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Tha brief summary attached refers to the testwork that has been
performed on the Vanogorda ore p to 1982.

A weakness in  the most recent testwork is that it does not state from
where in  the ore the feed samples have been taken. Brunswick M5 got
rather good lead Flotation results in 1970, about 5% % Pb at 85 %
recovery on samples from known lorcations. Most of thz= =zinc flotation
results are from open circuit tests. The recoverv should therefore be
higher in closed circuit cperation. Brunswick M5 achieved abeout 55 %

Zin at 71 % recovery, which could mean something like 80 % recovery in
Clos=sd circuit.

The resagent consumption has varied a 1lot betwesn all tests, but the

standard procedure for Faro ics likely to qgiwve fairly good results on
Vangcocrda ore.

A laboratory grind of about ?0  F-74 micrans is required, but will
probably vary with the ore tvpes.

4
‘Tne ongoing plans for new testing with samples frem different ore types
taken from all of the ore that is going to be mined will give a good
basis for economic evaluation of the project.

7" me recommendations are given at the end of the report regarding mostly
lab testing. )

'One recommendation regarding regrinding is given and this will al=o be
outlined in more detail separatel v.

Nils Johan Bolin '
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Testwork on the VYangorda ore performed up to 198

1. Introduction

1 a visit to Faro, I (N J Bolin, RBoliden Mineral AR) was asked to
cive my opinion on previous work that has been done on th=s Vangorda

dzposit up to 1982.
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vailable data was in the form of reports, letters. memoas, 2
ist is given in Appendix A.
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This report consists of a summary  of data that is revelant to future

work " and some conclusions have been drawn  from previous results.
Some recommendations are also given. The recommendations relste hot

onlv to VYangorda but also to Faro and Grum.

2. Samples for testing

Data +from samples that have been tested throughout the vyears are

presented in Appendix B

Detailed knowledge can only be obtained in a few cases since location

for samples used {for testing are misesing from most reports.

The

foctages are given  for Holes 10A. 15A-D and 3CA and the Hole number
for some aother tests. Very little is known about what samples were
used in the tests performed from 1979 to 1982. This is unfortunate,

because these latest tests gave the most encewuraging results.

[

« Brinding

-

A summary of recommendations about mesh-of—-grind from wvarious

investigations was given in a memo by F. Taggart.

In this memo. F. Taggart gives an estimate of the effect of a coarser

: arind (60%Z —-74 microns) than the MNoranda recommendations of 90%

microns.

This estimate is given in Table 1 below.

Table 1

Infiuence of grindina on metallurav from Vangaorda ora=

Grind l.ead Zinc
Z—-74 microns Grade Eecov. Grade Recov.
Norgnda forecast AN 52 (={& o6 24
Estimate 6O =8 72 53 anz
oo
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Conditions for lead

quite cleszr that a fine corind gives a better metalluwrgical
A It is not pos=itls +5 =tzt= that the ) snulid be a certain
zimnce the grain =size of the ora 13 var sbles. Frticle =zize
K ributions are rarely given. 39 or % minus a certain sizZe are
1?ﬂ£+1ﬂ°” given.
Yamloops performed ests with fine grind than anv time before
siiging from  a few particle size distributions given in  papers not
inciuded in the feormal reports. The sizing could have been done bw
cvrlosizer and in  that case it is not possible to compare. this with
wiher sieve analvses
Fry one sample (1984G6)the KkBD was 17 micrors aft=r 19 mirnutes grinding
whiile another sample (ZB4E) gave 34 um after the same time.
t.ead flotation
Test data are given in Appendix € and results in Appendix D.

*hm most important factor for good lead flotation

nly a few tests had been perform=ad at a fine arlnd
_te:tlna done by Kamloops

BM%S (Auvgust 19270) 24-977 —74 microns.

NMoranda (April 1970) B0Z —45 microns.
Maranda (February 1975} 20-967 —-74 microns.
Dowa (May 12735) BO% -39 microns.

(1979-1982)80%
even finer.

llamloops

NaZC03 0.7 — 5 kg/ton

pH 7.5 — 10

HNaCi 0.1 — 0.6 ka/ton (added both in rou
The highest additions were made by Kamloops.

