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Mines Branch Investigation Report IR 73-52

A STUDY QF CONCENTRATING TECHNIQUES ON A
COMPLEX, FINE-GRAINED Cu-Pb-Zn-Ag ORE
FROM NADINA EXPLORATTONS LIMITED,
OWEN LAKE AREA, BRITISH COLUMBIA.

by

A. Stemerowicz*.and R, W. Bruce®#*

SUMMARY OF RESULTS

The two samples investigated assayed as follows:

Sample No. % Cu % Pb % Zn oz/ton Ag oz/ton Au

No. 1 1.17 2.18 8.74 13.98 0.17
No. 2 0.72 1.90 9.75 8.37 0.10

Mineralization consisted méinly of pyrite ‘and sphalerite with
lesser amounts of galena, chalcobyrite, and silVer—bearing tennantite.
Other important economic minerals identified in the ore were argentiferous
tetrahedrite and native gold. Most of the tennanite was intimately associated
with pyrite and chalcopyrite. Other significant associations were silver-
bearing minerals with galena and galena with pyrite.

The best results obtained for copper and lead concentration were

as follows:

Analyses
No. 1 Sample No. ‘2. Sample
Cu % Pb % Ag oz/ton Cu 7% Pb 7% Ag oz/ton
Cu conc 23.25 4.20 99.13 27.08 4.45 163.36
Pb cone 1.05 59.00 122.14 0.69 70.45 43.71
Tailing 0.36 0.41 7.10 0.21 0.39 3.98

*Research Scientist and'**Head, Non-Ferrous Minerals Secfion, Mineral Pfocesging
Division, Mines Branch, Department of Energy, Mines and Resources, Ottawa, Canada.
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©Distribution; %

‘No. ‘1 Sample

Cu  Pb Ag
Cu conc 53.2 .. 5.6 18.4
Pb conc . 1.8 58.4 16.9
Middlings 16.2 19.1 18.2
Tailing 28.8 16.9 46.5
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These results were achieved on the No. 1 Sample by selectively.

floating copper and lead concentrates directly from the ore and on the

No. 2 Sample by separating the copper from a bulk copper-lead concentrate

by means of the sulphur dioxide-starch method and floating the lead from

the reground sépar‘atién tailing.

The reéovery'of silver from the ore could be increased by as much

as 14% by floating a pyrite concentrate, followed by rdastiﬁg it and fhen,

cyaniding the calcines to recover the associated silver.

The flotation of zinc from the copper-lead rougher tailings gave

a cleaner concentrate assaying 64 to 65% zinc with rougher recoveries of

82 to 87%.
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INTRODUCTION

Location of Property

The property is located at Owen Lake, 27 miles south of Houston, B. C.
Shipment:

Two ore Samples were received as follows:

Sample No. Date received Weight, 1b.
1 December 29, 1969 140
2 December 16, 1970 200

Nature of Investigation Requested

In a letter dated December 16, 1969, Mr. H. B. Johnston, Manager of
Nadina Explorations Limited (N.P.L.) P.O. Box 489, Houston, B.C. requested
a metallurgical investigation of the ore. In answer to a request for further
information, it was stated that the potential of the orebody was greater than
a million tons and that production at 500 tpd was being contemplated.

Sampling and Analysis

The ore samples were stage~crushed to minus 10 mesh and riffled into
portions. One of these portions was chosen as the hegd sample, the remaining
portions, after adjustment to 2000 grams, made up the charges to individual tests.
In order to minimize oxidation of sulphide minerals, the crushed material

was stored in a freezer.




TABLE 1

Head Sample Analyses® .

. Constituent . .Sample No. 1 Sample No. 2
Copper 7 1.17 0.72
Lead " 2.18 1.90
Zinc n 8.74 9.75
Gold oz/ton 0.17 0.103
Silver " " 13.98 8.37
Cadmium =~ 7% 0.07
Soluble iron " 12.83 12.51
Sulphur " 16.41 16. 04
Insolubles ". '40.18 41.00
Arsenic " 0.36
Antimony " 0.17

#From Internal Reports 70-139, 147, 745 and 71-79, 86.

...........

TABLE 2

Elements

. .Range .7

Si, Fe, 7n

Pb, Ba . ,
Mn, Al, Cu, Ni, Ca
Mg, Sr, Cr, In

Ti, Bi, Ag, Mo, Zr

v

Be, Sb, As, W, Sn, Nb
Ta, Ga, Ge, Na, Co, Cd

Prinéipal constituents
0.5 to 0.7
0.1 to 0:3

"0.04 to 0.09

0.01 to 0.03

<0.01:

Not  detectable

*From Internal Report SL 70-12




Mineralogical Examination

A comprehensive mineralogical examination* was carried out on No. 1
. Sample by the Mineral Sciences Division. This showed that the ore was
composed essentially of small masses and disseminations of various sulphide
minerals in a siliceous and carbonaceous matrix. The zinc content of the
ore was largely accounted for by sphalerite, the lead by galena, and the
copper by chalcopyrite, tennantite, and tetraﬁedrite. Most of the silver
in the ore was present as a constituent of tenmantite and tetrahedrite.
Electron microprobe analyses gave a silver content of 1.5 to 4.07 in the
tennantite and 8.0 to 177 in the tetrahedrite. Other silver minerals
present in the sample were stephanite(?), pyrargyrite(?), matildite (AgBiSz)
and berryite 6(Pbg(Cu, Ag)3 Bi5sii)‘ Gold occurred in trace amounts as the
- ‘_native metal. Other minerals identified in the ore were pyrite, marcasite,
0"‘G§§kinite (Pb Bi Cu S3), hematite, magnetite, ilmenite, goethite, rutile,
anatase, quartz, manganiferous siderite, dolomite, apatite, mica, and barite.
The sphalerite, which contains an éverage of 0.32 cadmium and less
than 17 iromn, is eséentially coarse-grained and should Largély be liberated
by normal grinding methods. It is expecéed that traces of silver (as
tennantite) and lead as galena will be retained by the sphalerite as very
small inclusions.
Most of the galena is quite coarse—grained. However, difficulty can
be expected in liberating the very small grains of galena that occur in the

pyrite, and to a lesser extent, in the sphalerite and tennantite.

« #Mines Branch Investigation Report IR 70-47 by D. Owens




The siiver iﬁ the ore wiil be distributed chiefly between the leadi .
and copper concentrates, in the former as inﬁlusions of pyrargyrite,'
stephanite, and tetrahedrite in the galena and in fhe 1attérvas a constituent
of the temmantite énd tétfahedfite.

Liberation 6f the copper minetrals from other minerais iﬁ the ore
should genéraily be'effective{ However, some éoﬁper will bccur,in the lead
concentrafe as inclusions of tetrahedrite in galeﬁa.' Most of these are very
small and will be difficult'to’free. In addition, it is expected that some
of the tennantite in association with pyrite and,.to a lesser degree. with
sphalerite will be difficult to liberate because mén§ of these incluéions

are very small.
OUTLINE OF INVESTIGATION -

The aim of the investigation was to produce'copper; iead,‘and zinc
concentrates from the ore by flotation, with the optimum amount of gold and
silver to be recovered in the copper and léad céncentrates. Two techniques
were developed for producing CObper and leaq concentrates, viz;  flotation
of a bﬁlk copper-lead concéntrate followed by copper—lead separation of the
‘bulk concentrate and selective flotation of copper and lead concentrates
directly from the ore. After flotation of the copper and lead minerals, a
zinc concéntréte was floated from the tailing using'standafd ﬁroc%dufe)

Copper—Lead Separation of Bulk Concentrate

The copper, lead, and silver minerals were floated together into a
bulk concentrate. The bulk rougher concentrate was upgraded by cleaning and ' ]
then subjected to copper-lead separation either by (l) depressing the copper

mineréls with cyanide and floating off the galena or (2) depressing the

.




galena with either dichromate or sulphur dioxide and starch and floating off
the copper minerals.

Before attempting copper-lead separation of the bulk concentrate,
reagents and conditions for bulk flotation were investigated as follows:

(1) Alkalinity regulator and depressants:

(a) Soda ash + sodium sulphite + cyanide, pﬁ 7.6 to 8.4

(b) Lime + zinc sulphate + cyanide, pH 10.5 to 10.9

(c) Lime + sodium sulphite + cyanide, pH 10.0 to 10.2
(2) Grind:

(a) 80.67% minus 200 mesh
(b) 92.3% " 1" "

(3) Collectors:
(a) amyl xanthate
(b) Aerofloat 208 + Z-200
(c) Aerofloat 208 + Aerofloat 242

(4) Conditioning:

(a) with aeration in an aerator
(b) without aeration in a laboratory flotation cell.

After determining which set of reagents and conditions gave optimum
results for bulk flotation, 8 copper-lead separation tests were carried out;

3 on bulk éoncentrate produced from No. 1 Sample and 5 on bulk concentrate
produced from No. 2 Sample.

In addition to the standard separation mefhods, other scheﬁes were
developed in which selective flotation techniques were employed in conjunction
with regrinding. The purpose of regrinding was to improve separation
efficiency by liberating the copper, lead, and silver minerals that were

intimately associated with pyrite.




In the initial test (20), the bulk rougher concentrate was reground
beforeicleaning. - Soda ash, sodium sulphite, and cyanide were added to the
regrind mill; the fofmer for'alkalinity control and the latter two reagents{
to depress sphalerlte and pyrite. The depressants added to the regrind‘nill
had such a severe depress1ng action on the copper minerals” that most of the
copper-lead separation occurred during cleanlng instead of in the subsequent
separation step as was intended The;enhanced effect-of the depressants in
regrinding was used to advantage in Test 21 in-whichva lead concentrate was
floated from the reground bulk-rougher‘concentrate followed by the addition
of copper sulphateAand‘copper_flotation. This scheme had‘the disadvantage
that the'sphalerite was reactivated with copper sulphate along with the copper
minerals. Ihen a new approach was adopted. It consisted of regrinding the
bulk rougher concentrate with sulphur’dioxide and starch followed hy the
selective flotation of copper, 1ead and zinc concentrates from the reground
material (Test 24) It was hoped that the zinc concentrate produced would
be high enough in grade to be 1nc1uded with the primary zinc concentrate
floated from the ore and that the tailing would be low enough in metal values
so that it could be reJected to waste. When this'method gave disapp01nt1ng
results further modifications Were’made. Ihese were to subject the bulk.
rougher concentrate to copper—lead separation using the sulphur dioxide-starch
method followed by 1ead flotation from the regound separation tailing. Soda
ash, sodium sulphite and cyanide were added to -the regrindlng step.

A flowsheet'for bulk flotation with copper-lead separation of the'
bulk concentrate is given‘dn Figure 1? while Figures 2 to 5 giue flowsheets
and other pertinent data for‘the more complex separation techniques described

above.
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Selective Flotation Directly from the Ore

"A copper concentrate Was‘selectively floated from thé oré,by employing
suiphur diokide as a galena depressant. fhe'géieﬁa was thén_reactivated by
adding lime and cyanide, and a lead concentrate ﬁas floated off. It-was
anticipated tﬁat the 1iberated, argéﬁtiferous tetrahedrife apd‘tennantite
would be unaffeéted by sulphur dioxide and would therefore inat with
chalcdpyrite while.the balance of the silver minerals intimately associéted
with galena would be recovered injthe lead concénfrate.'

Five selective flotatioﬁ tests were done, all on the:No. 1 Samplé.
In the first two tesfs potassium amyl k@ﬁthate was emplbyedAas colleéfor for
both lead and copper. in the feméininé tests it was replaced by the more
selective copper and lead collectors, 2—200 and.Aerofloaf 242, ther variables
investigated were aeration of the pulp before copﬁer flotétion and very fine

grinding (Test 16). Figure 6 gives the flowsheet for selective flotation.

In addition to the échemes described aBove, a third flowsheef wéé
tried on No. 2 Sample at the request of Mr. J; D.-éunﬁ of Dolmage Campbell
and'Associates.Ltd;, who had been retainéd as consulting engineeré by:Nadina
Exploratibns and were carryiné out a concurrent ﬁetallurgicai invéstigation.
This flowshéet, which was developed by Mr. Gunn, emﬁlbyed a combiﬁation of
selective flotation and‘copper—lead separation techniques as foliéﬁs:

(1) The ore was ground with sodium sulphite and zinc sulphate added
as .sphalerite and pyrite depressants.

(2) A low-lead bulk concentrate was f1oated off (pH < 7) with
Aerofloat 208 as collector.

(3) The pulp was conditioned with lime and cyanide (pH c.8) and a
scavenger concentrate was floated off using ethyl xanthate as
collector. ' -
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(4) The scavenger concentrate was reground and Subjected to a series
of selective flotation techniques to produce a secondary
copper—lead concentrate and a secondary lead concentrate.

(5) The secondary copper-lead concentrate was comhined with the
cleaned bulk concentrate from (1) and the resultant product
was subjected to copper-lead separation u51ng the sulphur
dlox1de—starch method. : :

The flowsheet was de51gnated by Mr. Gunn, as the "Nadlna Flowsheet,
October 1970" but will be referred to in this report as the Dolmage Campbell
flowsheet. The flowsheet, which iS-Shown in Figure 7, without zinc flotation
which was omitted, was tried in two tests on the No. 2 Sample (22 and 23).

In Test 22, the object was to ascertain the make-up of'the intermediate
products, therefore copper-lead separation and lead flotation from the
secondary copper—lead roughet dnd cleaner tailings was not done. In Test 23,

the flowsheet was tried in its entirety.

Modified Dolmage Campbell Flowsheet

A study of.the reagent .scheme employed in the Dolmage Camphell
flowsheet along.with the results obtained indicated that it could bevmodified
to serve as a method for selectlvely floatlng copper and lead concentrates
dlrectly from the ore., What was de51gnated as the copper—lead rougher
concentrate and the copper—lead scavenger concentrate would then become the
copper and lead rougher concentrates respectively. A modified version, as
shown in Figure 8 was tried on No. 2 Sample in Test 25. Modifications rere
as follows:

(1) Z-200, a more selective copper promoter, was substituted for
Aerofloat 208 in the copper rougher float.

(2) Sulphur dioxide was added to the copper cleaners for lead
depression.

(3) After regrinding the lead rougher concentrate was upgraded by
simple cleaning.
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Zinc Flotation

In mést teéts (16 out of'26), a zinc concéntrate W;S floated érom
either the.éopper4iead rougﬁer:tailinngr, in thé case of<se1éétive flotation,
.frbm the lead rougher tailing. The sﬁhalerite floated readiiy to giﬁe
excellent concentrate gradesAaccdmpanied by high recoveries. deiﬁm aerofloat
was employed as the main ziné_qollector augmenfed by smaller additions of
either émyl xanthété.or Z-200. A high ?H.(ll;lz)'was maintained in the
roughers and cleaners to ensure maximum selectivity betweéﬁ'sphalerite aﬁd
pyrite. |

Silver Recovery from Pyrite Concentrate

The main problem encoqntered in ébncehtrating the ore was ﬁhe high
loss of silver in the tailing.h Mineralogical examination showed that this
was due mainly to the interlockiﬁg of silvervminérals with pyrite. As a
first‘step in ;ecovering this ‘silver, a pyrite concentrate was fléated frbm
the zinc réugher tailing. | -

Two silver redovéry methods ﬁere tried on tﬁe’pyfiﬁé concéntrate
as>follows? | . |

(1) Flotation of Silver from the P'yrite Concentrate

The pyrite concentrate was reground to liberate the interlocked
silver minerals and a. silver concentrate was selectively floated
away from the pyrite. This was accomplished by employing lime
and cyanide as pyrite depressants and Aerofloat 208 and 242 as
collectors for the silver minerals. :

(2) CYanidation

Silver recovery by cyanidation was tried in nine tests on pyrite .
concentrate floated from both the No. 1 and No. 2 Samples. In
most tests, the pyrite concentrate was roasted prior to cyanida-
tion but cyanidation of ‘the finely reground, raw concentrate was
also tried. Roasting temperature and length of roast were varied;
also the effect of adding lime to the charge was investigated.




Test Data
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Screen analyses of grinds employed, detailed test procedure, and

metallurgical balances for all flotation and cyanide tests are given in

Appendix A.

EVALUATION AND DISCUSSION OF RESULTS

Best Copper and Lead Results

Tables 3 and 4 compare the best results obtained for copper and lead

concentration by various flotation techmniques.

TABLE 3

Best Copper and Lead Flotation Results Obtained on No. 1 Sample

Test No. Product Wt Analysis® 4Distribution A
and Method 2 ;
Cu Pb n Ag Cu Pb.| Zn - Ag
16 Copper comnc 2.45{23.25| 4.20] 4.29] 99.13f 53.2! 5.6; 1.1 18.4
Selective |Copper cl tail 2.54{ 4.94} 5.391 9.12| 51.72} 11.7}{ 7.4} 2.4| 10.0
flotation |Lead conc 1.82f{ 1.05/59.00] 4.67{122.14} 1.8} 58.4{ 0,9} 16.9
Lead cl tail 7.29| 0.66| 2.39} 8.68| 14,76{ 4.5] 9.5f 6.6f 8.2
Lead ro tail - 85.90/ .0.36] 0.41| 9.90| 7,10{ 28.8| .19.1{ 89.0! 46.5
Feed (calcd) 100.00} 1.Q6f 1.84] 9.56| 13.14{100.0{100.0;100.04100.0
18 Copper conc 2.67{23.68{12.98) 3.43{130.70}§ 56.5{ 17.8! 1.0} 26.5
Copper-lead|Copper ¢l tail®*| 1.08} 7.12/19.31f 3.98{108.15} 6.9{ 10.8! 0.5] 8.9
Separation |[Lead conc 2.45) 2.66§34.08; 5.49} 87.88 5.8] 43.0 1.5¢ 16.3
| (809-starch|Cu~Pb cl tail®* | 5.43} 2.13j} 6.21]11.50] 33.67; 10.4} 17.4{ 7.0{ 13.9
method) Cu~Pb ro tail 88.37| 0.26{ 0.24f 9.07| 5.14y 20.4] 11.0; 90.0| 34.4
t

Feed (calcd) 100.00f 1.12f 1.94f 8.90} 13.18}100.0{100.0!100.0{100.0

* Analysis in this apd all subsequent tables isAgiVen in per cent except silver

which is
*% Combined

in oz.per ton.
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As can be seen from Table 3 the best copper and 1ead concentrate
grades obtalned on No.. 1 Sample Were produced by selectlve flotatlon dlrectly
from the'ore. However, copper, lead, and silver losses in the rougher talllng
were higher than the 1osses in the’tailing from bulk_flqtation. None of the

copper-lead separation methods tried on the bulk concentrate were effective

cin producing a copper concentrate low enough in lead to be acceptable to a

copper. sméltér.

TABLE 4

Best Copper and Ledd Flotation Results Obtained on No. 2 ‘Sample

Test No. Product Wt |- Analysis ~ Distribution 7
and Method : : Z — :
‘ cu | Pb'| za | Ag | Cu| Pb| Zn| Ag
23 |copper conc | 2.45|12.50 | 2.12| 3.10|.75.57| 48.9| - 3.0| 0.8 21.1
Dolmage- |Copper cl ta11 : 0.52{ 4.84 {17.90| 4.17| 70.60| 4.0{ -5.41 0.2} 4.2
Campbell |Lead conc 2.74{ 2.85 }32.17| 4.68} 59.47{ 12.4} 5L.0| 1.4} 18.5
Flowsheet [Sec lead tail 2.44) 0.68 | 9.24112.24} 15.36 2.7| 13.0; 3.4} 4.2
Cu-Pb cl tail 3,57} .2.13 | 7.15{10.09} 32.37| 12.2{ 14.8| 4.0f 13.2
Cu-Pb'ro.tail. ..88.28| 0.14.1 0.25] 9.20 3.86} 19.8] 12.8{ 90.2{ 38.8
Feed (caled) {100.00| 0.63 | 1.73| 9.01| . 8.79/100.0{100.0|100.0|100.0
25 Copper conc | .1.02|17.86 | 2.74] 3.06| 70.94| 26.8] 1.6] 0.4 8.1
Modified |Copper cl tail 4.85| 4.74 | 3.68] 5.70{ 40.74} 33.7| 10.8 3.2) 22.3
Dolmage- |{Lead conc 0:70] 1.25 |67.70] 2.50| 94.92; 1.3} 27.7; 0.2 7.5
Campbell |Lead cl tail 2.58f 1.90 |24.79] 9.10} 48.28 7.2] 37.4 2.71 14.0
Flowsheet .|Lead ro tail.. . | 90.85} 0.23 | 0.43] 9.04] 4.70} 31.0| 22.5; 93.5| 48.1
(Figure 8) [Feed (caled)  [100.00] 0.68 | 1.71| 8.77| 8.88{100.0}100. 0]100 0{100.0
26 - “|Copper fonc 1.11]27.08 | 4.45| 5.15|163.36] 44.7] 3.0{ 0.6] 21.4
Modified |Copper cl tail 1.42) 7.51 |14.85] 5.14 108.79} 15.9} 12.8; 0.7] 18.3
Copper-leadflead 0.99| 0.69 |70.45| 3.00| 43.71| '1.0j 42.6] 0.3] 5.1
. Separation [Lead ¢l tail 0.48} 2.21 |25.43{10.00] 43.33 1.6y 7.5; 0.5 2.5
(Figure 5) |Sec lead ro tail] 3.23} 1.80 | 6.22(10.41| 24.33] 8.6] 12.3{ 3.6] 9.2
Cu-Pb ro tail 92.77f 0.21 0.39] 9.44 3.98] 28.2 21.81 94.3 43.5
; ; — i

Feed (caled) 100.00| 0.67 | 1.64| 9.30| 8.47{100.0{100.0{100.0|100.0




- 19 -

Of the schemes tried on No. 2 Sample the modified copper-lead

separation method employed in Test 26 gave the best set of copper and lead

results. This method which is outlined in Figure 5 consisted of using the

809 - starch separation method on the copper-lead rougher concentrate to

produce a copper concentrate followed by the flotation of a lead concentrate

from the reground separation tailing.

The Dolmage-Campbell flowsheet (Test 23)

gave low-grade concentrates attributable to a high pyrite content, whereas

the modified form of this flowsheet (Test 25) gave improved cleaner concentrate

grades but with excessive amounts of copper and lead rejected to the cleaner

tailings.

Best Zinc Results

ore samples. .

Table 5 gives a summary of the best zinc results obtained on the two

The feed given in this table is the feed to zinc flotation,

i.e., either the copper-lead rougher tailing or the lead rougher tailing.

TABLE 5

Summary of Bedst Zinc Results Obtained on No. 1 and No. 2 Samples

Sample| Test Product Wt Analysis Z|Distn 7jOverall |[Flotation Method
No. No. 7n n for Copper and
% Zn Fe Distn 7 Lead
Zinc ro conc 13.50| 57.63]2.82] 94.4 81.9
1 6 Zinc ro tail] 86,59 0.54 5.6 4,9 [1Bulk Flotation
Feed (caled) |100.00 8.74 100.0 86.8
Zinc ¢l conc 9.43} 64.24}1.22} 73.5 63.8
Zinc ro conc| 15.23| 49.1914.64] 94.9 79.6
1 12 Zinc ro tail| 84.77 0.48 5.1 4.3 |Selective Flotation
Feed (calcd) [100.00 7.90 100.0 83.9
Zinc ro conc| 16.83| 52.76]3.83] 96.1 87.4
2 21 Zinc ro tail| 83.17 0.43 3.9 3.5 Bulk Flotation
Feed (calecd)|100.00f 9.23 100.0 9G.9 '
Zinc cl conec| 12.92 ) 65.44)1.391 91.5 83.2
Zinc ro conc| 14.69| 50.00} 4.19} 81.3 76.0 |Modified
2 25 |Zinc ro tail]| 85.31 1 1.99 18.7 17.5 |Dolmage—Campbell
Feed (calcd) [100.00]| 9.04 100.0 93.5 | Flowsheet
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?
Excellent zinc goncéntrate grades and recovefies wére obtained for
both samples wheﬁ'copper—leéd bulk flotation was employed in the preceding
" step (Tests 6 and 21). When copﬁé;—leéd selective f10tation'was{employed _ v
(Tests 12vand 25),Vsubsequeﬁt zinc flotation resulted in a significantly_
lower, but still satisfagtory grade of rougher concentrate. Also, ih Test 25

the zinc loss in the tailing was inexpiicably higher.

