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Begort No. 1943/12. Plan No. 8%4.

This report follows a prelimin.ry report dated Sth Spptember,
1942, and it is not proposed to recapitulite the m tter contalned
therein, although some refsrences to the preliminary report are
necessarye.

The pincipal purpose of « second visit to the Lukes wus®
determine accurately the area of useful sall-bearing surface and the
nature of the lake bedse.

Much evidence confirmutory c¢f the views expressed e.riier
re. arding the structure of the luke beds wzs noted. Howevery, ¢ plene-
table survey revegled that the totul extent occupled by recoverublie
salt is considercbly less then &« casusl inspectiun would su.gest and
consists of tne followin, ire.s, which are shown on the accompanying
plane

Water Usuil heorvest- Extensions of Tota%
Lake. surfaces Iing areuse. ‘harvesting <reas harvest-
able areus

acres agcres acres “cres
Sailor 168 120 - 120
(Becking)
Crosby 2C0 110 40 150
(Gye!s)
Crescent
(Home or 218 ?&'est urmg 50 33 104
Kenyon) Ecst arm)44 7

€46 354 50 374

The term, water-surface, is used@ to represent that area
enclosed by the winter highewster mar. in cual. weather and excludes
sandy bezches and some are s where brine is driven by th: wind up
gently shelving becches or into flat swampy b.ys. Usualy harvesting
areas means those parts of the lakes that are usu-lly, but not
necessarily regul rly, hurvested. In some years porticns of these
areus may be p-ssed over for a variety of caus. s The extensions
are Small ure-s on Crescent L.ke over which the bed is strong encugh
to support rubber tyres vehicles aund an area of 40 acres on L ke
Crosby which 1t is believed w s h.rvested in the p._st, but not in
recent ye.rse.

h e <I3“.‘.

Secti ns of the lake beds show the strutificution
mentioned on p & of the eurlicr report except that, in general, the

sand (present n.:r the nargins only) and brown and bl.ck mud now
lie veneath . crust of annual salt about 1-1%# inches thicke At the
time of the :revious visit ¢his salt hud not been de.osited. The
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lake beds vary in composition and structure from place to place, but

the crust of annu::l salt is very uniform over z:lmost the whole of 646
acres of water surface. The unh.rvest:ble portions, i.e. 272 acres,

consist of marginal areas in which the unnuzl crust rests on soft mud
and, in the cuse of Lu:ke Crosby, an cr:. of somec 30 .cres in which soff .
patches of mud surrounding "blow-holes® are so close to.cther as to
render the area quite unsafe for horses or vehicles,

Blow-holes are common to the three lakes, but are wore
frequently developed on Lake Crosby. They are wents through the
thick beds of permanent salt and have more or less vertical walls,
They are filled with 1ijuid black mud containing fine gypsum in
suspension and possessing a very fould odoure The odour is ..uch
more repulsive than that of hydrogen sulphide alone, althou,h that
gas 1s undoubtedly present, and is strongly reminiscent of the smell
of indole and skatole, two related products of the putrefaction of
nitrogenous organic matter.

The blow-holes provide vents for the ascent of bring when
the ground-water level rises, vertical movement of bring tiirough the
permanent salt being greatly impeded or absolutely prevented by hori=-
zont:l sheets of .elatinous mud and the thin surface film of salt

with a waxy appearance., The latter is formed prob bly by diurnsl solution
of salt by dew and the subse .ucnt r-deposition of the salt on evaporation

durin; the succeeding dgy.

These blow-holes are generally only a few inches &Cross,
but they constitute & serious danger to horses und must be avoided
when harvestin: with horse-drawn scoops. A few larger onces, .nd
groups of them, must be ckirted by motor venicles,

Should conditions permit, the formation of a crust of salt
over a blow-hole or group of them, the rise of brine may inject mud
beneath the salt crust before it cracks «nd relieves the pressure. In
this way these vents c:use a mingli:y of highly objectionable gypseous
:ud wi;h surface salt over & radlus varying ffom two or three inches

o 15 feet.

