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SUMMARY

Investigations in EL 59/83% have resulted in the definition of a significant

resource of fine tailings (slimes) at Aberfoyle, distributed over five dams,
and totalling 198 000 tonnes (dry) grading 0.39% Sn, and 0.35% Wos. A less

gignificant resource of coarse tailings amounts to 570 000 tonnes at a grade
of 0.135% (Sn + ij).

Cash flow studies of the c oarse tailings suggest that economic viability is

not likely at present, principally due to the low head grade.

Research work has shown the fine tailings to be amenable to treatment to

produce tin and tungsten concentrates with a 40% overall recovery.

Cash flow analysis of retrecating these fine tailings indicates most encouraging
rates of return, ranging frem 16.3% to 36.0%. The most important factor
controlling the construction of a fine tailings retreatment plant appears to

be the granting of a tin production quota.

Reappraisal of the in situ (unmined) tin-tungsten mineralization in the
Aberfoyle veinsystem suggests a potentially significant resocurce totalling
approximately 14 000 000 tonnes of ore of imprecise grade, but which seems

likely to be close to 0.20% CM (Sn + Woj).
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INTRODUCTION
Exploration in Exploration Licence (EL) 59/83 during the twelve months ended

5. 6. 85 has included a range of activities both underground and on surface

at the Aberfoyle tin — tungsten (Sn - W) depesit,

A considerable portion of the work to date has consisted of mineral processing
research in to the tailings at Aberfoyle, with subseguent feasibility studies
of these reserves, However, a surface core drilling program is currently in
progress,as is the underground mapping of the upper levels of the old Aberfoyle

Mine,

These latter two programs are designed to provide further date on the Aberfoyle
vein system {unmined portion), and ultimately to permit a comprehensive

assessment of its open pit potential,
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2. ORE RESERVES
2. 1, FINE TAILINGS ("SLIME DAMS").

The fine tailings are situated in five dams to the north of the Aberfoyle

main shaft (Figure 1); a total of thirty auger holes were drilled in dams
1, 2, 3, 4 and the "current" dam, These drill holes were intended as "in

£i11" holes between the earlier holes put down by Aberfoyle Ltd.

Each of the holes was assayed for Sn and W, following which the total samples

from a given dam were bulked and reassayed for Sn and W,

The grade assigned to each dam was calculated by combining the earlier
Aberfoyle Ltd, data with the present data (bulked assays),

The indicated ore reserve of thesé fine tailings is 198 000 tonnes (dry)
grading 0.39% Sn, and 0.35% WDS.

Details are shown in the table:!

TABLE 1,
FINE TAILINGS RESERVES
Dam Number Tonnes (dry) Grade
o Sné WO 5%
1 50 000 0.40 0,41
2 23 500 0.39 G.42
3 12 000 0.46 0.26
4 22 500 0.56 0.34%
Current a0 000 0.33 0,40
TOTAL 198 000 0.39 0.35

2.2, COARSE TAILINGS
Previous work by Wheal Lutwyche showed the coarse (jig) tailings dump at
Aberfoyle to contain 570 000 tomnes {dry) grading 0.135% CM (Sn + wo.),).

This reserve is also considered to have an indicated ore reserve status.
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Previous work by Wheal Lutwyche on the unmined part of the Aberfoyle vein swarm
(Summons 1983 a, b) has shown the dependence of ore grade on quartz grade and

quartz volume,

Reappraisal of the parametersused earlier (Summons 1983 a) has changed the
previous reserve estimate; over a 1000m strike length, including the 60m
wide Aberfoyle vein swarm, down to a depth of 120m (4 level), and using the
other values quoted by Summons (1983a), the inferred ore is estimated at
13.9 x 106 tonnes, This figure allows for the previous production of 0.25 x

106 tonnes above 4 level,

The production records for the Aberfoyle Mine indicate the grade of the "major

veins" in the upper 4 levels was between 5% and 7% CM (i.e, quartz grades).

The present investigations are directed mainly at the "minor veins" (i.e.
those veina‘?O.BOm, and not previously mined), and especially at assessing

the quartz volumes represented by these veins,

In summary, the inferred ore of 13.9 x 106 tonnes has an as yet undetermined
grade, but which is regarded as lying between 0,10% and 0,35% CM (i.e, QG =
5% to 7%, QV = 2% to 5%, Sn/wo.), = 10:1).

Detailed evaluation of the quartz volume (QV) is currently in progress via
underground geological mapping, review of old drill logs etc., and surface

core drilling,
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3. MINERAL PROCESSING

3.1. FINE TATLINGS

3.1.1. Methods Used

A 1,7 tonne bulk sample was taken from the No.Z2 dam and despatched to the

Department of Mines Launceston Laboratory for detailed testing.

The sample was screened in to +89%/u, —894+31;A~, *315+1Q§ﬂ”, and —10§/vsize

fractions,

The -#894sfraction was then rejected due to its very low Sn and W values,
while the other fractions were concentrated using a range of eguipment
including screens, cyclones, flotation cells, hoth dry and wet magnetic

separators, tables vanners and spirals,

3.1.2, Besults
5.1.2,1, =8944+315-Fraction .
In this fraction, concentratés grading 63.4%Sn (1.1% overall), and 65.4% W03

(0.45% overall) were obtained, Overall values in the middlings and tailings
products were respectively:

Sn 5.6%, 2.0%
w0 1.3%, 0.5%.

3.1.2.2, =315 +IQ§gLFraction

Concentrates in this fraction graded 67,64 Sn (1.91% overall) and 72,2% W03
(1.96% overall), However, overall values in the middlings, tailipgs and
gulphide products were as follows:

Sn 3.3%, 5.1%, 8.3%

w03 3.7%, 1.2%, 1.0%.

3.1,2.3. =108« Fraction
Concentrates in this fraction assayed 65.7% Sn (36.8% overall) and 65.1%W03

(35.0% overall), However, overall values in the middlings, tailings and

sulphide products were as follows:
Sn 31.%, 21.4%, 7.7%
Wo, 11.8%, 36.6%, 3.2%.

Full details of this test work are contained in Appendix 1,
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3.1.3, SUMMARY
3.1.3,1, Concentrates

Total recovered Sn amounts to 39.8% of the total, this concentrate having a
calculated value of 64.,3% Sn; total recovered W amounts to 37.4% of the
total, and having a calculated value of 67.4% WO

3-

3.1.3.2, Middlings
Approximately 12,0% of the Sn and 16.9% of the WO

products.

occurs in the middlings

3

3.1,3,3. Tailings
Approximately 31,2% of the Sn, and 39.3% of the W0; was lost in the tailings

reject, {including the +894rmoversize material},

3.1.3.4, Sulphides
Approximately 16,0% of the Sn, and 4,2% of the WO is contained in/associated

with the sulphide portion of the slimes; accordingly, sulphide retreatment
may be necessary in any future plant, pending evaluation of the proportion

of oxide to sulphide Sn,

3.1.4, COMMENTS
3.1.4,1, Grinding of the middlings, with an assumed 50% recovery would add

a further 6% Sn and 8.5% W05 to the present overall recoveries,

3.1.4,2, The high Sn values recorded in the sulphides of the -315 +108
fraction implies that grinding of the sulphides to -108 would improve the
Sn recovery by approx, 4% overall, However, this figure may be as low as

1% {f stannous sulphides are as high as 6%,
The similar Sn content (7.7%) in the -108« fraction is notable.

3.1.4.3, TFurther Sn (4.7% of total Sn) may be recoverable from the +3{§Mh

size, and may boost overall recovery by 2%,

3.1,4,4, Thus)indicated recovery of Sn in the concentrates of 39.8% may be

improved by 6 to' 12% (to 46% and 52% overall) by further research in to ‘the
middlings, sulphides ete.

7
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3.1.4.5. The low sulphur content of the +8Q§A4fraction (reject) would render

it suitable as a construction material,

3.1.4.6, Magnetic cassiterite is suspected in some of the dry magnetically
separated gravity concentrates; however, its presence is apparently not
significant as for example, in the -804 +31;varaction, it only represents
0.02% of total Sn.

3.1.4.7. The sulphide concentratcin the -10§ﬂ~fraction assayed 27.7%$,4.4% Cu,
12.5% Zn and 580g/T of Ag; +the marketability of such a concentrate has not

been investigated in detail.

3.1.4.8, An independent review of the Department of Mines work by Bollen

Metallurgical Services (Appendix 2) concluded that the aims of the test work

had been achieved; specific observations included:

(i) The cycloning procedures on the -1084+fraction may not be as efficient
in an operating plant, and that more than 21.4% of overall Sn may be
lost in tailings, :

(ii) The absence of analyses for penalty metals (As, Cu, Fe).

(iii) The possible unsuitability of the laboratory procedures for a commercial

plant,

3.1.4.9. These observations have been acted upon, with H.J.Stacpoole taking
the spiral tailings from the -108s-fraction te Cornwall (UK) for beneficiation
on a Bartles Crossbelt Concentrator (Appendix 3). 1In addition, further work
by Bollen Metallurgical Services has resulted in the stream lining of the

original flow sheet devised by the Department of Mines; full details are
given in Appendix 4,
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3.2, COARSE TAILINGS
3.2.1. Method Used

The Department of Mines (Rhodes 1983) treated the material from two auger holes
in to the coarse tailings dump by screening, rejection of a relatively barren
overgize fraction (+h.75mm), and grinding of the undersize followed by

concentration in jigs and spirals.

