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INTRODUCTION.

This work represents the -esults of a survey of
the mineralogy and petrology of the Ventersdorp Contact
Reef at Venterspost and Libanon gold mines. During this
study, attention was paid to the mode of occurrence of
gold in the ore, and to the relationships of the gold
towards the other minerals. An attempt was aljO made
to gather evidence concerning the physico-chemical
conditions which prevailed during the mineral deposition,

and to evaluate their effect on the mode of mineralization.

Ventersdor: Contact Reef.

De Kock (1940) has said that the name "Venters-
dorp Contact Rc-'f" is applied to the conglomeratic sedi-
mentary layer which occurs at the base o the *entersdorp
Lavas and which itself rests on the Witwatersrand
System. The V.C.R. is younger than the Witwatersrand
System and older tbin the Ventersdorp volcanic rocks,but
since it is conformable to the base of the latter and
owes its preservation to the out: curing of the l1was,it
cun be regarded as a basal conglomerate o' the Ventersdorp
System. De Kock further pointed out that the name
"Ventersdor?" was not intended to convey a genetic
affinity with the Venter dorp lavas, which have definite-
ly not contributed my gold, but were responsible only
for small additions of volcanic ash to the matrix of the
reef. The name wis ori in illy chosen to indicate the
stratigraphic position of the reef at the contact between
the Ventersdorp and Witwatersrand Systems and also to
distinguish it from a true Witwatersrand Banket.

A detailed description of the geological

features and structural variations of the V.C.R. at



Venterspost has been given by Davies (1%9) but is beyond
the scope of the present study. A brief outline is however
presented below.

The V.C.R. may best be de.'c ’ibcd as a conglomer-
atic layer consisting of ouartz pebbles varying in size
from what may be called a pebbly gvit to boulders react-
ing up to 15 inches in length. The pebbles and boulders
con/t :tu' - -
of sorting, iepending on their location in the mine, and
are invariably cemented together by dark green chlorite

and various interstitial mlpd i It $.

Petroera; vy_ V.dei .

Ciartz in variouc forms constitutes over 80; by

Venterspost, a i over 90/ at Libanon, in the suite 0l
samples examined.

The pebble typ<3 encountered were composed of

pebbles examined were well-rounded ellipsoidal or mull in-
shaped glassy variolic of qu ,rtz with subordinate amounts

of milky white or dirty rn y variei ies, as well as numer-

shaped and square tebblea showing little rounding were
al o found. A ft an,*;l r r yi h-1 1 ck to dark brown
banded ch« rt :*bM- wre il o s-.n. (PI ito II).

The 1 ngtha and breadths of over 600 pebbles
and cobble:; wore measured. The maximum size of cobble
found in the pre ent tudy was 150 mm  The length-
breadth ratio varied between 1.26 and 3.03, with an over-

all average for all tho pebble measured of 1.59.



indicates that the pebbles had most probably been trans-
ported for consj lei'at le d: t jnceo.

The follov In,5 mart7 type: , classified according
to the scheme rvoio.'t i by Pettijohn (194" , were encounter
eu in the suite of am;let ex imined. Th< ize limits

refer to the major axis.

Muffin-shaped pebblt ind cobbles 17 -95 mm
Brownish-'vten cl - rt.y 7y 10 -00 mm
Blackish or greyish luartz grains)
2 -20 mm
and pebbles)
E.11;. , ilr,": 11- in1i coVLIl ' -la mm

compa c¢i mainly of fhyllo- Llicat , th« principal members
of this :rou; present in the suite of samples being
chlorite md s-a'icitc . On th< aver re, in the suite of

sample, 1 or Venters: o. 1, 1.e }n ilosilicates account for

wher. 1 in t>¢91 U ; :ror Iil ,non, th«av- rage percent-
ar ty weight ( *b- ;r.yi ilic ito. is ofthe order of ly

tho ivera,a - r.rix to t abbli ratio (by weight)

point 1 out u. it tt - suite of 'ample; obtained from

Vente-ruf v e aowed =7 i-a.-r tverago iogrve of sulphide

nii, .. ion, u ;w- @ Ly 1, 'ian t ho-. from Libanon,
where the ,v. = v ip; roximata ly 3, . This would
obvlou . 1 - if! ¢t ti m' rix toieil I« ratio.

ao can ther<fore b. seen, the degree of sulphide
minera] : 1Lon v,rii con 'hbral ly. Pyrh is the pre-

dominant sul; iid( | re.-m-nt ini can easily be seen in hand

peciron, Th( over ill pyrit< content for the suite of



samples from Venterspost varies from less than ly: to over
308 by weight, with an average value of 6§, while in the
samples from Libanon the pyrite varies from less than Ii>
to over .

pyrite may occur ts ryrito f£inds, showing parallel

alignment to thv bedding, or ts completely haphazardly

which the pyrite occurs is as so-called "buckshot'" or

mentions that the presence of buckshot pyrite is generally
taken as a rough indication of high ore values, due to the
fact that gold if commonly found to be concentrated in
areis cont lining fuch pyrit-

Pyrrhotite is the next most abundant sulphide
present and occurs as xenomorphic grains ani stringers or
more rarely as fin, pv: Die: of buckshot. -he pyrrnotxtc
content of the present suit-; of samples varies from less
than If* to OV.r ~ by weight at .enterspost, and iron, leos
than 1/ to nearly ¢ by wight at Libanon. The presence

of large amounts of pyrrhotite in the mine ha:, generally
Pell t1 r (194 ) n,s in fact commented on this, and has

The other sulphi te ; are generally only present

in very minor amounts tnd are- not readily seen in hunt

pared from equal portions of every sample in the present

*

copper nltier Ua ji 1 not. vxcv. 1 =« %



A particularly noticv “bl feature in the specimens of ore

containing buckshot pyrite v < t: «¢ fr«.enco of particles

most other horizons of th- banket, where coarse visible

gold is less readily a ;n, despite hirhcr or, values

(do Kock, 1 % )*

Origin of the V.C.h.

erosion product of th, irnmt liately under! ying Witwater,
rand System,formed during the period intervening between

the deposition of th* latter and the outpouring of the

ur.ierlyin# Witw r rand beds >.s th n depo ited and re-
work, d ty thy ic .1 nc i uch .s the wind *nt the raxn,
which resulted in th ortirv of th' wvarious com;)onentu

and th*. nubseaUent infil *in.'S of the undulations ir* the

lit..r . 1: t» | z;0-, o Mr rol I

The tuffs which occur intermittently in the
conglomer ;t 3 point to m immedi ituly pre-Ventersdorp
Lava eruptive ph .sc or phased, luring \“ich volcanic ash

was deposited on the pre-uai ’ting land surt aco and

ash is considered to have been responsible for imparting

L] L] *

sequent outpouring of nearly 140C ioet ot lala then



resulted not only in the compaction and metamorpnism but
almost certainly in the preservation ol toe V.C.K.

The principal rock types encountered in descend-
ing order in borehole sections examined at Vencerspost

may be briefly summarized as foliows:-

i.ntorsdorr Lavas.

The major features of the Venters ion lavas,

which extend to nearly HOO feet in a vertical direction

detail by Davies (194)).

The lavas arc andesitic in composition, and are

lavas in hand-specimun varies from a greenish colour to an

oliv - rcen with incr.a - in 1ie th.
Some of the less well-known features o: t'r.e lavas

are contained in an unpublished company report ry

numerou thin sections from the 1390 fe t of core recover-

ed during the drilling of borehole 11 it Venterspost m
the thin sections examined was the abundance ot zeolite*

discrete grains or is infill ingr: in cricks in 'm- rCv”tv

show a pronounced increase with increase in Depth trom

the top of the lavas. In thi first /Q toet ol L'Aa"
examined by m in; of thin mction by Rc ouw, only

scolecite w ar cornizud, wh r mun- rou other zeol itw>
such as tilbite, phillip 1t , laumontite and thorn; sonite,

were identified in thu next 700 feet of core axamined,

stilbite being the most common v riuly encountered.



The twt v arieties of chlorite idontific 1 in thin

section in the 1 tvas wuix li“ht ;. n, 1 lintly nluocnroic,

occurred either 1is r rt of th matrix or as small patches

apparently representing areas of intense localized

towards the pl -gioclase laths md appeared to represent
the alteration products of an earlier ferro-magnesian
miner, prot it Ly ev-it« .

Th. composition of th., minerals filling ini

Type 1:

This type of amygdale showed a lining o:
chlorite on th. in: i i jeriphery of th.- amy':.le, foil owea
in turn ith r by . zon con 1 ting of intermixed mos do-
like grains of wu.rtz and chlorite, or a few grains of
colorit cryrit*., or v on ju t c.lorite.

Type -:

The econd major type of infilling consisted ol
numerous small grains of martz arranged around the
periphery of the tmygd Ju, follows | by in intimate mix-
ture of quartz grains and chlorite, which 1 again in
turn followed by pure- chlorite with 1 core ct qu.rtz

griins which ir: significantly larger in size than those

or may not b. ;< ent.

The last thirty or forty f.ot of mit.rial over-

lava contain in, c tt-r d .myal I The 1 iva is olten

traver: d hy m 1l v ini t o' c¢ leite 1ini aiat...



This layer is followed by another layer consisting oi a
mixture of sedimentary material, lavas, volcanic breccia
mnd tuffs, and this is in turn followed by a layer o
black ashy tufftceous material which may reach thicknesses

of up to two feet {de Kock, 1)4C).

Footw ill QU a'tsit'.s.

De Kock (1940) has st ited that the V.C.R. may
rest directly on cl< m light grey V.'itwatersrand quartzitcs,
but that generally the foot wall quartzites for a tew
inches, and rarely u; to a few feet, b low the contict, ire
coloured dark green by chloritic infiltrations trom the

tuffs above the re; f.



SAMPLING TEI-H:|I 'ME r 'Viru:
Sampling.

Specimens were collected from currently access-
ible exposures of ore in th< nricr ground workings at
Venterspost .ni Libanon *ol i mine.;. In each case the
sampling sites were nott i with respect to some known
reference points. c :*loi. « . Vv '"ions of the
sampling sites from wnich the present suites of samples

were derived ir' shown on the accompanying mine plans and

and also from miner .1lzed rocks that were not o; mill ore

was made to collect a sample weighing 1 to 15 pound;

Tr ' ato~ -1

The :amples t ken consisted largely of coarse
chips and lun; . . Gincv :e i frf viou ly b.on decided to
examin thv am lvs by m n o: ;o0il h*d actions, thin
sections ni cru ;hu or rulp, a suit ibl< method o' sul
division of the s -.mgles h.d to bo devi ed which would
yield reason bly ropr sent itivu portions tor issay pur-
poses, yet which would not pr* elude the prep iration of
both t in <nd poll h I -ctions. For tot : purpose, all
lumps of rock were first broken with a ho ivy h immcr until
the over 1ll size of the lumps, did not exceed approxim itil-
ly 2 inch s, and the sample was. then quartered in tin-
normal way. One portion was reserved for polished

sections, a second portion for thin sections and the third
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portion for combined assaying and mineralogical examination,
The fourth portion was kept in reserve for any further

work which might bo required. The portion of ore set aside
for assay anl mineralogical purposes was then put through

a jaw crusher and finally through a laboratory disc

crusher of the rotary type.

For hoavy miner il studies the use of a disc
crusher is generally not recommended. This fact was taken
into consideration, md comparative studies were carried
out on samples crushed in a percussion mortar and samples

r.
in fact, a better control over the degree of comminution
could be obtained by careful adjustment o0- the disc crush-
ort ar, and the
latter was iccorlingly not used.

The samples were ground to a degree of fineness
such that approximatoly 50 of the sample pas-ed through

of a com-

posite s imple 1 rej red from equal portions by weight of

Me.'h Size (Tyler) Percentage
+ 100 51.74
- 100 + 200 19.35
200 28,91
100.00

Previous work carried out indicated that this
degree of comminution would be likely to cause the least
possible dam.ge to the brittle accessory minerals such
as zircon. On sub equont examination ot the liberated
particles of gold, it was found that less than 1> ot the
total number of grains of gold examined showed any notice

able degree of either fl .ttening or deformation. (This
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indicites that the u- e of the diac cruDhcr In fact produced

Samples were treat id in thv same way, any significant
errors likely to havt beenintro luct I in the relative

abundance of liber it ihi vy miner s] $ dui to variations

Mars den, 1 >37)

A com; o: ite . am It pro; ired from representative
weighed portions o1 all tht pulped samples was then
screened througl; . eries of standard Tyler mesh screen-

in order to sv whether this procedure would aid in the

in.iic seed tl. t, ip 'rot the limin *ton o the cc aSei
grains of ;yrite, nothin could be gained ty this proce-
dure. fonV' nti0: 1 tho : the-r lore h.: *0 tv a u. foi
the coneent «' on o: ° vy ' encr 1 suit. .
lone r Mo cmtie mv '"'nr 1

Previous x "ination o4 a compositc sample ini-

icatvd that conv ntion .l procedures of mineral separation

woul : h vv to rccfi ; iuc to the pre .net of pyrrho-

titu in the ore. Trie pyrrhotite md tramp iron derived
from thv cru h r .ar both, found to be highly susce} title

to alter .tion, e .peci fly when ht :vy liquid such tS

result 1 in th' v ry rifil oxidation ot tin ryrihotite,
with the liber it Lon of ftrrotid iron ions, which in turn
coated 1ill tlu sulphidt $ md gold {irticl< s present with
a lull reddd $h QO t,ini' of Iron oxid, . accov iln? ./ tin
pulverized ore was rupi itidly exposed to a ba m\gnct in
order to remove as much pyrrhotite and ti a[ iion u
possible before carrying out convention.l miner .1

separation procedures.
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Tho pyrrhotito and tramp iron concentrates p-re-

)3red in this way wert then immersed in methylated spirits

in 3 large flat glass dish, and a bar magnet was moved

repeatedly over the surface of the liquid. By means of

this method, it was possible to obtain an ostensibly pure

pyrrhotite concentrate. These concentrates of pyrrhotite

with admixed tramp iron were then rapidly -.a ael -.'ith

acetone, dri d in an own md "laced in stoppered glass

'

The heavy liquids use 1 throughout these 1nvesti-

necessary to obtain som idea of the amount Of material

which could safely be treated in any one operation with

|
conditions would demand a ! .yer one g

surface of the heavy liquid, but with the weight of mater-

tal which had to be se, anted, such a condition would be

capable of holding nearly 500 grams of bromoforr wen.
used, and th

contents w. re vigorously stirr-eu with a

thick glass rod until no further hi ivy mineral.! w"

liberated from the cake of 1 ht miner.le lion 1 eit I

of the bromofora. In or lor t< ¢, oak the e :'iclierc, of

the separations Carrie I out, th, ¢ is washed free ol

bromoform ind suptrpann. I, or nef ir itod i secon! I'm

with bromoform, Th, amount ol mat,ri .i .' ' *

lots of bromoform was then adjusted accoi llngl> fo*

i-1v i rmim nnv,rv of thi hw 1vv mif* T'11:
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The bromoform sink or concentrate v/as then
further r,-tre,t,d with , lar*c cxce s of methyl"nu ioiiie.
By virtue of the fact that the 1U]p had on an average been
reduced to approximately 5 of it tot .1 previous bulk,

In those cases where it was desired to isolate a particular
i

Franz Isodynamic Ser .r itor was u cd, whil » the Haultain

Suporpanner wan u ed to concentrate any particles of

uraninite u 1 gol

u.intit itive mineitil ntrilysis.

Preliminary studies carried out on the heavy
mineral concentrates obt xirvl by the methods previously
described, socn i, die d tl it a purely quantitative r.iner-
alogical studv of th« h,ivy mineral suite might not give a
true picture of tlv relative quantities of heavy minerals
pr sent. W'il t it was found that most of the chromite
nd zircon r ins, with th xc yt on ot those .u.i uady
occurring as fracture 1 rains in th host -'Ockprior to
cm hirv, wr "i~ ,r di virtu illy com? 1 tely, the same
could most certainly not m said for the wuiphide minerals
and gold particles. Both t¢nv told and the sulphide
minerals oft n occurr i fine attachments, to quartz and
other "an nat mir.-.r tl 5 and by virtue 0Ol th<ir hirhvr
.specific ;i ivi y alt red th overall op ciiic gravity oi
the "chata' to -uch m extent that th. a were concentrated
in the heavier gravity friction. Th. prc lvnce ot such

"chattod" particles would therefore render my results



-14-

“nalitativo miner-tl Qi-ical st udjuji.
Previous work carried out by thv writer on other

horizons in th. Witwiter/rmd su”' t. 1 thnt, m order to

obtain the clear,at picture of difference: in morphology

' [

could best be studied in the form of integral liberated

grains by moans of a binocular microscope, aided whore

necessary by polished section studios.

