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DEPARTMENT OF SUPPLY & SHIPPING.

Mineral Resources Survey Branch
TESTING OF UPPER YARRAMAN BENTONITE.

Repor% No, 19QEZ§§q Plans NOSy ..
14 2 Qnd 1‘ ga

INTRODUCTION, /

A description of the Yarraman bentonite deposit by Mr.
He G+ 8¢ Cribd of the Queensland Geological Survey was published in
the Queensland Government Mining Jourmal, August, 1943, and infor--
mation contained in that report will not be repeated here.

The testing programme described herein is the result
of a recommendation made by the present author in a previous reporsd
(February 11th, 1944). Funds were provided by the Commonwealth
Government, Department of Supply and Shipping, and twenty~four bore-
holes were put down during October; 194l, to determine the extent and
quality of the bentonite and the associated clayses During the earl:
part of this boring campairm the area was surveyed in detail by plan.
table with the assistance of Mr, T. Connah of the Queensland
Geological Survey.

DETAILS OF BORING.

Eleven boreholes (Noss 1, 3 and' U, 9, 10, 41, 13, 1L,
15 and 16) were put down aceording to the 300-foot grid originally
laid out, based on the main shaft and the northwesterly boundary ..
the leases Nose 5, 7, 8 and 12 were placed centrally in each of %ho
four squares adjacent to the shaft, and the remaining holes were so
located as to complete the testing of the main central portion of %ho
deposit at approximately 150-foot intervals (Refer to Plate I)s No.
2 hole was sunk from the bottom of the shaft to test the underlying
formations and No. 22 was put down at the end of the South drive to
improve the ventilation in the workings.

Boring was carried out with a L} inch posthole digger,
fitted with removable extension rods, Overall length of digger
and handle was 3 feet, and extension rods, of 3/4 inch galvanised
piping, were 5 feet and 9 feet 6 inches longs The boring apparatus
was provided by the Queensland Mines Department and the work was done
by Messrse S. R. & Js Me Elver and Je King under the general super-
vision of the suthore '

For holes deeper than about 15 feet, it was found
desirable to erect a tripcd, with a rope and pulley, This was made of
thin bush sgplings and stood 17-18 feet highe It was light enough
to be easily dragged or carried from hole to holes The hole could
be taken down to 25 feet or so comfortably without uncoupling,butt at
greater depthe the upper part of the rod when extracted from the hole,
especially if the horizontal handle were left on, was lisble to bend
1f caught by the wind or allowed to depart from the vertical peosition
as the rods were being withdrawne In the deeper holes an iron
"strong arm" resting on the ground at the neck of the hole was us..
to prevent the rods slipping back into the hole while the position or
the hauling rope was being changede The cores were dumped on a bag
and at each change of material were tipped into small heaps pro-
gregsively farther from the shaft, Samples of the bentonite and
bentonitic clays up to 10 lbe. in weight were taken after thorough
mixing on the bags

Improvements that could be suggested to the boring
apparatus aret=

(1) Rods of U, 8 and 12 feet léngth so that the bering can be
taken dowvn in L=foot stages which is about the ideal interw




-~ wral for gasy hand. operation,

(23 Provigion of at least one coupling in which one pipe
~ fits over the other and is fastened by a pin or bholt
- through a hole in both. This would be fitted at 2
feet depth (two 412=-foot rods plus the 3=foot digger
and would obviate the comparatively slow unsorewing
by means of Stilson wrenches every time the digger i1s
drawn from the hole,  Screw=on connections are more
gsatisfactory for the vemaining Junoctions as they are
more rigid and have to bo screwed and unscrewed once
only eachs ' '

(3) A deeper -cylindepy avove the bit so that a greater
"~ depth could be dug sach time and the rods would require
withdrawing less frequentlys

Boring was found to be regsonably easy, especially in
the bentonite and bentonitioc olayse In very dry places, the cuttings
sometimes failed to stick in the digger as it was being pulled. upe
This was remedied by pouring a little water down the holeés, Ocoas-
ional 'stones struck im the upper layers were dealt with by a Jumper
bit of chisel type whioh could be attached to thokpare rodse No
caving from the sides of the holes was experienceds '

