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ABsTRAGY

A survey of the literatire concerning the trace element
content of pyrite is given, Descriptions of pyrite specimens
analyzed are provided, Colorimetric analyses of L3 pyrites
£ron Bouthern Africa show o ange from 216K to £ 0+001% tor
Cobalt and from 0-37% to 0400 for Nickel, Some differences in
in trace element content of sedimentary and bydrothermsl pyrite
reported from areas in Northern Americs and Europe are shown
%o be valid for South African pyrites,  Cobalt-Niskel values
for pyrite in some Witwatersrand "Bankete” are quoted. Analyses
f pyrite safrom Kilembe, Uganda indicate an umusually Pigh Cobalt
content.  Most pyrites are shown to contain Copper and some o

contain Manganese,
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'n Oorsig van die bibliografie in verband met die Spoor-
element Inhoud van pirlet word gegee, Beskrywings van piriet
monsters wat geanaliseer 1s word sangegee, Kolorimetriese
analises van )3 piriete it Suldelike Afriks toon da% die
Kobalt gehalte varieer vanaf 20165 tot { 0-001% en die Nikkel
gehalte venaf 0-27% tobt 0-00%, Sekere verskille in spoor-
element gebalte van sedimentére en hidrotermale pilrlete wat
gerapporteer is ult gebiede in Noordelike Amerika en Europa word
bevestig vir Sulfl-Afrikasnse piriete. Kobalt-Nikkel waardes

" word sangegee.

vir piriste in sekere Witwatersraandse pBankette
Piriet--analises von Kilembe, Ugande, dui op 'n buitengewoon hof
Kobslt inhoud, Daar word aangetoon dat meeste piriete koper en

sommige Mangaan bevat,
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I. INTRODUCTION M

Buropean and Canadian geochemists have shown that the trace- 5
element content of pyrite, especially the Cobalt-Nickel content, t‘
often has a bearing on the genesis of the pyrite. As no daca on
this subject are avallable for South African pyrites, 1t was decided
%o undertake the present investigation, which is in reality a
"paconnaisance” survey,

Originally, the intention was to obtain quantitative data i
for Copper in pyrites too, But, due o the great frequency with waich ;
) Cralcopyrits appears with pyrite, admittedly in small emount, only i

i qualitative tests were carried out for Copper.

The Cobalt-Nickel determinations were mede colorimetrically,
as this method requires relatively simple apparatus, Approximately
150 determinations each were made for Cobal: and Nickel, on L3

spacimens of pyrite,

Tha author realizes that eny value this investigation may heve

lies in the fact that 1t indicates certain trends, and suggests

possibilities for much more intensive research, i

¢ To avold confusion consentration figures were expressed on &

percentage basis. In gome ilnstan 1ons were expl

in ¥ 's, where 1 Y= 106 grms, and thus 1 /grm = 1 p.p.m.
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II. REVIEN OF LITERATURE _CONCPENING

T STt LR ORI

THE TRACE EIEMENT GONTENT OR PYRITE

o S LS ST LS

The literature concerning the trace element content of pyrite

is not as extensive as may be desired.

CARSTEN® (1)(2)(3}, in an investigation of Norweglan pyrite
deposlts found that pyrites of hydrothermal origin generally contain Q-03,
to 0-07% Co and, very little Nickel, so that the ratio Co ; NI awways
exceeds 1, In one instance he reports a Co ¢ NI ratlo of from 20 : 1
to 30: 1, In pyrite of sedimentexy origin, e.g., st Leksdal, the

relation is the reverse, here the Nickel content is from 10 to 20 times

greater than the Cobalt gontenmt. These relations hold for pyrrhotite too,

with the exception, that, when these two sulphides csour in contact,

the pyrrhotite has the larger Nickel content and the pyrite uontains the
most Cobalt, Other differences between sedimentary and hydrothermel
pyrites sccording to Cavstens, ave as follows: Hydrothermai pyrites are
enriched 1n Cu, Ag, Zn and Se whereas sedimentary pyrites are enrfched

in C, P, Mn and As,

AUGER () has studled a aonsiderable number of pyrites from
mines in the Canadian Shield, and, a few from other mines in Northern
America, His results are not expressed in abselute quantities but are
spectrographic intensity ratios, which only afford an indication of
relative concentpations. Auger reports Mg, AL, 8i, Ca, S, Ti, V, Mn,
%0, Ni, Cu, Zn, 8r, ¥, Mo, Ag, Cd, Bn, In, Ba, Au, Pb and Bi in pyrites.
He adduces evidense o chow that Co, Ni and Mn are ineluded in the

pyrite atructure in substitutional solid solution.

In one mine,district, or evea region some trace elements are

consistently more soncentrated than in other areas - a.8., in the

Hollinger and Montezuma, Calif,, mines Nickel predominates over Cobalt

while at the Kenora, Michipicoten, Novth Star, Catif,, and Aldermac

mines Co 7 Ni, Similacly ¥, Or and i vary in different mines,
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3.

The high tempersture “shield” pyrites all contain Cry Mn,

Ni and Co in some amount, whereas these elements are absent, or

ogeurr only as traces in the lower temperature deposits of California

and Mexico, On the other hand, Pb, Zn and Ag are present {n the
low temperature deposits while they are absent or occur enly in

minute trases in the "Shield” pyrites,

Auger further investigated variation with depth of trace

element conbent at the Hollinger, Noranda and Sisocoe mines in Canada

At Hollinger, .+ the Poroupine District, Ontarte, in a
high temperature gold-quertz deposit, Ag ard Cr decrease strongly
with depth, Nickel slightly while Zn incroases ¢radusily and Cobslt
very slightly downwerd,

At Nopanda {massive sulphides), &g, Ti wd ¥ increase
downward, Pb and Ni show a0 varistion, Zn decreases slightly ami
in one particular oxrs-body Cobelt decreases from 0-5% at the top
to  0-001% over a vertical range of 1700', Here pyrrhotite shows
& vaverss relation as far 25 Cobalt is concerned. Ni oecurs in

greater amount in pyrrhotite, but again shows little vertical variation,

At the Sizcoe Mine, N1, Mn, 21, Sr and Ag increase

dovnwands while Co and Ba show a vague suggestion of 2 similar trend,

Auger states that there 1s no relation between ibe \race

slemont content of pyrlts and vardations in gangue or wall rock.

In general, massive sulphides have more consistent values

Por minor constituents than the gold-quartz vein deposite,

BAWLEY (5) conbined a spectrographia study of pyrites

with "pyritegeothermomster! determinstions.

Relative concentrations of Au, Ag, Te, Pb, 2n, So, Mo,

Ma, Cr, T1, V, Bi and As and absolute amounts of Co and Ni vere
5 Cr, 11,

determined.
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Four mining areas in Eastern Canada were investigeted in
detail,

In the I well Bouyn quartz vein, Quebec, Cobalt varies from
0+001% %o 0-038% and Nickel from 0-005% to 0-1%. Au, Ag, Bi, Cr, M,
Pb, Mo, ¥, 8n, Zn and oceasionally T1 were detected in pyrite,
Determinations of the temperature of deposition of the pyrite vary
from 4,26°C to 520°C, Au, Ag, Bi » Cr, Fb and Mo decrease vercically ’
while Co and Ni both show an increese with depth. The overall
averages for Cobalt and Nickel are respectively 0-08% and 0-04%, thus =
Co:NL = 1:2, Filne-grained pyrite is enriched in Co, Cr, Mo and

Sn while the coarser variety contains more Ag, Pb and Bi,

Pyrite is associaten with chalcopyrite, galena and sphalerite

in the Kerr-Addison Gold Mine, Onterio, In the "21" ore-body Cobalt

variss from 0-024% to 0-062% and Nickel from 0-024% to 0-082%, with

a slight decrease of both Co and Ni with depth, Cr, Mn, Pb, Mo, Sn,
As, Au and Ag, especially the latter two elements, incresse downwards.
Fhere is little difference between pyrite in quartz veins and pyrite
in the wall-rock, Except for the Gold-Silver oontent, fine-grained
pyrite (290°C) and the coarse-grained pyrite (epprosimately L00°C)
show very litle differsnce. There is little variation between
individual deposits. Hawley concludes .:at the pyrite was deposited
under very aimilar conditions from one fluid with subsequent

introduction of Au and Ag.

