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SUMMARY

The larger beach sand producers in the Newcastle and
New South Wales - Queensland border areas were visited and the
composition and disposal of tailings from their separation plants
was discussed. Some dumps were sampled, but generally speaking the
samples obtained were taken direct from the plants. Analysis of
samples was carried out to identify the various minerals and
elements which were being discanded. There was no obvious case where
useful products were being discarded and where recovery seemed
economically possible. '

INTRODUCTION.

The purpose of the survey was to ascertain what materials
were accumulating or could be saved from tailings from the separation
plants of the beach sand producers on the east coast of Australia
and in particular to determine whether the vanadium content of the
east coast ilmenite was likely to be of economic interest,.

The present surkey is & part of a general survey of
plant tailings from metalliferous mines in Australia. The purpose
of this general survey is to -

(i) disclose poss1ble sources of the less common metals
which are coming nto prominence for -such purposes
as structural materials in nuclear engineering, in
alloys of superior performance at high temperatures
and for high purity metals and allgys with particular
electronic properties;

(ii) indicate dumps which by reason of their size and
metal content, may warrant re-treatment because of
factors such as improved mineral dressing techniques,
improved metal prices or the presence of metals of
newly acquired importance mentioned in (i) above;

’s

(iii) discover sources of metals which would nét: in ‘the

past have heen expected in certain types'oi deposits o

but are now known to be sometimes found in them,

SCOPE_OF SURVEY.

The plants selected for v181ts included those of the
major operators in the areas south of Newcastle and in the New
South Wales - Queensland border area at the time of the survey
(July 1965) . It was considered that &amples from these two main
areas would be adequate .to indicate whether there were likely to
be valuable minerals or elements present in the east coast plant
tailings generally.

Dumps and plants in the area between Newcastle and the
Queensland-New South Wales border area, and north of Stradbradke
Island were not examined. Results of discussions with pd Lant
managers etc are mhcluded in thé section giving results of sample
analyses below.

As in previous surveys, analytlcal work was carried
out by the Australian Mineral Development Laboratorles, but
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differed-someﬁhat:from that adopted for metalliferous tailings.
The following tests were carried out: -

a) modal analysis'to identify minerals and the proportions
in which they occur in the samples.

b) spectrographic analysis of samples as a whole
¢) check on radioactivity
d) chemical analysis of vanadium in thé ilmenite samples.
It is worth recording that'Aﬁdel found it necéséary
to introduce a cupferronseparation into the spectro photometric
method used for vanadium dé¢termination in order to deal with

interference from the relatively high chronium content of the
east coast ilmenite concentrates.. '

METHOD OF SAMPLING

‘ The sampling method varied considerably according to
circumstances and is discussed for the individual samples on the
results section.

(RS W
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RESULTS BY AREAS.

Kincumber.

This township is located 7 miles south east of Gosford
and the dry separation plant here is owned by Northern Rivers
Rutile Pty. Ltd. Its capacity is 300 tons per week of 80% heavy
mineral concentrate., At the time the p@ént was visited mining
of the beach south of Kilcare was almost ‘completed. The next
area to be mined was the Haven at Terrigael where a small high
grade deposit (50% heavy, mineral) was to be trucked direct from
the beach to-the plant‘for tregtment. Additional tailings from
dumps at the plant were to be carted back to the beach to make
up for the concentrate removed and restore the beach.

Ilmenite from the separation plant is sold to Sydney
firms for sand biasting.purposes. Some small dumps of ilmenite
remained adjacent to the plant and grab samples from a number of
locgtions were taken to make a composite samplé, number 65/?4/002.
A sample of the larger dumps of table tailings, perhaps totalling
2000 tons was taken in a similar way 'and numbered 63/54/bo1.
These dumps were located across the road behind the plant.

Earlier tests on a grab sample of ilmenite from this
plant were alleged to have shown from 0.7 to 1.0% vanadium. The
ilmenite sample collected on this occasion showed vanadium.in
the trace range (0.1-0.01%) by spectrographic analysis, the
value by chemical analysis being 0.091%. o

Other test iresults indicated that retreatment of table
tailings and ilmenite remaining when the plant is on:the point
of closing down might be worth while becéuse ofithe rutile .
and zircon contained in them. This amounted t¢ 6-7% zircon and
3-4% rutile in the table tailing and 5%u£gfiie in the ilmenite.
Detailed results of all teSts are set out in Tables 1 to 4.
Appendix I should be read in confupction with Table 3..

Lake Munmorah.

Wyong Minergls' plant and mining areas are located
at the end of Elizabeth Bay Road which runs south from the
Pacific Highway about four miles on the Newcastle side of Doyalson.

Table tailings are disposed of into hollows in the
mined out area to the east of the plant and office €ite, on the
eastern shore at the north end of Lake Munmorah. Two composite
grab samples were—taken. Sample 65/24/b03 came from. table tailings
from the diaposal site being used at the tige the plant was visited.
Sample 65/247bQ4 was taken from the area préviously used to dispose
of table tailings, south'of 65/24/003 and above the access road

leading to mining areas to the north east of the plant.

A stockpilé of ilmenite is maintained in a filled swamp
area’qnhthe edge of the mined area about half & mile north of
the pgéht. The quantity of ilmenite in this sftockpile varies with
the demand - from Sydney for sandblasting meteriél, but rarely exceeds
a few thousand tons. . A composite grab sample of this haterial was
taken and numbered 65/24/005. . -~

<y
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Tailings from the plant are examined as a routine by
microscope to check on losses of valuable minerals. The fraction
containing garnet and monazite was being stockpiled because of
the plant's limited capacity to produce these minerals at that time.
Of the heavy mineral concentrate produced by the dredges 8% only
is the magnetic fraction (mainly ilmenite) while over 40% is .
rutile and over 30% is zircon. The rate of agcumulation of dry plant
~ t&ilings was estimated at 30 tons of heavy mineral per month, the
tailings containing about 6% heavy mineral,

: Examination of the modal gnalysis of the table tailings
samples gave reasonable agreement between the two samples and with
the 6% total heavy mineral in table tailings quoted by the company
above. The principal heavy. minerals, apart from futile and zircon
were tourmaline, hematite and goethite.

The ilmenite sample showed a similar vanadium content
(0.085-0.089%) to that from Northern Rivérs Rutile's plant.
However, the rutile content of the ilmenite was appreciably lower,
and the possibilities for tailings retreatment were correspondingly
less,

Redhead.