Each luke is surrounded by a shelving sindy oesch comyous:d
lurgely of gypsum sand ond undsrlain by black mud and gypsum crystals.
Immediately off-shore, the annual salt CTustyy thin-=nd is supported

on & layer of soft mud overlying eith r gypseous sand or scams of hard
salt. This thin salt crust cunmnot support any welght w«nd is not
harvested. Continual s epage of szline ground-wuter into the lukes Leeps
the mud soft near the margins. As pointed out in the preliminary
report, timber corduroys are necessary to provide access across this
marginal soft belt to the harvesting, are.s.

The widéh of the soft belt surrounding the harvestin, zreas
varies from place to plice and appears to be & functi-n of the angle of
the slope of the beach. A gently sloplng beuch cuuses a more rapid
retreat of the bring durin; the crystallising sture, while steeper slopes
permit the formution of thicker crusts of salt with, necessarily, less
mud underneath.

The lake beds ure discussed in ,reater detsil in later
sections of this report which treat of each lake sep.rately.

IVe  THE ARNUAL Sal I

The crust of annual salt was not in existence at the time

.of the previous visit to the Lukes (in August, 1942) but it was

stated that the layer formed annually at the Pink ~hakes was generclly

_-less than half an inch in thickness. A4n examination of the lukes sur-
-faces atmny points however disclosed that the annual crust .verages
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between 1 and 13 inches in thic«ne s, There is & grodaticn in

size of the crystals composing this crust. The upp:r part, with
athickness of § to 3 inch, consists of finely yranular wrnite salt

with considerable free space betw en the crystalse This upper

layer merges into comp.ct pink salt below with crystels up to %

inch size. There is nco sharp line of demarcation betw cn these layers
but the lower salt is of poorer jyuality and its compuctness makes scoop-
ing more difficulte For these rcusons the lo..r hzlf of the wnnual

crop has been left euch yeur und the depth scooped has come to be
ccepted z8 the thickness of the znnu-l erope

The top layer of white salt appesrs to h.ve been flormed puartly
by rapid deposition Just beofore the brine sinks below the surface
end ¢fter the small :ucntity of ..ud present has been entrained in
the lover salt, and partly by cvaporation of brine brought to the
surface by capillarity as sup.ested by Dr. Fe.d. Campbell. The
removzl of the brine to below the white layer prevents the continued
growth of the constituent crystals in the upper layer to the sizes
commonly present in the lower portion of the annusl crust.

. The annu:l salt crop rests on the ..ud described in the
vertical section give in the eurlier report and this mud in turn
lies on = hard filrly smooth floor of very comp.ct crystalline salte.
The thickness of the wud layers vcries from place to place and
further details will be found in section 6 of this report.

-Until this year hurvesting w.s carried out with horse-drawn
scoops, but the horses h.ve now been repl.ced by trucs«s and tractorse.

The first scoopin; of the like surfaces aims to recover the
whilte salt without admixture of the pinie. This salt, «nown as No 1,
is little different ir composition from the pink, but is in « finer
state of division and has a nuch bzotter appe.rances

The 'f4rst cut® removes zbout % inch und gets the bul.. of the
good juality salte The surfuce is then scarified to about the same
or rath.r grezter depth .nd the 'cecond cut'! tuken. This recovers
the remainder of the white szlt and about 4 inch of the pinc and
completes the harvesting operations.

The remaining pink salt is never removed ond redissolves
in winter with the rise of the ground water level leaving the top
of the peepmanent salt exposed to the brine, except for a thin luyer
of slimy nmud.

At a later stsge in this report it 1s recommended that
harvesting sh uld be so conducted as to reeover the whole of the
annual salt.e This modified procedure will be referred to &s Rdeep
harvesting",

v

Ae Sailor Luke (or Loke Becking)

(1) g The unworkable arca of this lake
consists of the merginal soft bund described aboves The belt is up
to 5 chains wide on the eastern shore where the bezches are wider
and slopes comparutively gentle. There are some blow-:oles in
Bailor Lake, but the arez affected by them i1s negligible and they
are not shown on the plan. As suggested in the report of 9th Sep-
tember l:st, it has been found that trucks «nd tractors ean operate
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over softer ground than horscs, but it is not considered that
any extension of the usual harvesting area on Szilor Lake will
be appreciable and accordingly no allowance has been Lud&e

(2) Haryeatable aruie This consists of 120 acres of
lake surface wnhich bears an annual salt crust of very uniform
thickness of 1% inches resting on the permanent salte.

The top of the permanent salt forms a hard level floor
of gre=t strength.

