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RECOVERIES OBTAINED FOR EACH AREA

FLOWSHEET
AREA A B c
Queen Hill
Lower 48-57 (29-31) 58-64 (50) | 58-63 (50)
Severn 63-76 (32-42) | 72-80 (50)| 69-76 (50)
Montana 59-64 (30-33) 75-83 (50) | 75-83 (50)

[The range given is .the highest and lowest for each area
and the grades achieved (% Sn) are given in brackets].




SUMMARY

" This report covers C.M.S. investigations from July 1981 to
February 1982 into 10 diamond drill cores from three mineralised
areas (Queen Hill Lower, Severn and Montana) of the Zeehan
Deposits. -

" The metallurgy of each area was determined by standard Taboratory
procedures combined with mineralogical studies. The results show
the relative ease of processing of each area to be:-

Severn > Montana > Queen Hill Lower
" Three types of flowsheet have been simulated from the results:-

A - Current complex tin ore milling circuit with
the emphasis on gravity and some flotation

B - An "integrated' flowsheet, incorporating sulphide
flotation, gravity and cassiterite flotation to
a Tow grade concentrate, with upgrading by
Matte Fuming

C - An 'all flotation' flowsheet, incorporating sulphide
flotation and cassiterite flotation to low grade
concentrate with upgrading by Matte Fuming

* The mass balances produce the recoveries shown opposi te.
" Flowsheet A - only Severn material would achijeve acceptable recovery.

" Matte Fuming increases overall recoveries by approximately 10%, and
increases the grade of product from ~ 30% Sn to 50% Sn.

" Flowsheet B is the process flowsheet indicated from the testwork so far.
This has slightly higher recoveries and potentially lower operating costs
(compared to Flowsheet C).

" Further fil1l-in work on the cores tested is indicated to confirm the
major tin Tosses in - sulphide flotation rejects
- cassiterite flotation tails
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TABLE 1.1:

INFERRED TONNAGES OF

ZEEHAN MINERALISED AREAS

Area Mumber of Inferred Tonnage (x‘lO6 tonnes)
Drill Holes (% Sn @ 0.1% Sn cut-off)
Queen Hill 55 1.8 (0.8)
Severn 19 5.0 (0.6)
Montana 12 0.5 (1.5)
TOTAL 89* /] (0.7)

*(The remaining holes have been drilled in the Golf course area)




1.  INTRODUCTION

Aberfoyle Exploration has been active in exploring the area around
Queen Hi1l (near the town of Zeehan, Tasmania) since 1970. Some
89 diamond drill holes have since been drilled identifying three
mineralised areas - Queen Hill, Severn and Montana. Collectively
these-have become known as the ZEEHAN DEPQOSITS.

The relative volumes of each area inferred from the drilling results
are summarised in Table 1.1 opposite.

The Queen Hill outcrops at surface and has been subdivided into

Queen Hi11 Upper and Lower. Considered in cross-section, Queen Hill
Upper extends from the surface to a depth of approximately 100 metres

(in vertical section), Queen Hi1l Lower from approximately 150-250 metres
with the Severn and Montana areas being at a similar horizontal level -
although some distance away.

Some metallurgical testwork has previously been performed on Queen Hill
Upper material (1, 2, 3), the results of which show complex mineral
associations and very difficult metallurgy. 1In view of these difficulties
ore characterisation has been performed on drill core samples to determine
the metallurgy of the other areas.

Ore characterisation procedures undertaken include heavy liquid analysis,
sulphide and cassiterite flotation, release analysis, natural grain size
determination and mineralogical investigations. These tests simulate
current complex tin ore milling circuits (300 micron primary grind, with
mostly gravity and some flotation as processing priorities) and give
size/recovery/grade estimates for this type of flowsheet.

Estimates are also provided for the new processing philosophy - an
integrated 'unstressed' circuit incorporating the best features of each
unit process including concentrate upgrading by Matte Fuming.



TABLE 2.1: SUYMARY OF CMS TESTWORK ON ZEEMANW DIAYOND DRILL CORES
MINERALISED LENGTH OF CORE TESTED
FREA D.D. CORE NWO. METRES FROM COLLAR) TESTWORK PERFORMED *
fueen T {549 Ns - 204 1,2,3,4,5,6,7,8
Lower 662 200 - -255 1,2,3,4.5,6, 8
G65 202 - 272 1,2,3,4,5,6, 8
. G72 275 - 313 1,2,3,4,5,6, 8
Severn G74 345 - 371 2, 3,4 7, 8
681 L.G. 437 - 441, 454 - 464 1,2,3,4,5,6, 8
G81 H.G. 442 - 453 2, 3,4, 6, 8
[678 331 - 352 2,3,4,5,6,7,8
Montzna G67 L.G. 185 ~ 192,7200 - 207 1,2, 3,4, 6, 8
1@57;4,3, 192 - 200 2,3,4, 6, 8
*
1. Heavy liquid analysis
2. Sulphide flotation (-300 pm)
3. Release analysis (superpanning)
4. Oxide flotation (-106 pm)
5. Grain size analysis
6. Elemental analysis
7. QEM*SEM
8. Mineralogy of selected procucts

L.G. Low Grade
H.G. High Grade




2. TESTWORK PROCEDURE

The standard (4) Taboratory tests undertaken are described in Appendix I.
Table 2.1 (opposite) outlines the details of the drill core samples

that have been tested from each area. In two cases (Cores G81 -(Severn)
and G67 (Montana)) Tow and high grade sections of the same core were

- tested-separately: The results have been combined for G81 to give an
average for the total section. It was not possible to do this for

G67 because the Tow grade results were inconclusive.



TABLE 3.2:

TABLE 3.3:

TIN AND SULPHUR HEAD ASSAYS

D.D. Core % Sn %S

G49 0.41 0.49; 15.9
G62 0.62 50.71 18.6
G65 0.52 0.48) 10.3
G72 0.50 (0.48) 7.4
G74 0.57 (0.56) 7.8
G81 L.G. 0.34  (0.38) 6.5
G81 H.G. 1.44  (1.10) 12.8
G78 1.25 51.15) 20.0
G67 L.G. 0.067 (0.066) 1.82
G67 H.G. 3.25  (3.34) 22.4

GENERAL MINERALOGICAL SUMMARY

CASSITERITE CASSITERITE
GRAIN SIZE ASSOCIATIONS SULPHIDES GANGUE
(ym)
Queen Hill 2-30 Quartz Pyrite Quartz
Lower Sericite Pyrrhotite Carbonate
Carbonate Sphalerite Chlorite
Chlorite traces - Galena dccessory-Sericite
Arsenopyrite trace - Talc
Chalcopyrite
Stannite
Severn 3-320 Quartz Pyrite Quartz/clays
- Chlorite Pyrrhotite Chlorite
Carbonate traces - Sphalerite | accessory-Talc
Chalcopyrite Sericite, Carbonate
Leucoxene - Rutile
Montana 2-40 Carbonate Pyrite Carbonate
Sellaite Pyrrhotite Sellaite
traces - Stannite accessory - Quartz
Sphalerite thlorite
Chalcopyrite

Accessory: ~1 - 10%

Trace:

~ <1%




The
and

ORE CHARACTERISATION: " RESULTS AND DISCUSSION

results obtained for each core are tabulated in the relevant Appendix,
are summarised as necessary in the text.

3.1 Head/Whole Rock Assays
The assays are given in Table 3.1, and the tin and sulphur assays are

summarised in Table 3.2 (opposite).

The figures in brackets are the geological assays composited over the
interval of core tested. Some assay differences will always be
apparent in considering two similar sections of core, and as such,
the agreement is reasonable.

3.2 Mineralogy

The relevant mineralogical reports are given in Appendix II. Head
samples of each core were examined by microscope techniques and a

reasonable indication of the mineralogical associations obtained.

These are summarised in Table 3.3 (opposite).

3.2.1 Queen Hill Lower
These cores have the most complicated mineralogy, with the

cassiterite being fine grained and associated with several
gangue minerals. However, no major cassiterite/sulphide
association is reported. The presence of stannite is observed
and its extent requires quantifying.

3.2.2 Severn

These cores have coarser grained cassiterite (with the exception
of G72) and reasonable Tiberation is achieved at the size tested.
Evidence of bi-modal cassiterite is reported in Core G81 with the
cassiterite being both coarse and well liberated, and very fine
and intimately associated with assorted gangue minerals. In
addition Teucoxene-rutile is reported present in Core G81. This
can contain tin in solid solution (for example in some Ardlethan
ores) and if so will be a source of tin loss.

3.2.3 Montana

These cores have a fine cassiterite grainsize, but the crystals
are well formed and the mineralogy relatively simple. Cassiterite
associations are almost entirely with carbonate (which is the
dominant mineral present) and sellaite (MgF,).



TABLE 3.5: D50 FROM THE NATURAL GRAIN SIZE ANALYSIS

Area Sample Dgg (pm)
Queen Hi11 Upper (3) : 14
Queen Hi11 Lower 649 21

G62 21

“Montana 678 3
Severn G81 L.G. 44
. G72 65

G665 69

Cleveland Halls 74




3.3 QEM*SEM

Samples from each area (Cores G49, 72 and 78) were submitted for
analysis by QEM*SEM. Due to the complexity and volume of the
results given a full analysis has not yet been completed. However,
a summary of the relative volumes of each mineral present for each
sample is given in Appendix III. 1In general these results confirm
the mineralogy summarised in Table 3.3 albeit in much more detail.

3.4 Natural Grain Size Analysis

The grain size distributions in the leach residues are given in

Table 3.4 and are plotted in Figure 1. Corresponding data for

a Cleveland sampie and Queen Hill Upper (3) are shown for comparison.
The Dgg (50% péssing size) for each sample is given in Table 3.5
(opposite).

Figure 1 and Table 3.5 show the differences in the grainsize
distributions of the three areas. This information shows that the
cassiterite is coarsest in the Severn area and finest in Queen Hill
Lower (Severn> Montana > Queen Hill Lower), and gives an indication
of the ease of cbnventiona] processing (generally the coarser the

- cassiterite the higher the recovery). For example, the early
metallurgical testwork on Queen Hill Upper (1, 2, 3) showed very

poor conventional recoveries, and this has the finest average grainsize.
The Cleveland ore sample (Halls) has the coarsest average grainsize

and this material has a very good conventional recovery (70-75% in

the Cleveland plant). Taken in jsolation these results indicate

that the conventional processing recoveries of the areas considered

will be Severn=>Montana > Queen Hill Lower. (The Mineralogical

comments- on the leach residues are included in Appendix II).

3.5 Heavy Liquid Analysis

Indications of the amenability to preconcentration by heavy media
separation (H.M.S.) is given by interpreting the heavy liquid
analyses for the cores (these are given for each core in Appendix 1V),

The practical Towest size of H.M.S. operation is 0.85 mm and the
overall weight and tin rejections for the +0.85 mm fractions of each
core are summarised in Table 3.6. The cumulative results are
graphically represented in Figure 2 for each area, compared with

the data for the Cleveland Standard Mill Feed (Period 8, 1980).



TABLE 3.10  SUPERPANNING STAGE RECOVERIES AT 50% Sn GRADE

Area Core Stage
Recovery
Queen Hill G49 17.5
Lower G62 28.7
Severn 665 65.0
G72 35.6
G74 69.5
G81 H.G. 40.6
Montana G78 25.6
G67H.G. 18.0
Cleveland Standard Mill Feed 70.4
(p.11, 1981)




For Queen Hi11 Lower and Severn cores the curves show slightly
Tower weight percentages and considerably lower tin distributions
to the float fractions. The Montana core has very Tittle weight
distribution in the float fractions. This is because the dominant
mineral type is carbonate (S.G.>4.0).

The indications are that Queen Hill Lower and Severn will be
amenable to preconcentration by H.M.S. However the actual topsize
of processing by H.M.S. (and hence the overall weight and tin
reject) cannot be determined until coarser samples are tested.