Noranda in a few tests for copper—lead
Na280Z in combination with MaCM with poor results.
iime circuit with NaCN in combination with 7Zn804
with H2503F + NaCM in the cleaning steps seems to
little worlk

A number of collectors have been used.
cases, often in combination
frother, Dowfroth 250 has been used most
not state if they used any frother.

with MalIPX

frequen

Mv conclusion is
arinding and that

that the lead flotation of
the normally

separation.

with various dithiophosphates.

Mangorda
us==2d reagents at Faro also aive fairly

is fine grirnding.
before the final

~Z9 to 19 microns and probably

flotation have varied as follows:

gher and cleaner)
NaZ25 was tested bv
amloops tested
Galigher tested a
. Testing by Dowa
be promising. Vervy

has been done on systems other than Na2COZ-NaCHN.

being used in most
As for

tlv. FKamloops does

ore needs fine

oood results on VYangorda. Moo=t prebably the different ore tvpes
raguire different orinds for the <came liberaticn state. but’ an
@stimate of the necessary orind weuld ke 20 +~53% — 74 microns.
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Tivis eztimate relates to laborstory testing. When it comes  to
riading in thz plant, one h=s to make a comporision  between what
arindin& is n2eded for Faro in the lab and in the plant and then make
%dju;tmént to allow For the different slope of thz particle zize
ristributions.

Zinc flotation

VYest data are given in Appendi x C and results in 8ppendix D. Fine

‘arinding is very important for zinc flotation also. The conditions
in zino flotation have varied as follows:

Ca(OH) 2 .5 - 2 kae/ton

oH = - 11.5

Eusaa 0.3 - 1.5 ka/ston

’ fgain, the high==t additions
were made in tests by Kamloops.

Mast tests have been performed with NalPX as collector. Z-2070) has
been used by Galigher. HWMIBC, Dowfroth 250 and Frather &5 have been
tried as frothers, Dowfroth 250 being the most common used. Hamloops
do=2s not state what frother they have used, if anvy.

My conclusion is the same as  for lead flotation. fine arinding and
the same procedure as already applied +to Faro should agive
zatisfactory results.

Discussions - Recommendations

fn effort should be made to define from where +the test samples were
taken in previous testing programs, especially for the Kamloops
tests. The reason is that the results have varied a lot especially
for Au, in Kamloops tests. depending on what sample thev have used,
see Appe=ndix E.

The program for testing of new core from Yangorda ought to give
reliable results regarding the best ogrind =stated both as

kidh/ton (nettao) needed or as particle size distributions for the:

different ore tvpes. The test program will also give guidelines for

the reagent levels nesded for the different ore twvpes. 1f Kamloops:

results are valid, not only for the ore samples thev tested but also
for the new samples then there should neot be any significant problems
besides mavbe grinding. flotation and dewatering capacity since the
Yangorda ore seems to be finer—arained.

M the other ha
zom=2 4E-tvype
concentrates.

the graphitic ore could give cpecial problems and
pl=2s  have given rather poor agrades in +the

Ms recommendations do not applv onlv  to Vangorda but can  als=o be
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zpplied to current operation, as well as to Grum.

The recommendations concern mainiy lab testing =rnd are qgiven below:

_K.

»

Reagent additions should be kept to the minium needed. otherwise
zelectivity problems will soon occur.

HZ803 +NaCM and H2503+ZInS04 as alternatives to MaCWM only in lead
flotation should be tested more fully.

MIBC should be avoided for the graphitic ore since MIBC has a

- rollecting effect on graphite. Dowfroth 250 has given good results

in our Stekenjokk plant. The carbon content went down from 37 to
14 in the copper—-lead concentrate.

The special dye I brought with me gives good depression of nraphite
in our Stekenjokk plant. MNa-lignosulphonate can be used to dilute
the dyve to reduce the cost. It should be mived prior-r to addition.
Our proportion is 3I1.

We are uwusing iscobutylxanthate for many ores for zinc flotation. It
is stronger and cheaper than isopropyl:zanthate. However IBX does
not work well on Laisvall lead-zinc ore, so we are using IPX for
this are.

HYe are using diisopropyldithiophosphate  in the scavenger flotation

for some ores to get better selectivity against pvrite. Aerofloat

404 is also in use on some ores.