Although 11.8% of total Sn, and 5.8% of total W03 occurs in the =5,6mm +4,75mm
fraction, due to a shortage of screen clothes, the work was based on the -4,75

mn fraction,

3.2.2, Reaults
The average distribution of Sn in the —4.75mm fraction was 73.2%, and for WO
it was 75.9%.

3

Overall recoveries of 51,04 for the Sn and 53.8% for the WO3 were shown to
be achievable at saleable grades, (representing 37.3% of total Sn, 40.8% of
woj). The +4.75 mm fraction was regarded as suitable aggregate for concrete

manufacture,

3.2,3, Comments

An independent review of this work by Bollen Metallurgical Services (Agpendix 5),
considered the overall recoveries to be 32.1% of total Sn, and 34.4% of total
W03, and that the test work was inadequate with regard to the calculated and

assayed head grades,
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4, GEOLOGICAL MAPPING

As indicated previously, underground geological mapping of the top four levels

in the Aberfoyle Mine has been undertaken, and is still in progress.

Although the data has not been fully compiled, preliminary quartz vein widths
and frequéncy suggest quartz volumes in the range 3% to 5%.

This range of values is considered encouraging, especially in combination with

quartz grades of 5 to 7%.

5. SURVEYING

In preparation for the surface diamond drilling program (currently in progress),
a detailed topographic survey was conducted over the Aberfoyle deposit by

Peacock, Darcey and Anderson,

The data was presented in contoured form, and also relates the old Aberfoyle
mine grid to the State (AMG) grid,

6. DRILLING

Preparatory to commencing the surface core drilling program, a review of

previous cored drill holes (put in by Aberfoyle Ltd.) was wmade.

The down hole surveys indicated that the wireline drill holes flattened in

the top 200m (downhole), the averagerate of flattening being 2°/10m. 2

The azimuth deviation in the same holes was found to be 3“/20m.

The current drilling program has been designed fo allow for these ground

conditions, and thus allow the drillingto be as cost effective as possible,
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7. FEASIBILITY STUDIES
7.1. FINE TAILINGS

The definition of indicated ore reserves for the fine tailings dams, in

 conjunction with detailed mineral processing research and flow sheet design,

has led to preliminary studies of the economic wviability of the retreatment

projeet,

Financial calculations have bheen based on 15 tonnes/hour, single shift basis
operation {28 000T/yr), with 35% to 40% recovery (of Sn and WO combined),

90% realization after smelting charges, and 46% tax rate.

Details of the operating costs ($420 000/yr) are as follows:

Labour -~ 7 men @ $40 000 .o+ 3280 000
Plant operation - $5/tonne ... $140 000
TOTAL $ 420 000

The work force envisgaed would consist of the following personnel:
working superviszor

loader and carter

on feéd preparation

on the table {Wilfley) and flotation unit

on the wet concentrator

on fi1tration/drying/drymagnetic separation

[ I - ™ I =y v

on maintenance (electrician).
Total operating costs are estimated to he $15/tonne.

Cash flow studies, hased on tin price of $145/unit, tungsten price of $é14/unit
operating costs of $&20,000/yr, and capitalization of $1x10 to $1,5x10, result
in DCFROR values ranging from 16.3% to 36. %; full details are included in

Appendix 6.

As indicated previously (Section 3}, an overall recovery of 40% has been shown

to he feasible, and may approach 50% pending certain factors outlined previously,

Accordingly, the project is viewed as most promising, and further detailed
studies of reservea, processing etc., now await the granting of a tin production

quota to this company.
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7.2, COARSE TAILINGS
The coarse tailings retreatment project is based on an indicated ore reserve

of 570 000 tonnes of material grading 0,135%CM, from which a recovery of 40%

is achieved,

Likely capital and operating costs of mining, field preparation, HM cyclone
plant (or grinding mill with jigs and spirals), and waste disposal are considered

to render the project marginal at present,

However, the economics of the project would be prefitable in the event of a
large operation starting up to treat ore from the proposed open pit over the

Aberfoyle vein system,
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Introduction

DEPARTM'ENT OF MINES—~TASMANIA

LAUNCESTON OFFICES
287 WELLINGTON STREET

. SOUTH LAUNCESTON 7250
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Explosives & Tnflammable qumds (

RE33 14th November 1984

WHEAL LUTWYCHE PTY ITD

Rossgarden : No. 2 Taillngs Dam Investigation

This investigation is an extension of proaect<3832 h\
in which some prellminary metallurgical testing was carried out
on Aberfoyle Rossarden tailings dam's samples submitted by Mr. H.
Stacpoole. Investigation R832 indicated that Dam 2 appeared to
have better economic prospects for retreatment than Dam 1.

The work undertaken in this investigation is thus

the previous possible recovery values obtalned Tor both cagsiterite

and wolframne, tble recovery va uc

This report describes the treatment methods used and
the results obtained in concentrating the Sn and WO3 in the
tailing without any further grinding.

Object :
/y’1. To recover 2 to 3 kg of market grade concentrates.

2. To compare the actual recovery of R833 with the
' predicted recovery of R832.

Sample
The sample, designated registered No. 830929 was
stated to have been taken from around the edges of the Rossarden

“NQ. 2 Tailings Dam by means of a backhoe.

.

' The tailings were received in six separate 44 gallon
drums,'were wet, and ranged from fine slime and sands to fairly
coarse gravelly material.

. The total dry welght of received tailings was found

to be 1715 kg. _
Chemical analysis of the tailings gave the following

results: 1, 0.49% Sn
‘ 2. 0.42% WO3
3 3.63% S

A calculated sizing analysis, percent Sn and
percent WO3 distribution was found to be as followsi~



194017 -2 - - e

Table 1 Calculated Sizing Analysis Sn & WO, Distribution of Head. |

Particle Percent Mass Percent Percent Percent Distribution

Size pm Overall | Cum Overall Sn WO3 Sn ' Wo3 sk
Overall| Cum Overall| Overall|Cum Overall

+3530 0.02 °'°2;} 0.09 | 0.02 0.10 0.10 | 0.03 0.03

+4760 0.61 0.63

+4000 0.09 0-72} 0.03 0.03 0.03 0.13 0.04 0.07

+3350 0.45 1.17 | .

+2800 0.48 1,65 0.17 0.07 0.15 0.28 0.08 0.15 |

+2360 0.48 2.13 0.04 0.03 0.04 0.32 0.03 0.18 |

+2000 0.79 2.92 0.08 0.04 0,11 0.43 0.07 0.25 !

+1700 1.03 3,95 © 0.09 0.04 | 0.16 0.59 0.09 0.34

+1400 1.86 5481 0.11 0.02 0.37  0.96 0.08 0.42

+1180 2.02 7.83 0.10 0.02 0.36 1.32 0.09 0.51 :

+ 850 4.54 12.37 (0.10) (0.02) 0.85 2.17 0.26 0.77

+ 600 4.80 17.17 (0.10) (0.02) 1.00 3.17 0.25 1.02

+ 300 .} 13.02 | 30.19 | (0.19) 1 (0.04) | 5.25 8.42 | 1.20 | 2.22

+ 150 13.49 43.68 (0.42) (0.15) | 11.98 20.40 4.39 6.61

+ 75 15.65 59,33 (0.34) (0.14) | 11.29 31.69 4.75 11.36

+ 38 11.77 71.10 (0.67) 0.55 | 16.74 48.43 14.03 25.39

c/s 1» 0.37 71.47 19.9 22.6 15457 64400 - 18.14 43.53

c/s 2 0.42 71.89 7.70 8.21 6.91 70.91 7.48 51.01

c/s 3 4.21 76.10 1.25 1.53 | 11.19 82,10 13,97 64.98

c/s 4 5449 81.59 0.62 0.80 7.20 89.30 9.53 74.51

c/s 5 3,22 84.81 0.49 0.67 3,31 92,61 4.68 79.19

0/F 15.19 100 (0.23) (0.63) | 7.39 100 20.81 100

H 100 - (0.47) ©.46) {100 100

*C/S Temperature 7.5 C
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Method
1. A Sweco vibrating screen was used to screen the

tailing into the following size fractions.

(a) + 894 um

(b) - 894 pym + 315 um

(e) 315 ym + 108 um

(8) - 108 um

During each screening operation small amounts of
undersize material were automatically sampled for examination and

- design of further treatment methods. Appendix I is a flowsheet

of the distribution from screening.

2. The + 894 um Fraction
The + 894 um fraction was found to contein very low Sn

and W0, values and thus received no further treatment being set
aside és reject,

3+ The ~ 894 um + 315 pum Fraction.

The + 315 ym material was fed to a Vickers 5 turn
series C C spiral at a rate of 0.7 tonnes per hour at 35 percent
solids weight for weight. The resulting spiral concentrate was
subjected to concentration by Delster table flotation. The reagents
used for table flotation were,

(a) Sulphuric acid 1.5 kg/tonne
(b) Potassium ethyl xanthate 2.5 kg/tonne
(¢) Kerosene 0.5 kg/tonne

The resulting table concentrate was dry magnetically
separated with both the non magnetic product and weakly magnetic
product being separately retabled.