3.6 Preconcentration using Heavy Liquid (S.G. 2.96)

Preconcentration was performed on cores G49, 62, 65, 72 and 74
prior to the remaining unit process work. The float fraction

was removed from each size range (down to 45 microns). The
results are'given in Table 3.7 together with the corresponding
results for the Cleveland Standard Mi1l Feed (Period 8 1980).
[Comparisons of the weight rejected and tin assay and distribution
of the reject fractions is further evidence that each of these
cores would be amenable to preconcentration by H.M.S., but again
does not give a clear indication of the topsize of processing

by H.M.S.].

3.7 Sulphide Flotation (-300 microns)
The results of each test are given in Appendix V, and these are

summarised in Table 3.8. The sulphides are readily floatable
(recoveries in excess of 95% in each case), but tin Tosses are
substantial. This is due to incomplete liberation and some
entrainment of fine cassiterite. Regrinding and cleaner flotation
will considerably reduce these losses.

3.8 Release Analysis

The results of each test are given in Appendix VI, and the cumulative
grade/recovery data obtained for each core is summarised in Table 3.9.
The grade/recovery curves (these recoveries are for the gravity stage
only) for these tests are plotted in Figure 3 for each area.

Table 3.10 (opposite) shows the stage recoveries achieved to a grade
of 50% Sn compared to that of the Cleveland Standard Mill Feed. These
recoveries are a function of the cassiterite liberation at this

grind size. Two of the Severn cores (G65 and G74) are well liberated
but the remainder are only partially liberated.







Finer grinding will increase the Tiberation of these cores (and
consequently the gravity recovery). Similar treatment of the
Tiberated Severn cores may incur overgrinding and slimes losses
of the already free cassiterite. (The testwork to substantiate
the extra recovery/losses has not been performed).

3.9 Cassiterite Flotatijon
The results of each test are given in Appendix VII. For cores

G49 - G74 very minimal desliming was performed prior to flotation
to maximise recovery. Neither grade or recovery were achieved

as the results were masked by Tow grade slimes in all products.
Consequently each flotation product was rigidly deslimed and the
products assayed. In addition the flotation tail product was
refloated (to determine the possible 1imit tail grade). This
enabled a pTus and minus 5 micron performance to be calculated

which is summarised in Tables 3.11 and 3.12.

These results show that high grade concentrates are achievable
if adequate desliming is carried out prior to flotation, and also
that sTimes fractions are relatively barren.

10.
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4. PROPOSED FLOWSHEETS: MASS BALANCES AND DISCUSSION

4.1 Mass Balances

The data accumulated provides the basis from which mass balances and
therefore recovery predictions can be made for different types of
flowsheet. Implicit in these calculations are certain assumptions

- (which are stated where applicable).

Three processing options at a primary grind of 300 microns are
considered: -

a) Mostly gravity plus some flotation to conventional
products (the current complex tin ore milling circuit design).

b) An integrated flowsheet incorporating gravity, and flotation
to a Tow grade product with upgrading by matte fuming.

c) The "all flotation" flowsheet to a Tow grade product with
upgrading by matte fuming.

4.1.1 Flowsheet A

The flowsheet is schematically outlined in Figure 4 (opposite).
The heavy media sink is ground and the sulphides recovered and
cleaned by flotation. The combjned sulphide sink is subjected

to gravity treatment (producing a high grade gravity concentrate),
and the tails are ground and floated producing a low grade
concentrate. This is upgraded by cleaner flotation and magnetic
separation.

The assumptions made in calculating the mass balances are:-

i) Heavy media reject - the weight and tin distribution is actually

what occurred in the preconcentration stage.

ii) Sulphide flotation - the weights and grades taken are those
that occurred (summarised in Table 3.8). It is estimated that
after further grinding and flotation, 80% of the weight and
50% of the tin passed through this circuit will be discarded in
the final sulphide reject.

ii1) Gravity concentration - taken from the superpanning grade/

recovery curves (Figure 3). 1In each case the gravity recovery
taken is that for a 50% Sn grade concentrate.
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iv) Desliming - the weight fraction of slimes is the percentage
that occurred in each case (Table 3.12). The assay used is
calculated from the proportion of the slimes assay/feed assay
in the desliming unit process (Table 3.12), pro-rated to the
feed grade in question.

v) Cassiterite rougher flotation/concentrate upgrading - The stage

recoveries to the rougher flotation concentrate are calculated
using the 2-product formula, using the tail assays achieved

in the laboratory and a concentrate grade of 5%. The % weight
to concentrate is given by:-

% Wt (C) = %{% x 100
and the recovery is given by:-
_ C.c
RO= y0.¢ * 100

where ¢, f, and t are the assays of the concentrate, feed
and tailings respectively.

[These formulae are quoted in all metallurgical textbooks
are are commonly used in mass balance caluclations. As
an example consider the cassiterite rougher flotation of
G49. The assays of ¢, f and t are 5, 1.26 and 0.3 %
respectively.

C = 20.4%, and from this the stage recovery R = 81.0%]

The stage recoveries obtained in upgrading the rougher flotation
concentrates are calculated in the same way using 5%, 25% and 1%
for the feed, concentrate and tail assays.

The mass balances obtained (for each core tested) for this flowsheet
are given in Table 4.17.

4.1.2 Flowsheet B

The flowsheet is schematically outlined in Figure 5 (opposite). The
heavy media sink is ground and the sulphides removed. These are
cleaned in a separate circuit. The sulphide sink is subjected to
gravity treatment (producing a high grade concentrate) and the tails
are ground and floated to produce a low grade concentrate. This is
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combined with the sulphide cleaner tailing (containing most of

the tin in the sulphide section) for upgrading by matte fuming.
The assumptions made in calculating the mass balances are:-

i) Heavy media reject - as for 4.1.1

ii) Cleaner sulphide flotation - The feed is the rougher sulphide
flotation product plus the scavenger sulphide product taken prior
to cassiterite flotation. The cleaner tail product is estimated
as 15% of the feed weight, either to a grade of 1.5% Sn, or,
where there is a large tin distribution, a sulphide reject
grade of 0.3% Sn.

iii) "Gravity concentrate - as for 4.1.1

iv) Desliming - No slimes losses are assumed. (In practice the

slimes and flotation tails assays were of the same order).

v) Cassiterite rougher flotation - The stage recoveries are calculated
from the 2-product formula (as in section 4.1.1), using the tail
assays achieved in the laboratory, and a 10% Sn concentrate grade.
This product is combined with the sulphide cleaner tail as feed
for upgrading by matte fuming. Metallurgical studies of this process
indicate optimum feed grades could be™ 4% Sn. Consequently the

flotation concentrate is taken as 10% to produce the required
feed grade for fuming when combined with the sulphide cleaner
tail.

vi) Matte Fuming concentrate - The stage recovery to a 50% Sn grade
concentrate is taken as 92%.

The mass balances obtained (for each core tested) for this flowsheet
are given in Table 4.2.

4.1.3 Flowsheet C

The flowsheet is schematically outlined in Figure 6 (opposite)

The assumptions made are as for section 4.1.2 (except no gravity
concentrate is taken) and the mass balances (for each core tested)

of this flowsheet are given in Table 4.3.

4.1.4 Grade/Recovery Curves

The data accumulated in each of the mass balances may be graphically
represented as "Grade/Recovery Curves". These have been drawn for each
flowsheet based on new feed from Tables 4.1 - 4.3 and are included as

Appendix VIII. (Dotted Tines are used in the areas where no information
is available - particularly at the highest grade, lowest recovery

section of the Curves),
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FLOWSHEET
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Severn 63-76 (32-42) 72-80 (50)| 69-76 (50)
Montana 59-64 (30-33) 75-83 (50) | 75-83 (50)
Cleveland
P.10 9982 65.5 (46.2)

[The range given is the highest and lowest for each area
and the grades achieved (% Sn) are given in brackets].
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4.2 Discussion

4.2.1 Recovery Predictions

The calculations made to determine the mass balances for each
flowsheet were largely based on data obtained in the laboratory.
Assumptions have been made in two areas (sulphide cleaner
flotation and flotation concentrate upgrading) and these are
based on current data from operating mines.

The actual recoveries and grades produced for each core from each
flowsheet are summarised in Table 4.4, and the high and low
recoveries and grades from each area are given in Table 4.5
(opposite).

The major tin Tosses are equally spread between the sulphide
flotation reject and the cassiterite flotation tail (with

smaller Tosses in the slimes). Additional work is required to
determine if these losses may be further reduced. It is felt,
however, that the cassiterite flotation tail is most Tlikely to

be reduced (if a 0.1% Sn tail could be achieved the overall
recovery increases by approximately 7-9% .(Queen Hill Lower),

3% (Severn) and 3-6% (Montana).

Consequently the confidence range that is placed on the recoveries
for each core are in the range of -5% +10%.

4.2.2< Flowsheet Comparisons

Flowsheet A - Composite grade/recovery curves for each area (the
arithmetic averages of relevant cores) for this flowsheet are summarised
in Figure 7 (opposite). As has been stated previously there are
subétantia] differences in the gravity responses of each area. This

is clearly shown by the differences in recovery at 50% Sn concentrate

grade.

Compared with the corresponding data from Cleveland (results for
Period 10, 1982) Severn material is the most amenable to conventional
processing with reasonable recovery to a lower overall grade. (This
is due to the greater emphasis on gravity at Cleveland and shows

that the higher the production by flotation the lower the overall
grade of concentrate. Queen Hill Lower and Montana material types

are less amenable to this type of flowsheet ( because of their finer
cassiterite grain size they are more dependent on flotation).
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Flowsheets B and C - Composite grade/recovery curves for each area are

summariised in Figure 9 (opposite). The final recoveries in each case are
greater for Flowsheet B than Flowsheet C. This is contrary to what was
expected. The reason for this is that some tin Tosses occur following
each unit process (e.g. fine grinding - slimes, flotation - tails,
fuming - slag). The gravity circuit, however, incurs no real loss as
two products are taken - concentrate and tailings. A1l the tails are
reground but regrinding slimes losses are minimised because the majority
of the Tiberated cassiterite has been removed. In addition recovery
losses in the other processes are also reduced because of the reduced
amounts of tin being processed. Thus Flowsheet B has lower overall tin
losses than Flowsheet C.

This effect is largest for the Severn material (which is the most gravity
responsive) --the difference is approximately 3% to the same grade to
concentrate. The effect is less marked in the Queen Hill Lower and
Montana area because of their poorer gravity response.

Another factor arises from the inclusion of a gravity circuit, and this
is the reduction of the flotation preconcentrate weight to be upgraded
by fuming. Table 4.6 (obtained from the relevant mass balances -
Tables 4.2 and 4.3) summarises the differences in the weights of
preconcentrate between the two flowsheets. Fuming is a relatively
expensive unit process and the overall operating costs of any flowsheet
incorporating it must be sensitive to the total weight processed.
Consequently the overall operating costs of Flowsheet B are potentia]]&
lower than those for Flowsheet C. This could be a significant factor
in final process selection.

4.2.3 Benefit of Matte Fuming

Examination of the range of recoveries achieved for each flowsheet
(Table 4.5) shows the recovery benefit of the flowsheets incorporating
Matte Fuming to be approximately 10% greater than the conventional
flowsheet. This is lower than was first expected but could increase if
the tin losses in flotation can be reduced. However, a very important
benefit of fuming is the production of a high grade (50% Sn+) product.
This is much more saleable at higher revenues than conventionally
upgraded flotation products.
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5. CONCLUSIONS

Laboratory test results indicate the three geological areas
tested (Queen Hill Lower, Severn and Montana) have significantly
different metallurgical responses. These differences are due
mainly to the different mineralogical characteristics of each
area.

Queen Hill Lower and Severn areas show amenability to preconcentration
by heavy media separation (H.M.S.), while Montana does not. At this
time it is not possible to determine the top size at which H.M.S.
could be carried out, or the maximum overall weight rejection.

(This increases with increasing top size). The minimum overall

weight rejection indicated is approximately 20% for a metal loss

of Tess than 5%.

- A finer primary grind is indicated (probably -210 microns) although
testwork to prove this has not yet been performed.

At a primary grind of 300 microns recoveries from conventional
complex tin ore milling circuits indicate that only Severn could
be economically*viable.

