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61 E PRELIMINAFY REPORT 

GEOPHYSICAL STURVEX OF THE COLLIE COAL BASIN. 

ABSTRACT I 

Col l ie  i s  the only developed c o a l f i e l d  i n  Western lz  

 us t r a l i a .  In  1946 production amounted to' 642,286 tons which '" 
represented 80 per cent .  of the coal  consumed i n  Western Aus- 
t r a l i a .  The Col l ie  coa l  a rea  i s  l a r g e l y  a concealed f i e l d ,  . 
the  coal  measures and the  surrounding g r a n i t e  being almost 
wholly covered by l a t e r i t e  and Ple is tocene  and Recent a l l u v i a l  

' 

and lake depos i t s ,  ~ l s o  only a l imi ted  amount of d r i l l i n g  
has  been done. Because of those f a c t o r s  the ex ten t  o f t h e  

could no t  be determined by normal geologica l  methods 
concerning the thickness  of the coal  

and of the d i s t r i b u t i o n  of coa l  seams wi th in  the 
easures.  Moreover, inadequate information was a v a i l a b l e  t o  

enable a d r i l l i n g  campaign t o  be planned t o  the b e s t  advantage. 
Yowever, t h e  coa l  measures a r e  lower i n  dens i ty  than  the gran- 
i t i c  rocks forming the  r i m  rock and probably the bed rock of 
the bas in ,  w i t h  the r e s u l t  ,that the  coa l  bas in  i s  an a rea  of 
r e l a t i v e l y  low g r a v i t y  values,  ,- By means of a comprehensive 
gravimeter survey (see  P la te  1) i t  was possible  t o  determine 
the  boundary of the bas in ,  i t s  genera l  conf igura t ion  and the 
depth ( th ickness)  of the sediments overlying the  basement* 
By determining these  f a c t o r s  it has  been possible  t o  def ine  
those a reas  where the re  i s  s u f f i c i e n t  thickness  of sediments 
t o  enable d r i l l i n g  t o  be c a r r i e d  out with a reasonable 
expecta t ion  of proving a d d i t i o n a l  reserves  of coal ,  On the  
b a s i s  of the geophysical r e s u l t s  i t  i s  recommended t h a t  ho les  
be d r i l l e d  down t o  the basement a t  c e r t a i n  se lec ted  s i t e s  where 
such holes tvould be of most value i n  providing c o n t r o l  da ta  f o r  
a f u l l e r  i n t e r p r e t a t i o n  of the g r a v i t y  r e s u l t s  and i n  giving 
a general  i n d i c a t i o n  of the  a d d i t i o n a l  coa l  resources of the 
Col l ie  c o a l f i e l d ,  

The township of Col l ie  i s  s i t u a t e d  i n  the south- 
west por t ion  of Western Aus t ra l i a  and i s  124 mi les  by r a i l  
from Per th  and 4 1  miles  from the n e a r e s t  seaport ,  Bunbury. 

Coal was f i r s t  discovered a t  Col l ie  i n  1883 and 
de.velopment of the  c o a l f i e l d  has  been i n  progress s ince 1900, 
Col l ie  i s  the only developed c o a l f i e l d  i n  Western Aus t ra l i a  
and a t  the  present  time coa l  i s  being produced from s i x  

'' c o l l f  e r i e s  and two open-cuts. I n  1946 production amounted 
t o  642,286 tons,  which represented 80 per cent.  of the t o t a l  
coal  consumed i n  Western Aust ra l ia ,  including c o a l  requi red  
f o r  bunkering ships .  