Cohen (196*2) has stated that the measurement of

sizes of gold particles visible in polished section

risky practice, as a two-dimensional viow ir used and

measurements are statistically not representative because

This litter point is readily borne out in the present stuay,

where only approximately 600 grains of gold wore seen in

over dOO polished eCtions, whi.ru ;S over grama vxre-

counted with r 1 ttiv car— in th pulped concent rate.-,

the real and apparent sizes of gold in polished specimens

ed that the size oi the gold particles was often apparent

rather than real, iof t*dir. mort on the iccident d

position of the plane of polishing in relation to the

spots of gold exposed wcr. found by Cohen to b> the tips
of larg< concealed grains, and apparently large "nuggets"
were som times thin skins lying in the plane oi tee
section and of n gi1i Lbl v ;rht ni1 f&t ive<e.s.

In the present study, therefore, measurements
made on polished suctions probably do not represent the

true sizes of the graVa. Kr*mbein (1935) has piovet.

that the average diameter as shown in polished ections
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of spheres distributed at random represent 0.785 of their

made on polished sections, the true dimensions of the

grains can be taken a: beinr larger than tne measured

dimensions.

All rain sizes measured in the present study

may be defined a the diet nee between parallel lines that

touch the outer contour of ti , »;rain an .re parallel to

a given direction, such as the vertical or horizontal

overall dimension or length htu been quoted, unless otr.er-

only seldom showed rounded outlines, it was felt wu.at

the present method of measurement would give a better cor-

rnt.: ba/oi on *me brec itt

Apr rt f? 31. i< other factors of Oroat prac-

tical rnd <20! leal ir.ortu. v+ wlic <can be studied far

more re i.ly or. liberated ,trains by means of a binocular

micro cop tr n in p« liohed section, are micron-1. .in
example, micron-thin cootint r of silver

wort seer, on n.i-

ticleu of gold when ox vmined by mean3 of a binocular mic-

roscope. duch coating.: would 1Imost certainly hove been

removed durin toe pr pration of polished sections and

would accordi Ly n Ve uudetv tod.

Ti "“cond .!io1 " of old in mined ore is of

great significance to the met;.1lure;! t, since this Iactor

will to a .dtr. " extent govern the mo.t e ficient recovery

of the gold, ridwarda (1947) has illustrated this feature

and discussed it ; iur lication:: by showing a photograph of
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a “rain of gold which hna become coited by i layer of iron
oxide rarely exceed:, more than a few microns, it ia doubt-

ful whether such coatings would be Seen in poll: ned

latter technique is also preferable in those cases where

"chats” X¥tenting intergrowths or inclusion ' o:

b

for exam”e, small particles of gold, whose maximum size

never exceeded t uie-ons, yet which numbered over IC: in
a particle of quartz whose overall size di ’> not its.li
exceed m..crons, w.-r-. swn with case in thr”e
dimensions.

The obvious objection generally advancea by
workers who prefer baaing all their measur ments on polish,
od section studies, is that the method favoured by the
writer involve: th. m.a ur .ment cf deformed grains, and

therefore does not roprv cnt a true picture of the origin-

al size of the grains. In order to check the wvalidity of

of deformation caused to th, jarticles of gold iunnr the

grinding of the ore. Th< jn - nt study, sup rted by

many thousands of similar observations on liberated grains

of gold, indicat* d that loss than 1 of th tot d number

of grains of gold examined showed any signs of flattening
or d&<formation. 'h- r for. *ny object ions 1 " 1 <

grounds may, in the writer's opinion, be discounted tor
brittle minerals such as uraninite are described under

their appropriate headings.



It should, however, be point d out thut the
study of polish d octions do- & !os s omc idvunfaper..
The polished s ction method is the only method whereby
the interrelationships, mode oi occurrence -id par ".”enesis
of ore minerals may bi stuiied in situ, ind it has been
u?ed for these purpo us in the present study.

It may th”r for be said that both methods have

their .dvmtnyes, .. 1 that th choice of method is

to be elucidated.
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POT.IS KING METHOD.

At the start of the present study, the writer was
faced with the necessity of producing polished actions
which would be suitable for micro-photography if required,
and yet which could be prepared using semi-skilled labour
with the materials and equipment available in the nuninurn
possible time. The position was complicated by the
presence in the samples of hard minerals such as quartz
and pyrite as well as soft minerals such as gold, botn of
which were required to show a high degree of polish with-

(9

[t is felt that the present method, devised by the writer,

Details of .ibr .sivis usv

Average Size of
Abrasive Typi Atrqi ive 1Ir ins (micron~ I

Carborundum - 220 grit 15k
Carborundum - 2CO 'rit

Carborundum - 6'0 grit

Carborunturn -«6 grit 1*
Levigated Alumina 5
Zirconium Oxide 1-2

”Diadust" graded liamond bra ive 12-"

t* @ o ft 6-3

it »t h ’» 3-7/
(The imported diamond abrasives are usually supplied in a
tube with fine nozzle. Locally produced diamond abra-

sives supplied in a suit tble carrier paste were tound

to be equally eflh ctive.)
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Prfcl.imin irv hand-""in MSLLI'

The initial grinding and flattening of specimens
prior to moulding in bakelite .nd sul' equent poii.,t.ing vras
found to govern, to a large ext nt, th time required to
produce acceptable polish,d sections. It was found that

this initial grinding and fl ttuning of the ore chip could

The use of co .r->er grades merely " suited in the forma-

tion of deep scratches, which could often only be removed

were initi illy ground fl -t on a rot iting steel lap or

stationary steel pi ite using 221 grit, witn v;iter as 1

period of grinding using 4C grit, until all depressxons
i))

bakelite at ]50 kgrcv Cvntigr .it for 3 minutes, using a
plvt'-d moui led at .cimun was then once more ground on a

water .s a lubricant, until both the b k<litc surrounding
the section and tht rock varc compl, Lely level and an
ov rail matti tff ct was prt>iuc, d ov, r th< <ntire sur-

face to b< tolish, I.

Autom lic [Oli-ihin/,.

After the initial hand grinding on the glass
plate with 400 grit, th mounted ctions w re transferred
to the automatic polishing machine md ground with
succ r' lvvl.y finer abr aivus, st .rting with 400 grit and
finishing with l1:1 mixtur of levigated alumina and

zirconium oxi lu, which waa a | li' i t thick slurry.



Water and detergent (Teupol) wor wused s ti.u lubricating
medium during thvSv stages. The laps used were 3 inch dia-
meter steel throughout, nd the polishing cioth us.jd was
nylon taffeta tiutly stretched over the new stool lars.
The next thr.e stag-s of p. "'""g Involved the use of 6-3
micron diamond abrasive, the I micron diamond abrasive
and then zirconium oxide. Durii * these three
polishing, p.raffin ni finely powder I spectrographic
grade graphit wa' wused .s lubricants.

Separate 1lips were u d for e ,ch grade of abra-

sive, and 'ections were c ir fully wa he 1when ¢t change ol

is particularly 1i;.sortant, especially luring the last

aBing copious quantitit of carbon t,trachloridt ind wiping
off with cotton wool, t linimizt my possibility of con-

tamination of the. laps.

Equipment u s.

In thv machine u- d by the writer (Cooke
Troughton and Simms Model M/( metaliographic polishing
machin®* ) the specimen Li held on the rotating lap by means
of - p, r which fits !r-, sly into 1 hoit Ir tdy centrally
moulded into th< 1 Ik of tdi< t)aktlit. mount. The peg is
weight, 7 by, nd connects d to, xn t.cc. ntrir cam which
may be adjurted so that the s; cimen moves over a major
portion of thi Jxp vdth an orbital motion, whilst
revolving about it; own ccntn due to th< differential
friction Set uyy b twwn tin lap- and the section. The
eccentricity and weight an adjustabli and may be fixed

once the optimum -eoniilions h v been established.
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Lap si '.cdL3.

[>urin ' thv prvllmin ry machine- ;rlndlnr st . a,3,
which involve th successive us,, of various graded carbor-

undum .bra- iVia prior to th la t thr c¢ jolljtini, *=i est

in lap speed merely r wull m thv unneCe ry los™> el

last three st v.s may be carried out using the fastest 1 ip

maximum possible loading or weight, provided adequate

last thrw stares of polishing ire carried out using

preferably th. It .= possible weight or loading.
Polishinr tir<s.

The.ae v”*ry considerably according to the type of

stage in the case of th; present suit, of minerals are

shown b-low:

400 grit 2 minutes
600 grit 2 minutes
-600 grit 3 minut®. s
Mixture of levir \t 1 -lu-)

mina and zirconium oxide) 5 minutes
Di mond bra. iv , <-3 rif ron: 6 minutes
Diamond abrasive, 3-. jrons n minutes
Zirconium oxide 3 minutes

The most satisfactory way of controlling the
progress of th grind!nr nd polishing trOCeSSvs, is
howiv r, frequent r course to 1 binocular microscope to
study any nolle able improvement during, each polishing

stige. This helps, to minimize tin formation ol excessive
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relief caused by unnecessarily prolonged polishing on the

cloth laps.

Nylon tiffuta s 1 rol: ir." cloth.

Initially 1_ 1 tin lips, grooved in criss-cross
fashion, which b id b-.vt. or! in illy .nppli .d with the pol-
ishing machine, wvre tri d with ".radud liamond abrasiv JS.
Generally sp- tkinr, t . n wults werv found to be poor.

In order to obt .in ti factory :v'r. * of polish, it

was found n”cuss try to increase the loading on the

section to such an extvnt th ,t flucking of the softer

became dishea, resultin ¢ in the formation of domed
specimens.

The method idvocited by Hallimond (1954), using
a solid nylon disc, wastri d witha variety of graded
diamond ;br tsiv,.s and .variety oflubricants. It was

found, how* Ver, th .t s v re scratching could not be

mt*oi * v 2 son (1956), using
silk holtin <cloth n ar 1 1 iiarond Ir .iv s, was
tried n xt, with 1 to - micron, 6 to 3 micron and 3 to 1
micron di moni hr iv . Th ilk holting cloth
Seemed to yiel'i ucc .pt Me re ults, the nJor drawback
being th v ry hort toll d.ing life of the cloth,
neceo aitating th* hr qu-nt changing of the cloth and
the concomitant lo 2~ of X-. n ive di mond abrasive.
Nylon talTut . was fin illy selected 1is being suitable for
the final polishing ata,* s. Th. material has only a very
slight nap ,nd shows a high re Istance to waar. It was
found that, before th* cloth beCam* unserviceable,

upwards of 25 'a ctions cont lining both hard and soft



minerals could easily bv polished without the product? on

of undue relief.

Extensive test $ showed th it the use of the 12
to £ micron r di amond a rasive was not warranted,
since the finish imp irV i by the 1:1 mixture of levigated

alumina md zirconium oxide was not only superior but

and 3 to [ micron rir. ;v.; of iiamond tbrasives were there-

for. fir. illy Il ¢ i in tr r. * -ait J U * mie-s,

.-arlic.tion of 1ii.r.onl atr 'Ivv to tl tollahim?: Ian e

Tht writer uses by preference 1 minimum of I£

is applied as small spot: all over tht lap and then

found th ;t the us oftmaller amounts of abrasive re-
sulted not only in m inf rior polish bt inr obtained,
especially in th cast of :i;rtz, but Iso unnecessarily
shortened the lifv of the nylon cloth by increasing the

polish in/- time requiz- 1 for 1 -ood finish.

Choica of lubric atr.

Par iffin wo' chc n ,s tht final lubricant in
preference to 1 lirro number of oils, ouch as sewing machin
oil. -id oliv oil 21 otiit m of wide 1 ingt of viscosity.
It was found that tin tegrt ; of relief or undercutting of
the softer minerals v.-ts to 1 ] irg- extent dependent on
th# viscosity of the lubric mt w 1, tnoi’e of higher
viscosity causing more undercutting.

During th fin il polishing stages, it bee ime

apparent that fine hair scratches we.ru being imparted to
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the softer .nirvrals, especially by thu 6 to 3 micron
diamond abr ;Sive. It w.s sus, cr d that thuSv scratches
were caused by thv movements of th di mond particles
themselv s on th poll hin , cloth, r th r than b ing
caused by a lack of lubric .nt (paraffin). It w. found
that thi.su scr tch s could b. sucvee:fully eliminated by
adding small amounts of fin. ly pulverized spectrographic
grade graphite to th* lap. Natural graphite proved to be
unsuitable, 1is at. II wounts of impurities wer. usually
present, ano th ttierely led to the production of more

scratches.

Final finis;,.

Th* final polish produced by the last diamond
abra® ive usid (3 to micron range) frequently imparts
numerous in- h.ir ter itclu ., .r cially tc th* sulphides.
These scratches shou] 1t ra nova i if th* Section is to be

used zor ” .cro-r-'.etc ¢ .thy. fl finishing medium suggest-

ed by most other workers 1 ; r igra aiwurr- oxide of reagent

ium oxa il do*. , he v.r, u r from the tis advantage
that axposure to th tmc phur.. is likely to result in the

formation of magn- sium c trbon ito in the pores of the

-imtron (l'g ]) h pro; o md . technique whereby the
lorma' ion of magrv turn ¢ rbonit-. is minimized by storing
the m gn* ium oxi 1 un hr k roune. This, however,
doe.a not Offer my solution as regards the material
t-ready on th 1.p nd in contict with the atmosphere.
mhi writer has compared th finish impart*d to similar
auctions finished with either magnesium oxide or

'Arconium oxide, nd has fount th t the latter is free of
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the latent ji.> idvant i%er. li -ted for mar,net Lum oxide,
and, in addition, im} trts « surerior fin ian.
Comparison of result-P obt. .am 1 by the use of the
present method with tho- m from lir.'! Groton Vanderbilt
type of pej ighin.T machine.

Advantaxea:

1. The writer *r r-tthoi j cti :lc of producing
finished polished suri ices suitable [or micro-
photography in lest than half in hour using semi-
skilled labour, in contrast to the Griton Vanderwilt
inachine, which requ i.r- ¢ const ait attention and consider-
able experience to rre luce a good section in under
one day.

2. Inexpensive steel laps ire used with polishing
cloths.

3¢ Sinci only St. 1 1 rs tre used, there is no
possibility of the polished section b (coming contaminated
by pieces of lead polishing 1 ip.

Disadvantages.

1. The w_iter's method cannot produce sections as
free of relief as those proiuced by the Gr iton
Vanderwilt.

2. Tmill inclusion o /rains of uraninitt- embedded
in “carbon”, /11 th can on' it, el f, were
polished to higher legroe by the Oraton Vanderwilt

than w ' tos 1*V- ly i*¢ vrii< mmt oi.
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3PECTROOR,jinr %KT}( I/C F1K T::. EiL ' IN/: KKN OF GOLD.SILVER,

CORRILT ANJ HICKEL wui FYiil'E . :, iv.,. HQTITE.

GOLD AND SJVER DETLERIL.MiJ .:::
Fvrit. - Prep tr .tion or / tri; b j.

The pyrite to bt nnalyr-ed was concentrated from
a composite prep, red from equal weights of the original

Id crushed v impl( : mbmitied from th. V.C.R. at

ed from the gangut rnateri 1 by means of heavy liquids,
followed by i1 Haultain Super;inner md finally by the
Franz Isodynamic . ¢ rater. Tl :, 'i1i. a; on th Franz

Isodynamic Separator were a follows:-

Tilt 1C

Dip 26*

Curt fit 1. inp .ra

Vibr if ion cont rol r ixirr.um.

In order to ficilit ite h.ndpieking of the
resultant pyrite concentr it , which represented both the
oxidized tnd unoxi tize I forms of pyrite (described more
fully under th he Ilit., of 'Pyrite'), the pyrite was
screened through a 65 me h Tyler screen. All the
P "ti ! "f 1 1c¢ th- era n v » then hmdpicked,

until no att iCh id / n*Y" or foreign pirticloo could be

pyrite won- then fin-, ly ground in an igate mortar with
alcohol, .nh dri d und r h it )anp: in p-rep iration for

spectrogrif hie analysis.

