
•

Bergvesenet
Postboks 3021, 7002 Trondheim Rapportarkivet

Bergyesenetrapportnr InternJournalnr Interntarkivnr RapportlokallserIng Gradering

	

BV570 Trondhebn Apen

Kommerfraearkly Eksternrapportnr Oversendtfra Fortrollgpga Fortrollgfradato:

	

Nordlandske TerraMiningA/S

TIttel

BindalGoldProject:Feasibilitytestworkreport

Bedrift

Terra Mining AB

Forfatter

Davy McKee LTD

Kommune Fylke

Bindal Nordland

Dato

( mai 1986

1:250 000kadbladBergdIstract 1:50 000kartblad

Nordlandske 18262

Fagområde Dokumenttype Forekomster
Oppredning Kolsvik

Råstofftype Emneord

Malm/metall Au As

Sammendrag
The general conklutionfromthe testwork are that both L and F ore types will readily leach within 30
hours and that the better recoveries occur with the finely ground ore. Cyanide consumtion was found to be
highest with the arsenic rich F-ore, possibly due to the interaction of cyanide and arsenic. In addition it is
recomended that further investigations can be carried out to determine the optimum grind size and to
establish reasons for the high cyanide consumption with the F-type ore.

•



DavyMcKee

TBRRA MININGAB


BINDALGOLD PROJECT


FEABIBILITT.TENTWORKREPORT

Davy McKee ($tockton)Ltd

Ashmøre mouse

Stoqkton-on-liees

d.Mfaland may 1B8E.

TBI9 3RE O7538

2155j



Davy McKee

CONTENTS

SECTION

1.0 INTRODUCTION

2.0 TESTWORKSAMPLES

3.0 SAMPLEPREPARATION

4.0 CRUSHABILITYAND GRINDABILITYTESTWORK

4.1 Crushability

4.2 Grindability

4.3 ,GrindingTests

5.0 MINERALOGICALANALYSIS

6.0 FLOTATIONTESTWORK

7.0 ROASTINGTESTS

8.0 CYANIDATIONTESTS

8.1 Run of Mine Ore

8.2 FlotationConcentrate

9.0 CONCLUSIONSAND RECOMMENDATIONS

10.0 HITECTESTWORK

10.1 SamplePreparation

10.2 CyanideLeaching

10.3 Results

10.4 Summary

2155j



Davy McKee

1.0 INTRODUCTION

Following discussions with Terra Mining AB, Davy McKee

(Stockton)Ltd was contractedto carry out feasibilitytestwork

on ore samples from the Bindal Gold Prospect,which is located

in Northern Norway. The testwork was carried out by Warren

Springs Laboratory at Stevenage, Hertfordshire, closely

supervisedby Davy McKee personnel.

The aims of the feasibility testwork were to provide basic

metallurgical processing data for the different ore types

expected at Bindal. This informationcould then be used to

establish a conceptualprocess plant flowsheet which would be

further developedby pilot plant testwork. However, due to a

problemwhich arose with the representivityof the differentore

types, only the arsenic rich Bindal F-Zone ore was tested, the

L-Zoneore testworkbeing deferreduntil a later date.

The scope of the testwork programme included a preliminary

investigationof the design parameterswhich would need to be

defined before the full plant design could be established.

Included in the testwork are crushing and grinding, froth

flotation, roasting and cyanidation investigations. An
exception to this work programme was the gravity testwork,

which, although originally considered for inclusion in the

scope,was not actuallycarriedout. This was because there was

a very limited quantity of ore which could be used and any

gravity results obtained could not have been quantified. The

quantity of free gold in the sample was expected to be very

amall, most of the gold was likely to be associatedwith the

arsenopyrite.
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Additionally,Terra Mining requestedDavy McKee to review a

testworkreporton the BindalL-Zonesamplesproducedby Hitec

Ore ProcessingInc of Canada. It was requestedthata summary

andcommentof thistestworkbe includedwiththecurrentF-Zone

testworkreport to form a documentsummarisingthe overall

situationwithrecentBindalore testwork.
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2.0 TESTWORKSAMPLES

Initiallythree separate sample lots marked 'L', 'P' and '85N'

were received at Warren Springs having a total weight of

approximately500 kg. Howeveron instructionsfrom Terra Mining

AB, the samples marked 'L' and '85N' were not tested as they

were thoughtto have an unrepresentativelylow gold grade.

