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Sumnary 

The Hat Creek Valley  encloses one of  the  world's  thickest 
known coal  deposits. The  coaT response  to  magnetics,  electro- 
magnetics,  induced  polarization,  various lownhole  logging tech- 
niques and gravity  surveys  are examined. 

The magnetic method  was used f o r   f i e l d  mapping of,,geolog- 
i ca l  units and was particularly  useful i n  detecting  volcanic 
rocks and burned zones.  Electromagnetic methods detected con- 
duc t ive   fau l t  zones with varying  degrees o f  success,  while an 
induced polarization sul-vey gave  poor r e su l t s  because  of the 
sca rc i ty  and habit  of polarizable  minerals i n  the  deposit .  
Oownhole logging  techniques  were used to  correlate  geologic 
units between d r i l l ho le s .  * 
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The gravity method direct ly   detected t h e  low density  coal 
and yielded one o f  the Iqorld's  largest  recorded  gravity  anomalies 
over a  body of economic importance.  Anal.ysis o f  the  gravity  data 
indicates  a faulted coa'l deposit o f  variable width and depth, ex- 
tending  continuously  fop 19  km. Possible  coal  reserves  are 
estimated a t   1 . 5  - 1.8  .I( 1013 kg (17 - 20 bi l l ion  tons) .  



INTRODUCTION 

I n  1974 B . C .  Hydro and IPower Authority examined a l t e rna t ives  t o  i t s  
hydroelectric and petroleum  derived power sources. As par t   o f  th i s  pro- 
gram, a coal  deposit i n  the  IHat Creek Valley  in  British Columbia was re- 
examined as a possible  therm<ll  energy  source. Coal occurrences i n  the 
valley had been discovered in the previous century and  were not  consider- 
ed to  be of   metal lurgical   qmli ty .  

I 

The Hat Creek Valley i s   loca ted  193 km northeast of Vancouver, 
B . C . ,  midway between the  towis o f  Lil looet  and Ashcroft and 16 km 
west of the Trans-,Canada  Higlway. Railheads  are a t  Pavilion on the 
B . C .  Railroad, 24 km t o  the 'iorthwest, and a t  Ashcroft, on the C . P .  
and C . N .  Railroads, 37 km to  the eas t .  

Studies  are  currently  d'ztermining the f e a s i b i l i t y   o f  a 2,000 Meg- 

awatt power plant  fueled by coal from the Hat Creek deposit. 

This paper presents a br ief   explorat ion  his tory  of   the  deposi ts  
and the  role  that  geophysics  has  played i n  t h i s  program. The res- 
ponses  of  various  geophysical  tools  are  presented i n  brief and  those 
too ls  which detected  coal  ar?  presented i n  de t a i l .  

EXPLORATION  HISTORI 
... 

The Hat Creek coal  deposits were f irst  reported by G . M .  Dawson of 

the Geological  Survey of Canada i n  1877 and  1694. The exposures were 
located  along  the  creek banks a t   the   nor thern  end of  the Hat Creek Valle:, 
where overburden cover had  been removed by creek  erosion. 

Several  hundred  tons o f  coal a year were  produced  from the area 
and sold  to  local  cornunities from 1933 t o  1947. I n  1957 a subsidiary 
of B . C .  E lec t r ic  L t d .  ( l a t e r   B r i t i s h  Columbia  Hydro and Power Authority) 
optioned the i n i t i a l  Crown Grant  claim and conducted  extensive  surface 
diamond dril l ing.   Exploration of the property was discontinued  because 
of  the growing  prominence  of hydroelectric  powr developments. 



Exploration o f  the Hat Creek deposit began again in 1974 in a 
search  for  al ternate  energy  s3urces.  A t  the recommendation of the 
B . C .  Ministry  of M-ines and Petroleum Resources d r i l l i n g  south  of 
the known deposit 'lead t o  the  real izat ion t h a t  further  deposits  could 
be expected  in  the  valley. 

B . C .  Hydro acquired  coal  l icenses  for  the  entire upper Hat Creek 
Valley and  began reconnaissance  dril l ing of the   fu l l  1 9  km length of 
the  valley. As par t  of this  reconnaissance program, geophysical  test- 
ing was conducted to  assess t.he v iab i l i t y  of various  geophysical  tech- 
niques  over a section having the   l a rges t   sur f ic ia l  width o f  coal  in 
the north end of the valley.  The methods used in  these  test  cases 
were:  Induced Polarization,  Vertical Loop E . M . ,  Total  Field  Magnetics 
and Gravity. As a resul t   of   the   ini t ia l   tes t   surveys,   fur ther   gravi ty  
a n d  magnetic  surveys were conducted  over the upper Hat Creek Valley  in 
ear ly  sumer 1975, i n  conjunction w i t h  a continuing  exploratory  dri l l  
program. Downhole logging of  a l l   d r i l l h o l e s  had been conducted since 
the in i t ia t ion   o f  the 1974 program. 

