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SECOND SCHEDULE
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Exploration work has been hampered by the effect of the WIK decision and the
uncertainty of title position. Reference is made to the letter attached to the Licence,
written by the Principal Registrar Mr. C.P. Smith and dated 10™ July 1966, which
made reference to the grant of the Licence having been made on the assumption that
native title had been extinguished by the past grant of pastoral leases — (see copy of
letter attached). The uncertainty caused by the Wik decision has impeded the speed of
the exploration and it is hoped that this matter will be clarified shortly and taken into
account by the Department.

The original application for the Exploration Licence was for an area covering 15
blocks, but for reasons still unknown to the applicant, despite having made inquiries
in relation thereto of the Department, the licence was granted for an area covering
only 13 blocks. The 2 blocks, which were excised by the Department, were of real
significance to the total area applied for by the Applicant and upon which a good deal
of exploration work had been carried out in the past.
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Department of Mimas aind Eneray

CENTREPOINT TOWERS BUILDING, THE MALL, DARWIN N T 0800
G PO BOX 2901, DARWIN, N T 0801, AUSTRALIA

PromoTing GROWTH THROUGH RESOURCE

TITLES ADMINISTRATION BRANCH TELEPHONE: (08) B9 997368
FACSIMILE: (08) 89817106

Our Reff EL 9434

7 oz

Mr Uwe Barfuss

Barfuss Corporation Pty Ltd
Suite 102, 17 Heatherdale Road
RINGWOOD VIC 3134

Dear Mr Barfuss

I am pleased to advise that I, as Delegate of the Minister for Mines and Energy.
have granted Exploration Licence 9434 for a period of one (1) year over an area
of thirteen (13) blocks only. The remaining two (2) blocks fall within
Reservation from Occupation 1357, consequently, this area is not available for
Exploration Licences. In addition, the NT Government has identified

fossicking as a significant tourism industry and this area has been identified
as such an area.

The relevant licence document is enclosed. This licence is granted subject to
the Mining Act 1980 {as amended), the Regulations thereunder and all other
laws of the Northern Territory as are applicable. In particular, your attention
is drawn to the Aboriginal Sacred Sites Act. This Act may require you to consult
with the Aboriginal Areas Protection Authority prior to any ground disturbance.

s

I advise that enquiries have been made in an endeavour to ascertain whether
any native title subsisted and still subsists over any of the land which is the
subject of this grant. Because of legal uncertainty beyond the Northern
Territory Government’s control as to the effect on native title (if any) of the past
grant of pastoral lease(s) over the land, it is not presently possible to form a
definitive view on this matter.

This grant is made on the assumption that any native title has been
extinguished by the past grant of pastoral lease(s). This assumption has yet
to be tested in the High Court. You should therefore be aware that if this
assumption proves to be legally incorrect in this case, it may be necessary for

! %’i

(%;@) Northern Territory Government
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you to reapply for the grant of the tenure held at the time such invalidity is
determined. You may have to comply with the procedures in the Native Title
Act 1993 before grant of that tenure can be made.

It is the intention of the Northern Territory Government to amend the Mining
Act to confer priority in the event that grants are invalidated because of the
continued existence of native title, and where as a resuit the grantee seeks a
further grant. The exact terms of this amending legislation have not yet been
settled.

In addition you may be required to comply with the procedures in the Native
Title Act 1993 should you seek the grant of subsequent tenure over any of the
land. This is a matter for separate consideration at that time.

The licence is granted with the expectation that the annual expenditure
comnmitments will be met. Failure to do so will result in the initiation of the
cancellation process. Ialso wish to aduise, if there is no real progression during
this year of the licence, renewal will not be supported.

Before any field work is commenced, it is important that the conditions
applying to this licence are checked and understood; some are included in the
licence document, and others will be found in section 24 of the Mining Act. All
persons employed on the licence area should be fully conversant with those
conditions.

Your attention is drawn to the requirement for written notification and prior
approval for substantial disturbance. In this regard, details of the proposed
aclivities and plans depicting their precise locations must accompany the
advice required to be submitted by section 24(e) of the Act. Environmental
Guideline No. 1 on this subject is enclosed for your assistance.

Pursuant to sections 32 and 34 of the Act, there are statutory requirements
for a licensee to lodge reports. Explanatory notes for the submission of these
reports are attached. Should you transfer the licence, you are to ensure that
the transferee is provided with a report on your activities such that the new
licensee will be able to comply with those requirements. Please note item 3 in
the Explanatory Notes on Reporting, whereby transparencies must be
provided for any plans larger than A3 size. Transparencies are less
susceptible to damage or fading and are easier to reproduce for future records.

You should also be aware that, should any portion of this licence be taken up
in any form of mining tenure and subsequently transferred, all geological
information in relation to these areas must also be passed on to the transferee.

Under the Mineral Royalty Act, expenditure in the Northern Territory on
exploration work carried out may be claimable as eligible exploration
expenditure for the issue of Exploration Expenditure Certificates. These may
be sold or used to reduce royalty payable on exploration or mining titles.
Guidelines with respect to these Certificates are available from the Royalty
Branch {telephone 89 5444).

mk-el9434GrantLetter
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If you have further concerns about any of these matters, I advise you to seek
your own independent legal advice.

_?,

[ wish you well with your exploration.

Yours sincerely

t

FEE o5

oS e

C P SMITH
Principal Registrar

€nc

o

cc:  Mr John George
Cridlands
PO Box 1302
DARWIN NT 0801

mk-el9434GrantLetrer
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Report on the feasibility of
garnet mining, Harts Range ,
Northern Territory.
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GARNETS

As previously reported Almardine Gamnet are extensively distributed in the entire
valley and all its tributaries. The percentage varies from 10% to 55% course grained
Garnets and of particular interest is the 4 to 12 Tyler Mesh sizes.

Extensive prospecting and visual examination has revealed that the distribution of
commercially viable deposits of Garnets Sands could be proven to exist, and further

work is planned to prove and define high grade deposits.

Prior to this work bulk samples at random were collected from the valleys in the E/L
to give a representative particle size distribution and general Garnet quality.

The bulk samples were extensively studied and valuable metallurgical work carried
out by gravity separation, heavy media and spiral separation. Various techniques were

employed (see report) and the work conducted by various laboratories.

This work has been very encouraging and has resulted in the design of Wet
Exploration pilot Plant.

A dry method, its force magnetic separator recovering high grade Garnet product, has
also been examined and bulk tests carried out in the United Sates by “Inprosys™.

It has been concluded that a Dry Method of recovering clean Garnet Sands is possible,
and obviously a feasible alternative.

If there is insufficient water available, then this technology is only 5 years old and is

also of interest for recovering clean vermiculite.

Future Exploration.

Detailed mapping of high grade Garnet Reserves and systematic sampling/ evaluation.

Exploration Pilot Plant.

Establish a small pilot plant to process bulk samples from the identified reserves able
to be mined and to define particle sizes and distribution. This study is necessary
before any establishment of a mining production plant.




Garnets (additional information)

Bulksamples were collected at random all along the valleys east and west, some north
and south of the ruby mine camp. All samples selected are from areas of significant
availability of sand. All samples were made up to make a bulk composite.

The purpose of this work was to obtain a preliminary representation samples of
particle size and average quality - and to test recovery methods.

This has also provided us with commercial samples to research the marketability of
the product and study the commercial viability of the project.

See Future Exploration (as noted in the report).

I am attaching a map showing areas of sampling in red and latitudinal and longitudinal
positions of sampling,

Positions:

135001'800 / 23004'790
135002'260 / 23004'650
135002'480 / 23004'820
135003'600 / 23004'750
135004'700 / 23003"780

135001'740 / 23005'630
135003'250 / 23006'700
135003'690 / 23006'300
135003'560 / 23006'680
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METALLURGY PROJECT

Gravity Separation of Garnet.

NAME: Andrew Jones.
~ STUDENT NO.: 941684.

SUPERVISOR: W. Jay.

MODERATOR: K. Brady.

DUE DATE: - Week 13.
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GRAVITY SEPARATION OF GARNET.
Introduction:

In this project, garnet was separated from its ore by utilising the shaking table and spiral
separator. Before the separation occurred, however, a scfeen analysis was conducted to give an
overview of the ore and to ascertain if size fractions of low garnet concentrations could be
rejected in order to increase the overall concentration before separation proceeded using the
shaking table and spiral separator.

Almandine, or iron gamet; is comparatively widespread in occurrence and are used in the
manufacture of abrasives Such as coated garmet paper, cloth and discs glued with sodium
silicate and other binding material hke sorel cement. Garnet abrasives are widely used in wood
finishing although finer garnet particles are used as tumbling chemicals and grits for ceramics,
glass, leather and optical polishing. About 90% of garnet used in industry is employed for the
use of gamet paper and cloth, the remainder being used in the form of loose grains. Garnet is
usually offered for sale in a range of sizes between 20 and 200 mesh. Garnet sand in a paste
form is also available for a variety of polishing purposes. Granular gamet is of no great valve
because it often breaks into rounded fragments.

A recent development is ‘electro-coated’ garnet paper which is said to be more efficient. This
type of abrasive paper is made by dropping the crushed garnet through an electrostatic field in
which the wet paper acts as an electrode. This treatment allows the grains to orientate
themselves with their points towards a highly charged electrode which is suspended above the
paper. This is an ingenious way of making the sharp splinter ends of the gamet tumn into the
best position possible for its task as an abrasive.

Another important application of gamet is in metal polishing, commonly known as ‘bead or
sand blasting’. This process is generally used in the aircraft and transportation industry for
quick and efficient removal of paint and rust. Water filtration is another large use of gamet.
Used as a filtering média, it is said that garnet’s high specific gravity and resistance to abrasion
and corrosion provide better filtration efficiency compared to sand which is more commonly

used for this purpose.
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The spiral design of the device causes not only the flowing film velocity gradient as mentioned
above, but, a centrifugal velocity gradient in the horizontal plane. These two phenomena
together, cause a cross-sectional rotation to develop. This cross-sectional rotation of the stream
is utilised to shift the heavy minerals inwards towards the collecting zone or outlet. The lighter,
faster flowing (but slower settling) minerals shift outward, away from the outlet. The heavier
and lighter particles are therefore shifted laterally in opposite directions so that one is separated
from the other. Some spiral separators have the added feature of having a series of points
which discharge wash water in an effort to assist in washing the lighter particles from the
surface of the stratified bed at the inner radius, back into the stream.

*———u%n—nﬂ—-
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Fig. 1. Cross Section of spiral trough.

The upper size limit for good separation of ores is Imm, however, gangue particles as coarse
as 3mm can be handled. Oversized particles will not normally remain in suspension in the pulp
flow but will settle out and form sand bars. While early spirals were inefficient when particles
are coarser than 75 micrometers, more modern spirals can achieve separation when particles

are as fine as 50 micrometers.

Shaking Tables. -

Provided there is a significant difference in the specific gravity of minerals, shaking tables are
effective. This also depends on the size and shape range of the particles in the table feed and on
the magnitude of difference in size of the specific gravity of the individual particles. A




In the mineral processing industry, garnet particles are pre-heated to a temperature of between
700°C and 1000°C before crushing, normally for a period of about 12 hours before quenching.
* Heating and quenching improve toughness, fracture and colour. The degree of heat treatment is
Jjudged by the colour of the garnet, which, at high temperatures turns a silver dark ruby colour
from a colour or ruby red at low temperatures. A better adhesive property to the grains is also

o i

—c

] experienced after beat treatment.
] e
Iron-Aluminium a<ldeads.  3.9-4.2 7-1.5 1.830
1 3FeQ.A1203.38i02 .
‘ Pyrope Magnesium-aluminium, |, 3.7 7 1.705
X 3Mp0.A2ORSIO2
1 Rhodorite Magnesuim-iron- ) 3.8-3.9 7-1.5 1.760
A aluminuim
Andradite Calcium-Iron, ’ 3.84.1 7 1.895
3Ca0.Fe203.38i02 ]
1 Spessartite | Manganese-aluminium, 3.8 1.5 1.810
‘ 3Mn0.A1203.35i02 |
Uvarovite Lime-chromium, 3.4 75 1.860
] 3Ca0.Cr203.38i02 |/
' Grossularite Lime-alumina, , 35 1.5 1.735
3Ca0.A1203.38i02  |"
?l Table 1. Properties of Garnet.

Spiral Separators.

Spiral separators, since being introduced more than 50 years ago, have proved to be cost

effective and metallurgically efficient in the treatment of various ores. There is a minimum

i. 1 “".ﬁ

height requirement because of their vertical orientation and the use of gravity feed in most

cases. It is important, therefore, to design the spiral separator to incorporate a minimum

g

number of turns to achieve the required separation, It has been claimed that effective separation
is achieved after 2 turns on a mineral spiral. However most modem spirals use 4 to 5 tums,
with mineral processing plants thirty years ago using spirals of 2 to 3.5 tums.

After the feed is introduced as an almost homogeneous slurry to the spiral separator,

stratification occurs in a vertical plane. This is the result of 2 combination of hindered settling
and interstitial trickling. The resuli is that the heavier particles proceed to the lower velocity
zones near the trough surface whilst the lighter particles stratify above them in the higher

velocity zones.




difference of at least one specific gravity unit between concentrate and tailing particles is
needed if separation is to quick and efficient.

To maximise the performance of a shaking table, it is necessary to carefully consider the
various operating parameters. These include the feed rate of both water and solids, size of the
feed, and the mechanical settings of the table itself.

The largest particle size that can be effectively treated on a shaking table is 10 mesh (in the
case of ores). Ores that are larger than this size are more effectively treated in jigs or heavy
media separation. The presence of fines below 325 mesh increases the viscosity of the pooled
beds of pulp on the table and slows the specific gravity stratification action and sizing.

As flowing water flows over a flat inc]jﬁed surface, the water closest to the surface is retarded
by the friction of the water absorbed on the surface and the velocity increases towards the
water surface, When mineral particles are introduced, small particles will not move as fast as
the larger particles because they will be submerged in the slower moving part of the water film.
A lateral displacement of minerals of a high specific gravity will be produced because they
move slower than lighter particles.

Superimposed onto the flowing film of the shaking table is an asymmetric recipitation motion
along the loﬁg axis of the table. This motion, which is produced by the mechanical headmotion,
induces the deck and the layers of particles to become momentarily at rest at the end of the
reverse stroke. The table is then moved forward and the particles move toward the discharge
end of the table.

Ideally, film concentrates require a single layer of feed but in practice multi-layered feed i
introduced to the table, meaning that more ore can be processed. Vertical stratification due to

the shaking action takes place behind the riffles which run parallel to the long axis of the table.

Particles stratify in the protected pockets behind the riffles so that the lightest and heaviest

particles are at the bottom and the coarsest and lightest particles are at-the top. Layers of
particles are moved across the riffles by the crowding action of the introduced feed coming

down the table and also by the flowing wash water. Because of the taper of the riffles, ﬁnef and

denser particles are continually being bought into contact with the flowing film of water that

washes over the riffles. Final concentration is achieved at the unrifled area at the end of the

deck. At this stage the layer of concentrate is usually only one or two particles deep.




Discussion \ Results.

A screen analysis was conducted in an effort to ascertain if the garnet was specific to a certain
size ranges. It was hoped that certain sizes of the ore containg low grades of garnet could be

efficiently screened off, providing feed to the shaking table and spiral separator of a higher
grade concentrate.

After screening and weighing, an effort was made to get an accurate count of the actual
percentage of gamet contained in each individual size fraction. This was attempted by shining a
light from below a glass table and individually separating each particle within a certain size
range. After many tedious hours and with only 4 size fractions being able to be analysed

accurately (the four largest screen sizes), this method was rejected in favour of a more general
analysis described below.

Each size fraction of the ore was placed on the glass table, and, using a magnifying glass, it
was concluded that all size fractions contained a significant amount of garnet and therefore it
was decided that no prescreening would be done before the garnet is separated. (Note: records

of sizes 48 mesh and below are only estimates of gamet concentration, using the above
method.)