Dyrrhotitc - Drop ,ration of Simp!s.
The method adopted for the cone -ntration and
(Unification of the pyrrhotiti concentrite has already

been de crihod in th. s ction on "Sampling technique
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and treatment of sample. The ostensibly pure pyrrho-
tite sample was th,n al o finely ground in an agate
mortar with alcohol and dried under a heat lamp prior

to spectrogmphxc analysis.

p--rite - nui'l ..y o 1
Examination of the pyrite concentrate nrepared
by the method descilLod above failed to show the presence

of any contamination when the concentrate was viewed

the pyrite was treated with nitric acid, which destroyed
tie pyrite, then by liberating any included materials,

the following im; aritiei w re found: zircon, chromite

of the total weight c: the sa; le, and were presumably

entrapped at the time of formation of the pyrite.

mlV,, L ,*

Th pyrrhot te ¢ .centrat> v.u analysed chem-

pyrrhotite i; > >i ;.1 ti ict that pyrrhotite when

reacted upon by .t chloric acid liberates H2S. This
2" may t en oe pu t'talively determined and the result
recalculated i1 t< of pyrrhotite). Other impurities

(9

were found by tr< in,, t> concentrate with concentra-

ted hydrochloric icid, which takes both the tramp iron

and pyrrhotite into solution, so that all other

Composition of <« rhot te concentrate

Pyrrhoti

Tramp iron

Pyrjte

"uartz,chlorite ¢ gold 2.64,,
1UO.CO;



SpcCtrogriphic on,.lysis

and pyrrhotitt .

E serhuizen,

graphic analyses using
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of rol.i mi Jilvur In pyrifx

who carried out ill the spectro-

i large Hilger Littrow-type

spectrogriph fitted with juirtz optics, found the follow-

ing conditions most suitable for the spectrographic

analysis of pyritt

mi pyrrhotite. (Esterhuizun,

personal communic ition).

Slit width:
Amperes:
Voltage:
Polarity:
Time:

Film:

Processing:

Densitometer:

Calcv; itions:

Analytic al Weight:

Electrode:;
Flux:
Matrix:

Standards:

Anai ytical Lin* s:

0.025 mm
3.00
250 D.C.
Sample positive
60 seconds
I[1ford thii film half-tone A" x 10'
Kodak D19B d<veloper. Plates
cor t mt pit ition.
Jirrel Ashe

dculating be < u ed for deter-
mining int n ity r jtios.
70 mg. approxir. »toly.

tio a Crion Co. Ct.No.L 4018
Graphite
Spvctrograpiiic ally pure Fi"Oa

St ndirds were pr..par- d by add-

oi both gold and silver to a
matrix of nun Fe”O-,.
ih* following analytical lines

were chosen:
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ivternal stand :rd: Indium was choc.: as m internal

standard for the determination of
gold ind silver for the follow-
in- r . onn: (Ahr n 1954).
. lon id- r tion of vol tility
c nt o 1in uit bl-,
for me sure! nt.
3. Excit tion potentials of the

iytic 1 lines.

CualitatiVL r.-suits

Qualitative analysis showed the following

elements to be preSi.nt:

Si, Ti.
Quantitative rv alt3
lol:1 ;ra Silver ;pm
Tarnished pyrite: I5( A
Untarnished fyrit”: 15C 14
Pyrrhotite: 130 12

Discs ::1on of r- alts

Thes- r. suits are discus,sed under the headings

lolr , 'Tyrit- P *f, o )tie*.

111CKEi,
-Uv.ctT'orrl

ifd

fi .J . L rii I.;n, ;
,-1.ic con.iit-ior,,-, fur -«: ;t .t e, of tlie
r,i.ck,..l corit ent:-. of lyritL wuid ;yrrhotita.

"he conditions u v 1by Eiterhuizen for the

let -,rmination of cob tit and nickel in pyrite md

fyrrhotitwe n th< aame as those previously listed,

with the following exceptions:
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Pol .rity: Sample negative

Analytical wi'ht: ICO mg.

Electrocks: Spcctrotech Ccop

Time: 3 amperei for 10 seconds followed

by 5 amperes for 10 Seconds follow-

St ;nd irds: Standards were prepared by adding

both cob tit 1ind nickel to a matrix

ards with cob .lt-to-nickvl ratios

vi> ,1 > pr §{ .rv1.

Analytical lin”s: Thu following analytical linvs were
chosen
%101
Co 3405.1:
Results
Direct I: Co' 1ilt.: Nickd ratio
Tarni h d ryrite 1.43:1
Untarni h i pyrite 0.93:1
Pyrrhotite 0.00:1
Indirect l: ickvl , Cok'Ji ratio
Tarr: h- 1 pyrit . AT 1.09:1
Untarnished pyritu. ) 0.135 (.77:1

Pyrrhotit> ) C. )M (.. 3:1
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Di*cu 'Sion of an ilytic il n.vthr 1 , 1 ir. ILiturrnin-ition
of cob tit ind nickel.

Two methods were usid, the direct and the
indirect method. Thu liruct method is I is,.d on the

determination of the r itio between the line intensities

method makes use of synthetic standards and matrix as
well as m intern d -t mdard.

tThu in-iroct n thod 1 therefor, inferior,
since it depends on the .bsolut. values of the synthetic

standards 1virn' compl tuly correct. Errors ar-, also

results obtained by the dir c¢t method are therefore to
b. preferred.

It should, how ver, b pointed out that both
method: show the s m tr.nd cone rninr the variations
in the co: ilt:nickel r lios ot t e two types of pyrite.

rhese r ults are discuss d further under

the h din':' "iyrite nl Pyrrhotite".
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GOLS.

Common pr cticc on the Witw'iter rand often
makes use of the tvrz’ ""old" in c¢ tses when., in fact, an
alloy of oilvvr and gold is nt ant. Such an alloy should
perhaps mon corr ctly t called "elvCtrum", but in this
respect . ¢ rt iin amount, of confu ion <xi ts. Dana
(1946) statue th t gold forms i continuous aeries with
silver, with a minimum Cell edg at 20a silver, md
restricts thv ram-. 'el ctrum to gold alloyed with 20%
or more of ilv r. miohr (19r ), how v.r, pr fmrs to
apply the term "electrum" to tho v alloys of silver and
gold which cont .in b twven 30 nd 45 of .-'liver, and
which n rly pure whit in colour.

In vivw of th. confusion surrounding the use
of th. term ‘vlvCtrur.", .11 alloys of silver and gold,
irrespective of thvir silver content, will be referred
to s "goli in thv pn nt study.

Habit.

Fhe old oh erved both in polished sections
and as liberat'd grains was generally found to show
irr*. ail r oat lin-. 1 to occur t’ h ckly gr ins.

(ri.tv 111). few .rains of gold showin' rounded out-

line w.Te, h wv r, r\cov r i from ,yrito iftvr the

Fhose gr:ins ol gold occurred as tiny cylinders or
ed-lik r ins aid showed 1 roughened or pitted outer
‘ur: ce. ih r.; a »p. r<d to correspond in all
ruspv.ct. to tho: e illustrated by Dunn (1929) for un-
ion! ted d trit.1 old from Awustralia (Plat> 1V).
n few subhedral grains of gold were :lso

located in the polished Sections examined. Because of

' ir -1 si/. nd th. ir ir. qu.nt di tortions,however,
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it w found difficult to : tvrrnin th ir cry: t 1 form
with my dvgrce of c.rtainty, but com-, of thu gr; ins
appear'd to b, f.i*ly symmetrical octah- dra and cubo-

oct hvdra.

Optical character shown by t)." rol i.

Th -old in th . .H. occu r d 3 isotropic

invari .bly fount to bv tho. - which h id been improperly
polish'd or hid b com., stained.

Fish-r (193°) "temp* d to VvV lop th micro-

He found that most of the minute particles of gold that
he had tch. d ap;e:r d to b* structur 1I' m md seemed to
consist of only a single gr in, but that occasionally
twin bmi could = en in t m Fi. her found,however,
that larger gr ins in specimens cont .Inin, visible gold
Showed what h, t m<dM cry. t 111 . stnacturos

accordingly, polish.d jctions were prepared
from portions o* rich ore cont ining visible gold from
Vent rr.pot. .h s wr  vteb.cd usin dilut aqua-
regia, as sue eSte 1 L.y both Fish r (1939) nd vdwards
(194" ). A m olut ion ofpots a.iumcy inii in water
was 1 o found by th writ r to b< eiually effective.

Various mffects due to etching w.re noted,
which may b summarized s follows*.

Und*r low pow r,mny of the gra ins showed the
presence of parallel aligned bands suggesting 111)
twinning of th gold (PI be V). It could further b
soon that mo--1 of the larger grains Were in fact com-
posed or numerous 'mHer grains. The boundaries

shown by these smaller grains, which oxtinguish at
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different rates under cror d nicols, took the form of

cither very .harp strai "it iinc-s (I Iite VI), or gentle

U ler oil Immersion, it : ifnific itions in ex-

cess of 3 X, various hit*.art o unrccorc-jd fcituros were

not only shows the pre enc i of included tins or
"islands" of pyrrhotite, but also the resenct of tiny

cryst illine inclusions of j;old, t tndinp out in relief

immersion, the so little :rain.i of frol 1 cm clearly be seen

f-one 1 over -rain e+ of ;oll, -.on ex uninod un:er

low power, mpc r , to show different orient itions of

they were n tct found to how micro structures consist-
ing of numerous . ,r Jlel aliened layers of tiny grains
with cubic outlines. Adj.c nt portions of the large
grain could clearly be so n to h.vo in identical micro
structure, but diffr 1 in the dir ction of the alignment
of the tiny grains (I1 ;te VIII) .

In order to verify that none of the observed
effects could hav be n cai. td ry th< polishing method
urted, some of the actions containing etched grains of
go] ; wer- rcto]i h'd. fubaqu,nt examination clearly
showed that minut> differences in reli- f still persisted
between ‘h- smaller portion; of the larvr grains. The
following ficts also strongly sugg st that the observed
ieaturus wr. not caused by th polishing method used:

firstly, the harp bound,miv which exirt"d between the
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various portions formin ' tin 1 irv .r r tins mi secondly,
the randomly oriented rod-lik, inclusions in somn of the
»old “r tins.

Accordingly it ¢ m be s lid that the various

microstructures rvv- ,I d by uChlIn,- su 't that the gold

situ, subsc aunt to it : :c ition.

Fisher (1 >39) concluded from his studies that
little could unfortunately be 1 arnud from t e micro-
structures of tn.i goldin the tmk-.t. H iiel tr.atthis
was due to the fact tht th Witw r ran :congles 1 t s
during th ir hiStOI‘y hat b en d -ply burl . wit:
consequential ri.u in t m eratur suf ici nt to account
for th recrystallized structur o tnh ola, whatever
the origin of tn 'Old rd/r.t in * ct xv * n.

In conclusion it should be d d that the
present writer f 11 1 to find ny u ftion of hrecrys-

2

tallized structur In particles Of gold net visible to

the n.k,.1.y..
Colour.

In fOli h ! ction th old in the V.C.R.
IFa 2! o: r yunir u llow colour,
vlien, ¢, vr, : ¢ nc ntr ' o: ol * wore mx.;znin< d,
an appar ntly muc: irrr . of colourw m n. These
could not b xpl inl! * r co.v inr by ovh.r minerals,

and showed colours r ruing from a pale yellow to a
reddish orange. hil t it 1i; generally arc ;ted that
an increa.'tti in th silver content of the gold-silver
ailoy reduces the characteristic tint of th gold, it
is also accept' d th. t tin pr« ence of copper heightens
the colour. <oleman (.1.957) m ntion d s 1ing frains of

gold 1rom rellowkn.ifu, N.W.T, , which 'howed a reddish
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associated with cop; or-bu irinj: minerals, ini that this

reddish *old occurr i on | \ri Lcl« h-.vinr I nornal hue.
Coleman iXirti.ur ddod t!. it It aeumvd n isenable to
suggest that it was m Au-Cu .LLoy wnich had formed as a

result of the IN iction of fJuids containing cop; ,r with

from 1. lnitok ., h' r<aort 1 sc Lng sir.il ir red gold, which
vdien analysed found to cont dn copper. Copper is not
an unknown tr act cle .nt in 1 Iteat er rand gold, and may
there fort v. 11t r : ora-Lbi for tr ruddy colour im-
parted to :ont of the grdr of gold.

i ilta (1 )(:]) conaentod on the wide variation of

and st .t.d th it th-, colour of the ;old in polished section

pure gol i h a pure ;ol leucoloui with a distinctive
rulJdy tint, and wi ;h incr a in:proportion of alloyed
silver thi colour change to y illow and ultimately to a
pale silvery yellow.

thepresent writer ft Is that the colour of the
gold p rticl i, how v.,r, notuf'icintly x ct to be
U<l 3 umtit . Ive inlic .t ion of the silver content
ri lhe ;rdrs . only r i1 hit. moms of differv nti .t-
ing b * n gr ins o old hiowing iiff rvncus in colon"
is either by p rt ins the grdn for silver md sold in
tl.e conventional w.y, or alt' rnitivcly by the use of the
- 'Otron micro- ¢ .nntr .
f-Qati.nr, or. gold 1 'rl iclea .

iron oxid .s and ; sub.'t ,ncv believed to be
silver Werx. the only kind: of co tings which Wru idonti-
1 on the gold i1artici s in thi present suite of

samples.



-37-

Iridescont to dull or mv;v coating.; of iron oxide
were often found on liber t*d :rains of -oil. Theeo my

readily bv a.’cribed to the decomposition of unstable

nature of such iron coatings ani their eff ct on the
economic r.cov ry of old h.ve b. en w,Il illuotr ted and
iiscus 1 by Edwird ' ,1 47

Panned concentrates of old from Venterspost
revealed the pru- cnee of thin greyish to almost black
ccatin.t oii o of t go! 't .rticles. Since the
coatings wer. not very much more than a few microns

thick, the followin' method was duvisvd for their removal

heated with a few drops of dilate nitric acid on a glass

slid r,: th r ction o rv . un . rmbinoc ;I r micro-
scop- . In ml c .acs thethin coatin' disappe .red and a
br nt y ow ; r*icl.. o oldw reVvaled. The nitric

iCid solution cor;t ir.in th Insoluble old grain was then
expose i to ultra-violet radiation for short periods of
time, and the e'T ¢t wer ob e.rved und r ; binocular
microscop' . Initl ly,t.h olt r in in.car, covered with

a purpli h coitinr, which on further ..xpo;ur* to 1" a-

V'O t t ulti | ly M ck n ico it ly, tin.r by
colourin ' th .ntir pr viou ly brirht y llow grain of
gola il ck.

Silver salts ar Known to VI ckun when exposed
to ultra-viol t ix.-ht, 1 feature which 1 m dc us of
in photography. It in th r or prob bl th.t silver

was pr- unt in olu; ion in ti » iilut nitric 1Cid.
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As will be. shown under the heading "Fineness of
Gold", gold-silwr il loy- cone ining 1. than 38.5,. of
silver wu'v not tt eked by dilute nitric acid. According
to Ramdohr (19*' ), o' ilv. r alloy of* thi composition
(eluctrum) .re whl'e in colour. .inc , ifter h .ting

with nitric acid, the ol e+ r in had bri ght vy How

colour, th r nc ub. ur.e 1 to h v cont ined con-
sider bly lv ° b 3 ilv r. nee, th 1? v%r
pre Lnt in th . .ol! rain would net havv b-. n r mov,d by

the nitric acid, aniaccordingly any .liver di olved iri
the nitric add mut havt. ori in tud:to tru coating
only.

Tt is thvrefon. }0 sible th t the coating
originally rr\ 'ant on th 77 in of gold, nd subsequently
removvd by thv nitric add, could hive be n metallic
silv r or co our. : ofgl v r.

Gi/.cs Of -Old : .rtlci- . ol rv. i.