In our plante we are careful not to grind mineral particles that
are already liberated. Therefore grinding is performed on
scavenger concentrate and/or 1st cleaner tail. I strongly
recommend that this is tried before Vangorda comes into the plant,
when the grind most probably will be finer and overgrinding should
be avoided as much as possible.

Regrinding should be performed in open circuit to prevent coarse
pyrite being ground down to slime particles. We performed a test
on our Langsele ore with closed circuit regrindinag, which gave us a
build up of fine circulating pyvrite and great difficulty in
maintaining zinc concentrate grade.

CuS04-distribution to manvy points in rougher, scavenger and

cleaners can sometimes give better froth characteristics and even
decrease. the amount needed, because some zinc mineral is readily
activated and does not need much CuS04.

Gold recovery can be improved by a new reagent from Hoechst, Hoef

403, It is not good for lead flotation which is why it should be’

used in combination with other collectors. The additions should be
about three times the collector it replaces. Hoef 3403 has
frothing propertiesz that can cause problems.

Gold floats well 1if not oxidized. Na2XS5 can reestablish the
tloatability, but we have not tried it in a plant ourselves vet. A

short flotation time should be preferred if possible. The very
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first roucher concentrates can be sent to the last cleaner step to
achieve this.

Autogenous grinding is toc he preferred for good gold recovery
acrording to ouwr pilet plant testing results and to ressarch worlk

0
sti
done in the leboratery {(iron susrits a depressant effect).
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Appendix A

n

S Metslivreical rerorts on Vangorda ore

File “ompanwv Titlae Date
.U-l I S T A Preliminary Study of Flotation July 1979
EMO0Q7 Response—VangDrda Ore tvpe 4G
V-2 HLRLALL A Fraliminary Study of Gleotation BDec 1979
~ MM LD Response-VangDrda Ore tvpe=z 4E and 4ana
Y- FoR.aul. Effect of Ultrafine Grinding on Sept 1380
Wpn22 Metallurgy—Vangmrda Flateau Ores
V-4 Effect of Grind on Metalliragy— Dec 1980
Vangorda types 1B4G. 2R4E
Y—= Metallurgical Fesponze of VYangorda Ore— Jan 1282
{ Vangorda Deposit-Eactern Section
V-4 EoR.ALL. Flotation Response of VYangorda 0Ore— Jan 1782
FMOZ0 Detailed Testwork
xV—) Dowa letter Considerations on The Vancorda and Mar 1949
‘ Swim Lake Ore
v-8 Galigher Closed Circuit Test Vangorda Ores July 1949 f
- letter ;
V-9 EM%S Memo Metallurgical LabDratDry Tests on 1249 f
’ Vangorda Ore Sample i
V=10 BHMaS Summary Refractofy Ores Metallurgical 1959 5
Compari=ipn
~¥-11 HNeranda Report Vangorda and Brunswick M%S Ore Samples Dec 1949
Bench Tests Carried out at the
Galigher Company
V=1, HMoranda Feport Tests Preliminaries (Locked Test) sur Feb 1975 .
No. 4 Les Echantillons "Low. Medium, =t High
Grade, " Provenant de Vancorda Creek
V=17 Dowa Report Repert on The Hstallurgicai Test of Mayv 1975 2
The Vangorda Ore ' i
V=14 Foranda Report Preliminary Flotation Testwerk on April 1970 :
Mo. 1 Vangorda D.D. Cores
Y-15 SZpedden letter Cvprus Anvil Testworl May 19820
vV—lb Michaelsen letter Expansion of Faro Concentrator Hay 1980
V=17  Mit=nig 1031 ) Milling Test REport on lead @, Zinc - Feb 1945
‘ ' ‘ Ores of ”:ncorda, Canada

Y=13  2nan A Svnopsis of Testwori Terformes on :



SoacmMor.

—n

Curragh

Telefay

Maranda Memo
Cvprus dnwil
Cvorus Anvil

I Taggart dHemo
available fpor

Vanaordz Qre

Cvprus Anwvil Mining Corperation
Bwnership, =sets etc.

