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A b s t r a c t

A survey of the l i te r a t i  re  concerning the trace element 

convent of p y rite  is  given. Descriptions of py rite  specimens 

analysed are provided. Colorimetric analyses of py rites 

from Southern Africa show a range from 2*l6£ to  <(. 0 -001#  for 

Cobalt and from O-37#  to  0-005# fo r Nickel. Some differences in 

in  trac e  element content of sedimentary and hydrothermal p y rite  

reported from areas in  Northern America and Europe are shown 

to  be valid  fo r South African p y rite s . Cobalt-Nlokel values 

fo r p y rite  in  some Witwatersrand "Bankets" are quoted. Analyses 

■f p y rite  tofrom Kilembe, Uganda ind icate an unusually high Cobalt 

content. Most p y rites  are shown to  contain Copper and some to 

contain Manganese.

A B S T R A K

'n Oorsig van d ie  b ib lio g rafie  in  verband met d ie spoor- 

element inhoud van p i r ie t  word gegee. Beskrywings van p ir ie t  

monsters wat geanaliseer is  word aangegee, Kolorimetriese 

analises van 45  p ir ie te  n i t  Suidelike Afrika toon dat die 

Kobalt gebalte v arieer vanaf 2 -16# to t  <( 0-001# en d ie Nikkei 

gehalte vanaf 0-57# to t  0-003#. Sekere v ersk ille  in  spoor- 

elemehb gehalte van sedimentSre en hidrotermale p ir ie te  wat 

gerapporteer is  u i t  gebiede in  Noordelike Aroerika en Europa word 

bevestig v ir  Suiti-Afrikaanse p i r ie te .  Kobalt-Nikkel waardes 

v i r  p i r ie te  in  sekere Witwatersraandse nBankette" word aangegee. 

P ir ie t—analises van Kilembe, Uganda, dui op ‘n buitengewoon hoe 

Kobalt inhoud. Daar word aangetoon dat meeste p ir ie te  koper en 

sommige Mangaan bevat.



I .  I N T R O D U C T I O N

European and Canadian geochemists have shown th a t the tra c e - 

element content of p y rite , especially  the Cobalt-Nickel content, 

often  has a bearing on the genesis of the p y rite . As no daca on 

th is  subject are availab le fo r South African p y rite s , i t  was decided 

to  undertake the present investiga tion , which is  in  r e a li ty  a 

"reoonnaisance” survey.

O rig inally , the in ten tion  was to  obtain quan titative data 

fo r  Copper in  py rites  too. But, due to  the great frequency with which 

Chalcopyrit? appears with p y rite , admittedly in  small amount, only 

q u a lita tiv e  te s t s  were ca rried  out fo r Copper.

The Cobalt-Niokel determinations were made co lorim etrically , 

as th is  method requires re la t iv e ly  simple apparatus. Approximately 

150 determ inations each were made fo r Cobalt, and Nickel, on 43 

specimens of p y r ite ,

Thn author re a lizes  th a t  any value th is  investigation  may have 

l i e s  in  th e  fa c t  th a t  i t  ind icates ce rta in  trends, and suggests 

p o s s ib il i t ie s  fo r much more intensive research.

To avoid confusion concentration figures were expressed on a

p m K t w  b = l* .  m  " = »  w — a

in  v te re  1 T "  10' 6  S™»' »=a ttoa  1 / s m  ~  1



2.

11  • gEVIBW Cg1 LITERATURE CONCERNING

IHE TRACE ELEM5M CONTENT OF PYRCTE

The l i te ra tu r e  conoerning the trac e  element content of py rite  

is  not as extensive as may be desired.

CARSTENS ( l) (2 ) (3 ) , in  an investigation  of Norwegian pyrite 

deposits found th a t  py rites  of hydrotliermal o rig in  generally contain 0-01 

to  0-07?S Co and, very l i t t l e  Nickel, so th a t  the r a tio  Co : Ni a,ways

exceeds 1 . In  one instance he reports a C o ; Ni r a tio  of from 20 : 1

to  30- 1 . In  py rite  of sedimentary o rig in , e .g . , a t Leksdal, the 

re la t io n  i s  the reverse , here the Nickel content is  from 10 to  20 times 

g rea ter than the Cobalt content. These re la tio n s  hold fo r py rrho tite  too,

with the exception, th a t ,  when these two sulphides occur in  contact,

the py rrh o tite  has the large r Nickel content and the p y rite  contains the 

most Cobalt. Other d ifferences between sedimentary and hydrothermal 

p y rite s  according to  Carstens, are as follows: Hydrothermal py rites are 

enriched in  Cu, Ag, Zn and Se whereas sedimentary py rites are enriched 

in  C, P, Mn and As.

AUGER (4) has studied a considerable number c f  py rites from 

mines in  the Canadian Shield, and, a few from other mines in  Northern 

America. His re s u lts  arc not expressed in  absolute quan tities but are 

spectrographic in te n s ity  r a t io s ,  which only afford an ind ication  of 

re la t iv e  concentrations. Auger reports Mg, Al, S i, Ca, Sc, T i, V, Mn,

Co, Ni, Cu, Zn, Hr, Y, Mo, Ag, Cd, Sn, In , Ba, Au, Pb and Bi in  p y rite s .

He adduces evidence to  chow th a t  Co, Ni and Mn are included in  the 

p y rite  s tru c tu re  in  su b s titu tio n a l so lid  solution.

In  one m in e ,d is tr ic t , or even region some trace elements are

- r .

* 11.  a  t b .  - a  '



3.

The high temperature "shield" py rites a l l  contain Cr, Mn,

Hi and C0 in  som m ount, vthereaa these elements are absent, or

occur only as trac es  in  the lower temperature deposits of California 

and Mexico. On the other hand, Pb„ Zn and flg are present in  the 

low temperature deposits while they are absent or occur only in  

minute trac es  in  the “Shield" p y rites .

Auger fu r th e r  investigated varia tion  with depth of trace

element content a t  the H ollinger, loranda and Siaooe mines in  Canada

At H ellinger, the Porcupine D is t r ic t ,  Ontario, in  a 

high temperature g;old-qu$irtz deposit, Ag and Cr decrease strongly 

with depth. Nickel s l ig h tly  while Zn increases f.radually and Cobelt 

very s l ig h tly  downward.

At Moranda (massive su lphides), Ag, Ti \nd V increase 

downward, Pb and Ni show -n varia tio n , Zn decreases s lig h tly  ami 

in  one p a r tic u la r  oxs-body Cobalt decreases from 0-5% a t  the top 

to  O'001# over a v e r tic a l  range of 1700', Here pyrrhotite  shows 

a  reverse re la t io n  as f a r  as Cobalt i s  concerned. Ni occurs in  

g re a te r amount in  p y rrh o tite , but again shows l i t t l e  v e r tic a l varia tion .

At th e  Siaooe Mine, Ni, Mn, T i, Sr and Ag increase 

downwards while Co and Ba show a vague suggestion of a s im ilar trend.

Auger s ta te s  th a t there is  no re la tio n  between •..hi* '-race 

element content of p y rite  and varia tions in  sangue or wall rock.

In  general, massive sulphides have more consistent, values 

fo r minor constituents than the gold-quartz ve in  deposits.

HAWtEY (ti) combined a  spectrographio study of pyrites 

with "pyrite-geotherraoraetor" determ inations.

R elative concentrations of Au, Ag, Te, Pb, Zn, Sn, Mo,

Or. T. a  "f 0° " " "

determined.
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Pour mining areas in  Eastern Canada were investigated in
d e ta il .

In  the r  'well Bouyn quartz vein , Quebec, Cobalt varies from 

0-001^ to  0-038% and Nickel from 0-005% to  0-1#. Au, Ag, B i, Cr, Mn, 

Pb, Mo, V, Sn, Zn and oocasionaUy Ti were detected in  p y rite . 