Observations made in th- present study showed
that t ... cor cr ; r'ici o old itr red to b con-
Centr tvd mor g n,rally with the ulphid' minerals
(Fi .te IX!, ¢ o1 lhe fin r *r ins '\.r xpparently
associ tud more fr am.fitly withth phyi 1©silicates and

>rt (]t =

Thi” 1iff* r nee ¢ n mo; t « >31ly b. shown by
compar 1 on of the iz of gr in.' of old recov red from
areas not carrying abnormally larg* pyrite grains
(sample 1) and tho: <carrying co.r u grains «nd pebbles

of buck, hot tyrite (Gani le 2),
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izo iritqrval (microns) Distribut ion ter Cent
Sample 1 5 impl', 2
0 to 15 37.'( 15.67
15 24 30 1V.& 6.82
30 to 60 13.33 8.49
60 to 90 13.63 9.93
90 to 120 <5 12.20
120 to 25( 3.31 19.14
250 to & 1.1 > 20.93
500 to 1000 G 2 5.93
Cv-r 1C00 I. C
Total IOC. 0 10 f .
oinj le ?: mr-.ci 1 s vip” rich in coareti 'buckshot" pyrite.

The abovv results ire based on nearly 4000 individual

she Lnding.s of von Aubol (1939) with regard to

size !:.s-r .bution of goli pirticles \pp«ar to have a

b taring on the re. ults of the present survey. Von Aubel

corxlul”® i fhat thx. | irticl*.. size of native gold was

commonly function of the mode of formation of the
i' Oci.it d mir, raas. "hen old w s contemporaneous with
the enc o ing min.r 1, it w extr mly fin -grained,

where .0 1 .0 gr in', vf Wwold which wr formed 1 iter

t!it">"Ulr ° 1V r " ru.rally co, r. vr. Since, therefore.

in the pre. nt study, th, finer gr ins of gold seem to

be is ec.at- d with the phyj los ilicate-s and quarts

AL 1’ 71 | un. d that g Id is contemporan-

¢ *Oi " lic t<'. (a th< othv r hand, the

2

0-i.J.iori of tht coan jr gr iins of gold with pyrrhotite

feci tily in 1 ts containing buckshot pyrite)

I' 1" “n,,ic it(:S that the pyrrhotite must have been
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deposited before th«. ;old. :hi. ,en r liz Lion is support-
ed by the finding on numerous occasion: of islands of pyrite

and pyrrhotitu in tht gold, cle rly indicating that the

Variation in th. comrorit.loii ui' cl t with r . mct
to diffv renc, in gr .It ja;L .

Young (1917) mentiont i that the purity of the
gold appeared to vary to tome xtant with th, j article

si - in which U old occi m i ir the rock, the coarser

check the validity of this it itement in the present
suit,, of £ample . Fisher (1 )}¢)), how- ver, wuated that he

was unable to find any gold in the banket that appeared

further remarked th it h. could find no confirmation of
the suggestion that the composition of the finely divided
gold was markedly uniform or 1 cure tr.xn the co ase
gold.

7, m vjtamLn-,.d in .oil bed ction, all the

f it tic : 1 , mfmr to .ov uni for colour, .nd Were

there.! cr, rr ’.aly .r ot, * y a-iform COM;o0 ition.
vt pr- "-e.it th .r- th r, fore sems to be little

support for the assertions m.de by Young (19171 concern-

"1';- 0" 0 o ;fn wit: r in aize.

*ny syc- ve'tVions could best be check d by moans of

the micro-sc-annor in polish j a ction.

Gold and cobal 1 i1t- .

:i0 assoc iation of gold and cobaltite has

already been reported on th,., Far East Randby Mendelssohn

con- Idcr hie quantity in polished Sectionsprepared of



the cobaltitv, mainly in ti  form of isol ted small inclu-
sions, and th it in addition win of cold were seen cutt-
ing through the cobaltit, nd evidently replacing it.

The cobaltitv described by Men eissohn occurred in large

irregular misses showing no cry t iloutlines. One or two
small isolated crystals vzr , how vr, obs, rved.

Keep (1939) also comment* d on the presence of
cobaltite in a piece of bank, t from Government Gold
Mining Areas which 'z.s rich in visible /old md cont ined
much cobaltitv in which innumerable 1r ins of gold were
dissvminat,. i. K,el was ible to rnow from the appearance
of the specimen that it had teen obtained from the vir aity
of a doleritic intrusion and that i leaching from, and
redeva ition of tr . ;ol1 1. the t mket by the magmatic
v.ters cont unit t: cot tit, which tost probably tccom-
panied the intrusion, would hive resulted in such an
occurrence .

shtrpc (1 > t ite-d th it polished Section/ of
act m'l m 'Ov -lament Gol I Mining nre is showed wh it
appeared to be a distinct uutjctic structure of th.; gold
wit r.in the cobalt ate. fh r; ¢ con "ide-red th t in this
particular c . e th, goli r.i Cobaltitu h d crystallized

uie-ou y. Lt nb r ;1955), ho ., ver, v/tio Iso
examined npecim n cont inin cobaltit; from Government

sre~rt!r> tat, ith t tc¢ gold occurred as vuin-
lets .nd m: 1 irre ular patches, and that thi gold was
obviously later than td cobaltite nd r placed this
ulpz, Ido.  hi U nb-r i d in,at, although hij interpre-
tation of th associ -tion of gold and cobaltite diff. red
frorr tag oi Sharpe, :v nev<rtheless agreed that the
cowaitite had acted an a collector for thi gold during

thermal metamorphigm.



Numerous fr rmvnts of cobaltltc re found in

grains occurred mainly as jagged irregular fragments
(Plate XI) md rounded grains (Plate XII), but a single
grain shoel.nr a re crystal outlines was Iso found. Most
of the cobaict ite grain: found c mried gold, which appeared

to replace th< cob .Itite (Pliti XI). These modes of

to those iescribed by Mendelssohn (1932) on the Far
East Rand.

Thi rou: i outline shown by some of the cot ilt-

that they probably originated in the manner suggested by
Keef The repl icement f itures shown by thv. present
suite of samples cor.t lining cob Itite vdth associated
mid .pe :r to suf :ort the views of Liubenberg rather

than the - of Sharp

Gold and "Carbon'*.

'h re a r.d to be no obvious relationship
governing the association of gold aid carbon in the
polishad s ctionr x rrin d. Som auction aare found to
be s.void of ny viable [irticles of old, yet to con-
tain numerous t .rticl a of pyrit md "c .rbon". In
other c ze-:, ct, on:: Wurfound which, apart from quartz
ua chlorite, wrcomp! t ly dvoid of any other
minerals except a few granules of "carbon". Some
-ection: showed p.rticius of old within a few millimetres
of carbon' grains, or in direct cont.ct with the
c rbon , or v nfllling cr ck in the "¢ rbon". In

all tie Casescit'd, the i riod of gold mineralization
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appured to be totally ind(.p(.ndunt of that of the "carbon".
The fact, however, that numerous grains of "carbon" with
a: ’OCiated uraninitu often showed cracks filled in by fine

atringers cu gold cart linly places tht period of gold

etic sequence. (Plate XIII).

doll .1 :yrite.
The tulk o the old mineralization of the
e« ¢ ¢« aP? r" ‘0 b to* lly inaepen:ent of th pyrito
. *ae. .1ir ’1on, .nd the presence of high concentrations
ox ;yrite scorns to b inic-penh.nt of the amount of gold
u
propo t on of gold found associ ted with the pyrite
oc' rrv ; in two distinct ways: firstly, as totally m-
ates a . Se« l-like 'rains or cylinders of
app rently detrital origin, .nd Secondly is jagged
strikers or veinlats, whicn repr< ant infillings in
cricks of th, pvrlt and im most cert linly later in
« ruenee than t; pyrite.

't - n o ee> i port those of Liebonberg

coas*;ant and wi-. ar i aoci t.. or the pyrite in the

r 'rikct> the pyrite was only of minor importance as a gold

- .rrier. .1 b,nb r mfurther m ntion - th t only com-
paratively w of th, m ny thou nis of tyrite grains th at
X nd rm d ny rclu raj nr of ,old.

It is int re: ting to not, th t th fineness of
,f1 ~included in th jyrite was found by the present
wril r to vary betw, en 914 and 90S.
mora. :or, {/ m]) r port'dthat L.C. Groton had
*0<*' : Simmer and «f ck and vijacent mines that a

¥ r,ditJe sign of r ather better than average gold values



in the reel' was the rapidity of the tarnish of the pyrite
at those places. Ir ton thought that this differential
tarnish might have beon brought bout by the ;re. ence of
gold in solid solution in -omv of th pyrite. ftilwell
and Edwards (1946) pointed out that since pyrite was a
non-stoichiona:trie compound, it seemed likely that any
gold solid solution that occurred in it would be of the
limited interstiti 1 tyre of olid solution. This type
is found in some metals, in which the solute atoms fill
vacant sj aces in th 1 'tie*, structure rather than sub-
stitute for solvent atoms.

I[f Grnton's theory concerning the possible

theory could jot ibly I investirat< i by halting polished
sections of jyritc from are as when the grade of ore was

very low, in in inert itnosjher« for . few hours, to see

haps be ntde vi itle as i result ol the segregation of
the *old.

0T .at writ r 1 1 > laowvcr, that the
reason Tor th t irni hinr of the pyrite is most probably
a function of tne chemical com; orit ion o;' the pyrite

it if, r .ther t .n 1 result of tht no:iblv prosvneeof

gold in soli IToluti on in th. syritt . (This question 1is

furth r f It th t th wus!i put d p rtid s of gold, W ich
can be r cov rod easily ft,or tin pyrite has been des-
troy ! by .Nno nitric icld, constitute the major
fortion of In ,old included nthe pyrito, and that

while th r iy b.  cme oldin solid solution in the

rite, it c-rta'nly 1 of /ry minor imi ort nee. In
py y y



any case, the size distribution of th, rjold particles
report,ed in this study, which t ikes into account all
particles over 1 it cron in size, dcvs not indie *te that
the size di- tribution. h vc b en appreciably displaced
towards th submicroacopic r.n,,.. This would h,ve been
tho C'u’c 1: tol 1w r, present predominantly in solid

solution in pyritc.

deli a: "tuc hot <cvrite.
*no * th prcsenc- of cc.rse grains

md pebbles of "buckshot" pyritc is generally indie tive

of hi -h ol : lu (I vies, 1949). In wviiition,

"buckshot" is usually ac-romt nied by co rser grains

tu ration w.3 id to polish d actions cont ining both
Vi e '"r: it-:lac anot yrit- in 1 attempt to st-v
if my rui\ ty miner :lo> Leal reason could be found for
th< Lr co-exi. * nee.

fn m 'ioi.tx mined, tht rold was found to

occur-.-..inly $ list rgrc ,ths with thepyrrhotite or :s

h°l 1co i] : te four, I it..1 . inc :u Lc . 1in, or is
stringers rt.pl tCing, ta buck ,otpyritc. This finding
ii!: s frorrin i!nr: of Liefc, til r ; (1 who
't, tnc- o* .inutroundi *h ,nd irregular

inc lu: ions of ol i in buck hot pyritc from the Vail
h-., 1 at Muffel font,tin, which was apparently similarto
that pre nt in th Witv/at r -rand banket and other
r v.irs.

Unfortur, t ly, th- v for , th pr- ent writ r

was un bl to ccount for th co- xist ncu of the gold






represented the bulk of the imples eximinud, did not

contain . :

samples where large imounts of buckshot pyrite were

bated with the pyrrhotit,., would certainly give the
impression that pyrrhotite constitutes an enriching
factor. In t ct :vn , ' o .c rctri t¥c Iy
occurred as 1 ,rge irr,,guX r runs in the pyrrt otite

and. on first inspection, the gold and the pyrrhotite

apparently showed mutu 1 gr .in bound ries, thereby

Su -- st ins cor.* or 1. 0. : ition. n clorvr
inspection, howwvr, is adsof .yrrhotitein gold XVv.ru
c]s .rly ven et [X), * .r by d' provin * this assump-

<!

tion r.d finitely cin the gold after the fyrrho-
tifi in t i u n tic u- nc

On th . tr net:;, ofth s- findings, the writer
"eels th t tr... g ner lization th t ryrrhotite represents

o -n-ichir. ctor, ; t 1y P 11 tier (1 4 ),

dioul 1 rh 1 v tr 1 -it! o r rv

Gold and nnyilo 11lic f.. .
Most of th gold in the yru mnt suite of

samples was found to be asaoci ittd with chlorite and

fticier, or mor r r ly a iiny ,uf Irai crysi .Is,
u u My totally -nb I! d in and surrounded by the
a O ife n erlcite. (flat<>). This mode of occurr-
ence suggests th it tindupoi llion of the paid probably

orm t on o. fl phyJ los 1lic tco.
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r,old .nd cu Ttz ¢

Only minor imounta of -old wr. found a3-ociat-

gold was found to occur in th form of second.try infill-
ing.! ippar ntly rvvl .cin, thv. qu Itz. In such c¢ s the
gold oft n occurr d s wuhudral grain sho ng brilliant
crystal facets. IXu to th. fact th t th S gold -rains
were usu .lly v ry 11 inte r bei 1 m the qu.rtz,
no detailed study of the cryst llography of ti  gold

could : wuna vt

Gol i .n:ur n:nite .
Fine tring rs of old Were occasionally found

rvpi cin 'oTe of th 1 ® r ur .ninit ins, which w re

(PI t s XIII, XV).
In or : v *o #t. Jh th,.r .ny relationship existed
cet ..n th ol d ur nlui cot rt f * : epi. s,

the old content o tl. or- was rlott- d gainst the

5 and ) shows widely ;c tt r- 1 joints with no apparent
trend, u - tin "h t no obviou: r 1 eionship -Xxists
between th sold nd ur ninite values in tin present

uit of 1am

wary.

oi old is r pre ented by th s,.d-lika or cylinder-
sh .pud gr ins which occur embeddi d in tin jyritv grains
ad are }rob dly of d trit.a] origin. The econd or

younger variety occurs in various forms and shows
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numerous -v'-oci ions with minuralv- such as sulphides,

younf- r variety o: "old was :pj arently taken into
solution and rvceryst llized in situ. Thv angular
natur of, n:th< micro-.'truetures shown by, this
gold strongly suggest U t it has undergone no signifi-

cant trav. 1 minct. its deposition.
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FINENES3 OF & LD LI THE V.C.R.

Inspection of the accompanying assay results
(Tables nos. 1, 11, 111, IV, V), cl< .ir reveals that
the present suit, of >ample3 from the /.C.R. and under-
lying fiain Reef at Venterspost and Libunon, md from the
V.C.R. at best Driv. font, it., snows a wide range of

"fineness”. In thi |.r,.>ont study, the definition of

Any analysis of native >jold will ilways show that the

major com; oi ants , aol : ml silver, are iccomp anie 1 by

in order to hivt somi true basis for comparison between
goli from virious horicons or oven within the same
horizon, the base element content should be ignored, .nd
the silver and gold contents should bo recalculated to

.id up to 1.

Ag X 1000
c 1V n from th, tboVti definition, no

provision i nl i for the pre nee of my other gold or

silver in th- sample. th r than that occurring alloyed

quoted in th pro ;unt >udy are reported as apparent)]
and not "true” fineno. s, since the pre ent suite of
samples did in fact contain other argentiferous
min .raln.

In .1935 Lawn comment d on the fact that he
hid found large v miat ions in th, silver content of
bu. ion in every min> that hv investigated, ,vun

where the sampl, a hid originated from the s me stope.
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In Government Areas, for instance, the silver content
varied from 4.% to 2 0., whereas at Langlaagte varia-
tions from . trace to 29 wore noted. Asection at Now
State Are is was found to snow a variatie. >om 5.0 to
convinced th .t it would be impossible to find a single
stope on th,. Rand which wouJ i show any uniformity in
the fineness of thv gold. (I twn's results obviously
also referred to ap; irent fineness, since no allowance
was n..de for the pr ncv of my ‘Liver-bearing

'

vven in s .mpl..s from the 'ime stope, as reported by
Lawn, h.s be.n confirmed in the pr s ,nt study.

Ch ayec in th- a:e.rent fineness of the ,-.old with
variations in the tenor of the ore.