Nature of Metal Losses in Zinc Roﬁgher Taiiing
In order to detgfmine the nafure of the metal losses inlﬁhe zinc
rougher tailing a sample from Test 12jwas SQparatéd into sized fractions by
screening through 200 and 270 mesh screens and then running’the minus 270
mesh material fhroﬁgh a Warﬁan Cyciosizer. Fach size fraction was aséayed-
and submitted'for mineralbgical-examination to determine fhe ﬁbdé of occutrrence
" of the meﬁallic minerals and their textural relatiénShips. Aésays and metal

distribution in the various size fractions of the tailing are given in Table 6.

TABLE 6

Assays and Metal Distribution in Various Size Fractions
of Zinc¢ Rougher Tailing from ‘Tes'ﬁ ‘12 '

Size Fraction | Wt . Assays_ . . Distribution Z.
% Cu.l! Pb | Zn | Au | Ag. | Cu.| Pb.| ..Zn . Au| Ag.
|+ 200 mesh | 10.3[0.14]0.19{0.29/0.13 | 5.54| 12.8| 11.9| 15.5| 14.0| 13.8
+ 270 " " 8.7|0.11]0.16]/0.21}0.113{ 4.96| 8.5| 8.4| 9.5| 10.3| 10.4
+ 41 microns¥ 14.30.15[0.17/0.20|0.156|6.72] 19.1] 14.7| 14.8| 23.3] 23.2
+ 31 " 13.3/0.08{0.09|0.13{0.096| 3.74| 9.4| 7.3| "9.0] 13.3| 12.0
+ 23 " 11.4{0.06[0.08}0.10}0.072| 3.00| 6.0| 5.5| 5.9| 8.6/ 8.3 )
+ 12 " 16.0{0.05{0.10}0.09}0.062{ 2.40| 7.1| 9.7| 7.5| 10.4| 9.3 :
- 12 " 26.0{0.16]0.27]0.28{0.074| 3.68| 37.1] 42.5{ 37.8| 20.1| 23.0
Total (caled) {100.0}0.11{0.17/0.19{0.10 |4.14/100.0/100.0{100.0{100.0|100.0 T
Total (assay) - 10.13}0.22}0.22(0.11 | 3.80

*Qﬁartz particle size in cyclosizer fractions
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As can be seen, the coarse fractions generally had a higher metal
content than did the finer fractions. This was especially true for gold and
silver. Mineralogical examination (see report in Appendix A) showed that in
every case the metal losses were due mainly to interlocking of the various
minerals with pyrite. Silver was present entirely as a constituent of
tetrahedrite and temnantite. These two minerals also accounted for most of

the copper loss.

Results of Silver Flqtation frqm Pyrite Concentrate

Results of pyrite flotation from the zinc rougher tailing are given.
in Table 7 followed by Table 8 which gives the results of silver flotation

from the reground pyrite concentrate.

TABLE 7

Results of Pyrite Flotation from Zinc Rougher Tailing (Test 13)

We Analysis % Distribution 7%
Product g
’ Ag Au S. Ag Aul S
Pyrite rougher conc 25.15| 9.96 | 0.28 | 39.10{ 76.5| 82.4} 87.8
Final tailing 74.85|. 1.03.} 0.02 1.82) .23.5} .17.6} 12.2.
Feed (calcd) 100.00}) 3.28 | 0.085) 11.20}100.0/100.0}100.0
TABLE 8

Results of Silver Flotation from Pyrite Rougher Concentrate (Test 13)

Product W; Analysis Z . Distribution 7 .
Ag Au Ag Au
Silver cleaner conc 3.71 29.01 0.80 10.8 10.7
Silver cleaner tail 8.98 | 13.44 | 0.32 12.1 10.4
Silver rougher .tail|. 87.31} 8.79 | 0.25 77.1 } .78.9
Feed (calcd) 100.00 9.96 | 0.28 | 100.0 | 100.0
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Most of the'preécious metals present in the zinc rougher tailing were

recovered in the pyrite concentrate.

Howevér,.only about 23% 6f,the contained

silver and 217 of the gold were subsequently recovered in the silver concentrate

floated from thé reground pyrite concentrate.

During cleaning, about half of

"the recovered precious metals were rejected to the cleaner tailing,

Results of Cyanidation of Pyrite Concentrate

Table 9 compares the results of cyaniding a sample of pyrite con@entrate

in the raWw state and after roasting.

Results

TABLE 9

of Cyanidation of Pyrite Concentrate

‘Test| Cyanidation Product. Wt | Assays,oz/ton|Distribution %
No. Feed _ PN B we— —
°- U i AII"!' Ag’ Au L Ag
_ Raw pyrlte conc Pregnant soln = 0.07°1 4.06 25.0 | 37.3
1 | reground to Residue 100.0 |0.21 | 6.84 75.0 | 62.7
917 -500 mesh Feed (assayy 100.0 0.28 {10.90 100.0 {100.0
Calcines from Loss in roasting 14.36{0.01 | 0.80 3.5 7.4
: 3-hour low-temp - |Loss in calcine wash | 18.81} - 0.04 - 0.4
4 | (475°C) roast with|Pregnant soln - ]0. 20 7.45 71.1 | 68.6
: lime Resideu 66.83/0.11 | 3.83 | 25.4 | 23.6
Feed (assay) 100.00{ 0.28 {10.86 (100.0 {100.0

Notes:

(1) Assays for pregnant solution and roasting loss expressed as
oz/ton feed and obtained by difference.

(2) Loss in.calcine wash determined as mg/liter and converted .to

oz/ton feed.

As can be seen from the comparison of results in Table 9, there was
a very sharp increase in precious metal extraction by cyanidation when the

pyrite concentrate was subjected to a low-temperature roast with lime added

~ to the charge. Cyanidation of the raw pyrite concentrate was not too

effective even though the concentrate was very finely-reground.
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Bulk Flotation

A comparison of results for bulk rougher flotation obtained by
employing various reagent conbinations is given in Table 10, whereas Table 11
gives reagents and conditions for these tests.

Effect of Aeration

The employment of a soda ash — aeration scheme along with xanthate
as collector (Test 2) resulted in the flotation of excessive amounts of pyrite.
Zinc depression using this scheme, however, was very good. In a comparison
test without aeration (Test 9), a similar concentrate grade was obtained and
was accompanied by similar copper and silver recoveries but lead recovery was
significantly lower. The essential difference between the two tests was the
high flotation rate of the copper, lead, and silver minerals obtained when
aeration was employed. Note that it required a skimming time of 6 minutes in
Test 9 to achieve the same level of copper and silver recoﬁeries obtain(ed
after only 13 minutes of skimming in Test 2.

Lime vs Soda Ash

The use of lime as an alkalinity regulator (pH 10 +) in place of soda
ash (Tests 4, 5, 6, and 8) resulted in much improved pyrite depression but
zinc depression was much poorer - the amount reporting in the bulk rougher
concentrate increased by about 3 times. In Test 8, about half of the zinc
was recovered in the bulk rougher concentrate despite the increase in cyanide
addition to 0.15 1b/ton. In this test, the original intent was to use
Aerofloat 242 and Z-200 as collectors; When thése appeared to be ineffective,
some amyl xanthate was added. A iight, foamy froth‘was obtained which carried
excessive amounts of fine sphalerite.

Unexpected were the high lead recoveries obtained in Tests 5, 6, and 8.\

Generally, lime has a detrimental effect on the flotation of galena.
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TABLE 10

Comparison of Results for Bulk Rougher Flotation

Test| Product| Wt Assays .. Distribution %.
No. : A - — y —
.Cu. | .Pb Zn Fe Ag | Cu Pb| Zn Ag
2 | Ro conc | 9.89| 8.74{12.08| 3.41|29.25| 64.74 | 78.7|60.6| 3.9| 49.5
Ro tail | 90.11| 0.26{ 0.86] 9.18 7.25 | 21.3{39.4| 96.1| 50.5
4 | Ro conc | 8.16' 4.76[16.20{12.26/12.39] 69.28 | 33.7|72.8| 12.1] 42.7
Ro tail | 91.84| 0.83| 0.54| 7.92 8.25 | 66.3{27.2| 87.9{ 57.3
5| Ro conc | 7.17{10.49|23.94]15.70]14.99{104.22.] 67.5|85.7] 12.8} 59.1
Ro tail | 92.83| 0.39| 0.31] 8.32 5.57 | 32.5{14.3] 87.2| 40.9
6 | Ro conc | 7.98| 9.90}22.10(14.43|13.41] 97.84 | 70.3[89.6| 13.2| 60.7
Ro tail |.92.02| 0.36| 0.22| 8.24 5.50 | 29.7{10.4 | 86.8] 39.3
'8 | Ro conc | 15.75| 5.32|10.08[26.40| -9.77| 54.51| 76.5|85.0| 49.4] 66.1
Ro tail | 84.25] 0.31] 0.33| 5.07 5.23 | 23.5/15.0 | 50.6] 33.9
9 | Ro conc*| 9.64| 8.87|10.77 4.51{26.93| 71.75 | 82.1{51.7| 5.3] 53.5
Ro tail | 90.36| 0.21| 1.07{ 8.63 6.67 | 17.9/48.3| 94.7| 46.5
13 | Ro conc | 13.92| 6.98|13.08| 6.59| 24.76| 64.60 | 89.5/89.0 10.7| 69.9
Ro tail | 86.08| 0.13] 0.26{ 8.88 - 4,50 10.5{11.0 | 89.3| 30.1
19 | Ro conc | 11.52| '7.58{14.29| 8.15|18.15| 74.27| 79.3|86.1| 11.2| 65.5
Ro tail | 88.48 | 0.26( 0.30| 8.33 5.10| 20.7/13.9 | 88.8| 34.5
20 | Ro conc | 8.04| 6.55/18.24| 9.1814.19] 65.25] 80.5[83.7| 8.2 59.0
Ro tail | 91.96 | 0.14| 0.31f 9.18 3.98| 19.5[16.3 | 91.8| 41.0

" %Rougher conc after 6 minutes skimming (seé Appendix A pagel6)
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TABLE 11

Reagents and Conditions for Bulk Rougher Flotation

TestjGrind - Reagents to grind Conditioning | Collectors |Skimming
No. | Z-200m 1b/ton A - time min.
eration| pH

2 | 80.6 |3.0 NayCO4|1.0 NaySO3| 0.10 NaCN| Yes | 8.1 |CX51 13

4 " 3.5 lime 0.5 Zn S04 oo, No 10.9 | AF 242+Z-200| 3

5 1 " 11 1" " " " NO lO. 5 CXSl 4

6 " 3.0 lime [1.0 NasSogz| " " No 10.2 (" " 4

8 92.3 | " " " 0.15 NaCN No 10.0 | CX51+AF 242 | 23

+ Z-200

9 " 3.0 Na2C03 1.0 Na2503 0.10 NaCN No 8.2 | CX51 10%*
13 " L moo| e " No 7.8 | AF242+AT208 | 4
19 " 3.5 NayCOq " " " " No 8.31 " " 4

20 87.6 |3.0 NayCOg|" " " " No 7.6 | " " 3

*Floated in 5 increments.
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Most Effective Reagent Combination

The combination of soda ash, sodium sulphite and cyanide with non-
aerative conditioning nnd Aerofloat 242 and 208 as collectors provéd to be
effecti%e anﬂ was adopied as the standard meﬁhod for bulk flotation;
Generélly, it gave good copper, iead, and silvef recovefies.accompaniéd
by reasonably good pyrite and zinc depression.

Effect of Grind

. Generaliy, higher.copper and silver recoveries were obtained dt. the
finer grind (92;32 minus 200 mesh) but there wids no apprediabie chdngé in
lead recovery.. Howenef the higher recoveries obtained may have been caused
by other changes in reagents énd conditions.__None of the tests were
specifically designed to test the effect of varying the fineness'of grind.

Copper—Lead Separation

Standard Methods

Table'lZ glves a‘combarison of the results obtained'fdr_conberflead
separation using the three standard methods on cleaned bulk concentrate
produced from No. l.Samble,' Included in the comnarisonvare the renulns of a
sulphnr'dioxide—stardh'separatibn test on bulk roughér concennratejf:dm No. 2
Samplé (Test 26). lThe criterion nSed in evaluating these tesns in.ihe
separation efficiency*.which is'a.quantitative measure of the éxtent of
separation between tne copper and lead minerals. It'is‘calcnla;edvby subtract-
ing the per cent distribution of the nnwanted metal din the‘concentrate from

[

the per cent distribution of the metal concentrated.

% "Separation Efficiency" by N.F. Schultz, SME Transactions, Vol. 247, March 1970. .
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TABLE 12

Separation

Test Product Wt Analysis Distribution Sepn¥®
No Method % EEf 7

Cu Pb Ag Cu | Pb Ag

Copper conc 43.41123.22117.36|175.36 75.4| 32.5] 56.1

17 |Dichromate |[Copper cl tail] 25.37{10.53{29.91{158.21| 19.9} 32.7| 29.6
Lead conc 31.221 2.00}25.84} 61.89 4.7 34.8] 14.3 | 30.1

Feed (caled) * [100.00}13.38{23.19 135.58{100.0{100.0{100.0

Copper ro conc| 68.78118.54]21.99{169.03| 95.3| 65.2| 85.7

|Copper conc 3 43.06/23.68(12.98]130.70 81.6 24.91 51.2

18 SOZ—Starch Copper cl tail| 17.42] 7.12{19.31{108.15 9.9} 15.0{ 17.2 {.

Lead conc 39.52| 2.66{34.08] 87.88] 8.5{ 60.,1] 31.6 { 51.6

Feed (calced) 100.00{12.49{22.42{109.85{100.0{100.0/100.0

Copper ro conc| 60.48{18.91114.801124.21¢ 91.5} 39.9{ 68.4

Lead conc 15.44| 9.34]46.20{140.40 9.6! 30.4} 16.7

19 |Cyanide Lead cl tail 18.76117.38}20.45|133.27| 21.5| 16.4| 19.2
Copper conc . 65.80115.80{18.96{126.70| 68.9| 53.2| 64.1 | 15.7

Feed (calcd) 100.00{15.10|23.45{130.05{100.0:100.0|100.0

Lead ro conc | 34.20|13.75]32.08]136.49| 31.1] 46.8] 35.9

Copper conc 15.38(27.08! 4.45/163.36] 62.3 3.9 38.0

26 SOz—Starch Copper cl tail{ 19.57| 7.51{14.85{108.72| 22.0} 16.4| 32.2
Sep tailing 65.05] 1.61}21.71f 30.28! 15.7i 79.7| 29.8 | 64.0

Feed (calcd) 100.00: 6.68{17.71] 66.10{100.0{100.0{100.0

i 1
Copper ro conc| 34.95/16.12{10.28{132.76! 84.3] 20.3| 70.2
i ' {

* For initial rougher flotation.




None of the'three,separatiOn,ﬁethods employed on_the.No. 1 Sample
bulk concéntrate (Tests-17, 18 and'19) gave satisfactory results. in eachf
case the copper content in the‘lead conceqtrate was excessively high. A

comparison of the separatlon eff: i.c1enc1es 1nd1cates that the sulphur dloxlde— _

lﬂ ER O

starch method was the most effect1ve. When trled on the No. 2 Sample bulk -

concentrate (lest 26 1t gave_much more acceptable results _probably. because

)
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in the reground r0ugher concentrate Was re.

v SRR 5

:
{
i

the subsequent sulphur dioxide-starch separatlon of the copper—lead cleaner

concentrate (separation efficiency 20.37). However, when the enhanced depressing

effect of cyanide in the regrind was taken advantage of in Test 21, it depressed




only about 2/3 of the copper.
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This could have been due to.the ineffectiveness

of cyanide as a depressant for the copper-bearing minerals, tennantite, and

tetrahedrite.

TABLE 13

Comparison of Results for Copper-Lead Separation Using Modified Methods

Test| Separation Product wt Analysis Distribution Sep
No. Method % Ca .Pb s a b As Eff %
Flowsheet 2f Copper conc 10.24119.48]33.03| 142.26} 21.0 7.1 12.3
20 |Modified Copper cl tail | 22.75{12.09| 47.30]134.46] 29.0| 22.6] 25.9
S09~Starch | Lead conc 67.01] 7.06}50.00{109.19{ 50.0] 70.3] 61.8
: Feed (calcd) 100.00] 9.48{47.65/118.331100.0{100.0{100.0
Copper ro conc | 32.99{14.38[42.871136.88] 50.0f 29.7| 38.2 {20.3
Flowsheet 3| Lead conc 26.42f 7.02{46.601112.65| 33.1| 77.5] 50.3 [44.4
21 |Selective
flotation | Copper conc 17.52]10.00{13.72| 75.65} 31.2] 15.1] 22.4
of lead and| Copper ro tail| 56.06| 3.57| 2.11} 28.75{ 35.7| 7.4] 27.3
copper fromfFeed (caled)  1100.00f 5.61}15.90[ 59.13/100.0/100.0{100.0
reground
bulk conc |Lead ro tail 73.58{ 5.10{ 4.87| 39.92] 66.9f 22.5| 49.7
Flowsheet 4| Copper conc 11.01}21.94|21.18]178.90] 52.1} 16. 39.4
Selective j ' I
flotation |Copper cl tail | 9.48| 7.33]28.30f 89.06| 15.0f 19.4} 16.9
24 {of copper
lead Lead conc 10,54} 3.79151.82] 72.00 8.6] 39.6f 15.2
and zinc Lead cl tail 17.60f 2.99f -8.86| 37.78] 11.3| 11.3| 13.2
from
reground Sec Zn ro conc¥ 5.29| 2.21] 5.63} 26.56f 2.5 2.2] 2.8
bulk conc |Sec Cu-Pb ro
tail 46,08} 1.05] 3,15] 13.60] 10.5] 10.6] 12.5
Feed (calcd) 100.00] 4.64]13.79] 50.051100.04100.0{100.0
Copper ro conc¢ | 20.49115.18{24.47[137.33] 67.1| 36.3] 56.3 |30.8
Flowsheet 5|Copper comc | 15.38]27.08| 4.45[/163.36] 62.3 3.9 38.0
26 |809-starch |Copper cl tail | 19.57f 7.51]|14.85{108.79| 22.0} 16.4| 32.2
with lead |Lead conc 13.68{ 0.69(70.45| 43.71| 1.4| 54.4] 9.0
Flotation : ‘
from Lead cl tail 6.69] 2.21|25.43] 43.33] 2.2} 9.6] 4.4
reground Sec Cu-Pb ro _
tail 44.68] 1.80{ 6.221 24.23| 12.1| 15.7} 16.4
Sep tailing|Feed (calcd) 100.00| 6.68]17.71] 66.12{100.0{100.0/100.0
Copper ro conc | 34.95{16.12110.28|132.76| 84.3] 20.3}| 70.2 |64.0
Lead ro conc 20.37} 1.19]55.68] 43.59| 3.6] 64.0} 13.4 »

%11.297 zinc with recovery of 22.97%
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The results for selectlve flotatlon‘directly from the ore are

i

compared in.Table 15, while reagents,and conditions for these tests are

given in Table. 14.

"TABLE 14

l

: Reagents and Condlrlons for

: Selective Flotation Directly from the Ore d

Test No.| Grind | conditioning. .| = Collectors,.lb/ton: -
7-325m A : »
‘ | .Aeration . PH. | Copper - Lead | -

1 85.0 No ' | 6.6'| CX51, 0.03 |CX51, 0.005
12 " “Yes . | 5.7 | cx51, 0.04 |cxs1, o. oz v
15 L Yes | 5.7°| 2-200, .0.03 - AF 242 0. 06 |
16 97.3 ~ Yes | 5.8:| 7-200, 0.06 |AF 242, 0.05

From Table 15, 1t can be seen that the best results were,achleved-'

by aeratlng the pulp prlor to copper flotatlon and by‘employnng 'Z=200 and_

Aerofloat 242 as’ copper and 1ead promoters respectlvely.

The very fine

grlnd employed in Test 16 d1d not br1ng about any 31gn1f1cant changes in

results.

