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INTRODUCTION

A mineralogical study was conducted on 12 samples of metallurgical products from
the Cyprus Anvil Pb-Zn-Ag mine in the Yukon Territory. The, products consisted
of 4 sets each including a lead concentrate, a zinc concentrate and tailings
originated from the top, middle and ,bottom of the deposit, Purpose of the
study was to: '

Il!J Describe the grain si ze, degree ,of libe~ation and association of the economic
minerals;

a Identify the Pb, Zn, Fe, Cu and'Ag-bearing minerals in all the products;

a Locate and identify the Hg-bear,ing minerals in the zinc concentrates;

D Locate and identify the Mn and,Ba-bearing minerals in the lead and zinc
concentrates;

c Identify the gangue (contaminating) minerals in the lead and zinc concentrates.

Brief descriptions of the 4 ore'types, provided by Mr. Brian Arsenault in a
letter dated May 1 1984, are as follows:

,2A-36533 - Sul6~de-be~g, ~bbon-banded, gnap~c qua4tz~e.

Low S.G. - ap~ox~ately 3.1. Typ~cal a6~ay: 2.0% Pb, 4.0% In, 10-18% Fe.

The low bulk. deM~y 06 the Me and low g~dab~y 06 the quaJLtz~e lteduce
thJtoughput. The hydJtophob~c gnap~e lteducM c£.eaneJt peJt60Jtmance, low~g lead
concentltate gnade. l~nc metal.e.u.Jtgy~ t~ olte type ~ ~ual.e.y 6~ to good.
T11M Me type can cLi.I.l play exceptio nat metal.e.u.Jtg y ~n ltMe Ca6 M when gnap~e

content ~ .tow and .the lead and z~nc cOYl-tent ~ Mgh ~n the heaM. The zone
3 olte body ha.!.> a much .f.oweJt peJtcen..ta.ge 06 2A mat~,9% VeM~ 30% ~ zone 2.

.:,2:::,B.::;,CV;,-.,.:2::;6::.,5:.:3:.:;4,------...:C~0:;::n::::lb;:.:~:c'1::ati=· 0::.;n,:...:;~==.,:::'::V;:.<;:;-=.:::..L.-'2~C:....::::a:.:.nd:=.. 2V. T~ Olte. type ~ ~~M
to 2 ut co,~ muc

S.G. applto~ately 3.3. Typ~cal a66ay: 3.0% Pb, 5.0% In, 16-20% Fe.

Low g~ndab~y 06 the quaJLtz~c component coupled ~h the low bulk. deM~y
ltM~W tl11toughp~t. M~tal.e.u.Jtg~cal.e.y the olte ~ a good peJt6MJ11eJt. Both
lead and z~nc gJtad~ and ltecOv0~0~ Me good to exce.e..e.ent. lone 3 cont~
about 20% BCV mateJt.ta.e. VeM~ only 9. 5% ~n lone 2.

2EF-36535 - Ma.J.>6~Ve py~c 6ul6~d~, buckohot 6au~.
=

S.G. 4.0-4.5. Typ~cal a.!.>6ay: 3.0% Pb, 5.0% In, 30-35% Fe.



-2-

No p/tobletn6 wah;thJtoLLghptd:. Metall.lL!tgy·,u good ;to exc.eUen:t. MLLc.h fU.ghell.
c.ya.ude /tequAAemel'l.tA ;thal1 ;the lowell. .u..OI1 !tOc.k. ;typru. 2EF /toc.k. ;type mallru
LLp 44% 06 ;the lOl1e 3 o/te body c.ompatted ;to 10% 06 ;the zOl1e 2 ma;t~ ..

2H-26536 - Py!t!tho;t.,i;ti.c. 6ae.-i.ru, mMJ.>.tve J.>u1.6.tdru.

S.G. 4.0-4.5. Typ.tc.al MJ.>ay: 3.5% Pb, 5.0% ll1, 35-40% Fe.

The fU.gh py!t!tho.tae c.on:ten:t 06 ;th,u., ·O!te ;type /truu1.tJ.> .w vell.y pooh. metall.lL!tgy.
COl1J.>wnptiOI1 011 all. /teagel'l.tA J.>holLld qe vell.y fU.gh. Rec.ovett.tru . c.ou1.d be M low
M 50% 011 bo;th lead al1d z.tl1C. a;t gttadru 06 50% 60/t bo;th lead al1d Z-LI1C.. 2H o/te
C.OI1J.>;U;tu):ru 6% 06 ;the o/te .t11 lone 3 M oppMed ;to 110 2H .w lOl1e 2.