* Recoveries from circuits incorporating Matte Fuming indicate that
each area could be economically viable. Matte Fuming significantly
increases both the grade of concentrate produced and the overall
recovery. (This increases the revenue as all products are 50% Sn+t).

* The process flowsheet indicated is that of an integrated circuit
(2 concept utilising the best features of each unit process) -
sulphide flotation, gravity, cassiterite flotation and upgrading
by matte fuming. This system has slightly higher recoveries
(and potentially lower operating costs) than the less integrated,
and more stressed flowsheet (with greater emphasis on one unit
process) - sulphide flotation, cassiterite flotation and upgrading
by matte fuming.

*[It is beyond the scope of this current work to define and calculate
the actual economics of the flowsheets proposed. The economic
comments at this stage therefore are intuitive rather than absolute].
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. 6. RECOMMENDATIONS

6.1

Further Testwork

The scope of this work was the determination of the metallurgical

performance of each of the Zeehan mineralised areas (5, 6) on the

basis of the results obtained and on the relative volumes of each

mineralised area (Table 1.1) further investigations are required .

into:-

a) Sulphide regrinding and cleaning

b) Determination of flotation Timit tajling grades

c) Release analysis at finer primary grinds

d) Flowsheet optimisation on a composite of drill cores

6.1.1 Severn

These cores have the best overall metallurgy and the area has

the Targest inferred reserve. Allowing for the above, sufficient
testwork will have been performed on Cores G65, 72 and 74.
However, lower recoveries were obtained for Core G81 which is the
deepest (~450 metres from collar) of all the samples tested.
Deeper ores at current operating tin mines (for example, Ardlethan
Cleveland and Renison) have poorer metallurgical performances

due to finer and less well-formed cassiterite, and more complex
mineral associations. This is evident in G81. Consequently more
samples are required to assess the overall metallurgy of the
Severn area - at depth and over its full extent.

6.1.2 Queen Hi1l Lower
These cores have more complex metallurgy and lower recoveries

than the other areas. However, the extent and indicated reserves
are now well defined by drilling. Further testwork (as outlined
above) is required on the existing cores, and ore characterisation
is required on other cores in the area.

6.1.3 Montana

These cores have relatively simple metallurgy. The cassiterite
grain size is fine but the crystals are well formed. A small
high grade area is inferred from drilling, so the further work
required is of low priority.
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6.2 Current Aberfoyle Strategy

This is to develop the Zeehan Deposits through Queen Hill Upper and
the Lower - to generate a cash flow in the development of the major
portion of the mineralisation. The metallurgical performance of
these areas is thus critical to the success of the strategy, and
the major requirement is the design of a processing plant to
determine project economics.

Previous metallurgical testwork on Queen Hil11 Upper samples have
indicated very poor recoveries to conventional products (1, 2),
This testwork was undertaken before the new Aberfoyle concept of
Tow grade preconcentration by flotation with concentrate upgrading
by Matte Fuming had been developed.

Matte Fuming is a proven process for upgrading Queen Hill Upper<
material (an 85% recovery to a 30% Sn concentrate was achieved
from a head grade of 0.70% Sn during the Matte Fuming pilot plant
trials) - however at present this is not economic at the low head
grades tested. Preconcentration by flotation is the only method
possible to achieve an economic feed grade to Matte Fuming.

Consequently if the current Aberfoyle development strategy is
to be achieved the following test programme will be required.

6.2.1 Queen Hill Lower
On current samples, investigations will include:-

a) Sulphide regrinding and cleaning

b) Determination of flotation 1imit tailing grade
c) Release analysis at finer primary grinds

d) Alternative cassiterite flotation systems

Ore characterisation is also required on further drill cores
(G26, 51 and 61).

6.2.2 Queen Hill Upper

On a bulk representative sample, investigations at fine
grind sizes (-53 microns) will include:-

a) Liberation analysis
b) Sulphide flotation
c) Cassiterite flotation
d) Flowsheet optimisation

6.2.3 Severn
Further work (discussed in 6.1.1) will have a much lower
priority until the completion of the Queen Hill Upper and

Lower test programmes.
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TABLE 1.1: INFERRED TONNAGES OF ZEEHAN MINERALISED AREAS
Area Humber of Inferred Tonnage (x]O6 tonnes)
Drill Holes (2 Sn @ 0.1% Sn cut-off)
Queen Hill 55 1.8 (0.8)
Severn 19 5.0 (0.6)
Montana 12 0.5 (1.5)
TOTAL 89* 7.3 (0.7)

TABLE 2.1:

*(The remaining holes have been drilled in the Golf course area)

SUMMARY OF-

CMS TESTWORK ON ZEEHAN DIAMOND DRILL CORES

MINERALISED
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D.D. CORE NO,

LENGTH OF CORE TESTED
METRES FROM COLLAR)
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Release analysis (superpanning)
Oxide flotation (-106 pm)
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TABLE 3.1: WHOLE ROCK AND ELEMENTAL ASSAYS (AMDEL)

(Assays as percentages

Element/ ¢ pound 649  c62 G65 G672 Gl G818 G667 G667
L.6, H.G. G, 1.6,

Sn 0.51 0.73 0.52 0.50 0.3 1.44 1.25 0,07 3.25

S 15.9 18.6 10.3 7.40 6.50 12.8 20.0 1.82 22.4

Co, 4740 4.1  4.00 2.70 3.55 1.60 8.40 25.3 12.1

Total Fe (as Fe,0,)| 16.0 18.1 17.6 17.7 30.7 29.6 30.0 40.7 49.3

si0, 41.8 33.8 39.0 41.6 39.9 41.6 21.6 21.2 14.7

A1,0, 4.0 4.14 5.29 5.82 10.5 10.5 3.16 0.83 1.93

Mnd 0.35 0.27 0.20 0.13 0.7 0.07 0.50 4.58 1.24

Mg0 NJA N/A N/JA NJA 5.00 2.98  5.98 3.96 1.40

Ca0 NJA N/A N/A N/A 0.70  0.47 1.55 Q.74  0.45

K,0 NJA N/A N/A N/A 1.09 0.13  0.25 0,16 0.15

Ti0, 0.43 0.71 0.84 1.00 1.64 1.47 0.06 0.04 0.03

F 0.78 0.40 0.22 0.48 N/A NA NA  NA  N/A

P ‘WA WA N/ N/A 0.27 0,33 0.035 0.09 0.07

n 1.30 0.05 0.01 0.00 N/A  N/A N/A N/A N/A

Loss on ignition NJA N/A N/A O N/A(9.40) (7.80) (20.9) (9.40) (25.6)

TOTAL 85.27 85.50 77.98 77.34 100.25 103.44 91.65 99.43 106.95

Trace Elements (Assays in ppm)

Cu 820 310 480 550  N/A N/A N/A N/A N/A

Co 15 20 30 30

N 45 70 85 65

Bi 70 30 20 70

Ag 43 9 3 5

Mo 5 3 3 3

NO, 10 20 <10 40

Ta €10 <10 <10 <10

Nb 32 55 26 28

Sb 90 34 8 6

In NDON/D N/D N/D

Ge 2 3 N/D 2 v v v v v

Pd €0.05 0.10 =0,05 0.1 N/A  <0.05 <0.005 N/A <0,005

Pt k0.05 <0.05 <0.05 <0.05 N/A <0.05 <0.05 H/A <0.05

Au 01 <01 <01 <01 NA <01 <01 NA <01

28.



TAELE 3.2: TIK ARD SULPHUR HEAD ASSAYS
D.D. Core % Sn %S
G49 0.41 (0.49) 15.9
G62 0.62 (0.77) 18.6
G65 0.52 (0.48) 10.3
G72 0.50 (0.48) 7.4
G74 0.57 (0.56) 7.8
G81 L.G 0.34 (0.38) 6.5
G81 H.G 1.44  (1.10) 12.8
G78 1.25  (1.15) 20.0
G67 L.G. 0.067 (0.066) 1.82
G67 H.G. 3.25  (3.34) 22.4
TABLE 3.3: GENERAL MINERALOGICAL SUMHARY
CASSITERITE CASSITERITE
GRARIN SIZE ASSOCIATIORS SULPHIDES GARRSUE
- () _
Queen Hill 2-30 Quartz Pyrite Quartz
Lower Sericite Pyrrhotite Carbonate
Carbonate Sphalerite Chlorite
Chlorite traces - Galena accessory-Sericite
Arsenopyrite trace - Talc
Chalcopyrite
Stannite
Severn 3-320 Quartz Pyrite Quartz/clays
Chlorite Pyrrhotite Chlorite
Carbonate traces - Sphelerite | accessory-Talc
Chalcopyrite Sericite, Carbonate
Leucoxene - Rutile
Montana 2-40 Carbonate Pyrite Carbonate
Sellaite Pyrrhotite Sellaite
traces - Stennite accessory - Quartz
Sphalerite thlorite
Chelcopyrite

hccessory: ~1 - 104

Trece: ~ <1%

29.
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TABLE 3.4: WEIGHT AND TIN DISTRIBUTION IN THE LEACH RESIDUES
Size .Sn Cum % Size Sn Cum %
(Microns) % Wt % 3n Dist, Finer {Microns) % Wt % Sn Dist. Finer
g43 662
+420 13.8 3.9 5.2 94.8 +420 9.3 5.76 4.2 95.8
+210 8.1 6.8 5.3 89.5 +210 5.8 10.2 4.6 91.2
+105 7.5 10.8 7.5 82.0 +105 7.2 15.9 8.9 82.3
+53 10.9 12.0 12.7 69.3 +53 | 11.2 17.5 15.2 67.1
+22 9.6 18.6 17.3 52.0 22 | 1007 17.3 14.3 52.8
+17 3.8 27.7 10.2 41.8 +17 4.5 35.4 12.4 40.4
+12 7.8 1901 14.4 27.4 +12 9.2 21.6 15.4 25.0
+8 6.8 16.6 10.9 16.5 +8 9.3 14.8 10.7 14.3
+5 4.3 13.6 5.7 10.8 +5 6.1 10.3 4.8 9.5
-5 27.4 4.1 10.8 = -5 | 26,7 4.57 9.5 y
TOTAL | 100.0 | (10.3) | 100.0 100.0 | (12.9) | 100.0
a6s &2
+420 2.1 37.6 6.6 93.4 +420 1.9 25.6 3.6 96.4
210 2.3 43.6 8.4 85.0 +210 1.8 45.6 6.2 90.2
+105 4.5 47.6 18.0 67.0 +105 3.4 62.3 15.8 74.4
+53 7.0 43.6 25.7 41.3 +53 71 60.3 32.3 42.1
+22 5.0 46.0 19.3 22.0 +22 4.9 56.1 20.5 21.6
+17 2.4 22.5 4.6 17.4 ¥17)
+12 5.7 1006 5.1 12.3 +12) 5.2 24.0 3.3 12.3
+8 7.8 5.37 3.6 8.7 +8 4.4 8.4 2.8 9.5
+5 7.5 3.46 2.2 6.5 +5 1.8 4.37 0.6 8.9
-5 55.7 1.38 6.5 - 5 | 69.5 1.72 8.9 i
TOTAL [ 100.0 | (11.9) | 100.0 100.0 (13.4) | 100.0
681 L.G. 678
+420 1.0 74.8 6.6 93.4 +20 | 1.5 7.32 7.9 92.1
+210 1.4 72.0 8.5 84.9 210 9.2 7.42 6.4 85.7
+105 2.2 80.4 14.8 70.1 £105 | 1.7 8.04 8.8 76.9
+53 2.4 75.7 14.9 55.2 53 | 17,3 8.82 14.3 62.6
+38 3.1 63.1 16.3 38.9 +38 6.2 10.1 5.9 56.7
+22 15 35.3 4.5 34.4 w20 | 14.2 18.5 24.6 32.1
+17) +10 | 135 10.8 13.6 18.5
+12) 4.3 26.1 95 24.9 210 | 16.4 12.0 18.5 &
+8 8.2 1.6 7.9 17.0
+5 13.1 3.0 3.3 13.7
-5 62.8 2.6 13.7 .
TOTAL [ 100.0 | (11.9) | 100.0 100.0 | (10.70)| 100.0
—l
CLEVELAND - HALLS QUEEN HILL upper (3)
+420 6.0 1.74 1.8 98.2 +150 4.4 74.1 4.9 95.1
+210 10.7 4.84 9.0 89.2 +75 1.8 74.1 2.0 93.1
+105 22.2 6.00 23.2 66.0 +53 2.2 71.8 2.4 90.7
+53 33.5 5.85 34.1 31.9 +37 2.2 741 2.5 88.2
+38 23.8 5.80 24.0 7.9 +30 5.4 741 6.0 82.2
-38 3.8 | 12.00 7.9 = +20 | 10.8 741 12.1 70.1
+10 .| 445 | 65.15 43.6 26.5
-0 | 287 | 61.18 26.5 "
TOTAL | 100.0 | (5.75) | 100.0 100.0 (66.3) | 100.0




