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1. SUMMARY

A sample of Bidjovagge B-vest ore was submitted to
Geoanalytical laboratory for froth flcoctation tests.

The elemental assays of the sample were: Cu 0.313 %,

Au 26.0 g/t, 8 0.88 % and Te 0.062 %. The predeminant gold
bearing mineral is calaverite AuTe. and only about 15 % of
the total gold occurs as native gofd.

In the flotation tests with regrinding of the rougher
tailing total recovery of gold was 96.0 % and concentrate
grade 132.4 g/t Au. In two stage open cleaning of rougher
concentrate Au grade 1140 g/t was achieved on the recovery
71.1 %. The estimated total recovery of gold in closed
circuit is 88 % at the concentrate grade 800 g/t.

Because the exceptional mineralogy of the sample tellurium
assay of the second cleaner concentrate was at the level
2.0 - 2.5 % and tellurium recovery as good as that of
copper.

Adjustment of pH by lime fto the level 10.5 - 11.5 in
xanthate flotation had no depressive effect on tellurium
minerals.
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INTRODUCTION

A sample of Bidjovagge B-vest ore from the drill hole N9S8D
was received 23.8.1989 by Geoanalytical Laboratory of
Ooutokumpu Mining Services from Mr. Markus Ekberg,
Bidjovagge A/S for metallurgical tests by froth flotation.

The aim of the testwork was to measure the degree of
grinding fineness necessary for gold/copper flotation and
to estimate concentrate grade and recoveries. Later, when
it was found in the mineralogical research that gold is
mostly connected to tellurium minerals also some tellurium
depression tests were performed.

PREPARATION AND ANALYSIS OF FEED SAMPLE

The drill core sample was crushed to -3 mm by jaw and roll
crusher, homogenised and divided by sample splitter to
subsamples of 8 kg which were further devided to 1000 g
flotation test samples {flotation feed} by bottle divider
and packed to plastic bags. The test samples were stored in
freezer to avoid oxidation. One 1000 g sample was prepared
for analysis. The elemental assays were as follows:

Cu Au S Te
(%) {(g/t) (%) %)
Bidjovagge 0.313 26.0 0.88 0.062

B-vest N98D

The XRF-analysis of flotation feed for 53 elements is
in Appendix 1.

MINERALOGY

sulphide contents of the mineralisation is about 2 wt-%. One
half consists of chalcopyrite and the other half of iron
sulphides mainly pyrite.

Native gold is rarely seen even in the most gold rich
samples. It occurs as fine grained (about 10-20 um)
dissemination in silicates and tellurides. The predominant
gold mineral in the mineralisation is calaverite, AuTe,.
According to microprobe investigation carried out on tﬁe
cleaner concentrate (C¢2) about 77 % of gold is in
calaverite, about 19 % as native gold, and the rest 4 % in a
bismuth bearing gold telluride (Table 1). The largest grain
of gold mineral observed was 20*35 um. About 78 % of gold
is in mineral grains smaller than 20 pm and 22 % in grains
smaller than 10 pm.
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Table 1 Distribution of gold in cleaner concentrate {cc2).

Size (um) 20-30 10-20 5-10 <5 sum
Calaverite,AuTe2 22.2 33.8 19.0 2.2 77.2
Native gold - i8.5 - 0.5 19.1
AuBi-telluride - 3.7 - - 3.7
Total 22.2 56.0 19.0 2.7 100.0

ANALYTICAL METHODS

The feed, test products, and sieve fractions were analysed
for gold by aqua regia dissolution and organic extraction
by dibutylketone/dibutylsulfide. The determination was made
by flame AAS. Sample weight 5 g was used when possible.

¥RF-analysis for 53 elements were made with Philips PW 1400
spectrometer and fundamental parameter correction
calculation (RRFPO).

Sieve analysis of the tailings were made by the sieves 37,
74, 105 pum of Tyler serie. The fines were washed off
through 37 um sieve before dry sieving of the coarser
fractions.

