


SPi-AL _ IT.,,

At lea: t three generations of sphalerite

oldest -e: ©ration occur.- as tiny rounded grains of

sphalerite ¢ ..pl< "ely encased inside grains of pyrite,

.art «<j4 srally, however, the sphalerite

phides sue; as jyrrhotite an.. chalcopyrite . The first,
and presumably tl ol ter, type displ y. reddish internal
reflect! no nd r cro: ed r.icols and occa: ion; lly contains

oriented inv lusicr.i of chalcopyrite and also frequently

shows ( 11) tv;;, nir. of t larger rains. The second
type exhibit |oney-coloured internal reflections and
does not con* tin ae chaicopyritv. The difference in

t.ie colour of tl + internal reflections shown by the two

types indicates tint ta; d rker variety is richer in

ic-.y, bein, forr 1 tl ir tly higher temperature.
Vokes (157) i iaj;:.cated t t the iron content of
con *y-c i ¥ i - >>df t of 6 c.

f r:*< e : t K . were
too 11 t- j /-it tie :r:jlin -oa* f the . prains from

polished Sect! >n furX-ray analy i without severe contam-
ination. a : tmple of .ihalerito was, however, obtained
fnon' the Bird Reef at luipuardsvlt 1. and wa examined by
means of pol i. <I .act] nr, nd also chemically analysed
for iron. The colour of the interm L reflections shown
by thf- Bird Heof specimen. f sphalerite appeared to be

virtually identical to t*rt. of the darker variety of
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shown, on the btniis of unit cell measurements, that
sample, of sphalerite from t «~ 1ird Reef at Luipaards-
vlei wen moot prot .hly vr . d at a: out 450 degrees
Centi 't":i.

Chemical or ily is of the present sphalerite

specimens from trie Bird Re f showed an ?<;», content of

of the Feh-ZnS solvus r.0 prepared by Kullerud (1955)*%
sug ests a temperature of for ation of approximately
40)J] degrees Cent! -r ,de, no allowance being made for the

effect of pr; :suro tnd de-pti of burl, . Barton and

embluges of p>ale ?2iU with pyrite will only give a

miniMl, temperature of forntin if the temperature

thee 5 findings, supported by the fact that

exsolved chalc mpyrite bus been f un in sphalerite

ind ;'at:or. ti 4 tb- ar x; f t chalco. :r te from
o 1 04 .m 11 t * at r« r.n ci 3 O-

" ! ! ! r t r 4 icl t! V.0

must :uv¥r bt. n raised by 1lh- outpouring of the over-

lying V-ittteradorp lavas.
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uT IK OKI

Chromite.

in two different forms, either as dull black compact
octaiiedra s-.-.-wia.' .*if. ; f rounuin , or as brilliant

black octahedra showing considerably less rounding and

outward aj. pcaranct. of th two forms of chromite suggested

the chrom. t< fair.: wer® andplc : d and ' two differ-
ent form:- were xumira ; by the writer by means of X-ray
diffraction using Copp-r K-alpha radiation.

Pa< to tne ,i.;h proportion of iron in the

sar.pl- , the 1-nos of the diffractin ;..item showed

consid rabl< scatt rir. . Dvs: it ti is difficulty, the
stron ¢ at lit.* : con ¢ :pondi.. -0 a pacing.3 at 2.51,
The.-e pacing, corrc aidv r.. closely to those listed
by Berry a..i m .or (1962) for chromite with tie
composit o (. ,h )Ci £, The two diffraction patterns

obtained from th< two v.ri ties of chromite appeared to
be id nt,ca.i. Mi. o 1i t . that, in spite of the

differ nc in ti.- ir outward appe-ranCe, the two forms
petition.
la1

T 11 o tit =« '"i . wa found to occur

ation occurr d os fin ant idral rain, and stringers
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p-.ntlanditc , chalcopyrito and nol > The .tain was
prepared tr Lxii 100 volume strength hydronon peroxide
and cor.ce. trat. i an ni- ( pacific gravity 0.900) in
the r tio of 1:1 by volura