The operations of Rutile and Zircon Mines (Newcastle)
Ltd. have a similar geggraphical relation to Lake Macquarie as
do those of Wyong Minerals to Leke Munmorah, Both are on the
sandy strip at the north end .of the lake between the lake and the
ocean. Generally speaking, however, the Redhead operations are
closer to the beach, while the Lake Munmorah operations are more
on the lakeside, 1 : ‘

A number of composite samples from various parts of the
plant were collected over a period of a few hours. These are ligted
below, together with some comment on the test results. The places
in the plant flowsheet from which the samples were taken are marked
on Flowsheet No, 1. - D

a) Spiral Tailing: normally contains about 2% heavy
minerals relative to T.B.E. (tetrabromoethane -
specific gravity 2.964). Sample number 65/24/006
had been concentrated on a laboratory size table
to remove the light fraction from the sample as
collected. The minerals remaining, apart from
43% quartz, were rutile, ilmenite, zircon and
tourmaline, with very minor amounts of garnet, spinel,
hematite and epidote. '

b) Screen oversize after dryer - this contains coarse

zircon and is being stockpiled for later retreatment.
* The heavy mineral in this area has an unusual size

distributidn in that the rutile grains are included
in a relatively short range while the 2zircon is both
coarser and finer than the rutile. A similar
distribution appears to apply to the deposits being
mined by Wyong Minerals Ltd. Samplé number 65/24/007
was taken from the screen oversize material and
contained 75-76% zircon, and 11-12% rutile.
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-Garnet fraction - this is gcreenéd out from magnetics

produced in zircon cleaning. Monazite is produced

from the screéen undersize at this point by magnétic o
separator and finally cleaned on a dry shaking table L
with transverse air blast. Tailings are recirculated, :

The "garnet" fraction sample was numbered 65 24/b08 and

found to contain 2-3% garnet, 1% spinel, 13% tourmaline

and 35% zircon. Quartz and other light minerals

accounted for 37% of the total.

) Ilmenite - sample 65/24/009. Newcastle sandbladting

requirements are met primanily by sales from the ¥
company's small dry plant located in the city at
Wickham. Additional requirements aregjdt from the
main plant at Redhead, the balance being used for
swamp filling. At the time the plant was visited
9,000 tons per year were used for sand blasting and
the dumping rate was 65 tons per week. The sample
contained 89% ilmenite, with 6% hematite, 4% spinel,
1-2% monazite, and very minor amounts of zircon,
magnetite, epidote and goethite. The vanadum content
of the sample was 0.077% by chemical analysis and in
the trace range by queglitative spectrographic analysis.
An analysis supplied by the company showed 0,18%
V205\in ilmenite produced in February 1966. The
comparable figure, from the chemical analysis of -

{

64/24/009 by Amdel is 0.14% vzos. '

' Useful discussions were held 'with officers of the company,
particularly Mr. S, S. Pullar, the Metallurgist, who has had
considerable experience in the industry on various pd?ts of the

east coast.

The following points arose in discussion:

a)

b)

c)

Vanadium. Rutile contains more vanadium than the ilmenite
in the east coast sands. Figures from various company
sources available at the time the discussiaons took
place suggested that an average figure for rutile

might be 0.6% V,0 and for ilmenite 0,1% V0.

It seems possibieS that vanadium is being >

recovered from Australian rutile in the United States
particularly where titanium tetrachloride is produced
from the mineral as an intermediate compound.
Complaints about excessive vanadium content are unknown
and it seems that removing vanadium must at least

pay for itself, if is does not afford some profit.

In any case there is probably little that producers

can do about the vanadium content of their rutile
concentrates,

Mineral Variation. There is a variation in the
proportion of minerals along the coast, as well as
within individual deposits. Frazer Island in
Queensland is regarded as the cut off point to the
north for high chrome ilmenite. It is considered
that ilmenite further north is derived from different
rocks to the Clarence River Series, and that Frazer
island represents the limit of current sweep of the
detritug from rocks of this series to the north,

One of the Creseent Head operators holds the view
that a somewhat higher proportion of magnetite in
this particular area is due to the debris from the
Serpentine Belt being localized in this portion of
the Foast. ““ o -
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The Wickham (Newoastle) plant of Rutile and Zlmcon
Mines operates on heavy mineral concentrate prdduced'by smhll beach
mining operations anciliary to the main Redhead operation.” At the
time of the visit, the Catherine Hill Bay area was the main source.
'Rutile and Zircon Mines also operate a mine and separation plant gt
Harrington, north of Newcastle and 40 tons of ilmenite per week
is discarded as swamp fill there.

. Southbort

I The plant of Assqciated Minerals Consolidated is located
,“in a built up area in the town of Southport. Ilmenite from the
plant is dumped adjacent to it and also in an area 8 miles to the
south, located just north of the Burléigh Golf Links at Miami.

This latter dump is estimated to contain about 1% rutile. About
50,000 tons of ilmenite may be available in each area. Quartz
tailing from the tables is sold as filling, and the demand is
apparently sufficient .to av01d an accumulation.

Samples were obtained from various places in the
treatment plant shown on Flowsheet No.2. These were compos1tes
obtained over a number of shifts during the week ended 17th July
1965. The flowsheet of the plant is somewhat umusual in that the
concentrate from the tables is separated into a zircon rich top
cut and a rutile rich bottom cut from further treatment in separate
circuits in No.1 Mill and No.2 mill respectlvely.

‘ Sample 65/?4/b10 was of the screen undersize from the
magnetlc discard from the non conductor fraction from No,2 Mill.
At the time of sampling, after a further magnetic separation the
. screen undersize non magnetics were recirculated to the primary
wet tables and the magnetics discarded with the table tailings.
This portion of the flowsheet had been recently altered and at the
time of the visit was still under review,

The sample contained a large amount of zircon with minor
amounts of tourmaline, garnet, chromite monazite and epidote in
descending order of impprtance.

Oversize from the screen is described as the garnet
fragtion. :

Sample 65/24/011 - ilmenite, No.1 Mill. This sample
contained 79% ilmenite and 11% chromite, with a minor amount of
rutile, hematite and magnetite. The measured vanadium content was
0.096% by chemical analysis.

