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DEPARThKEhT OF S.WPLY & SHIPP.IKGe 

Mineral Re sources Survey B r a n a  

A description of the  ~ a r r & a n  bentonite deposit by 1 4 ~ .  
H. (3. 8. Cribb of the Queensland Geological Survey vias published i n  
the Queensland Government Mining Journal, August, 1 943, and inf or- 
mation contained i n  that report w i l l  not be repeated here. 

The t e s t ing  programme described herein i s  the r e s u l t  
of a recommendation made by the present author i n  a previous report 
(~ebruary 41 th, ,1944) . Funds were provided by t h e  Commonwealth 
Government, Department o f  SuppLy and Shipping, and twenty4ou.p bore- 
holes were put down duxing Octo'ber, .1944, t o  defiermine the  extelit and 
qual i ty  of the bentonite and the associated clays. During the earkg 
part of this boring campai~a the area vias surveyed i n  d e t a i l  by plan, 
t ab le  wi th  t h e  assistance of Mr, Te Connah of  the  Queensland 
Geological Survey. 

DETAILS OF BORING* 
-.--L-- 

Eleven boreholes (NOS. I ,  3 and.4, 9, to ,  i f t  3 14, 
15 and 16) were put down according t o  the  300-foot grid or ig ina l ly  
l a i d  out., baaed on the main shaft and the northviesterly boundary L.. 

t h e  leased, N o s o  5, 7, 8 and 72 were placed cen t ra l ly  i n  each of %I13 
four  ' s ~ ~ e s  ad Jacent t o  the  shaft, and the remaining holes were so 
located as t o  oomplete the t e s t i n g  of the main cent ra l  portion of tho 
deposit at approximately 450-foot in t e rva l s  ( ~ e f e r  t o  P la te  I) Bo. - 
2 hole was sunk frorn the bottom of the  shaf't t o  t e s t  tha underlying 
formations and NO. 22 was put dovm a t  the and of t h e  South drive t o  
improve t h e  vent i la t ion  i n  the worlzings, 

Boring was carr ied out with a 44 inch posthole diggero 
f i t t e d  with removable extension rods, Overall length o f  digger 
and handle was 3 fee t ,  and extension rods, of  3/4 inch galvanised 
piping, were 5 f e e t  and 9 f ee t  6 inches long. The boring apparatus 
was provided by the Queensland Mines Department and the work was dona 
by Messrs* S. R .  & J. M. Elver and Je King under the general super- 
vision of the author. 

For holes deeper than about 15 feet ,  . St was found 
desirable to erect  a tripcd, with a rope and pulley. T h i s  was made bf 
Chin bush sqplings and stood 17-18 f e e t  high. It waa Light enough 
t o  be eas i ly  dragged or  carried from hole t o  hole. The hole could 
be taken dovm t o  25 f e e t  o r  so comfortably without unooupling,bt'it a t  
4Zreate~ depths the upper part of the rod when extranted f r o m  the hole, 
es-peoiaZly if the horizontal handle were left on, was l i a b l e  t o  bend 
if caught by the wind o r  allowed t o  depart from the v e r t i c a l  pcrsitt.on 
as the rods were being vrithdra~m. I n  the deeper holes an i ron  
tfstrong arm" res t ing  on the ground a t  the  neck o f  the  hole v z a  mb.. 
t o  p ~ e v e n t  the  rods slipping back into  the hole while the posi t ion or 
the hauling rope was being changed. The cores were dumped on a bag 
and 8% each change of matepial se re  tipped into  small heaps pro- 
gressively i?mther from the s h a f t ,  Saniples o f  the bentonite and 
bentonit ic clays up t o  -i0 lb. i n  weight were taken a f t e r  thorough 
mixing on the bag, 

Improvementis that  could be suggested t o  the borlng 
apparatus are 8- 

(11) Rods of 4, 8 and 12 fee% lengkh so tha t  the boring oan be 
taken dovm i n  4"root stages which i s  Eibou-t t h e  ideajt Sneer- 



;pal for easy hand. operation, 

2 )  ~ r c d . ~ i o n  of at least one ooupLing in whioh one pipe 
f its  over t h e  other and is fastened by a pin or bol t  

' ,,-. ' through a hole in both, T h i s  would be f i t t e d  a t ,  2 
feet depfih (%wo 42-foot rods plua t h e  3400% digger 
and would obviate t ly  omp par at ive3.y slow unsorewtng 
by .means of S t  i laon irJrench?s every t i t ne  the digger is 
drawn from' the hole; Screwon connect ions are more 
eaDiefaotory f o r  t h e  rem~in&ng dunotions as they me 
more rigid and havii t o  be' ecrewed and uascrewed om8 
only eauhr' 

(3) A deeper 'oyLPnde~ above the b i t  so tha t  a greater 
de t h  o o U d  be dug eaoh t i m e  and t h e  rods would requLre e wi hdrawing less ;Creqwrst;&y, 

Boring was found to be reasonably easy, especially i n  
the bentonite and bentionitio ola;ysa In very dry places, the cu6tings 
sometAmas. f a i l e d   ti^ stiok in the digger as it was being pulled.'up. 
This was remedied by pouring a, l i t u a  wat,er down the hole, Ocoas- . 