TABLE 3.5: D50 FROM THE NATURAL GRAIN SIZE ANALYSIS

Area Sample Dgg (pm)
Queen H111 Upper (3) 14
Queen Hi11 Lower G49 21
G662 21
"Montana 678 3
Severn G81 L.G. 44
G72 65
G65 69
Cleveland Halls 74
TABLE 3.6: % WT, % Sn AND Sn DISTRIBUTION OF 2.96
FLOAT FRACTIONS (+850 MICRONS OVERALL)
Area Core % Wt % Sn Sn
Dist.
Queen HiN G49 23.1 0.08 4.7
lower G62 20.1 0.10 3.0
G65 27.8 0.10 5.5
S G72 21.5 0.12 3.5
evern 674 28.0 0.05 2.3
G81L.G | 16.7 0.05 2.1
Montana G78 5.8 0.22 1.0
Cleveland Halls [31.9 0.14 7.0
TABLE 3.7: PRECONCENTRATION AT S.G. 2.96 (CORESG49, 62, 65, 72, Zﬂl

Core No. Wt (g)
G49 8662
G62 8068
G65 7120
G72 7228
G74 4336
Cleveland

S.M.F.

Product % Wt % Sn Sn Dist.

(5.G6.)

2.96F 41.4 0.078 7.8
2.96S 58.6 0.65 92.2
2.96F 30.9 0.056 2.7
2.96S 69.1 0.89 97.3
2.96F 39.6 0.06 4.8
2.96S 60.4 0.78 95.2
2.96F 33.0 0.07 4.2
2.96S 67.0 0.79 95.8
2.96F 48.0 0.046 3.5
2.96S 52.0 1.07 96.5
2.96F 48.5 0.13 10.0
2.96S 51.5 1.10 90.0

R T
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TABLE 3.9:  CUMULATIVE SUPERPANNING GRADE/RECOVERY RESULTS

Sn Sn Dist. %Sn Sn Dist isSn
PRODUCT B Snbist.| e *
649 662 665
(8] 31.6 31.9 39.4 43.2 46.8
G +C 19.9 40.6 23.6 59.9 23.2
Cy +Cy +C3 12.9 45.1 13.4 65.8 11.1
Tails 0.64 37.6 0.45 22.4 0.23
Slimes 0.67 17.3 0.86 11.8 0.35
G672 G74 G81 L.G.
o 40.8 51.5 56.9 58.3 25.3
(1 +C 24.8 63.6 31.9 74.6 9.4
€l +Cp + C3 12.0 67.8 18.1 78.7 2.7
Tails 0.27 17.9 0.26 11.5 0.08
Stimes 0.56 14.3 0.56 9.8 0.20
G81 H.G G78
Cy 57.6 35.5 52.7 25.2
€ +C 37.8 45.5 33.5 31.3
Cp +C; + C3 5.5 60.5 17.4 40.8
Tails 0.24 8.6 1.15 42.3
Slimes 0.84 15.8 1.14 16.9
—
G67 H.G
1 42.5 24.4
1 +GC 31.9 37.2
Cp +C + (3 18.8 52.6
Cl + C2 + C3 + C4 8.0 77.3
Tails 0.80 4.8
Slimes 2.86 17.9
TABLE 3.10 SUPERPANNING STAGE RECOVERIES AT 50% Sn GRADE

Area Core Stage
Recovery
Queen Hill G49 17.5
Lower G62 28.7
Severn G65 65.0
G72 35.6
G74 69.5
G81 H.G. 40.6
Montana G78 25.6
G67H.G. 18.0
Cleveland Standard Mill Feed 70.4
(P.11, 1981)




CASSITERITC FLOTATION SUMMARY (AFTER DESLIMING)

TABLE 3.11:

649 662 | 665
RDBUGH @it %Sn Sn Dist| IWt  %Sn  Sn Dist ¥Wt  %Sn  Sn Dist
; 20 1.0 1.3
SlhaleeR T ot e 78 P 390 26 | o8 20070 97
oride con% gg %3238 g'z 3.0 18.40 23.9 | 1.9 14.60. 16.2
) . . ' . 4.4

3 0.7 11.40 5.1 1.1 1.40 232 H) }g;g 4.4

4 4.5 8.92 25.3 | B.5 6.4 i . . 2

5 20.6 3.26 42.6 | 10.8 1.30 6.0 [12.8 3132 1.8
Tail 67.9 0.30 12.8 | 62.0 0.30 8.0 [79.9 . .

.0
TOTAL 100.0  (1.59) 100.0 [100.0 (2.33) 100.0 }00.0 (1.65) 100
672 674 681 L.G.

' 2.3 0.58 3.0
Sulphide Con 4.6 0.35 1.2 Overall Results N/A N eSS
Oxide Con 1 1.7 . 15.50 19.6 s8., 4.70 623

2 1.1 14.50 12. 8.0 0.9 17.5

: LA 1 e 7.0 034 2.2

; 0.06 9.7
Tail 83.2 015 9.5 70.9

) 0.44) 100.0
TOTAL 100.0  (1.31) 100.0 100.0  (0.44)
68) H.G. 678 667 H.G.
0 | 7.6 7.85 10.9
R Con i nn Al 12? 1]2233 12).0 25.6  13.40 62.6
Onice con]z 121(1) 1228 7;} 2.8 13.00 17.3 |21.5 3.45 13.6
' . . . ' 13.9 |19.5 2.50 8.9
3 4.2 1.6 3.1 4.3  6.80 6.9
26.0 | 2.5 1.70 )
4 8.7 0.92 3.7 |22.2 2.45 0.8
Tail 65.2 028 7.8 |66.5 1.00 31.8 |23.3 0.74
.47) 100.0
TOTAL 100.0 . (2.17) 100.0 [100.0 (2.09) 100.0 )00.0  (5.47)
TABLE 3.12:  WEIGHT, ASSAYS AND DISTRIBUTIONS OF SAMPLES
GROUND -106 MICRONS (AFTER DESLIMING)
PRODUCT
CORE (+/- 5 microns) THT %SN SN DIST Dﬁg%ég‘léNG
+ 52.3 1.59 84.1
649 - 47.7 0.33 15.9
TOTAL 100.0 (0.99) 100.0
i 56.6 2.33 91.6
. 43.4 0.28 8.4
662  |—
: TOTAL 100.0 (1.44) 100.0 Cyclosizer
+ 58.0 1.65 89.4
- 42.0 0.27 10.6
G65
TOTAL 100.0 (1.07) 100.0
& 64.2 1.31 92 .1
G672 . 35.8 0.20 7.9
TOTAL 100.0 (0.97) 100.0 J
+ 67.7 2.17 86.4 1
. 32.3 0.72 13.6
G81HG
TOTAL 100.0 (1.70) 100.0
G78 t 76.8 2.09 89.2
= 23.2 0.84 10.8 Decantation
TOTAL 100.0 (1.80) 100.0
G67 HG + 74 .9 5.47 87.2
- 25.1 2.40 12.8
TOTAL 100.0 4.70 100.0




TABLE 4.1:

MASS BALANCES - FLOWSHEET A

% Sn
[% Distribution]

* [Taken as 0.3 x the feed grade)

FLOH?HEET A QUEEN HILL LOWER SEVERN MONTANA
| {(as given 1n Figure 4) G49 G62 G65 G72 G74 © G81 G78 G67H.G.
Comb., '
FEED (100.0) (100.0) [(100.0) (10n.,0) (100.0) (100,
0.41 0.63 | 0.49 ( 0.55) ( 0.58) ( 8 82) (]g?ég) {1g?ég)
v [100.0] [100.0] | [100.0] [100.0] ([100.0] [100.0] [[100.0] [100.0]
HEAVY MEDIA »| (41.4)  (30.9 39.6 33.0 ;
FLOAT REJECT 0.078 0.056) (0.06) (0.07) (3.80405)
! (7.8 (2.7]| (4.8] [4.2] [3.5]
SINK (58.6)  (69.1) | (60.4) (67.0) (52.0)
' 0.65 0.89 0.78 0.79 1.07
v [92.2] [97.3]| [95.2) [95.8] [96.5]
FINAL —_—————» | (27.3) (29.3)| (V7.8 15.0 12,3 31.7
SULPHIDE REJECT 0.25 0.36) 0.27) (o.zs) (0.37) (0152) (0738) (?362)
l’ [16.6] [16.6]| (9.73 [7.11  [7.9] [20.1]| ([9.01 [27.4]
SINK (31.3)  (39.8) | (42.6) (52.0) (39.7) (68,3) | (63.0) (46.3)
0.99 1.27 0.98 0.94 1.29 0.96 1.81 5.10
’ (75.6] [80.7]| (85.5] [88.7) ([e8.6] [79.91| (91.0] [72.6]
Y
GRAVITY »| (0.11) (0.28) | (0.54) (0.35) (0.71) (0.61) | (0.58) (0.85)
CONCENTRATE 50 50 50 50 50 50 50 50
(13.2] [22.6]| [55.6] ([31.8] ([61.6] [37.0]| [23.3] [13.1]
\
TAIL (31.19) (39.52) | (42.06) (51.65) (38.99) (67.69) | (62.42) (45. 45)
| 0.82 0.93 0.35 0.61 0.40 0.52 1.36 4.25
) (62.4] [58.1)| [29.91 ([57.2] [27.0] ([42.9]| [67.7) [59.5)
SLIMES (13.98) (17.15) | (17.66) (18.5)  (15.17) (26.34) | (14.48) (11.41)
0.27 0.18 0.1 0.13 0.12%  0.16%| 0.63 2.17
l, [9.3) (8.4] | [3.9] [4.4) ([3.2) [5.a] |[0.7)  [7.6]
CASSITERITE (17.25)  (22.37) | (24.40) (33.15) (23.82) (41.35) | (47.94) (34.04)
FLOT. FEED 1.26 1.40 0.52 0.88 0.58 0.75 1.49 4,96
| [53.1]  [49.7) | (26.0] [52.8] [23.8] [37.8] [57.0] [51.9]
v
3.52) 5.23)| (1.86) (4 99) (2.01)  (5.12) | (12.14)  (15.51)
FLUTATION R B ) G et oo
(43,01 [41.5]| [19.1] [45 2] [g.2] [31.2] |[48.4] [47.7]
(13.73)  (17.14)| (22.54) (28.16) (21.71) (36.23) (35.80) (18.53)
FLOTATION 0.30 0.30 0.15  0.15 0.15 0.15 0.30 0.74
TAIL [10.1] [8.2] (6.9] [7.6] ([5.6] [6.6] | [8.6] [4.2]
UPGRADED (0.59)  (0.87) (0.31) (0.83) (0.35) (0.85) | (2.02) (4.91)
FLOTATION 25,0 25.0 25.0  25.0 25.0 25.0 25.0 30.0
CONCENTRATE (35.8] [34.6] [5.9] [37.7] [15.2) [26.0]| (40.3) [45.5]
30,60 ) 41.75) (50.82) (38.64) (66.84) (60.40) (39.53)
COMBINED ( 0,36) ‘3?385’ ( 0.16) ( 0.19) 0.18 0.2 0.57 1.49
TALL [26.6) [25.5)| [14.0] [19.5] [M.8] [16.9)| [27.4] [14.0]
(0.70)  (1.15) (0.85) (1.18) (1.06) (1.46) | (2.6)  (5.76)
COMBINED 28.7 31.3 41,2 32.2 42,0 35.4 30.6 33,1
CONCENTRATE [49.0) [57.2] [71.5] [69.2) ([76.8] [63.01| [63.6] 5a.iza
Leqend: (% Veight)