6. PROCEDURE OF FROTH FLOTATION TESTS

Grinding

The test samples were ground in laboratory ball mill {(1kg
sample/500 ml water/6.8 kg iron balls). The first addition
of collector(Aerophine 3418 A and KAX) was made to the mill.
In two step grinding the tailing of coarse flotation was
settled. The pulp density in regrinding was approximately
similar to that in first grinding stage (50 %).

Conditioning

One to three minute conditioning times were used for
frother. Rpms of the cell were the same as in flotation.

Flotation

outokumpu laboratory flotation machine was used both in
conditioning and flotation. The cell conditions of 2.0
litre cell in rougher flotation were 1500 rpm and 1.5 1/min
air. In cleaner flotation cell of 1.6 1 volume was used.
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Aerophine 3418 A and Kalium Amylxanthate (KAX)
were used as collectors and Dowfroth 210 as frother
throughout the tests. Lime was used as pH regulator.

7. GRINDING TESTS

In the test BV01-03 the effect of grinding time was studied.
The fineness of flotation tailing was between 60.0 - 82.8 %
-74 um. The flotation results for gold were the better the
finer the grinding. The recoveries in 6 min rougher
flotation were 80.6 - 87.8 %. In two stage open cleaning
the concentrate grade 1140-1290 g/t Au on the recovery 64.8
- 71.6 % was achieved. The total loss to scavenger tailing
was 10.5 % and tailing assay 4.6 g/t on the finest grinding
tested (92.8 % - 74 um}. The highest assay 5.36 g/t was in
the sieve +37-74 um which means that collector dosage has
been too low for the grinding fineness used. Because the
mineralogy cf the sample tellurium content of the second
cleaner concentrate {(BV01/CC2) was 2.52 % and tellurium
recovery 81.5 %.

The copper assay of the concentrate 13.4 % and recovery
nearly same as that of tellurium 82.7

o

8. REGRINDING TESTS

In the tests BV04-05 the process of Bidjovadge concentrator
was simulated as closely as it is possible laboratory scale.
The rougher flotation was performed after 20 min grinding
and the tailing was sieved wet by 37 um sieve. The coarse
fraction of tailing was settled and clear water was
separated before regrinding. Pulp density in regrinding was
approximately 50 %. The variables in the tests were
collector dosages and time of regrinding.

The results of the tests were very similar. Total recovery
of gold in the combination of rougher and scavenger
flotations (BV04) was 96.0 % and concentrate grade 132.4 g/t
Au. In two stage open cleaning of rougher concentrate (RC)
concentrate grade 1140 g/t was achieved on the recovery

71.1 %. The gold assay of rougher tailing in sieve
fraction - 37 um is rather low, 1.6 g/t. 1In the scavenger
flotation with one c¢leaning the concentrate grade was 320
g/t and the recovery 5.7 %. The estimated total recovery in
closed circuit is 88 % at the concentrate grade 800 g/t.

The estimation is based on assumption that 2/3 of gold
content of the cleaner tailings will be recovered in closed
flotation circuit (Appendix 4).
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9. TELLURIUM DEPRESSION TESTS

In the tests TB06-07 the pH of flotation was raised by lime
and Kalium Amylxanthate was used as collector to test the
depression of tellurides. The tests showed that these
changes in the process had no effect on telluride flotation.

10. PROPGSAL FOR PROCESS DEVELOPMENT

Tellurium minerals are a new phenomena in gold flotation
processes and that is why the knowledge about them is very
limited. The basie¢ research of their behaviocur in flotation
is best to start in a small scale (Hallimond tube 1 g/test)
on selected rich samples and it can be supported by surface
chemical measurements (for example FTIR-determinations).
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Geoanalvyttinen Laboratorio Esko Hédnninen

ENNAZKOTTEDONANTO BINDJOVAGGEN B=VEST MAIMION VAAHUDOTUSKOREISTA

Syite

Koendytteen syite sisdaltdd kuparia 0.3 %, rikkid 0.8 %, kultaa 30 g/t ja
telluuria 0.06 %.  Sulfidipitoisuvudet ovat kuparikiisu n. 1.0 % jo pyvriitti+
magneettikiisu n. 1,0 %. Lrilaisia tellurideja on syvitteessd n, 0.1 %,

Kullan wmineralogia

Rikasteesta (koe 5, IR2) velelyn mikreanalysaattoritutkimuksen wukaan kullasta
on 0. 80 % tellurideissa, pddosin calaveriitissa, AuTe2 ja loput n. 20 %
metallisens kultana. B-vest walwion kullan wineraleginen jalkautuma poikieaa
siis selvisii alewmmin tuthituista maimioista, joissa kulta esiintyy plidosin
metallisena., Tutkirusse rikasteessa {(jauhscus 20 min) Au-mineraalien raekoho
ali enimuditseen valilld 10=30 pm.