Chemic.al analyses, provided by Mr Arsenault in the same letter are:

no. of
ORE TYPE PRODUCT Pb % Zn % Fe % Cu% Ag gMT polished

mounts

2A Lead rougher conc. 13.00 3.89 4.20 0.30 198.1 2

2A Zinc rougher cone. 1.18 30.40 8.50 0.17 37.6 3
2A Tailings 0.34 0.22 3.60 0.03 9.6 4

2BCD Lead rougher conc. 39.50 9.25 10.30 1.03 580.7 2
2BCD Zinc rougher conc. 0.63 40.30 11. 90 0.26 46.3 3

2BCD Tailings 0.36 0.47 14.80 0.04 26.8 3

2EF Lead rougher conc. 42.80 7.68 17.10 0.30 399.1 2

2EF Zinc rougher conc. 0.93 43.40 15.10 0.25 33.6 3

2EF Tailings .0.54 1.07 37.90 0.09 16.5 4

2H Lead rougher cone. 36.10 10.37 20.30 1. 29 408.7 2
2H Zinc rougher cone. 0.91 44.30 16.20 1.17 30.8 3
2H Tailings 0.55 0.63 42.50 0.14 32.0 3

Approximate analyses for mercury, manganese and barium, provided by Mr.
Arsenault during a telephone· conversation are: Hg 100 to 600 ppm in the zinc
concentrates and 20 to 60 ppm in the lead concentrates, Mn 0.5 to 1% in the
zinc concentrates and 0.03 to 0.3% in the lead concentrates and Ba 0.2 %.
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~1ETHOD OF STUDY

The study was conducted as follows:

o A total of 34 polished mounts 1l" in diameter was prepared of the 12 samples.
The number of mounts per sample was decided based on its ·silver content and
is shown in the table on the previous page;

o One polished mount from each sample was examined by using reflected light
microscopy and magnifications of ~OOx and 500x. All the common minerals were
identified. Grain sizes, associations and approximate percentages were determined
or estimated. Photomicrographs were taken;

o The entire surface of each of the 34 mounts. was systematically scanned by using
reflected light microscopy ffild magnifications of 500x and 1250x. Any grains with
the optical properties of the Ag, Hg, Mn and Ba-bearing minerals, as well as
particles of unidentified minerals were photographed and marked for SEM study;

o The grains marked during the microscope examination were magnified in the SEM
up to 20,000 times, depending on their size and analyzed qualitatively by a solid
state detector for energy-dispersive analysis attached to the instrument. The
study involved the collection of x-ray spectra showing peaks at the energy positions
of all the elements present in the analyzed microareas in amounts greater than
approximately 0.5% and gave: (i) the composition of the particles and (ii)
most identifications based on optical properties and chemistry together;

o Because no Hg, Mn or Ba-bearing minerals were found at the end of this study,
a search for the 3 elements was conducted by (i) positioning markers at the Hg, ~hl

and Ba emission energies on the computer ,-,monitor, (ii) collecting x-ray spectra
from approximately 100 grains and (iii) recording/identifying any grains \~hich

showed peaks at those energies.

RESULTS

Lead. Predominant Pb-bearing mineral is ga.te.yta. Some minor carbonates and
sulfates could be present. No other sulfides or sulfosalts were identified.
Galena occurs mostly in liberated grains and grains associated with the sphalerite
in the lead concentrates, in grains generally associated with the sphalerite in
the zinc concentrates and in fine grains less than 30 microns in size enclosed
in or attached to sphalerite, pyrite, pyrrhotite and quart z, in the tailings.

Zinc. Predominant Zn-bearing mineral is ~pha.te.~e.. Minor carbonates: and·
sulfates could also be present. Sphalerite occurs generally in liberated
grains and in grains associated with galena in the zinc and lead concentrates
and in liberated grains and grains associated ·lVith pyrite, pyrrhotite and quartz in
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the tailings. Only approximately 10 per cent of,theparticles show exsolutions
of chalcopyrite, a few per cent show exsolutions of galena.

Selected ,sphalerite grains (approximately 50 in each sample) showed variable
amounts of Fe between 5 and 15% and minor variable amounts of
MIl between the limits of detection of the SEM-EDS (0.5% approximately)
and 4 %. The highest number of I,m-bearing particles was found in tile
zinc concentrate from the 21-1 portion of the deposit with an abundance of 70%.
MIl-bearing' sphalerite is less common in the ,lead concentrates where it 'only
accounts for' 15to 20% of the total sphal.eri te.

Iron. Fe-bearing minerals are pyrite, marcasite, pyrrhotite, chalcopyrite,
sphalerite, arsenopyrite, iron oxides and iron carbonates. Particles of
metallic iron, observed in some of the products, are very likely of artificial
origin.

Py~e occurs in different proportions in all the samples 'and shows a massive
and spongy appearence, the' spongy one being more abundant in the 21-1 ,set of
products. The particles are often liberated and, when massive, may show fine
inclusions of galena, sphalerite and chalcopyrite. They are sometimes
1\ttached to marcasite.

'~laJtca.6.<.te occurs in small ,amounts, probably 5' to .. IO per cent of the pyrite, in
,all the samples and is often associated with pyrite.

Py~ho-tLte occurs in minor to trace amounts in all the samples and
the the 21-1 set where it reaches values between 15 and 30 per. cent.
liberated grains and grains associated with the pyrite.

'Cha!copy~e occurs in particles which are liberated, enclosed in pyrite or
exsolved from sphalerite. Composite chalcopyrite-sphalerite-galena grains were
also observed. Chalcopyrite occurs always in minor amounts of 2 per cent and
less and is the predominant Cu-bearing mineral.

