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Figure 1 - Grum Camp, November 10, 1976.

BO° MM 56 vEsH

100 MESH

Figure 2 - Photomicrograph of "B"-Type Ore.

Sphalerite=bluish-grey; Pyrite=rounded whitish crystals;
Galena=fine silvery-white specks; Oxide=black streaks
(cracks)and spots (pits). Features causing the two main
metallurgical problems of certain Grum ores are illustrated:
1) extremely fine galena inclusions in sphalerite

2) strong oxidation.
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SUMMARY :
B Tﬁerrésﬁltgkéf moéﬁ:of fhélmé£aliﬁrgiéal £eét§ carried
oﬁfﬁon Gruﬁ ores ﬁp ﬁntil Novembef, 1976wwere véry poor. lExtreﬁéiy
fine grinding was necessary,; but even with optimum results, lead
and zinc losses to the tailings were too high and lead concentrates
contained too much zinc; The caUses of these prbbléms wefé unknoﬁn.

<The_présent'investigation, started in November, 1976,

'Vinyplved detailed examinétidn andAsampling of the Grum ores in under-

ground éxposures and drill core followed by microscopic examination
bf.88 répreéénfétive orévspeéimens; aﬂd microécépié exéﬁinéfioh ofﬂ
products from the preVioﬁs métallurgical tests. 'Infaddition, samples
of different types of ores were collected for exploratory flotation
tests. These tests were done by K.V.Konigsmann and K. Stowe of. |
Mattagami Lake Mines Limited, and the results were made available

in January, 1977.

As-a result of all the above work, two main metallurgical

problems have been identifiéd: Xl) strong oxidation --- this has
probably affected less thdn 5% of the orebody, and (2) a middlirigs=

producihg texture éonsisting of fine inclusions of galena in sphal-

erite --- this would appear to-be of serious proportions in less

than 5% of the orebody.

By coincidence, the ores used for most of the ﬁetallurgical
testing done up until November 1976 had both of the above deleterious
characteristics to an extreme dégree and were therefore, not only
metallurgically yery'difficult, but highly unrepresentative of the’
Grum orebody. The more truly representative ores collected for

exploratory flotation tests (above) yielded much better results.
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- The Grum'depbsit can be classed asvrelatively "fine

" grained", but very 1little of the-ore is-as fine as ores from metal-=. .

lurgicalldeifficult:depOSits'such as:thésé‘bf’fﬁe'Bathurst éamp;-~»
Whereas Bathurst ores are characterized by extremely fine inter-
growths of galena and sphalerite with pyrite, most pyrite at Grum
is Very'clean.' Another positive qharacteristic of the Grum orebody

is its very low content of pyrrhotite and marcasite; these can cause

.oxidation of ores'after'eprSﬁre‘dr-dﬁring‘grihdinq,~aﬁd promote

‘oxidation bfvtailihgs,'

The results of this investigation strongly indicate:that
most of the Grum orebody will give acceptable metallurgical response.

Iﬁ order to confirm this, a large number (750) of specimens have

been collected for microscopic study, and several additional large

bulk samples of ore-types that are representative of the orebody,

have been obtained for further, definitive metallurgical testing.
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_very.poor results.; The main problems encountered were:

"PURPOSE, SCOPE, AND METHODS OF THIS INVESTIGATION:

Metallurglcal tests carrled out on Grum ore samples by
Lakefield Research of Canada lelted Noranda Mlnes L1m1ted and
Mattagami Lake Mines Limited, from November l974 to November 1976

had variable, but generally poor results. The first tests were

brdone'on diamond drill corerand some of these gave acceptable’results,

but most later tests done on bulk samples from underground, yielded

(1) much sphalerlte and pyrlte could not be depressed durlng lead

-flotatlon. ThlS resulted in low—grade lead concentrates w1th
anomalously high amounts of zinc (Pb = 30-45%, Zn = 10-25%) .
(2) 1lead and zinc losses to the flotation tailings were unuSually
high (Pb = 1% to 1-1/2%; 2n = 1-1/2% to 2-1/2%).
Despite much experimentation, acceptable lead concentrates

could not be produced from the bulk samples; lead recoveries were

only fair. Good zinc.ooncentrates (zﬁ ?v55¥58%, Pb = 1—2%)’were :

'produced but zinc recoveries- were poor. The reasons for these

metallurglcal problems were unknown, but some type of "oxidation"

was thought to be the probable cause.

‘The viability of the remote Grum deposit could depend on
its ability to yield saleable, high-value concentrates. Although
the first tests suggested that such concentrates might be obtainable,
most of the later tests were negative. Even assuming that poor- |
quality concentrates'could be produced economically and sold, it was
not possible to commence mill design until the true metallurgical

character of the Grum orebody was defined.
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In late October, 1976, R.L. Coleman of Noranda and M.D.

‘Rowswell of Kerr Addison asked the writer if he would irivestigate ..

the causes of the metallurgical problems at Grum.

Three days, November 10 - 12, 1976, were spent in the
company of James Paxton of Kérr, at the Grum property.‘ Diamond
drill core from 60 drill holes spaced.throughout’thé entire orebody
was examined and 154 representative core specimens wefe collected.”

Ore exposures in the underground workings were examined. Several

types of ore were observed and fourteen ten-kilogram metaliurgicél"

-samples were collected from eight underground sites. These were

the same sites from which bulk samples had béen sent in September

1976 to Anvil Mines for blending tests with Anvil ore. The fourteen
samples cbllected by the writer and Paxton were sent to K.V, Konigsmann
of Mattagami Lake Mines Ltd. for bench-scale definitive metallurgical
tests. Particulér attention was given to one underground site, site
"Bﬁ, which had been the source of most of the ore tested to that date.

Site "B" was mapped in detail. The ores at "B", as well as at cer-

~tain other sites, were'photographed,

About 115 polished sections were made (by the University
of Toronto) of drill core spécimens, underground 'specimens, and of
the crushed head samples for the 14 metallurgical tests. A further
25 polished sections were made of the head and test-product samples
from two previous metallurgical tests on material from site "B". All
polished sections were studied under the microscope by the writer.

X-ray identifications of certain minor minerals were made by the

Ontario Department of Mines.
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- Throughout all the above investigétions,vclose contact

‘was keépt with K.V. Konigsmanh and K. Stowe of Mattagami, who

clarified for the writer many of the metallurgical characteristics

and problems of the Grum ores, and with John Carrington of Kerr
Addison, who supplied the writer with geological sections and drill-

hole iong
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‘culations. The geology of the deposit is'desctibed bng;M;ISirola

GENERAL GEOLOGY AND MINERALOGY-
OF THE GRUM OREBODY

Stratigraphy and Structures - Ce ' -

The Grum deposit has approximate ore reserves of 30 million

tonnes averaging about 4% lead and 7% zinc, based on preliminary cal-
' 1.
r

as follows:

'M?TheAGtumfstructure'—7ﬁ}is”afcrudely5?87~shaped,fold 1200 .

~mIong, 330 m wide, and 330 m in vertical amplitude. ~The fold struc-' .

-ture strikes Northerly .and has.an apparent plunge North-westerly of .

8°-10°.

The main sulphide-bearing zone consists of at least.three
laYers‘Which locally subdivide into bands of variable Pb+Zn grade.
The enclosing rocks were originally marine sediments which have been

metamorphosed to phyllites° Interbedded with the phyllites are

'chloritic'members which are. thought to be volcanic in origin;

Deformatlon of the dep051t took place in pre Devonian. time.

Has a result of reglonal metamorphlsm Faultlng, as 1nferred from »

diamond drilling, suggests the presence of a thrust near the bottom

~of the mineralized zone and some hlgh angle faultlng above the thrust

on Wthh relatlve movements are unknown at the present time."