/ 

I n  1976, d r i l l i ng   sh i f t ed   t o  the north en3 of the  valley  over Area 
1 ,  as part  of a f e a s i b i l i t y  :study f o r  a proposed thermal p l a n t .  A VLF-  
EM survey was conducted in 1!276 t o  obtain  information  regarding  fault 
locat ions  as   par t  of  t h i s  stlldy. 

.. 

GEOLOGICAL SETTING 

Regional: The Hat Creek coa l f ie ld   cons t i tu tes  part of an  in te r -  
montane basin formed in a gr3ben near the  western margin o f  the  Interior 
Plateau. The mountains b o r d v i n g  the val ley  r ise  300 meters above the 
val ley  f loor .  Rocks in  the Hat Creek Valley  are cornon t o  the  widespread 
and i r regular ly   dis t r ibuted Tertiary volcanic and sedimentary  outcrops 
found in a be l t  th rough  the south-central   interior of Bri t ish Columbia 
bounded by Prince George in the north and Princeton t o  the  south. 



Flapping o f  the sedimentary  strata around .the Hat Creek Valley 
suggests a stratigraphic  thickness  in  excess o f  1300 meters and 
comprised entirely  of  continental  sedimentary  rocks which include 
more than 490 meters of coal  measures. 

Interpretat ion of the stratigraphic succession  suggests t h a t  
the overall trend upward in  the  sedimentary sequence i s  toward in- 
creased  subsidence  relative 'to deposit ion.  The Coldwater  Formation, 
the lowest  in  the  sequence,  (consists o f  coarse   c las t ic   rocks;  i t   i s  
followed by the Hat Creek Co831 Formation which in turn i s  followed 
by lacustrine  sedimentary ro,:ks of the Medicine Creek Formation. 
Subsequent to   coa l i f ica t ion  the s t r a t a  were broadly  folded,  faulted, 
upl i f ted and partially  eroded. The sequence was then  blanketed by 
Late  Tertiary  volcanic  sheet  flows which were, i n  turn,  subjected 
t o  glacial   erosion and deposition. 

The geology  of  the Hat Creek Coal deposit   has,   unti l   recently,  
been diff icul t   to   determine due to  the  paucity o f  0utcrops"in the 
area.  The bedrock has been obscured by glacial   moraines ,   t i l l   debris ,  
a1 1 uvi um and  col 1 uvi um. 

The valley  of Upper Hat. Creek is  largely  underlain by Tertiary 
sediments t h a t  form an elongated  sedimentary  basin-like  structure 
which has been dissected and t i l t e d  and conforms t o  the valley  walls.  
The basin l i e s  north-south  along.'the  valley 0.f 'Upper Hat"treek f o r  
a l e n g t h  of  about 24 km with a n  average width  of about 5 k m .  The 
valley  sides a t  higher  elevations  are comprised of terraces  of older 
volcanic  rocks which l i e   i n   t he   foo twa l l s   o f ' t he  bounding f a u l t s .  
Younger volcanic  rocks O C C U I *  a s   ou t l i e r s  i n  the  valley bottom and 
along the margins of the valley. 

The basement rocks which underlie and  flank  the  sedimentary  rocks 
a re  marble and  volcanic  roc'cs. 



I t  is   considered  that  ?, geologic  section  through  the  valley 
f loor  would be as follows  (youngest  to  oldest '): 
A. 
B. 

C .  

D. 

Glacial  moraines, t i l l ,  alluvium a n d  colluvium. 
Tertiary  volcanic out l iers  of Finney Lake  Beds 
( lahars  with some coars,e c l a s t i c   rocks ) .  
Sedimentary beds of the Medicine  Creek, Hat 
Creek Coal and Coldwater Formations ( s i l t s t o n e s ,  
claystones,  coal,  basal  sandstone and  conglomerates). 
Volcanic'rocks of the Kamloops group a n d  marble and 
metavolcanic  rocks of the Cache  Creek group. 

Impor t an t  s t ruc tura l   fea tures  superimposed on the  basin  are 
post-depositional and possibly  syn-depositional  gravity  faults. The 
main f a u l t s  cross the north end  of the valley  in a northeast   direction 
and  are  spaced about 2 km apar t .  Another  major f a u l t  system  roughly 
trends pa ra l l e l   t o  the valley  walls and i s  probably  related  to  the  Fraser 
River  Fault  system,  lying  approximately 6 km t o  the west. I t  i s  consid- 
ered  that  movement  on the syn-depositional  faults may have been  equal to  
the rate of  sediment  accumulation. A favorab'le peat forming  environment 
probably  existed  for some time. 

Zones of  coal have beer1 recognized  within  the measure b u t  are  n o t  
easily  discernable.  A few tlnique marker horizons  in the rock layers 
have been found.  Repetition due to   faul t ing  or   folding does n o t  account 
for  thicknesses  in  excess of. 490 meters o f  coal ,  , a  condi t ion   tha t   i s ,  
to   da te ,  un ique .  