Mercury Content Yanogorda % Grum
Lead Concentrates

Bull Fleotation Tests
VYangorda Flateau Metalluroical Testwork

Yangorda Matallurgy

19e=

April 19497

,‘-fD‘/
HMar
Jan

Jdan

1964~
1243
1982

1985
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ApPENDIY I

Samples for metallurgical testing

Sample description

A list of hole no. sample no, footage and classification
i given

Sample no 1 bulk sample of core received
2 massive sulphides

3 pvyrite

4 disseminatad csulphides

3

araphite schist

A portion®of no 2 to 5 Was cembined for make a bulk
sample for testing bv Dowa

154, 15B was sent to Noranda IES 1bs
Noranda 168 1bs
Noranda 93 1bs
Powa S50 kg
Hole No 153A 1607 =247 2.49 7 Fb 5.31 % In
158 1607 -247° =.25 ¥ pPh 6.32 % In
Sum: 2.97 % Pb .82 % In

150 1lbs of -64 vear sample left.
+4 mesh screened out and sent to

A portion of
Kerr Addison.
15301507 -200° 35 1bs 1.466 Ag, 4.30 7 Pb. S5.06 % in,
0,12 ¥ Cu to Galigher

15C 201°-250° 34 1hsg 1.77 Aag.
0.15 7% Cu to Dowa

4.74 7 Fbh, 5.22 % In,

One box from D D H 15-D 157° 250"
Brunswict

&0 1bs =ent to

S0A 1077 -18%° (surface sample) to be drilled near top

Hole S0
18=" - for later use.

10A 2707 ~-3=g° (deep =ample) to be drilled near to Hole 10
38— - for later use

Composzite: Nine holes near to old holes Mo 1, 26. 15, 10,
' 47. 50, 52,75, 81

Totally 11 samples to be sent tg Noranda.

443, 4E; 4A Geolegically tvped by D Hancen and D Jennings

Grouvuped toasther according to @2olegical cspecies and
average grads an instructinons by o Hanszsen
ABCD East pf 12+h zaralell (as zbhgwve)

Poame 9
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TEST METALTURGY CORR.CTED TETALLURGY 1 CPFTD K CcovEry
TIMNE
RECOVERY RECOVERY | (min.) A ,q?
L3. . . .0 .1 7.7 15
88. .7 . .3 .7 68.6 15
8s. .7 .7 .1 .7 79.0 15 7.6
87. .9 .6 .2 .9 78.7 15 E2aS
83. .6 .8 .7 .6 77.7 15 633
82. .1 .3 6.7 1 67.14 10
85. .5 .2 .5 .5 67.9 10
77. .2 .8 .3 .2 69.3 10
83. .9 3 A .9 75.2 15
79. .9 Lo L } .9 80.6 15
]
72.5 7 4o .5 1 .7 gg P
5.2 .4 .9 .2 ) 5. 5
@J 2.4 .6 .6 L 81.6 15 .3
73.6 . .8 .2 .1 74.5 15
71.3 .6 .3 v .6 78.3 15 244
77.4 .0 .0 .2 5.0 81.6 25 i
0.8 .1 .3 .1 .1 76.8 15 e
69.6 .8 6 .6 .8 61.5 15 o
67.9 .1 .9 .5 N 67.¢ 20 .
78.2 .0 .2 .2 .0 64.5 20 i 2y
79.6 .2 .7 .3 .2 ng P
77.7° .2 .9 .7 .2 72. 5
77.5 .0 3 .5 .0 70.9 20 feaX !
74.6 .6 .7 .6 .6 65.0 5 v
78.8 .8 .7 .8 .7 72.0 20 64.
51. .9 .9 .9 £3.2 15
53. .4 .9 . 55.6 20 6.2
74. .3 .2 .3 70.3 20 va.5
72. .7 ) .7 77.6 15
73. .6 ) .6 69.2 15
58. . . | 4 77.0 15
59. .8 .2 | .8 67.3 10
55 .4 .5 i < 67.0 5
| |
66. .1 .4 .3 | A1 59.4 5
7¢. .7 1.3 .2 ] .7 61.0 20 {}g
65. .3 .8 .7 i .3 63.8 15 v
60. .6 .2 .z | .6 67.2 10
76. .8 .9 .9 .8 ﬁg F
70. . .8 .9 .z 69. 0 vey
6. .9 .2 .2 .9 2.2 15 -
75. .5 .8 .6 .5 75.8 25 £1.9
80 .5 ) .8 .5 81.2 25 élo
82 .3 .9 ) .3 77.9 15
82 .8 .2 .9 .B 75.2 12
71 .5 4 .2 .5 83.¢4 10 5.9
75 .3 .0 .9 | 0.0 15
72 .2 . .0 .2 78.1 20
7¢ .1 .2 .6 .1 79.2 25
§0. .9 .1 .2 72. 25 é2.9
72. .5 .8 .2 7L, 10
63. .3 .8 .8 75. 15
75. . . 72.5 20

