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Attantiont Mes. 'Diane Wabb,
Administrative Assistant to the Chairman

Referanca: Metallurgical Reviews & Future Testwerk
Dear Diang:

We are snclosing a very brief review of metallurgical testwork carcied sut
by the various laberatories on Vagorda, CGrun and Clrque ofes, Also
included is recarmanfed futue testwvork that ahould be carried cut ¢
prepace for maximm economic axploitation of these ore bodies to coincide
with long fange productien plans.

it dops not agpoar at this juncture that specific sscious matallurgical
problema will asucfece in the treatment of Vangorda ores; although 4T ia
imparative that the metallurgy must be cptimised.

There 15 an apparent contradiction between tha previcua pllot plant work on
Grun by Kerr Addiscn in 1977 and the banch scale work that was dene in 1982
at Ranloopa.  The contradication involves the parcentege of difficult to
treat otes as estimated by Dr. Capscn of Novanda and the Anvil exploration
cffics. Dr. Caraon estimated that there would be less than § percent of

the difficult ore while the Anvil paople estimated 88 percent difficult
ored

For the above reasons wo have reconmended that an experianced base matal
matelluprgist such as Dick Coleman (formerly of Noranda) be retained to sort

out these predlams and establish the metallurgy to be attained on the Gzum
CLan.
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The testwork carried ouf on the Cirque oxes established that satisfactory
lead and 2ine metallurgy/is achievable although lead concentrate grades age

iow because of mir ical problems. Recovery of silver to lead
concentrate e genszaliy poct and is Sus to the multiphase gdistrizution and
submicrescopic of the ailver. PFuturc testvork must soncentrate
on recovery of silve and eptimization of lead and zinc metallurgy.

Considerable laboratory testwork s being careied out in the Faro
labarstorias. We would zecommend that & monthly sumary of all
metaliurgical teatwork bhe Zfozvazded to the Qurragh Toronto office for
filing in the library.

Yours very txwly,

N fotle

L.S. Dates, P'm'
Senior Metailumgical Consultant

¢c:  Marvin Pelley - Curragh, Toranto (w/ansl)
Kurt Porgaars ~ Qurragh, Khicehorse {w/encl)
Bill Scheding - Gurragh, Faro {w/enal)
Jack Mitchell = Rilbarn, Tarento {w/enol)
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REVIBY OF VANGORDA NETALLURGY

The most cignifiecsnt testwvork vas cerried out at Kampivops Research and
Assay lLaboratory (KBAL) during the perded 1979, 1980 and 1982.

R.RiA/L: Raport KNOSO Pile V-6 summarises the results of the vork done
during this period on the threa major ore types G, By & A,

Folloving iz the predieted matallurgical results by ore type:

Ore Type Avoa X Distribution
Concentrafes b 4n Au 88 28 !5 g0 N A
G 55 w- 2.0 @800 9% o0.02 a4 - 45 73
.- ’2 0.5 1] 5‘° 0.01 — 85 T ——
E 5 - 55 485 45 0.03 78 - 4 50
- 50 1.9 8% 167 0.01 - B2 = =
A 45 . - 3.0 S00 27 0.70 B3 - 25 65
- 51 0.8 45 198 0.16 - 83 — am

The above resultz vere achleved uslng in general the etandard resgent
pattern and flovsheat in effeet in 1981.1982 im the Anvil Condentrator.
The mercury and sraenic sssays used above in g/tonns are taken from locked
cycle tests reported in KRAL Report KMO50.

Reeormended Fyture Tegtwork

Since the re-gpening of the Paro Concentrator by Curragh, improvamants have
been made in the netallurgical treatment of tha Farc ares.  Thesa
improvements puat be translated into predicted performance of the
concantrator yhen treating Vengorda ores, To do this an intensive program

of Faro laboratory testvork muat be carried out as asamples of tha Vangords
ore becoma availabla,

In Addition, testvork should ba carried out at Lakeflald Researeh tot

1. Maximize grade and recovary of lead and zinc from all types of ore.
2. Maximize recovery of gold end silver from mll types of ore.