It was disappointing to find after the analysis that the garnet was not specific to a certain

size range with all size ranges (8 mesh to <270 mesh) containing a significant amount of the

mineral. Percentages of up to 45 (14 mesh) were found with the lowest percentage recorded at
15%(100 to 270 mesh).

8 2.38 64.5 84 61 69.83 22
14 1.16 321 ago 342 351 43
20 0.84 134.5 133 132.5 133.33 33
35 0.5 342 308.5 337.5 325.33 18
48 0.35 74 52 69.5 65.17 14*
65 0.212 22 15 23 20 11*

100 0.15 1 2.5 4.5 2.67 5%
150 0.105 17 8 11 12 20"
200 0.074 4 2.5 3 3.17 20"
270 0.053 1.5 2 3 217 20*
<270 -0.053 3 1.5 2 217 20*
Table 2. Initial screen analysis. *Estimates only
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It was decided that the garnet should be attempted to be separated using two methods
namely using the shaking table and spiral separator, both of which are located in the
Mineral Industriey’8hed/on the campus of The University of Ballarat.

The shaking table was used first with the ore being broken into two size fractions, 14
mesh and over and under 14 mesh. Mixed results were achieved as the slope of the
table could not be set at a different level, speed and stroke as it was set up specifically
for first year metallurgy practical sessions. An increase in slope (cross tilt) was really
needed to compensate for the thick bed and sluggish action of the mineral flow.
Ideally, the table should be set to a minimum at which it is possible to achieve a good
distribution of the ore on the table deck. Also needing an adjustment, but unable to be
was the stroke and speed. For coarse material, a long stroke and slow speed should
ideally be used, and with finer material short strokes and high speeds are needed. When

the specific gravity between the particles are small, the stroke length needs to be
shortened.

Spiral separation was then used in an effort to obtain better results than those recorded
on the shaking table. Results for the 14 mesh and over seemed to be worse than those
obtained on the shaking table. This result was predicted as feed size for spiral
separation is normally between 1.16mm and 74 um (14 and 200 mesh). Concentrate on

the spiral was 44% garnet, compared to 52% garnet on the shaking table.
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Results for the under 14 mesh showed improvement over the shaking table. Even

better results were obtained when the feed was reduced in volume, as the sluggish
flow of the water caused a sand bar formation to form. Concentrate on the spiral for
the under 14 mesh sample was recorded at 75% which was the best test result

produced. This result compared closely to that recorded for the shaking table

concentrate containing 65% garnet).

Excessive volumes of feed cause the high specific gravity mineral to be swept wide,

resulting in sand bar formations in the lower turns which was observed during testing.

" The coarser the feed, the higher the optimal feed rate, because a high pulp density is

needed to crowd the high specific gravity particles into the concentrate.




Whilst results show a marked improvement over original garnet concentrations, it was
disappointing to find concentrations lower than expected, especially in respect to the
larger particle size range (14 mesh and over). As mentioned in the discussion,
parameters such as 'wash water volumes and feed pulp need to be tightly scrutinised in
order to produce maximum concentrations. During the experimental phase of the
project, it was brought to light that extensive testing needs to be conducted in order to

balance all variables so that concentrations are at a maximum. Also, a heavy liquid

~ analysis of the sample should have been performed to determine the washability of the
ore. This analysis establishes the size of separation of the ore and the specific gravity of

separation. However, with this in mind the experiment can be seen to be a success with

much being learnt about the process of gravity separation.
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SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands.

Executive Summary.

Testwork evaluating the effectiveness of two gravity concentration techniques for the separation of
valuable mineral garnet was initiated. Samples were obtained from a deposit in the Hart’s Ranges,
Northern Territory, and testwork was to be analysed with respect to the potential use of these gravity

concentration techniques as separating techniques for future commercial use.

The size of the mineral particle was cited early as a potential problem, thus the bulk sample was sized into
three separate fractions; coarse d = 6.7 x 10° - 1.18 x 10° um ,medium d = 1.18 x 10% - 425 pm, and fine d

< 425 um. However a unsized sample was also taken from the bulk sample to contrast these results.

Several static heavy media separation cells were trialed with the size fractions mentioned above. Use of
these size fractions over both the heavy media vessels and the spirals allowed a comparison between both
gravity concentration techniques. The expectations were that these would work more effectively for the
coarser sizes rather then the fine sized fractions. However, this could not be confirmed as three attempts at
modeling this separation behavior failed. The reasons for these failures included the instability of the
suspension, turbulence resulting from excessive agitating speeds, and being able to obtain collection of the
separate constituents once the separation appeared to be effective. Each of these attempts were discussed

in relation to their separating techniques and the reasons for each cells inability to work effectively.

Metallurgical results on the spirals were found to be profoundly affected by the particle size of the minerals
in the feed, specifically the coarse and medium size fractions. This conferred with the observations of
Hubbard et al. (1950). The feed to the spirals at these large size fractions tended to result in a
concentrate and tail containing similar sized particles. That is, the spiral acted as a size classifier and not a
gravity concentrator. The best metallurgical results were obtained for the fine size fraction with a Recovery

of almost 90 % resulting from the roughing stage. However potential further upgrading of this concentrate

did not result, because of an “over-zealous” cleaning stage.

SM 765 Materials Application Project March 1997 Brendan Dorricott and Stephan van der Lit. ii




SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands.

o

| TABLE OF CONTENTS.
] Section Page Number
] 1.0. AilM..ccciicnincnnena. crerenenrestsesnasens srecaresassniranane seasmemsassssenanasns JS— terraatsestasiesnresstssasassaratesaaeeraanee 1
”] 2.0. Introduction...ccmicecssassussmsssessonsansessanes sersssasiseaneseraasans - rersessssasertesrtssasnssensansapeate terversrasassenres 1
i 3.0 Garnet......ccovenee PeasebeueriResiessen et b st NN TRaS UR SRS SRR RS SRR eR O e8RS srensearsess venssessstrensanssrsasstensssrmsenansanas 2
ﬁl 3.1. Introduction to Garnet............. eesesssssassessasnesnsans crresnnans cesseessteessssasnasnesasnastsssssnsssans S 2
) 3.2. Applications of GAImel.......cvminiimneiiniimseiniimsiiiiensisssismsnissssstissassssn ssssssssssnsnsassn 3
gI 3.3. Occurrence of Garnet......ccecrarnens rerressssnarnentserensnnsstesaenanrriasess reevenrrassssaannasns resemreasarresaeasaens 3
Im 3.4. Garnet Deposits.......ocrersensareans cenonessssssssnsesenserannssarsas essnssansaens cesassssessasarseranas sresnersennarasesanrasens 4
fI 3.5. Industrial Uses of Garnet.......ceovsen S— N— censeasases veeresarssstransrassaseasnane srsriassansssasneerenss 4
'. 4.0. Heavy Media Separation.........coeeee. venvesosass corerense vraraesanse veneseses sasanassssensasssaaenesans snassererransacsane -
] 4.1, Static Separators...... e, O Vesereesennsanesatesnnasasssanssneerenarens 5
: 4.2. Dynamic Separators.....cceesiencnisnsssssensas tessarsersaniisatesserteossnatsraesesanisarneen s e researae s ate s b e s ass 7
5.0. Spiral Separation................ cevessaanaas sirassnasnasantan cesesessessnsneraasesses rassssessiesinseasaasaasnsseasiaetesntnaanseesaanasy 9
_ 5.1. Gravity Concentrationu....sommssssssssnsnssssensssussssss erersssasesamsressans ervesnanns SRR 9
1 5.2, SPITAlSccccirsicrieiesneesrconsersrssassassassnssssasssstsessasssssnssasssstssssrensnssstsssasssasssatsanesssessasvsssssnsssansnsssane 10
'1 5.3. Principals of Spiral Concentration.....cocuisssressscsisesnsesssesssasnessssssensnsssasscosssnsssssssssnsesess 11
: 5.4. Types of Spirals............. versassasstesnnsnnasias cesensesransrssnisins sesssssssnsntssaestnenarsassatestenpesbennnannsssassesnn 12
?’I 5.4.1. Multi-Offtake SPiralS.......ciceisisivnseriiniciretmmnsssisssrnnisssstssssssnmsessesmamssssrnssasesossasses 12
'- 5.4.2. LAMted OfftAKE SPIFAS...sussuususssssssssssmsssssssssnannsesssssosssssssssessssssssessossssessessssssssssens 13
1 5.4.3. Russian Spiral Technology...eeiinicssinesicrnsesssssencarasoones ressstssssnenssenssassennranens 14
” 5.4.4. Other Spirals.......... feseNeRsebesesesIRestteNs NN LA R N LR e IR PR SES SRS SR LRSS RSB SS LSRR RR bR RN A S 15
3 5.5. Operating Parameters of Spirals... i, 15
5.5.1. HeliX SEZ€ AN SHAPL.rcrreorsereerrereessessersesessosssoseseessoreseerssssessmmsssssssmmsassasssssessseessesse 15
? 5.5.2, Concentrate ReMOVal......viniiiiininisscnminninmiisnssaiiissseinimssinsiimnsissssnsssssss 16
B e 17
] 5.5.4. Particle Shape.......ccccricrsvnensncinnsen - eravesaneen B esrnsssssasnusessnsesestenrasnassrasen 18
5.3.5. Feed Grade.....cocccvrsavvveronen sersesaseaes venasesseasanssenserens raseshesesasnsssrastassasessstanasnsntaasasens 19
T 5.5.6. Fluid Flow......coceecreisnanne csraserssasnstsanssaties ssesttsnssssinisssesns st e st s st s s s b e s s e R s 19
‘ 5.5.7. Pulp Density. . cciccrieccsssssaransunsnsssssvessossssanessassssessan senvesarassrrnsesaienressarrararnesanas 20
] 5.5.8. Solids Load.......c..eceeruesvense visesssnsnsssesanan vseensisasesnsinsasesanesetreansartasnans sresraneenessinanas 20
F] SM 7635 Materials Application Project March 1997 Brendan Dorricott and Stephan van der Lit, ii

1 '?-‘-.%




SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands.

TABLE OF CONTENTS. (con’t)

Section Page Number
5.5.9. Wash Water FloW..uuiicccrnmniiiicinaniicismnmisiiciensensmsesrmsmersasssssssstnssesvssrseasenss 21
5.6. Applications of Spirals Concentrators......cmmseminieinanseisseseresannsssnnes remenissssnraessrsasesserese 21
6.0. Experimental............... eSseinetNsRLL TS £sa LS S s ESS SRs s RRS e AR SRS SRR AR SRR R s RnS vesesessasstsentirsseisasrarane 23
6.1. Experimental Procedure:- Sizing......ccccenruniciserisinirenssiicsrensssssisssnessssaneenessssasesssssasessssansssss 23
6.2. Experimental Procedure:- Heavy Media Separation......c..cveressessens reavtsessernrersessntassaane 23
6.3. Experimental Procedure:- Spirals.......... cerversersens srersserees cessnesssanssananss aesesssssesasnensssassatastatan 24
0. RESULLS.cucirieissiecnirissnssiesssernssisansssssnssesssssassosssssensasisssssussesssessasassassesssssssantasssssnsasasasassnssnsaneasasassosnass 25
7.1. Tabulated ReSults....iimicncmiiisninciniseimessnsssssisassnrssssisssassssseesssnsssssssannassons reressensesnsnannane 25
7.1.1. Table of Sizing Results.........cseureune seseosertessesassnasnassssnsssssesnassense cenneses resessenaresenresaans 25
7.1.2. Table of Rougher Spiral ASSays....ccccuiiierscssisanrsssnserasssnerssessnsanassessssssassosasessnns 26
7.1.3. Table of Cleaner Spiral AsSays...ccoceerevsscseresencsns covesernesttsaterarseseans reeesrasenssnrsenanes 26
7.1.4. Metallurgical Table.......ccceervresencersssarcanes erreseatesteaenrssasiaanebe b st e st i s bR e R e s aR s 27
7.2. Graphical Results......c.cocsecvnennrasssesranees ereseresnssennnesaesesin erneettiteeeesate st terateeateentsensesasrarsaraaes 28
7.2.1. Results Rougher Spirals........... seresenastiniessaseanins rervassanne rereesraterasrressetsetseressansesnansanas 28
7.2.2. Results Cleaner Spirals.........ccovscemienssressnses berrresstesibrsentebiamnanbsbesebstinebtsebissa b eabEL 29
7.3. Photographic Results......ccuucrvirnrnrssninnsinssenscnsssisrsnnssences tisessssnesranssnntaisnaresstenensnastteians 30
7.3.1. Photographs of Unsized Samples.......ccevmrivervnnssaerissnssnnsssssasssnsesnssssonsanmesssssssssnnns 30
7.3.2 Photographs of Coarse Samples.......... raaresssens cerrressenan seersassusssssenstsaserasnisastanasnant 31
7.3.3. Photographs of Medium Samples.......cccvvvemeriinnesrsivarsscsssnssnessseesssssseesnssssssssnneas 32
7.3.4, Photographs of Fine Samples....c...ccciincrenisisrersssniisssisniensesisesissssnsrssassnassssses cessseranns 33
8.0, DiSCUSSION . oo rverassssisuessssssssmisnsassassansassssssnssssssssssssssessssesansssasassasssssonsasssnsssssessenterssassssasneessnsssrensassnses 34
8.1, SHZINGcirreissriiscsarssnsasiossassssssssssnssssasssssasstsssssnssssasssssssassontsesnssssssssssssassossersassssssessssssmanssnanernnnense 34
8.2. Heavy Media Separation.uiessescnissimssessiiimisisisisosimssionsasinsssasisssissssosassssstssassas 34
8.2.1. Attempt One......cu.e. versnessatas ereessstesanans rebetemieesteeetneenAeEtteatat e bNeaEa LRSS b L s st s s e ba s RRe s R ens 34
8.2.2. Attempt TWO.vcwvrsaeenersenes vesrenseustininsaseb LA sns St AR SR SE SR LU SO AT SSSES erenesessnnesessesasnnsasnarans 36
8.2.3. Attempt Three.....c.cccouereecncen. rebessesasteestesiarEesesssesaseas Rt SRRt e st e b e se s s et e R b et TR s O aee 37
8.3. Spiral Separators.....aiiniiiinnissiirseisiseasstss cesseserassnssassssnasasonas 39
8.3.1. Rougher Spiral, Unsized Fraction....cceeercmmsennsasseerosssnne ceresensssstnasnansees vemmassstinennnessananses 39
8.3.2. Cleaner Spiral, Unsized Fraction......wenecnincnnsnneniemesnscssesnsnses P 39

SM 765 Materials Application Project March 1997 Brendan Dorricott and Stephan van der Lit. v




SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands,

TABLE QF CONTENTS. (con’t)

Section Page Number
8.3.3. Rougher Spiral, Coarse Fraction.........ccmmcisssncscnssens sroverssisnessnsresssnsansansansnesas R 40
8.3.4. Cleaner Spiral, Coarse FractiOnu.urcresmoreisesssrsssacssasssenssassssasssanssssessssssassssassesnsssessans 40
8.3.5. Rougher Spiral, Meditm FrACON..v.wsersiesserssssesessersssessoseesssssserssssssasssnsssesssassersssscsesseee 41
8.3.6. Cleaner Spiral, Medittm Fraction .......eseisensmesmesasessniscmsssssssnsssassssnssssessressnessoarsansssas 41
8.3.7. Rougher Spiral, Fine Fraction .......cvesc.. sebesssunssssattntesssensannenanasasinnasss crmesssane cerseseranessssosanse 42
8.3.8. Cleaner Spiral, Fine Fraction.......ieiminismssssses cemssssnais s snnseanstsenns 42
8.4, Comparison with Published Work..... tetrerserssssasuesssatsasannesnnnresberane sesteenatennnen 42
9.0, CONCIISION . cucviirsirsrnarnesresssssssnsssasssssssassarsassnssssassrnisssosesassrsnnessassasasssssasasnansses seresssensasenenas crserssssnnenaes 43
10.0. Bibliography.....ccccevnenee esamveanss . teereresasnsnasasnnns eresraansinsase ressssestusassesssanarsnissasnnnaren 45
11.0 Appendices......cceresensan. vessesasnannases erateesrdbesesnrassatt T et tn Rt anna b b nrr e s er s s s be R ran Rt R s ns b sene 47
11.1. Description of Quantitative Metallography......c.cceeunse. sesssessaresars deebtiinnressstnasaneestteaesbinann 47
11.2. Quantitative Metallography ReSultS........cococisereirisninaimssnsssnnssssnmssssnsasinssssieassasassesens 48
11.2.1. Rougher Spiral Results......cociiomeerssssencssensansensasacssrenss rebeasastes i et staren sttt a e st s san b beaney 48
11.2.2. Cleaner Spiral Results......cccceiciscinnnisnncsassencascssnncasnenaa. earesessnesesissrssennneistarasstas rnnsinnies 49

SM 765 Materials Application Project March 1997 Brendan Dorricott and Stephan van der Lit. v




SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands.