The spiral middling was separately subjected to
identical concentration and separation treatments as indicated for the
spiral concentrate.

Appendix II is a flowsheet detalllng the concentration
of the - 894 um + 315 um fraction. -

4, The =315 um + 108 um Fraction.

The + 108 um material was fed to & Vickers 5 turn
series C C spiral at a rate of 1.38 tonnes per hour at 35 percent
gsolids weight for weight. The spiral concentrate product was
subjected to batch froth flotation to facilitate sulphide removal.
The flotation reagents used were as follows:

(2) Sulphuric acid 0.2 kg/tonne

(b) Copper sulphate 0.4 kg/tonne

(¢) Scdium ethyl xanthate 0.15 kg/tonne

(d) Sodium amyl xanthate 0.15 kg/tonne
(¢) Methylisobutyl carbinel (MIBC) 0.02 kg/tonne.
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The primary flotation concentrate was subjected to cleaner
flotation and then set aside. The flotation tailings from both
flotation stages were bulked, table concentrated and the table
concentrate dry magnetically separated.

The spiral middling product was separately aubieeted to
identical concentration and separation processes as detailed for the
spiral concentrate with the addition of a further table
concentration operation for the final non magnetic product and

weakly magnetic product. '

Appendix III is a flowsheet detailing the concentration
of the ~315 um + 108 um fraction.

5+ The - 108 um Fraction.

(=) The ~-108 pm product was fed to a Warman 3" Series R
cyclone fitted with a 23mm diameter vortex finder and a hydraulic
spigot assembly of initial spigot diameter 14mm. The hydraulic
spigot was set at fully closed. The ~108 pym material was fed at
35 percent solids weight for weight, The cyclone conditions used
for the bulk of material were chosen only after five small scale
tests were performed. Details of the conditions used in the
small scale tests are described in the text of the results
obtained section. .

: - The cyclone was fed by means of a 5.5 h ower Warman
13" B-M pump which delivered the cyclone underflow C (U/F) as &
rope discharge. The resulting cyclone overflow {C O/F) was set
aside as reject.

(b) The resulting cyclone underflow was subjected to batch
sulphide flotation in a 10kg Agitair flotation cell. The
following reagents were used.

(1) Sulphuric acid 0.2 kg/tonne

(2) Copper sulphate 0.4 kg/tonne

(3% Sodium ethyl xanthate 0.15 kg/tonne

(4) Sodium amyl xanthate 0.15 kg/tonne

(5) Methylisobutylearbindl (MIBC) 0.02 kg/tonne.

The resulting sulphide concentrate was subjected to a
further cleaner flotation stage. The cleaner sulphide concentrate
was set agide as a finished product, while the cleaner tailing was
gulkzd w%th the primary flotation tailing ready for further

reatment.

(c) The flotation tailing was fed to a Crockett wet magnetic
separator to facilitgte the removal of any strongly ferromagnetic
material. The magnetic product was set aside as a finished
product while the non magnetics were further treated.

(a) The non magnetic product was fed %o a Vickers 5 turn
geries C C spiral at 1.43 tonnes per hour at 40 percent solids,

(e) The spiral concentrate was fed to a Deister table for
gravity concentration. The table concentrate produet was hand
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screened at 106 um to remove any tramp material present and then
dry magnetically separated. The non magnetic product wae rethbled
to produce & tin concentrate while the weakly magnetic product

was retabvled and subjected to two further separate megnetic
separations t6 produce & final first grade wolfram concentrate and
gseyeral second grade wolfram concentrates, :

(f) The spiral tailings $/i8fwere riffled into the
following parts.

(1) % - for vanner concentration

(2) % - for table concentration

(3) 3/16 - for Jones wet magnetic separation.

(4) 1/16 - for test work by the investigation originator.ﬁ\

Spiral tailings were separately concentrated on both a
Deister table and a Fieldhouse vanner to allow a comparison of
unit concentration performance. The vanner was fed at 2 rate of
0.36 tonnes per hour at 21 percent solids. = The priddry vanner

?V10) was returned to the vanner for further
concentration after the vanner slope was increased. Vanner
roducts were then set aside for assay as the- -vanner concentrate
?V2C) was expected on further treatment, to react similarly to
the table concentrate.

The table concentrate was separated on a dry magnetic separator
with the resulting non magnetic product being further tabled to
produce an Sn concentrate. The weakly magnetic product was also
tabled and the resultant gravity concentrate dry magnetically
separated. to produce a WO3 concentrate.

Three sixteenths of the spiral tailing product was riffled out
and fed to a Jones wet magnetic separator with the electromagnet
current set at 10 amps. The feed rate was set at 44 kg per hour
at 20 percent solids. Wagh water was maintained at 1.5 litres per
minute and a magnetic scour water pressure of 140 kPa was used.

The resulting non magnetic product was again returned to the separator
with the electromagnetic current being increased to 18 amps.

The feed rate was 32 kg per hour at approximately 20 percent solids.
The resulting non magnetic product was again returned to the

magnetic separator with the electromagnetic current being again
increased, this time to 30 amps. The feed rate on this occasion
was 31 kg per hour at 20 percent solids. . The various Jones

magnetic separator products were then set aside for assay.

ﬁppendix IV and V are flowsheets of the concentration of the
~108 um material.

(g) Equipment used in this investigation was as follows:~
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1. Sweco screen 450mm diameter.

2. Warman 3" cyclone.

3. Agitair 10 kg flotation cell.

4. Crockett (permanent magnet) wet magnetic separator.

5. Vickers 5 turn series C C spiral.

6. Deister laboratory table.

7. Rapid high intensity dry magnetic separator.

8. Jones wet magnetic separator.

Results Obtained. "
Sweco Screening and Overall Mass Balance.
Table 2
Percent Percent Distribution

Product| Mass sn Wos | S sn | WO, S
-108 um| 44.80 (0.76)] (0.84)} (3.14) 69.9 88.8 38.8
+108 pum| 21,07 0.43 0.16 6.80 18.6 7.9 39.5
=315 ym| 65.87 | (0.66){ (0.63)}] (4.31)| 88,5 96,7 78.3
+315 um 19.62 0.22 0.05 3450 8.8 2.3 18.9
~-894 pm| 85.49 | (0.56)| (0.50)} (4.12)] 97.3 99.0 97.2
+894 umi 14.51 0.09 0.03 071 2.7 1.0 2.8
Head 100 (0.49)] (0.42) ) (3.63) | 100 100 100

Particle size, and Sn and WO
Sweco screening products were as follow
+894 um
-894 um + 315 um
=315 ym + 108 um

- Table 3
Table 4
Table 5

g distributions of the
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Table 3 +894 um Sweco 0/S <
Particle ! Percent Mass Percent Percent Percent Distribution
| Size Wim | Overall | Cum Overall Sn WO Sn W05
J  .  | Overall | Cum Overall| Overall | Cum Overall
+9530 0.02 0.02} 1 |
?*4760. 0.61 0.63 ) 0.09 0.02 0.10 0.10 0.03 0.03
+4000 0.03 0‘72} .0.03 0.03 | 0.03 0.13 0.04 0.07
+3350 0.45 1.17
+2800 0.48 1,65 0.17 0.07 0.15 " 0.28 0.08 0.15
+2360 0.48 2.13 0.04 0.03 0.04 0.32 0.03 0.18
+2000 0.79 2.92 0.08 0.04 | 0.11 0.43 0.07 0.25
+1700 1.03 3,95 0.09 0.04 0.16 0.59 0.09 0.34
+1400 1.86 5.81 0.11 0.02 0.37 0.96 0.08 0.42
- {+1180 2.02 7.83 0.10 0.02 0.36 1.32 0.09 0.51
{ +1000 - 2.21 10.04 0.11 0.03 0.43 1.75 0.15 0.66
+ 850 2.24 12.28 0.10 0.02 0.40 2.15 0.10 0.76
+ T10 1+31 13,59 0.10 0.03 0423 2.38 0.09 0.85
+ 600 0.53 14,12 0.11 0.03 0.11 2.49 0.04 0.89
+ 300 0.35 14.47 0.30 0.12 | 0.21 2.70 0.11 1,00
+ 150 0.02 14.49
1: 19,57 T (0.10) (0.03) | 2.7 _ 1.00 —

194022
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Table 4 =894 um + 315 um Sweco 0/S
Particle Percent Mass Percent Percent Percent Distribution
Size ym | Overall Cum Overall sn WO Sn WO