X . Sample 65/24/012 - ilmenite, No.2 Mill. The sample
contained 80% ilmenite and 10% chromite, with minor amounts of
spinel, rutile and hematite. The vanadium content was measured as
0.095% by chemical analysis. '

= Sample 65/24/013 - tailing from wet mill tables. -The

' sample was mostly quartz with 10% tourmaline, about ;% each of rutile
and zircon, and g% monazite. Radioactivity at 0,038 O equivalent

was far higher than any other table tailing. This may ge related to

the discard of magnetic non conductors from No.2 Mill into the table

tailing stream - see discussion on.sample 65/24/b10. Howevﬁr the

results of® rad10act1v1ty getermlnatlons of these two samples geem

out of proportion in ﬁhax sample w1th the lower pimcentage of monazite

has the higher radmoact1v1ty.

v
o
'
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Garnet, the oversize fraction screened out before sample
65/24/b10 is gold in Brisbane for industrial use, and a few
hundred tons of ilmenite has been bagged and sold overseas (some .
to Denmark) for uiSpecified industrial purposes.

In discussions with company officers & number of
interesting points arose and these are set out in the following
paragraphs. '

The vanadium content of rutile produced by the company
lay in the range 0,55 to 0.75% V,0; and of the ilmenite contained
about 0,1% V,0. as.far as ;could 2 be ascertained from the few
available figufes, '

Dumps at a number of old beach sand mining areas were
discussed. These had been worked over for recovery of valuable
minerals before the treatment plants closed. In many cases the tailings
from retreatment were dumped in locations where they may be
remined with the rest of the ar@a in the future. Quartz tailihgs
from tables hgve been generally ‘returned to the beach though there
are a few exceptions which could be followed up if some of the
lighter heavy minerals ("light heavies") such as tourmaline

hornblende etc were to become of value. Plants mentioned in discySsion
were located at Diamond Head, Port Macquarle, Woodburn, Mooball,
Laurieton and Jerusalem Creek. e

At the Company s Byron Bay separation plant ilmenite is
accumulating but table talllngs are disposed of for filling in the
town areas.

At Tangalooma the separation plant operated for only a
short period and dumps thame have been’dissipated.

. At Tewantin ilmenite dumped earlier has been rreworked
to recover rutile and now probably-contains about 1.25% of this
‘mineral, About 100,000 tons may be available in this locality,
The proportion of 11men1te appears higher to the north of Brisbane
and at Tewantin the heavy mineral: cﬁhcantrate from the mine site
is said to have contained. 65% ilmenite in contrast with the situation
in the Wyong area where the ilmenite content amounts to as little
as one tenth of this.

Ihe recent trend to replace spirals by pinched sluice
concentrators may be expected to result in a greater recovery of
light heavies in mining plant concentrates. Spirals permit a
visual adjustment of splitters to meet varlatlons in plant feed
to include fewer light heavies in the concentrate, but pinched

sluices are not subject to such visual control.

The plant of Mineral Deposits Pty. Ltd., Southport was
nearing the end of its active life when visited. Productive
operations have been transferred to the Port Stephens area, north
of Newcastle, where extpnsive leases are held by the company.

Ilmenite from the Southport plant has been dumped
locally in three areas - opposite St. Hilda's School in South
High Street; opposite Associated Minerals Offices in Ferry Road
and adjacent to Cooper Parade, which is off Ferry Road beyond The
Southport School., Retreatment of these ilmenite dumps was not
contemplated, Quartz tailings were disposed of as filling material
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and did not aceumulate.

The, exploration and manmufacturing divisions of the company
have remained in Southport, though operation of the separation
plant has ceased and the site has been sold.

The company provided an analysis of their ilmenite,
divided up indio fractions of decreasing magnetic susceptibility.
This is reproduced .in Appendix II. It is interesting to note that
the most magnetic fraction contained O. 27% V O5 and 0.84% Cr2 3?
while the least magnetic contained less that 0701% V205 and
25,7% Cr,0 It now seems well established that even though
some of %hé chromlum present in east coast beach sands can be
removed by approprlate magnetic separation, there still remains
a certain pinimum amount which cannot be removed in this way. This
amount is étlll sufficient to render the reconcentrated,llmenxte
unacceptable to pigment manufacturers. There appears to be a change
in the nature of ilmenite in beach sands north of Frazer Islend
and production of an acceptably low chrome ilmenite from the
Gladstone area appears likely to take place in the relatively near
future.,

In any case the cost of transport of ilmenite to the
port of Brisbane from most of the producers in the surrounding
area would appear to be so high as to eliminate the possibility
of by-product ilmenite from rutile and zircon separation plants
being marketed at prices competitive with other ilmenite producers.

Cudgen
~ The Titanium Alloy Manufacturlng Company!'s plant, the
first established in the Cudgen Beach area, was retreating the last
of its tailings dumps at the time it was visited. It had already
been partly dismantled, the machines being transferred to the company's
.new operation in Queensland at Inskip Point. A garnet monazite
rich stockpiled mlddllng was being reworked for the recovery of
monazite, the garnet bemng dumped by-mrrangeients oanmS“W“)Ruxlle

+., Mining Company's adJacent leases, Previously, ilmenite taiIings

" -from operations prior to 1956 had been retreated for the contained
rutile. Most of the dumps from this plant are on N,S.W. Rutile
Mining Co. leases and will be reworked or budldozed aside When

the time comes to mine the area.

Quartz and light heavies produced as tailing were discarded
onto the adjacent beach. Between 1941 (when ilmenite was first
separated for dlscerd) and some time prior to 1953 (when Cudgen
Beach was being worked a second time) ilmenite was also discarded
on the beach, It was hpped that these tailings would be reconcentrated
by storms. ' : ' -

The plant of N. S.W. Rutile Mining Company Pty. Ltd.
is located on the beach at Cudgen, ‘north of that of Titanium Alloy
Mamufacturing Co.,.and on the Dpp031te side of the main road
through this area. . -

Tailings consisting of quartz and light-heavy minerals
from the tables are discarded. Ilmenite is accumulating at the
rate of 15,000 tons per year and a substantial tonnage is 1§¥ing
adjacent to the piant The magnetic fraction from zircon cleanlngc
(known as the "zircon plus" fraction) is also accumulatlng (at a
rate éstimated at 8000 tons per year at the time the plant was
v1b1ted) This fraction has some potential fow retreatment on
times Of good prices for zircon and wasfbeing stockpiled.
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A modal analysis of the ilmenite fraction supplied by
the company indicated the following composition; ilmenite 85-90%, -
magnetite (high in titanium) 1%, chromite 6-12%, rutile 1.5-1.7%,
leucozene 0.9-1.0%, zircon €0.05% garnet <0.2%. -