Spha!~e contains variable amounts of iron as described above .

.A!L6enopy~e occurs in small amounts in some of the products, and appears to
be Dresent in all the zinc concentrates. 'It normally forms grains associated
with other sulfides such as galena, sphalerite and pyrite.

1I1On 'oudeA a.nd caJtbol1a..teA, occur in minor or trace amounts in all the samples,
but are more abundant'in the 21-1 set where they appear to replace part of the ,quartz
and muscovite as gangue minerals. They occur in liberated often composite grains.
They contain variable amounts of manganese, between the limits of detection
of the SH1-EDS and 10 per cent.

Copper. Copper is scarce in all the samples. Predominant Cu-bearing mineral is
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ehateopy~e, described above.

Silver. Ag-bearing minerals found are t~ahe~e, (Cu,Fe,Ag)lZSb,S13, and
t~ahe~e-tenna~e, (Cu,Fe,Ag)lZ(Sb,As)4 5,3 . Both these minerals are
extremely rare and occur in very fine particles, 5 microns in diameter or less,
generally associated with galena, chalcopyrite and sphalerite and enclosed in
pyrite and sphalerite. Their silver content is in the 15 to 20% range.

Mercury. No discrete Hg-bearing minerals were found in any of the 12 samples.

Manganese. Mn-bearing minerals are ophat~e, and ,{;tOl1 oude,; ami c.aJ1.bOnMeA,
described above.

Barium. Ba-bearing mineral is a mica very similar in general composition to
m~eov~e. The mineral is relatively abundant in the· lead concentrates (several
percent) and rare or absent in the zinc concentrates and tailings. Like the
manganese in the sphalerite, barium occurs in the mica in variable amounts
estimated between the limits of detection of the SEM-EDS and 5%. No.
other Ba-bearing minerals were found.

A grain of otan~e, CuZFeSnS4' was identified in the 2EF lead concentrate
associated with a galena particle.

·Gangue minerals are quaJ!.tz, m~eov~e, Ba m~c.ov~e, ,{;ton oudeo and eaJ1.bOnMeo.
Quartz and muscovite are abundant in the lead. concentrates, while quartz alone
predominates in the zinc concentrates and tailings. The iron oxides and
carbonates appear to be more abundant in the 2H ·.set and proba.bly sulfide portion
of the deposit. In addition, large blue grains the composition of which includes
Ti and CI were found in amounts of 1 to 2 per cent in the lead concentrates and
in much smaller amounts in the other products. Their general appearence,
chemical composition and their always liberated state, despite the large sizes,
indicate an artificial origin. Silicates of aluminum are very minor. Titanium
oxides were observed in minor to trace amounts in some of the tailings.

Grain sizes, mineral percentages by vOlume, and associations are shown in tables
1 to 12.

CONCLUSIONS

Conclusions drawn from· the study are:

o Predominant Pb-bearing mineral is galena;

o Predominant Zn-bearing mineral is sphalerite;
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o Fe-bearing minerals are pyrite, marcasite, pyrrhotite, chalcopyrite,
sphalerite, arsenopyrite, iron oxides and carbonates;

o Predominant eu-bearing mineral is chalcopyrite;

o The only Ag-bearing minerals found are tetrahedrite and'members of the
tetrahedrite-tennantite series, Because the total amount of these minerals
occurring in the 12 samples is extremely scarce and does not account for
the high silver values of the chemical assay, and because of the close
Ag-Pb correlation shown by the c~emical analyses, it is assumed that most
of the element occurs in solid solution in the galena. An accurate micro­
probe analysis would confirm such statement, but,due to the difficulty in
obtaining reliable values when dealing with low Ag concentrations in galena, the
analysis is not recommended;

o i-1g-bearing mineral is very likely sphalerite. Again a microprobe 'analysis would
confirm such statement, but is 'not recommended ~or the reasOlls above;

o ~In-bearing minerals are some of the sphalerite and iron oxides arid carbonates;

IJ Sa-bearing mineJ;al is some of the muscovite;

o Gangue minerals are quartz, most abundant, muscovite with and without barium, iron
oxides and carbonates and minor to very minor titanium oxid,es and' alumino-silicates;

o The sphalerite in the lead concentrates is liberated and associated with
galena;

o The galena in the zinc concentrates is generally associated with sphalerite.
It is less often associated with pyrite or liberated;

o Lead mineral lost
in or attached to

in the tailings is unliberated fine galena still
sphalerite, pyrite, pyrrhotite and quartz;

enclosed

o Zinc mineral lost in the tailings is sphalerite occurring in liberated grains
as well as in fine particles associated with pyrite, pyrrhotite and
, quartz;

o Silver minerals lost in the tailings are galena and fine'tetraheaiite
en~lo,ed in pyrite,.
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TABLES

Shown on the follOl~ing pages (B to 19) are the
mineralogical compositions of the 12 products,
their approximate percentages by volume and the
manner of occurrence of the individual minerals