The apt: ment fineness values obtained for the
present suit of sample.; wre plotted against the gold
content of the or s. The graphs are shown in Figures
nos. 7 -, 1 ,11. ihe d t. m tImittedly scanty, but
neverth I s intic t that v mples cont .ining larger
amounts o' 'old show a high apparent fineness (low
ailv r), wh r s Jow apt rent fin..net- (hi-dt silv r) 1is
mor typical of low m.d or s. These re ults support
th findin s of h ntic (1*39-4 ) md Kles (1961).
Prentice retort 1th t he had foun-l i ! finite correla-
tion betw en tin gold value md the silver percentage
in or from elev n V/twater r .nd liinvs, with silver
cont mt decreasing as the gold content increased and
vice v-.rsa. Bales has likewise shown that the same
trend occurs in th. ydrothermal gold deposits of
Southern Rhodesi . Liwn (19 4) report, d that, although

in individual samples there seemed to be a tendency for
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low silver percentage to be associated %dth high gold

values, the rever e not infrequently occurred.

Changes in an aront fineness of {old with increasing
depth.

Hargraves (1961) has recently drawn attention
to the variation in the fineness of the gold with
incre >e in depth. He tated th.t, for a particular
reef in any one mining rea, the average silver content
of the gold appeared to vary as a function of the
"shallow” areas contained gold with a higher silver
percent age (lower fineness ) th nreef in ''deep” areas.

The validity of this theory has been carefully
examined by the <r ent Titer. Th" vievations at which
samples of tne present suite were obtained have been set
out in the iccomi nyin t .Lie , (T bios nos. I,II,III,IV,
V). For wurro ¢ of co-: v i on, he daturn line for all
the sampler wts 1.ken as ?, C feet vbove mean re,u level.
Inspection of the t ble r*veals that no clear trend
seerr to exi t corrcl r n fin-, n with depth, as
surge-1 d by H tt v-s. famrl taken at the same
elevation, | ,t in iiff ¢ nt : ,rts of th- ame tope,
show a wile v r tion in api arent fineness, a feature
which ha air dy be- n com: nted on. Intrastope varia-
tions are in f ct so large as to obscure any possible

relations! ip b tw n ’inene and depth. (For example,

irom the v.C.R. at L'banon, show the following apparent
Imenesa values: 76?, 379 and 643 respectively.)

It should be pointed out that many of
Hargraves’ observations, especially at Venterspost,were

based on figures obtain: d from the Rand Refinery, and



refer only to the fineness of the -ctual gold bars
(bullion) supilied to the Refinery by the mines. The;e
figures do not b* ar any relation to the fineness of the
gold occurring naturally in the ore for the following
reason: the gold bars, before reaching the Refinery,

have already been refined to a curtain extent by the

designed to n mow ,s much base metal as po; 3ible, some
gold and liver is all o remov. d in the slag. The
silver to -old ratio in tl slag is exc»edingly variable,

and may re.ch values as high as 51:1, or more. Accord-

Fineness of oll-silvur alloys as a measure of
resistance to att.ck by nitric acid.

It ir a known fact that the dissolution of
silver from an alloy of gold and diver by dilute
nitric acid, is broadly dependent on the fineness of the

alloy. According to Smith (1913), the solubility of

whereas Au-Ag alloys with finentrs values of 400 and

silver is r moved quantitatively from the alloy by 1 ¢
acid. 'This fuatur- 1i; made use of in everyday assay
pr ctice. ince, how Mr, no information could be
found concerning th behaviour in nitric acid <f gold-
silver alloys vdio e fin v me oxct <ded 400, it was
d'..cid'.d to in" tig it thi f<ature mors fully.

For this purpose, a :cries of gold-silver
alloys, differing in fineness, wrv prepared as follows:
lure gold and silver, in approximtt> ly the* correct

final proportions required for the differer. alloys,
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were carefully weighed out on an assay ualance. The
particles of gold and silver were then carefully transfer-
red into National Carbon Company Type L401# preformed
spectrographic electrodes md cl imped in the electrode

The arc
was then struck at 7 amperes for 10 leconds and the result-

ing bead was reweight i tit :r cooling. In no case was any

beads were then transferred to new Type L4012 preformed
spectrographic electro les, which are considerably shallow-
er than the Type 1,4014 electrodes. The arc was then once
more struck at 5 ampere- for 2-3 seconds, at which time
the carbon arc took on a green colour. The beads were
then once more weighed md allowance was made for any
losses due to the volatilization of small amounts of
silver. These In « , 'r t- C of the 10. mg beads
pre tred, -ore o'th o r o C.. to 0.3 mg

The beads wer- th n flattened with an assay
hammer and reflux 1 for 1 hours with a mixture of 1:1
nitric acid and Water in a battery of flasks fitted with
* :luxcon: nr.or .h d - ti once more weighed
and to 1ios of ilver in th cour e of the treatment
with nitric ,ci : was calculat' d.

id mcom: ny:n labl< and raph (Figure no.
I'1 tho amount of silver (expressed as a percentage
o] the total amount ofrliver present) wtiich was taken

into solution by the nitric acid in each cast.
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Flneness of Gold-Silver :vllov. Loc ; of Silver jo.
1000 0.00
849 0.00
723 0.00
621 2.09
615 0.00
586 11.77
558 13.74
548 37.85
519 31.02
510 42.30
502 45.35
481 4 03
459 78.63
444 97.35
425 100.00
393 100.00
i nGV-. 1 v ccm 1 to -it .in 4 ).

;rorri the e n ult?, it would appear that the
lirr.itiru- Vilue o finon- s, aov v.i.ich no silver can

be rsroved t'rorr oil- ilv r ,lloy by dilute nitric

in a ub-iequen' s ct lon.

SILVER.
In 1 ?2r>viou!' section, mention has been made
of the wide variations found by Lawn (193 5) and the

-ri .ti in the apparent fineness of samples from various

ed ir either silver-rich minerals, such at; galena,
"1 'fe [IP‘; cha.l copyrit(.', or silver minerals them*

"' hnown to occur 1ith horizon. Fisher

9
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(1939) mentioned th ;t the fact that practically all the
gold which was detected by him on the Witwatcr rand
appeared to bi of f irly uniform composition, indicated
that some of th silver in the banket was not alloyed with
the gold, but wis ; nt in other iim rala, such as galena
and other sulphides. Fi; her felt that the wide varia-
tions in the silver content of individual samples might

be due in p>rt at lv t to variations in the amount of
silve r-b. aring miner Is other tl in gold that happened to

be :re; nt in the v.1I 3.

Investigation oh th, silver :ont.nt of sulihilcs.

In order to obtain some idea of the amount of
silvtr which could be expected to be contributed by known
argent iferous minerals luch 1is galena, sphalerite and

compc 1tt mf .0, con;i tin ' of p il weighed portions

follows:
-t n .3
fh:1.rit . 47
Chaleo yr it . 46

Ini 01 tur.at Iy, no samples of any of those three
nin rd coulib ohlin i from th. V.C.R. 1 Vent, rs-
o t and Lib,anon in sufficient quantities to permit
iniivi aial analy for silver. Th. <fore, in order to
have some basis for calculation, sample containing
sufficient galena and rphalerit. to permit hand-picking
and subsequent assay was obtained from the Bird Reef at

Luipa.ardsvli 1.
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The galena from th> Bird R f war, found to con-

fortunately, no sample, or information concerning the
silver content, of South African chalcopyrite cou] 1 be

found.

'

Fror th« ' an Ly it can he 4An, hov/aver,
that th< amount Ol silver which it likely to be contri-
buted by galena, svtilmrit, u 1chilcopyrite, which

negligible, an| may probably be iiscountt I for all

practical . rro a.

(194C inv, ti :ve1th ol., silv r ,nd pyritt in ores
from 11 Witwatvr rand mines ;nd was untie to establish
any obvious rel .tion" I: b t .on tht ryritc content and
tne -ilvor :ere .nta in th or . Further suptort for
frontic-. *¢ v/ork . r ¢ ntiy h,n sup: i d by Hargraves
11961), /hoc rriiout ..11 rstuii m H.rgrav s
ount o' ilv. r like.ly to be con-
tributed by th  various ulphids would not adequately
siccoun* or th Jr- v.ariition which in found to occur

in 11, gold- ilv r r*atio.

"Fro. Sil v, r"

SLnco it 1is thuri fore probable that only
negiiriblo amount, of silver ,n likely to be included
;n, Fh, r. fore don- t. i by, tin various sulphides
uc' & ¢ j''ri> sphalerite , chalcopyritt and pyritc, the
only obvious carriers of any major amounts of silver

in the banket would bu ”gold” and any other mineral
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composed predominantly o! liver. .0 dP- , no i wmfv-ncu

has been mtde to the pro- once ot any --ilvor iriinvr ;1 on
the Rand (Hirrr ves 1961).

The fir t indie ticn of the possible presence
of free liver On ' nlwi'th "iniinr ny ;dr. r.

tiawden of a ; ;>'ticl« of ol i which n d t lislinct silo

centrate pi a ired from freshly pulped ore :rom tiie oorbon

Leader horizon it Doornfontein. Burin; the present

were identified by the writer as silver by means of the
ultr -violvt-1i 'V. m,aho.i, which has already been

described.

In e:lition, 1 fine stringer of greyish silver

Thi r in vs. founi to . oft s.i sect lie, yielding a

showed a oor lolish, a fi ture which is sometimes en-
cono r- 1 0. . 0 n'iw -ilver. ( amiohr
196). ( < Plate ).

Work ¢ ;rrI' i out by f-ei s (1 - ), who prepared
a comp-1't-~= oed  of ilver-, obi alloys varying in com-
position fro un silver to sure gold in steps o: 100,
showed thit the X-ry ditfraction patterns of such
alloys were o -imiltr an to preclude the use of X-ray
iiffr iCtion I.-enni ;w in lift** rent 1 ting between ulver,
gold and alloys of th-- two. The con tants tor silver,
gold and elvctrum quoted by Berry -nd Thompson (1966)

support Wei'S* original findings.
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Accordin/rly, in order to iient ify trie tr 1 >
microchemicil tests were carried oui using the scheme
outlined by Short (194*). TI'ht r« ul- mwere e follows:-

Hardness: Soft (B), very sectile
HNO3 : Effervescence,with the forma-

tien of t white coating.

HC1 Tarnishes

KON Trr.1 hes bmown.

FOCI3 t in iri: c¢ ntlmm-di tely.
KOH N, -1t IV- .

Hgd. St iins brown.

Optical character: Isotropic

The tbove chtracturis ics thu-- conform in all
respects to the properti es 1 fed by -hort (| >[-i an 1

Uni artun ttely, in the course oi tlv microc hen-
leal tUs, tr.e amt l¥was :c -tr > 1, "0 thit noother

confirmatory worx coull be ctrriod out.

Quintitat 1ve

Sine; it w s i< -ired to obt tin some idea of the

ed with gold (in th; form of either Integral grains or a
Coating on the go] i jarticles), th< fo.l lowing test was
c.rri  : oat.

Congo it« sari} ;| w'n  pro; art dfrom port ions
ofpulped ore whichh id ;r« viously been a; sayed "“or gold
md ilver cont nt. E ch ol’ tin< com; o: itas \ as placed

on a hot plate and an ; xC as of a mixture of water and

(Cher,lie 1lly pure nitric acid was used in order to

minimize the <mount of frci chlorine, the pres, nee of



which might otherwise be responsible for the dissolution
of gold). The mixture wis boiled for approximately It
hours until all visible traces of sulphides had disappear-
ed. This procedure wo d 1ig d to lib.rate any "gold"
included in the sulphides, as well . to take into
solution my liver mineral(s) :re" nt. (From the con-
clusive to ts carried out by the writer, retorted in an
earlivr eft on, it 1 quit «cl. r th.t . n tural gold-
silver alloy wit a f nenv s above ml‘ will not be attack-
ed by tin nitric eld). he tire ted mplcs were then
filters 1 tt.roust two do. %. "'h;t- ,n filter pa; ers

under vacuum, an i the pulp or insoluble residue was
thoroughly we bed with wt r nun rou times. The
'"Vaahir.ro*' an ; filtt t wr then combined, and thv

result tnt solution", to athtr with the "pulp', submitted
for gol: ni ilv r ay.

Despit the obvious objection that the washing
proc- s r y not nece r rily av removed 1ill the silver
ions from th« pul; , th- y re ults obtained for the
"solut Lon" m.i ". ul; , wt.iich .re set out in the att iched
gold in the oluuaon. 1ihi c¢b rly in lie to that some
source of ilvir oth r thm thh t 1lloy d with "gold"
must t . pre ,nt.

[t can be seen that a certain amount of gold

does in r ict ccom; ,ny tin. ilx r in th solution. There

piper as fine colloidal p rtlcles of gold-

silvcr alloy.



have been li.' * than 015, La which ca'e limit d part-
»
marked differences in the colour of the "gold"

from the Witwatorsr.md were ob srved by Fisher

(1960), grains of this iegree of fineness
would bt white in colour, and no such grains were
seen.

silver

A
but is usually accompanied by minor amounts of
-o.d, co;; r \d ?1a Lrar.
The gold-: Ilv, r ratio, ani the fineness Of the
">—01;i", in tl. 1C.Ld-tre it- d linsolut It r- idue or lall

was then calculated, and th results are set out in the

all the silver ions were r mov. I from the pulp during
the washin/ proc< s, then th' ;old and silver values
obtained ;rob bly r fleet the true finenr or gold-
silv-r r tlo o f C oll fti i valid
assumption, th*n th. =-ol . r at in th solution may
theoretically b* r illoc to : to the pulp with the
requi ite mount of silv r in th* ratio of the newly-
deter- :n- : tr f:n re
calculation how:” how this ra llocation may be made and
the proportion of th sllv,r not alloyed with the gold
calculUtud.

Insp 'Ction of the accompanying ¢ alculation
clearly shows th t, Ven ,fter the gold with the

requisite amount of silver has been r illocated to the
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excess silver c¢cm best be MCcounted for bv a: suning that
itfree > silver 1 nrv vntin th- various horizons listed,
even thou 'h the nature of the silvvr-b- :rin minaraKs)
has only bwn tent ,t:v.ly , t tii h -1 for the V.t.R. it
Venters? o.-t. Ir; ti.i cont, xt, it !oul : tv not 1i that,
despite the fact that the 1ivera c¢ apparent fineness of
tht hold fror th, V.C.R. t , t Dri font.in is >19,
4.19;° of th eot 1 iiv 1 occsr anitric- cid-solub.l e-
silvvr. In vi <« o v 1y coneluiv tv t. carried
out concerning the in bility of nitric acid to dissolve
silver from a sol s- il/, r alloy who e fineness exceeds
615, it must tv co cist 1 *r t in th V. .R. rilv.r occurs
in a for- other that; . . Iecy with ol 1.

It >v.em3 appar nt from the rvsuits that the
same situation prob s ly Iso ubt in. in the othvr horizons

li.atc 1. For x :1 , c .1 "' rt or. houl 1b. paid

(well 1ibovc th fi :sr i of 615), but th,. percentage ol
fr,.-. iilvor i 13.45%*

Fisher 'l h ), 1l c it. " th fineness of gold

auth entic it ! cor-... zlt>. th. finenv i of gold, or more
strictly, ti it of electron, occurred nstur illy below 450
parts per thouiind. Fi iher furth, r felt that the extreme
variations in UK 7ol I-nilvvr ratios found by him showed
that the concentr f.ion of 1.lvt v had little effect on
the gold finen, . and th it, provide d suf! Lcient silver
war. present, id ;0] T and Liver woul i be deposited in
the proportions, appropri iti to tht physico-chemical
condition:' prevailing . ithu. , bullion naturally formed

was n< ve-r b< low 450 fin, , the remainder ol thv silver
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going to form othe r mineral: , while if in.euiticient silver

was present to produce the requisite proportions, .
ness of the gold would of course be higher. Fisher
further said that in the- deeper zones., that :s, at ulLgher
temperature and pressur- , ilver, no mtter *ow concen-
trated in the ore-be rin solutions, v/ould not iorm ;
low- ;rade tlloy with old, but woul ! be depotit md as
either prim ary 1ilv r or silver-bvasi.n mlru.rn

If Fisher’s investigations and conclusion arc
vao.id, then the ipparent fineness values of 560 and 3"'
Llbsnon res .ctivaly ( nos. 1,11) strongly support
the supposition that 1 ... tVir-b( trir.g miner tl, ot.ici

than "gold”, "+t bt r(sent.