A similar analysis of the "zircon plus" fraction showed
zircon 45-65% garnet 10-20% tourmaline 10-20% monaZite 1-2%,
rutile 0,1-0.3% leucoxene 1-2%. T

A similar pattern of variation to that at Mineral
Deposits Pty. Ltd is noted in an analysis of ilmenite fractions of
increasing magnetic susceptibiltiy supplied by the company. The
C;::ZO3 content varied from 12% in the least susceptible fraction to
'0.7% in the most susceptible fraction,

Some work on the mineralogy of the "zircon plus" fraction
has. been carried out by Dr. K.L. Williams of the Geology Department,
School . of General Studies, Australian National university. The
following minerals were identified in samples of this materialj
cassiterite, corundum:, epidote, ggrdet, hypérsthene, ilmenite,
kyanite, leucoxéne, magnetite,monazite, rutile, blue spinel,
tourmaline and zircon., ‘

A company analysis of ilmenite from the Gladstone area
revealed vanadum present to the extent of 0.14 to 0.17%V205 -
mich the same as the vanadium content of other areas where”the

ilmenite is higher in chronium.

The "zircon plus" sample provided by the company
(65/24/014) contidhed 55-56% zircon,15% tourmaline, 10% monazite,
wifh’ only minor amounts of other minerals identified. Garnet
amounted to 5%. This sample had the highest radioactivdty-equivalent
to 0.090% U Oy as would be expected of the sample containing the
most monazite,

Sample 65/24/015 was from the ilmenite fraction, containing
74% of this mineral and 24% chromite, with 1% each rutile and hematite
and no other minerals identified, in contragt to other ilmenite
fractions in which rather wider ranges of minerals were found.
It ig impossible to reconcile the identificatién of 24% of the sample
as chromite when the qualitative spectrographic analysis places
chromium in the heavy trace range of:1 to 0.1%. However, it is
possiblé that some grains mightihave:been identified as chromite
whien in fact they would have been more correctly identified as
high chrome ilmenite gfains. The vanadium content was measured at
0.091%, comparable with other ilmenite samples.
",

The plant of Cudgen R.Z. is located at the north end of
Cudgen beach near the town of Kingscliff. Table tailings are
discarded on to the beach and cdﬁéist of quartz and light heavy
minerals. Ilmenite has been used for filling around the plant
and has largely been used to fill the pond adjacent to the plant

in which one of the company's dredgeslwas built.

. The fraction containing monazite, magnetic zircon and
garnet (the "zircon plus") hq% been dumped in another section of
_the pond mentioned above. At the time the plant was visitéd a
table middling fraction was being dumped -adjacent to thé currehnt’
ilmenite production in .an area to the north of the plant. This
fraction was reported to contain much leucoxene:and some- recoverable
rutile and zircon. v

PLRAY
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It may be expected that, as in the case of the T.A.M£a.
plant, these fractions will be reworked before the piant is flnally
closed down and dismantled.

A top cut of very high density material has been taken
from the tables and at the time of the plant visit was being
accumulated in 44 gallon drums pending development of g suitable
treatment method. This top cut contained some plantlnumh gold,
cassiterite, monazite and zircon.

‘Cudgen R.Z. was testing the first production model of
a wet magnetic separator developed by Reading of Lismore for the
east coast beach sands industry. The machine was at the Coff's
Harbour wet plant and was not seen in operation. At that time it
was not clear as to whether in rejecting unwanted ilmenite lesses of
monazite would occur. The machine, if successful, should bring
about a substantial reductikm in the tonnages of heavy minerals
that must be transported from mining sites to separation plants.”
As.the distances involved exceed one hundred miles in some cases,
thege is the potential for significant reduction in production costs,
particularly in areas where heavy mineral concentrates produced
by gravity alone contain high proportions of ilmenite.

Stradbroke Island,

The Titanium and ‘Zirconium Industries Pty. Ltd., separation
plant is located at Dunwich on the west coast of the island. Table
%4ilings are discarded into a sfamp to the south of the plant.

At the time of the plant visit tailings were being produced at the
rate of 1800 tons/month and this was expected to rise to 2500 tons/
month in 1966. Ilmenite is trucked t$ a dump further south, estimated
to contain 109,000 tons when the plant was visited, and to be
increasing at 1200 tons/month rising to 2100.tons/month in 1966.

It is estimated that the dump contams 2-3% rutile.

-~

e

As time goes on the heavy mlneral concentrate fed to’
the dry plant will come increasingly from high dune sources containing
a greater proportion of ilmenite. Al%o, as mining proceeds north
along the island in the beach deposits the minérals are expected
to become finer and the proportions of ilmenite to increase.

In 1964 the sepa,ra.tlon plant circuit was changed from
a 2 dryer circuit (Pullar and Glenn 1960 Page 91) to a single
dryer circuit with preconcentration. Flowsheet No 3 serves to
illustrate current practice and also shows the points at which
samples were taken,

The ilmenite fraction (sample 65/24/016) contalned
84% ilmenite, 11% chromite and 3% rutile with minor amounts’ of
garnet and monazite. The vanadium content was measured at.O. 093%.
The table tailing ésam le 65/24/017) was rather \%ﬁhlgher in garnet
(6-7%) and zircon (10%) than would have been expécted. Small
quantities of a wide variety of minerals were identified in this
sample,

On the dredges, spirals have been replaced by pinched
sluice (tray) concentrators for roughing and cleaning, but steep
pitch spirals are used for recleaning. It seems likely that the
quantity of light heavies fed to the separation plant will increase
with the greater use of pinched sluices.’

i
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RESULTS - GENEBAL DISCUSSION

The standard references to the-east coast beach sands
and their mining are papers by Dunkdn (1953) Gardner (1955),
Whitworth (1956? Connah-(1962), Blaskett (1950), Pullar and Glenn
é196og Pullar (1963) (1965), Blaskett and Hudson (1965) Baker
1962), and Paterson (1962). {

The origin of the beach sand heavy minerals is discussed
by Whitworth and by Gardner, the direct source being from sedimentary
rocks in the Great Dividing Range. Whitworth's view is that the
main source of heavy minerals in these sediments is the Pre-Cambrian
Shield rocks while Gardner holds the view that they are largely
derived from the granites of the New England area.