)




TABLE 15

Comparison of Results for Selective Flotation Directly from the Ore

Test Product Wt Assays Distribution 7 Sep
No VA Eff
Cu Pb | Zn Fe Ag Cu | Pb Zn Ag %
Copper ro conc 3.03{19.00{ 3.00] 6.60;{16.30{105.39| 53.6] 4.8} 2.4} 24.0(48.8
11 | Lead ro conc 3.77| 6.00{25.53; 5.93} 6.111 85.33] 21.0{ 50.5| 2.6| 23.8
Lead ro tail 93.20f 0.29} 0.91] 8.55 7.46) 25.4| 44.7] 95.0| 52.2
Feed (caled) 100.00| 1.07f 1.91] 8.39j. 13.31{100.04100.0{100.0{100.0
Copper ro conc 6.18]12.11) 9.21] 6.70]24.03| 68.64) 68.0f 29.2f 5.0| 33.1[38.8
12 | Lead ro conc 5.25] 2.83}21.66(17.59{11.16 | 73.01| 13.5{ 58.5] 11.1| 30.0
Lead ro tail 88.57f 0.23] 0.27] 7.90 5.35| 18,5 12.3| .83.9| 36.9
Feed (calced) 100.00f 1.10§ 1.94| 8.33| 12.81{100.0{100.0}100.0{100.0
Copper ro conc 4.23119.37| 6.00] 6.40|20.22| 88.78; 68.0f 13.0] 3.1| 26.9(55.0
Lead ro conc 5.96] 1.65{23.11] 9.45} 9.50| 71.80| 8.2] 70.8] 6.5| 30.7
15| Lead ro -tail 89.81f 0.32f 0.35 8.70 6.59| 23.8] 16.2} 90.4| 42.4
Feed (calced) 100.00f 1.21} 1.95] 8.65 13.95(100.0}100,0{100.0}100.0
"Copper cl conc 2.94125.00] 5.52} 4.82121.75 {101.17| 61.0f 8.3f 1.6} 21.3
Lead ¢l conc 2.241 2.26)55.13} 6.58| 6.57 [149.45( 4.2} 63.5] 1.7| 24.0
Copper ro conc| 4.99|13.93| 4.81] 6.75|19.41 | 75.00| 64.9] 13.0] 3.5| 28.4[51.9
Lead ro conc 9.11] 0.74{13.70{ 7.88{10.56] 36.21| 6.3| 67.9} 7.5| 25.1
16| Lead ro tail 85.90| 0.36] 0.41} 9.90 7.10| 28.8| 19.1}| 89.0| 46.5
Feed (caled) 100.00| 1.07{ 1.84] 9.56 13.14|100.0/100.0]100.0(100.0
Copper ¢l conc 2.45123.25( 4.20| 4.29{22.,73| 99.13| 53.2} 5.6} 1.1} 18.4
Lead ¢l conc 1.82( 1.051 59.00y 4.67| 5,90 {L22.14} 1.8} 58.4! 0.9f 16.9

_'{S_
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Table 16 gives a metallurgical baldnce for Test 2 which, as was
mentioned previously, was done to ascertain the make-up of the intermediate

products initially produced using the Dolmage Campbéll,flowsheeﬁ.

| TABLE 16 -

Metallurgical Balance for Test 22

‘Product, , Wt Assays | Distribution %

S ren Pb | Zn| Ag | Cu| Pb | Zn| Ag
Copper-lead cleaner conc| 2.79{12.85| 5.39 7.63 102.28} 58.6f 9.7/ 2.1] 33.0
Copper-lead cleaner tail{ 1.50} 2.32|11.57{ 9.08| 22.64| 5.7/ 11.2| 1.4] 3.9
Sec Cu-Pb cleaner conc 1.37} 3.06{59.81| 4.41| 64.44] 6.9| 52.8/ 0.6] 10.2
Sec .Cu-Pb cleaner tail 1.13{ 0.74]18.30{12.03] 43.28] - 1.4{ 13.3} 1.4 5.7
Sec Cu=Pb rougher tail 3.64f{ 0.43{ 2.55{11.27} 8.95| 2.6| 6.0{ 4.1} 3.8
Copper-lead rougher tail 89.57 0.17| 0.12}10.00{ 4.20] 24.8)' 7.0| 90.4| 43.4
Feed (calcd) 100.00f 0.61; 1.55{ 9.91} 8.65[100.0{100.0{100.0{100.0
Copper—~lead rougher conc| 4.29| 9.17| 7.55( 8.14| 74.43| 64.3] 20.9] 3.5| 36.9
Copper-lead scav conc 6.14} 1.07/18.22} 9.88} 27.65| 10.9 72.1} 6.1} .19.7

fhe results in Table 16 indiéate that the greate;t proportionvofvthe
'copper floats in the copfer-léad‘rougher, Wﬁereas'most o%ithe lead'ié reébvered
"in . the suBsequent copper—leadvscavénger float. 'AISO,-fhe éalena that.fldats
~in the copper-lead rougher tends to be depfessedvﬂufingfthe cleaning'operétion.
The so—called'secondary'copbex41éad cléanerrconcentrate:which is'floated from
the scavenger concentrate (gee Figﬁre 7) is actﬁaiiy a finished 1ead5concentraté.
From this'test, therefore, it can be concluded that, otﬁer than additional :
cleaning of the éopper-lead concentrate, furthervt;eatment as outlined in
Figure 7 is unnecessary and that; in effect the initiai portion of the

flowsheet is equivalent to selective flotation directly from the ore.
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Roasting and Cyanidation of Pyrite Concentrate

Table 17 compares results obtained for cyanidation of raw and
roasted pyrite concentrates.
TABLE 17

Comparison of results for Cyanidation of Raw and Roasted Pyrite Concentrates

Test|Cyanidation| Roasting conditions{S content in|Extraction by|Reagents consumed
No. feed { 1 | calcines, % |Cyanidation,%|1b/ton pyrite conc
iTemp Time | Lime |Total|Sul- % S
; °C hr added phide Au Ag {Lime-1l}Lime~2|NaCN
- s
1 | Raw pyrite ! 25.0 t+ 37.2 8.5 {15.4
conc :
2 |Calcines 1450 5  No 1.13] 0.09 | 58.4 | 28.5 1.0 | 4.8
\ }to 700 i
3 'Calcines 475 0.8 Yes 12.71} 2.04 | 64.5 ) 55.9 | 102 9.7 {14.0
i i
4 | Calcines 1475 3 ! Yes 1.31} 0.67 | 71.1 | 68.6 | 104 10.6 | 3.8
5 |Raw pyrite | i 28.1 | 40.8 10.2 116.4
conc ; : '
6 |[Calcines 3475 3 i Yes 16.71) 1.54 | 66.2 | 57.1 80 6.9 (14.7
7 Calcines 475 3 DNo 13.48} 1.52 | 60.4 | 58.7 7.1 113.4
!
8 l{Calcines 475 4 - Yes 5.05/ 0.86 | 72.1 ; 55.7 71 3.9 i11.1
] !
: : ; |
9 ‘Calcines 475 4 ' No -4,30f 0.78 | -70.8 ; 61.0 3.9 ill.l
! ] : ‘ ! i .

. % Consumed in roast
%% Consumed in cyanidation.

Cyanidation of the raw pyrite concentrate (Tests 1 and 5) was not
effective in extracting the precious metals. When the pyrite concentrate was
Asubjected to a complete roast at a high temperature prior to cyanidation
(Test 2), gold recovery more than doubled but there was a decrease in silver
recovery. |

In an investigation on gold and silver ores carried out by the U.S.
Bureau of Mines (Technical Paper 423, 1928), it was found that, when suibhosalts

such as tennantite or tetrahedrite were roasted at a high temperature, they
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’were_convefted to base metal arsenates and antimohétes. Thesé compounds
contained‘the silvef originéliy'present in‘the‘sulﬁhosaitsvand were insoluble
in cyénidé sélution. Tt was found thatlbyNSUBjecting these minerals to a
low-temperature roast‘(450°C)'in the pfesen¢é,of 1imé; calcium arsenate
ana antimonate were formed ih'preféreﬁce'to the COrrespdnding base ﬁetal
compounds. - These>ca1éium cbhpoundé gave uﬁ theifjsilvervmbre reaéily_to_
dissolﬁtidn‘byxhyanidé.r

A number of tests were tried iﬁ_which the pyrite cbncentrate was
roasted at a 1ow—tempefétufe for varying periods. In some of thesé fests,
20 grams 6f lime were mixed with the roasting charge. Iﬁ'évery test;.thefe‘
was at least a doubiing of éilver eitracfion by cyanidation over fhat_obtained
on calcines from the high—femperature roast thus cbnfirming'the findings of
thevU.S. Burgau of'Minés investigation. Howeyef, it was found that the
addition of iime to the.roasﬁing charge was ﬁot esseptial (comﬁare resﬁlts
of Tests.6 and 7 and 8 and 9). The best results (Test 4) could be related
to the lowest sulphur content in the calcipes of any of the 1ow~temperature

roasts. Cyanide consuﬁption in this test was also very much lower.
CONCLUS TONS

Mérketaﬂle'gradés’of'cépper, ieéd; and zinc'conéehtrates'can be
produced from this ore by differential flotation techhiqués. -On No. 1 Sample,
the only successfui‘tééhhiqﬁe fqr cqﬁper and lead dohéenfration was gelective
flotation directly from the ore (TéSt 16), whereas on the lower-grade No. 2
Sample the best results Were achieved by flbating a.copper—lead bulk concen-
trate, subjecting it to the sulphur dioxideQStarch sepafafion method to
produce a copper concentrate'foilowed by reactivatién and flotation of a

lead concentrate from the reground separation tailing (Test 26).
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in order to maintéin satisfactory copper and lead concentrate grades,
récoveriés would have to be compromised. This is because‘of the intimaﬁe
association of Somé of.thé lead and copper minerals with pyrite.

An apﬁreciable portion of‘the silver is aisé intimately associated
with the pyrite in the form of tiny inclusions of silver-bearing tennantite-
tetrahedrite. In order to recover this silver; it is necessary to float a
pyrite concentrate from the zinc tailing, roast the concentrate and cyanide
the calcines. A significant amount of gold is also-recovered by this scheme.
Precious metal extraction by cyanidation in the best test (4) expressed as
oz/ton flotation feed was 1.82 oz/ton for silver and 0.05 oz/ton for gold
which represent additional recoveries of 147 and 307 respectively.

In contrast to the-difficulty éxperienced in concentrating the copper,

lead and silver minerals the sphalerite in the ore floated readily to give

an exceptionally high grade zinc concentrate accompaniea by good zinc recovery.
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Screen Analyses of Primary Grinds

45-Minute Rod Mill Grind

Tyler Wt Cumulative
Mesh A Wt 2
+100 0.3 | 0.3
+150 2.5 | 2.8
4200 16.6 [ 19.4
4270 14.3 i 33.7
+325 11.7 P 45.4
+400 3.5 | 48.9
-400 51.1 | 100.0
Total 100.0

30-Minute Ball Mill Grind

+100
+150
+200
+270
+325
+400
~400

Ol Lt ONNOOONN

~J
Ol MmwWwooNGL=C

[
o

Total . .

»

60-Minute Ball Mill Grind* .

+150 0.2 0.2
+200 0.7 0.9
4270 1.8 2.7
+325 4.5 7.2
+4Q00 1.1 8.3
4500 14.2 22.5
-500 - 77.5 100.0
Total 0.0

e
o

*Screen analysis of lead rougher tailing.



Classification of Tests

According to Flowsheet Employed -

Flowsheet Description i Test No
No. i
1 Bulk flotation only. 3,4,5,6,7,
j 9,13,14.
1 Bulk flotation followed by ! 17,18,19.
. copper-lead separation.. L
2 Modified copper—~lead sepn, bulk I 20
conc reground before cleaning. i ‘
3 Modified copper-lead sepn, selective |
flotation of lead and copper conc };21
from reground bulk conc. i
4 Modified copper-lead sepn, selective !
flotation of copper, lead and | 24
zine conc froimm reground bulk conc. I
5 Modified copper-lead sepn, SOz—starch
’ sepn on Cu-Pb bulk rougher conc 26°
followed by Pb flotn from reground
separation tailing.
6 Selective flotation of copper ' 10,11,12,15,16
and lead conc- dlrectly from ' ‘
the ore.
7 Dolmage Campbell flowsheet 22,23




Abbreviations Used in Flotation Test Reports

BM

CX51

DF 250

NaAF

PO

Fe/FeS
Z-200
AF 242
AF 238
AF 208
Dich
CS
MIBC

ZnCN

Rod mill

Ball mill

Potassium amyl xanthate
Dowfroth 250

Sodium aerofloat

Pine oil

Iron pr;sent as iron sulphides
Trade name for selective copper collector
Aerofloat 242 -

Aerofloat 238

Aerofloat 208

Sodium dichromaté

Caustic starch

Methyl isobutyl carbinol

Na .Zn (CN)4

2

Potassium ethyl xanthate




MINES BRANCH FLOTATION TEST REPORT

TEST NO. 1

SAMPLE:

Nadina Explorations Limited

.DATE: Feb. 9 > 1970

OBJECT OF TEST: Copper-lead bulk flotation using lime + _ZnSO4 + NaCN

CHARGE: 2000 g

TESTED BY: A.S.

followed by zinc flotation.

%

OPERATION Time | % oH Unit Reagents, Ib per ton -
min |Solids used Lime PnS0; | NaCN | CX51 |DF250| CuS0,| NaAF
Grinding 45 65 6.8%7 x 14.RM 1.0 (0.5 }0.05
Conditioning 10 8.1 [1000-g cell [ 0.5 0.02
Copper—lead rougher '
Stage 1 5 - 0.02
L4 2 1 0.01 .
Copper scavenger 1
Conditioning 10 11.1 13.0 0.01 [{0.01 | ZX.O
Zine rougher :
Stage 1 1 0.02 0.10
"2 1 0.02 0.05
" 3 2 0.05
. I 0,
PRODUCT WT ANALYSIS % D STRIBUTI.ON %

TEST PRODUCTS

DISCARDED

REMARKS: Excessive amounts of pyrite appeared to float especially in copper scavenger,

pH too low?, not enough NaCN?
% after dilution with water.




MINES BRANCH FLOTATION TEST REPORT

Sheet 1 of 2

TEST NO. 2 SAMPLE: Nadina Explorations Limited DATE: Feb. 9, 1970
OBJECT OF TEST: As in Test 1 but used NayCOz + Na,S03 + NaCN along with CHARGE: 7000 g
aerative conditioning vrior to copper-lead float TESTED BY: A.S.
OPERATION Tin.'!e % oH Unit Reagents, |b per ton
min |Solids _ used NapCO3Nap 503 NaCN CX51| PO CuSQy | Lime | NaAF DF250
Grinding 45 65 1 7.2%1 7 x 14 RM 2.0 1] 1.0 | 0.10
Conditioning 20 8.1%% Aerator 1.0 0.02
Copper-lead rougher 1000-g cell
Stage 1 1 1 0.02
"2 % 0.01
Conditioning 10 11.4 1.0 4.0
Zinc rougher
Stage 1 1 0.02 0.10
T2 1 0.05] 0.02
" 3 2 0.05
WT ANALYSIS % DISTRIBUTION %
PR -
opucT % Cu Pb Zn Fe Insol | Au Ag Cu Pb Zn Au Ag
Copper-lead conc 7.78| 16.55| 13.09| 2.96 | 29.31| 2.60| 0.57 {73.33 || 74.8 | 51.6 2.7 1 28.1|44.1
Copper-lead cl tail No.ljl 0.92Y 2.86| 9.60} 4.13 |31.48 | 7.52| 0.53 }43.26 2.4 4.5 0.4 3.1] 3.1
" """ No.2{ 1.19) 1.42| 7.43| 5.76 |27.14 116.58] 0.34 |25.17 1.5 4.5 0.8 2.5) 2.3
Zinc conc 6.81)l 0.87| 1.13(63.40 | 1.44 | 0.76] 0.12 {16.64 5.4 3.9 | 50.2 5.2 | 8.8
Zinc cl taill No.2 2.724 1.11} 2.08{56.00 | 2.68 | 3.36| 0.17 [17.98 2.8 2.9 | 17.7 2.9 3.8
L  ( 3 | 5.48| 1.11| 3.14{32.00 | 9.08 | 1.22] 0.23 {22.40 5.5 8.7 | 20.4 8.0 9.5
Zinc-rougher tail 75.104 0.11{ 0.63] 0.90- 0.11 | 4.90 7.6 | 23.9 7.8 1 50.2|28.4
Feed (Calcd) 100.00} 1.10] 1.97| 8.61 0.16 [12.93 }100.0 |100.0 }100.0 |100.0 [100.0

REMARKS:

therefore

Fe/FeS in copper-lead conc 20.0%, in copper-lead rougher conc 21.6%.

-|.Copper-lead float - coppery froth in first rougher but excessive amounts of pyrite floated in second rougher;
cut off Floatr at 1% min

% after dilution with water

*% at end and after dilution in cell.




MINES BRANCH FLOTATION TEST REPORT Sheet 2

0f 2

TEST NO. 2

DATE: Feb. 9, 1970

'SAMPLE: Nadina Explorations Limited

‘OBJECT OF TEST: CHARGE:
TESTED BY: .
Timel % : ©Unit Reagerits, |b per ton
OPERATION : ] pH | - S -
min |Solids used Lime | DFE250

Copper-lead cleaners

No. 1 1% - 1250-g cell 0.005

No. 2 1 - "
Zinc cleaners A

No. 1 2 11.7 1500-g cell 1.0

No. 2 1% 11,7 0,25

PRODUCT »WT ) ANALYSIS % DISTRIBUTION % :
% I Cu Pb Zn Fe | Insol]|  Au Ag Cu | Pb Zn Au Ag

Calculated assays
lst Stage copper-lead - ‘ _ .
Cleaner conc 8.704 9.74 | 12.72{ 3.08 {29.5415.65 | 0.56.{70.15 || 77.2 | 56.1 3.1 31.2147.2
Copper~lead rougher concff 9.89] .8.74 | 12.08| 3,41 |29.25:6.97 | 0.54 |64.74 | 78.7 | 60.6 3.9 33.7 ]| 49.5
Copper-lead rougher tailjj 90.11j 0.26° 0.86f 9.18 | : .1 0,12 7.25 |+ 21.3 39.4 96.1 | 66.374 50.5
lst stage zinc cl conc 9.53]l 0.94 71" 1.40/61.29 | 1.79}1.50 | 0.13 |17.02 || . 8.2 6.8 | 67.9 8.1|12.6
Zinc rougher conc i 15.01([ L.00 {. 2.04]50.59 | 4.45|1.40 | 0,17 |18.99 |} 13.7 |.15.5 | 88.3 | 16.1}.22.1

REMARKS:




MINES BRANCH FLCTATION TEST REPORT

TEST NO. 3 SAMPLE: Nadina Explorations Limited DATE: Feb. 17, 1970
OBJECT OF TEST: Repeat of Test 1 but with increase in lime and cyanide CHARGE: 2000 g
: _ TESTED BY: A.S.
T Time % _ Unit Reagents, |Ib per ton
OPERATION min |Solids PH used Lime ZnSTTA NaCN | CX51 [DF250 CuSOA NaAF
Grinding | 45 65 9.8%|7 x 14 RM 3.0} 0,5]0.10
conditioning 10 ta 10%% 1000-g cell] 0.5 0.02
Copper-lead rougher 1 10.6 -0 0.01 10.02
" " scavenger 1 10.7 | 0.02
Conditioning 10 11.3 1.0 1.0
Zinc rougher
Stage 1 1 0.02 0.10
"2 1 0.02 0.05
" 3 ) 2 ] Q.05
: % T [ P
PRODUCT V\;;F ANALYSIS % DISTRIBUTION %
Copper-lead ro conc 4.4
" " scav conc 4.0
Zine rougher conc 14,7
Zinc rougher tail 76.9
Feed 100.0 i
TEST PRODUCTS
NOT ASSAYED
BECAUSE OF UNSTABLE pH

REMARKSs: Light, leady froth in copper-lead rougher, pyrite came up quickly in scavenger.
- *after dilution in cell.
*%unstable pH, sStarted at about 10.5 and then began to drop.




MINES BRANCH FLOTATION TEST REPORT

TEST NO. 4 l ‘SAMPLE: Nadina Explorations Limited

DATE: Feb. 17, 1970

OBJECT OF TEST: Copper-lead bulk flotation using lime + ZnSO, + NaCN but with Z-200
and AF 242 as copper and lead promoters in place of CX 51.

[ CHARGE: 2000 g

TESTED BY: A.S.

Time % ) Unit Reagents, |b per.ton
OPERATI - H :
ON min [Solids]. © " used  |Lime | ZnS0| NaCN | AF242]72-200] CuSO] DF250] NaAF |
Grinding 45 | 65 [10.0%{7 x 14 RM 3.0 0.5 ]0.10 A , '
Conditioning 10 10.9 11000-g cell | 0.5 0.02 |0.02
Copper—lead rougher
Stage 1 1 10.7 - 0.02
N = 0.02
"3 1 : 0.01 | -
Conditioning 10 11.6 . 1.5 : 1.0
Zinc rougher ' ' 4 :
Stage 1 1 0.02.
"2 1 0.05
"3 1 0.05
% DISTRIBUTION %
CRODUGT V\C{/T _ ANALYSIS % s MON_ % |
° Cu Pb Zn Fe Au Ag Cu Pb . Zn | Au ‘Ag :
Copper—lead ro comc 5;> 8.16|-4.76 [16.20 |12.26 | 12.39 0,65 |69.28 33,?_ 72\8 1 12.1 30.6 | 42.7 |
Zinc rougher conc o 13,40/ 1,91 | 1.00 | 48,92 4.31] 0.13 {18.41 22,2 7.4 79.2! 10.1 | 18.7
Zinc rougher tail 78.444 0,65 | 0.46 | 0.92 0.13 | 6.51° 44,1 19.8 8.7} 59.3 | 38.6
Feed (calcd) ‘ 100.004 1.15 | 1.82 | 8,28 0.17 |13:23 100.0 | 100.6-{-100,0{100.0 {100.0
Copper-lead ro tail 91,841 0.83 | 0.54 | 7.92 0.13 | 8.25 66.3 ) 27.2 87.9| 69.4 | 57.3

REMARKS: Foamy, fine-grained,

"depressed" froth in copper-lead rougher.

watfter dilution in cell.
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MINES BRANCH FLOTATION _TEST REPORT

TEST NO. 5 | SAMPLE: Nadina Explorations Limited [DATE: Feb. 18, 1970
| OBUECT OF TEST:  Repeat of Test 3 cHARGE: 2000 g
R -~ TESTED BY: A.S.
u Time| % | Unit Reagents, Ib per ton
. OPERAT pH - "
ON | min |solias] © used Time|ZnS0,] NaCN|CX51 |DF250] CuS0,| NaAF T
| Grinding | 45 ] 65 7% 14 RT | 3.5 [0.5 [0.10 -
| Conditioning | 10 TO.5% | 002
'_C_Qpp_ex_lgad__no_ugher_ },_._M '
[ Stage 1 1 . 0.01 [0.02
BLLETEN Ty 0.0T R
I R i 0.004| ] N T
; Copper-lead scavenger o2 ~110. 0% B o 0.004; | i | N
?:Condltionlng _ 10 11.6 ' 1.5 : 11,0 -
Zdnc: rougher 3 e e S U ORISR SN BN R
- - Stage 1.. .. . R - 1 10,02 | 0.10 |
5 =5 - ! T e T T
, - PRODUCT , V\:T ANALYSIS % DISTRIBUTION %
. A : % Cu Pb Zn Fe Insol| Au | Ag !l Cu | Pb Zn Au Ag |
| Copper-lead conc .l 2:60l 10.68{40.60 | 4.36|12.90| 1.76] 1,18 137,05 | 24.9 | 52.7| 1.3| 19.4 | 28.2
: Copper—lead cl tail No. Zl 2.76 . ‘
1 " " No: 1ﬂ : 9.63(22.42 | 22,63 | 14.55} 12.,72{ 0.38 | 96.67 23.9 30.9 7.1 6.6 21.1
1 Copper—lead scav conc : - 1.81} 11.52}| 2.33 21.43 | 18.68} 12,56 0.36 | 68.57 18.7 2.1 4,47 4.1 9.8
4 Zinc.-conc 1. 7.50 0.38] 0.33 (64,15 1.24f. 1.02| 0.10 9.63 2.6 1.2 54.4 4,7 5.7
4 .Zinc cleaper tail No. 2 || . 2.73 1.22 0.64 | 55.65 3.40 5.46! 0.15 | 15.67 3.0 0.8 17.2 2.6 3.4
| "o " No. 1 2.60 2,934 1.15 36,88 8.05| 19.38| 0.17 | 21.36 6.8 1.5 10.8] 2.8 4.4
1 zinc rougher tail 80.00) 0.28] 0.27 | 0,54 ' ~0.12! 4.33} 20.1; 10.8 4.8] 59.8 | 27.4
| Feed (caled).. . 700.00(f 1.11] 2.00 | 8.85 0.16 | 12.64 || 100.0 | 100.0 | 100.0'100.0.]100.0
,....'r [y > i
RENMARKS. Clean, leady froth in copper-lead rougher. B T
: % at start
i *% at end

- B —— et s e e o e v+ s mmm—r m— o— s % ey it 1w Aibri a6 | e e Gt s - b aai—n b © ¢ ante tr e % mams ammw mea—— ey o o




TEST NO. 5
OBJECT. OF TEST:

~ [Saveie

MINES BRANCH FLOTATION TEST REPORT

. Sheet 2 of 2

‘Nadina Explorations Limited

DATE: Feb. 18 1970

CHARGE:

TESTED BY:

% ou Unit . Reagents, Ib per ton
Solids us—e“d T.ime DF 250 ]
- 500-g cell’ 0,02}
No 2 250-g cell - '
Zinc clearers ... .. i - - :
No.::lo sl 12.11500-g cell }1.0 10,02}
o No.2 g haes T 12.1|" " % 19,5 N
‘PRfO:DUCT . . ;V\:T’ L AANAL‘YSIS % . . S DlSTR!'BUTIONn % i
e - % Cu Pb Zn Fe | Tnsol| Au | Ag Cu | Pb | Zn | Au_ | Ag
rougher conc. . - | °5.36 [ 10,14 31.24] 13.77/13.75| 7.40| 0.77.|116.26| 48.8 | 83.6 | 8.4 26.6 | 49.3
S Mrotsiscavicone || 7.17 | 10,49 | 23.94|15.70) 14,99 | 8.71| 0.67 |104.22| 67.5 | 85,7 | 12.8|30.1 | 59.1
" ".rougher tail 92.83 1l 0.39] 0.31 8.32 ~ 1 o0.12| 5.57) 32,5 | 14.3 | 87.269.9 | 40.9
| 1st stageizn cleaner condl 10,23 || 0.60| 0.41| 61,88 1,82 2.21} 0,11 | 11.24)l 5.6 | 2.0f 7.6/ 7.3 | 9.1
Zn rougher conc 12.83| 1.08| 0.56| 56.82 3.08| -5.69| 0.13 | 13.29|. 12.4 | 3.5| 82.4]10.1 | 3.5
1 REMARKS T T

’ " oT -
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[TEST NO. 6

1970}

| SAMPLE: Nadina Explorations Limited DATE:February 18,
| OBJECT OF TEST: 7T try the combination lime + Na2803 + NaCN in bulk copper-lead CHARGE: 2000 g
flotation TESTED BY: A.S.
OPERATION Time| % | oy | Unit E Reagents, | per 2on
.min [Solids| - used Lime [Na2503] NaCN | CX51 | DF250 CuSQ4f NaAF
Grinding 45 l7x14mM |3.0 |1.0 ]|0.10
Conditioning 10 10.2% 1000-g cell 0.02
Copper~-lead rougher 3
Stage 1 .k 0.02
_mz 1% 0.01 [0.01
i “Copper-lead scavenger | *
. Stage 1 1 0.002
' L _10.002]
estie et e : i O/ )
.~PRODUCT. _._ .. 1 V\:)T _ ANALYSIS % ] DISTRIBUTION % N
: 2 Cu Pb Zn Fe |Insol | Au : | Ag Cu Pb Zn Au Ag |
f Coppér-lead ¢onc =~ 3.44l 15.08] 31.00 6.85| 13.34} 3.74 ¢ 1.02| 143.63} 46.1 | 54.2 2.7 22,6 38.4-
 “Copper -lead ¢l tail- A 2,71 4,921 21.09 20.53 | 11.91| 9.90 0.34 70.77 11.91] 29.0 6.4 5.91 14.9
" ‘Copper-lead scav corc 1.83{ 7.54/ 6.91 19.63| 15.78{15.34 | 0.34| 51.83 12.3 | 6.4 4.1 401 7.4
~Zinc,-congc: 8.68 0.33 0.33] 64.241 1.22] 1.42 0.085 11.02 2.5 1.5 63.8 4,8 7.4
“Zipg:cl tall No.,2 SR 1.91 0.87 0.8 52.60 3.92] 8.24 | 0.15 16.08 1.5 0.8 11.5 1.9 2.4
U S UV | .~ No. 1 - . | - 1.83 1.89 0.82 31.50 9.271(27.18 0.18 17.56} 3.1 0.8 6.6 2.1 2.5
_W,Zincﬁrougherutall . 79.60 0.32 0.18 0.54 0.12 4.37% 22.6 7.3 4.9 58,71 27.0
" Feed (calcd) T100.00| 1.12] 1.97 8.74 0.16 | 12.87]100.0 L00.0 | 100.0]| 100.0]100.0

 REMARKS:

* at start, Fe/FeS in copper-lead conc,
) rougher + scav conc,

4.7%.

0.1%, in copper-leadtrougher conc, 3.4%, in copper-lead
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TEST NO. 6

] SAMPLE
OBJECT OF TEST:- -

Nadina Explorations Limited

CHARGE:

' DATE February 18, 1970_{.

TESTED BY: . [

OPERATION I
min

Time| %
Solids

“pH

Unit
used

Reagents, |b per

ton

Lime

CX 51

F 250 CuSO

nditioning 10

11.8

- 1.0

NaAF

Zn rougher

1000-g cell

2.0

Stage 1 - i

0.02

. 0.1
L E 1} ' 0.05
O LIy SR RN 0.01 0 05 .

hor | 1ofi= p= 1

0.006

_Copper=lead cleaner 11
Zlnc cleaners S

250-g celT

N

~12

500-g cell

0.02

o

) 1.0
- . . L ~12 ] " 0.5

ANALYSIS

%.

D

ISTRIBUTION %

Pb’ Zn

To

AU

e

Cu

Insol

.Pb

Zn

Calculated assays—. -~ Hf| =

-CGopper-lead-ro conc: ~6.1%
-Copper-lead-rotscav- conc- ;w~7;98
| Copper-lead ‘ro.tail- .92.02
|ilst stage®zinc_cl conc.: || 10.59
i Zin ‘rougher conc'”“;"

10.60

043
',12*42

9.90
10.36

0.64

26.62
22.10
0.22
0.42
0.48

14.43
8.24

12.87}

62.14]
57.63|..

12.71]

13.41

111.52)| 5
97.84(' 7
-5.504 2
11.93
12.76

8
8
1

3.2| 9.1 | 28.553.3
9.6 | 13.2 | 32.5|60.7
0.4 | 86.8 | 67.5 39.3
2.3°| 75.3| 6.7 9.8
3.1 .| 81.9 | 8.8 [12.3

| REMARKS:

.'%M31~h




TEST NO. 7/

MINES BRANCH FLOTATION TEST REPORT

Eué_';\“pf/;ptg;“"Nadina Explorattons Limited
CBJECT OF TEST:

._E'[—

April 7, 1970 |
To try the combination Na,CO0, + NaZSO + NaCN in bulk copper-lead CHARGE: 7000 g
flotation with AF242 and AF 238 as collector§. TESTED BY: A.S. . __j
OPERATION Tinjae % Unit Reagents, Ib per
| min Solids used NaoCOq ]
Grinding .30 _1 65 12 in, BM 3.0
Conditioning i 20 ;. Aerator 1.0
Copper—-lead rougher 1000~g cell
Stage 1 i 1 - - i
" 2 }72‘
" 3 l
WT ANALYSIS DISTRIBUTION %
PRODUCT %
Copper-lead ro conc 15,18
" " ro tail 84,87
Feed 100.04
TEST PRODUCTS
NOT ASSAYED
REMARKS: Dirty, non-selective float, excessive amounts of pyrite floated.
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TEST NO. - 8 | SAMPLE: Nadina Explorations Limited DATE: April 7, 1970
| OBJECT OF TEST: ._R:ain'eat of Test 6, but employed AF242 and Z~200 as collectors CHARGE: 2000 g
in conjunction with CX51%. ~ | TESTED BY: A.S.
- 1 Time % Unit Reagents, |Ib per ton
. OPERATION : = : - H -
© min ISolids| used Lime [Na,SO4 NaCN AF242 | 2-200, CX51 PF250 [uS0s | NaAF |
~ lGrinding 130 | 65 12 in. B.M, /3.0 {1.0 |0.15]0.04} ‘ R
Conditioning § 10 ¢t -~ 110.0 {1000-g cell : 0.02 | 0.01
Copper-lead rougher . ' '
Stage 1 B : 0.02
n 2 1 0,01
M3 1 0,01 .
Conditioning 10 11,6 2,0 : . 11.0
Zinc rougher - : ;
Stage 1 5 0,02 T _
L) 1 T a T1ocoz 0.1I07]
"3 1 S 0,05
] 4 1/2 . 0'05
wWT ANALYSIS % T DISTRIBUTION %
=3 s . ! . - .
Ropucy L% Cu Pb Zn Fe S Au Ag Cu | " Pb | "Zn | Au Ag
Copper~lead ro conc 15,75{|.5.32 |10.08 | 26.40} 9.77 '0.40 | 54.51} 76.5| 85.0 49;4 38.9 | 66.1 |
Zinc ro conc : 10.07} 1.47 | 1.00 | 40.40 | 7.42) 0.15 | 14.92§ 13.5 5.4 48.3 9.3 | 11.6 |
Pyrite ro conc 23.70{| 0.36 | 0.42 | 0.54| 34.92{39.58 | 0.29 | 10.43 8.1 5.3 1.6 | 42.4 | 19.0
Final tailing 50.48|l 0.04 { 0.16 | 0,13| 4.84(| 1.83 |0.30 0.86 1.9 4.3 0.7 | 9.4 3.3
Feed (caled) 100.00f 1.10 | 1,87 | 8.43| 14,50 10.16 | 12,90} 100.0 | 100.0{100.0 {100.0 |{100.0
Copper-lead ro tail 84,.25| 0,31 | 0.33| 5.07 ‘ 0.12 5.23 o
Zinc ro tail 74,184 0.15 | 0.24 | 0,27 0.1t 3.91

REMARKS:

i

Copper-lead float - Light, foamy froth to give high weight of conc.

*Had intended to use AF242 and Z-200 only but these were ineffective by themselves.

- T
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lTEST'NO: 8

DATE: april 7, 1970

SAMPLE: Nadina Explorations Limited

CHARGE:

| oBUECT OF TEST:
: ’ TESTED BY: - i
Time| % Unit Reagents, |b per ton '
OPERATION - H - : ==}
/ min |Solids p' used CX51 250%
|Conditioning 10 8.7 0.10 2.9 T
{Pyrite rougher )
Stage 1 1/2
"2 1 0.05
T3 T “|o0.05
PR T I/ 0.05
NPT ‘ _ WT AN IS ¢ DISTRIBUTION %
-5 " PRODUCT V\;;r ALYSIS % : ‘ .

;REMARKS:

_g'[_




MINES BRANCH FLOTATION TEST REPORT . |
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|TEST-NO: 9 [SAMPLE: yadina Explorations Limited | . |DATE: apri1 g, 1973 |
| OBJECT OF TEST: Repeat of Test 2 but without aeration. _ ‘ - |CHARGE: -
' : : EE L S e .| TESTED BY:
; Time % . Unit - . : - Reagents, Ib per ton
OPER_AT'QN min |Sotias] P | used . [Na3c03azS07 NaCN [CX 5L PF 250
| Grinding 30 | 65 [ . |12 in, BM |3.0 |1.0 |0.100.01
| Conditioning 10 " | 8.2 |1000-g cell ’ ~10.01 | 0.02
Copper-lead rougher ' ) _ : s
~Stage 1 ¢ _ . o ) o 0.005 | _
2 , E . - o T T 0.005 P.008 -
T3 : . _ . T 0.00250. 004
T b ' | ‘ o "~ lo.e025
"3 : ; z : 0.0025p.004
S [ DV o 1 o  ANALYSIS % - o DISTRIBUTION %
S RRAREET T =W \ _ o L \ . ‘
il % ) Ca o} PB Zn Fe . |Fe/FeS| Au Ag Cu Pb Zn Au Ag
~Copper-lead-ro-conc-No.1-{--1.68 {[14.51 | 11.94 | 6.32 .{16.72 | .3.97 | 1.20 . {128.40./°23.4 |.10.0 | 1.3 | 12.0 [ 16.7
oM M NOW 2 113,65 | 11,16 | 10.73 | 4.46 [27.24 [17.43]0.65|.81.79f 39.1 | 19.5 | 2.0 | 14.1}23.1
— "_.No.3{f-4.31ll 4.74|10.35| 3.84 [30.65 |26.49 | 0.40 | 41.17(19.6 | 22.2 | 2,0 | 10.2|13.7
N M Nou4 || 2,71}t 2,23 8.00| 4.17 |33.85 [31.89 | 0.35 | 28.35|| 5.8 [ 10.8 | 1.4 | 5.6 | 5.9 .
o M M No.5|l 2.50 ]| 0.96 | 6.24| 6.43 |29.41 [28.57 | 0.34 | 27.09}f 2.3 7.8 | 1.9 5.0/ 5.2
 Copper-lead ro tail  :-|{85.15} 0.12 | 0.70| 8.84 |{10.08 | - ~ | 0.11 | '5.38{ 9.8 [~29.7 | 91.4 | 53.1} 35.4.
Feed (caled) — 00,00 || 1.04 | 2.01 8.24 |12.83 | 0.17 | 12.94 {100.0 [100.0 [100.0 [100.0 {00.0
l

ot -
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DATE: April 8, 1970

TEST NO. 9 SAMPLE: Nadina Explorations Limited
OBJECT OF TEST: CHARGE:
TESTED BY:
OPERATION Time| % [ “Unit Reagents, Ib per fon
min [Solids used

' WT ANALYSIS % DISTRIBUTION %

PRODUCT % Cu | Pb Zn | Fe |Fe/Fes| Au Aig Cu | Pb 7n | Au | Ag
Calculated assays
of combined
‘copper-lead ro conc
No. 1 + 2 5.33 (112,22 | 11.10 .5.05 23.92 13,191 0.82 1©96.48 62.5 29.5 3.3 26.1 139.8
No. 1+ 2+ 3 9.64 8.87 {10.77 | 4.51 [26.93 19.13]0.63 |71.75 82.1 51.7 5.3 36.3 [ 53.5
No. 1 +2+ 3+ 4 12,35 7.42 [10.16 1 4.43 '|128.45 | 21.93 0,57 [62.23 || 87.9 | 62.5 6.7 | 41.9 |59.4
No. 1 +2 + 3+ 4+5 14.85 || 6.33 | 9.50{4.77 |28.61 | 23.05/0.53 |56.31 | 90.2 70.3 8.6 | 46.9 |64.6

REMARKS:

_L'[_
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TEST NO. 10 SAMPLE: Nadlna Exploratlons Limited : e : DATE: April 8, 1970
! - : —
OBJECT OF TEST:. To try copper-lead selective flotationm directly. from the ore CHARGE: 2000 g
using sulphur d10x1de for galena depression. TESTED BY: A.S,
' Reagents, -|b-per tom
'OPERATION Time| % | oH Unit . _Reag P
- min |Solids used - SOL Z-200 :
Grinding 30 | 65 - ‘ 19 in. RM. ‘
Conditioning . 5 6.7 11000-¢ cell | - 3.0
" 5. - . : 0.04
\ ' ) ‘DISTRIBUTION %
PRODUCT V\:/oT ANALYSIS % : _ 6

- TEST PRODUCTS
DISCARDED

|

REMARKS:  Z-200 did not appear to promote chalcopyrite effectlvely, obtained a depressed, sllmy, and

fine-grained froth.
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TEST NO. 11

i SAMPLE: Nadina Explorations Limited

DATE: April 11, 1970

OBJECT OF TEST: Copper - lead selective flotation as in Test 10
but used Xanthate .as copper promecter in place of Z-200

CHARGE: 2000 g

TESTED BY: A.S.

- . ents, Ib t
OPERATION Time) % | oy Unit Reagents, [b per Ton
min [Solids used S0, |CX51 |DF250| Lime | NaCN
Grinding 30 65 7.2 {12-in. B.M.
Conditioning No. 1 5 6.6 [1000-g cell | 4.0
" No. 2 5 10.02. § 0.02
Copper rougher 1
Stage 1 1 0.005
1] 2 1 0.005
" 3 2 0.01
Conditioning 5 9.2 4.0 | 0.10
Lead roughers
No. 1 1 0.005
No. 2 4 0.02
00
PRODUCT V\:T ANALYSIS % DISTRIBUTION %
% Cu Pb Zn Fe [Fe/FeS| Au Ag || Cu Pb Zn Au Ag
Copper rougher conc 3.034 19.00| 3.00 | 6.60 [16.30 | - 0.67]105.39{| 53.6 4.8 2.4 1 12,1 | 24.0
Lead rougher conc No. 1 1.624 1.28152.50 | 4.25 | 6.11 | 4.99 1.19) 85.33)| 1.9 | 44.6 0.8 11.5| 10.4
" " " No. 2 2.15| 9.56( 5.20 | 7.20 {14.68 | 6.28 0.44} 82.97{l 19.1 5.9 1.8 5.6 13.4
Zinc roughex conc 15.85) 1.08( 2.30 |47.60 | 4.76 | 3.81 0.14{ 18.29§ 16.0 | 19.1 | 89.9 j 13,2} 21.8
Zinc rougher tail 77.354 0.13} 0.63 | 0.55 0.13} 5.24} 9.4 25.6 5.1 1 57.6 ) 30.4
Feed (calcd) 100.00f 1.07{ 1.91 | 8.39 0.17} 13.31}1100.0 {100.0 {100.0 |{100.0 | 100.0
Calculated assays . . : ,
Lead rougher conc 1 + 2 3.77| 6.0025.53 | 5.93 |11.00 | 5.73 0.76| 83.98| 21.0 | 50.5 2.6 | 17.1| 23.8
Lead ro tail 93.20 0.29{ 0.91 0.13 7.46| 25.4 44.7 70.8 52.2

Lead roughers -~

No.

2, bright coppery coloured froth

REMARKS: Copper rougher - light froth, mixed leady + coppery colour
No. 1, leady froth .

ZITiC YOoUgner — I1gnt VOITUMmITious Lrotn, Shnort ol CusOgn?

..6"[—
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[TESTNO. 11 | SAMPLE: Nadina Explorations Limited ‘ DATE: April 11, 1970
OBJECT OF TEST: CHARGE:
TESTED BY:
' Time| % | . Unit . Reagents, Ib per ton
OPERATION. min |Solids PH used’ CX51 Lime CuSOy | NaAF
Iconditioning 10 11.3 3.0 1.0
Zinc rougher ' : S .
_Stage 1 % 0.02 0.1¢7} - -
"2 1 0.01
"3 2 0.01} 0.05
’ - . : 0,
PRODUCT wWT ANALYSIS % DISTRIBUTION %

%

REMARKS:
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TEST NO. 12 1SAMPLE: Nadina Fxplorations Iimited _ DATE: Aprii 10, 1970
OBJECT OF TEST: Copper-lead selective flotation as in Test 11 but employed CHARGE: 2000 ¢
aerative conditioning prior to copper float. TESTED BY: A.S.
OPERATION Time| % | oy |- Unit Reagents, 1b per ton ‘
min |Solids used 1380, |CX51 PF250 | Lime | NaCN AF242
Grinding 30 65 12 in. BM '
Conditioning 30 5.7 |Aerator 4.0 pP.02
Copper rougher No. 1 ) '
Stage 1 L 0.005 | 0.02
"2 1 0.005
Copper rougher No, 2
Stage 1 1 0.005
"2 1 0.005
Conditioning 5 11.0 i1 5.0(0.10
Lead rougher No. 1 _ )
Stage 1 1 : 0.01
" 2 1 . ) 0,005 0.01
O,
PRODUCT V\:/;r ANALYSIS'% DISTRIBUTION %
. Cu Pb Zn Fe Fe/FeS| Au Ag Cu b Zn Au Ag
Copper ro conc No. 1 ’ 16,57 | 7.74| 6.59 [23.43 | 8.87 | 0.51 |78.99 43.7] 11.5 2.3 9.0 17.9
. " " " No, 2 8.16.1 10.51| 6.79 }24.56 |17.39 | 0.45 [59.49 24.31 17.7 2.7 9.0] 15.2
Lead ¥o conc No. 1 1.29 138,71 7.01 [10.63 | 9.50 | 1.02 }98.46 3.2| 54.6 2.3} 17.0| 21.1
""" No. 2 &.51-| 3.,04129.13 |11.74 | 7.78 1 0.26 [45.23 10.3} 3.9 8.8 4.0 8.9
Zinc rougher conc 0.78 | 0.5449.19 | 4.64 | 3,96 0,13 {13.99 9.6 3.7 | 79.6 | 10.7 | 14.7
Zinc rougher tail 0.13{ 0.22| 0.49 |14.04 0.11 | 3.80 8.9} 8.6 4,31 50.31 22,2
Feed (calcd) 1.10 ) 1.94] 8.33 |13.24 0,16 {12.81 | 100.0]100.0 |100.0 |{100.0 | 100.0

REMARKS:
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TEST NO. 12

SAMPLE:

Nadina Explorations ) Limit'ed

DATE: April 1'0, 1970

;

Q,BJQE.Q-TA ‘QF TEST

CHARGE:

TESTED BY: {

ton

sl e L -

OPERATION Time ;| %; | oH Unit i ‘Reagents, Ib der _ ;
- min |Solids| ¢ used CX41 [DF250 [Lime { |AF242 |CuSOj, INaAF |
Lead rougher No. 2 A ' ‘
Stage 1 1 0.01
) 1 0.005 T 0.0L]
Conditioning X0 11.5 2.0 1 2.0
Zinc rougher . !
i neStagesileq) 1 rero i [ Toavi 8022 l13ese [0.02 |1o‘rd Irs-or i rde ¢lrdoco 130030070075 | 70674
I sTrc Ron@ser £SIT 1 bo72 1{0°S31 0w {Tv-ov [0.0L [j00025 | 3°¢p § [ea7 |g72 || ©@5| ec"3 | 5579
TTUC MLOTRPEL - GONG. 3 "3 [ [0 2¢ (98735 | v O%v || 3 09 ,0‘33 T3 # 5] |38 115905 0] IF 2
i iy u HOT 3 el i 3OV 9 13 J9TNR AT T 98 4l &3] [F 9 53 SV 2
[e¥q L0 COTT e T ST ES X 3 Ul PO S| o e T O EE R TS R 2 B TR T
" T BRI (R VAN S i L s BT B B e I i Rk ERE S H Lk
sebber-—ro—sensges T TRyl etoy deacan L gron i aend iio’as < iR e e 3ol vy A
PRODURTL V\;,g-t\.; = — ANAL ivq‘fq A M . — 'SiR'B*":}TIOZ-"’“ —
el | S _Ph. 7 C ‘Fej—FeS-——Au Ag L Gy Ph e 7T T A Ag:
. 58 3 d IRV ) e
Calculated, assays T _ ' $°07
CoRBInEd e Tt Ront 6.18) 12.81[ 9.21 | 6,70 | 24.03 | 13.39|10.48 68,,64 68, 29,12 L0118.0-1 33.1
COBTIEIOPHEg cone 5.25)| 2.889% b6 [17.59 [12.16 | 18.67[10.66 173308 91895 [ 5845 | 11,11 21.0 | 30.0
Tead roughsr tall 88.571 0.23 0.27 | | 1 | ©°codio.11 || 5.35 ¢ 18.5 | 12.3 1 62.0 | 36.9
2E9eE T i I 3 00¢ ) ) ) ’
CODBST LohRaeX o' § : :