LIST OF ILLUSTRATIONS.

Illustration Page Number

Figure 1:- Gravity Concentration ProcessSes. ... uueorcvcnsmsrersrossinsesenses bermssrsensaens et snssasnansarsesessesaane 1
Table 1:- Properties of Select Garnets......... T vessessnrvestenssararssaanesasnasrassass erereiseeestesanssanastenettterens 2
Figure 2:- Petrographic Affinities of Garnets......ouucvvirsescnrnsrene evesussnissaususaransunansennassstnasinsase 4
Equation 1:- Stokes Law.....cccuue... S . P 6
Figure 3:- Double Compartment Drum Separator................ sassnssansasnnsans srevasesasansasessninasasanasseesterassanneans 7
Figure 4:- Autogenous Hydrocyclone. ....-coreeessessennessssnsans cassaeessssenssssnnsssatasaenteinnasesanarse 8
FigUre 5:= Partition CHUFVE. cuumsenessesssesmssssssossesssssssssssssssmssassassas sessesssnssasuessrensesassasaasunanssannassatsnses 9
Table 2:- Riechart Spiral Specifications.......u.vevisssmssssssscnsnsassassas S rnsssnenesessneseussanas cesnasae P 13
Table 3:- SVM Spiral SpecifiCations....uirssccssasarisesssssssnsssecsissrssssssnsnsssssnssansssossase rrestessnssaneran verenea14
Figure 6:- Effect of Helical Cross S€ClioN...ericcsrsssnsenrsssssrssssecsanesssssacssseanes connsanas R rereesane S 1
Table 4:- Effect of Splitter Setting......eeeccrssvsessncsascssesces censssassans srmeassans S eeresstotens corerees cemnransessanes 17
Figure 7:- Contour of Heavy Mineral Band............uuvecesvnreeracnns vrrenssans - vasrueens svessessaraseesassnnns 17
Figure 8:- Performance of Spiral Concentrators With Variable Feed Minerals, ......ooeerivsveisscssnrann 18
Figure 9:- Effect of Solids Load on Recovery and Grade........ouua. sesssesnsasnanasas steesirmsstsaataastesanaansiasany 20
Figure 10:- Levels of Wash Water Addition............. srsarsssessassssassssssssnsssarssaats sirasssennsabessnerestannnerannes 21
Table 5:- Results of Screening.....couinssarssscrenssasas veoosssesesns vorensesssnnne ressessuasesunstniesaassananessannsssensearae — it
Table 6:- Quantitative Results of Rougher Spirals................. teorisesissunssabts st ssaneetetratestsnenterentrsssnrtesats 26
Table 7:- Quantitative Results of Cleaner Spirals......... sessessebitensbeab e rs b s s seasR s st nsreanin anvsanane Ry
Table 8:- Results Summary ......vuue.. srorsanass etenasisseiaiereessastasse b e R s R s e RO b O RS TR AR RS S e B S RS e R S a LS PR SRR S 27
Chart 1:- Grade and Recovery Vs. Size Fraction; Rougher Spirals......iecsccrsicrensccnsencn. vasessessrressnes 28
Chart 2:- Grade and Recovery Vs. Size Fraction; Cleaner Spirals.......... serenssisnsaens vessssaterssrsssnesssasensasser 29
Photograph 1:- Rougher Spiral Unsized Concentrate............. seresneaerassassiarestesanasbue s res b e s sne sanraesnarans 30
Photograph 2:- Rougher Spiral Unsized Tailings.......... sessersnaneatsutant st ba e s st e e b e B s e s SRR e e s b e e 30
Photograph 3:- Cleaner Spiral Unsized CONCERITALE......u.eoecucvisseesarssssecesssssimasissssccsmsssesisssssesmsnsasases 30
Photograph 4:- Cleaner Spiral Unsized TAIIINGS....cucuuievrnvinicisssssssuasnssisissssssessusassnsssssnssssssssassasssassass 30
Photograph 5:- Rougher Spiral Coarse CORCENIPALE....u.vuuresinressesiserssssessanmssiassssssassasassssssamsessasansnsase 31
Photograph 6:- Rougher Spiral Coarse Tailings........uuiuresrcsrisressessessnsnense eressssassnsasessanasnrssanssseraanrasans 31
Photograph 7:- Cleaner Spiral Coarse CONCERITALE..arurssssenssesrissssssassesssssasnsns seorerssrssrsissssantssansrserene 31
Photograph 8:- Cleaner Spiral Coarse Tailings......ocevecerssnsnirccnsrsesnasenne connesens sonsanes srameraes eresstienseanas 31
Photograph 9:- Rougher Spiral Medium Concentrafe............oenvurrsensressen P vrenness S— P— 32

SM 765 Materials Application Project March 1997 Brendan Dorricott and Stephan van der Lit. vi




o

SM 765 Materials Application Project:- H. eavy Media and Spiral Separation of Garnet Mineral Sands.

LIST OF ILLUSTRATIONS. (con’t)

Flustration

Page Number
Photograph 10:- Rougher Spiral Medium T, BHIBGS . crreerrercssesimssssncnssnscneesrssssasssssssssssesessssmassssmmsenns 32
Photograph 11:- Cleaner Spiral Medium Concentrate............ eresiesrestistessatesaanessttasenstsasaesasestansasenrer 32
Photograph 12:- Cleaner Spiral Medium T AILIAGS.. corersnarssirseneressesarsnssassnssssens svrsrnssansenssssnnrnanasnasnesees 32
Photograph 13:- Rougher Spiral Fines CONCEntrate. .o rmerseoseesssssmsssssesssseeseeemmsssesssesesesnn 33
Photograph 14:- Rougher Spiral Fine T ILERGS.vuvisirrnesrissossesesemressssensanns errassesarnssnerennnsssransanatsasae acas 33
Photograph 15:- Cleaner Spiral Fine Concentrate.................... eressestesansans resasesssmsessnasarastsssensassamnerasas 33
Photograph 16:- Cleaner Spiral Fine Tailings....weeseeeeessssosessssssons +4re0sstennnrasnenessssensanatotinans sasarean 33
Photograph 17:- Apparatus Used in Attempt 1 at Heavy Media Separation. ......uuueeeereesseersessenns 35
Figure 11:- Distribution of Heavy Mineral in the Apparatus Used in Attempt 1I......ueeveevereeeeerannn, 36
Photograph 18:- Apparatus Used in Attempt 2 at Heavy Media Separation. ........eessessesssssnsnens 37
Photograph 19:- Apparatus Built for Attempt 3 at Heavy Media Separation............... viosesersssssnstnstanse 38
Figure 12:- Recommendations of AuStralian Standard..eeeeeeesseeeeeeeeeoees oo eeeoeeeoeoeeoeeseeeeeseeon 38
SM 765 Materials Application Project March 1997 Brendan Dorricott and Stephan van der Lit. vii




SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands.

DEFINITION OF SYMBOLS.
A% = Terminal velocity of particle (ms™)
d = Particle diameter (m)
g = Acceleration due to gravity (ms™)

Ds = Particle density (kgm™)

Df  =Fluid density (kgm™)

| = Fluid viscosity (Nsm?) (water = 0.001 Nsm)
Ep = Probable Error of Separation

Pys = Probability @ 25 % '

P,s = Probability @ 75 %

# = Tyler Mesh Number

rpm = Revolutions Per Minute

d = Particle Size

t/hr = tonnes per hour

Um = micro meters

c = concentrate assay, (% valuable mineral)
t = tailing assay, (% valuable mineral)

f = feed assay, (% valuable mineral)

C = mass of concentrate, (kg)

T = mass of tailings, (kg)

F = mass of feed, (kg)

Rec. = recovery of valuable mineral
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1.0 AIM:

To investigate the effectiveness of using two different gravity concentration techniques including Heavy
Media Separation and Spiral Separation as methods of separating the commercially valuable mineral gamet
from its gangue constituents mainly quartz. Hence evaluate the potential use of these techniques in a
commercial recovery operation. The garnet mineral sample that was used throughout this investigation was

obtained from a deposit in the Hart’s Ranges in the Northern Territory.

To achieve this aim, testwork sought the best combination of size, methodology and density which resulted
in the best recovery and grade of garnet from the ore used. Because the testwork used the same ore over
rougher and cleaner spirals and heavy media apparatus, it was possible to directly compare the results from
the individual testwork. Upon completion of the testwork a preferred technique, or combination of

techniques can be recommended as the means for concentrating the sample supplied.
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Figure 1:- Types of gravity concentration processes and the size
range over which they operate.
Source:- Burt. R.O., (1984), p 114.

There are a large range of gravity separation techniques which implement and manipulate different aspects
of the mineral’s shape and properties, a number of which are included in the diagram above. The two
techniques used in this experiment are thought to be effective over different size fractions. Spirals are

supposedly more effective for small to medium size fractions and heavy media separation being more
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effective for medium to larger size fractions. This experiment will investigate these effects and compare the

results obtained to those published by Hubbard et al. (1950).

3.0. GARNET BACKGROUND:

3.1. GARNET.

Garnet is the term used to describe a specific family of alumino-silicate minerals. The chemical composition
of individual garnets may differ, however they have very similar physical properties as shown in Table 1.
below. Colours of individual gamnets do however vary, ranging from white/yellow with the Grossular-

Andradite to emerald green with Uvarovite through to a clear deep red for Pyrope.

Almandine Iron-Aluminium 39-42 7-175 1.830
3FBO.A]203.Si02
Pyrope Magnestum-Aluminium
3MgO.ALO;.38i0; 3.7 7 1.705
Fl |
- Rhodonite Magnesium-Iron-
Aluminium 38-39 7-175 1.760
1 Andradite Calcium-Iron
] 3C30.F8203.3Si02 38-41 7 1.895
‘ Speassarite ~ Manganese-Aluminium
] 3MnQ.Al,05.8i0, 3.8 7.5 1.810
Uvarovite Lime-Chromium
1 3Ca0.Cr;05.35i0; 38 7.5 1.860
| Grossularite Lime Alumina
m 3Ca0.AL0;.8i0, 3.8 7 1.735
PI ' Table 1 :- Properties of some select garnets.
! Source :- Johnstone, 8.J.,(1961) p 209.
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3.2. Applications of Garnet.

Technical grade industrial garnet is a mixture of almandine and pyrope garnets, the remaining gamets are
classified into those of gemstone quality and a mixed gangue. Up to 1980 the chief use of this industrial
grade was as loose grain abrasives for spectacle grinding and plate glass grinding. However, in more recent
years the uses of industrial garnet has increased, with applications in many areas including the scratch free
lapping of semiconductor and other materials. Garnet is also used in abrasive papers for the finishing of
wood, leather, hard rubber, felt and plasﬁcs, as garnet is much cheaper than synthetic abrasives such as
silicon carbide and fused alumina. Low quality industrial gamets have been used primarily as airblasting

and hydroblasting media in a variety of applications, and have become the abrasive media of choice for the
aircraft and shipbuilding industries. '

Abrasive papers with superior performance characteristics are made by the selective attachment of gamet
grains under the influence of an applied electrical field. The paper is made one of the electrodes and the
gamet introduced into the system. The influence of the electrical field causes the sharpest edge of the
gamnet grain to align with the higher potential of the two electrodes. The higher potential electrode is
positioned above the papers surface ensuring that the garnet splinter ends point outwards in the optimum
direction for abrasive work. This type of abrasive paper is known as electrocoated garnet papers. Another
application of low quality industrial gamets is in mixed media filtration systems, which combines industrial

garnet with anthracite to give superior results in terms of water quality and reliability when compared to
the use of older filtration methods.

3.3. Occurrence of Garnet.

Garnets are relatively widespread throughout the earth’s surface particularly in the rocks which have
formed at high temperatures. Most garnets may be found as detrital minerals in sediments. Almandine is
commonly found in schists, gniesses and amphiboles. Pyrope is typical of mafic and ultramafic igneous
rocks. Spessartine is found in low grade schists, metamorphosed magniferous sediments rhyholites and
pegmatitites. Grossular occurs in metamorphosed calcerous rocks. Andarite is typical of contact

metamorphosed skarns. Uvarotite is mainly found as serpentines and chromium rich metamorphic rocks.

The composition of garnet depends of the conditions under which it formed. This is indicated in the chart
below, where it can be seen that the gamets that are formed at the lowest grade of metamorphism are
relatively rich in calcium and magnesium. The colour, hardness and toughness are significant properties

and can be improved when heated to 800°C for 12 hours then quenched.
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Figure 2 :- Petrographic Affinities of Garnets
Source :- Frost. M. J., (1981) p.166.

3.4. Garnet Deposits.

Garnet is typically found in deposits with metamorphic rocks, commonly mica schists and gneisss. Garnet
can also be found as alluvial deposits due to weathering of the parent rock, but these are usually too small
to be used as an industrial mineral. However, they are generally not worth treating if it contains <10%
garnet. Alluvial deposits can also be mined such as the Garnet Miller sands north of Geraldton WA, which
mine beach sands incorporating a very large alluvial garnet deposit. Sizes of alluvial garnet can range from

microscopic crystals to masses weighing up to 100 1b. and are generally round in shape due to weathering

and are tough and hard to fracture.

3.5. Industrial Use of Garnet.

Approximately 90% of the industrially used garnet is consumed in the manufacture of garnet paper and
cloth abrasives. It is desirable that these grains have high capillary attraction so the glue or bonding
material can readily attach them to the paper or cloth. The rest are used as loose grains, ie. for
sandblasting, or polishing marble, slate and soapstone. Garnet is positioned on the paper by using
electrodes to orientate the gamet with the sharp sides up. The size ranges of garnet that are sold are
between 20 # - 200 # with only a small portion of fines, the colour of these garnets tend to be a deep red.

These abrasive papers are often used for finishing and polishing surfaces of hard rubber, celluloid, plastics,

brass and metal furniture, and for grinding valves and castings.
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4.0 HEAVY MEDIA SEPARATION:

Heavy media, also known as Dense media separation, is essentially one of the simplest fOl‘I;‘IS of separation
and concentration for a variety of minerals, the words medium and media can and are also commonly used
interchangeably. This is a practical and efficient application of sink/float testing which manipulates
differences in spécific gravity.r of the minerals in a liquid or a stable suspension. The aim of heavy media

separation is to produce two products,' a float product (lower density material} and a sink product (higher
density material).