Figure 3 is a generalized cross section of the Grum deposit
at 70W, which is near the upper, east end of the orebody. On this

section, the orebodyvis readily divided into four components, 3 North

l.Sirola, W.M., 1975: The Grum Deposit:  Western Miner, Dec. 1975, p.9.
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‘Zone, . 6 Nerth—Zone,-UppergZone, and. Lower Zone. ~On.some‘otherﬁd~

. sections, the 4-fold division is not as distinct. Because of the.

extreme foldlng and segmentatlon by. faultlng, geologlcal 1nter—~
pretatlon (based on drlll hole data) is very difficult. Sirola.
statesl(above) that there are at least three distinct ore bands,
but these’may»have'been contiguous previous.toifolding_andjraulting. o

"Distal" massive sulphide deposits such as Grum-are

~.believed to havefprecipitated”from heaVy} hot metal—~laden brines

that 1ssued from submarlne fumaroles’ and" were ponded in sed= bottom,“

,depre551ons, ,Low:grade:oreuformsv;n,theusea*bottom-mUdS"due-tO,u

t4their’impregnation by the hot, metalliferous brines. Once.the

‘brines have cooled sufficiently to become saturated, a massive

sulphide.blanket precipitates ondthe low—grade'muds. The major two-

fold divisien of ore-types at Grum is,readilyvapparent (Figure 3).
.Knewledge ef the>various types of ores and host—rock.units

is very 1mportant to thlS study because ore- textures, which determlne

V'fimetallurglcal responses (see belOW)v appear to be: stratlgraphlcally- :

eontrolled, and therefore related to the dep051tlonal hlstory.‘ As"

‘interpreted by the wrlter from studies of the Grum logs and cross-
sections (Flgure 3), the over- all stratlgraphlc sequence (now hlghlj

dlsrupted by folding and faultlng) is as fOllOWS'




TOP - PHYLLITES -

o GRAPEITIC’PHYLLITE ’ Fagraphlte is 1ndlcat1ve but is

(generally 1-20 - absent in places..
‘meters thick) ,

MASSIVE SULPHIDE ORE - high Pb at top

(generall%_lizo - high Ba at or near top but Ba
neters thick) . ‘does not occur in all localities

v - thick. pyrlte bands top to middle -
‘w. . =+ ~'high quartz towards bottom
.SILICEOUS,SERICITIC.ORE*~:sulphide bands, lenses,Aand

.- (generally 1-10 - - blebs decrease downward
meters thick)- S : o

’1BOTTOM'd* PHYLLITES -

The siliceous sericitic ore at Grum represents metamor-
phosed sea-bottom muds and the massive sulphide ore represents the
overlying blanket precipitated from metal-rich, hot brines (above) .

The graphitic phyllites are metamorphosed carbonaceous muds that

were depos1ted on the massive ore after fumarolic act1v1ty ceased

The strongest faults observed by the erter are-' (l) twoll

A'major steeply dlpplng, w1de gouge zones that straddle the 6 North

Zone in ‘the V101n1ty of-7OW (Figure 3);- Masslveasulphldes of"the

6 North Zone have been strongly deformed duringdfolding and during

movements onithese faults. Some high-Pb+ZntBa layers within the

massive sulphides, such as those at metallurgical site "F", have been
later

granulated and/oxidized by groundwater circulating along the faults.

(see Figures 28, 29). These faults are believed to have affected

the orebody mainly between sections 69W and 71W (pers. comm. with

J. Paxton).




:~(2) A major, hlghly compress1onal fault along the top

AsUlphldes and the less competent overlylng graphltlc phyll;tes.d'

Two segments of this fault are clearly seen at metallurgical site

- "B" on section 72W (Figure 32a, b). Movements on this fault are

1.belieVedftOghaVe;causedﬁgranulation and recrystallization of some

“tion of the "B" ores.

i;"B"foresi the'fadltialso'alloWedilnflnx'of°gronndWatersiand'oiida4"

Ore Types and Thelr Relatlve Abundances

Follow1ng are the main types of ores at Grum,’and the ™

estlmated percentages of each:

v , , Estimated
- Iype of Ore = O T &
M= structureless massive sulphide (sulphides:>75%)
MB = banded massive sulphlde (galena sphalerlte & |- - ,lS%
TR pyrlte bands) T S RS BT S
t)”Mﬁyfélhlgh—pyrlte mass1ve sulphlde (brlttle bands) T
Mb = barlte—rlch massive sulphlde (soft bands)— - ;‘— = —»llO%
‘MQ = quartz-rich massive sulphide (hard bands)- - - - - - 20%
~MV.. = wvuggy massive sulphide (granulatedfbaritic bands)- - .7%
'MI = flow massive sulphide (round inclusions) —————— 2%
MX = brecciated massive sulphide - - - - - - - - - - - <13
. P = siliceous-sericitic-chloritic ore (mostly ﬁedium
to low grade; underlies the massive sulphides)
P - medium grade = = = = = = = = = = = = = — —- - - .~ .20%

P - low grade = - - = = = = = = = = - - - — = - - - 25%

’ of the 3 Vorth Zone whlch follows the contact between the mass1ve :if;'



Top: =~ MV (oxidized); MBV; Mb; MX; M

Bottom: Mpy; M MI; P(high grade); P (low grade)

Q;

Figure 4 - Types of Ores at Grum

Mineralogy

Sphalerite, galena, and pyrite (+ very minor marcasite),

are the only abundant metallic minerals at Grum. All thesevare
moSt.abqndaﬁtfin'the upper (stratigraphié)'massiye1sulphidei§§rtion
of the drebody. Sphalerite is invariably more abundant than galena;
the average galena”: sphalerite ratio for the entire orebody is
approximately 2:5.

Minor minerals at Grum are chalcopyrite, arsenopyrite,

tennantite, pyrrhotite, and magnetite. Native gold was observed in

two of 88 sample sites. The following table gives the abundances
and characteristics of these minerals in polished sections from @8

representative sample sites throughout the orebody.
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TABLE. I - Minor Minerals of the Grum Orebody

Chalcopyrite
CuFeS2

-—t~Arsenopyr1te
. FeRmss”

Tennantlte'

j(Cu;Fe/Zn,Ag;~

Hg) g,
3

Pyrrhotlte -f[i;

~ Magnetite
- Fe, 0

374
Marcasite
—2

'Natlve Gold

Au

TR

__ _ABUNDANCE

IN THE
88’ SITES B

77 sites, tr-7%
commonly 1/4-1/2%

: 64 SlteS, tr—56-
“-commonly tr-1/2%

19 sites, tr-3%

"COmmonlyAtrfl/4%r

10 sites, tr-35%
‘only- 4 sites >1% -

8 sites, tr-15%
= 1% at 6 sites

8 sites, 1-5%

. 2" sites,- each‘w1th;
one 600 mesh gold

bleb

”fTYéICAL”OCCURRENCE

‘common in all types of ores;

interstitial to pyrite (Figure
8); veinlets; exsolution blebs
in sphalerlte (Figure ll).

occurrence 51m11ar to pyrlte

(Flgures 5, 6 8 11; 12)

:mostly interstitial to pyrite m

crystals -and in mlcrovelnlets
(Flgures 8, 12) '

tlny blebs in pyrlte, replac— SR

Aing pyrite-or marca51te
(Figure 13)

isolated.crystalé,vgenerally
with pyrite (Figure 9)

very fine crystal clusters
‘and rims replacing pyrite;
"in 2 cases partly replaced -
by pyrrhotlte : . .

blebs occur in. a55001at10n’
with tennantite and 1nter— o
Stltlal to pyrlte



PHCTOMICROGRAPHES OF THE THREE MAIN ORE-TYPES 11

OIEMM 00 ey
—— 200 MESH
— 400 MESH

800 MESH . - 'X

|
1

.

