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ABSTRACT 

Rocks forming part of the ~bin-Bird Series and the 

Kimbcrloy-Elsbure Series of the Upper Division of tho 

Hitwatcrsrand System arc found in the mine. 

The sequence studied st~rts with tho Middle or !1B 6 

Zone of the Livingstone Stage followed by tho Upper or 

MB 5 Zone . . 
The Vaa l Roof, forming tho base of tho Vanl Stage, 

rests disconforma;bly on the older rocks. The Stage is 

subdivided into the Vaal Reef Zone, the Lower Vna l Zone, 

the Argillaceous Zone and the Upper Vaal Zone . Tho lower 

and upper contacts of the Argillaceous Zone arc grada t-

ional. 

The Kimberley Stage follows unconformably and com­

prises tho basal Gold Estates Conglomerate Zone, the 

Donny's ZonG and tho Gold Estates Zone. 

n1o overlying Elsburg Stage may be subdivided into 

the Bastard Zone and tho Upper Elsburg Zone on li tholoe;·­

ical grounds. 

Most of tho rocks arc indurated qu,;.rtz uackos \ri th 

only a few orthoquartzite horizons such as the Donny's 

Zone and the immodi~to hangin~fall of tho V~al Reef . 

Microscopically the rocks consist of dctri tal quartz cmd 

chert grains in a fine-grained scri citic to p0rtly sil­

iceous m<Ltrix vrhich may consti tutc more than 50 per ecnt 

of tho rock. Heavy minerals, such as zircon, chromitc, 

rutile, lcucoxcno, pyrite, tourmaline, epi dote, apatite 

and magnetite, occur in most of the zones. 

Tho Vaal Reef, the economic horizon, is o. small­

pebble, oligomictic conglomerate, often containing thuch­

oli to scams <md granules, and varying in thickness from 

a mere parting to more thnn five feet. There appo~rs 

to be a correlation between greater pebble size rmd 

hi gher oro grade but no corrcl~tion of sorting coeffi c­

ients and gold value. 

Tho mineralogy of tho Vnn.l Reef -vms studied by 

manns of polished sections and heavy minornl conccntl'­

ntes . ~1o minerals identified include gold, pyrite 

of several ages, pyrrhotite , chalcopyrite, uraninito, 

galena, branncri to, goroClorffi to or cobal ti t o, skuttol'­

udito, linnncitc, danaitc, niccolite, pontlandite, 
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magnoti to, zircon, chromi to , ruti l e, leucoxo;·JC , monazi to , 

sphalerite , tourmaline, and fluorite . 

From a study of tho silver content of gold in the 

Vaal Roof it is concluded t hat tho vari ations in appar­

ent fineness arc a r efl ection of tho composition of the 

gold in tho originc..l source r ocks. 

Thoro is a definite uranium-gold relationship in 

the Vc..~l Roof. With increase in grade tho amount of 

u
3
o8 i ncr eases but tho u

3
oB: Au ratio decreases . Usc 

of those r atios may indica te tho payability in cn~os of 

incompl ete core recovery. 

The intrusive rocks we r e studied in detail . Six 

types of intrusive were f ound . From oldest to youngest 

those nr c quartz diabase ( of throe variet i es) , amygdal­

oidal di abase , ilmenite mola-microdiorito, mottl ed mio­

rodiorite , olivine l amprophyre and ankeritic bcforsito, 

r anging in ago from Louor Vcntorsdorp t o postr-Karroo . 

Mos t of the intrus i ves nrc highly altered due to the 

effects of rogion~l metamor phism and dcutcric a l tera tion. 

Later formations~ such as the Langgelcven and Allan­

ridge Formations of tho Vcntersdorp System and t ho Black 

Roof and Dol omite Series of the Transvaal System~ occur 

on tho property. 

The various formations have boon sub jected to 

faulting and folding . 
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TITTRODUCTION 

Situation: 

This thesis deals with tho geology of thC' Va.a l Roofs 

Nino 1rhich is one of six l argo gold nines si tuatcd in tho 

~lostorn Trn.nsvaal about 100 nil es soutlmost of Johannesburg. 

All these nines expl oi t tho aurifer ous Vaal ~cof . Tho nining 

a r ea, lmown a~ tho Klerksdor p Gol dfi eld, is bounded. to tho 

south by the Vaal River, whi ch serves as tho provi ncial 

boundar y . Thoro a r c thr ee to-vms servi ng tho Goldfi eld . 

Klerksdorp is the ol dest of these and the l a r coct . Orkney 

and Stilfontei n have deve l oped purel y as ninirl(j touns. 

The ~ining area i ~ rather flat at a nore or lees consta.nt 

elevation of 4300 foot above sea level . ~1o clinato is hot 

and dry in suEJ.r:lCr wi th 1:10dcr2.to winters 2-nd an avoracc rain­

fall of 25 inches . VeGetation i s gr::~.snland u i th occasional 

clunps of trees and shrubs. 

Circunstances 

Tho author un.s cnploycd as a cooloeist on tho 

above mine for a year and a half and durinc thiE tine bocano 

i ntere s ted in the potro~raphic aspects of tho intrusivGs and 

the scdil:lontary rocks. The :strati graphy hacl boon worked out 

sonc tine before but t here vras very l ittl e inforoa,tion 

rog<> rding pctrolocy and ~inoralogy. Accordingly, this aspect 

~ras investigated. ~10 l aboratory vTOrk Has dono during a s ix 

- non th stn.y at Rho doc Uni vorsi tJr uhilo tho rcnaindcr of the 

thesis was cor.nlctod on a part-tine ba.sis. 

liininr; History 

Gold uac d i scovered i n the Kl orksctorp area as 

l one aco as 1887 •. According to Ca rtwright (1962) , botucon 

this tine and tho outbreak of t he First Horlcl Par, thoro 

were over a hundred gol d nines in which capital had been sunk. 

Ho1·rcvcr it 1ras not until 1933 that Anglo Aocrican Corporation 

forncd tho lfcstern Roofs Exploration and Dovclo}mcnt Coopany. 

It was decided to establish a. nino in 1936. In orclor to 

prospect fully tho aroa to tho c:1st of tho Hcstern Roofs 

nino the Vaal Roofs J.Dxplora tion and Ihning Conpany lras forncd, 

adninistorod by ll.n[;lo Anorican Corporation. Tho results of 

drilling gave reasonable grounds for boliovinc th:>.t tho a rea 

in question uas underlain by Vaal Ro-.;f of payable gr :'.,do . 

Initial dovolopnont was undortnlccn fron tho joint Fectcrn 

Roofs-Vaal Roofs no . 3 Shaft . In 1954 Vaal Roofs nino was 
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brought under separate nanagcocnt . I n £'..ddition to tho joint 

shaft thcru arc at pr0scnt tuo other shafts and a fourth is 

plannod . Up to tho end of 1 965 over 13 n illion tons of oro 

valued at Rl 55 nil lion had boon nillcd. 

Gonc r a l Geo l ogy and_ Previous __ 1!ork 

Tho first sy:::to ~Ja tic uork on 

tho gool og•.r of tho Klcrksdorp aroa u ns undc;r tnkol'. by L . T.Hol 

and_ ar:· n. result of h i s 1wrk a t>·ro-shoet nap on a 1:60,000 

scale of tho Klcrksdorp--Vontcrsdorp area Han publiLl:.cd in 

1935 (Fcl, 1935) . I n 1939 tho Geoloc i cnl furvoy Sheet Eo.61 

and ::Jxplanation, dealing ni th tho Country around Potclwfstroon 

c.nd Klorksd.orp (Nel, 1939) uoro published, tl:if:. uork haviYl{s 

boon ot~rtod by Nc l in 1933 . 

In 1936 Bo.Jtz pub l ished a paper banod on the diauonc,_­

drilling conpletod by tho Houtorn Reef £. nxploration and 

Devclopnont Conpany ( Deetz, 1936). 

Baine s (19~9) discussed certain a~pod;; of correlation 

in tho Klc rksdorp and Orange Free State Goldfield a::.-oas <'..ml 

Sinpson (1952) roportod tho re sults of r0.cliorJetric log,;inc . 

It -vrn.s only throuch paper s by Collcncl.c r ( 1960) and 

Strydon (1959) that a clear pi cture of tho ctr n.t i e r aphy 

coerced . The l atc:: t work, of <1. very ,:oncr.:-.1 nature, h;,.s 

boon publinhcd by Hilson and otl'..ers ( 1964) • 

Fron tho above it i s clear that virtually no 

nincralogi cal or potrolocical uork ho..s been clone until the 

present . 

Tho e;colC'gi cal scttinc of tho go l dfie l d c< .. r: be r::~con in 

the acconpanying nap (Fig . 1.) . Tho nii"l.O s c.r c fou:.1cl. <'..l0n1· th0 

northw·cst e rn edge of tho ~"Ti twatorsrand basin, in tho 11V;,.<'..l 

Reef Basin•• (Hil son and others, 1964) wl.·ich i:: alno8t a 

separate entity duo to structural effects ( Brock and 

Protorius, 1964). A great vari 0ty of rock t;;rpos i r; :ropr ...: :::tcntc-: 

in t 11o are:a, fron Old Granito throuc-h Doninion P0of Syst ::m 

and :!i t-vratcrsrand Systcn to Ka rroo Systcn, 1-rhich blanke ts tho 

southern portion of the nap . 

Thoro arc very feu ou-tcrops of the Up:~cr Division of t}lo 

Hi twatcrs r and Systcn rocks but to tho north ano_ north,rc~t 

of tho uining area the Lower Uitwatcrsrano_ soclincnt s arc 

fairl y 1-ro l l uxposcd as inlicrs in la t or Ventorsdorp S~rs tcu 

rocks . The coldfiol d is si tuatcd a l nost entirely b eneath "l;j !c 
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Dol onite Series of the Transvaal 8ysteo. 

Fig . 2 shows tho position of tho Vaal Reefs nine relative 

to tho other nines in tho Gol dfiel d and al~o shows tho 

location of boreholes and shafts. 
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CHAPTER 1 

THE ~riT'TATERSRAND SYST.f:ri 

A. STRATIGRA.l."'HY. 

General 

Tho rocks described beloiT fall into the Iln.in Bi rd nnd 

Kinb c rloy-Elsburg Series of the Upl)er Division of the 

Hi t1mtcrsrand Systen. Tho stratigrnphic col unn is pi ctu:;:-od 

in Fig.3. This colurm has been in general usc s i nce 1959 

rrhcn Strydon and Callender presented it at tho eeolo:S_.ical 

Congress at Potchofstroon (St rydon , 1 959; Callender, 1960) . 

Unfortunately, t he nomencla ture is not consistc:;1t and a 

ce r tain anount of confuc ian has a risen, e. g . Collcndcr 1 s Bird 

Stage i s 8trydor:1 1 s Vaa l Reef Group a nd this i n turn ic the 

Vaal Reo:[ Stttge of 1-ril s on and others· • The r;enera.l scl:0:te 

follm·red is Ti me S t<!!:a.tigraphio, i.e. Systen, SeriC; s, St<' ::;o , 

Zone . Alongside tho stratigr aphic colu .. m (Ei g . 3) hm· boon 

placed tho lith ostratigraphic classif i cation of tlw:w rocks 

as they vould a:·rpcar in tho s dhernc f ornula ted by tho ll.norican 

Cannission on Strati grc.phic Noncncl a ture (1961) . In thi8 

l Cl,ttcr scher.~o tho Forrm tion i~ tho fundar.1ontal unit of rock 

r.traticraphic clrssifica.tion n.nd i s dofinoc1 as " • a 

boo.y of rock charQ.ctorizcd by l i thologic hongonei ty". 

Becau se of ver y l ini ted borehole inform•, t ion and paucity 

of undcr{;rou:J.d exposures tl-:c rocks underlying the !.1iddl c 

Quartzi tcs ( r.ffi6) of th0 Livingstone Stage :1ro not described 

hero but h:1vo boon r0portcd on by tho previously ncntionod 

authorc. 

Tho <.uthor hn. a not included a sodinnnt<!l1qt;icul study of 

tho Vaal Roof f or tvro rea.sons, (a) it i ::: felt thu.t such a 

study uoul d constitute n. thesis on its own, and (b) tho 

author was transferred fron tho nino before such a study 

coul d be undertaken. 

THE MAllT- EIRD SERL;R 

I.Iiddl c (rm6) Zone: 

Callender (1960) doscrioc s thn so rocks 

300 foot of n ixed- pebble congloncratos in a dul l grey 

quartzi to . They <l.re nodiun to COP.rsc-g r:1.ined , croy qu<:.rtz 

uackcs and quu.rtz arcnitcc ( coo und0r Clo.scifica tion), t h\; 



5 

forr.1cr invariably havi!lG a speckl ed a ppcRrl"'.ncc . A 

characteristi c feature of tee Zone is tLo presence of loose 

or sc~,ttorod pebbles and lenti cular conglonoro.to bo.nds . Tho 

conglonoratcs a r c usually loosely Ylackud ".ncl arc conposod of 

a variety of modiun-siz od pebbles (about 1 inch) e.ncl_ t heir 

thicknccs varies fror.t 1 i nch to several fc e; t. As tJl_(J 

cong-lonor :--tos a r c lenticular they cannot b e correlu.tocl over 

n.n;)r d i strnco . 

Upper ( UI35) Zone: 

This is probe.bl y the nost froqucntl 7 c:lCountor'JcJ 

horizon in t he n ino c.s i t forns t he inmodiato footHnll of t ho 

Vaal Roof . Cross- cuts t o roof ancl footuall hault:.goc aro 

usually developed in thiF Zone, its t~'.iclr..noss varying 

bot1voon 90 and 180 foot i n Va:-:.1 Roof!? (FiG . 4) . Tho 

variation in t h i clmccs i s duo to a disconforni t y be; l ou tho 

Var>.l Reef . 

Tho bo.Go of tho MB5 Zone is a t h in, we ll ;-,inerulizcd, 

snall-pobblo con:;l onor<'..to uhich suboutcrops c..gain st tho 

Vaal Hoof on ~tilfonto in1 Znndpan and -To ste r n l"?e of:::. nines 

( Collondor , 1960) . The congloncrn.to c::.rrios spor adic [Old 

<:'.nd uraniun values. It i s ovorl <.Lin by r.cvorn.l foot of grey 

t o 1'T!li to, very siliceous, cross-bedded or tl;.oquartzi to . 

This s iliceous QU:c:ctzi tL a ttains o.. t h ick nons of 15 foot to 

tho cast of No . 2 Shaft. Tho oligonictic conglo . .lcH <.:.tc ovc r--

12-in by a siliceous "bar" fulfils ::.:harpe ' s roquironohts for 

payabl e conclonor.:ttos (~hn.rpo, 1949) and the base of tho ;.J35 

should provo pa y o.bl o in cortc..in pcn~ts of tho Klorl~:r-dc::c~T., 

Goldfie l d . 

Tl;.o orthoquartzi to is fol l owed u p·rards by a unifor::1 

zone of quartz tmcka s . Over nuch of Vn.:Ll Roofs tho contac t 

between tho orthoquartzi t o a nd tho quartz >·rackc i s occupied 

by a quartz vein which D<~Y be over 1 foot thick and 1-rhich 

contnins n inor a l s such as t;nlona, pyri to , rcnlc:ori to and 

pyrophyl l ito . 

Tho typical quartz 1.-acko i"' a nodiun to coarse- grai ned, 

dirty-t_rc3r to khaki-coloured rock. Ovor nost of t~w nino 

tho Zone i s uniforn a nd honogc;~ous but to t1~.c c..ast of !To . 2 

Shnft th~.;rG b ccins <'..11 a l tornO.tion of clean, r:1th~r r.ilicoouc 

QUnrtz -vracko ancl dulL. dirty, typicRl IID5 1~r.ckr.. The 

a l terna tion i ~ duo to varying current stroncths duri~G 



6 

doposi tion 1ori th a certain anount of ro"~ororking of tho mwko 

r(~sul ting in the eleanor bands. 

Tho rocks differ fron tho :P.'!B6 Zone in that scnttorod 

pebbl es and pebble b;mds arc absent except for a fe'~ thin, 

loose-pebble conclomoratcs in the F o.2 Shaft a rea . For 

practical purposes dip and strike in tho MB5 Zone ~ro taken 

to be tho sane as in tho Vaa l Reef althouch the disconforoity 

is of tho order of half a 0.cc;rcc . Locally however, i. o . in 

tho 51-50 18 area, tho disconfornity reaches 12°. 

Vaal Roof Zone 

The V<J.al Reef occupios tho l)·.sc of the Zone 

1-Thich extends uput=trds for about 15 foot and com;ir.:ts of an 

orthoquartzite nnd congloner o.tc bands. The top of tho Zone 

i s taken to be th0 top of tho Tuolve Foot IIarkor conglonorate . 

Thr· Vnr:.l Roof (PJ.s.r and II) if; thu ocononic horizon 0.nd 

has different characteristics in d i fferent parts of tho Dina . 

Over r:1ost of tho explored portion it is a snall-pcbblc, 

oligooicti c congloncrato vn.ryint; bct1mon 1 inch 1-'..l"".d 8 inchc 8 

in thickness with a thucholi to soan nt tho base lJut in tho ITo . 

2 8haft area it is vory r.mch thicker, wi dths of throe to f ive 

foot being conHon. 

I rmcdiatoly overlying this r oof is a vor~,r siliceous 

orthoqun.rtzi to or "bar" uhich i s palo c rcy to ~rl~i to ::tncl. is 

often conrsc-graincd with coarse spocklinc . This cloan 

quartzi to is a product of greater rcuorkint; of thu sodL:-•. m t 

rosul tinG in a vrashing-out of tho clay and silt fraction£ . 

Known as t ho 11g r cy g l assy" quartzite on Va(-1.1 Reefs, it contains 

woll-nincralizcd, 3ritty, snall-pobbl o congloneratc l ense s 

called "pyritic grits " vrh.ich retain a const2.nt position 

loce.lly but have proved to be unroli.>blc narkcro .. Thoy 

vary in thickness from 2 inches to 4 foot A.lthouch they l'..ro 

usually loss than 12 inches in thickness. ' 

Both trough and tEmgcntin.l cro8s-bodding hrwo boo!"l 

observed in the orthoquartzi to. Tmmrds tho top of the 

"grey g l assy" l oss gl assy ph..>sos arc nccasionc.;.lly cl.ovc l oped . 

Tho thickness of thu orthoq_ufl.rtzi to v:crics (Fia. 5) but 

averages 12 foot . It is overlain by tho 11 T1mlvo Fnot r-t.,.rkcr''. 

Thi s 1'T1-rcl vo Foot I.furkcr11 is a oodiun-pobbl o, 



Handspeciuen of Vaal Reef with a t hick thucholite 
seam, shmring colur . .mar structure, at the base. 
Rotc scarcity of ~ebbles . xl.7 . 
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polymictic conglomorc.to 11ri th c. fairly high proportion of 

qu~rtz 0nd qu~rtzito pebbl es . Tho conalomor~to is well 

p~cked o.nd i s ~ consistent marker b0nd. Tho thicknosc 

of this conglomcr<'-to v0rios from l ees them 1 foot to over 

8 feet (Fig. 6.). It carries occ~sion0l gold and ur0nium 

vo.luos but is nowhere o. profit::tblo gold cr..rrior. 

Low·or v.~.,_l Zo..EQ. 

This zona consists essentially of medium r..nd 

con.rso- grni nod quartz •mckos of very variable nppoo.r,...,_nco 

from dirty, spackled, to clon.n, siliceous nnd occn.sional 

conglomor'l.to bn.nds . They m~y be confusocl vri th tho Iffi5 

and MB6 wa.ckos ·"-1 though tho speckling is loss pronounced 

th:m in tho ~,ffiG Zona . 

Conglomerate b~nds occurring within roughly 120 font 

of tho Vaal Roof form more or loss rel i able mn.rkors. They 

genornlly h~vo n more siliceous mntrix than Iffi6 congl omcrntos 

0nd -:'..ro po1ymictic in chnru.ctor 1-ri th quf'.rtz , sovor::>..l varieties 

of Qunrtzito, silicified shnlo, chert ~nd 0ltorod porphyry 

baing tho typos com~only observed. Tho recognised m~rkor 

bands nrc listed be l ow: 

Tho "Thirty Foot :1\hrkorn v~rios between 20 and L].O foot ~bovo 

tho Vnnl Roof c>..nd is n smr~.ll-pobble, rathe r nr.,rrow ccnglomor:--.. tcs . 

Tho "Sixty Foot M..'"'..rkor 11 ( 60 foot ..:t. 20 foot nbovo tho Vr..c.l Roof) 

is ~ zone of modium-pobblo, polymictic conglomor'"'..te extending 

ovor 5 to 10 foot, tho individunl conglomor:--.. to bnnds being 

sopc.rc.tod by quartz nncko P·'"'..rtings . Tho conglomor <'. t os nrc 

similu.r to tho nT<-rc l vo Foot Mn.rkor" but tend to h.:1.vo .:-:. 

lower proportion of Quartz pebbles . 

About 30 foot n.bovc this is tho "Hinoty Foot I.la rkor" 

(90 foot + 20 f oot nbovo tho Va.c.l Roof) lvhich i c not 0s uoll 

dcgolopod <'- S t ho "Six ty Foot Nn.rkor " c.nd i s r.:.gc:.in o. zone of 

conglomor nt os u.nd intor c:.lntocl rmckcs . Tho uppermost 

cong lomor o.to i s tho "One hundred nnd. twenty Foot !b rkor" 

which i s not :1.s well deve loped ns tho l n. ttor b w marke r s , 

nnd Hhich h.'"'..s been but r '"'..r oly on0ountor ocl . Thi s i s :1.l so a. 

zone of modium-pobblo, polymictic conglomc rr.. t 0 s 1ri t h intor­

C::'.l '"'.. t od qunrtz nncko p2.rtings . 

Smc:.ll, sc~ttorod ~uu.rtz and chert ~obblos <'-ro often 

encounte r ed nnd pyri t o s tringers .1.ro commonly deve l oped . 

Tho qunrtz Hn. ckos g rndo into tho Argill~coouG z;ono throuch 

a tro..n s i tion zone of intorbcddocl ve ry-fino ~ntl moo.ium-gr a inod 
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Plate :t i 

·~landspecL;e:n, Vaal Reef . Small- ) ebble, oligo!:"l.ict i c 
con:.:lo ierc:.t e consisting e ssentiall y of quartz 
pebbles in a siliceous matrix . Tiny specks of 
pyrite , surrow.1dinc the pebbles, are visible . 
~alf na t ural size . 
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scdi ocnts. Tho position of the top of tho Lowe r Vaal Zone 

is a rb i tra r i l y def i ned . 

Arg illaceous Zone 

This hor i zon is a oost u seful nar kcr nnd i t 

is the equival ent of tho Kinbcrlcy Shale i n the Centra l and 

East Rc.nd. 

Here the rock has been de s cribed as a quartzi tic sha l e 

(Strydon, 1959) or shaly quartzi te (Collondor, 1960) but it 

i s , in f a ct, an argillite . Ripple marking is often developed 

i n t he re rocks . Tho Zone grade s into a r ona coou c qunrtz 

vmckcs upua rdc nml d ownvrards . Tho t hi clrncsr; r eaches a 

naxinUL1 of 350 feet in tho sou theast bu t decreases to 300 

f ee t to-vro..r ds tho 1rost and north. 

Q.Eeor Va_al Zone 

Thi s zone increa-ses in thickncf'.f' fron ze r o in 

the vm:::-,t orn } Orti on of tho mi ne to 150 foot in t hu sou t heast . 

The r ocks arc quar t z wT:.ckos, often containing a hirh percen tage 

of nn.tri x . They shou n 5·r oa t re sembl a nce to t he rm5 1mclcc s 

but spcckl i ne is loss pr onounced and no concloncr~tcs a r c 

pr esen t . Tho base of this horizon i s arbitrarily defined <'.nd 

i s u sua l ly taken t o bo tho top of tho f irst shale b~nd 

, ( Col l onder, 1960). These l'Ocks arc overlai n unconfor m11bly by 

t ho Gold Bst atcs Conc l onor a t o a nd tho r ock s ncar th~ contac t 

arc uoathe r od, soft and f riab l e . 

THE KTI.ffiERLEY- ELSBURG Simms 

Tho Series i s r a ther d i f f e r ent i n clnr <1.c t or fron tho 

underlying Nn.i n- Bi rd Seri es and i s J:l[l.dc up by tho Kinborl cy 

St~o and tho ovcrlyifig El sburg St~gc . 

Kiobcrl cy Sta&c 

Tlw Kioborloy Stage conpri sos throe .Zones : 

Gold Estates Zone, 

Donny 1 s Zone, 

Gol d Est ates Oonglom0ratc Zone . 