A further 20t consignmentof 'L' type ore was sent to Warren

Springs which was crushed, sampled and fire assayed. The

followingresultswere obtained:

Sample Au q/t As %

Ll 1.50 1.35

1.2 1.33 0.38

1.3 1.14 0.34

1.4 0.95 0.82

Due to the low gold assay figuresobtainedfrom this ore sample,

it was decided that all planned testworkon the Bindal L-Sample

should be suspendeduntil further site investigationsestablish

more accurateore grades.

The work carried out by Warren Springs in the current testwork

programmeis based only on the Bindal P-type ore sample. This

consistedof four bags labelled 8520018, 8520038, 8520048 and

85200713which together weighed approximately 118 kg. The

resultsand discussionof the testworkare only relatedto this

sample, and as it is not representativeof the entire Bindal

deposit, the findings cannot be assumed to relate to all ore

types.
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However, when the geology and mineralogy of the Bindal L-zone

are more fully investigated, it is intended that a more

representativesample will be tested at Warren Springs. Results

from this testwork could then be combined with the present

resultsto give a more general view of the likely metallurgyof

the deposit.
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Photomicrograph of -600+300 gm fraction

(White grains - arsenopyrite, dark grains - gangue material)



Photomicrograph of -300 pm fraction

(White grains arsenopyrite, dark grains gangue material)
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3.0 SAMPLEPREPARATION

A number of particlesof rock were taken for Bond Crushability

tests before the whole rock sample was crushed. On completion

of this test this material was returned to the bulk of the

sample.

The contentsof the four bags were mixed together,stage crushed

to -3.4 mm and 12 x 1 kg sampleswere riffled out for the Bond

crushabilityTest. The remainderwas further stage crushed to

-1.7mmand 40 kg riffledout and split into 1 kg samplesfor use

in the testwork.

2155j



DavyMcKee

	

4.0 CRUSHABILITYAND GRINDABILITYTESTWORK

	

4.1 Crushabilitv

A standardBond CrushabilityTest was carried out on the 50 to

75 mm lump materialas received. The Work Index determinedwas

14.7 kWh/tonne.

The completeresultsare shown in Table 1.0.


4.2 Grindability


A Bond GrindabilityTest was carried out on the -3.4 mm crushed

material sample previously. The closing mesh size for the

grindabilitytest was 125 microns as determinedby mineralogical

examinationand flotation testwork. The work index determined

was 17.4 kWh/tonne.

The completeresultsare shown in Table 2.0 and Pigure2.0.


4.3 GrindinqTests


A seriesof grindingtests were carriedout at a pulp densityof

50% solidsby weight. The 80% passingsize versus grindingtime

was plotted (See Pig 1.0). This gave a 26 minute grindingtime

to give 80% passing 100 microns.
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TABLE 1.0 - TWIN PENDULUMIMPACTCRUSHABILITYTEST

Thickness Angle of No of Energy

Test No Inches Breakage Pieces ft.lb ft lb/in

1 1.75 30 3

2 2.0 45 2

3 2.25 35 3

4 2.5 20 2

5 2.5 50 3

6 2.75 50 4

7 2.75 85 4

8 2.13 30 4

9 2.88 75 5

10 1.5 30 3

11 2.0 50 4

12 2.0 50 3

13 2.38 65 4

14 1.63 40 3

15 1.25 40 2

16 2.63 60 5

17 2.25 50 6

18 1.5 35 2

19 2.75 55 4

20 2.88 75 6




(1) (2)
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12.5 7.14

	

27.2 13.60

	

16.8 7.47

o 5.6 2.24

	

33.2 13.28

	

33.2 12.07

	

84.7 30.80

	

12.5 5.88

	

68.8 23.93

	

12.5 8.33

	

33.2 16.6

	

33.2 16.6

	

53.6 22.57

	

21.7 13.35

	

21.7 17.36

	

46.4 17.68

	

33.2 14.76

	

16.8 11.20

	

39.6 14.40

	

68.8 23.93

	

Mean Value = 14.66

(3) (4)

Wt. empty jar 416.3 413.8 416.3 416.3

Wt. jar + ore 764.1 777.2 820.2 786.4

Wt. jar + water 916.2 910.0 916.3 916.4

Wt. jar + water + ore 1143.2 1146.6 1176.4 1165.6

S.G. 2.879 2.866 2.809 2.827
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Average S.G.