%om1 ,'stones, struok irs. the upper 'Layers were dealt with by a jumper 
bl.% o f o M s e i  bype whioh could be attached to thqbpare rods. . Xo. , 

oaving from the  ,, sides . of the hol,es,was e~erienued. 

The three men u ~ l e t e d  the boring fa t b e e  4bhour 
weeks. Actual' time @pent on d r i l l i n g  was IF days, Twenty-four , , 

bleS were..puCdown, for a totaJ. footage of 38'3", or w averagd 
of 25'9" p e r  h ~ l e ?  Deepest hole was ,42!.6".,. a4.Average depth bored 
per .dgy wag 40. >feet, average- per  how? 5 ,  $a%-.. ,Zwh p ~ s t h o 2 a  diggele  
2~2.1' .represented an avera e ' gain in '.depbh -02:3,Z;o 4. inc&es,. T,he f same auger was used for a t he  bor;I~g and was 3tlJ.1 i.n ~oasonabl-y 
good oond.ition at the uomp&gtion of' the oampaign, except/.that i t  had 
been Found necessary owing t o  a wealmess in  its cons~ruc , t ion"~to  i!ev 
frSaroe the  side cut%ing.,bit by r'ivoting on s t p i p s  of -s%eel at eitlzer 
sf ae. ;.,, 7 i .  . ' , , , , 

, . The actual oo& of the borbg was approxiaate3.y S5.0, 
an average of just over S2.per . .  hole 02 14 per foop* 

, .  % 

. - . t  

Beptoni% of app;o~al;eiy -iihiilar' quaLity to that . 

mined anO mapketed by mver Bros., as fl.rs$.~@&e bentonite was.. 
found in bom~)zol.es~Bos'* 3 ,  41, 12, 17, 18 and:2.l. tl,'ThJie i6' overlain 
by varying tNcknesses of' bentonitic olay u~r~esponding to the mater- 
ial overlying tho. main bentonite seam 1% the undergmund workings, 
which is sold as wcond-gpade bentgnite, ,A lesaer thickness, 
generally 2 or 3 f e e t ,  o f  @miJ&r:clay underlies the bentonite 
in these holes. In boreholes N q s i  4 5,' 6, 7, 8, 9, 19* 20 and 
23, t h e  bentonite was of inferlor QW$ityi similar, or i n  sorne oases, 
e*g. NOS* ?9' and 20, sltghtby' better than  the seoond-grade mafeqidl. 
and in holes Nos. .tt .13 and .14, although white allay, in parts  
bentonit $0, was pasaed thr~ugh, the w i n  bentonite, horizon could not 
be identified w i t h  certainty. " Holes NOS* 40, 45, 6 and .19A were 
apparently outside the^':.lSrnits of the bentonitic slay. Detailed logs  
of t he  boreholes,  are ee t  'out in Appendix 5. 

'The general 'sequence of wterials aut by Lhe bores is 
similar t o  that of' t h e  main sh&C* The aWwe sail. i s  f ollovved' by 
up t o  ?O f est of reddish gravel apparently de~ ivad  mrn the Mu-om- 
position of pyroolastio ~oake.  his isunderlain by 2 to6 ' fee t  of 
gneylshor bluish clay-' which ss a rule U i e s  f g i r l y  white - and 
this in turn byiPsroying~tNcknesses, up t o  $4 feet, o f  white cLay 
which., le ususSly saewhat benkonitio, especially tawards t,b bottom. 

.. , - , , 
, c 

-ng-to comparethosefigureswithte' g i i  
-. 

8.. He. kraia and ;Ma. Mihelich in Engineering and. Mining J o W ,  
Sept'embe~~ ig&, ppr?S.80. 

, * , . >--- 



. ,  . 3. 
In plaoes a l i t t l e  ironstaining i a  present o r  a thin band 02 xcgd 
or pink clay .  The bentmite cut by the bo~ehcles  vap2es in thick- 
ness f r o m  3 '9" txp to 7(3It* (,In the undergrmcl workings tha benton- 
i te  exhibit9 a similar-range in thiokness, v i i fh  numerous peaks arid 
hoL~ows, and its. pLaoes cuts out aJtogs$her over a smalL aP6ar It 
i s ,  probable tha* BoreW1.e KO, 6 pasaed f hrough 0x18 'suuh area, where 
the main bentonite seam was ai'thep v e ~ y  narrow or Looally absen'c) . 
Underneath the  bentonite i s  2 t o  4 Peat of white clay, usuaLly 
bentonitfob i n  pzaces potvdery, and this i s  unaarlafn by variow 
shades o f  pink, white and red clays, .many of whioh ref aln the texture 
of a volcanic tuff OP fine gggl~mera%e.~. Several holeti passed 
through them olays e i t h e r  into a blujrah vteathered vo2paniu ~uuk  
(Nose 6 and 7) or in to  brovm friable clay (NOS. 1, 2, I , 13, 14, 9$9) 
the appearance of vihich suggests t h a t  it i s  a buried s o i l  o r  
weathered aurf ace wh.i ch had been developed before t h e  volcanrlg ash 
and agglomerates which now cmpri se t h e  bentonitio material had been 
Said down. 