Sp = Sphalerite

Ga = Galena

Py = Pyrite .
As = Arsenopyrite
Dark Grey = Gangue

Figure 5 - Typical Massive Sulphide Ore (M).

Note clean pyrite; galena included in sphalerite; minor arsenopyrite.
Black lines and spots are cracks and pits in polished section.

Figure 6 - Typical Quartz-Rich Massive Sulphide Ore (MQL.
Large dark grey patches are quartz, smaller black ones are pits in
polished section.

Figure 7 - Quartz-Sericite-Chlorite Ore (P)

Most galena and most sphalerite occur in coarse grains but some
very fine galena is interstitial to gangue minerals (dark grey)
and included in pyrite.



PHOTOMICROGRAPHS OF VARIETIES OF MASSIVE SULPHIDES 12

—— 200 MESH

!
400 MES%‘E
10 —-800 MESH %

' l

- Spf 'SphalériteA

Ga = Galena
Py = Pyrite
Cp = Chalcopyrite
As = Arsenopyrite
Tn = Tennantite
Ba = Barite
Po- = Pyrrhotite
Mg = Magnetitie

Figure 8 - High-Pyrite Massive Sulphide Ore (Mpy).

Note interstitial occurrence of sulphides including chalcopyrite,
tennantite.

Figure 9 - Baritic Massive Sulphide Ore (Mb).

Dark grey grains are barite; cracked medium-grey grains are
magnetite.

Figure 10 - Massive Vuggy Granulated Ore (MV).

Dark grey patches are gangue; black spots are pits (vugs).



PHOTOMICROGRAPHS OF SOME MINOR MINERALS

Figure 11 - Arsenopyrite Crystals in Massive Sulphide Ore.

Note exsolution blebs of chalcopyrite in sphalerite.

Figure 12 - Tennantite in Sphalerite in Massive Sulphide Ore.

Note galena-arsenopyrite inclusions and chalcopyrite blebs and
veinlet in tennantite. The high mercury content of the Grum
orebody (Table III) is due to the widespread occurrences of
tennantite, which may also carry much of the silver.

Figure 13 -- Pyrrhotite in Massive Sulphide Ore.

The pyrrhotite has probably replaced pyrite.

Figure 14 - Native Gold in High-Pyrite Massive Sulphide Ore.

- 200 MESH
— 400 MESH
—800 MESH _
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METALLURGICAL CHARACTERISTICS OF THE ORES - *

Galena-In-Sphalerite Middlings Tekture (Ga/Sp).

Description and Classification. In the Grum deposit;
galena is almost invariably included in larger sphalerite grains.
In only a very minor number of polished sections studied, both
galena'énd sphalerite are éoafse grainéd (Figure 15); in this case
-the;twd minerals wéﬁid be éasily sépératéé‘duriné_grihding. At'the
other extreme are metallurgically difficult ores such as those at
site "B" (Figures 2, 21) in which galena inclusions in sphalerite
are extremely fine (much < 1500 mesh) and it is therefore impossible
to cleanly separate the two minerals on grinding. The main result

is unacceptable levels of zinc in the lead concentrates. Fortunately,

such ores are as rare as the very coarse ores.

50 MESH|
00 MESH E
— 200 MESH |
— 400 MESH |
— 800 MESH %
Figure 15 - Coarse Massive Sulphide Ore
This is a metallurgist's dream ore; unfortunately,

it is not very common at Grum.

| 03 MILLIMETER n ’ |




" The writer has devised a six-fold classificaticon of the
galena—in—sphalerite (Ga/Sp),middlings texture, as illustrated in
| Figures'l6 - 21. : The follow1ng is a breakdown of the quantltles

of each-of the six Ga/Sp classes of ore at 88 sites in the orebody

Ga/Sp Rating for 88 Sites in the Grum Orebody

§ -Ga/Sp. Rating = L e e 3 “Vi' - 5. 6
~ No. of Sites =. 22. -21. 27 - -9 ... -8. 1.
Percentage = 25. . .24 31 10 9 1

Metailurgieai ﬁesponse. A geod indication of the metai~
lurgical response of the various Ga/Sp classes of ore has been
obtained from the study of certain metallurglcal test products, and
from the results of the various tests done by K.V. Konlgsmann and
K. Stowe of Mattagami on several samples of "B"-type ores and on the
1,2

variety of ore-types collected by the writer in November, 1976.

As illustrated below, and also in Figures 38 - 47, galena-

Sp GRAIN WITH Pb CONCENTRATE (Zn CONTAMINATION)

Ga INCLUSIONS TPbFLOT 1 |
—= GRINDING — @ ® |
3 TYPES GRAINS
DEPRESS
1000 MESH +
605 = 5-6 Zn FLOT.

Zn CONCENTRATE (CLEAN)

Pb Recoveries are good but Pb concentrates are contaminated.
Zn Recoveries are low but Zn concentrates are clean

l"Flotation Process for Ores from the Grum Deposit". Memo #4.

K.V. Konigsmann, Mattagami Lake Mines Ltd. Dec. 30, 1976.

2"Vangorda—Grum", Progress Report #4.
K. Stowe, Mattagami Lake Mines Ltd., Dec. 15, 1976.




PHOTOMICROGRAPHS OF Ga/Sp MIDDLINGS CLASSES 1-3 16

Figure 16 - Ga/Sp=1

| Note clean separation of
{ galena and sphalerite and
absence -of -minus 1000
mesh galena.

Figure 17 - Ga/Sp=2

Note minor amounts of
minus 1000 mesh galena;
some fine galena rims
on pyrite.

o Q0 MESH,'

—— 200 MESH |
400 MESH
— 800 MESH

Figure 18 - Ga/Sp=3

Note moderate amounts of

| minus 1000 mesh galena

in sphalerite, and increas-
ingly intimate intergrowth
of coarser galena with
sphalerite.




PHOTOMICROGRAPHS OF Ga/Sp MIDDLINGS CLASSES 4-6 17

Figure 19 —'Ga/Sp=4

Note moderately abundant
minus 1000 mesh galena
in sphalerite, and
intimate intergrowth of
coarser galena with
sphalerite

Figure 20 - Ga/Sp=5

Note very abundant
minus 1000 mesh galena
in sphalerite.

100 MESH
—— 200 MESH

|
— 400 MESH i
— 800 MESH «

Figure 21 - Ga/Sp=6

Note that most galena
is minus 1500 mesh

(=10 U). Class 6 has

| been found only at

| metallurgical Site "B".

—— T ) e Ppepue
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infsphalerite_middlings.textures_are the main cause of sphalerite

contamlnatlon of .lead. concentrates Flgure 22 illustrates. graphic-

~ally the estlmated n contamlnatlon in lead concentrates produced

from the various Ga/Sp classes of ores.

Grain sizes in test products range from 250 mesh to less

~than 3000 mesh, with average grains about 1000 mesh. It is obvious:

that ores. rating Ga/Sp—S -6 will.produce more Ga/Sp mlddllncs than o

~.the ores ratlng Ga/Sp—J 29 ThlS is partly due to the very great
‘contact. surface area between galena.and sphalerlte in ‘the 5-6 ores
"as compared to the 1-2 ores. In ores for which Ga/Sp=5-6, a very
large proPortion.of the galena‘inclusions are minusVLSOO mesh (10'

"‘microns); after grinding, many grains consist of small attachments

of galena on larger sphalerite grains. This occurs partly because:
of the Very flne grain size of galena but also-because- galena is

soft and has Very good cublc cleavage, small pleces galena tend to

.spall off durlng grlndlng, leav1ng only small_attachments on the

sphalerite. Because galena isbfloated.first‘andvis a'high1y floatable

'mineral, Ga/Sp middlings_graihs in which only a very small proportion

of the surface area is galena, will float to the lead'concentrate

(Figures 38-43).