Between June 1946 and Apri l  1947 a comprehensive 
geologica l  and geophysical survey of the Col l ie  c o a l f i e l d  was 
c a r r i e d  out under j o i n t  Commonwealth and S t a t e  auspices.  The 
Geological Survey of Western Aus t ra l i a  was responsible  f o r  the 
geologica l  work and the  Geophysical Sec t ion  of the Commonwealth 
Bureau of Mineral Resources, Geology and Geophysics f o r  the 
geophysical  work, ~ l t h o u g h  semeral r epor t s  on the c o a l f i e l d  
have previously been prepared, no complete survey s i m i l a r  t o  
t h a t  r ecen t ly  c a r r i e d  out has  previously been made, )( Also, the 
only prospecting ce-rried out on the c o a l f i e l d  has  been mainly 



confined t o  a reas  adjacent  t o  t h e  e x i s t i n g  c o l l i e r i e s  and a l l  
t h e  d r i l l i n g  done t o  date has been shallow. As a r e s u l t  
the re  has  been a lack of information concerning the extent  

. of t h e  c o a l f i e l d ,  p a r t i c u l a r l y  towards the south-east .  

The Col l ie  Coal Basin i s  s i t u a t e d  i n  a depression 
a t  an average e l e v a t i o n  of about 700 f e e t  above sea leve-1. 
3ue t o  r ecen t  e ros ion  the main sur face  f e a t u r e s  a re  l a t e r i t e  . 
h i l l s  and r idges  separated by sandy f l a t s  w i t h  numerous 
swamps and creeks.  Most of the a rea  i s  heav i ly  timbered. 
The annual r a i n f a l l  i s  40  inches and the area  i s  drained by 
the  Col l ie  River,  the South and Eas t  branches of which t r a v e r s e  
the  Coal Basin, 

f t  i s  des i red  t o  acknowledge the a s s i s t ance  given 
by the  Government Geologist of Western Aus t ra l i a  and t o  express  
apprec ia t ion  of the  ready co-operation, which was extended 
t o  the  w r i t e r ,  by o f f i ce r s  of the Western Aus t ra l i an  Geological 
Survey, throughout the course of the survey. 

The w r i t e r  i s  a l s o  indebted t o  o ther  o f f i c e r s  
of the Bureau f o r  h e l p  given both i n  the f i e l d  and aurihg-the 
prepara t ion  of t h i s  report.,  and to  M r .  J, Hogg of the Western 
Mining Corporation f o r  h is  work a s  surveyor during the g r e a t e r  
pa r t  of the survey. 

11, GEOLOGY. 
\ 

v 
The geology of the  Co l l i e  Coal B a s h h a s  been 

described by Wilson i n  the  tlReport of the S t a t e  Mining Engin- 
e e r  1944", The Col l ie  c o a l  measures a re  of Permian age and 
have been l a i d  down i n  a b a s i n  i n  Pre-Sambrian rocks which 
c o n s i s t  c h i e f l y  of g ran i t e ,  L a t e r i t e ,  a l l u v i a l  and lake 
depos i t s  of Pleis tocene and Recent age o v e r l i e  the  coal  
measures and adjacent  Pre-Cambrian t o  such an ex ten t  t h a t ,  
from surface ind ica t ions  alone,  only a very incomplete defin- 
i t i o n  of the  g r a n i t e  r i m  of the bas in ,  and hence of the f u l l  
ex tent  of the coa l  measures, i s  poss ib le ,  

111. GRAVITY METHOD & APPLICABILITY TO PROBLEM, 

I n  the geophysical survey of the Co l l i e  Coal 
Basin the g r a v i t y  method was employed. In  general  terms, a 
g r a v i t y  survey c o n s i s t s  of measuring the fo rce  of g r a v i t y  a t  
poin ts  d i s t r i b u t e d  over an area.  c he g r a v i t a t i o n a l  a t t r a c t i o n  
of the m a t e r i a l  underlying the e a r t h f s  sur face  i s  dependent on 
i t s  dens i ty ,  w i t h  the' r e s u l t  t h a t  v a r i a t i o n s  i n  dens i ty  i n  a 

i. geological  s e c t i o n  w i l l  produce corresponding v a r i a t i o n s  i n  
the  g r a v i t a t i o n a l  f o r c e  observed over  t h a t  sec t ion ,  Conseq- 
uent ly ,  the  v a r i a t i o n s  i n  g rav i ty  over an a rea  may be i n t e r -  * pre ted  i n  terms of the d i s t r i b u t i o n  of sdh-surface \ masses, 