Results of analyses t o  1977 have indicated t h a t  the  coal has an 
estimated  overall   quali ty of' 12,800 KJ/kg with an ash  content o f  29% 
and a moisture  content of 25%. Further quali ty  testing  is   being con- 
ducted. 



Two depos i t s   o f   nea r   su r face   coa l  have bem  d i scove red   i n   t he  

Upper H a t  Creek Va l l ey :  No. 1 i n   t h e   n o r t h  end o f   t h e   v a l l e y ,   i n  

t h e   a r e a   o f   t h e   o r i g i n a l  showing,  and No. 2, located  about  8.8 km 

sou th   o f  Area  1. 

The s t ruc tu re   o f   t he  No. 1 depos i t  i s  descr ibed as an asymmetric 
s y n c l i n e   w i t h  an a d j a c e n t   f a u l t e d   a n t i c l i n e  and sync l i ne  on the  east;  

t he   s t ruc tu res   p lunge   a t   abou t  25' to   the   sou th .  The deposi t   extends 

over 2100 meters  where i t  i s  down dropped  south  of   the No. 8 f a u l t  

The depos i t  i s  about 2100 meters a t   i t s   w i d e s t   p o i n t  and an apparent 

t h i c k n e s s   o f  445 meters has Iken encountered.  Overburden  and  waste 
cover   var ies  f rom 0 t o  more  .than 240 meters. 

The s t r u c t u r e   o f   t h e  No. 2 d e p o s i t   i s  a p a r t i a l   s y n c l i n e   w i t h  an 
a d j a c e n t   a n t i c l i n e l ,  as i n  A,?ea 1; aga in   t he   s t ruc tu re   i s   t e rm ina ted   by  

eas t  and wes t   f au l t s .  The s t r a t i g r a p h y   i s   s i m i l a r   t o   t h a t   i n   t h e  No. 1 

d e p o s i t .   D r i l l i n g  has n o t  b,?en  as ex tens ive  as i n   t h e  No. 1 d e p o s i t   b u t  
i t  i s  e s t i m a t e d   t h a t   t h e   d e p l x i t  i s  610 meters  wide,  greateY  than 580 

meters  th ick,  and about 5500 meters  long.  Overburden  depths  range  from 

1 8   t o  140  meters. 

GEOPHYSICAL RESPONSES OF LINE 79000N 

As p r e v i o u s l y  mentioned, a geophysica l   test .program 'Gas c a r r i e d   o u t  
i n  1974 i n   o r d e r   t o  assess  which  geophysical  system  would  respond t o  a 

l a r g e  measure o f   c o a l   l o c a t e d   i n   t h e   n o r t h e r n  end o f   t h e   v a l l e y .   L i n e  

79000N was chosen, and  a  number of  geophysical systems  were  used; i n -  
c lud ing ,  I . P . ,  V e r t i c a l  Loop EM, Magnetics and Grav i t y .  

The f o l l o w i n g   i n c l u d e s  a b r i e f  summary o f  each  method. Borehole 
Geophysics  and G r a v i t y  will be summarized i n  separate  sect ions.  



Induced Polarization - 

The instrument used for   the Induced Polarization  survey t e s t  was a 
McPhar variable  frequency  unit   uti l izing a 60 meter  dipole-dipole spacin:] 
and  frequencies o f  .31 and 5.0 Hertz. Four "n" spacings were recorded. 

Frequency e f f ec t s  range from negligible t o  low. I t  i s  considered 
t h a t  the  absence of . def in i t i ve  ~~~~ I .P.   effects  associated  with the coal 
body i s  due 6 the scarc i ty  and  habi t  of the sulphide  minerals found 
 in - the  deposit .   Sulphur,accounts  for  about .5% o f  the  total  dry weight 
o f  composite~samples  taken from d r i l l   ho le s .  Most o f  the sulphur i s  
organic, w i t h  a very small proportion found a:, iron  sulphides,  indicatin'3 
t h a t  pol~rizable~ ' ininera1s are  scarce. In addition, much of the iron 
sulphides~ have been found as  non-disseminated  nodules,  further re- 
ducing the I .P .   e f fec t  by lcwering  the  available  metall ic  surface  area.  
I t   i s  noted  that the h i g h e r  valued  frequency  effects  are found predom- 
inently  in  the  n=3 and n=4 s,pacings and that   these may be caused  in  part 
by inductive  coupling causetl by the conductive  overburden and bedrock. 
A small F . E .  anomaly a t  198E:  may  be a t t r i bu tab le  t o  magnetite  in a baked 
claystone  observed on surface  fur ther  n o r t h  a:; i s  the minor F . E .  recorded 
on the 3n and 4n readings  centered a t  188E. - 
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The recorded  apparent  resist ivit ies  are low and range from a high 
of 112 ohm-ft/Z 7 and a low of 2.4 ohm-ft/Z T. This  agrees  with  resistivity 
tests conducted on several  core  ,samples which yielded  values  less t h a n  ~. 
10 ohn- f t /Z  ~ i .  