Average Impact

Maximum Impact

Minimum Impact

Average ImpactOmitting

maximum and minimum

2.85

14.66 ft.lb/in

30.80 ft.lb/in

2.24 ft.lb/in

14.45

W.I. 2.59 x 14.66 = 13.32 kWh/ton
2.85

Crushabilit Index 14.68 kWh tonne
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TABLE 2.0 - BOND GRINDABILITYTEST AT 125 UM

Size Distributionof Bond Mill Feed

Particle

Size mm 21L2 wt.%

wt.%

Undersize

-3.400+2.800 65.3 13.1 86.9

-2.800+2.360 67.6 13.6 73.3

-2.360+1.700 105.0 21.1 52.2

-1.700+1.180 71.7 14.4 37.8

-1.180+0.600 75.6 15.2 22.6

-0.600+0.300 45.9 9.2 13.4

-0.300+0.180 21.5 4.3 9.1

-0.180+0.125 14.0 2.8 6.3

-0.125+0.090 8.4 1.7 4.6

-0.090+0.075 4.1 0.8 3.8

-0.075+-.053 8.3 1.7 2.1

-0.053 10.6 2.1




498.0 100.0




80% passingsize of feed




2600 um

Percentageminus 125 um in feed w 6.3%

Weight of unit volume of feed (700ml) • 1283.4g

Weight of productrequired1283.4/3.5 • 366.7g
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Period

No of

Revs

-125um

in P

-125um

in F

-1251sm

net P SLin?

1 150 303.7 80.9 222.8 1.485

2 234 299.8 19.1 280.7 1.200

3 290 382.9 18.9 364.0 1.255

4 272 384.1 24.1 360.0 1.323

5 259 353.2 24.2 329.0 1.270

6 271 388.7 22.3 366.4 1.352

7 253 359.5 24.5 334.5 1.322

8 260 354.2 22.6 331.6 1.275

9 270 367.8 22.3 345.6 1.280

10 268 368.7 23.2 345.5 1.289

11 266 365.6 23.2 342.4 1.287

Average g/rev of the last three

consecutiveperiods = 1.285g

Average circulatingload of the = 249.4%

last three consecutiveperiods

Size distributionof Bond Mill Product

ParticleSize mm Wt.q Wt.%

Wt.%

Undersize

-0.125+0.106 49.2 16.5 83.5

-0.106+0.090 29.1 9.8 73.7

-0.090+0.075 31.6 10.6 63.1

-0.075+0.063 34.1 11.5 51.6

-0.063+0.053 22.7 7.6 44.0

-0.053+0.045 4.6 1.5 42.5

-0.045 126.5 42.5




297.8 100.0
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80% Pasaingsizeof product 103um

Calculationof BondWorkIndex(Wi)

F = 80%passingsizeof MillPeed s 2600uM

s 80%passingsizeof MillProduct • 103um
s Limitingscreensizeused s 125um

Gbp g/rev• 1285g

Wi •44.5

(P1)0.230.82

	

x (Gbp)x

Wi44.5

(125)0.23x (1.285)0.82

Wi s15.769 kWh/ton(short)

BondWorkIndexs 17.38kWhtonne

[x 10 - 101


/1133ff6-0-0
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5.0 MINERALOGICALANALYSIS

The feed and flotationproductswere examinedmicroscopicallyin

polished section grain mounts. Arsenopyrite was the only

sulphidemineral found, the gangue being make up of silicates,

dominantlyquartz,feldsparand biotite.

No graina of native gold were seen during the examinationof any

of the sections.

The liberationsize of the sulphidewas indicatedat 100 um by

microacopicexaminationof the -600 +300 um and -300 um size

fractionsof a sample of the feed that had been ground for 5

minutes in a laboratory mill. The -600 +300 um fraction

contained liberated sulphide and coarse composites,while the

-300 um fraction contained mainly liberated sulphide but some

compositegrainswith inclusionaof aulphideat about 100 um.

The liberation size of 100 um was also confirmed by the

flotationtestwork.
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6.0 FLOTATIONTESTWORK

A seriesof fivebatchflotationtestawere carriedout at a

grind size of 80% minus 100 mm to determinesuitable

conditionsfortheproductionof a flotationconcentratewhich
couldbe furtherprocessedto recovercontainedgold. A sixth

testwas carriedout at a grindsizeof 80% -200um. Results

are givenin Table3.0.

Potassiumamyl xanthate(PAX) was selectedas the collector
and Dowfroth250 as the frother,no otherreagentswere used

in the testworkapartfromsmallquantitiesof sulphuricacid

for pH control. The dosageratesbeingdeterminedby staged
reagentadditionfloats.