Vaahdotuskokeat

Kokeissa 1-3 tutkitctiin vksivaiheisella jauhatuksella jauhatusajan vaikutusta
vaahdotustulolksiin. Kokeissa &4-5 telhitiin vaalilotukset kaksivaiheisen jauha-
ruksen jdlkeen., Kokeissa 6-7 restattiin, saake pH:ita sddtdwiilli ja kKokeojaa
vaihtamalla haittatellurideja painetuksi jatteeseen.

Kuilan saanti ndvttdid nousevan sitd Korkeasmmaksi. mitd hienowmmaksi materiasali
o Jauhettu. Parhaat. kullan sasnnit on kokeissa, joissa on ollut kawsivai-
heinen jauhatus,

Kultapitoisuus nousee parhainmissa kertausrikasteissa yli 1 kg/t, hupari-
pitoisuus 15 %:iin ja sulfidipitoisaus n. 70 %:iin.

Telluuripitaisuus saattaa kerratuissa rikasteissa olla jopa 2 %. HKokeisss 6
ja 7 yritettiin haittatellurideja painaa nostamalla pH:ta ja KAyt CHmAL LA
kokoojana KAX:a. NAillH konsteilla ei ollut juuri mitddn vatkutusta tellu-
ridien wvaaiddottuvuuteen, miki oli kaikissa kokeissa erinomainen.
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Mineralegy

Sulphide contents of the mineralization i1s about 2 weight
per cent one half consisting of chalcopyrite and the other
hal? of aron sulphides, mainly pyrite.

Native gaold is sesn rarely even in the most gold-rich
samples. It cccurs as Tine-—grained (> 10O pm) dissemination
in silicates and telluvides. The predominant gold mineral
in B-vest mineralization is calaverite, AuTe.. According to
microprobe investigation carried out from the cleaner
concentrate 2 (tabile «) we found that about 77 per cent of
gold s 1n calaverite, about 1% per cent ze native gold and
the rest 4 per cent in a bisputh bearing gold tel luride.

The lsrgest gold mineral grain observed was 20%35 ¢m. About
78 per cent of gold is in minerals smaller than 20 nm arnd 22
mer cent amaller than 190 pFm.

Table n. Mstribution of gold in cleaner concentrate 2.
2i=30 1G-20 =10 “5 Sum
Calaverite 2e.2 33.8 12.0 2.2 77.2
Mative fAu = 18.5 - Gg.5 19.1
Au-Bi-te]luride = F.7 - - .7

2.2 5450 19.4 2.7 1O G



B-v01

1
|

Cu Au Te Ni Bi

-

H i i T | 1

| | | | | ! |

i | : | | | | 1

Product l Weight | Assay Recov, | Assay Recov. | Assay Recov. ] Assay Recov. | Assay Recov. | Assay Recov. [

| | % | % % I glt % I % % ] % % l % % | % % l

| | | | | | | | |

} Feed | 100.0 | 0.309 100.0 | 30.5 100.0 | 0.059 100.0 I 0.020 100.0 ] ¢.006 100.0 l 0.72 100.0 |

| RC | 15.2 | 1.850 91.0 | 167.1 83.4 | 0.362 93.2 | 0.093 70.9 | .033 84.5 l 4.01 85.0 l

| RT | 84.8 ] 0.033 9.0 | 6.0 16.6 | 0.005 6.8 | 0.007 29.1 I 0.001 15.5 l 0.13 15.0 ]

| 5C | 6.2 | 0.080 1.6 | 11.6 2.4 | 0.014 1.5 | 0.014 4.2 ] 0.002 2.1 ] 0.59 5.1 |

| ST l 78.6 | 0.029 7.4 | 5.5 14.3 | 0.004 5.3 [ 0.006 24.9 | 0.001 13.4 | 0.09 9.9 [