The three men completed the boring in three LlL~hour

weekse Actual time gpent on drilling was 15¢ dayse Twenty-four .
holes were put down, for a total footage of 618'3", or gn average

of 25'9" per hale« Doapest hols was;hﬁ!S"m.@‘Average depth bored
per day was 40 'feet, average per hour 5 feets - Hach posthole digger-
full represented an average gain in .depth.-0f: 3 to L inches.. The
same auger was used for all the boring and was still in reasonably
good condition at the completion of the campalgn, except;that it had
"been found necessary owing to a wealness in its construction’to re-
inforce the side cubting blt by riveting on strips of steel at either
side. Yo - e ’

. ‘The actual oost of the boring was approximately £50,
an average of just over £2 per hole or 1/8 per foots

BESULTS OF. BORING.

Bentonite of approximately sifillar quality to that -
mined and marketed by Elver Brosey, as first-grpde bentonite was .
found in boreholaes Nose 3, 11, 12, 17, 18 and 214 ' This is overlain
by varying thicknesses of bentonitic clay corresponding to the mater-
ial overlying the maln bentonite seam in the undépground workings,
which 18 sold as second~grade bentgnites ‘A lesser thickness,
generally onky 2 or 3 feet, of similar clay underlies the bentonite
in these holes. In boreholes Nose 4, 5, 6, 75 8, 9, 19, 20 and
23, the bentonite was of inferior quality, similar, or in some cases,
Ssgs NOss 19 and 20, slightly better than the se¢cond-grade malerial
and in holes Nose 1, 13 and 14, although white o¢lay, in parts
bentonitic, was passed through, the main bentonite horizon could not
be identified with certainty. =~ Holes Nose 10, 15, 16, and 19A were
apparently outside the limits of the bentonitic olay Detailed logs
of the boreholes are set out in Appendix I, .

The general sequence of materials out by the bores is
similar to that of the main shafts The suwrface s0il is followed by
wp to 10 feet of reddish gravel aspparently derived from the decome
position of pyroclastic rockse This is umderlain by 2 to 6 feet of
groylsh or blulsh clay - which as g rule dries fairly white ~ and
this in turn by varying thicknesses, vwp to 14 feet, of white clay
which-1s usually somewhat bentonitic, especially towards the bottoms

Q@ If,igrintéresting'to compére thgse,figuras with thosefgivenjiy'
S.~Ha_Lorain‘andrM,‘Mihelich in Engineering and Mining Journal,
September, 1944y PPe78~80¢ -
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In places a littls ironstaining is present or a thin band of red
or pink clays The bentonite cut by the horsholes vayles in thick=-
ness from 4'9" wp to 7'3". (In the wnderground workings the benton=-
ite exhibils a similar_range in thiokness, with numerous peaks and
hollows, and im places cuts out altogether over a small areas. It
is probable that Borehole No, 8 passed through ¢one swch area, where
the main bentonlte seam was githey very narrow or locally absent).
Underneath the bentonite ls 2 to L feet of white clay, usually
bentonitisc, in places powdery, and this is underlain by varlous
shades of pink, white and red clays, many of which retain the texture
of a volcanic dtuff or fine agglomerateos Several holes passed
through these olays either into a blulsh weathered voloanic rock
(Nose @ and 7) or into brown friable clay (Nose 1, 2, 11, 13, 14y 19)
the appearance of which suggests that it is a buried soil or :
weathered surface which had been developed before the volcanie ash
gnddagglomerates which now comprise the bentonitic material had been
al OWN e

On the plan, Plate 4, the position of the boreholes is
shown, together with the thickness of the bentonite, if present, and
the total thickness of white clay, including the hentonite, Surface
contours are the result of the plane~table survey and are drawn at
5 feot intervalse The epproximate height ahove sea-level is obtained
by aneroid reading, referred to Yarraman Rallway Station. Contours
are also drafm at the base of the bentonite. These are necessarily
generalised as it is qbviously impossible with bores 450 feet apart
to indicate the minor variations such as occur every few feet in the
underground workingse For the same reason, it is not possible to
illustrate thickness contours for the deposit as local variations are
of greater extent than areal variations. The average in the bore-
holes corresponds closely to the average thickness in the workings.