Unfortunately, no . tails for the use of the

found t >t com is nit r suit wer only obtainable with

It was ale fcur.d that, prior to us' , the mixture should
be left to stand until it b, came <« nn, this stage being

accompanied by effervescene . All vestiges of rease

s. ould be r- .0° 1 -ran. soli mvd s- ctions before staining.
The sections should not be immerse d in the stainin ,

nixtur for loi r th =n 10 socon . at a time. The

pro re3s of the stainin. pr ces should be constantly

The stain In. mixtire work, reletivel / slowly

at first, and stains th ch Icopyrite iridescent in

shad':, of b. m and red. Atth same time any features
such twinnin, or inclusion of exsolved cubanite
are rend r ! <lI« arly vi ,ibl . frolon, 'i contact with

t 1 oteinin, mixture r .alt/ in the form: tion of a dull
brown:/h flm or the .ari ¢ of the chalcopyrito, and
rnd r t m/' n litil y uncuitabL for micro-photo-
raphy.

Aft< r tc! i4 by ‘his ,eth 1, t! chalco-
pyrito in the pr<.ont suit, of samples wan found to show
twinnin.- and aim to cont innum rou. anisotropic, creamy

coloured laths of cut unit
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Accordin' to Schwartz (1927), thepresence
of such lath $ of x.-olv d cubanit* istypical of high
temperature deposits which had attained timpereturea of

at least 490°C. (Plat <« LV, LVi).

n, llropyrr :"ii s ! si ' Li.J.
According to Kamdo'.r (1 0), chelcopyrrhotite
has a brownish colour not unlike that

of pyrrhotito,

but with a son.” what br)wnish tin and i

5

weakly aniso-

why chainopyrr: otite had often been overlooked, or taken

for pyrrhotite, or had been described on occasion as

A r.in rai conforming to the characteristics
listed by Ramdchr wa.; found in the presen’ suite ox

sample ; from th, V.C. . in inti: ate contact with un-

hydrogen p:rexid end a oni;., tht pyrrhotite, ao may

be seen in tht attach d photographs (Plates 1VI1, 1.1").
wasS left con U 1y ut 1laeked, whilst 1 chalcopyrr-

B

hotit. , wIMn ztt . n tO sccur as an aureole SUT-

rounding 4 Pvrrr  tit- , was s< eini 1 a dvJ i brown.
(Ramdohr was unable to sug-'es.t any specif lo €tcn re-
ag-nt for tn. idenl floation of chalco pyrrhotito, but
felt that, in view of T . overall tendency for chaloo-
pyrrhot 1l to tarnif | readily, it could be expected to
t sensitive- tow; rds etch reagents.)

According to Edwards (1947), pyrrhotite dis-

solving in cialcopyrH at tern-eratures above C
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could be expected to react with th chalcopyrite and to
give rise to an aureolL o' chalcopyrrhotit -chalcopyrite
around the rtoiaual ar a of pyrrhotit . dorchert (1334)
mention d t! .t tin ruive of temperature; of solid sol-

ution of pyrrhotitc and chalcopyrrhotito lay in the

merely ni ntioncd that in ae.ie cas-. wrer* the minerals
were found cv..ociatti with on> another, the teinper.-it"r«
of form: tion o tin chalcopyrrhoti must have exceeded.
240°C.

Unfortunately t no X-ray diffract n *ata are
available for th positive identification of chalco-
pyrrthv. t: -e, which come authorities do not even accept
as a distinct mineral. The optical properties * tne
mineral -acrib i above and the "text-book" aureole

which it forms around the pyrrhotite, however, leave

ho » t« n J. t 11/.

%1 " cit-.

Only r r.gle rain of marcasite was found
durine t- jr. It y. rein occurs! uibeddfd
in t atr f 1 pyrito rain. At first

inspection 1 overall colour ol the marcasilo rciii

closely res* i that of its pyrit . host, but care-
ful etui.,”n v I»1i th' pr- nc 01 " lif.ct hi.wil-u
pl ochroi.;m. Undt r cros.ied nicela t-i grain showed

inter,aniaotropiam and could readily be diatlnguW ud

from it. pyrit' ¢« moat . liarleid anisotropiam 1is the



only reliable method known for distinguishing mé&rcasite
from pyritc , oth,r than the uet of X-ray diffraction.
This latter technique could, however, not be usea in
the present instance, since the ,r; in was too small to
permit drilling out from its yrite host without severe
contain Lnati 01 .

Oobal+it'.