3. Estmblish the mercury content of all zinc concentretes, with specifie
attention to G type ore.

Fravious mercury contents rupo:tid in concentratas ara open to suspieion
dye to reported problems in chemical analysls. If these chemical analysis
problams have been ovarcome, it would bz prudent te have the Kamloeps

laboratory re-azssay the congentrates produced in 1980.1982 {f these samplas
ere still retaipned by that laboratory.
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REVIEW OF GRUM METALLURGY

Extensive testvork was ocarried ocut at Lakefleld during 1975 to 1977 on Grum
ares. Thae Grum daposit vao than cwned by Norende: Tvelve oge types wege
tosted by Llakefield, general overall metallurgical pstametera vere
aptablighed by bench seale testing and a bulk asample from underground st
firum waz pilloted at Lakefield. This bulk semple vees predominsntly main
gulphide zona ora gnd vas rot truly representative of all ere types.

The Noranda Millirg Committea ia thelr report ¢-20, Dacember 1877
acknovledged ths overall men.raprssentative nature of the bulk eampls, but
on the basie of bhench seale astudian of all ore tyro- the eommittee
predicted the metallurgioal raesponss of the massive sulphide and average
conponite of Grum ores to he as fallowa:

Ore Type Assays
Concgntrate E'_ET—T_!&'&B K A

¥ Digteibution
B o AN Y

Masgive }
Sulphida 62 . 10 4,46 B840 - - 77 - 33 12
2,5 %6 - — e e - Bl o
Avarage 62 8 4,7 870 90 0.1 80 13 72

2,0 56  ue  om 650 0.0  ~e Bk ew  am

The Lakefield vork confirmed the microseopie work of De. Carson of Norandas,
vhich indicated that &' vary fine grind vaz required to liberate the
contained #inerals, The regrind feed to both lead and zinc gircuits must
ba 95 percent passing 20 micrometers for the lead eircuit and 85-90 paccent
passing 20 micrometers for the sinc eireuit. .

In Dr. Caraon’s report (G-3) "Geogolical and Nineralogical Inveatigntion of
the Metallurgy of the Grum Orebody, 1977" it is concluded that “the main
netallurgical problems etcountered with Grum ores are oxidation and
galena-gphalerite middlings., Both probably occur in serious proportions in
only & small portion (<5%) of the orebody. (oxidation causes metsl losses
to the tailinga) galena-sphalerite middlings result in eine contamination
of lead concentrates).” The ores clessified as "B7-type orea by Dr. Carson
have both strong oxidation and serious middling problens.

Drill core from the 1981 drilling program at Grum was categoriged by the
Anvil exploration department into the four major ore types G, E .and DC and
A and metallurgical tastverk was carried out by K.R.A.L. and reported in

(G-4) KMOGO in May, 1982, _ Aecording to Greg Jilsen of the Curregh
/P,,_.————#h-i-c-eharsr‘o'ﬂ ce, J-N'l'n!'g'i%'-i:ype oras ¢lagaified by Dr. Carson are
Y

equivalent to the 3CD and A tyPés of the Anvil clasgification. Furthecmore
it 15 eatimated by Nr. Jilpen that thess types of ores constitute 45 to 50
percent of the Grum open pit regervas.