The bentonite bed rises gradually towards the southeast
where it appears to pinch out against a rising vottom (Section B-B!,
Plate 2), which may be associated with the massive red agglomerate.
ouvteropping near the edst corner of Portion 166V, On the westermn
and eastern sides, the bentonite and bentonitic clays are cubt off by
the slope of the ground and to the north the hentonite seems %o o
play out, Several prospecting holes are reported to have been put down:
in the adjacent Forest Reserve, but they struek only pink ¢lays similar
to those in Borehole No, 10,

ORIGIN OF THE BENTONITES.

From its texture and general appearsnce, the bentonite
appears to have been derived from the alterstion in situ of & bed
of volcanic asgglomerate of limited extent, The original rock frage
ments are sparsely distributed through the mass and are decamposed L
to a white clay, which is not noticeably bentonitiec, Thesg fragments
are suwbangular and usually less than one inch in diameter, though
they may in places he as much as 2 or 3 inches. The interstitial
matter, originally fine volcanic ash, ha# been altered to bentonite, -
white, cream or pale green in colour, with characteristic waxy .
appearance, The powdered bentonite when immersed in clove oil and
examined under the microscope appears to possess the optical properties
of montmorillonite, but no detailed investigation has yet beon made,
The white clay which overlies and underlies the bentonite has
apparently been derived from a fine-grained volcanic ash, and many
of the lower clays cut in the deeper hores, mostly pink in colouyr,
8till retain definite tuffaceous %exxure. '

During the examination of residuves obtained after washing
the bentonite through a 200 mesh sieve, Miss Crespin, Commonwealth
Palaeontologist, found that several species of micro-fossils were
present, Following is her report:w
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MICRO-FOSSILS IN THE BENTONITE SAMPLES
TROM_YARRAMAN, QUEER .

When carrying out laboratory tests on bentonite from Yarra-
man, Dr, Fisher submitted the residuve after washing for
microscopic examination, with a view to finding microw

* fossils,. The result of this examination was the discovery
of & small assemblage of marine, shallow water forms, cone
sisting of foraminifera, spongg sploules, Mopges Jjoints, and
bryozoas Many of the tests of tie foraminifera are broken,
but the preservation is otherwise good. .. The .diameter. of

" the tests varies from 0s15 t0 0438 mme - The fpagments of
bryozoa are not well preserved, but are pecognisable,.

Xarggggg. Queensleand,

The residue consists chiefly of fine, angular quartsz”
grains, with a little mica, eto. The following fogsils were
recognisedi-

Forsminifersge

uingueloculing lemarckiang (d'Orb.).
Bolivina robusts Bra .

agena marginata (W. & Ba)
cfs Globigering
Civicides ungerignus (a'Orb.)
Siphoning sustrglis Cush, .
Enonidos Taidinecs (d'Orb,)

opides spps
Discorbis sustrglig Parr

Nonion umbilicatula (Montagu)
Astrononion cfe fi%iegsg'cushman'

Spongida
Sponge spioules, cf. Ecionems
Bryozoa )

Cellaria rizide vers perampis MoGe
Retepora ximats McG. .

Reteporg spe .
Egigig cfa m stoms MeG.
Hornera tgbercﬁigta ﬁcG.

All recorded species of fopaminifera are found living in
sa@as at the present time, while the majority of them range
upwards from Middle Miocene to Recent, The bryozoal asgemw
blage, tegether with the Mopses Jjoints are typical of 4
deposits of Middle Miocené to Lower Pliocene age in Australia, °
buﬁdas‘w;th the foraminifera they are found in recent shoye
Sandse

It is suggested that the gge of the deposits in whioh these
micro-fossils have been found, is Pligeenc. .

From the above, it appears that the original ggglomerate
and ash were laid down under marine, or at leagl saline conaitions in-
shallow water, If it was deposited during a temporany tpansgression:
of the sea, it means that the area has been sublect t0 wplift of at
least 2,000 feet since possibly some time in the Pliocene, If on
the other hand, the area was a lake at some elevation above sgawlevel
containing water suffiociently saline for maring miceroefossils to
oxist, it 1ls exceedingly difficult to explain how these forms game
t0 be introduced into the lake.
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TESTING OF THE BENTONITE,
SADLER'S TESTS; " !