A very thin.layer of fluid blacx mud with & gelatinous
brown £illk on top separates the annuzl from the permznent salt and
permits the whole thickness of 1% inches to pert cleanly from the
floor.

A typical section of the bed of Sailor Lake is -

14

W.ite and pink salt ececevecccsse 1: inchese.
Brown and black ud esccescscses 16 inche
Crystalline salt layer ecececoss 2 to 3 inches,
Similar layer with

coarser Crystals esscesscccces O tO 4 inchese.
Clear glassy salt

Crystalss ccecececccocececrcoe more than 2 feet.

The three lower salt layers contaln some entrained mud and
gypseous sand.

3. lLake Crosty (or Gve's Luke) .

(1) Inaccessible areas. The soft marginal belt around the
lake is 'similar to that deseribed above and occupies about &0
acres. A broad tongue of muddy ground extends nearly across the
lake from east to west and is occupied by closely spaced groups of
blow-holes and soft muddy patches. This tongue hus an area of
some 30 &cres, and is covered with a salt crust totalling probably
3,000 tons, but none of this salt could be recovered as the crust
18 too weai to support vehicles or even persons walking upon ite.

( 2)Usual harvestins sreas This area of 110 acres occupying
the rorthern half of the lake is similar to the harvesting crea of
Sailor Lake and the descriptions of the latter apply ejually well
in this ezse except that the mud layer oetween annual «nd permunent
:gitk;ends to be thicker and the section is not so uniform in

CHEINEeSSe

(3) additional harvestips arcae 4dditional salt to that
usually harvested can be won from an are. of 40 acres south of the
tongue of muddy ground mentioned above. This area has not been

harvested for many year$ principally beczuse of the slight difficulty

of access round the zuddy sround .nd « lack of zuch suitable
gzgund for stacking salt on the banks of the sout.-west side of the
€. ,

Typical sections of the lake bed are as follous -

1. HNortherp harvesting aICla

White and pink 881t cevcevesovscssee 1 O 15 inches.
Brown and black mud .eeeeescesssesess variable, probably
$ inch averagee.
Stratified erystalline
salt with black Dands sececeecescsess 4 to € inches.
Coarsely crystallin 3alt seeeceessees Xore than 18 inchese.
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2. Southern harvesting area

White and pink 83lt eeecceccccssse
Brown and black mud eesessescecese
Stratified crystalline salt sssees
Gypsum 83Nd ceevseressvvccssrssoses
Coarsely crystailine Salt escececoss

3« Inaccessiblc Kuddy tonLucs

White and pink salt ceescessesesss
Fluid black mud and fine

EYPSUR cevceoscncsssncccccrcscsns

4. Inaccessible Shore linecs

% to 1 inch.

about § inche

4 to 6 inchese

2 to 6 inchese

more than 18 inchese.

i to 1 inche.
mpt less than 2 feet.

S2Nd eessessavcovesssecscocececsees 1 t0o O inchese

Black 38 seesanececscscecscccnse 0 to 1 inche

Gypsum crystuls and 8and ecessecees 1 to 4 inches,

S3lt ceccccsvsnccocacsecocrscescerve 0 to 1 inche.

B8N0 ccossavsscoceconscsncsovesede NOL less than 2 fuet.

C. Cresgent Lake (or Home Lake or Lske Kenvonle

1. Inaccessible arcas The marginal soft strips and the
narrow neck joingng the two .rms of Lre«cent Luke cannot be
Aarvested,

2+ Harvestable arg.ss The western arm has not been
harvested for two years and now be.rd a crust of 13 inches of
white and pink salt over zn srea of 53 acrese The castern arm bears
a crust of rather greater thickness but some trouble may be
experienced with mud which may become zdmised with the salt when
the proposed deep harvesting 1s attempted. Eud beneath the annual
salt crop 1s thicker in this part of the lake than elsewhere and
there 18 some risk that traffic on the leke will break through
the crust causing mud to be sgueczed up through the resulting
cracks. However, this scason's No. 1 salt has been gathered from
an areaz of 10 acres without any difficulty so far.

Se Additional harvesting areas shown on the plan represent
small extensionsof the usual aress where the foundation bene&th

‘the annual crust is prob.bly strong enough to bear rubber tyred

trucks, but could not be worked with horses.