PF.TAIT.BD CALCUL.u'ICi: A'-1 HOVS] A:"'»!!'T OF "F: wi. SILVER"

PRESENT IN A SAMPLE MAY BL CALCULATED.

After boilin® with nitric icid anl filtering:

"Pulp" "Solution"
Gold dwt/ton - *44 o !
Silver dwt/ton 3.9 1.29

n;ine t noll/lilv~r r tio:

Gold: 22.44 Silver: 3. '0
c.c ; LL
22. S dwt 3.1 > dwt.
A :irent r ‘io *2. 73 -.33
5.19

Apparent fineness 313
True gold/silver ratio:
This figure reflects the r ttio of fold to silver

in the lulr, ifter th "fr silver" h s been removed.

5.75

True fineness 353

Silver R( loc .: lor:

should the oretic .11y be r illoc ited back to the "pulp"

Gold

utton c. 1

fliver pr\ ont Ir "solution" ifter re-alloca-



Percentage of un J1lovcd or fruc r'ilver «Xfre— Hi

terms of U., totVI -o',nt of Hlvecr ¥

1 4 x 1 = 4.6, .
3717 |
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CnH

Despite the fact th it, for nearly 7( years, a
hydrocarbon associ ted wvitit uranium his been known to
exist in the banket, very little 1is yet known about its
origin .nd ex .ct nature, mu it. relationshi] to other
uranium-containing hydrocarbons occurring elsewhere in the

world, such €' the thucholite o <¢'.naia a’1 tne carburan

concernin ti. t e for fr.o ut nee.

historic .! outaire.
In 1917, Young -.entioned th t sm 11, black,

opaque spheroidal or nodul r grains with a dull warty

them as '"carbonl, and added th t gr .ins of this nature
had first been noticed in the B ffelsdoorn Gold Mine near
Klerks dorr in 1->95 and h d ince ;een shown to be widely
dir tribute t.

Further mention of this m;teri 1 was made by
Macanr in 1931, whe.a he *r >d that "carbon” war plenti-
fully distributed in the L nkets of the Witwaters rand
System and al > occurrt 1 in ill the beddedpyritic seams

which were found in the beds of the quartzite from the

“carbon’ & Modier d, Modler fa t,, h--w Moddvr, New

Ear.t Rand r Li m wt 11 . or ndfontein 1 t.tes, the

although ”“carbon” vit found in most of the pyritic

secam tint Lay within the luartzites, it occurred in



larger grains in the banket::.. He 3aid that it was not
unusual to find ‘'carbor:" in grains up to one sixteenth md
occasionally up to one eighth oi an inch in liar.’ter, .md
that where “carbon" was of exceptional size, it wat
accompani d by . corr on :in  .mount, oi' visible gold.

In 1936, yet another occurr nee of "carbon" was
discovered, when r 11 carbon- ich band with vi 1dle
,;old was first inters, cud at over feet in depth
or. the West Rand. In vi w of the high ¢ rbon content and

its goner illy narrow rib: on-or -m- ik; n .tare, .'.v no-;

mineralogy of the Cirbon Leader have been fully descm -1
by dt. Kock (1913:, who st ..ted th it the true chemical and
physical nature of the "c trbon' had not been fully

izt mr' In< i,

Liebenberg (1955) sought to remedy this

t: e n of tr .:rolllk.
Th- t 1tr. "thucholit " wa: originally proposed

by Ellsworth (19,3) to describe : radioactive constituent

Onuario, and t th . allim ford f Ispar mini n, xr
Huekin ham, gumb ¢, ml 1 1 riv-d lrom th- {minel: 1
corr i"u nt o* t Lt-ri 1 (", H, 1, 'it* )e
Accor ling to Ell.;worth, thucholit- i mineral 01 jet
black colour, having a hardn s of four and a apacific
gravity of ibout 1.3. The ch. mic ,1 compo it ion of the
material varies wid ly. It was report- d to contain

40-60# carbon and .0-3 f tbsorbed volatile gases, with

the remainder consisting of ash. The materi .1 has, to



date, been found mainly in pegmatite dykes, iSsociated
with primary mim r .Is wuch .3 uraninitc, felspar and mica.

The ash of the material from Con, or Townshi; is thorium-

I.abuntzov (19-7) dtserif..d a radioactive carbon-
aceous matvri < "Carhur .n* found in pegmatites of
northern KTvlia, which app( red to b. essentially

Sv- ncv (193 ) further described th< occurrence

Accor ;In t-a Ho- k tra ni1 Fuchs (1?6( ', it has
become .pp.r nt th .t tru n me "thucrolit" has beSome
of orgeno-

uranium ; soci tion , inclu iing hy iroth rinal vein

Cant noun’ of thor m (For ¢xamplo, :avidson and
howl-- i: 1>f1 * rr 1 *0. ur n n't -hydrocarbon areru-
gate from Laxey, Isle of Man, as being of "thuchojil
type", lest it.e th- fact tht no thorium could 1
let jet : -- 7

Li'b nh rg (1955)reported an ash nalysis of

1.7 o. ¢'n n from lyvooruitr Icht.

Poll hed ction tuay.

The r:In ofCarbon' > >ncl in the V.C.h.
at Venter po t ind Lit anonoccur t' opaque blackish
grains with v ry irrerular outline 3. home 0! thi carbon
grains app.ar to have b<on plastic or mobile at sometime
int he ptat, as sugg-,-t. dby their tendency to mould

themselves in b tween and around T mins of apparently



most of the mains show <« rreyish-brown colour, and

appear to be anisotropic and made up of numerous libre-

XIX). Where th r in h.vo lc n moulded between oiler
pyrite grains, c.reful examination of the grain edges
of the carbon often showc i a pronounced darkening o. the
colour of the c¢c rbon and m increase in the degree of
anisotrot ism, u e tin th* r nee of tr in.
(Flate XX).

Uraninito 1. th most prolific inclusion

present in the carbon gr -.ins (Plate XX ., but may on

of the uraninite with the c .rbon are more fully discussea

which ippear to be considerably later in the paragenetic

St qu'. nr
T..t. c¢;rrd.- : out.

In order to com; ire th«- chemical md physical
composition of the "carbon" existing on tn-. Ctttrs-
this ;urpO" , cone ntr ,t- wr m do trom v orious

hori ona in difl r nt mint , both on the hast md Wist

hand-nicking, f.llow I by h <vy liquid v.eparat Lons.
Unfortun toly only 100 milligrams of "carbon"

could be conct ntr .ted from the Ventersdorp Gont, )Ct Pecf
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at Venterspost, so tl.it in thi case, it was not possible
to carry out a proximity analysis. Li.benberg (1955)
stated, however, that thucholit®* wa of common occurrence
megascopically visible and occurred mainly as granules

similar in appe a* nci , 'i.a and occurr'.nc* to tho: v in the

Witwater r .ni t ’ket. e rvi orted tr at miner , raphic
work :ho m: ' t va "c rt0l. in th- V. .1. con. i ted of
thucnolit Ltil » o t: ttr. t :v in th V/itvaatorsrand.

In or ntr to eat blish whether the Witwaters-
rini c¢ rbon' wa soluble in various, organic solvents, a
composite sample of "c rbon” was carefully weighed

befor m ,nd after boiling with benzene, toluene and

ir.g, no lc » of a.:mht coul ; L det ct d, indicating that

no loss due to the removal of soluble hydrocarbons had

from f.at Driafontein w .a re-fluxe . in a Soxhlet apparatus

inr 3, ¢\ "carbon”may be cl a: > is ininsoluble
pyrot iijr. n, i L. *trme'he : .ivoc -ted  byhunt,
cl l-:: t Lor 0] Vii'ioua Carbonaceous nineralo, based

Th< behaviour of Icarbon" in organic solvents
may b, contrast i rith that, ol t unple ol solid bitu-

men iroi thi I'rimro - loJ 1 Mini Lt i. , which was

cold tolls < and |yridim
Hookstra nd Fuchs (I960) found that the

specific gravity of th> thuehoiites examined by them
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vn iji from 1.4" -

approximately equal density showed i wide variation of

tion of ash cont nt for snrul 3 oi < 'roxirretely equ \l
density was likewise found to correspond to those of
Houkstr and Fuchs. The density of the "carbon" samples

examined was extrapolat. d to zero ash content which gave

put into a Scpar ting funnel of bromoform which was pro-

gressively diluted with alcohol and td.e sink cirefally

was then determined, ani t- < following 1" a ]i.t oi the

1.49, 1.43, 1.3-', 1.32. h la t fi urv quot 1 prob bly
represents a close* qgproximation to the true specific
gravity of th., "c rbor ".

This vn io vari tion of the specific gravities

in, a" w 3 nention 1 love, in accor ianc with the find-

that examir, ition of analytical and X-r y dat . indicated
that wide r xriat iona in thuehoi it e compo 'ition exist
and that residual fr ae ntn of the original uraninite
are usually prosent. The wide range of specific

gr .viticr. report 1 7 the pn. at writer indicate' that

In order to t 'tabli ah the chemical composition

of the actual hy iroc .rbon accompany ing the ur- ininit

b

proximate analyses wun. carried out on highly purified

Samples of "carbon" from tin following mine- tnd
horizon:":
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Luip ;ards Vloi Bird Reef
Doonifontoin Carbon LeacL.r

Wust Driufontuin Carbon L dvr
Vogvli'truisbulfc Main Rtv1l md May Reef

The results obtained are jt out in dot ii.l 1in the
Lt .ched tab.h (Tal 1* no. ‘e
Jr. ordt r to have rorne basiJ for the comparison

of the "carbon" from th. various mines and horizons, the

was u vd. It is, boa- v¥r, v. ry doubtful whether tnir
classification may b-. w ed for tht absolute identifica-
tion < the "c irbon", but it does at least provide a

basis whvr by it is pos il l' to contrast the physical

a set out in Table Y111, suggest that the "carbons"

This would therefore suggest th X a common mechanism

was probably r sponsible for the formation of the

"Carbon". writ 1 th t the theory put forw rd
by Sharpo (194 nvi ring in algal origin for the
'c raor", c,".ay t u con 1 t ion.

/v ¢ o an fro th* for going r iults,the

problem of wh X one ¢ lie. th' m torial commonly referred
to is "carbon" in minim- circles, or "thucholite" in

othera, 1; f r from tt L : ;ti; meritj or detailed

Liebenh ray (1 r.a), th t th term "thuchol it- ", has
shortcomings luo to its h ving been applied to a

variety oj carbonaceous materials of different
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composition, but th'dt nont. the 1&sf; it:; use is now too
well established for it to be <isily discarded, unless
a more satisfactory and exact classification can be
proposed, based on . clearer under' 1 .ndinr o: the r tture

of the sutst net .
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URnNINITE.
Composition.

Accor ling to Ranidohr (1'6v) and Frondel (195""),
the ideal formul for ur ninit is K and not is

quoted in most text books Material approximating to the

Uraninite is alv ys mor. or less oxidised with thi con-

According to Front !, th oxildion t k> 1lice witnout
destruction of th, cryst .l structures up to a not clearly

define i limit.

Cry t .11o r .r/.y.
Uraninite is isont trie and crystallizes in the
hcx-octah dral cryst Al class. Cleav .ges hav< not been

observed in Ire cry t Is in n ture, since these have

. niohr (1 h., now v r, nt on d seeing (111) and
less frequ ntly (1 C) cle .vt<..s in material from the

Witmm. vr r :a L

In olished e-ction pr.p .rod from rich portions

ovoid, .ubh ir,I n -hvdral /r .;nn, which win 1isotropic

with . pinkish-brown colour. Nu> rour> rr ,ins apparently

icwin  ili> ¢l v , i cril 1by h mdohr (19< )»

ii well .er:*y v r iy fi wur-d grs ns, a f atur«. which

These *r tins we-rc concentr it d by the use of thi

n

diultain "u: rpann r follow d by a Serios of further

(3

puri: Lc tIon i mwn [ oiy iic tr tor.



These gnina hid jet click colour md .showed i wide

range of m.$ul irlty ini roun ling.

Etch m ictioru .
The uraninitc grans examined in polished

section appe ired to conform to 1ill the etch reactions

Li.ebenberg (195? !, involving thv us, of hydrofluoric acid

as a st tin for the unrinite, was u-ed with great success

the st lining of th,. ur -.ninitt could best be controlled by
diluting the hydrofluoric acid slightly, thus slowing

down the rate of n iction with the ur ninite and permitt-

It was fovr; I th it, when conee itr .ted acid w-s u ed, the

Cire v .y .re. . o:« 1ilute wcid + ikeS it
relitiveiy ;y to obt tir lh. for tion of n almost

iridt icvnt blu,. colour, which .pta as ju-'t before the

¥ - "'or, mo! h ; t ion t? t-1 lull lrown,

The duration of etching 1i:; dependent onthe strength of
the hydrofluoric cl I initin 1e ;r i ofstainingdesired,

inin-y v,r *w on- nd five mlnuts.

hi- ocL ion of u; ninit with oth r tminr ;ly.

The grains of ur ninite examined in the present
suite of ; amples were found to be mainly associated with
'carbon” (flat, XXI), although a few rounded grains were
sc n mbod! d in wuartz. Vry of't.n the eu rtz in the
immediate proximity of such uraninit, grmns was found to

bt fr ctured in a radial manner. .his fe-atun has been



confirmed by Liebenberg (personal communication). Most
the other grains occurred as subhedral grains showing
pirtial cry. tJ c"

subhedral grains showing resorption by their ’carbon"
host (Plate XXI), or as anh, dral grains. Some of the
larger grains of uraninite wore seen to have only a
partially developed tl in shell of "cirbon", or to be
transected by numerous sm 11 veinlets oj ar otropic
"carbon" (Plate XXI11I). Some of trr.r<- largo, grains of

ur .ninite, wi.vn «X .rain  un ior crossed nice . , showed

described by Ramdohr (1953) as "ghosts" and thought to
be loucox no.

After t .Inin' with ydrofluoric acid to
facilitate recognition, many of the uraninite grains
includta in the "carbon" wre s >n to be severely
fnctur. d, wit "c rbon' fi lin t:m intorstices 1Plates
XXIV, XXV). In some isol t d cases, the entire grain
was compl tely nv- loped by the c rbon, and the fragments
of the included ur nini'o rain, which appeared to show
(111 cl. &.

, Tou 1, t- y cul : te littvd to mth r,

form a single grain with snirp crystal outline. There

grains: the grair coul : h ,vo been formed in the

"carbon" and then shattered as m result of stresses set
up within the horizon, ur it might have shattered in

situ as a result of the release of helium at a time when
the "carbon" was pi i tic or fluid enough to cement the
fractions together, or the "carbon" may be considerably
younger than the ur minito md might have merely cemented

the grain after it h d become rhittered.
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I"lany of the uraninlte grains examined in the

Numerous uraninit’ rains showed fretted edges due to

repl.cement by minera: such wmgold, jyrrhotito and

phyllosilicatv; (Plate: XIII, XV). These findings are

gr in.- of uraniniti from Vent .rspost and South Roodepoort

n second variety of uraninitc described by

This variety va Jresent only in minor amounts as fine

brownish stringers generally isoociated with the

phyllo ilic ¢ s, .nd auoi a the norr.al r* .ctions to etch

r nt
Si c' .. ni roi-. .

The izo of the uraninite grains was determined
in polish d ; ctioi. s well .a in concentrates of libern-

the gr ins me sur d in tie uraninlte concentrate differ
con id r ily fro: - \ot< 1 by Licb<nberg (1955) »
v¥io coul i find no conci ntrat ion of grain? smaller than
k micron in the portion: of on h, had t xinline i from
t

The results quoted in the jres,nt study include all the
"> igment resulti nr from the fracture of the larger

gr ins nlwill then ITon show a bias with respect to

the smaller rains.
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In order to obtain some idea of the approximate

siz.: range of the uraninito in th ore trior to crushing,
numerous polished sections were examined. Due to the
paucity of ur ninito in th- sections xnmincd, however,
it was dwelled that th,. results would not be statistic-
ally significant, so t* it only the minimum an maximum
grain sizes observed m,y be fated with &y legrwe 01
certainty. The mailt si remnant of uraniniti observed
in polished ;Ction was about 5 microns, nd the
maximum 52C microns.