	

6.1 Tests 1 and 2


The firsttwo testswerecarriedout at naturalpH of 7.8 and
8.0 and reagentswere added stagewiseafter a 5 minute

conditioningtime for each stage. In Test 1 the additionof

20 g/t PAX per stage was found to be too high, as all

sulphidesfloatedreadilyin the firstflotationstage,with

verylittlein thesecondstage.

The secondtestwas carriedout undersimilarconditionsbut

witha stagedcollectoradditionof 5 g/t PAX. Thisresulted

in a heavy float in the first stage (as Test 1) with much

lighterfloatain thesubsequentthreestagesof flotation.

It canbe concludedfromthe firattwo flotationteststhata
total collectoradditionof 20g/t PAX would be requiredto
floatthesulphidein thesample.
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6.2 Tests 3 and 4


The effects of varying pH and cleaning the rougher concentrate

were investigatedin Tests 3 and 4. In Test 3 the natural pH

was used (8.0),and in Test 4 the pH was modifiedwith sulphuric

acid to 6.0. In both tests a total of 20 g/t PAX and 20 g/t

frother were used in the rougher float, with the concentrate

being cleaned with no additional collector addition and a

further10 g/t frother. There was little differencebetween the

two tests with the weight floated to the cleaner concentrate

being 12.5 and 12.3% and gold recovery being 92.1% and 90.0%.

There appears to be no advantagein modifyingthe pH conditions

for flotation.

	

6.3 Test 5

The conditionsused for Test 4 were used for Test 5 to produce a

bulk sulphide concentratefor further cyanidationand roasting

testwork (see sections 7 and 8). This float was done in two

steps with two lots of 4 kg being floated at each stage. The

two rougherconcentrateswere then combinedand cleaned to give

1 kg of cleanerconcentratewhich waa then split into 10 x 100g

lots.

6.4 Test 6

It was decided to carry out a float test at a coarser grind

using the same flotationconditionaas Test 4 (ie. pH 6.0, total

30 g/t frother,20 g/t PAX), but with a grind of 80% passing 200

um. The weight floated to the cleaner concentratewas only

slightly reduced being 11.1% for Test 6 and 12.3% for Test 4,

however, the gold recovery was very much reduced being only

45.1%as against90% in Test 4.
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6.5 Summary


The highest gold recoveryfrom flotationwas obtainedin Test 1

where, becauseof high reagentadditions,the secondstage acted

as a acavenger. A total gold recoveryof 99% was obtained by

the combinedconcentratesin this test.

Overall the flotation results indicatethat gold recoveriesin

excesaof 90% of the containedgold can be obtainedby flotation

at neutral or near neutral pH, with comparativelylow reagent

dosages.
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TABLE 3.0 - FLOTATIONTESTWORK

Test 1 - Sta e Addition20 /ton PotaasiumAm 1 XanthatePer Sta e

Conditiona:

Grind 80% passing100um

Float NaturalpH 7.8

Stage 1 20g/t PotassiumAmyl Xanthate

10g/t FrotherDP250

Condition5 mins

Float

10g/t frother

Float to exhaustion

Stage 2 20g/tPotassiumAmyl Xanthate

Condition5 mins

Float (nothingfloated)

10g/t frother

Float (onlyslime and mica)

Results




Wt% Au g/t Au%dis.

Conc 1 136.6 13.34 30.65 97.8

Conc 2 19.4 1.89 2.66 1.2

Tail 868.0 84.77 0.05 1.0




1024.0 100.0 4.18 100.0
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Test 2 - Sta e Addition5 ton PotassiumAm 1 Xanthate

Conditions:

Grind 80% passing100um

Float NaturalpH 8.0

Stage 1 5g/t PotassiumAmyl Xanthate

20g/t frotherDF250

Condition5 mins

Float 6 mins

Heavy Float

Stage 2 5g/t PotassiumAmyl Xanthate

10g/tfrother

Condition5 mins '

Float6 mins

Lightfloat

Stage 3 and 4 as Stage 2

Results




Wt% Au q/t Au%dis.