Secti ns of the bed of Crescent Luke ore given below -

Nead north Near south end
Bastern ArEa shores Centre of harvesting area
inches inches.
White and pink salt 2 13 2
Stratified salt and 1% 83 1
blacx mude
Gypseous sand not present 2 not present
net less
Coarsely crystalline 1# than 24. 5
salt. .
not less
Mud 2 not known than £4. -
Coarse glassy salt not less
erystals than 18 not known not KNowne
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Eastern end Centre Western end &%
Neck inches inchies inches
White and pin salt 13 ' 2 ix
Stratified saltwith not present 4 not present
black mud
Black mud 1 6 3
Crystalline salt 35 4 not present
Gypseous sand and mud mogz than mo;z than 4
Pu e ylesay salt not xnown not known moreZZhan
% On ed.e of hurvestin: areds
Bouthewestern North-eastern North-west-
Hestoerp ATda side. . side. Centre ern corner
inches. inches. inches inches
Writ and pini salt 1 1s 1} 1%
Back mud and salt about 1%
Crystalline salt 13
Black bund t
Crystalline salt 23 4 es about 8%
Bleck band .
Course plussy salt more than more than more then more than
crystalse 21 24 ib 15

Some difficulty has been experienced in selecting a factor
for cualculating the tonnages of salt given in the table below.
One acre-inch of mussive salt without intersticisl spaces contzins
220 tons, Recent harvestin: on the Pink Likes yielded 33 tons of
salt per scre from the first cut, e,uivalent to 130 tons per ccre-
inchc1f the cut is taken to be or avera,e depth of % inch. However,
the depth of a shallow cut over a large surface eannot be measured
with exzctness and the tomns;e of sult recovered has been estimated
by me-surement of the stuac: resulting from harvesting a large areae

The factor finelly used is that juoted by Dr. Hel. Juck
(Bulle No. & Sehde Geol. Surve) vize 120 tons per acre-inch and
this figure is considered to be somewhat conservative in view of
the very compact nature of the low r Lortion of the arnusl salt
met,

The following table shows the estimated ,usntities of galt
which may De recoverced by deep  arvesting on each laiee

-

Lake Area Thickness No. 1 Salt Other sult Totule
acres of erust
inches Tons Tons Tonse.

- e - - =
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Crosby 110 1 8,000 8,500 i 16,500
40 1 -— 5,000
Crescent 50 1 9,000

west 3 1% *500) 9,500
east 44 1% to 1% 2,600 5,000

7 1% 1,300 8,900

9,200 45,300 54,500

The estimated total ,ucniity of permanent salt beneath
the lake beds to a depth of £ fcet 45 as follows -

Lake Area Average thickness of Tons of salt.
. salt
Acres , inches
Sailor 125 18 270,000
Crosby 110 18 287,000
Crescent 60 20 144,000
West ara
Egst arm 40 . 15 72,000
Total - 723,000

It is known that szlt extends below the northern znd
northwaestern beaches of 8zilor Luke, but this juuntity huas not been
taken into account in the talk above. It is probuzble that salt
occurs similarly underm=sat: the beach sand at the oth.r lukes.

At various points in the thr.e lukes, sult has bcen
proved to exist at depths up to &nd exceeding & feety and slthough
the total thicxness of permznent salt in the lake beds is probably
considerably more than the figures zenti . ned here, it hus rot been
determined,

The factor used for culculutin, tonna es of annuel
salt, viz. 120 tons per acre-inch has been used for estimating the
perm:nent salt.

éI :"LN.C’\. & A LS Y

The amount of salt produced by the present metheds of
harvesting vari«s from yeur to yeur according to the condition
of the lake surface at the beginnin. of the harv stin., se..son wnd
the ensuing weathere Light rain after harvesting brings about
& fresh crop of salt by dissolvin. &« portiocn of the hard residue
and reprecipitating it ws a s0lfit erust of fine salte It is zlso
possible that downward percolaticon of rainwater to the brine level
permits the process of capillarity to sturt zgain and brings a
smzll juantity of fresh salt to the surfuce.

The maximum tonnuage of salt produced in any cne scason
her houmwactine +ha twa lavers deseribed above and anv fresh erops
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"now desired to produce 50,000 tons znnuallye.