Krumbein (193 5) has shown that the average

diameter indicated in polished -ectLons of spheres

erains 1n jolian®* .1 section v ir justifiai LC, out tn<t vle

distinction bt tween true 1ind measured dimensions cl

diz-. 1 » a .raninit, rr :Lns in 1 heav
M 9

mineral concentrat

0 to 50 45.32
50 to 75 39.14
75 to 10= 15,54
100.00
10.ci. 1n1 of . ;oc:ition of uraninit, with ¢ arbon.

[t isau-'gustvd th ittin followingmechanism
may in part be 1< pon.ible for the relatively constant

association of uraninit with "carbon".



The }rooL-nct- in the. V.C.K. of minerals such is

rut He, which, iccor lint' to ."trinfnam (/'?/)?), arc formed

that these acid conditions existed in the period following
the outpouring of thi Ventersdorp lavas, which may have

raised thm temperature of the relatively unmetamorphcsed

react with th sulphides present, with consequent
form .tion of sulphuric acid. This acid would then
result in the dissolution of any pre-existing detrital
uraninite.

Moore (1954) ha- shown that carbonaceous

sab ¢« ¢ , ach aut: . i;. nou' u \|itur inouf coals,

The re ults of chemical analyses c .rrie-d out onthe
”c rbon" of th v/itw r; r .ad, iet 1ils of which are to
be found und r th h- adins of "Carbon'*, suggestthat the

chemical com; o itio:of ta« "c xrbon’ i- very similar to
tc

adsorb d Ue uranium (in th-. form of ur.anyl sulphate)

the ad orb- d ur.rsium would then bo converted into

urar. nit nith ¢ r>on <conv rt d into i Iv
IT t ¢ for ;T gt tda Io of volat.il< matter.
The feasibility ynt.hesizing uraninite

under similar conditions has recently been illustrated
by .idorov nd R.f )t-kii (1973). The. < two workers
found that it was possible to synthesize uraninite with

a unit cell me ,surenrnt of 5.44 Angstroms in two
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to three days by h, Aing the raw materials to 300*0 in an
autoclave, this rroccas bving follow*,1 by raj id cooling.
The raw materials used were a slice of carbonaceous
siliceous shale aid a solution of uranyl sulphate with
a concentration o* 1 r mpr litre.

Koen (1961) has recently reported the presence
of both euhedr il and subhedr- 1 rrains of uraninito in the

Witwatersr :nd, contrary to the previously published

little- doubt existed that the recryst illiz ation and
reconstitution of the unninite h\d taken place .during
more than one period of m tamorphism, and that the
effects of the later period su: ..rseded and partly
obiiterat -t o r ult n :ron the earlier one.

It is felt that thv present study indicates

been recrystallized in situ, Is is shown by the presence
Of subht iral :- of ur ninit loc t,d in the "carbon”
hcit. m oirr il r n’ . o U.e "c rbon” host it If,
and ita 1is toe: tic a with oth r minerals (Plat'. XVII),

strong ly ;u* ;esta an authigenic origin for the "carbon”
grains, ml '"h. Inc u' ; uraninitt r n , voth of which

have obviously not undergone any significant degree of

movement rince their for: tion.

Ur Anini; j ~-.ireon.

Koen (1961) recently carried out a size
analyst of ur ininit., chromite and zircon frictions
frot:. th Vm I I ", rirbon I . kr w»nd Kimberley I ef.
The size distributions obtained for these minerals were
well-matched, indicating that the uraninite grains had
been deposited topather with the =zircon and chr”nite

fractions from t suspension in water.
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It was iccor iinf ly felt that a comparison of the
zircon and urani nit< contents of the present suite of
sample from the . el hit rove of inter St.

Du to the small amounts of uraninite found in

polished section, it was iecid 1to determim the uraninite

often found to b. fr ctured, and accordingly, in order to
have soHk ba- i. for comp rison, ,11 fragments of zircon
recovered fror. s m.U. of pulverized ore of equal weight
were taken to retr 'vnt indivi:u 1 rains. Phis would
therefore tak-. into account not only the grains originally
occurring .s sh 11 red fra ements, but also *ho: e shattered
durirr the crushin ; troc.ss.

The mm’; er of ircon grains was then plotted

against th r idiom-.trie say [a 'y d) for ~ oh oi the

obvious trend botw en th- =zircon and uraninite contents
1. . --d to be

be ..ioptt I i e lir. 1u :ircon grains, may have obscured

any relationship) wb Lch may hav< exi ited between these

two lain- ra.l".



ZIRCONS

Zircons .ire m relatiV' ly constant con stituent

The advantage ; of iuch -1 study wr suinr.urized by Mathias

(1962), who stated that, since in mo .t magmatic rocks

zircon war f cirly ani & o' cry.-v 1llzaticn, its form

therefi < re fit ;t< t 1 ; y ic -ch- n.ical coi iitions pre-
m

relatively simple crystal form, and w r« tetragonal, it

war immaterial whether tve br- uuth w measured parallel

to the "a" or tie "b" axi . Al. o, in sedimentary rocks
or metamorpl osed sediment , zircons acted as provenance
rocks or gr- nitiz< t >dii: at ccul -encrally be dist-

inguished from those of intrusive plu ons by the rounding
of their cor v $ . ec , nd/or t'e presence of out-

rrcwt: ..

Qv .11 a . L

as euhedral to . jtbhedral grains showing prismatic and
pyr .,i:*1 fact I < rain v i ; ¢ nsidt rat Ly in
their d t*'- of prt - ticn and o c .rr mainly nr rub-
angular and rub-rounded cry.it il.”’ wlan inla t, or, more
generally, ahntiered fragn.'tnta. (PL tte XXVI) The
average lervth of the intact zircon grains weo ;bout

<100 micron . Tin zircon: usually occurred as .inclusions






properties under lon,mand short wave ultra-violet li*ht,

whilst sedim- ntary sircon concontrot- could b expected

Foster (1948) considered til. IV .ture to be useful tool

in petrolO' leal studies. Accc rdir.. ly, the zircons of

study.

Conce tr -t<. of sircons yrepared from samples
from Venter po t, Libar. and Vest Driefontein were
exposed to ultra-violet r .liation fron n "Minerallte 1,

and the effect was observed by means of a low-powered

Venterspost wen, however, seen to fluoresce with an
inten. e g Idea «<lotr. Thi. yellow ¢ lour was probably
caused by the presence of lar.je Mjnounts of hafnium in
those zircons. Von Knorrir., and hornun.- (19 1) found
a similar »f'-ct in thv case of zircons containing
b"tw"-r. 1 aj;id ZI Jm" cant .if 02 t ken from a pegmatite
ar a.

Accordii  to V W@+ (1 hi)), t presence of

fluorescent zircon in placers was nearly always an

study of heavy mineral concentrat:s prepared from the
pr¥*.sent suite of samr U , however, f lied to reveal the
pres no- of iot rsif<.

Ph. oovt Jbservations would, there for* , tend

b bly derived from a common i.;ncous source, as shown by

their .imilar overall » .no, ., to ult-a-violt t radiation.
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zircons wer< derived. He found thut this was generally
only possibie in the case of acid rocks, in which the
zircon, w n ofter 1iiic.iorphic. i-iany of the other rock

types, i ii tbyh n, ;0WV.r, contained zircons which

conclusion that comp irisons based solely on the crystal
'

only a portion of the -.rcons could be considered and
therefore only t portion of the zircon-containing rocks
could be contrast i. ie further felt that it was very
important thnc fe.turc: such as rounding and other
irregular ft tures should also be examined. In the
past tr.es- fe:.*ures were aerally considered to be due
to either corrosion or abrasion. Hoppe, however, felt
that zircon: showing bo* . rounding and irregular growth
did not owe mlese f lires solely to the effects of cor-
rcsi n ) con, Iit ! ;o tv- eind red rswth.

op el o r. Non. at correct, then it 1is apparent
t:at tne widespread use of rounded zircons as indicators

of Sedimentary or: in ms/ i fact not be valid.

form and degree of id iome.-rrd.i.

A cart ful study of the individual euhedral
types of zircm; fr :n lle V. NR., wlen compared with
the form, illustrated by Dana (1 i ) (Figure no. 17),
indicated that it I{ .1 six crynt; 1lOfraphlcally dif-

ferent forms wre pr< sent.
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Type 1. (I11), (110).

Type 2. (111), (110),  (351).
3. (111), (lie),  (100).

Type 4. (101),  (111), (311), (110),
5. (111,  (110),  (221), (331).
6

Type (111), (100),

Th pr sent study indicated that type., 2 and
3, that i:, tr os. ,ram. showing (11-), (331), (110);
and (ill), (100), (110); facets, aro the most prevalent
typ.1 rr m:t in t: V.'.R.

Hopp (196:) concluded that perfectly developed

forms, and th t other forms were less common, and in fact
aer::. d to h v wy litt 1- re il o. He stated
that eru; tiv¥* r cks v < c¢i *.ctvrized by the (ill) and
(110) for ¢, v. n . ‘ht combination of (ill) and (100

occurred mor® - nurllly with d r-seated rocks, which

Hoppe felt tl m* tf j latter ‘ora: wai prosum bly caused
by a lack of pac luring yrowt)i. Hoppe further stated
that p rfcctly ¢ wWlopei crystal,of zircon were a rarity
even in eruptiv. r ., and th J even yr u:tm contained
numerou. rrai;.: of ant i1ral zircon.

A fe w of the =zircons txamin. in the present
study showi.d tin pr«.ence of both cutyrewths and over-
growth . (Pint. AOVI " T, XXIX) Thee features hav< been
described by Polci.Tvn.art and Bckelimnn (195h). These
work rr found th<t Lrc is from autochthonous yranites
showed yrowth hnb.i ts in betw n th predominantly rounded

grains of siliceous sediments and th pro.eminently
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any accidental similarities in the ulon,- ation-frequc ncy
histograms du< to the samples being taken from the same
mine would he minimized. Th r ssits obtained from
these studies were then plott d in th- manner m'Uggosted
by Wyatt 11954), md nr. own in the accompanying figures
N.1) i . X).

<< tm fr - m. "<\ o° le « mtwe

compar', v-ry ievourably vit i th* hi. to ram of a QM ri e

and show:; a fr qutncy of 55 for the elongation range of

1. : ¢

ably with Ion, ated zircot with -longatlon in excess of

tW 1T )f i> V.it. an. the . ait
He-f r epct 'dy r v 1 a dost co-Incid nc , which,
accordin h *i fir.di).'." of Wyatt (1 >54), sugorsts
tk at th zircono of th- - two horizons werv probably
deriv ) fr m te a. F e<Inj lar soui a rock
histogram.: ar< furth r of ik Pigruous" type and cor-

respond most clor ly with i-at iltust utcd by 'vyatt
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for a coar - .rrnite. It may th -rcforu le ;tated that
t>m V- ebl- ivldi i)ir'. not only to ¢ common
probably dor. i fro-. .ori a. it --r,.nt undorlyin”

t V. " , an 11 v.'tir. f.

In com-lul’ion, it cay b said t- at the various

prcr-.nt eurv , such > r r-.-uth , ut.rowthc, Itngth-
breadth r* 1. tiv nshij.--, cry.it tl for:..;- ana photolumines-

cence, all p< Lnt to an 1"roouo, probably granitic,
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L.,

In the* Blind Riv r fi .Id in Canada, much of the

branr.vritu. Uraninit 1 mcon. id. - d to SLay r lee or

specifically r-co.;nize 1, v n ar a miner accessory

mineral of ur.u.init....
Ac r 1 . r . (I 34) .nd kic« (1958),
the branr rit occurrin®* ¢t Blind River has gen .rally

been alter d t a f It :..ixeurc of anct JC and thoro-

raction pa‘t.rr. of a. t , and . rannorit-. pattern

an: Nuffield (1>0) r. v ohon th; t natural brannerite

Trail(l 34) * . scrihcd the brannerite
fror Blind Riv r VT i-.ep brown colour and a
vitreous t 1r non iu.tr . In tl in section.the
bran sritc v f mdt i. otr pic, dark brown in
reflect ; 1 .y r o dii ro«vn in strong transmitted

tyr ioal br-mn rit rein 1 rcfl< cti 1 light had a
definite yellowish ait- r ti on product particularly
heavy elon !m r in f: , and th, Interior of the
grains, u.: me -f op-.a at. rial and transparent
needles f (?) rutil*. All .r m<rlt< grains seon
by the aut r. wcr. r und .t cubrounde 1* and showed
both the yellow!ah alteration product and the faint

red colour itin 1, 0 1iiuu illumination which are



characteristic of the break-down of iron-bearing
minerals.

In his study of the Witwatercrand ores,
Ramdohr (1958) la. nx ition a t- pr svnci of a radio-
active tltenifcrous min r 1, whic h <« s tentatively
identified LS branr rita or davidit

, which i1s decom-

posed to whit - af r t of tit it , rutile or

leucoxene :. ocitt.I wit) ¢ noil r bio at. aunts of
radio enic It id. Kindo r al or f r to t! presence
of numerous so-callc I o't ", consisting of an

aggro.ate of a dull unid ntiflod whitish material not

unlikv leuccxone.

and Libancn r wc iled t- e or ence of numerous rounded and

uni -r cre: . .cols .rhat of ;rn  and yellow arc
GO'.n. hars >f tr soin show a rk brownish cor*.,
which aprej rs to T 1 to a li hter, often yellowish,
colour toward: the pori hery. Careful examin; tion

of the cor m ° rial al*ow d th pr sence of numerous

Thest, srains of 1 .coxv>, ccrr-: nond clo: 1ly 30 those
s' v . .- is t1 v, '. . 1
Vontorepost and Li hanon, as described above, wore con-

centrut d in th- court o of pr- vioua work carried out at

tr.e niv( n ity of Culiforni . H - xamined £ few



-94.

dari-: rc sincus wm.t.druJ (:r?-ins by n n; of X-r y. .
One of the rain, a; P'rci-tly , ;v a weak pattern, which

Pabst thou hl 1ip-.t b rutilc, and on heating this to

Pabst t on ox rnin. d a few of the grains showing a dark
core and light y. llowisi out* r film. Ihe:a- grains

were found to b a fixture of fine -rdn d quartz and
rutil . Pa .u. rurth' r a* '« 1 ti it th grain looked
much I1k. th yellow anatav vrusts that ha had frequent-

ly seen on bramu-rit( , and this was what ho had expected

rutil. quart mixtun v. an alt-ration product, but it

Pabst w o uhablt to fini any trannerite in the concen-

trat s nt to hi; by th writ r.
Th- Hr m r ; >t d by F bat ppear to cor-
respond wit: r f Li i nt,r who 1ad aimilur X-ray

that th ra; i oti/o Ivticox .-re show d X-ray patterns of

the rutil. ty: . P !'x a ntioned that hi. war unable to
obtain any . i of r* - .ativity aft- r expo.-ini. th-. grains
to se tivif.v tc. " ilie fi tea for five days. Faint

true e of r 1ijactivity wore, however, fovui.i by the
writ r, mfti.r exj osar : pollahed s cti ns prepared of the
grain to set Ltive film for 11 daya. Lii,b« nbtrg (1955)
11 kewi Jo found t ice.a of radioactivity after exposing
the grains to sensitive film for 1j a.ays.

Li. ta. it . = (1 ihb) stated that tin dt trital
mineral from which ti . ura.niforoue leucoxen« had been

deriv d was still unidcntifi.d, but that the available






Rutile wes found in most of the polished sections
prepared for ti prc. r e.tudy,and occurr. 11n numerous
forms end association.. Th.<m.ln;' variedconsiderably
in colour, from orvnu thr u h lo brownish-r d, and

wir*; mainly ‘'uv- : -l ir ru L :ral. Pronounced furrows

(Platt XXXIV) Twinnin. w , norilly enicuiar. The
grain; often xce Vd 53U ..icro .s in rizt , and usually
k *

ave:” .. ! ; "icr

rof t e rut: 1 tTai.ns were emt ddod in

prismatiO to ac cv.nr r 1 or or fine clu iters show-
Aenicul r h bit, usually accompanied by yellow
leucox . Ot r rutlit -r- In- cccurr id as fin inclu-

ded n< .1f s in quartz, imp rting ¢ characteristic blue

ryri* , and fin cuf dra2 gr? ins of rutil. wre ol”%o
tf ten foun. to forr. the curt. mat..rial of rounded uren-
iforou 1 uwec xr 1 ii..

b m L.r t;;tut shown by th- rutil-. frains
€x coined tron, ly -ti th-t the rutil ,n.ins, esp-

ecial iy thoi ol 1 id; 1in chlorite, h. d not undergone

any significant 1 <of transport tion since their
formation.
at
Numeroustrains of anat.as were located in

e 1" l act + <«=:] avl in [ cot. -titrates.