On t h e  p&ans P l a t e  I, the gosi'bion of the boreholes i s  
shown, together w i t h  t h e  thioknegs of t h e  bentoni te ,  if present, and 
the total thickness of white olay, including the bentonite. Surface 
contows we t h e  result of the plane-table survey and are drawn at  
5 f e e t  in teryals* The approximate height above sea-level i s  obtafned 
by aneroid reading, referred t o  Yawaman Railway Station. Contoups 
are also d r a h  at  t h e  base o f  t he  bentonite,' These are neoeasarily 
generd ised  as  it i s  obviously impossible with bores 150 feet apart 
t o  indicate the  minor, va r ia t ions  such as  ocour every few f e e t  in t h e  
underground workingsr For t h e  same reason, it i s  not ,possible t o  
i l l u s t r a t e  thickness contours f o r  the deposit as logal var ia t ions  are 
o f  greater extent  than areal variationso The average in t h e  bore- 
holes corresponds c1oseJ.y t o  the  average thiolmese i n  t h e  workings. 

The bentoslite bed rises g~adually  towards t h e  southeast  
where it  appears t o  pinch out agalnst a rising botfom ( sec t ion  B-B', 
Plate 2),  which may be associated w i t h  the massive red agglomerate- 
outcropping near t h e  eas t  corner of Portion 166~. On t h e  western 
and eastern sides, the bentonite and bentonitic clays are cut off by 
the slope of t h e  ground and t o  the  north t he  bentonite seems t o  
play out, Several prospeot ing holes are reported t o  have been put downl:, 
in t h e  adJacent Forest Reserve, but they struck only pink oZaya simlllar 
to  those in Boreho&e Hoe 90, 

. . . .  
From i t s  texture and general appeararme, the bentdnite 

appears t o  have bean derived from t h e  a l terat ion i n  s i t u  of a bed 
O f  voleanic agglomerate of limited extent. The original rook frag- 
ments are sparsely distributed through Chc mass and are decam@osed . .. 
t o  a white clay, which i s  not noticeably bentonitice These eagments 
are  subangular and usually less t h a n  one inch i n  diameDer, though 
t h y  may i n  places be as much as 2 o~ 3 incthes.. The in t e r s t i t i a l  
matter, oraginally f ine volcanSc ash, h@ been altered t o  bentonite, . *  

white, uream or  pale g~een in colour, "with okaracteris$ic waxy: 
appearance, The powdered bentonite when immersed i n  aZove ofi aad 
examined under the microscope appears to possess the optiodl proper t ies  

, of mo,ntmorillonite, but no def gf3ed investigation has yet been mader 
The white olay which ovrerlies and underlies t h e  bentonite has - apparently been derived f r ~ m  a f ine-grained' volcanio ash, and many 
of the lower clays cut. in, , the dee er bores, ryostly pink i n  crolourt 
at  ill retain defini te  tuff aceous i extiwe. 

During the exmination of res idues  obtained af te r  washing 
the benfoni t e  through a 200 mesh sieve, Miss Crsspin, Commnonwealth 
Palaeontologist, found that several species of mioro-toss i ls  were 
present.. Fol lwing  i s  h e r  report :- 



When carrying out laboratory tests on bentontto from Yarra- 
man, D r .  Fisher submitted t h e  residue after washing ~ O P  
rnicrosaopic examinationo with a view t30 ginding micro- 

" fossils, The result  of t h $ s  examination was the discovery 
of a small. assemblage of marine,, shal low ,water Sbms, ,:oonc 
stating of focaminif era; sponge . s iou2e8, m, Joint st .  ,and 
bryozoa. Many OF t he  tests of t R 6 foramSnirera ark bkolzen, 
but the  preservatiion. i s  otherwf ss good. ,; The .diametey df 

' t h e  t e s t s  varies  from 0.215 to50.38 llltnr :. The fragments ot 
bryozoa are not well preserved, but are reoogniaable* 

The residue .consi a t  s chief ly  of fine, angular qurirtz': 
grains, w i t h  a l i t t l e  micao e to .  The following 4'osdils vtem 
reoognisedt- 

~ u i n a u e l o c ~ l n a  1 a w k & g g  
Bolivina robust4 Bra 
k.aena marainatq (w.% Be) 
cf. Globigerin8 
Cibicides unae (d' O P ~  
Sip  honina a u s t ~ c w h .  
Eponide . - s haid inned  ( a' orb r 
moniae s spp . 
Discorbis  austral3,q Parr, 
-.I 