| cCl | 4.3 | 6.175 85.9 I 548.9 77.5 ] 1.179 86.0 I 0.275 59.3 | 0.103 75.2 | 12.29 73.8 I

| em | 109 | 0144 5.1 | 16,5 5.9 | 0.039 7.2 | 0.021 11.7 | 0.005 9.3 | 0.76 11.3 |
| cc2 | 1.9 ' 13,400 82.4 | 1140.0 71.1 | ~2.520 81.2 | 0.563 53.7 | Jiﬁglo 67.9 | 24.60 65.2

| cr2 | 2.4 | 0455 3.5 | 810 6.4 | 0.118 4.8 | 0.046 5.6 | 0.018 7.4 | 2.55 8.5 |

L ! | ! ! I ! ! 4




Bidjovagge, B-vest.

Results of the flotation test BV(S.

Cu Au S Cp Py Others

Weight Assay Recov. Assay Recov, Assay Recov. Assay Assay Assay
PRODYCT % % % glt % % % % % %
FEED 100.0 0.288 100.0 29.6 100.0 1.04 100.¢ 0.8 1.4 97.8
RC 21.6 1.287 96.5 117.9 86.2 3.17 65.9 3.7 3.5 92.8
RT 78.4 0.013 3.5 5.2 13.8 0.45 34.1 0.0 0.8 99.1
sC 7.7 0.043 1.1 36.9 9.6 0.67 5.0 0.1 1.2 98.7
ST 48.2 0.004 0.7 1.9 3.1 .58 26,9 0.0 1.1 98.9
CC1 5.4 4.862 91.1 413.8 75.6 10.19 53.0 14.1 9.9 76.0
CT1 16.2 0.095 5.3 19.3 10.6 0.83 12.9 0.3 1.4 98.3
CcGc2 2.2 11.320 86.4 892.0 66.4 20.99 44 .5 32.7 18.0 49.3
CcT2 3.2 0.422 4.7 85.1 9.2 2.76 8.5 1.2 4.4 94,4
SCCl1 1.1 0.247 0.9 205.1 7.6 3.27 3.5 0.7 5.7 93.6
SCT1 6.6 0.009 0.2 8.8 2.0 0.24 1.5 0.0 0.4 99.5
SCC2 0.3 0.752 0.8 518.0 5.3 9.31 2.7 2.2 16.0 81.8
SCT2 0.8 0.057 0.2 87.7 2.4 1.00 0.8 0.2 1.8 98.1
-37 um 22.5 0.022 1.7 1.4 1.1 0.10 2.2 0.1 0.1 99.8
+37 um 55.9 0,009 1.8 6.7 12.7 0.59 31.9 0.0 1.1 98.9
RC 21.6 1.287 96.5 117.9 86.2 3.17 65.9 3.7 3.5 92.8
RC + SC 29.3 0.960 97.6 96.6 95.8 2.51 70.9 2.8 2.9 94 .3
CCl + sccl 6.5 4.081 92,1 378.5 83.3 9.02 56.4 11.8 9.2 79.0
CC2 + SCC2 2.5 10.052 87,2 847.1 71.7 19.59 47.2 29.0 17.7 53.2
ST + -37 um 70.7 0.010 2.4 1.75 4,2 0.43 29.1 0.0 0.8 99.2
Sieve fractions of the scavenger tails.
+105 ©m - - - - - - - - - .
+74-105 pm 3.8 0.011 6.5 §.40 15.0 3.01 23.7 0.0 5.6 94.3
+37-74 um 25.2 0.004 15.8 3.19 37.7 0.67 35.0 0.0 1.2 98.7
-37 am 71.0 0.007 77.7 1.42 47.3 0.28 41.2 6.0 0.5 99.5
Bulk 100.0 0.006 100.0 2,13 100.0 0.48 100.0 0.0 0.9 99.1




Bidjovagge, B-vest.

Results of the flotation test BV04.