Variations in sizing and proportions of the heavy minerals
in the heavy mineral concentrate also take place along the| coast
and these are no doubt due to variations in soutrce material brought
down by rivers draining different rock types. In the mid- nbrth
coast of New South Wales, basic rocks have apparently made &
contribution which shows up in the high magnetite content of the
ccnductor magnetic fraction from plants in the Crescent Head area.

In contrast to the dredges and wal concentrating plants

of the mining areas the dry separation. plants tend to remain in

fixed locations for considerable periods. During the Iife of such
plants variations in mineral prices have brought about changes in
the machines and methods used in the plants. The consequent changes
in plant practide have resulted in the ‘accumulation of middlings -
of varying compositions. In addition, improvements in machines
and flowsheets have led to improvements in recoveries.

P The result of all this is that,at most separation plants
there are accumulated dumps of middling products which warrant
re- treatmant before the plants are closed permanently. Sometimes,
when there are major shortages of feed for the dry plants, it is
possible to retreat some of the middlings during the Iife of the
plant. Under other circumstances it becomes possible to blend small
quantitigs of old middlings with new feed. A

It seems to be an established practice where zircon,
rutile or monazite dan be recovered at a profit to retreat
whatever tailings or middlings remain at the end of the 1life of
separation plants. Plant operating economics favour an extensive,
clean-up at this stage with a fully amartized plant and the possibility
of meking major changes in flowsheet and machine adJustments to.
suit the different feed materials.

From a long term viewpoint, ilmenite is the only separated
mineral accumlating in any quantity. Table tailings cont&ining -
small quantities of valuable heavy minerals and larger amounts of
light heavies rarely accumulate, as these are usually disposed of
as fill where they cannot be returned directly to.an ocean beach
adJacent to the plant.

o ‘Ilmenite is used for filling in the v1c1n1ty of plant
sites and.closer to the industrial centres finds a use in sandblasting.
The proportion readily available over and above these two uses
is not great in the southern areas where the proportion of ilmenite
in the heavy mineral concentrate is &mall in the first place. -
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- Further north however, the proportion of ilmenite
increases, the possible lpcal uses are smaller and accumulations
in the 50,000 to 100,000 ton range are known,

It is apparent from the analyses made of portions of the
ilmenite fraction from various plants, graded according to magnetic
susceptibility, that high chrome concentrates can be made that are
low in vanadlum. This element tends to be higher in the strongly
magnetic fractions, which are low in chrome. There seems little
possibility of such separation of ilmenite fractions leading to
economic use of any of them.

The c¢ost of transport to a suitable port seems sufficiently
hlgh to rule out the sale of ilmenite for pigment manufacture from
any of the east cqgst dumps considered in th1s~Record, even if they
were processed to lower the chromium content. .

The only poss1b11ity for their further use in connection
with pigment manufacture seens to lie in the application of an
upgrading- process such as that developed by the Western Australian
Government Chemical Laboratories. 'The upgraded product might
command a sufficiently high price to stand the transport costs that
ilmenite could not support. The somewhat limited: gpounts of ilmenite
available might restrict the size of plant that.coild be operated
and this in turn could adversely affect the cost structure to
such an extent that the whole operation was uneconomic. It was
reported in the Anmual Report of the West Australian Government
Chemical Laboratories for 1964 that no dlffloultles were experienced
in applying their process tq a sample of ilmenite from an east
coast producgr. However, it was not clear from the. report whether
this meant that the chromium content of the upgraded ilmenife had been
reduced to an acceptable level, or merely that the process could
be carrled out in spite of the differences in raw material. Hartley
(1965) gives a comprehensivé review of processes 'for upgrading
ilmenite.

The vanadium content of the ilmenites as reported by
AMDEL range from O, 077% to 0,096%. This is generally comparable
with values in the range 0.1 to O, 2% V 0. reported by various
companies. However, even these results Zre well below the reported
figure of about 1.0% V205 while starded. off the investigation
into the vanadium content of east coast ilmenites in the
first place. Newmarls analysis of ilmenite fr:om Mineral Deposits
Southport (see Appendix II{ indicated that even the most magnetic
fraction contained only 0.27% V O5 In the event of an ilmenite
upgrading plant being set up it might be possible to recover
a vanadium by product, but costs would need careful examination.

Analysis of ilmenite samples for vanadium has been the
subject of recent work at the Mineral Chemistry Division of C.S.I.R,O.
end figures given by their latest techniques are 0.16% V,0.. fov ane
ilmenite sample and 0.61% and 0,69%.for two rutile > samples
all from the Newcastle area. The results obtained by Amdel after
meking a a@ferronpseparaxlon seém to agree reasonably wall with
results obtained by C.S.I.R. 0. and R.K. Newman., . -

L

.'::-l' . o v ,-q.
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CONCLEISIONS AND RECOMMENDATIONS

There seem to be nvobvious cases. where useful products
fre bging discarded which can be economlcally recovered at the

'ppesent time.

The ilmenite from areas south of Frazer Island contains
chromiumm in fractlons of all degrees magnetic susceptibility to
sucl an extent that none can be considered of pigment grgde.. Even
if the chromium could be eliminated transport costs would be
against competltlve sales of 11mpn1te.

) i

The vanadium content of ilmenite seems to be well below
the 1% reported in the first instance in a sample from the Kincumber
plant, and there seems no prospect of economic recovery of this
element on its own aco@unt.

The only possibility for ilmenite treatment seems to
rest with application of an up grading process such as that
developed by the Western Australian Government Chemical Laboratories.
It is not known whether the chromium:is reduced to an acceptable
leve} by this process, hUWever, or whether vanadium and chromium
are recoverable as by products at this étage of treatment

It is recommended that dry separation plant operators
should continue the practice, now reasocnably well established,
of tetreating accumulated stockpiles of middlings and other
fractions before the plants are finally dismantled. It is preferable
that where storage space is awvailable adjacent to plants any such
intermediate products containing valuable minerals should be
stockpiled separately rather that disposed of as fill with table
or spiral tailings.

g
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FLOWSHEET No. |

Belmont Dry Plant of Rutile & Zircon Mines (Newcastle) Pty. Ltd.

Mine Concentrate

| SLUICING SLAB

J

[ PRIMARY SPIRALS

]

I
Conc.
v

Tail.

BiIN

Unerflow

Overflow recirctd.

| ScAVENGER SPRRALS |
1

Co,nc. Mia. Tail. plroduc'
recircd. (sample No.
-65/24 /006 after
J ’ Lab. tabling)

| CLEANER SPIRALS
L

Conc.