The heavy media separation process is not highly efficient in the separation of fine particles, therefore this
technique is used for the separation of ores where either the valuable or the gangue materials liberate at a
reasonably large size. The upper size limit of the heavy media processes effectiveness is related to the
liberation of the constituents. The lower size limit is accepted to be about 0.5 mm. The separation takes
place in a medium that has a density higher then that of water and in-between that of the valuable and
gangue minerals. The medium can be a dense liquid, salts dissolved in water or more commonly a
suspension in water of ﬁne'ly divided high density particles. This technique is commonly used in the

cleaning of coal, where the coal is separated from its impurities such as slate.

The different types of heavy media separation can be classified by the specific mechanisms that are used for
mineral separation. The main classification of heavy media separation cells are; static separation and

dynamic separation cells.

4.1. Static separators.

In a static or otherwise known as gravity type separator, the essential concentrating force is gravity. The
liberated and sized ore is fed into a fully static vessel where the density of the liquid or suspension is in
between that of the minerals to be separated. The rate of sinking or floating can be determined by Stoke’s
law which is displayed in Equation 1 following. This considers variables such as particle size, fluid
viscosity, density of particles and suspension. The counter force is an important variable which is
essentially the resistance to viscous shear that is produced between the mineral and the suspension. This
shear force is dependent on 2 number of variables including particle size. If the sinking force (i.e. mass by
gravity) is less then this viscous shear force then the mineral will float, but if the sinking force is greater,
then the mineral will sink. However, if the sinking force is equal to the shear force then the mineral

particles will appear to hover in the suspension, this can be called a middling. This is more evident for finer
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sized particles. A typical example of a commonly used static / gravity type separator is a drum separator,

of which there are many variations, one of which is shown in Figure 3.

Eguation -1:- Stokes Law.

d’g(D,-D;)
V =
187

Where \Y = Terminal velocity of particle (ms™)
d = Particle diameter (m)
g = Acceleration due to gravity (ms~)

Ds = Particle density (kgma)
Df  =Fluid density (kgm™)

7 = Fluid viscosity (Nsm) (water = 0.001 Nsm™")
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Figure 3, :- Double compartment drum separator
Source:- Wills, B. A. (1988) p. 459

4.2. Dynamic Separators.

Dynamic separators or centrifugal separators, as they are also known, are more commonly used and more
effective for smaller particle sizes than the static type separators. When concerned with the finer sized
particles a greater acceleration force (more than just the sinking force) needs to be acting on the minerals
otherwise the minerals will be suspended due to their size and no separation will occur. Thus, mechanical
forces such as centrifugal forces need to be applied for separation to occur. Equipment including
hydrocyclones are modified to enable them to do this job. The separation achieved by these methods tend
to be much more effective, as there is a significant increase in the separating force on the minerals. With
the use of cyclones the force applied can be as great as twenty times the gravitational force that separates
in a static separator. This force also applies to the medium in the dynamic heavy media separator, thus the

density of this must also be sufficiently high to maintain effective separation.

In the hydrocyclone separator, the light float fraction is entrained in the vortex and discharged, whilst the
heavy, sink fraction is discharged through a tangential outlet. The autogenous (water only ) hydrocyclone
is different to the usual hydrocyclone, in that it allows the separation to occur without any added medium,
that 1s it just uses water. As shown in the diagram below, this separator has different stages in this cone.
Other differences include a longer vortex and conical region. The fine paricles are considered to
accumulate in the conical region and create a barrier against particles of lighter density, i.e. only denser

particles will pass through. The main advantage with this type of separator over conventional cyclones is
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the cheaper operating costs and lower capital investment. Other types of dynamic separators include: The

Dyna Whirlpool Separator, The Tri-Flo Separator, The Hirst Washer and many others.

Figure 4. :- Autogenous (water only) hydrocyclone -
Dynamic heavy media separation cell
Source :- Kelly, E. G., Spotiswood, D. J., (1989), p. 246,

A major part of any heavy media separation operation is the control and recovery of the medium, i.e. the
suspended particles. A suspension is defined as any liquid in which solids that are insoluble in the liquid
are dispersed and kept in a state of fluid energy. Commercially suspensions are generally employed, rather
then dense liquids or dissolved salts, even though they tend to have a low settling rate. The most common
medium that is used in suspension for separation is fine magnetite and/or ferrosilicon (FeSi). Magnetite is
used to create a suspension of densities between 2200 - 2900 kg/rn"’, and ferrosilicon creates densities in a
range of 2900 - 3400 kg/m’. Higher densities are possible when spherical ferrosilicon is used. These two
mediums are commonly used as they are both physically stable, chemically inert, easily recovered from the

sink by magnetic separation and form a low viscosity fluid of the prescribed density range.

Suspension stability is an important requirement for efficient separation, especially in static separators. i.e.,
a more stable suspension requires less agitation to keep it in suspension then less stable suspensions. With
high agitation the probability of fine particle misplacement increases, due to the secondary currents and
turbulence. The stability of heavy media separation is dependent on many aspects including: density of

suspension, type of suspension and shape of the medium particles.
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Heavy media separation when effectively controlled can provide sharp separations within the limits
selected and at very high efficiency. They can also be easily modified and monitored if the head feed to the
separator changes. The efficiency of the separation can be measured by a partition or Tromp curve, as

shown in Figure 5. below. The curve in this diagram shows the ideal separation curve, which is almost

impossible to achieve.
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Figure 5. :- Partition or Tromp Curve
Source :-. Burt, R.0.,(1984) p.175

The probable error of separation is given by E;, where E, = (Pss~Pas) / 2. Where P is the probability at that
percentage. If the separation is ideal the E, = 0. Typically for real situations E; is between 0.01 and 0.1.

These curves can also be used for other separation processes including shaking tables and spirals.

5.0. SPIRAL SEPARATION.

5.1. Gravity Concentration.

This is the term given to the separation of two or more minerals, usually of different specific gravities, by
their relative movement in response to the force of gravity and one or more other forces, typically

resistance to motion in a viscous fluid such as water.
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The principle of gravity concentration has been known for over two thousand years, with its early uses
being documented by Pilny (circa 70AD) and later by Agricola (1556). It has only been in this century,
with an increased understanding of physics and chemistry that has lead to the development of separation

technologies such as flotation, leaching and magnetic separation, that the use of gravity concentration has
been on the decline.

The use of gravity concentration technology has many advantages when compared to other concentration
techniques, however since flotation is the major separation technique employed for the concentration of

most minerals, including coal and iron ore, the best comparison is based on a2 comparison between these
two methods.

Gravity separation has a lower installed cost per tonne of throughput than flotation, lower power

requirements, uses no expensive reagents, and the waste and effluent generated is more environmentally

friendly when compared to the use of flotation systems.

Not only does it economically make sense to use gravity concentration, but it can make even more sense
from a metallurgical standpoint, as often the use of gravity concentration offers superior recovery without
the use of chemicals. This was demonstrated by Bath, Duncan, and Rudolph (1973), who showed that
with the recovery of fine gold that the use of gravity concentration as the major separation technique,
followed by cyanidation as a scavenging stage vielded a significant improvement in the recovery of gold.

The chief disadvantage of gravity separation is its ability to bandle fines, as the lower limit that it is

possible to treat is around 10 microns.

5.2, Spirals.
The spiral is a helical flowing film concentration device, originally developed for the recovery of gold. The
spiral can be described a follows: “a multi-turn helical stuice of modified semi-circular cross section, for

pulp flow, with a wash water chamnel and a series of concenirate take off ports at regular intervals.”
Burt (1984).

Spirals were invented by 1.B. Humphreys, who used old car tyres and sheets of lead to experiment with
different spiral configurations, specifically, varying pitch, diameter, and cross sections. The first use of

spirals on a commercial basis was in the concentration of chromite bearing sands in 1943 in Coos County
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Oregon USA. This was followed by the introduction of the spiral to the mineral sands industry in Florida
USA in 1944, and the iron ore / wolframite industry in 1964. The growing minerals sands industry in

Australia in the 1950’s led to the introduction of the spiral there, and subsequently most of the recent

development work has been carried out there.

5.3. Principles of Spiral Concentration.

The feed is introduced to the spirals feed box, which has the function of regulating the fluid flow so that
the correct pattern of flow is established at the top of the spiral. Attempts to mathematically describe the
mechanism of spiral separation have been made in the Soviet Union, (Anekin et al. 1970, Sukhanova et
al. 1972), however these investigations failed. Nonetheless the mechanism of spiral separation is known to
consist of two components;

(i) vertical stratification

(il) horizontal stratification.

(i) Vertical Stratification.

The combined actions of hindered settling, interstitial trickling, and the Bagnold shear force (Burt (1984))
will cause stratification of particles in the vertical plane. The heavy minerals will proceed to the lower

velocity zones near the surface, whilst the light particles will report to the high velocity zones above them.

(i} Horizontal Stratification.

Due to a difference in the centrifugal forces acting upon the varying stream components cross rotation may
develop. The portion of the stream nearest the surface moves outward to the point of maximum streﬁm
velocity, from here it moves down into the stream to near the surface of the spiral. It then follows the
spiral surface inward to the inner margin of the stream. This causes the heavy mineral to report to the inner

margin of the stream towards the collection ports, and the lighter particles to be forced outward away from

the collection ports.

Addition of Wash Water.

Many spirals have the facility to add wash water after removal of heavy mineral at each of the splitters.
This assists the washing of light particles from the surface of the stratified bed at the inner radius, back
toward the outer radius of the channel. Therefore it can be seen that the operation of the spiral is a

complex blend of a variety of forces, specifically; interstitial trickling, hindered settling, Bagnold shear, and

cross sectional rotation.
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However, because there is no definite mathematical model of the interplay between these forces, spiral

concentration operation continues to be based on empirical data rather than theoretical reasoning.

'5.4. Types of Spirals.

With the recent developments in spiral technology spirals have been subdivided into two categories: (i)

multi-off take, traditional spirals based on Humphreys original design, and (i) limited-offtake,

incorporating the more recent trends in spiral design.

5.4.1. Multi-Offtake Spirals.

Humphreys Spiral.

This spiral is essentially the same as its original design; 5-6 helical turns wrapped around a central support
column which acts as a discharge, a internal washwater channel which introduces wash water periodically
through notches in its wall, offtake ports in the bottom of the channel at various stages down the spiral
length, and adjustable splitters adjacent to every offtake port to regulate the discharge of the heavy
mineral. A full turn of the spiral is made up of three identical 120 ° segments that are joined together,
typically made from cast iron or ﬁb‘erglass. To make optimum use of floor space the capacity of the spiral

can be increased by the introduction of another start 180 ° out of phase with the first.

GEC Spiral.
This spiral was originally made under license for Humphreys, and as such are essentially the same of the
Humphreys spiral. The main difference between the two being the cross section where the GEC tends to

have a steeper pitch and therefore requires less wash water.

Riechert Spiral.
There are numerous types of spirals manufactured by Riechert, both multi-offtake and limited off-take.
They are characterised by their twin start continuous fiberglass helix, which whilst reducing the maximum

number of turns, gives great improvements in flow. The table below shows the difference between the

multi-offtake Riechert spirals.
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-Model -~ - Pitch._ - - Splitter=- - Height - - Diameter - Capacity .- Feed -
i =T T (mm) 7 Dist(mm) - (mm) 7 Zi(mm) - (Whr) 7 Density (%)
2A 387 298 2370 590 1.0-1.5 15-35
2B 387 324 2370 - 590 1.0-1.5 15-35
3 387 348 2370 640 20-25 25-45
6 367 254 2054 610 10-1.5 25-45

Table 2 :- Riechert spiral specifications.
Source :- Burt, K. 0., (1984) p.265.

Vickers Spiral.

The spirals made by this company are also similar to the Humphreys spiral, however like the Riechert is
manufactured from fiberglass in a continuous helix. The Vickers XVS model spiral has a reservoir after
each take-off port facilitating the addition of wash water. Whilst the Vickers CC model spiral has a

separate wash water trough wound around the supporting column. Water addition is via a stainless steel

value, which eliminates washwater blockage.

5.4.2. Limited-Offtake Spirals.

The current trend in spiral design is to reduce the number of outlet ports. Many designs in which the only

split is made at the end of the helix have been released onto the market.

Riechert.

Riechert have released many limited offtake spirals. The Mark 7 series incorporating triple starts and
consisting of the Mark 7A and 7B, for the treatment of low grade and high grade feed respectively. Both
have a helix in which the inner section has a lower slope than the outer rather than a curve. The Mark 7A
has a single set of splitters and offtake port, whilst the Mark 7B has three sets of splitters and offtake
ports. Mark 9 and Mark 10 series have been developed for the reduction of ash levels in coal. The Mark 9
spiral has increased diameter and decreased pitch with one set of splitters. Whilst the Mark 10 has a

diameter similar to that from the Mark 7 series but with slightly decreased pitch and also has one set of
splitters.

Yickers.

This company have developed the Feed Grade Low, LGL, and the Feed Grade High, FGH, spirals, for use

in situations where the feed grade, density and size are variable. They incorporate a separating trough

SM 765 Materials Application Project: March 1997 Brendan Dorricott and Stephan van der Lit 13




SM 765 Materials Application Project:- Heavy Media and Spiral Separation of Garnet Mineral Sands.

profile which allows the mineral path to remain constant regardless of these fluctuations. Therefore once

these spirals are set they do not require adjustment.

Cyclo- Spiral.
The Mark I spiral was developed for low grade ores. The velocity of the heavy minerals in the pulp stream

is decreased down the length of the helix to improve the recovery taken from the single set of splitters at
the bottom of the spiral. This is achieved by the use of a channel in which the pitch of the floor gradually
decreases down the length of the helix. The Mark V is for the treatment of higher grade ore. It uses a
channel with constant pitch throughout the length of the helix, and has four offtake ports built into the
floor of the channel at 180 © intervals on the la‘st two turns of the spiral. An adjustable cover aver the

offtake ports determines the amount of heavy mineral that is removed from the pulp stream.

3.4.3. Russian Spiral Technology.

A thorough review of spiral concentration techniques and apparatus looked not only into the effects of
variable pitch and geometry, but also the effects of increasing the spiral diameter, as increased diameter
leads to the acceptance of greater volume feeds. Incorporating the information gathered the SVM range of
spirals were developed. They are characterised by their elliptical helix, and their 180° rubber lined

aluminium segments. The table following outlines each spirals specifications.

Sv2-750 750

2
SV2 - 1000 1000 2 3-8 15-40
SV2 - 1500 1500 2 20 - 30 15-40
SV3 - 1500 1500 3 10-30 15-40
SV4 -1500 1500 4 15-40 15-40
SV2 - 2000A 2000 2 25 - 60 15-40
SV3 - 2000A 2000 3 30-75 15-40

Table 3:- SVM spiral specifications.
Source :- Burt, R.0., (1984) p. 269.

In addition to those spirals that are listed above, researchers in the former Soviet Union have also
developed a spiral which maximises the use of the major settling zone of a spiral. Exposure of the pulp
stream to the bottom portion of the channel is increased by incorporating two additional helixes inside the

main helix, in effect giving three spirals in one as shown below.
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5.4.4. Other Spirals.

Wyong Spiral,

Designed, built and used in the minerals sands industry in Australia, this spiral incorporates four channels
side by side. Pulp is introduced at the top of the outer spiral, heavy mineral being forced inward and then
onto the next spiral. Unfortunately this spiral is unable to produce finished concentrates therefore never
gained widespread use.

Budin Spiral.

Originating in Austria, this spiral is similar to the Wyong spiral in that it incorporates more than one
collection channel. This spiral involves three internal channels inside the main helix. Heavy mineral report
to the inside channel whilst lighter mineral will migrate outward, the respective fractions are then removed
at the bottom of the spiral.

Revolving Spiral.

A revolving spiral has been developed in China for the treatment of iron ore and tailings. It 1s constructed

from fiberglass, has a 2 m diameter, typically has 4-6 turns, a pitch of inclination of 15 - 20° , and rotates
at 10 - 15 rpm. Robinson (1983)

5.5. Operating Parameters of Spirals.
5.5.1. Helix Shape and Size.

Investigative work in the former Soviet Union by Anekin et al. (1970), and more recently Boganov
(1983) have investigated the effect of helix shape. It was found that the optimum shape for a helical cross

section was an ellipse with an aspect ratio of 2:1, shown as Cross Section 1 in Figure 6 below.