...- 

Resis t ivi ty  lows recorded  across  the  line do not  necessarily  corr- 
e l a t e  with dril led  occurrences.  I t  is  considered t h a t  the host rock 
and the  coal have comparablj? low re s i s t i v i t i e s ;   t he re fo re ,   t he   r e s i s t i v i ty  
method i s  n o t  considered t o  be a viable  exploratory method in  the Hat 
Creek  environment. 
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Electromagnetic Methods 

The t e s t   l i n e  was surve,yed by the  vertical  loop  electromagnetic 
method, using a McPhar S 1/5 ver t ical  loop and set-up method with  the 
transmitter 365 meters from the t e s t   l i n e .  Readings were taken a t  30 
meter in.tervals.  Measurements were made a t  1,000 and 5,000  Hertz. 

No discre te  <:onductor axes were defined. I t  i s  noted t h a t  east  
.~ " ~~ . 

dip  angles a 6 u n d  200E correlate  with  the-lowest  apparent  resist ivit ies 
recorded  in  the  I.P.  survey, which a l so   cor re la tes  w i t h  near  surface 
coal,  b u t  a s  thick.  coal  underlies  the  major  portion of t he   t e s t   l i ne ,  
the  response i s  no t  meaningful in an  exploratory sense for  Hat Creek. 

- ~ ~. 

Magnetics 

Dur ing  the  sumer of 1975, a reconnaissance  magnetrometer  survey of 
160 l ine  kilometers was conddcted t h r o u g h o u t  the  length of the  valley. 
Readings  were taken a t  30 meter  intervals on l ines  610 to 1220 meters 
apart .  The purpose o f  the survey was to   a id  i n  mapping t e r t i a ry  volcanic: 
rocks and perhaps aid  in  determining  depth t o  basement. The instrument 
used for  the  survey was a staff-mounted  Geometric Model  G816 proton  pre- 
cession magnetometer. 

Across the  valley  f loor,   the magnetic profiles  are  characterized by 

_ _ _ _ _ ~ ~ ~ ~ ~ ~ . ~ ~ ~  ~ ~. 
low-amplitude - short-wave  1ength.anomalies  (50.gammas),  considered t o  bc! 
caused by volcanic  boulders  prevalent  in  the  overburden.  Tertiary  volcarlic 
rocks, characterized by larg? amplitude (about  500 gammas) anomalies, were 
consequently  discovered by f i e l d  mapping. 
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" Baked claystones " ~. ~~ discovered ~ . "  in  the  northern ~ par t  of the Area 1 depo5,it 
have a magnetic  response  similar t o  the  volcanic  rocks. Underground nattlraf 
combustion o f  coal  has resulted in some  thermal metamorphism and partial   fusion 
of inter-bedded  claystones. I t  i s  considered t h a t  a t  the  temperatures  necessary 
t o  fuse  the  claystone (700 - 1000°C) magnetic  minerals were formed. The collapse 
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of roof  rocks  associated w i t h  the burn has apparently  caused an enclosed 
area which i s  known as Dry  Lake Basin. In  1977 a detailed  magnetic  survey 
was used t o  map the  areal   extent of the burned zone; .diamond d r i l l  hole:j 
provided  information on the  thickness. 

A unique area of low magnetic r e l i e f  with no magnetic character  exi: ; ts  
on the upper bench on the eas t   s ide  of the  valley.  The overburden was s J b -  
sequently found t o  be loess (wind deposited  sand, s i l t  and c l ay ) .  

The western  contact between volcanic rock, and the  Coldwater  Formation 
i s   eas i ly   d i scernable  by the  abrupt  steep  gracients  over  the  volcanic units. 

A magnetic  lobe t o  the west of the Area 1 deposi t   or iginal ly  th0ugh.t 
t o  be ter t iary  volcanics  has been found t o  be g ran i t i c  and  volcanic  sl id(? 
debris from a nearby mountain. 

Average values from the ground  survey a r e  close t o  t h a t  of  an aero- 
magnetic  survey flown a t  300 meters  elevation,  indicating  that  the depth 
t o  basement in  the  valley is  la rge .  

OTHER METHODS 

Very Low Frequency Electromagnetics ( V L r " E . M . )  

A VLF-E.M.  survey was conduc'ted over 1 7 . 6  l f n e  kilomgter-s t o  fur thee 
def ine  the  s t r ike and location  of known and suspected  faults  adjacent  to and 
within  the Area 1 coal  deposit. The survey was limited in extent due t o  
a powerline on the  eastern  side  of  the  deposit and  by the low resist ivit :y 
environment which severely  limited  depth  of  penetration t o  about 30 meters. 