) Forty-two semples were taken from the borings and fow
for comparison from the underground workingss These samples were
all subjected to the standard Sadler's test which is as follows:~

The material to be tested is roughly powdered and dyried
over & waterbath for two hours, It is then powdered and
passed through a 200 mesh (British Standard) sisve., L
gna, of the material is taken and mixed with 0,2 gme
magnegium carbonate, then being placed in a 100 cc.
stoppered graduated cylinder. The eylinder is half
filled with weter and thoroughly sheken, then filled up
to the 100 cee mark with water. The mixture is .
gﬁiﬁgted mechanically for an hour and then let stand fop

UrSe

If the substance is & pure ventonite at the end of that
time there will be no clear supernatant liquid and the Jar
will e filled with a gel which will, if the bentonite is
exceptionally pure, allow the Jjar to be inverted without
losing its form. ‘

If there 18 10 oos of supernatant liquid, the subetance
1s called a 90% bentonite and 50 on in that manners Anye
thing giving more than 50% is called a bentonite, while
anything between 20 and 50% is called bentonitice Most
clays formed by weathering give a value less than 10%.

The percantage thus obtained is referred to in this re-
port as the hentonitic indexs In the samples tested, this figure
ranged from 16 to_62% and the results are swumarized in the following

tabletw , ABLE T
%ADLER'S TESTS YARRAM BENT TE & BENTONITIC CLAYS,

Qlassification '% £  Hole Noss % Axerage
) ) . . 111739 e

oot ;.

First~grade benton- 7 3, 1y 12, 17, 24e5 = 550 5%
ites, 18, 21, Mine, = 6240%
Poorer bentonites. 5 5, 75 9 19, 20. 20-36% 29434
Overlying bentonitic ~ 22 1y 39 Uy 6 7y 1T » 27s5% -
Qlaysc 8’ 11}' 12. 17’ 41.5%
‘ 18, 19, 20, 21, .
22, 23, Mine
Underlying bentonitio 5 Yy 25 33 14y 20 - 270% -
clays. Mines 10+ 5%
- - s - gt
Powdery clays. 6 2, 8, 9y 12, 13, 1640 = - 2040%
17 25¢5%

* .
- o v o Py oo L o -

The classgification in the first solum is based on
visual oxsmination and comparison with the firstegpade bentonite and
the accompanying bentonitic clays which are exposed in the mine
workingse The third catggory -~ overlying bentonitic clays ~ ineludes
the bentonitic clays overlying the bentonite, gnd in holes where the
bontonite is absent, such as Noss¢ 13 Ly 6, 8, 23, all the hentonitio
clays down to the probable horizon of the bvase of the pentonite
(soe Sections, Plate 2)s The fifth category comprises those glays
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which are noticeably powdery in eppearance. All of these underlie
the bentonite (except im No. 13 hole where no bentonite is present)
end most of them are below the underlying bentonitig clay, usually
geparated from it by several feet of pink clay.

It was found that the first-grade bentonite gave a
higher bentonitic index after wetting and drying, and, with the best
material from the workings, this figure could be inérecased by re-
peated wetting and drying to a maximum of 96%. On the other hand,
the bentonitic index of the poorer hentonites and of the bentonitic
clays elther was not affected by this process or else was lowered
several points,

MOISTURE GONTENT.

Bentonite from the mine workings was found on sune
drying to lose 25 to 30% of its weighte This figure was obtained
after dry conditions had prevailed for some time, and might be higher
after a wet season. The overlying clay contained slightly less
moisture than the bentonite,

o %;n—dried bentonite efter g hours im a drying-oven at
4007°C»s lost 345% additionsal moisture. omposite samples of overlying
and underlying clays lost, respectively, 2¢0% and 245%. .