Because they containAa large proportionrof galena grains
in the minus 1500 mesh (-10 micron) size range, "B" ores mustvbe
very finely ground. In addition to the high grinding costs, much.
of this fine galena is slimed and therefore lost to the tailings™.

Origin and Extent. Ore textures in which Ga/Sp = 4-5

appear to be common only in the uppermost (stratigraphic) part of

1_ according to K.V. Konigsmann, best recoveries occur for grains in
the 40~10 micron size range (400~1500 mesh). Grains smaller than
10 microns tend to slime.

e e TR
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Fiéﬁre>22 - Gra?hic Illﬁstfation of fhe Middlings
: Problems of the Grum Orebody

The curves indicate the very approximate, estimated relationshipsGa P
between Ga/Sp middlings and % Zn in Pb concentrates, and between g ‘Gﬁ
middlings and recoveries, based on microscopic study of polished P
sections from 88 sites throughout the orebody. The dashed vertical
line at rating 5 is the writer's estimated dividing line between metal-
lurgically-amenable and non-amenable ores, but this dividing line may
actually be between ratings 5 and 6. The results of this study indi-
cate that ores rating 5 and 6 constitute about 10% of the orebody ---
ores in which Ga/Sp=6 have been found only at site "B", and ores rating
Ga/Sp=5 occur at 9% of the 88 sites; ores with §2/Py=5-6 occur at 8%

of the sites, and ores with gg/Gm=5f6 occur at EE% of. the sites (mainly

"in "P" ores).

The term "non-amenable" is used here in a relative sense to indicate
very fine, "B" type ores, which yield poor lead concentrates and give
poor recoveries. The writer has observed Bathurst ores under the
microscope and estimates that the bulk of these ores have g%/Py=5—6
(see Figure 24) which would put them intc the non-amenable class.
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the orebody, that 1s, in the top portlons of- the maSSive sulphlde

.. layers. ~In stratigraphLCally—iower ores,vincluding the quartz— L

vseric1te chlorite 'p" ores, the crystallizatlon of galena and sphal— ;

erite into relatively_coarse pure grains was common. . It is. suggested
here that during the submarine deposition of the orebody, the upper-

most parts of the orebody had little time to crystallize before sub—v

o marlne fumarolJc action ceased and the orezone cooled down... By this ,' -

theory, the top l 2 meters of . the orebody was, in effect,‘chilled
relative to deeper parts, and the "unmixing" of galena from sphalerite-
in the top ores was iess complete than in deeper, more'slowly'oooled
ores. . S o S o

“Ores with Ga/Sp ratings of 4-5 are not uncommom -—- they
occur at 19% of the 88 sample sites studiedir However, ores with

Ga/Sp = 6 have been found only at site "B" (see below). The writer

‘believes that during the compressional faulting which occurred at

'site "B", galena and sphalerite in the top two meters of the orebody,

(which probably had a Ga/Sp rating of 4-5) were recrystallized under

_ pressure. 'During this recrystallization, ga}gngiﬁaﬁmdisgersgg;ggenuV

more flnely tnroughout sphalerite to yield an extreme Ga/Sp middlings

[ et L 5 it A VI et £ 40 5 e e

problem. -

Galena and Sphaler1te—With Pyrite Middlings Texture So/ y)

Occurrence and Classification. There are three types of

Ga

Sp/Py middlings textures at Grum: (1) galena and sphalerite occur
as inclusions in individual pyrite crystals (see Figure 7 - minor
Ga/Py, and Figures 16, 17, 18 - minor Sp/Py). This texture is not

metallurgically important at Grum because it is rarely well-developed
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-—-- most pyrite at Grum“ieirelatively free of inelusions'(Figures'

V‘ﬂ5—26) -~(2)'galena'and.Sphalerite fill’spaces'between”Closely—packed.‘

~lpyr1te crystals in hlgh pyrlte bands (Flgures 23 24- 25).ﬂ.This.<

Atexture is relatlvely common and is the main source of ;/Py middlings

in concentrates and tailings. Obviously, it is restricted to the

.ma551ve sulphlde portlons of the. orebody ;(3)' fine'pyrite occurs

_;w;tn;n galenqtanéﬂsphalerlte~(Flgures~25, 26) ThlS texture 1s not .

_common - but doesicontributefminorrquantitles .of” galenarpyrlte and

'”sphalerite—pyrite"middlings.‘

The /Py textures have been rated 1 to 6, negllglble to

extreme, by the wrlter (Flgures 23 26) Follow1ng is a breakdown

of the each of the six Sp/Py classes of ore at 88 31teS'1n'the ore—"‘”““”

body.

Sp/Py Rating of 88 Sites in the Grum Orebody

sp/ Rating = 1 2 3 4 5 6
No. of Sites = 11 29 30 11 6 1
Percentage , = 12.5 33 34 12.5 7 1
Metallurgical Response. The above g;/Py textures -result

'in moderate amounts of pyrite middlings. Usually, large pyrite

fragments have smaller attached grains and rims of sphalerite and/or
dgalena. As shown graphically in Figure 22, ores with g;/Py = 5-6
have low recoveries because considerable galena, but particularly
sphalerite are carried off to the teilings on the larger pyrite

fragments (Figures 46, 47).
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Figure 23 - /Py=2.

Galena and sphalerite and chalcopyrite and tennantite are interstitial
to pyrite and are relatively coarse.

. Ga _
Figure 24 - Sp/Py—5.

This type of texture is the main cause of the metallurgical problems
at Brunswick but fortunately is not nearly as common at Grum. It
results in abundant Ga/Py and Sp/Py middlings.

Figure 25 - g;/Py=2—3 (Top) and Ga/Py=4-5 (Bottom).

Two adjacent bands having different textural ratings. Pyrite-galena
middlings would be produced from the bottom band, partly due to the
fineness of pyrite.

Figure 26 ~ Sp/Py=3-4.

Most pyrite is coarse and clean, but finer clusters would cause sowme
Sp/Py middlings to form.



23

g;/Py = 5-6 yield low—grade lead concentrates

Ores with
because a large number of galena pyrite middlings. grains are pulledvg
-up during lead- flotation.< ‘Zinc concentrates are. less affected
partly because -a large proportion of the middlings have already
reported to the lead concentrates. Figures 38-47 illustrate the

occurrence of Ga/Py middlings in flotation products.

Ores w1th /Py = 5- 6 constitute only 8% or the 88 .sites

studied(above) This type of middlings problem is much less serious.
‘at Grum that at some other, producing mines (i.e. - Bathurst camp
‘mines) .

Galena and Sphalerite In-Gangue

Middlings Texture( /Gm).

Occurrence and Classification. Gangue minerals at Grum,

excepting pyrite (conSiaered seDarately, above), cons1st largely of

quartz, seric1te, chlorite, and locally barite. In non-massive ores,

fine galena and sphalerite‘may occur: ‘(l) as fine, randemly dis-
tributed inclusions in quartz; (2) as blebs and strings along gangue

mineral grain boundaries,ior (3) in blebs along cleavage planes in
sericite and chlorite.

Most types of massive sulphide ores have only minor quartz,
sericite, or chlorite; in Mb,; baritic ore, barite is invariably free
of inclusions (Figure 9). Thus gg/Gm middlings textures in most
massive sulphide ores are weak to negligible. However, in quartz-
rich massive sulphides (MQ - Figure 6) quartz-galena-sphalerite mid-
dlings textures range from weak to moderate; in the quartz-sericite-

chlorite ores (= P ores) g;/Gm middlings textures range from weak to

very strong.