The K.R.A,L. report concludes that it is extremely difficult to produce
saleable grede concentrates fvem the bulk of the Qrur ores tested.
Acceptable metallurgy vas achleved on B type ore ohly and this type ote {s
extinated by KRAL to ba only 12 percent of the total open pit reserves.



i
The type A ore tested hy KRAL and eatimated to contain &1 parcent of the
open pit resarves 1g described as a banded quartsite vith graphite and

sulphides sandviched betwean quarte layers. The metallurgical reapenas on
this ore ves completely negative st KRAL,

Recommanded Puture Testvork

In spite of the apparent succesa of the Rerr Addison rllot plant end
mireralogical evalumtion of ths entire Gruym coze body, it appesrs that
serious netsllurgical problems still require rasolution. It ig recommended
thet an experienced base metal metallurgist such a8 Dick Colaman, formerly
of Noranda, be itmediately retained by Curragh to direct the sttack on this
apparently vary serious problem vich Grum ores. It is also recommended

thet Lakefield Research be uesed for the metallurgical and mineralogical
teatverk.
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RQUB LURCY

Az a rosult of testwork carried out on the two types of Olrque ore by RRAL,
and Sachtleben of Garmany, the pradisted metallurgicsdl performance to be
expected et Cirque is az follawva: :

Ore Type Azssvs % Digtributien
Fb Zn

Bigh Barite 60 -— 70 -
- 57 .- 90

Lov Barita 43 - 70 -
- 58 - Bs

The silver contants of the two types of ores are in the srder of 36 g per
tonne for high barite and 73 g per tonne for lov bari{ta. The distribution
of the silver in producta is approximately 8 percent to laad concentrate,
37 percent to zine concentrate and the remaining 35 percent in tailinge.

A pyeite flotetion will rcecover nost of the tailings silver in a
concentrate.  Leadhing testwork on the pyrite congentrate yielded only
10-20% extraction of total silver. Leachi of & rxoaated pyrits
concentrate yielded 27-35X exsractien of total silver. Autocleve leaching
of & pyrite concentrate yielded up to 95.5 percant of the contained silver.

Reaomnended Future Testwork

Banch acale testverk should be done on Cirque ores to optimige reagent
suites to bda uaed, the compatability of the two ores should be determined
by tast vork and a pilet test cempaign should be initiated, All of the
sbove should be started s soon ap samplas becomeé avallable.

Silv;r recovery studies should be carclied out to optimice recovery of this
petal,

Studies should also be initiated on production of suitable barite
concentrates foz sale ag drilling mud or for chemicgl grade application.

The Lakefleld facilities should be uged for all of the adbove testwork.
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Attcnr.i_.onz Mrs. Diane Webb
Administrative Assistant to the Chalrman

Referencas Grum Metalilurgy
Dear Diane!

We are enclosing a letter report by Mr. R.L. Coleman, Consultant, Minersl
Procesaing, concerning the above subject.

It is sgui.r.e avident that the metallurgical testwork carried out at Ramloeps
in 1982 on Grum deposit samples is of little or no value. Rirst of all, 70
percent of the material tested was beloew the 4 parcent cut=0ff grads in Fo
+ 2Zn and ghould be classed as waste. Secondly it is not clear that the
sarples troated weras vefrigerated up to the tima that testwork was carried
sut. If not, serious oxidation of tha high sulphide samplea could occur,
adveraaly effecting the matallurgical respanse,

The moat meaningful work on Grum sarples vas carried out by Lakefield and
Dr. Carson of Noranda. This werk indicated that there should be no
difsicuity in producing satisfactory sconcentryate grades and recoveries on
material grading greater than 4 percent gombined lead eine.

Bxisting concerns relative to Grum ore metallurgy appears to ke confined to
the A type cres which are graphitic tzite ares. Greg Jilswn of Cuxragh
hes eodviead Rilborn that all existing geological data on Grum has been

re-examined and Type A cres constitute 45 to 30 percent of the Grum open
Plt TOSAL NS ,

Dr. Carscn'se rceference Lo graphite 12 as followa: “Graphite does not
appear tc be a problem within the massive sulphide cres. It Could,
howevezr, present problems locally due to hanging wall dilution or @ilution
fran graghitic phyllita lenses within the quartz -~ sericite - chlorite ores

(P orxas)”. Dr. Carson estimates that 45 percent of the Grum opon pit
reserves are P typs ores.