RESIDUE,

Both the bentonite and the bentonitic eolays leave,
on washing, a small residue which consists almost entirely of angular
quartz grains. Samples in which ironestaining is present also
vsuglly contain hard grains of limonitic material. A representative
sample from the mine workings of 400 grams wes washed through a 200
mesh sieve, without grinding, and gave a residue of 0e25%. Other
gsamples of bentonite gave residues of up to 0¢5%. Samples of the
upper and lower bentonitic clays from the mine workings lert residues

of 342% and 3,5% respectively, which in both cases consisted almost
entirely of fine-grained quartz.

GREEN AND DRY COMPRESSIVE STRENGTHS

A sample of the Yarraman bentonite was previously
tested by the Standard Chemical Company of Melbourne and gave the
following resultsi~

Green Bond strength of synthetie sand, eontaining 4%
Yarraman bentonite, 73 1lbs. per square inche

Dry compressive strength, after drying at t5o°c. for
3 hours, 60 lbs, per square inche

Following is a comparison of the properties of the Yarrae
man bentonite, lmported bentonite (Volelay) from Wyoming, bentonite
from Marchagee, Western Australia smd bentonitic elay from Trida,
western New South Walese

OOMPARISON OF %‘s F_EENTONITES,

0 -
Logality Gpeen Compressive  Diy Compressive  Rozmesbility
Yarraman =~ @ 7e3 G0 240
Wyoming Le8 79 240
Marchagee 540 38 210

Tride 24 9 -
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Further samples have heen swmitted to the Foundwny Sands’
Investigation Officer, Oouncil for Scientifi¢ and Industprisl Resenwoh,
Melbourne, for determinations of green snd dry compressive strengiu
and permeabllity and for practicel foundry tests.-

RESERVES.

The area of the first-grade bentonite according to the"
interpretation of the drilling results shown on Plate 1 is 256,000
square feet (nearly six acres), and the average thickness from tho
boreholes over this area is 3 feet 6 inches, which corresponds
closely with the average in the underground workings. All tonnage
figures are given as sun~dried bventonite, for which a factor of 32
cublc feet per ton has been adopted. This was obtained by sune
drying and weighing the cuttings from a 3 foot horizontal borehole of
oxactly 5 inches diameter which was driven in the bentonite in tho
underground workingse Using this factor, thé quantity of bentonite
which may be considered proved is 28,000 tonss Not all of this can
be extracted by the present method of mining, ~~ If the poorer quality’
marginal bentonite is included, this figure is inoreased by 9,000 ‘
tonse The total average thickness (from the boreholes) of the white,
or neerdy white, clays which accompany the bentonite is 8 feet over
the whole area, representing a tonnage of 230,000 of which at least
180,000 tons is bventonitic,

The clays are thickest im the central area which cone
tains the bentonite, and the tonnage of clay associated with the
high-grade bentonite is approximately 108,000 .tons, this being in-
zregsgd to 122,000 tons if the area of poorer quality bentonite is

neluded.

The same factor, 32 cubic feet t0 the ton,has beon used
in all these calculationss No separate determination was made for
the bentonitic clays..

CONCLUSIONS.

The boring campaign has shown that, although the highe
grade bentonlte at Upper Yarraman is not quite as extensive as might
have beon expected from the topography, this deposit alone contains
sufflcient tonnage to satisfy Australian requirements for bentonite
for foundry sands at least for many years. :

Production in 1943 was 134 tons of first-grads and 53
tons of second-grade, The present rate of spproximately 40 tons of
first-grade bentonite per month is not sufficient to fulfil orders.
The adoptlon of s more efficient and more economical mining method
would partly overcome this deficiency. Laboratory and practical
tests now being made will help to determine the tobal gquantity of
bentonite that will be required from Yarraman for use in foundry
sands gnd may indicate other uses for both the bentonite and the
bentonitic clayse

e 2T

CANBERRA, AeCoTe ‘ N. H. FISHER,
28th December, 194lie Chief Geologlsts

=¥}

- - e e -




APPENDIX T.

LOGS OF BORE HOLES -~ YARRAMAN BENTIONITE,

(For position of holes see Plate 1),

t

soistont

DEPTH TYPE OF MATERIAL SAMPLE SADLER 'S
Erom To NO.« TEST
Bore Hole No.l, R.L.Collar 1904'6", Depth LO'9".