It is recommended that this producticn should pe wchieved
by harvesting the totezl annual salt erop amounting to 54,500 tons
either by modifying the ususl harvesting methods to enable deeper
cuts to be taken after the No. 1 salt has bee.. r«wov.d, or oy
repeating the scarifying shd scooping process until the top of the
permanent salt is discloswde.

On z11 but a portion of Crescent Luke this procedure will
involve scooping the lower szlt in a shallow depth of brine amounting
to hzlf an inch or so.

~ The margin betweeu the re .uired uuntity of salt «nd the
estim:tod tonnage of annual salt existing is v.ry narfow, numely
4,500 tons and 1t is possible th:t, although the estimate is believed
to be conservative, the desired goal may not be achieved. Recovery
from the easter arm of Crescent Lzxe may be disappointing owing to
the presence of much mud at the surface of the perwunent salt as it
seems possible that traffic on this purt of the lake muy brewx the
annual Sult, mixin. sufficicnt mud with the salt to render 1t useless.

Should ths above deep harvesting fail to produce 50,000
tons of sult slternative schemes for recovery of the bal:ince will ieed
to be considered and further su.gestl ns are oifered velow (section XII)

Deep harvesting should be put in hand without delay to
encble as much s possible of thc salt to be stuc«ced vefore the lake
levels rise .nd the sult 1s lost by solution in the incoming ground
water, To minimise losscs from this cause it would appear desirable
to leave the harvesting of the eastern w«rm of Crescent Lake, in which
the brine stands at from £ to 6 inches below the surface, till last.
It t8 21so sugpested that harvesting of the deeper salt should be
started near the lake margins first where solution of sult might be
expected to proceed most rapidly.

That there is very little difference in com.osition be-
tween the white and pink salts is evident from numerous analyses that
have been made from time to time and five analyses glven in a report
by Dr. Campbell dated 21/11/24 zre juoted. The samples are from
stacked salt at Sailor Lake and the figures have been reduced to a l
dry basis -

Grade NOe 1 cececessessese 98.8% Sodigm chlozide 0.04% insoluble matter &
n A

7

1 [ XTI RER TR YN 9804& 0.07,’0' n

1 covecvcccene 9604@ » . 246 % Calciun sulphate
2 secocvvovees 3330 " 8 0.1ﬂ insoluble matter
2 seesesovone 99.2% " n 0011.% " "

While these few analyses actually show that the pink salt
is of grewter iyurity than the white, it c.nnot be taken that tnis is
always so, but the figures dewsonstrate the simiiarity in composition
bétween first und second jualities. It 1is appurent thut the
higher market value of the No. salt i1s depeundant upon its physical
rather than its chemiccl state.

' The lowest layer oi salt removed by deep narvesting irom
immediately above thne permunent sult is iikely to contuin mueh of the
brown snd black mud layers which are interposed. On Sziler Lake the

uantity of mud is so small and it is so highliy ayueous us to be
virtually negligible, but cure muy be recjuired to uvoid undue con-
tamination on the ither lukes,

The colour is not of any importance when the salt is
rejulred for chemical pur,os-s wund budly discoloured salt from the '
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Pin: Lskes can be absorbed by the iner:.sing demands of chemiesal
industry. However, this point should be discussed with an
authority familiar with the re . uirements of the chemical trude.

CiiOPS

X1, LFFECT OF DR unhkVeoTlne ON oULLerbiby

The thickness of the annuxl salt ciust depends .n tne
length .f time elapsing between th: beginning of sclt grecipitation
and the lowering of the brine l:vel to & point at which no further
evaporation can take place. In other words the countrolling fuctor
18 the volume of water wiiich is avcilable for solution and redeposition
of salt, and this fuctor is entirely dependent upon the regionzl ground
water level.

It does not seem re.sonable to supy0se, in view of the great
masses of salt lying bene.tn the laxk-s, that the portion of tane
annual crop left behind by shallow harvesting plays anything but &
minor part in contributing to the next successive salt crope. It
appears that the residue of annu.l salt which dissolves -ith the
influx of ground-water in wint:r recrystallizes to the exclusion
of an ejuivalent guantity of salt purtly ulrewdy existing in the
ground-w.ter and p.rtly ecapsble of being taken up fro. the permunent
salt beds with which the ground-water comes inte intimaute corntacte

It is not considered that the n.w factor introduced by
deep harvesting as proposed in this regort will have any upprecizble
effect on the thickncss of annual crust when it i: compz:ed with the
vast influence of the volume of the salt water .vailable for concentra-
tion and erystallization.