RECOVERY

: 2.5 5 10 25 5%
CONCENTRATE WEIGAT %

Figure 6.:- Effect of helical cross section on efficiency
of separation, Cross Section are shown on the LHS.
Source:- Burt, R.Q., (1984) p.273.
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In addition to the work done on the shape of the helix by Anekin, the effect of the helix diameter was
carried out by another Russian investigator, Sukhanova et al. (1972). This work revealed that the helix
diameter was related to the particle size of the feed, suggested sizes from this work are:-

Fine particle size 0.05 - 0.20 mm Helix Diameter 400 - 500 mm

Coarse particle sizes  1.00 - 2.00 mm Helix Diameter 1000 - 1500 mm

However it is noteworthy that -these recommendations are not generally accepted by the western
manufacture of spirals.

5.5.2. Concentrate Removal

Efficient concentration depends on the correct setting of the splitters. Whilst there are an infinite number of
combinations for these settings, correct setting of the splitters is best done visually. Visual inspection of the
pulp flow characteristics will be a guide to where the splitters should be set. Extending the distance
between the splitters permits stratification and separation to occur. Thus extending this distance to a

maximum increases the grade of the concentrate able to be removed. This was the logic behind the
development of the limited take off spiral.

Work by Snedden (1956) showed that if the optimal spiral performance is desired then the splitters must
be adjusted to give a constant grade through each offtake port, rather than constant volume. This is

summarised by the results in the table below comparing constant volume to constant grade.

Const. Volume Const. Grade
T miemree RGO M T Reé=HM i W% Y H M= Ree=HM =

Concentrate 56.0 0.94 91.7 53.80 985 94.3
Tails 44 0 1.10 830 46.20 . 0.70 5.70
Head 100.0 5.80 100.00 100.00 5.60 1060.00

Table 4:- Effect of splitter opening on spiral
performance.
Source :- Burt,R.0., (1984) p. 275.

Observation of the table reveals that by setting the splitters for constant grade rather than constant voluine,
an increase in concentrate recovery of almost 3 % results, with only a very small decrease in the grade of
the concentrate. This fact is also apparent in the results for the tails, which is especially beneficial because

of the decreased loss of valuable heavy mineral in the tails.
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An additional concern when positioning the splitters is the cut between heavy and light mineral. As seen in

o

the diagram below, the lighter mineral tends to ride up on the tail of the heavy mineral. Therefore the

splitter position will depend on the intended function of the spiral, i.e. optimum grade or recovery. The

rougher and scavenger spirals will be set well beyond the apparent edge as recovery is the primary

objective. Conversely a cleaner spiral will have the splitter set inside the apparent edge as obtaining a high
grade 1s its primary objective.-

CONCENTRATE EXTENDS
T0 THIs POENT

APPARENT EDGE OF
CONCENTRATE BAND

ROUGHER SPLIT
LEANER SPLIT

Figure 7:- Contour of heavy mineral band.
Source:- Burt, R.Q., (1984) p.275.

3.5.3. Particle Size.

Coarse Particles.

The work of Hubbard et al. (1950) found the upper limit for good separation of most ores was

approximately 1 mm, however gangue up to 3 mm and coal up to 6 mm can be tolerated. Therefore the

size of the feed entering the spiral should be controlled. The presence of oversize in the flow will cause

“sand bars” in the channel hindering stratification and separation, thus effecting the performance of the

spiral and subsequent recovery of the heavy mineral.

Fine Particles,

As the coarse particles have an upper limit the fine particles have a lower limit. This is thought to be
between 50 - 75 microns, depending of the type of ore being used. This is clearly demonstrated in the

graph below. Based on investigations by Chong (1978) into spiral performance of iron ore, Guest (1975)

into spiral performance of pyrite, Weston (1978) into spiral performance of scheelite, Burt (1979) into

SM 765 Materials Application Project: March 1997 Brendan Dorricott and Stephan van der Lit 17
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spiral performance of tantalite, and Balderson (1982) into spiral performance of cassiterite. Results

obtained have been plotted on the same graph to allow a comparison between recoveries and particle size.

60 \
40 L |
& j & GUEST PYRITE
= 20 f % KESTON SCHEELITE
2 B + BALDERSON CASSITERITE -
Lt o BURT TANTAL ITE
o o CHONG 1RON ORE
1 t 1 | 1 [
25 50 100 200 500

PARTICLE SIZE Micrometres

Figure 8:- Performance of spiral concentrators on
various feed materials over a large size range.
Source :- Burt, R.O., (1984) p. 277.

el

5.5.4. Particle Shape.

A marked difference in particle shape between two materials will allow efficient separation by a spiral
concentrator. An example of this is the separation of mica from quartz and feldspar. The flaky mica 1s

swept outwards into the region of fast flowing water predominantly because of the shape of the mica, and
not the density of the mica.

5.5.5. Feed Grade.

Once the splitters are set for the optimum grade any fluctuations will have an adverse effect of the grade of
the concentrate recovered. For example, an increase in the grade of the feed will result in a decreased
recovery, because the extra heavy minerals present will be missed by the splitters. Alternatively if the grade

is decreased then the recovery will be good at the expense of grade of the heavy mineral.

Dallaire et al (1978) discovered that fluctuations such as those discussed above can be combated by the
control of spiral variables. For example, a lower pulp density and a smaller feed tonnage will tolerate such
fluctuations. In fact some rougher / scavenger spirals are set for fluctuating loads because they have the

function of optimum recovery.
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5.5.6. Fluid Flow.

Dallaire et al (1978) discovered that a flow rate of between 1.0 - 1.5 L/s in a 600 mm spiral will result in
laminar flow, whilst over this flow rate turbulent flow will result. Laminar flow is desired for optimal
conditions as increasing the flow rate to turbulent velocities causes the fine heavy mineral and more of the
middling to be forced into the tailing band, thus decreasing the recovery. However, it is also undesirable to

have a low flow rate because it fails to. provide sufficient centrifugal force necessary to force the light

minerals out of the concentrate stream and into the tails at the periphery.

Further reduction in the flow rate will cause the coarser particles to settle out of the flow creating sand
bars, thus hindering stratification and separation. Thus the flow rate of the pulp stream is very important to
the efficient operation of the spiral. As mentioned above, this should be set at 1.0 - 1.5 L/s, however it can

be optimised visually by regulating the flow rate so the pulp stream is 25-30 mm below the rim of the
spiral.

5.5.7. Pulp Density.

Maximum pulp density is a function of the type of spiral that is being used. For example, the Riechért
Mark 2 is rated at a pulp density of 15 - 35 % whilst the Mark 6 is rated at 25 - 45 % solids. In general,
the higher the spiral pitch, the great the pulp density it can handle and consequently the greater its capacity.

Excessive pulp density must be avoided as it results in reverse classification occurring which causes

recoveries to decrease rapidly.

5.5.8. Solids Load.

Work by Dalliare et al (1978) compared the difference in the recovery obtained with constant solids load
and increased solids load. Increasing the solids load, by an increase in the pulp density whilst maintaining a
constant pulp flow yielded a small decrease in recovery and negligible effect on grade line (AB on the
graph in Figure 9). Conversely maintaining a constant solids load, by increasing the pulp density and

decreasing the pulp flow, yielded a significant increase in recovery with only a small decrease in the grade

(line CB on the graph in Figure 9).
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Figure 9:- Effect of solids load at different pulp densities on recovery
(LHS) and grade (RHS).
Source:- Burt, R 0., (1980) p. 280.
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5.5.9. Wash Water Flow.

Wash water is used in multi-offtake spirals, its function is to clean the heavy mineral band before offtake by

washing the light mineral out to the tailing stream. The amount of wash water required will depend on the
type of mineral being treated, spiral load, and the size of the mineral in the pulp stream. Typically coarser
particles require greater additions of wash water. The conditions of wash water addition are displayed in

1
1

the diagram below. The correct amount of wash water is displayed in part (A) the heavy mineral band

filling the offtake port entirely; too much wash water is displayed in part (B) whereby the concentrate is
being forced out towards the tailing band of the pulp stream; too little is displayed in part (C) whereby only
a small amount of the heavy mineral band is extracted and the gangue is entering the takeoff port. It is also
noteworthy that the use of reclaimed water is only possible on rougher / scavenger spirals, as dirty water
will be split into fractions in the cleaner spiral thus decreasing the grade. Use of reclaimed water can also

cause the build up of scale which alters the effective surface of the spiral thus effecting its operation.
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Figure 10:- Levels of wash water addition.
Source:- Burt, R. 0., (1984) p.282.

5.6. Application of Spiral Concentrators.

Spirals can be employed in the separation of two minerals providing certain criteria are met;
(1) minerals are essentially liberated,
(ii) there is reasonable difference in the specific gravity or particle shape

(i) where the heavy minerals are between 2 mm and 30 microns.

They have four primary uses:-
* a single roughing stage producing a concentrate and a tailing.
+ a roughing stage producing a bulk concentrate of several heavy minerals for additional
processing and a finished tailing.
* a cleaning stage producing a finished concentrate and tails reporting to an additional process.
*+ scavenging stage processing the tailings from other processes returning a rough concentrate for
re-processing.
Spirals are used in the iron ore, mineral sands, metal oxide, and coal preparation industries, some typical

examples are.

Iron Ore,

Generally spirals are used in the one rougher, two cleaner configuration. This typically results in a recovery
of 80 - 85 % of'iron at the specified grade.

Canada Quebec Cartier Mine 2300 spiral units
Mount Wright Mine 4330 double start units
Liberia Bong Mine 2700 units
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Mineral Sands.

Mineral sands by their very nature make an ideal feed to a spiral. That is, they are fully liberated, natural
sized ore body with minerals with differing densities.

Australia Eneabba Processing Plant 1000+ spirals

USA Manchester Mine 1500 spirals

Metal Oxide.
South Africa Winterveld Mines (Cr;03) 168 spirals
USA Wheal Jane Processing Plant Ta spirals

Desulphurisation of Coal.

Riechert has designed, built and manufacture spirals specifically for the cleaning of coal, namely the Mark

9 and 10 series spirals.
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6.0. EXPERIMENTAL:

6.1. Experimental Procedure:- Sizing.

A bulk sample of garnet mineral sand was obtained from a deposit in the Hart’s Ranges, Northern
Tesritory. Preliminary investigations were aimed at classifying the bulk sample into three or four specific
size fractions. A random 5 kg séniple was taken from the bulk sample and screened over a large range of
screens. This screening produced a wide range of size fractions, these fractions were then analysed and
split into four separate fractions of similar size. These fractions were called oversize, coarse, medium and
fine. The Tyler Mesh Numbers of the screens used to obtain these fractions were noted. Another 5 kg
random sample was taken from the bulk and reserved for unsized trials, whilst the remainder of the bulk
was screened according to the Tyler Mesh Numbers in the sizing regime mentioned above. The oversize

was placed in the treated ore bin and the resultant coarse, medium and fine size fractions were stored for

use as a feed material for this investigation.

6.2. Experimental Procedure‘:- Heavy Media Separation.

Heavy media separation techniques were used to separate the valuable garnet from the gangue minerals in
each of the size fractions mentioned in the sizing regime above. The testwork employed ferrosilicon
powder as the media added to the heavy media separation cell. The ferrosilicon was added to obtain a
suspension with a range of densities between that of the gangue constituent (quartz, SG=2.65) and that of
the valuable heavy mineral (garnet, SG=3.7-4.2). The testing regime involved adding each of the different
size fractions separately to a static type heavy media cell. The density of the suspension would be varied
between tests, with subsequent analysis of results revealing the optimum density and size fraction for the
recovery of garnet in this type of heavy media separation. The static type heavy media cell initially involved
a flotation cell and a variable speed impeller to keep the ferrosilicon in suspension. However, due to
unexpected circumstances the design of the static heavy media cell varied within the testwork. This is

addressed further in the Discussion in section 8.2 of this report.
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6.3. Experimental Procedure:- Spirals.

The spiral testwork involved the use of the garnet mineral sand sample over two different spirals, therefore
the tests involving spirals were split in two components; rougher and cleaner spirals. The sized mineral
sand, produced in the sizing operation, was riffled to obtain a 3 - 4 kg feed material for the rougher spirals.
A similar 4 kg unsized sample was introduced to the rougher spiral and a recirculating load was
established, the adjustment of the splitters produced a concentrate of valuable garnet and tailing. This was
then repeated for each of the sized fractions. Each of the products of the rougher spiral were subsequently
riffled to obtain a representative sample for analysis. The remaining rougher concentrate from each fraction
was then used as the feed material to the cleaner spiral and the tailings were placed in the treated ore bin.
The aim of the cleaner spirals was to further ﬁpgrade the concentrate from the previous stage, 1.e. the
rougher spiral concentrate. The unsized rougher spiral concentrate was introduced to the cleaner spiral and
a recirculating load established, the splitters were set to produce a cleaner concentrate and a tailing
fraction. This was then repeated for all sized fractions. These products were then riffled to take a
representative sample for analysis, and the remaining material placed in the treated ore bin. Samples of

concentrate and tailings from each of the size fractions were then analysed using conventional quantitative
metallography techniques.
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‘ 7.0. RESULTS:

Photographs of each of the concentrates and tails were taken and are included in section 6.3. Using these

photographs an analysis was performed. Quantitative metallography techniques were performed on each of
these photographs, see Appendix 1. for a brief discussion of these techniques. The composition and hence
grade of garnet of each sample was calculated using a sixteen point grid, where the number of intersections
with these points of a speciﬁc' minéra] type was recorded for each of the points on the grid. This procedure
was repeated twice more on each photograph to obtain a more representative composition. These were
then used to calculate the average % composition as shown in Tables 6. and 7. The mineral types present
were compiled into three groups; garnet being the valuable mineral, quartz being the gangue and the
remainder being a black mineral of some form. The name or composition of this black mineral was
unknown, possibly a form of iron oxide, and was classed as “Other”. The counts recorded are included in

the Appendix 2., to show how these averages were taken and the variance in each of the counts.

7.1 Tabulated Results
7.1.2. Sizing.

Over Size n/a n/a 03
Coarse 3/16 - 14 6.7 x 10° - 1.18 x 10° 13.7
Medium 14 -35 1.18 x 10°- 425 24.0
Fine 35 <425 8.15

Table 5:- Results of Screening
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7.1.2 Rougher Spiral Assays, Average %

~-Size Fraction : = Product .. -Garnet (%). ~ - Quartz (%) . - ~ Other (%) -

1 Unsized Concentrate 48.1 10.6 41.9
1 Tailings 26.9 375 33.6
J Coarse Concentrate 62.5 14.4 23.1

¥
I Tailings 48.1 35.6 16.9
"l Medium Concentrate . 51.9 10.6 37.5
. 'I Tailings 294 26.9 43.8
] Fines Concentrate 66.9 6.3 26.9
Tailings 8.1 41.9 50.0

Table 6:- Quantitative Results Rougher Spiral

7.2.3 Cleaner Spiral Assays, Average %.

Size Fraction .~ Product

1 Unsized Concentrate 35.6 18.8 45.6
Tailings 75.0 6.3 18.8
) Coarse Concentrate 60.6 10.6 29.4
1 Tailings 66.9 8.1 25.0
1 Medium Concentrate 64.4 1.9 33.1
Tailings 60.6 6.3 33.1

|
Fines Concenirate 62.5 1.9 35.6
Tailings 66.9 12.5 18.8

Table 7 :~ Quantitative Results Cleaner Spirals
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7.2.4. Metallurgical Results.