T R
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vThe erter has classified the gg/Gm middlings textures
‘observed at the 88 Grum sites in a manner similar to that forfGa/Sp
or /Py and thls ClaSSlflcathD is presented below. VThe cla551f1ca—
tion of G /Gm mlddllngs textures should be taken as less deflnlte
than for the other types of middlings textures because: (1) the
only ores Wthh have been tested metallurglcally to date, other than
the bench—scale tests on the samples collected durlng thlS study, are
‘ ma551ve sulphldes low in quartz, serlclte, and chlorite ~--- no test .
products of "P" ores have been available for study; - (2) many samples
possess a mixture of both coarse and fine galena and sphalerite in-
grouhdmass; in effect, many are a mixture of g;/Gm = 1-2 and gg/Gm =
4-=5. It is‘difficult’to~estimate-theﬂaverage-ratinglfor~such saﬁples;
The ratings were made without taking into consideration the fact that
the coarser grains are much more important in that they contain most
of the Pb ahd Zn —--- thus a sample in which 50% of the area had

g;/Gm = 1 and 50% hadAgg/Gm = 5 was rated at 3 but this rating could

.be considered high if compared to the ratings for the more uniform

Ga
Sp

gangue minerals tend to break apart easily along their contacts arnd

Ga/Sp and /Py middlings textures, (3) the writer suspects that the
cleavages during grinding, thereby releasing even very fine inter-
stitial galena and sphalerite. If so, only the extremely fine inclu-
sions could present problems, but these contain only a very minor
proportion of the Pb and Zn. Following is a breakdown of the gg/Gm

middlings textures at the 88 sample sites.

g;/Gm Rating of 88 Sites in the Grum Qrebody

©3 /6m Rating = 1 2 3 4 5 6
Sp = = = = = =
No. of Sites = 12 18 32 15 10 1
Percentage = 14 21 36 17 11 1
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Ga
Figure 27 - Sp = 4 in P Ore

/Gm

Fine galena and sphalerite are common in gangue;
nevertheless, coarser grains actually contain most
of the Pb and Zn.

Figure 28 - Ga/Gm=4 in P Ore

As with Figure 27, most of the Pb is actually
contained in coarse grains.

S R e I T
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Metallurgical Response. As shown in Figure 22, gg/Gm
~textures of 5-6 probably result in relatively low recoveries since
'galena—gangue and'sphaierite;gangue middlings would be lost to'the
tailings (Figure 47). The seriousness of this problem is not well-
known because little metallurgical testing has been done on P or MQ
ores. However, the problem is not believed by>the writer to be
great sincevthe bulk»oﬁrtpe galene apd ephalef;te;in;Piand‘MQ'o;es.
is relafively coaree;~ana the éiner graihe.£ena>to be interstitialﬂ
and weakly-bonded. Limited metallﬁrgical testwork done on quartz-
rich massive sulphide ore B4 and on P ores collected by the writer

tend to support this belief (see APPENDIX).

Oxidation

Occurrence and Extent. Zones of strongly oxidized
(limonitized) massive sulphide (Figure 295 are present at Grum.

‘HoWever, from the inspection of core from GO drill'heles and of
v‘the underground workings; the writer concludes that most of these are
small lenses that probably constitute less than 5% of the massive
sulphide portion of orebody. They occur almost exclusively in the
upper (elevation) and particularly the upper eastern parts. The
only known large zone of oxidized ore is the block of fault-bounded
massive ore on section 70W which includes metallurgical site "F"
(Figures 3, 29). However, only certain granulated bands are strongly
oxidized. Significant oxidation has not been observed in any of the
P ores that underly the massive ores.

It should be noted that very minor amounts of oxidation

(the odd limonite-coated joint) occur throughout most of the orebody
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but these do not appear to cause metallurgical problems.

In all of the sevéral'hundrea meters of ore intersected
by the underground workings; only two sites, "B" and "F" (Figure
31) display strdngly—oxidized rocks and this strong oxidation is
restricted to only certain highly granulated or strongly-fractured
massive sulphide horizons adjacent to strong faults (Figures 3, 29,
32). .- e T e

In some deposits, strong oxidation shows a close relation-
ship to pyrrhotite content, but a£ Grum such a correlation is not
evident. Abundant pyrrhotite has been found at only 4 of 88 sites
-at Grum; only one of these 4 sites, which is near the highly oxidized
sitev"F", has significant oxidation. /fﬁrfher, no éyrrhofiﬁe ﬁés heen

observed at either site "F" or site "B".

Figure 29 - Strongly Oxidized, Folded and Granulated
Massive Sulphide (MV) at Site "F".

Massive sulphides at "F" occur in a large block of ore that is bet-

ween 2 major gouge-filled fault zones (see Figure 3). Tight
folding, and movement on these faults, have caused granulation of
less competent horizons (MV above), rendering them permeable to

oxidizing groundwaters. More competent quartz-rich massive sulphide
band (MQ above) was not granulated and is therefore not strongly
oxidized. Clayey (kaolinite) gouge zones occur in the massive sul-
phides next to the hammer.
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There are two main types of permeable ores at Grum and
theseﬂafe‘Susceptible‘tb oxidation. They are massive;'Vuggy (MV)’

ore and massive, crackled, high-pyrite ore (Mpy).

Ores Susceptible to Oxidation

Iype I . . - . - . Type IT .
VAMassive Vﬁggy dre,vMV.' - Massive high-pyrite oré, Mpr
Relatively soft, high-grade, Relatively hard, brittle bands
usually baritic bands, with ~—-- crackled during deformation.
moderate amounts of pyritev See Site "B" map = Figure 32,

-=-- granulated during = . _.and Figures 4, 34.
“deformation. See Site "B" ‘ ' o
map = Figure 32, and Figures

29, 2, 4, 10.

Itrshould be‘emphasized that only where there was access
to o#idizing groundwaters were granulated (porous) MV and crackled
(porous) Mpy oxidized (see Figure 30). Groundwaters gained access
to these porous units from fault zones, mainly in the parts of the
orebody closest to ground surface. The soft, high~grade baritic ore
lenses (Mb) that occur near the stratigraphic top of the orebody
were particularly susceptible to granulation (granulated Mb=MV) and

subsequent oxidation.

As is the case with pyrrhotite (above), oxidation shows no
relationship to the very minor marcasite contained in the Grum ores,

and marcasite has not been found at sites "F" or "B".
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Flgure 30 - Granulated, Unoxidized Porous Massive
Sulphldes (MV) Probably Baritic

Though pelmeable, most MV bands were not oxidized
because they were not transected by faults carrying
oxidizing groundwaters.

Surficial oxidation of already-oxidized high-pyrite ore

(i.e. metallurgical sample B, - below) from site "B" is known to

3
occur if the ores are exposed for several weeks (Figure 34). This
type of oxidation has not been observed in samples from other

localities at Grum.

Metallurgical Respcnse. According to K.V. Konigsmann,

"oxidation" is a catch-all term used by many metallurgists to
explain a great variety of metallurgical problems some of which
are totally unrelated to oxidation of the ores. Nevertheless,
oxidation can be a very serious problem and according to Konigsmann,
a small amount of oxidized ore can spoil an entire batch.