In the Kirkland Lake gold belt, Ontario, gold and pyrite

coour with Tellurides of Pb, Hg and Ag, The pyrite contains Au, Ag,

Te, Pb, Cu, Ti, AL, Mg, Cu, Ba and Sr ake Shore mine,

Cobalt veries from 0+029 ~ 0~101% and . m 006 to O*10%, with

an average Co : Ni retlo of 13 2. The Gooalt content is constant

laterally, but increases downwards while silver decreases in depth.,

Varistions in individval elements with grain size, wall-rock and

different veins are mentioned.




; Temperature studies on pyrite of the Porcupine Gold

: District, Ontario, indicate two stages of mineralisation, the first
at 10 Km. depth and 650 ~ ,00°C and the second at 150°C and much
shallower depth. Cobalt is more concentrated in fine-graihed pyrite

: and Nickel shows a similar bub lses marked relationship, High
temperature (G50 « 400°C) pyrite conmtainy more Co end Ni and less
Au, Ag, As, Pb and Zn than low temperature pyrite, There 1s also
a variation between different host rocks, in one case cited Cobalt

i is more consentrated in the wall wook than in a nearby quartsz velr, =
while the revorse applies to Miekel, The Cobali content is higher
in veing outside an intrusive quartz porphyry while Nickel is more
enriched in the same veins, in the porphyry. Thery is little

4 difference in trace element content between individual veins when

} other sonditions are equal. The average values for the two types

«f pyrite are :-

High Temperature [ 0-036% Ni

Lov Temperature 0-013% Co 0-023% Ni
Cobalt values range from 0-003% @b to 0-055% and :
Niokel from 0+0L% to 0-064%,
In a1l pyrites, exoepting hi.: tempereture pyrite from

Poraupine, Ni ezaeeds Co Ln amount an s Hawley polnts out, these

valugs are nob in agresment with values reported by Carstens (1)

Mo summarize, Cobalt and Nickel vy from Q+0R% to 0-10%
each, in the four aveas siudled and in all, exeept Poroupine "high

‘temperature” pyrite Co : Ni =1 2 (approx.). Au, Az, Go, Ni, Gu,

Cr, Mn, Mo, V, Pb and Ti were prasent in all pyrites examined,

Tn three of the four deposits the only consistent verlation
with depth is a slight inorease in Cobalt. Hawley states that,
because Cobalt and Nickel are probably present in solid solution,
varistions in content of these elements in pyrite are directly

related to the temperature of deposition.
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Temperature studies on pyrite of the Poreupine Gold
Distrioct, Ontario, indicate two slages of mineralisation, the first
at 10 Km. depth and 650 - 400°C and the second at 150°C and much
shallower depth. Cobalt is more concentrated in fine-grained pyrite
and Nickel shows a similar but less marked relationship, High
temperature (650 ~ 4L00°C) pyrite contains move Co and Ni and less
Au, Ag, As, Fb and Zn than low temperature pyrite, There 1s also
& veriation between different host rocks, in one case cited Coball
is more concentrated in the wall rock then in a nearby guartz vein,
while the reverse applies to Nickel. The Cobalt content is higher
in veins outside an intrusive quortz porphyry while Nickel is more
erpiched in the sewms veins, in th2 porphyry. There is Little
difference in trace element oontent between individual veins when
other conditions are equal, The average values for the two types
of pyrite are i~

High Temperature O-C45% Co 0+036% Ni

Low Temperature 0+QL3% Co 0-02%% N1

Cekatt valuos range fron 0-003% @ to 0~055% and
! el from 0-0L% to 0-064%.

In all pyr.'2s, excepting high temperature pyrite from
Poreupine, Ni exceads Co in amount and, as Hawley prints out, %hese

velues ope nob in agresment with values reported by Carstens (1)

%o sumarize, Cobolt and Nickel very ‘rom 0-02% to 0-10%
cach, in the four areas studied and in all, = v Poroupine "bigh
‘temperature” pyrite Co 3 Ni =1 ¢ 2 (approx... M, A, Co, Wi, Cu,

Or, Mn, Mo, V, Po ond T4 were present in all iy itas examined,

1n three of the four deposits the orly consistent variation

with depth is a slight increase in Cobalb. Hawley states that,

‘because Cobelt and Niokel are probably present in solid solution,

varistions in content of these elements in pyrite are direotly

related to the semperature of geposition.
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7.

HINGUZZT  (6) examined forty Ttalitn pyrites of primary
and ¥ origin spec:

iy cally. All contained Al, Co,
Cu, Mp, Mg, Si and, in addition, pyrites of prima 7 origin contain

Aga As, Pb, Su, 8b and Zn, i is fourd in most secordary pyrites,

MINGUZZT. and TAZLURL (7) studied quantitative variations in
35 "magmatic" and 12 sedimentery pyrites from Ttalien occurrences.
Both types of pyrite contain very little Copper, at most 10 p,p.m.,
but sedimentary pyrite ccntains slightly mere thon megmatic pyrite.
Magmatic pyrites contaln up to 2400 p.p.m, Co and & mexinum of 180
p.p.m, Ni, Hangapese reaches a maximum of 100 p.p.m, in magmetic
pyrites whereos the sedimentery pyrites contain slightly move
Manganese.  There i3 a great enrickmont of Co with respect to
Nickel in mogmatie pyrites, On the other hand, pyrites of
sedimentary origin contain move Niokel, Tallurd and Minguazi
point out that the length of the unit cell of CoS, and Fedy is 5-4 ?\
whereas that of NiSp is 5-7L ?\. They oonsider that this explains

the enrichment of Cobalt in magmatic pyrites,

NICKEL (8) has given a very ingenious demonstration of
the application o peoshemistry 40 the solution of problems of ore-

genesis.,

In the Michipleoten district, Ontario, pyrite ocours in the
wall-rook and in zones pavallel bo guarts-neheelite veins,  When
pyrite is prosent, bistite is the only Terromngnesian minerals
if pyrdte is absent, chiorite and hernblende, often to the exalusion
of blotitc ape present, In sixbeen pyrites examined Co varies
fyom 0-13 to 0-76%, Wi from 0+08 to 0~y end Mn from 00007 to
000360,

Nickel considers that, if at the time of fopmatlon of the

pyrite, there wos an exchange of lons petween pyrite and biotite, then

the presence or absence of pyrdte should be reflected by variations

in the composition of the biotite.




8.