Overall Cum Overall | Overall [Cum Overall
+710 1.68 1,68 0.12 0.04 0.42 0.42 0.13 0.13
+600 2.81 4.49 Q.12 0.0%3 0,72 .14 0.17 0.30
+425 '9.07 13.56 0.16 0.04 3.09 423 0.73 1.03
+300 553 19.09 0.32 0.08 3.76 7.99 0.88 1.91
+150 1 0.51 19.60 |
+ 75 - 0.01 19.61 0.71 0.36 0.81 8.80 0.39 2.3
+38 0.01 19,62
- 38 Trace -19.62
H 19,62 — (0.21) (0.06) 8.8 —_ 2.3 —
164023
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Table 5 -315 ym + 108 pm Sweco  0/8 ‘Dc?
Particle Pércent Mass Percent Percent Percent Distribution
Size ym - Overall Cum Overell Sn WO Sn WO
Overall Cum QOverall Overall Cum Overall
+300 0.16 0.16 0.34 0409 1.38 1,38 0.40 0.40
+250 1.87 2.03
+212 2.80 4,83 0.40 0.13 2.25 3.6% 0.80 1.20
+180 - 2.70 753 0.47 0.18 2.55 6.18 1.07 2.27
: +106 6.27 18.23 _ 0.4—3 0.15 539 15.55 2.07 £.00
+ 90 1.14 19.37 0.50 0.21 1.15 16.70 0.53 6.53
+ 75 0.89 20.26 0.40 0.17 0.71 17.41 0.34 6.87
+ 38 7 0.64 20.90 0.66 0.42 0.84 18.25 0.59 T.46
hond 38 0017 21007 1003 1.16 ) 0035 18060 0-44 7090
" H . 21.07 S (0.44) (0.17) 18.6 — 7.90 —_

194024
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Concentration of the —894Eg.+ 315um__ Product

(a) Spiral Concentration

_ _ Agssay % % Distribution
Product . % Mass  5n WO, $n W05
s/L1¢ 0.47 3.3 1.87 2.9 1.1
S/L 1M 4.14 ~ 0.55 0.14 4.2 0.8

s/L1T 15.01 0.06 0.02 1.7 0.4
H 4315 ym  19.62 (0.24) (0.09) 8.8 2.3

(b) The spiral concentrate (S/L1C) was further concentrated on a
Deister table and gave the following results after table flotation
and gravity concentrgyion.

| Assay % 7 % Distribution
Product = % Mass Sn WO Sn W03
T1C 0.03 24.9  14.1 1.36 0.64
T1M 0.04 1.75 0.81 0.11 0.04
T1T 0.40 2,2 0.77 1.43 0.42
H s/11C 0.47 3.8 1.72 - 2.90 1.10

The high T1T assay value of 2.2 percent Sn is due to the table '
flotation operation and the close association between the Sn and Ne
the sulphide minerals. 4‘%

¢c) The table middling (T1M) and tailing (T1T) products above were
set aside as middling products requiring further grinding. The
table concentrate (T1C) was dry magnetically separated as follows.

Assay % : % Distribution
Product % Mass Sn W05 ~ Sn WOy
M/S 1N 0.02 39.5 0.43 1.27 0.01
M/S 1 M/A 2 0.0t (2.8) (40.1) 0.05 0.55
M/S 1 M/A 1 Trace 6.6 14.0 0.04 0.08
H T1C 0.03 (24,5) (14.0) 1.36 0.64
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(d) The non magnetic produect M/S 1 N wesg concentrated on &
Deigter table and gave the following result.

) Assay % % Distribution
Product. % Mass Sn ";222 Sn W05
T2 G 0.01 | 63.4  0.62 1.13 0.01
T2°7 0.01 9.8 0.20 0.14 Trace
RE 0.02 (39.5) (0.43) 1.27 0.01

(e) The magnetic product M/S 1 M/A 2 was concentrated on a Deister
table and gave the following result.

_ Assay % % Distribution
Product % Magg. Sn fgé Sn 322
T3C Trace 2.7  65.4 0.02  0.45
T3 0.01 . 2,9 15,1 0.03 0.40
M/S 1 M/A2 0.01 (2.8) (40.1) 0.05  0.55

Note: The product M/S1 M/Aiwas not further treated because of the
amall mass available.

(f) The spiral middling S/L1M was further concentrated on a
Deister table and gave the following results after table flotation
and gravity concentration.

Assax % % Distribution
Product % Mass 8n wo3 Sn WO3
T4 0452 0.77 0.37 0.76 0.35
T4M 1.04 0.09 0.04 0.18 0.08
T 4T 2.58 0.67 0.08 3,26 0.37
S/T1 M 4.14 | (0.54)  (0.11) 4420 0.80

to table flotation and the close association of Sn and sulphine
minerals. T4T has therefore been considered as a middling
product.

The high Sn value of 0.67 in the tailing T4T is again due AquﬁJ}

(g) The table concentrate T4C from the spiral middling was
subjected to magnetic separation and gave the following result.

Assay ﬁ ﬁ Distribution
Product % Mags Sn EEE Sn WOz
M/S 2N 0.42 (0.73) (0.05) 0.60 0.04
M/S 2 M/A 2 0.04 (0.92) (0.29) 0.07 0.02
M/S 2 M/A 0.06 0.78 2.9 0.09 0.29
HT 4 C 0.52 (0.75) (0.37) 0.76 0.35
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(h) The non magnetic product M/S 2 N was subjected to Deister

table concentration and gave the following result.

Assay % % Distribution
Product _% Mass Sn WO _Sn WOy
T 5 ¢ 0.04 6.4 0.23 0.50 0.02
HM/S 2N 0.42 (0.73)  (0.05) 0.60 0.04

(i) The magnetic product M/S 2 M/A2 was subjected to Deister
table concentration and gave the following result.

, Assay % % Distribution
Product % Mass Sn Y04 Sn WO
T 6 C Trace 5.4 1.10 0.04 0.01
T6T 0.04 | 0442 0.20  0.03 0.01
HM/S 2. . ' |
M/A 2 0.04 (0.92)  (0.29) 0.07 0.02

The small quantity of mass available coupled with the
relatively coarse particle size made this separation very difficult.
For this reason, the similar magnetic product M/S2 M/A1 wes not
further gravity concentrated.

(3) A summary of the concentration of the +315um product material
can be deduced from separately combining the appropriate middling
and tailing products previously listed and is as follows.

Assay % % Distribution ° % Recovery

Individual
Fraction

Product % Mass Sn WOz Sn ng Sn WOz

Total Sn C  0.01 63.4 0.62 1.13 0,01 14,0 0.4

Total WOy C Trace 2.7 65.4 0.02 0.45 0.3 21.3

Total Mid. 3.14 ( 0.99 (0.27)5.64 1.33 64.0 55.0

Total .Tail. 16.47 { 0.06) (0.02) 2.01 0.51 21.7 23.3

H +315um 19.62  (0.25) (0.08) 8.80 2.30 100 100

From the above, it can be seen that 14 (overall 1.13) percent
of the Sn, and 21.3 (overall 0.45) percent of the WO, have been
separately recovered from the +315um product materia% at grades of
63.4% Sn and 65.4% W0, respectively. The W0, concentrate was
found to contain 2.7 Bercent Sn most of which“ia probably present
as magnetic cassiterite.

The total +315um middlihg product requiring regrinding,
amounted to 3.1 percent of the original mass, and was found to contain
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5.6 percént of the overall Sn and 1.3 percent of the overall W0,
at grades of 0.99 percent Sn and 0.27 percent WO3 respectively.

. The total +315um product material that could be rejected
as tailings amounted to 16.5 percent of the original mass and
contained 2,0 percent of the overall Sn and

-overall WO at grades of 0. 06 and 0.02 perca

Concentration of the ~-3%1

+ 108um

+5 percent of the

15 respectively.

Product

(a) 'Spiral concentration of the ~315um + 108um‘product material
gave the following results.

- T B N N O e BN B R R W A R E . - lll .Ill|‘z’l

Assay % % Distribution

Product % Mags Sn Egz' Sn Wo5

s/L2M 5.50 0.88  0.34 10.7 349

s/L 2 m 15.38 0.14 0.03 4.8 1.0
H ~315um

+108um 21.07 7.9

(0.40) (0.18) 18.6

(b) The spiral concentrate S/L 2 C was subjected to batch
sulphide flotation results of which are as follows.

Assay % 4 Distribution
Product %.Mass Sn W04 S Sn WOz
F (1+42) T 0.04 (25.6) (27.5) - 2.1% 2.33
F2C 0.15 2.8 1.9 31.5 0.97 0.67
H-S/L 2 C  0.19  (7.2) (6.8) - 3.10 3.00

(¢) The flotation tailing P (1+2) T was concentrated on a Deister
table giving the following results.,

Assay % | % Distribution
Product % Mass Sn WO3 Sn WO-,
T7C " 0.03 (32.5)  (34.5) 2.07 2.24
TT7TT 0.01 2.8 4.4 0.06 0.09
H=F (1+2) T 0.04 (25.6) (27.5) 2.13 2.33
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(d) = The table concentrate T7C was dry megnetically separated
to giva the following results,

| _ Assay % % Distribution
Prodyct  % Mass | Sn WO, Sn 'Egéf
- M/S 3 M/A1 Trace 1.6 21.9 Trace 0.08
"M/S 3 M/A 2 Trace 27.9 30.9 - 0.15 017
M/S 3 M/A 3 0.01 0.46 72,2 0.01 1.96
M/S 3 N 0.02 67«6 1.1 1,91 0.03
H- T7C 0,03

(32.5) 3445 2,07 2,24

(e) The spiral middling ‘'was subjected to batch sulphide
flotation, results of which are as follows:-

Assay % 4 Distribution
' Prodgct . % Mass sn Egé S. __ Sn WOz
F(3+44) T 3447 0.46 0.51 ~  3.38 3061
F4C0C 2.03 1.70 0.07 38,2 Te32 0.29
S/L 2 M 5450 (0.92) (0.35) ~ 10.70 3+90

(£) The flotation tailing F (3+4) T was concentrated on a
Deister table,. results of which are as follows.