Tests carried out on "B" and "F" ores show that oxidation

has a very deleterious effect on metal recoveries. From the study
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of test préducts-from "B" samples (Figﬁre 41-47), it is apparent
thatfoxidation'magnifies the middlings problems; more.g;/Py éﬁd"
"Sg/Gm‘middlings than normal are lost -to the tailings, probably
because galena, and particularly sphalerite,; are desensitized if -
oxide coatings are extensive. On the other hand, some oxide-
'_bqoated pyritgiandlsppaierite iragmenﬁsd_with>or_without galgnq_
inclusiOns; se¢m to be activated during lead.flotation(Figures ..
41-43). |

"B" éamples have both extreme oxidation and an extreme
Ga/Sp middlings problem, whereas sample 1, which is from site "F"
has extreme oxidation, but no serious middlings problem (see Table
IfI). The”high métai losséé,A particularly 2n, to the taiiiﬁgs in
sample 1 (Table III) show that oxidation is a major problem by
itself. Perhaps due to its Fe content, sphalerite appears to be
more_susceptible to thick cogting by oxide than galena. Therefore,
sémple 1 which has been affected by oxidation only, shows less loss
of Pb to the tailings than the "B" samples 3, 5 and 7 which may owe
some of their higher‘Pb lossesl to their extreme Ga/Sp middlings

problem.

Konigsmann describes Pb in the "B"-type samples as being "reluctant
to float". 1In Bathurst ores this "reluctance to float" is thought
to be due to the coating of galena by PbS04 and CuSO4 produced dur-
ing the very fine grinding of these extremely fine but unoxidized
ores. Sulphates may be present in the oxidized Grum "B" ores, and
additional sulphates may be produced during the very fine grinding
required for these ores, although, oxide coatings have not been
observed on galena of the test products (Figures 38-47). The
writer believes that the reluctance of "B"-type galena to float may
be explained by the fact that due to the Ga/Sp=6 middlings problem,
a large % of galena grains have even larger attachments of sphaler-
ite and are therefore held down during lead flotation; thin oxide
coatings on galena, not seen in test products because they have been
washed off during sample preparation, may further promote this
process by desensitizing the galena.
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Sliming
| | Sliming is a majoricause of gaiena losses to tailings
-~ in "B"—type:Grum éreS- Becéusenof.ﬁheir extreme.Ga/Sp;§ migdlings
textures, "B"-type ores must be very finely ground. This creates
abnormally high levels of minus 10 micron grains which, due to
their very great surface area, reduce.the‘effectiveness Of_reagentsf
Galgné is particﬁlarly sﬁscepﬁible to siiming beéause-it:is soffi »7
énd'bréaksveasily on ité cubic éleavééé planés. Some:slimed.spﬁélérite
is lost to tailings but most Zn losses are in middlings. |
Slimed galena, as well as lesser amounts of slimed
s?halerite and_pyrite,varershownrin Figures'43, 46p 47.
Serious sliming is innevitable in oreéASuChras those at

"B" which have Ga/Sp=5-6, but such ores are very minor at Grum.

Graphite

| Graphite-can caﬁsé activation of sphéléritép. HoWever,

only very minor amounts of graphite have been seen in the Grum ores

and test products studied by the writer. The graphite observed

was very fine discrete gfains; coatings on galena and spalerite

were not seen, but may have been washed off in sample preparation.
Graphite does not appear to be a problem within the massive

sulphide ores. It could, howe&er, present problems locally due to

hanging wall dilution or dilution from graphitic phyllite lenses

within the quartz-sericite-chlorite ores (P ores).




-.CONCLUSIONS

(1)

(2)

(3)

(4)

Following are the main conclusions of this investigation:

the main metallurgical problems encountered with Grum ores are

oxidation and galena-sphalerite middlings. Both probably occur

in serious proportions in only a very small portion (< 5%) of

- the orebodyr(okidatidh.causes'ﬁétal losses to the tailings{V

galena=-sphalerite middlings result in zinc contamination of °
lead concentrates).

most of the Grum ores that were tested metallurgically up until
November, 1976 were ﬁot represéntative of the orebody --- they

e

possessed the two metallurgical problems to extreme degrees.

grain size of the Grum orebody, though relatively fine, is
much coarser than ores known to be metallurgically difficult,

such as those of the Bathurst area.

it should be possible to obtain acceptable metallurgical results

for greater than 90% of the Grum orebody.
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RECOMMENDATIONS

The following feéommendations, made brally in late

January, hdve already. béén partly followed up:

(1)

(2)

(3)

a request was made for a large number of additional specimens

that could be studied under the microscope in order to posi-

‘tively ‘and accurately delimit andVClasSify'the-varibus metal-

'lurgidal'types-of ores. As a follow-up to this recommendation; .

approximately 750 drill core specimens from throughout the
orebody were collected for the writer in early February by

J. Paxton and A.Y. Po. These have been received. Work will

"be completed on them by June 30, 1977.

it was recommended that several additional bulk metallurgical
samplés, representati?e of-typicél Grumroreé; Should be |
cdllécted for definitive metallurgical testing. This also
hasrbeeh‘followed up; sampieé from uhderground siteé "EY(2),
"D", "H", and "G" were collected by J. Paxton in early February.
Samples from sites "A" and "C" were already available and will

also undergo testing.

a request was made that all drill core and/or drill logs be re-
examined with the object of delimiting all pockets of oxidation.
Since these pockets are most common in the parts of the orebody
closest to ground surface, they could have negative effects on
the metallurgy of the initial ore mined in an open-pit. This

has apparently been followed up by J. Paxton.
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APPENDIX

vDescrlptlon of Slte "B" and "B"—Type Samples

Geology and Ore Types of Slte "B" _ The flrst major, '

readlly access1ble ore 1ntersectlon encountered during underground
drlftlng at Grum was at site "B" (Figure 31). A thorough knowledge
of the geology and ore- types of site "B" is imperative because it

was the source of most materlal used for metallurglcal testlng done

'to date. sSite "B" is one of 8 underground sites from ‘which metal—

lurgical samples were collected by the writer (Figure 31).
The geology of site "B", as it appeared in early November,

1976 is shown in'Figure 32. Because a large number of samples have

been slashed from site "B", mainly from the ore bands between the

two faults, there is a 3-4 meter-deep cut between the phyllite and

the MQ+MB band.

Slte "B" is at the stratigraphic top of the Grum orebody
(Figure 32b). Most of the exposureAis between two segments of a
major compressional fault-which follows the contact between the
massive sulphides and the overlying graphitic phyllites (Figure 32b).
These faults, shown in detail in Figure 32a, are steeply-dipping
and are gouge-filled (=Kaolinite --- X-ray identification).

Several types of ore occur at site "B" and the proportions
of each exposed on the face at any given time varied as the cut was
continually deepened due to the blasting off of numerous bulk samples.
The central, highly-oxidized MV band‘apparently narrowed into the
face so that it contributed the major proportion to earlier metal-

lurgical samples (J. Paxton, personal communication). Later samples

had larger proportions of the less strongly oxidized, hard MB+M band;
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N SKETCH-MAP OF SITE "8" S
METALL SAMPLE (B) | - [FI6.324]

METALL. SAMPLE (B,), ETC

Mo+ MB MV, MB,+M,, MV, Moy, ox PHYLLITE
(Hard) (Porous) (Hmrd%2 (Porsc:us) ( Hackley, Broken) (Chloritic ~ Sericitic- Graphitic)

Ve

i

4/
......... Y ‘ \ ! \ v
Sheeting Next ' - Gouge - W\Fauh+Chiorife,Graphife,
To Fault Fault + Gouge (Kaolinite) Quar 1z, Kaolinite, Sulphides
(Kaolinite) | | METER .