Cu Au Cp Py Others
Weight Assay Recov. Assay Recov. Assay Recov. Assay Assay Assay
PRODUCT % % % glt % % % % %
FEED 100.0 0.300 100.0 30.8 100.0 0.81 100.0 0.9 1.0 98.2
RC 16.8 1.647 92,1 161.3 88.1 3.86 80,0 4.8 4.1 91.1
RT 83.2 0.028 7.9 4.4 11.9 0.19 20.0 0.1 0.3 99.6
5C 5.5 0,074 1.4 43.6 7.8 0.46 3.1 0.2 0.7 99.1
ST 52.4 0.018 3.1 1.3 2.2 0.25 16.2 0.1 0.4 99.5
cel 4.3 6.061 86.8 562.9 78.7 12.22 64.9 17.5 11.4 71.0
CT1 12.5 0.128 5.3 23.2 9.4 0.98 15.1 0.4 1.6 98.0
cecz2 1.9 13.000 82.3 1140.0 70.4 23.30 54,7 37.6 19.1 43.3
CT2 2.4 0.568 4.5 106.0 8.3 3.44 10.2 1.6 5.4 93.0
5CC1 0.6 0.452 0.9 320.0 6.2 3.42 2.5 1.3 5.6 93.1
SCT1 4.9 0.028 0.5 9.8 1.6 0.10 0.6 0.1 0.1 99.8
=37 um 25.3 0.040 3.4 2.2 1.8 0.02 0.6 0.1 0.0 99.9
+37 um 57.9 0.023 4.5 5.3 10.0 0.27 19.3 0.1 0.5 99.5
RC 16.8 1.647 92.1 161.3 88.1 3.86 80.0 4.8 4.1 91.1
RC + §C 22.3 1.259 93.5 132.3 95.9 3.02 83,2 5.0 2.4 92.6
CCl + SCC1 4.9 5.374 87.7 533.1 84,9 11.14 67.4 15.5 10.7 73.7
ST + -37 pm 77.7 0.025 6.5 1.61 4.1 0.18 16.8 0.1 0.3 99.6
Sieve fractions of the scavenger tails.
+105 um 0.8 0.042 1.5 15.80 4,9 0.98 2.0 0.1 1.8 98.1
+74-105 pm 8.3 0.017 6.5 6.86 22.1 0.98 20,7 0.0 1.8 98.1
+37-74 pm 37.6 0.015 25.9 3.09 45.1 0.31 29.7 0.0 0.6 99.4
-37 um 53.3 0.027 66.1 1.35 27.9 0.35 47.6 0.1 0.6 99.3
Bulk 100.0 0.022 100.0 2,58 100.0 0.39 100.0 0.1 0.7 99.2




Bidjovagge,

B-vest.

Results of the flotation test BVO03.

Cu Au Cp Py Others
PRODUGT Weight Assay Recov. Assay Recov. Assay Recov, Assay Assay Assay
% % % glt % % % % % %
Feed 100.0 0.301 100.0 30.9 100.0 0,79 100.0 0.9 0.9 98.2
RC 22.3 1.233 91.5 121.6 87.8 3,01 85.1 3.6 3.3 93.1
RT 77.7 0.033 8.5 4.9 12.2 0.15 14.9 0.1 0.2 99.7
5C 7.1 0.091 2.2 7.4 1.7 0.76 6.8 0.3 1.3 98.5
ST 70.6 0.027 6.3 4.6 10.5 0.09 8.0 0.1 0.1 99.8
ccl 4.3 5.922 84.7 563.4 78.4 11.65 63.5 17.1 10.7 T72.2
CT1 18.0 0.113 6.8 16.1 5.4 0.95 21.7 0.3 1.6 98.1
cec2 1.7 14.300 80.9 1290.0 71.0 24 .60 53.0 41.3 19.1 39.6
CT2 2.6 0.444 3.8 88.3 7.4 3.19 10.5 1.3 5.1 93.6
Sieve fractions of the scavenger tails.
+105 jim 0.5 0.020 0.4 81.6 9.9 0.64 2.1 0.1 1.2 98.8
+74~105 pm 7.3 0.021 5.9 8.6 15.1 0.64 30.6 0.1 1.2 98.8
+37-74  um 32.5 0.018 22.5 5.4 42,2 0.28 59.5 0.1 0.5 99.5
-37 nm 59.7 0.031 71.2 2.3 32.8 0.02 7.8 0.1 0.0 99.9
Bulk 100.0 0.026 100.0 4.1 100.0 0.15 100.0 0.1 0.2 99.7




Bidjovagge, B-vest. Results of the flotation test BV(02.