35.
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TABLE 4,2: MASS BALANCE -FLOWSHEET B
[ FLOWSHECT B QUEEN HILL LOWER ] SEVERN MONTARA
(as given in Figure 5) G49 662 G65 G72 G74 G81 678 G667 H.G|
Comb.
FEED (100.0)  (100.0) | (100.0) (100.0) (100.0 00.0
| 041" 0.63 | 0.49  o. 5) (o.ss) “o.éeJ “??ég) o
5 (100.0] [100.0] | [100.0] [100.0] [100.0] [100.0]| [100.0] [100.0]
HEAVY MEDIA (41.4)  (30.9) | (39.6 :
FLOAT REJECT 0.078 é.oss) (o.os) (8?09) 54342)
(7.8] [2.7]| (4.8] [4.2] [3.5]
SINK (58.6) ~ (69.1) [ (60.4) (67.0) (52.0)
l 0.65 0.89 0.78 0.79 1.07
y (92.2] [92.3]| [95.2] [95.8] [96.5]
ROUGHER (Ro) (34.2)  (36.6) | (22.2) (18.8 15.3 44.8 46,2
SULPHIDES 0.37 0.56 0.41 (0.40) (0.54) (o 85) (0 44) (5372)
[30.5] [32.4]| [19.3] [13.6] (14.4] [46.5]| [16.1] [29.0]
SINK (24.4)  (32.5) | (38.2) (48.2) (36.7) (56.2)| (53.8) (4. 3)
‘ 1.04 1.25 0.97 0.94 1.30 0.79 1.95 4,98
J (61.7] [64.8] | [75.9] [82.2] ([82.1] ([53.51| [83.9] [71.0]
GRAVITY ——— ) (0. 09) (0.23 0.48 0.32 0.66 0.4 0.54 .
CONCENTRATE 50) ( 50) ( 50) ( 50) ( 50) ( 50') (0 38)
J' (10, 8] (18.1] | [49.4) [29.2] (57.1] [24.8)| [21.5] [12.8]
—TAIL (24.31)  (32.27)[(37.72) (47.88) (36.04) (54.79) | (53.26) (45.47)
’ 0.86 0.91 0.34 0.6 0.40 0.43 1.46 4.16
v (50.9] [46.7) | [26.5] [53.0] [25.0] [28.7]| [62.4] [58.2)]
SCAVENGER (Sc) (2.43)  (4.49) | (1.96) (3.21) (2.14) (1.57)| (1.30) (3.46)
SULPHIDES 0.69.  1.03 0.46 0.32 0.39 0.62 1.15 (5 97
—-—¢' (4.1] (7.3] {1.9] [1.9] [1.4] (r.2] [1.2] [6.4]
~SINK (21.88) (27.78) |(35.76) (44.67). (33.90) (53.22) |(51.96) (42.01
0.88 0.89 0.34 0.63 0.40 0.42 1.47 4.0
’ [46.8] [39.4] | [24.6]) [51.1] ([23.6] [27.5]| [61.2] [51.8)]
A
FLOTATION (1.38)  (1.69) | (0.70) (2.18) (0.86) (1.46) | (6.27) (14.79)
CONCENTRATE 10 10 10 10 10 10 10 10
(31.8) [26.9) | [14.0] [39.5] [15.0]1 [17.9]| [50.2] [45.6]
Y
FLOTATION (20.50) (26.09) [(35.06) (42.49) (33.04) (51.76) |(45.69) (27.22)
TAIL 0.30 0.30 0.15 0.15 0.15 0.15 0.30 0.74
[16.0] [12.5) | [10.6] [11.6] [8.6] [9.6]| [11.0] [6.2]
SULPHIDE CLEANER (36.63) (41.09) [(24.16) (22.01) (17.44) (46.37) | (47.50) (57.16)
FLOT. FEED 0.39 0.61 0.43 0.39 0.52 0.84 0.46 2,01
(Ro & Sc SULPHIDES) [34.6] [39.7) | [21.2] [15.5] (15.8] [47.7]| [17.3] (35.4]
FINAL (31.13) (34.92) [(20.54) (18.71) (14.82) (39.41) [(40.40) (48. 59;
SULPHIDE REJECT 0.19 0.30 0.20 0.19 0.25 0.30 0.27 0.3
(14,77 [16.5] | [10.1]  [6.6] [6.3] [14.5]| ([8.8) [4.5]
M (5.50) (6.17) | (3.62) (3.30) (2.62) (6.97) | (7.10) (8.57)
SULPHIDE 1.5 2.37 1.5 1.5 2.1 3.9 1.5 1.7
CLEANER TAIL (19.9) [23.2] | (11.1)  [8.9]  [9.5) [33.2]| ([8.5] [30.9]
MATTE FUMING FEED (6.88) (7.86) | (4.32) (5.48) (3.48) (8.42) |(13.37) (23.36)
(FLOT.CON. & SULPHIDE 3,08 4.0 2.8, 4.86 4,08  4.97 | 5.49  10.6
CLEANER TAIL) (51.7] [50.1) | [25.1] [48.4] [24.5] [51.1] | [58.7) [76.5]
MATTE FUMING — (0.39) (0.58) | (0.23) (0.49) (0.26) (0.77) | (1.35) (4.58)
CONCENTRATE 50 50 50 50 50 50 50 50
[47.6) [46.1] | [23.1] [44.5) ([22.5]1 [47.0] | [54.0] [70.4]
—_— 0.48 0,81 0.71)  (0.81) (0.92) (1.18) | (1.89) (5.41)
CCOOMNBCIENNETDRATE g ( 50) ( 50) ( 50 50 50 50 50 50
[58.4] [64.2] |[72.5] (73.7] [80.51 (71.8] | [75.5] [83.3]
Legend: (Z Weight)
% Sn

[% Distribution]
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TABLE 4.3: MASS BALANCE - FLOWSHEET C
FLOWSHEET ¢ QUEEN HILL LOWER SEVERN MONTANA
FEED (100.0) (100.0) |(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

0.4 0.63 0.49 0.55 0.58 0.82 1.25 3.25
[100.0~] (100.0] [[100.0] [100.0] {[100.0] (100.0]| [100.0] (100.0]

HEAVY MEDJA — (41.4)  (30.9) | (39.6) (33.0) (48.0)

FLOAT REJECT 0.078 0.056 0.06 0.07 0.046
‘[’ (7.8] [2.7] [4.8] [4.2] [3.5]
SINK (58.6) (69.1) | (60.4) (67.0) (52.0)

0.65 0.89 0.78 0.79 1.07
[92.2] [97.3] | [95.2] [95.8] [96.5]

ROUGHER (Ro) - (34.2)  (36.6) | (22.2) (18.8) (15.3) (44.8
SULPHIDES 0.37  0.56 (0.41) (o.qo) (0.54) (o 85) (8642) (i?ié)
[30.5] [32.4] | [19.3] [13.6] [14.4] [46.5]| [16.1] [29.0]
SINK (24.4)  (32.5) | (38.2) (48.2) (36.7) (55.2)| (53.8) (46.3)
1,04 1.25 | 0.97° 0.94  1.30°  0.79 | 1.95°  4.98
_ (61.71 [64.8) | [75.9] ([82.2] ([82.1] [53.51| [83.9] [71.0)
SCAVENGER (Sc) (2.44)  (4.52) | (1.99) (3.23) (2.18) (1.58)| (1.35) (3.52)
SULPHIDES 0.69° 1.03 | 0.46  0.32° 0.39 0.8 | 1.5 7.8
(4.0 [7.4]1| (1.5 [1.9] [i.57 o[i.6)| D.21 [7.7
—SINK (21.96) (27.98) [(36.21) (44.97) (34.52) (53.62) | (52.45) (42.78)
.07 1.29 | 1.0  0.98  1.35  0.79 | 1.97 4.8
‘L (57.7] [57.4] | [74.4] [80.4] [80.6] ([61.9]| ([82.7] [63.3]
FLOTATION _ (. 74) (2.86) | (3.16) (3.79) (4. 21) (3.48) | (9.03) (18.76)
CONCENTRATE 10 10 10 10 10 10
[42 8] [45.4] | [64.3] [69.1] [72 7] (42.7]| [72.3) (57.8]
FLOTATION (20.22) (25.12) |(33.05) (41.18) (30.31) (50.14) | (43.42) (24.02)
TAIL 0,30 0.30 | 0.15 0.5  0.16 0.5 | 0.3  0.74
[14.9] [12.0] | [10.1] [11.3] [7.9] [9.2]| [10.4]  [5.5)
SULPHIDE CLEANER (36.64) (41.12) |(24.19) (22.03) (17.48) (46.38) | (47.55) (57.22)

FLOT. FEED 0.39 0.61 0.42 0.39 0.53 0.85 0.45 2.08
(Ro & Sc SULPHIDES) [34.5] [39.8] | [20.8] [15.5] [15.9] [48.1]| [17.3] [36.7]

FI#AL > (31.14) (34.95) [(20.56) (18.73) (14.86) (39.42) | (40.42) (48603}

SULPHIDE —_— 0.19 0.3 0.23 0.19 0.25 0.30 0.27 .

LTECTD [14.6] [16.6] [9.7] [6.6] [6.4] [14.4] {8.6] [4.5]

SULPHIDE (5.50) (6.17) (3.63) (3.30) (2.62) °(6.96) (7.13) (8.58)

CLEANER TAIL 1.5 2.37 1.5 1.5 2.1 3.97 1.5 12.0

[19.9] [23.2] | [11.1] [8.9] [9.5] [33.7] (8.7] [32.2]

TE FUMING FEED 7.24 (9.03) | (6.79) {7.09) (6.83) (10.44) | (16.16) (27.34)

ri“F\EOT. CON & SULPHIDE (3.55) 4,78 5.44 6.05 6.98 6.00 6.26 10.7

CL;‘\NER TAIL) [62.70] [68.6] | [75.4] [78.0] [82.2] [76.4]1| (81.0] [90]

—_— 0.47 0.79 (0.68) (0.79) (0.85) (1.15) (1.86) (5.4)

%NEEN?KR%?G ( 50) : 50) 50 50 50 50 50 50
[57.7] (63.1] | [69.4] [71.8] [75.6] [70.3] [74.5] [82.8]_1

Legend: (% Weight)

1 Sn
(% Distribution]



THBLE 4.4: RECOVERIES AlD GRADES FOR FLOWSHEETS A, B & C

Ares Core FLOWSHEET
Ke: A oran B . ot € o
Recovery(Gr:de Recover_y/Grgde Recovery/Gr:de
Queen Hill G49 49 29 58 50 58 40
lower G62 57 31 64 50 63 50
Severn G65 n 41 73 50 69 50
G72 69 32 74 50 72 50
G74 77 42 80 50 76 50
G81 63 35 72 50 70 50
(comb.)
Montana G78 64 30 75 50 75 50
G67 H.G.| 59 33 83 50 83 50

Flowsheet A  Conventional (Complex tin ore milling circuit)

Flowsheet B  Gravity, low grade flotation as preconcentration with
upgrading by Matte Fuming

Flowsheet C Low grade flotation as preconcentration with upgrading
by Matte Fuming

TABLE 4.5: RECOVERIES OBTAINED FOR EACH AREA
FLOWSHEET
AREA A B c
Queen Hill
Lower 48-57 (29-31) 58-64 (50)| 58-63 (50)
Severn 63-76 (32-42) | 72-80 (50)| 69-76 (50)
Montana 59-64 (30-33) 75-83 (50) | 75-83 (50)

g?ﬁge}ggg (6) | 65.5 (46.2)

[The range given is the highest and lowest for each area
and the grades achieved (% Sn) are given in brackets].