The v a r i a t i o n s  i n  g rav i ty  usua l ly  encounte'red i n  t h i s  
type of survey a r e  extremely small and the instrument used 
must be s e n s i t i v e  enough t o  measure such small  v a r i a t i o n s  of 
the o rde r  of l e s s  than one m i l l i g a l ,  t h a t  i s ,  l e s s  than one 
p a r t  i n  a m i l l i o n  of the t o t a l  g r a v i t a t i o n a l  force ,  The in-  
strument used i n  the Co l l i e  survey was a Humble-Truman Gravity 
Meter, which, under the  most c a r e f u l  condi t ions of operation; 
enabled g r a v i t y  values t o  be determined with an accuracy of 
# 0 4 2  m i l l i g a l s ,  Owing t o  i n s t a b i l i t y  and d r i f t  of t h e  zero  - 



k.' 
b 

which. a r e  inherent  f e a t u r e s  of' the instrument,  i t  was necess- 
a r y  t o  c a r r y  out the readings a t  each g r a v i t y  s t a t i o n  a t  l e a s t  
twice t o  ensure r e l i a b l e  r e s u l t s .  The HunblefTruman Gravity 
Meter has now been superseded by g r e a t l y  improved meters which 
have h igher  s e n s i t i v i t y  and absence of d r i f t  and a r e  a l s o  
l i g h t e r ,  more por table  and e a s i e r  t o  operate.  Meters of the 
new type a r e  now being used by the Bureau but a t  the  time of 
commencing the Col l ie  survey the Humble-Truman instrument was 
the  only one avai lab le .  

The a p p l i c a b i l i t y  of the g r a v i t y  method ' t o  the 
problem of mapping the  Col l ie  Coal Basin depends on the f a c t  
t h a t  the c o a l  measures a re  l i g h t e r  than the g r a n i t i c  rocks 
fozmifig the  bed and r i m  rock of the bas in*  The dens i ty  . 
d i f fe rence  a s  known from labora tory  t e s t s  i s  approximately 0.5 r 

AS a r e s u l t  of t h i s  dens i ty  d i f ference  the coa l  bas in  i s  an  
a rea  of low g r a v i t y  values o r  of negat ive g r a v i t y  anomaly, 
The g r a v i t y  v a r i a t i o n s  associa ted  with t h e  c o a l  bas in  were 
inves t iga ted  f o r  the purpose ,of ,  (1) de l imi t ing  the  boundary 
of the coa l  measures s ince  th is  i s  almost e n t i r e l y  obscured, 
and (2)  dekermining the  v a r i a t i o n s  i n  thickness  of the sed- 
iments overlying the g r a n i t e ,  the g r a v i t y  e f f e c t  of the sed- 
iments being propor t ional  t o  t h e i r  thickness ,  This i s  equiva- 
l e n t  t o  determining the topography of. the  basement. 

Although the g r a v i t y  method has  been used e l s e -  
where (e,g, Leigh Creek, S.A. and B l a i r  ~ t h o l ,  Q.) f o r  loca-  
t i n g  coal  seams as  such, i t  was found t h a t  the method could not  
be successfu l ly  used f o r  th is 'purpose  i n  t h e  Col l ie  a rea  w i t h  
the  instrument then available, ,  The aim the re fo re ,  has  been 
t o  make a  general  coverage of the whole f i e l d ,  r a t h e r  . than a  
d e t a i l e d  treatment of any one sec t ion ,  