The Stage r e sts unconforn:~.bly on rocks of the ?bin­

Bi rd Seri es cutti ng these out i n a northvcstorl y direction. 

Gold Estates Conc l or.lc_ratc Zone 

Those rocks arc nost disti nctive 
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Tho fornati on i::: conposod of well to loosely- packed, lu.rgo­

pobblc congloncr :::tos, often nany foot thick, nl torn."'. tine; 

with dirty, khaki- coloured, modiun to coc..rrc- g r<'.inod 

snndstonc . Tho nuxiLmn thickness noaeurod is in borvholc; 

M7 where it is 290 feet . 

The t o:p of tho Zone hCl.s boon r ovrorkocl resulting in a 

r eef :Y...nmvn us tho Donny 1 s Roof whore thiclrno sr. vn.rio s fron 

:1. few incho s to 5 foot . It i s chu.ru.ctcriz~d by snullcr 

pebbles, ol if,'Or:Ji cti c characte r and well-mineralized, 

siliceous nu.trix. Very patchy gold uncl urnniun values have 

boon obtained from this roof. 

Donny ' s Zone 

Tho Zone i s nu.m0d after G.A.Donny, tho nuthor of 

o. book on tho Klorksdorp Goldfield wri tton in 1897 (Donny, 

1897) . Tho rmxinun t hickncs['. of this Zone on Van.l Roofs is 

170 foot . Tho rocks o..rc vory light-coloured, often trhitc, 

cross-bedded orthoquartzitos, rn.thor uniforEl in characte r. 

Very pal o yol l ou speckl ing may be pr csunt. In tho 

no r thern part of tho mine thoro is a dirty, &ritty ph~sc 

dcvol oT,Jod ncn.r tho centro of tho qunrtzi tos vrhilo soutlrmrds 

tuo such phases nr c found . Those dirty phases nD .. y contnin 

poorly-dovclopod, snnll-pcbblo, polyr.1ictic conglonnrr.tcs . 

Tho thickness of the.; gritty bEl.nds may r~.,;ctch 40 foot. 

Gold Estates Zone 

Th.:.; chR!lbC from t he Donny ' s Zone to tho 

overlyinc r ocks tnkos place over a fm-r nillinotrcs . Tho 

rocks of this Zone aro quartz wackcs vri th thin brmds ,_, f c roy 

orthoquart zite . They nrc simi lnr to tho MB5 su.nclstonos 0xcopt 

that they tend to be s lit;htly finer in gr a in and hr.vo norc 

of u. s ilicc ouc or ';g l assy" appcu.rance . Tho rocks co nte1.in 

green, blCl.ck 0nd yellow spocklinc . Tho maxinun thickness of 

this Zone in tho nino is 950 foo t . 

As mentioned ubovo tho Zone contains seve ral fino to 

~1cdiu~craincd bands of t;roy orthoquartzi tes. Tho nunb\..r 

n.nd str'l.tiL,rn;;hic position of tho se "t;ln.esy" b<'.nds W'..ri os 

over tho !!line . Bore hole s V3, r12 n.nd 118 contain £'ilicccus 

b<t.nds vri thin 80 foot of the t0~! of the Donny 1 s Zone . 1\. r>ct 

of s i liceou s b0nds in o.bout 100 feet of <l.Uartz nacke is present 

at u.n avor~go of 180 f0o t above tho top of tho Donny ' s 
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quartzi to . The b 2.::::c of this so t i s found bct-vrccn 120 :1.ncl 

300 f oo t abovu t ho to··• of tho Denny 1 s Zono . Yet ctnothvr set 

of 11[;1:-'.ssy" b2.nds occure botvrccn 350 n.nd 500 f eet abov e.; the 

top of tho Dcnny 1 s qunrtzitc an~ abov e this so t a 15 foot 

thick s iliceous bu.nd i s often found at tho top of tho St."'.go , 

just bel ow· tho Bastard Reef. 

Elsburp: Stage 

Thoro arc f01~ intorf:.c.;cti om: of this Stage in tho n ino 

so that !!lost of t ho inforna tion i s derive d :fran borcho l t,; s . 

It i::: best dcv o l o:r>od in M7 uhcro the thi cknvss i s 1050 foot . 

The r o cks appr oach quartzose sandstones in conposi tion with 

qu artz 1>rackcs boih(; comnon and arc very gritty a nd coarse­

grained, containing scattorcd pebble s throughout . Tho 

Elsburg Roofs , nincd on Hcstcrn Roofs L1i nu arc no l ancer 

developed i n tho cast. 

Tho Elsburg Stage may be sub-divided n:: follows; 

Upper Elsburg Zone , 

:Bastn.rd Zone . 

The :Ba8tard Roof i e found at tho base of t he B~stard 

Zone ( nbout 500 foot thick ) and i s present n.s 2. zonL of 

concloncr·.tcs, usuall y 15 foot thick. They arc nodiur.l-pcbbl c 

(pe bbl es 1 inch r-.nd less), polynictic rock ::. uhich "-TO not 

vroll uincraliEod. 

Up~mrds t h....: Zone consist s of coar se-gr a ined sanclstoncs 

n ith fou scn.ttorod pebbles and thc ~c rocks [;r:::.dc into tho 

Upper Dlsburg Zono uLi ch consi s ts of coarsc-grc:.inod, gritty 

snndstonos u ith scc..t t c rod pebbles, thcl:'o occn,si ona lly 

dcvc loj?ing into loosoly-packod9 nodiun- -pcbblo, polynictic 

cont;lor:lO r ato:: . Touard s the to;J tho s2.nclstono ~ .:>.cqui r o a 

creamy-yellow· col our. 

~-----.... 



11 

B. PETROGRAPHY 

THE JIIAllT- BIRD SERillS 

Livingstone Stag~ 

In hancl specimen tho rocks arc medium 

to coo,r so- grai nod9 groy9 indur-,.tod sn.ndstonor: which usually 

ho..vo a speckled ap}c:::.rancc, tho speckling being clue to bl;;.ck 

chert grains, green phy11osilicntos 9 milky QUartz grains, 

:.nd yellow rutile r.nd louco~cone. Scl"',t t or od pebbles and 

conglomor'.'.tos t\re found throuchout tho Zone . Tho pebbl es 

consist of n. variety of typos of quartz, quartz i te, silicified 

sh~lc, chert, porphyry and silicified, a ltered i gneous m~torial. 

Microscopic~lly the rocks consist of detrital quartz and 

chert gr11in:: in a very fino- grained serici tic l'l.::t trix. Tho 

chert gr 11inc tend to be well rounded but tend in certain 

cases to merge into tho m~trix . According to Pe ttijohn 

(1957) chert i s l oss stable th;;.n ~1artz and i s linblo to 

intorstr~tnl solution. Tho presence of chert is n ~cod 

indicntion that at least part of the sediment hac boon de rived 

fron a previous sediment. 

Dotrit1:1-l flakes of muscovi te uoro observed in meet of tho 

thin sections studied . Those nro u sually bent .::mel display 

strnin extinction. 

Tho mc:1trix is coricitic in cho..ractor nl though in tho 

cl co..nor >v:t.cko s a fc:,ir amount of qu<1rt z i s pro eon t. Th:: 

sericite shreds and f l akes nrc very fino-grained and m:~.ssoe 

of shreds often reveal a roctangulnr pnt torn. Tho distribution 

of th._, se r ici to is not entirely uniform, s ome par ts of the 

mo..trix containi ng more qunrtz . Tilcbs of scrici tic material 

with rounclocl_ form l"'.r o interpreted ns being nl tern tion products 

of originnl feldspar (Full vr, 1958). 
Chlori to is usu.:1.lly present in the m2trix <.mel may be 

fc:,irly common mnJrinc; up to 6 per cent of the ' !hole rock. It 

occurs "-E fnirly lar~2;c :.ggrcgl"'. tos, ::·onctimcc uith n :::phorulitic 

s truct-ure, Qncl .:.l so as tiny individual flnkus tot:othcr vri th 

tho sericite . Tho varieties prochlorito Qnd ponninitc hcvo 

boon i dentified, tho former boing r:1ore nbund.:1.nt . 

C~lci to h : often clovolopod in the mo. triz. Thir n inore1.l is 

l ater thr.n other minor"-ls 0.nd r oplo.cos thorn, end in f~ct th i s 

i s tho only horizon, vTith tho exception of thn J~rgillcccous 

Zone , which rogul :-.r l y cont.:.ins cnlci to . 

Chloritoid i s also commonly dovolopocl in t hose rocks . 
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It hns tho forn of ouhodral, lnth-shnpod 9 prismatic crystnls 

of na:x:inun length botvroon 0.19 and 0.34 l7lffi, Tho crystals 

occur singly or as small, l oose clusters. Tt-lim:ing ir 

extremely conmon in tho chloritoid crystals. 

Upper ( ~.ffi5) Zone! Tho base of tho MB5 is a snall-Dobblo, 

oligonictic conglonora to vrhich is rarely ooro than 6 inches 

thic~. Tho pebbles arc oostly quartz nnd quartzite together 

ui th porphyry, chert, and silicified shale . In ccrt:~in nrc as 

of tho mine, e.g. 62 Lovol and in tho 55 South 27 0ron tho 

conglo norL>. tc shou2. a vory strong rescnblanco to tho Vaal 

Roof and is ovorln.in by lenticular, snall-pobblo col"(Sloncra tes 

k.1'1o1-rn L'.S "pyritic grits". 

()lartz c;rains in tho l!latri:x: of tho conglomor:.tc show 

considerable intorponotrntion, strain effects b c illb noro 

pronounced at points of grain conta ct. Tho !il:-'.trix is 

sorici tic 1-ri t h a fa ir anount of ponnini to boine- present 

occasionally enclosinG ~uthigonic rutile noodl es , Sono of 

tho chlorite is thought to bo an a ltoratiGn product of 

orig ina l pyroxene or amphibole. 

Pyrite is by far the most abuhdnnt opaque ninoral pre sent. 

It has tho sn.no nodes of occurrence as in tho Vaal Roof (soc 

later section on opaque mineral s) , viz . rounded, poss ibly 

clotri tal grains; later overgrowths on thcso gr .·l.ins> "porous" 

or concretionary graihs and late-formed irro{;Ull1r blobs and 

veinlots. Galena may ropl;,co pyri to and is <:.lso found ·~-ri th 

chalcopyri to, i·rhich is :present n.s irreg-ular inclusions in pyri t o . 

Rutile, dori vod froo nearby leuco:x:ono, hns nt tackod :md r oplnccd 

pyrite nlong crystallogra phic directions. Louco:x:ono i ~ very 

comaon as rounded, irrogul~r n::tssos a nd short, remobilized 

veinlets . Chromi to i s found ae, rounded t;rn.ins and these nrc 

often cracked. 

Tho sili ceous bar ov<;rlying tho bn.se of tho UB5 i s an 

orthoquart zite or prossolvod quartzite ( soc later unde r 

Cl:',ssi fica tion). Tho rock is modium-c r n.ino d. 1.nd vm ll- sortod 

and is r.12..do w~ of oor o than 95 per cont quartz and chert . 

About 4 per cent soricitic matrix is proc0nt . (Pl. III). 

Intorponotr:'l.. tion effects a rc ra:--.rked.? this beinr.~ mo.inly duo to 

pressu re solution <'.t points of gr n.in contact . ~;ocondnry t,:r o;rth 

of quartz on do tritn.l ClUn.rtz gr::1.ins is pl ::1.inly vi s ible in 

ordinn.ry lit;ht . Chlorite is vory r o..re in tho rock. 



·~ .. . . . 

Plate TII Orthoquartzite , 1 ~ il 5 Zone. Virtually no seric­
itic ,natri~c. 1.fote suturing of grai n contacts. 
Crossed nicols, x 32. 

Plate 1'7 ~uartz -vracke~ - ~B 5 Zone. !~ oorly sorted, sub­
ancula r ane 2Ubrounded ~uartz graiDS in a 
s eric i tic matr-ix . Crossed nicols, x 32. 
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Overlying tho orthoquartzi to is tho typical iffi5 qu.:>..rtz 

u.:>..cko. I n hand spoci non tho rock i::: a oediun to coarcc­

grninod, dull, ~roy to kh~ki-coloured, indurated 8and1-tono 

with a sl i ghtly Sl10cklod r..ppcaranco . 

~hcro sco_Jic2.lly tho rock consistr- of quar-t z grt:1ins, 

u:::uo..lly rnthor ~nt.,"'Ul<>.r, sot in a fino- [;r.:--.incd soricitic 

n:-t.trix conta ininc v :1.riablc cWlOU<ltr of qu<'.rtz ( Pl. IV). :ik~ i de 

qua rtz, other detrital, s·mcl-sizod crc..ins <.rc conposod of chert, 

fi no- g r<'-ined quC'..rtzi to, serici tized f eldf''l<'-r ancl po~.cibl;JT 

a l t e red porphyry. 

Tho mC'..trix i s soricitic and is present in nnounts up 

t o 42 per cent. The node of occurrence of the sericite i ::: 

s i milar to that in tho rm6 Zono. Together ,-i th tho :::.orici t o 

i s found nn abundance of rutile, either as sinblo cryrt0l8 or 

ns clusters of tiny noodles . Chlorite i s pro:::;cnt in ovGry 

thin secti on examined . It occurs ns incli vidual fl::~.lcos in tho 

natrix ~nd as larger acgrcsates, giving rise to the specklinG 

sown in hand specincn. Often two varieties of chlori to c.ro 

pr nf'ont in the S.:l.T'I0 thin secti on, pr ochl ori te boil1£ nar c 

abundant tlnn pennini t o . 

Ch l ori to i d ,ms found in l oss than one <J.Unrter of tl:o 

t lcin ~ectionc studi e d . It ha.r- ver y mu ch t ho ~'l.r.lO t1odo of 

occurrence in these r ocks n s it has in the NB6 . Tho l encth 

of tho pri~matic crysta ls avcrnccs 0. 2 mn. 

f~hnlo pn.rtinc s arc common in tho 1VIB5 r ocks . l1icroscoP­

ically t hose partings consist of angulc..r quartz c r ainc 

surrounctocl by a u calth of sericitic ontcrinl. The scricitic 

m<l.tcrial mc..kos u p nora t han 80 per cent of the. rock. Chlorite, 

nuscovi to r..nd rutile arc plentiful while chlori toid Day be 

present in sGJall auount . 

Tho quart z -vm.ckcs sho1T Gre ater w1.ri11.bility in th,) 11-ro . 2 

Sheft o.rca uhcrc dull-g r ey i·Tackos al torn;. to ni th clo:m qu:-t.rtz 

uack:os >rhich i'.ppro.:>..ch quartzose sandstones or quartz aroni tos 

in com'!osi tion. Tho so a.roni t i c rockr- aro ·~)ale-coloured often 

1·ii th n very pnlo-yoll01dsh tinco . Imnodia toly u nderlying tho 

Vaal Ro0f in thi s a r ea. is a 8ilicoou s bar very ~·inilnr to tho 

i nnodin.te hn.nGingwall of tho Vnf'.l Roof . The rocks do not 

disJlay o., groa.t donl of intorostinc soc1iracntnry funturcs 

but gr.i.dcd-bcddirl£; b.ns b een obser ved in the 2/54 37 arec. . 
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Van.l Stage 

Vaal Roof Zone: Tho Vnn l Roof is a snall-pcbblo~ 

olit;omictic~ >voll-ni noralizcd congl oncr~.te; ~rhich v~rL- s fran 

r.1. nero pn.rtinc;- to n. roof 5 f eet t h ick (including intcrc[l.l r:.tod 

qur..rtzi to p~rtint:;s). A thu choli t c ( cnrbon) soa.1-:~ i s of t0;.1 

developed '· t tho b:'..se (Pl. I). Tbc r eef is co .-~-~)o~.od of 

pcbbloc roFistrmt to o..ttri tion . Tho pebbl e::: e1.rc q_u~rtz~ 

qun.rtzi to a.nd chart, thu chert tnv~ria.bly bcinr: l o ::::;:; rounded 

::md of louor sphericity than t!: ... q_u~rtz a.nd qu:->.rtzi to pebbles . 

Qun.rtz pebbles ".ro tho r10st ... bundr-.nt rudo..cuouE: C0!1fti tucnto 

present. Younc (1917) h.:1.s stntcd thnt r.1ost of thu q_u:->.rtz 

pebbles itl tho r oofs arc vein q_unr tz , uhich 
of_' structures ai'd 

vnr1ot~oftcn th< qua.r tz has rccryst~lliz)d 

aggrogll. to . A l<~rgo number of q_uartz pcb1)l C8 

assun.__s n [Ton.t 

t o a ~.chistosc 

n.ro single 

crystnls and all e1.ro invariably strnincd :-tnd filled 1ri th 

:::.bund:~nt tiny inclusions. 

Qun.rtzito pebbles consist of nudiun :->.ncl fino-gr~ined 

typos. Chert pebbl es nrc very fino-grn.inod nnd nro 

occasionally pyri t i zed . f:light vCJ.rin.tions in GTL.in size 

Give tho pebb l es n. banded n.ppoarnncc . Porphyry pebbl es, 1rhich 

occur r<'.rcly~ nrc s iniln.r to these found in tho I.ffi6 

col1Glone;r.:>..tes . 

I n order to CJ.Scortnin uhcthor thoro is :::. rystcmr:.tic 

v~rintion in the. reln.tivo m-aounts of tho CJ.bovo typos pebble­

counts 1mrc carried out on SCL''1pl os f r an th0 uholn n ino (Fie . 

7 ~nd Tnblc 1) . Tho pcrconta.:;o of quartz vn.rios bct~<roon 

85 and 92 per cent, tl~a t of chert botvro~.m 4 n,nd 9 per cent 

and thr.'.t of q_uartzi to botuoon 3 and 7 por cont . Churt 

:_::>orcontnGC£ c::>.n be very useful in dotorr:tining pnl:::.oocul~rcnt 

slopes ao tho <:mount of cher t incrc<'.OC£ rol:::.tivo t o qu<.:.rtzi to 

mTL.Y from tl") source ( S.chl oc , 1957) . In order to r.Jini·-,izc 

the effect of size on pebble-typo , pebbles l·Toro countod in 

tuo s i ze- classes, tho 8-16 om :::.nd 16-32 on clnsscs (T.':l..bl c 1) . 

As few po.Jblos of chert ~rero observed in tho 16-32 mn cl;:o,sr 

porccnt:::.t;o~· ucrc Dore v0.riablo thnn in tho 8r:1:::.ll(;J.' clnss . 

l'To sit;nificn.nt c .h:::.n{;,'o in the chert pcrcont.,_gc over tho •1inc 

vm"B dotorDincd probably bccc>.ut -o too so.:-t.ll :::.n n.ro<'. unf involved . 
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TABLE 1 

The r ol a tive propor t i ons of qu~rtz ( ~), quartzi te (qo) 
~nd Chert (C) pebbles i n tho Va~l Roof . 

No. Number % 
Area of .... . 8-16 mm Combined % 

rdgs 16-32 r.lGl 

--
Q Qo c Q Qo c 

--· 
A 2 89 4 7 

95 2.5 2.5 89 4 7 

·- - --·--
B 2 87 7 6 

· 87 7 6 87 7 6 
- ·- ------1-------

c 2 91 4 .5 
96 0 4 92 . 5 3 4-5 

1----

D 4 85 6. 5 8.5 
88 4 8 85 6.5 8. 5 

-- '--·- -- --·- --1--·--- ------·-----·- -·-----
}If 2 86.5 4.5 9 

94 4 2 87 5 8 

1------ 1---- --1--- --f-- - - ·- -

I 4 88 4.5 7. 5 
90 10 0 88.5 5 6.5 

---1--- .... - ---
.J 3 87 · 5 4. 5 8 

.73 15 12 86 5 9 
------!--• -1----·- -·- --~----·--- r---- -·-·-

K 3 88. 3 3 8. 7 
92 5 3 88. 4 3.1 8.5 

·- ---1-·--- l-· -

N 2 87. 6 4. 8 7. 6 
92 6 2 89 5 6 

-
0 6 88. 2 4. 6 7.3 

85 . 5 10.5 4 88 5.3 6. 7 
-----""- I 

0, 5 84.5 6 9.5 
86 7 7 85 6 9 

--·---------
Avern..go 1~ 5. 0 7. 2 

The r:m. t o rial filling tho inters tices nmrng tho pebbl es 

consists of dotri tal qu::trtz <mel. chert grains surrounded by 

authigenic oinera l s . The quartz br~ins show pressure solution 

effects when in cont2.ct. Uhile scricitic mater ial ncty 
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consti tute 11 per cent of tho ~atrix, quartz is very co~on, 

roachi ng 45 pc.r cent. Chl ori t o C".n r:mko up 70 per crm.t of 

tho n i nus 2 r.m. fr<'..ction of thu :roof ancl. in this case tho 

roof hr,,s a b l ack-coloured mr. trix in h:md speci men rri th tho 

ch l ori t o u sually being nist .".Jron f or thu choili to . :Thoro the 

ch l ori t e is o..bundnnt it hns repl a ced tho matrix o.nd c..lso 

nany q_urcrtz t;rni ns (Pl. V) ~ i n ordinary lit;ht tho ori[Sinn.l 

outlines of tho qu~rtz crc..ins can be clvnrly soon. The 

varieties of chl orite in tho Vo..al Reuf o.ro prochlorito and 

pcmlini to . 

Chloritoid 1ms not often cncquntorcd in the Vo...:tl Roof 

but is cor.mon in cort0..in SD..r:Jplos . Fran it s forn it 1u~t 

h.:tv c boon one of tho first nineral s to crystallize. 

The rocks ir.modiatoly ovor lyinc the V0..al Reef arc somo-

1-lh" t v.:-1-rinblo from mcdium-fino- grnincd to cor..rsc-grc::.inod 

and cros&-bcdc1.0cl. The rock-typo is an orthoqua rtzi to or 

prossol vod <J.Uar tzito ivith qunrtz .:1.ncl ch. rt {; rains constituting 

over 95 per cent of tho rock, tho balance being no..do up of 

scrici to rhrocl.s, chlori to and chl ori toid. In th..; 52 20 :'-rca 

the 0rthoqunrtzi to i c doad- Hhi to i n colour, a. fo"-turc 

directly attributable to igneous ncti vi t:r in the arc['. . A 

thin socti0n of this rock shows it to b e; a. true quartzite , 

consiclere1ble suturinG of the c rr-.i n conte1cts h.:tvint; t.:-..kon 

place as n result of r ecrystall ization. 

Tho typic::tl orthoq_uartzito is sli c lltly speckled by 

chlori to c.{;~:;rcL.:Ltos aml contains many pyri to strinr;ors . 

Secondary Growth of silic.:t on quartz cro..i ns ie:: ::.s cor:1'1on as 

i n tho r-ffi5 orthoqun.rtzi to . 

Isopachs of this "grey gl.:1.ssya (Fig . 5 . ) nhou a dome 

and bc::.sin effect and in n general >Fl.y tho thicker :'cr oy 

t,;l.:-.ssy" overlies higho:t:'-c;raclc Vl'.al Reef but thoro if' no close 

rcln. tionship be tlwon inch vidunl po.ydwots ".ncl thicknor:s of 

the orthoquartzite . Th0 orthoq_uu.rtzitc is thinner o..t no.2 

Shc..ft, its thi ckness raroly beinc Grcn.tor than s ix foot horc . 

The overlyinG ~iarkor in thi:: c.:J.f o is <'. suall---polJble, 

poly:~ictic conclo; 1cratc but it is not corto.in that the "12 

Foot H..-:Lrkor" o..nd this conglomcr<'. to n.re on0 cmd tho S<'.DO band . 

The "12 Foot rd..".rkor" overlies the orthoq_u::.rtzi to aml th:i£ 

is ~- r olir1.blc mrkcr band in tho Nos. l <.ncl. 3 f:Inft u.rcr1.s . 

Its thickn<. sc varies r>..s f:hoim in the isop:wh n".p in Fie . 6 . 

The isopachs shm·r a thi cker 210110 running n c,rth-nurthonst ,".ncl. 



.~ lc::.te ·~u<:.rtz gr a ins (vrhite ) in t be Vc-.al ;:eef :')8. rtia i lv· 
Dnd co!;lpletel:r replaced by e l1lorite (grey~ . · 
~'he ::1atr1x has been co,:)letely replC1.ced. :Pyrite 
( black) ~rd R zircon Prain (zrn) are tmaffected. 
~ol~rl'z ec= l1'r~t v ,~~ ~ C-~ ~ ). t:.,. .. ' - ~ .. ) ( • 

Plate it ::t: '~uartz 1<1acke, Lower Vaal ;:; one . 11ore or less 
equant qua!'tz .:;rains s e t in a sericit ic :natrix 
Hhich has attac ked erain edges . !.rossed nicols. 
X 32. 
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this coincides 1ri th isopachs of thinner 11 &, r cy c l ;;.ssy" . Thus 

it anpear s t hat tho t hicker cong lomorn to ~-r<ts dcpo sited 'lvhore 

tho orthoquartzi to had been slightly oroclocl. Tho trend of 

tho thicker mr>.rker is parallel to that of tho payshoots. 