(i) Unsized - ‘ “Rougher—- -~ -~ ~° - Cleaner
Mass Grade Mass Grade

Feed 4.00 34.08 * 1.92 30.51 *
Cons 2.01 48.10 1.44 35.60
Tails 1.47 26.90 0.10 75.00

iRecovery (%) 2= e

287,205

£(ii) Coarse==

==-Rougher=: T e e Cleaner - or S0
Mass Grade Mass Grade

Feed 4.00 42.26 * 1.78 42.42 *
Cons 1.78 62.50 0.44 60.60
Tails 1.21 48.10 0.73 66.90

‘Recovery (%) ==

(iii) Medium . - <7 Rougher - .« “o--ri o Skl Cleaner o

Mass Grad Mass Grade

Feed 3.80 60.45 * 1.64 30.67 *
Cons 1.76 51.90 0.64 64.40
Tails 2.88 48.10 0.15 60.60

Recovery (%) . - TiEo3992 00 osi . TS SEER193 -

==(iv) Fine - - - . _“. 7% Rougher —:ix = - oo o -Cleaner+ =5 =27 — =

Mass Grade Mass Grade

Feed 3.00 28.66 * 1.05 11.39 *
Cons 1.12 66.90 0.17 62.50
Tails 1.39 8.10 0.02 66.90

Recovery (%o) == 0 - 8691 5 = L L

= 88.82 T

Table 8 :~ Results summary; including calculated
recovery and feed assays
(* indicates a calculated result).
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8.0 DISCUSSION:

8.1, Sizing.

A better recovery of the garnet from the gangue was achieved when the sample of mineral was sized, as
can be seen in Table 8 and shown graphically in Charts 1 and 2. This was because the particles were of the
same size and therefore the difference in their densities could be exploited effectively. When the samples
were unsized, the coarser particles were séparating differently to the finer particles. This was not as a result
of density which is the normal sizing mechanism, but the sizing was due to the mineral mass as there were
considerable differences in their size. Thus, the coarser sized minerals would be forced further to the
outside of the spiral. Because of such a large variation in size, some coarse heavy minerals tended to be
positioned with the fine light minerals, making efficient separation very difficult. This resulted in the spiral

often acting more like a size classifier rather then a gravity separator when treating the unsized sample.

8.2, Heavy Media.

Three different configurations of heavy media separation equipment were employed for the separation of

the garnet from the gangue containing quartz and other minerals. However each attempt was unsuccessful,

herein lies a discussion of each attempt.

8.2.1. Attempt One :- Agitation of Suspension with the use of a external mechanical stirrer.

The first attempt to model a heavy media separation device was with the introduction of a mechanical

stirrer to a vessel containing the heavy media suspension. The setup for this 1s illustrated in photograph 17.
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Photograph 17:- Apparatus used in attempt 1
at heavy media separation.

This method was based on the basic sink-float test. It involved establishing a suspension of the required
density and subjecting it to agitation with the mechanical stirrer to keep the suspension stable. Garnet sand
was then introduced to the vessel with a desired affect of making the quartz (of lower density) float off and

the garnet present (of higher density) sink to the bottom of the vessel, therefore separating the two
fractions, valuable and gangue minerals.

However this was not achieved, because to keep the ferrosilicon in suspension in this type of container, a
higher stirrer speed was required. This higher speed created a vortex with turbulent flow, causing the

gangue quartz to form a wide band between the stirrer and the surface. This is illustrated in the drawing in
Figure 1.
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Figure 11:~ Distribution of separated mineral in the
apparatus used in attempt 1 at heavy media separation.

The large width of this gangue band posed problems with removal. Initially attempts were made to increase
the volume at the same density so that the gangue suspended at the surface would simply overflow the
vessel and be collected. However, this was not possible as the gangue band became wider with further
volume additions of suspension being introduced. Only a very small proportion of the gangue was actually
removed. This was followed by attempts to decrease the stirrer speed to remove the vortex and decrease
the amount of turbulent flow, hence decreasing the thickness of the gangue band. This also was
unsuccessful as the decrease in agitation caused the ferrosilicon to settle out of the suspension,
consequently decreasing the density of the suspension and thus prohibiting the separation of the valuable
and gangue fractions. Subsequent attempts to collect the gangue were based on a different approach,
whereby an alternate technique was employed in the removal of the wide gangue band. In this approach
bulk removal of the band by physical means was attempted. This was facilitated by the use of a fine net.
This was tedious and ineffective as attempts to remove all of the quartz proved futile, and resulted in
contaminating the separated garnet beneath. Therefore since none of the attempts to separate the two

distinct fractions using this method were successful an alternate approach with new apparatus was trialed.

8.2.2 Attem'gt Two ;- Agitation of Suspension by Flotation Cell.

The second attempt to model a heavy media separation device was in the use of a flotation cell, the
agitation mechanism of this apparatus was employed in the agitation of the suspension. The drive belts of
the agitation system were manipulated to many configurations in an attempt to provide the best agitation

conditions for continued suspension of the ferrosilicon. This apparatus is demonstrated in photograph 18.
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Photograph 18:- Apparatus used in attempt 2 at
Heavy Media Separation.

However this attempt failed very early. It was found that with the density required for this heavy media
separation that the agitation system of the flotation apparatus could not provide the necessary agitation
required to keep the ferrosilicon in suspension. Whereby the solids were continually settling out of solution

causing the agitator to “bog”, therefore fear of damaging the flotation apparatus prevented to further use
of this system.

3.2.3. Attempt Three :- Specific Purpgse Built Cell.
The third attempt to model a heavy media separation process was design in conjunction with Australian
Standard 1661, (1979) “Float and Sink Testing of Hard Coal®. A photograph of the apparatus built is

shown in Photograph 19 and a diagram of the recommend apparatus in Figure 12 is also shown.
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Photograph 19:- Apparatus built for attempt 3
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Figure 12:- Recommendation of Australian
Standard 1661, (1979)

This piece of equipment was similar to previous items trialed, however this apparatus utilised a separate

compartment for the removal of the garnet. The “purpose built” apparatus was designed to allow the

stirrer to keep the ferrosilicon in suspension and thus facilitating a good separation in the top section of the

equipment. The trapdoor to the bottom section was held up with the two strings attached. These were to

open when the separation was thought to be efficiently working, and allow the garnet to fill the bottom

part of the container, and be resealed before the gangue band was able to enter. This however did not

succeed as when the trap door was opened, the ferrosilicon settled out of suspension before the garnet

could enter the bottom section. This resulted in the remixing of the garnet and gangue constituents, and

thus the separation was ineffective.
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8.3. Spiral Separators.

8.3.1. Rougher spiral, unsized fraction:  (photograph 1 & 2, c=48.1%,t=26.9 %, R = 70.9 %)
Observation of photograph 1 shows a concentrate which contains a mixture of mostly fine gramed
minerals, however there is some coarse grained garnet present. Fine grained minerals present in the
concentrate are a mixture of garet, quartz, and the balance being a darker mineral. The quality of this
concentrate is reflected in the grade obtained, that is % (gamet) = 48.1, and the suitability of this
separation by the recovery calculated, that is Rec. (garnet) = 70.9 % .

The tailing obtained by this process is shown in photograph 2. Observation of this photograph shows a
tailing which contains a mixture of coarse grained minerals, mostly quartz and garnet. The amount of
gamnet present is evident in the tail assay grade, where % (garnet) = 26.9. Such large losses of valuable

mineral again suggest the lack of suitability of this process.

This is because the spiral acted as a sizing device rather than gravity concentration equipment. Under these
conditions the coarse mineral reported to the tailings fraction, whilst the fine mineral reported to the
concentrate fraction. This resultedl in obtaining a “middling” region where both coarse and fine minerals
were found and, depending on the position of the concentrate split, was responsibie for the amount of

coarse gamet found in the tailings. This demonstrates the sizing effect is at least as prominent as the

density effect in this unsized mineral sample.

8.3.2. Cleaner spiral, unsized fraction: (photograph 3 & 4,¢=35.6%,t=75.0%, R =872 %)

The feed to this second spiral separation was the unsized rougher concentrate discussed above, and as
such was essentially a fine grained mineral sample containing quartz and some garnet with a small amount
of coarse quartz, the result of a preferential sizing effect from this spiral. This is clearly evident in
photograph 3. Whereby in the production of a cleaner concentrate, the coarse grained garnet was
separated from the fine grained garnet in preference to the fine grained quartz. This downgrading of the

rougher concentrate is reflected in the resultant cleaner concentrate assay, that is % (garnet) = 35.6.

The tailing obtained from this cleaning stage is shown in photograph 4. Observation of this photograph
clearly shows that the tailing obtained is more of a garnet concentrate than the actual concentraie. That is,
the tailing appears to contain more garnet than the concentrate. This is because of the preferential sizing

effect where the coarse grained garnet present reports to the tailings in preference to the fine quartz. An
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effect further evident by the tailing grade, where % (garnet) = 75.0. This further supports the discussion in
the above section on the performance of the unsized rougher separation. Therefore, since this sample feed
was a result of the previous rougher stage, there was obviously a large proportion of coarse grained garnet
present. However this result is not reflected in the recovery obtained for the separation because of the

mass of the tailings is very small, that is T = 0.1 kg as opposed to C = 1.4 kg.

8.3.3. Rougher spiral, coarse fraction: {photograph 5 & 6, ¢ = 62.5 %, t = 48.1 %, R = 65.7 %)

The concentrate from this separation is shown in photograph 5. This concentrate had a noticeably higher
assay of garnet (in comparison to the unsized stages), probably as a result of a more constant grain size in
the feed. This visual result is quantified by cal;:ulated results where, % (gamnet) = 62.5. However the
influence of larger particle sizes and the range of particle sizes in this coarse size fraction was again evident

by the amount of smaller quartz in this concentrate.

The tailing produced by this separation is displayed in photograph 6. Observation of this photograph
shows a tailing consisting of a mixture of very coarse mineral particles. The difference between the sizes of
mineral particles obtained in the concentrate and in the tailings is clearly evident. This again suggests that
the size fraction of the feed to the spiral does have a dramatic effect. The calculated results are as follows;

the tailings assay, % (garnet) = 48.1, and recovery, Rec. = 65.7 %.

8.3.4. Cleaner spiral, coarse fraction: {photograph 7 & 8, ¢ =60.6 %, t = 66.9 %, R = 35.1 %)

The cleaner spiral concentrate is shown in photograph 7. This concentrate appears to be very similar to
that obtained in the roughing stage. This is backed up by the assay obtained, where % (garnet) = 60.5. A
downgrading most probably explained by the further influence of the sizing effect of the mineral garnet

concentrate.

The resultant failing from the cleaner spiral stage is shown in photograph 8. In this photograph the large
amount of coarse grained gamet present is clearly evident. This is quantified by the calculated results
where, % (garnet) = 66.9. This coupled with a large mass of the tailings, T = 0.7 kg resulted in a very poor
recovery. Thus this situation proves to be a “worst case scenario” whereby the majority of the tailings

consists of coarse grained gamnet, present as a result of the influence of particle size in spiral separation.
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8.3.5. Rougher spiral, medium fraction : (photograph 9 & 10,¢=51.9%,1=29.4%,R=51.9%)

The concentrate obtained from the medium size fraction is shown in photograph 9. Observation of this
photograph shows a concentrate consisting of gamet, quartz, and some small amounts of a dark mineral.
The sample does not “look™ like a concentrate as it does not have the ruby colour typical of previous

garnet concentrates. This is supported by the calculated results, where % (garnet) = 51.9.

The zailings obtained from this stage are shown in photograph 10. Observation of this photograph shows a
sample with particles of similar size to those in the concentrate. That is, influence of particle size does not
appear to be as pronounced in this size fraction. However there still appears to be too much valuable
mineral in the tailing. This is further evident by ;)bservation of the calculated results where, % (gamet)} =
29.4 and recovery, Rec. =51.9 %. Whilst this is the first size fraction where the influence of particle size

seems to be less pronounced and separation is as a result of density differences, the results are still

unacceptable in terms of loss of valuable mineral.

8.3.6.Cleaner spiral, medium fraction :  {photograph 11 & 12, c=64.4 %, t = 60.6 %, R =81.9 %)

The concentrate produced as a result of the cleaning stage is shown in photograph 11. This photograph
shows a concentrate which appears to contain more garnet than the previous sample. There also appears to

be much less quartz present. The calculated results from this stage support this, where the assay, %
(gamet) = 64 4,

The tailings obtained from this stage are shown in photograph 12. This photograph shows a sample with a
some garnet present amongst the gangue constituents. The calculated results also show this with the
tailings assay being very high, % (garnet) = 60.4. This result is almost as high as that of the concentrate
from this stage. However because of the low mass of the tailings, T = 0.2 kg, this was not reflected in the
recovery. This was most probably due to the influence of the particle size on the spirals operation. Whilst

the influence of particle size was only minor in the rougher separation of this size fraction a definite effect

was noticeable in this cleaner separation.

8.3. 7. Rougher spiral,_ fine fraction : (photograph 13 & 14, ¢ =66.9%, t =8.1 %, R =86.2 %)
Photograph 13 displays the fine rougher concentrate. Observation of this photograph reveals a sample
clearly of a high grade. It consists of a large amount reddish coloured minerals amongst only a minor

amount of gangue. This observation is supported by the calculated assay, where % (garnet) = 66.9.
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The railing from this stage is shown in photograph 14. Here the majority of minerals in the field of view
are seen to be mainly quartz and the dark gangue mineral. Comparison of apparent sizes of the concentrate
and the tail suggest that there is no size influence effecting this separation. This is supported by the assay

of the tailings, where % (garnet) = 8.1, and the calculated recovery, where Rec. = 86.2 %.

8.3.8. Cleaner spiral, fine fraction: ~ (photograph 15 & 16, ¢ = 62.5 %, t=66.9 %, R = 88.8 %)

Photograph 15 shows the concentrate obtained from the cleaner stage. The photographs shows no
noticeable increase in the grade of this concentrate. Calculated results show that in fact the concentrate
was actually downgraded, where the % (garnet) = 62.5. That is, the cleaner stage adversely effected the

quality of the concentrate.

Photograph 16, the cleaner failings also support this. Here the photograph shows a sample with a large
proportion of red mineral amongst the gangue. If this photograph is compared to photograph 14, the
rougher tailings for the fine size fraction, the massive difference between these two samples is clearly
evident. This is because in potential further upgrading of the concentrate more garnet was lost in final
removal of the gangue constituents. Calculated results, % (garnet) = 66.9, for this stage show that the
inclusion of this stage would only be viable if a small tailing fraction was cut. This tailing fraction would

then need to be recycled through the rougher stage.

8.4. Comparison with Published Work.

The work of Hubbard et al. (1950) revealed particle size limits for the treatment of ores, upper limit d = 1
mm, and lower limit d = 50 -70 pum. The results gathered in these trials conferred with this work, whereby
the metallurgical results for the unsized, d = variable, and coarse, d = 6.7 x 10° - 1.18 x 10° um size
fractions were unacceptable. The particle sizes in these fraction are clearly above the upper limited set by
Hubbard et al. (1950). The other fractions treated in this investigation were within the limits set by
Hubbard et al, (1950), the results for the fine fraction, d <425 um, agreeing with expectations and giving
excellent results, however the results obtained for the medium size fraction, d = 1.18 x 10° - 425 um,
continued to be poor. A possible solution to this problem would be to further reduce the amount of coarse
particles in this size fraction. This is achievable by rejecting these coarse grained particles to the coarse
fraction, thus expanding the size range of the coarse size fraction. Alternately supplying the spirals with a

relatively constant particle sized feed could also aid this problem.
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9.0. CONCLUSION:

This experimental investigation was based on the separation of the valuable mineral gamet from the gangue

constituents, chiefly quartz, using two conventional gravity concentration techniques. These were heavy

media separation and spiral separators.