Nonion umbilio t d  (bbntagu) 
.llcI -- *st rononion e' ?iew, Cush"a 

a1 ~ e o o r d e d  species o f  fopaninWcir~. are found living. in  
aeas a t  t h e  present time, while the majority of them rang9 
qpwarda from Mi.dd.le Miocene t~ Recent, The bryozoeil asrsem~ 
blage, together w$th the  9 ja$nts are typicag Q$ 
depoelta of Middle Mioqgnlf t o   owe^ Plioqeqe a@ fR  ,&Wb6W.+, ', 
buG as. with  the foraminif era they are found in"'&?egenb ahow 
eanbs, 

It i e  euggested t ha t  the sge of the  deposlts in w N ~ h  6heee 
' 

&cro-fossils haw ,been f ownd, i s ,  PLAwane. tt 

% - From t h e  above, It appears $ha$ ,the ~ r i g l n d  g&&~nrerat'e 8 and areh were &aid dovin under marine, or  at  lewf 8alirys eon i t ions  In+ 
shallow water. If it was bgosSted during a temporary f~ansgressibn 
of the sea, it means tha t  t he area has been subJeot t 9 ,  up2Wt of ' a t  
leas*, 2,000 f e e t  sinae possibly some time in the Pliooene. I f  .on 
the other hand, Bhe area was a lake a t  some eLevation above aea-XeV& 
aonta;tn&ng water suff io iently  saline for., marine. rnl~rorfossiL~ CQ 
existr it. is exceedingly difficuLL t o  expZain how these forms game 
t o  be introdwed into the lake. 



C 

Forty-two samples were taken from the boring6 and fom 
for cacnp~ison f r o m  t h e  mder@owld workings+ These samples vrere 
a11 subJeoted t o  t h e  standard Sadlep's t e s t  wuoh i s  as follows:- 

The material t o  be tested i s  roug'hLy powdered and &?igd 
over a wabrbath f o r  Cwo hours, Zt is then powdered and 
passed though. a 200 mesh ( R ~ i t l s h  Eltanbard) sieve* 4 
@IS, of the ~ t e ~ i E i l  S S  t&en Etnd mixed wifh 0.2 me 
magne8Sun carbonate,, then being placed in a .tOO oo* 
etoppered graduated cylinder. The eylinaep i s  hal f  
2531ed with water and tho~ough2.y shaken, f hen f i l l e d  up 
t o  $he 100 o(3.r mark w i t h  water* The rnixtiure is , 

a i ta ted mechanically for an hour and then let stand Fop 2& houra. 

If tb subs%ance in a pure bentonite at  t h e  end o f  that 
t im there  w i l l  be no c lew supernet ant 1iquS.d. and the jar 
w i l l  he f i l l e d  with a geS which w i l l ,  i f  fhe bentonite I s  
emept2onalL.y pwe,  al&ow the t o  be inverted withgut 
losing its form* 

If there is 10 oo. of eupernafmt ltqutd* the substame 
$ 8  oalaed a 90% bentonite and so gn in that manner* Any- 
thing giving more t b n  50% i s  oalled a bentonite, while 
anything between 20 and !jO$ $s ea11e& benloriit io .  Moslb 
olays formed by weathering give 8 vaZue less  t h a n  10%~ 

The peroentage thus obtaLned i s  ref'erred to  Sn t h i s  re- 
port as the bentonitio index4 In the aamp3ea t e s t  ed, t h i s  f i g w e  
ranged from .I6 t~ 62% and the results are swrmarized 23n the following 
tablet- 
-,-,-J&ADLERV9 TESTS, YqPRAM 

- - - - -  - - - 
Poorer bentonf tea. 5 5r 7, 9, $9, 20. 20-36s 29.3% 

- -  - - - - - - - - - - - - - - - - - - -  
Underlyf rig bant;oni%$o 5 31 2 s  3s. f f ~ '  29 - 27iOg - 

olt3.y~. Unee 40.5% 

. .  - -  
The c3asaif iuat ion irs t be fir& oolwnn i s  bawd oa 

vf s u a  exarabat ion and oomparison with the f *st-grade bentioni%e and 
the aocrompanying benBonitic olays whiah are exposed in the mane 
woxlkingsr. The thira oategory - overlying bentonitio clays .. inoludce 
the bentonitio clays overlying the bentonite, grid irr MLes where t h e  
ben*onite i s  absent, swh as Nos, i) 4, 6& 8, 23, dll t h e  bentonieio 
olays down t o  the probable horison of the base of the bentoni%e 
(see Sections, P h t e  2 ) .  The riff h category oomprisee those alays 



which are  not iceab3y; :powdery i n  appearance.. AS11 of these underlie 
the bentonite (exoept in Nor 43 hole where no bentonite is present) 
and most of them are below, the underlying bentonit* clay, usually 
separated from it by several feet  of pirib day, 

It was found that  t h s  first-grade ben3onite gave a 
higher bentonitic index after  wetting and, aying ,  A'nd, with the best 
material from the workings, t h i s  figure oovld be Imreased by re- 
peated wetting and drying to  a m a x i m u m  of 96%, On the o the r  hand, 
the bsntonttio index of' t h e  poorer bentonttes and of  t h e  bentonitic . 0 1 ~ 6  either gas not afTected by this procesll: o r  e lse  was lowered 
several points. 