The pesults show that the Iron and Cobalt conbent of biotite

decreases 1o the neighbourbood of pyrite. IMmis suggests hat theve
vas & trensfer of cetions between biotite and pyrite, From the
ratios nf Co in pyrite and Co in buotite, in the same specimens,

and simllacly for Ni and iin 1t emerges that Co is from 25 to 600 times
more conoentrated in pyrite than ir biotite. Nickel is onily from

1 to 2 times as abundant in pyrite as compared to biotite, Manganese
ageln, is at least 10 times more oonoentrated in biotite, The Co
ratio 1s the grestest where there L the "heaviest" pyrite development.
At the same tine, extensive pyrite development is accowpented by a
sharp deevease in the amount of Iron and Cobalt in the biotite,

These results strongly suggest that sulphuvous fluida, asting oh
Pctach:Felspors and iron-rich aluminous hornblende have altered

theae minerals to biotite, talo, pyrite, quartz and a different
amphibole, This supgestion is yiven additional oredence by fieid
o.servations,

The results domonatrate that Co is the most sulphopbile,
nieckel lens and mangenese least of the three elements, This
observation may be explained on the basis of the sulphur ~cation
aistance, vhich inversely relates to the polarity, of the sulphides
of the three .olalc, The divtances are:

Cofip = 2:335  NiS; = 2:42 ond Mnly o 259

Ve may summorize the aonelusions reached by the verlous

authors as follows ¢
Pyrites of different origin have o difforent trace element

contevk, This applies espesially 1o pyrites of sedimentary,

pmatic origin,
hydrothernal. and W (Cerstens, Hawley, Mingunsi)

In adaition, the following factors have been shown to
influence the ‘trage-element content of hydrothermel pyrite:-
(Havley)

(Hawley)

a, Temperature of Deposition,

p, Change in wall rook,

s




o. "Vertical and lateral variations within
one ore-body, (Hawley, Auger)

d. Differences between individual ore-
bodies in one mine. {Hawley, Auger)

e. Regional or district differences, (Augsr)
£. Variation in crystal hsbit of pyrite, { .JAuger}

g. Certain goexisting minorals, e,g, Pyrrhotite. (Carstens)
and Biotite (Nickel)  (Carstens)

h. Changes in grain-size, (Hawley)

Some of the variables mentloned alsc influence the trace

element content of sedimentary and magmatic pyrite.




10,

SAMPLING AND FPRYPARAPION OF PYRITES FOR ANALYSIS

Samples of pyrite-bearing rock were obtained from mines and

f1eld-exp over Africa, The author collected
epproximately balf of these specimens personally while the remainder

were donated hy varios geologists.

The samples veried in weight from a few granmes to several

Kilogrammes, depending upon the amount of pyrite in the specimen,

An attempt was made to use only material in which there were
no othor sulphides. This was no® always possible and hence guite a

few speeimens contain minor amounts of chaleopyrite. Other sulphides,

such as galena,were removed by hand picking under a birocular microscope. :

In any case, traces of sulphides other than those of Copper, Cobalt

and Nickel wecald not affect the resulls very seriously.

The pyrite-boaring rocks were cpushed, ground and screened.

Some rocks were reund to -28 mesh, others to 35, 48, -6y and
occasionally to -90 meshes to the inch. The screen-size used was
determined by the nature and size of the pyrite in the rock, Stendard
mean on Tyler screens was used,

The orecned rock-powder was "panned” in an ordinery prospecting
pan to concentrate the pyrite. Ihis preliminary concentrate was
washed with acetone and dried in an oven, The acetone washing removes
the grester pert of the water and prevents oxidation of the pyrite.
A heavy-medium separation, using Bromoform was then cerried out on
the "panned" coneertrste. Usuolly the product of this separation
consisted of GO or more pyrite, the remainder being mede up of hon-

sulphide heavy minerals, €.8.,

zircon, magnetite, chromite, apatite,ete. |




1.

After the pyrite had been weshed with acetone and dri.ed,
any magretic material, meinly metallis iron from the crusher,
was removed elegtro-magnetically, This ensured that the samples

were free from magnetite, pyrrhotiie and other highly electro-

magnetic minerals, In some instences, with a high content of non-

maghetic non-sulphide heavy mineral in the rock, recourse was
made 4o an elementary froth flotation procedure The sulphide
present was floested with pine-oil in aguecus medium containing a
xanthate, This method, althouph somewhat laborous when ordinery
laboratory facilities only are availshle, yields pyrite of
exceptional purity, when pyrite is the only sulphide present. In
the few cases when other sulphides were present in quantity, the
pyrite was separated by hand-picking under a binocular microscope.
ALl the pyrite concentrates were inspected under a binocular
microscope before analysis for the presence of contaminants and

for the propertion of diluents.

The purity of the pyrites in all cases was in excess of

90, often 957 and occasionally 1008.
With a few exceptions polisbed sections were made of the

opiginal material and oocasionally of the pyrite concentrates.

The polished sections served to ascertain whether sulphides, other

‘than pyrite, were present,

|
|
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ANALYTICAL,  wETHODS
oo TTCAL,  METHODS
e 00

The procedure followed for the Golorimetric analysis of Cohalt i

and Nickel is essertially as desoribed by Sandeli ©).

Standard solubions:
Reagents, Kickel sulphate: NiSOuHQO +

Cobalt chlorides 000126!120 g1

Both these salts were of "Analyticsl Reagent® quality, Macro~ i
analyses were carried out on hoth salts to Jetermine the amount of . B
Wickel and Cobalt present in the respective compounds.  Standard :
aguecus solutions eontaining 100 p.p.m, by weight, of metal were

prepared,

Solution of the ite

Reagents : Nitric A,R.Q,

Hydroohloric Acid A.R.Q.
Samples of pyrite weighing roughly 1 gm were weighed cut o the nearest
0-1 mg, The pyrite was then hoiled with 1 : 1 Nitrie Aeid until :‘
the evoiutian of red fumes of nitrogen peroxide had ceased, more 1 ; 1 3
Witrie Aeld wes added and the process repeated until all the pyrite f
-4 dissolved, and the solution was clear, Some solutions were :
eloudy, due to the incomplete oxiSation of the sulphur, but, boiling

with conc, Hydrochlerie dcid, cleaped these solutions.

The solutions were then filtered and made up to 100 ml, volume

in a standard flask. Aliquots of 10 ml. each were then used for

the subseguent delerminations.

Sepapativn of Iron £rom Cobalt and Hickelr

The most efficient and simple means of separating 1ron from

oopper, nickel and cobalt was fourd to be by precipitation with
s
ammonium hydroxide, The copper, nickel and cobalt form acluble

[
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ammines in excess of ammonia, but ape retained to some extent by the

precipitate of fervic hydroxide. This difficulty wey be overcome
by
y sclution of the ferric hydrexide in acld and reprecipitation with i

ammonia,

¢ A Hydroxid C.P,
Nitric Acid AR.Q.
Concentrated ammonia in excess was added to a 10 ml.
aliguot of a solution as desuribed above. The materials was H
£iltered, the preclpitate washed with distilled water, the ferric
hydroxide precipitate dissolved in 1 : 1 Nitric Acid and re-
precipibated with excess ammonia. The filtrate was added to the i
original awmonjacal filtrate. N
The Iron-free filtrate was boiled to 2 finel volume of
approximately 20 ml, M this stage the solution is slightly
acid. The solution was now ready for either a cobalt or nickel i
determination, It was impracticable to determine both Cobalt and

Nickel in the same solution,

Determination of Nickels
1% Dimethylglyoxime in ethyl aloohol (w/v)

FReagents 3
Iiquid Bromine A.R.Q.

Ammonium bydroxide A.R.R, ‘:

Ammonium nitrate C.P,

In «he presence of a strong oxidizing agent, suoh as N

Bromine, in ammoniacal gelution, Nickel lors produce & wine red

solution with dimethylglyoxime.

1f the eoncentration of the Nickel in-the selution

exceeds 6 ¥ /m1, nickelous atmethylglyoxine is precipitated.

Yandell states that Cobalt and Copper in equal amount to the Nickel

do not interfere. he author found that solutions containing ten it
oduced deviations of R

4imes more Copper and Cobalt than Nickel pr ;




U
only T4 and 9% respectively as compared 1o a solution containirg
an equal amornt of Nickel only,

The sample solution boiled down to aboub 20 mi, and
iron free was transferved to a Nessler's Tube, Two to three drops
of liguid Bromine were added to the solution,

One @1, of & 100 p.p.m, M solution was measured into
another Nessler tube and it was made up to ebout 20 ml, with a
saturated solution of ammonium nitrate. The same quantity of liguid
Bromine was also added to this solution, The Bromine was then
allowed to dissolve in the solutions, Two to three ml, of cona.
ammonie were added to each solution, on shaking the colour of the
Bromine diseppeaped. One ml. of dimethylglycxime was then added to
each solution, Tt is important that the dimethylglyoxime be added
within one minute of the addition of ammonia,

The more intensely hued solution wag diluted with distilied
water until the colours and intensities of the two solutlons were
visually matched, The volumes of both solutions were then measured.