Cobaltite was found tc be far more prevalent

as pinkish-white weakly anisotropic grains, which either
had a rounded outline, or occurred as jagged irregular
grains showing replar sent by gold. (Plates XII, XI).

A single pyritoh- drai crystal of cobaltite was also

its origin, h:C al dy b, :n referred to under the head-

ing of "Gold".

Leuc .yrit ] i.z

Ltucopyrit occurred as anhedral inter .row,hr
with pyrit (Plate LIX). The mineral showed a distinc

white colour and extreme har.ner , and was £ rei™l”

anisotropic, wit r enis: , purple and dark crown
polarization colour . Thosepolarization colo .re dif-
fered from thoai shownby a single grain OlLoellin”itt,
embedded in q .rtz, which w found to hav< yellow
do ¢ bln mmieri/.a *ion < lout « (I'd." ix1e

Both mim rais showva the characteristic etch
reactions 1it d for their identification by Short (194e).

t

at Venterspoat has air dy been mentioned in an earlier
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atudy by Davies (1949), so that little doubt concer-

ning its identity xi ts.

entlandi te.

Pentlandite was found to occur only as

and significance ht 3 alr,.,.dy been discussed under the

heading of "Pyrrl otite".

Other mini.rale presort”
Various other minerals were identified iu
1 * 7
of micro-chemical tests and/or optical studies. dn-

fortunately tk, identification of these minerals could

not be verified by me r. of X-ray diVfraction,

a; m

most cases only minute isolated grains of these minerals

does not help in the e.uciaation of the mode cl mineral-

ization 'f the horizon. Accordingly, only the salivr.t

A few stron. ly anisotropic small white grains
with a fain* pinki.: ’inae wen found and identified as
glaucodot. The glauoodot grains were embedded in

pyrr: tite
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Qmiridium

A si. >lt. rounded whitish “rain <.lowing a
hi;# degre- of reflectivity and extreme hardness, and
which was app: rontly nu”ative t :1 +!cn reagentj,

war id. ntlf d = ( miriai am

okuttruditv m

A f w small tin-white colour d pyritohidra
were found embedded in quartz, well below the plane of
the polished section, and were tentatively iaentitlea

as skx"terudite.

Lina: -i" =m
a single rv in cor.frrmiru to the charac-

teristics listed by . chro., jew (19:4) for linnaeite

was found. 1. m minere 1 occurred an overcapping m

an ancient pyrite rain.

Ar. n -vrit'

The presence of arsvnopyriti. it the '-yritic
Davies (13; ). In the present suite of samples, only
3 sir. ;» atronvly-anis )tropic diamond-shaped "ain ot

arsc-nopyritt was fo. . 1, erabeddt.d in a host of pyritc.

Ml1lltrLie -

A cluster of accicular bronze-yellow crystals

arran.: .1 in dellcat radiating '.roups, not. unlike miller

ite in appcuranc , w . f und embedded below the surface

ively identified as mill*rite .





















-133-

nOMC LUWIOL.. ,.

The origin of th. gold in the Witwatersrend

Banket har been a subject of discussion and heated con-

trovi. ray e/< r minoe "ol t vy m Jjir. i di co

There are two ras jor schools Of thoug t cone the
origin of the g< Id: one $chec 11 envisages

b,"."irr tnerrcal

origin for the gold, whilst the other supporta a placer

origin. The theory api irently r ¢ ivln t. ¢ moot sup-

port at present i. a vari tion ct t .e placer <l oery

envisages the r crystallization and/or solution rolxovred
by redepcaition of pr viously alluvial gold, wi-n the
assumption th .t these processes took place more 01 le"t-

i: i o X,

With ree.rd to the origin of the gold in the

and Libanon r ¢ ,, on firrst inspection, to be somewnayv
inconclusive. Th- me, ority of the geld irainu to.uii

in the V.C.R. wvrc luckly and irregular in outline, a
mode of occurrence whica m to tavour a purr-y f.ydrv-
thormal oririn for the Id, but on the- other uanu, 's-trenr-
support for n original pine r origin of the gold is
provide ) by the 111 cylindrical grains 01 goft v .ieo

| i i tl : r '
These cylir.d rn upjx.-er to be identical . those illus-

trated by Urn (V m) for gold of undoubted dhtrital
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Plate 1 Scale 9" rule

peb'r le arii cot i let .