Tho conGlonorato consists of 1•Tcll-roundod pebbles d. th a 

fairly siliceous na trix which is idontic:'..l to the ovc:I'­

lyint; quartz wacke . 

Lower Vaal Zone~ 

Tho rocks arc quartz w-rwko s of ton e- i nilar to 

tho NB5 anG. r.m6 rocks and consi s t of quartz s-r2.ins together 

with minor ctnounts of che rt f ino-grained quartzi to, por;)hyry, 

schi st nnd probable a ltered feldspar r;rains in <t soricitic 

matrix (Pl . VI) . Tho rocks often have a glassy appo~ranco 

caused either by coarse grain si7oo or n<ttrix rich in silica. 

Tho matri x is s cricitio in charo..ctcr u ith silica usually 

being pre sent and. nay occasionally contain nora qun.rtz than 

sericite . Tho sericite often forms thin enve lopes <tround 

qun.rtz grains and has pr',rtly r opln.ccd then a l onG their edges. 

nutilo noodl es arc conoon ih tho natrix, either singly or in 

cluster::-. 

Chlori to is co _u!lon in t ho so r ocks b eing found I:LC tho 

va rioti0s proch l orito and ponninitc . Small anounts of 

b i oti te partially or c ompl etel y a ltered to chlorite a rc ~:Llso 

present. TiUSCOVi to erains arc OCCCLSiOnally ·1nrtly rO~)lc!.ccd 

by chl ori te . 

An i ntorostinr; fact is thnt chloritoid Hct--s encountered 

in every thin section examined . It occurs as ouhodr::l? 

pr ismcttic Cl~ystals of hig h relief, often twinned , of <'.Vor:-tgc 

length b etween 0.2 and 0 . 3 mm. 

Argill aceou s Zonog 

In hand s~ocimon tho rock is very f ino­

e;ro,inod but <'-- ),)ortrs to be s lightly coarser g r a ined thrm 

n shnlo. I t is g rey in colour rmd usually ho..s ~- t_, r oon t i nt. 

Furthorr1oro vor y f ino yolloH <1nd bla ck specklinG nr'..y bo 

prosont . Tho nuthor has not observed cradcd b oddin{; in tho se 

r ocks . l'yri to i s c omilonl 'F present? soootimos in f .:ti r l y 

l n r go c oncentration. 

JTicroscopical ly tho roclc i s conp o sod of qu <'-rtz t;rnin s 

surrounded by f ino- graine d phyllosilicn tcs . rrho lnrgo s t 
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qunrtz grnins arc 0.8 mn. ncross but such l nrt;o grnins 2.rc 

ccnttcrcd. 1!1or the noe.t part tho qunrtz c r:1.ins c,rc olonc;n.tcd 

nnd irrcculn.r in outline (Pl.VII). The ~n£uln.r effect ic 

e nhanced by ~r..rt ic.l replacement by tho phyllosilicc>..tos. 

Chlorite i::- present in l c>..rgc amount . Ponninitc io noro 

::cbund.:mt thnn the second. variety, prochlori to, uhich scoos 

to l::wc fornc d fron tho i'..l to ret tion of bio t i to. The P.:Jount 

of chlorite plus q_uo.rtz is gr oo.tor tha.n tho C!.nount of 

sorici to. 

~krici to i s found i'..C shrod:o> a.nd n.s concc;1trn t ions 1Thich 

nay b e n.ftor orig ina l feldspar . co~.rsor t;raincd r:mscovi to 

i::o. invariably present (Pl. VII). Chlori to i d is rnroly 1)r o r.ont 

:-tnd has tho s <1.mo l'!Odo of OGcurrcnco o. s in o t her hori zons . 

Ct.lci t o is n.hmys present n.s snall r ho!'lb::· and :ts 

irrogularly- shi'..ped [;rains but is never a. r:n jor concti tuont . 

Rutile noodles 1wro not found to be ,e, s common n s expected . 

Th o f orr.mtion i s w-ell-bedded but is not very f i E: s ilo . 

A connC'n f'ct•.turc i s tho pro sonce of fn.ul till[; n.nd myloni to 

n.lonc; bedding pli'..nos . Ripplo-narkinr: i s f n..i r l y ~ ·ell 

preserved in tho so rocks. 'r:w ri1plo- 8<:.rks n..rc usually 

syn:Jotri cc>..l and very rn.roly h:-tvo wavelenGths c ro2.tcr t b-::.n 

2 inches. 

Bccnuse of t ho incipient ootn.r:JOr:)h i sn o,nd the ~wn­

fi::;silo chnrCl.c tor of the rock the author sue:;t;estr t h e.. t tho 

term nrg illitc is more approprinte tho.n the torn arc illo.coous 

qul'.rtzi to ivhich is in common usc . 

Upper Vi'..nl Zone~ 

In he1.nd specimen tho r ock is vory s inil:-tr 

to tho r'lJ35 q_uo..rtz 1-Ttl.C]':C)f' OXCOpt thn.t fl1USCOVi to i s r10re 

a bundant . Tho r ocks nre mc cLiur.1-gr::.inod 9 have c. d i r t y 

n.p:i)eo.ranco an(!_ o,ro grey in c olou r . 

Tho mo. t r i x is usunlly nbundn.nt i n o..mou nt and i s scr icitic 

in chnr a c tcr u ith mi nor U.80UJ1. ts of CJ.UO..rtz. J3ocnuco of t he 

1 :-trge noount of me1. t r i x, p rcssuro so l ution bo hroen [;r o..ins 

i n conto..c t i s r e duced to n. minimum, th0 qu.:trt z c r c>..in s 

n.ppcnring to " f lo:-tt " in t ho soricitic natcria l. 

Pro ch l ori to i s "- c omnon c on s tituent of the n::ctrix 

t oGether .:ri t h sno..ll :--.moun tP of pennini to . Ch l or i toid -vras n o t 

ob served. 



/lG.~G ·· :Il. !i.I'Ei.llite~ .. :.. l.' ~;illaceous ;·:one. 'J:' in·.r quartz 
[rdins surr~u~de~ by verv fine · ~rained ph; llo­
silic.l te.', . :)e ~1t :,:usc8v.ite :t"L:d~e.s are visible. 
C ros ~ ef 0i cols 7 ~ 32. 

Plate VIII Orthoquartzite, Denny's lone shmring inter­
penetratinf 0 ~artz and chert lch ) erains. 
Sericitic m~t~ix ~bsent. Crossed nicols, x 32. 
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TBE KDID:.JRLEY-ELSBURG SERI:.';S 

Kinborl..2L.§_tago 

Gold Estates Conglomerate Zone: 

Those rooks 8.re unmi stnlmble 

in h::mcl specimen consisting as they do of l c..rco pcbbloe 8.nd 

cobbles up to greater tlmn 8 inches in size sot in ..,_ :::;~ndy 

m~trix rich in sorioito~ 

The oongl omorc..tos c..ro polyra.iot io in ohc..rnctor, n grent 

vC'..rioty of pobblo typos boinc; proE"cnt. Typos obscrvocl by the 

C'..uthor ::.r o u ilky, cloo..r, smoky .'1-nd opalesce nt blue qu:-:.rtz: 

green, whi tish9 dark c roy ::md f i nc- t:;rn.:i.nod c;roy CJ.Wcrtzi t cs ; 

rod jC'..spo r , banded t'.nd mt1.ssi ve che rt, silicified shr'.l o of 

8.Sf;ortod colours a ncl ::.1 to rod porphyry. Collondcr ( 1~60) 

c tn.to s th:->.t boulders of tho Vaal Roof h::.vo bec.n extrr-.ctod 

from t ho Gold iDstn. t o s in tho Ellc.. ton Gold Hinc, indio=: tine 

that tho Hain-Bird Series had consolidate d. prior to tho 

deposition of tho Kimborlcy- El sburg Ser ie s . 

The Donny 1 c Roof is a potential gol d-carri er. It 

oonsh·ts of quartz, quartzi t o r.tnr:l chert pobbL; s Hi th Elino r 

a mounts of si l icified s hC'..lo, porphyry etc. so t in n d~rk 

mc..trix. Penn inite is a very comnon constituent of tho nc.. t rix 

.::mel. r o:) l D.cos othC; r on.rlior mincr.'"'.ls. For tlh; !.lost part the 

r:mtrix i s siliceous, sori c i to bo i nc l o ss cowman thr:n in tho 

underlying con[SlOr.J(. rntos . 

'rho oro ninor.n.l s i n the Donny's Ree f a rc [;.S follows~ 

pyri t o , n. s r ounded c r a ins, ouhodrnl oubo ~ , porous concre tions 

2.nd irrogul c..r voirilots; ohromitc as rounded, often c r a cke d 

grains; louooxone li,S rounded g rnins and irroc u l D-r n::..s sos 

and tlmohol i to , hacmC'..t i tc, ohalcop;;~ri to n.ncl pyrrhoti tc in 

very smC'..ll a nount . 

Donny ' s Zone z 

Thi s r ock t ypo i s r a tho r ri::1il.:n to tho qu r..rtzi to 

ov e rlying tho Vn.:cl ncof r.:.nd tht1.t ov e rlying tho b ase of tho 

}ffi5 . A d i f foro n oo i s th~t tho Donny ' s qua rtzite is Dal o r 

in colour, of t e n bo inc of ::. doC!.d-whi t o hue . The rock is •w ll­

sort od ::.nd r a thor f i no-r;rnincd . Tho r;_u ::..rt z . g r <1i ns n r c 

clo sc: ly-~ packe d with a very s ma ll ,->,raoun t of 11:1. t rix in tho 

f o r m of s cC'.. t t e r ed concontr:1. t i on s of s eri c i te ( Pl.VIII). 

Se conda ry t;rowth of silico. o n quartz g r o.in s i s 1:-oll d i s:pl n.y ocl . 
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The original grnin outl i ne s nrc marked by lines of tiny 

inclusions. 1fuscovitc f l akes a r enot comnon nor ~rc chlorite 

ngr;rcgatos . 

Gold Estates Zone: 

These rocks arc again simil~r to tho Iffi5 

q_unrtz 1mckos. How-ever, they 0ro slightly finer grained 

o.nd sommih.:. t more t;las sy in a :::)poarance . The rocks 

occ;csionally hc:wo a green tint. They nre normnlly spcoY.:led 

in blo.ck (chert), d.'"'.rk green (chlorite) c.nd :vollovr (rutile 

and lcucoxenc) . '~ilson and others (1964) mention red 

speckling ( jasper) but the author has not ob~orvcd this to 

da to . Essentially the rocks arc medium c.nd coarsc- grainocl 

sandstones 1vi th q_uartz c;rni ns set in n more or less scrici tic 

mntrix (Pl.IX) . 
Tho etc tri tal Grains shm·r somovrha t noro v:1..rio ty than tho 

underlying beds ui th c;r n.ins of quartz, finc-[..:r::.inod qunrtzi to , 

chort, feldspar, a ltered porphyry, unidentifiable igneous 

material nnd 0l so rutile- rich shale . The quartz gr.~.ins 

contain nbundnnt inclusions which often exhibit pnrnlloli sm . 

Socondnry growths of silicn on quartz grains .:-..rc not coonon. 

!Iortnr structure ns a result of pressure solution is like­

wise not common. 

Tho matrix is normally soricitic 1Ti th occnsi onal more 

siliceous po.tchos . 1-Thcre t he Batrix is hichly Pcricitic 

tiny gr a.ins of a_uartz co.!'l still be soon. Chlori to 1-ro..s 

present in every thin section examined and it occurs as 

individual flakes in tho mntrix c.ncl as l~rgor ncGrccatcs 

t;ivine; rise to tho dnrk g r0on specklinG• ITo chloritoid u:1s 

encountered in the se reeks and this may be a uceful fact in 

distincuishinG ~l•in-Bird rocks from those of tho Kinborley­

Elsburt; Series. 

As described in the .:1.bove section dealing with tho 

stratigraphy of these rocks, bnncls of grey to clnrk grey 

orthoq~artzito occur within tho succession of thi~ Zone . 

Those rocks arc fino-grninucl :mel contnin •bout 10 per cent 

matrix, c0nsisting of sericite , chlorite and silica . 

Secondary cr01·rth of nilica is more pronounced ancl. 11rc::::sure 

solution along Lrain cont~cts i s very co~~on. 

Two mochanicnl annlyses wore carried (Ut in the rockc 

of this Zone , one on typical q_unrtz vrackc and tho other on 



.:=-l::.te IX ·;u :.'1.rtz '-'D.cl:e, Gold ; ;s t r ... tes ,;:one. "uartz grains 
::md Po. fine·-~-r .-. in.ed quartzite particle, ",:'J ;?.rtially 
replaced along :rain edges b~ the sericitic 
.:t<~.tr'.x. l.~ arker pa.tch (sil'; is -.,.1re siliceous. 
Crossed nicols, x 32. 

i late X : Vn · l :·,eef. SeconcJ.a~y uraninite ( grey > re;;lacing 
p:vr ite (i·.rJ-.:ite) .:J'ld s-:.1rroundinY gold (au ' . Lle loH 
this cL_·.lcopyr i te replaces ur r .ninite. C' old also 
coats a rounded pvrite 3rain and partially fills 
a fracture in ~not~er o ~rite grain. 
Polished section, x 94:· 
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an orthoquartzi to 'bn.nd. Duo to the indura.tcd nature of these 

rocks tho nnnlyses had to be performed on thin sections and 

tho resulting cumuln.ti ve curves vrcro later corrected following 

n method su~gestod by Pnckhnm (1955). The corrected and 

uncorrected curves nrc shown in Fig. 8. The tnblo below 

lists the various statistical measures and it cnn 

immedia tely bo soon that the orthoquartzite is finer grained. 

Table 2 

Showing 1st qun.rtiles, 3rd qun.rtiles, Trnsk Sorting 
coefficients nnd mo<linn sizes of Gold Estates quartz wacke 
and orthoquartzite. 

- I 

Ql Q3 ~ Median I 
' quartz wacke 0.69 0.34 1.43-c-_§ 

0 .. 35 0.15 _1. 52 j . o. 23mm orthoquartzite 

Elsburg Stage 

This stage is noticeably coarser grained than any of tho 

other str..gcs and ten,is to have a cleaner or more siliceous 

appearance tha.n other rocks. 

Tho rocks commonly contain a variety of pebble types 

among which nrc clear, milky, smoky, pink and opalescent blue 

quartz; fino-grained yellowish grey nnd dark grey quartzite, 

black, yellow and green shale; yell~wis~grey, grey, black 

nnd banded grey chert; red jasper~ n.l tered yellow cmd grey 

porphyry; tuff and several unidentifiable altered igneous 

rocks, possibly schi sts and lavas. 

Most of the sand-sized detrital grains n.re quartz, 

together with small amounts of chert, altered feldspar, 

altered porphyry, quartzite and shale • 

. Because of the l e sser amount of mnt~ix rolntive to 

other rocks, pressure solution is more widespread, more 

grains being in cont~ct. Secondary growth of silica on 

quartz grains has not taken place to a lnrgo extent. 

The mo. trix is aeJ::-ici t i c in chnrncter. Quartzose :patches 

are scattered about, generally close to areas where a fair 

amount of pressure solution has taken :place. Chloritoid was 

not observed in any thin sections. Chlorite is present in 
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minor amounts o..s sing·l e c rnins and as a.ggrccu.tes . It p.-.rtia.lly 

replaces muscovite flakes . Some of tho muscovite ap1c~rs to 

be authigenic . Ther e is no micr oscoiJic difference bctucon 

the r eeks of the Bastard and Upper Elsburc Zone s . 

Dif~CUSf:ION 

Most of tho rocks cxttmined arc inherently s i r.1.ilo..r and 

often it i :::: difficult to assi gn a specimen to any po..rticub.r 

forno..tion. Tho si8il~rity is borne out by o.. microscopic 

study. · 

Composition 

Generally tho rockr ~ro composed of detrital quartz 

grains set in a. soricitic to partly siliceou s o~trix. Othe r 

detri tal g r nins nrc of minor importance, e . g . chert, fino­

grained quartzi te, o..ltcrod feldspar, a l tered porphyry, sho..l~ 

muscovite, biotite nnd unidcntifi nblc i Gneou s materio..l. 

Sericite is the dorrino:tnt mntrix minora.l, occurri!lG as 

tiny shreds and f l o..kes . Other mineral s incl ude chlorite 

as penninitc nnd prochlori te, quartz, rutile o..s fine needles 

o..nd v'rious heavy minera l s , described in another section. 

Chloritoid is present in the Main-Bird Seri es, nl thouch 

rare in tho HB5 rocks, uhilc it ic <:tbsent fro111 the Kiml)erloy­

Elsburg Seric8. Ca.leitc vms found n.s n. regulo..r constituent 

only in the }.ffi6 Zone ;:mel in the ArGill nccouL Zone . 

A to.blc of compositions a.s t;iven by Dollar f:ta.ee counts 

is sho1rn below (To.bl e 3) . Tho category of "m~trix qu:trtz" 

is only approximate ns it is o..lmost impossible to decide 

nhi ch is detri tal qunrtz in tho s i lt-size and which is no.trix 

mo..terial. All quo.rtz less than very-fine sand-e:ize ho.s been 

assit;ncd to thic: category . The sericite cntegory incluc1os 

all the muscovite present in the rocks, the lntter being 

~resent in only smo.ll a.nount . Any very similar mineral such 

tts pyrophyllite or to..lc h~s been included in tho sericite 

colunn. }hcroscopic methods clid not a.llovr 0f the 

identifica tion of pyrophyllitc . Itc pr esence in tho Upper 

Hitwatersro..nd Systvm h~s boon recorded by Fuller (1958). 
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Table 3 

.Corr1posi tion .of Upper 'Ti t;-mtersrrmd System rocks fron tho 
Vaal Hecfs n i no . 

r 
I Horizon Quartz Rook Ma:tri z Sorici to CJ-..lori tb ·Other 

l fragms quartz 
o! (Y:.' c.' ~ c' '7o ,, io ,o ,., ,., 

Elsburg Stage 64-84 1-5 2- 9 9-21 1-3 Tr:1ce 
G. E. Zone 55-82 1-17 2- 6 9-32 1- 5 Tr.-2 
Denny ' s Zone 87-97 0-2 0-2 1-6 0-2 Tr. 
u.v. Zone - 29 -"'--1 ~ 10 ~52 -8 Tr. 
Art;i11. Zone 38-46 0-1 sec Qtz 14- 23 27-36 3-9 
L. V. Zone 52-67 2-5 6-15 15-32 3-12 0..-2 
V . R. Zone } 
l"t;roy g lassy11 --95 0-1 soc n.tz 2-5 0-3 Tr. 

j1.ffi5 Zone 45-72 0-9 2-15 10-40 0-6 Tr-3 
!UB5 orthoqtzc ~96 0-1 see r:tz -4 Tr. Tr. 
jM:S6 Zone 57-73 1-12 4-15 5-35 1-6 Tr.-6 

- - ·-----

Texture ---
Grain Size: 

For the purpose of grn.in size mcasurcr10nts the 

1Tcntuorth Scnle was used (Pettijohn, 1957). The u.vcr::.c;e grain 

sizes of the quartz grctins in the rocks were deternined fran 

thin sections ancl those are reproduced in the table belm.r: 

Tabl e 4 

Average grc.in sizes of 1\in.in-:Sird <mel Kinborley-"S1sburg 
rocks, expressed in millime trc s . 

Zone Av. Gr. 
size~ mm. 

-
Basta.rd o. 75 
G. E . 0 . 49 
Denny ' s 0 . 33 
U.Va.u.l 0 .45 
Argill. 0.09 
L. Vn.u.l 0 . 55 
l\1B5 0.69 
MB6 0 .70 

--
No major regular trends i n grain s ize c~n b o postuiliatcd 

as the Argill~ceous Zone and the Denny ' s Zone a.rc finer 

gr2.inod than other rocks . Ho;-rovor it cr:.n be seen in h and 
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specimen that tho Elsburg Stage is conrscr th:.n tho other 

Etc..gcs rmd flO tho Upper Hi twn.ter sranc1 Systen cbes bcconc 

CO£'..TSCr cr~incd upwn.rds. 

The rocks of tho rm6 Zone 2.rc usually co0.rr l, to r:'odiuo­

c;ra.inoc1 [>.[' arc the 1ID5, Lower Vaal , V[l,o,l Roof ~t-one .:md. Upper 

Va.o.l rocks . The Denny's C)_uartzi tc i::; medium t:::: f inc-t;r1.incd, 

the Gold Sst~tos Zone ic modium-gr~iPna, tho crcy, siliceous 

bo.nds boiJ:1G finc- t;ro.inocl nnd the Elsburc roch::: n.re co"-rsc to 

very conr"o-~r~ined . 

Shn.pe of Grains: 

A study u~s carried out of the o.vcro{;c 

cphorici ty of the snnd-sized detrital ~;rains in or:.ch horizon. 

Thic wD.s done by r:1e2..ns of a COL1:D.:'.ri£;oa of ranclonly selected 

cr~ins in thin section 1-ri th sphorici ty charts in Krunboin 

nnd Sloss (1963). Stcyn (1963) found that tho cphcricitioc 

noa.sured in thi~ fnshion by him differed fron conputcd vnlucc 

only in tho second docimul place. 

Secillti that £'.. compa.ra.tivo study 1:a::: r_r do no correction 

~ras mi'Ldc for the bi:->,s introduced by thin section r110~8urcnent . 

The true sphericity >fill be louor thc-'n tho fic;uros c ivcn. 

Tlvcnty c ro.ins wore sel ected in onch of 60 thin sections . The 

o.voru.cc sphorici tics arc sh01m in Table 5. 

Avor2.-:.;o sphorici ties -of q_u::.rtz gr::.inc in J.'Iain- :Dircl ':.ncl 
Kinborl oy-Elsburg rocks . 

Zone Sphericity 

Bastard 0. 64 
G. E. 0. 63 
Donny 1 c 0. 62 
U. V£'..nl 0. 56 
Argill. 0. 53 not re l iabl e 
L. Vaal. 0.61 
J:1B5 0.57 
1ID6 0.59 

The intcrcstinc point is thnt cnch of the Series h::ts n. 

Bore or lc~s conztnnt cphoricity, the fi{~rc for the Kimberley 

- Elsburc Series bcinc grantor than th.1.t fo r tho Ihin-Bird 

Series. Tho probable renson is that :nnny of tho 5'rnins from 
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the lovrer Series hnvc bocooe incor ')Oratod into t:!lo overlyinG 

Series with some mod i fication cluring trcmsport. 

Grain r oundness measurement~ were ~ttemptod in the MB6 

but it is fGl t thn t tho rosul ts 1o1ill be n i s leading u.s the 

t;rc..ins hn.ve suffer ed a certain amount of n ttu.ck by the r.1.:1 t rix . 

Generally tho Grains arc a.ngul~r and subnnsular . 

Q_raill ori_o_n.:~a. ti_~: 

The orientation of crc:..ins in r.ny particu lar 

direction is not pronounced in t hese rocl:s . Thin cocti ons 

lT<..re cut of t1-ro oriented specimens of Gold :.::s t ates l!c.cke . 

The secti ons 1o1ere cut in tho bedd i nc plc.no :l.nd both of the se 

sh01-1ed r easonably w·ell marked mnxima ui th GOOd ngrGenont . 

Tho direction of e l ont;nti on of tho c;ra.ins i s rouchly :-~.t 

riL,ht angle ~ to tho trend of pu.yshoots· i n tho Va.al Reef , 

HovTCvcr t horo is doubt u.s to uhethcr a preferred orientation 

of g r o..ins is duo to primE>.ry dcposi tion conditi ons or to 

1.-:.ter tectonic phenomena. Full er ( 1958) bel i eves tln t the 

preferred orient~tion in tho rocks he studied i s cc.usoQ by 

tectonic effects . 

Features of quartz grains 

Tho fer'..turos of 50 quartz g rains in each of 60 thin 

sections 1·TCrc observed u.nrl arc r oT)orted be lou. 

l. ~i~lo crystn.l s and o..ggrogatos: Tho majority of qua.rtz 

g r a ins arc sing le crystal s, tho r omainclcr being aGc:rec;a tc s or 

tuins . Tr..ble 6 l istr- the pcrcentat,e of sil1{~lo crysta l s in 

the sodiracnts studied. 