The influence of mineral particle size was cited early as a potential problem area, so the sample was
screened into three different fractions; coarse where d = 6.7 x 10°- 1.18 x 10° um, medium d = 1.18 x 10°

- 425 pm, and fine where d < 425 um. To contrast the results from these size fractions a unsized sample
was taken from the bulk by riffling.

Heavy media separation relies on density differences between the valuable mineral and the gangue
constituents. A number of heavy media separation vessels were trialed unsuccessfully with the garnet feed
provided. The design of each vessel was based on conventional commercial static heavy media separation
vessels and were flexible enough to allow changes according to process variables. These trials were
unsuccessful because the equipment employed designs which were unable to control important variables

including, turbulence created due to agitation and continued suspension of the dense media particles.

Static heavy media separation, for example using the ferrosilicon at an appropriate density, was expected
to work best for the coarse particles and not as well for the finer particles. This is because the minerals will
have a buoyancy effect associated with them, an affect more pronounced with the finer sized particles. The
sinking force due to the density of the suspension for finer minerals is also smaller due to the smaller
particle size. These two forces, the buoyancy and sinking forces, will reach a similar magnitude as the
mineral size becomes smaller. If the mineral particle is too small, no matter what the density of the
suspension the mineral will become suspended also, due to the density forces on the mineral being too
small due to the minerals size. Therefore in a static heavy media separator, fine mineral particles will not be

affected as strongly a coarse particle would. This expectancy is visually represented in Figure # one.

The investigation using spiral separators also relied on density differences between the valuable mineral
and the gangue constituents. However, during experimental work over various size fractions (both sized
and unsized) the size of individual mineral particles was found to be of utmost importance. That is, the
mineral particle size directly effected the grade and recovery obtainable in each size fraction. The influence
of size in this work was found to decrease with decreasing particle size. That is, this influence was found to
be greatest in the unsized and coarse sized fraction and have the least effect in the fine size fraction.
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When treating fractions with a coarse particle size, typically d = 6.7 x 10 - 1.18 x 10° pum, the spirals
acted as a sizing device and not a gravity concentrating device. As a result the concentrate was one which
contained similar sized particles and not the valuable dense garnet mineral as desired. Whereas when
treating the fractions with a fine particle size, typically d < 425 um, the spirals operated effectively giving a
concentrate that contained the valuable dense mineral garnet and a tailing which contained the less dense
gangue constituents. This sizing effect was noticed in both the roughing and cleaning stages. However its
effect was most severe in the cleaning stage, where in an attempt to upgrade the rougher concentrate by

the removal of quartz a large loss of previously recovered garnet to the tailings fraction occurred.

Therefore for spiral separation of garnet to be viable, a feed preparation stage is required. In this feed
preparation stage the garnet bearing ore would have to be sized accordingly by the use of equipment such
as a hydrosizer. After which the fines would be treated by spiral separation. The remaining size fractions
could be treated for garnet recovery by employing an alternate method of gravity concentration such as
heavy media separation. Whilst the heavy media separation testwork in this project was unsuccessful, it has
been proven to work under different conditions, (e.g. for manganese ores at Groote Eylandt, NT). Thus .

any recommendations that have been made are based on the theoretical knowledge obtained by the

authors, from the references listed.

Therefore from the experiméntal results gathered in this investigation and theoretical data reviewed, the

best configuration of heavy media and spiral separators for use in the concentration and recovery of

valuable mineral garnet the following suggestions can be made;

® Size the ore into at least two sizes using a hydrosizer i.e. coarse and fine, where coarse d = 6.7 x 10° -
1.18 x 10° pm and fine d < 425 pm. Treat the coarse fraction with heavy media separation and treat the
fine fraction with spirals.

@ Use the heavy media separation as a primary concentration stage, in which the majority of the coarse
quartz will be removed and sent to tails. This ‘tougher” concentrate will then subsequently sized in

preparation for an appropriate spiral. Then use these spirals in a bank of cleaner, recleaners and scavengers

to produce the final product.
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11.0. Appendices :

11.1. Appendix 1 :- Description of Quantitative Metallography.

The method employed to analyse the results in this testwork was to estimate the % mineral by use of a
number of point counts. To facilitate this analysis, photographs of each resultant samples were taken so a
visual agreement with the calcu]ations.cain be made. Poin;[ counting consists of an ordered (non random)
array of points such as on a transparent screen template or microscope eyepiece covering the sample to be
analysed, and a record of the mineral at each intersection being recorded. This count is said to be
“systematic” as the same procedure is followed a number of times on each sample. It may be statistically
shown that point counting can give results showing the least variance provided that samples are taken of
different errors (SM753, (1995)). For this testwork, each point count was completed three times on each
sample photograph, each count being randomly placed of a different area of the photograph.

The commonly used graticules used are:
@ A square grid with nine points for rapid and easy counting.
@ Square grid of sixteen points gives nearly twice the number of points per placement but takes
longer to count with a greater risk of error, if not done correctly.
® Circle test line of known circumference.
@ Straight test line with the ends clearly marked.
® Graduated test line.

For this analysis work, graticule @ was chosen as it gave a large number of counts. In using this method, it
was imperative that placements and subsequent counts were carried out in a nonbiased and totally random

manner. Thus, the systematic errors associated with this quantitative technique were minimised to give the

most accurate results.
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11.2. Appendix 2 :- Quantitative Metallography Results.

11.2.1. Results: Rougher Spiral Test Samples.

16 Point Grid Garnet Quartz Black
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10 3 3
10 2 4
[%)\\fér;asjéh VE WA=
Tails
|zAverage =
Medium Cons 9
8
8

[‘Average #=-8.3
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Fine Cons 12
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| -Average —53:10,7:
Tails 1 6
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11.2.2. Results: Cleaner Spiral Test Samples

16 Point Grid Garnet Quartz Black

L
—
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o ")!"“i

Medium Cons . 10 1 5
1" 0 5

10 0 6
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INPROSYS

INTERNATIONAL PROCESS SYSTEMS, INC.

1510 Swadley Street, Lakewood, CO 80215, USA
Tel: (303) 237-8737, Fax: (303) 237-8624

FAX

TO: Mr. Uwe Barfuss PAGE 1 OF 3

CO.: Barfuss Corp. P/L DATE: January 14, 1997
FR: Ron Gehauf FAX #: 61-3-9739 63578
RE: Garnet Testing REF #: 97- £088

Dear Mr. Barfuss,

I have just completed some preliminary tests on the sample of garnet ore you sent to us. The
material may be identified as INPROSYS No. §7-007. Please find following the material
balances for the tests.

Procedure

In conducting these tests, the material was fed onto the belt with a vibrating feeder. The belt
carried the material across the magnetic roll, producing Mag 1 and Non-Mag 1 products. The
Non-Mag 1 product was again fed onto the belt producing Mag 2 and Non-Mag 2 products, etc.
The feed rate of pass 2, etc., was adjusted to simulate a cascading, production machine. As the
roll speed was reduced, the less magnetically responsive minerals were recovered in the magnetic
product. The feed rates are reported as metric tonnes per hour per meter of processing magnet.
Our standard machines are 1.0 and 1.5 meter wide but we also manufacture 0.5 meter wide
machines.

Discussion

Since the material had a broad size range, I initially screened the material at 20 mesh (0.85 mm)
and processed each fraction separately. The initial separation attempt removed all of the garnet
as well as most of a dark mineral which was slightly less responsive than the garnet, leaving all
of the silica/feldspar minerals as non-magnetic. This was re-mixed to try to achieve a better
quality garnet.

There was a was"a noticeable amount of highly magnetic material in each fraction which was
removed with a scalper (lower intensity) roll before removing the garnet. The garnet was then
removed in stages to try to minimize the amount of dark minerals which reported as magnetic.
However, a noticeable amount of finer dark particles reported with the garnet.

Conclusions

It appears that a silica-free garnet concentrate can be produced easily. However, there are some




dark minerals which are slightly more responsive than garnet and relatively large amount of dark
minerals which are similarly or slightly less responsive. In order to reduce the amount these dark
minerals, the feed material must be screened at close intervals. If the dark minerals are to be
eliminated, another method must be used.

Recommendations
It may be possible to eliminate 20% to 30% of the initial weight by pre-concentration with

minimal screening and magnetic separation. In order to produce the best possible products, it
will be best to screen the material into the product sizes before magnetic separation.

The products from these tests are ready to be shipped back to you. Please let me know your
address for their return. If you have any questions, feel free to contact me.

Best regards,

o o

Ron Gehauf

Technical Services Manager




] INTERNATIONAL PROCESS SYSTEMS, INC.
T MAGNETIC SEPARATION TEST PRODUCT BALANCE
ID NO. : 97-007 CUSTOMER : Barfuss Corp P/L
rg TEST DATE : January 14, 1997 ACC.NO.
HUMATERIAL : Garnet Ore SEP. ID. : LP 10-30
FEED PREP. : Screen NOTES :+20 mesh (+0.85 mm) - 42.98 wit%
1 : -20 mesh ( -0.85 mm) - 57.02 wt%
FEEDRATE RLSPD MASS DIST. GRADE
TTEST NO. PRODUCT TPHM RPM % WT CUM WT% %
+20 1 FEED 6.2 350 100.00
44 MAGS 1 1.12
210 mm NMAGS 1 350
4:2 MAGS 2 26.34 27.46
7]025 mm  NMAGS 2 300
- MAGS 3 32.17 59.63
NMAGS 3 250
T MAGS 4 18.82 78.45
NMAGS 4 21.85 100.00
] -20 1 FEED 4.3 350 100.00
4.4 MAGS 1 3.62
1.0 mm NMAGS 1 450
.2 MAGS 2 25.40 29.02
025mm NMAGS 2 380
z MAGS 3 38.08 67.10
] NMAGS 3 330
MAGS 4 27.80 94.90
NMAGS 4 38.42 133.32




INPROSYS @l

1510 SWADLEY ST.
LAKEWOOD, CO 80215
PHONE (303)237-8737, FAX (303)237-8624

TO : MR. UWE BARFUKS PAGE 1 OF 3

CO.: 5 DATE: January 14, 1997
FR : JOHN RIOTT FAX #: 011-61-3-97396578
RE : 0.50M MACHINE W/CHUTES REF #:_97- 082

DEAR MR. BARFU&S:

HERE ARE THE DRAWINGS YOU REQUESTED. DRAWING GA00137 IS THE

GENERAL ARRANGEMENT AND DRAWING HS10109 IS THE DISCHARGE
CHUTE.

—

IF YOU NEED ANY FURTHER INFORMATION, PLEASE CONTACT ME.
BEST REGARDS,
/ o/ W

JOHN RIOTT
CHIEF ENGINEER
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Facsimile Transmission

A DIVISION CF

CLYDE INDUSTRIES LIMITED
ACTN 000 002 031

Routine | Urgent | Confidential
: : : l: POSTAL ADDRESS
] PO BOX 5044
' Date: AUGUST 1, 1996 GOLD COAST MAIL CENTRE
QUEENSLAND 4217
Attn: MR H BARFUSS .
1 81 ASHMORE RCAD
. _ BUNDALL 4217
Company: TELEPHONE1 {07) 5538.5055
- F £ 7)3338 3
1 Eror: B/l WELDON |$$ES$N;[I§;< o 55335:-198?31
y TELEX AA 30433
Fax:Number: 03 9728 3084 INTERNET mdmintecBeninenet.com.ay
1 ourrer MFWW124d4 7734 MINERAL =
: TECHNOLOGIES e
Subject: GARNET SAMPLE m
No of pages: THREE

i

Dear Mr Barfuss,

My apologies for the delay in returning our results on the gravity separations conducted on your

sample.

The separation data are summarised as follows:

Size Fraction Density of Separation

Mesh Head Totals -2.85 -3.6+2.85 = -4.05+3.60 | +4.05
| wWi% L WT% L WT% | e
| +4 | Nil Nil % Nil ; Nil : Nil

-4+12 2822 |- 735 | 8 35 L1233 0.a¢

12+ . 7178 | 1199 | 3140 | 2269 | &70

TOTALS | 100.00 | 19.34 | 3975 | 3502 |  5.89

We observed the red brown garnet occurring in the R.D. Fraction -4.05+3.60 predeminantly with
an over yield of 35.02% -4+12 mesh yield 12.33% -12+0 mesh 22.69%.

Please reply to this fax number 07-5539 9863 advising of a return address for the sample
fractions. You will need to analyse them for product quality.

With respect to a simple pilot plant process we believe it is reascnable to assume from the
gravity separation data that a two stage process could be successful in producing a heavy
mineral concentrate which would contain a high concentratiocn of garnet mineral.

The pracise quality will be only proven by a detailed laboratory study or field trials with a pilot
nlant.

From our limited scope of work we suggest you consider the following option for & pilot plant
flowsheet. | must stress this may not be the only option, however this will offer a system that
Mineral Technologies would be in a position to help with detailed design and equipment supply.




Pilot Plant Process Stages

Mining selectively in specific areas of interest or in a broad strike is up to you to decide

upon.

2. Feed receival hopper

3. Screening plant to separate +12 mesh from -12 mesh

4. The +12 mesh would pass into a small jig set up to concentrate the very heavy +3.6 SG

garnet into the hutch, and from there dewatered by screen and stock piled.

The jig overflow would be predominantly lighter quartz sand and would be dewatered
over a screen and discarded.

The water could be re-used as jig hutch water.

5. The -12 mesh would be pumped to hydrocyclones which would remove the ulira fines -
200 mesh. These fines and water could then be returned to the tailings dam.

6. The -12 mesh +150 mesh would be treated by high grade HG10 spirals to concentrate
the garnet.

A single stage may be suitable for the pilot plant however, in full scale we would at this
stage advise you consider 3 to 4 stages to ensure maximising recovery.

The spiral (VHM garnet) product may nead dewatering prior to stockpiling in the pilot
plant it would be very simple to build a small holding bunker with adequate drainage
and access by bob cat for retrieval when dry.

_m =
~

8. The spiral tails will join the jig tails to go back into the rectamation. They will require
dewatering. We would advise the use of hydrocyclones for this duty.

The overflow could be used as make up water or returned to a fine tailings dam to
contain ii.

PRICING:

| will require your input on the size of plant you need to do your pilot precessing. You will need
to consult with local government to establish what is going to constitute mining and what may
be classed as prospecting/exploration.

o

For our equipment to be operating at correct capacity | suggest you consider a 3-5t/h capacity
pilot plant.

1. We would then offer a two stage spiral plant which should produce a high quality garnet
rich product with reascnable recovery.




2. We can supply suitable hydrocyclones.

i 3. We will need more time to discuss jig sizing and pricing.

1 4, You will require screening equipment pumps and sumps to have a working pilot plant.
5. Mineral Technologies can do a turn key plant, however for this we need to understand

your budget constraints and design a systemn accordingly.
Yours faithfully
F! | é/

Bill Weldon
Area Sales Manager
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Report of the feasibility of
Vermiculite Mining,
Entire Creek, Harts Range,
Northern Territory.
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Yermiculite

A study of the Vermiculite in the E/L has been undertaken to establish if a clean
product can be produced. Some areas total up to 50 metres in diameter. If this can be
achieved, then there is a ready overseas market for insulation (fireproof doors and
wall systems) and decorative material is also in demand.

A good reliable market can be found, providing, the product can be cleaned and
produced to a quality standard similar to Phalabora Vermiculite.

Tests have been conducted for the presence of Asbestos, resulting in no Asbestos
being found.

The real commercial value is a very important aspect to further serious exploration for
vermiculite.

Further interpretations of the Airbome Magnetic Survey should reveal further
Vermiculite anomalies, which will be closer examined at a Iater date.
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Yermiculite (additional information)

Samples of Vermiculite were taken to make a bulk sample composite.
Colour silver/gold and bronze, the particle size ranging from 1mm up to 50mm
diameter, most in the size range of 1mm to 12mm.

This work in particular was carried out to obtain commercial samples to test the
market and receive feedback information regarding sizing, quality and colour.