The r e l a t i v e  g rav i ty  values weqe determined a t  
767 s t a t i o n s  d i s t r i b u t e d  over an area  of more than 100 square 
miles. Owing t o  the necess i ty  f o r  t r anspor t ing  the  g rav i ty  
equipment by motor t ruck  the t raverse  l i n e s  were loca ted  along 
roads wherever possible .  Over a  l a rge  p a r t  of the b a s i n  
where the re  a r e  no roads, the s e l e c t i o n  of t r ave r se  l i n e s  was 
considerably r e s t r i c t e d  by the inaccess ib le  na ture  of the  
country due t o  swamps, creeks,  dense timber and l a t e r i t e  
r idges.  These remarks apply p a r t i c u l a ~ l y  t o  the southern 
p a r t s  of the cnoal bas in  but  i t  was found poss ib le  t o  make 
readings on severa l  t r a v e r s e s  wel l  beyond the  previously 
accepted southern boundary, 

In a d d i t i o n  t o  the g rav i ty  meter observations,  
i t  was necessary t o  make theodol i te  surveys of the t r ave r ses  
so t h a t  the pos i t ions  of the s t a t i o n s  could be p l o t t e d  accura te ly ,  
and t o  c a r r y  out l e v e l l i n g  t o  determine t h e  s t a t i o n  e leva t ions  . 
within  - f 1 foot .  

IV. RESULTS AND INTERPRETATION. 

e ( a )  General, 

For each s t a t i o n  the reading of the  g r a v i t y  meter has  
correc ted  f o r  barometric pressure a t  t h e  time of 

f o r  the c h a r a c t e r i s t i c  d r i f t  of the i n s t r u -  
g ives  the rtobservedw grav i ty  value,  which i s  

correc ted  f o r  the l a t i t u d e  and e l e v a t i o n  of the 
ob ta in  f i n a l l y  the "reduced" g rav i ty  value, 
g r a v i t y  values have been p lo t t ed  and c o n t ~ u r s  
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represent ing  l i n e s  of equal reduced g r a v i t y  have been 
drawn. These a re  shown on the accompanying plan ( P l a t e  
1 )  . On .the p lan  the contour i n t e r v a l  i s  1 m i l l i g a l ,  
This plan w i l l  be r e f e r r e d  t o  i n  the following discussibn.  
~ l t h o u g h  the f u l l  a n a l y s i s  of the r e s u l t s  -is noz y e t  
complete, i t  i s  possible  t o  deduce, from the g r a v i t y  da ta  
shown on the  plan,  the e x t e n t  of the  coa l  bas in  and the 
main f e a t u r e s  of the topography of the basement, 

Brief mention should be made of a reg ional  anomaly 
which was found t o  be superimposed on the l o c a l  anomaly 
due to  the coa l  basin.  The regional  g rav i ty  gradient  
i s  mainly d i r e c t e d  from north-west t o  south-east  and 
produces a change of about 20 m i l l i g a l s  over the f u l l  
ex ten t  of the coa l  basin,  bu t  i t  i s  not  uniform enough 
t o  allow exact  co r rec t ions  t o  be appl ied t o  e l iminate  
i t .  With due cons idera t ion  of the regional  e f f e c t ,  the 
i n t e r p r e t a t i o n  of the  g rav i ty  contour p lan  i s  based on 
the following two points:- 

(1) The g r a v i t y  nlowsfl, which a re  c l e a r l y  shown by 
the closed contours, ind ica te  the deep p a r t s  
of the basin.  

I 

(2) The boundary of the  c o a l  measures i s  indica ted  
by a s t e e p  r i s e  of the g rav i ty  values where 
the t r ave r ses  pas3 from the  sediments t o  t h e  
grani te .  