Conc 1 135.9 13.35 26.49 85.69

Conc 2 13.3 1.31 16.01 5.07

Conc 3 11.4 1.12 7.84 2.13

Conc 4 9.2 0.92 6.65 1.49

Tail 848.0 83.32 0.28 5.65




1017.8 100.00 4.13 100.00
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Test 3 - Rou her CleanerFloat Usin 20 ton PotassiumAm 1 Xanthate

Conditions:

Grind


Float

Rougher

Cleaner

80% passing100um

NaturalpH 8.02

20g/tPotassiumAmyl Xanthate

20g/t frotherD2250

Condition5 mins

Ploat 4 mins

10g/tfrother

Ploat5 mins (9 mins in all)

pH 8.2

Float7 mins

Results




Wt% Au q/t Au%dis.

Cl Conc 127.9 12.53 31.11 92.1

Cl Tail 32.8 3.21 3.08 2.3

Ro Tail 860.0 84.26 0.28 5.6




1020.7 100.00 4.23 100.0
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Test 4 - As Test 3 but as pH 6.0

Froth more mobile

Results




111.2.2Wt%Au q/tAu%dis.




Cl Conc




125.612.334.6790.0 7.08

Cl Tail 22.4 2.19



3.3



RoTail873.085.50.376.7



II1021.0100.004.85100.0



ITest5-8kBulkFloatUsintheSameConditionsasTest4




I The dried cleaner concentratewas split into 10 100g samples for further

roastingand cyanidationtests.

11 Test 6 - Groundto 80% Passin 200um

11 Conditions

Grind 80% passing200um

Float As Test 4

Results





111s2 Wt%Au g/tAu%dis






Cl Conc112.711.119.5945.14





II Cl Tail19.31.97.683.03





Ro Tail883.087.02.8751.83





II 1015.0100.04.81100.00
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7.0 ROASTINGTESTWORR

A seriesof roastingtestswere carriedout on smallsamplesof

flotationconcentrateweighingapproximately100g. The small

scaleof the testworkwas agreedto tryand maximiseinformation

obtainedfrom the limitedquantityof flotationconcentrate

available.

The testworkwas carriedout in a 40 mm diametersilicareactor

housed in a verticaltube furnace,heated electrically.A

thermocouplepositionedin the feedbed was used to controlthe

reaction temperature to within 25°C of the selected

temperaturewhichrangedfrom5000Cto 650°C.

The flotationconcentratesampleswere roastedin air, passed

throughthe reactorat a rateof 0.5 litres/minute.Thiscaused

a partialfluidisationof the bed and resultedin some carry

overof fine material.This losswas estimatedat 1 to 2% of

the originalfeed weight. The materialwas chargedcold into

thefurnace,broughtup to the selectedreactiontemperatureand

leftat thistemperaturefora periodof 6 to 7.5hours.

The roastedproductwas darkbrownindicatingthatthe ironhad

oxidisedto magnetite.White fumeswere givenoff duringthe

roastingand a yellowcondensateformedat the mouth of the

silicareactor,which was probablya mixture of As203 and

sulphur. Duringthe tests some contaminationof the roasted

productedoccurreddue to the condensatefallingback onto the

bed duringcooling. Resultsfrom the testsare givenin Table

4.0.
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The theoreticalair requirementto oxidise 100g of arsenopyrite

is 160 litresand is summarisedby the followingreaction.

FeAsS+ 29/12 02 1/2 As203 + 1/3 Pe304+ S02

So the air passed during each of the period of each roasting

test is approximately 40%, 13%, 13% and 22% in excess of

theoreticalquantity of air to oxidise the arsenopyrite. The

resultingweight loss duringroastingwas approximately48%.
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II TABLE 4 - SUNNARYOF ROASTINGCONDITIONS

Test MaterialResidue Wt Reaction Reaction Warm-up ExcessAir
No Fed g Wt g Loss % Temp °C Time hrs Time During

Reaction%

1 99.7 51.1 48.7 500+25 7.5 45 40
2 98.4 51.0 48.2 500+25 6 30 13
3 99.1 58.0 41.5 575+25 6 60 13
4 99.1 51.0 48.5 650+25 6.5 100 22

Comments:

Test 3 - Slightsignsof sintering

Test 4 - Distinctlumps in product:sintering

2155j
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8.0 CYANIDATIONTESTWORK

A series of standard cyanidationbottle tests were carried out

both on ground ore and on flotation concentratesat different

grind sizes to determine the effects on gold recovery. A

solution containing 0.1% w/v HCN was used at a pH of

approximately10.0 for the leaching. Where larger leach samples

were used (approximately1 kg) the free cyanideand gold content

of the leach solution was monitored throughout, to try and

establish informationon leach characteristics. However, for

severalsamples it was only possibleto leach 100g batcheswhich

could not be readily monitored, and so only overall leach

figuresare presented.