= e
i hY { T 0 ' 00
o [= PN s = o e
gtsse 1 2 0°00d4 1 0°03
cobbsx xonBuer Ho' T _ -
QoUgyCTONTUR 30 17y [yskeron <d bros
GRINGIUE 30 02 _1ISIITT A
=
win jdenget | nzeg | 120Y | CXR] i
&L 5‘: . '3 e
CaEESYLIONW DS X9 i YL whe
o : - ™ — |
o ssrallrae colinverorntng bhrrybr go cobhsrn diosc: {iEzieEnlieA: vwio®
REMARKS: 0 121 obbsr-Tesqg =6]SCLTA6 LTOLSLICT S2 U J6ef IT pre subycisg CHYos: 5000 &
; R TSI TS T B Y
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: 4 SHYHOW T % 3 7 R P T TS e
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TEST-NO: 13 SAMPLE: Nadina Exploratlons Limi ted DATE: June 15, 1970
; OBJECT OF TEST: 7o selectively float a silver conc away from the cHarge: 2000 &
pyrite' conc after regripding. TESTED BY: A.S.
i Time | % Unit Reagents, |b per ton
S . OPERATION min |Solids PH used Na,CO4 NaCN {Na,SO3 AF208AF242 DF250 | Lime |CuSOy | CX51 | NaAF
Grinding {1 30 ‘65 12-in, B.M.|{ 3.0 | 0.1 | 1.0 | 0.02) 0.035
| 'Conditioning 5 7.8 ] 0.02] 0.02 | 0.02
! Copper—lead rougher : 1000-g cell
: Stage 1 1 '
Mo M2 1 0.02 | 0.02
‘.,,..e. M3 "2 0.02 | 0.02
Condltlonlng L 10 10.8 4.0 | 1.0
L 0.02
Tl 0.02 0.05
-1 0.02 0.05
1%
- WT ANALYSIS % DISTRIBUTION %
e e % Cu Pb Zn Fe - S Au Ag Cu Pb Zn Au Ag
'Copper—lead ro concv -"_t13.92 6.98 | 13.08| 6.59 |24.76 0.53 {64.60 89.5{ 89.0 | 10.7 | 50.8 | 69.9
Ziner rough_el_:__gonc o 13.07]] 0.35| 0.40(55.45 | 3.30 0.075 [11.34 4,21 2.6 | 84.6 6.7 11.4]
sil er cleaner conc ' 0.68 1.15| 2.95(18.54 |22.9% 0.80 (29.01 0.7{ 1.0 1.5 3.7 1.5
FEYEE T tall 1.65] 0.42 | 0.84]| 2.63 {32.30 0.32 |13.44 0.6) 0.7 0.5 3.6 1.7}
~Silver rougher tail o 16.03)f 0.20 | 0.32| 0.96 {35.60 |39.10 {0.25 8.79 3.0 2.5 1.8 27.6{ 11.0
- Pinal-- talllng ' '54.65% 0.04 | 0.16] 0.14 | 5.3Z | 1.82}0.02 1.03 2.0| 4.2 0.9 7.6 4.5
-Feed-(calcd) - 100.00| 1.09 | 2.05| 8.56 |13.21 0.15 (12.87 || 100.0/100.0 |100.0 | 100.0 | 100.0
“Caleuldted Assays » ‘
Copper=leadiro tail = 86.08| 0.13 | 0.26 0.083 | 4.50 10.5} 11.0 49.2 ] 30.1
73.011 0.10| 0.24} 0.55 0.085 | 3.28 6.3 8.4 4.7 | 42.5] 18.7
REMARKS Copper—lead .rougher - 1light, leady froth
“Zinc rougher - gummy froth, "weeping" at end of float
Pyrite rougher - bright, active pyj:lte float
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[TEST No7 1309504 -SAMPL

DATE: "June 15, 1970

| OBJECT OF TEST:

E::.Nadina Exploratlons lelted

CHARGE:

TESTED BY:

. Tlme % CUnit - Reagents, |b per ton ~
OPERATION min Isonds P used NaCN | ~JAFZ08 BF 2% TTime 3505 | CX5T
‘ Condltlonlng :’;"v""f 5 . 7.8 1.5
. Pvrite oo ' T
HE : 0.05
| 1 0..05
_;:: H AN g h - i . N ‘- - . ) 0005
| Byrite coné&iregrinding - 8-1n.- B.M. 0.1 -] . R 1.0 Lo
Conditioning. i . 111.2 {500~g cell L 0.02.{ 0.02 -
Silvet rougher R '
’ : 0.02 | 0.02
250~-g cell s o
~ 'ANALYSIS % ] DISTRIBUT!ON Y.
, = ; "Cu Pb Zn Fe | Au " Ag’ Cu K Pb- Zn- |- Au Ag
Mefallurgh:al Balance A )
for]?yrite Rougher™ ™17 ’ : S :
her ccmc*““’“f ©25.151 0.26 | 0.46 1.76 -0.28 9.95 | 68.6 49 1. 80.9 | 82.476.5.
it =74 85f 0,04 1.0.16 0.14 0.02 |" 1.03 '31.4 | 50.9 | 19.1 | 17.6 | 23.5
rougher tall)* 100.00 0.10-]0.24 0.55 0.085 | 3.28} 100.0 . 100.0 |100.0 {100.0 lQ0.0 :
Metallurglcal Bafance o ' ' ” » . c
for- Silver’Flotation : . 1 _ : S 1 o
3,74 1.15 | 2.95.{18.54 22.91 |0.80 - 29.07 | 16.7 '23.6 | 39.0 | 10.7 | 10.8:°
. 8.98| 0.42 |0.84 2.63/32.30 {0.32 | 13.44. 14.8 | 16.2 | 13.4 | 10.4 | 12.1
. 87.31)] 0.20 {0.32 0.96]35.60 0.25 8.79 68.5 | 60.2° | 47.6 | 78.9|77.1
100.00}| 0.26 |0.46- | 1.76{34.83 [0.28 9.96|. .. 100.0- {100.0 {100.0 |100.0 {100.0-
REMARKS: ©- ~-Silver flotation - foamy, fine-grained froth in both rougher and cleaner
Calculated assays .




MINES BRANCH FLOTATION TEST REPORT

Sheet 1 of 2

|TEST NO. 14

] SAMPLE: Nadina Explorations Limited

DATE: June 15,. 1870

‘OBJECT OF TEST: Repeétz of Test 13 but with regrinding time fc;r pyrite conc
increased from 15 to. 30 min.

CHARGE: 2000 g

TESTED-BY: A.S.

-5z -

OPERATION Ti.".’e % pH Unit Reagents, Ib per ton

ST ST min |Solids used
“Procedure: identical:
_to Test 13 except .
_as noted absve”
: - WT ANALYSIS % . DISTRIBUTION %
SmmmmmnTn TP DUCeT: - o) i [
RODUET % Cu Pb Zn | - Fe S Au Ag Cu Pb Zn Au Ag
%C’oii’ii‘e’t-‘-"Ié‘a’d’”f’d" cone’ ‘4 13.76| 7.20 | 12.54] 6,23 | 22.88 0.53} 64,59 87.3} 89.5 | 10.5 47.6 69'.5
Zinc-rougher contc 7 13.66] 0.61 | 0.42150.64 4,36 0.11] 12.16 7.37 3.0 | 84.3 9.8 13.0
iSilver-cleaner conc” " 0.63 1.18 | 2.44(16.46 | 23.46j. 0.96| 32,93 0.7| 0.8 1.3 3.9 1.6
et M gadl - - |- 1,72 0.36 | 0.65( 3.20 | 33.52(36.55 | 0.34( 12.54 0.5 0.6 0.7 3.8 1.7
:Silver. rougher. tail - Jt -16.05] 0.19 ! 0.26)-1.13 | 36.11} 1.64 | 0.25] 8.50 2.7y 2.2 2.2 | 26.2) 10.7
Final tailing...... . . fl 54.1§] 0,03 | 0.14] 0.16 .| 5,24 0.03| 0.85) 1.5( 3.9 | 1.0| 8.7| 3.5
Feed (caled) . . . 1060.00] 1.13 | 1.93| 8.20 | 13.10 0.15| 12.801 100.6-|100.0 {100.0 |100.0 | 100.0
Calculated-assays - - - | - ’ ' . ‘
iCopper—lead ro.tail .. .. | 86.24} 0.17 | 0.23} 8.52 0.093] 4,53 22.7| 10.5 | 89.5 | 52.4} 30.5
Zinc_rougher tail . . 4t .72.58] 0.08 | 0.20} 0.59 1 0.09 3.10 5.4 7.5 5.2 | 42.6 | 17.5




MINES BRANCH FLOTATION TEST REPORT

Sheet 2 of 2

- [TEST NO. 14

| SAMPLE:

Nadina Explorations Limited

DATE: June 15, 1970'

‘OBUECT OF TEST:’

CHARGE:

| TESTED BY:

Reagents, Ib per ton

|REMARKS: "

. OPERATION | Time} % | oy | Unit
' imin [Solids used
; e - 1 oL ' f ' B | ; .0 oY
o PRODUCT o ?:A_V{T__ , _ANALYSIS % A ]! 4 DISTR!BUATAI.ON % R
{ o % || cu Pb Zn Fe Au ag Il cu Pb. - Zn Au. Ag - S
“Metallurgicalealance,j s A ' -
|.for Pyrite Rougher . . ...ff. . . ! _
|-Pyrite rougher: ;:onc-'w** -25.36) 0.24| 0.37 | 1.85 |35.43 |o.28 | 9.72 || 73.1 | 47.3 | 79.7| 79.2|79.5
~Final-tailing-- 74.64| 0.03]°0.14 | 0.16 | 5.24 0,025 | 0.85 )| 26.9 | 52.7 | 20.3]| 20.8] 20.5 | ...
-~Feed.-(zinc- rougher tail) 100-.400 0.08[ 0.20 | 0.59 [12.90 | 0.09 | 3.10 {{100.0 [100.0 |{100.0 | 100.0{100.0"
~Metdllurgical Balance i |f o o A '
1-“for*“SJ‘:iL’ver“‘‘}i‘l'btat:i:on""“i ' _ . _ o : _ '
S cleane‘r conc Fl 3.4l 1.18] 2.44 |16.46 | 23.46 | 0.96 [32.93 || 16,9 | 22.6.| 30.6| 11.7| 11.7.
T '9.37{l 0.36| 0.65 | 3.20 |33.52| 0.34 12,54 { 14.0 | 16.4{ 16.2| 11.3| 12.1
_ T ugher £ail 87.19|.°0.194.0.26 | 1.13 | 36.11 | 0.25 | 8.50 || 69.1 | 61.0|.53.2| 77.0] 76.2
‘; “Feed . (Pyrlte TO:: conc) 100.00} 0.24] 0.37 | 1,85 |35. 43 0.28 ] 9.73 100.0 }100.0 [100.0 | 100.0100.0
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TEST NO. 15

SAMPLE:

Nadina Explorations Limited

DATE:

June 17, 1970

OBJECT OF TEST:.

Copper and lead selective flotation directly on the ore using Z-200
as copper promoter as in Test 10, but 1/3 of Z-200 was added to grinding.

CHARGE: 2000 g

TESTED BY: A.S.

-7 -

OPERATION Time | % pH Unit Reagents, Ib per ton
min [Solids used Z-200] S6, DF 250| Lime | NaCN| AF242
Grinding 30 65 12~-in. B.M. 0.01
Conditioning 20 5.7 |Aerator 0.01f 4.0
| Copper. rougher, stage 1} 1 1000~g cell 0.02Z
1" " 1" 2 1 0.01
Conditioning 10 9.7 4,51 0.1
" 0.0Z

Lead rougher, stage 1 1

1] . 1 1" 2 1 0 02

" " " 3 1 0:02
Copper cleaner 1 250~-g cell
Lead cleaner No. 1 1 o

1" 1 " 2 1 1" " 1

PRODUCT wT ANALYSIS % DISTRIBUTION %
% Cu Pb 7n Fe | Au Ag Cu Pb Zn | Au Ag

Copper conc 2.94{125.00 | 5.52 | 4.82{21.75 0.64 [101.17{ 61.0]| 8.3 1.6 | 12.3 | 21.3
Copper cleaner tail 1.29|| 6.55 | 7.11110.00(16.72 0.40 | 60.56 7.0{1 4.7 1.5 3.4 5.6
Lead conc 2,24y 2.26 |55.13| 6.58] 6.57 1.18 [149.45 4,21 63,5 1.7 | 17.3 | 24.0
Lead cleaner tail No. 2 0.77|| 2.04 | 7.90 | 13.5811.53 0.28 | 43.74 1.3 3.1 1.2 1.4 2.4

" " " No. 1 2.95| 1.09 | 2.76} 10.53(11.20 0.185 | 20.16 2.7 4.2 3.6 | 3.6 4.3
Lead rougher tail 89.811} 0.32 | 0.35| 8.70 0.105] 6.59| 23.8( 16.2 | 90.4 | 62.0 | 42.4

| Feed "{calcd) 100.00)| 1.21 | 1.95| 8.65 0.15 | 13,59 100.0|100.0 |100.0 |100.0 |100.0

Calculated Assays '
Copper rougher conc 4.23|119.37 | 6.00| 6.40/20,22 0.57 | 88.78} 68.0} 13.0 3.1 { 15.7 | 26.0
Lead rougher conc 5.96| 1.65 {23.11}{ 9.45| 9.50 0.57 | 71.80 8.2 70.8 6.5} 22.31 30.7

REMARKS:

Clean and bright froth in both copper and lead roughers.
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TEST NO. 16 SAMPLE.  Nadima Exploratlons Limited - : DATE: pune 17,1970
OBJECT OF TEST. Similar to Test 15 but grinding time 1ncreased from 30 to 60 min. CHARGE: 2000 ¢
. o , . TESTED BY: A.S.
OPERATION Time % H _ Unit. _ A ) Reagents, Ib per ton
| min |Solids| © used | 7-200] S0, |DF250] Lime| NaCN h¥F242
Grlndlng _ 60 | 65 12 in, BM 0.02 | ‘
Conditioning .20 5.8 |Aerator 0.02 [ 4.0
Copper rougher 2 1000-g cell | 0.02 | 0.02 _
Conditioning 1 5 9.6 . .| 4.510.1
oo 2 5 ' 0.1% | 0.05
Lead rougher 2 L .
Copper cleaner 1 250=g cell _
Lead cleaner 1 500-g cell i ) - -
' WT . ‘ ANALYSIS % - . DISTRISUTION %
PRODUCT ' .
% gﬁ Cu | Pb Zn Fe _Au Ag Cu Pb Zn Au Ag
Copper conc ' 2.45123.25 | 4.20 4.29 [22.73 | 10.77 -1 99.13 || 53.2 5.6{ 1.1 | 11.8{ .18.
Copper cleaner tail 2.54)f 4.94 | 5.39|9.12 |16.21 0.40 | 51.72| 11.7} 7.4y 2.4 6.3} 10.
Lead conc ‘ 1.82f 1.05|59.00} 4.67 | 5.90 1.04 |122.14 1.8} 58.4| 0.9} 11.9 | 16.
Lead cleaner tail 7.29) 0.66 | 2.39| 8.68 |11.72 0.13 | 14.76 |} 4.5 9.5} 6.6 5.9 8.
Lead rougher tail 85.90] 0.36 | 0.41] 9.90 ' - 10.12 7.10( 28.8} 19.1| 89.0 | 64.1 | 46
Feed (calcd) 100.00 1.07 1.841 9.56 ) . 0.16 13,14 100.0 ] 100.0(100.0 100.0 -100.
Calculated assays s . . ‘ o | ‘
Copper rougher conc 4.99113.93 | 4,81 6.75 |19.41 - |0.58 | 75.00| 64.9| 13.0| 3.5 | 18.1| 28.4
Lead rougher conc 9.11f 0.74 | 13.70] 7.88 [10.56 0.31 | 36.21 6,3 67.9) 7.5 | 17.8| 25.1
. | | R 1
REMARKS: Copper float - similar to Test 15.
‘Lead float - light, foamy froth

*Additional NaCN added to depress ﬁyrite which appeared in froth.
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4TEST NO. 17

] SAMPLE: Nadina Explorations Limited

DATE: Aug. 25, 1970

OBJECT OF TEST:

To try copper—lead separation using the dichromate -method

(copper—lead rougher flotation similar to Test 13).

CHARGE: 2 X 2000 o

TESTED BY: A.S.

% Unit A Reagents, |lb per ton
OPERATION Solids used  [NapCOJ NaCN [Na,504 AF208AF242 [DF250 | Lime | Cus0y CX51 | NaiF
Grinding 65 A2 in. -BM 3.5 0.1 | 1.0
Conditioning 1000-g cell ¢ 0.02 0.02
Copper—lead rougher
. Stage 1 ’ 1
W 2 1
1 3 2
Conditioning 10 4.5 1 1.0
Zinc roughers
Stage 1 % 1.0 0.02
"2 1] 0.05
TR 2L 0.05
WT ANALYSIS % DISTRIBUTION %
PRODUCT % Ph 7n Fe Au Ag Cu Pb Zn Au Ag
‘Copper “conc 2.22 117.36 | 4.49 {16.50 | 1.28 {175.36 50.8f 19.1} 1.1 | 16.8| 28.0
Lead conc 1.60 25.84 | 3.00 .{26.64 | 0.54 | 61.89 3.1| 20.5} 0.5 5.1 7.1
Copper Eleaner tail No.2 0.60{12. 29.16 | 4.49 115.90 | 1.20 |231.46 7.6 8.7{ 0.3 4.3 10.0
" " " No.1 0.70] 8. 30.55| 4.26 |19.08 | 0.54}{95.42] 5.9 10.6| 0.3 2.2 4.8
Copper—lead cl tail No.3 1.12 3. 19.40(10.30 {20.87 | 0.50 | 59.51 3.6| 10.8] 1.3 3.3 4.8
" "onm " No.2 1.05} 2. 9.85(12.59 |19.48 | 0.44 | 48.25 3.0 5.1} 1.5 2.7} 3.6
" """ No.l 4.79 1. 5.04110.00 |17.89 | 0.29 | 25.40 5.8] 12.0| 5.4 8.2 8.8
Zinc rougher conc No. 1 8.29 0. 0.64 |41.53 7.16 0.14 | 11.72 5.7 2.6 38.8 6.8 7.0
" " " No. 2 9.09| 0. 0.47|33.88 |16.70 | 0.20] 10.45 6.3 2.1y 34.8 4 10.5| 6.8
Pyrite rougher conc.Wo.l 9.69( 0. 0.55| 2.90 [36.58 | 0.31] 11.50 2.9 2.7} 3.2 17.7| 8.0
" " " No.2 9.19) O. 0.58|11.52 |27.43 | 0.28 | 11.44 3.3 2.7{ 11.9 | 15.2¢ 7.6
Final tailing No.1l 26.344 0. 0.12] 0.16 0.027 0.94 1.0 1.6f{ 0.5 4,21 1.8
" "  No.2 25.32j| 0. 0.12 0.15 0.02 | 0.92 1.0 1.5/ 0.4 3.0} 1.7
Feed (calcd) 100.00j| 1. 2.01} 8.87 0.17 | 13.90 100.0f 100.0{100.0 | 100.0 {100.0

REMARKsS: Iwo Z000-gram batches ground and floated separately — copper—lead rougher concentrates combined.for

cleaning and copper—-lead separation.

Pyrite appeared in zinc froth upon addition of CX 51, therefore added extra lime —effect of oxidation?
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TEST NO. 17

ISAMPLE

Nadina Explorations Limited

DATE:

Aug.

75, 1970

OCBJECT OF TEST:

CHARGE:

TESTED BY:

: » ] Time| % - Unit _ Reagents, Ib per ton 3!
OPERATION min |Solids] © used | Dich¥ [ DF250 CX51 fzS05 |

Conditioning 5 8.7 -l1.5 |
Pyrite ro, Stage 1 1 0.05

134 131 114 2 . l 0'05

1" 114 11 3 ) l 0.05

n 1" " 4 - . l . 0- 05
Cogger—le%d g% No. 1 3 1000-¢ cell 0.02

. No. 2 135 500=¢ _cell

1] " " No. 3 1172 o oo
Copper-lead separation. '

Conditioning 5 250-g cell 4.0

Copper rougher 1% ‘ '

Copper cleaner- #1 &2| . 1 250-g cell '

5 "o
PRODUCT _ . V\:/T ) ANALYSIS % DISTRIBUTION %
C /e Cu _Pb "Zn Fe Au Ag Cu Pb | Zn Au Ag

Metallurgical Balance for ’
Copper-Lead Separation _ . : .
Copper conc 43,411 23.2217.36 | 4.49| 16.50| 1.28 [175.36 75.4 1 32.5] 48.8 |.59.2 | 56.1
Copper cleaner tail No.2 | 11.71} 12.94{29.16 | 4.49| 15.90{ 1.20 |231.46 11.3{ 14.7} 13.2 | 15.0 | 20.0

" " " No.l || 13.66)| 8.50/30.55 | 4.26| 19.08| 0.54 | 95.42 8.6 18.0} 14.5 7.8 9.6
ead conc 31.224 2.00125.84 | 3.00] 28.64 0.54 | 61.89 4,71 34.8] 23.5 | 18.0 | 14.3
Feed (calcd)*% 100.00} 13.38{23.19 | 3.99] 19.95| 0.94 |135.58 100.0 | 100.0 {100.0 {100.0 [100.0
Calculated Assays : » ‘ o .
1st Stage copper cl conc || 55.12} 21.03(19.87 | 4.49 | 16.37| 1.26 |187.28 86.7 | 47.2| 62.0 | 74.2 | 76.1
Copper rougher conc 68.78{| 18.54121.99 | 4.44 | 16.91} 1.12 ;169.03 95.3} 65.2176.5| 82.0) 85.7

REMARKS:

* Sodium dichromate
*% Copper—lead cleaner concentreate
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TEST NO. 18 SAMPLE: Nadina Explorations Limited - DATE:  Aug. 26, 1970
OBJECT OF TEST: To try copper-lead separation using .the sulphur dioxide-~starch method CHARGE: 2 x 2000 g
(copper-lead rougher flotation as in Test 17) TESTED BY: A.S.
i i Reagents, Ib per ton
OPERATION Timey % |,y Unit =
. min |Solids used
Grinding ) _as

Copper lead ro K, in

Zinc rougher R Test

Pyrite rougher _ 17%

WT ANALYSIS % DISTRIBUTION %

PRODUCT % Cu Pb Zn Fe Au Ag S Cu Pb Zn Au Ag
Copper conc 2.67) 23.68{ 12.98 3.43| 19.58| 0.98 [130.70 56.5{ 17.8] 1.0 | 15.6 | 26.5
Copper cleaner tail No.2 0.34] 8.85] 21.58 4.17| 24.05{ 0.94 [130.67 2.7 3.8] 0.2 1.9 3.4
" " No.l 0.74)) 6.33] 18.26] 3.89) 27.83] 0.74 {97.80 4.2 7.0] 0.3 3.3 5.5
Lead conc 2,454 2.66| 34.08 5.49} 20.48{ 0.56 {87.88 5.8 43.0( 1.5 8.2 | 16.3
Copper—lead cl tail No.3 1.05) 3.82| 11.43/12.79{ 24.05| 0.57 |50.08 3.6 6.2 1.5 3.6 4.0
" " No.2 1.12)f 2.30( 7.76{13.90]| 21.47| 0.53 [45.02 2.3 4.51 1.7 3.5 3.8
" "o " No.l 3.26} 1.53] 4.00/10.26{ 17.20| 0.28 |24.49 4.5 6.7 3.8 5.4 6.1
Zlnc rougher conc No. 1 9.45)} 0.91; 0.53}46.18| 15.75} 0.15 }12.16 7.7 2.6 49.0 8.5 8.7
" " No. 2 9.704f 0.74f 0.55/33.89| 11.88} 0.15 {11.56 6.4 2.7 37.0 8.7 8.5
Pyrlte rougher conc No.l 8.35{ 0.30{ 0.58 1.42( 34.89| 0.34 {11.10 | 38.02 2.2 2,5y 1.3 { 16.9 7.0
" " No.2 9.03| 0.24| 0.48 1.95) 33.80{ 0.31 |10.14 | 36.52 1.9 2.2 2.0 | 16.7 6.9
Final tailing No. 1 26.63}| 0.05/ 0.05] 0.13 0.02 | 0.90 1.2 0.7 0.4 3.2 1.8
" No. 2 25.21) 0.04) 0.02) 0.12 0.03 | 0.75 1.0 0.3} 0.3 4.5 1.5
Feed (calcd) 100.00 1.12 1.94{ 8.90 0.17 {13.18 100.0 | 100.0{100.0 {100.0 {100.0

REMARKS: *Except that Z-200 was added to the first stage of the zinc rougher in place of the CX51
added in Test 17.
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TEST NO. 18 _ SAMPLE: Nadina Explorations Limited DATE: aAye. 26, 1970
OBJECT OF TEST: ' CHARGE:
. TESTED BY:
OPERATION T_in'q.e‘ %, oH . Unit . Reagents, l? per ton’
min |Solids used: AF242 [DF250 | S8, | CS*
Copper—-lead cleanérs . -
. No. 1 3 1000-g cell | 0.01]0.02

No. 2 1% 500—-g cell

No. 3 1 o 0.004
Copper—lead separation 0,25 0,05 L
Conditioning 5 5.3 P50-g cell .
Copper rougher -2 : 0.004
Copper cleaner.No. 1 s 250-g cell. 0.004

- ~ No. 2 1 mror 0.004
WT ANALYSIS % DISTRIBUTICN %
PROD -
opuct % |G [ P [ Zn [ Fe | & | A5 G T % [ za | & | 52
Métallurgical Balance
for Copper—-Lead Separatian » |
Copper conc _ 43.06)23.68 | 12.98| 3.43 |19.58 | 0.98" 130.70 81.6 | 24.9 | 34.0 53.9) 51.2
Copper cleaner tail No.2 5.50f 8.85 | 21.58] 4.17 [24.05 | 0.94 [130.67 3.9 5.3 5.3 6.6 6.5
" " " No.lll 11.9Q0f 6.337 18.26| 3.89 |27.83 |0.74 | 97.80 6.0 | 9.7 | 10.7 | 11.3] 10.6

‘Lead conc 39.52] 2.66 | 34.08| 5.49 |20.48 | 0.56 | 87.88 8.5 | 60.1 | 50.0 | 28.231.6
Feed (caled) 100.00}.12.49 | 22,42 4.34 |21.16 | 0.78 [109.85 100.0 |100.0 | 100.0°| 100.0{100.0
Calculated Assays _ - _ . _ : ’ L
1st stage Copper cl conc | 48.56]22.00| 13.95} 3.51°{19.98 | 0.97 {130.70 85.5 | 30.2 39.3| 60.5| 57.7
‘Copper rougher conc 60.4818.91--14.80] 3.59 (21,61 { 0.93 [124,2% 91.5 | 39.9 | 50.0-y 71.8| 68.3

REMARKS:

* Caustic Starch - an aqueous.solution of starch and

caustic starch in the ratio 2:1

- € -
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TEST NO. 19 J SAMPLE: Nadina Explorations Limited

DATE: Moy, 10, 1970

OBJECT OF TEST: To try copper-lead separation using the cyanide method
(copper-lead rougher flotation as in Test 17).