( b )  Boundary of the'  Coal Measures. / 
The second cons idera t ion  j u s t  r e f e r r e d  t o  has  been 

used i n  drawing the boundary which i s  shown on the plan, 
I n  a few places  where the  g r a v i t y  d a t a  ,are  not  conclusive 
it  has  been possible  t o  complete the boundary by reason of 
the occurrence of small  g r a n i t e  outcrops, which have been 
accura te ly  loca ted  by reference t o  the surveyed g r a v i t y  
t r ave r ses ,  Where shown by a do t t ed  l i n e  the boundary i s  
only approximate. I n  the a rea  to  the  south-south-east 
of Muja s id ing ,  the absence of any s t e e p  g rav i ty  gradient ,  
together  with the  u n c e r t a i n i t y  a s  t o  the  regional  e f f e c t ,  
makes i t  impossible t o  f i x  the boundary  fro^ the g rav i ty  
values as  p rec i se ly  a s  i n  o the r  places  and furthermore,  
sur face  ind ica t ions  a re  not conclusive.  

By reference t o  e a r l i e r  reports  such a s  "Report of 
the Royal Commission on the  Col l ie  Coal f ie ld ,  1940n, and 
!'Report of the S t a t e  b'lining Engineer, 1944", i t  w i l l  be 
seen t h a t  the previously accepted boundary . i s  e s s e n t i a l l y  
c o r r e c t  on the south-western and northern s i d e s  of the 
basin,  but t o  the north-east  of Shot t s  townsite i t  should 
be moved outwards, i.e, t o  the north-east . ,  by about 
mile;  i n  the  southern and south-eastern p a r t s  i t  requ i res  
complete revis ion ,  From the south-eastern end of the f i e l d  
a l a r g e  tongue of g r a n i t e ,  indica ted  by a g r a v i t y  "highv 
and confirmed by a few small  outcrops, extends almost t o  
the  cen t re  of the basin,  The exis tence  of the g r a n i t e  . 

i n l i e r  shown on maps accompanying previous r e p o r t s  
immediately south of Sho t t s  i s  confirmed but  i t  appears, 
from the geophysical r e s u l t s ,  t.o extend f u r t h e r  t o  the  
south-east  and a l s o  t o  the north-west and c l o s e r  t o  the 
Stockton Col l ie ry ,  than was previously recognised. 
There i s  no evidence of the small  g r a n i t e  i n l i e r  shown 
on e a r l i e r  plans a t  the southern boundary of the Mining 
Leases 139 and 140 and t h i s  i s  probably an i n c o r r e c t  
p l o t t i n g  of an outcrop of Pre-cambrian bas ic  rock which 
occurs approximately 1& ryiles east-north-east  on Mining 
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( c )  Conf'iguration of the  Basin. 

 he main f e a t u r e s  of the b a s i n  a re  shown by the 
g r a v i t y  contour plan, s ince  the pa t t e rn  of the  base- 
ment contours w i l l  be very s i m i l a r  t o  t h a t  of the 
g r a v i t y  contours,  Estimates of the thickness  of the 
sediments have been made, using a provis ional  dens i ty  
d i f f e rence  of. 0.5 between the sediments and g r a n i t e ,  
which i s  assumed t o  form the basement. The f i g u r e s  
quoted below must be regarded a s  t e n t a t i v e .  It w i l l  
be possible  t o  c a l c u l a t e  more precise  f i g u r e s  fo rb  the . 
thickness  of the sediments i n  d i f f e r e n t  , p a r t s  of the 
f i e l d  when a few t e s t  holes  have been d r i l l e d  and more 
exact  determinations of the s p e c i f i c  g r a v i t i e s  of the  
rocks have been made, The whole bas in  i s  divided 
i n t o  two p a r t s  by a more o r  l e s s  continuous r idge  i n  
the  basement extending from the south-eastern end 
through the g r a n i t e  "high" near  Shot t s  t o  the souther ly  
d i rec ted  p ro jec t ion  of g r a n i t e  i n  t h e  v i c i n i t y  of 
Ewington, On the  west of t h i s  r idge  the re  i s  a l a r g e  
trough with i t s  cent re  approximately one mile .east  of 
the  Cardiff  Coll iery,  This i s  the deepest p a r t  of the 
bas in  and the sedimentary rocks a re  probably about 4,000 
f e e t  thick,  To the nor th  of t h i s  and south-west of 
the Col l ie  townsite the re  i s  a shallower depression 
where the thickness  of the sediments .is about 2,600 
f e e t ,  On the e a s t e r n  s ide  of the r idge the re  appear 
t o  be two smaller bas ins  one north-east  of Sho t t s  and 
the o t h e r  south-west of Mhja, each with an est imated 
thickness' of sediments of about 3,000 f e e t *  