Assay % 4 Distribution
Product % Mass Sn Eg_ Sn wgé
T 8 C 0,24 5.8 3,4 2.95 1.67
T8 M 1.04 0,07 0483 0.15 1.76
T 8T 2.19 0,06 0.04 0.28 0.18
H-P(3+4) T 3447 (0.46) (0.51) 3,38 3,61

(g) Magnetic separation of the'table concentrate T 8 C gave
the following results:-

Assay % % Distribution
Product % Mass sn WO Sn WO
M/S 4 M/A 1 0.06 0.63 7.9 0.08 1,01
M/S 4 M/A 2 0.06 (2.2 ) (4.6) 0.30 0.59
M/S 4 N 0,12 (10,5 ) (0.28) 2¢57 0.07
H-T 8 C 0.24 (548) (3.4) 2.95) 1,67
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(h) Deister table concentration of the non magnetic product
M/S 4 N gave the following results.
B Assay % % Distribution
Product % Mase Sn ?92 . | ¥
m9C 0.03 43.2 0.71 2.53 0.04
T 9 P ©0.09 0.19  0.15 0.04 0.03
"HM/S4NF  0.12 (10.5)  (0.28) 2,57 0.07

(1) Deister table concentration of the magnetic product ¥/S 4
M/A 2 gave the following result.

Asgay % % Digtribution
Product : ﬁ_Mass Sn WO3 Sn W03
P10 ¢ Trace 16,2 47.3 0.17 0.48
T 10 T 0.06 - 1.05 0.97 0.13 0.1
H-M/S 4 M/A 2 0.06 (2.2) (4.6) ~  0.30 ' 0.59

The magnetic product M/S 4 M/A 1 was not further concentrated
due to its relatively small mass and the consequent difficulty that
would occur in any treatment process. Product T10C likewise, was
not subjected to the further magnetic separation that it required.

(3) A summary of the concentration of the -315um + 108um
product material can be deducted by separately combining .the
appropriate middling and tailing products previously listed and
is a3 follows:-
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Agsay % % Distribution ? Recovery
| ndividual
~Product _ % Mass sn W0 Sn W0 Fraction
o . ' - E— — Sn WOj
Total Sn Conc. 0.02 67.6 1.1 1,91 0.03 9.8 0.4
jmota11wo3 " 0.01 : 0.46 72,2 0.01 1.96 Trace 23,1
Total Middlings 1.20 (1.28) (1.51) 3.27 3.74 18.0 49,4
- Total Sulphides - 2.18 (1.8) (0.20) Be29 0,96 45.3 11.8
H <315um + 108um 21.07 ' (0.41) (0.17) 18.6 7.9 100 100
: From theee results it can be seen that 9.8 (overall 1.,91) percent of the Sn and 23.1
/ (overall 1.96) percent of the WO, have been separately recovered from the -315um + 108um
material at grades of 67.6 percegt Sn and 72.2 percent W0, respectively. The WO3 concentrate
fgwae found to contain 0.46 percent Sn while the Sn concentgate was found to contain”i.

1 percent wo3.

- The total ~315um. + 108um middling product requiring regrindlng, amounted to 1.20 percent
of the original mass and was found to contain 3.27 percent of the overall Sn and 3.74 percent
jof the overall W03 at grades of 1.28 percent Sn and 1.51 percent WO3 respectively.

17.66 percent of the original mass was rejected as tailings and found to contain 5.12

_wfpercent of the overall Sn and 1.21 percent of the overall wo3 at values of 0.13 and 0.03 Sn
' fand Wo3 respectively.. '

Lj; v The sulphides, which amounted to -2.18 percent of the original mass, were found to contain
fﬁB%Zg percent of the overall Sn and 0.96 percent of the overall W0, at values of 1.8 and 0.20

_'percent Sn and W03 respectively. —315um + 108um sulphide retreétment is seen as an essential
jloperatlon. : . S

e e 2t 1 A,

X
194031
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Joncentration of the -108um Product

(a)  Hydraulic cycloning of the -108um product material was seen

to be an essential pre-concentration stage. In order to achieve

the maximum recovery of Sn and WO, in the cyclone underflow (C U/F)
dction in the eyclone overflow (C O/F),

it was ‘necessary to run a series of small scale tests to determine the

required cyclone conditions. :

The foilowing cyclone conditibﬁs were kept constant for
each test.

(a) 23mm diameter vortex finder.
(b) 5.5 Hp Warman 1% B-M pump

(¢) 35 peréént solids.

Results of the small scale tests were as follows:-
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L_ Pest | Fractionf] = Percent =~ - Indiv dual Percent Cf#clone Conditions
No. . Distribution
SRRREEEERY R Mass Sn WO, Sn _W63 Spigot | Hydraulic Type of:
Indiv, Dia. mm | Valve Post. | C U/F Dis.
o ¢ U/PF 80,0 0.87 1.00 91.8 87.3 18 Half open Spray
N1 | co/F | 20.0 0.31 0.58 8.2 12,7
. E {100 | (0.76){ (0.91) | 100 100
e i +—
- Y CU/F | 66.8 1.02 1.20 -87.6 82.3 18 Closed Rope
£ - 0o/F | 33.2 0.29 | 0.52 12,4 17.7 -
’ H ttoo 1 (0.78) | (0.97) 100 100 |
| cu/r | 64.5 | 1.0t | 1.20 85.9 80. 1 | 14 Open Rope
€ O/F | 35.5 - 0.30 0.54 14.1 19.9
2 |100 - (0.76) | (0.97) | 100 100
] cur | 389 1.35 1.61 717 6640 14 Closed’ Rope
‘N4 | Co/F | 61.1 C 0.34 0.53 28,3 34.0
| =7 |00 (0.73) | (0.95) 100 - 100
| curr | ss.2 1.05 | 1.26 82.5 76,1 11 Open Rope
Hs @ O/F i 4108 . 0-31 _ 0.55 1705 2309
| " H 100 | (0.74) | (0.96) 100 100



L The oynlone oonditions from test N 4 (namely, a 14mm spigot
with the hydraulic valve closed) wére chosen for the bulk pre
concentration test as they gave the following results.

(a) 61, 1 percant individual fraction mass rejection or
27.4 percent overall ‘mass as cyclone overflow..

(b) 71.7 percent 1ndividua1 Sn,recovery in the cyclone

',.underflow or 49.7 percent overall.

(¢c) 66.0 percent individual W03-recov9ry.in the cyelone
underflow or 58.6 percent overall.

Any Sn or WO, passing into the C O/F was considered to be
finer than eyclosizer fraction C/S 3 and thus be unrecoverable
by conventional gravity concentration methods. A rope discharge
from the cyclone was chosen such as to affect the maximum mess

rejection as cyclone overflow material.

Treatment of the bulk of the -108nm produc%lgave the
following results.
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Product Percent Mass Assay Percent Percent Distribution
Individual- Praction Overall S W03 Sn W03
Sought Actual Individusl Fraction Indiv. Fraction
Sought Actual Overall| Sought! Actual | 0'all
¢ U/F 28.9 42.4 18.98 | (1.33)] (1.29) 71.7 74.2 51,9 66.0 | 64.6 |57.4
¢ O/F 61.1 5746 25,82 0.34 0.52 28,3 25.8 18.0 34.0 35.4 31.4
H -108um | 100 100 44.80 | (0.76)](0.84) ‘|100 100 69.9 {100 100 88.8

A particle size analysis, and a2 Sn, and a w03 distribution of the cyclone overflow product
was found to be as follows:-
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Table 7 Sweco ~ 108um C o/F - 21 - -
Particle Percent Mass Percent Percent Percent Distribution

Size EE Overall Cum Overall Sn WO5 Sn WO

| Overall Cum Overall Overall Cum Overall

+106 0.01 0.01 |

+ 90 0.02 0.03 0.20 0.01 0.29 0.29 0.02 0.02
+ T5 0.13 0.16 :

+ 53 0.59 0.75 | _

+ 38 1.78 2.53 0.06 0.02 0.21 ©0.50 0.08 0.10
o/s1” 0.07 . 2,60 2.70 3,20 0.36 0.86 0.51 0.6
¢/s2 0.34 2.94 0.51 0.61 0.33 1.19 0.47 1.08
c/s3 3.64 6.58 0.43 0.51 3.02 4.21 4.23 5.%1
c/s4 4.45 11.03 0.47 0.65 4.03 8.24 6.59 11.90
c/ss 2.5% 13.56 0.43 0.64 2.10 10.34 3.69 15.59
O/F 12.26 25,82 (0.32) (0.57) 7.66 18.0 15.81 31,40

H 25.82 - (0.36) (0.53)  18.0 - 31.4 -

* G/S Temperature 20°0C.