!
Tai

I DRYER

l SCREEN

Undersize

T L

(5'x10' Rotex —50mesh x 38 swg stainless steel)

»Oversize stockpiled ( sample No.65/24/007)

L

X
[ H.T ROUGHERS |
T T 1
N Cond. Mid. Non
l recirctd. Cogd. )
9 3
[ MAGNETIC SEPARATORS | [ H.T. SCAVENGERS |
] L
MLg. No'n Cond. Mid. No'n
mag. recirctd. cond.
v
limenite prod. Ruﬁle prod.
(Sample'No. 65/24/009) IELECTRO STATIC CLEANEREI
" T
- Cond. Non
cond.
[ELECTRO STATIC RECLEANERS)]
Co'nd.. NJn
l cond.
i : |
[ WILFLEY TABLE | | MAGNETIC SEPARATORS |
. T : i
Cc’mc. 121'“ Non Mag
recirctd. to scav. Mag.
spirals
DRYER . [7A|R TABLES | SCREEN
Recirctd. to HT. Tail. Conc. Oversize , Garnet Undersize
scavenger Zircon prod. prod.(sampie No.
£ 65/24 /008)
[ WILFLEY TABLE | [ MAGNETIC SEPARATORS|
C<;nc. Toi‘ Mag. Non f:ﬁog.
. I recirctd. to scav. spirals recirctd. to sluicing slab

Monazite prod.

To accomany record 1966 178

DRY TABLE

Conc. Tail.
recirctd.
to sluicing slab

m(o) 30 G.E




"\

FLOWSHEET No. 2

Southport Separgtion Plant of Associated Minerals Consolidated Ltd.

Wet plant conc.

Ruhle

Premium zircon
product

o accompony record 1966178

v
Garnet
product

[ storace |
[ 7_PRIMARY TABLES ]
——
Top Bonom Tail
cut cut l
A y
¥ [ 3 msLES ]
Top Bottom  Tail
cut cut v
y ) LY
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1 ¥ - (Sample No.65/24/013)
FILTER L TABLE J FILTER
Mld Conc. Tail
[ SCREEN | [ SCREEN |
SCREEN MAG SEP ] SCRFEN
[:j ] Zi M y it
|rcon onazite
STORAGE ) or STORAGE
\
1 ¥ ¥ K3 _L 1 3
l ROUGHER HT ROLLS | {_ ROUGHER HT ROLLS |
] T T
Mkd Non lcoa'\d Cond Non cond. Cond. M*id.
‘2
R ! l L
CLEANER : CLEANER CLEANER - CLEANER
HT ROLLS HT. ROLLS HT ROLLS HT. ROLLS
T \ T T 1 Ll | I ' i 1 ]
Cond. Non Mid. Mid Cond. Non - Cond. Non Mid. Mid. Cond Non
cond. cond. cond. cond.
= | L T L.
RE - CLEANER RE- CLEANER RE-CLEANER RE-CLEANER
HT. ROLLS HT ROLLS HT ROLLS HT ROLLS
T T T T T T T T T T T
Mid. Non Cond. Non Cond. Mid Mid Non Cond. Non Cond. Mid.
l cond. | cond. I cond, cond. [
l § ) : l
MAGNETIC MAGNETIC MAGNETIC MAGNETIC
SEPARATORS SEPARATORS SEPARATORS SEPARATORS
T T T T |
Mag. Non  Mid. Midg. Mclg. Nin Mid. Non Non
Mag. I Mag. I Mag. Mog
h___l N ,
s A
Tail Conc. Usize Osnze (sple N065’24/012) product
spleNo
‘ l 65/24/0!0
‘ v
Standord Premium Rutile | AR TABLES |
zircon zircon product T 1
product product ‘ Conc.
Ilmenite product l
Sple No 65/24/01
FLAT PLATE MAGNETIC
E. S. SEPARATOR
SEPARATORS Non Mag.  Mag
ki | .
Cond. Non. recirtlated
I cond. to primary
tables

pumped to table

tailings for discard

M©O)3/

GE.




FLOWSHEET No. 3

DUNWICH SEPARATION PLANT OF T A.Z.l. Pty. Ltd.

| ROPEWAY

DELIVERIES

{  JiB CRANE |

| PRETABLING |—Tailings (Somple No. 65/24/017)

12/ TON/HOUR
ROTARY KILN

Non Cond.

Non Cond.——  H.T. ROUGHERS hCond.

[H T RUTILE SCAVENGERS]

Co:frd.
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[ H.T.CLEANERS |
Non Cond. Mid.  Cond.

| ZIRCON HT ROUGHERS |
Mid. Cond.

N

]

{ HT ZIRCON scav. |
Non Cond. Mid. Cond.

Non Cond. Mid

| ZIRCON HI CLEANERS

|
T
.Mid. Cqnd.
| T

MAGNET

Mjg. Non Mag.

MAGNET

Mag Non Mag.
¥

|

[oLIVER AIR TABLE

CONCENTRATING
TABLE

[ LOCKER SCREEN |

Milings

KIPP KELLY
AR TABLE

Monazite
product

v
Zircon
product

kM

v

7o

agccompany record [1966/1/78
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Mag. Non]Mag
)
[ SECONDARY MAGNETS |
Mag. Non'Mog.

{HT RUTILE CLEANERS |
Non Cond, Cond.

[RUTILE HT. SCAVENGER |
Non Cond. Mid. Cond.

] J.

{imenite product .

(Sample No. 65/24/0i6)
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Rutile product
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BEACH SAND PLANT TATLINGS - SPECTROGRAPHIC ANALYSIS