In some cases not all thu crystal fac- ts were dove loped,

prob bly du to hind r d .T.wth. II - rreins wer Inv r-
iably found ;.'oociat d with cMorit- ,s inclusions, and
light the grains war . - mindla'O I:lut colour, but

when examine i mv mmana of a binocular microscope 2
int gr,.1 rains, try p r d a;aim blue
Ir. el

A few small dark crown rains were tentatively

eared tc bt (122) and (120) f ¢ a when com] .red with
ill .str; tions in Da ., (1 '09).

1 L.

According to Jtrin ham (1952), rutilt is
commonly form I und r cia conditions if temperatures
in xce. of ;% 1. n t sc, w, ver, is known to
irv.rt *r ¥

Ar. 1-it:r*in,- ;c uni of ti cc-existonce of

rutil M ait it t r 1 vonlLlan d«resit.' of the
) " : I7 hi i
the rutllec nd t- *w r supposed to hr-v. b en form d

durin,» <»ian ;i ; and rly of .morphism of the sediment-

and anat s. in ti. guar'xAt occurred by tiu dissolution

of ilmun.i t,o, which w i liv red into the b: sin with

After the dissolution of the 1liuunitt , loucoxune wns



allization, and as a rtsuit of d (hydration, the iFucoxene

was transformed, either directly into rutilu or at the

accompani d by 1,ucoxt ,, rt. that a simil; r mech-

cryst' Ilin- habit wit- ,Trains showin.* no ri.-ni of

attrition, strongly supporting an authi enio origin.
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PhTLLOSILICATL.1.

Chlorite
De Kock (] 140) mentioned t: t the dark colour

imp rted to tht mtrix -f the V. K. w ”~ Ctiuscd by t to
presence of lar amounts of chlorite, which ho assumed
had b en for. jd is a result of th alteration of large

amounts f vole . m

Since chlorite forms such a major portion of

All refractive index m -suroments were carried

at 27°C ULIT. onoohrom tic sodium light and are correct

index Bet;., was iote rmined, since, as Albee (1962) has
point d out, ti e platy h hit, abnormal interference
colours, fin- rein E;ze nd colour of thi chlorites

c .ke it difficult tc mu sure all the indices of chlorite

precis- ly.
.wm lor it . t'. ¢ e 1I' Howl: refractive
I Ho- : w'm I i
b 1.620 + 0.00 Biaxi' Ily positive
H + =m i i 11; tive

Albee mention.; (Albe 106.. ) that in general

the hieh r index chlor.it .o ooy a n -liv< optic si ,;n,
and the lower indo chlorite;- a positive siell,which
is in n . ,nt with th above- fi din

£ - (¢ F.-rmination ofthe optic signs of the

chlorite;; in th jf-.-sont study w , ide easier by Albeele



observation th .tthe .i.1i of the elongation of the
chlorite .*r: in \lis Iw . opposite to that of the optic
sign. This technique av ids the difficulties inherent
in the conventional d<t ri in lion of the optic si n,
whic'* is ha'np'.rcd by thv dark colour md fine nature of

the chlorit r in.a

was found to occ .r c. racteristically as int rrtitial
material conf ned to th*matrix in th-, form of small
scaly r P tt V, X :.70). i- e« min-r 1

is green in colour and shows faint pleochroism in shades

arc ducky v and wmecnisu brown.;. On rotation of
the ilcroscop ctt.gc, the iso”yres showed very slight

movement, so th..t tl : value of thu axial angle probably

Onthe r is of 1lne optical drtv. obtained in
the present ; ev</ 1 ¢ loritus of the V.C.n. may be

classified s Ripidolil ud Brunsvigitv reap, ctively,

The pr 3tnc of tv iron-rich vavi ty of chlorite,
Brunsvi -it* | h; X.0 be ,n r ported from the Joppestown
Sori on tl st h . jt Pull v (] y ).

According to th- diagram pr nosed by dtringham
(*Jv2), it is very prot hl - tlat ti e chlorii * group
mineral;; p* vnt in the V.C.R. ¢ uld have be .n formed
und.r pi conditions which wre virtually neutral, in

th- t- p r tur< v t Lon h *¢ n -0 and 7i0°C.
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St-rici t

fine tribal- r rains:, or more r lly LCc fine minutely

crystalline shi "ds, which ir u ually intimately inter-

appears to be very Irt in th . c,qu--nc_ of minerals

material betwe n tlx quartz rains, which it often
replac'-s, thereby imparting fretted or jagged outline
to thw quarts rains. (Firv XXXVII). According to
Stringham (195, ) it is prob bio that the sericite was
form.d under ikaline cor ;itions in th vicinity cf
200°C.
3jotitv
Only a few small gr ins of very faintly pluo-

chroic palt brcva biotit w rc found in the thin sections

in. d. Accord.... to grins: .. (. - ), it is probable
that the.; were formed under ¢old conditions at tem-

p-r ,r of r it 4°b

not resemble in any w.y t m r in which voen (196s)
is.s dcscribt 1 ir. ?2 r ¢ r.t r o cii-ril potudomorphs
after detrital amphibol,., but which Willt aso conoid- rs

to b biotitc with included n dL . of rutilo.
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PYRITS

Second only to qur.rtz, pyrito id the raoet common
mineral pr .e¢:.t in M V. '.It It occur.; minly in the
chlorite matrix, but also to nor. ext rt in the quartz
pebblea,wher- it fill: cricks nd rvplecvs the pobb?es
on their periphery.Moat of th< tyrit rains examined

varied from a f. w millimetres in diameter to very small

up to 15 . or mor ir sis, >mr , how ver, not uncommon.
Ihi pyrito lati /.C. occurs in numerous
form . A fall o .scription of ¢ < variou. forms encoun-

tered has net been atte.: < d, since 1: 1s felt that tnese
are perhaps best illustrate ; oy ns of photographs.
The footnote, s acec unyin.- the v riov ¢ . tt< shod micro-

graphs (Pi; tos XL to XLIX) list very briefly the salient

Numerous pyrit p. bbl ., derived from earlier
horizons, wore so n, as w 1l s banded ironstones which

had apparently become hydrothermally pyritized in the

present horizon. un rous akeli t, 1 growths of pyrito
w.ro also pr Sert. Th se ad iith< r compact or a

porous nature ; -nd .poe r<d to h-w< rown iround older
grains of pyrit in sit , during tl period of consol-

idation : I met r.orp- ha. of th. V. '.H. Apart from
these typej, there wore also numerous varieties of
interstitial and strin.mr-likt pyritt,, which help
to cement the m,ll.r qu; rtz 'rains together.

No attempt hs be n made in the pr sent study

to establish the sequenct -mongst the various pyritt
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typos thems IV:S, or to corn, Lat the individual pyrite

types with any oi ti. other auti :.,onic miner Is in thi

the various form, of pyrita xaminod w re formed at

perhaps b. po 1ibl. to correlat v f w forms with each
other, it would be vury difficult to propose any hard

and fast rule cone rr.ing their sc-iu nee, certainly not

generalization, how. /or, the followin' sequence is
envisaged:

T¢ abrade ; end round d pyrite grain: probably
represent t; e olde st tor. This type is then
followed in turn b' vari ty of in" rmediatu age, which

occurs as ovi rgrowths on old r grains and may take the

gener tion is represent-, b the form generally referred
to as juvonll< jyrit*. occur s fine stringers or
infilling: betv. 1 t. - 7r r in

Optice. tyre: -.rti . ¢ ' /r,'

Stanton (1 7) h dr w ttent.ion to the
variations in the opt c 1 prop rti« of pyrite. He
mentioned thai th< optic 1 proix-r" ies )f sections con-
taining pyrite could bo greatly influ; iced by the method
adopt- 1 for the fin- 1 :;5t .os of noliid L . Stanton
found that it wo: possible to change the optical clor-

aot,..r of pyrite from icotropl- to anisotropic, depending

oErly a< 1342 dmith suggest' d that the apparently anomt 1-

ous optical behaviour of pyriti might be a function of
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both the composition and the secondary crystal structure
of the pyrite. Otanton “nvesti/jated o-.lth's supyeations,
and found that pyrite was generally ani otropic and that
double refraction was produced by any plane other than
the octane.r 1. St niton 'eIso four. : th t pyrite could
be renders - sup- rfici aiy isotropic by surface defor-
mation durin polishing, and that anisotropism war. not
necessarily due to the presence of arsenic or other
trace i.'.p riti , s haa been suggested by Smith.
Ramdohr (i960) has also commented on the f ct thut he
had noted pyrite which showed both ontical characters,
but offered no ox;1 n tian to account for this phe-
nomenon.

Since most of the polished sections in the
present study contained varying amounts of pyrite and
were polished by means of cloth laps, it was thought

necec. iry to cxamin tve optics I character of the

be isotropic. Many thou anis of grain, were care-

fully check 'd for ioctr -in., but no marked tendency

suite of pyrite i . h-.d its optical character sup-'"
flClally altered a: =« result of the use Of cloth
poll"hil -:m.
Inclusion.; of otl ?r mineral:: iti h.yri t:.,.

tJir-rous- inclusion.1 ov other sulphides, such
mu ch loopyrit", pichlerit'- nd ".Im.

, 1 .w< been tound

in come of th# pyrite ;ruin . Other nclur ns, such
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ivicc' " "it L
Qualitative result.;:

Both types of pyritu showed the identical

Ag, Al, Au, Co, Cu, .e:, /If, a, Ci, i, ?r.
Qunntlt&tive r alts:

Direct method:-

C :Cir-t.c h . Ilvr r o
Tarnished pyritu 1.43:1 190 19
Untarnished pyrite 0.93:1 150 14

Indirect m thod

" Co 1° Cc:h; ratio

('The relative merits of the two methods of analysis
hav- air ady brer, diseas ed.)

The spectre graphic analysis carried out on
the tarnished variety of pyrite cle.rly shows a higher
cobalt to nickr I ratio than the unt rnisi.ei pyrite.
This fe turc. would t .erefore su.-srat that the stability
e’ the ,yrLt« i: ;»'mertly infIn. need to larger extent
vy th cob? ir 1 k th nty t nick- lcontent.

Kul mrad und Ya r (1959) have drawn atten-
tion to th. f? ;t that th pr .once of cobalt and nickel
in pyrite is *morally thou.-ht to reduce the stability
of ‘he pyrite. According to K rr (1.945), the pyrite
group apparently forms an isostructural seriv.s, with

pyrite P-37, Vac. itc NiC. and Catti rite CoS? as end



-106-

These minerals 'how virtr lly the same cell sizes when
compared with pyrite (L rry and Thompson 1962), and may
possibly account for the nickel and cobalt found in the
pyrite.

It is inter tting to not. that, in the pre-
sent study, analysis of th. 1 :. stable variety of
pyrite (1 arnish ;d) slow d a re t r amount of gold to
bv pr. -ant (190ppm. ) than th. mor stabli (unoxidized)
variety, which conta'nodi nly 150 ppm. The present
findin -oap]ar to ccincid wit thoi v of Oraton (quot d
by Joral .non1951), who found that at -immer and Jack
and adjacent mines, a : ndabl. sign of setter-than-

average gold v Lius in th reef w the rapidity of the

mention d that t pyri in th- rich 1 trc tchc-s of the

conglom ntea won!i develop str:n iridescence on a

t); t the roe: or for - is beh viourofthe pyrite was the

presence of eoli ir. I; sol it on 1in the pyrite. I! is
th or hb. n Id. in n rl, r section and dis-
counted nv t; 1 nt writ r.

‘o : . e- ¢

Th cobalt:. .¢ 1 rati obtained for the tar-

Close rx. nt win tl i obtain . Ty oi tzca (I n5) for
Pyrite from th hain % f at Durban koodi poort Deep >old
“ine. Co. n,|[(. wutod colorimetric m thous of analysis,

emd reported a ¢ halt:nickcl rat: of 1.5 :1 for pyrite



, 10.
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present suite of samples w re probably of hydrothermal
origin, sincf both varieties had cobalt contents in
excv-s mof ICO ,, ..

Hawley and Njc ol (1961) considered that
differences in temp .returo of formation of pyrites
offered the or.! obvious expl ;nation for consistent
differences in composition. These authors further
drew attintion to tr - wor> of Nichol, who found that
the pyri' ¢ fcrmvi it hir- er temperatures showed a
high r cob: 1*¥ $-i :iic 1 content, but a lower silver
content, than t\c > form d :t low r tempi natures.

it re.'ult.t obtained in the present study,
interpr t« i ir th : t f rawl y and Kichol's work,
strongly su* g t t .at the two varieties of pyrite (tar-
nish d ai d ur.t imir'r ;), in th present suite of samples,
wer fort, 1 it d rent t r tunes. The untarnished
pyrit w probably formed at a higher temperature than
the tarnirl 1v ity, .. can readily be seen from the
significantly hi y .r cobalt and nickel, but lower silver,

@O ten* of 1 ivr: y.
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I’YRR 10TT To.

as xenomorp] ic ranu (Plat, IX), or very rarely as
suLl.edral r i M )vin, w>= 11 tlin (PI; to L).
Pyrrhotit., rcplocec mott of th . ar.Li- r minerals such

as pyrite and uroninito, mi is in turn itself replaced
by fol; and Int.r <ilphid uuci as chalcopyrite, .jalena
an. opr:h rit . (T ;>cl ti n of .o01. wita pyrr-

hotite has air. ;dy teen discussed > the section on

was a com.on :'u ture to see clusters of grains of
pyrr otit. 1 owing dil mmt ori ntations. The
miner .1 war. fo e 1 tc confer: to all th etch reactions

list d for it. lent ific M r. by d ort (1943).

Inclusi rz

any  .tv rains ofpyrrhotite examined
stowed the pr< onct of tiny flam -like lamellae of
pent:eendit. al:ii . [ ] 1. T to (0001). These lamellae
have also been r ocrt< I in an earlier study carried
out at Wr.t* r: t by Davies (14). According to
Ramdohr (1 33), the pro: once of these lamellae is

n rm.illy 11" if. 1 t y ry 'ssm>temp r 'ur "nickc liferous
pyrrhotit* " di pos Ltr arid to a few pyrite occurrences
of'uull,, h'i.'h t!'p ture. He felt that the presence
of t o * ex,.o ation f#.tun a in th' Witw t* rsrand might
alwm 1* attri u' 1 to th* <ff, t of hi -h temperature.

Hewitt (13:'0, oil tin other hand, repo ted that

pentlanditu lit aolve ; in pyrrhotite at t25°b, and that
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that under these condition:;, pyrite predominates in the
lava to the exclusion of all other sulphides, and may
form up to [IQo of the rock locnll/. Davies further
stated thet pyrrhotit occurr i1 in th.o lavas as dis-
semin: ted 'p:-k:;; and Irve u.arly ahr.;ed itbe, and

sometimes formed up to 20/0 of th- rock, though it

where the lave was trans- cted by white quartz veins, the
percent: ge of pyrrhot.ite ir.cre so. ?.nd the pyrrhotite
formed strii. ers ut to 2 nmm In widt- .

Rar aohr (1 161) mentioned a suite of samples

from South Roodcpocrt mine, taken from the contact

i-

peratur-e: belot the meltin. point of ,ranite, pyrite

that t; if inversion of r "rite to pyrrhotite at the direct

cont ct wth "iv- flow i less did not . D deep, per-
haps 5 to 10 eras.
Accord! -v to Dnviufon (i " 0), the deduction

that yrr ti*e r ?prv; ent..- 1 invert d pyrite v, - rodic-

(1959), which i 1 Pown that the invei ion of pyrite to
pyrrhotiV take ; rlace at tcmoer .turef of 690°C at
-it.i0;,ph- ric pro. ire. .t pro. ure of 10 bars,
however, this inversion ta;s piice at 743°C, while at
1000 ba, , oquivr lent to about 13,000 feet of burial,

thif inv< rfi.e. occ *r mat 7 m><C.
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