TABLE 4.6: RELATIVE PROPORTION OF FEED TO FUMING
(AS % OF NEW FEED)

Core Flowsheet Flowsheet % Increase
(b) (c) (c)/(b)
G49 6.88 7.24 5.2
G62 7.86 9.03 14.5
G65 . 4,32 6.79 57.1
G72 5.48 7.09 29.4
G74 3.48 6.83 96.2
G81 COMB 8.42 10.44 24.0
G78 13.37 16.16 20.9
G78 H.G. 23.36 27.30 16.9

wehi,
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APPENDIX 1

TESTWORK ~ PROCEDURES

Head Analysis

Head and whole rock analyses were performed at AMDEL. 1In addition
2 kilograms of sample were submitted for natural grain size analysis
by acid dissolution.

The sample is first leached with hydrofluoric acid to remove the
silicates, and then with nitric acid to remove the sulphides. The
leach residue is then screened (and cyclonized) and each size fraction
assayed to give a size/assay distribution, and mineralogically examined
to complete the natural cassiterite grain size analysis.

Heavy Liquid Analysis

A sample of the crushed (-3.35 mm) core was subjected to a standard heavy
liquid wash - sized fractions (to 45 microns) were tested in liquid S.G's
of 2.80, 2.96 and 3.31. The distribution of weight and assays at each
liquid S.G. indicates component mineral liberation characteristics.

The higher the weight and the Tower the assay at the lighter S.G's, the
greater the potential of barren waste rejection by heavy media separation
(H.M.S.).

Sulphide Flotation

Sulphide flotation tests were performed on the samples ground in closed
circuit to minus 300 microns. The procedures involve conditioning the
pulp for a standard time with copper sulphate for sulphide activation,
and a combination of Sodjum Ethyl Xanthate (S.E.X.) and Potassium Amy]l
Xanthate (P.A.X.) for sulphide collection. Standard quantities of
frothers (M.I.B.C./A.F.65) are added before timed sulphide concentrates
are floated. Other standard factors are the % Solids and pH of the pulp.

Release Analysis

A sample of the sulphide sink was subjected to a release analysis by
superpanning. This studies the Tiberation characteristics of the sample
and indicates grades and recoveries attainable by gravity separation
techniques.

/Cont'd .

wet i,
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Cassiterite Flotation

Cassiterite flotation tests were performed on the samples ground in
closed circuit to minus 106 microns. The procedures involve a sulphide
scavenging step prior to conditioning the pulp for a standard time with
sulpho-phosphonic acid (S.P.A.) for cassiterite collection and sodium
silica fluoride (S.S.F.) for gangue depression. Standard quantities of
frothers (M.1.B.C./A.F.65) are added before the cassiterite concentrators
are floated. Other standard factors are the % Solids and pH of the pulp.

GENERAL TEST PROCEDURES FOR ZEEHAN DRILL CORES

CORE SANMPLE

v .
i C.C. Crush -3.35 TfiJ
! 1 o » AHALYSIS - HEAD, YHOLE ROCK, GRAIN SIZE

RETAIN €— o
e P [ HEAVY LIQUID AHALYSIS

v -
e . - = = i
| UPGRADE BY HEAVY i
[} i
1 (]
:LIQﬂID (5.G. 2.96) & FLoaT |
: :
L} ' 1
L SINK '
1 1
1 1

C.C. Grind -300 um ]

v

Sulphide Float

]——> SULPHIDE PRODUCT

SINK

Ii_- —» I-FZELEASE ARALYSIS J

lC.C. Grind -106 um l

|
i, /l———
LDESLIP-’.E [

CASSITERITE FLOAT ]———P SULPHIDE SCAVENGER PRODUCT

! [—h OXIDE CCNCENTRATE
v

TAIL

“'h!
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~38410.r
cassitcerite
Teopaz
Zircon
Tourzzline

Scellzaite

Quecn Eill G49 (4.003/S%/6418)

~

10-20
30-40
20-30
5-10
5-10

anhedral equant yellovish brown crystals.
angular fragrents,
znhedral grzins,

jight brown and blue/green elcngated crystals,

A visuzl cstizzte of the constituents is as {ollows:

+i20.o

Cassiterite trzce-] clusters of e-aller dark brovn crystals.

Topaz 99-100 light grey to rwilky vhite clusters of crystals,

-4204210,. =

Cassiterite 5 clusters of scall light trowm crystals.

Topaz 95 anhedral grains vith zbundant inclusions.

Fluorite trace

~210+105.n

*Cassiterite 2-3 separate znhedral to subhedral light brown crystals.

Topaz 90-95 anhedral grzins with abundznt inclusicdns.

Zircon 2-3

Opaques trzce

-105453.

Cassiterite 5 separate anhedral to scvbhedrzl yellovish brown
crystals, with winor clusters of subhedral crystals.

Topaz 20-95 anhedral grains or clusters of grains, rost with
abundant inclusions.

Zircen 2-3 euhedrzl stubby to priscatic crystals.

Scllaite 2-3 angular fragoents.

-53+38.=

Cassiterite 20-30 equant sepzarate yellowish brown crystals, clusters of
szaller crystals, and rinor elongated crystals.

Topaz 60-70 anhedral to subhedral grainc and clusters of grains
with abundant inclusions.

Zircen 5 priscztic crystals.

Fluorize Trace

Teuvrzoiline ITeto brown suthedral crvstals,
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-36420.c k3
Coeeflerite 20-25 clusters of s=all crystals, vith lesser acounts of
Stparste egquant dark yellewish brown crystals.
Tojaz 40-50 anhedral grzins with abundant inclusions.
Zircon 15-20 suthedral to priscatic cehodral crystzls. ’
Sellzite 10-15 anhedral grains. R
=20,z
Cassiterite 10-15 clusters of equzrnt to Priscatic dark yellowish brown
crystals.
Tefaz ~ 75-80 angular frag=ents and znhedral grains with zbundant
inclusions.
Zivion 5-10 anhedral to priszatic subhedral crystals.,
Jour=zline 2-3 light brown znhedrzl grzins.
bz
acern Hill G (4.003/S%/6420)
4 visual estizate of the constituents is 2s follows:
4420z
Cussiterite 30-35 clusters of sc211 €quant and priszatic dark trowvn
crystals, with cinor cozpact anhedral grains.
Topaz 60-70 clusters of szzller crystals.
Scllaite 2-3 anhedral grains. 2
=L204210. i
Cassiicrite 10-15 clusters of small equant and priszatic light orange :
brown crystals in a radiating forn. 1
Topaz 80C-85 :
Zircon 5 slender priszatic crystals
2104105~
Cosciterite 35-40 clusters of s=zall orange brown crystals, usuzlly
slender prismatic crystals in raciating fornm
{see Fig. 1.C).
Tepaz 45-50 anhedral grains with abundant inclusions.
Zitcen 10-15
-105453 =
Cacerrerive £0-70 anhedral to subhelrzl orznge brown crystzls ané clusters

of szzller equzz: te coluznar crystels (sce Fig. 1.D),
soz¢ of which hazve slencer pris=atic crystals protruding
frez the surface.

Zircen 15-20 cuhe€ral priscatic crycials.

iegaz 10-15 anhedral grains vith abundznt inclusions.
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-53+43f.:z

Cassaterite

2ircon
Orzques
Torpez
-3L.c

Cassiterite

Opagques
Tcer=aline
Scllzite

P

60-70
2-3
2-3

trace

Scvern (. (7.003/58/6422)

A visual estimate of the

-420um

Czssiterite
Topaz

Scllaite

Zircon

-4204210:=

Cossiterite

Jcpzz

=210+105v3

Czssitcerite

15-20

_70-80

3-5

trace-1

10

90

90

trace

Clusters of s=zall anhedral to subhedrzl orange brovn

crystzls, with cinor asccunt of coluznar crystals, eith

separate or in groups of 2 or 3 in radiating forc
(sce Fig. 1X).

cuhedral prissatic erystals,
anhedrzl greains.

anhedrzl grains vith zbundant inclusions.

scparate znhedral light orange brown crystzals with
cinor clusters of sza2ller crystals.

euhedral priszatic crystals.

angular frag-ents.

constituents is as follows:

clusters of scall equant and prismatic dark browvn
crystals.

clusters of mediuc to very fine grained crystals,
with minor inclusions of ?cassiterite.

clusters of szall equant to elongated yellewish brown
crystals.

anhedrzl grains with zbvndant inclusions. The
larger inclusions are of cassiterite crystals.

clusters of smell crystals, vwith prismatic crystals
protruding fres surface.

anhcdrzl grezins vith abuncdant inclucions.

44
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Z105453: =

Casciterite

Topaz
Zitcon
Sellaite
Opaéucs
Tourcaline
-53+38.o

Czssiterite

Zircon
Topaz

Opagues

-3Ein

Cassiterite

Zircon
Topaz

Tourcaline

Severn G65 (7.003/SK/6424)

A visual estimate of the

1420um

Cessitcerite

Tcpaz
Zellaite
-4204210. -
— s VuE
Cassiterite

Topaz

Zircen
Sellzire

Fleorite

»e

40-45

30-40

10
5-10

trace

trace
75-80

10
10-15
2-3
40-50

40-45
5-10

trace

35-40

55-60

25-30
65-70

45.

clusters of subhcedral equant to colu=nar brown crystals,
or of sub-cicroscepic crystals. Minor z-cunts of
separate equant crystals.

anhecdral grains with atundant inclusiens.

angular grains.
anhedrzl teo subhedral reddish brovn grains

brown zzhcédral grzins. #

Clusters of scall orange brown crystals, scze of vhich
have slencer Priscztic crysteals protruding frez= the
surface.

evhedral pris=ztice crystals. -
anhedral grzins with zbundant inclusions.

anhtedral grains.

€quant subhedral light brown crystals with lesser
acounts of clusters of smaller crystals.

euhedral priszatic crystals.

anhedral grains with inclusions.

constituents is as follows:

Clusters of szall to mediuxm €ized cquant dark brown
crystals, with sone cozpact znhedral grains.

clusters of very {ine to rediuc grained crystals.

clusters of srall equant dark brown crystals.

anhedral grzins with abundant inclusicns, scce cof
which are epaques.



-2104105.=

Cussiterite

Topaz
Zircon

Sellaite

105453,z

Cassiterite

Tepaz
2ircon
Tourmaline

Scllaite

-38in

Cassiterite

Zircon
Topaz
leurcaline

Sellaite

~|

15
20

trace

Ly
e
|
~
o

45-50
10-15
trace

irace

scparate anhedral to scblicdral cark brown crystals,
2nd clusters of szaller €quant crystals.
anhedral grains with sbundant inclusions.

fractured euhedral crystals.

angular grains.

stparate equant brown crystels, with lesser a-ount
of clusters of scaller €quant crystals and inter-
ETown colu=nar crystals.

anhedrzl grains with zbundant inclusions.
angular grzins with cinor euhedral crystals.

brexn elongated grains.

enhedral to euhedrzl €quant dzark brown crystals, but
cainly equant to elongated clusters of szaller
crystals.

anhedral grains with zbundant inclusions.
fractured euhedral Priscatic crystals.

columnar crystals.

e€quant to elongated clusters of szaller cark brown
crystals vith lesser amounts of equant crystals.

euhedral prismatic cTystals.

anhedral grains with inclusions.
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tig. 1. Varfous thapes of carsiterite.