15

@-®= Metallurgical Samples 1 — 12 = Representafive Specimens
M = Massive Sulphide; MB = Banded M; MV = vuggy M; M, = Siticeous M

STRATIGRAPHIC POSITION OF SITE "B"
N e SECTION 72W. °

A = /Aassive Ore

P: Quortz-Sericite- Chlorite Ore
G : Grophitic Phg!!i*c /
) ///-1

/ |

10 METERS
B ]
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PHOTOMICROGRAPHS OF ORES FROM SITE "B" (see Figure 32)

Figure 33 - MV Ore With Ga/Sp=6 and Strong Oxidation.

Black spots are limonitic pits. MV with Ga/Sp=5-6 was major

component of all metallurgical samples from site "B" excepting B4.

Figure 34 - Mpy Ore From Hackley Band Abutting Phyllites.

Surficial oxides(?) spreading outward from black limonitic cracks
have developed since the polished section was made (2 months).

G . C e .
S;/Py=4—5. This oxidized Mpy was a major component of metallur-
gical sample B3.

Figure 35 - M. Ore Typical of Hard Ores on N Side of Site "B"
h

Negligible oxidation --- dark patches are guartz. Ga/Sp=2. MQ
was a major component of metallurgical sample By
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the second-last sample, B3, was taken mainly from the south side
.of the site and was therefore characterized by a large proportion
of hackley, oxidized Mpy. Sample B4 was derived from the north

side of the exposure and had a large proporticn of unoxidized, hard,

quartz-rich ore.

100 MESH%i
——— 200 MESH
— 400 MESH ‘
—~800 MESH |

Figure 36 - Granulated MV.

From the narrow band of MV adjacent to the N fault
at site "B" (Figure 32). Note rolled-out pyrite
with galena-sphalerite rims. Ga/Sp=4%; gg/Gm=5.
Many dark spots are limonitic pits. The rock is
actually "mylonitized" massive sulphide.

As indicated above, the several types of ore-bands at site
"B" show widely-varying degress of oxidation --- the harder Mg, MB
and M bands are less oxidized than the porous MV bands and permeable
hackley Mpy band adjacent to the fault on the south. Adding to the
complexity of site B is the fact that middlings types and ratings

also vary widely among the various bands. The wide MV band is
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.characﬁerizédAby Ga/Sp=6 and the ME+M band byHGé/Sp=5, whereas the

: MQ+MB band has ‘Ga/Sp=3. In contrast, the Mpy band has a serious
gg/Py middlings'problém plus some mihor "lénses of Ga/Sp=6. Follow- -
ing is a bréakddwn of the main characteristics of the metallurgical

samples derived from site "B".

METAL-
o , ~ MAIN ORE : |G Ga /o | LURGICAL
SAMPLE TYPE OXIDATION | Ga/Sp |sp’ ~ Sp RESPONSE
(Subordinate) :
Early "B"'s| MV(MB,M,Mpy) | Vy Strong 4-6 3(est) | 2(est | Poor
B, Mpy (MV,G) Vy Strong 4(3-6)| 4 2 Poor
By - | My(MBpY, Mod-Minor. | 3(1-6)| 4(1-5) | 3(1-5)| Inter-
MV,M) . o mediate |
3,5,7, MV Vy Strong 5.5 3 3 Poor
‘ ' (4-6)
4,6.8, MB+M Moderate 5 2 3 Inter-—
mediate

Table II - Characteristics of the Various "B" Metallurgical Samples

Most "B" samples have both strong oxidation and serious
middlings problems. Further, "B" is the only site at which Ga/Sp=6
ratings are known to occur. "B" samples must therefore be considered
highly unrepresentative of the Grum orebody because a combination of
these two major metallurgical problems has not been found at any other
of the 88 orebody siﬁes studied.

Sample B, has the least oxide and the least serious middlings

4
problems of all the "B" samples but nevertheless is worse than most
Grum ores. In extensive metallurgical tests, sample B4 yielded the

following resultsl:

report by K.V. Konigsmann referred to on p.15.
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- Assays . Distribution

' Pb ¢ - 7n- 'Pbﬂvf x4 g . e
~ Pb Concéntfate o 45 0 8-10 075 |
Zn Concentrate 2.5 52+ | ' 80
Zn Rougher Tails 1.0 ‘l.5
 Head. : - : 5 4;-7, L. 9.3

The above results approach acceptability despite the fact
- that B4bcontains about 10% highly oxidizec »V, much of which has

Ga/Sp = 6. The "average" Grum ore should behave much more favour-

ably. -

IR R R N e




"lurgical samples 1-14 collected by J. Paxton and the writer.
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" Description and Metallurgical Response of

Metallurgical Samples 1-14 From Sites A-I

- Table TIII gives the main characteristics of the metal- -~ - -
These

samples have each been subjected to a standard flotation testl, some

~results of which are included in Table III. These tests are consid-

ered indicative but by no means final since there was no optimiza-"

‘tion of reagent combinations or fineness of grinding.

The samples

have been grouped according to their metallurgical response (poor,

intermediate, acceptable) as indicated by K.V. Konigsmannl.

5 Cre-Types Main
Group Percent Samples & Source Metallurgical Problems
Poor Gp. 3 1,3,5,7 MVox from Poor ores yield unaccept-—-
“B" & "F" ably low grade Pb rougher
concentrates that are too
Inter- 7 4,6,8,14| hard "B" ores|high in pyrite and Zn:Zn
mediate Gp. +Mpytox from |recoveries are too low.
"A" Intermediate and Acceptable
ores are correspondingly
Accept- 90 2,9,10, MQ,P,M from better. ‘
able Gp. 11,12,13| ¢,D,E,F,G,I

Close inspection of Table IITI and of other data presented

in this report allow for the following deductions concerning the

metallurgical response of Grum ores:

reports by K.V.Konigsmann and K. Stowe, referred to on p.l5.

very approximate, estimated percentage of the entire orebody
for each group.




(1)

unoxidized samples of M, M
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_acceptable metallurgical results have been obtained from ores

which probably constitute > 95% of the Grum orebody --- i.e. -

Q,,and P from C, D, E, F, G, and I. -

poor metallurgical results have only been obtained from intensely

oxidized vuggy massive sulphide ore (MV) from sites "B" (3,5,7)
apd "F" (1). Such ores probably constitute 5% of the orebody.
The "B" samples, 3, 5, 7, also have a uniquely extreme Ga/Sp
middlings problem whereas the "F" sample, 1, does not. Perhaps
with further work, results for sample 1 could be improved, and
this should he one aim of tests done on the new bulk sample from
"F" - i.e. - is extreme oxidation alone sufficient to render
Grum ores extremely difficult metallurgically.

samples yielding intermediate metallurgical results are the hard

B samples (4, 6, 8) in which oxidation is not as intense as in
3,5,7, yet Ga/Sp=5, and sample 14 from site "A" which possesses

mild oxidation combined with gg/Py=4 middlings rating.

——- 100 MESH'\
—— 200 MESH ‘
{

— 400 MESH
— 800 MESH \

Figure 37 - Photomicrograph of High-Pyrite Ore (Mpy)
From Site "A"---Metallurgical Sample 14

Note clean separation of galena and sphalerite (Ga/Sp=3)

but more serious gg/Py=4 rating. Some black limonite pits.
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(4) it seems apparent from inspection of the metal contents of

the tailings that oxidation is the main cause of Zn losses

but cannot fully explain Pb losses. Samples 1, 3, 5 and 7 -are
all intehsely oxidized; Thereforé,'lower Pb losses in samplé
1 (Ga/Sp;B) than in 3, 5, 7 (Ga/Sp = 6), are probably due to

the much less severe Ga/Sp middlings in the former. .This is

,'supported by the much higher grade of the Pb concentrate for
sample 1. Because of fhe ektemely fine Sizerof galena in
samples 3, 5, and 7, much galena is.slimed and is lost to the
tailings.