Table 6 

Percentat;"' sil'l{;l e c r yst<1ls in quar tz c r u.ins in rocks of 
the 11'1.in-Bird r..nd. Ki mberley- Elsburg Ser i es. 

Zone 

U. El sbu rg} 
Bnsta.rd 

I G. E . 
Donny's 
U. V<:1nl 
Argill. 
L .. Va~l 
H:B5 
11ffi6 

( { . 
1o s~nglo 

crystal s 

79 
76 
90 
80 
90 
so 
79 
75 
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From the above there cto noit appear to be any noticou.ble 

trends in the ~roportion of single crystals. Tho reason for 

the creator percentage of sinGle cryst~ls in the Donny 's and 

argillite is c ivcn by Conolly (1965). He ntntcs that the 

porcontaGo of polycrystallino quartz in a sediment v2.ri c s · 

1·ri th change in tho modal size of the dctri t<1l grains. 

Genera lly fino-c.;rainod sandstones -vrill hn.vo lowor percemt£!.8cs 

of polycrystallino quartz. 

2. St~~in offectc: 

Of the crains examined all aggregates 

or tuins shovwd strain extinction. Th" porcontn.co of single 

crystn.ls which shovrod strain extinction is tn.bul<:. ted be l ou. 

Table 7 

The percentage of sinclo crystals with strain extinction 
in l!Iain-Eird <:.ncL Kimbc rloy- Elsburc rock s. 

Zone % strained 
single cryf.. tals 

r------------------~-------------------~ 

_?"· Elsburg] 
.i3nstn.rd 
G.E. 
Donny's 

U. Vae1l 
Argill. 
L. Vaal 
MB5 
:M:S6 

61 

86 
90 
79 
91 
91 
84 
67 

The figures vo..ry considorn.bly. Conolly (1965) stn.tc s 

that tho amount of unctul atory quartz in G. snncl.stono is affocte!ili 

by post-depositional effects, primarily duo to fo l ding and 

fn.ul ting 01.nd secondarily to t ho effects of di.:-.c;enosi s . 

Thoro is no evidence of rmy trend in the above fiGure s . 

3 . I nclus ions : 

Inclusions in quartz grains such as fine 

rutile noodles, heaV'J mi noro_l t;I'ains such <"l.S zircon etc. 

uo:ce not commonl y observed . Very t i ny i nclu s ions , o i thor 

liquid or cryst o.l s , often n,rnmt.;od in parallel lii1os, c.ro 

very nbund~.nt in mos t of tho dctri tnl grains . Tho author -:ras 

unabl e to identify tho se inclusion s Hith the e quipment n.t his 

di s pos n.l. Soconrlo..ry ovort;r owths a nd r ocryr.t<1.lli zed qu o..rt z 

; 



27 

tend to be free of inclusions but lines of i ino inclusions 

demarcate oricinal grain boundaries so th~t tho presence of 

secondary overgrowths of silica on quartz c;r ains can be 

easily confirmed. 

CLASSIFICATION 

The rocks of tho Upper lfitwatorsrand System arc for the 

most pc.rt incorrectly termed 11quartzitos11
, c.r; . tho Glossary 

of Gool ocy :.ncl. H.cl~tcd Sciences dcfinr;s a q_unrtzi to n.E a 

"granulosa metmJorphic rock consisting csscntirLlly of quartz11
• 

As cn.n be seen from Table 3 tho amount of qu~rtz v~rics 

botuocn 30 and 97 per cont. Tho rocks t'.re in fnct inclurc>..tcd 

sand~ltono:: . 

The majority of the rocks deocribccl contr,iil only sn""'.ll 

.:-.mounts of rock fragments c.nd very little fclds:->~r; hence 

they cl'.nnot be classed as greJ7imckcs ( r1oorhousc, 1959!> 
Pettij ohn, 1957) even though the perccnt~c of mn.trix r oaches 

more th<'..n 50 per cont. The term sub-greytmcko as cl.efinod by 

Pettijohn ( 1957) is liko;-risc not applicable . As the 2.mount 

of feldspar is very lov tho desi Gnations ark c.- E~e <'-ncl/ or 

feldsp~thic qun.rtzitcs cam1ot bo appl ied . 

The amount of matri x is ccncrally Greater than 20 per 

cent or very close to this fic~re . Hence tho rocks fall 

into tho qu[',.r tz wacke class of Krumbein and Sl oss (1963). 
In Hilliams a.ncl others' clo..sE'ifict:L tion ( 1958) q_uc.rtz rrackos 

c~n conto..in anythinc; from 10 per cent matrix upuards. 

Rocks uhich contnin more than 90 per cnnt nu.:.rtz :-..ro 

t crmccl q_uo..rtz ~rcnitcs or orthoqu:.rtzi tcs. Tho v:crious 

sil iceous bt1.rs ancl tho Denny's q_u!".rtzite fit theca 

r eQuirements . Due to their indurated appoar['.nce tho term 

orthoqut'.rtzito is preferred. Skolnick (1965) ho..s pr oposed 

tho taro "pre ssol vod qut:Lrtzi to 11 for rocks Fi th the mcc!l,scopic 

chc.rt=tctcristics of qunrtzitc but nhich have formed by pressure 

solution of Grains, i. e . those that hl'.vo under Gone non­

metamorphic chnl1boG . This term could be used for the above 

quartz-rich rocks. 

The rocks of tho Elsbur{_, Stacc contain l os r- scricitic 

matrix thnn noct of tho other sediments but could still be 

called q_u;-..rtz rTt:Lckes in tho classification of Uillim!ls, 

Turner nnd Gilbert (1958). They do not readily fall i nto tho 

cl:cssificntion uf Kruobcin ::mel Sloss (1963) . .-~u,.,,rtzosc 
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so..ndstonos o.:;:>poc.r to be the closest term :-.. --p lic-?..blo . 

Tho Arcill:1coous Zone consists of .:.n inc~ur.:t ted, fino­

t;rc-.inod reck rrhich is more mr..ssivo th,_n r.. ~hn.lc' . The m:'..trix 

consti tucnts ho.vo rccryst:-t,llizccl to lovr clot:,roos uf rc':;ionr'..l 

mctc.morphism. Before rccryst.:.lliz:. t i on tho rock vr.:ts probr..bly 

o. coa.rso- c r a.ined muclstono or siltstone. Tho most w.pproprin. t'a 

no..mo for this rock-type is r..rcilli to (Willimns ::.nd others, 

19585 Krumbcin n.nd Sloss, 1963). 

TID HEAVY HHJERAL Dif.TRIBUTIOJIT 

A qun.ntito.tivc hcr..vy minero.l study of ~0vcn anmplos 

from several Zones in the E:tr:--.ticro..phic coh'..mn w.:'..c uncl.ert:-..kon 

lTi th n. vim• to cst:-.blishinc; the nature nncl proportions of 

tho minor['.ls present . 

Tho study nns cnrriocl out on concontrr~tcs yiolclecl by 

crushing .;.ncl subsequent sop.:tr:-t,t ion in bromoforo. Thu ror:ul ts 

nrc oxprossocl ns uoicht porcont.:t[;OS ns number frequencies 

could not be obtn.inccl due to fro..cturinc; ,')f ho;.vy nincral 

grains durinG crushinc. 

!lc_j;hoq_. 

The method is deccribcd in some cloto.il so ns to G~ido 

:.ny futuro invo stico.tion. Approximately 400 crams of r ock 

nero found to be more th:'..n sufficient for o..n ann.lyoio. 

The rock lT<'-P. broken clown to chips nhich rrorc then 

uoichocl. Thoeo chi-ps uoro then crushed to pas<. throuc;h "-

60 mesh sieve n t uhich st;.c;c tho hcnvy ii1incr:-t,ls nrc mor:::tly 

f r ee of o.dhoring q_u::.rtz (_..:rc.ins . Tho crushed rock -vro.c, uoi {;hcd 

'"nd. the loss t l!:r;ouch. crushinc ·rtctcrninccl_~- .-Thic 'ioln-s .::'o1.:_1d ~.;o 

b e .le.ss t han one per cent. As the nmount of cru.l:hcl'l.. r ock U:'..S 

too 1-:.r gc for scp~.r['.tion in bromoform it uns c<'.rcfull:· p:umocl 

three times over usinc n larcc porccl.:'..in cv~~porntin[; b:-.sin 

0nrl 1. somcuh['. t lr!r(_;c r cont<Linor c.s o. rccoptnclc f e r tho 

panned--off ma to rial. Loss froo panninc lT('.S necliciblc . 

Durinc clryint_; the pnnnccl conc~ntrnto acquired n co<..tinc 

of rust c~usccl by iron flo..kos ~ncl chips clcrivocl fr '1n the 

mortar used for crushin(, . The so 1rcro rl:novod by p.;.s;·il1.,'; a. 

strone b~l'-m~g-nct over tho conccntrn to .".ncl pl~cin--_; tho 

P.l<'..tcrial removed in cold, dilute ( 1 :5) HCl. Tb.c iron 

discolvc d but nny o~t;ncti to present rcmr..inod un".ffccto cl . Tho 

insoluble m~tori.:'..l u~s returned to tho conccntr~tc Hhich then 

hnd to be trc <'- ted to remove tho con tint:; of iron oxi de th-:'.. t 
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tondocl to mG.sk minor<>.ls :'.ncl ~lso perhaps ndd to their 1-rcicht . 

Tho conccntr<:. t o wns tron ted in n. 1my rocommondoct by 

Drosdoff nnd Truog ( 1935) whereby tho oxide continb is 

removed by t r 8ntment u i th H2s nnd 0 . 051T HCl. This r:1ethocl 

docs not nffoct HCl- solubl o nino:rn.ls such ns ~p~tito. 

After dryinG, tho concontrnto W<'.S sopr1-rnted. in -bronoforn , 

sovor<:.l funne l s bei:i.1.g used . Koon ( 1955) n,nc. "Tardnugh ( 1960) 

h~vo pointed out tho dn,ngers of too-r0pid sop~rn.tion nnd 

o..ddi tion of exec ss rm .. tor:l.n.l :::, t .::my one tine . 

Inspection of tho ro sul ting concontr.".te unclor ~ 

binocul<:.r ::~icroscc:!.)c shouod nn nbund.::mco of pyri to 1·1hich 

nnskod most othor mine r a ls nnd for the pur:poso of ccuntinr,- i t 

bec<'.me nccess<:.ry to remo ve this pyri to . A portion of tho 

concontro..tc was kept o.sido for reference <'-l1.d idontific.:ction 

purposes. 

The methods n.ttemptcd for romovr'..l of the pyrite Hero 

tror1-tment with >mrm, 15 per cent mm3 , o.ncl cold 50 per cent 

H202 (~1ilner, 1962) . Tho latter method required cr'..roful 

control , provccl to be very slou rmd. 1ve1-s thus [' .. bnnctonecl. 

Tho roo.ction be tneon pyri to n.ncl 15 per cent HIIT03 

r o sul ted in r1. crey-c;roon, insoluble clc_?osi t be inc; left on 

pyri to cr<..inr:, hinclerinc further rer1..ction. Thir· w· ... .,_s thnuc;ht 

to be .'1- form of sul phur but lrr'..S i nsoluble in CS2 • l!hi to s i de 

(1944) hn,s mentioned simil<:.r d i fficultie s . Tho deposit u2..s 

lib'ht but could not be cloen.ntcd n.s it surrour..docl otl:.c:r ho-"1v~· 

minorr'.. l [;'r<'..ins . Prolonced tro::ttmont with 15 per cent Hl'03 

eventually r omovccL tho cleposi t . It is not lmoun wlY~t th\.. sub-

st.:1.ncc u.:cs. 

Dissolution of tho pyri to loft q_uo.rtz in tl1o concontr.:..to 

~ rhich ho.d previousl y been e1-tt"1cllcd t o tho p3rri to cr<'..ins . A 

furthe r sop<'..r C'..tion in bromoform rns thuc nccocsr>...ry . 

Further sopn.r.::ction by nc. .:..ns of C'..n oloctromn..gnot Hns 

.1..ttcmptcd but this met ui th very li1e~i toe',_ succosr:: ·"'-S sevorrcl 

inport'1nt I'linern..ls, viz . zircon, rutile :>ncl l eucoxono hnvo 

very low nn.t;TJ.Otic suscoptibili ty (Krunbo in ".nc'. Po ttij obn9 

1938 ~ Tlronhofo l <'..nd Tyler, 1 941) and could not bo sop<:.r<..tul 

by this ffiC<'..nS . 

As st<'.. ted nbovo) number porccnt-::.cc s would t; i vo c:purious 

rcsul ts . In orctor to fncili t.1..te weiGht pcrccntnce e1..leul:..tions 

t ho hcn..vy minorn..l concontrcttc W<'..S sieved. into throe f r ,:->, ctionsg 

+ 100 mesh, + 200 mash '1nd - 200 mesh . Ench of thc...so 

frr> .. ctions w~.s woic hod . 
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That portion of the conccntr~tc kept aside before nitric 

acid trea. tment <mel tho nbove three fractions vTCrc then 

studied and. nll raincr o_ls present lTere identified.; After 

idcntificntion cnch of tho fr~ctions wns mixed, qunrtorcd and 

mounted for counting. 

Scverr.!.l methods of mounting Here attempted. S.:>..nders .:md 

Krnvi tz ( 1964) sut;gcst n method of mounting thn t n.l lm·rs 

eXr'..J:1ino.tion b oth by reflected ancl transmi ttcd light . 

Haunting nedi.:t used by the r'..uthor 1-rcre raethyl nothacrylntc, 

C~nndn b~lsan7 Arn.lditc (epoxy resin), Aerolite (opo~r resin) 

::.ac.l :trr-IP mountinG pl . .,.stic. Plntcs used 1·rcrc silicone-trc"..tco. 

gl~ss, Vnse l ine- t r cntcd g l ass and Teflon. All those products 

i-Terc experimented vri th as the materials recom.i:-Je ndecl by the 

above tuo authors were unobtn.innble . None of tho coobi n"..tion s 

>ms entirel y successful n.l though the lffiP r:J.Ountin[; plnctic 

n.nd V~sclino trented Teflon cnvc the best r esults . The nounts 

uerc not peron.nent and peeled off tho c l nss s lides nftcr a 

few weeks. The mcth0d pr oved fu be very tine consuninc nncl 

c ould be ~~vo ided in ccrto..in case s by countint; {.;rnins on a 

rrhi tc-surfnced st::.L.;c usinc n cood binoculnr microscope >ri th 

very intense refle cted lit:;ht. In this c:1se the Gr:tins were 

counted in C~nndn balsam on Glncs slides. 

Dryden (1931) hr'..s suc~ested thnt 300 Grain s should be 

counted in order t o obt::tin roason.:->..blo :tccurncy. An -!.vernco 

of 630 Gr:-~inf:'. wns counted in each nount. Countinc wn.s 

c.:-.rriod out uith the ::.id of a Dochnnic>l st::.co following the 

raethod of ribbon sn.opling ndvocntod by van dor Plns (1962) 

tThoroby n o bi~s, (."\.uo to the size of t he Gr r.!.ins, is introcl.uced 

Tho entire Qount vms tr2.vorsed. s i nce Keen ( 1955) hns 

ompha;Bized. tho d~ngers of covori!lb only n:-trt nf ::. aount in a 

ho-:tvy oiner::.l c ount. Fro!:! the number fre q_uoncie s in en.ch 

size cl->ss weiGht porcontr-ces vrore cnlcul~ted . 

The Heavy riinoru.l s: 

Chlorite: As the specific Gr nvity of this oinernl i s very 

c lo8e to th" t of bronofor n it coulcl not be determined 

qu~ntit::.tively. Tlnt portion of it •·rhich E':-t.nk in bronoform 

Ut'..S Ct'untecl cmcl its 11oic;ht l "..tor deducted clurinc: C".l cul~tion. 

Zircon: A l :Lrt;G w1.ri ety nf zircon t;r t'.. ins 1ns observed . 

Trc colour r ::.nc;os from vory pnl c l;ink, rc l nof:t colourless to 

n deep r eddish-purple wh ile tho shu.pcc v::.ry crct'. t l y f ran 

olont;at(Jcl , priP 1.>tic or s tout, pri sn::.t i c or u.lrwct spheric:-'..1 
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to irroculn.r. The prismn tic t,:rains co nerally show- a cort:~.in 

decree of rounding ~lthoush n. few ~ro almost nnr;Uln.r. Tho 

1vCll roundocl., r.. l mof"'t sphoricnl c rr..ins .::ro not V8ry CODDOn 

n.ncl. probr..bly represent recycled zircon fror.1 cn.rlier sodir:1cnts . 

Zoned zircon grr.. i ns were found in .~11 conccntrntcs. 

Other vr..rictics include t1rinnoc1 gr2-ins r..ncl L.;r:oins fillcct •ri th 

tiny incl usions. Tho surf['..ccs of t ho c r::.ins .:>.rc normnlly 

snooth but fino frostinG 11r..e r..lso obsQrvcd. 

Tho zircon g r .'"'.ine n.rc smn.llcr thc..:n o ther c r-:.ins but a rc 

usu"-lly slightly l r..rc;cr tlnn t ho chroni tc c r r..inr. ~1ost of 

thaD occur in tho - 200 nosh fr.'l.cti on1 ~llouin[,' for tho f'>ct 

t hn. t f:l::!.ny c r ::.ins l<Tcro frr..cturcd . Zircon c;rnins r..r o normo..lly 

smnllor in tho qu:crts W'..ckc s th.~.n in the Vr-.nl Roof 1 n. fco.. turo 

'I'Thich is to be oxpoctod . Tho prcporf;it•n of zircon t~· other 

ninoro..lr vari•A in tho different size frn.ctions , c . G. 

lm.lC\.'Xcno is more nbunclt'.nt th.:m zircon i n the conrsor size 

frt'.ctions but is l csr t\buncknt in tho finest fr:1ction. 

ChrcHni t c : This Binor::.l i s not coDnon i n tho ~u::.rtzi toc but 

is 1-Tidcsprc.'l.d. J-.•!o r t of th;) cr.:->..ins c!.:i.' C uoll-rounclcd, S0!-:10 

bcinc; perfectly sphoric['..l 1 while p'l.rtly rounclcd oct:--..hoLlr['.. 

with fl::~t f r..ccs stil l visible .-:.rc less common. They cccur 

c!.l rno:::. t invn.rinbly in the -200 nosh frn.ction ::.ncl hnvc o.. dull, 

micr o£copicnlly frosted surf['..cc . 

Rutile: Rutilo nor"'lc!.lly occurs ::.s honey-colour ocl c;rc..ins, 

ci thor n.s slonclor rods or nc stur.1py, prisr.Jctic cryst.cls . 

Huch of the rutile is ~uthic;onic . It i s n.lso fou nd .:.s fine 

noodles in chlori to c rn.ins g ivirl{_; thaD .::. :p.:.lc , yclloliri sh- c r ccn 

colour . Dcfini toly dctri t n.l rutile , -:.1 thou ·;h found, i s not 

comnnn. :=::uch g r ::.ins .'l.ro r ounded , r.'l. thor (l_:.rk brorn ::md often 

f['..intly s t rio.. t cd . 

Lcucoxcnc: Tho colour of t ho rutile t:;r <'-ins v.:.1·ics r>.ccordint; 

to the o..nount nf rutile in then. Viljoon. (1963) stntcs thnt 

X-rny r..nn,lyscs of tho loucoxcno he :::;tudicd shoTrctl it to consist 

m::.inly of qu:1rtz f'.ncl rutile . Tho V'l.rintion in c ol our i£' 

from white t o ornnGo . Under<'.. binocul.'"'.r n i cr oscopo the 

minor."'.l hn.s <'.. r:l.". ttc n·)pcnr<'..nco end norm::.lly o ccurs <'..S 

r~ thor l ·:.rt;o 9 rounded c r n ins . Hmwver o.. l o..rc c ['.._ 1nunt of 

irre[,-ul :.r, redistributed lcucoxcno i s founcl . 

Jio~t of tho l cucoxonc i<: fcmncl in tho + 100 me s h 

fr.:.cti on. Occ.'"'.sionC'..lly there i s clifficul ty in doci cl.inc 

nhcthcr n v:.rticul:.r cr<'..in is rutile or l oucoxcno . Tho 
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p~rcnt mineral of tbD leucoxono is no loncor present but 

1v:1.s probably ilmenti to. Ti t<:mmn.gnoti to mccy .;.lso h;cvo con­

tributed to its form~tion. Some originnl structure c;:.n be 

rocoG~izod in po lished sections. 

Pyri to is by f;:.r the most comnon nincrnl b1 the 

concontrr'.tos. Other sulphides vrhich occur tocothor Fi th tho 

:?Yri t o uoro chssol vod. in tho ni trio ncic1 tro<'-tmon t "-nd nrc 

g r oupud >vi th pyri to for the purpose of uoit;ht-porccnt':'..Ge 

cc.lculntions. A description of those c<en be found in tho 

soction on opnquc nineru.l s . Such sulphides ·:'..re often conmon 

in tho Vn.al Roof but apLJc'l.r t o be very uncorunon in tho 

nronc.coous rocks . 

}fuch of the pyritn is found c.s irreG~lar grains, perfect 

cubes ~nd pyri t ohoclr0 tocothor Hi th c. smnll c.r:10unt of rounclocl 

crains , oval to s~horicnl in shnpc with rn.thor dull surfaces . 

Tho so gr;:-.ins mn.y be ori c inn.l do tri tal pyri to or psouclonorphs 

u.f tor n.n original oxide, o.c . mc.cnotito. 

TourmCtlinog Tourmc.lino is common in ccrtnin concontr0..tcs . 

Uhile some of it is dctritnl a certain u.mount i s l'..uthi[;cnic 

n.s soon by its hu.bit . It is f ound 0s rcunclccl grl'..inc l'..ncl ;:.s 

lonG, slender prisms . Occnsionnlly an n.uthiccnic ovcr t_;rrn.;th 

on ;:. r ounded {;rl'..in u .'l.s observed in thin section. Tho vr>.ricty, 

confirmed by rofrl'..cti vc inc.ex cl c termino.. tions, is schorli to. 

Mcny col·)Urs uoro obscrvccl, e . g . clc.rk blue , pleochroic to 

light b lue (sometimes so dC'.rk thnt the nincrc.l ccppcu.r ed 

opaque) , cl:crk br01m, pleochroic to JT'. lo ycllou-brown, and 

cb .. rk green, pleochroic to green. On occr.sion, grains hcvinr; 

different colours at. ei.thor 6:x:trcni ty wo:v9 oncounterod. 
I 

Epidactic _: Tho presence of epidote i•r::ts r ecorded in only 

the ~ID5 Zone . !t occurs ::ts p::tl e grccn,tr::tnsp~rcnt, clc::tr, 

rounded, prism::ttic gr::tin s showi nc f::t int ploochroi sn. Tho 

minor'i..l i s of nn qu:1n ti ta ti v o imp orto..ncc . 

Apntitc: Apc.tite occurs only in tho Argillaceou s Zone 

where it occurs u.s colourle ss~ well-rounded small gr::tins 

concontr::ttod in the - 200 nosh fr~ction. Occc.s ionn.lly tiny 

inclusions arc present in these cr::tins . 

!bcnotite is of no qu."..ntitative in~!ort~nco. 

The c retins c:rc r:.b !::.ys ve ry tiny u.ncl h.cVO a l:JOtetllic lustre. 

The Qineru.l is f ouna u.s p::trt ly r ounded octl'..hcclrc. and cubes 

both in the Vr:.r:.l Reef l'..nd Argilletcc ous Zone . 
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Chlori toid ~ Thi s authigenic mincrnl ic a. cl..<'..rk c r ocnish-

blue colour. It has f .:1.irly l oT·r b irofrinr.cncc ~mel <:. flo.ky 

f or m. The grnins often contr-.in irrot,"Ul.'lr inclus i ons . 

Other ore J,lincrct.l s n rc no t doscribccl hero . Urn.nini to 

vms 1 :.rccl y o.l tercel to scconcl·:>.ry ur<'-ni ni to L:.nd ro rU' .. s l c•s t 

in tho crushinc ['.Hd sopnr:-... tion. 

Ro£ults 

These ['.ro bivcn in the <'-ccoopa.nying t <:.blos . Tho 

rcsul ts nrc expressed n s rrc i c ht pcrccnt['.{;cs L:.J.J.cl thus nro not 

directly com·1r:.rc.blc u i th other worl:crs '· r esults uhich hnv:~ boon 

sta.tcd in terms of numbcrfrequoncics (Vilj oen 9 1963; Coetzoo, 

1962). 

Table 8 

The aoount of heavy o incra.ls (including pyrite) ~na 
tho l'..Dount of pyr ite in the honvy o i nernl c oncontra.tcs 
expressed a.s ue i Ght pcrc0ntagos . 