Determinations of the temperature of deposition of the py rite  vary 

from 426 C to  520°C. Au, Ag, B i, Cr, Pb and Mo decrease vercioally  

while Co and Ni both show an Increase with depth. The overall 

averages fo r  Cobalt and Nickel are respectively  0"02# and 0*0t$, thus 

C o : Hi = 1 : 2 .  Flno-grained p y rite  is  enriched in  Co, Cr, Mo and 

Sn while the coarser varie ty  contains more Ag, Pb and Bi.

Pyrite  i s  associated with chalcopyrite,  galena and sphalerite  

in  the Kerr-Addison Oold Mine, Ontario. In  the "Si" ore-body Cobalt 

v s r i is  from 0-021$ to  0*062$5 and Nickel from 0-024# to  0-082#, with 

a s l ig h t decrease of both Co and Hi with depth. Cr, Mn, Pb, Mo, Sn, 

As, Au and Ag, especially  the l a t t e r  two elements, increase downwards. 

There i s  l i t t l e  d ifference between p y rite  in  quartz veins and pyrite 

in  the w all-rook. Except fo r  the G o ld -S ilve r  content, fine-grained 

p y rite  (290°C) and th e  coarse-grained py rite  (approximately 4.00°C) 

show very l i t t l e  d iffe rence . There is  l i t t l e  varia tion  between 

indiv idual deposits . Hawley concludes ..iat the pyrite was deposited 

under very s im ilar conditions from one f lu id  with subsequent 

introduction of Au and Ag.

In  the K ir k la n d  Lake gold b e l t ,  Ontario, gold and pyrite 

□coup with TeU urides or Pb, Hs «nd IB. Tte p y r i t .  contains »u, «S, 

To, Pb, Ou, 11, Al, Hg, Cu, Bo and 3r ake Shore mine,

Cobalt varl.il Iron 0-029 - 0 -101% and . «  0-06  to  0-laS , » lth

c  M T W . Oo ,  1  r * l o  ^  ^

in  I d W M l  I *  P " "  - U - ™ *  " 1

d iffe re n t veins are mentioned.
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Temperature studies on py rite  of the Porcupine Gold 

D is t r ic t ,  Ontario, ind icate two stages of m ineralisation, the f i r s t  

a t  10 Km. depth and 650 -  |+00°C and the second a t  150°C and much 

shallower depth. Cobalt i s  more concentrated in  fine-grained pyrite 

and Nickel shows a sim ilar but less  marked re la tionsh ip . High 

temperature (650 -  400oC) p y rite  contains mors Co and Ni and less 

Au, Ag, As, Pb and Zn than low temperature p y rite . There is  also 

a v a r ia tio n  between d ifferent, boat rooks, in  one case cited  Cobalt 

is  more concentrated in  the wall rook than in  a nearby quarts vain, 

while th e  reverse applies to  Nickel. The Cobalt content is  higher 

in  veins outside an in trusive quartz porphyry while Nickel is  more 

enriched in  th e  sams veins, in  th i  porphyry. Ther<j is  l i t t l e  

difference in  trac e  element content between individual veins when 

other conditions are equal. The average values fo r the two types 

t f  p y rite  are

High Temperature 0-01;50 Co 0*03^ Ni
Low Temperature 0*013^ Co 0*023# Ni
Cobalt values range from 0*002# to  0*055% and 
Nickel from 0*01# to  0*06y».

In  a l l  p y rite s , excepting h i , ' temperature py rite  from 

Porcupine, Ni e::needa Co in  amount an * Hawley points out, these 

values are not Jn acrecment with values reported by Carstens (1)

To summarize, Cobalt and Nickel 'x y  from 0-02# co 0-10# 

each, in  the four areas studied and in  a l l ,  except Porcupine "high 

temperature" py rite  Co : NI = 1 : 2 (approx.), Au, As, Co, Ni, Cu, 

Cr, Mn, Mo, V, Pb and Ti were present in  a l l  py rites examined,

Xn three of the four deposits the only consistent varia tion  

re la te d  to  t i e  temperature of deposition.



5.

Temperature studies on pyrV.e of the Porcupine Gold 

D is t r ic t ,  Ontario, ind icate two stages of m ineralisation, the f i r s t  

a t  10 Km. depth and 650 - 400*0 and the second a t  150*0 and much 

shallower depth. Cobalt is  more concentrated in  fine-grained py rite  

and Nickel shows a sim ilar but less  marked re la tionsh ip . High 

temperature (650 -  400*0) p y rite  contains more Co and Ni and less  

Au, Ag, As, Pb and 2n than low temperature p y rite . There is  also 

a v e n a tio n  between d iffe ren t host rooks, in  one case cited  Cobalt 

is  more concentrated in  the wall rook than in  a nearby quartz vein, 

while th e  reverse applies to  Nickel. The Cobalt content is  higher 

in  veins outside an in trusive  qurrtz porphyry while Nickel is  more 

enriched in  the sam? veins, in  the porphyry. There is  l i t t l e  

difference in  trace element content between individual veins when 

other conditions are equal. The average values fo r the two types 

of p y rite  are ; -

High Temperature 0*045$ Co 0 0 3 6 % Ni
Low Temperature 0*013$ Co 0-023$ Ni
C''h*,l t  values range fron 0*003$ to  0*055$ and 
1 '.el from 0 *01$  to  0*064$.

In a l l  p y r ./a s , excepting high temperature p y rite  from 

Porcupine, Ni oxoeodc Co in  amount and, as Hawley points out, these 

vtlueo m e net m  agreement with values reported by Oaretens (1 )

To summarize. Cobalt and Hiokel vers rum 0-086 to  O-ltS 

each, in  the four areas studied and in  a l l ,  • " - .p t  Porcupine "high 

W i n d e r . "  nrlt.(lo, I K 0°. IK'Cb'

Or, Mn, Mo, V, Pb and T1 .o re  present in  ar . us' '.too examined.

tbrw a .  fwr

0 d .1 t  p — *  ^  " a * " ' ' '

id  e -A —  "  ^
r « W « l  to tho t»*i*T«tur. of Wooitloo.
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ICENGUZZI (6 ) examined fo rty  I ta l ia n  py rites of primary 

and secondary o rig in  spectrographically. All contained Al, Co,

Ou, K©, Mg, S i and, in  addition , py rites of prima y o rig in  contain 

Ag, As, Pb, Su, Sb and 2%, Ti i s  fouM in  most secondary p y r ite s .

fiDJGUZZT. and TALLURI (7 ) studied quantitative varia tions in  

35 "magmatio11 and 12 sedimentary p y rites  irom Ita l ia n  occurrences.

Both types of p y rite  contain very l i t t l e  Copper, a t  most 10 p.p.m ., 

but sedimentary p y rite  contains s lig h tly  more then magmatic p y rite . 

Magmatic p y rite s  contain up to  ?400 p.p.m. Co and a maximum of l30 

p.p.m. Mi. Manganese roaches a maximum of 100 p.p.m. in  magmatic

p y rites  whereas the sedimentary py rites contain s lig h tly  more 

Manganese. There 13 a groat enrichment of Co with respect to 

Nickel in  magmatic p y rite s . On the other hand, pyrites of 

sedimentary o rig in  contain more Nickel. T allu ri and Minguzzl 

po in t out th a t  tho length of the un it c e l l  of CoSg and FeSa is  5-4 A 

whereas th a t  of NISg ic  5-74 A. They consider th a t th is  explains 

the enrichment of Cobalt in  magmatic p y rite s .