CHARGE: 2 x 2000 g

TESTED BY: A.S.

'Reagents, Ib per ton

Time | "% Unit
R i —_— '

OPERATION min - ISotias] P7 used  [Lime |[CuSO4|DF250] MIBC NaAF| CX51
Grinding ) as ' | ' |
Conditioning , in
Copper-lead ro ) Test 14}
Conditioning 10 | ]11.2]1000-g cell] 6,0 | 2,0
Zinc rougher

Stage 1 1 0.02

"2 1 0.05

" 3 2 0.02

T 3 : 0.05

. ‘ 9 DISTRIBUTION %
PRODUCT V\:/;F ANALYSIS % °
Cu Pb Zn Au Ag Cu Pb Au Ag |
Metallurgical Balance‘
for Copper-lLead Sepn
Copper conc 65.80| 15.80(18.96 | 4.78 | 0.86 [126.70 .9 | 53.2 69.6 | 64.1
Lead conc 15.44) 9.34146.20 | 6,70 | 0.79 [140.40 6 | 30.4 15.0 | 16.7
Lead cleaner tail No. 2 7.36) 17.50119.92 | 5,37 | 0.69 [131.56 .5 6.3 6.3 7.4
" " " No. 1 11'.'40I 17.30120.80 | 4.15 | 0.65 (134,38 0| 10.1 9.1 | 11.8
Feed .(calcd) 100.00|| 15.10(23.45 { 5.05 | 0.81 [130,05 .0 [100.0 100.0 {100.0
Lead ro conc (calcd) 34,2001 13.75{32.08 | 5.56 | 0,72 [136.49 1| 46.8 30.4 | 35.9
il

REMARKS:

_ge_
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DATE: Nov. 10, 1970

TEST NO. 19 | SAMPLE: . Nadina Explorations Limited
OBJECT OF TEST: ' CHARGE:
_ ] TESTED BY:
Time | % : ' - Unit Reagents, |b per ton
OPERATION - H . Cos
A _ min |Solids| & used bF250 | Cx51 [HyS0; | ZnCN [AF242 | NaCN
Conditioning- ) 8.7 : 3.0
Pyrite rougher, Stage 1| 1 0.02} 0.0>
on . L "9 1 0.05
" " n 3 1 0.05
11 ' " . ll. 4 1 ; 0.05
Cu~Pb cleaners (as in Test 17)
Copper—-lead separation )
Conditioning 5 11.6 | 250-g cell . 0.87
Lead rougher -1 - . 0.01
Lead cleaner . :
No. 1 15 250-g cell 0.005] 0.10
No. 2 1 _ wewow 0.01 o
: wT - ANALYSIS %. . DISTRIBUTION % -
PROD T : -
obuc %J Cu Pb | Zn Fe - S Au Ag Cu Pb Zn | Au Ag
Copper conc 3.18/15.80 | 18.96| 4.78 119.57 0.86 |126.70) 45.7 | 31.5 1.8 | 17.0} 30.8
Lead conc 0.75 9.34 ] 46,20} 6.70 | 7.35 0.79 [140.40) 6.4 | 18.1 0.6 3.7 8.1
Lead cleaner tail No. 2 0.34]17.50 19.92) 5.37 }117.43 0.69 |131.56} 5.7 3.8 ] ..0.2 1.6 3.6
" " " No. 1 0,553/ 17.30} 20.80| 4.15 |18.82 0.65 1134,.38]| 8.6 6.0 0.3 2.2 5.7¢
Copper—lead ¢l tail No.3 1.031f 3.88|.17.44{12.57 {19.49 0.49 |- 56.19ll 3.7 9.6 1.6 3.2 4.5
oo " No.2 1.04 3.31| 9.9212.37 {18.69 0.42 [ 48.454 3.1 | 5.4 1.5 2.7 3.9
B " No.l 4,591 1.46 | 4.88| 9.44 [18.48 | 0.31 [.25.43}| 6.1.{ 11.7 5.2 8.8 ‘8.9
Zinc rougher conc 13.33] 0.44| .0.33|50.35 | 5.04 | . 0.11 | 10.42ff 5.3 2.3 | 80.9 9.1 10.6
Pyrite rougher conc 23.23] 0.60| 0.59] 2.46 |33.71 |38.47| 0.29 | 11.41) 12,6 | 7.2 6.9 | 41.9] 20.3
Final tailing |l 51,94 0.06 | 0.16] 0.16 | 4.94 0.03 0.91§ 2.8 4.4 1.0 9.8 3.6
Feed (caled) 100.0¢; 1.10} 1,91 8.30 [13.16 0.16 | 13.07(100.0.{100.0 {100.0 | 100.0| 100.0

REMARKS:

Zinc rougher high grade but extremely "gummy"

~ effect of high CuSO4?

- HE -
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TEST No. 20 | SAMPLE: Nadina Explorations Limited No. 2 DATE: Feb. 4, 1971
OBJECT OF TEST: Copper—-lead separation on new sample using SOz—starch method in CHARGE: 2 x 2009 g
conjunction with regrinding prior to cleaning TESTED BY: A.S.
Time| % Unit Reagents, b per ton
OPERATION -
min |Solids pH used NaZCO 2,504 NaCN [AF208 |AF242 DF250 | Lime |CuSOy | Z-20(Q NaAF
Grinding 45 65 7 x 14 RM 3.0 | 1.0 0.1(0.015 {0.015
Conditioning 5 7.6 |1000~g cell : 0.01 10.01 | 0.02
Copper—lead rougher ) ’
Stage 1 )
"2 L 0.01_J0.01
" 3 1 0.01 |0.01
" 4 1 0.02
Conditioning 1 10 9.1 3.0 | 0.5 | 0.02
" 2 5 10.2 1.0
Zinc rougher - Stage 1 1
" " . "2 1 0.05
1" 1" 1" 3 2 .10
PRODUCT V\:T ANALYSIS % I DISTRIBUTION %
% Cu Pb Zn Fe |Insol| Au Ag || Cu Pb Zn Au | Ag
Copper conc 0.27 |{19.48 }-33.03| 2.70 |13.17 3.02 |142.26 8.0 5.1 0.1 7.6 4.3
Copper cleaner tail 0.60{12.09 | 47.30| 3.86 | 8.93 0.99 (134.464 11.1 | 16.2 0.3 5.6} 9.1
Lead conc 1.76 y| 7.06 | 50.00| 5.00 | 8.63 0.47 |109.19} 19.0 | 50.2 1.0 7.71 21.6
Copper—lead cl tail No.2|| 0.98{ 9.69| 9.79]12.70 [13.02 0.30 | 80.47| 14.5 5.5 1.4 2.7 8.9
o " No.lll 4.43( 4.12| 2.65(11.19 |17.44 0.16 | 30.37) 27.9 6.7 5.4 6.6 15.1
Zinc conc 10.18 ) 0.56{ 0.6040.92 {15.54 | 2.44} 0.13 | 10.07|| 8.7 3.5 | 45.4{ 12.5| 11.5
Zinc cleaner tail 4.481 0.35| 0.94(18.58 |20.41 -1-0.17 9.23| 2.4 2.4 9.1 7.2 4.6
Pyrite conc 17.35| 0.19| 0.46(18.64 }28.94 | 7.78]| 0.22 9.43)} 5.0 4.6 | 35.2| 35.2| 18.4
Pyrite cleaner tail 3.06 || 0.17( 0.57] 1.35 {15.02 | 48.14] 0.15 5.72) 0.8 1.0 0.4 4.2 2.0
Final tailing 1 56.894 0.03] 0.15] 0.30 | 6.14 0.02 0.73} 2.6 4.8 1.7 10.7] 4.5
Feed (calcd) [100.00| 0.65| 1.75| 9.18 [12.61 0.11 8.91{j100.0 [100.0 {100.0 { 100.0 |100.0

REMARKS:

Two 2000-g batche

%S, pyrite conc:

5 ground and floated separately - rougher
41.58, final tailing: 1.38

concentrates combined for cleaning

_g€~_
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TEST NO. 20

SAMPLE: Nadina Explorations Limited No. 2

DATE: Feb. &, 1971

OBJECT OF TEST: CHARGE:
g . TESTED . BY:
_— Time % . ' . Unit ) . ) Reagents, Ib per ton )

| OPERATION min |Sotids -pH Used - Na,C0{Na,SO{ NaCN DF250 | Lime H,S0, CX51
Conditioning - 1 5 : 8.6 0.35

" -2 2 0.05
-Pyrite rougher

Stage 1 1 -

"2 1 ] 0.05

" 3. 1 S : 0.05
Zinc cleaner 2 10.6 | 1000-g cell 0.01] 0.5
Pyrite cleaner 2 SR & 0.01
Cu~-Pb conc regrinding. % % 1.0 | 0.5 | 0.05

PRODUCT V\:T . ] ANALTYSIS % ) DISTRIBUTION %
- % Cu | Pb Zn Fe | Au | Ag Cu Pb Zn | Au Ag

Metallurgical Balance - '
for Copper-Lead Sepn
Copper conc ' 10.24 || 19.48 33.03{ 2.70 [13.17 3.02 {142.26 21.0 7.1 6.1} 36.4 12.3]§.
Copper cleaner tail 22,751 12.09| 47.30} 3.86 8.93 | 0.99 |134.46 29.0 | 22.6 19.5| 26.5 25.9
Lead conc . i1 67.0L| 7.06{ 50.00{ 5.00 8.63 | 0.47[109.19 50.0 70.3 74.4 | 37.1| 61.8
Feed (caled) , 100.00|| 9.48| 47.65| 4.51 | 9.16 0.85 |118.33 100.0 |100.0 00.01100.0 100.0}
Copper ro conc (caled) 32.99 42,871 3.50 j10.25 1.621136.88 50.0 29.7 25.6 62.9 38.21

14.38

REMARKS:

* Wet filter cake + 350 cc water

*% In Abbe porcelain mill with full charge of steel balls.

._98._
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TEST NO. 20 SAMPLE: Nadina Explorations Limited No. 2 DATE: Feb. 4, 1971
OBJECT OF TEST: ' CHARGE:
' ' TESTED BY:
OPERATION Time| % oH Unit ’ Reagents, Ib per ton
min {Solids used AF208 [AF242 |DF250 12-2001{ CS S02
Copper—lead cleaner No.ll .1 500-g cell ' '
Stage 1 1 .00251.0025
" 2 1 .00251.0025
" 3 1 .0025 1{.0025
W % 9 0.005
Copper—lead cleaner No.2 2 0.002
Copper—-lead separation . -
Conditioning*® 5 5.5 ) 0.05(0.75
Copper rougher 250-g cell ,
Stage 1 1 i : 10.008
i 2 1 ' 0.005
Copper cleaner 1 250~g cell

wWT ANALYSIS % ' DISTRIBUTION %

PRODUCT % |

_LE_

REMARKS: * All sulphides depressed upon addition of caustic starch - could not get copper to float

effectively even though excess amounts of Z-200 were added.
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TEST NO. 21 _ | SAMPLE: Nadina Explorations Limited No. 2

DATE: Feb. 5, 1971

OBJECT OF TEST: . To try selective flotation of lead and copper concentrates

from reground copper—lead rougher concentrate

CHARGE: 2 x 2000 g

TESTED BY: A.S.

Time| % A . Unit L Reagents, b per ton

OPERATION min |Sotias] P7 | Gsed  Fa,C0.ja,s0,] NaCN [AF208 A¥242 PF250 | Lime [uSO, [Z-200] NaA¥
Grinding 45 65 7 x 14 RM . | 4.0 1,0 {0.10 0.015 p.015
Conditioning 5 8.0 ‘ i N 0.01 D.02 | 0.02
Copper—lead rougher 1000-g cell | ‘

_ Stage 1 % ,

" g L 0.01_D.01

w3 1 0.01 p.O1

" 4 1 0.02
Conditioning 1 10 10.8 7.0 1.0
. " .2 2 0.02 : . 10.,01]0.10 _
Zinc rougher ’ '

Stage 1 3
14} 2 3 |
= j [+)
PRODUCT \":/T . ANALYSIS % DISTRIBUTION %
° Cu |.Pb Zn Fe | Tnsoll Au Ag_ Cu Ph 7n Au Ag
Lead rougher conc -2.44 7.02 1 46.60| 4.50 | 9.69 0.95 [112.65{ 26.0| 65.4 | 1.2 22.0( 30.9
Copper rougher conc 1.62 ||10.00 | 13.72 [24.75 8.81 0.29 | 75.65{ 24.6 | 12.8 4.3 4.5 13.8
Copper rougher tail 5,17 |{ 3.57{ 2.11{ 6.50 |20.72 0.18 | 28.75( 28.0 | 6.3 3.6 8.8¢ 16.7
Zinc. conc 11.73 || 0.36 | 0.24(65.44 | 1.39 | 1.6410.06 7.68). 6.4 1.6 | 83.2 6.6 10.1
Zinc cleaner tail 3.55{ 0.641] 1.00(10.85 |11.89 0.11 7.47]1 3.4 2.0 }. 4.2 3.7 3.0
Pyrite conc 18.67 | 0.26 | 0.56( 1.03 |38.18 |12.88.] 0.25 9.97i 7.4 6.0 -2.1| 44.2| -20.9
'Pyrite cleaner tail 3.537 0.20 0.59 0.63 [10.73 {57.70 | 0:.08 3.43 1.1} 1.2 0.2 2.7 1.4
Final tailing: ) 53.294 0.04 | 0.15) 0.20 5.68 |- 1 0.15 . 0.53 3.1} 4.7 | -1.2 7.5 3.2
Feed (calcd) 100.00 0.66f 1.74 9;23 112.57 0.11 A~8.89 100.0 {100.0. {100.0 {100.0 | 100.0
“ .

REMARKS: - Two 2000-g

%S, pyrite conc: 43.42, final tailing: 0.98

batches ground and floated separately — rougher concentrates combined for cleaning.

_88—
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TEST NO. 21 JSAMPLE? Nadina Explorations Limited No. 2

DATE: Feb. 5, 1971

OBJECT OF TEST: CHARGE:
TESTED BY:
Time | % Unit Reagents, Ib per ton
OPERATION — H -
min |Solids| © used ¥250 | Lime H,50, | CX51
Conditioning 5 8.6 1.2
Pyrite rougher
Stage 1 1 0.10
] 5 1 0.05
"3 1 0.05
TR 1 0.05
7Zinc cleaner 3 10.9 | 1000-g cell 0.02] 0.5
Pyrite cleaner 3 venon 0.01
\ %. DISTRIBUTION %
PRODUCT V\:T _ANALYSIS % i ON %
% Cu Pb Zn Fe Au Ag Cu Pb Zn Au Ag
Metallurgical Balance i I
for Selective Flotation
from Cu-Pb Conc
Lead rougher conc 26.42 || 7.02 [46.60 4,50 9.69 { 0.95[112.65 33,1 | 77.5 { 13.0} 62.3| 50.3
Copper rougher conc 17.52{ 10.00 [13.72 | 24.75} 8.81 | 0.29 | 75.65 31.2 | 15.1 | 47.3 ] 12.6] 22.4
Copper rougher tail 56.06 || 3.57 ] 2.11 6,50{20.72 | 0.18] 28.75 35.7 7.4 | 39.7 | 25.1| 27.3
Feed (calcd) 100.00 || 5.61 (15.90 '9.17{15.72 | 0.40 59.13 100.0 {100.0 |100.0 | 100.0 | 100.0

REMARKS:

_68_
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TEST NO. 21 LSAMPLE

PRODUCT"

%

Nadlna Exploratlons lelted No. 2 DATE: Feb. 5, 1971
OBJECT OF TEST: CHARGE:
) . TESTED BY:
= . _ B " - 1 T
OPERATION Time| % CpH. Unit - _ Reagents, |b per ton
o min- [Solids - . used Nazco,NhSO, NaCN.|AF208 . .| DF25( CuS0, {Z-200
Cu-Pb_con¢ regrinding | 30 | . * ek 1.0 | 0.5]0.05].
Lead rougher - S b ’
Stage 1 1 9.9 | 500-g cell : -10.005
C 2 2 0.005
Conditioning i 5 . 9.6 o . 0.1 | .
Copper rougher 2 : .10.01 0.003
wT || ANALYSIS % DISTRIBUTION %

REMARKS: - % Wet fi@ter' cake + 400 cc water .
*% In Abbe porecelain mill with full charge of steel balls
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_'[{7_

TEST NO. 22 | SAMPLE: Nadina Explorations Ltd. No. 2 DATE: Feb. 11/71
OBJECT OF TEST: To try proposed October 1970 Nadina flowsheet* — preliminary test with4 CHARGE: 2000 ¢
out Cu-Pb separation or lead flotation from secondary tailings (see attached flowsheet). | TESTED BY: A.S.
OPERATION Tin:)e % oH Unit ' ' Reagents, Ib per ton
min [Solids used Na, S04 ZnS0,[AF208 [DF250 | Lime | NaCN | Z-3
Grinding 45 | 65 7 x 14 RM 0.51 0.110.015
Conditioning 5 6.8 | 1000-g cell 0.0151 0,02
Copper—lead rougher 3 : A _
Conditioning 5 8.2 , : A 2.0 0.15
Copper-lead scavenger -
Stage 1 L 0.03
"2 1 0.02
"3 1 0.0Z2
" 4 1% 0.02
Copper—lead cleaner 1 250-g cell
PRODUCT V\g/T ANALYSIS % V DISTRIBUTION %
° Cu Pb Zn Fe Au Ag Cu Pb Zn Au Ag
Copper—lead conc 2.7912.85 ~5.39| 7.63|28.27 0.75 [102.28]|| 58.6 9.7 2.1 19.1| 33.
" "  cleaner tail 1.50}f 2.32 { 11.57 9.08(20.63 0.20 22.64 5.7 11.2 1.4 2.7 3
Secondary Cu-Pb conc 1.37|| 3.06 {59.81] 4.41]| 5.56 0.41 | 64.44Yf 6.9 | 52.8 0.6 5.3} 10.
" "ol tail 1.13 0.74 |18.30( 12.03|11.61 0.32 | 43.28) 1.4 | 13.3 1.4 3.3 5.
" " Y ro -tail. 3.64 0.43 | 2.55| 11.27{13.19 0.12 8.95) 2.6 6.0 | -4.1 4.0 3
Copper-lead scav tail 89.57| 0.17 { 0.12] 10.00 0.08 | 4.20) 24.8 | 7.0 | 90.4| 65.6| 43.
Feed (calcd) 100.00] 0.61 | 1.55| 9.91 0.11 8.65(1100.0 {100.0 {¥00.0{100.0] 100.0
Cu-Pb ro conc (calcd) 4,291 9.17 { 7.55| 8.14125.60 1.0.56 | 74.43|j 64.3 | 20.9 3.5 21.8{ 36.9
Cu-Pb scav conc (caled) 6.14 1.07 | 18.22 9.88|11.20 0.22 27.65) 10.9 72.1 6.1 12.6 19.7

REMARKS: *Developed by Mr. J. D. Gunn of Dolmage Campbell & Associates Ltd., Vancouver, B.C.
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TEST NO. 22 SAMPLE: Nadina Explorations Ltd. No. 2 DATE: Feb. 11, 1971
OBJECT OF TEST: CHARGE:
‘ : TESTED BY:
OPERATION ) T'i‘n:‘et % oH Unit - Reagents, |Ib per ton '
' : min |Solids| . used Nay.S04ZnS0y, [AF208 {DF250 | Lime Z=3 | SO9
Flotation from i -
Cu-Pb _scav conc. : .
- Regrinding 20 50 ¢ ‘ * 0.15 | 0.1010.01 0.5
Secondary Cu-Pb ro : 500-g cell '
Stage 1 » 1 0.005 0.005
"2 % 0.005|
'3 % 0.004
"4 L 0.005
Secondary Cu-Pb cl _ :
Condition 5 6.6 | 250-g cell 0.7
Float 5 ' 0.005{0.002 :
o . . "y
PRODUCT _V_\:/;l' ANALY;!S % . DlST.RlBUTlOlﬁ.! %.
REMARKS: & g-in.~dia Abbe porcélain.mill\with half charge of steel balls.

—Z{]._
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TEST NO. 23

| SAMPLE: Nadina Explorations Ltd. No. 2

DATE: Feb. 12, 1971

OBJECT OF TEST: As in Test 22 but with copper—-lead separation and lead flotation from

secondary rougher and cleaner tailings (see attached flowsheet)

CHARGE: 2 x 2000 g

TESTED BY: A.S.