Zone ~o heavy ~0 
minor::~.ls pyrite 

----------- - ___; 
I 
I 

Bn.st.•rd 0. 36 83 I G.E. (top) 0.22 77 
G.E. ( bot ten) 0. 22 89 .5 
u. V.:.o..l 0.15 74 
Argill. 0.02 33 
L. Vaa l 0 . 07 84 
I.ffi5 0.26 74.5 

Tho rol£1.tivo :-..mounts of ho:-..vy miner:'..ls, ex cludint,· pyrite , 
e xp r essed .:'..s 1wight pcrccnta{;cs . 
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T0b1e 9 continued • • • • 

.,.... .. ~ 
.. 

' 
G.> (!) r.J ' Q) 

r.:J G.l .~ . s::: ·rl (!) ~" 
+' <l> F~ Q) 0 +" ·rl .... ·d ,-! ,-! 0 " .p ·rl +' ...... " ::~ 

~ 
·rl C) 0 ·d +' G) 

0 0 +' H C) H ( j 
,., 

H ~ ·rl ;::; 0 flo ~.) 
':J .c: r:: .... t -1 G.l ,-! . ~ 

0 0 H r < ' .... I · ·• := I 0 

Bn.st~rd 8 46 15 31 · I - I -iG,E, (top) 6 10 40 ' 2 42 i - I -
I I ' G .E. (bottom) 9 3 40 19 29 I 

' 
- - I 

U . Vnn.l 1 12 26 33 28 ' I ' - I -I 

! 9 SeQ 33 13 1 1 Argill. 3 41 rytll e I L. Vi>.<'..l 10 8 5 I 67 I -
, tiB5 1 10 42 30 17 i -
I ! 

--~- -- --

Table 10 

The n.nounts of hc ::.vrr;miner <'..ls, expr essed n.s 1vc i r;b.t s 
rel['.tive t o 100 mg . of zircon (pyrite excluded). Koen 
(1955) r ecommends thi s Bc thod of presentation r~thcr thnn 
th:". t of pcrcenta.t;e s boC[tUSc t he rc l nt i ve porccnto.cos of n.ll 
mine r A-ls in t ho conccntrn t o rdll a.l t or even i f only one 
Bi nor a1 v;:.rie s. 

------·-------
I 
I . 
I 

' G.l . , I ~.:.) <l> .~ ' 0 '"d . G) I .p Q) s::: r:: ·rl G.> +' I • .,..., r-1 ,-! ~-~ 0 <l> 0 +" · r~ 

I 
;::! ~ ·rl C) ' I ·!--' ·rl ~" .. 0 0 f.; +' H 0 ·rl +' (!) 

f.i a .-I C) H cj l~ . N .... ;::s ; .1 ;::s 0 P~ 
0 0 

~ r:' ··~~ /i I E-i 
b I I 

I ---+- - - I 

BastD.rd 54 1 304 100 1 204 
i I 

G.E . ( top) 16 5 2 388 100 376 I ' 

' 

I 
·G.E . (bott om) 49 I 16 218 100 155 I I 1J.Vna.l 1 36 79 100 86 

374 ! ;;5 Argi ll. 40 479 100 l41ct. 17 I 
L. Var:.l 112 100 185 812 l - I I :MB 5 4 30 140 100! 57 I I - I I I 

I ------- -

For t ho most p;:.r t tho hc ::.vy mi ncr .• l ;:.sscnbl a.t,;o s arc 

sini1.·~r i n .1.11 tho horizons sturliccl , s or.1c species beinG 

nbsent i n ccrtn.in hori zons n.nd present in ot hers . Gol d 

is ~bsent f r om tho concentr::.t es. 

Pyri to i s by fo.r the mos t r buncln.nt hon.vy oincr a.l. The 

perccntn.gc of hco.v~ Bincr::.l s in the Vo.nl Roof ( sec under ' 

Econonic Geol ogy), inc1udil1£ pyrite , r cuchc s 9 . 8 per cent 
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1-rhilc the f i t:,-ur c for the n.r c n r'.ccous r ocl::r V<'..ric~ bchrccn 

0.02 per cent in the Argillaceous Zone to 0.36 per cont in 

the :Bn.st<'..rd Zone. The l'..v e r ncc for the r ocks i s 0.22 per cent . 

Zircon, rutile, l cucoxcnc 2nu pyrite ~rc coOMon to ~11 

horizons. Tourr:1o.linc is nb Lcnt only fra n the so.nplc fran 

the Bo.stn.rd Zone . Epidote is prosont only in the !~ 5 

s <'..mpl c <'-nd .:1.pr. ti to only in thet t fran the Jl.rcill~ce:•)US Zone . 

I1i ncr n.ls like chlori k ·icl, sane of the tourm1.linc; <'-ncL. 

n l so rutile ~rc not dctritn.l ~nd r.rc thus not of corrcl~tive 

v~luc . li'cw of tho dc tri t::.l hc.:tvy mincr.~l r: ~ro of 

qull.ntitn.tivc i n port"-ncc. Those "-TO zircon, chromitc ~ncl 

l oucoxc nc . Thr out,h the successi on chromi to ckcl·o~sc s i n 

o.mount clownw!:'..rds, z ircon incr c;:-..scs ~ncl lcucoxc nc rc. ra.~ins 

mor e or l ess const::mt. Compo.rcd Hi th the V.'l"-1 Reef the 

qu::~rtz 1-mckcs c ont'>in rclll. ti vcly nora l cucoxcnc <'..ncl l os£' 

chromi t c . 

Fron the ro sultB it o.ppo~rs tho.t tho source rom~inoQ 

lo.reo]y unch\'.nt;ccl throughout dcposi t i on C~f those ' ~i tH::.torc­

r~nd System bcd·s , "i th tho posf iblc exec Jt ion of the 

Arcilln.coous Zono , 1-vh ich h:'..s r. distinctive hc .~vy l:Jinor.?..l 

n.sscrnbl n.gc . Th0 s l iGht v e>.rio.tion s in hcr'..vy ·f.lincr"-1 ::::pccios 

f.'l·'lY n. i c1 in c orrclr->..tion of tho rocks over l ini ted r:.rco.s 

:'.. l thouc h the v n.ri-::. tion in r ol<'-t i vo proporti ons uvul cl porhr:ps 

h.~vc ere::. to r i npor t<'-nco Hi th r ct;n.rrl to such corral,~ tion. 

Tho nincru.l species present ·'lrc l'.l l stnblo -~ncl -''.rc 

r cprc8ent"-tivo of "- vn.ricty of sour ce- r ock type s 1.s 

ind ic::.t od in Tn.bl e 4- 11, Krumbcin and Sl oss (1963), vi z . 

( o.) . Apn.titc, monazite (in t ho v.~nl Roof) ."..ncl zircon 

nny be clcri vccl_ from ..,,cid i gneous rocks, 

(b) chroni to, lcucoxcnc n.ncl rutile nro der ived fro;:1 

ul tra.-b;-.sic iL:,"ncous r o cks, 

( c) rounded. zircon c r o.in s .~ro clc rivocl f r on r oworkocl 

soclimcnts . 

Scvorr:.l fn.ctors influence t he hc"-vy nincrn.l c 0mposi tion 

of n rock, v i z . -vro::.thcrinc , o.br-::.sion , sclccti vc s .; rtint:; t'.nd 

po::;t-dcposi tionl'..l solution ( v :'.n Andel, 1959). Jlottijolm 

(1957) st.:'..tos tho.t thu l:'..st is prob nbly the nor:-t ir:rp>rt.~nt 

fn.ctor. Thus, 11i tll tho :rnsS='.f,'O of timo , the lc.; z:::- Et:l.blu 

mincro.ls clicsol vc l on.vinr; only tho ::tost Bt~blo .. 1inor1.ls . 

Sc l octi v c S<' rtil1L is pr('b~bly o.n ir1p::- rt:mt fn.ctor ::1.c 

th0 c rn.in sizes of sonc hc::.vy raincrt:l spoci os l'.ro very ouch 
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larger th~n those of other species so th~t tho rcl~tivo 

proportions nay vn ry nccordinG to tho modi~n gr~in size of 

tho sediment. It i s nctpossiblc to dctcrnino tho import~ncc 

0f uonthcring during tra.nsportntion or selective mo cha.nicnl 

destruction in tho Qirv ction of tra nsport but both of those 

fa.ctors r.mst h.'l.v o contributed to the fin...i.l n.sscnbln.gcs. It 

is likely th,i.t the ir i mporta.nce d id n o t vary much throut;hout 

the cloposi tion<>.l period . If the source of the minerals 

a.l torocl tho minc r <>.l o.sscnblngc 1-roulcl h "-v .:.: changed nccordinGlY 

but this docs not appear t o be the cnsc . 

CHAPTER 2 

THJJ ECONOlHC GEOLOGY OF TIIE VAAL RJ~EF 

1. Tho conglomo~cto 

In tho Has. 1 :mel 3 Sh~ft arca.s the Vn.al Roof i s r. 

sma.ll-pobblc, oligooict ic cont;l oncrn.tc vc.ryinG b otuocn 1 

inch .:mel 8 i nches in •·riclth, often c~rrying o.. thucholi to 

soo..m .:. t tho b £'.so . In l ow- c r .".clc C'..roL'.s t hv thucholi to so~El i s 

u sually absent ::.ncl t ho ccnclomcr c.to is ner o po]ymictic i n 

ch::.ractcr. In tho no . 2 Sh~ft o.ron. the roof is still 

oligomictic but is very much t h i cker, widths .,f three to 

fiv e f eet bcinc cnmmon, tot:;0 thor ui th intorcnlate:cl 1e:nso s of 

qu a.rtzi to . This thick r eef contC'..ins golll trroucJ'out a l thnuGh 

tho t;rentost concentr:1tions .~.ro ::.l one the l over cont::.ct . 

Thucholito scams oa.y be pr esent i n tho roof [l.t no . 2 Shr.ft 

i.nQ up to three such so~ms h~ve boon obscr ve:d i n one thick 

b.:mcl of r oof . The thickness of the thu choli to rn.rely exceeds 

one- tenth of an i nch. As mentioned in tho "Silvcr content of 

Gol cl" section i t is possi ble thr_t tho cliffcronccs in the 

roof in the No . 2 Shr1ft arc.1. fron tho remainde r of th;:; r;1inc 

aro r ol <'..tccl t o tho novonent on the intcrvuninr; Kromclran.i 

fn.ul t . 

At No . 2 Shn.ft ['..nd to a l esser extent clseuhcro tho Vr'.r..l 

Roof exhibi ts cha.rn.ctcristics s imila r to thoro doscr ibcd 

by Antr obus (1956) f or tho Bn.sr..l Roof in tho President StoJ~ 
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Nino, i. e . tho prosonco of tvrc r oofs, one s lightly ol der thr..n 

t ho o the r ~nd p~rtly e r oded, with tho erosion p r oducts boinc 

incorporr..tod i:n tho u~'1or r(;of . Tho l m·ror roof mn.y bo 

sopu.ratocl from tho up",)o r r oof by up to six foot r:-f siliceous 

qut'..rtzi to, n.l thouch t ho qun.rtzi to is rr:.roly mo r o t h"..n two 

f(;et thick (Fit:;.9) . ·Tho l ower r oof is norhnlly only i'.. 

pr:utinc vTi th sco.ttorocl l)Obbl os <:.nc.l c.;rn.nul"os of thucholi tc 

<:.long it but c,old "..ncl ur<:.ni um v~lucs r;1C'..Y be hit;h . The 

qu i'..rtzi to bohrocn tho hro r oofs i s o..n orthoqu:lrtzi to, vo ry 

similt:.r to tho i mmcd.i::.to hn.nt;inpmll of th...._ Vn..:..l Roof . It 

cloes hal-rever h~VG ::. pur plish or viol et tint "..nd no pyritic 

crits .:uo d.ev clopccl i n it . Those fcn.tur cs corrcf'·J:'Oncl. ;'..lnost 

c::mctly iii th tho~c do scribed by Antrobus . He stt'.toc th."..t 

whore ono r oof only i s dovc l oped th(l gold v~luo is t;rc."..tc r 

"..S gol cl from the lover reef (now e r oded) h."..s become in­

c0r;)oru. ted into tho Ut';"~cr rccf. The eviclonco from S·"..mplinc 

on Vt:.n.l Hoefs is inconclusive ;.s th<.; up•)er roof mn.y or nc.y 

nr't shou enrichment in tho vicinity r, f tho suboutcro~.1 of the 

l <)•·rer r eef . 

Tho V~o.l Roof is cnr:J:)osec.". of pebbles resist.:'..nt to 

;.ttrition, these beint; qu.;.J.•tz, qut'..:;.·tzito :'.nc.". chert . P.2o 

v::crir'.tion in th<.:J proporti ons of these consti t uonts r"..r; 

.'1lrc."..dy bcen d.iscussoc'.. ".ncl it ci'..n further be observed thi'..t 

in hir;hc.r-cr."..do c.ror.s tho chert ''crc,.mt<'.{,O j.s constant n.t 

8 . 5 ')Or cent ·:'..n'.-;, ::;ro.~.tor thn.n in l ol-r- r;r;;.do -:'..rer..s whero it 

o..vurncos 6 per cent. ·It n.ppcn.rs th."..t thi s ro l ntivv increu.so 

of chert is clue to c r on.te r rcuor k inc; C'f tho c\m[;l onvr".. ·t;(; ''ncl 

thL'.t the l o: s r osist<"..nt qu<:.rtzi t0 :)ob1Jl cs 1vor0 :--.:".Jrndocl . 

Tho roof L'. t If o. 2 Shn.ft, hovrevor, cloe s no follou tho <"..bovo 

pr..ttcrn. Hero tho total chert pcrcont0go, 6} per cent, is 

l oss i n the hi[..:h- g r nc!.o ."..rons th<'-n i n the l ow- .:_;r"..Ce u.rc<'..s 

1-rhoro it is 9 per cent . The r en.son f or thif, ic not cl enr. 

Pebble- size mer..suromontn m.)ro c<'.rricd cut in or<.lor to 

nscortnin whothor ~old content is n function of pebble ni~e 

L'.nCI. ~ortinc cooffi c i unt . 1".. t onch 0f 79 l () cn..l ti0 E· ·~:he 1 0 

l 0rceet pebbles in one squ"..ro f :)ot 1rcro nonsurecl_ ( T."..bl o ll 

<'-ncl_ Fie; . 7.) . The nnturc of tho reef ic such th:"tt r:-:et'-suro­

monts hnd to bo pcrforr.10d in only tvro clinensi "'ns . Tho 

hTontest visible cliL'.mcter lms measured in oo..ch c2..so . No 

systonn.tic vari."..tion in pebble size u<:.s evident vhen n. 

movinc c.vcrrtgo pilian wn.s dre1.-vm up . Tho autl'h; r fools thnt a. 
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gre~tor number of pebbles per loc~lity, pcrh~ps cvor ~ 

l c1.rcer r.rcc1., shoulcl h<1.ve been mc~surcd for a dcfini to trcncl 

t o show up . 1Tevertholoss the c1.vcrncc of the 10 l:tracst 

pebbles in hiGhoi'-c rnclc a.ro.'""'.s (23 . 0 mm.) i s c r e.:'.tor th<'..n 

that in low- crndo cro1.s ( 21 . 7 mm. ), lomlinc t o tho conclucion 

tha.t hichcr g0 l C'c Vt'..luos n r c n.ssoci.,,tod wi th creator pebble 

si zc. A sinil<1.r corrc ln tion h<'-.s boon reported by Pi r ow 

( 1920), Reinecke ( 1927) D .. ncl Stcyn ( 1963) . It must be 

stressed th~t the r~sult is only ompiricnl as n o stntistic~l 

~nnlysis was c1.pplicd to the dc1.tn . A det<'.. ilocl study of pebble 

size v~rio.ti0n ~Pl>uo..rs promising. 

Size analyses Hero porformccl on sclectc cl s~nplc s ~f 

Vc1.~l Reef in c rcler t o cc npa.rc moclin.n aizes .1.nd sortinG co-

offi ciants in clifforont parts of the roof . Only the: thicker 

reef in tho nos . 1 1.ncl. 3 Shnft o..rons .:1.nd the r cof in tho ~To . 

2 Shc1.ft ~rca uoro soloctocl . :Snell snmplo 1ms divictocl into 

four soctiono fr·.)n b::>..so t o top nncl tho lone L'.nd short C'.Xos 

of L'.ll pebbles over 4 nm. ~<rero mon.sur ocl. Tl10 I:lO<'.l1. tl.i:.'.motor 

calculated for ench pebble , i . e . 

moan cliamoter = l?nh axis + short nxis 

2 

Cur,lUlativc curvos ~rorc th.,.n drc1.wn .:->..ncl tho v.:->..rinus 

st~tistic~l mensurcc ron.cl off (FiG• 10 .:->..ncl T.:->..blo 12) . 

Nur:1bo r frequencies 1mre used c1.nd size cl.'""'.sseo 1ror c <"'110 to 

t~vo ni l limetros .:->..r>o.rt . Steyn (1963) found th<'-t both numbe r 

fr(11].lency curves <1nd -vreicht frequency curves CL'.Vo simil1.r 

ro sul ts . Tho curves were not corrcctccl for tho bi.::.s of t1·~o 

purposes only. 

Tnblo ll 

Avcrngc m.'l.ximum pebble size 0f th'=' ten l::.rcost pebbles 
in one squnro foot. The letters A, B etc. refer t o :-tr on.s 
in uhich r co..o.int;s 1voro tCl-ken (Fie . 7) . 

·---·----·-------- - --- - --
1 Area .A i B 1 C j D ; E i F G F . r- ···1--·-,---j ·--r--~-- -· ; ! ~-- -1 
.t,vor.:'.£;0 m.::.xm . size mn.; 22 . 4122 . 7! 22 . 6;25 . 4r

1
• 21.0119.3 !18 . 8~ 22 . 3: 

I I ' I ; I 
~:::---:----:-~--~-=-+-_.....,.--!-' --::---+· --;:---!-' -· -+--:;---'-- - - ...:.. --- - I 

1Ho . of observations 7 i 6 · 6 ' 6 · l ! l 1 8 : 3 1 
1 I • I ·---- - ~- ---·----·--·---·- ---------·--·-··---·--=---- -- -- -- _. ___ ! 

l 0 • ,. ~~': 
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Tnble 11 cont. • • • 

----------------~-----------------------------' I ' ' ! : ' 
Area Il Jj Kj L t~.I N1 O ! pliQ 

I I . - --------+--1-, ---!'f------";----t- . --t---r ---:-·-
Avcr~~e nax~. sizo 25.512o.6j22 . 8 j24.0123.2 ~21 . 8j23. 3 ;18.51 18.7 

llmm. ----+-·--~-~·- l I _j_·-- ·--~·- --+--.1 _____ _ 
~ f b · t· 6 ,. 4 ~, 8 !, 1 I 7 •1 2 !! 6 I! 1 ., 4 o.l'• 0 . '.: . 0 serv<'.. ~on 
~- : i I 1 ·-'--- --~ --~- __ 

Table 12 

Sorting coefficients (Trask v~luo), lst Qunrti1es, 
Third (~uartiles c.nd T.Icclinn pebble sizes. 

I Sample 1To. jsha.ft I sorti~ : 3rd. ; l~t 1 ~ecl..irm 
. nrca I cocff~ c.l q_uC'..rt~le 1 '1W'-rt~le . f'~zo mm. 
j ' I ' i ! I ,-- -----· .. --- ·----

551 ~: top j 3 
1 

~:~-~ 
11 

~~:~ ; : { ~ : ~ 
c . I I 1. 28 8 . 5 5 . 2 6 . 3 
d . I l 1. 29 I 10. 0 ; 6 . 0 I 7 . 4 

combined dn.tn ·j 
1 

1.36 ~_:_8 __ 1 ___ ? · 3 j ___ 7 . 0 I 

l. 44- I 9 . 3 I! 4. 5 II 6. 71 346 <'- . top 
b . 
c. 

l 

1.33~, 0 5 , 1 I 6 . 6 l 
1. 27 10. 4 I 6. 5 j 7. 8 : 

__ c_o __ m_.b_i_n_c_d_d_o_. t_a ...... 'l----+--1-. _28 8 ._~ __ j__5 .1_L~8_j 

1.28 . 7 .7 1 4 -7 
1 

6.0 829 a . top 2 
1.38 9 . 8 5. 2 ' 7.4 i 
1. 30 8. 6 I s. 1 i 6. 4 
1 . 46 1o. o 4 . 7 1 6~!;. 
1.35 8 . 8 4 . 8 i 6. 5 

1. 21 7 . 2 4.9 5 . 8 
1.19 6 . 8 4 . 8 5 .7 I 
1.24 I 7 . 2 4 -7 6.1 I 

1.35 I 12 . 1 6 . 7 9 .7 I 
1.•41 I ~~ 8 4 -9 i J. :;. I 

r T 1 ~ 
1. 20 7 . 3 5 • 1 5 • 8 ; 
1.37 9 . 6 5 . 1 6. 8 . 
1.33 7. 5 4 . 2 5 - 9 
1.36 8 . 5 4 . 6 6 . 3 
1.30 8 . 2 4.8 6 . 2 

b. 

2 

c . 
c1. 

combined cb. t n 

831 n . top · .. 
b . 
c . 
d . 

conbined data I 

840 a . t op I 2 

b . I 
c . 
d. I 

combined datal 
I ___________ _...:.... __________ J--, _ ____ .:,._ __ 
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The results show th~t the Vaal Ruof from tho Nos . 1 ~nd 

3 Shaft areas hr:.s a gran tor modicm pebble size than thnt 

from No. 2 Shaft. Tho interesting fact is thnt tho median 

pebble size for tho l owest portion of tho reef i s creator 

than tho m;)dirm for tho entire roof nne_ tho modi<-m for tho 

t opmost portion is smaller than thD.t for tho other sections 

(FiG• 10). A Glance at the assay sections shows that the bnso 

of tho conglomcr.-.tc_ is most stroncly mineralized nnd tho top 

most vroa.kly minerali zed. These frwts fit tho previous findings 

that greater pebble size is characteristic Of higher Grado 

roof. Tho Trask Sorting Coefficient rms calculated in ouch 

case. Accordint; to this scnlc tho sortinc of tho pebbles is 

very good in all cases. Thoro is no systematic varia tion in 

the sorting coefficient upvmrds in t ho roof .-.nd tho roof may 

bo bettor sorted towards tho top or base. It is interesting 

t0 note that tho roof from the Nos . 1 .-.nd 3 Sh'"'.fts is bettor 

sorted thnn that from No . 2 Shaft, and nl so th~t while tho 

Nos. 1 rmd 3 Shaft snmplcs ~rc bettor sorted l"..t t ho b:->.sc, 

tho sampl es from No. 2 Shaft a r o bettor sorted t ounrds the 

top. 

Fif,"Uro 11 shows <'-n i nch-pcnnywoi cht pl nn of (;Old valuus 

in the v~~l Roof, modified from a plnn dr awn up be the 

Samplinc Department a t tho ~inc , Thoro i o a very definite 

ol oncntion of tho payshoots in a north-south di r ection . 

:·Then the centres of tho shoots arc j oined, a br"-iclccl p~ttorn, 

much like th~t of streams on a deltaic plain, shows up. The 

current directions, not determined by tho .;.uthor, .-rare 

probably from north t o south (Antrobu s , personal co~munic<'..tion, 

Brock n.nd Protorius, 1964, Pl.6). Thus tho pnyshoots 

represent areas of gr antor rorrorki nc by currents, prob;.bly 

stronger th:m in surrounding lowo~grndo areas whore t ho 

avcrD.go maximum pebble size i s loss. 

2 . The Oro Hincra.ls 

Detailed a ccounts of tho ore minera ls occurring in 

~fi t-vmtorsrnncl System conc; l omcr n. tes h<1.vc been [;i von by several 

authors, notably Liobonborg (1955), Ramdohr (1958) and 

Vilj ocn (1963 ) •. llhi l o LicbonberG clid study sample s from tho 

Vaal Roof neither Rn.mdohr nor Vilj ocn duscribcd tho mincr~logy 
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of thnt horizon, Several nuthors h avo described the 

mineralogy of simil ar gold-bcnrinc conglomerates such ns 
' 

tho Vontorsdorp Contact Roof ~nd tho ]l~ck Reef . As f nr ns 

tho u.uthor is aware this is the first account of the ore 

ninornls of tho Vaal Roof . 

The mine r a ls pr esent Qro similar to those found in 

other reefs and textures anQ rol~tivc aGeS differ onl y in 

cl_ck.il. The minerals 1vcre idcntifiocl from their opticn.l 

proper t i es, reflectivities a nd x-ray data. 