Frequent blark determinetions were run to check the purity
of the reagents used. Large amounis of copper were separated by
precipltation of the sulphide, while large amounts of Cobalt were
separated by precipitation with a- tyoso b-Naphthol,

Determination of Cobalt:
Reagentz ;  Acstone c.P,
Ammonium Thioeyanata A.R.Q.
50 gn/L00 ml, of water
Sodtum Fluoride AR.Q
Stannous Chloride AR Q.
20 @n. 5,,012-21{20/160 ml of 2 N HCi,

Oubalt forms a blue spiution with en alkall thincyanste in
an acetone-water solution. The relative concentrations of
. peat the intensity of the colowr

thiocyanate, wabter and acetone af’

i
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produced,  Hence it is iuperative that the concentrations of these
substances be kept constant in both sbanderd and unknown, Ferris
iron, even in minute amounts, produces a bright ved colour under the
same conditions, The colour can be destroyed by addition of sodium
flnoride, whioh complexes the iron as a colourless ferri-fiucride (10).

Sopper and Nickel form green solutions under the above
conditions, Sandell (9) states that Nickel in ten times larger amount
‘than Cobalt does not interfere, at low concemtrations. With larger
amounts of Nickel a yellow filter is useful when making a colour
comparison,  Copper in small amounts does not interfere when stannous
ehloride is present, Lerger amounts of Copper may be removed by
precipitation with sodium sulphide in acid solution, Kolyhdenumw, if
present in some amount also produces & red colour, intensified by
stannous chloride, This colour iz not as easily dispelled as that
caused by ferrde iron and mey completely mask the aobalt-blue.

fcetone was added to a sample of about 20 m), prepared a2
deseribved above, Suffisiem:. acebone was added so that the solution
contained acetone and water in equal volume. The solution was
transferred to a Nessler tuve, One wl, of 100 p.p.m. Cobalk, in a
similar tube was made up to 20 ml. with satupated Ammonium nitrate

solution,
Acetons and thiocyanate were added in the same proportions

as in the oase of the “unknown' solutlon, Approximately 0-1 egrm.

Sodium Fluoride and & few ml. of Stannous chloride solubion w ru edded
te each sample,

The intensities of the solubions were then compared and the
more intensely coloured solubion was diluted with acetone, water and

‘thloeyanate, so that their respective concentrations rel

mateh was obtained the v

mained the same.

Wh L olutes of both selutions were
en & colour

measured.
esulss for Hickel were availsble at this stage and when

The 1
acted with dimethylglyoxime in chloroform,

neoessery this metal was extri

;
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15.
produced.  Hence it is imperative that the concentrations of these
substances be kept constant in both standard and unknown, Ferrio
iron, even in mimute amounts, produces a bright ved colour under the
seme conditions, The colour can be destroyed by adgition of sodium
fluoride, which complexes the iron as a colourless furri-fluoride (10).

“opper and Nickel form preen solutions under the ahove
conditions. Sordell (9) states that Wickel in ten times larger amount
than Cobalt does not interfere, at low concentrations. With larger
amounts of Niokel a yellow filter is ugeful when making a colour
comparisaon, Copper in small amounts does not interfere when stannous
chleride is present, Larger amounts of Copper may be removed by
precipitation with sodium sulphide in ecid solution, Molybdemum, if
present in some amount also produces a red eolour, intensified by
stanmous chloride. This colour is not as sasily dispelled as that
caused by ferric “won - 1 may completely mask the cobalt-blue.

Acetone was added to a sample of about 20 ml, prepared as
deseribed sbove,  Sufficient acetone was edded so that the sojution
contained asetone and watér in egqual velume, The sclution was
transferred to & Nessler tube., Ope ml. of 100 p.p.m. Cobalt, in &

similar tube was mede up Yo 20 ml, with satursted Ammonium nifrate

solution,

Acetone and thiocyanate were added in the same proportions

a5 in the cese of the "unknown" solution. Approximately 0-1 gom.

Sodium Fluoride and o few ml, of Stannous chloride solution weru added

to each sample,

The intensities of the solutions were then compared and ‘the

move intensely coloured solubion was ailuted with agetone, water and

‘thiocoyanate, so thab thelr respective concentrations remained the same.
’

When & colour match was obtatned the volures of poth solutions were

meagured, h
The resuits for Nickel were available ab thiz stage and when
@
thylglyoxime in ehloroform.
5 extracted with dime
recessary this metal wes

Ty
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Acouracy: :
Sandell (9) states that & colour qiffevence bebween two i
colour » Letions of which the one g 7% more soncontrated than ‘

the othes can be observed by a person with a normal vision, This
£4ur zevdless of
figure spplies regardless of whether consentrated or dilute solutlions
are uzed, It would appear that dilute solutions can gctually be
matched more closely then concentrated solutions with more intense
colours.

When a mumber of comparisons are mede the mecuracy will
of course incresse,

Some results will be 7% (4) too high and othera 7% (+)

oo lew. But the avepape will approximate the true result within

at most 2 or %3, In practice it was found that with several results
available, the mean of the highest and lowest figures was very close
o the moan of Xl the results but, in view of the fact that it is i
Aifficult to obtain 100% pure pyrite, it may be safer to assume

a maximum error of 105, even though the analysis figures indicate

a greater accuracy then this,

At leact thres determinations weve carried out on each

sample and in meny cases four or tive,

THE QUALITATIVE ESPIMATION COPEER_AND MANGANESE

Hanganese:
Manganese in the pyrites was detected by oxidizing i

this metal to permanganate.

Silver Nitrate solution was sdded to & hydroohloric-

nitele acid solution of & pyrite, to suppress the action of chloride Lo

jons, because this element interferes in the oxidation of Manganese :
B

40 the permanganate. Aqditional Nitric Acld was added, and Scdium ;
Phosphate solution 4o vemove the yellow solour ceused by Ferric Iron,

iodate was odded to the selution a

Solutions which eontaln manganese

nd it was then
So1id Potassium Por

botled for about tWo winutes.
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developed a pink colour, under these eonditions,

ALl samples were treated under ~+andand conditions, so that
even though no actual quantitative measurement is involved, the
results may still be compared,

Coppers.

A Mspot" tect teshnlqus desoribed by Feigl (11) was used to
detect the prasence of copper.

The reagent used was & 1% aleoholic solution of Rubeanic
Acld scidified with acetic acid, A drop of the solutlon, tc be
tested, was placed on a filter paper and a drop of reagent was then
added, The copper compound which is green to black remains in the
position of the original drop, whereas the soluble cobalt and nickel
compounds, which arc respectively brown and blue, migrate to the outside

of the drop.

!
|
!
!
i
|
}
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DPSCRIPITON — oF  spoomvms

The following prefixes were used to denote samples of similar

affinities, or from the same ares .

E - Hydrothermal pyrites

8 - Pyrite of sedimentary origin

B - Pyrite assooiated with basic igneous rocke

W - Pyrite from Witwatersrand "banket" reofs or from
intrusives

X - Pyrite from the Copper~fobalt ore~body at Kilembe,
Uganda,

A deseription of each sample is iiven below, based on an
examirgbion of hand specimens, crushed pyrite concentrate under a
binoenlar mieraseope and polished sections.

Oceasionally reference is made to some relevant aspects of the
geology of the wmine or ares from mhich a particulur spooimen comes,
HYDROTHERMAL, PYRTTE,

Speeimen  H1

Masgive pyrite wer obtained from the Leetwbosch Lezd Mins, which
15 gituated 10 miies north of Thebazimbi, Oaleno-pyrite mineralisation
oceurs in the Transvasl dolomite at this mine,  Microseoploally

‘the magsive pyrite is seen te be veined by later quartz-carbonate
gangue.