J I O X S T W  COEJJEET*, 

~ e i i t o n i t e  from the mine workings was found on sulb. 
drying to Lose 25 "c 3O"i;;f i t s  weight. T h i s  figure was obtained . 
after dry conditions had prevailed for some time, and might be higher 
after a wef seas'on. The overlying clay aontained slightly leas  
moisture than the  bentonite, 

8 -dried bentonite after kours im a dryingdven a t  
: 10oO~,. l o s t  3 . 3  P additional motstwe. 3omposite samples of overlying 

and underlying clays lost, respectively, 2.0% and 2.5%. . 

Ji?&REk 
. . 

Both 8he bentonite and the  bentonftia oLays Leave, 
on washing, a small residue which oonsSsts a lmost  ' ent i rely of anguZar 
quartz grains* .0amples in which iron-staining i s  present aJ.w 
usua3ly oontain hard grains of Limonitic material. A repre sentat  ive 
sample from t h e  mine workings of 100 gram was washed through a 200 
meeh sieve, without grinding, and gave a residue.of 0.25%. Other 
8arnpJ.e~ of bentonite gave residues of up to 0*5%, Samples of the 
upper and lower bentonitic clays from the mine workings l e f t  residues 
of 3.2% and 3e5% respeotively, which in both oases oonsisted alrnos* 

1 entirely of! fine-grabnad quartz, 

QRmN AED DRY COMPRESSXVE STflBiXVH& 
+ -  . . .  

A sample of t be ~aGr&an bentonif e was previously 
tested by the  Standard C . h m i c a l  Company of Melbourne and gave the 
following resultsl- 

' Green Bond strength of synf hetic sand, containing 4% 
'Yarraman bentonite, .7.3 l b s .  per sqme inoh, 

Dry compressaive st~ength, a f t e r  drying at ~ ~ O ~ C I  for 
3 hours, 60 l b s .  per square inch. 

Following i s  a compaci.son of t he  propepties OP the ~ a r ~ a -  
man bentonlfe, imported bentonite ( ~ o l c l a y )  from Wyoming, bentonite 
f r o m  Marchagee, Western Australia anit bentonf t i c  cslay from TTida, 
western New South IVales. 

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

- .  
. ' -  . l io -  ' Yarraman - 723 '240 . 

YPyming 4q8 A 79 W 
Narohagee 5.0 38 29.0 
Trida 2; 4 9 rn 

. ,  ~ 
- .  



Further samples have been submitfea fo the Foundry sands' 
Invest lgat  ion officer, a o u ~ l  i~ f o r  ~ o i e n t  i f ic  and Indust rial Re segn4h. 
Melbourne, f o r  dat erminat ions of green and dry oompressive streng'hi 
and permeability and f o r ,  p ~ a c t  SccaJ. foundry tef i tsr  

The area of the f iratu&ade bentonite aaeording Cc *he"" 
interpretation of the  d r i l l i n  resul ts  shown on Plate I is 256,000 
s(N.are f e e t  (nearly s ix  acres f , and the  average thiclcness from th2  
boreholes over this mea i s  3 feet 6 inches, whiah.oorresponds 
cloaeZy with  the average i n  the  underground workings, M.1 tonnage 
f i p e s  are given as su-dried bentonite, fo r  which a fac tor  of  32 
cubb feet  per ton bas been adopted, Thss was obtained by am- 
drying and weighing the  cutltings from a. 3 foot  horizontal borehole of 
exaotly 5 inches diameter whiah was driven i n  t h e  bentonite in, t h o  
undsrground workings. Using t h i s  fac t  or,  t h e  quantity o f  bent onit e 
whioh may be considered proved i s  28,000 tons. Eot a l l  of this can 
be eI(u'.acted by t h e  present method of mining. If the poorer' qual i ty ,  
marginal bentonite is  included, this rime i s  inoreased by 9,000 
tons. The-total  average Lhicknese (from the  boreholes) of 'f ha white, 
or newly whiee, c lays  which accompany the bentonite i s  8 feet; over 
the whole area, representing a tonnage of 230,000 of which at l eas t  
1,8O,OOQ tons is  bentonitic, 

The clays w e  thickest im Che aentral. wea wkioh aon- 
t ains the  bentonite, and t h e  tonnage of clay associated with the 
Ugh-g~ade bentonite i s  approximately 108,000 .tons, this being in- 
orearsea t o  422#000 tons if the  area of poorer quality bentonite 9s 
inoluded. 