Cont'd...
A Tradition of Quality with Integrity”
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Fare metallucgy is adversely affected whon treating type A ores, and to
date Paro mill peraonnel have auacceded in actaining acceptable matallurgy
by blending, This would appear te be an impractical approach in treatxant
of Grum cre utless & mush improved treatment scheme i developed for the
high percantage of A ores vhich muat be treated.

Greg vilsen almo advises that galena-gphalecite minerallzation in A type
ores 1s coarse grained and should not require fine grinding for libaecation.
This is contrary to the approach taken by XKamloops., Dr. Carson alac states
that nost galena and mOSt Aphaleritd occwr in coarse grains in P Lype cres.

After due consideratisn of all of the above comments the Lollowirg
immadiute actidn is recommended:

1, e current d&cilling program at Grunm ahould be  concentrated on
cbtaining metallurgical samples especially of A type ore.

2. All diamend d&rill cove selected for metallungical testing muat be
refrigerated until tastwerk is initiated. (This alec applies to core
feom Vangorda.)

i. The major metallurgical testwork effort should be done at Laxefield
Rascarch, Local testwerk can also bd done but it is unlikely that the
facilities and paracnnel are available st Faro for a concerted attack,

Magt of Pare's eoffert must be concentratad on current metallirgical
eontrsel.

Yours very truly.

RILBORN LIMITED

Hd fontss

L.8, Batea; P.Eng.:
Senior Metallurgical Consultant

LSB/tm

ces Marvin Pelley - Curragh, Toronto {wiencl)
Kurt Forgaacd = Curragh, Whitehorse (w/encl)
Bill Scheding - Curragh, Faro (w/encl)
Jack Mitchell =~ Kilborn, Terontc (w/encl)



Cctober 13, 1987

My, L.8. Bates

Sanior Metallurgical Consultant
Kilborn Limited

2200 Lake Bhore Blvd., Vest
Toronto, Ontario

M8V 144

Raferencet Metallyrgy of Grum Deposit

Dear Nr. Bates:

I have revieved the available mineralogieal and matgllurgical reports Izem
your files on the Grum daposit. The moat significant reports appeer to ba
a report by Dr, Carson of Noranda Bxploration (G3), a summary of a
Lekeliald Research pilot plent tasting (G29) eand a Metallurgical Response
ef Grum Ore by Kamloops Resesarch and Assay Lmboratory (Gé4). Comments on
thege reports (having made some study of others on file) are summacized
pelov: :

Doator Carson visited the Grum site, had extensive discusmions vwith the
resident geologists, atudied the geology, explored the underground vorka,
took numerous samples and conducted mineralogical analyses. He had besn
syked to do s¢ bacsuse there were a number of puzszling factors detected in
the metallurgical research by Lakefield research. A# a result of hia vork
reprasentative bulk zamples from the depoait could be aseleated for a pilot
plant test at Lakefisld.

Dave Cacson detected that the deposit was highly disrupted by folding and
faulting. In genersl the mineralication i velstively £ine gralned
although perhaps not ss fine as thet of 8 osimilar deponit at Brumawick.
Pine intergrovtha of galena end sphsalerite end 4lean pyrite were avident,
There were sones of strong oxidation emounting to approximately 3X of the
total and sonea of extreme fine grained atructure again smeunting te 5X of
total, Eis consultations with the metallurgiecal ratearah pecples puzmitted
them to develop and prediet favourable mineral proeasseing techniques For B8
to 92X af the daposit.

The early Lakefield (and Mattagami) metallurgical regesrch ran into
conpidarable difficulty but after Dr. Carsen get {nvolved the results
showved favourably. The laboratory rasults did not alvays predict or
sonfirm tha ruccamsfyl pilot plant teasts. Thig vas prabably due to aample
oxidation, scala of coperation, circulating leads, improper grind, raeagent

congentration, ete. - wll factors which are recognized problems in the
labormtary.