Test metallurgy is recovery at final cleaner concentrale grade.

d time refers to time in the laboratory test mill:

Corcected métallurgy was arrived at by redistribution of the cleaner tailings.

go §$ preportional to gnnd‘lime.
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VanNEORDA metalliwr-gical ba

Companv Dats Head grade

o i Fb-cencentrate In—concentrate
F in 5 Cu Gu fg Grade Rec overyv Brade Recovery
Fb Zn Fb Zn Au Ag Fb - In Fb n Sample description
Dept of = 1934 =Z.35 4.78 22 0013 0.60 53 52 74 a9 L= Shi i
Mines * 1954 2 R = Nt S ? &5 Shipm. no
1 % 195 2.94 4 449 16 9.08 o0.50 40 = TS 48 63 Shipm. no =
* =4 = oAas o o - -
Noranda  * 1954 Z.20 4.90 20 .15 0.45 47 54 &0 50 Sz |
*® 1954 EZ.20 s5.20 44 -5 =3 50
S S5 T L
Noranda *#% Apr 2/-70 S.460 4060 22 0.1z =54 1. 70 1 0 =0 i =5 Hole S04
¥ ADr 2/-70 I.3I2 T.a4 I 0,32 48 172 g0 .18 2 55 = &2 Hole i0a
Noranda * Febr =75  1.40 2.70 =7 73 49 77 low orade
¥  Febr -73 Z.40 4.10 S4 78 2 77 aver.grade
* -75  Z.70 ¢ Y " "=
_ Febr 72 2.70 0 6.80 43 21 54 80 medium grade
*  Febr -75 &.20 19.50 25 93 49 &5  high arade
Galigher = ‘ 1968 3Z.920 sS.10 = T |
M Loeg ; iy pt o o g i =1 32 Hole 135C 1407 -200’
’ == SV =3 83 24 &0 Hole 15C 1&0°-200°
Galigher =* Julv =62 4,32 g
> -87 ; g1 7-7% 9 3 o4 = 78 Hole 15C 1607 -230°
Br.wick = Nov -59 4.10 5,17 Q.0 47 =0 e 90 113 8% 1 =5 - 78 Hole 150D 7
Browick =x Aua =70 .76 4,90 a2 10 87 12 1 a6 2 72 Composite
* - - 3.5 = ; Toots = 2 T
. fug ;g S-S5 407 48 6 85 10 1 56 2 72  Hole 10A
; Aug S-L5 0 6.60 32 11 84 14 = 53 5 70 Hole S50A
Dowa * Febr -5 BEAD RESULTS
.. -
Dowa * Mar 1/162 4.01 4.91 0.14 S0 10 77 49 60 Hole 150 2017 -250°
#%  Mar 17/69 4.18 5.2%5 0.12 49 10 79 13 4 49 7 64  Hole 1SC 2017 -250°
Dowa * May -75 3.08 4.42 0.2 &2 S 72 = 2 S w} 87 Sample no 1 to 7
— — — ——- b (=1 -— é
Hamloops #¥x Jan -p2 I.96 &.7B 5= 10 ga g 45 75 E=isn 5 Ore tvoe 406
*4x Ja -g2 - AaT -7 — ~ _; — - bl pou) !
e van —ee Srre A4S S0 & Y8 9 40 5¢ S $74182 Ore tvpe 4E
*¥¥ Jdan -82 2.88 4.724 150145 & 3T 7 95 45 51 I82!'8%  Ore tvpe 44
*#5% Jan —g= 5. 04 - o= - T L2 o o i e - s ) e vpe
< == NE 0 Sa s : S 84 IS5 60 49 R Ore tvpe 4BCD
! ! Results calculated by alternative method \

3 labresults i
et predicted from pilot plant tests
*%% predicted from labtests
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