The instrument used for the  survey was a Geonics E.M. 1 6  with a 15 meter 
s t a t i o n   i n t e r v a l .   I t  was originally  intended t o  use Cutler, Maine  and Sl!attle, 
Washington transmissions  for  the  survey, b u t  the  Seatt le  station  overrodf?  the 
Cutler s ignzl .  Readings f ron  the  Cutler  station were then discontinued. 

As expected,  the VLF-E.M.  data was highly  disturbed. The d a t a  was 
fur ther  reduced by Fraser   f i l t e r ing .  



Borehole  Geophysics 

Since 1974, a l l   d r i l l  holes have been logged as a necessary  requirement 
of Coal Act regulations. Gama ray, bulk den,;ity,  caliper,  resistance a n d  
neutron  logs were conducted,  Squeezing ground l imits  the  effectiveness of 
the  cal iper  and resistance  '!ogs t h a t  require #in  open hole. The neutron log -  
proved unreliable due t o  t h t ?  varying~moisture  content of the  rock which i s  's the  hydrocarborl~~content. The most r e l i ab le  nlethods a re  gamma, 
ray and  bulk'densi ty  survey:;, which can be taken  through the s tee l  wall 
€sl&g~.~ Qual i ta t ive   cor re la t ions  have been made between dr i l l   holes  1ea.ding 

'to a four zone concept  in  the Area 1 deposit. These correlat ions can be: 
made i n  the  central,  relatively  undisturbed  pwtion of the coal  body, bt l t  
faul t ing and disruptions on the   ex t remi t ies   in i t ia l ly  negated easy correl-  
a t ion between holes; however subsequent d r i l l i n g  has  allowed for   correlat ion 
o f  zones and the  division  to some subzones.  Locally  individual beds cart  be 
correlated.  Some success has been obtained  in  quantitative  estimation of 
ash  content from the  density  logs.  
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Gravity I4ethod 
.\ 

As part  of the ground geophysical t e s t  program over  line 79000N, gravity 
methods were used in an attempt  to  determine which system would respond to  
the known coal  measure. I t  was concluded a t   t h a t  time that   gravi ty  would 
n o t  y ie ld  a dist inctive  coal-related  response.  

A reappraisal  of  the  edrly  gravity  data was perform$ by the au thors  
i n  June, 1975. The analysi';  included a review of new d r i l l i n g  resu l t s  tlnd 

a comparison  of the geophysical  systems over t h e  tes t  l i ne .  As shown or1 
Fig.   the  calculated  gravity  profile  over  the  test   l ine  is   in  reasonahle 
agreement w i t h  the  observed  field, based on the  geologic model derived Irom 
d r i l l i n g  over   the   t es t   l ine .  

.. 

I t  was concluded that-the  gravi-ty~method was a useful  indicator  for 
,." " "" 
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delimiting  the  coal  deposit, and tha t  a more comprehensive gravity program 
was jus t i f i ed .  
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As  a r e s u l t ,  a 40 l i n e   k i l o m e t e r   t e s t   s u r v e y   o v e r   w h a t   i s  now  known 

as  the "No. 2 Deposi t "  was attm:?ted. I n i t i a l  resu l ts   con f i rmed  the   p res-  

ence o f  massive  accumulat ions  o f   coal .  The survey was expanded t o  a f u l l  

144 l i n e   k i l o m e t e r s   t o   c o v e r   m o s t   o f   t h e  Upper Hat  Creek Va l l ey .  

The f i r s t   r e s u l t s ,   i n   t h e   f o r m  o f  S imp le   Bouguer   (no t   te r ra in   cor rec ted)  

g r a v i t y  were  used t o   d e f i n e  zones o f   nea r   su r face   coa l   on  a broad  scale.  Ex- 

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

po in t   had  been  based pr imar i l y   on   easy   road  access .   Wi th   the  use o f   t h e  
g r a v i t y   r e s u l t s ,   d r i l l i n g  was f u r t h e r   c o n f i n e d   t o   t h e   a r e a s   o f  maximum anomaly. 

New d r i l l i n g   c o n f i r m e d   t h a t  3 zone o f  near  surface,  extremely  th ick  coal   ex- 

i s t e d .  It was q u i c k l y  dubbed the  "No. 2 Deposi t " .  

I 

The g r a v i t y   r e s u l t s  were fu r the r   p rocessed   by   pe r fo rm ing   t e r ra in   co r rec -  

t i ons   by   t he   accep ted  method o f  Agar  (1972).  These f i n a l   v a l u e s  appear 'in t h e  
p l a n  map, F ig .  . 