0] 2! Surface s0ile - -

2! 11'6"  Decomposed volcaniec rock,light - = -
brown to mauve in colour,
gravelly texture.

116" 14%6"  GQreyish iron-stained clay with 1 3645

) slightly bentonitic appearance.

et 20! Greyish-white, slightly bentoh 2 29.0
itic clay. Larger pieces have
white specks and look like &
decomposed tuff,

20! 21! Similar to above. 3 3440
21 22'3%"  Bpownish clay with small harder -
fragments; still tuffaceous in

appearance.
2213 22'10"  Powdery white clay with nodules ofe -
decomposed tuff,

22'10" 24t° Pinkish powdery clay. - -
I 218" Powdery ocley with nodules of den - -
composed tuff, slightly benton=

itic in appearancee
tgt 26'6"  Pinkish claye. - -
26%6" 30! White clay, almost certainly - -
weathered tuff,.
30! 33" Pink massive clay with white - -
8potsSs ]
33! 35'6"  White massive clay with some pink U4 3145
bands, below 34t it becomes more
bentonitic with seml-stiratified
appearance.
356" 38'3"  Banded red and grey olay. - -
38131 3% White, slightly bentonitic clay. = -
39'3" LO'9" Bands of grey or pink clay and  ~ -

brown friable oclay.

gore Hole Noe2, R.L,Collar 187L‘ et Bottom of Shafb, Depth 173"
3" from Surface ) .

0 3t White bentonitic claye 5 2040
' L¥6"  As above, more waxy appearance 6 22,0
te" 5'¢"  Reddish clay. - -
56t 86" White bentonitic ,cley, more 7 2345
. powdery below 7' _ .
: gtg* 916"  pink and red clay. - -
: gté"  17'3"  Brown friable material which looksw -
like & buried soil or very
. weathered volcanic rocks
Bore Hole No»3, R.L. Collar 1888', Depth 22'Q"s
0 2t Surface soile - -
L'6" Red gravele. - -
u’ 6" t Bluish~brown clay. ~
8! 11'6"  Iron-stained grey bentonitia 8 38.0
claye ) .
1iter 13! White bentonitic olay, slightly & 415

ironstainede.
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DEP TYPE _OF MATERIAL M s,ggg;g ER 'S

Bore Hole Noe3, R.L.Collar 1888', Depth 22g", (Cont'@L)

13! 16! White bentonitic claye : 10 2640

16! 16'9"  Bentonite. 11 27.5

16'o® 18t Red slightly bentonitic clay. -

18! 20! Main bentonite seame 12 2Le 5

20! 226"  glightly bentonitic clay with - -
some iron~staininge

Bore Hole Nosl, R.L.Collar 1893', Depth 25'6!.

0 5! Red soil and gravel. - -
5! 9! Bluish~brown clays - -
g! 164 Iron-stained greyish bentonitio - -
) ) claye.
16" ¢ Grey bentonitic claye - -
20! 1 22'6"  White and pink clay. - -
22t6H 2. te" Pinkish bentonitic claye. 13 270
. Main Bentonite Horizoms
26" 25'6" Pink and red clay. - -

Bore Hole Noe5, R.L.Collar 1897', Depth 22'6".

0 ot Soil, gravel and bluish-brown claye = -
9! 13'6" Iron-stained grey bentonitlo clay. = -
13'6"  17'3" Bentonitic clay. 1 2040

Main Bentonite Horizone
173" 22'3"  White to greyish powdery claye - -
2213 22'6¢"  Brown friable clay. - -

Bore Hole No«6, R.L.Collar 1886'6", Depth 16'2',

0 1! Surface soile o - -
7'6"  Red gravels - -

7'6" 10t Blulsh claye - -
10! 124 White bentonitlic olay. - -
12! 143" © Brown clay with bentonite. 15 22.5
tzu 516" Powdery cream-coloured claye - -
156" 16'2"  Blue weathered volcanic rock. - -

Bore Hole Noe7, R.L. ollag4_;§86'6" Depth 22'6",

‘ | u'6" Red soil. ' - -
u‘G“ 11! Brown graveles - -
11! 14%6"  Blue clay. - -
1,6 17'6" Siightly bentonitio clay. 16 17.0
176" 19%9"  White bentonitic clay with red 17 27.0

stains.