	

8.1 Run of Mine Ore Leachin

Nominally1 kg samples of ore were wet ground in a laboratory

rod mill to produce samples for cyanidation. The following

grind sizeswere examined:

80% - 75 microns produced by grinding -1.7 mm ore for 35

minutes.

80% - 100 microns produced by grinding-1.7 mm ore for 26

minutes.

Each sample was slurriedwith a sufficientquantityof water to

producea 50% w/w mixture and sodium cyanidewas added to give a

leach solutioncontaining0.1% w/v NaCN: ie. 1 kg/tonneof ore.

The pH of each pulp was maintained at 10-12 by addition of

calcium oxide as required. Leachingwas performed at not leas

than 210C using a standardrollingbottle technique.
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The pH, rateand extentof cyanideconsumptionweremonitoredby

removingsmallsamplesof liquorat knowntimesthroughoutthe

leach. Cyanideconsumptionwas monitoredby titrationwith

standard0.01M silvernitratesolutionand the rate of gold

leachingwas determinedby analysingthe same titratedsamples

by atomicadsorptionspectrophotometry.

Itwas intendedto leacheachgrindsizeforup to 72 hours,but

the 80% -100um samplewas only leachedfor 49 hourssince it

was evidentthatgold dissolutionoccurredveryrapidlyand was

leachedto completionwithintheperiod.

Althoughthereis some degreeof variationbetweenthe resulta

obtainedusingROM ore, it is quiteapparentthatthe rateand

extentof the gold leachingis high with approximately90% of

the containedgoldbeingleachedwithin24 hours. Moredetailed

leachtestworkwillhelpto optimiseleachingconditionsfor run

of mine ore. In particular,additionalgrindingtestworkmay

help to identifythe optimum grind size for cyanidation,

althoughit is apparentthat both the grind sizes already

selectedwillleachreadily,witha possibleslightadvantageof

the finergrindsize. Table5, indicatesthe ROM ore leaching

results.

8.2 FlotationConcentrateLeachin

Leaching tests were carried out on samples of flotation

concentratepreparedduringflotationtest No.5 as detailedin

Section6.3. One samplewas regroundin a smallrodmillfor 15

minutesbeforeleaching.48 hour leachingtestswereperformed

on 100gsamplesunderthe sameleachingconditionsindicatedin

theprevioussectionie.0.1%w/v NaCN.
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Similarleachingtests on a 50g scalewere also performedon the

flotationconcentrateas receivedafter roastingto oxidise the

arsenopyrite. 28.5 hour leaching testo were carried out on

three samples, each of which had been roasted under differing

conditions.

Due to the very small scale of the testwork on flotation

concentrates,samplingwas not possiblefor any of the leaching

tests, thus gold extractionwas determinedat the end of each

test by solutionand residueanalysia.

Details of the various cyanidation tests are summarised in

Table5.0. The gold extraction figures quoted are calculated

from head values derived from combined final leach liquor and

residue analyses. It will be noted that the consumption of

cyanide by the flotationconcentrateis much greater than that

for the Run of Mine ore, probably due to the presence of

residual flotation reagents on the concentrate particles.

Consequently,at the standardconditionsthe gold extractionwas

much lower, due to the presence of insufficient cyanide.

Accordinglytwo furthertests (8 and 9) on roastedand unroasted

flotation concentratewere carried out, in which the cyanide

concentrationwas increasedfrom 0.1% w/v to 1.0% w/v at a 24

hour leach period. The gold extraction was improved

particularlyon the roaated sample, with a smaller improvement

being found with the unroasted concentrate. Further testwork

would have to be carried out to determine the correct

cyanidationconditionsfor the flotationconcentrates.

It should be noted that the calculatedgold heads on the roasted

samplesare about 17% lower than anticipated,this could be due

to some gold being carried over with the fume from the roasting

process.
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TABLE 5 - SUMMARYOF CYANIDATIONTEST RESULTS

Leach Pree Au in Au in Total Au Calcu- Calculated
Test Time NaCN Soln.Residue Au Extr- lated Head mg/
No Feed Hr w/v% mg g/tonne acted % Head mg tonne

1 80%-75gm 4.25 0.045 4.50 97.5 4.616
ROM ore 24 0.047 4.14 89.7 4.616
1011g 28.75 0.053 3.83 83.0 4.616

44.5 0.049 4.48 97.1 4.616
51.5 0.049 4.69 101.6 4.616
68.5 0.040 4.19 0.43 90.9 4.616 4.62