V . DRILLING RECONE3NDATIONS. 

Bnlx a few d r i l l  ho les  i n  t h e  Col l ie  area have 
reached the  basement and these a re  a l l  s i t u a t e d  near  t h e  bound- 
a ry  of the  coa l  measures* Consequently there  i s  a l a c k  of 
da ta  ava i l ab le  f o r  making a d e t a i l e d  q u a n t i t a t i v e  i n t e r p r e -  
t a t i o n  of the g r a v i t y  r e s u l t s  and t h i s  i s  p a r t i c u l a r l y  import- 
a n t  i n  dea l ing  with the deeper p a r t s  of the b a s i n  where the  . 
dens i ty  c o n t r a s t  between the  basement and sediments, a s  
requi red  i n  the ca lcu la t ions ,  cannot be s a t i s f a c t o r i l y  deduced 
from ne ar-surf  ace dens i ty  measurements, To provide adequate 
c o n t r o l  da ta  f o r  the  geophysical work and, a t  the  same time, 
g r e a t l y  enhance i t s  value, it i s  considered t h a t  seven bore- 
holes  should be put dom t o  the basement i n  the  v i c i n i t y  of 
the po in t s  marked A - G .on the accompanying plan* The pos i t ions  
of the boreholes A, B, C,  and D have been s e l e c t e d  i n  the 
deepest  p a r t s  of the bas in  f o r  the reason mentioned above, 
while the bores a t  E, F and G a re  des i rab le  to  el iminate  the  
ambi&uity i n  i n t e r p r e t a t i o n  which a r i s e s  from the regional  
anomaly* The bore a t  G would serve t o  f i x  t h a t  s e c t i o n  of * the boundary now considered doubtful* I n  a d d i t i o n  t o  de,ter- 
mining the  depth and the complete geological  sequence down t o  
the basement, these boreholes would a l s o  give usefu l  inform- 
a t i o n  concerning the d i s t r i b u t i o n ,  qualiby and thickness  of 
the c o a l  seams. 

V I ,  CONCLUSION, 

It has been pointed out e a r l i e r  i n  the  r epor t  t h a t  
there  was previously considerable doubt a s  t o  the ex ten t  of the 
Col l ie  Coal Basin and t h a t  p a r t i c u l a r l y  i n  the south-eastern 
por t ion  the accepted boundary was mainly conjec tura l ,  By carry ing  out the  g rav i ty  survey i n  a s  comprehensive a manner 
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a s  t h e  condi t ions permitt6d.j . t  has  been possible  t o  e s t a b l i s h ,  
with considerable  success,  the f u l l  ex ten t  of the Coal Basin. 
Furthermore, the g r a v i t y  r e s u l t s  can be i n t e r p r e t e d  t o  show 
the general  s t r u c t u r e  of the Coal Basin and the depths of 
sediments overlying the basement. From the r e s u l t s  of the 
geophysical survey i t  i s  therefore  poss ib le  t o  def ine  those 
a reas ,  where t h e r e  i s  s u f f i c i e n t  thickness  of sediments to  
enable d r i l l i n g  t o  be c a r r i e d  out w i t h  a reasonable expecta t ion  
of proving add i t iona l  reserves  of coal.  

Melbourne, 
7th August, 1947. 