G r a v i t y   I n t e r p r e t a m  

The complete  Bouguer  Gravity map i s   t h e   r e l a t i v e   g r a v i t y   f i e l d   o b s e r v e d  
on  the  vary ing  sur face o f  t he   va l l ey ,   reduced   to  mean sea l e v e l .   U n f o r t u n a t e l y ,  

t h i s   f i e l d   i s   n o t  produced b,y one   s imp le   s t ruc tu re ,   bu t   i s   compr i sed   o f   t he  

sum t o t a l   o f   v a r i o u s   g e o l o g i c   s t r u c t u r e s  on the   sur face   and  a t   depth .  1rl t h e  
s p e c i f i c   c a s e   o f   t h e   H a t  Creek Va l l ey :  

A 90 = o b s e r v e d   g r c v i t y   f i e l d   ( r e d u c e d   t o  sea l e v e l ,   e t c . )  

a g r  = regional  catlsed  by  broad, deep s t ructures  (geosyncl ines,  
i n t r u s i v e s ,   e t c . )  

A 9, 

A 9, 

= h igher   f req t iency   loca l   reg iona l  caused  by  the  sedimentary 
f i l l e d  va11E'y. 

= e f f e c t   o f   t h e   c o a l   l y i n g  w i th in  the  sedimentary  basin.  

e = e r r o r  (random,  assuming observa t ions   f ree   f rom  sys temat ic  
e f f e c t s ) .  



The f i r s t  phase of the   in te rpre ta t ion   i s  t o  i so l a t e  the Regional 
gravi ty   effects  caused by thl: geologic  structures of non-importance 
and  remove  them  from the  com'losite  gravity  data.  Gravity  anomalies 
produced from broad  trending, deep seated  structures produce a planar 
"trend" over the  l imits   of   the  H a t  Creek Valley. The e f fec t   assoc ia ted  
with  confined  sedimentary  basins  characterist ically  f i ts  a low order 
polynominal. 

I 

The process of removing unwanted "Regional e f f ec t s "  from the Bouguel- 
Gravity  is  known as  Regional Residual  Separation. I t  must be emphasized 
t h e r e   i s  no unique  residual  gravity map. (Nettleton,  1954).  I n  a large 
par t ,   th i s   separa t ion   i s   a rb i t ra ry  and depends on the i n t e r p r e t o r ' s  
judgement and on the methods used. 

Over the years,   different  separation  techniques have been developed: 
visual  smoothing,  derivatives,  wavelength  filtering and  polynomial 
f i l t e r i n g ,  among others.  Skeels  (1967)  clarified  the  concepts of residu,?,l 
gravi ty  and proposed a modified polynomial f i t t i n g  method as a computati'mal 
tool.  

This method f i t s  a low order polynominal t o  the Bouguer Gravity where 
the  f i t t e d  polynomial is  based on those  points on the gravi ty   p rof i les ,  ar 
plan maps, t h a t  a re   in   the   in te rpre tor ' s  judgement,  "outside"  the  source 
material of i n t e re s t .  Urlych  (1968) compared wavelength f i l t e r i n g ,   t h e  
centerpoint " r i n g  method" ard thk modified polynomial of "Skeels. Ulrych 
demonstrated t h a t  t h i s  polyrlomial method minimizes the  creation of pseudo- 
anomalies, or those  anomalies which are  caused by the  separation  process. 

The modified polynomial method was used t o  separate  geologic  features 
on the Bouguer Gravity a t  H 2 t  Creek. Agocs (1951) showed that  the  best  
f i t t i n g  plan o r  regional car1  be f i t t e d  t o  the observed  data by the method 
of  least  squares. The equal.ions can be eas i ly  modified to  solve  for  trend 
surfaces of a low order  polynomial. Computer programs were writ ten  to f i t  
polynomials  to the d a t a  poirlts which the  interpretor judged t o  be "less 
anomalous". 



The assumption  about t h t ?  nature of the background Regional ( the  con-. 
g lomerate/s i l ts tone  f i l led  v ,a l ley a t  Hat Creek) was tes ted on l i ne  84,OOON. 

The gravi ty   effect   a long  thi : ;   prof i le   l ine,  judged t o  be based on the 2. i !2 /  
2.65 gms/cc cont ras t ,  was collsidered t o  be f r ee  of e f f ec t s  emanating from 
the coal  measures. 

The Bouguer Gravity and the   f i t t ed  polynomial shown in Fig. are  
closely  matchjd,  indicating  that the sedimentary-filled  valley  produces 
a broad second order polynomial type  gravity  feature. 

The next step in the prixess was t o  f i t  second and t h i r d  order 
surfaces t o  the d a t a  in thrw dimensions. The result ing  regionals were 
examined on each p r o f i l e   l i w .  The second order polynomial gave a more 
accurate  representation  of t ?e  background gravi ty   feature .  On each pro- 
f i l e   l i n e ,  the various  regio,lals were then f i t t e d  t o  the data by consider- 
i n g  the  " less"  anomalous p o i i t s  and by the c r i t e r i a  of separating the 
anomalous f ie ld   in  the l e a s t   d i s t o r t i n g  manner (Ulrych, 1968). The 
l e s s  anomalous p o i n t s  were dl2termined from breaks i n  the s lspe on each 
p ro f i l e   l i ne  and avai lable  gN?ologic information which gave approximate 
residual amp1 i tudes.  

