coloured,  massive, 
f a i n t l y  bedded, s o f t  ( 3 ) ,  highly  absorbent,  fairly  lightweight  nonreac- 
t i v e  (bu rn t? )  claystone.  Traces of f ine  amorphous iron and manganese 
oxide on fractures,   suggesting  surface  weathering. 

MICROSCOPY 

GENERAL DESCRIPTION: Finely  laminated (0.01-1.0 m m ) ,  grey-black-brown, 
very  fine-grained (0.01-0.005 mn) rusty  clay  shale.  Approximately 20 
percent of t he   s l i de  i s  made up of voids  that have developed  as  discon- 
t inuous  lensey  partings  along  the  foliation and as ragged breaks  across 
it. 

grain  size.  
There a re  no s i l t - s i ze   g ra ins  i n  t he   s l i de ,  i t  is en t i re ly   sha le  i n  

and minor hematite,  renderlng i t  nearly opaque. The primary clay- 
Most of the rock is  impregnated w i t h  pale  to dark brown limonite 

fe ldspar  ( ? )  groundmass is just discernible  through  the iron mineraloid 
a1 te ra t ion .  

MINERALS 
% - 

50 a Micro-fibro-crystalline, cloudy mat of re la t ive ly  
h i g h  birefringent  clays.  

20 Voids - As described above. The voids look more l ike  leach- 
i n g  cavi t ies   than gas-formed bubbles. 

25  Limonite Alterat ion and replacement of clay groundmass. 

5  Hematite: Accompanying limonite. 

DISCUSSION 

This rock i s   typ ica l  of OXIDIZED SHALE t h a t  i s  a  product o f  
weathering.  There  are no indicat ions of baking or  pyrometamorphism. 
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PETROGRAPHY 

Spec. No. 1236 

ROCK CATEGORY: Burn 
Fie ld  name: Clay Proper name: OXIDIZED (WEATHERED) SHALE 
Location: No. 1 Deposit, DH 77-216, 74' (A-Trench) 

MEGASCOPIC  DESCRIPTION: Crumbly, greyish and p i n k i s h  cream coloured, 
s o f t  (31, f inely  cr inkly banded, remolded rusty  ( l imonitized)  clay.  The 
periphery o f  the  core is coated w i t h  a veneer of brick  red  hematite and 
the  core i s  c u t  by crinkly  layers of hematite. 

MICROSCOPY 

GENERAL DESCRIPTION: Essentially  the same as No. 1235 only the decompo- 
s i t i o n  and oxidation  process has proceeded fu r the r ,  so t h a t  much  more  of 
the rock is  openwork laminar  cavit ies and the 1 imonite is  more intense 
(opaque brown). 

In one pa r t  of the   s l ide   there  is  a c l u s t e r  of cloudy-clear, sub- 
hedral   crystals  (0.05-0.10 ~mn) w i t h  mderate  birefringence  that   appear 
t o  be secondary ~~psum. 

DISCUSSION 

This rock is an intensely WEATHERED SHALE. 
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PETROGRAPHY 

Spec. No. 1240 

ROCK CATEGORY: Burn 
Field name:  Baked shale 
Location: No. 1 Deposit, DH 77-215, 30' A-Trench). + Pro er name:  OXIDIZED SHALE 

MEGASCOPIC  DESCRIPTION: Essent ia l ly   ident ical  t o  No. 1239 only cream 
colou.red  instead o f  red and s o f t e r  (4) .  Fracture  surfaces  coated w i t h  
black  sooty  pyrolusite ( ? )  indicat ive of surface  weathering. 

MICROSCOPY 

GENERAL DESCRIPTION: Uniform, dense,  ultrafine  grained  (0.01 mm) mass 
of unsorted  sedimentary  grains w i t h  a few larger  grains o f  feldspar 
fragments  (0.05 m m ) .  All except  the  larger  grains  are  impregnated or 
s ta ined by hematite, thus the s l i d e  is  a red-brown colour. 

There are no voids and no evidence of recrystal l izat ion.  The 

and has  only begun to   replace the si1  t-sized  feldspar  grains. 
oxidation  (hematite-limonite) has attacked the groundmass ( c l a y )   f i r s t  

DISCUSSION 

This is an  OXIDIZED  SHALE whose hematization i s  i n  i t s  i n i t i a l  
stages and could be due to  either  weathering  or low grade  baking. 
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Spec. No. 1241 

ROCK CATEGORY: Burn  
F ie ld  name: Clay Proper name: WEATHERED CLAY SHALE 
Location: No. 1 Deposit, DH 77-215, 50'. (A-Trench) 

MEGASCOPIC  DESCRIPTION: Fine  flakey  chips, (powder - 3 cm), s o f t  ( 3 ) ,  
crinkley banded, brown and cream, oxidized  (limonite)  clayey  rock. 

MICROSCOPY 

GENERAL DESCRIPTION: Platey mass  of pale and dark brown colloform 
mineral t h a t  is dissected by closely  spaced,  curved,  interlocked  shatter 
or shrinkage  cracks,  the  wider ones of which a r e   f i l l e d  w i t h  colloform 
(wormy) limonite. The l imonitization i s  mre   in tense   next   to   the   f rac-  
tures (dark brown) than i n  the .   cen t res   (pa le  brown)  of the polygonal 
p l a t e s   t h a t   a r e  bounded by the  f ractures ,  g i v i n g  t he   s l i de  a multibrown 
giraffe-colouring  type  pattern.  

MINERALS 
OL. .- - 

50 Hallo s i t e  T h i s  s l i d e  is a good specimen of hal loysi te .  This & clay mineral i s  d i s t inc t ive  i n  microscopic  charac- 

weathered kaol ini t ic   shale .  
t e r i s t i c s  and i s  generally found i n  extremely 

DISCUSSION 

The rock i s  an extremely WEATHERED CLAY SHALE. 