Reagents, |b per ton

Time % Unit
OPERATION min Isoligs| P used Nay 503ZnS0y, |AF208[DF250 | Lime | NaCN| Z-3
Grinding 45 .| 65 7 x 14 RM 0.5 | 0.1 [0.03
Conditioning 5 1000-g cell 0.01 10.02
Copper—-lead rougher 3 6.3
Conditioning 5 7.9 1.5 |0.15
Copper—lead scavenger '
Stage 1 % 0.03
-2 1 0.02
"3 1 0.004 0.02]
" 4 1 0.004 0.02
"5 . 1% 0.02
Copper—-lead cleaner #1 s 500-g cell
" " R 5) 1 250-g cell
PRODUCT V\C{T ANALYSIS % D_ISTRIBUT!ON %
% Cu Pb Zn Fe Au Ag Cu | Pb Zn Au | Ag
Copper conc 2.44]12.50] 2.12{ 3.10 |31.65 |0.74 75.57 48.9 3.0 0.8 16.5 | 21.1
Copper cleaner tail 0.54| 4.84| 17.90| 4.17 |26.32 [0.56 70.60 4.0 5.4 0.2] 2.6 4.2
Lead conc 2.04 3.36| 25.50| 4.53 |23.33[0.40 67.29 10.9 | 30.1 1.0f 7.4 | 15.6.
No. 2 copper-lead cl tail] 0.74 2.36| 7.70{ 9.71 {22.63 [|0.35 42.62 2.8 3.3 0.8} 2.4 3.6
No. 1 " moonmon 2.83 2.07{ 7.01/10.19 |18.08 |0.23 .29.69 9.4 | 11,5 3.2} 5.9 9.6
Secondary lead conc 0.70f 1.37| 51.60| 5.10 | 5.57 0.20 36.67 1.5 | 20.9 0.4 1.3 2.9
" " el tail 0.291 1.29| 22.86{14.00 {10.55 |0.18 25.66 0.6 3.8 0.5 0.5 0.8
" " ro tail 2.19] 0.60) 7.40{12.00 |13.38 |0.16 13.97 o 2.1 9.2 2.9 3.1 3.4
Copper-lead scav tail 88.28! 0.14] 0.25| 9.20 0.075 3.86 19.8 | 12.8] 90.2| 60.3 | 38.8
Feed (caled) 100.0Q] 0.63] 1.73| 9.01 . jo.11 8.79 100.0 |{100.0 | 100.0}100.0 }100.0
Combined lead conc ©2.74 2.85] 32.17| 4.68 | 18.79{0.35 59.47 i2.4 | 51.0 1.4 8.7 | 18.5

REMARKASA; Two 2000-g lots ground and
bined for further treatment.

0.01 1b/ton AF208?

Appeared

floated‘separately - copper—-lead rougher and scavenger concentrates com-
to float more weight in Cu-Pb rougher than Test 22 - is this due to extra

_917._



MINES BRANCH FLOTAT!ON TEST REPORT " Sheet 2 of 3

TEST NO. 23 - . l'SAMPLE Nadlna Exploratlons lelted No S22 Pt L. L | DATE::

OBJECT OF TEST: N . ~ S S - | CHARGE:

‘ ' ' ‘ : ’ “ . | TESTED BY:
OPERATION o Time %... pH: _ Unit Reagents, Ib per ton

min |Solids | used  [NapS03ZnSOr JAF208 [DF250 | Lime | NaCN 2-3 | SO2

‘Flotatlon from T ¢
Cu~Pb - scav. conc’-

Regrinding o ; .. 20 50 : _ *._ 1 0.15 ;0‘._1" 0;01 B 0.5“?'

Secondary Cu=Pb ro | .- ol 4 {500mgrcell e boon oL S IS R :j';

~Stage:1l i Loy
] ‘*‘ 2 i oLt 'l !

_Secondary. Cu-Pb._cl i

... _Condition

Float - R

. PRODUCT: - =i |l WT H_ __ DISTRIBUTION: % -
SLL VRN T I o <% Ny o Aa "_’”Ag""‘

Metallurgical Balance.. B
for. COpper—Lead Separatlon R | Y N R B e
. Copper ‘conc |48, 81A 12,50 | 2.12| 3.10 |31.65|0.74 | 75.57|"
_Copper cleaner tail 0 ['10.37 || 4084|1790 4.17 [26.32710.56 | 70.60|
Lead: conc - o l40.827) 3.36 7| 2505074053 7]23.337 0140 "67.29 |

9] 62.2 515 1
110.0-|10:2-

.,
Lo~

- Feed “(caled)®* . . |100.007}| "7.97 1 13.30(°3.79°127.70-| 0.58" | 7Xv67| —~~ - |1 .0-[1.00..0--1100.0 - -

9

b .
.7--27.8 | 38.3"
0

3

S|SS oy
Cwlols Gl

oolol

fCopper~rou0her conc(calcd)59318" 11316: 4 89‘ 3&29"~30:72“£0;71- TETO : 22,2“,161;1Wf

REMARKS: % 8-in.-dia Abbe p6fééiéiﬂﬂmiiiAﬁiEﬁwhalf charge of steel balls. Cu-Pb secondary rougher conc appearef
to be high grade lead conc - some.of the-galena was depressed in subsequent cleanlng with SOz?atapH;of.6.A.
%% Copper-lead cleaner conc + copper—lead sccondary cleanmer conc.

=gy -
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PRODUCT

%

TEST NO. 23 | SAMPLE: Nadina Explorations Ltd. No. 2 DATE: Feb. 12, 1971
-1 OBJECT OF TEST: . CHARGE:
TESTED BY:
CPERATION Tin:'xe % oH Unit Reagents, |b per ton
min {Solids used |AF208 |DF250 NaCN| Z-3 | SO, | CS
Flotation from
Seconda_r___z tailings
Secondary lead ro 1 500~g cell
Stage 1 5 8.5 0.01 0.10] 0.01
"2 1 0.01 0.01
1" 3 1 0.0l
Secondary lead cl 250~g cell 0,05
Copper—lead separation woroomn
Conditioning: 5 3.3 0.75
" 5 5.4 0.05
Copper rougher 1 0.01
Copper cleaner 3/4 3.1 250-g cell 0.50
WT ANALYSIS % DISTRIBUTION %

REMARKS: (opper-lead separation: Bright, coppery froth after addition of SO, but subsequent addition of
' starch depressed copper which came up again, however, upon addition of AF208.

—_ gv—




further treatment.

Coarse pyrite floated at end of copper-lead rougher.

vaiNES BRANCH FLOTATION TEST REPORT Sheet 1 of 3
TEST NO. 24 SAMPLE: Nadina Explorations Ltd. No. 2 DATE: Feb., 25, 1971
OBJECT OF TEST: To try selective flotation of copper, lead and zinc concentrates CHARGE: 2 x 2000 ¢
from reground copper-lead rougher concentrate. TESTED BY: A.S.
Time| % . . Unit _ Reagents, |b per ton- ’ ]
OPERATION min lsoniasl P used N& UINa,50] NaCN [AF208 [AF242 [DF250| Lime [CuSOy |Z-200 | NaAF
Grinding 45 | 65 | 7x 14 RM - | 4.0 | 1.0 | 0.1 _ ‘
Conditioning 10 7.9_12000-g cell 0,02} 0.02} 0.02
apper—=lead rougher Hoon "
Stage 1 1 0.01} 0.01
"2 1 0.01} 0.01
" 3. 1 0.02
" 4 1 . 0.02
Conditioning 10 10.9 7.0 | 0.75
Zinc rougher, Stage 1 1 ' 0.02 0.01
" "o Stage 2 1 0.02
" " Stage 3 2 0,05
o " Stage 4 1 0.05
: : RI [ %
PRODUCT VXT ANALYSIS % . DIST SUT’Ohl.o
% Cu | Pb Zn Fe | 8 Au- Ag Cu Pb | Zn Au Ag
Copper conc 1.20| 21.94 21.18| 3.82 |14.00. 1.25 |178.90| 41.3 | 14.3 0.5 114.6 | 24.5.
No. 2 Copper cleaner tail 0.35% 9.48 32.11| 4.41 [14.96 0.76 |120.84(] 5.2 6.3 0.2 | 2.6 4.8
No. 1 " " 0.69 6.24 26.37| 5.30 |18.41 0.46 72.94) 6.8 | 10.2 0.4 ] 3.1 5.7 .
. [Lead conc’ ' 1.15} 3.79 51.82| 6.74 | 7.45 0. 40 72.00| 6.8 | 33.4 0.9 | 4.5 9.5
No. 2 Lead cleaner tail 0.29) 4.36| 14.36{10.50 |17.25 0.33 54,67 2.0 | 2.3 0.3 1.0 1.8
No. 1 " " " 1.62 2.74 7.87| 9.87 |29.46 0.25 34,73} 7.0 7.2 1.8 4.0 6.4
" Pecondary zinc ro conc 0.58 2.2 5.63|11.29 |21.31 0.21 26.564 2.0 1.8 0.7 9.0 7.8
" Cu~-Pb ro tail 5.021 1.05/ 3.15| 5.37 {29.46 0.19 13.60} 8.3 8.9 |- 3.0} 1.2 1.8
Zinc rougher conc - 15.90f 0.45 0.49(47.02 | 5.60 - 10.075 | 8.00| 11.2 4.4 | 82.3 '11.6 | 14.5
Pyrite conc 14.56| 0.25 0.58f 5.32 |37.47 | 44.5810.25 10.044 5.7 4.7 1 8.5135.4 | 16.7
Pyrite cleaner ta11 1.69| -.0.27) 0.75| 1.02 [14.00 " l0.12 5.57} 0.7 0.7 0.2 ] 1.9 1.1
Final tailing 56.95 0.034] 0.18] 0.21 -1 1.2910.02 0.82y| 3.0°| 5.8 1.2 111.1 5.4
Feed (calcd) 100.0G; 0.64 1.78| 9.09 - 0.10 |  8.60}100.0 (100.0 {100.0 100.0 {100.0
Cu-Pb ro tail (calcd) 89.10f 0.15 0.31 ‘ 0.07 3.70f 20.6 | 15.6 "60.0 | 37.7
REMARKS: Two 2000 gram batches grourd and floated separately - rougher concentrates combined for

- 9% -



MINES BRANCH FLOTATION TEST REPCRT Sheet 2 of 3

_Lf;_

TEST NO. 24 | SAMPLE: Nadina Explorations Ltd. No. 2 DATE: Feb. 25, 1971
OBJECT OF TEST: ‘ CHARGE:
TESTED BY:
OPERATION Tin.'te % oH Unit Reagents, Ib per ton
min [Solids used Na,COg| NaCN | AF242DF 250|H,S0,| Z-6 | 2-200] SO, | CS

Conditioning 5 8.5 [1000-g cell 4 1.4
Pyrite ro, Stage 1 1 : ' 0.10

" " mn 2 l 0.05

Mmoo "3 1 0.05

" " "4 1 0.05
Pyrite cleaner 25 1000-g cell 0.02
Selective flotation
from Cu-Pb rougher conc .

Regrinding 30 50 * 0.75 10.03

Conditioning 2 5.7 1500-g cell 0.5

Copper_ro, Stage 1 1 0.003 0.003

" " Stage 2 1 0.003 0.003
PRODUCT 'V\CI)T ‘ ANALYSIS % ‘ DISTRIBUTION %
% i Cu Pb Zn Fe Au Ag Cu Pb Zn Au Ag

Metallurgical Balance for
Selective Flotation from
Copper—Lead Rougher Conc
Copper conc 11.01})] 21.9421.18 | 3.82 | 14.00 1.25 178.90 || 52.1| 16.9} 6.5 | 36.7 | 39.4
No. 2 Copper cleaner taill]l 3.19|| 9.48{32.11 | 4.41 | 14.96 0.76 120.84 || 6.5 7.4 2.2 6.4 7.7
No. 1 " " " 6.29 6.24126.37 | 5.30( 18.41 0.46 | 72.94 8.5} 12.0| 5.2 7.7 9.2
Lead conc 10.544 3.79|51.82 | 6.74 | 7.45 0.40 | 72.00 {|" 8.6 39.6 | 11.0 { 11.2 15.2
No. 2 Lead cleaner tail 2.69|| 4.36(14.36 |10.501} 17.25 0.33 ] 54.67 2.5 2.8 4.4 2.4 2.9
No. 1 " " " 14.911 2.74) 7.87 | 9.87 21.10 0.25 | 34.73 8.8 8.5] 22.9 9.9 | 10.3
Secondary.Zn ro conc 5.29 2.21} 5.63 |11.29] 21.31 0.21 | 26.56 2.5 2.2 9.3 3.0 2.8

" Cu-Pb ro tail 46.08) 1.05) 3.15 | 5.37 | 29.46 0.19 113.60{ 10.5 10.6 ] 38.5 | 22.7 12.5
Feed (calcd) 100.00{ 4.64({13.79 | 6.43 ] 22.27 0.38 | 50.05 {/100.0 {.100.0(100.0 [100.0 |100.0
Copper ro conc (caled) 20.49|f 15.18(24.47 | 4.37 | 15.50 0.93 [137.33 || 67.1| 36.3}| 13.9 | 50.8 | 56.3
Lead ro conc (caled) 28.141 3.29(24.95 8.76 | 15.62 0.31 | 50.60 | 19.9 | 50.9| 38.3 | 23.5 | 28.4

REMARKS: & g_in.-dia Abbe ceramic ball mill with full charge of ceramic balls.
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TEST NO. 24 ] SAMPLE: Nadina Explorations Ltd. No. 2 : DA'TE:_
OBJECT OF TEST: - " _ S - - CHARGE:
3 _ - TESTED BY:
Time % Unit Reagents, |b per ton ' .
OPERATION i . : : : o -
1 min |Solids 'pH. used  |NapCOj NaCN' AF242 [DF250 | Lime |CuSQy |Z-200| SOo
Conditioning 5 . 8.7 | 500-g eell | 0.5 . 0.05} '
{ Lead rougher - L
Stage 1 1 . ' - 0.005
"2 2 S 0.005
. |.Conditioning 10 - 111.5 . : 0.75:| 0.2
Secondary zinc ro 15 : : 0.005
Copper cleaners - )
" No. 1 1L 3.5 250-g cell - 0.004] . ' . 1 0.5
No. 2 1% 3.2 1." " " 0.002 1 0.5
Lead cleaners e _ -
No. 1 1% 500-g cell | ‘ 0. 004
No. 2 1% 250-g cell | . T 10.003
PRODUCT WT : ‘ ANALYSIS % DISTRIBUTION % .

%

REMARKS:
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TEST NO. 25

SAMPLE:

Nadina Explorations Ltd. No. 2

DATE:Mar. 25, 1971

OBJECT OF TEST: To try modified version of October 1970 Nadina flowsheet as a method
for selectively floating copper and lead concentrates directly from the ore

CHARGE: 2 y 2000 o

TESTED BY: A.S.

OPERATION Tin.1e % oH Unit Reagents, |b per ton
min |Solids used Na 2504 ZnS04| Z2-200| Lime|NaCN | Z-3 |DF250
Grinding 45 65 | 7 x 14 RM 0.5 0.1]0.02
Conditioning 10 6.6 11000-g cell
Copper rougher 3 0.01 | 0.02
Conditioning 5 9.5 2.0 10.15
Lead rougher
Stage 1 5 0.03
" 2 1 0.02
" 3 1 0.02
" 4 1% 0.02
t [¢) o)
PRODUCT ' V\g/;r ANALYSIS % ‘ DISTRIBUTION %
Cu Pb Zn Fe S Au Ag Cu Pb Zn Au Ag
Copper conc 1.06 {|17.86 | 2.74| 3.06| 28.94 0.28 70.94 }f 26.8 1.6 0.4 2.8 8.1
No. 2 copper cleaner tailj 1.29 || 7.49 | 2.62 | 4.03 | 33.93 0.41 | 51.31 14,2 2.0] 0.6 5.2 7.5
No. 1 " n " 3.56 3.74 | 4.21 6.30} 27.34 0.43 36.91 19.5 8.8 2.6 | 14,9 14.8
Lead conc 0.70 1.25 |67.70 | 2.50} 2.59 0.50 94.92 1.3 27.7| 0.2 3.4 7.5
No. 2 lead cleaner tail 0.63 1.90 [48.88 | 6.30| 6.09 0.31 69.49 1.8 18.0} 0.5 1.9 4.9
No. 1 n n " 1.95 1.90 |17.01 | 10.00| 11.48 0.26 41,42 5.4} 19.41 2.2 5.0 9.1
Zinc rougher conc 13.35 0.63 0.47 { 50.00§ 4.19 0.09 11.52 12.3 3.7| 76.0 11.7 17.3
Pyrite conc 16.42 0.63 0.53 8.00 | 36.4944.68 [0.23 12.66 ] 15.2 5.1 14,9 | 36.8 23.4
|Pyrite cleaner tail 2.60 || 0.24 | 0.59 | 4.42| 19.77{17.04 {0.16 6.87 0.9 0.9 1.3 4.1 2.0
Final tailing 58.48 0.03 0.38 0.19 2.23 10.025 0.82 2.6 12.8 1.3 14,2 5.4
Feed (calcd) 100.00 || 0.68 | 1.71 8.77 -1100.0 | 100.0{100.0 |100.0 {100.0
Copper rougher conc (calcd) 5.87 7.02 | 3.60 | 5.24| 29.07 0.40 45,99 j| 60.5 12.4| 3.6 | 32.9 | 30.4
Lead rougher conc (calcd)|l 3.28 1.77 |33.95 7.69 1 8.55 0.32 58.23 8.5 65.1 2.9 10.3 21.5
Lead rougher tail(caled) |[90.85 0.23 0.43 0.075 4,70 | 31.0§ 22.5 66.8 | 48.1

REMARKS: Two 2000-gram batches ground and floated

separately - rougher concentrates combined for cleaning.

._617 -
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TEST NO. 25 SAMPLE: Nadina Explorations Ltd. No. 2 DATE:March 25, 1971
OBJECT OF TEST: CHARGE:
. TESTED BY:
OPERATION Ti.n.ﬁ,e % pH L{n,itv Reager\ts, b per ton
‘ | min |Solids| - ‘used Z-20Q Lime CuS0, NaAF_H.S0s | Z2-6
Conditioning 10 11.2 SR 3.0 1.0
Zinc rougher
~ Stage 1 1 0.01
™ ) 1 0.01 .
n 3 1 0.05
" & Z 0.05
Conditioning 5 8.2 ' 1.5
Pyrite rougher
Stage 1 ' 0.01
T 0.05
1 N § 0.05
" 4 0.05
: 9 1IST N % :
PRODUCT WT ANALYSIS % DISTRIBUTIO o

REMARKS:
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TEST NO. 25

SAMPLE: Nadina Explorations Ltd., No. 2

DATE:March 25, 1971

OBJECT OF TEST:

CHARGE: 2 x 2000 g

TESTED BY: A.S.

OPERATION Tinjme % oH Uni‘s _ Reagents, Ib per ton
min |Solids used  ""Na,80,| ZnSOy Lime | Z-3 DF250 | S0z
Copper cleaners
No. 1 2 5.1 |500-g cell 0.5
No. 2 1 4.0 |250-g cell 0.15
No. 3 1 4,7 | nn 0.1
Lead rougher conc
regrinding 20 * 0.15] 0.1 0.5 {0.005
Lead cleaners Sogede
No. 1 2 10.0 |500-g cell 0.1%f 0.04 0.005| 0.25%F
No. 2 1% 250-g cell 0.002
Pyrite cleaner 3 1000-g cell 0.03
WT ANALYSIS % DISTRIBUTION %
PRODUCT %

REMARKS: *
*% added to lower pH
w%

% 11.2 before addition of ZnS04 and SO=

8 in.-dia Abbe porcelain mill with % charge of steel balls
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TEST NO. 26 |SAMPLE Nadina Explorations Ltd. No.2 DATE: Mar. 30, 1971
OBJECT OF TEST:Bulk float with separation of copper-lead rougher conc using S50z= starch CHARGE: 2 x 2000 g
method followed by lead flotation from reground separation tailing. : TESTED BY: A.S.
Time % Unit Reagents, Ib per ton
OPERATION . H: - - :
min |{Solids P used "Nao00.Na .50, NaGCN AF ZOSAF 242| DF250] SO Cs
1Grinding 45 65 17 x 14 RM 4.0 1.0{ 0.1 0.01} 0.02
Conditioning 10 7.9 0.01 | 0.0L 0.02
Copper-lead rougher
Stage 1
T2 0.01 | 0.02
o3 0.0110.02
Copper-lead separation :
Conditioning 10 5.1 | 500-g cell 2.5 | 0.05
_Copper_rougher 1% : ;
Copper Cleaner No. 1L 1 3.7 |250-g cell 0.25
" " noo9 1 4.0 " " 0.15
WT ANALYSIS % - : DISTRIBUTION %
PROD : - -
ver % Cu Pb | Zn Fe Au | Ag Cu Pb | Zn  Au Ag
Copper conc 1.11 ] 27.08 | 4.45% 5.15 [17.47 | 0.94 {163.36 44,7 3.0 0.6 9.8 2l.4
No. 2 copper cleaner-tail | 0.67 ||10.00 | 13.79| 4.79 [23.95 |1.09 |L41.34 10.0 5.6 0.3 6.9 1l.2
No. 1 M -n n 0.75 || 5.29 |15.80 | 5.45 (23,95 |0.45 {79.72 5.9 7.2 0.4 3.2 7.1
Lead conc 0.99 || 0.69 | 70.45| 3.00 | 3.49 |0.26 | 43.71 1.0 | 42.6 0.3} 2.4 5.1
Lead cleaner tail 0.48 || 2.21 {25.43 |10.00 [12.48 [0.32 | 43,33 1.6 7.5 0.5 1.4 " 2.5
" rougher " 3.23 || 1.80 | 6.22 [10.41 [17.56 [0.22 | 24.23 8.6 | 12.3 3.6 6.7 9.2
Copper-lead ro tail 92.77 || 0.21 | 0.39] 9.44 0.08 .3.98 28.2 | 21.8 | %4.3 | 69.6| 43.5
Feed (calcd) 100.00 §| 0.67 | 1.64| 9.30 0.11 | 8.47} 100.0 {100.0 }100.0-{100.0 | 100.0
Separation tail (caled) 4.70 || 1.61 |21.71}8.81 [14.08 }0.24 |30.28 11.2 | 62.4 4.4 1 10.5 | 16.8

treatment.

REMARKS: Two 2000-g batches ground and floated separately

-~ rougher concentrates combined for further
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TEST NO. 26 [SAMPLE: Nadina Explorations Ltd. No. 2 DATE:Mar. 30, 1971
OBJECT OF TEST: CHARGE:
: TESTED BY:
OPERATION Tin_"e % pH Unit Reagents, |b per ton
min |Solids used Na »C05Na 250,| NaCN AF242 DF250
Lead flotation from
separation tailing
Regrinding 30 * 0.4 | 0.1 [0.025 0.005
Lead rougher 500-g cell
Stage 1 % 0.003
< 3 0.003
noo3 1 0.003 i0.003
"4 1 0.003
Lead cleaner 5 250-g cell
PRODUCT V\:T ANALYSIS % DISTRIBUTION %
% Cu Pb Zn Fe Au Ag Cu Pb Zn Au Ag
Metallurgical Balance for
Copper-Lead Separation
Copper conc {| 15.38(]27.08 | 4.45| 5.15] 17.47| 0.94 163.36 62.3 3.9¢ 16.3]-32.3 | 38.0
No. 2 copper cleaner tail 9.211]10.00 |13.79 | 4.79] 23.95| 1.09 141.34 13.8 7.2 13.3| 22.4 | 19.7
No. 1 " " ol 10.364 5.29 {15.80 | 5.45]| 23.95( 0.45 (79.22 8.2 9.2] 15.0| 10.4}{ 12.5
Lead rougher conc 65.05]| 1.61 [21.71 | 8.81] 14.08| 0.24 |30.28 15.7{ 79.7( 55.4}| 34.9 | 29.8
Feed (calcd)** 100.00}] 6.68 |17.71 | 7.53| 16.53| 0.45 | 66.10 100,01 100.0] 100.0/100.0 {100.0

REMARKS: * 8 in.-dia. Abbe porcelain mill with % charge of steel balls.
Copper-lead rougher concentrate.