Specimen H2.
This specimen, from the "Marieo Lead Belt" in the Vestern
Pransvasl consiats of & large octahedron of pyrite whivh is slightly

veined by fiuorite and galena, The specimen may be regarded &g

typical of these mesothermal depasits,
Specimen H3.

Cubes of pyrite from a Kimbe:
A small amount of gehgue ooqurs as Tragments and

rlite pipe in the Kimberley ares

were analyzed,

thread-like inolusions in the pyrite.
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spegimens H - H6.

Specimen Bi 15 a pyrite concentrate .vom the flotatitn plant st the
Pilgrimsrest Gold Mine in the Zastern Transvaal,

Specimen H5 45 & grey quartzite whiech conbeins disseminated anhedral
grains of pyrite and a small amount of magnetite, from the Sabie-
riigrimsvest area,

Specimen HO conolsts of massive pyrite in a quartz vein, showing later
magnetite and auartz microscopieslly, fren Columbia Hill, Pilgrimsvest.
Swiegers (12) regards the Pilgrimsrest Gold deposits as wesothermsl.
Bpesinens B7 - K10,

Four spesimens, from the Bourke's Imck Mine, Pilgrimsrest area,
represent both generations of pyrite observed in this mire, Barnard (13)
states that the later generation, a fine grained pyrite is generally
associated with much higher gold values than the earlisr pyrite,

Specimen HY, an extremely Pine-grained messive type of pyrite, veined
with gangue ond smell ameunts of chalcopyrite is of the later generation
and ocontains 10 dwb, Au/ton, KB and H10 are both clearly of the first
generation of pyrite, Both are coarse grained pyrites with quarts,
Microseopically these two sSpecimens display extensive fine quartzvelning,
similating cracked porcelain,

This deposit is probably related gonetieally to the Pilgrimsrest
Bornerd {13) considers the deposit to be mesothermal.

deposits,

Specimens Hil, Hi2.

Two pyrites, Hil amd H12 from the Leeuwpoort Tin Mine, Rooibers,
N, Tvl,, vere analyzed. e depesit conslsta nf pyeite-chaleopyrite~
sassiterite aineralisstion in Foolburg quartzites {14). Tae mineralogy
suggents a high temperabure deposit.,  Speeimen H11 oonsists of an

tals with a small apovat of gangue,

BET6 of aubhedral pyrite

"
Simple and twinned pyritohedrons and ootehedrons, up to 3" in size, in
o & &l

ankepite constitute specimen Hi2,

|
3
i
;
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Specimen HLR.

Specimen H13 consiste of smell orystals of pyrite in a black
chort "bar" from the Bagles Nest Mine, Barberton,

& polished section reveals cubes of pyrite, much smeller
arsenopyrite laths of rhombic cross-sechion and larger masses of
pyrrhotite,  The sulphides show a dlstinet concentration in bands.

Some bands contaln only pyrite and arsenopyrite and are free of pyrrhotite,
whereas others contain all three ore.minerals, The arsenopyrite which

is often completely enclosed by the other sulphides retains its orystal
outlines. Close examination reveals slight corrosion of the
arsenocpyrite, suggesting that 1t was the earliest sulphide,

Hall (25) has vemarked on the great similapity between ores from
the Eagles Nest and New Consort Mines, the latter being a high
temperature deposit,

Specimen Hl,

Mimite cubes, octahedrons and pyritohedrons of pyrite oceur
in small amount with some arsenopyrite and gold in fractures in tale
schists of the Primitive System at the Woodstock Mine, at Noordkaap,
Barberton District. The mineralisstion is typlcally high bemperature.
The sample is a composite one, composed of pyrite from fractures ell over
‘the mine,

Specimen H15.

Piim and spongy pyrite, in & silicified greenstons on the

contact of the Ranga Pegmatite, Bikita Tinfields, Bouthern Rhodesis.

This i probably a high temperature pyrite.

SEDIMENTARY PYRIZES. 81 - Sh.
Pour specimens containing pyrite of sed:
oo system were included in this

imentary origin, sil

from different horizons in the Kerz

investigation.
1te forms the matpix of a fine-

In Speciwmen 81, very fine pYr-

Karroo outlier at the old Cyferfontein Coal

grained sandstong, from the

Mine, near Zuurbekom, Johannesburg.




cerbonaceous shale, Mioroscopically
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Specimen $2 contains pyrite in blobs on the bedding planes of a

carbonfceots shale.  Mioroscopioally she blobs consist of melveopal

the blobs consist of p 1
polvEonal g ¥ in

grains with su‘cured con‘cacts The specimen ig f,.,,m the "White Ran
5,

- TT TR LURLLLL DISTRLCY,

Specimen 83 consists of marcasgite concretions from the hase of the
Cave Sandstone, Fouriesburg district, 0,.F.8, The strongly anisotropic
marcasite otcurs in rageedly intergrown grains which are elongated radially.

Transverse and bedded veins of pyrite in coal, from the floor of the
No.2 Seam, Navigation Colllery, Witbark, provided the material for

Specimen k.

PYRTTE ASSOCIATED WITH BASIC TGNEOUS RCCKS -~ Bl, B2

Although some of the pyriles, discussed under other headings should
be included here, it was decided, fur the sake of conbinuity, to include
only two isvlated specimens in this category.

Bl is a specimen of a discordant veinlet of pyrite and pyrrhotite
in a dlabase sill intrusive into the Government Reef Series on
Elendsheuvel, near Kierksdorp, The sample was obtained from a drill-

hole cove,

Simpie and twinned cubes of pyrite in tale-chlorite scbist, &
few 100! in the footwall of a chromitite body at Selukwe Peak Mine,
Selukwe consbitutes sample B2, Most geolopists favour an opigin by

magmatic segregation for the chromite deposits of Selukwe and the pyrite

could well have originated through & similar mechanism. No pyrites of

early magmatic origin, e.g.. those at Insizwa, Viekfontein, eto., were

mraon in these ores, while sulphides of

stugied, Pyrite is nob very cd

nickel are quite ¢ .mon.

s i WINES
PYRTEES FROM “WITWATERSRAND SygTEM” GOID

Specimen V1,
one of the Kimbarley Reefs, from West

Banket from theBattery Reef,
near KrugersdorP.
scoasionally complete, of waterworn

The specimen contains
Rand Consolidated Gold Mine.

Mookaitob® pyrdte, with peplacements
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pebbles.  Some pebbles exhibit preferential replasenent

bands of pyrite,

of certain

Specien V2.

Pyrite in dyke, West iang Congolidated Mine, Mieroscopically, an

aggregate of cubes and ootoledrons, isolated erystals and veinlets of

earlier quartz, A fow very small blobs of chaleopyrite were observed,

Specimen W3,
Pyrite dissemine ! in banket, Bast Ceduld Mine, Springs.
Spegduen .

Pyrite, verr sparsely dissemimated Yhrough banket of the Deminion
Reef, Dominion Reefs Mine, Kierksdorp. In addition this specimen
containe chaloopyrite and pyrrhotite in small amount,

Specimens W5 - W12,

Eight speein.

13 of rock containing pyrite were obtained from the
Durban Roodepccrt Deen Gold Mine, in the area near No,6 Shaft, One
apecimen, U9, was taken on 26 Level end consists of oval aggregates, of
pyrite erystals, dovoloned in homopeneous quartzite, 27 below the contact
of a bosie sill. s remaining specimens were taken on 28 Level.

w6, W5, W7, Wi0, ¥i1, 172 are 21) specimens of Maln Reef Banket,

%he weiriX, replacing pebble. or, on the

with pyrite cectbored throur:
710 is slightly different in that it

edges of pebbles,  Dpeein
cortains small amounss of pyrrhotite as elongated blotohes,

Specimen 95 - *eken 50° Zrom o hasie dyke.