NICKEL (8 ) has given a very ingenious demonstration of 

the app lica tion  of geochemistry to  tho solution of problems of oro­

genesis .

in  tho MlcMpieoten d i s t r i c t ,  Ontario, p y rlts  oeoura in  too 

mUl-nwk .nd In nonon p w U n l to  'y n U - K l - . l l t .  « l n . .  *»n

M Tlt. w  p w e n t,  MnUtn 1 . onlj A m w — l -  
I f  P K lto  i s  absent, ch lo rite  and hornblende, often to the em luslon 

o f M o t l t .  = .  m  . u w n  m r o l t .  K— Co " M .

AO. 0 :1 3 to 0 -7* .  m  to (,.]») " d  xo M  O - O M  to

0 0 0 3 6 # .
B O M I o o n . W  t W .  U  " t  t h .  t w  o f  a — W  o f  t h .

t w r .  «  "  - f *  "  ^  ^

In  the composition of the b lo tlte .

A



The re su lts  show th a t the Iron and Cobalt content of M o tite  

decreases In the neighbourbood of p y rtte . I’h is suggests th a t  there 

was a tra n s fe r  of cations between biotit* and p y rite . From the 

ra tio s  of Co j.n p y rite  and Co in  b io t ite ,  in  the same specimens, 

and similax’ly  fo r Ni and .in i t  emergea th a t  Co is  from 25 to  600 times 

more concentrated in  p y rite  than ir. M o tite . Nickel i s  only from 

1 to  2 timet, as abundant in  p y rite  as compared to  b lo tite . Manganese 

again, i s  a t  le a s t  10 limes more concentrated in  b io t ite .  The Co 

ra tio  i s  the g re a tes t whrre there i:i the "heaviest" py rite  development, 

f 't the aamti t i r o ,  extensive py rite  development i s  accompanied by a 

sharp decrease in  th e  amount of Iron and Cobalt in  the b io tite .

These re su ite  vtronyly suggest th a t  sulphurous f lu id s , acting on 

PctfiGh-Felspars and iron -rich  aluminous hornblende have a ltered  

these m inerals to  b io t i t e ,  t a lc ,  p y rite , quartz and a d iffe ren t 

ampMbole. This suggestion is  Viiven additional credence by fie ld

o.-servations,

Thu re s u lts  demomnrate th a t  Co i s  the most sulphophlle, 

nickel le s s  anti manganese le a s t  of the three elements. This 

obsfcrvation may bo explained on the basis of the sulphur-cation 

distance-, vihinh inversely re la te s  to  the p o la rity , of the sulphides 

of the th ree  ic ta lc . The distances are:

CoSg = 2035 NiSg = 8*42 and MnUg '> 2*59.

irfe may sum orize the oonoludiono reached by the various 

authors as; follow ; s

cf a u A M l*  OTlJlD b»T» » »

o o n f . t .  This ip p lie s  m peotally  w  P ?rttes =f isllm m barr, 

hydrothermal and n«m ntlo arifiln . (0„ 3tCl« ,  Hawley, Mineiml)

In  add ition , tile followlns 1'»v! 'x m  =hom 10

. .  <* II.P3.it lm , (B»W)
b. O W  m  (m » w )



. V ertica l and la te r a l  varia tions within
one ore-body. (Hawley, Auger)

.. D ifferences between individual ore-
bodies in  one mine. (Hawley, Auger)

Regional or d i s t r i c t  d ifferences„ (Auger)

V ariation in  c ry s ta l habit of p y rite , ( -Auger)

C ertain coexisting minorals, e .g . P yrrhotite . (Carstens) 
and B io tite  (Nickel) (Carstens)

i. Changes in  g ra in -size, (Hawley)

Some of the v ariab les mentioned also influence the trace 

element content of sedimentary and magmatic p y rite .



10.

SAMPLING AMD PREPARATION OP PYRITES FOR ANALYSIS

Samples of pyrite-bearing  rock were obtained from mines and 

field-exposures sca tte red  over Southern A frica. The author co llec ted  

approximately h a lf  of these specimens personally while the remainder 

were donated by various geologists.

The samples varied in  weight from a few grammes to  several 

Kilogrammes, depending upon the amount of py rite  in  the specimen.

An attempt was made to  use only m aterial in  which there were 

no o ther sulphides. This was not always possible and hence quite a 

few specimens contain minor amounts of chalcopyrite. Other sulphides, 

such as galena,were removed by liand picking under s  binocular microscope. 

In  any case, trac es  of sulphides other than those of Copper, Cobalt 

and Nickel wc^ld not a ffeo t the re s u lts  very seriously.

The py rite-bcaring  rocks were crushed, ground and screened.

Some rooks were ground to  -28 mush, others to  -55, -48, -64. and 

occasionally  to  -90 meshes to  the inch. The screen-size used was 

determined by the nature and size  of the py rite  in  the rock. Standard 

mesh on Tyler sscreena was used.

The careened rock-powder was "panned” in  an ordinary prospecting 

pan to  concentrate the p y rite . This prelim inary concentrate was

.W * , V ia ml M M  an o™. O" — — h w
the g rea ter p t r t  of the en te r and prevents oxidation of the p jr l t e .

* b . . , , - —11=  W f U c .  m

" p m * :"  o c M A r f . m w o *  ™  ^

^  .  - P "  m a . *  a



A fter the p y rite  had been washed with acetone and dried, 

any magnetic m ateria l, mainly m etallic iron from the crusher, 

was removed electro-m agnetically . This ensured th a t the samples 

were free  from m agnetite, pyrrhot-i te and other highly e le c tro - 

magnetic minerals, In  some instances, with a high content of non­

magnetic non-sulphide heavy mineral in  the rook, recourse was 

made to  an elementary fro th  f lo ta t io n  procedure The sulphide 

present was flo a te d  with p in e-o il in  aqueous medium containing a 

xanthate. This method, although somewhat laborous when ordinary 

labora tory  f a c i l i t i e s  only are availab le, yields py rite  o f  

exceptional p u rity , when pyrite i s  the only sulphide present. In  

the few cases when other sulphides were present in  quantity , the 

p y rite  was separated by hand-picking under a binocular microscope. 

A ll the p y rite  concentrates were inspected under a binocular 

microscope before analysis fo r the presence of contaminants and 

fo r  the proportion of d iluen ts.

The p u rity  of the p y rite s  in  a l l  cases was in  excess of 

900 ,  o ften  95# and occasionally 100#.

With a few exceptions polished sections were made of the 

o rig in a l m aterial and occasionally of the p y rite  concentrates.

The polished sections served to  ascerta in  whether sulphides, other 

than p y rite , were present.



analytical methods

The procedure followed fo r the Colorimetric analysis of Cobalt 

and Nickel i s  e sse n tia lly  as described by Sandell (9 ).

Standard so lu tio n s-

Reagents. Nickel sulphate; WiSafLO 

Cobalt chloride: CoClg&^O

Both these s a lts  were of "Analytic;.,1 Reagent" qu ality . Macro- 

analyses were ca rried  out on both s a l ts  to  determine the amount of 

¥i.okel and Cobalt present in  the respective compounds. Standard 

aqueous so lu tions containing 100 p.p.m. by weight, of metal were 

prepared.

Solution of the P y rite ;

Reagents : N itric A.H.Q.

Hydrochloric Acia ft.R.Q.

Samples of p y rite  weighing roughly 1 gm were weighed cut to  the nearest 

0-1 rag. The p y rite  was then boiled with 1 : 1 N itric  Acid u n til 

th e  evolution of red fumes of nitrogen peroxide had ceased, more 1 ; 1 

N itr ic  Acid was added and the process repeated u n t i l  a l l  the py rite  

h i  disso lved , an i the so lu tion  was c le a r. Some solu tions were 

cloudy, due to  th e  incomplete oxidation of th e  sulphur, bu t, boiling 

with cono. Hydrochloric Acid., cleared these so lu tions.