*%

_gg—
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Test No: 1 Sample:. Nadina Explorations pyrite conc '

Test By::‘ M.R. . from Tests 17 and 18 (Composite No. l)

OBJECT OF TEST: Initial test on reground, raw pyrite conc¥

TEST DATA ]
. — | NaON,Ib/ton | Lime Ib/ton | Charge’ )
Date. Time Solution 4 Solution So‘lids.g | et
hr Added; Titrn | Added | Titrn Water, cc. 1000
Sept.2/7Q .0 2.0 1.0.6 | Dilution (Water : Solids) | 1-7+1
"o 1.251 1.7 0.3 . 0.5 trace| '
no 3.25{ 2.6. 0.4 { 1.5 " INominal Solution Strengths
~ |Sept.3/7420.25| 2.0 0.3° 1.5 " lb/ ton_ Solution ¢ .
mowo f23,25] ‘1.4 | 1.4 | -0.7 0.3 NaCN ; 2.0
oo 126,250 0.5 | 2.0 | 0.2 0.7 , Lime- 0.5
Sept.4/7Q44,25¢ 0.5 1.5° 0.2 |- 0.3 Reagent Consumption,
[ Jas.s0 1.76 0.24| Ib/ton Solids Cyanided:
Total 10.7 | 5.2 | . Na CN 15.4
' Lime 1 8.5
Reducing power®# ' 1984
METALLURGICAL BALANCE
. ‘ Pro&ucf ‘ B Wi Assays, 0z/ton Distribution, %

. /% Au ‘Ag | Au Ag
Pregnant solution®** =~ - - 0.07 4,06 | 25.0 37.2
|Cyanidation residue -} 100.0 0.21 6.8 | 75.0 ‘| 62.8
‘|Feed (assay) - | 100.0 0.28 | 10.90 | 100.0 | 100.0.

Remarks: Additional feed analyses (%)+4-
Cu Pb Zn Fe -~ 8 Insol As Sb
0.32 0.48 4.63 32.00 38.68 '18.28 0,38 0.14

*Reground for 60 min in an 8~in. dia porcelain mill with steel balls

.and 500 cc water (screen analysis on Sheet 2).

%% No. of ce of 0,01N KM.HOA soln required to oxidize all reducing agents

present in 1000 cc of pregnant solutiom.

*%% Assays expressed as oz/ton feed and obtained by difference
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Screen Analysis of Pyrite Conceritrate

Tyler Mesh Size

+200
+325
+400
+500
~-500
Total

Before Regrinding

Z Wt

14,0
21.1
5.2
19.3
| 40:4
1100.0

Sheet 2 of 2

After Regrinding
7 Wt

1.2
0.7
6.8
91.3
100.0
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Test No: 2

Sample: Nadina Explorations - calcines from roasting

Test By: M.R. of pyrite conc composite No. 1

OBJECT OF TEST: To try a complete, high-temperature roast prior to

cyanidation,
TEST DATA ]
B . Na CN, Ib/ton Lime Ib/ton | Charge:
Date Time Solution » Solution Sonds. g 386
ht | Added | Titen | Added | Titrn Water, cc 1000
sept 2/7q 0 | 2.0 0.6 | Dilution (Water : Solids) | 201
o 11.25| 1.5 | 0.5 0.4 | o1 |
Mo 3.25| 1.0 | 1.4 0.2 | 0.5 [Nominal Solution Strength,
Sept 3/720.25 2.0 0.7 _b/ton_Solution :
"o o123.25 | 2.0 0.7 - NaCN 2.0
"o 126,25 1.9 0.7 Lime 0.5
Sept 4/7Q44.25 1.8 0.7 Reagent Consumption,
"" 485 2.04 0.68 Ib/ton_Solids Cyanided: |
Total 4.5 | 1.2 ‘Na CN 6.4
' Lime 1.3
heducing power 44
METALLURGICAL BALANCE
Broduct Wi Assays, oz/ton Distribution, %
| o, Au | Ag Au Ag
Loss in roasting* 24,44 -~ | 0.04 - 0.4
Pregnant solution#* - 0.16 3.11 - 58.4 28.5
|Cyanidation residue 75.56 0.16 10.64 - 41.6 71.1
Feed (assay) - 100,00 0.28 - |10.90 | 100.0 | 100.0
Calcines. 0.39 14,36
Lo , ﬁ
Remarks: Additional analyses %
‘Gu___Ph Zn Fe _ Total S Sulphide S Insol _ As Sb
Feed 0.32 0.48 4.63 32.00 38.68 - 18.28 0.38 0.14
|Calcines 0.33 0.65 5.77 42,41 1.13 0.09 22,55 0.36 0.08
*Assays for foasting loss and pregnant solution expressed as oz/ton feed

and obtained by difference.

Losses in calcine grinding and wash solution

not determined but assumed to be negligible because of the complete nature

of the roast,
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éElapsed | em i
| _time : oop | Remarks
s c
jhr | min
é start room | Charge in, controller set at 450°
§ 1 5 410 | Charge .ignited, fan on, door open 2 inches
{ !
1. 151 450
% 2 i 15 % 450 | Controller set at 600°
! i i )
| 2 30 600 | Door ’ open
b ¥ '
! 3. 30 { 600 | Controller.set at.700°
"4l 5! o700
VT :
P50 51 700 % Shut power off, calcine cooled in . furnace
Calcine Treatment Before Cyanidation
(1) After removing 50 grams for analysis, calcines ground with

(2)

(3

pebbles for 30 min in an 8-in. dia. porcelain mill with

500 cc water.

Ground calcines filtered, and the filter cake washed 3 times
to remove last traces of soluble salts,

Washed cake repulped in agitation bottle to make up a volume
of 1000 cc water.
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, . CYANIDATION TEST REPORT Sheet L of 2
Test No: 3 ‘Sanlple: Nadina Explogzationsg - calcides from roasting
Test By: 7.C.B. O?__g}’"fit& conc from Test 19, ,
OBJECT OF TEST: 1o try a short partial roast at a low temp (475°C)
prior to cyanidation with lime added to roasting charge
TEST DATA
[ |_ | NaON,Ib/ton | Lime Ib/ton | Charge: 253
_ oate Time Solution Sslution Solids, g 1000,
, hr ‘Added | Titrn | Added Titrn Water, cc 4;‘0:1
Nov 24/7¢° 0 | 2.0 0.5 Dilution (Water : Solids) '
noon 1.} 2.0 | 0,05 | 1.0 - } . ,
RN 2.1 1.2 | 0.8 1.0 ‘| 0.05 |Nominal Solufion Strengths
"o 4 0.6 1.5 0.4 0.3 1b/ton_Solution &
noow 7 | o6 | 1.8 | 0.6 | 0.4  NaCN | 2.0
Nov 25/7¢ 23.3 0.6 | 1.7 0.4 | 0.3 Lime 0.5
"o 26.5 0.2 | 1.95 | 0.2 | 0.4 | Reagent Consumption,
""" ] 31.9 0.2 2.05 0.2 0.4 Ib/tori_Solids Cyanided: .
Nov 26/7q 48.d 1.88 0.28 |  NaCN 21.8
. |Total 1 7.4 - 4.1 Lime S 15.1
Reducing power { 1000
METALLUR@CAL BALANCE
Pr’odu ct Wit Assays, oz/ton Distribution; %
%o Au Ag Au Ag
Loss in roasting*: 10,41 | - 0.70 ' - 6.4
Loss in calcine wash soln 14.29 - 1 0.092%% - 0.9
Pregnant solution¥® - - 0.18 6.07 64.5 55.9
Cyanidation residue 75.30 | 0.13 |5.31 35,5 | 36.8
Feed (assay)*%* ‘ 100.00 0.28 10.86 .100.0 | 100.0
|Calcines (after washing 10.37 13.37 .
Cu Pb Zn Fe Total S  Sulphide 'S
Feed 0.60 0,59 2,46 33,71 38,47 -
Cyanidation residue 0,26 0.71 1,75 - 12.71 2.04
* Assays for roasting loss and pregnant solution expressed as oz/ton feed
and obtained by difference.
| ** Fxpressed as oz/ton feed, actual value: 0.15 mg/litre in first wash
soln  none dn cacond wach coln

*%% Adjusted for dilution effect of the addition of 20 g llme to charge,actual values:

Au 0.29 oz/ton, Ag 11.41 oz/ton.
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Cyanidation Test Report

Test No. 3

‘Preparation of Roasting Charge

(1) Ground pyrite conc for 60 min in 8 in.—-dia porcelain mill with full
charge of steel balls.

. (2) Ground conc filtered and dried.

(3) Dried cake bucked through 100 mesh screen to break up lumps.

(4) Added 20 grams of lime and mixed thoroughly in tumbler mixer.

Roasting Procedure

Elapsed Tem
time 3] P Remarks
- C
hr min
Furnace heated to 475°¢C
start 475 } Put charge in furnace
5 475 | Charge ignited, fan on, door open 2 inches
50 475 Hot calcines removed from furnace and
cooled in fume hood

Calcine Treatment Before Cyanidation

(1) Repulped cooled calcines with cold water, conditioned in a 2000-g lab cell
for 5 min and filtered.

(2) step (1) repeated on filter cake.
(3) Both filterates from above saved and analysed for precious metals content.
(4) Filter cake dried and 50 grams cut out for assay.

(5) Balance of sample ground for 10 min in an 8 in.-dia ceramic mill with 1/2
charge of steel balls (this was done to break up hard lumps).

(6) Wet cake transferred to agitation bottle and additional water added to bring
" volume to-1000 cc. "
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Test No: 4 Sample : Nadina Explorations =~ ca1c1nes from roastlng of

Test By: J-C.B. ~ pyrite conc from Test 19

OBJECT OF. TEST: To try a partial roast at a low temp with lime as in

Test 3 but increased roasting time from 45 min to 3 hours%,

TEST DATA ,
r _ Na CN, Ib/ton  Lime Ib/ton | Charge: ]
Date Time Solu’tipn Solution : Solids. g ' 220
| hr | Added | Titrn | Added | Titrn Watér, cc 1000
Nov.'24/‘;’c 0 2.0 0.5 Dilution (Water : Solids) | 4.551
oo 1 0.2 0.85 {.1.0 | - _ : ,
moom 2 0.8 | 1.2 0.5 0.1 |Nomindal Solution Strengths
w4 o2 | 1.9 | 05 | 0415 {b/ton_Solution: |
noow 7 - 1.9 0.4 | 0.25 | . NaGN 1 2.0
Nov 25/7Q 23.5]| 0.1 1.95 0.5 0.15 ‘ _‘Limé ' ' 0.5
wen 26.5 - | 2.0 0.4} 0.25 Reagent Consumption,
moom 31.0| 0.1 2.0 0.6 0.25 | lb/ton Solids Cyanided: ,
Nov.26/7(Q 48.0 1.95 . 0.34 | : Na CN . 6.6
ITotal 1 3.4 4.4 . © Lime | 18.5
' Reducing power 1. 75
ETALLURGICAL BALANCE L A
Product Wt Assays, oz/fon . Distribution, %
o ' "% Au . -Ad © Au Ag
Loss in roasting 14,36 | 0.01 0:80 |- 3.5 7.4
Loss in calcine wash soln ' 18.81 - | 0.04%% - 0.4
Pregnant solution ' - 0.20 7.44 | 71.1 68.6
Cyanidation residue 66.83 | 0.105: 3.83 . 25.4 23.6
Teed (assay) . : 100,00 | 0.28 10.86 - |-100.,0 100.0
Calcines (after washing) . 0.40 | 14.97

Remarks: Additional analyses % B
Cu Pb . Zn Total S . SBulphide S
Cyanidation residue 0.14 0.80 1,94 1.31 - 0.67

*Procedure identical to Test 3 except that pyrite conc was not reground prior|

to roasting.

**Expressed as oz/ton feed, actual value: none in first wash solution,

0.066 mg/litre in second washsolution.
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Test No: § Sample: -Nadina Explorations pyrite conc from
Test By:M.R. Tests 20, 21, and 24 (Composite No. 2)

OBJECT OF TEST: To try cyanidation of reground raw pyrite conc

produced from No. 2 ore sample®,

e e e e e |

" TEST DATA
— | NaCN,bb/ton | Lime Ib/ton | Charge:
Date Time Solution Solution Solids. g 509
hr | added | Titrn | Added | Titrn Water, c¢ 1000
Mar 8/74 O 2.0 0.5 Dilution (Water : Solids) | 2.0:1
noon 1 | 2.0] 0.2} 1.0 -
"on 4 2.0 0.2 1.0 - Nomina! Solution Strength,
"o 6.5| 1.2 | 0.9 | 1.0 - 1b/ton_Solution :
ar 9/71 23 1.4 | 0.6 | 0.6 | trace NaCN 2.0
oo Log 0.8 1.3 | 0.6 0.1 Lime 0.5
oo 130,5) 0.2 1.9 | 0.6 0.1 Reagent Consumption,
Mar 10/71) 48 1.24 0.12 { Ib/ton Solids Cyanided:
Total 9.6 5.3 Na CN 16.4
| _‘ Lime 10.2
! Reducing power 1276
METALLURGICAL BALANCE
Product Wt Assays, oz/ton Distribution, %
% Au Ag Au Ag
Pregnant solution 0.62%% | 0.066 | 3.91 28.1 40.8
Cyanidation residue 99.38 0.17 5.72 71.9 59.2
Feed (assay) 100,00 0.24 9.60 |100.0 100.0
I W IS ——

Remarks: Additional feed analysis (%):
) Cu Pb Zn Te Insol Total S
0.21 0.51 8.50 35.13 10.10 43,35

% Same grinding procedure as in Test 1.

&* Weisht loss in pregnant solution accurately determined in this and

succeeding tests. in preceding 4 tests it was assumed that cyanidation

residue = cvanidation feed,
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CYANIDATION TEST REPORT

" Sheet 1 of 2

Test No:

6 Sample: Nadina Explorations, calcines from low temp roast

Test By: M.R,

of pyrite conc composite No, 2

OBJECT OF TEST:

Repeat of Test 4 on composite No. 2, i.e., 3 hour

roast at 475°C with lime a&ded to chafge

i

| | TEST DATA ]

T Tﬂme _NcgN,ip/ﬁ Lime [b/ton | Charge: _ 1
Date olution . Solution Solids, g 338
hr 1 Added | Titrn | Added | Titrn Water, cc 1000

M. 8/7] 2.0 0.5 Dilution (Water : Solids) | 5.9:1
- 2.0 03 1 1.0 | =
moow 1.0 0.6 | 0.4 | 0.1 |Nominal Solution Strengths
oo 6.5 1.2 1.1 | 1.0 | 0.1 ib/ton_Solution .

Mar 9/71 23 1.2 0.8 0.4 0.2 - NaCN ' 2.0 .
moon 1o | 0.6 | 1.4 | 0.2 | 0.4 Lime 0.5
"o r30.5| 0.4 1.6°| 0.2 | 0.4 Reagent Consumption,

Mar 10/71 48 . 1.04§ 0,24 Ib/ton_Solids Cydnided: |

Total 8.4 3.7 NaCN 21.8

Lime 10.2

Reducing power’ 1996
| ; - METALLURGICAL BALANCE

| Product 1w Assalys, oz/fon - Dlsfrlbutnon, %

o % Ay - Ag’ “Au. Ag

Loss 1in roasting . 15,74 - - S - =

|Loss in calcine wash soln 10.89 - - - -
|Pregnant solution* 0.51 | 0.15 5.27 | 66.2 | 57.1

Cyanidation residue 72.86 0.105 | 5.43 33.8 | . 42.9

Feed (assay)*# 100.00 0.23 9.23 {. 100.0 { 100.0
Calcines (before washing) 0,29 | 12.11
Remarks: Additional analyses, %: o

Cu Pb Zn Fe Total S Sulphide S

Calcines (before washing) 0.26 0.60 9.90 41.85

16.71 C1.54

Cyanidation residue

0.10 0.65 8.76 45.39

12.34 1.59

| * Assays expressed as oz/ton feed and obtained by difference

*% Adjusted for dilution effect of the addition of 20 g lime to charge,

____gﬂt]]al aluess—0Q.24 OZ‘#O@ Aub Q.60 gz!i—nﬂ Ag
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Cyanidation Test Report

Test No. 6

Preparation of Roasting Charge

(1) Added 20 grams of lime to charge.

(2) Mixed thoroughly in a tumbler mixer.

Roasting Procedure

Identical to that outlined for Test 3, Sheet 2.

Calcine Treatment Before Cyanidation

(1) Cold calcines weighed and a 50 gram sample cut out for analysis.

(2) Balance of saﬁple ground for 20 min in an 8 in.,~dia porcelain mill with
a full charge of steel balls and 1000 cc water.

(3) Reground calcines transferred to 2000-g lab cell, conditioned for 5 min
and filtered.

(4) Filter cake repulped with fresh water and again conditioned in a 2000-g
cell for 5 minm,

(5) Both filterates from above saved and analyzed for precious ﬁetals content.

(6) Filter cake dried and weighed before being transferred to agitation bottle.
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Test No: 7

Sample:

Nadina Explorations, calcines from low temp

Test By: M.R.

roast of pyrite conc composite No, 2

OBJECT OF TEST: To try 3 hour roast at 475°C

_ﬁ'ior to Cyanid;tion

as in Test 6 but without the addition of lime to the

charge.
B ~ TEST DATA -
B Na CN, Ib/ton ﬁljime Ib/ton | Charge: |
| Time Solution Solution - ,
Date- : _ Solids, g 341
hr | Added | Titrn | Added | Titrn Water. oo 1000
Mar. 8/71 2.0 0.5 Dilution (Water : Solidsy | 2.9:1
noow 2.0 0.3 | 1.0 - ' .
neom 1.0 0.7 | 0.4 | 0.1 |Nominal Solution Strength.
nom | 6.5] 1.2 | 09| 1.0 021 b/ton_Solution : |
Mar. 9/71 23 1.0 0.9 | 0.4 0.2 NaCN - 2.0
A 1 0.4 | 1.7 | 0.2 0.3 Lime 0.5
moow 130,5( 0.2 | . 1.8 | 0.2 0.3 Reagent Consumption,
Mar 10/71 48 1,08 0.16| Ib/ton Solids Cydnided; ,
|Total 7.8 3.7 ' Na CN 21.8
Lime- 10.2
Rediicing power 1388
METALLURGICAL BALANCE '
Product Wi Assd;;, oz/ton I Distribution? %%
% Au Ag - Au ‘Ag
Loss in roasting 17.10 - - - - -
Loss in cale¢ine wash soln 5.02 - - - C-
Pregnant solution 0.24 |.0.14 5.63 60.4 58.7
|cyanidation residue 77.64 0.12 ~ |.5.11 | 39.6. K1.4
Feed (assay) 100,00 0.24 9.60 - | 100.0 100.0
|calcines (before washing) ' 0.28 11.44 ‘
Remarks: Additional analyses, % - ]
Cu Pb Zn = TFe Totél S Sulphide S
Calcines (before washing) 0.24 0,58 9.52 40,12 13.48 1.52'
'|Cyanidation residue 0.11 0.63 9.34 43,97 16.56 . 2.43
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CYANIDATION TEST REPORT

Test No:

8

Sample:

Nadina Explorations, calcines from low temp roast

Test By: M.R.

of pyrite conc from Tests 25 and 26 (Composite No. 3)

OBJECT OF TEST:

To try 4-hour, 475°C roast of pyrite conc prior to

cyanidation with lime added to roasting charge#®

—

—

Remarks: Additional analyses:

_ TEST DATA
_ NchN,lb/fon:: Lime Ib/ton ?horge:
Time Solution Solution -
Date Solids , g 348
e | Added | Titrn | Added | Titrn Water. cc 1000
apr 13/711 0 | 6.0 2.0 Dilution (Water : Solids) | 2.9:1
" " 1.0 1.4 0.6 0.7
mnon 7 0.4 1.9 - 0.8 {Nominal Solution Strengths
Apr 14/71) 24 | - 1.8 - 0.5 _b/ton_Solytion :
noon 26 0.2 1.85| .~ 0.5 NaCN 2.0
"o 31 - 1.8 - 0.5 Lime 0.5
Apr 15/71 48 1.36 0.4 Reagent Consumption,
Total 7.6 2.6 Ib/ton_Solids . Cyanided;
Na CN 17.9
Lime 6.3
Reducing power 400
METALLURGICAL BALANCE
Product Wi As-s;ys, oz/ton Distribution, %
%o Au Ag Au Ag
Loss in roasting 21.84 - - - -
Loss in calcine wash soln 10.27 - - - -
Pregnant solution 0.46 0.166 6.07 72.1 55.7
Cyanidation residue 67.43 0.095 7.16 27.9 44.3
Feed (assay)* 100.00 | 0.23 |10.90 |100.0 | 100.0
Calcines-(before washing) 0.30 14.75
.

Total S % Sulphide S %
Feed 44,53 -
Calcines (before washing) 5.05 0.86

*Had intended a 6-hour roast but because of the use of a larger roasting

dish which gave an increase in exposed surface area of;sulphides, roasting

4 hours.

rate was faster than anticipated. Roasting time was therefore cut back to

Other details of test procedure identical to Test 6.

* Adjusted for dilution effect of 20 o lime to charce,
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Test No. 9 Sample:  Nadina Exploration, calcines from low temp roast
Test By:. M.R. of py\rite conc composite No. 3 ‘
OBJECT OF TEST: 4-hour, 475°C roast priox to cyanldation as in
‘Test 8; but without lime added to roasting charge.
: TEST DATA
=.L Na CN, lb/ton T Lime Ib/ton | Charge: ‘ — ]
Date Time Solu’non 4 Solution T Solids.g o
' hr | Added | Titrn | Added | Titrn ‘Water, c¢ - 1000
Apr 13/71 O 6.0 2.0 _ Dilution (Water : Selids) | 2.9:1
™ T2 |14 [ 1.1 06 [ 0.7 o |
o701 0.4 1.9 - 0.8 INominal Solution Strengths |
| 24 0.2 | 1.8 - 0.5 —.‘.L__/.—-—_f_?ﬂ Solution * 4
"o 26 - 1.9 - | 0.5.] " NaCN ' 2.0
wow 31 | - | 1.9 | - 0.5 | e 0.5
Jeor 15/71 48 | 1.72 . 0.4 Reagent Consumption,
Total | 8.0 - 2.6 | ‘[b/ton_Solids Cyanided: B
| Na CN | 18.2
Lime . .6.4
Reducing power . 408.
METALLURGICAL BALANCE '
Prédu.cf | wi " “Assays, oz/ton Distribution, %
. : % Au - Ag | "Au- Ag
Loss in roasting , 24,23 0.005 |+ - ‘ - -
Loss in calcine wash soln 7.09 - - - -
|Pregnant solution | o0.41 | 0.17 6.89 70.8 | 61.0
Cyanidation residue | 68.27 0.095 6.45. 1. 27.1 ".39.0
Feed (assay) L “[100.00 | 0.24 |11.29 | 100.0 | 100.0
’Calcines (before washing) . | 0.31 15.45 —
Remarks: Additional analyses: ' Total_é—:fme—_s—,r_—_
| Calcimes (hefore washing) 4.30 C0.78