[
" ws o at

0 Wt " I

Speaimen ¥H sonuists of pyrite from the ov%e, The pyrite ocours

in this spocimen ag anhedral grains or 8s regularly shaped individuals

moulded on pro-existing EANEUS.
Specimen Wi2 was teken 35* from a syenite dyke
" wio "' 2B

n yiz v 15!

5 3 5] wer ' frot
By thres speeimens, L.8.s 10-W12, e more than 50' away o
hese thred S n . Wio-W1d

& basic dyke.
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specimen W13.
W13 i
5 1s a specimen of banded pyritic quartzite from the Crown
Mines, Johannesturg,  Unfortunately it is not known which howizon the

specimen was taken from, or its relation to basic dykes or sills

PYRITES FROM KITEMBE, UGANDA, KL ~ K6,

EYRITES FROM KTLEMEE, UGANDA,

Kilembe is situated in the Poothilis of the Ruwenzori mountains,
Uganda.

The main ore minerals are chalcopyrite and nickelifercus
linnaeite accompanied by p,rite, pyrrhotite, and magnetite which oceur
in highly metamorphosed "Dasement® amphibolites, granulites and schists. ({16}
The origin of this deposit is enigmatic and it has previously been agsumed
to be hydrothermel although recent exploration based on an assumed
sedimentary origin has been fairly successful.® .

Specimen K1,

Irregular magses of pyrite, veined by magnetite. In the
veinlets caaur wisps of ohalcopyrite, mainly replaced by the magnetite.
Specimen K2,

Pine-grained massive pyrite in auphibolite, veinod by megnetite
and gangue. The amphibolite has fine stringers of pyrite and pyrrhotite.
Speoimen K3.

Portion of & very large ootahedron,

%0 mm. Mieroscopleally the orystal 1s traversed by veins of magnetite

one edge measures epproximately

containing tragments of ahaleopyrite and rapely pyrrhotite erystals.

Specimen X,

A fine-gralned pyrite of sugary appearance.

Specimen K3.

Yery £ine~grained pyrive iv granulite.

Specimen KG.
Diase!

minated ireegularly sheped grains of pyrite in schist,
s

*Pepsonal commniosblon, DF ‘G.R.Davis.




OIHER SFECIMENS OF PYRITE, 01 - 03,
Speciner: 0.

Gubss of pyrite, £rom 5 6o 10 mm, long, in the "Wxite Dolomite"
less ‘then 200' above a copper ore ~body at Mutulira, Northern Rhodesia,
Speoinen 02,

Irvegular masses of pyrite in the Poutwall dolomite &t
Thavazimbl Iren Mine, N.W./Bvi, The polished section shows one meneration
of pre-pyrite cerbonate and ancthep of post-pyrite carbonate,

De Villiers (17) has suggested a hydrothermal origin for the iron
ares of Thabaziwbi, but the majority of geologists are inclined to view
tils deposlt as the result of enrichment by iron-bearing metsoric solutions,
Specimen 03,

Altered Karroc dolerite with scattered spscks and 1ittle
veinlets of pyrite, The rock consists of cloudy plagioclase, altered
pycoxane, chlorite and a fair amount of Lsucoxene, Many of the larger
individuals of pyrite are rimmed by thin coverings of zeolite. This

specimen was taken in the Bethlebem District, OF. 8.
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THE COBALT NICKEL GONTENT 0P Soig SOUTH AFRICAN PYRITES
”—M«“H—MM

S

Spec.| Locality

*

Desaription

¥o.
o

Rl |Leeuwbosch

32 Mavico WDy,

1 |Kimberley

Hy Pilarimsrest

H Sabie Area

HS Columbia Hill
H#7 {Bourke's Iuek

ML Leel,iwpaortq

HY3 Baples Neat
Woodstonk
mS {Bikita, 3.1,

1
81 'icyferi‘coteih
52 Rietpan

$§3 Pourieshury

sy Wavirasion Qy

Bl {Klerksdorp
B2 Sejukwe

WL lvest Raad Cons
n W bt

¥ Bast Oed 1s

. Duminios: Reefs

¥  iDurben Roode-
ﬁacrﬁ Degp

V13 {Crown Mines
Ol iiufnlira

or Thabazimbi
03 Bethlehom

vere determined speotrographicall

Metaliurgleal Laborsb

KL [Kilembe, Ug,mlrlldu
]

Galena~Fyrite minen:
PbeZn,fluorite a}isation
Pyrite from Kimberlite
Flotation concentrate
Pyrite in quartzite
Massive pyrite with quarts
Fine greined auriferous/
i pyrite
Coarse-grained pyrite
Dissemirated, fairly fine-
grained
Coarse grained pyrite
Course erystaliine
Coarse, with ankerite
Pyrite from chert bar,
®ine pyrite in fractures
On contact of pegmatite

Ir Kaproo sardstons

In black ocarbonacsous shale
Karroo #arcasite coneretion
Karrao coal

Pyrite veinlet in diabase
In faotwall of chromite

Barket pyrite,Battery Reef
Pyrite frvom dyke

Composite Reof

ormal botked

'‘Banket 50' from besic dyke
u ge N 4
" conoon u
Pyrite from basic dyke
2! below sill
25! fpom cyenite dyke
I ] W
g "
Denced pyritle quertzite
Gubes from near ore-body
ianses ta footwall doi},omite
Banded pyritie quartzite

Massive, With magnatite
semiorystalline with
pyrrhotite
Lar:e uctaheth;wnd
Very Lint 5r0: I nes
Fine graiped 4n pranulite

semicrystalline in schist

The sobalt contents of &

ory, Johannesburs.

T

AL i o, Co:Ni | Other

ratio ' elements
0-012} 0-012 3 1:1 louMn
0-017) 0063 4 L:1
0-068{ 0-062 . 1:1 |Cu,Mn
Q+05 | 0020 ' 1:2} | Cu,Mn
0-0L7[ OvOL3  1:l
0-079| 0-014 | 1:5% |cu
016 | n.d, Ho,Cu
0-077} 0°021 | 124 {Cu
0-060
0-049
0-056
0-20
00l
037
0-09
0-003
0-02 {<0-00L | Cu,lin
0-008 {04001 Mn
0-006|<0°00L Cu, M
0-014 | 0-029 | 2:1 {Cu
0-004] 0-22 | 221 ;Cu

i

0r0L3| 0-03h | k13 {Cu
0-22 0 10 1:l Cu
o-oée{ 0-071 | 1:2 |Cu
0-10 | 04083 | L5 [Cu,Mn
0+08L | 0-079  5:k [Cu
0e05y | 0-085 32 0w
0-073| 07096 | 423 lCu
¢-022] 0-06L | 3:1 |Cumn
0-0271 0-020 I 3 {Cu
0-067 o-oﬁu, 5:h {Cu
0-0631 0-083 | 43 [CGu
0+063| 07086+ 43 Mn
0-11 o~070! 2:3 Cu
0 l 0045 iw"l ]’Cu
0-018] 0-012 | 1:I% Hn
o-o12| o-01 | 1:l ow

|
o-01y 1927 {37~ |ou

i
0-021 1-922 {g2:1 g&
00| 84162 149:2
0-028] 1728 {52:1 0w
0-010] L°500 137:1 |0u
013 . 1-500 112:1 (Cu

¥ by Dr W.R,Liskenbers,

Government

coimeng 51, 52, 53 and S
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DISCUISION o) RESULTS
Banass s .
The results obtained show tp some extent that pyrites from
one ares are often very similap in ‘trace element content, although there

are several excephions to thie statement

The results, incomplete as they pre, do indicate that there ape

fundamental differences between many genstically different pyrites

THE HYDROTHERMAT, PYRITES:

The content of Cobalt in the U bydrothermal pyrites, analyzed
for tms metal, varies from 0-008% to 04145 while the nickel content
varies from 0-0L2% to 0-37%, Taking the arithmetic mean of the Cobalt
and Nickel eoncentrations 1n zll the hydrothermal pyrites, we find

Niew G-09%

Co = 00,53,
that is a Co ¢ N retic of 1:2, which means that in all the hydrothermal
pyrites feken an a whole there is twice as much Nickel as Cobalt, This
25Tees well with results obtained by Hawley (5) who Sound Co : Ni = 1:2
{apdroximately) £ar all the mines he investigated, with the sole
exception »f Poroupine “bigh temperature” pyrite, On the other hand
both sets of results disagree with the statement made by Carstens (1)

an? quoted by Rankuma ard Sahama (18), Caretens states that

hydrothermal pyrite he investigated always contains more Cobalt than

Hickel.
If we aocept 0-0LF Ni and 0-04% Co, i.e,, Co : Nl = L ¢ 10

as quoted by Goldschmidt {19}, then the hydrothermal pyrites do not

represent a phase with Coball enrished with respect to Nickel as greatly

as some of the work by Scandinevian and German geochemists would indicate.