Further interpretations of the Airborne Magnetic Survey should reveal further
information, which will be examined at a later date.

Map attached showing the areas:

Positions:
135001°900 / 23004920
135002°315/ 23004°890
135002°210/ 23006°200
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KILPATRICK AND ASSOCIATES PTY LTD ..u5115

Occupational Hygiene and Ergonomics Consultants

Occupational Hygiene and
Ergonomics Consultants

 RESULTS OF QUALITATIVE 230 Bay Sect
_ - IDENTIFICATION OF. . Brightoﬁ 32 86
~ ASBESTOS. "~ ... Phone: (03) 9596 7655

JOB MNO:  S1016
CLIENT:  Barfuss Corporation Pty Ltd

SAMPLES RECEIVED: 12 September, 1996

SAMPLING LOCATION: Northern Territory

TEST METHOD:  Polarised light microscopy/dispersion staining as outlined in Methods Manual A02.

Sample analysed "as received”

Fax: {03) 9596 7920

-Sample :15 Location Sample De}jscriﬁtioﬁ and Result
Number Sample Size
69362 | Northern Territory. Vermiculite ore - No asbestos detected.®
180g.

(1) Confirmation by an independent analytical method advised due to nature of sample.

Analyst: David Kilpatrick

T e
“h/y

M35

Directors: David Kilpatnick, Peter Bird, Mark Paholski, Russell Pretty, Andrew Stewart

This Laboratory is registered by the Mational Associstion of
Testing Authoritics, Australia. The test(s) reported herein have
been performed in accordance with the terms of registration.
This document shall not be reproduced except in full.

Page 1 of 1
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‘W. J. RYTE,

Telephone 060 328 376 R.5.D. 1155,
Facsimile 060 328 376 Rutherglen, V. 3685.
20.7.1997.

Mr U. Barfus.
Box 352,
Lilydale, V.- 3140.

Dear Sir,

TESTING OF VERMICULITE SAMPLE FROM HARTS RANGE

Mr Uwe Barfus brought a sample of vermiculite ore o the Author from
Harts Range in the Northern Territory. The aim was ito make a
preliminary sizing and washing test o assess what commercial
treatment 1s required, and to gain data for discussions on sale to
vermiculite users.

On 22.5. 1997a 325 1b sample was sized on a Hason pilot-plant
shaking screen, uging screens of apertures % in., % in., 1/8 in. and
1/16 in. The two coarse fractions were wet-sieved, with the dried
undersize fractions being added to the next sieve for further
sizing.

The sizing results are:

+ X% ¢ 68 1h 21
+ % 34 31
+1/8 60 50
+1/186 20 56
~-1/16 143 44
total 325 100.

Vary little high-pressure water was reguired to wash the clay from
the vermiculite, showing that a high grade product could bhe produced
in production. There was a small amount of iron mineral, probably
goethite, with the vermiculite after washing.

This letter is not on letterhead, because the Aunthor has moved into
a private mining position, and is no longer a Consultant.

Yours sincerely,

L. 4. Ate .

W. J. KYTE.
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Analyszis code «5 Page ~1

Regulis 1in %

Sample Fe {02 Alz2o3 Cal Mg Tigz
Yermiculite 9,08 a7.4 19.4 2.00 17.1 1.B8%
Sample K20 Mnid P208 S Hz20- LOi
) Yermiculite 2.20 0.115  <£0.002 0,038 <0.010 9.3
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WATER

A Study and Research
Into the availability of
Water for Mining and
Exploration Pilot Plant
Processing.




Water

Examination of future water supply for exploration pilot Plant Processing of Bulk

Samples will become a necessary step prior to establishing a Garnet or and other
mining operation.

A study was carried out to establish that sufficient quantities of water could be
expected to be found on or near the minerals processing site. (Ruby Mine area)

The closest useable water bore, equipped with a windmill, is well number 15262. This
well is too far away and not economically viable (well shown in photo.)

The study concluded that the 3 sites chosen (as shown in report) show good promise

of sufficient water to support pilot plant operation, and will also be able to provide
water for future mining operations.

It is estimated that each bore has about a 50% chance of obtaining a useful supply.










—

L
b o

DEPARTMENT OF LANDS, PLANNING AND ENVIRONMENT

PO Box 1521

ALICE SPRINGS NT 0871 .
Telephone: (08) 8951 8803 File 400.1C

Fax: (08) 8951 8620

Mr Uwe Barfuss
Barfuss Corporation
PO Box 352
Lilydale

Melbourne

Victoria 3140

Dear Sir,
The area around the Ruby Mine has been inspected and the report is attached.

The track into the mine and the sites will require some work to provide access for a
drilling rig. You are reminded that sacred sites clearance is needed before drilling
proceeds.

If you require any further information please contact Bob Read on 89518616.

Peter McDonald
Regional Manager Land and Water Resources

24 October, 1996

(% Navthem Trivitary Govermnent




GROUNDWATER PROSPECTS AT THE RUBY MINE, HARTS RANGE

Location

The area is in the NW corner of the lllogwa Creek 1:250,000 sheet.

Previous Drilling
No previous drilling is known near the mine. Bores to the east in Table 1.

Table 1 Known bores

Registered | Depth | Supply | SWL | TDS Comments
Number m Vs m mg/l
2560 30 ? 880 | Equipped
3679 10 dry
3690 14 ? 1580 | Equipped
4777 107 0.07 | 1350
15258 {. 50 24 14 | 1385 | Fluoride too high for human
consumption
15259 40 dry
15260 66 dry
15261 50 dry
15262 35 1.9 9| 2165 | Equipped with windmill.
Marginally too saline for human
consumption

It can be seen that about half the bores drilled have yielded useful supplies, but only
one 1s suitable for human consumption. The rocks in the area around the mine are less
weathered and lower yields can be expected.

Geology

The geology of the area is shown on the “Quartz” 1:100,000 sheet. Briefly the area
around the mine is underlain by layered amphibolites, plagioclase gneisses, and
porphyroblastic felspar gneisses.

Drilling Sites
Three sites were picked. Details are given in Table 2 below. No major fault zones

occur in the mine area, and sites were chosen in places where the rocks appeared to be
slightly better jointed than elsewhere.

Bores should be drilled to about 50 m. The vegetation indicates that standing water
levels should be only a few metres below creek level.

RUBYMINE.DOC
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The required supply is stated to be 50 Vhour, that is only 0.014 V/s. There is some
doubt as to the practicality of equipping such a small supply. Such a smail supply
would not normally be noticed during drilling,

It is estimated that each bore has about a 50% chance of obtaining a useful supply.

R.EREAD
Hydrogeologist
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RUBYMINE.DOC




H - ’ . . LN . . - ._M._ iy hv.u (R N | 1 i _.‘
- ._d‘_ﬁ kunvgf—.. .\._ ! 0 - o -..J. .I. !w ! wf\ t ..F.:‘. o / ..ﬁu SRR ;.m_..\. T
Mota el T < 2982 TS R S Y
sy Yy N oLy assy" .y A,\fr\_... - \\, 999 T ﬂr\
r Lo a0 A (. Q Y P@WN o X/ N.mh.ﬂ T m AJ, . ,“. L Qw -, PR
' \ _/ i f w“ ac. _|.._._.., ¢ " f o\nL\ :_u ? _ ’ q6S WY - L 7 .JJ.. X .\ -.u@@: ..F - _d.(\_
LA AR \&:\.o, SR T it .Em\s m__\nEm#S v N..hkﬂv | , f“ N
N B R T U umv ,. @ 7 .( O@@mn )
r F ) ol -~ \‘\ v __w. \\\\\ . G .f....l..l.n.__l.p..p..ll “_ h‘rm . ‘._,r.c... o’
A e N R N e sy s66i05. B, @ owmm .
e ll.ﬂilll .l Mtvioimocnn  pu '.WIF " .. 11'4[!!!' j*
Oﬂ _ .r lh}frff..-ll — \\\ .\..l./- - .— _.” . . .mﬂ\, r.J ..q.. ..L.._ n ﬂ\ﬂl.\W\ .“ u .—\ Fn_\M “ h
. .P....L# s TN L= T 4 PR TR Y B ; ’ w
R Y N AR B T : J -
v Fau._ Tw M! - “.().r._ . I - .“v.. . .M. . ‘ﬂ R ._«m ~.f ' Jr.f. LW.\\.““ ¥ m\.\ \J.‘. ...w.v..ww.ﬁu %JWI__W N
IR TR AN Bl S by A - : —_ - :
_rwu LT 1 \ w.....ﬁ...mw, oo __../ w\ ALY ..H.V N@ Wﬂm PRI NIR
\ e g - T i gog” AR i ¥ aiog Aqpen. O —@Nm
w.| A7 ....—nl. vyt _4“ + -/ m..._. e \ \“W\a_ .\. r.—f ~ .ﬁ. h....m_. \_.
Loy : . ni ° , ._.h:”. T |r|. R ’ et 5 __w. - . n._.
mm. Yy An _"h SN ~. 3, r 7 - H\.\l. ....W c N.oom—. H/. i..x ,G-.T\ ’ ._.v.... .
o A - s 4 ' Jt | "4 T 3
T ”n_ ' ,.r,w_.-. L ¥ 3 ' i~ f.J mu w.vmm"u\ 1___.“ ‘e@ nv‘.n... \.uu\.b_
ag- 1o ‘ o ™~ _ -\n.%\ @M\LW\-%
R o 3 mv thN..*. / S :_._m @.
1 X ._: v \{ SOUNAYE A
ISR AN e
asvs S A NP
H o ...‘—\r \ ! .|...1 . *
AN agr® n.

L} 1
._r*l.,.rllkkll,

0

NOIIVLS 3317104 FONVPY SIHVYH

._,,_hzﬁri.sL o

Is
0,588

AJdALNS JIHdVHHO 0401
0000GC- I VIMVHISNY

e o sgrer e )y BN




Diamonds

Diamond Exploration
and Geophysical Interpretations.




Diamond Exploration.

The interpretation of Airborne Magnetic data carried out by Geophysical Exploration
Consultants Pty Ltd, indicated among other things, 6 distinct anomalies indicative of
possible kimberlite pipes. The most interesting aspect is that they are truly elliptical.
This is very encouraging, as true Diamond bearing Kimberlite pipes are nearly always
elliptical in shape.

Intense preliminary field examinations of the 6 anomalies has been conducted
consisting of examination of stream sediments and drainage areas, soil examination
sieving, screening and searching for any signs of Diamonds or any other gems and
Minerals of interest.

The prospecting carried out did not reveal and Diamonds or other Gem material. The
terrain is difficult and the lack of water made it impossible to use a Pleitz Jig on site.

It was concluded that further systematic sampling on a broader scale should be
conducted in the near furture.
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Diamonds (additional information)

The intensive field examination was carried out for the purpose of deciding if further
systematic sampling is justified and the planning of such a program. During this field
work no evidence of diamonds was found in the soil/sediment.

See Future Exploration (as per report), and map showing the Kimberlitic Anomalies
marked P, which shows the locations.

I am including a copy of that map with the locations highlighted in yellow. Showing
the areas covered by intensive visual field examinations
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Future Exploration.

Systematic examination of each anomaly should be carried out, taking approximately
50 soil samples of drainage and stream sediments from each site.

These samples to be treated by a Plietz Jig, the concentrates recorded and examined
for traces of Diamonds, followed up by trenching on selected sites.

The occurrence of garnets and Chromium Diopsides should also be recorded if near
the pipes.

Ultimately, if diamonds or other encouraging signs are found, then Diamond core
drilling is to be recommended.




GEOFPHYSICAL EXPLORATION CONSULTANTS
PTY LTD

AN INTERPRETATION OF AIRBORNE
MAGNETIC DATA FROM SPRIGGS CREEK, NT

FOR BARFUSS CORPORATION

Hugh Rutter




Figure 6

 See image file
Attached.
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1. INTRODUCTION

Spriggs Creek is in the north west corner of the lllogwa Creek 1:250,000 sheet
in the Northern Territory; approximately 150km north east of Alice Springs.

The geology consists of rocks from the Harts Range Group of the Arunta
Complex. These include the Bruna Gneiss, the Naringa Calcareous Member, the
Riddock Amphibolite Member, the Irindina Gneiss and the Brady Gneiss.

Folding is tight with fold axes in many directions.

Mica is a common mineral in the area, with the rare metals, uranium, niobium,
tantalum, thorium and cerium occurring not far to the east.

Also to the east there is an outcrop of the Inkamulla Granite which domes the
metasediments of the Harts Range Group producing an overall dip to the west at
Spriggs Creek.

The airborne magnetic data is part of a much larger survey flown by PNC
Exploration (Australia) Pty Ltd. It was flown in December 1994 by World Geoscience
(Job No 1072). Flight lines are east-west, spaced at an interval of 200m; north-south tie
lines are spaced at 2000m. The flight height was 80m, with navigation achieved with a
GPS satellite positioning system.

The field data was gridded with a cell size of 70m, microlevelled, and contoured
with an interval of 5 nano Teslas.




2, INTERPRETATION OF THE MAGNETIC DATA

The data supplied to Barfuss Corporation by PNC consisted of a paper print at
a scale of 1:25,000 showing contours of total magnetic intensity for the Barfuss
exploration licence only.

The data in digital format was not provided, nor was any of the radiometric data.

Consequently, the interpretation is limited to the spatial identification of the
magnetic units and structure only, without depth estimates or radiometric associations;
the result of the interpretation is shown on the attached plan.

The magnetic response is the eastern part of the E.L. is active and complex; this
is part of a more extensive magnetic area which extends to the north east.

it is separated to some extent from the less active western section by a series of
NW faults.

An attempt has been made to identify and define the individual magnetic units in
the east. They become progressively more magnetic in the easterly direction. The
magnetic anomalies have been subdivided in to two units, labelled 1 and 2, both of
which have been further divided in to three sub units. In some cases the response from
these sub-units is very similar and they probably represent a rock unit of comparable
composition; alternatively they may be faulted, or folded repetitions of the source unit.

Folding along north-south axes is prevalent in the south and north, but trends
more to the north east in the central eastern section.

Faulting is complex, probably more complex than indicated by the magnetic data.
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The western section of the EL has a much more subdued magnetic signature, but
contains some very interesting magnetic anomalies.

The very weak anomalies, often recognisable as an inflexion in the contours with
no closure are likely to represent concentrations of magnetite on the surface. These
may be the result of water sorting in the old creek channels, or wind sorting in to the
component of an old dune system.

There are five more prominent anomalies (marked by the letter P) which
represent solid rock rather than accumulations of magnetite. The could be pipe-like
intrusions of a doleritic rock or flat-lying remnants of basaltic material. Also, the
possibility that the;/ represent kimberlitic material should not be discounted. The three
central of these five anomalies have a linear relationship parallel to the fault direction
seen to the east, which suggests that they also, may be fault controlled.

In the south, 1500m east of the estimated position of Spriggs Camp is a circular
magnetic anomaly which could represent an intrusive rock with moderate magnetic
properties.
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3. CONCLUSION AND RECOMMENDATIONS

The magnetic data has indicated a complex geological situation in the eastern
part of the EL and less magnetic lithologies in the west compared to the information

available on the 1:250,000 lliogwa geological map; this is a considerable advance in
knowledge.

However, only a field inspection will determine the prospectivity of these units.

The postulated alluvial (or aeolian) deposits may be prospective for minerals
derived from adjacent rocks by erosion; gem stones may also be found here.

The location of the five isolated anomalies indicated by the letter P should be

examined carefully for evidence of kimbertitic rocks, and there relevance to gem stone
occurrence.

Finally, it is recommended that if possible, the digital magnetic data, and all the
radiometric data is obtained from PNC. The radiometric data will provide another
dimension to exploration within the EL area; and in a digitat form, profiles and image
enhancements can be produced in the future, if required.
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HUGH RUTTER
CONSULTING GEOPHYSICIST
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