The same f aotor, 32 c u b i  f e e t  t~ the tonp been used 
in all, f hese calculations.. No separate determination was made f o r  
the bentonitio clays.. 

The. boring oampaign has shown t ha t ,  a l though  the high- 
grade bentmite a t  Upper Yarraman i s  not quite as extensive as might 
have been expected from the topography, t h i s  deposlt alone aontains 
sWf ioient tonnage t o  sat  isf'y Aus%ralian requirements for bentoni-Le 
for  foundry sands a t  l e a s t  f o r  many yeara. 

Produotion in 1943 waa $34 tone of first-grade and 53 
tons of second-grade. The present rate of approximately 10 tons of 
f;tr&-grada bentonite per month i s  not sufficient t o  f u l f i l  orderso 
The adoption of a more e f f i c i e n t  and more economical mining method 
w o a d  partly overcome C N  s Befioiency. Laboratom and prac t ica l  
t e s t s  now being made w i l l  help t o  determine t h e  t o t a l  quantity of 

... bentonite that w311 be required from Yarraman for use in foundry 
sands and may indioate other usea for' b-0th the bentonite and t h e  
ben,tonit 10 clays. 

~ ~ ~ ! ~ - ~ w - .  , - 
lie Ha 'FISHER, 



TdOGi3 ---- OP BORE HOLES * Y p B M A N  B-• 
( ~ o r  p o s i t i o n  of holes  see Plate 1)'. 

DEPTH - - TYPE OF N@TERJ& SAMPLE SADLIB "S 

To F~om, - 
rC) * 7 .- 

-mzJg- 
- - 

we, Hole  N 0 U . L .  Col lar  J.904"61 & e ~ t & m .  
0 . 2', Surface s o i l .  I 

2' 31'6" Deuolnposed volcanic  rock , l igh t  - - 
brown t o  mauve i n .  colour, 
g rave l ly  texture.  

11t6tt, 1 6  Greyish i r o n - s t a i n e d c l a y  with 1 
s l i g h t l y  b e n b n i t i o  appearance. 

24'6" 20' Greyish-white , s l i g h t l y  benton- 2 
i-bia clay. Larger p ieces  have 
white specks and look l i k e  a 
decomposed tuff. 

20a 21 ' Simi lar  t o  above, 3 
23' 22'3" Brownish c l a y  w i " c  small harder - 

fragments; s t i l l  tuffaceous in 
appearanoe. 

2.2'3" 22'10ft Powdery n h i t e  olay wi th  nodule8 of* 
decomposed t u f f ,  

22t10'1 24" P5 nkisi: powdery clag, . .c 

2 24'8It Poivbery o lay  with nodules of' d e ,  - 
composed tu f f ,  s l i g h t l y  bentow 
i t i c  i n  appearanoe.. 

24'8" 26T6tt PSnkish clay. .I 

26t60t 30' V V h i  t e  c lay ,  almost oer tainly Y 

weathered tufX?. 
30 ' 33 " P2nk massive c l a y  with ~shitt!? ... 

s.po ts.. 
33 ' 35'6" \ m i t e  massive c l a y  wi th  some pi& b 

bands, below 34$ it beaomes more 
ben ton i t io  vri th semi-etratiPSe8 
appearance. 

3 ~ ~ 6 "  38 '3" Banded red  and grey olay, - 
38'3" 3gt3" Vmite, s l i g h t l y  bentoni t ia  olay* - 
3~):*3~'  40 *9" Bands of grey- o r  pink c lay  an8 - 

brown f r i a b l e  olay* 

W 3 t e  EJo*2<RA. Collar 1874' - at Bottom of Shaft. ~e-' 
from w f a Z J .  

3" White bentoni  t i c  clay, 3 20.0 
4%'l As  above, more waxy appearanoe 6 22.0 

%:6It 5%" Reddish clay. *I) .L 

5 F61t 8tGs1 White b e n t o n i t i ~  cLay, more 7 23a 5 
powdery below 7 

8 '6" - g i 6 "  Pink and red clay. *L 
.) 

9-!6" 17'3" Brown frLable material which loo@- .I 

Like a buried soil or  very 
A weathered volcanio rockr 

Bore HoAe N u .  L*, @1~-1888 ' & 2 e ~  th 22'p. 

0 2'. Surface s o i l *  aw 
w 

2% 6 Red gravel. .I) LI 

4t61t. 8 t  ~~~~~~~brown cP~F. w Y 

at trgit Iron-stained grey bentonitia 8 Pa 0 - 

claye n 

11~6" 13' White b e n t o n i t i a  oiay, sligh%ZZ 9 4 ~ 5  
i r o n s  t a i  ned, 



Bore Hole No.3. R.L.Collar 1.88 '. ~ e p t h x " . .  (conttdA) 

13 56 White bentoni t i c  clay. lo 26.0 
16 1 16 19" Bentonite.  11 2 7 ~  5 
6 g q  1 8  Red s l i g h t l y  b e n t o n i t i c  c layr  Ir 

- 
18' 20' Main bentoniLe seam 12. 