Hven if we accept a slightly different value for Cobalt i
10, as suggested by Sandell and Goldich,

n the upper

lithosphers, namely Co : Ni = 3

the pelative enrieament of Go 1s st1ll not

as striking as one would expect.
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DISCUSSTON & s

The results obtained show +to some extent that pyrites from
one area .re often very similar in trage element content, slthough there
are several exceptions to this statement,

The resnlts, incompiste as they gre, do indicate that there are

fundamental Gifferences between many genetically different pyrites,

THE_HYDROTHFRVAL PYRTTES:
The content of fobalt in the 14 hydrothermal pyrites, analyzed

for this metal, varles from 0-008% to 0-16% while the nickel content
varies from 0-012% o 0-37%, Taking the arithmetic mean of the Cobalt
and Nickel conceatrations in all the hydrovhermal pyrites, we find

Ni = 0-09%

Co = 0-O45%,
thet is a Co ¢ NS ratic of 1:2, vhich means that in all the hydrothermal
syrites taken as a whole there 1o twice 25 much Nickel as Cobalt,  This
asreen well with resulte obtained by Hawley (5} who Sound Co : Hi = LR
(approximately) £or all the mines he investigated, with the sole
exception f Porcupine "Birh tempereture” pyrite, On the other hand
both sets of pesults disagree with the statement made Ty Cerstens {L)
and quoted by Raniama and Suhama (18).  Cerstens states that
ays contains more Cobalt than

hydrothermal pyrite he investigated alu

Wickel,
12 we acoept -0 Ni and 0-04% Co, d.e.,
{19), then the hydrothermal pyrites do not

Co:Ni=) 10

as quuted hy Goldsohuidt
represent n phase with Cobalt enrdched with rospect to Nickel as preatly
as some. of the work by Seandinavian and Geprmen geochemists would indicate.
5 Somg. o ]

y different value for Cobalt in the upper

Even f we accept & s11g0HL

= 0
11thosphere, namely Co : i = 3¢ 10,

hment. of Co 18 s4311 not os

as suggested by Sandell and Goldich,

striking as one would expect,
the relative enrid

¥
H

—_—
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Tt is qulte apparent that Cobalt and Nickel are emriched in hydrobhermal
tes as

pyrites a rule, but the relative eanichment of Cobalt as compared with

Nickel does ot appear %o be of any sreat magnitude

The lonle radii of Cobalt and iron, and the unit cell lengths

of the di-sulphides of %hese two metals are practically sdentical
whereas ther> conshants are slightly different for Nickel, Nickel (8)
hes adduced data to show that Cobalt is more chaleophile than Nickel.,
Bub the relation beiween Cobalt and Nickel in the upper lithosphere i3
rather complox, as indieated by Rankoms and Sahama, Cobalt is generally
supposed to be enviched relative to nickel in residual and late magmatic
deposits,

The rerults for South African hydrothermal deposits susgest that
bizh temperature nyriten tend to ocontain the most Mickel and Cobalt,
This is not always true, e,s., the low results for the high temperature
Barles NMest depasit,

The meat recils of five hijh temperature pyrites (HL1-HIS) is
0-255 i ani 0-0% C»,  Simidarly, fur three lower temperature pyrites
(81, HR, H3) Nickel = 0-032% aud Cobalt = 0-0kk, This comparison is
strictly nut very neowd, Even 69, it @nes seem to suggest thau thr Nickel

contont of pyrite s mure oenciblve ‘ty temperature changes than the Cobalt

conbent,
Ar intepesting fact emerges when we consider the trace element

charastepistics of Alfferent generations of pyrite in the same deposit.
Bourke's Tuck pyrite is the bost example avallable, At this mine there
is an earlier copeser jrained pyrite and a later generation, mich finer

greiaed and apiferous. (13)
Speuimens HE and 1O reprosent the earlier, Specimen H7 the later

oth generations. The

pepresents an intengrowth of b
out, 0-02% and

ard possibly BO

b
sarlier gensration i oharacterized by & Cobalt content of &
ut three times more Nickel while the iater suriferous generation is

atively high Nickel oontent

abo
and a fair amount of

characterized by & rel

Molybderum.
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A sir
sirdlar explanation could alse be advanced for the two radleally

g
Y one seventh of that amount of Cobalt, while also
containing some Molybdenum.  In the other pyrite Molybdenum was not
detected and there wes actually twice as much Cobalt as Nickel in this
pyrive,

The two ore-samples from the Pilgrimsrest area, H5 and ¥6 contaln
Cobalt and Nickel in quite different proporticns. But, the Canadfan
investigators have detected so many factors which may influence the trace
element content of pyrite, even in one mine, that this discrepancy is nhot
surprising. The flotation concentrate from the 7,G.M.E, plant at
Pilgrimsrest, may concelvably give an indication of the bulk eomposition of
pyrite from the entire arvea.

ot of the hydrothermal pyrites contain copper and some contaian
MEngEnese .

It should again be emphasized that with so few results from so

many aress, the cesultc at best cen only indieate trends or possibilities.

SEDIVENTARY PYRITEC:.
Although only three pyrites and one marcasite,

few comples have provided very interesting results.

vapied from 0-CBF to 0-003E.

of sedimentary

oriin were analyzed these

The Nickel content of these four specimens

Hepeated colorimetric testn failed to show the presence of Cobalb.

Dr W,R.Liehenbers of the Goverament: Metallurgical Laboratory, carried out
o sxamination of the specimens and conld rot detect Cobalt

pogsible of datection under

a spectrographi
in eny one, Tha smallest amount the conditions
of the examination 18 nppmximately 10 p.p.M. Thus, the pyrites and the
mareasite contain at leest several times more Nickel than Cobalt, the
Go : Ni ratio may woll ve of the order of 1 7 10 op even greater, «n favour
5 are in excallent agreel

or 0-0CL% of Cobalt and

ment with those of
of Nickel, 'hese resulb

Carstens (1) who reports less than 10 P.PMs
amounts of Nickel spproximately twenty bines lavger.

It
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ALL four speoimens contain Manganese s some in appreciable amount
Yot only one third of all the other pyrites analyzed contain manganese, ‘
carstens (2) and Minguzzd end Talluri (7) report from 0-0} to 0-1% Mn
in sedimentary pyrites, and usually much less in hydrothermal pyrites,

The three pyrites all contain traces of Copper while this
metal is not present in the specimen of mavcasite,

It is difficulf to expiain the marked preponderanse of Nickel over
over Cobalt in sedimentary pyrites, even though Nickel is 2 to 3 times

more abundant than Cobalt in the upper lithosphere.