2 80%-100gm 5 0.071 4.36 87.6 4.977
ROM 22 0.053 4.64 93.2 4.977
1034g 29 0.051 4.45 89.4 4.977

46.5 0.044 4.21 84.6 4.977

49 0.036 4.42 0.56 88.8 4.977 4.98

3 Flotation 48 0.005 0.39 29.37 11.9 3.268 32.7
Concentrate
Unground

4 Flotation 48 0.002 0.34 28.27 10.8 3.139 31.4
Concentrate

15mingrind

5 Flotation 28.5 0.003 0.27 45.28 10.5 2.566 50.6
Conc•ntrate
6hr roast
@ 500C

6 Flotation 28.5 0.004 0.58 41.43 19.6 2.958 51.4
Concentrate
6hr roast
ø 575C

7 Flotation 28.5 0.003 0.36 47.47 13.1 2.743 54.5
Concentrate
6.5hr roast
@ 650C

8 Flotation 24.0 2.13 15.24 58.0 3.661 36.6
Concentrate
Unground

9 Flotation 24.0 2.53 6.57 88.38 2.865 56.1
Concentrate
7.5hr roast
@ 500C
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9.0 CONCLUSIONSAND RECOMMENDATIONS

The energy requiredto grind crushedrun of mine ore to the

liberationsize of the sulphide was 17.4 kWh/tonne. This

represents a significantlyharder than average ore type

indicatingthat a commercialmillingoperationwill have to

have a substantialcrushing and grinding circuit and that

comminutionpower costsmay be significant.

Mineralogicalexaminationshowed that arsenopyritewas the

only sulphide mineral present in the ore sample. A


liberationsize of 100 um was indicatedfor this mineralby

both microscopicexaminationand by flotationtestwork.

Cyanidationtestworkon the ROm ore showed that a high gold

recoverywas possible,approximately90% in a leach time of

24 hours. This confirms the amenabilityof the sample to

directcyanidation.

The arsenopyritein the ore floated very readily with an

additionof only 20 g/t PotassiumAmyl Xanthateand 20 g/t

frotherat a naturalpR of approximately8.0.

5, The best gold recoveryby flotationwas obtained (in Test

1) where effectively a rougher/scavengercircuit was

adopted. Combining rougher and scavenger concentrates

would give up to 99% recovery to a concentrateweight of

only 15% of the feed.

If the flotation/cyanidationroute is adopted the

rougher/scavengercircuitwould be recommended.
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Cyanidationof flotationconcentratesindicatedthat a high

consumptionof cyanidemay be expecteddue to the presence

of cyanicidesin the form of residual flotationreagents.

Further testwork is recommendedto determinepossibleways

of reducingcyanideconsumptionand impioverecoveries.

Cyanidationresults on the roasted and unroastedflotation

concentratewere generally inconclusive. Further testwork

11 would be requiredoto confirm what conditions would be

required to maximise the gold recovery by roasting. The

high cyanide consumptionfound on roasted concentratesmay

turn out to be of a similar order as that for run of mine

ore.

Allowing for inaccuraciesof sampling and assying during

the small scale hatch testwork;it can be expectedthat a

recoveryof approximately908 of the containedgold could

be achievedin a commercialplant.

If a combined flotation/cyanidationroute is used thia

would reduce the possibility of environmental probleme

concerned with tailings disposal. This is because most

arsenopyritewould be removed during flotation leaving he

tailingswith a low As content. The arsenopyriteresidue

could then be disposed of separately away from the site

after cyanidation.

The currentresults are very encouragingindicatingthat a

high gold recoverymay be obtained. Limited further batch

testworkon Bindal ore should be carried out especiallyon

the L-type ore once a representative sample can be

obtained. If this work is successful it is recommended

that more detailedpilot testingshould be carriedout on a

larger bulk sample of ore to more fully investigatethe

metallurgyof the ore.
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10.0 HITEC LEACHTESTWORKOF BINDALGOLD ORE

Hitec Ore ProcessingInc of Ontario,Canada, carriedout limited

testworkon differentsamples of Bindal gold ore includingboth

the I.and F ore types. The results are presented in a report

dated 4 May 1986 addressedto Mr Jan Bida of Terra Mining.

The three ore samples tested by Hitec were compositesof 24

individualsamples. The head grades of the L-sampleswere found

to be very low (0.947and 1.557 g/t) as found with the Warren

Spring L-Samples,and so may be unrepresentativeof that ore

type. The grade of the F-typeore was 6.579 g/t and is probably

much more representative.