TABLE 1

Sample#r Ut Qualitative Spectrographi¢ Analysis - %
Location, -
Description and [|Major | Minor | Heavy Trace | Trace Faint Trace|Very Faint Trace
Number 1-0.1 0.1-0.01 [0.01-0.001 |0.001-0.0001
Northern Rivers
Rutile
"Table Tailings |Fe Si | Ti.Al |Mn K.Na Zn Co,Ni. [Cu Ga As . [Pb Sn .Bi Mc.Ge
65/24/001 ~ | 2r Mg Ca Cr V.B.P |Nb Li Sr
. 5 Ba. Y N
Ilmenite i Fe Al |Cr MK Si |2Zn.V.Nb Na|Cu Pb Co NilBY'Mo Ga Ge Bi
65/24/002 Zr Mg P Ca Sn As Li Ba]
Wyong Minerals
Table Tailings (Si Al«l Fe Na Mg CoCr BK |[2n Ni V Mn [Cu Pb Sn Bi Mo
65/24/003 ‘ Ti 2r €d ~ ~ |¥b Li Ba [Ga Ge Sr
Teble Tailings |Si AT FeMg Ti |2ZnCr Mn |Co Ni VNb |Cu Pb &n Bi Mo
65/24/004 Zr B K NaCa {Li Ba Y Ga Ge Sr ‘
Ilmenite ™ Fe Mg [Cr Mn Si  {n V Nb K'[Pb Co Ni Sn|Cu Bi Mo B Ge
(crushed) AL\ Nu Ca 2r  |Ga As Li Ba
65/24/005
, - ,
Ilmenite i Fe Mg | 'Mn Si Zn Cr V. Nb|Pb Co Sn As|Cu Ni Bi Mo B
(uncrushed) 9 ATl : K. Na Ca 2r|Li Ba Ga
65/24/005 ~ SR
Rutile & 2ircon
nes
Spiral Tailing |[Si Ti | Pe Mg |B K NaCa |[2n Cr V Ma|Pb Co Ni Sn|Cu Bi Ag Be Mo
(Tabled) Al 2r Nb Li P BajAs Ga Y Ge
65/24,/006 Sr
Screen Oversize |Ti Fe Mg | Cr Mn Si Za VNb K |Cu Pb Co Ni|Bi Mo Ga Ge B
After Dryer Al Na Ca Sc |[Sn As Li Ba
65/24/007 - Zr ~
"Garnet"Fraction|Fe Si [ NaMg [Cr Mo Nb B | Pb 2n Co |[Cu V Ga Ge |Sn Bi Be Mo
65/24/008 Al 2r KPTiCa |NiliBa
. { Y La Ce Sr Sc .
Tlmenite Fe Ti | a1 Cr Mn Si Zn Vb K |Cu Pb Co Nil|Bi Mo Ga Ge B
* 65/24/009 Mg Na Ca Sc |Sn As Li Ba
L 2r '
\

RSPy



TABLE I CONTINUED

Sample,’ Qualitative Spectrographic Analysis - %
Location, : . :
ﬁessrlptlon and Major | Minor Heavy Trace | Trace 'IkiFaihthracéVé;yVérynFaintcTrace
wmber 1-0.1 0.1-0,01 | 0,01-0,001 0,001-0.0001
.. Assoicated Min ' o
Magnetic Discard |[Fe Si | Na Mg |*'Cr B K Zn Co Ni' | Cu Pb V Ga Sn Fi Be
ML TN 65/724/010 . Mn -
. No.2 Mil165/24/010}A1 Zr | T4 Ce P Y La Ce Nb Li Ba | - Mo Ge
Sr Sc
Ilmenite - : '
No.1 Mill Fe Ti | Mg Al Cr Mn Si Zn V Nb Cu Pb Co Nj. Bd Mo Ga
65/24,/011 K Na Ca | Sn As Li Sr Sﬁ Ge B
' Ba Zr i :
Ilmenite - iy ot
Noi2 Mill Ti Fe Mg Cr Mn-Si: Zn Co Ni | Cu Pb Sn As Bi Mo Ga
65/24/012 Al V Nb K Na| Ii Ba Sr S¢ | Ge B
S Ca Zr
Tailing - Wet
Mill . Si Fe Mg Cr Mn BIK Zn CoM | Cu Pb V Ga Sn Bi Be
65/24,/013 Al2r | Na P Ti. Ii Ba Y | Nb Sr Mo Ge
N.S.W. Rutile .
Magnetic Discard |Fe Si-| Na P Mo B K Pb Zn Co | Cu V Ga Sn Bi Mo
from Non-conduct- Ti , Ni
ors - Al Zr | Mg Ca Y La Ce Cr Li Sc | Ge
65/24/014 L Ba Sr
Ilmenite Fe Ti | 51 Mg '| Z2n Cr Mn Ni VK. | CuPb Co “Bi Mo Ga Ge
1 65/24/015 Al Na Ca Zn | Sn As Nb B
. Li Sc¢ Ba
T.A,2.1. o
Ilmenite Fe Ti | Si Mg Cr Mn Zn V'Nb Cu Pb Co Bi Mo Ga
65/24/016 AL K Na Ca | Ni Sn As
: Zr B I4 Sc Ba
Table Tailings Fe Si | Zr Ti Mn B K Zn Co Ni'{ Pb Sn V Ga Cu Ei Mo
65/24/017 Al Mg NaPCeCa | CrLi ¥ | Sb Nb Se Ge
La Sr Ba




Element

Ag
Al
As
Au
B.
Ba,
Be
Bi
Ca
- Cd
7 Ce
Co
Cr
Cs
Cu
Dy
Er
Eu
Fe
Ga
Gd‘
. Ge
Hf
Hg
Ho
"In
Ir
K
La
Li
i
Mg
Mn
Mo

Detection-Limit Concentrations
DC Arc Excitatioh

%

0,00005
0.0002
0.01
0.001
0,001
0,0002
0.0005
0.0005
0.0002 .
0.001
0.04
0.0002
0.0001
0.,0002
0.00005
0.001
0,001
0.001
0.0005

. ».r‘::‘}o . 0093
" 0.02

0.0002
0.01
0.01
0.001
0.0001
0.005
0.0002
0.001
0,001
0.0001
0.0002
0.0Q1
0.0005

.TABLE 2.

SPECTROGRAPHIC ANALYSES

)

ppm Element

-

0.5 Na
2 b
100 Nad
10 . Ni
10 Os
2 P
5 Pb
5 Pda
2 Pr
10 Pt
400 Rb
T2 Re
1 Rh
2 Ru
0.5 Sb; -
10 ' Sc
10 Si
10 Sm
5 Sn
3 Sr
200 Ta
2 Tb
100 Te
100 ‘ Th
10 _ Ti
1 . T1
50 “Tm
2 U
10 v
1 w
10 Y
2 Yb
10 Zn
5 Zr

of Elements

% ppm
'0,00005 0.5
0,003 30
0,001 10
0.0002 2.
0.005 50
0.02 200
0.0002 2
0.001 10
0,001 10
0.005 50
0,0001 1
0.01 100
0.001 10
0.001 10
0.002 20
0.0002 2
0.002 20
0.05 500
0.001 10
0.0001 1
0.01 100
0.001 10
0.02 200
0.01 100
0.001 10
0.0001 1
0.001 10
0,02 200
0.0005 5
0.005 50
0.001 10
0.001 10,
0.0025 25 /
0.001 10

24



TABLE 3.