The solu tions were then f i l te re d  and made up to  100 ml. volume 

in  a standard f la sk . Aliquots of 10 ml. each were then used for 

the subsequent determ inations.

Separation of Iron from Cobal t  and Nickel;

The most e f f ic ie n t  and simple means of separating i.'on from 

« * » »  —  k  h . „
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am ines in  excess of ammonia, but are re ta ined  to  some extent by the 

p re c ip ita te  of fe r r ic  hydroxide. This d iff ic u lty  may be overcome 

by so lu tio n  of the f e r r ic  hydroxide in  acid and rep rec ip ita tio n  K ith  

ammonia.

Reagents : Ammonium Hydroxide c.P .

N itric  Acid A.R.Q.

Concentrated ammonia in  excess was added to  a 10 ml. 

a liquo t of a so lu tion  as described above. The m aterials was 

f i l t e r e d ,  th e  p re c ip ita te  washed with d is t i l le d  water, the fe rr ic  

hydroxide p re c ip ita te  dissolved in  1 ; 1 N itric  Acid and r e ­

p re c ip ita ted  with excess ammonia. The f i l t r a t e  was added to the 

o rig in a l am oniaoal f i l t r a t e .

The iro n -free  f i l t r a t e  was boiled to  a f in a l  volume of 

approximately 20 ml. At th is  stage the solution is  s lig h tly  

acid. The so lu tion  wao now ready fo r e ith e r a cobalt or nickel 

determ ination, I t  was impracticable to  determine both Cobalt and 

Nickel in  the same so lu tion .

Determination of Nickel;

Reagents ; 1# Dimethylglyoxime in  ethyl alcohol (w/v)

Liquid Bromine A.R.Q, 

Ammonium hydroxide A.R.Q, 

Ammonium n itra te  C.P.

In  th e  presence of a strong oxidizing agent, such as 

Bromine, in  amnoniaral so lu tion . Nickel iors produce a wine red 

so lu tion  with dimethylglyoxime.

I f  the concentration of the Nickel in  the solution

« r / u . .  a a . ! ™  u  P - w w .

t b . t  w : '  a w  "  w i  — " " " I



14.

7* m a  *  w

an equal amo-’n t of Nickel only.

The sample so lu tion  boiled down to  aboub 20 ml. and 

iron  free  was tran sfe rred  to  a K essler's  Tube. Two to  three drops 

of liq u id  Bromine were added to  the solution.

One ml. of a 100 p.p.m. Ni solution was measured into 

another Messier tube and i t  was made up to  about 20 ml. with a 

sa tu ra ted  so lu tion  of ammonium n itra te . The sanw quantity of liqu id  

Bromine was also added to  th is  so lu tion . The Bromine was then 

allowed to  d isso lve in  the so lu tions. Two to  three ml. of oono. 

ammonia were added to  each so lu tion , on shaking the colour of the 

Bromine disappeared. One ml. of dimethylglycjtime was then added to 

each so lu tio n . I t  i s  important th a t the dimethylBlyoxime be added 

w ith in  one minute of the addition of ammonia.

The more in tensely  hued solution was d ilu ted  with d is ti l le d  

water u n t i l  the colours and in te n s itie s  of the two solutions were 

v isu a lly  matched. The volumes of both solutions were then measured.

Frequent blank determinations were run to  check the purity  

o f th e  reagents used. Large amounts of copper were separated by 

p re c ip ita tio n  of the sulphide, while large amounts of Cobalt were 

separated by precipitation with a- 'i tro so  b-Naphtfaol.

Determination of Cobalt;

Reagents ; Acetone ° - p-

Ammonium Thiocyanate A.H.Q.

50 gm/lOO ml. of water

Sodium Fluoride A.R.Q.

Stannous Chloride A.R.Q.

20 on. SnClg'ZHgO/yx) ml of 2 N HOI.

OuMlt K a u W "  " W  "n tM  w w
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produced. Hence I t  i s  imperative th a t  the concentrations of these 

substances be kept constant in  both standard and unknown. Ferric 

iro n , even in  minute amounts, produces a bright red colour under the 

same conditions. The colour can be destroyed by addition of sodium 

flu o rid e , which complexes the iron as a colourless fe rr i-f lu o r id e  (10).

Copper and Nickel form green solutions under the above 

conditions, Sandell (9) s ta tes  th a t Nickel in  ten  times large r amount 

than Cobalt does not in te r fe re , a t low concentrations. With larger 

amounts of Nickel a yellow f i l t e r  i s  useful when making a colour 

comparison. Copper in  small amounts does not in te rfe re  when stannous 

chloride i s  p resen t. Larger amounts of Copper may be removed by 

p re c ip ita tio n  w ith sodium sulphide in  acid solution. Molybdenum', i f  

p resent in  some amount also  produces a red colour, in ten sified  by 

stannous ch loride . This colour is  not as ea sily  dispelled  as th a t 

caused by f e r r ic  iron  and may completely mask the cobalt-blue.

Acetone was added to a sample of about 20 ml, prepared as 

described above. Su ffic ien t acetone was added so th a t the solution 

contained acetone and ea te r in  equal volume. The solution »as 

tran sfe rred  to  a Hessler tube. One ml. of 100 p.p.m. Cobalt, In  a 

s ld ik u -  tu b .  s ^ s  up to  »  S ltb  K b M tW  M » l « ,  u l t r a ,  

so lu tion .
A * t m .  m  t h lo o p m t .  . m ,  w  a .  —  M s u t t ™  

W l , * . . * < d t k " u u b n « ' . ° * t l « ' .  l * r o a * W , 0 - l » " .

to  each sample,
a . , d « i t i . ^ t b . . ^ t t i « ' - ' * ' » —

m r .  i a . . M ] ,  o o lo u r ^  . o l u t l »  —  d " " " "  * *

tM o w m t . .  . . ^ t t b ^ r r ^ t l t . — '
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produced. Hence i t  i s  imperative th a t the concentrations of these 

substances be kept constant in  both standard and unknown. Ferric 

iro n , even in  minute amounts, produces a bright red colour under the 

swne conditions. The colour can be destroyed by addition of sodium 

f lu o rid e , which complexes the iron as a colourless fe rri-f lu o r id e  (10).

Copper and Nickel, form green solutions under the above 

conditions, Sandell (9 ) s ta te s  th a t Nickel in  ten  times larger amount 

than Cobalt does not in te r fe re , a t  low concentrations. With larger 

amounts of Nickel a yellow f i l t e r  i s  useful when making a colour 

comparison. Copper in  small amounts does not in te rfe re  when stannous 

chloride i s  p resent. Larger amounts of Copper may be removed by 

p re c ip ita tio n  with sodium sulphide in  acid solution, Molybdenum, i f  

p resent in  some amount also  produces a red colour, in ten sified  by 

stannous ch loride . This colour is  not as ea sily  dispelled as tha t 

caused by fe r r ic  .-on - 1 may completely mask th e  cobalt-blue.

Acetone was added to  a sample of about 20 ml, prepared as 

described above. Su ffic ien t acetone was edded so th a t the solution 

contained acetone and water in  equal volume. The solution was 

tran sfe rred  to  a  Messier tube. One ml. of 100 p.p.m. Cobalt, in  a 

s im ila r tube w«s made up to  20  ml. « it»  satora ted  Hmenlm n itra te  

so lu tion .
m l  " W  In  p w r W o -

. .  u ,  t h .  w o . of t t .  "mum— "

to  each sample.

a .  w m i u .  « r « »  " d  " "
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Accuracy:

Sandell (9) s ta tes  th a t a colour difference between two 

colour . Ivtions of which the one la  758 more concentrated than 

th e  othri, can hr observed by a person with a normal vision. This 

figu re  applies regardless of whether concentrated or d ilu te  solutions 

are used. I t  would appear th a t  d ilu te  solutions can ac tually  be 

matched more closely  than concentrated solutions with more intense 

colours.