PYRTTE ASSOCIATED WITH BASIC YGNEOUS ROCKS:

The followin; results were obtained from pyrites in basic

igneous rocks, or, obviously wenetically related to them;-

Speoimsp  Arvea Desoription gNi _#Co. Lo 3 Ni
BL Kierksdorp Veinlet in diabase 0-0L4 0°029 2:13
B Selukwe In Tale-Chlorite , 0-0%% O-21 2:1

w2 ‘West Rand
Cons, Pyrite in dyke 0+1L  0<10 11
L gepez 0061 33l

wa Durban Deep
o " " 2! below siil 0-027 Q-020 Bk
None of these pyrites oen,without fear of contradiction, be regardsd

ntiation, 1.8, magmatic pyritea, Most

a5 the pesult of magmatic Aiffere!
se, asrociated with basio igneous rocks,

% und the

probably represent a hydrothermal phas
The mean Cobalt content of the five speaimens is 0-08s
Jean Nickel value o 0-05%%, thua Co ¢ NL =3t 2, 8 substantiel enrichment of

of Cobalt relative to Nickel.
Mpe trend displayed bY these specimens 1S not inconsistent
& whioh
With higher values reported by Minguzad (7 ) for magmatic pyrites,
show even greater enrdchment of Cobalt.
Rankama and Sahave (18) p.679 state: "Generally speaking,
e
lutions
Cobalt has & higher tendency o remain in residuel malts and SO
"
curing magnatic aifforentistion THER Niokel".




PYRITES FROM KTLEMBE, UGANDA
S e S, TR,

These pyrites from Ugenda display an unusually high Cobalt

content, from 1+50% to 2+13 Co, The Nickel content is quite low, it

varies from 0-03% to C-127%, vith Go : ML retios from 137 : 1 to -

The mean values are 1+80% Co and 0" OL8% N3 giving 2 Co ; N1
retio of 38 : 1,

125 ¢ 1.

It may be said thet the high Cobalt values ave due to
contamination by linnacite, but this is unlikely due to the following
reasons 1
(a) The only other sulphide seen in polished sections, apart from
pyrite was chaleopyrite, and that mineral only in small amount
in two of the polished gections,

(b) The Iinnawite from thiz mine is nickeliferous and with one
exception the Nickel values are low; 0-0L - O-O4%.  Specimen KO

contains 0-12% Ni, but the Cobalt content is the second lowest of
‘the six speoimens snalyzed,

{c} The Gobalt values are very much of the same order, with only about 30%
variation,
(4) Bjdriykke bes reported up to 1-25% Cobalt in a Norweglan pyrite (19).

Regardless of whether we consider this deposit to be hydrothermal
or sedimentary in origin, it seems that the Co : ML ratio of the pyrite
iz genetically quite irrelevant. It 15 Likely that this extreme
enrictment nf Cobalt compared to Nickel is oonditioned by the great

availability of Cobalt in the orer.

The author suggests tentatively that after the deposition of the

ore, durlng the intence metamorphism of the zrea, some migrelion of

red Cobalt
the metals took place, ond thus the pyrite acquired its high CO

cuntent, pyRTTES FROM "WIIWATERSRAND SYSTEM" _MINES
PYRTTES FROM TWEITWATERSTASS, S2omtt S
PYRTTES FROM My TIWATERSRAND. SYSTEM" _MINES

Th: P y 13 samples and very rew definlte

is group comprises only 13 ¥ ef:

conclus: ¢ results ingicate onily trends.
lons can be drawn At best, the @ o 1ndi o

.

The pyrite is of WO types t-

W



3.
(a) Pyrite in or near dykes

b
(b) Pyrite in banket, some ddstance away from dykes or sills.

The following are results obtained, incomplete as they are, which
irdicate the effect of a dyke. This "travepse" was carried out on ihe

28 Ievel, No.§ 3bafh, Durban Roodepoort De » Gold Mine

35S %08  Co:MNiRatio
W8 Pyrite in basic dyke 0-022 0-061 31l
W7 Byrite in barket, 1' auay 0073 0-055 b3
WS Pyrite in banket, B' away 0-054 0085 32
W5 Byrite in banket, 50! away 008 0078 514

Three speeimens, Wid, W1l and W12, which were taken from 15
to 35" away from a syenite dyke have rather consi=tent results and theie
probably ~epreient pyrite unaffected by the action of btasic dykes, In
these three specimens Nickel varies from 0-063% to 0-067% and Cobalt
from 0-083 - 0-C8GI, fThese results agree quitc well with those obtained
in the specimen 5CG' away from the basic dyke, The mean values for these
four specimens are 0-064% Ni and 0-C3%5 Co. The Nickel values are very
simflar and specimen W10, which was slightly different (Q-003% Ni) was
found to contain a swmall amount of pyrrhotite, which may account for the
deviation., It seems logical to assume that the pyrite in Main Reef
Banket, at Durban Deep Gold Mine, where unaffected by basic dykes contains
amounts of the order of 0-0fS Nickel and C-0835 Gobalt, with 2 CONd
ratio of 4 : 3.

Three other specimens of Banket ylelded results as follows:~

s #o Co m;x
W1  Vert Rend Cons, Bat*ery Reef 0-043 0-0% % ¢
y . .2
W3 Hast Geduld Composite " 0.062 0-031 1
" 010 0-085 L5

Wi  Dominion Reefs Dominion
i t koown whether any of these three specimens were taken

It is no
The rather high results for Do

11 si1l which occurs
way possibly be due to the proximity of a hanging wo.

. Reefs pyrite
from near basic dykes.

at the mine.
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Similarly, for the banded pyritic guartzite from Crown
Mines, with 0-10% Ni end 0-07% Co, it is not known which horizon the

specimen represents.

ALl the pyrites from dykes and banket contain traces of

copper.

OTHER PYRITES O - O3

One specimen from the Northern Rhodesian Copper Belt
gave fairly interesting results, The specimen, from Mufulira, has
a Co ; Ni ratic of 10 : 1, which is the only other pyrite analyzed
which approaches the high Co : Ni ratios of Kilembe.

A pyrite from the footwall at Thabazimbi, 02, conveins 0-018%
Co and 0-012% Ni. It also contains a trace of Menganese,

Fyrite from an altered dolerite in the Free State contains
pyrite glosely associated with zeciite and this supggests that it
oould have been deposited by the late thermal solutions which are

¥nowr, to have affected some dolerites.

e

2
2
i
i
¥
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Similavly, for the banded pyritic quartzite from Crown
Mines, with 0-10% Ni end 0-07% Co, it is not known which horizon the

specimen represents.

ALl the vryrites from dykes and banket cowbain traces of

oopper.

OIHER FPYRITES 01 - O3

One specimen frow the Northern Rhodesian Copper Belt
gave fairly interesting results, The specimen, from Mufulira, has
& Co : Ni ratic of 10 : 1, which is the only other pyrite analyzed
which approaches the high Co : Ni ratios of Kilembe.

A pyrite from the footwall at Thabazi:-i, 02, contains 0-018%
Co and 0-012% Ni, It also contains a trace of Hawunese,

Pyrite from an altered dolerite in the Free State contains
pyrite closely asscciated with zeolite and this suggests that it
could heve been deposited by the late thermal solutions which are

known to have affected some dolerites,

e ’
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SUMMARY R DISCUSSTON H
el :

Bydrothermal Pynite : Co: M = 132 (4)

Hydrothermal phase with b.sic igneous racks B

CotM = 3:2 ()
Sedimentary Pyrites : Co 3 Ni =1 : 10, or greater,
The results obtained on pyrites from the Witwatersrand suggezt the

following lines for further research:-

{a) The effect of intrusives on pyrite in the banket.

(b} Lateral and vertical veristions in Cobali-Nickel

content of pyrite in & specific “banket” reef,

The possibility of corvelating "banket" reefs on the basis of B

(e} j
their trace element content, §
{3} The influenoc on the Co : Ni content of pyrite by
ao-ocourring minerals, e.g., ‘earbon", pyrrhotite, etc.
RIS,
B
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