Pyrite 

Pyrite i s by far t ho most abundant oro mineral present 

and one of the most intere sting. It occurs in sovorn.l f orms 

with at least t-vro gcnor:;.tions boinc pruscnt . Tbc forms L'..rc 

ns follous g rc--undocl g r a ins, ovcrgrovrths, por~ms t;rains a:ncl 

irrcb~lar, late-formed bodies. 

a . Rounded srains: 

The amount of thi s type varies in d i fferent sampl es and 

either this or other forms may predominate. In a general 

1-ray, tho rnoro highly pyri tizcd. the roof is, tho hi£hor the 

GO lcl_ content . 

Those rounded cra.ins do not enter into intort;ro-vrths 

rri th any othe r mincru.l s . The ir size vn.ries consiclora.bly in 

polished section from l oss than 0.05 mm. to 1. 0 mm. ( Pls . X 

L'..nd XI) . !·hny of the crains shm·r tr:'..ccs 0f cubic clcG.V2..["C 

which is Hell displayed in c;r::>..ins ;.rh i ch ho.v1;; been trn.' )ped 

b e tucen larce quartz r, r:>..ins o r pebbles a nd h<'.ve bc<..;n crushod 

to soP.Ie extent . rhny of the t;ra.ins hn.vo suffered n. ccrto..in 

amount of attack by the matrix reSLlltinc in slicht 

irresularities of crai n boundaries . Uuch of t ho re>undcd 

pyrite is of a similar size to the dctritL'..l crain8 of zircon 

a.nd chromite . 

Fishe r (1939) be lieved that a. consicl8rnbl c amount of 

tho rounded pyri to formccl at tho oxp<..;nse of quartz Gro.ins . 

This .:. )pen.rs to be unlikely n.s t:b.o r:.vor"-CO GTL'..in <> i zo ("If the 

q1..nrt z is fn.r [;rei"'-tor than thn t of th() rouncl"C:. pyri to. 

Recently the iclo[l. h2.s boon mooted thnt mo~t of the r nnndccl 

pyri to (;rains may h:.vc been origin.:1.l dctri t0l no..tcri G.l 

(R:>..mdohr, 1958) , Vil joen (1963) feels thn.t this i s tho 

co.. so in tho Ibin Roof and fhin Reef Lon.clcr, 1rhilu I~ lG.n 

( 1959) favours such n.n ori cin f or tho r c,unc1od pyri to in tho 

Dooinio;.1 Reef conclomorn. tcs, 
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The envelopment of these grains by younger pyrite is 

often very striking and is a common feature in the Vaal Reef . 

The rounded grains are separated from the overgr ow·ths by 

hairline cracks so that the original grain boundarie s can be 

reco8"nised 1-ri thout difficulty. Polished section::- of pyrite 

along cross-bedding foresets dire c tly overly ing the reef 

shovr many rounded pyrite grains along the cro:::s-beds, a lmost 

invariably surrounded by later pyrite overgrowths . 

Along the boundarie c bet-vreen the t1v-o types of pyrite, 

lenses of ch~lco~yrite, secondary uraninite and g~lena are 

found although not common. Rounded pyrite grai nR are 

occasionally ob served in thucholite seams . These generally 

have pyrite growths surrounding them. Pyrrhotite, thucholite 

and gold are later than the rounded pyrite and may fill f racture s 

in such erains . This pyrite is also older than authieenic 

rut ile needle s as these a l so fill fractures in the rounded 

g rains. 

Smal l , rounded inclusions of chalcopyrite and/or 

pyrrhot ite and occas ionally gold are a common feature in t hi s 

type of pyrite . Ramdohr (1958) states that this 11 

shom: the pyri te lumps are t rue pebbles11
• 

b . Overgrowth pyrite~ As previously state d 9 a l arge 

number of rounded gr a ins are surrounded by later ove r gr01·rths 

uhi ch possecn crystal- or irregular outline :::: (Plc X, XI ;XII) . 

Such overgro-vrths also surround zircon. chromi te and leucoxene 

{;rains . Overgrouths of this nature are later than rome of 

the porous pyrite (see under c . ) . 

The enclos ing pyrite i f; usually very cimilar in physical 

cha r acteri sti cs to the rounded pyrite grains and can be 

distinguished from them only by the presence of the above­

mentioned cracks but thi s is not inVariabl y the cace as some ic 

porou s material. This type is earlier than thucholi te which 

may replace it . 

c . .~C?rous_NFj. te: The ;)Orou s l)yri te cor reopondE to 

Ramdohr ' s "Concretionar y pyrite 11
• Grain!:' of this type vary 

g r eatly in s ize and may or may not have a rounded appearance . 

'rhe "porec 11 usually conr i st of quartz or matrix material. 

Often these -'ores exceed in proportion their host . Many 

occurrences show a greater propor tion of pyr ite in the centre 

gr adually decreasing i n amount out1-1ards, w·hile in other 

examples the pyrite shaHs fewe r por es at the borders . 



f'l~\te XI Va.al ·eef. ~ounded pyr ite grains and overgrm·th 
;:rite (~y), 3ers~orffite or cobaltite C2er), 
chro;"?.i to ( chr) ancl leucoxene ( le) . . )econc1 ~.ry 
ura~inite (u), in veinlet for~, replaces ~yrite. 
Polished section, x )2. 

Plnte XII :lineralized fore set, ~!aal :1eef. ::-:ounded ) yr i te 
grains (py) and a porous pyrite grain (centre) 
surrounded by later over6rm-:th pyrite shoHing 
crystal outline. Polished section, x 92. 
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This pyrite has grown by replacement of the reef matrix 

which has been affected more easily than replacement of 

quartz grains so that a l most complete quartz grains n~y 

be enclosed within pyrite, Several porous pyrite bodies 

give the im·.~ression that the pyrite has be3npar t i ally re­

placed by the reef matrix but this is not the case as close 

inspection shows the tiny constituent pyrite particles to be 

bounded by crystal faces . 

In certain parts of the mine pyrite occurs in the Vaal 

Reef as irregular patches and blebs which vary in s i ze from 

2 mm. to several centimetres, the remainder of the reef 

being apparently barreh of ore mineral s . Macroscopically 

the pyri te i s massive . llhen polished the pyrite has ivell 

developed cubic zoning. 

The blebs of pyrite h~ve come into existence through 

replacement of pebbles and matrix and the zoning is caused 

by incomplete replacement by the pyri te . This has been 

controlled by the crystal structure. The pyrite encloses 

grains like zircon and chromite but doe s not replace them. 

A particularly stri king feature i £ the effect of the zircon 

on the f:urroundh1£ pyrite ''~hich is discussed later. 

Porous pyrite grains may be enveloped by l ater ave~ 

e-rovTths of pyrite similar to that surrounding rounded pyrite 

grains (Pl.XII) . Other porous grains occur as pseudomorphs 

after minerals l ike limonite and rock fragments (Pl. XIII) . 

Examples of these are very similar to some figured by 

Ramdohr (1958; Figs. 29, 30, 36)~ . 
Tiny grains of gold and chalcopyrite are occasionally 

seen in these porous structures and porous grain~ may be 

found in thucholite seams . This type of pyrite is youneer 

than the rounded type but is older than the overgrowth type . 

d . I~lluJar ~yrite: This type includes veinlets and other 

pyrite which does not readi l y fall into any of the other 

grou~s . Predominant in some specimens but of minor 

importance in others, this type is always present . 

A certain amount is found in quartzite pebbles and may 

well have be<m present in these :rabbles at the time of 

deposition. 

;Then in the form of veinle ts, the pyrite i s often 

associated 1·ri t h pyrrhotite which r ims it and appears to be 

later. The pyrrhotite may have been formed by dissociation 



of the pyrite ·:.1nder concli tion s of dyna mic meta morphism, 

This t ;n)e i s o l de r than the thu choli te and is also 

o l der than the g old , uhi ch replaces it . The relatiom:hiJ' 

between the i r regular :>YTi te l''-:1 sc• co::ti".~~y urani .n i t e w as 

"':to~ rlo termi n able. 

lrThi l e some of the irregular pyrite may be deri vcd f:co·:: 

earl i er pyrite, much has been introduced later, either by 

hydr otherma l so l utions or from dykes, Hhich often coYJ.tain a 

fair amount of sulphi de mineral ization. 

Pyrrhoti te 

Pyrrhoti te may be v e r y common i')l Eome f:peci:nens bu-"; 

absent from other s . I t occurs as a late mineral f i llin.:; 

cr:>.clcs and replacin.r:; p;yr i te . It if; common a[ irregul2.r 

patches and as l oosely- knit, lath-shaped ac;gregater, py:.'i t ·.: 

c:nd galena occurrinG as tiny i nclusion£" in them. T-rinn~ns 

was often observed in pol ished section. 

Rarely, the mineral occurs ac small, rounc.cd inclu i or..s 

in pyrite grains. Ramdohr (1958) states that this reprert=mtr 

an older gener~tion of pyrrhoti te . I n one r~ocimen th~ 

pyrrhotite i s rimmed by a lir;ht grey mineral •·rhich occurs 

as needl e- like inclusions in pyr rhotite laths ancl. alan: 

c r aclu: . The mineral is of a light grey colour in ortUnary 

l ight a ncl i s stron:::;ly anisotropic . It i s pre~-ent in only 

very small amount and could be valleri i te or an alterc:.tion 

product ,. haematite . 

One :;:>olishe d r·ection of a highly pyri t i zecl por·tion () .:.> 
.~ 

reef dir.played a fan -shaped ag:srega te of ::.tuP.J.;Jy la thr of 

pyrrhotite containing thin lamellae of niccoli te 'ihic:1. is 

harder and s.tro~ly anisotropic, showi 11_g c;reen ~olr:;;:'-zr..-t~.on 

colours. 

Pentl andite irc: rare l y recn in aP:::ociation 1'ith l\·_,·r.rho ·:r-. 

i te in the Vaal noef . I t 1Tas obt-.erved a7' probable OXI:'Olu-

tion intcrc;routhc in subhedral cr.:tinr of pyrr~1.oti tr: . 

Pyrite i s invariably pre:·ent in r-uch i nf't'"l.ncec . 

:Ti th reg:-.rd to age the pyrrhotite :"-l.p:;>eC".r:.. to be ] ·.tG:r 

than both the ove rgrouth and irregul:;:o.r ::->vri tc. 

a l s o appears to be l ater than thucholi te but tl1::rr:: if' a. c:-,::._'~· 

t ain a mount of doubt about this . 

ho.ve occupied the space botueen thucholi te cr~n1'lo f . i n nnr: 



.:··L~.te XI , .. ;. · Y-8.,:,1 ~eef . ·> ro ro t.:W.')_c} ed grains of porous 
r)'lrite. vo1111;-·er t han t ·-:e fractured zircon gr9~n 
~zrn) ~.nd older thc.n the irregular pyrite (p;;', 
·v~h::_c~l re")l. ces one of t>e :::;r-:-!ins. 
~olished- ~ection, x )4. 

}'lat e ;\. IV: Vaal :;.eef . I)yrr:n.otite veinlet (po) l;_as forced 
its ' ' E1.Y Cl.nonc conticuous t hucholite gra.ntl.les 
1·r:1ich contain a .aul t i tu<.~e of u1.~aninite gra ins 
(u) an~ r~diocenic galena s~ecks . 
Polis lled s ectio;:-, , :: ';2 . 



---
45 

lees doubtful case (Pl. XIV ) • Pyn·!10tite is lrcter than 

f3econdary urtlnini te and together 1Ti th chalcop;yri te may pi'..r­

ti :-,l ly repl ace 11 ghost 11 uran i ni te grains. 

Nel (1958) datef' that the presence of pyn~hotite im­

pliec the action of metamorphism, generally thermal metam-

orphirm due to intrucion. Much of the pyrrhotite has been 

derived from d~rkes as the concentration of p;'rrhoti te t3nds 

to increa:::-e in the vicinity of thece intrusions. 

Chal copyrite. 

Chalcopyrite i s rare in the Var~l Reef. It has :::everaJ 

modes of occurrence and is l~te in the par aconcsis . It i s 

often found as small, rounded or pear- shaped incluLions j_n 

pyrite grains . Another mode of occurrence is as anhedral 

grains in the reef rna trix whe re it i s. normally asP..ocia ted 

nith other sulphides . 

Chalcopyrite and pyrrhotite generally occur together. 

:-Thile both minerals are l ate , the pyrrhotite appearc to be 

younger a nd replace s the chalcopyrite a long crystallob rap­

hic directions. Viljoen (1963) ha[ found that where ch:L­

lcopyrite and pyrrhotite occur together in the Main Reef 

and Main Reef Leader, chalcopyrite appears to b e younger. 

Tie states that it uas one of the last to crystallizG . 

Chalcopyri t e encloses py rite grains and is later t han 

all pyri te . I t may also be late r than slrutte rudi te but is 

older tha n gold in its ~resent form. 

Uraninj te . 

The mi nera l ic· u sually recogni sed b.Y its occurr e::1ce .in 

thucholi te . I t ve r y r a rely occurs as well rounded e r a ins . 

Th e grains are ~1ormally ::h.::, ttered to r·ome e~,-:tont ( J?L. !::.Il, ;~). 

Occa::-·iona lly tho fre.gmon ce can be fi ttec~ toge ther ('1o-rinz 

th·'.t Le. .>ara t ion if: limi ted . Liebonbe r g (1955) ct.~to: th2. t 

tho fractui1g i c due to metamor ,)hif'.m 1;hil e f~-=tl n (1959) main-
• 

tain r: thl.t tho shatte r ing probably took pl ace during de posi­

tion in the caeo of t h e Dominion Heef conglomerates . 

The u ranini te i s l ight grey in poli shed section vri th a 

lovr reflectivity. Abundant t iny specks of galenP, a re i n-

V7:1.riably associ ated vri th the uranini te . Fainty dark brovm 

internal r efJections can be seen. A clo s e assoc i a tion of 
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gold and uranini te -vras not observed in all car,e s although 

e.ampling values show that thi s i s u sualiy the case, 

The size of the uraninite grains varies up to a maxi­

mum of 0.1 mm, Hhere only tiny fragments of uraninite re­

main in thucholite the thucholite may be bordered by thin 

galena rims rrhich are certainly derived from original urar­

ninite, the galena ~aving migrated to this posi tion. 

There i s definite evidence of repl acement of uraninite by 

thucholite. Liebenberg (1955) states that the final dfl.ge 

of replacement of uraninite by thucholite is a concentra­

tion of gfl.l ena particle8 around previous rimt of uraninite . 

Often the thucholite appears to have acted a<. a pro­

tective covering for the uraninite , judging from the manner 

in which it is usually, a l tered to ·secondary uraninite when 

not enclosed in thucholite , 

Tlie phenomenon of al terr-..tion or reconstitution of the 

uraninite to secondary uraninite is very common in tho Vaal 

Reef. Liebenberg (1955) reports that 60 to 70 per cent of 

the·uranini te is altered to some extent . The author has 

0 een unable to confirm the identity of this substance as 

uraninite but has recognised it from Liebenberg 1 s descrip­

tion. I t occurs a e bJ.ebs, >·rispy masses and veinlets in 

the matrix ( Plr::, X, XI). Ga lena is usually ascociated vri th 

these bodi es. The colour in polished section i s light 

grey, variable and under crossed nicols it is isotropic -vri th 

rich brown internal refl ections. In ordinary light the 

appe::1rance i s similar to much of t)+e leucoxene but the tno 

can be distinguished once the nicol s have been crocsed. 

Liebenberg (1955) mentions the presence of radioactive leu­

coxene in the Va;:l Reef and some of this may be subject to 

confus ion with t he secondary uraninite. 

1~ere not much migration has occurred the original 

grain boundaries can easily be clh:tinguished. The sccon-

dary uraninite grains are often partially replaced by va~ 

ious opaque minerals such as pyrite , chalcopyrite and 

pyrrhotite . 

From the evidence of the polished sections the alte~­

ation or reconstitution of the uraninite took place at a 

relatively early period in the hi s tory of the banket . 
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Thucholite . 

Thi s carbonaceous sub~tance is usually present in tho 

Vaa l Reef in one or both of tno forms: as indivi dual 11vrarty" 

Granul es up to lmm. i n s ize. ( J:ll s XIV, XV), and as r-eams ui th 

a columna r structure, usually l ess than one-tenth of an 

i nch thick but exceeding one inch in exce~tional care s. 

Occas ionally, short thuchol i te veinle t s are obcc rvcd, r.~adc 

up of conti guous gr anules of the subrtance . 

Thucholite uas not found in reefs that did not contain 

uraninite . It almost invariably includes uraninite frag-

m0nt~ and when thi s i s not so the former existence of ura­

nini to is indica ted by a fine dusting of galena specki::. 

In ordinary light the substance is l ight grey in col-

our 1-1i th a tinge of brovm. As the col our is ra thor vari-. 

abl e a mottled effect is created . Tho thuchol ito ic very 

striking between crossed nicols 1-r.hen i t ic r::tronely ani so-· 

tropi c and displays a most int eresting variety of tones. 

The appearance is much the same aE that sh01m by f:orpontino 

in thin section bet"t-reen crossed nicols. 

The thucholite usually occuro a t the baso of tho reef 

but may also occur -..ri thin the r eef or at tho top . ::'orne 

locali tics are kno1m where up t o throe scams are developed 

in the r eef. 

Tho columnar ~tructure already referred to i :::; well 

di splayed in polished section. In transverse secti on tho ~:o 

colurfins occur as individuals -vrhich have a hexagonal shape 

due to prer suro effects . The columns generally have s im-

ilar uid ths . Their form i s considered to be the rc~lt of 

metamorphism. 

Pyrite is fairly common in thucholite, whore it i s 

earlier and has ruffered replacement . Gold h:! more ab1.m-

dant in associ a tion v.rith thucholitc than it is nith other 

minerals. Tho gold is fotmd coating thucholito granules 

and along the contacts betl~LU1. thc columns. 

Thucholito appears to be younger than most other con­

Gtituento except pyrrhotite, skutterudite and probably gold . 

Gal ena. 

This mineral appear£· to be of radiogenic origin as it 

i s found i n close association with uraninite, usually as a 

fino ~peckling in uraninitc· grain~ ( Pl.XV). It i s fotmd 



Pl;:-·te XV : '!z·.o.l ~ ,8ef'. 3li:.·lJtl·,¥ :z·rs.cturecl. urcninite g:r-2in 
(u) .:- nd. sever al ~ .. ualler uraninite fr2..g ·.~e c.t s in 
a t!·n..lchoJ.ite grPnule (tl!) . ·.;l~ite Sl)ec~~linf in 
the ur~.nLJ.ite an~ thucl"Je>lite is 1:aoiogenic 
gale~;,a (ga) . PolL;e(l sectJon, - ~ 3):.:.. 

Plate X~rL~ i.,iner"'.li :~ed foreset, Vaal !.ieef. Cracks in 
Plrite (pale sre:,r) and chro!'nite (darker) 
caused by e~pansion of r~dioactive zircon 
( z rn). Pol~ned section, x 80 . 



only rarely uith chal copyrite a c small , rounded inclusionc 

in pyrite and in one specimen occupiec part of the boundary 

betuccm a rounded pyri to grain and a later pyri to overc-rowth. 

Galena occurring in this manne r may bo quite different from 

tho r adiogenic galena and thus of a different ago , probably 

tho same as that of tho chal copyrite. 

Branncri;tp. 

Only one grain of thi s mineral uas encountered. I t 

is grey in colour in ordinary light 1·rith a r ather low· rc·-

floctivi ty and show·s weak, internal r eflections , The grain 

had a rounded shape and had taken a ra thor good polish, sho'.-r­

ing no decomposition nor secondary effects . 

The mineral uas i dcntifiecl by a method of refractive 

index determination in reflected light as advocated by 

Eales (1965). Standards used for drawing a ca;j.ibrat ion 

curve vrore sphal erite, corundum, cas["i tcrite and ruti le and 

tho rcfracti vo inclox obtained vras 2 . 285 . Davidcon(l957) 

k.~ rcforrod t o the possi bility of branncrite being pr esent 

in the reefs of t he l-Ti tvratcrsrand System. 

Gold. 

Gold may be conmon as anhedral , hackly grains in the 

roof matrix . It is authigenic in ita present form. In 

addition to occurring as free grains it coats pyri te graino 

and thucholite . It8 ::i ze roaches 0.6 x O. l7mm. 

Gold of ten replaces pyri to and replacomont tcxturN. arc 

common, I t also r epl aces ~ocondary uraninitc . l)olishod 

coctions of gold-bearing thucholito a l so contain skuttoru-

eli to whi cl't i s later than, and repl aced the gol d . Chal cO··· 

pyrite, on tho other hand, i s earlier than gold and i ::; repla c e d 

by it . 

Nickel or Cobalt Arsenide or Sulphide. 

Thi s mineral is not common but wac f ound to be •vide-­

spread and is pr e sent in E'-cvcral pol ished sections . 

From the optical properties and reflectivity value (53 

per cent) tho mineral could be cobaltite, gcrsdorffitc or 

mauchcri to . It gener ally occurs as e.-.mall, rounded to 

irregular gr ain s vThich have suffered a ~ertain amount of 
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fracturing. lifo intorgrorrths "ri th any other minerals nero 

obr:orved. Licbonberg (1955) has found that gorsdorffi to in 

the Vaal Roof is often accompanied by a cobalt-bearing va~ioty. 

Skuttorudito 

This mineral always occurs as late, anhedral grains 

anct is associated ui th gold, It 1·rar: found in very fo1-r 

polished sections . The mine ral also occurs ac fino notFork::.. 

of voinlcts surrounding gold or pyrite and i::- later than gold. 

Linnaeito 

Tho identity of thi s mineral could nctbe conf irmed . It 

occurs as a l a te mineral rimming pyri to grains and ha c 2. 

louor reflectivity than skuttorudite with which i t may bo 

eonfuf'od. Tho colour is palo 1rhi tiE~h greyish-pink . Tho 

mineral did not occur anyuhoro in sufficient quantity to 

permit removal for identification. 

Danaitc 

A very small amount only 1-rac encountered. Tho grai n s 

1·rero fairly rounded, twinned and showed only <light ani se­

tropism . Ramdohr (1953) ha:::: sta ted that the ar:sonopyri tc ho 

studied in tho roofs is more correctly called clanaito or 

glaucodot than arsenopyrite. As tho e rainc wore only Foakly 

ani sotroj)iC the term danaitc i~~ r roforrod. Unlike tho Vu.al 

Roof, tho T1ain Roof and Hain Roof Loader contain a very 

constant amount of a :>:·sEmopyri to (Vilj oon, 1963). 

Niccoli to 

Niccoli to was encoun t e r e d i n on l y ono poli chod r:o c t i on 

Hhor o i t i c f ound ar. thin l a mella e in a f an- shaped a ggregate 

of pyrrhoti to l a thn and vrhich uar:· oasil;;r rocog nisod b ;;; i t::_ 

s t r ong a n isotropi s m. 

Pontla ndite 

Pontlandi to i s very Ull<l!O ~imon and always occurs ui t h 

pyrrhotite a nd chalco; yri t e wi th py r ite n or mally ·he in_:; 

;! resent. The mi neral ap:pear s to be p r esent in the form of' 

a eu tectic or exsol uti on i n tergrowth with pyrrhoti te c . lC_-;_ 

doe s not occur D.c the flame-like lamel lae de s cribed by 

Ramd ohr. 
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I!agneti te i f' not common in t he Vaal Reef . One TJartiuulat 

Jccurrence ma y b e dercr ibedg a slightly roun ded gra~n ·ra~ 

()b ce r·vod completel y e ncloc-;ed in a r_mal l quartz pebb l e . 

This :;rai n mu s t have been pre sent in the pebble a t th<J 

time of de posi t i on. Al ong cra cks and around the edceL ·c:b.E: 

ma0i'l:=!·ti t:) has a l ter ed to haema t i te . 

In adcii tion to the descr iption s of the heaVJI minc:..'al s ( p 5'3) 
t!13 follmTin.:; commrmts may be adde d f r om observation~ :.n 
polichea section: 

:6ircon 

Zircon g r a i nr· are detri tal and are r ou nded to varying 

de3ree s . Zoni n.:-; i r preuent in a large numbe r and i s see n 

better i :n :>olished cection than in heavy minera l concent:c-<:t_-_ :: ., 

A hiJh p r oportio:.1 of gr ains. are f r actured i n s i tu but ·c::e 

v~ :-ious fragments hav e not moved f a r al)ar t . The fr;.ct-..'rc-

,.,__l~: nor :::ml l y filled ui th mP.trix rna t erial, occasionc..l ly 

' 'i-th pyrite ::md,:r.::>.rely, ~;-ith t;o l d . 

A r:pecimen cut ~rom a pyrite replacenent body con J.:'..J.l:)tL 

zirccn crains completely surrounde d by p~~ite (Pl XVI) . 