When a number of comparisons are made the accuracy w ill 

of course increase.

Some re s u lts  w ill be 7# (+) too high and others 7# (+) 

too low. But the average w ill approximate the tru e  re su lt  within 

a t  most 2 or 30. In  p ractice i t  was found th a t with several re su lts  

a v a ila b le , the mean of the highest and lowest figures was very close 

to  the moan of a l l  the re su lts  b u t, in  view of the fa c t th a t  i t  is  

d i f f ic u l t  to  obtain 1000 pure p y rite , i t  may be safer to  assume 

a  maximum e rro r of 100 ,  even though the analysis figures indicate 

a  g re a te r accuracy than th is .

At le a s t  three determinations were carried out on each 

sample and in  many oases four or fiv e .

THE QUALITATIVE ESTIMATION OP COPIER AND MANGANESE

Manganese:
Manganese in  the py rites was detected by oxidizing 

th is  metal to  permanganate.

O i ln r  IIK M f K lu tW  —  *° "

a t n .  w a t i m  a  » w " " '  *
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developed a pink colour, under these conditions.

A ll samples were trea ted  under .-+andard conditions, so tha t 

even tboujh no ac tual quantitative measurement is  involved, the 

re s u lts  may s t i l l  be compared.

52BE2E!

A "spot" teest technique described by Peigl (11) was used to 

d etect the presence of copper.

The .-eagtmt used was a 10 alcoholic solution of Rubeanic 

Acid a c id if ie d  witli ac e tic  acid. A drop of the so lu tion , tc be 

te s te d , was placed on a f i l t e r  paper and a drop of reagent was then 

added. The copper compound which is  Rreen to black remains in  the 

position  of the o rig in a l drop, whereas the soluble cobalt and nickel 

compounds, which arc respectively  brown and blue, migrate to  the outside 

o f the drop.



a f f in i t i e s ,  or from the same area ;

H -  Hydrothermal pyrites

S -  Pyrite of sedimentary origin

B -  Pyrite associated with basic Igneous rooks

W - P yrite  from Witwatersrand "banket" reefs or from
intrusives

K -  P y rite  from the Copper-Cobalt ore-body a t Kilembe. 
Uganda.

A d esc rip tio n  of each sample i s  given below, based on an 

examination of hand specimens, crushed py rite  concentrate under a 

binocular microscope and polished sections.

Occasionally reference i s  made to some relevant aspects of the 

geology of tho mine or area from which a p a rtic u la r specimen comes. 

HYmOIHERMAL PYRITE.

Specimen HI

Massive p y rite  was obtained from the Leet.wbosob Lead Mine, which 

i s  s itu a ted  20 miles north of Thabazimbi, Oalenc-pyrite m ineralisation 

occurs in  the Transvaal dolomite a t  th is  mine. Microscopically 

the massive p y rite  is  seen to  be •.eined by la te r  quortz-oarbonate 

gangue.

Specimen H2.

This specimen, from the "Marioo Lead Belt" in  the Western 

Transvaal consioto of a large octahedron of p y rite  which is  s lig h tly  

veined by f lu o r i te  and galena. The specimen may be regarded as 

ty p ica l of these mesothermal deposits.

Specimen H3.

Out., of m n«* f -  « x u b n -llt. pip. lo t t .  IW a rW  ™

tb rea d -llk e  inolusions in  the pyrite .
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Specimens Hli -  B6.

Specimen Hit i s  a p y rlte  concentrate ;rom the flo ta tio n  plant a t  the 

P ilgrim srest Gold Mine in  the Eastern Transvaal.

Specimen H5 i s  a groy q uartz ite  which contains disseminated anhedral 

grains of p y rite  and a small amount of magnetite, from the Sabie- 

r ilg rlm sro st area.

Specimen Ho consists of massive p y rite  in  a quartz vein, showing la te r  

magnetite and Quartz microscopically, ft-ci Columbia H ill, P ilgrim s"est. 

Swiegers (12) regards the P ilgrim nrest Gold deposits as mesothermal. 

Specimens H7 -  KIO.

Four specimens, from the Bourke's Luck Mine, P ilgrim srest area, 

represent both generations of p y rite  observed in  th is  mine. Barnard (13) 

s ta te s  th a t  the la te r  generation, a fin e  grained py rite  is  generally 

associated with much higher gold values than the e a rl ie r  p y rite .

Specimen H7, an extremely fino-p- ained massive type of p y rite , veined 

with gangue and small amounts of chalcopyrite is  of the la te r  generation 

and contains 10 dwt, Au/ton. H8 and H10 are both c learly  of the f i r s t  

generation c.f p y rite . Both are coarse grained pyrites with quarts. 

M icroscopically these two specimens display extensive fine quartzveinlng, 

simulating cracked porcelain.

This deposit ia  probably re la ted  genetically  to  the P ilgrim srest

deposits . Barnard (13) considers the deposit to  be menothemal.

Specimens H ll , H12.

o a s s ite r i t '-  vnineralieation in  Poo: 

suggests a Jiigti temperature depos: 

aggregate of aubhodral py rite  cryi 

Simple and twinned pyritohedro^s . 

ankerite co n s titu te  specimen H12.

and octahedrons, up to  i "  in  s ize , in



Specimen Hj.f.

Specimen HI? consists of sn a il c rysta ls of p y rlte  In  a blaok 

chert "bar" from the Eagles West Mine, Barberton.

A polished sec tion  reveals cubes of p y iite , much smaller 

arsenopyrite la th s  of rhombic cross-section and large r masses of 

p y rrh o tite . The sulphides show a d is tin c t  concentration in  bands.

Some bands contain only p y rlte  and arsenopyrite and are free  of py rrho tite , 

whereas o thers contain a l l  th ree ore-minerals. The arsenopyrite which 

js  often  completely enclosed by the other sulphides re ta in s  i t s  c rysta l 

o u tlin e s . Close examination reveals s lig h t corrosion of the 

arsenopyrite , suggesting th a t i t  was the e a rl ie s t  sulphide.

Hall (15) has remarked on the great sim ilar ity  between ores from 

the Eagles Nest and New Consort Mines, the la t t e r  being a high 

temperature deposit.

Specimen Hlk.

Minute cubes, octahedrons and pyritohedrons of p y rite  occur 

in  sm all amount with some arsenopyrite and gold in  fractu res in  ta lc  

sc h is ts  of th e  Prim itive System a t  the Woodstock Mine, a t  Noordkaap, 

Barberton D is t r ic t .  The m ineralisation is  ty p ica lly  high temperature.

The sample i s  a composite one, composed of py rite  from fractu res a l l  over 

the mine.

Specimen HI?,

* r « . .  i "  '  ™

This i s  probably a bleb temperature pyrite .

SED'X'^mARl PYRITES,,—g l -Jg L.

m . .  a m * * - ,



In blobs on the bedding planes of a

p i .  a a  « * » , ^  f , _  a .  \ k L t ."White Band" in
tb ,  w  Dqkm. A  n w w o ,  a » b * f  M ^ r io t .  0 ^ ^ .

^  w  a .  b w . of « »
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marcasite occurs in  ragpedly Intergrown grains which are elongated ra d ia lly .

Transverse and bedded veins of Byrite in  coal, from the flo o r of the 

* ,.«  S w .  C c U ln r , W th ca . «roH<M th . m h r W  fa -

Specimen 4 .

PYRITE ASSOCIATED VJITH BASIC IGNEOUS ROCKS -  Bl, B2

Although some of the p y rite s , discussed under other headings should 

be included h e re , i t  was decided, fo r the sake of continuity , to  include 

only two iso la te d  specimens in  th is  category.