PRODUCT: 2A-36533 - Lead concentrate

Average size of particles: 30 to 60 microns

% g/I-1T

Pb 13.00 . Ag 198.1
Zn 3.89

Fe 4.20

Cu 0.30

~lineralogical

composition

Gangue (quartz,
muscovite, Sa
muscovite)

Galena

Pyrite/marcasite
(massi vel

Sphalerite
(approximately 15%
is Mn-bearing)

Chal copyrite

Pyrrhotite

Tetrahedrite­
tennantite

Blue Ti-Cl grains

Approximate
abundance %

70

16

7

5

1

tr

tr

1

TABLE 1

Manner of occurrence

Generally liberated. Some of the particles
are attached to or enclose sulfides

Liberated, less often a'ssociated wi th sphalerite

Generally ·liberated. Some of the particles
are attached to or enclose other sulfides

Generally liberated. Sometimes associated with
galena, pyrite and gangue. 5 to 10 per cent of
the particles show exsolutions of chalcopyrite .

Liberated and associated with pyrite and
.sphalerite

Associated with pyrite and liberated

Only one grain was found totally enclosed in
pyrite

In large liberated grains

I
00
I



PRODUCT: 2BCD-36S34 - Lead .concentrate

Average size of particles: 5 to SO microns

% g/I·IT

Pb 39.50 . Ag 580.7
Zn· 9.25·

Fe 10.30

Cu 1. 03

Mineralogical
composition

Galena

Sphalerite
(Approximately 20%
is Mn-bearing)

Pyrite/marcasite
(spongy and massive)

Chalcopyrite

Pyrrhotite

Arsenopyrite

Gangue (quartz,
muscovite, Ba
muscovite)

Blue Ti-Cl grains

Approximate
abundance %

-A8

IS

14

2

tr

1

18

2

TABLE 2

Manner of occurrence

Liberated and attached to sphalerite.
Less often associated with pyrite.

Liberated and attached ·to galena. L!"ss
often associated with pyrite and chalcopyrite

Generally liberated. Some of the particles
are attached to or enclose other sulfides.

Often in large liberated particles. Also
associated with pyrite and sphalerite

Liberated and with pyrite and chalcopyrite

With galena and pyrite

Generally in liberated. grains. Also associated
with sphalerite.

In large liberated grains

I
\D
I
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PRODUCT: 2EF~36535 - Lead concentrate

Average size of particles: 5 to 60 microns.

% g/HT

Pb 42.80 Ag 399.1
Zn 7.68'

Fe 17.10

Cu 0.30

~1ineralogical

composition

Galena

Pyrite/marcasite
(10-20% spongy)

Sphaleri te .
(approximately 20%
is ~1n-bearing)

Chalcopyrite

Approximate
abundance %

56

25

10

1

Manner of occurrence

Liberated and associated with sphaleri!e and
pynte

Generally liberated. Some of the particles
enclose other sulfides

Liberated and associated with galena.

Liberated and associated with pyrite. Occa­
sionally exsolving from sphalerite

I.....
o
I

Pyrrhotite 1

Iron oxide sand 2
carbonateS (variable 1.1n)

Tetrahedrite tr

Stannite tr

Gangue (quartz, 5
muscovite, Ba muscovite)

TABLE 3

Liberated and associated with pyrite

In liberated somet·imes composi te grains

Only one grain was found enclosed in pyrite
and associated with galena and chalcopyrite

Only one grain was found attached to galena

Generally.in liberated grains. Also associated·
with sohalerite and other sulfide"
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PRODUCT: 2H-36536 - Lead concentrate

Ave~age size of particles: 5 to 60 microns

% gmT

Pb 36.10 408.7Ag
Zn 10.37

Fe 20.30

Cu 1. 29

Mineralogical
composition

Galena

Sphalerite
(approximately
20 %is Mn-bearing)

Pyrrhotite

Pyrite/marcasite
(spongy and massive)

Chalcopyrite

Approximate
abundance %

40

17

25

10

2

Manner of occurrence

Liberated and associated with sphalerite

Liberated and associated with galena
Occasionally associated- with other sulfides

Generally liberated. Sometimes associated with
pyrite

Liberated and associated with the other sulfides

Liberated and associated with pyrite. Occa­
sionally exsolving from sphalerite

I
......
......
I

Iron oxideS and
carbonateS (variable I'ln)

Gangue (quartz and
muscovi tel

Blue Ti-Cl grains

3

1

2

TABLE 4

In liberated -sometimes composite grains

Liberated and attached to sulfides

In large liberated grains



PRODUCT: 2A-36533 - Zinc concentrate

Average size of particles: 10 to 150 microns

---,

% g/(~T

Pb 1.18 Ag 37.6
Zn 30.40

Fe 8.50

Cu 0.17

Mineralogical
composition

Sphalerite
(approximately 15%
is ~ln-bearing)

Galena

Pyri te /marcasi·te
(some spongy. ~Iost1y',
massive)

Chalcopyrite

Pyrrhotite

Arsenopyrite

Approximate
abundance %

48

2

12

1

tr

2

Manner of occurrence

Generally liberated. Some of the particles
show chalcopyrite and galena exsolutions