Plate II Scale 12" rule

V.n.K, ore cont linlnr in ar. ;ulvr fragment of banded

chert. Note the !irk chlorite matrix and the replnce-
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Plate III 50 X

Hackly grains of gold and rounded zircon grains

Plate IV 50 X

Cylindrical and hackly 'run.' of old.
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Plate V 105 X

Plate VI 1V5S A

Etched grain of gold. Note the 'harr boundaiief

the segments.
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Plate VII 105 X

Etched ,>rain of ;old showing minute crystals of

Plate VIII (Oil immersion) 700 X

adjacent portions of an etched grain of ”old showing
differences 1in orient ation,with suggestion of cubic

structure.



- 155.

Plate IX

lol.i re: lacinf ryrrhotite.

PI;te X

Anhedral stringer-like grains of gold in a qiiaitz

and chlorite matrix.
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Plate XI 150 X

Plate XII

.traded mino of cobaltite and pyrite.
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Plate XIII W X

Gold clearly filling cracks in uraninite and "carbon"
cr ck in the uraninite.

Plate XIV

m ><0A

Pyrite grain showing rounded and cylindric tl incljuion”.

of gold. Dark spots ire inclusions o0: quarts.



Plate XV

" "

otrira vr: o! con ce: '.tin.; th< uraninite grain,

mi line specks of included galena.

Plate XVI

Poorly polished grain of native silver (?) embedded

in eroded phyllosilicate matrix.



Flate XVII

Irregular r.in of ip: trently once plastic 'carbon"

Plate XVIII

Irregul ,r grains of "carbon" moulded about, and contain-
n inclusion of, pyrite, md a3so showing replacement

by pyrrhotite.
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Plate XIX (x nlcols) 30 X

"

Irregul r '"c .rbon" wlin icvdng fibrous habit,

*jot-- the haph rd orient ition of the fibres.

M .rbon’l moulded .round pyrite. Note the darkening
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Plate XXI 200 X

"Carbon” with inclu i1ion of a :tored aubhedral uran-

initi .

Plate XXII 60 X

Fragments of euhedral ur minite in "carbon”

surrounded by 'hatt r d pyritu.
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Plate XXIII 200 X

Ur ininit % with t.in shell of “c irbon" transected by

Plate XXIV 132 X

Uraniniti. (black) st lined with HP apparently
showine (111) cl- ivage & -ith fractur 3 filled by

"carbon”, lot- the de ;rco of replacement by

old on tin | riphery.
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Plate XXV go X

Subhi I r nil (11iC;) ifter tainin,' with iF,

Plate XXV

Zircon:; showirc varying d nruuS of rounding.
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Flate XXVII X

< * C/7

Jer.ic late ireon -rain.

Plate XXVIII 400 X

Zircon grain shoeing out rc -th.
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Platy XXIX 400 X

Zon 1 ircon with X uuhedr J core.
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Plate XXXI

Zircon with rar.iomiy orient 1 rounded .nd re I-

like i1inclusion:

Plat. XXX11

Gceniculiti  zircon inclusion in rold.
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Flate XXXIII 4d X
r ,in o: 1 ucoxt ir. 1 pyritt grain;
Plate XXXIV oC X
cA 1
<



Plite XXXV (X nicols) 27 X

Sc ily mixture of cnloritu and »ricite.

Plate XXXVI (X nicols 2? X

Sc dy mixture of chlorite and sericite replacing

quartz,.
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Plate XXXVII (X nicols) 27 X

Fine h .TU€ of atricite I'*.placing quartz.

Plate XXXVIII u nicols) 2?2 X

Quartz. Note the fine bl tck inclusions of "dust”.
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Plate XXXIX (X nicols) 2?7 X

Quvirt: rr-;lr.u ’ov/ir," /train.

Plate XL

Radi. il pyrltt .
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Plate XLI 48 X

Rouncie i pebble, prot ibly Ti finally < ferru ;inour

sandstone rich in quartz, which has been changed

into iyrit

Plat XL11

'

Rounded prbblt of pyritiz ,dim.nl.
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Plate XLIII 48 X

Pyrite grains fonri 1 fro:; small'-r cemented angular

-r ins, with inclusion of pyrrhotitc.