Bl i s  a  specimen of a discordant vein let of py rite  and pyrrhotite 

in  a  diabase s i l l  in trusive  in to  the Government Reef Series on 

Blandsheuvel, near Klerkcdorp. The sample was obtained from a d r i l l ­

hole core.

Simple and twinned cubes of py rite  in  ta lc -c h lo rite  sc h is t , « 

few 100' in  th e  footw all of a chromitlte body a t  Selukwe Peak Mine, 

Selukwe co n s titu te s  sample BS. Most geologists favour an o rig in  by 

magmatic segregation fo r th e  chromite deposits of Selukwe and the pyrite 

could well have originated through a sim ilar mechanism. No pyrites of

studied. P y rite  is  not very common in  these ores, while sulphides of

nickel are qu ite  r .,mon.

FORTIES 

Specimen V/l,



p.*"..
bands of p y r i te .

Specimen W2.

« r w t .  ^  w  ^  ^
w r l i «  A h .  ,« * ,  *1* .  . f  A t u x w i t .  A - r - 1.
Specimen V.'3.

P yrite  dissemiiu . j  in  banlret. East Geduld Mine, Spr.ings.

Specimen t1!̂ .

P y rite , very sparsely  disseminatrd through banket of the Dominion 

Beef, Dominion Reefs Mine, fQerksdorp. in  addition th is  specimen 

oontains ehaloopyrite and py rrho tite  in  small amount.

Specimens W5 -  V71S.

Eif-iit spooirjjaa of rook containing py rite  were obtained from the 

Durban Roodeyocrt Docp field Mine, in  the area near No. 6 Shaft. One 

specimen, U9* waa fcalson on 26 Level end consists of oval aggregates, of 

p y rite  c r y s ta ls ,  O.ovolnr^ci in  homogeneous q u artz ite , 2 ' below the contact 

of a  b asif s i l l .  CW rsmnjr.inc; specimens were taken on 28 Level,

v’5, W6j t-,7, ';10, V-’.'.l, w:.s s ro  pH  specimens of Main Reef Banket, 

with p y rite  aoa tto r* ! tirour.:i the ircLrix, replacing pebbleo o r, on the 

edges of pebbles. Cpcolncm ” 10 is  GllEhtly d iffe ren t in  tha t i t  

contains email funoun-c of r ^ r h o t i t e  as elongated blotnhes.

Specimen '»} mb +,±cn fiO’ Svon c. basic dyke.

ViD " " a* " 11 " "

V? 11 " V  " " "

moulded on p re -ex is ting  gan##.

vno " " s ........................ ”

Vill " " » ’ " "
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Specimen

W13 is  a specimen of banded py ritic  quartz ite  from the Grown 

Mines, Johannesburg. Unfortunately i t  i s  not known which horizon the 

specimen was taken from, or i t s  re la tio n  to  basic dykes or s i l l s .

PYRITES FROM KIISMBB. UGANDA. K1 - K6 .

Kilembe i s  situ a ted  in  the fo o th ills  of the Ruwenzori mountains,

Uganda.

The main ore minerals are ohalcopyrite and nickeliferous 

U nnaeite  accompanied by p ^ ri te , py rrho tite , and magnetite which occur 

in highly metamorphosed "Basement" amphibolites, granulites and sch is ts . (16) 

The o rig in  of th i s  deposit i s  enigmatic and i t  has previously been assumed 

to  be hydrothermal although reoent exploration based on an assumed 

sedimentary o rig in  has been fa ir ly  successful.*

Specimen Kl.

Irre g u la r  masses of p y rite , veined by magnetite. In  the 

v e in le ts  occur Msps of ohalcopyrite, mainly replaced by the maenetlte. 

Specimen K2.
n r i t .  i .  -[M bcu t., " i « i  W

Specimen IQ.

Specimen Kb.
,  p r i t .  W W T

Specimen K5.

% ry  ^

—  —

^Personal communication, Dr G.R.Da
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of p re -p y rite  carbonate and another of pogt-pyrite carbonate.

De V il l ie r s  (17) has suggested a hydrothermal origin fo r th e  iron 

ores of Thabazimbi, but the majority of geologists are inclined to  view 

t-hia deposit as the r e s u lt  of enrichment by iron-bearing meteoric so lu tions. 

Specimen 03.

A ltered Karroo d o lerite  with sca ttered  specks and l i t t l e  

v e ln le ts  of p y r i te . The rock consists of cloudy plagioolase, altered  

pyroxene, c h lo ri te  and a f a i r  amount of Leucoxene. Many of the larger 

ind iv iduals of p y rite  arc rimmed by th in  coverings of zeo lite . This 

specimen was taken in  the Bethlehem D is tr ic t , O.F. S.
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Desciriptlov

HI Leeuwbosch
32 Marioo,W,Tv.
# Kimberley

P iljr im s re s t
g Sabie Arsa
H6 Columbia H il l
%! Bourke ’s  Ltzck

H8 " "
H9

KLO « »
Hll Leeuwpoortt
812
H13 Eagles Neot
m k  il'’oodti$ook
H15 B ik ita , 3.R.

SI iCyferfo.-'teli',
Rietpan

S5 Fouriecbury
Navigation CUy

Klerbidorp
Seliikwe

West Rn.id Cc-'S
W2
>i2 East Oed- .!<
% Domi’sisn Reef™
W5 Durban Roode-

poort Deep
W‘5
W
w8
VI9
wio
Wll
wia
W13 Crown Mines
01 Muftilirn

ThabaKimbi
03 Bethlehom

n Kilembe.yganda

KJ n »
K4 ;; “

S .

iQalena-Pjrpite m ineralisatior 
j Pb-Zn#fluorite B 
IPyrite  from Kimberlite 
F lo ta tio n  ooncentrnte 
Pyrite  In  quartz ite  

|Massive py rite  with quartz 
;Pine grained au riferous/
■ pyrite
Coarse-Brained pyrite  
Disseminated, f a ir ly  fin e- 

iprained
Coarse grained pyrite 
Coorne cry sta llin e  
Coarc.e, w ith  ankerite 
P yrite  froir chert bar.
Fine pyri t r  in  fractu res 
On contact n i  pegmatite

In  Karroo saridstone 
iln  black carbonaceous shale 
[Karroo ftarcasite concretion

!P yrite  ve in le t in  uiabase 
jln  footw all of chrr.mlte

j Banket pyri+e,Battery Reef 
‘P yrite  from dyke 
(Composite Reef 
fiorm'il banket

Banket 50' from basic dyke
ii g i ii " "

P yrite  from basic dyke
2 ' below s i l l
25' fr->m eyenite fh-kc

M: = = =Banded p y ritic  quartzito  
Cubes fr^m near ora-body 
itaooe!-. in  footwall dolomite 
B a n 'l l  p y ritic  qvartzite

m w lvm , with
Gomjcryatulline with 

pyrrhotite
Lnr:-c <:ctahe<2ron

I Co:Hi I Other 
1 ra tio  * elements

0 -C12 1:1
0-017 4:1

0-020 1 : 4
O’Ck? 1:1

0-079 0-014 1:5*

0 -lG n.d. MOjCu
0-077 0-021 1:4

0-060 0-054 1:1
1:2*

0-056 :1
1:7 Mo,Mn
1:1

0 -7 ? 1:2
0-094 0-020 1:5

0-003 'O-OOl Cu,Mn
<0-001 1

0-006 *•0-001 Cu.M.i

O-oUj 0-029 2:1 Cu
0-0 * 0-22 2:1 Ou

0-01̂ 3 0-034 4:5 Cu
1:1

0-062 1:2
0-10 0-083 4 :5

0 -061, 0-079 5:4
0 *054. 2:2
0-073 4:3
0-022 3:1
0-027 3:4
O-OGT 5:4

0-083 4:3
0 -0 8 6 - 4:3
0-070 S O Cu

0-001f 10:1 Cu
0-018 1:1+
0-012 0-014 i 1:1 Cu

0-014 1-917 Cu

0-021 1-928 92:1
2*162 | 49:1

0-028 1-728 62.-1
1-500 I? ? :!2: ™ 12:1
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one area  are often  very s im ilar in  trace element content, although there 