.II 

2 4 b 5  
20 ' 22@6" S l i g h t l y  b e n t o n i t i o  c l a y  with - 

some iron-staining. 

B y J o l e  No.4. R.L. Collar- ', D e ~ t h  25 'x. 
5' 0 Red s o i l  and gravel* ..) ... 

5 * 9' Bluish-brown clay. .) m. 

9' 1 6  f. I ron-stained greyish  b e n t o n i t i o  m e 

clay. 
26% w f  Grey b e n t o n i t i c  olay, *. 

... 
20 ' 22'6" White and p ink  clay, w - 
22'6" ' 21ct6I1. P ink i sh  b e n t o n i t i c  clay. 13 281 0 

Main Bentonite H o r i z a h  
2f+t6tt 25'6It Pink and r e d  clay. 

aor e Hole  DO..^^ R. L. ~ o l l a r  1 8 9 G  pepth 22- '6". 

0 9' 8091, gravel and bluish-brown clay* - u 

9' 13'6" Iron-stained grey bentoni  t i o  clay. c. 

13'6" 17j3" Bentoni t io  clay, 1; 20,O 
1 Win Bentoni te  Horizol'b 

17'3" 22'3" White t o  greyishpowdery claym .L a- - 
22'3It. 22 '6" Brown f r i a b l e  clay. .c 

r) 

E J@-re Hole ~ 0 . 6 .  R.L.. C o l l a ~  1886'6" .. pe~ . th  ~ 6 x b  
- .  

0 l t  Surface soS1. . 
1' 7'611 Red gravel. 
'j"611 10' Bluish clay* 

10 ' White b e n t o n i t i o  olay. 
12' 3.4'3" ' Brown clay with bentoni te .  

f;31t 15 '6" Powdery cream-colour ed clay. 
15 ,Gq1 16 2 Blue weathered volcanic  rock. 

I3-1e No J, R.L. Col lar .  188Cjt.6-~&&J3 2 2 x .  

0 .  44'6" Red s o i l .  - L 

4t;6t1 13' Brown gravel* .) .w 

11 ' 14%" B l u e  clay. + u 

ll+ '6" 17 6" S l i g h t l y  b e n t o n i t i a  clay. $6 17.0 
1 ~ ~ 6 "  19!9" White b e n t o n i t i c  c lay with red 17 27.0 

s t a i n s ,  
Main Bentonite.  HorLzopr 

39'gtt 22' W h i t e  powdery clay. rn w9 

22' 22 d6" Blue weathered voloanio. POOL am I 

Red s o i l *  .. . Y 

Brown gravel. v 

Blue c l a y  with i ron-s ta in ing@ .. 
White benton5t;lo olay,  i n  plaoes L 

powdery andl i r o w s t a i n s d .  
I ron-staf  ned vfhite ben ton l t f  o say* - 
White b e n t o n i t i o  clayr, 18 
White bentonf tio c l a ; ~ *  19 
Main Bentonite H O P ~ Z O ~ .  

Benton i t i c  olay with pad. stains30 #a 

p i n k  clay. m 



32'6". 33 q6" Pink and white granular clay, 20 ,18.0 
• 33 6'' 35 ' Red ben ton i t i c  clay. .Ic I 

35' 3616" Greyclay. - r 
9 

Red s o i l  and gravel. 
Brown grave&, 
Red gravel. 
Grey clay* 
White bentoni t i c  olay. 

Main Bentonite Hor izob  
White powdery clay, 
Red ~Zay. 
Pink elay. 
White powdery clay. 
.&?Lnk clay, 

0 13 ' . . 
Red so i l*  

15 17'6" Brown gravel. 
17i61 l g t  R_ed weathered aoLoan$a rock. 
19' .27' Red olay and white powdery clay. 

e 27' 31.~6~~ ~ a r a  pink clay, spottea whibe. 
31'61ts3256" Gray andpink  spotted 6lay. VGPX 

s l i g h t l y  bentoni tlo, 
f 32'6" 39' White povidery material. Probably 

deoompos edl voloania s~glomerate* 

8 ~ d  8051 and brown gravel. 
I ron-s ta ined  whS t e  ol.aYe 
W h i t e  clay, powdery when dry* 
VJhi-Ila bentonite,  s l igh t ly  i ron-  

stained in plaoes. 
tNizf te bentoni t i c  clay. 
Brown and p ink  olay* 
Powdery w h i t e  clay. 
Brown friable clay. 

me 'H- R. &&Q&g-- 'I 
t it 

0 636" R B ~  6 0 i L  and gravel, 
6?6" 12'6" Gravel and bZue clayb 
32'6" 18'2" Brown and white olay. 
3.8'2': 20' fl White clay wl-t;hred stains.  
20 '3" na& white clay. 
22 '6" 24' Whlte  clay with red s.tainss 
& * 29'8" Red and white b e n t o n i t i o  clayv 
29'8" 32',6" mite a a y  with textwe of weatberm 

eb voloanio agglomerate* - 
32 '36" 37 @ Benijonjite. 