The result ing  regional  f ield  in  three  dimensions  is  shown on Fig. , 
the  residual  f ield on Fig. . The regional   f ie ld   is   the   effect  of the 
surrounding 2.22 gms/cc valll2y against   the   greater  ( 2 . 6 5  gms/cc) density 
basement rocks. As expected,  thi-s  appears  as a . ' ! t rough"  %aped fea ture .  

The result ing  residual ,Yap, Fig. , represents the e f f ec t  of the  coal 
and the  surrounding medium.  Most of the o ther   e f fec ts  have  been removed. 
I n  some areas  pseudo-anomalis  or  distortions are produced. These features  
are  caused by the f i t t e d  po1,ynomial surface  diverging  sharply on the f lanks 
of  the  coal anomaly. Geologically,  they can be ident i f ied by higher  density 
volcanic  rocks on the southwest side of the valley and by the steep lime:,tone 
c l i f f s   i n   t he   ea s t   po r t ion  o f  the  valley. In th i s   a rea ,  coal  measures are 
located  close t o  these  features.  



The res idua l   map .~c lea r l y  shows extremely  large  anomal ies  over  the 
. -" ~- 

"" 

areas o f  t he  No. 1 and No. 2 depos i ts~r "  The de r i ved   res idua l  anomaly 
(-20 m i l l i g a l s )   i n   t h e   l a r g e s t  known g r a v i t y  anomaly  recorded  over a 

body o f  economic  importance  (excluding  salt   domes). By comparison, 
most me ta l l i c   depos i t s   d i sp lay   anoma l ies   o f   l ess   t han  1 m i l l i g a l .  

- .  ." ~~ ~ 

~ ~.~ ~ ~~ 

~~ . - ~ ~ 

The r e s i d u a l   g r a v i t y  map i n d i c a t e s   t h e   d i f f e r e n c e   i n  size  and 

e x t e n t  o f  the/  two  Hat Creek depos i ts .  The g r a v i t y   f e a t u r e   a p p a r e n t l y  

trends  towards  the  southeast  beyond  the limits o f  the  survey.  

The r e s u l t s   o f   s u r f a c e   e x p l o r a t i o n   d r i l l i n g  program i s  super- 

imposed on t h e   r e s i d u a l   g r a v i t y   ( F i g .  ) .  A s  shown, the No. 2 depos i t  

appears to  be charac ter ized   by  a body o f  near   sur face  coal   f lanked  by 
s t e e p l y   d i p p i n g   f a u l t s .  The geometry i s  conf i rmed on t h e   g r a v i t y   p r o -  

f i l e s  by the  presence  o f   sharp  gradients .  

G r a v i t y   m o d e l l i n g  was c a r r i e d   o u t  on many o f   t h e   s u r v e y   l i n e s .  
A c c u r a t e   d r i l l i n g   i n f o r m a t i c n  was a v a i l a b l e   f o r   t h e   s t u d y  o f  the  No. 
1 deposi t ,   however ,   substant ia l ly   less  in format ion was a v a i l a b l e   f o r  

t he   ana lys i s  of  the  No. 2 reg ion.  The c e n t e r   p o r t i o n   o f   t h e  No. 2 
coal  measure has no t ,   to   da te ,  been d r i l l e d   t h r o u g h .  

- An i n t e r e s t i n g  5 mgal f ea tu re  i s  n;ted south of -~ the No. ~ ~- 2 deposi t ,  
"" ~. "~ ~ ~~ 

a No. 3 anomaly  which has nc ' t  bee? d r i l l e d   t o   d a t e .   I n t e r e s t i n g l y  a 
nearby  hole has encountered  coal a t  depth. 

.. - . ~ . . ~  ~ ~ ~~~ ~~ 

MODELLING 
R e s u l t s   o f   m o d e l l i n g  o f  t h e   r e s i d u a l   g r a v i t y   f i e l d  on se lec ted  

c r o s s   s e c t i o n   l i n e s   a r e   p r e w n t e d .  



Numerous modelling  techiiiques  are  available  for  both  the  forward 
and inverse  gravity  solutions.  Forward modelling  refers t o  the calcu- 
la t ion of gravity  values  for a par t icu lar  model o f  known density and 
shape. The inverse  solution  involves  the  automated  adjustment  of an 
i n i t i a l  model unt i l  an  accur,lte f i t  to  the observed  data i s  achieved. 
Agar (1974)  deternlined t h a t  the direct  (forward)  modelling  techniques 
a re   l e s s  cumbersome and  can y i e ld  adequate r e su l t s .  