«r« n w ^ l n n ,  to  a t .  e t ^ « « , t .
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THE HHROTHBtMI, PYRITES-

The content of Cobalt in  the 14 hydrothermal p y rite s , analyzed 

fo r th is  m etal, v a rie s  from 0*008£ to  0 -1%  while the nickel content 

v aries from 0-012?? to  0-77#. Taking the arithm etic mean of the Cobalt 

and Nickel concentrations in  a l l  the hydrothermal p y rite s , we find 

Ni «  0-09#

Co = O-Oli-5#,

th a t  i s  a Co : Ni r a t io  of 1:2, which means th a t in  a l l  the hydrothermal 

p y rites  taken  an a whole there is  twice as much Nickel as Cobalt. This

agrees w ell with r e s u lts  obtained by Hawley (5) who ^ound Co - Ni = 1 :2

(approximately) fo r  a l l  the mines he investigated , with the sole 

exception of Porcupine "high temperature” p y rite . On the other hand 

both se ts  of re su lts  difsafiree with the statement made by Carstens (1) 

arei quoted by Rankama arc) Bahama (18). Carstens s ta tes  that 

hydrothermal p y rite  he investigated always contains more Cobalt than 

Nickel.

I f  we accept 0-01# Ni and 0-0lf# Co, i . e . ,  Co : Ni = k : 10 

»  h ,  O o W w lW *  (1 9 ) . t f "

«  ^  t h .  « r k  W

m m  i f  .  C l f f r - b  in  tb .  w

^ 0.
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DISCUSSION REsunrs

The re s u lts  obtained show to some extent th a t pyrites from

one area ^ e  often  very s im ilar in  trace element content, although there

fundamental d ifferences between many Genetically d iffe ren t pyrites.

THE HYDROTHERMAL PYRHESt

The content of Cobalt in  the 12# hydrothermal p y rite s , analyzed 

fox' th i s  m etal, varies from 0 -008# to  0-16# while the nickel content

and Nickel concentrations in  a l l  the hydrothermal p y rite s , we find 

Ni = 0-09#

Co = 0 -01# 5# i

th a t  i s  a Co ; Ni r a tio  of 1:2, which means th a t in  a l l  the hydrothermal 

y y rites  taken as a whole there in  twice os much Nickel as Cobalt. This j

aGreeci w ell with r e s u lts  obtained by Hawley (5) who $ound Co .- Ml = 1:2 j

(approximately) fo r  a l l  the mines he investigated , with the sole >

exception of Porcupine "bit*  temperature" p y rite . On the other hand jf

both se ts  of re s u lts  dir,agree with the statement made by Carstens ( l)  |

and quoted by Rankama and Sahama (18). Carstens s ta tes  th a t j)

hydrothermal p y rite  be investigated always contains more Cobalt than

are severa l exceptions to  th is  statement.

The re s u l t s ,  incomplete as they a re , do indicate tha t there are

varies from 0-01Z?<? tr. 0-J7#. Taking the arithm etic mean of the Cobalt

Nickel,

as quoted by Qoldnohmic 

represent a phase with

Even i f  1
. .Ni = 5  : 10 , as augge 

of Co i s  s t i l l  not as
lithosphere , namely Co : 

the re la t iv e  enrichment

.Ni = 5 : 10, as suggested by Sandell and Goldieh,

strik ing  as one would expect.



I t  ia  Q«if apparent th a t  Cobalt and Nickel are enriched in  hydrothermal 

Write■ aa a r u le ,  but the re la tiv e  eivichment of Cobalt as oompai,ed with 

M o te l doe, not appear to  be of any a-eat magnitude.

The io n ic  r a d ii  of Cobalt and iron , and the u n it c e ll lenstba 

of the d i-su lph ides of these two metals are p ra c tica lly  identica l 

whereas the.-> oonutanta are s l ig h tly  d iffe ren t fo r Nickel, Nickel (8 ) 

has adduced d a ta  to sh.w th a t  Cobalt is  more chalcophile than Nickel.

But the re la t io n  between Cobalt and Nickel in  the upper lithosphere ia 

ra th e r complex, an indicated by Rankuma and Bahama, Cobalt i s  generally 

supposed t-> bo enriched re la tiv e  to  nickel in residual and la te  magmatic 

deposits .

The re s u lts  fo r South African hydrothermal deposits s u r e s t  that 

hi^h temperature py rites  tend to  contain the meat Nickel and Cobalt.

This isi not alvtayn tru e , * . ] . ,  the low re su lts  for the hi^h temperature 

Ea'jleG Nest dep '-sit,

The mea rccv.lc of five h ijh  temperature py rites (H11-H15) is 

0-14^ MJ an’- C-.. S im ilarly , fu r  th ree lower temperature pyrites

(Hi, H2, Hi) Nickel = 0-052% and Cobalt = 0-04US. This comparison is 

s t r i c t l y  nut very roniii. Even oo, i t  d »es soosi to  sussent th a t  tin  Nickel 

Of * r l « .  13 M .  M M W W  « .

conttf.'ic.

An U W - M I *  A c t  "  T

i .  .  w m .  ^  " *  '

tyained and anriferoun, (15)

Molybdenum.



A si--Alar explanation could also be advanced to r  the two rad ically  

d iffe ren t p y rite s  from Leeuwpoort Tin Mine, Rooibere. The one pyrite 

contains O'^/v t.’i  and only one seventh of th a t airoynt of Cobalt, while also 

containing some Molybdenum. In the other pyrite Molybdenum was not 

detected and th e re  was ac tually  twice as much Cobalt as Nickel in  th is  

py rite .

The two ore-samples from the Pilcrim srest area, H5 and H6 contain 

Cobalt and Nickel in  quite  d iffe ren t proportions. But, the Canadian 

investigato rs have detected so many facto rs which may influence the trace 

element content of p y rite , even in  one mine, th a t  th is  discrepancy i s  not 

su rp ris ine . The f lo ta t io n  concentrate from the T.G.M.E. plant a t 

P ilgrim srest, may conceivably give an indication of the bulk composition of 

py rite  from the en tire  area.

Moot of the hydrothermal py rites contain copper and some contain 

.manganese.

I t  should »s,ain be emphasized th a t  with so £e» re su lts  fronv so 

m *  tho  rw u ltc  A  b w t

SEDPIEiOTARY FYRITEC:.

The Win

Dr Vi.R.Liebenberc of tho Oc

ID m r  om . m *
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A ll fou r specimens contain Manganese, some in  appreciable amount. 

Yet only one th i rd  of a l l  th e  other py rites analyzed contain manganese. 

Corstens (2) and Minguzzi and T allu ri (7) report from 0-01 to  0-1% Mn 

in sedimentary p y r i te s ,  and usually  much less  in  hydrothermal py rites.

The th ree  p y rite s  a l l  contain traces of Copper while th is  

metal i s  not p resent in  th e  specimen of marcasite.

I t  i s  d i f f i c u l t  to  explain the marked preponderance of Nickel over 

over Cobalt in  sedimentary p y rite s , even though Nickel is  2 to 3 times 

more abundant than  Cobalt in  the upper lithosphere.