(5) study of Pb grades and Pb/Zn»ratios in the Pb cqncentrates

shows conclusively that the Ga/Sp middlings problem is the

main cause of Zn contamination of Pb concentrates. 1In the

highly oxidized "poor" group, sample 1 yields a much better

Pb concentrate than samples 3, 5 and 7 because it has a normal
Ga/Sp rating of 3 whereas the others rate 6. Similarly, in

the intermediate group, sample 14 with Ga/Sp = 3 gives a better
lead concentrate than 4, 6, or 8 in which Ga/Sp = 5. Finally,
the acceptable group, 2, 9, 10, 11, 12, 13 all have low Ga/Sp
ratings and give better Pb concentrates than samples of the

other two groups.

The composite sample (Table III) is a combination of most

- 0of the fourteen samples, and as far as ore-types are concerned, it is
roughly representative of the entire Grum deposit. However, due to
necessity, the 7% MV was derived from highly oxidized sites "B" and
"F" ,and the 6% from site "B" has the extreme Ga/Sp = 5-6 middlings.

Tests should show if these portions spoil the entire sample.




Table III - Analyses and Geological and Metallurgical Data
for Samples 1-14 From Sites A-I f

vome 1,1 1 1 ,1,4 .1 1 14 1 L1 5 '
ORE IYPES | 5.G.7 FRTEnn Au Ag L OW RS B S0 Sy O ) ene) | sp%|G% by | G2 gn| PD-R-cOn.Y | 2n.mimail! | mpmaLL % of
No. : Site (samples~10 kg) oz oz 123 ppm (est) Sp Sp Pb _zn | Pb 2n | CLASS Composite
F 90% MV, 10% Mpy | 4.5 6.9 14.4 .036 3.0 .10 .33 183 0.7 158 10 55 1/4 3 3 3 |31.86 15.74|1.54 13.64| Poor 3
2 F 70% My, 10% Mpy | 3.6 6.5 18.9 .032 3.5 .02 .36 192 34.6 41 1 20 1/4 3 2 3 |56.78 13.14[0.36 0.34| Accept. 11
3,5,7% B 80% MV, 20% Mpy | 4.3 8.7 13.3 .047 4.4 .28 .29 154 7.2 600 8 45 Tr 6 3 3 [20:53 17.60 | 2.95 11.45| Poor 4
4,6,85 B 758 M, 15% M, 4.2 8.8 15.2 .043 3.8 .08 .42 146 1l.6 149 2 40 - S 2 3 [20.77 16.39 [0.87 0.67] Interm. 2
10% Mpy . .
E 658 MI, 25% My B| 3.9 9.1 16.3 .055 5.9 .09 .10 267 12.7 96 0o 35 1/2 |. 3 2 . 3 |27.47 16.53|1.20 0.72| Accept. 5
10% Mpy .
G 100 P 2.8 1.5 3.2 .012 0.6 .03 ,02 33 72.7 6 0 8 - 2 2 5 |18.35 6.06 |0.29 0.22 Accept. 20
D 75% P, 25% Mpy 3.0 3.3 6.6 .020 1.7 .08 .23 91  58.2 46 1 17 - 1 2 4 |38:11 8.27[0.56 0.26 | Accept. 20
I 95% Mg-P, 3.4 4.8 9.0 .027 2.3 .06 .21 114 44.6 84 0 25 - 3 2 3 139.70 10.04 [0.67 0.39 | Accept. 20
5% Mpy ) . .
c 75% P-Mg, 3.6 2.8 4.5 .036 1,2 .04 .42 49 39.2 74 1 35 - 2 3 3 [34.6 3.45 | 0.60 0.67 | Accept. 15
25% Mpy
A 90% Mpy, 4.4 §.6 5.8 .049 3.0 .18 .04 17 3.5 246 2 60 - 3 4 3 [25.65 13.76 |1.84 0.27 | Interm, 0
10% Mg-P :
H P+ My - 5 9 — estimates only ~-—M = 1/2 20 - 2 3 2 - - - - No Test -

naes woe

- Analyses done by Mattagami Lake Mines Ltd.-- Reports by K.V. Konigsmann and X. Stowe referred to on page 15,
- Samples 5 & 7 are similar to sample 3 except for addition of 1 Kg fault gouge (5) and 1 Kg graphitic phyllite (7). Analyses are averages.
- samples 6 & 8 1" 1 L " 4 " n " L " AL 1" (6) " " " " (8)- n "
- Tn=tennantite=(Cu, Fe, 2n, Ag, Hg)j12(As, Sb)4S 3- Tn carries the Hg, and probably much of the Ag,
- Ox and Ga/Sp relate closely to recoveries (tai}.'lngs losses) and concentrate grades.
) . .

A%
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Figures 38, 39 - Lead Concentrate - 4 Cycle, Sample B,(39.9% Pb, 8.8% Zn)

Note Ga/Sp, Ga/Py and Ga/Sp/Py middlings - about 60% of the sphalerite
grains have visible attachments of galena. Therefore, most sphalerite
grains have galena attachments because many small attachments are not
in the exact plane of the polished section.

Figure 40, 41 - Lead Concentrate - 6 cycle, Sample B3(38.l% Pb, 20.08% Zn)

Note Ga/Sp and Ga/Py/Sp middlings, sphalerite with oxide pits and coatings,
and chalcopyrite (yellow). The sphalerite-oxide fragment with the
included pyrite crystal in Figure 41 has a few small visible galena
inclusions and there are probably additional inclusions beloss the

plane of the polished section. Oxide appzars to have either activated
sphalerite, or else desensitized its depression thereby making galena
inclusions more effective in pulling it up during lead flotation.




PHOTOMICROGRAPHS OF LEAD SCAVENGER CONCENTRATE
AND LEAD CLEANER SCAVENGER TAILING

————————— ~ 400 MESH
~—— 800 MESH
— 1600 MESH {~10 )

Figure 42 - Lead Scavenger Concentrate, Sample B3 (Pb=7.2%, Zn=22.3%)

Note Ga/Sp/0Ox and Ga/Py middlings. Oxide (black) shows preference
for sphalerite.

Figure 43 - Lead Cleaner Scavenger Tailings - 5 Cycle, Sample B,
(Pb=10.9%, Z2n=10.0%)

Note Ga/Sp, Ga/Sp/Py, Ga/Py, and Sp/Py middlings, and Sptoxide
coatings and pits. Pb losses are due to very fine (fs microns)
slimed galemna, much of which is in the clot of fine grains.
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PHOTOMICROGRAPHS OF ZINC CONCENTRATE

44
— 400 MESH 4

—— 800 MESH
— 1600 MESH (~10Y)

Figure 44, 45 - Zinc Concentrate - 6 Cycle, Sample B

(Pb=1.8%, Zn=54.4%) 3

Note relative purity of the concentrate except for minor Ga/Sp and
Sp/Py middlings, and Sp/Py/Ga middlings (Figure 44), and some very
fine (%5 micron) pyrite and slimed galena. Also, one (yellowish)
Cp/Sp middling grain (Figure 45). Nearly all the chalcopyrite
floats into the lead concentrate (Figure 40).
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PHOTOMICROGRAPHS OF TAILINGS

400 MESH ‘
—— 800 MESH |

— 1800 MESH {(~i0L)

Figures 46, 47 - Zinc Rougher Tailings - 6 Cycle,
Sample B4 (Pb=1.11%, Zn=2.22%)

Abundant Sp/Py middlings; Ga/Py middling grain, Figure 46; Ga/Gm
and Sp/Gm middlings grains P (both in quartz) Figure 47 (center).
Many sphalerite grains in the tailings are coated with oxide
(Figure 47).

Abundant Gm (gangue) fragments are seen faintly in Figure 46 but
more clearly in Figure 47.