OF BEACH.SAND.PLANT. TATLINGS .

.. MODAL . ANALYSIS ..
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TABLE 3 CONTINUED

Sample Location Description and Number

Lio/Y2/49
sSuTTTel °1q%eL

10

9-10

6-7
1-2

*1

*1

66-67 |

*

#1

*1

910#2/59
89 TUSLTT

*1
84

11

*1

$10/¥2/%9
- egTleUT]

74

24

v10/Y2/69-

§I040NPUC) UON WOXF

PTBOST(Q OT3oUSE .

- 37T RSN

55-56
15

2

g
3
s

TTTH o8

€10/2/G9 Sutrttey -

3
110-11

[1-2

*1

71-72

*1

TTTH 2°ON

1-2

o s

TITH .1 °ON

To\vm\_mw ogTUBWTY -

80
110

79

11

! %

k10/¥2/G9 eyTusmL -

oLo/ve/59
TITH Z°ON

‘| STezouTy pegeroossy

PIOOSTQ OTFOUBBR -

61
F§n3

*

*

*1

r

,‘ moo\ﬁm@

“e4TUSMTT - SSUTR

UoodTy DUe oTTIng

*

89

*1
122

*1

*1

Mineral

(expressed
as
Percentage)

Zircon

Tourmaline

Rutile

Garnet

Ilmenite

i

Chromite

“

e

- 'Spinel

Hematite

Magnetite

Hornblende

Epidote
- Titanaugite

Monazite

"Hypersthene

Quartz

Sphene

Staurolite
Goethite

Andalusite

—
-
I
LU,
RN S N
g
Y
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' MISCELLANEOUS TEST. RESULTS

Sample : :Ra.dioactivity. ' as
: . Vanadium
Uy o
58 equlv% %
Northern Rivers Rutile
Table Tailing T -
65/24,/001 0,003 -
Ilmenite 0.005 0.091
65//24,/002 L
Wyong Mmerqls
Table Tailing -~ - 0.001 |- -
65/24/003 o L Looanio I DR
Table Talllng L - 0.001 -
65/24,/004
Tlmenite 65/24/0054 0,001 0,089
(crushed) '
Ilmenite 65/24/b053 0.002 0.085
(uncrushed) '
Rutile & Zircon Mines
" Spiral Tailing . . 0.005 .
(Tabled) 65/?4/b06
Screen Oversize 0.010: -
After Dryer '
65/24/007
(Garnet) Fraction 0.060 -
65/24,/008 -
Ilmenite 05003 0.077
65/24,/009
Associated Minerals . T aliant Tl - -
Magnetic Dp.scard ) 0,025 -
No.2 Mill 65/24/010
Ilmenite No.1 Mill. 0.001 0,096~
65/24,/0M1
Ilmenite No.2 Mill 0.001 0.095
* 65/24/012 :
Tailing-Wet Mill 0.038 -
65/24/013 ‘
T BB L il

47



TABLE 4 CONTINUED.,

Sample Radioactivity :
U0, equivéh Vanadium
r3 8
N.S.W. Rutile Mining
Magnetic Digcard From
Non-Conduc§oré -
65/24/014 0.090 -
Ilmenite 0.002 0.091
65/24,/015
T,A.Z.1,
Tlmenite 0.005 | 0.093
- 65/24/016 : . _
Table Tailing 0.009

65/24/017
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APPENDIX I -

AMDEL  COMMENT ON RESULTS - TABLE 3,

MODAL ANALYSIS OF BEACH SANDS

65/24/001 - 65/24/017 : PS9245 - 9261

All samples were split into two portions. The first portion
was examined by means of refractive index oil mounts, whilé the
second split was mounted and polished in bakelite briquettes.

The briquettes were examined with reflected light. 300 grain:
counts were carried out on the-grain mounts, and on the brlquettes
where necessary, and the results are shown in Table 3.

Electron probe analysis was #sed to check on the presence of
chromite as against spinel, where there was a high percentage of
the . -group. Otherwise the two are grouped together under spinel.
The spinel is most commonly the hercynite variety, while a dark.
red brown 1$otrop1c mineral was present in spe01menSp65/24/b08
010, 013, 014, 016 and 017. The material in 010 was concentrated
and qualitative analysis gave Cr, Mg, Fe and Al, and this has been
included in the chromite figure. Brookite and zoisite were noted
in 65/24/013, while pyrite formed less than 1% of 65/24/007.

Ilmenite includes all its alteration products, particularly leucacene

which may form appreciable quantities of some specimens. Quartz
in the table incliides any light fraction material such as feldspar
and carbonate.
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APPENDIX II .

Assay of magnet:a.c and non-magletlc fractions of 11men_1te‘
dump material from Mineral Deposits Pty. Ltd., by R. K Newman e
& Co. Pty. Ltd., Sydney.

Magnetic (1-7)

AR}

Non-Magnetic (8,9)

J’sm

te2 (B30 L4 455 |6 |70 |l 9 |
N it L- @Q\
T10,% © 46.3 48.2 | . 48.6 44.1 91.4 | 96.5
Zx0 % Trace Trace | Trace | Trace| Trace| Trace| 0:866" T0287
Cr, 3% 0.84 1,14 2,69 | 4.00 | 20.6 | 25.7 '
§10,% 0.5 0.16 | 0.35.{0.97 | 0.85| 1.14] .0.82( 0.68
Al 03% 0.50 0.65 0.40 |5.00 |17i1 | 17.6
5% 0.27 0.24 0.24 | 0.15 | *0.01{*0.01
Total Iron 4902 4507 4392 3703 28.2 2503
as Fe 03%
Mn0% 1,91 2,21 2,26 |2.03 1.46] 1.13] 1.77]0.40
Note: * means less than,

MgO was determined in No.6 only and mounted to 4.4%




	Front Cover
	Table of Contents
	Summary
	Introduction
	Scope of Survey
	Method of Sampling
	Results 
	By Areas
	General Discussion

	Conclusions and Recommendations
	Acknowledgements
	References
	Locality Map
	Flowsheets
	Flowsheet No. 1
	Flowsheet No. 2
	Flowsheet No. 3

	Tables
	Table 1
	Table 2
	Table 3
	Table 4

	Appendices
	Appendix I
	Appendix II