Plate XLIV 8C X

nuthigvnic zonal pyrite.
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Plate XLV 43 x
B'iiid d .ore.l: pyritv -- .rot: vly a pyritized sediment.
Plate XLVI X

Younger zonal pyrlte which has grown around older

nclu «tr” pyritt..
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Platc XLVII

Pyrite crystal with in overc .pping of younger

zonal pyrite.

Plate XLVIII

Juvenile stringer-like pyrite.

go X
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Plate XLH 80 X

Fragments of pyritized ferruginous sandstone?

Dark inclusions are quartz.

Plate L

3ubh, -ir 1 pyrrhotite replacing radial pyrite.
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Plate LI

Pyrrhotit ¢ tfthowin it Lun 111 .

Plat, LII 132

Sphalerite showing blubs of exsolved chalcopyrite.

The white mineral ir> pyrite.



Plate LIII

Plate L1V

Chalcopyrite

-177-

30 X

rvnlaclng pyrrhotitu (chalcopyritu

repolished after* etching) .



Plate LV 200 X

Stained ch.lccjyritc showing twinning,ex3olved laths

Plate LVI

Stained chnlcopyrito showing laths of exsolved

cubemite. Cth« r mineral is pyrite.
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Plate LVII

Aureole of chalcopyrrhotite enclosing a pyrrhotite

core. Other minerals are stained chalcopyrite and

pyrite.

Plate rLviIIil 13° X

Pyrrhotite with mreole of chalcopyrrhotite.
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Plate LIX 80 X

'

L licor /rlt' 1ini rown with, md rimming, r.yrite.
g y

Plate IX X

Loellincite.



SAMPLING sites,

VTr.KTR9?pr,ST  VEM;ERSHf RP GONI.VCT REEF

SAMPLE

1-2S-1 Good
1-2S-1 Poor
2-3N-6 Poor
2-3N-6 Poor
1-10S-1 Poor
1-10S-1 Good
2-106-12 Poor
2-106-13 Good
1-166-10 RSE Good
1-105-10 RSE poor
2-10S-1?7 Good
2-166-15 poor
1-206-11 Poor

| 1-206-11 Good
2-206-14 Poor
2-205-14 Good
1-226- 1 Good
1-226- 1 Poor

TAB~E

ELiv,.. lom

I.

GOLD 1 SILVER

IVT/TON, DWI/TON

T
9.13

3d.55
34.65
17.03
5.90
16.37
3.50
2.15
22.75
11.06
39.

6.17
2.61

it .a
0.9d
9.5d
< .47

1.91
3.41
4.21
1.67
0.69
1.63
0.56
2. 52
3.43
1.47
4.53
0.5d
0.53
1.61
0.33
3.06
3.41
0.24

1

RLCULT: .

r-—J

APPARENT ELEVATION

FINENESS
312
913
392
911
395
909
362
393
367
333
393
914
331
909
743
753
373
500

FEET
-2200
-2200
-2300
-2300
-3500
-3 500
-3 500
-3 500
-4600
-4600
-4600
-4600
-5300
-5300
-5300
-5300
Ao
-5700
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T BLE II.

LIB ANON VENT£R3 DORP (CONTACT REE!

......... — Gtitb SILVER AF 'IRENT TLEVAIi'luN
SAMPLE LVNT/ITN  DWI/TQN  FINENESS FEET
19 47.38 4.33 917 -3270
20 5.97 C.50 922 | -3270
21 12.41 1.0 924 ; —2°
22 ©c BN 0.12 760 -3270
23 1 1.93 0.39 | 332 -3270
28 ; 0.92 0.~3 ' 767 -4098
29 ' 0.61 .96 389 -4098
30 0.45 0.25 643 -4098
25 . 1.25 914 -5200
26 29.26 2.4 910 -5200
27 11.96 1.63 377 -5200
31 ) 0.09 763 -5700
32 3.09 0.47 870 -5700
33 4.40 1.50 746 e
34 2.80 v.39 759 -6790
35 1./5 0.57 637 -6790

36 6.37 0,8;. | 838 -6790



10-1b Dr.
12-16 Dr.

H-K Or.

6-17 Dr.

T ABLE

S AMPLI.

WEST DRIEFONTLIN  VENTERSDORP CONTACT REEF.

[ A'FP;;mnr ELEVATioFn
DWT/TON! FINENESS

SAMPLE
W'10/74 + #2.' 'H.G.
V '1056. + 32&'L.O.