One effect of deep harvestin; mey oe to cause succeeding
crops to become cleaner as mud is removed froo t:e upper surface of
the permanent salt.

L STIoho F

8hould deep harvesting of the Pink Lukes fail to provide
the reyuired 50,000 tons of salt, attention should be directed to the
jquestion of harvesting Lake Poulton about 2 miles west from Sailor
Lake, and of increusing supplies from Lzke Tyreell. The latter Lake
is 98 miles nearer to Helbourne than the pink Lakes znd 18 convenient
to a rallway ct Sea Lake.

It has teen proposed that production of salt at the Pinx
Lakes should be increased by juurrying permanemnt salt from the bed of
one of theme Such operations would remove considerable . uantities
of mud mixed with coarsely crystalline salt and would necessitate
crushing and washin; the salt before it could be used. The technical
difficulties associated with this procedure may not be great, but it
is desirable in the interests of simplicity -nd low costs that they
should be avoided if ossicles For tnis reason it is redommended
that ev-ry attempt should be ..de to produce the required salt from
the annual crop even to the extent of transferring to another locality
and 8o obviate the necessity for crushiug and washing plant,

There 13 also the possibility, which has been raised by
the lessees, that the excavation of puart of the lake beds might cause
the failure of succeeding crops of annu.l salt by disturbing the
natural conditions and causing the drainage of brine to the excavated
part of the lake floor. However, as it is hcld that the level of
brine in the lakes 18 reglonal ground water level, it is highly
improbable that any part of the lake surfaces, except that actuzlly
excavated, would be affected.

It is worth noting in passing that excavations in the lake
floors which expose brine to the atmosphere dur{ng summer act as
crystallising pams. One hole excavated in Lake Crosby about 4 or 5
months ago had some 8 inches or very pure flaky salt lying on the
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bottom of ite During the very hot weather in the early part of
February, it wus observed that whe. e brine became exposed, & film
of salt formed on the surface within & few minutes. Flakes of salt
up to 1/16th inch in thickness could be recovered within <4 hours of
exposing the surface of the brine,

This observation opens u. the possibility of augmentin,
supplies by excavating shallow pits to act as evaporating pans during
the summer months. Such pits would not need to be deep.r than 6 to
12 inches on Ballor Lzke and Lake Crosby, but might need to be 12 to
24 inches deéep on Crescent Lake owing to the loaer level of the brine
relative to the top of the salt cruste. :

Survey of the Pink Lakes indicates that the total aresa of
annual salt erust accessible to harvesting operations amédunts to 374
aeres, The erust varies in thickness betwecen 4§ inch and 2 inches and
is estimated to contain 54,500 tons of salte

Owr areas More or less coincident with the areas of harvestable crust,
thick layers of coarsely crystalline _erminent salt occupy the lske
beds beneath the anmual eruste To a total depth of 2 feet below the
surfzce of the beds of coarse salt contain at least 723,000 tons of
salt, but the horizontal limits and thickness of the salt are not
knownge

The wual practice at the Pink Lakes consists of narvesting
about half an inch of the annual salt crust with scarifiers and scoopse
By this means1B,000 tons of salt can be recovered.

Intarder to increuse this production figure to 53,000 tons,
it is recommended tn this report that thewhole of the accessible salt
erust should be recovered by deep harvesting. Should this method
fail to saitsfy the inereased demand, it is Ssu.gested that a neardy
lake, Luke Poulton, should be harvested, or that production from Lake
Tyrrell, 98 miles mearer to Melbourne, should be increased if possibl®.

The above deep harvesting is suggested in preference to
quarrying of the coarsely crystalline salt layers to avoid the necessity
of providing crushing and washing plant to treat the yuarried salt.

Deeper working of the lakes, elther by deep harvesting over
large areas, or by quarrying limited areas, is not considered likely
to have any deleterious effect on future salt cropse The former may
tend to provide cleaner salt in succeeding years by the removal of
mud from the top of the permznent salt layers during the first year's
operations and the latter method would provide evaporating pans in
which very clewm.salt would be precipitated suring the summer,

(He. OWEN)
Geologlst
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