Main Bentonite Horizone
19tgn 22! White powdery clays - -
22! 22'6"  Blue weathered volcanig roocka - -
Bore Hole Noe8, R.L.Coller 1897'10", Depth 36'§",

.0 3'6"  Red soil. - -
Ft6"  11'3"  Brown gravel. - -
g 15'6"  Blue clay with iron=-staining. - -

15° 20'6"  White bentonitic olay, in places o -
powdery and iron~stained.

206" 2'6" Iron~stained white bentonltic elays = -

22tgn 27! White bentonitic clay. 18 2245

o7t 29'3"  White bentonitio claye 19 22.5
Main Bentonite Horizons ,

2913 3046t Bentonitic clay with ved stainse - -

306" 32'6" . Pink clay. - -
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DEPTH IYPE OF MATERIAL OLE' §é%%g%i~
From Zo . .
Bore Hole Noe+8, R.L.GCollar 1897'10", Depth 36'6". (Cont'd.
326" 3316"  Pink and white granular clay. 20 184
3316 35! Red bentonitic c¢lay. - -
35' 36'6"  Grey clay. - -
ole No.9, R.Le.Collar 1902%', Depth 31" g
0 u! Red soil and grdvel, - -
4' 11'6" Brown gravel. - -
11'6" 12‘ Red gravel. - -
-12%  14'9"  Grey clay. - -
wtor 22°F White bentonitic clay. 21 3345
. Main Bentonite Horizon. ,
22%  23¢ White powdery clays - -
23t 26! Red clays - -
26t 28t Pink clay. -
28t =31t White powdery clay. 22 25.5
31 31t2" pink clay. - -
Bore Hole NoelO, RelL.Collap 1906 ', Depth 52
O 1 Red soll. - -
7'6"  Brown gravel. - -
17'6“ 19’ Red weathered woloanie rock. - -
19' ‘ Red olay and white powdery claye. - -
! 1'6" Hard pink clay, spotted white. - -
31'6“ 2216"  Grey and pink spotted clay. Very - -
slightly bentonitic.
326" 39! White powdery materiale Probably - -
. ) decomposed voloanic ggglomerate.
Bore Hole Nosll. R,LeCollap 1900, Depth 30's
Q ! Red soil and brown gravel. - -
1LY 12'6"  Ironwstained white clay. - -
216" 15! White clay, powdery when arys. %ﬁ 2745
15t  22'3"  White bentonite, slightly irone 2.0
stained in plaoces.
22 t3u 2L'6"  Wnite bentonitic cley. 25 405
2y te" 27! Brown and pink olay, - -
27! 28'%" Powdery white clay. - -
28'ter 300 Brown frisble clay. - -
Hole No R.L.Colle ' o
0 616" Red s0il and gravel. - -
66" 126"  Gravel and blue clays - -
12'6" 18'2" Brown and white clag. - -
18t 20’2“ White clay with red staing. - -
203" 22'6%  White clays - -
gatgy 2u! White clay with red stains, ~ -
24! 8"  Red and white bentonitic clay, 26 3345
298" 32'6*  White clay with texture of weather- - -
ed volcanig agglomerates -
32'6" 37! Bentonite, 27 26,0
ﬁ Lo'6" Powdery white claye. 28 16.0
o'e" 2'6" Grey olay. - -
Bore Hole Noo.13. RsL.Gollar, 190876", Depth 31'S'.
0 Lt Soil and red gravel. - -
' 7! Blue clay. - ~
7' 30! White clay. - -
10  13'3"  White, slightly bentonitic powaery 29 1645

alay,
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DEPTH TYPE OF MATERIAL SAMPLE g%%ggafs
NO. .
Brom I . ==
Bors Hole No.13, R.L.Collar, 1908'6", Depth 31'6%. (Cont'd.)

133" 17%'6" Red weathered volcanic rock and
brown and white clay,
17%6" 20'9" Red and white powdery clay.