194036
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(b) Sulphide flotation of the ~108um C U/F gave the following
overall results from one stage of sulphide concentrate cleaning

Product Percent Percent Distribution
Maas Sn W03 S : Sn WO3 S

F(5+6) T 15.32 | (1.41)}(1.51)| 0.17 44.2 542 0.72

F6C 3.66 | 1,02 | 0.38 |27.7 T.7 3.2 27.94

H-108um :

¢ U/F 18.98 | (1.33)| (1.29)]| (5.48) 51.9 574 28.66

The sulﬁhide concentrate contained 7.7 percent of the overall

Sn and 3.2 percent of the overall W0, in g mass of 3.66 percent
Little work was done to establish op%imum flotation conditions
the result obtained indicates, when compared with other Rossard

but
en

Aberfoyle sulphide samples, that the Sn and WO3 losses were perhaps

&t a minimum.

Assay ﬁ
Sample sn WO
R833 F 6 C 1,02 0.38
792085 1.6 1.3
792086 1.3 0.89

The flotation concentrate was found to contain:-

(a) 27.7 percent sulphur
(b) 4.4 percent copper
(¢) 12.5 percent zinc

(d) 580 gms/tonne silver.

It is anticipated that a market could be found for such a

sulphide concentrate. The sulphur recovery from the -108um C U/F

was 97.5 percent.

(¢) Wet magnetic separation of the flotation tailing F (5+6) T

was

performed to remove the ferrosilicon which was seen to be present so

that it would not be present during later gravity concentration

operations.

' Assay % % Distribution
Product % Mesgs Sn W05 Sn Wo4

M/S 6 M/A 0.09 1.17 1.85 0.2 0.4

M/S(5+6) N 15.23 1.41 1451 44,0 53.8
F(546) T 15.32 S (1.41)  (1.51) 44,2 54.2

' .
%1&9’

The mass of magnetics removed was found to be 0.1 percent

overall, and contain 0.2 percent of the overall Sn and 0.4 percent

of the overall WOB.
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agsayed 1.85 percent. It is T
a8 ferrosilicon by product.

194025

Some concentration of woé did ocecur in the magnetics which
1

t that a market could be found for

(da) A gsummary of the results of the preliminary 5108um treatment

18 as follows:-

Percent Distribution

Assay %
Product % Mass - Sn WO3 -8 Sn_ WO
M/S 6 M/A  0.09 1.17 1.85 0.23 0.2 0.4
M/S(5+6) N 15.23 1.41 1.51 0.17 44.0 53.8
F(5¢6) T 15.32 (1.41) (1.51) (0.17) 44.2 54.
F6C 3.66 1.02.  0.38 27.7 7.7 3.
¢ U/F 18.98 (1.33) (1.29) ( 5.48) 51.9 57
C o/F 25.82 0.34 0,52 1.42 18,0 31,
H -108um  44.80 (0.76) (0.84) (3.14) 69.9 88.

S

Trace
0.7

0.7
28.0

28,7
10.1

38.8

A sizing analysis, and Sn and WO3 distribution of the product

M/S (5+6) N was found to be as follows:-
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Table 8 -108um M/S (5+6) N (or Spiral Feed)

| Particle Percent Mass Percent Percent Percent Distribution
Size Hm Overall | Cum Overall Sn WO Sn WO

Overall| Cum Overall Overall Cum Overall

+106 0.42 0.42 0.18 0.11 0.16 0.16 0.11 0.11
+ 90 0.84 1.26 0.12 0.06 0.21 0.37 0.11 0.22
+ 75 4.08 5.34 0.18 0.09 1.53 1.90 0.84 1.06
+ 63 1.15 6.49 0.35 0.19 0.84 2,74 0.50 1.56
+ 53 2.33 8.82 | 0.57 0434 2.77 5451 1.81 3.37
+ 45 1o2.11 10.93 1,37 0.95 6.04 11,55 4.57 7 .94
+ 38 0.97 11.90 2.29 2.18 4 .64 16.19 4 .83 12.77
o/s1” 0.41 12,31 21,8 25.6 17.29 33,48 23.95 36.72
c/s2 0.46 12.77 4.50 5.2 4.00 37.48 5.46 42.18
c/83 1.42 14.19 1.76 2.3 4.83 42.31 7.45 49.63
G/s4 0.48 14.67 1.18 1.57 1.10 43.41 1.72 51.35
b/s5 0.14 14,81 0.91 0.92 0.25 43.66 0.29 | 51.64
0/F - 0.42 15423 0.42 (243) 0.34 44.0 2.16 53 .80
H - {its.23 - (1.38) (1.55) | 44.0 - 53.8 -

#0/8 Temperature 20°C.

194039
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(e) Spiral Concentration.

The -108um product M/S (5+6) N was
the following result.

Assay %
Product ﬁ Mass Sn Egé
S/L 3 C '4.42 (2.44) (2.51)
S/L 31T 10.81 1.02 1.20
M/S (5+6) N 15.23 (1.43) (1.58)

Agsay 1.41 1.51

The result obtained indicated that
was unsuitable for spiral concentration.

194040

fed to a spiral with

% Distribution

sn WO,
21.8 24.8
22.2 29,0
44.0 5%.8

the -108um material

(£) The spiral concentrate S/L 3C was tabled on the Deister

table to give the following result.

Assay % % Distribution
Product % Mass Sn WO3 Sn ;Egé
T 11 C 0.57 18.0 18.3 20.7 23.3
T 11 3,54 0.12 0.15 0.9 1.2
s/L 3 ¢ 4.42 (2.44) (2.51) 21.8 24.8
(g) The table concentrate T 11 C was hand screened on & 106um

gscreen and the tramp oversize was set asgide.

was magnetically separated to give the following result:-

Assax ﬁ

Product % Mass Sn W0
Tramp+106pm  0.04 1.55 0.86
M/S 7T M/A 1 0.09 0.34 5.9
M/S 7T M/A 2 0.21 (1.23) (42.2)"
M/S 7 N 0.23 (44.7 ) ( 1.75

T 11 ¢ 0.57 (18.9)  (17.5)
Assay 1840 18.3
(1)

% Distribution

The -106un fraction

Sn W05
0.1 0.7
0.1 1.2
0.5 21.0

20.0 1.0

20.7 23.3

The non-magnetic product -from the above magnetic separation

M/S 7 was concentrated on the Deister table to give the following

result:-~
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Assay % % Distribution
Product % Mass Sn EEZT Sn WO2 '
T12 C 0.15 69.5 2.6 19.8 0.9
T. 12 M 0.06 1.50 0.18 0.2 Trace
T12 T 0 0.02 1.38 0.53 Trace 0.1
M/S TN 0.23 (44.7) (1.75) 20.0 1.0

(1) The magnetic produet M/S 7 M/A 2 was tabled on the Deister
table to give the following result.

’ Assay % % Distribution
Product % Mess | sn ng Sn_ EEE
T 13 ¢ 0.13 (1.82) (70.8) 0.4 20.8
T 13 M 0.06 0-44 ' 1.20 0.1 0.2
T 13 7 0.02 0.27 1.50 Trace Trace
M/S 7T M/A 2  0.21 (1.23) (42.2) = 0.5 21,0

(3) This table concentrate T 13C was again magnetically
separated with the following result:-

Agsay % % Distribution
Product % Mass Sn fgi Sn Wgz
M/S 8 M/A 1  Trace 1.10 3543 Trace 0.1
M/S 8 M/A 2 0.01 22.3 38.2 0.3 0.6
M/S 8 M/A. 3 0.12 0-61 73-0 001 20.1
T 13 C 0.13 (1.82) (70.8) 0.4 20.8

(k) The magnetic product M/S 8 M/A 3 was again magnetically
separately with the following result

Assay % % Distribution
Product % Mass Sn WO Sn WOz
M/S9(M/A2+)) 0.01 (1.96) (65.8) Trace 1.8
M/S 9 M/A 0.11 0.46 73.8 0.1 18.3
H - M/S 8 0,12 0.61 73.0 0.1 20,1
M/A 3
(1) The tailing from the spiral concentration test contained

more than half of the tin and WO3 that was present in the feed.
Washing some of the tailling with“a vanning plaque showed that
recoverable tin was still present.
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Accordingly the spiral tailing S/L 3 T was dried and riffled
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to provide a half sample a quarter sample, a three sixteenth
sample and a one sixteenth sample.

A one quarter sample was concentrated on the Deister table
to_give the following result. :

Product % Mass

T 14 C 0.83
T 14 M 3,49
T 14 T 6.49

S/L 37T 10.81

Assay %

Sn WO
(11.3)  (10.1)
0.22 Q.27
0.20 0.23

(1.06)  (1.00)

% Distribution

sn WO
18.2 22.5
1.5 2.5
2.5 4.0
22,2 29.0

(m) The table concentrate (T 14 C ) was dried and magnetically
separated to give the following result.

Product % Mass

M/S 10 M/A1 0.24
M/S 10 M/A2 0.30
M/S 10 N 0.29

Assax %

Sn W0

0.25 8.9
(1.12) (19.8)
(30.6) (1.18)

% Distribution

Sn WO
0.1 5¢7
0.7 15.9

17.4 0.9

{n) The non magnetic product M/S 10 N from this separation was
tabled on a Deister table to give the following result.