Liberated and associated with sphalerite

Liberated., ~lany of the particles' show
inclusions of other sulfides

Liberated and associated lVith pyrite and
sphalerite

Liberated and associated with pyrite and
sphalerite

Associated with other sulfides,'

I....
N
I

Gangue (predominantly
quartz. Some muscovite
and Ba, muscovite)

35

TABLE 5

Generally liberated. Some of the particles
are attached to sulfides



PRODUCT: 2BCD-36534 - Zinc concentrate

Average size of particles: 5 to :60 microns

% g/HT

Pb 0.63 . Ag 46.3
Zn 40.30

Fe 11.90

Cu 0.26

~lineralogical

composition
Approximate
abundance %

Manner of occurrence

Sphalerite 60
(approximately 50%
is Mn-bearing)

Galena 1

Pyrite/marcasite 14
(Some s?ongy: Mostly
massive)

Chalcopyrite 1

Pyrrhotite tr

Arsenopyrite 1

Tetrahdrite tr

Mostly in liberated grains. Sometimes
attached to or enclosing/exsolving chalcopyrite
and galena.

Generally with sphalerite, less often liberated
and with' pyrite.

Generally liberated. Sometimes associated
with other sulfides

Liberated and with sphalerite. Less often with·
pyrite

Generally with pyrite

Generally liberated

Only one grain was found associated with
chalcopyrite and galena. and enclosed in
sph'aleri te

I...
'"I

Gangue (predominantly
quartz. Al-Si mineral.
Very little 'muscovite)

23

TABLE 6

Generally liberated. Some of the particles are.
attached to or enclose sulfides



PRODUCT: 2EF-36535 - Zinc concentrate

Average size of particles: 10 to 60 microns

% g/HT

Pb 0.93 Ag 33.6
Zn 43.40 '

Fe 15.10

Cu 0.25

Mineralogical
composition

Sphalerite
(approximately 50%
is Mn-bearing)

Galena

Pyrite/marcasite
(massi ve)

Chalcopyrite

Pyrrhotite

Arsenopyrite

Tetrahedrite

Gangue (predominantly
quartz. Very 'little
muscovite)

Approximate
abundance %

65

1

24

1

1

2

tr

6

TABLE 7

Manner of occurrence

j.lost1y in liberated grains. Sometimes attached
to or enclosing/ex solving chalcopyrite and
galena

Generally associated with spha1erjte and pyrite

Liberated and associated with sphalerite,

Generally associated with sphalerite and pyrite

\\'ith pyrite and liberated

Generally associated with other sulfides

Only one grain was found associated with
galena and enc1osed,in pyrite

Liberated and associated with sphalerite

I......
I



PRODUCT: 2H-36536 - Zinc concentrate

Average size of particles: 5 to 50 microns

% g/I,IT

Pb 0.91 Ag
30.8

Zn 44.30

Fe 16.20

Cu 1.17

~1ineralogical

composition

Sphalerite
(approximately 70%
is ~ln- bearing)

Galena

Pyrrhotite

Pyrite/marcasite
(predominantly
spongy)

Chalcopyrite

Ar$enopyrite

Gangue (quartz)

Approximate
abundance %

67

2

15

10

2

tr

2

Manner of occurrence

Mostly in liberated grains, Sometimes associated
with pyrite, pyrrhotite, galena and chalcopyrite

Generally associated with sphalerite

Liberated 'and associated with sphalerite

Liberated and associated with sphalerite
.,.--.--' -. ".:

Liberated and associated with pyrite and
sphalerite

Generally with other sulfides

Generally liberated,

I

""U1
I

Fe oxide sand" 2
carbonates (variable Mn)

Blue Ti-Cl grains tr

TABLE 8

In'liberated sometimes composite grains

In large liberated grains



PRODUCT: 2A-36533 - Tailings

Average size of particles: 30 to 80 microns

---,

% g/HT

Pb 0.34 Ag 9.6
Zn 0.22

Fe 3.60

Cu 0.03

Mineralogical
composition

Approximate
abundance %

Manner of occurrence

Gangue (predominantly 92
quart z.. Some muscovi te,
very little Ba. Fe
carbonates)

Generally liberated

I,...
a­
1

Pyrite/marcasite
(massive. Some spongy)

Sphalerite

Galena

Chalcopyrite

6

0.4

0.8

0.8

TABLE 9

Generally. liberated

Liberated and associated with quartz and pyrite

Generally enclosed in pyrite, sphalerite and
quartz

Generally associated with pyrite and sphalerite



PRODUCT: 2BCD-36534 - Tailings

Average size of particles: 10 to 50 microns

- - :

% g/i-lT

Pb 0.36 Ag 26.8
Zn 0.47
Fe 14.80
Cu 0.04

Mineralogical
composition

Approximate
abundance %

Manner of occurrence

Gangue (predominantly .72
quartz. Some Fe
carbonates. Rare muscovite)

Pyrite/marcasite 25
(spongy and massive)

Sphalerite 0.7

Galena 0.8

Pyrrhotite 0.4

Chalcopyrite 0.1

Ti oxides 1

TABLE 10

Liberated

Liberated

Generally associated I<ith gangue and liberated.
Also associated I<ith pyrite and galena