—
0y _—
S 500

A. Equant anhedral grain

B. Cluster of small crystals.

iy ... |

50unm

/_.//,\\
/’/// \\
N . Q/’/ "
C. Slender prismatic crystals in

radiating forro. 50pm

D. Cluster of columnar crystals.

S50im

L. Colu=mar crvstzls 4n racdiating
ferz.
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1. IXTROZUCTION

senc cenversstioen with Eelen Ercwn on the 1810 Dece
Aberfeyle Services Ptx, Led. reguested tiat a gra
2nalyeis of cassiterite be undertahen on the scmples 10id)ivd 155:
Croup 1A and 15t:  Montana G78. This was conflirced Ly br €0 Mol du
dated Sth Yebreary 1982,

In o tcleg
Ir NLEL Mocuex ef

. ; N
Tieved ar L2

Alter $a anzlysis of = ezz11 riffled Fortion ef cach sz=ple, tlec rezeining
naterizl was leachied first with hydrefluoric acié to remove the ciliccles anc
then with nitric zcid te re=ove the sulphides. Tie lezch residucs vere éry

d g

105 1=,53 ;= zn

1

+m, and the =35 vm sizc fraction
a A
T

wos separated d 10 2 by sedixz ztion. rifried porticn of cach size
iracticen and riion of the unsized lezch residee vas anzlyscd fer Sa by
c

r-1ay fluorescen

zctions ef the two szzples were ox ;¢ in loose grzin ceounte
©il —cunts veing stereo tinocular znd transzitted light cicroscopy.
of Lhe constituents were given and rarticeler attention was given io

2ssiterite in 156 Montznz G78 wus not czsily distinguiched in the
acticns because its pale brown colour was lar to the colour of the
titucrts. Thus a visual estizate of its conten: in these size fractions wa
cach had bteen added to dilute hyérochloric acid in a zinc crucible. The
casciteritce was cistir ]

ished frcz the other constituents Ly its zinc-plating.

tn

3. RESULTS

The results of the leaching and So analycis of the Lead £3zple and unsized
leach residue are as fellows.
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H trace
.".

5-10

Solleit £06-85

Tepaz 5-10

vpegques Lrace

Fleorite trace
7

Czesiterite 5-10

s 70-80

13-20

5-1C

HS YL

50.

Clustcrs of pzle browm couzis ervstals.

Colourless, transivcint clusiers of

Clerters of

Cicurs as pale brown cguznt to
Irregularly shaped clusters of

ted anhedral ervstzl
r cGueEnt crystals er

%
alco present.
Qccurs 2s a minor comjoncnt of cenpesite clusters of
sellzite and toraz.
Occur as very fine inclusiens in svllaite-topzz clusters.
Aanhedral crystals,
.

Eguant, subhedral crystals from 10 to 20 pm in size
occurring as inclusions in topaz. Liberated cassiterite
crystals arc rare, and tlesc consist of light yellowish
Erown clusters of cgquant erryeisls 40 to 60 1w in size.

Tent suvjpirete

Wild &né Togen

with Incduaio:




3 P Trace Vellewicl-groen crastals.

. Lrace Transpcorent fraciored or;

Loa fae trace 2nhecdrz]l crastals,

B

5-10 Usually light s
anhedral crystals. Cozpact
present.

ellew irrcguler lus

40-95 Anheéral colourless cr

2-3 Iransperent

to 13 broewn crystals crowded with =inute
cpague inclusicns. Inclusions of scllzite and (zssiterit
{equant, 3 e € .xz) are z1su present.
Coroaus 1-2 Anhedrsal erysials.

- trace-1 Yellewish

iznt to elongated frogzents.

Circen trace ¥Yractured priszatic crys:als.

/-

Cessiterite 10-15 Usuclly light vellow cquant crystals either scparate or
in clusters of 2 er 3 crystals. The single crystals are
usually fraciured subhedral crystals (see Fig 1.EB) with
seme perfect euvhedral crysials,

75-85 Transparent anliedrz) crystals.
Zir.om 5-10 Subhedral te culicéral priesmatic crystals.
trace Light green columnar crystals.
Reiig trace Anhuedral crastals.,
3-10
Solizite 75-890

-
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FIG01 0 VARIOUS SHAPES (F CASSITERLIE
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1. INTRODUCTION

One sazple of Montana (Zcehan) crushed érill core GEl (Qow grade)
nuzbered 1671 vas received fro- Dr. S.S. Meik of hberfoyle Services Pry.
Lirited on the Eth February 1982. The procecure ves discussed in a
telephcne conversation with Mr. K. Mooney and a‘letter outlirning the
revised procedure ard price foz leaching and Sn grain size analysis
was sent on to hi= on the )8th May, 1962

2. PROCEDURE

A szall riffled portion of the head szzple weas analyse¢ for Sn.
The rcoaining zaterdial was leached first with hydrofluoric acid to
recove the silicates and then with nitric acid to recove the sulphides.
The lezch resicdue vas wet sieved at 420 ym, 210 ¥2, 105 o, 53 pm and
38 1=. The =10 p= size fractien vas decanted znd the -38+10 po size
frzcticn dried and cyclesized.

Due to tke sbundance of sellaite (MgF.) in the sazple, the sazple
vwas sepzrated using cethylene fodide (3.3 sp.gr.). The +53 o osize
fracticns were sersrated statically and the ~-53+13 e size fractions
centrifugally. & riffled portion of the >3.3 Sp.gr. size fractions and
a riffled portion of the unsized leach residue was analysed for Sn by
X-ray fluorescence cethods. Two size iractions were also analysed for
tungsten.

The >3.3 sp.gr. +13 1= size fractions were examined in loose grzin
wounts and/or tezporary oil mounts using stereo binocular and transmitted
light ricroscesy. Particular attentien vas given to the shape of casciterite.
Visual esticates of the constituents were also given. Follewing a request
from Mr. K. Moeney to determine 4f wolframite was prescnt, the >3.3 sp.gr,
—-105+53 ym size fraction was selected and scparated magnetically on a
Frantz isodyna=ic Tagnetic scparztor on a range of currents in order to
concentrate any weclfrasmite present. Thesc magnetic fractions were also
erxazined using stereo binocular and transmitted light microscopy.

3. RESULTS
Tne results of the leaching and sSp analysis cof the head sazple and
unsizecd leach residue are as fcllows:

Sn Assay (%)

el

Initizl We. Residue Wt. Z Resicdue Head szzole Leach Resicdue
(e) (g)
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Tue weight znd tin eictribution in the sfzed leach resfducs appears
in Table 1. 1In addition the =25+19 yo and =194)3 .= #3.3 sp.gr. fractions
were analysed for tungsten. Tre results are, respectively, 1180 and
730 pp=. Wolfre=ite vas rot detected in the Eagnetic separation products
of the 3.3 sp.gr. -105453 ve size fraction., 1In the non-cagnetic fraction

scveral crystais of scheelite were identified under shert-wave ultra-violet
radiation,

Typical shzpes of cassiterite are shewn in Figure 1 znd in Flates 1
and 2.
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56.

4 visuzl estimate of the censtituents in the >3.3 speedfic gravity fraction
is &s follows:

1420 ym

»e

Cassiterite 90-95 Cassiterite occurs zs light to dark brown cluste
' of smaller crystals. ’

The forcs of cassiterite vith estizzted relative
abundance are as follous:

(a) sirngle euhedral or subhedral crystals:
these zre not present

(b) clusters of two to four equant crystals
wvith a slightly,irregular overzll shape,
but with the relatively large individual
crystals possessing scooth surfaces (see
Fig. 1.B end Plate la): approxirately )
5% )

(c) cozpact clusters of szaller crystals
with no precinent protrusicns of
individual crystals (see Fig. 1.C), and
large crystals with za uneven surface:
approxicately €0%

(d) clusters of srmaller crystals with
Individuzl crystals protruding frowm an
irregular surface (see Fig. 1.D). Some
of the clusters have a braaching form:
approximately 35%.

Zircon 3-5 Light brown elongated euhecdral crystals.

Topaz 3-5 Clusters of szall, sub-vitreous, wvhite crystals
* with minor inclusions of euhedral equant
cassiterite inclusions.



~4204210 um

Cassiterite

Topaz

Zircon

85-90

1-2

57.

Cassiterite occurs as yellowish to dark brown
crystals. The forcs of cassiterite with
esticated relative zbundznce are as follows:

(a)

(b)

(c)

(d)

cuhedral egquant crystals usvally with
one uneven face but otherwise very
szooth, reguler faces: approxicately
10X

clusters of two or three equant

euhedral crystzls with an overall
irregular shape due to the intergrovth
of the crystals, but with the surfaces
of the individual crystals being s-ooth:
approxicately 25%

compact clusters of small crystals with
a2n overall slightly irregular surface,
but often with one relatively large

flat or slightly curved surface:
approxirately 25%

clusters of nuserous intergrown crystals
with an irregular surface due to
Frotruding indivigdual crystals:
approxicately 40%.

Single anhedral crystals of clusters of small
crystals.

Light brown euhedral crystals.
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Cassiterite

Zircon

Topaz

85-90

Czssiterite occurs as yellowish to orznge brown

crystals. The forzs of cassiterite with

estizated relative aundance are as follows: .

(2) single equant euhedral crystals with
szooth crystal faces, but alvays
containing cne uneven face: approximately
20%

(b) clusters of two to three equant crystals,
with the overzll surface being slightly
irregular, but the individual crystals
having szooth surfaces: 2pproxicately
15%

(¢) compact clusters of smzller crystals
with a slightly irregular surface:
approxicately 35%

(d) clusters of numerous seall crystals
with an overall irregular surface due
to protruding individual crystals: 30%.

Evhedral elengated crystals.

Clusters of very small crystals.

58.
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Cassiterite

Zircon

Topaz

£20-85

10-15

59.

Caesiterite occurs as light vellowish to orange-
brovn crystals. The forzs of cassiterite vith
estirated relative ztundance are as follows:

(a)

(b)

(o)

(d)

co=pact subhedral crystals with s=ooth
crystal faces znd ucually one uneven face:
arproxizately 20X

clusters cf tvo to five equant crystals.,
The clusters have a2 slightly drregular
overall shape but the indivicuzl crystals
hsve soooth faces: approxicztely 20%
compact clusters of numerous Intergrown
crystals with z slightly drregular

surface but -without-individual crystals,
proinently protruding from it:
approximately 20%

clusters of nucercus intergrown crystals B
with an irregueler surface due to
protruding individual crystals:
appreximately 40%,

Light brown zuhcéral crystals.

Clusters of sczll crystals.
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Cassiterite

Zircon

Sellaite

Topaz

Opaques

70-75

15-20

Trace-1

Trace-1

Cassiterite occurs as light yellowish to orange-

trovn crystals. The forms of cassiterite with

esticated relative sbundance are zs follows:

(a)

(b)

(c)

(d)

single cocpact euhedral or subhedral
crystals with soooth surfaces:
2pproximately 20%

clusters of two to four equant crystals,
with the cluster having an overzll
slightly drregvlar surface:
approximately 20%

cozpact clusters of s=211 intergrcwn
crystals with a slightly irregulzr
surface but no proainently protruding
crystals: approxizately 10%

clusters of nu=erous intergrown eguant
and (to a lesser extent) elongzted
crystals. The clusters have a highly
irregular surface: approximately 50%.

Light brown euhedral crystals.

Anhcedral crystals with cassiterite inclusions:

Anhedral crystals.

Anhedral grains.

60.
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Cessiterite

Sellaite

Zircon

Tourmaline

Topaz

40-45

25-30

15-20

Trace-1

Csssiterite occurs as yellowish to orange brown
crystals. The forms of cassiterite with
ectirated relative zbundance are zs follous:

(a) =sinple evhcdral or subhedral crystals
with s=coth surfaces: approxirately
5%

(b) clusters of less than five equant
crystals: these were not observed

(c) cozpact clusters of intergrown szall
crystals with e slightly drregular
surface but no prozinently protruding
individual ecrystals: approxicately
5%

(d) clusters of m—erous s=all equant
crystals vhich are intricately
intergrown to form a highly irregular
and branching surface with zbundant
protruding crystals (see Plate 1b):
approximately 90%

(e) elongated crystzls occurring as either
a single colurn or in clusters (see
Fig, 1.E): 1less than 1%.

Anhedral crystals.
Euhedral prismatic crystals.
Light green colummar prisos.

Anhedral crystals.

61.
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Cassiterite

Tourmaline

Scllaite

Zircon

Topaz

35-40

20-30

15-20

10-15

63.

Cassiterite occurs as light yellow to light
brewm crystals. The forns of cassiterite with
estizated relative ztundances are as follows:

(2)
(b)

(c)

(d)

(e)

single euhedral or subhedral crystals:
thece were not cbserved

clusters of two or three equant euhedral
crystals with a slightly irregular
surface: approxi=ately 207

cempact clusters of equant crystals with
a slightly drregular surface:
approxisately 207

clusters of scall equant crystals with

2 highly irregular surface: approxi=ately
40%

elongated single crystals. Bunches of
neecdle-1like crystals in radiating form
are present but rzre: approxircately
20%.