E 1 9 +1v* L 1

L'010425 + 93i> E.G.]

3015
DWI/TON

46.10

7.40
56.20
6.70
32.60

0.67

111.

i

it

SILVER

4.80
G. 80
5.90
0.90
3.40
0.23

905
903

905
882

905
703

FEET
-5100
-5100
-5400
-5400
-5700
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TABLE IV.

SAMPLING SITES, ELEVATIONS AID ,,S3nY RESULTS

SANFLE

1 -2 Dr-N Good

1 -2 Dr.N Poor

[\ [\
1

- 2N-5 Good
2N-5 Good

1 - 10S-9 Good
1 - ICS-9 Poor

2 - 103-12
2 - 143-15
12 - 14S-15
2 - 163-15
1 - 203-11
1 - 205-11
" - 1S-15
2 - 21S-15
1 - 223- 1
IL - 22E- 1

Poor
Good
Poor
Good
Good
Poor

ooa
Poor

Good

Poor

VENTERSPOST

GOLD
DWI/TON

3.75
19.06

13.11

9.65
0.54
7.23
0.29

APPARENT T ELEVMI iur«

MAIN REEF
SILVER FINENESS
1.76 876
0.53 366
1.67 919
- 1.6 891
2.62 932
1.02 905
0.26 675
1.31 847
0.15 659
0.% 904
0.59 865
0.44 903
0.9 923
C.19 750
0.25 719
1 0.35 309

i

FEET
-2200
-2200
-2200
-2200
-3500
-3 500
-3 500
-4300
-4300
-4600
-5300
-5300
-5500
-5500
-5700
-5700



-185-

TnS5LE V.

LIBANON MAIN REEF
GOLD SILVER  APPARENT; EL-V;i'IOW i

SaMPLE  DVI/TON DV/TTCN I FINENESS  FEEl 1
1 36.41 3.50 912 ! -3270
5 [ 60.2i 6.10 915  -3270
3 134.3 14.6C 902  -3270
4 1.47 0.26 850  -3425
5 1.10 0.29 791 -3425
6 0.55 0.16 775 1 -3425
10 0.21 0.07 750 1| -4500
. 7.98 0.94 895 j -4500
- 8. > 0.73 924 j -4500
7 73.50 5.90 926 ! -4750
8 436  0.43 901 ; -4750
9 10.3" 1.16 899 : -4750
16 8.7- 1.04 293 7155
17 2.82 : C.4- 355  -7155
18 4.43 0.7; 360 -7155
13 4.64  0.54 396 -7350
14 17.96 1.73 912 -7350

15 3.23 j 0.51 864 -7350









Tn8 15 VIII.

12 3 4 5

Specific Gravity i.t) 1.63 1.36 1.49 1.51
Moisture % 3.34 4.00 1.20 0.30 3.70
Volatile Matter 16.3. 13.74 21..2 1554 22.65
Fixed Carbon f1.34 6534 65.0C 69.16 53.25
o o 30.9C 79.3y 77.30 33.30 71.30
14.50 21.30

Ash % 17.5¢ 11.90 12.53
Sulphur fc 4.32 2.50 4.25 2.53 1.04

11710 12700 13400 12910 11230

14530 14660 15730 14550 14720
(Boio*o .

T Co. Ltd Bird Reef Series

2.Vogel3truisbult G.M...rea= Ltd. - Maln i,eo:-

(Analysts: Mesora. Goldflelds of S.A.Ltd. sto ries,.



Elomvition

1.0 - 1
1.25 - 1.50
.t - 1. "'
"7f - =
co -,
- =
3.5 - 3.50
3.5 - 3.75
3.7" - 4.
U Goo5
0 - 4.0
> 4.'

-139-

BLE

IX.

r'rc gucricv per cer.t.

V.C.h .
C.00
3.60
13.23
13..3
1C 10
13.97
5.3#
1.C 1
2.15

1.0*

0.CC

0.00

0.00

101.0-

Main Reef
1.06
4.62
15.25
13.82
30.50
17.72
9.22
3.89
2.12
0.3f
0.00
0.36
0.36

0.36
0.76
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FIGURE: T

GRAPH SHOWING RELATIONSHIP BETWEEN

APPARENT FINENESS OF GOLD AND
TENOR OF ORE
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