Associated I<ith pyrite and sphalerite

Generally with pyrite

With pyrite and liberated

Generally liberated

I
>-'" .
I



PRODUCT: 2EF~36535 - Tailings

Average size of particles; 10 to 50 microns

r

% g/i-lT

Pb 0.54 Ag 16.5
Zn 1. 07

Fe 37.90

Cu 0.09

Mineralogical
composition

Approximate
abundance %

Manner of occurrence

Pyrite/marcasite
(massive. Occasionally
spongy)

Sphalerite

Galena

Chalcopyrite

Fe oxides and
carbonates (variable Mn)

Gangue (predominantly
quartz. Very little
muscovite)

Blue Ti-Cl grains

66

2

1

tr

1

30

tr

TABLE lJ

Generally liberated

Often liberated. Also ·associated with pyrite

Generally.attached to or enclosed'in pyrite
and sphalerite

Generally with pyrite and sphalerite. Also
liberated

Generally in liberated, sometimes composite
grains

Liberated and associated with pyrite

In large liberated grains
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PRODUCT: 2H-36536 - Tailings

Average size of particles: 10 to 50 microns

% g/{>1T

Pb 0.55 Ag 32.0
Zn 0.63

Fe 42.50

Cu 0.14

~1ineralogical

composition

Pyrite/marcasite
(high % of spongy)

Pyrrhotite '

Approximate
abundance %

40

30

Manner of occurrence

Generally liberated

Generally liberated

I,...
<0
I

Sphaler~te 1,

Galena 1

Chalcopyrite tr

Fe. oxides' and 7,
carbonates (variable Mn)

Gangue (predominantly 20,,, ..
quartz)

Blue Ti-Cl grains 1

TABLE 12

Generally 'attached to or enclosed in pyrrhotite.
Less often associated "ith pyrite and gangue

Normally attached 'to or enclosed in pyrrhotite.
tess often associated "ith pyrite and gangue

Liberated and associated "ith pyrite and gangue

In liberated sometimes composite grains

Liberated and associated with fine sulfide

In large liberated grains
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PLATES

Shown on the following pages are:

- Low magnification photomicrographs g1v1ng
an indication of the average grain sizes and
predominant minerals in the 12 products;

, ,

'- High magnification photomicrographs' showing Pb,
Zn, Cu, Fe and Ag occurrences chosen as' representative
of the general mineralogy of the five elements;

- Photomicrographs of the stannite ,and of the
blue Ti-Cl grains;

- SEM-EDS x-ray spectra showing the chemical
compos1t10ns, including minor elements such as
Mn and Sa, of most of the minerals described.

The photomicrographs were taken by using reflected
light microscopy and magnifications of 200x, SOOx
and 12S0x.The scales on some of the plates give
an indication of the grain sizes.
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LEAD CONCENTRATE

Sample 2A: particles of galena (Ga), pyrite (p), chalco­
pyrite (cp). sphalerite (sl) and gangue (gn) photographed
by using magnifications of 200x (top two photomicrographs)
and 1250x (bottom two photomicrographs).

Most of the particles are liberated, the chalcopyrite
however is attached to or exsolved fro~ the sphalerite.
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LEAD CONCENTRATE

Sample 2A: a very fine particle of tetrahedrite­
tennantite (marked by arrow) enclosed in pyrite

Magnification: l250x
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LEAD CONCENTRATE

Sample 2A: x-ray spectra of two sphalerite grains showing
markers at the Mn emission energy position. The top
spectrum shows minor amounts of Mn, while the bottom one
shows no Mn above the limits of detection of the SEM-EDS

,
.~.
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LEAD CONCENTRATE

Sample 2A: x-ray spectra of two muscovite grains showing
markers at the Ba emission energy position. The top
spectrum shows minor amounts of Ba, while the bottom
one shows no Ba above the limits of detection of the SEM­

. EDS
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LEAD CONCENTRATE

Sample 2A: x-ray spectrum of quartz
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LEAD CONCENTRATE

Sample 2BCD: particles of galena, sphalerite, pyrite, chalcopyrite and
minor gangue photographed by using magnifications of 200x
(top two photomicrographs) and SOOx (bottom two photomicrographs).

The pyrite shows spongy and massive appearence. The chalco­
pyrite is large and liberated, The sp~alerite is associated
with galena.
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LEAD CONCENTRATE

Sample 2BCD: particles of pyrrhotite (po), galena and
pyrite showing different associations. The pyrite
is spongy and massive

Magnifications: SOOx for the top photomicrograph and
12S0x for the bottom photomicrograph
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LEAD CONCENTRATE

Sample 2BCD: a composite particle consisting of galena
and arsenopyrite (marked by arrow).