Product % Mass
T 15 C 0.4

T15 T 0.15

————

H-M/S 10 W 0.29

(o} The magnetic fraction M/S 10 M/A

Assay %

Sn W

0
61.4 2.3
0.1

1.33 1

(30.6) (

3
1.

18)

table and gave the following result.

Product % Mass

T 16 C 0.10
T 16 T 0.20
H=M/S

10M/A2 0.3%0

Assay %
$n WO

(2.7) (ggjs)
0.28 1.9

(1.12) (19.8)

% Distribution

17.0 0.9
0.4 Trace
17.4 0.9

2 was tabhled on the Deister

% Distribution

0.6 14.9
0.1 1.0
0.7 15.9
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(p) This table concentrate T 16 C was magnetically separated
as follows:-
Apsay % % Distribution
Product % Masg Sn WO Sn WO
M/S 11 M/A1 0.01 0.51 43,6 Trace 0.7
M/S 11 M/A2 0.04 4.7 58.3 0.4 6.2
M/S 11 M/A3 0.05 1.46 59.7 0.2 8.0
H-T 16 C 0.10 (2.73) (55.6) 0.6 14.9
(q) The Lialf sample of the spiral tailing was treated on the

Fieldhouse vanner. The feed rate to the vanner was 0.36 t/h
at 21% solids. On the first pass over the vanner, too much
concentrate was produced. The slope of the vanner deck was
increased and the vanner concentrate was fed over the vanmer a
second time with the following result:-

Assay % % Distribution

Product % Mass Sn WOz Sn WOz

Vv2¢e 0.53 15.9 17.3 1746 - 23.7

verT 7.31 0.22 0.19 Zed 3.6

vi1c 7.84 (1.28)  (1.35) 21.0 27.3

vi1irT 2,97 0.20 0.22 1.2 1.7

S/L 3 T 10.81 (0.98) (1.04) 22.2 29.0

Assay 1.02 1.20

(r) 30kg of the -108um spiral tailing product were riffled out
and fed to a Jones wet magnetic separator. The electromagnet
current was set at 10 amps. The resulting non-magnetic product

wag returned to the separator and the electromagnet current was
increased to 18 amps. The non magnetics were again returned to
the separator with the electromagnet current being finally set
at 30 amps. The following results were obtained.

e



7
- 29 - | <
Apsay % BElectro % Distribution
Magnet
Current
Product % Mass Sn W03 Amps Sn WOQ
M/S 14 ¥ 8.79 1.07 0.05 30 20.7 1.1
M/S 14 M/A 0.71 0.35 0.84 30 0.6 1.5
M/S 13 N 9.50 (1.02) (0.11) 18 21.3 2.6
M/S 13 M/A 0.34 0.42 5.0 18 0.3 4.1
M/S 12 X 9.84 {(1.00) (0.28) 10 21.6 6.7
M/S 12 M/A 0.97 0.29 9.4 10 0.6 22.3
H-S/L 3T 10,81 (0.93) (1.09) 22.2 29.0

The results obtained are inconclusive and no definite comment on the test can be made.

(s) A suymmery of the concentration of the -108um product material can be deduced from
geparately combining the appropriate concentrates, middlings and tailings previously listed.
The vanmmer concentration test results and the Jones wet magnetic separation results are not
ineluded in the summary which is as follows:=-

Assa Distribution

Product % Mass sn ""“x'éb3 %_gg WOz

T 12 C 0.15 69.5 = 2.6 19.8 0.9
T 15 C - 0.14 61.4 2.3 17.0 0.9 o
Final Sn Concentrate 0.29 (65.7) (2.5) 36.8 1.8 gz
)
M/S 9 M/A 0.11 | 0.46 73.8 0.1 18.3 i:

W03 oconcentrate (Firsts)
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Agsay % % Distribution
Product % Mass Sn Egz Sn WO,
M/S 9 (M/A2 + ) 0.01 (1.96) (65.8) Trace 1.8
M/S 11 M/A 2 0.04 4.7 58.3 0.4 6.2
M/S 11 M/A 1 0.01 0.51 43.6 Trace 0.7
M/S 11 M/A 3 0.057 1.46 59,7 0.2 . 8.0
W03 Conc. (SecondS) 0.11 (208) (57-8) 0.6 ® 1607
W03 " (Firsts) 0.11 0.46 T5.8 0.1 18.3
Total WO3 Conc. 0.22 (1.60) (65.1) 0.7 35.0

Compilihg middling and tailing figures in the same manner as
concentrate figures, the final summary becomes.

Assay 9 % Distribution
Product % Mass Sn. WO _Sn WOz
Total Sn Conc. 0.29 (65.7) (2.5) 36.8 1.8
Total w03' " 0.22 ( 1.60) (65.1) 0.7 35.0
Total Middlings 4.69 ( 0.34) ( 0.97) 3.1 11.8
Total Tailings 710.03 (0.17) ( 0.20) [ 3.4 7 5.2
¢ o/F Z~25.82 0.34 0.52 .18.0  L31.4
Total Flotation Conc 3.66 1.02 0.38 TeT 3.2
"Ferro Silicon 0.09 1.17 1.85 0.2 0.4
H - 108um 44,80 (0.79) (0.82) 69.9 88.8

These figures indicate that 36.8 percent of the overall BSn

(or 53.98 percent of the
at a grade of 65.7 percent Sn.

n in the -108um product) has been recovered

Similarly 35.0 percent of the

e N

overall WO, (or 39.1 percent of the WO, in the -108um product) has

been recovgred at a grade of 65.1 percént W0z, The total middling
was found to contain 3.1 percent of the overdll Sn and 11.8 percent
of the overall WO, at grade of 0.34 percent Sn and 0.97 percent wo3
in 4.69 percent o? the original mass, '

The total amount of material that could be rejected as tailings
(gravity tailings plus cyclone overflow) was found to be 35.85 percent
of the overall mass, contain 21.4 percent of the overall Sn 36.6
percent of the overall WO3 at a grade of 0.29 percent Sn and 0.43
percent WOB.

(t) A comparison between Fieldhouse Vanner and Deister table gravity
concentration of the spiral tailing (S/L 3 T) was as follows:-
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Assay % % Distribution Remarks
Product % Masg Sn Egé _Sn WOE
T 14 C 0.83 (11.3)(10.1) 18.2 22.5 Concentrate
vaer 7.31 0.22 0.19 3.4 3.6 Middling/Tail.
T 14 M %.49 0.22 0427 1.5 2.5 Middling/Tail.
vio 2,97 0.20 0.22 1.2 1.7 Tailing
T 14 T 6449 0.20 0.23 2.5 4.0 Tailing
or combining middlings with tailings.
V 1 T4V2T 10.28 (0.21)(0.20) 4,6 5e3 Tailing
T14T +T14M 9.98  (0.21)(0.24) 4.0 6.5 Tailing

(1) Sn Recovery

The vanner and table gravity concentrating units have given
very similar concentration performances for the apiral tailing,
with overall recoveries of 17.6 and 18.2 percent respectively at
grades of 15,9 and 11.3 percent Sn respectively.

(2) WO3 Recovery

Separate Vanner and table concentration of the spiral tailing
gave overall recoveries of 23,7 and 22.5 percent respectively
at grades of 17.3 and 10.1 percent WO3 respectively.

Overall Concentration Summary

(a) Concentrates
Assay % % Distribution

Product % Mass Sn WO3 Sn WO3
+315um Sn Conc. 0.01 63.4 0.62  1.1%3 '  0.01
+108um Sn Conc. 0.02 67.6 1.1 1.91/’_ 0.03
~108um Sn Oonc. 0.29 (65.7)(2.5) 36.80 vl 1.80
Total Sn Conc. 0.32 (64.3)(2.3) 39.84 1.84
+315um WO3 Conc., Trace 2.7 65.4 O;dé 0.45 Vi'
+108|,|.m WO3 Conc. 0-01 0-46 72-2 0.01 1-96 v
-108um W0 Conc. 0.22 (1.60)65.1) 0.70 35,00
Total WO, Conc. 0.23 (1.6)67.4  0.73 37,41
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(v) Middlings
Agpay %
Product % Mass Sn WO
+315um Middlings 3.14  (0.99) (0.27)
+108um Middlings 1.20 (1.28) (1.51)
-108ym Middlings 4.69 (0.34) (0.97)
Total Middlings 9.03 (0.69) (0.80)
(c¢) Tailings
' Assay %
Product % Mass Sn WO
+315um Tailings 16.47 0.06 0.02
+108um Tailings 17.66 0.13 0.03
~108um Tailings 10.03  (0.1T) (0.20)
Total Tailings 44,16  (0.12) (0.07)
~-108um C O/F 25.82 0.34 0.52
+ 895um 0/S Reject 14.51 (0.09) 0.03
Total Tailing
Reject 84.49 (0.18) (0.20)
(a) Sulphiﬁes
Assay %
Product % Mass Sn WO3
-895+315um Nil ( Table Flotation)
~315+108pn 2,18  (1.8) (0.20)
~108 pm 3,66 1.02 0.38
Total Sulphides 5.84 (1.30) (0.31)

194047

% Distribution

Sn WO

564 1.33
3.27 3,74
3.10 11.80
12,01 16.87

% Distribution

Sn WOy
2,01 0.51
5,12 1,21
3.40 ¥ S_.i)-

10.53 = 6.92
18,004  31.40
2.70 1.00

31.23 39.32

% Distribution

Sn WO
8.29 0.96
7.70 3.20
15.99 4.16
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~percent of the original mass.