20'on 22! Red clay.
22° 31'6" Brown clay.
Ho N R.L.Colla 8 1'6"1 Depth m‘
0 7'6" Red soil and gravel. '
76" 10! White powdery clay.
10' ph Brown claye
Bore Hole No.}5, R.L.Coller,1891%6", Depth 26'Wi.

0 5! Red soil.
5° 26'4y" Blue and yellow clay; bottom pink
and grey wolesnic tuff.

Borg Hole Nos16, R.L.Collar, 1881'6", Depth 126",

o] 3! Red soil.
3t 126"  Yellow clay; brown clay at bottom.

Bore Hole 37, R.L.Goller, 1901'10", Depth 281117,

0 13'6" Red soil and gravel,
12'6" 16! Blue clay.
' 206" White olay with iron-staining.
2016 25! White clay.
25t 818" Main bentonite seam.
288" 28'11" Wnhite powdery claye

Bors, Ho)e No ReL,Collar, 1904t

0 13! Red soll and gravel.
13" 15'10" Blue clay.
15'10" 30'6" White bentonitic clay.

306t 33! Main bentonite seam.
Bore Hole Noy )9, R.L.Coller, 1890%, Depth gg
0 Lt Red soil and gravel,
L' LA Bé;ish'bentonitic ¢lay, white when
.
s5ret 10" White bentonitic clay with {rone
stainse

10! 119"  Main bemtonite se=zm,
1179 13'4"  Red and yellow alaye
13'%" lu'G“ White powdery claye

lh' wo17! Pink powdery claeys
20!3" Red and cream bentonitic claye.
’3" 27! Red, white and brown claye.

27’ 28" Brownish-yellow clay.

Bore Hole Noe194, R.L.Coller, 1867'6", Depth 17'6".

0 17" Red soil and bluish~grey sub-soil
probably weathered volcania
agglomerate.
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DEPTH IYPE_OF JATERIAL SAMPLE SADLEP'S
Brom Jo 0. IES!.
Bore Hole Nos20, R.L.Collar, 1886%'6", Depth'ZZ';g".. )
Q. 6'6" Red soil and bluish clay, - -
6%6" 18'4y" White clay partly bentonitioce 37 28.0
18y 23 Main bentonite seams 28 3640
21'  21'6"  Pink powdery clay, - -
231%6" 22'10" Red powdery clay. - -
EQEQ Hglﬂ NO. 2&. B._O_LQ CQllaE 1891}' 5“_. @Dth 25 ”4-"‘0
' Red soil and gravel. ~- -

’ g'6é"  Blue clay. - -
96" 15! White clay with iron-stains. - ~
15! 19'8"  White bentonitic oclay. 39 25,0

33.0

198" 25%W"  Main bentonite seam; bottom powdery LO
i white clay.

Borg Holg Nos22, R.L.GCollar 1896'6", Denth 27'6Y.

0 3’ Red soile. -
3! 12'6" Brown gravel with some small stains. -
12'6" 17'6" Bentonitic clay. 41
17'6" 20'6" \ihite bentonitic clay. L2

20'6" 25%"  lMain bentonite seams 43
25'6" 27'6" White bentonitic cloye  (This hole L
was put down to the %op of the
drive, depth 17'6", f.: ventilation
Samples 42, L3, 44 wer: taken in
the drive adjacent to e hole and
in a shallow bore hole put down
from the floor of thc drive)

Bore Hole Nos23, R,L.Collar, 1877'6", Depth 17'6".

0 1'%  Black soil. -
v 3 Brown sub-soil, -
' 6! Bluish~brown olay, -

t 8'%6" Bentonitic clay, lighter in colours L5
8'é" 12'3" Brownish clay, friable in texture -

in part. '

323" 14t White aly, -
15'6" Brownish- red friable clay. -

156" 17'6" - Very red clay,. -

3005
3240
3l4e0
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PLATE 2.

REFERENCE

SOIL & CRAVEL SECTIONS THROUGH BENTONITE DEPOSIT

. GREY & BLUE ~GREY CLAY UPPER YARRAMARN
| WHITE OR NEARLY WHITE CLAY, BENTONITIC IN PART SHOWING BENTONITE SEAM AND UPPER &
. MAIN BENTONITE SEAM LOWER WHITE CLAYS
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