Cu Au 5 Cp Py Others

PRODUCT Weight Assay Recov. Assay Recov. Assay Recov. Assay Assay Assay
% % % gft % % % % % %
Feed 100.0 0.320 100.0 33.0 100.0 0.85 100.0 0.9 1.0 98.1
RC 17.8 1.628 90.7 150.2 81.0 3.74 78.7 4.7 3.9 91.4
RT 82.2 0.036 9.3 7.6 19.0 0,22 21.3 0.1 0.3 99.6
5C 6.9 0.093 2.0 8.8 1.8 0.87 7.1 0.3 1.5 98.13
ST 75.3 0.031 7.3 7.5 17.2 0.16 14.2 0.1 0.2 99.7
CcC1 3.7 7.299 84,5 639.7 71.7 14,01 61.3 21.1 12.5 66.4
GT1 14.1 0.140 6.2 21.7 9.3 1.04 17.3 0.4 1.7 97.9
Ccc2 1.7 15.200 80.9 1270.0 65.4 26.50 53.3 43.9 21.0 35.1
CT2 2.0 0.583 3.6 104.0 6.3 3.40 8.0 1.7 5.3 93.0

Sieve fractions of the scavenger tails.

99.

+105 jam 6.3 0.020 5.1 36.3 41.7 0.28 8.3 0.1 0.5 5
+74-105 um 13.2 0.019 10.1 6.3 15.1 0.47 29.2 0.1 0.8 99.1
+37-74  pm 32.0 0.019 24,4 4,2 24.2 0.34 31.1 0.1 0.6 99.3
~37 xm 48.5 0.031 60.4 2.2 19.0 0.05 11.4 0.1 0.0 99.9

Bulk 100.0 0.025 100.0 5.5 100.90 0.21 100.0 0.1 0.4 99.6
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Bidjovagge, B-vest,

Results of the flotation test BVOl.

Cu Au S Cp Py Others
PRODUGT Weight Assay Recov. Assay Recov. Assay Recov. Assay Assay Assay
% % % gft % % % % % %
Feed 100.0 0.309 100.0 30.5 100.0 0.72 100.0 0.9 0.8 98.3
RC 15.2 1.850 91.0 167.1 83.4 4,01 85.0 5.3 4.0 90.6
RT 84.8 0.033 9.0 6.0 16.6 0.13 15.0 0.1 0.2 99.7
SC 6.2 0,080 1.6 11.6 2.4 0.59 5.1 0.2 1.0 938.8
ST 78.6 0.029 7.4 5.5 14.3 0.09 9.9 0.1 0.1 99.8
CC1 4,3 6.175 85.9 548.9 77.5 12.29 73.8 17.8 11.4 70.8
CT1 10.9 0.144 5.1 16.5 5.9 0.74 11.3 0.4 1.1 98.5
CGC2 1.9 13.400 82.4 1140.0 71.1 24,60 65.2 38.7 20.8 40,5
CT2 2.4 0.455 3.5 81.0 6.4 2.55 8.5 1.3 3.9 94 .8
Sieve fractions of the scavenger tails.
+1i03 pm 22.9 0.017 13,7 10.4 34.9 0.08 9.0 0.0 0.1 99.8
+74-105 um 17.1 0.018 10.8 7.9 19.8 0.52 43,7 0.1 0.9 99.0
+37-74 um 24.9 0.020 17.5 7.5 27.5 0.33 40,4 0.1 0.6 99.4
-37 um 35.1 0.047 58.0 3.5 17.8 0.04 6.9 0.1 0.0 99.9
Bulk 100.0 0.028 100.0 6.8 100.0 0.20 100.0 0.1 0.3 99.6




F lowsheet for tests BUO4-BUOS




Flowsheet for tests BUQY-BUOS
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