	

10.1 Sam le Pre aration

It is assumed that the ore samples were passed through a jaw

crusherset at approximately-3/16" (4.76mm)and the product was

split into three fractions,one being reduced to -1/8" (3.18mm),

one being pulverisedto an unspecifiedsize and one remainingat

-3/16". These three size fractionswere then cyanided using a

standardrollingbottle technique.

	

10.2 C anide Leachin

Known weights of sample were mixed with the leaching solution

using a standard one gallon wide necked bottle which was

continuouslyrolled for up to 47 hours. At fixed periodssmall

samplesof solutionwere removedfor assay checks and to monitor

the pH and free cyanidein the solution.

Precise detailsof sample weight, pulp density and free cyanide

levelsare not given for any of the leach tests.
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10.3 Results

The results from the Hitec cyanidationtestworkare summarised

in Table 6. In each case the head grade and ore type is given

completewith sample feed sizes, cyanide consumptionhours and

percentagegold extractionafter 47 hours.

Sample 1 (L-ore)results show that up to 83% of the gold could

be recoveredwithin 47 hours with a cyanide consumptionof 1.1

kg/t. Sample 2 (L-ore) testwork indicated that approximately

100% of the gold could be recoveredwith a cyanide consumption

of 1.12 kg/t. In both cases the best gold recoverieswere

obtained with the 'pulverised'ore with much lower recoveries

being found with samples of a coarser grind. Overall the

results obtained from the L-ore samples must be treated as

indicative,as the head grade of the sampleswere very low being

0.947and 1.557 g/t gold and so the accuracyof the samplingand

assayingwill be lower.

The results for Sample 3 (P-ore) also show that the best

recoveriescan be obtainedwith the pulverisedore (81%)however

the cyanide consumptionis higher than that for the L-ore at

1.28 kg/t. As the head grade (6.579g/t Au) is higher than the

L-ore it may be assumed that the overallaccuracyof the results

is better. The higher consumptionof cyanide in this test was

not investigated,but may well be due to the presenceof arsenic

in the P-orewhich is knownto be a cyanicide.
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Overall,the majorityof the gold appearedto be liberatedfrom

both ore types within the first 30 hours of the tests, (whichis

consistentwith the findings from Warren Springs Laboratory).

However it is very difficultto fully interpretall the leaching

resultsas two of the tests on each sample were carried out at

unusuallycoarse grind sizes, both of which producedpoor gold

recoveries. The beet recoveries were found wth tpulverised'

ore, the size analysis of which is not defined in the report,

makinga directcomparisonwith other testworkvery difficult.

10.4 Summary

The generalconclusionsfrom the testworkare that both L and F

ore types will readily leachwithin 30 houra and that the better

recoveriesoccur with finely ground ore. Cyanide consumption

was found to be highestwith the arsenic rich P-ore possiblydue

to the interactionof cyanide and arsenic. In addition it is

recommended that further investigations be carried out to

determinethe optimum grind size and to establish reasons for

the high cyanideconsumptionwith F-typeore.
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TABLE 6 - SUMMARYOF HITECTESTWORKRESULTS

Sample 1L-ore Head Grade 0.947g/t Au




Feed Size(inches)
-3/16 -1/13

(mm) -4.763 -3.175 Pulveriaed

Cyanide Consumption 2.12 lb/ton 2.16 lb/ton 2.16 lb/ton
after 47 hours 1.08 kg/t 1.10 kg/t 1.10 kg/t

% Gold Extraction

after 47 hours

39.65% 68.83% 83.15

Sample 2L-ore Head Grade 1.557 g/t Au




Feed Size(inches)
-3/16 -1/8




(mm) -4.763 -3.175 Pulverised

Cyanide Consumption 2.2 lb/ton 2.12 lb/ton 2.2 lb/ton
After 47 houra (1.12kg/t) (1.08kg/t) (1.12kg/t)

% Gold Extraction 35.04 70.17 100.0

After 47 hours





Sample 3F-Ore Head Grade 6.579 g/t Au




Feed Size(inches)
-3/16 -1/8




(mm) -4.763 -3.175 Pulverised

Cyanide Consumption 2.12 lb/ton 2.55 lb/ton 2.51 lb/ton
After 47 houra (1.08kg/t) (1.30kg/t) (1.28kg/t)

% Gold Extraction 37.11 58.78 80.98

After 47 hours
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