The x-ray spectrum is of the arsenopyrite

Magnification: l250x
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LEAD CONCENTRATE

Sample 2BCD: x-ray spectra of two sphalerite grains showing
markers at the Mn emission energy position. The top spectrum
shows minor amounts of Mn, while the bottom one shows almost
no Mn above the limits of detection of the SEM-EDS
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LEAD CONCENTRATE

Sample 2BCD: x-ray spectra of muscovite grains showing
minor amounts of Ba, no Ba and minor amounts of Cu
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LEAD CONCENTRATE

Sample 2BCD: x-ray spectrum of a secondary Si-A1 mineral
showing minor amounts of Sand CI
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LEAD CONCENTRATE

Sample 2EF: particles of galena, sphalerite, pyrite and
chalcopyrite photographed by using magnifications of
200x (top two photomicrographs), l2S0x (bottom left photo­
micrograph) and SOOx (bottom right p~otomicrograph).

Galena and sphalerite
and associated

occur both as liberated grains
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LEAD CONCENTRATE

Sample 2EF: particles of galena liberated and associated
with pyrite

Magnification: 1250x

..
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LEAD CONCENTRATE

Top left photomicrograph: sample 2EF, particles of galena
liberated and associated with pyrite;

Top right photomicrograph: sample 2EF, a liberated particle of
chalcopyrite;

Bottom photomicrograph: sample 2EF, blue grain of Ti-Cl
composition

Magnifications: 1250x for the top photomicrographs, 500x
for the bottom photomicrograph
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LEAD CONCENTRATE

Sample 2EF: composite particle of pyrite-pyrrhotite­
galena.

The x-ray spectrum is of the pyrrhotite

Magnification: 1250x
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LEAD CONCENTRATE

Sample 2EF: very fine particle of tetrahedrite (marked
te) associated with galena and chalcopyrite and enclosed
in pyrite.

The x-ray spectrum is of the tetrahedrite

Magnification: 12S0x
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LEAD CONCENTRATE

Sample 2EF: a small grain of stannite attached to a larger
particle of galena.

The x-ray spectrum is of the stannite

Magnification: 12S0x
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LEAD CONCENTRATE

Sample 2EF: x-ray spectra of Fe carbonate (top) and of
sphalerite showing minor amounts of Mn
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LEAD CONCENTRATE

Sample 2EF: x-ray spectrum of muscovite showing minor
amounts of Sa
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LEAD CONCENTRATE

Sample 2H: particles of galena, sphalerite, pyrite, pyrrhotite
and chalcopyrite photographed by using magnifications of 200x
(top two photomicrographs) and SOOx (bottom two photomicrographs).

Galena and sphalerite occur both as liberated grains and
associated
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LEAD CONCENTRATE

Sample 2H: composite grains of galena-pyrite-pyrrhotite
and galena-sphalerite-chalcopyrite

Magnifications: 12S0x for the top photomicrograph and
SOOx for the bottom photomicrograph
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LEAD CONCENTRATE

Sample 2H: x-ray spectra of Fe carbonate (top) and of·
sphalerite showing minor to very minor amounts of Mn





-43-

LEAD CONCENTRATE

Sample 2H: blue grain of Ti-Cl composition

Magnification: SOOx
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ZINC CONCENTRATE

Sample 2A: particles of sphalerite, galena and chalcopyrite
photographed by using magnifications of 200x (top two photo­
micrographs) and SOOx (bottom two photomicrographs).

Most of the sphalerite particles are liberated. The galena is
liberated and associated with the sphalerite. The chalcopyrite
is associated with the sphalerite
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ZINC CONCENTRATE

Sample 2A: very fine inclusions of galena in pyrite

Magnification: 1250x
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ZINC CONCENTRATE

Sample 2A: x-ray spectra of sphalerite showing minor
Mn (top) and no Mn above the limits of detection of the
SEM-EDS
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ZINC CONCENTRATE

Sample 2A: x-ray spectra of muscovite. showing minor
Ba (top) and no Ba above the limits of detection of the
SEM-EDS





-48-

ZINC CONCENTRATE

Sample 2BCD: particles of sphalerite, galena and chalcopyrite
photographed by using magnifications of 200x (top two photo­
micrographs), SOOx (bottom left photomicrograph) and l2S0x
(bottom right photomicrograph).

Most of the sphalerite particles are liberated. The chalcopyrite
particles are liberated. The galena particles are liberated and
attached to sphalerite
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ZINC CONCENTRATE

Sample 2BCD: particles of galena liberated and associated
with sphalerite

Magnification: 1250x
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ZINC CONCENTRATE

Sample 2BCD: fine particles of galena associated with
pyrite

Magnification: 1250x
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ZINC CONCENTRATE

Sample 2BCD: very fine particle of tetrahedrite associated with
galena and chalcopyrite and enclosed in sphalerite.

The x-ray spectrum is of the tetrahedrite

Magnification: 1250x
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ZINC CONCENTRATE

Sample 2BCD: x-ray spectra of sphalerite showing minor and
no Mn above the limits of detection of the SEM-EDS
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ZINC CONCENTRATE

Sample 2BCD: x-ray spectrum of a Si-AI probably secondary mineral
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ZINC CONCENTRATE

Sample 2EF: particles of sphalerite, pyrite, chalcopyrite and
galena photographed by using magnifications of 200x (top two
photomicrographs), 500x (bottom left photomicrograph) and
12S0x (bottom right photomicrograph).