Forward model l ing o f  ths2 Hat  Creek residual  gravity was accomplished 
1 

using  the method o f  Talwani set a1 (1959). The gravi ta t ional   a t t ract ion 
of an n-sided two dimensional body, Fig.  (assumed inf in i te   l ength  in the 
y d i r e c t i o n )   i s  g i v e n  by: 

z 
I 

" 

(10-6) 



This method was used for   the   in te rpre t ive  work a t  Hat Creek. 
A more pract ical  approach t o  gravity model ling  in two dimensions 
can be carr ied o u t  by dividing a causative bod,y in to  small rectang- 
ular  prisms. Each prism can then be assigned a specif ic   densi ty .  

This method wil l  be used in  future model s tudies  of the residual 
data . 

, 

MSS OF COAL DEPOSIT - 

A simple  calculation t h i l t  can  be performed  using  the  residual map 
i s  the  determination  of  the  excess mass responsible  for a given anomaly. 
(In the  case  of Hat Creek we are   ac tua l ly   ca lcu la t ing  mass deficiency).  

Gauss' Thorem permits a conversion of volume intergral  t o  a surface 
in te rgra l ;   in   th i s   case  the excess mass M may be determined by the  in- 
tergration  of  the  residual  f . ield (from Grant & West, 1967). 

2rGM = I f m(X,y) 
where I = /-: &(w) d. ~  dv 

and where m(X,Y)  is a remainder ternl. 

M is concentrated at  its mas3 center. This is a rather  satisfactory approxi- 
The remainder m is calculated on the assumption that'  the  entire mass 

mation for  %distribution of rny shape, provided we are sufficiently far from 
it. AccordingJy, if the center of m m  of M is a t  ( Z , l i , Z ) ,  we may write 

m = 2 d x  - G M Z  /-xx /-Tr [(i~.- 212 + (y - g)': +.(z - z)z] -qz dy 

which after some simple manipulation reduces to 

m = 2&k! - 4GM tan" ---=== 

provided that 1Zt.l <<X and !jl << Y. Finally, if we put R = m, 
XY 

t 4x2 + Y' 

we have 

4GM = (tan-1 I 



c 

The i n t e r g r a l  I i n   t h e  #above equa t ion   f o r   t he  H a t  Creek data was 

determined i n  two d i f f e r e n t  ways: numer ica l l y ,   us ing  a Simpson's  Rule 

e v a l u a t i o n   o f   t h e   d a t a   p o i n t s ,  and by  us ing a p lan imeter  on the  con- 

tou red  map.  The two resu l ts   were   compat ib le   w i th in   the  methods  used. 

The t o t a l  mass o f   t h e   c o a l   w i t h i n   t h e  map regions i s  i n  excess o f  

9 x lo1' kilograms  and  could  approach  1.5 - 1.8 x  10  kg. T h i s   f i g u r e  

i s  based  on the  fo l lowing  assumpt ions:  

13 

1.  correct   Regional  - Residual   separat ion 

2. coa l   dens i ty  = 1.2 - 1.5  gmslcc. 

surrounding  rock = 2.2 gms/cc. 

3 .  homogenous coal  sequence 

Conclusions 
Various  geophysical  systems  were  used  over  the H a t  Creek Va l l ey  a s  

an a i d   i n   d e t e r m i n i n g   t h e  sh'3pe and  extend  the  coal   f ie ld .  O f  t h e   t e s t  

methods ( I . P . ,  E.M. methods,  magnetics, and g r a v i t y )   t h e   g r a v i t y  method - 
_ _ _ _ ~ ~  read i l y   de tec ted   t he  ~~~ low -~ ~ d e n s i t y  .~ . ~. . coal  and i n d i c a t e d  two ext remely  large,  

mapping  and  useful i n   d e l i m i t i n g   T e r t i a r y   v o l c a n i c s  and burned  zones. 
Elecromagnetics . detected ~~ som? ~~ f a u l t  zones, w h i l e ' a n  "" ~ "" indu&i  polarization^ ~ ~ . . ~  . 

survey gave  poor resul ts .   Dmnhole  logging  techniques  proved  usefu l  i n  c:orrel  

a t i n g   g e o l o g i c   u n i t s   i n   t h e   : e n t e r  o f   coal   body,   but   fau l t ing and d isrupt . ions 

~ .~ ~ ~. ___ "" ~"_.  , 

c_".- th ick   coal   depo,s i ts .  The . . ~ ~ .  magnetic  method was . ~ ". used ~ f o r   reg iona l  .~ -~ ~.~ ~ geologic ~ .~ 

c- - -~ ~ " _ ~  ~- 

~~ 

on   t he   wes t   s ide   o f   t he   coa l   depos i t s  made h o l e   t o   h o l e   c o r r e l a t i o n   d i f f i c u l t .  

Dens i ty   logs  have  been  used w i t h  some success to   est imate %he ash  content. 

o f  the   coa l .  

A n a l y s i s   o f   t h e   g r a v i t y   d a t a   i n d i c a t e s  a fau l ted  coal   deposi t   extenc l ing 
about  19 km w i th   poss ib le   coa l   rese rves   o f  1.5 - 1.8 x 10'"  kg. 