'l'he p;:,Ti te imr1ediatel y s~urounding the zil~con is badly 

c:-acl:ecl. The zircon appears to be metami ct and the r·C'..clio-­

activi ty ha£.: cau sed e::-:pansi on, r esu lti ng i n r adi al crack: 

being developed in the pyr i to . This phenomenon ':Tar: no-tiueC. 

onl y :rhen hard, b r ittle minerals lik e pyrite encl 0sec!. zi:r:con 

~ Ti...inE . Tlte a l tered zircon is ::robabl y cyrtoli te (Lieb0J ci.:>EL~3~ 

1955) . 

Chromite 

G'1romi te is an ori.:;inal detrital mineral. The rh"'-:P ~ 

o~ th0 ;:-rai no varier, from ":'ell---r ounded ci rcular 2ncL oval tu 

tr.i.an..:,ul c:.:r 2-l'J\1_ oct1.hec.ral ui th ve ry littl e roundin.::; . 

1'.o:rc beer: tra.n;.,yorted over very :::hort distances. 

Tho mi:1er r..l takes n better polish than pyrite . Dark 

-.~erlci . .i:::h-b:':'o•.:.-1 internal reflections can be reen o:n c:1.rc:'u:i. 

~·- c.:::r·~-"~n .:t. ... ount o:.' fracturing of thP. gre1.in::J h<' :_ 

o ccurreci.. I 1i i::. not certain >-Th e t her r. om" of thi" coult:. bz 

du_.., to ._,:routD of acljacent pyrite grains . 
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Leucoxeno 

This mineral is found ~s rounded masses, irrcgul~r 

grains, short veinlets ancl wisps in the reef nn trix (Pl. Xl.) 

In ordinary light tho colour is grey while under crossed 

nicols it varic:s from >vhi tish to yello1-r-orange. Rutile is 

genera.lly ~ssocia ted ¥ri th leucoxene in tho form of thin, 

needle-like crystals. 

Variations in composition of individu~l grains cr..n be 

seen from tho change in reflectivity in different parts of 

the grains. This could be due .to the particular composition 

of the original mineral and manifests itself in a. greater 

or lesser concentration of rutile. 

No origin:.1.l ilmenite or ti tanbagneti te vras observed. 

Gold 1ms observed on occa sion rw tiny specks in leucoxone · 

gr~ins. Formation of tho veinlcts occurred after 

crystallization of overgrowth pyrite. 

Rutile 

Rutile io found as masses of authigenic noodles 1ii th 

rounded detrital gr ains boing relatively unco~on. Those 

grains 1vhich are detri tc.l o.re norm.:t.lly repca tedly twinn~d 

and up to four directionc of t-vTinning were observed. 

Some rutile grains a r<3 enclosed in pyrite grains. 

Those nrc probably older than the pyrite. The .::mthigenic 

rutile necdlos have formed after fracturing of pyrite grains. 

~~genesis 

The oldest minerals nre the allogenic constituents 

such as zircon, chromite, oricinal titanium minerals, gold, 

rounded pyrite, ur.::mini te r..nd probably branneri te. 

The ura.ninite may be detrital <ts envisaged by 

Liebonberg (1955), or may have been precipitated in the form 

of discrete particles from dissolved uranium in the wa.ter of 

a sedimentary basin in a reducing, stagnant environment 

(Nel, 1960). The author found very fevr whole, rounded grains 

which could indicate that tho grains were detrital, tho 

majority of the grains were fractured or replaced by 

thucholito. Keen (1961) has suggested a modification of 

the theory put fo~~ard by Nel whereby the precipitated 

uraninitc was redistributed by wave action so as to account 

for the hydraulic equilibrium between uraninite and other 

heavy mineral grains. 
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It is felt that the rounded pyrite may well be cletri tal 

in view of itr:: form and early age. 

In a reducing environment sulphide ion;rising upwards 

from LolTer T!i tuatersrand shal es, may have permeated through 

the banket resulting· in the formation of pseudomorphs and 

the gro1-rth of concretionary pyrite and porous pyrite . It 

i~ possible that the r ounded grains referred to aro pseudo­

morphs after original iron-bearing minerals~ e.g. magnetite 

ivhich is surpris±:nglyr.and significantly rare in heavy ' 

mineral concentrates of the Vaal Reef. 

This stage 1-ras followed_ by one during rrhich the above 

grains were fractured, either as a re sul t of the cOIDJ:lO.C~ion 

due to overl ying sediments or metamorphism. Subse quent to 

this a further influx of sulphide ion took place, resulting 

in the crystallization of overgrowth pyr ite on the rounded 

and porous grains and this was probably largely contempora­

neous nith the crystallization of the irregular pyrite which 

filled cracks ancl r eplaced earlier pyrite. Some gold was 

enclosed at this stage and remained in the pyrite. The 

origin of these sul phide solutions is not known and remains 

a pr oblem. A certain amount may have ~introduced by 

dykes vrhile some o·f it may have been derived from re­

constitution of the detrital pyrite. 

I\finerals like danai te and gersdorffi te could have been 

formed at this time b~t not enough information is available 

on these minerals for an accurate estimate to be made of 

their ~lace in parageneti c order. 

At a later ttage thucholite was formed and gold and 

py:ri te 1-rere enveloped during its grouth. The thucholi te and 

uranini te occur together, 11 the thucholi te originated 

by irradiation of gaseous and/or liquid hydrocarbons by the 

uraninite ••• 11 (Liebenberg, 1955), or the hydrocarbons 

were originally present in the form of decayed algal material 

as envisaged by Nel (196o) and Snyman (in press). f.;trydom 

(personal communication) has suggested that the hydr ocarbons 

were derived from original organic material in the Lower 

T·fi trratersrand shal es. 

This stage rTas fol l ovmd by the altera tion or re­

constitution of the uranini te t o se·condary uranini te. 

At this time remobilization of leucoxene~ rrhich had formed 

from an original t i taniferous mineral (ilmenite~ titan-
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magnetite or sphene) pro~~bly took place . The crye.talliza-

tion of bunches of authigenic rutile needles may have occur-­

red at the same time . 

Once the se changes had taken place, the secondary 

uraninite and other minerals vrere repl aced by chal copyrite 

and pyrrhoti te . The chalcopyri te a J?pean:: to have crystal-

lized before the pyrrhoti te . Simultaneously, and for a 

short time after, gold crystallized and vas rel)laced by the 

latest cry8tallizing minerals, skutterudite and linnaeite. 

3. ~~e_.Jf.e~v_y_.~i_n_~-~l s . 

Heavy mineral analyse s Here carried out en four samples 

of the Vaal Reef . The method ha8 been de<cribed above. 

I n the tables all opaque mineralr., excluding gold, are 

grouped together as thef::e uere not r eadily identifiabl e 

1-ri th petrological and binocular microscopes. Furthermore, 

al l sulphides dissolved during the nitric acid treatment . 

BesidoL there opaques$ the mineral8 identified in the 

concentrates 1-re r e chromi te, leucoxene, zircon, monazite, 

magnetite, sphalerite, tourmaline and fluorite . 

Chromite, l eucoxene and zircon occur as r ounded grains 

of approximately the same size but are larger than in the 

quartz wackes . Tourmaline occur s in the 1a me nay as in 

the quartz w·ackes while magnetite occurs in very small 

amounts as partly r ounded octahedra and cubes. 

Monazi te ltal':· found to be fairly common in the Vaal 

Reef as -rrell rounded, greyish-brmm grains with a resinous 

lustre , usually filled 1-Ti th tiny inclusions. Their size 

is similar to that of zircon. Several monoclinic, pric-

matic grains were encountered 1-rhich had not suffered much 

rounding . The refractive indice s determined Here~ = 1.800 

and ¥ = 1.845, using phenyl di-iodoarsine as the immersion 

medium. 

Sphalerite was found in one Vaal Reef concentrate as 

yellowish grains with a re s inous l ustre . The mineral is 

probably authigenic and is of no quantitative importance . 

Pal e gr een fluorite, probably a l so authigenic, was 

found in nne he avy mineral concentrate . It too is of no 

quantitative importance . 
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Tabl e 13 • 

.The percenta~·e of heavy minera l s i n the 
Vaal Reef (including opaques) an d the 
percen tage of opaqu e sul phides ( mainl y 
pyri te) in the heavy mineral su i tes . 

H. rL s 
-.-

I C· 
opa~ues I ,o 

. fiam;ele No . in V. R • in cones~ 
I 

1 8 . 5 96 
i 
I 2 9. 4 95 
i 3 8 •. 9 95 I 6 . 2 28 , __ _A_ --

Tab-a.e 14. 

Rel ati ve ueight percentaces of heavy min '"' rals 
in the Vaal Reef ~ opaque sulphit'l.es excludecl .• 

- ---·--------------~ 
; Minerals Sam l e Nos. 

l---·---· --+--......:.1. -1-----'2=-_j__.)___;_ 4 

I 
chromi te 33.8 21. 0 17. 4 1 • ·14. 9 
l eucoxcme 1.0 48 . 0 54. 1 I 25 . 8 
z i rcon 27 . 5 25 . 1 ? 3 . 4 24.1 
monazite 5 . 3 3.6 1.5 I 18-~6 
magnetite Tr. 

1 
gold 32 . 1 0 . 1 14 . 1 
~phalerite 0 . 3 1 

tourmal i ne 1. 3 3 . 1 I ? • 5 
,~f~1~u~o~r~i~t~e~-~--------~--0~·~9~---------~--------

The re sul t f.' :;:;hoTr t hat there i s a conr i c1.c rable varic>. ti (;n 

j_n tho rclu ti vc proportion~ of th{"! heaVTJ miner2.1 

iaa]. .E.~e~· .and . t}+at .i(he ,minerals .:ueco:uded .a:ue .similaJ? .to .. 

tho :;;o .found 'in the .ove:ulying .and :qndeJ?lying .quartz -vackos. 

The miner a l s uhich? by virt ue of the i r relat i ve irr.-
J. ' • 

portance , should be incl uded in a detail ed, regional? 
. . . . . 

quanti+ ; t ivo st udy of heavy mineral distribution, like 

that performed by Viljoen ( 1963) , are zircon9 chr:::>mit'3 7 

leucoxene and monazite . 

4 . ~e Silve r content of Gol d in the Vaal_..B.<.ef . 

Various studier of the silver content of g~ld ~rn r 

hz-.vc been published . Thoce de?.ling n i th ~~outhcrn '.fr i ca 

include ;·ork by Eale [.. ( 1960) , IIar grave e ( 1961) and von 

Rahden (1965) . Harcrave s 1 and von Rahden 1 s ;rork cove :c-cci 

the conglomerates of the Tfi tuaterr::rand System 1 '1i1e Ee.le>! 

studies centred on the hydrothermal gold deposits of 
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Southern Rhodesia ~lthough he included a d i scussion on the 

Witwatersrand gol d ores, mentioning various parallels between 

the gold/silver relationships of hydrot hermal and 1Ji t·Haters­

rand ores . 

Accordingly it -v1as d~c ided to a scertain whether any 

relationship existed in tl:B Vaal Reef and if so, why. To 

this end the author collected 80 sam·>les from selected areas 

~~derground for gold and silver assay ~nd was given a further 

240 assay resLUts by the Assay department of the mine. 

The r elationship 1"\etween the gold and silver contents 

c an he expressed era~hically (Fig.l2) and it is not ha~hazard . 

A plot of gold val~e, in pennyt·Jeights (dwts) :Jer ton a~~ainst 

silver in dwts is linear with a relatively small divergence 

from the meen line . 

The composition of gold in ores is commonly stated in 

terms of fineness . By definition, fineness in the metal is 

1Q.0_92._AU 
Au+Ag 

but the term "a')parent fineness 11 is used here as 

other minerals which could contain a small amount of silver 

(e .g . gal ena) are present in the ore, and further, the dross 

content has not been excluded . 

There is a cons iderable variation in a··')parent fineness 

over the entire mine, the re.ng('_ !Jeing from 715 to 965 . Further­

more there is a fair variation in fineness l)etween individual 

samples from the same stope . Fi[l . 13 shm1s tho resL1lt of a plot 

of apparent fineness against grade of ore in dwts per ton of gold. 

Tho clrrve shm1s sit' ilarities to curves ~Jlotted by other ~wrkers, 

e . g . Eales (1960) and van Rahden (1965), and indicates that 

higher grade ore is of greater fineness (i . e . contaL~s ?ro­

portionat ely less silver) than low-grade ore and that in no case 

is high-grade ore of lovr fineness. Thus~ the hichcr the grade 

the less the silver p9rcentage and vice-versa . SLch an anti­

pathetic relationship has been reported by kHn (1924) and 

Prentice (1939 ) . Both von Rahden (1965) and Richards and 

Ruoidge (1950) have conunented on the fact that ~-elml a certc:in 

grade the gold contains apnreciably more silver . D1 Fig . 13 
ihe critical range is 12 - 20 d111ts . Al')Ove this valL~e the apparent 

finenes s level s off at a pl a t eau value of 932 fine . T'Jith reeard 

to the Vaal Roef, Hargr aves (1961) states thE!t tb silver conton:i:; 

of gold varies on either side of the Kromdraai fault . He stntes 

that the udisparity on opposite s i des of the fault is precm:;.'1~·ly 

in some Hay rel ated to tho displac ement of the f2.ult 11 • Th8 
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disparity in silver contents could ~Je ex'1lained 1jy the fact 

that the reef in his 11 shallow11 area (SE of the faUlt) is 

generally thicl:::er and includes npyritic (..!r its 11 of low value , 

thus rapidly increasing the silver content, uhile on the dovm­

throt-1 side of the fault the reef is normally thin and low­

value 11 pyr itic gritsli are usually separated from the reef by 

intervening quartzite and are not sampled for assay. 

In order to ascertain whether fineness is a function 

of depth of l)urial, a graph of fineness vs. depth (as measured 

from a 6000 feet datum) was drawn u-p (Fig . 14). Tho rf-\sults 

indicated that there is no obvious relationship,- in contrast 

to the work of KD:'·::cr:vns (1961). His results are, ho1:1ever, in 

any event o1Jen to question as discussed ~:oy von Rahden (1965). 

'VJhat is the cause of the systematic variation in silver 

content of the gold ? FoL'lJ' alternat i' ·es may be considered: 

a. There may be base mineral s wl1ich contain a small 

amoLmt of silver, 

b. Silver could occur in native for m or as some other 

mi neral in the Vaal Rtjef, 

c . . The variation may be due to hydrothermal effect8~ 

d . Sedimentary control could give rise to the variation . 

a . Possi'l:le silver- ; earing minerals are cholco;yvrite, 

sphalerite and galena . The former two minerals are not common 

in ·the Vaal Reef and it is unlikely that the large variations 

in a;;parent fineness could be due to these rrinerals . Gal ena, 

on the o·ther hand , is fairl y common, being associated Hith the 

alteration of uraninite and thus almost all of radiogenic origin . 

It is not lilcely that this galena would contain much silver , 

unless the silver became incorporated t-lith the galena durine 

the recrystallization of gold . However, it is not clear why 

silver shoUld show a preference for r.;alena rather than gold 

dur i ne recrystallization. Edwards (1~60) mentions that at 

room temperatu~~e calena can accomodate only 0 .1 _9er cent sil,-er 

L11 its lattice. 

A plot of ayrparent f ineness vs u3 o~/Fig . 15 ) l8 simHar 

to th2t of Fig . 13. This is not unexvected a s t he gol d and 

L".ranL11.ite contents ,· ar~r S'rmpatheticall;t~ . T}lo F·~raph shmrs qu1:tc 

clearly that increase in uraninite content, and ther ef ore in 

gelena content, is not accom'1anied hy a decreas e i n f:Lr:eness., 
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b. Von Rahden (1965) has found s ilver mi nerals in the 

Ventersdorp Contact Reef but the present study has failed 

to reveal the presence of such minerals in the Vaal Roof . 

E.• Eal es (1960) points out that there are very fe1·r general 

rules regarding f ineness a.)plicable to hydrothermal deposits. 

For example, f i neness may increaE;e or decrease 1~i th depth, 

~rain size etc. He explains the variation in fineness as 

being due to the varying solubility of s ilver in gold 

fluids at different staees j_n tho crystallization of gold . 

The author did not carry out a study of the variation in 

fineness among individual grains as seen in poli shed section 

as this does tend to be rather subjective . Several of the 

factE"1 e .g . the lo1-r fineness of gold i n lo1-r-grade oro , can 

be ex;?lained by Eales 1 hypothesis . 

d . The fourth case to cGnsider is the effect of varying 

sedim~ntary conditions . ~vo points may be considered: 

1. In high-grade reef the fineness is a result of tho 

amount of reworking the reef has undergone, the gold having 

been leached of silver during the concentration process. 

In l ou- c-rade reef, reworking, and thus leaching uere less, 

rc sul ting in a lower fineness . Hovmver, the effects of 

reHorking on tho sil ver content of gold have not been fully 

investigated and von Rahdon (1965) has conducted experiments 

which throv doubt on the efficacy of differential leaching 

of s i lver. 

2. Fineness of individual grains may be a reflection 

of the fineness in the original sour ce rocks . The specific 

gravity of pure gold is 19.3 and that of pure sil ver 10.1. 
lJ:'horcforo, the lower the fineness , tho lower the specific 

B'ravit~ • Thus, wher e currents were stronger and r eworking 

of gold a:1d heavy minerals took place , tho heavier gold 

could have remai ned while the lighter gold uas removed . 

Prentice (1940) and Young (1917) state that tho purity 

of gold increases uith the increase in grain s ize . It i s 

not certain whether this is important aE" tho gold has 

suffered redistribution so that the present size may not be 

a true reflection of the original grain s ize . If tho above 

is true then tho l arger (purer) particles would tend to 

remain behind while tho lighter gold 11as removed . 

Accumulation of larger particles would result in a higher 

Br adc. The variation in fineness betvroen samples from tho 
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samo stope can be explained as follows: in one spot some 

larger gold particles of lo;.r fineness -vrcrc dcposi ted 

together with smaller particles of purer gold whi le in 

another spot only small particles of r e l atively high fino­

ness accucrulatod. 

It i s accordingly suggested that tho observed f ineness 

variations are due to distribut i on of the gold by currents 

of varying strength and that tho fineness of individual 

grains is a reflection of tho composition in the original 

source rocks . 

5. The Uranium/Gold relationship in the Vaal Reef 

Several graphs have been drawn up to illustrate tho 

relationships, and variat~s . in t horn. Mine assays of the 

uranium content of tho Vaal Roof arc given as pounds U308 

per ton of or e. These values have not boon converted back 

to uraninito for tho purpose of the discussion. 

Fig. 16 is a plot of U308 vs. gold from high-gr ade 

areas of tho mine, while Fig. l7b is a similar plot for low­

grade areas. Thoro i s a definite increase in the ratio U308 

/ Au in the l ow- grade aToas indicating that tho uraninitc is 

more vridoly, or rather, more evenly spread than the gold. 

The boundary lines of the plotted points fol l ow a curved 

trend, shouing that the U30s/Au ratio conti nually decreases 
with increasing grade . It is more convenient to usc those 

boundary lines than tho best centro line ow·ing to tho wide 

s-r,rcad of poi nts . Examples of tho ratios (as sho1m by tho 

boundary lines) ar c as follo1ors: 

High-grade reef 1 . 41/10 

L01·r- grade reef 8 . 9 /10. 

Fig . l7a gives a plot of tho u3osvaluos of the pyri tic 
grits overl ying the Vaal Reef which form tho greater pa;rt 

of the Vaal Roof Sub-zone in the No . 2 Shaft area . Those 

grits aro characteristically of very lou grade and it is 

interesting to note that tho u3os/Au ratio is greater than 

in tho ca8o of tho l ovr-grade roof . The basal portion of tho 

Vaal Reef in tho No . 2 Shaft area i s often of higher grade 

than tho usual Vaal Hoof and hero tho rati o i s 0.8/10. 

In order to ascertain how such U308/Au ratios vary 

laterally in tho roof and in tho overlying pyritic grits 

in tho no . 2 f!haft area graphs 1wro plottocl of this ro..tio vs . 
sample interval. 
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The rcsul ts :-trc cccn in Fie. 18, It is imDocli'"'.to l y clc·1.r 

th~t each in&ividu~l conclomor~tu b~nd h0s ~ ch~r~ctori~tic 

U308/ Au r ntio o.ncl that this tondG to rom'1in fa.irly const.:-:nt 

The e:r~.phs arc co'lplic:1tod by tho lonticul•r na turo of the 

siliceous qua.rtzito lenses nnd trans~rccsion of tho con­

glomcrD-te brmds , Tho u3os/Au rntios nrc plotted on a 

loenri trunic sc~lo for convenience , 

Tho question arises ns to v.rhy tho r~tio ro'll"-in::: const:··.nt 

in nny one band :::md why it v0rios bctuoon tho cl..ifforont 

con~lomoratc bands , In any one roof b:1.nd the conditione 

prov::.ilinc,' ~ t tho time of' doposi tion 1roro .10ro or l e:cs 

comt:1nt ::md. tho r'l.tio is a reflection of this ( uit~l tho 

condi tion th:.t tho grade ronains at approximately tho same 

l ovoJ. ) • Whore the r;rr-.rlo is lmror nnd concontrrLtion or re­

working has tnkon place to n lessor cxtci'lt, tho u3o(}/Au 

v::tluo increases . Thus, in Fig, 18 tho hiGhost-er<'.dc 

conJ lome::c:. to h::.r- tho lo-.;wst r:'.. tio, uhilo the ovorlyin~~ 

poorly-minor<'.lizocl e ri ts sho~or higher r::t tios . Tho se pyritic 

grits aro losr. 1'1011-Eortocl , composocl of sm::1.llcr J;JObblcG, 

often h."-.VO o. loss siliceous matrix und nrc intorcn.lntocl ~ri th 

lenses of qunrtzi te, These fu.cts point to :·.oro v~rie1.bl8 

conditions und. l oss proloncod rm-Torkin£S nnd hence the 

different ratio , 

It hr-..s boon established that tho u3os/ Au ratio clecr oJ.ses 

et.s tho pa.yet.bili ty or e rn.cle of tho oro incronsoc, Tlmc it 

appears th.:1.t the uru.nini to w-as lees rea.ll.ily concontr:>tocl 

rol• ti vc to gold in tho a r orLs of gron tor rmrorkinc t hem in 

n.ro."-.s 11hero l oss rmwrking hus ta.kon pl ;.co . Tho urn.nini te 

b oin{" of' l ower specific grn.vi ty thJ.n gold9 has ,, vridor 

distribution thr.m tho 1::. ttor nl thouC'h nsso..ys shou th:->.t r.~oro 

urr.nini to :1::t::: dopoci ted i n hiehor-eradc c..ren.s th.:>n in lo1-r-

c:r-1.do a.rou.s . 

Simpson's (1952) result::: of r c..diometric l oceinc hc..vo 

i nclic1.tec:l that thr:Jro ic ::1. cortn.in nmount of r:'lcl..io.?..ctivi ty 

in et.ll tho soclimcntary roc1-:s of tho Wi t'rn torsrand Sys t ou 

i n this n.ron. . 

A useful application is th01. -~ tho U308/ Au rn.tio co..n 

c i v o one an iclen of tho pa.y::~.bili t v of n. roof in t ho c<1sc of 

boreholes whorl- full core recovery has not boon obtained. 

Ac there lR ~ criticn.l vnl~e of this ratio above which tho 

c;r n.cle is lou , by i cnoring tho _,_sl:ln.y value i tsolf and -~rorking 
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with the U308/Au ratio alone, one can arrive at an accurate 

e s timate of tho payability of the r oof, e .g. if the point 

in question plots outside the boundary line in Fig . 16 

the roof is probably of lou-grade . Hmwver tho converso is 

not true? i.e. if tho point plots inside tho boundary line 

it need not indicate high-grade ore. 