FYRITE ASSOCIATED WITH BASIC IGNEOUS ROCKS.:

The follow ing re s u lts  were obtained from pyrites in  basic 

igneous rooks, o r , obviously genetically  re la ted  to  them:-

Sneoimen Area Description t i a .  -i-s= - Co : Ni

B1 Klei'ksdorp V einlet in  diabase 0 -0* 2  { 1

B2 Selukwe In  Talc-Chlorite , 2 i 1

W2 Vest Rand
P yrite  in  dyke 0-11 1 i 1

Wti Durban Deep « » » 0-022 o -c a 2 : 1

W9 ti " 2 ‘ below s i l l 0-027 iw eo 2  ? k

L I E — - - - - -

: : = = e - - =
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PYRITES FROM KILEMBE. UGAMDfl

Thtse p y rite s  from Uganda display an unusually high Cobalt
conten t, from 1»50$3 to  2 -1,5 

varies from 0 -01^  to  0-127%, 

12-5 : 1. The

Co. The Nickel content is  quite low, i t  

’ v ith  Cu : Mi ra tio s  from 137 : 1 to  ' 

values are 1-80% Co and 0'(%G% Ni giving a Co ; Ni
r a tio  of 38  : 1 .

I t  may be sa id  th a t  the high Cobalt values are due to 

contamination by l in n a c ite , but th is  is  unlikely due to  the following

(a) The only o ther sulphide seen in  polished sec tions, apart from 

p y rite  was ohalcopyrite, and th a t mineral only in  small amount 

in  two of the polished sections.

(b) The L innacite from th is  mine is  nickeliferous and with one 

exception the Nickel values are low; 0*01 - 0 -01$ .  Specimen K6 

contains 0*12% Ni, but the Cobalt content is  the second lowest, of 
the s ix  specimens analyzed.

/c) The Cobalt values are very much of the same order, with only about 30%

(d) BJorlykka ban reported  up to  1-25% Cobalt in  a Norwegian pyrite (19).

Regardless of whether we consider th is  deposit to  be hydrothermal 

or sedimentary in  o rig in , i t  seem th a t  the Co ; Ni ra tio  of the pyrite 

is  g en e tic a lly  quite  irre lev an t. I t  i s  lik e ly  th a t th is  extreme 

M rlA M W  ST M a l t  W  R d l  "  d o n U t l* * !  * *  «r— t

a v a ila b ili ty  of Cobalt in  the ore- .

= »  . w » t .  t w W W lT  t w t  a w m lt l* .  %

reasons :

varia tion .

th .  took p i « . .  t w .  f
Lred i t s  high Cobalt

content.
pvrtces fboh 'v a g a a g a J B g i - a g a  

conclus

38 and very few defin ite  

results indicate only trends,



31.

(a) P y rite  in  or near dykes

(b ) P M t ,  in  l » * a .  ^  n u . _

a .  i ™ * * . , .  «  U w  « .

= a .

28 1*7*1, NO.5 S haft, Durban Roodepoort De- n Gold Mine.

# Ni IC o Hi Ratio
W8 P y rite  in  basic  dyke 0*022 0-061 3 : 1

#7 P y rite  in  banket, 1' away 0-073 0-055 4 : 3
W6 P y rite  in  banket, 8 ' away 0*054 0*085 3 : 2

VJ5 P y rite  in  banket, 50'' flWay 0 *0% 0-078 5 : 4

Three specimens. wio, vai and W12 , which werei taken from 15

to  35* away from a syen ite  dyke have ra th e r consistent re su lts  and theco 

probably 'epreiont p y rite  unaffected by the ac tion  of basic dykes. In 

these th re e  specimens Nickel varies from 0*063$ to  0-057$8 and Cobalt 

from 0-083 -  O-CSQJ, These re su lts  agree quite well with those obtained 

in th e  specimen 50 ' away from the basic dyke. The mean values fo r these 

four specimens are O*O6l|.0 Ni and 0'03%J Co. The Nickel values are very 

sim ilar and specimen rflO, which was s lig h tly  d iffe ren t (0-0030 Ni) was 

found to  contain  a sm all amount o f p y rrho tite , which may account for ihe 

deviation. I t  seetna lo c ica l to  assume th a t  the pyrite in  Main Reef 

Banket, a t  Durban Doep Gold itine, where unaffected by basic dykes contains 

amounts of th e  order of 0-0640 Hickel ard 0-0830 Cobalt, »ith  a Co'-m 

ra tio  of 4 : 3 .
r n r w  o t l » r  m - l m n :  ( f  B e * *  W tU W  r « l t m  w  ( o l l - . : -

jm  * =  c= - ™
Vll Weet Hand Cons. B attery Reef 0-O43 0 ' 0^  4

W3 East Geduld C o m p o site  " 0 -°62 0 ° 51

Vflt Dominion Reefs D om in ion  "  0'10 0 085 ^  *

I t  i s  n o t  known w h e th e r  a r *  o f  t h e s e  W e e  specim ens w ere  ta k e n

Z Z Z  Z  Z Z L Z Z L 'Z u  Z L : '

at the mine.
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S im ilarly , fo r  the banded p y rltic  q uartz ite  from Crown 

Mines, with 0*10% Ni and 0*07% Co, i t  i s  not known vihieh horizon the 

specimen represents.

A ll the p y rite s  from dykes and banket contain traces of

copper.

OTHER PYRITES 01 - 03

One specimen from the Northern Bbodeslan Copper B elt 

gave fa i r ly  In te restin g  re s u lts .  The specimen, from Mufulira, has 

a  Co : Ni r a tio  of 10 ; 1, which is  the only other p y rite  analyzed 

which approaches the high Co : Ni ra tio s  of Kilembe.

A pyrite  from the xcotwall a t Thabazimbi, 02, contains 0 -018% 

Co and 0*012# Ni. I t  also contains a trace of Manganese.

p y rite  from an a ltered  d o le rite  in  the Free S ta te contains 

p y r i t e  c lo s e ly  associated with ze o lite  and th is  suggests th a t i t  

could have been deposited by the la te  thermal solutions which are 

known to  ha»e affec ted  some d o le ri te s .
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S im ilarly , fo r the banded p y ritic  q uartz ite  from Crown 

Mines, w ith 0-10% S i and 0-07% Co, i t  Is not known which horizon the 

specimen represents.

A ll the n y rites  from dykes and banket contain traces of

copper.

OTHER WRITES 01 -  03

One specimen from the Northern Bhodesian Copper Belt 

gave f a i r l y  in te re s tin g  r e s u lts . The specimen, from M ifulira, has 

a Cc : Ni r a t io  of 10 t 1, which is  the only other py rite  analyzed 

which approaches the high Co : Ni ra tio s  of Kilembe.

A p y rite  from the footw all a t  Thabazii. A, 02, contains 0*018$ 

Co and 0*012$5 Mi, I t  also contains a trace of M.vvi r̂iese.

P yrite  from an a lte red  d o le rite  in  the Free S tate contains 

p y rite  c lo se ly  associated with ze o lite  and th is  suggests th a t i t  

could have been deposited by the la te  thermal solutions which are 

known to  h&"e affec ted  some d o le rite s .
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SUMMARY OB’ DISCUSSION

Hydrothermal P yrite  - Co ; Ni = 1 2 (+)

Hydrothermal phase with tx s lc  igneous rocks

Co : Ni = 3 : 2  (+)

Sedimentary P yrites : Co ; Nl = 1 : 1 0 ,  or greater.

The re s u lts  obtained on py rites from the Wltwatersrand suggest, the 

following lin e s  fo r fu r th e r  re search :-

(a) The e f fe c t o f in trusives  on p y rite  in  the banket.

(b) L ate ra l and v e r tic a l  varia tions in  Cobalt-Nickel 

content of p y rite  in  a specific  "banket" re ef.

(c) The p o s s ib il i ty  of co rrela ting  "banket" reefs on the basis of 

th e ir  trac e  element content.

(d) The influence on the Co ; Ni content of py rite  by 

co-occurring m inerals, e .g . ,  "carbon", py rrho tite , etc .
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