(e} Overall Balance
Agsay % % Distribution
Product % Mess Sn W0, sn W04
Total Sn Conc. 0.32  (64.3) (2.3) 39.84  1.84
Total W05 Conc. . 0.23 { 1.6) (67.4) 0.73 Hh37.41*'“f6
‘Total Middlings 9.03  { 0.69) ( 0.80)  12.01  16.87 o7
Total Tailings  84.49  ( 0.18) ( 0.20) 31.23  39.32 o7
Total Sulphides 5484 ( 1.30) ( 0.31) 15.99 4.16
~108um Ferrosilicon GO9 1,17 1.85 0.20 0.40
Head . - 100 (0.50) (0.42) 100 100 (5 oot
| /
~’2

The concentration technéques adopted have enabled

(1) The overall recovery of 39:ﬂ$of the Sn present in the tailing
at a marketable concentrate grade of 64.3 percent Sn in 0. 32 percent
of the original mass. _ _ .

(23 The overall recovery of 37.4 percent of the WO, in the tailing
at a marketable concentrate grade of 67.4 percent Wa in 0.23 :

(3) Production of middling material amounting to 9.0 percent

of the original mass, containing 12.0 percent of the overall Sn and
16.9 percent of the overall W03 at values of 0.69 percent Sn and
0.80 percent WO3 regpectively.

(4) The rejection of 84.5 percent of the original mass as tailings
containing 31.2 percent of the Sn and 39.3 percent of the wo3 at
agsay values of 0.18 percent and 0.20 percent Sn and WO3 '
respectively.

(5) The flotation as sulphides of 5.8 percent of the original
mass containing 16,0 percent of the overall Sn and 4.2 percent of
the overall WO, at assa, values of 1.3 percent Sn and 0.31 percent
WO3 respectively. '

(6) The productlon'of a ferrosilicon concentrate amounting to
approximately 0.1 percent of the original mass.

Conclusion

1. Recovery of Sn & W03

o —

An overall recovery of 39.8 percent of the Sn at a grade of
64.3 percent Sn was obtained from the tailing. A similar recovery
of 37.4 percent was achieved for the W03 at a grade of 67.4
percent WO3 _
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recovery figures from the retreatment of the

talling sample, do not include any Sn or WOE values derived from
t

grinding of middling products as this was n

performed.

Middling products however, amounted to 9 percent of the original

mass, and contained

s 12.0 percent of the overall 5n, and 16.9

vercent of the overall woa at values of 0.69 percent Sn and
o

0.80 WO, respective
prnductg could be e

‘& conservative midd

assumed, then the o
percent Sn and W0
recovery value of“4

and realistic if grinding is included in the re
‘Investigation repor

approximately 50 pe
from Dam 2.

The close ass
sulphide minerals p
recovery obtained.
grinding of sulphid

ly. t all the Sn and W0, in the middling

xpected to be recovered aftér grinding. If

ling metal value recovery of 50 percent is

verall recovery could be enhanced by 6 and 8

regpectively. That is, a final overall

5 percent for both Sn and WO, is quite feasible.
%reatment process.

t RB83%2. estimated a recovery value of _

rcent for both Sn and W03 on sample 830791, also

ociation between the cagsiterite and the
regsent in the tailing has decreased the Sn
Any retreatment process should include the

] phides to ~108um. The +108um cleaner sulphide *3.
concentrate F 2 C was :found to contain{l percent o aiiﬁ/jg j?

- 8n (0.67 percent WO

asgay value of 2.8
sulphide concentrat
overall Sn (0.29 pe
at an assay value o
to -108um and retre

) in 0,15 percent of the original mass at en
percent Sn. Similarly the +108um cleaner
¢ F 4 C was found to contaif 7.3 pe€rcent of the
rcent W0,) in 2.0 percent of the original mass
£ 1.7 pefcent Sn.  Grinding of +108um sulphides
atment could therefore enhance the overall Sn

recovery by approximately half the available 8.3 percent.

Grinding of =-315ugm
Sn recovery value t
overall Sn was also
(1 Tand T 4 7)o
middling : products.
as middlings in thi

2.

The +895um pr
namely 0.09 percent
material would not
therefore be exclud
the +894um material
of the WO, are lost
The low 331
it suitable for use

3
{(a) The Vickers s

+ 108um sulphides would thus bring the overall
o approximately 49 percent. 4.7 percent of the
found in the table flotation tailings o
f the +315pum spiral concentrate and spiral
The products T 1 T & T 4 T were however complled
8 report and thus do not report as sulphides.

Rejection of +895um Material

oduct material contained very low metal values
Sn and 0.03 percent WO,. Grinding of this

be an economic prnposit?on and it should

ed from further consideration. 1In rejecting

y 247 percent of the overall Sn and 1.0 percent
in 14.5 percent of the original mass. :

phur content of the +894um product should however make

as a construction gravel.

Spiral Operations

piral proved to be an ideal pre-concentration

unit for both the -894um + 315uym fraction and the ~315um + 108um
fraction with tailing rejection being as follows.
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Agsay % % Distribution
Product % Mass Sn Egz Sn 332
-894um+315um S/L 1 T 15,01 0.06 0.02 1.7 0.4
~315um+108uym S/L 2 T 15.38 0.14 0.03 4.8 1,0
Total +108um S/L T | 30.39 (0.10) (0.03) 6.5 1.4

That is, by using the spiral a bulk spiral taéling amounting
to 30.4 percent of the original mass could be rejected, as relatively
barren material containing only 6.5 percent of the overall Sn and

1.4 percent of the overall W0, at assa.s values of 0.10 percent Sn
and 0.03 percent W03_respectiéely. )

(v) The Vickers spiral was unsuitable for concentration of the
-108um M/S (5+6) N product material and probably acted more as a
classifier or sizing device than & concentrator.

4., ~108um Hydraulic Cyclone Operation.

The hydraulic cycloning of the -108um material produced a
reject cyclone overflow of 25.8 percent of the original mass containing
18,0 percent of the overall Sn and 31.4 percent of the overall WO
at grades of 0.34 Sn and 0.52 percent W0, respectively. Only 1.
percent of the overall 18.0 percent Sn agd 1.1 percent of the overall
31.4 percent WO, in the cyclone overflow was found to be coarser than
cyclosizer frac%ion C/S 3 and thus recoverable by conventional gravity
concentration methods. Thus, the cyclone operation was found to be
an idedl method of pre-concentrating the -108um material, increasing
the head values of 0.76 percent Sn and 0.84 percent WO, to 1.33
percent Sn and 1.29 percent WO, as well as rejecting 2;.8 percent
of the original mass as slime 3ateria1.

5« The Presence of Magnetiec Cassiterite

Some of the table concentrates subjected to dry magnetic
separation gave weakly magnetic products containing significant
gquantities of Sn. @ Whilst it may be possible to dismiss some of the
Sn in the magnetics as entrainment, or magnetic composites it is
reasonable to assume that a proportion of the Sn is present as magnetic
cassiterite. The very nature of the tabular monoclinic wolframite
compared to the pyrgmidal tetragonal cassiterite means that in general,
the cassiterite particle will usually be closer to the magnet of a belt
magnetic separator during separation.

Jones wet magnetic separation was employed on a 30kg sample of
-108um spiral tallings/I3T to examine the presence of magnetic
cassiterite.

The result however was inconeclusive.
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Summary
1. The following ®n Concentrates were produced.

Assay % % Distribution

Product o % Mass $Sn WO sn WO
~894um+315um T 2 C 0.01 63.4 0,62 1.13 0.01
-108um T 12 C 0.15 69.5 2.6 19.80 0.90
~108um T 15 C 0.14 61.4 2.3 17.00 0.90
Total Sn -Conc. 0.32 (64.3) (2.3) 39,84 1.84

2 The following WO3 Concentrates were produced.

Asgay ﬁ ﬁ Distribution
Product % Mass Sn WOz Sn W03
~894um+315um T 3 C Trace 2.7 65.4 0.02 0.45
=315umet08um M/S3 M/A3 0.01 0.46 72.2  0.01 1.96
-108pym M/S9 M/A1 0.11  0.46 73.8 "0.10  18.30
-108pum  M/S9 (M/A24+N) 0.01 1.96 65.8 Trace 1.80
-108um M/S11 M/A2 0.04 4.7 58.3 0.40 6.20
~108um M/S11 M/A1 0.01 0.51 43.6 Trace 0.7
~108um M/S11 M/A3 0.05 1.46 59.7 0.20 8.00
Total WO, Conc. 0.23 (1.6) (67.4) 0.73 37.41

Metal;prgist..{ei teesNofeo

(H. XK. Wefllington)
Chief Chemist & Metallurgist
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