Light-green elcngated prisos.

Anhedral crystals,

Light yelleow anhedral crystals.

Anhedral crystals.



A,

C.

E.

FI1G. 1

40 ym

Subhedral crystal with one
uneven surface

L |
50 ym

Compact cluster of equant crystals

with a slightly irregular surface

A

Elongated crystals

VARIOUS SHAPES OF CASSITERITE

- —o
<:;:ii/j::hkx\;;2’::i) \“ﬂ‘::;jjj‘_j?
—
50 pm

B. Clusters of less than five equant
crystzls with an overall slightly
irregular surface

—_
50 m
D.

Cluster .of equant crystals with
highly irregular surface
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REPORT CHS B1/10/47

Hineralogy of Metalluroical Test Froducts

About sixty sa-ples of test products were received, for selective
mineralogical exzmination. They included sized and unsized head samples

(G 43, G 62, G 65, G 72 and 6 7k), and various superpanner concentrates

and tsilings in several size ranges. Twenty-three szmples were actually
selected, as listed in the mineralogical tables, znd comprised the

coarsest size fraction (+2440 p) of each head sawple, a representative
portion of G 74, and 2ll the superpanner concentrates; it was felt that
these would yield sufficient information for the present, bearing in mind
that any or all of the other fractions could be exzmined later if necessary.

Each sample is described in the accompanying tables, and the minerals are
listed semi-guantitatively according to the following convention:

D = Dominant (> 60 %)
H = Major (30-60 %)

m = minor (10-30 %)

a8 = accessory (1-10 %)
tr= trace (< 1 %)

Also, cassiterite composites with > 50 2 (by volume) of cassiterite are
classed as "free' grains as specified by T. Choo {phonecall from Bisbane,
20th November, 1981).

Comments

1. The results of examining the coarse head sample fractions gave a good
idea not only of the compositions of the szmples, but more particularly
of the nature of the tin minerals, and enabled prediction of the behaviour
of the cassiterite; thus, the superpanner results on G 49 and G 74 were
entirely consistent with these findings.

2. It is clear that in the Queen Hill samples (G 49, G 62), stannite is a
significant component, and assays for soluble Sn should be considered.

3. There is a marked difference, in the various superpanner concentrates,
between G 49 and G 74, due to the very significant differences in
cassiterite grainsizes. In a more general way, there are differences in
gangue minerals (and, more broadly, in the host rocks) which also
contribute to this situation, but these are less clearly defined.

66.
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Page 2 CHS 81/10/47

Superpanning seems to have been efficient, and it is very probable

that the bulk of any Sn present in superpanner tailings will be in

the form of light composites with ultrafine cassiterite, and that

the G 49 tailings will contain more cessiterite than the 6 74 tailings.

H.W. Fander, H. Sc.
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REPORT CkS 62/1/9

Fetelluroical Test Semples - Cleveland and Montzns (G 78)

A total of 21 samples was received for mineralogical exzwination; 14 were
from a Cleveland Standard mill feed test programme, 6 were from G 78
Hontana ore, and one was from Cleveland tailings retreatment.

Depending on the type of sample, it was examined in polished section or as-

a grain-mount (or both, in many cases); the results are presented in the
attached tables, using the estsblished semi-quantitative notation and defined,
at the end of the tables. .

Corments

i.

Cleveland Ore

a.

In the sulphide flotation concentrates, Sn losses can be ascribed to the

occurrence. of stannite, and to cassiterite/sulphide composites; no free
cassiterite was detected.

In the oxide flotation concentrates, cassiterite is characterised by
minute gangue inclusions; most of these seem to be carbonate ( a sideritic
variety) and would thus be responsible for weakly magnetic properties.
This characteristic is also seen in the cassiterite in the superpanner
concentrates, and an estimated 10 % of all cessiterite grazins contain

such inclusions.

Superpanner tails contain Sn almost entirely in composite form, as small
(< 50 p) inclusions of cassiterite and stannite. .

2. £78 rontanz~0rer

a.

The sulphide concentrates contain composite Sn minerals, principally
cassiterite 2s minute inclusions in gangue (carbonste); some of the gangue
is composite with sulphides, hence its presence in these products, but

evidently free gangue has also floated and has been responsible for the Sn
losses. b= -

In oxide flotation concentrates, these carbonate grains with minute
cassiterite inclusions are again present, and the main Sn losses into
tailings are in this form.

Cleveland Tailinos Retreatment

As

might be expected, most of the components are iron-stained; however, the

cassiterite appears to be free and clean, and its presence must be due to
mechanical entrainment. The particles are mostly fine-grained and would tend
to form felted masses in a magnetic field, thus hindering the movement of
non-magnetic grains.

H.W. Fander, M. Sc.
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REPORT CHS E2/1/728

Hetalluroical Test Products - Montana and Cleveland

Four satples of gravity preducts from Montana ore, and three sanples of
secondery gravity preducts from & reground Cleveland primary tailing,
were received for mineralogical examination. They were examined as
received, without further preparation except for preparing grain-mounts,
and the results are presented in the attached table; the results are
seni-quantitative only.

Comrments
———c?,

[J. Montana Samples
— o e - -
As might be expected, the concentrates show a trend from free cassiterite
to fine composite cassiterite, and as already described and discussed,

some of the cassiterite is very fine-grained and occurs as minute
inclusions in carbonate.

The major gangue mineral is sideritic carbonste, with a beige to light
biscuit-brown colour in the mass due to incipient oxidation and iron-
staining. Pyrrhotite is the principal sulphide, occurring as much coarser
grains than the other minerals. Cautious magnetic separations may achieve
worthwhile upgrading without losing too much cassiterite in composites.

2. Cleveland Seaples

Clearly, a good deal of cassiterite has been liberzted by regrinding, and
is available for further upgrading; since the bulk of the cassiterite is
free, especially in Con. |, several techniques should be suitable, though
it is suspected that the cloudy cassiterite may be weakly magnetic. In the
tailing, cassiterite occurs only as very fine inclusions in gangue, and
further processing may not be economic.

H.VW. Fander, M. Sc.
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FEPORT €S 82/2/32

G 67, G B} Superpanner Products

A nuzber of superpanner fractions were received, with a request for
mineralogical .examination of twenty selected samples. Ko preparction
was needed other than simple grain-mounting of sawples as received;
these were examined in transmitted and oblique incident 1ight

(stereobinocular microscope). The results are expressed semi-quantitatively
in the attached tzbles. ‘

Comrments

There are considerzble differences between G 67 and G Bl, in terms of
both cassiterite occurrence and gangue mineralogy.

In G 67, cassiterite is very closely associated with siderite, with
composites occurring into the finest sizes; hence, the cassiterite will
go where the siderite goes. For this reason, superpanner tails are very
low grade and various concentrates a1l contain eappreciable Sn values.
Evidently, the bulk of the cassiterite is fine- to very fine-grained, but
despite this it occurs as very well-formed, clezan crystals, contrary to
the usuzal poorly-defined habit of fine cassiterite. The gangue mineralogy
is very simple; virtually the only heavy geangue is siderite.

In G 81, cassiterite evidently has a more or less bimodal size distribution;
the very fine cassiterite is distributed in a nuwber of gangue minerals,
which occur in much wider variety than in G 67; hence, fine cassiterite is
also much more widely distributed, throughout concentrates and tailings,
especially since cassiterite js zssociated with light gangue minerals such
2s quartz, sericite and chlorite. Thus, G 81 can be upgraded to produce

a high-grade concentrate and s high-Sn tailing, where the concentrate
consists of coarse, easily liberated cassiterite, and the tailing contains
fine, poorly-defined cassiterite spread through at least seven different
gangue minerals (quartz, sericite, chlorite, siderite, sellaite,
tourmaline, topaz). o

H.W. Fander, M. Sc.
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APPENDIX TII



QEM*SEM

BULK MODAL ANALYSIS (VOLUME %)

NOTE:

(?7)

*

doubtful

Tess than 0.03% volume

a major proportion in Fe-silicates

MINERAL G49 G74 G78
chalcopyrite 0.07 0.05 0.05
sphalerite 0.76 0.10 0.55
galena 0.11 0.07 -
pyrite 13.5 3.7 13.4
pyrrhotite 0.56 0.53 11.4
arsenopyrite 0.23 - 0.23
cassiterite 0.21 0.12 0.36
stannite 0.05 - -
malayite (?) 0.09 0.03 0.17
quartz 36.5 16.3 27 .1
Al-silicates 2.2 1.9 2.1
serpentine 0.06 0.2 -
(Fe, Mg, Ca, K) silicates | 30.1 59.7 15.5
"Other" silicates 6.5 8.1 2.7
Mg carbonates - = 0.16
talc B - 0.10
Fe oxides 1.2 1.4 7.2
Fe carbonates 6.3 4.7 14.4
dolomite 0.27 0.87 0.84
calcite, fluorite 0.38 0.53 2.0
rutile 0.19 0.47 =
ilmenite, sphene 0.18 1.2 9.04
other 0.54 0.23 1.7
TOTAL (Vol %) 100.00 100.00 100.00

Bulk Density Calc. 3.79 3.74 3.43

81.



Decreasing Volume %

Decreasing Volume %

<

«

G49 ASSOCIATION OF SELECTED MINERALS

MINERAL

Decreasing order
ASSOCIATED MINERALS ~ (2cte ed STCelp.

(Fe, Ca, Mg, K)
- silicates

quartz

pyrite

Fe-carbonates

sphalerite
pyrrhotite

arsenopyrite

cassiterite

chalcopyrite

serpentine, ilmenite, Fe-carbonates

other-silicates, Al-silicates, ga]ena;
Malayite

pyrrhotite, arsenopyrite, Fe-silicates
Malayite, other-silicates

Fe-oxides, Fe-silicates, ilmenite

other-silicates, Fe-oxides/carbonates,
quartz .

pyrite, Fe-silicates, other-silicates,
rutile

pyrite, galena, quartz, pyrrhotite

calcite/fluorite, quartz, Fe-silicates,
Fe-carbonates, stannite

"other" minerals, stannite

G74 ASSOCIATION OF SELECTED MINERALS

82.

MINERAL

Decreasing order
ASSOCIATED MINERALS o e P

(Fe, Ca, Mg, K)
- silicates

quartz
Fe-carbonates
pyrite
pyrrhotite
cassiterite
sphalerite
galena

chalcopyrite

serpentine, other-silicates, Fe-oxides/carbonates
other-silicates, Fe-silicates

Fe-oxide/silicates

pyrrhotite, chalcopyrite, Fe-silicates

pyrite, Fe-silicates

Fe-carbonates, Fe-silicates, other silicates
other-silicates, Fe-silicates

pyrite, other-silicates

pyrrhotite




Decreasing Volume %

<

G78 ASSOCIATION OF SELECTED MINERALS

f Fe-silicates

! Fe-carbonates

Fe-oxides

sphalerite

cassiterite

arseno pyrite

| chalcopyrite

MINERAL ASSOCIATED MINERALS ~Decreasing order,
of importance
quartz other-silijcates, talc, malayite, serpentine,
(Fe, Ca, K) - silicates
pyrite pyrrhotite
pyrrhotite arsenopyrite, pyrite

quartz, serpentine, Fe-carbonates,
Fe-oxides, ilmenite

Fe-oxides
Fe-carbonates
chalcopyrite, Fe-oxides/carbonates

Fe-carbonates, malayite, quartz
Al-silicates, Ca-silicates, calcite/fluorite

pyrrhotite

sphalerite, pyrrhotite, arsenopyrite

83.
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APPENDIX VITI
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A: OVERALL GRADE/RECOYERY CURVES
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665: OVERALL GRADE/RECOVERY CURVES
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631: COMBINED, OVERALL GRADE/RECOVERY CURVES
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667: (HIGH GRADE): OVERALL GRADF/RECOVERY CURVES
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