Most of the sphalerite particles are liberated. The chalcopyrite
and galena are associated with sphalerite
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ZINC CONCENTRATE

Left: sample 2EF, composite pyrite-pyrrhotite particle;

Right: sample 2EF, fine particles of galena and chalcopyrite
enclosed in sphalerite

Magnification: 1250x
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ZINC CONCENTRATE

Sample 2EF: a composite particle consisting of sphalerite,
galena, pyrite and arsenopyrite (marked by arrow).

The x-ray spectrum is of the arsenopyrite

Magnification: 1250x
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ZINC CONCENTRATE

Sample 2EF: a particle of tetrahedrite-tennantite associated
with galena and enclosed in pyrite.

The x-ray spectrum is of the tetrahedrite-tennantite.

Magnification: l250x
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ZINC CONCENTRATE

Sample 2EF: x-ray spectra of sphalerite showing minor and
no Mn above the limits of detection of the SEM-EDS
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ZINC CONCENTRATE

Sample 2H: particles of sphalerite, pyrite, pyrrhotite,
galena and chalcopyrite photographed by using magnifications
of 200x (top two photomicrographs) and 500x (bottom two photo­
micrographs).

Most of the sphalerite grains are liberated. The galena is
attached to or enclosed in sphalerite. The chalcopyrite is
liberated and associated with sphalerite-galena.
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ZINC CONCENTRATE

Sample 2H: x-ray spectra of sphalerite showing minor variable
amounts of Mn
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TAILINGS

Sample 2A: particles of pyrite, gangue, marcasite (ms)
sphalerite and chalcopyrite photographed by using
magnifications of 200x (top two photomicrographs) and
12S0x (bottom two photomicrographs).

The sphalerite is liberated, the chalcopyrite is enclosed
in pyrite.
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TAILINGS

Sample 2A: particles of sphalerite associated with quartz and
pyrite
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TAILINGS

Sample 2A: particles of galena of different sizes enclosed in
and attached to pyrite

Magnification: 1250x
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TAILINGS

Sample 2BCD: particles of pyrite, gangue, chalcopyrite and
galena photographed by using magnifications of 200x (top two
photomicrographs), SOOx (bottom left photomicrograph)) and
l2S0x (bottom right photomicrograph).

More than half of the pyrite has a spongy 'appearence. The
chalcopyrite is liberated. The galena is enclosed in pyrite.
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TAILINGS

Sample 2BCD: particles of sphalerite liberated and associated
with minor galena, quartz and chalcopyrite

Magnifications: 12S0x for the top photomicrographs, SOOx
for the bottom photomicrographs
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TAILINGS

Sample 2BCD: particles of sphalerite associated with pyrite
and galena-pyrite

Magnifications: SOOx for the top photomicrographs, 12S0x for the
bottom photomicrographs
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TAILINGS

Sample 2BCD: particles of sphalerite associated with galena
and pyrite.

The x-ray spectrum of the sphalerite shows minor amounts of Mn

Magnification: l2S0x
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TAILINGS

Sample 2BCD: a composite grain consisting of sphalerite­
Fe carbonate.

The x-ray spectrum of the Fe carbonate shows minor amounts of
Mn
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TAILINGS

Sample 2EF: particles of pyrite, sphalerite, gangue, chalcopyrite,
marcasite and galena photographed by using magnifications of
200x (top two photomicrographs) and 12S0x (bottom two photomicro­
graphs.

The sphalerite is liberated and attached to pyrite. The chalco­
pyrite is' liberated and attached to pyrite. The galena is
attached to pyrite. The marcasite is enclosed in chalcopyrite .. _
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TAILINGS

Sample 2EF: particles of sphalerite liberated, exsolving
chalcopyrite, attached to pyrite and attached to galena­
pyrite.

Magnification: 1250x
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TAILINGS

Sample 2EF: particles of galena differently associated with
pyrite

Magnification: 1250x



(

[

[

r



-72-

TAILINGS

Sample 2EF: sphalerite (marked by arrow enclosed in and
galena attached to pyrite

The x-ray spectrum of the sphalerite shows minor amounts
of MIl

Magnification: 12S0x
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TAILINGS

Sample 2EF: liberated particle of Fe oxide.

The x-ray spectrum shows minor amounts of Mn

Magnification: 1250x
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TAILINGS

Sample 2EF: composite particles of Fe oxide (Fe)-Fe carbonate
(Fee) and Fe oxide-galena.

Magnification: 12S0x
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TAILINGS

Sample 2H: particles of pyrite, pyrrhotite, chalcopyrite,
marcasite, and gangue photographed by using magnifications

of 200x (top two photomicrographs), l250x (bottom left photo­
micrograph) and 500x (bottom right photomicrograph).

Much of the pyrite has a spongy appearence. The chalcopyrite is·
liberated. The marcasite is associated with massive pyrite
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TAILINGS

Sample 2H: particles of sphalerite liberated and associated
with pyrrhotite-galena, pyrite and chalcopyrite-quartz-galena

Magnification: SOOx
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TAILINGS

Sample 2H: fine particles of galena enclosed in pyrite and
quartz

Magnification: SOOx
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