E 40f6" Powdery white clay. 
42t60 Grey olaJt:. 

0 bt Soi l  and red gravel. 
4'. 7'  Blue clay. 
7"  $0' White clay. 

0 X3'3" White, s l ight ly  .bentonil;ia powder% 
slag* 



DEIPTH TYPEOF M-ATER I;AL s AMPLE SADLER . ',s; 

aES3 a .  NO. 
.rc 

TEST* 
rccI" - w .  - 
-.LC- 

33'3" 17'6" Red weathered volcanic rock and L IC 

brown and white clay. 
27'6'' 20'9'' Red and white powdery clay, 0 LI 

20'9" 22' Red clay. L 
I, 

22 ' 31'6'' Brown clay. 0 - 

0 7 '  6t' Red sot1 and gravel. 
7 "60t 10 ' M i t e  powderg olw. 
20' 13' Brown clay. 

0 5' Red soil. L 

5" 26'4" Blue and yellow clay; bottom p$nk; - 
and grey wloanio tuff. 

wnole R*L. Co1- 1881 fs61f. D a t h  12'6". 

0 3' R B ~  soil, .I. 

3$ 12."611 Yellow clay; brown clay at bottom. - 
0 13'6" ~ e d  soil and gravel* .I 

t6w 16' Blue clay. .* 

2 20'6~' Ifiite olay with i ron-stalning.  w 

@'6tt 25' White clay. 30 
25* 28'8" Win  ben ton i t e  seam. 31 
28 ' 8tt2 28 '1~" Nhi te powdery clay. 32 

~ H ~ O & R  I L ~ C O I ~ ~ ~ ~ ~ ~ '  e' 

33 ' 0 Red s o i l  and gravel. * 
13* 15'10" Blue clay. m 

15fX0" 30'6" W h i t e  b e n t o n i t i c  clay. 33 
30~6'" 33 ' Main bentonite a e w *  34 

0 4 " Red soil and gravel. an 

k t  5'6"' Blu i sh  b e n t o n i t i o .  clay, whits, when - 
5ti61t 10 t (m". 

White ben ton i t lo  clay with iron*. 
s tam*  

30 ' l l f g w  Win bamtonlts s e a l *  
11t9" 23'4" Red and yellow crJQ?. 
23:$.: Uct,6'" mite powdery clay. 
14 17 @ Ptnk powdery cla3fb 

20'3" R.eB an8 cream bentonitltc clzZay6 
Red, white and brawn clay. 

27 Byownf sh-yellow clay. 

0 57'6" Red soil and bluish-grey sub-sail  -. 
probably weathered volcania 
agglornera te. 



0 6v6u, Re& sozl and bluish clay* ... M 6 t?6ll. 18 '4" White clay partxy bentonitfa..  37 28* 0 
28 '4'' 21 Win b e n t o n i t e  stsm. 3 36.0 
21 ' 2Xt6" Pink powdery clay, II - 
2a4'6" 22'20" Red powdery clay. u w 

$w- No&. R b L . , , l l a g  1894'2', D.epth 2w. 

0 3' Red s o i l  and gravel. .. .L 

3" g16I t  Blue clay. I .. 
9' 6" X 5  * White c lay wath i ~ o n - s t a i n s ,  r .L 

25 ' 19t81r White b e n t o n i t i c  olay. 39 25.0 .,,- 
19T8t1. 25'4" b i n  ben ton i t e  seam; bottom. powdery 40 

white clay, 
35.0 

0 3 ', Red s o i l .  - 
3'  12'6" Brown gravel with some small s t a ins .  - 

3.2'GfS" 17 f 6" Bentoni t i c  clay. 
17'6" 20'6" White bentonitic clag, 

41 
42. 

20'6" 25 '6" Main ben ton i t e  seam,* 
25 ' 6" 

43 
27f6It White b e n t o n i t i c  c l ~ l , ~ .  ( ~ b i s  hole 44 

was p u t  down t o  t h e  top of the 
drive, depth  17t6", i;.? ventilation 

b 
Samples 42, 43, & wer ? taken i b  
the drive adJnoent t o  '&'ze hole and 
i n  a shallow bore hole plxt do\vn 
from the f l o o r  of the drive), 

0 Xti3" . Blaok s o t  1. 
&own sub-soil. - 
Bluish-brown olay. -. 

8"6" Bentonitic clay, lighter i n  colow. 45 816". &2?3st Brownish clay, friable in t ex tu re  - 
Sn part. 

32'3" ~ 4 "  White a;lTyr 111 

"5 '61t Bxownish- l?ed friable. olay. ..) 

13 re" 37-'6lt . Very re8 clar. w 
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