Page 2

The significant Lakefield pilot plant tests vers conducted on material with
average grades of S.7X Pb and 9.8% Zn - only one of 12 tgpes tested (Gd)
aspoyed lev at 1.45% Py and 3.4% Zn. The results of these pllot plant
togte vere astudied and predictions made by a Noranda nilling. committes.
Motallurgieal resulta for aversge oreg ghould be:

Analyzes Reacoveries
RN TS N THA N B K D &

N{l] Fead .035 2 4 8 100 0.3

Lead Cone. .15 28 82 8 90 Q.1 3} 72 80
Zine Cone. 3,0 56 650 -~ <0.1 84
Tailings 0.7 1.0

Tha Kamleopas resesrch ves conducted much later than the Lakefleld and vould
appaar to have been done on quite different materisl. Thelr work vag done
on 4 diffarent matarials vhich ahoved avarage regultz as shown below:

Ranloops Results

Fercent
of Ore HReadX * Concentrate X Tailing X v Recovery X
Deposis Iype B Zn FE Zn 3] n 47 __!n
12 o 4,6 7.0 &S 0.2 0.3 a7
6.3 6.1 L] 0.6 1.0 80
16 E 1.6 2.6 42 0.3 0.7 80
5.4 6.6 50 0.6 1.6 69
29 118 1.2 1.7 26 38 .16 1.1 g3 77
41 A 1.4 2.1 2% 51 0.20 0.4% 77 72
*Range

My comments shd compayisons of the prasented reporte are ghovn belows

1. The close association and consultation of the nminareloglst, the
research personnel and the operating metallurgists as depiated in the
Lakefield pllet plant vork vas highly revarding.

2. The tvo research groups appear to have done testa on guite diffaerent
gones of the daposit.

3. All involved indicate fine grinding, fine regrinding, delicate resgent

balance, and oxidation; close control will be required for zatisfactory
results.
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4,

5.

6.
7.

10!

11,

Research on material grading greatsx than 4X combined lead 2ine zhould
yield satisfactory concentrate grades and metal recoveries,

Soth laboratory groups show similer tailing agsays for similar head
analyses material.

The Kanloops work vas not as complete as the Lakefield programs.

70% of the Kenloops reszearch vas conducted on materisl of lesz then 4X
eomgined Pb 2n and thia materiel shoved the poorest rasults. 1s this
ore

The Kemloops report nmentions crushing of eamples preparatory to
laboratery testing. The gignificance of this comment arizes as to vhen
it vas done and thq time delay involved. .With thiz type ¢f high
sulphide ore no crushing should be dome prioxr te the aatual tests
and/or the crushed product should ba refrigezated until used,

Bimilarly diemond drill core posaibly should be refrigerated 12 it $s
to be used for metallurgieal xesearch.

Along similar veins mll the Lakeficld research was conducted with thig
rafrigeration in mind, In eddition the. bulk somples £oxr the pllot
plant vere shipped in plagtic lined, sesled drums without crushing, snd
mixing only occurred as required for production.

In the varioua cesesrch vtaports availeble the pogsible uae of a lime
eireuit instead of 3 =zoda ash-lime c¢ircuit weas suggested. In past
resaaxsh and operation vith this combination of resgents on similer
areg the tests have shovn favourable resetions on lead and on sinc in
the laboratory aad in the field at first. Hovever vith time and the
use of reeyele aolutions in practice the metallurgg depreciated
drastically. Thus any additional research recommendad should be avere
of thase potentiel effects,

There appenrs to be sume differsnces of opinion betwesan geclogicel,
mineable and millable mineral inventory or reserves. Salestive mining
mey be a sotrong prersquieite.

Thank you for azking for my comments.

Yours very truly,

R.L.

oleman,

Consultant
Mineral Procesaing

RLC/tm