Hhen a thucholite seam is present in the Vaal Reef 

(and this is very often the case) i t is unusual that full 

core recovery is obtained and this application of the 

uranium/gold ratio should provo useful. 
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CHAPTER 3 

THE INTRUSIVE ROCKS 

General 

A study of tho various intrusive rocks in tho mine was 

carried out uith a vi ew t o classifying tho::-o rocks into 

various types and possibly assigning r elative agee. I n tho 

p~st very littl e a ttention has been paid to the igneous 

rocks intrusive i nto tho Hitw-at or s r and Syctom in tho 

Klorksdorp area although a considerable amoun t has been 

published by various authors who have examined tho post-

Hi t'raterE"rano_ intruf:'ivos in other part s oi' tho goldi'iol ds, 

notably .A.nt r obus (1956), Brandt (1949), Ellis (1940, 1944., 
1946, 1947) , Hinter (1957). Nol (1935, 1939) and Ui lson and 

others (1964) i ncluded discussions on the intrusives in 

papers dealing with the geoloey of tho Klerksdorp area. 

lTi l son and others (1964) divide tho intrusives into post­

Tr ansvaal and Vcntorr. clorp rocl:s . Examples of no~:. t-Tranf'vaa l 

dykes arc k i mbcrli to, Karr oo dolori to, Pi l anEborg-t:rpo 

dolerite and porphyritic diabase while Vcntcrsdorp intrusives 

arc mainly d iabases nnd epidiori tos . A tcblo of tho 

intrusives into tht; Hi twatorsrand System Cl,s given by various 

authors ha.s boon drmm up and is vrc~::ont ~d bol o>-r (Table 15). 
pp . 62 - 63 • 

.lm attempt uas made to collect samples of ;_11 intrur:ivos 

i n tho mine . This >·ra~ not ahrays possible as cer tain ~rorkcd­

out arr;as vrcro inaccoE"s i blo . Sampling procedure included 

collection of specimens of contacts and country r ock in 

addition to t ho i ntrusives themselves . In addi t ion, 

s:1mplos of t ho same intrusives 1-wro collected at 1-Tidoly­

spacod poi nts along strike and doun- dip, in order to 

determine whether variations existed in any one typo . 

According to Antrobus (1956), 11 Those intrusive s maintain 

their characters over very >'lido areas, thouch the degree of 

a l toration may vary vory rapidly 11
• This i::: lar~el.v confirrtod 

by tho present study except that the degree 0f a l t eration 

vari oo little ~ 



Author and Pre-Venters- Venters- frost-Vent-
Locality -dorp -dorp -ersdorp 

Antrobus yellow por- quartz dior-
(1956) -phyry, -ite 
0 .F .s. acicular shonkinite 

Ventersdorp 

Antrobus & ( diabase 
V/hi teside (2 ages) 
(1964) uncertain quartz por-
F .E .R. -phyry, 

granophyre, 
norite 

Brandt quartz 
(1949) diabase 
F .E .R. 

Coetzee diabase, 
(1961) pyroxene-bearing diab-
O.F.S. -asP. 

De Jager quartz-ser- quartz-dol-
(1964) -icite rocks -erites 
F .E .R. 

De Kock silicified altered di-
(1964 ) types, -abase 
F oW est R. chlori toid- amygdaloid-

-bearing al diabase 

L._ 
t ypes porphyritic 

- -·· !diabase 

Post-Vent / Pre-Trans- Post-Trans-
Pre-Transv. -vaal -vaal 

ilmenite epidiorites 
diabase (?) 

ilmenite norite gr-
diabase -anophyre 

lamprophyre 

ilmenite ilmenite 
diabase ? diabase ? 

syenitic 
types 

·-----...~.~...- ... .,.~~ 

Post Tvl./,Post-Karroo/ Cretaceous 
pre Karroo pre-Gret. 

dolerite augite-lam ... 
-prophyre, 
kimberlite 

syenites, dolerites 
PilanesbG:g 
dolerites 

syenites dolerites 

dolerites kimberlite 

dolerite 

-
several 
composite 
types, 
albite I 
syenite, 
shonki nite '--'~~-~...._ _ ____ 

0\ 
N 

., 



Jacob quartz mela-micro- Carbonatite lamprophyre 
(this thesis) diabases. -diorites, 
Vaal Reef amygdaloidal mottled 

diabase microdiorite 

Nel (1935) shaly types quartz dol- hybrid kimberlite 
Klerksdorp- -erite, rocks 
Ventersdorp augite por-

-phyrite, 
feldspar 

!.Q o r__2_Qy_r_y_ ! 
Nel (1939) augite por- diabases, dolerite kimberlite 
Klerksdorp- - phyri te , alkali Potchefstroorr 

feldspar granite, 
porphyry, syenite , 
quartz dol- diorite , 

......... 
0 
0 
~ 
c+ ..... 
g 

0\ co \.JJ 
0:. 
'-J" 

- erite enstatite 
aranoohvre 

Wilson et al non-porphyr- porphyritic dolerite kimberlite 
(1964) -itic diabase, 
Vaal Reef diabase, Pilanesberg-
Basin epidiorite type doler-

' -ite I --=--
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Each intrusi vc 1-Tas exami ned underground and tho 

follo1fing foa t u ro s wore noted: colour, granularity, shape 

of i nt rusion, thickness, str ike, dip and dip di r ection, 

contact phenomena, affect on countr y rocks, amount and 

composition of vo i nlcts, degree of mineralization, f l o1·1 

~tructuros, degree of alteration, displacements of country 

rock and presence of phenocrysts and a mygdal os . Altogether 

230 sa mpl es ucrc coll ected f or macroscopic <'l.nd microscopic 

study. 

At the outset an attempt vras made t o distingui sh tho 

various typos in hand specimen as thi E'· would r rovo most 

-practical. This method was l argely successful. In most 

instances doubtful cases could be resolved under tho micro­

scope . However there a rc several i ntrusi ves which appear to 

be transitional in character or which sho;.; characters uhich 

make classification doubtful. Tho intrus i voc nero all 

originall y intermediate, basic or ultrabasic i n composition, 

acid typos not having been found. Duo to th0 degree of 

alteration a detail ed classification was not ~ossiblc so 

that descriptive names, rathe r than potrologica l, have 

boon gi von in some cases . 

The grea t majority of intrusive s arc dykes . Sills arc 

subordinnto but unpredictable duo to their often trans­

gressive nature . 

From an inspection of the l ogging of 39 surface bore­

hol es tho percentage intrusives i ntc r soctcd in tho Uit­

uatorsrand, Vcntcrsdor p r..nd Tran svaal Systems Pas soon to be 

as follo1-rs : 1·Ti twatcrsrand System 6 . 2 per cent, Von tcrsdorp 

System 0 . 3 per cent and Transvaal System 0 . 27 per cent . 

Hi th regard to tho Vontcrsdorp Sys t e m t he figure may be 

somo-vrhat l ou as intrusives arc not a l ways immediately 

di s tinguishable from t he lavas . 

The types so far recogni zed i n the mine arc as follows : 

1. Quartz diabase Specific r;r avit;y: 

a . por phyritic, 

b. porphyriti c "feathery", } 2. 85 
c . uniform or non-porphyritic. 

2. Amygdaloida l diabase . 2.84 
3. Ilmenite mo l a-microdiorite. 2. 98 
4. Mottl ed microdior itc 2.92 



5-
6. 

Olivine l ampr ophyre 

Carbonati te 

2 . 32 

2 . 92 

The vari ous types of i ntrusives may be seen in Fig . 19. 

De scr~on of the Intrusive Rocks 

l. ~artz diabase 

General: ----
By far the groatust number of intrucives arc of thic 

type . Three varieties can be rocognisod9 and tho porphyritic 

variety is more common than the non- porphyritic. The torm 
11por :phyritic11 refers to its appearance in hand specimen anC. 

i s perhaps a misnomer because the fresh rock 1-1ould prob:-.bly 

not appear as such. This porphyritic variety is R ~ale 

grey to grey-green colour with small, stubby, lath-shaped 

phenocrysts up to 1 . 5 mm. which aro chlori tizecl to v:1r :·iY'::" 

degrees and arc set in a microcrystall ine pale-coloured 
' groundmass . Tho ' 'feathory11 variety can be recognised 1ri t:1 

tho aid of a hand-lens. Tho texture is due t o fino, c:.cicula:l.' 

crystals, outlined by uhitish9 probably leucoxenic material 

in the groundmass surrounding the chloritizod phenocryst8. 

The non- porphyritic variety is also palo grey- groan but in 

thic case al te r a tion has obscured all r>rovious textures . 

Because of their inherent similarities and modes of 

occurrohce, the thr oe varieties arc considered to belong to 

tho same type . In the literature, ~uartz diabases from tho 

East Rand have bee n doscribod by Ellis (1940) and Br~ndt 

(1949). 

a . 

b . 

fprphyritic quartz diabase and) 

JTon-vorphyritic quartz diabase:J 

These will be described together. 

Characteristi c feC'..tur oL ------·----·-

Spocimom: of tho 1~.tter 

appear shaly or uniform to tho nakod eye but undor tho 

micr oscope very faint palimpsest i gneous texture is visible 

in :::-ofloctod light . Sills are knmm but a r c not common. 

Tho dykes do not show· any defini to trend dir ection 

although thoro is a suggestion of a northerly -tu north-­

•·ro£OtGrly trend and those dykes >vhich 8trilw in .:m apnrox­

imatcly northerly direction, and 1rhich arc not vorticnl, 

generally dip towards tho cast, uhilo those 1·1hich strike 

roughly oast-ue st dip tm,rards the south. Dips of tho dyl:es 
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arc stoop, varying between 75° and 90° a lthough occasinnc:.ll;:: 

l ower angles of dip arc encountered. Those dyke s arc 

n ormally thin, about 10 f eet thick, and do not var y much in 

thickness along length or do1m-dip. One 10 feat thick dyke 

1·ridens to 40 foot in one part of iho mine b~t this is ex­

ceptional . Often thickne s s appears to vary considerably 

over short distances but this offoct is caused by later 

faulting Hith e ither different st:t'iko or dip. These dykes 

may split, to join further on. 

More than 60 per coht of those dykes shm-1 shearing on 

both contacts while only 17 per cent have both conta cts 

chilled. Tho chill-zone~ nhon developed, i s very thin, about 

1 inch, although chill zones of 4, 7, 9 and ll inches 1wro 

recorded. Tho contact i s regular 1vhen it if? chilled. 

11otamorphic effects on tho quartzites arc slight . Tho 

mos t common effect of intrusion is chloritization of tho 

country rock matrix with tho zone of complete chloritization 

varying from half an. inch to 7 inches. Tho affected rocks 

ap:pea.r almost black. A further zone of partial chloritization 

r .J sul ts in the rocks aquiring a gr eenish tint . 1Thoro the 

country rock vras originally a faintly speckled quartz un.clm 

before intrusion, it may become more coa.rsoly S'•ocklod for 

several incho::.. So:ltoral exposures shoHed vitrifica tion of 

tho quartzites up to 3 inches from the contacts . 

Tho dykes show a variety of veining phenomena. They 

arc commonly highly veined by veins of milky quartz, chlorite 

and cu.lcito . Pyrite may also be a constituent of such veins . 

Tho vein-quartz occurs n.s a fino-gra.inod mosaic 1·1hilo 

calcite and chlori te shou ~omb structure with crystal gro1rth 

at right angles to tho walls of tho veins . Tho quartz r.J.?.: -

bo partly repla ced by l ater calcite. One particu l ar dyke 

intersected in 54 26 cross-cut South No . l shorrcd a vcr:r 

striking reticulate pattern of voinine . 

There i s a gr eater variety of mincralizu.tion 

a s sociated u ith tho above varieties than Fith other typcc. 

Ver y few dykes appeared to be barron of sulphiclo 

mineralization . The most common sulphide i s -,)yri to uhich 

occurs both c:.s specks and as tiny vcinlotr . Pyrrhotite~ 

chalcopyrite and galena arc ~resent in small amount . Oxidc c 

such as loucoxcno a rc common and have formed from oricin~l 

ilmcni to . 
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Petrograp~: The size of tho chlori tizod laths, compared 

to tho grain size of tho groundmass allm-rs tho term 

"porphyri tic '' to be u sed in a l oose sense (Pl. XVII). Tho 

rocks arc holocrystallino, aphanitic and may, in tho past, 

have sho1-m ophi t i c or subophi t i c texture but this i::- no 

longer visibl e . 

Duo to tho degree of a l teration, the original mineralR 

arc no l onger determinable and in thin section the rock 

consists of a fino- grained mass of cal cite, chlorite, qu0rtz 

and other secondary mineral s . Tho palimpsest igneous texture 

may be soon in ordinary light or in r eflected light but 

under crossed nicols tho texture disappears completely. 

The non-porphyritic types may show the original outlines ~ 

l aths very ueakly in reflected light . 

The phenocrysts shou varying she.pes from perfect l ath­

shape or square to oval (pl.XVII) . The lath shape is most 

common, length being t1·10 to three times the width. Their 

size varies up to 1.5 mm. although occasionally dykes rcre 

encountered which showed two distinct size-r anges of pheno­

crysts, the l arger being 6 mm. The average length of the 

laths is 0. 5 mm. and they rarely sho-,.r any parallel 

orientation except near the contacts . The laths are no•r 

composed of saussuri te >>rhich has been chlori tizect to varying 

degrees, in some cases completely, when the chlorite occurs 

as tiny flakes . Often laths composed of chlorite and 

sericite 1-1ere noted, the latter ' s presence being due to its 

resistance to chloritization. Calcite repl aces the laths in 

part a lthough it usually shovrs a preference for the ground­

ma~s. The original lath shapes can often be seen through 

the calcite masses in ordinary li6ht. The abundance of 

laths in thin section may reach 60 per cent but is dependant 

on the degree of alteration. 

The groundmass, grain s ize 0 . 01 to 0.03 mm., i s a fine­

grained mass of secondary mineral s, the~e being calcite, 

chlorite, quartz, sericite, l eucoxene and, rarely, epidote . 

The carbonate appears to be the youngest mineral . I t is 

found as tiny grains, granular aggregates and large and 

small rhombs . Even late quartz is replaced by the calcite . 

Several thin ::.ectiom: shoHed almost complete calcitization of 

the groundma s s . 



J.?l.:;.te XVI I · :~.lelict igneous texture in quartz diabase. 
c:11o-v:itizecl, calcitized and sa.ussuritized 
felC spar 1-:.J.ths set in a quartz-chlorite­
cc:lc i te ground,_lass. ;:;.'he texture disappears 
conpletely ·.-!':en t l:e nicols are crossed. 
Polarized lis~t, x 32 . 

P.l e..tc XVIII~ :l ; .. 'eathery:: cuartz diab<'.se. Chloritized 
fe ldspar crystals in a matrix of chlorite, 
q"J_artz J.nd carbonate . BlacJ.c speckling is 
is leuco~~ene. ~'eathery texture well dis)layed. 
Polarized liBht, x 90. 
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Ohlori te ir· nor:nally the most abundar.t mineral l n the 

g r oundmass . I t is pale g reen, non-pleochori c ancl. OC'r.'-l:t'S 

as tiny f l akes and f -l aky aggr egat es, presumably aft0r 

pyroxene . The chlori te occu:"s in the follo .rin:,; ~~~; r. · 

1 . ) e.s t i ny i ncl usions in, or i nte r growths Hi th C!na:rt:o;_. 

2 . ) as ag~regates of several fair sizecl flal-:-3S ~r!J.i cll F ' 'v' 

Dl'io~r a rad.in. ting s tructur e under cro s::;od nieol 3y 
'J \ .. . 
~ . J <. ' 

rare, large~ individual, shredded. grains ::-houing cle -:.··:r-­

age, a:1d L: .• ) as tiny anhedral flakes scCl. tter0d in -u~, 

c;rot~Y-cli!laS:::' • 

Rather :peculiar is the intergro-rth of f" '.la ::·-ts ~-- 0.. 

chlorite on a microscopic scale r:u ch that thei:r ral:::ti\re 

amounts could not be estimateo .• This is perh~p~ du~ t o 

incomplete unmixi ng of quartz and chlori to re r·ul·c2.n.:::; 1:::·o!' 

alteration of ferromacnesian mineral ::: . 

Sericite i s often very cor;unon :-:.s tiny ; ~ c:...tt~r,1c_ 

shreds a l though in the very highly altereC. roc:.::; th_;_::· if 

less common. The flakes may reach 0 . 2 nm. i E r} ~c. 

Quartz if; u sually common. The noro 2li ~·!ll:'Jr che::t:c'ocl 

a ... d veined the rock is, the more q_uartz i ~ pr e: r ;;nt. I t 

har- four modef: of occurrence: 

crouncl.mass , 2 . ) very cloudy-~ looking grains cro• .::.eO.. ui. th 

tiny inclusions of chlorite, 3 . ) po s sible micro:regL•':·i::L t --, 

now nostly altered with sericitization, 4.) f ir.n- g r :': i.r.'.L-,_ 

1:10saics in veinlets . 

I.Iuch of the quartz u a s introduced by v e inr ::• 1cl · c, .\) 

i <.: derived f r om al t eration of pl~irr.ary n i n .:J r a l ·. 1rl1:i.l;,; ,,_ 

certain amount tras probably primary. 

Leucoxene iz the mo s t common acce c :-,ory. I-;; oc cm:.: :· 

as t iny g rain s , size abou t 0 . 01 mm, sca t te:rul th:cou::~lcu . 

t ile groundmass and the se are a dull whi ti :::.h colo:t:c in r .. -

flected light . Their shapes tend to be p seudo-octa:.18d.r: .L 

It i £ al s o f ounc. a s lar&er skeleta l cr ys-'::1-ls ( less t h e''. 

O.lmm. ) <m(~ n~ ~hin, rodlike cry stal c uh~. c:1 rna~{ i.:. -, ru.:j~_ J. o :~ ~­

p o.rt. Rutile uas found a c small, rounded c:r2-i i3 :;.:'1 ·n<> 

r'1in f'3 ction, sure ly de r i v e Cl. from t he or i t.:ilLl ti tani-. 

forous ore minera l . 

T:.'1.c a mount of leucoxcne i s s mall but rr.:.y e:_c:. r, ~:·'.o~ :·· 

all y :raach 5pe:r cent. La ter ca rbonate surrot'l1tis t 'o-: :sr ,·.:i.1" 

but docs not replace them. In ma ny ins·i;.?..nocs vl-c: L " . .':·­

ooxene h eR recrys tal lized t o sphene which i s t:ran~ :i:o. ::- ..., r t 
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in transmitted light. The parent mineral "ras either 

ilmenite or titaniferous magnetite. Van Niekerk (1959) 
has described the occurrence of l eucoxene and sphene in 

dykes of Pilanesberg age, where titaniferous magnetite 

alters to leucoxene while ilmenite remains unaltered. 

Pyrite is commonl y seen .:ts an accessory min~ral, 

usually as irregular grains and rarely as euhedral 

crystals. 

Other uncommon minerals observed include epidote, 

which was seen in onl y tvro slides vrhcre it occurred as 

s i ngl e, small grains which had probably separated from 

saus~uri te, and iclocrase or clinozoisi te, 1·rhich vras 

present in one thin section as fai:I'-sized grains E"':louinG 

anomalous blue interference colours. Smal l red spot3 

seen in one hand specimen 1-rere found to be rolatecl to 

carbo;.1ate distribution in thin section. They ap:!?ear 

to be stains but could not be identified. 

b . 11Feathery;' g,uartz diabas~: 

9h~ct~~i~tic features: This is a textural variety of 

the quartz diabase as seen from i ts field relationships 

and mineral assemblage which has probably followed a 

slightly different cour se of a l teration and therefore 

shows textural variation. These dykes showed the feath­

ery texture throughout their l engths. 

This variety can be distinguished from those above 

in ho.nd specimen ui th tho aid of a hand-lens . It co;.:· 

sists of chlori tized anct saussuri tized laths in c:m 

aphanitic·· groundmass cont;:;,ining thin, acicular cr~rstals 

which give rise to a feathery texture (pl. XVIII). 

Ho definite tre nd direct ion is ap )arent but t'1oro is 

a t endency to strike roughly northvrcst . In suc':l caces 

tho dip is towa.rds tho northeast . Dykes tron::line at 

r ight angles to the above dip in a southerly -!;o eouth--
o 

easterly dircct:i.on. Dips are steep, approachi:c SO ? 

with an average of 70°. Thickness varj.es betrcc.n 6 

and. 23 foot, is usually 15 to 20 feet . This is sl\::htly 

thicker than the porphyritic variety. 

Contacts are almoEt invariably sheaTcd and in no 

case wore both contacts found chilled. Chill -'cmos, 

where observed, a re v -.:;ry thin. Tho contactr: n.ro mo:::-(: 

highly altered than the centres, more calci tizccl and 
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contain more quartz. JTo original igneous texture can be 

~istinguished in those zones. 

For the most part contact phenomena are slight • 

. complete chloritization of the country rock ma trix, re­

sulting in a black colour, may take place up to 10 inches 

from the contact. Incomplete chloritization, as eviden­

ced by a pale green colouration in the quartz vrackes, was 

occasionally observed. Very fmr contacts displayed 

vitrification of the quartzites. 

In common -vri th other t ypes, intrusion of a dyke of 

this variety results in a bleached or pale yellmrish 

colour being developed in tho invaded rocks , sometimes 

up to as much as 30 feet from the contact. This is some­

what puzzling as thin sections of this bleached rock 

appeared to be very similar to sections of unaffected 

country rock. However the former does contain slightly 

more chlorite than tho latter and this is probably the 

cause. 

Q;uartz and chlorite veining arc common in the dykes, 

in some cases abundant . Chlorite veinlcts arc thinner 

than the quartz veinlcts. The dykes arc usually mineral­

ized to some ext ent although tno dykes nero encountered 

which appeared to be barren of sulphide mineralization. 

The most common sul phide is pyrite , i n tho form of 

veinlets as so cia t ed '1-Ti th quartz and chlori to veins and 

as specks scattered throughout the rock. Galena and 

chalcopyrite vrore observed but arc uncomrnon. Lcucoxene 

is common and may occur as l-risps giving emphasis to the 

feathery texturo . 

Three dykes shm-led flovr structure ncar the contacts . 

Potrogr~phy: The appearance under tho microscope is 

similar to the porphyritic variety except that i n addition 

tho groundmass contains long, thin, acicul ar crystals 

vrhich give rise to the featherytexturo -:~.nd 11hich may rare­

ly have parallel orientation. 

Again, tho palimpsest igneous texture can be seen 

in ordinary transmitted light or in reflected light but 

not under CIDossed nicols. The laths roach l .Omm. in 

size and may make up 50 per cent of the rock. T'ney have 

altered completely to saussuri t o 1i'Thich has then oi thor 

suffered chloriti zation or been replaced by calcite . 
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Tho acicular cr;ystals may be very abundant {pl. XVIII), 

perhaps making up 40 per cent of a thin secti on. Their 

length roaches 1.0 mm. Secondary minural s make up these 

crystals, e.g. quartz, quartz interleaved 1-ri th chlori to, 

chlori te--serici to mixtures and calci to and chlori to. 

Winter (1957) has described similar textures. Tic st~tes 

thc.t faint feldspar lines wore obtained frol'l :c~-r2y in-­

f ormation. The crystals arc often bordered by thin, 

opaq_ue wisps, Hhi to in reflected l ight, which allo:r t~1e 

t exture to be seen clearly in hand specimen. I t is not 

quito certain what this substance is; perhaps lc-acoxcnc 

or an amorphous dusting. In tho mcle.diori tes the pyro-­

xene which has al t e rcel to urali to shows a faint tonclcncy 

for acicular shreds of uralitc to produce a foatho~J 

texture. It appears likely that tho acicular cr~rstc.ls 

arc merely altered uralito fibres. Tho most common 

composition of those acicular crystals i s a mixture of 

chlori to a.;.~cl. q_uartz ai1d this could be o.eri vccl fro.!ll the 

alteration of augite to uralite (Tyrrell, 1956). It 

is not imposs ible that this variety is slichtly younger 

than the previous hro varieties and that al tcration h<tc:: 

not advanced to the stage where tho feathery texture is 

destroyed . It may also be that alteration of pyroxene 

to chlorite took place Hithout the intermedi a te uralitc 

stage in tho non-feathery varieties. 

The acicular crystals may make up part of the grounCc-· 

mass tho remainder being a fino-grained (0.03 mm.) mass 

of chlorite, quartz, calcite, sericite :1nd lcucoxono 

interstitial to tho l aths and acicular c~ystals. 

Quartz is present both as tiny grains filled ui t}-_ 

chlori to inclusions , rosul ting in a dirty apponro.nco, and 

also as cl ear pools and vcinlots which may r eplace chloz--­

ite . A cmall proportion of tho ouartz is prob~bly 

primary. 

Chlorite in tho groundma8s occurs ac tiny flakes . 

It is rnle green, non-pleochroic and may have a sli~ut­

ly high birefringence so thnt quartz and chlorite cannot 

:=1.l1Te,ys be distinGUished uhen tho c r ound.!"lnsc :i. n -ro":"--

fino-grained . 
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Calcite is a late mineral which replaces all other mi~­

eral s except leucoxcne and. it ic found as very tiny cro..im: 

in saussur ite, as l arger, i rregular granular aggregates 

and as perfect rhombs up to 0 . 2 mm. in size . 

Sericite occurs as tiny scattered shreds in the 

groundmass and in laths of chloritized feldspar . 

Jaontifiable epidote was not encountered. 

Leucoxene , probably derived from ilmenite, 1-ras 

observed in several forms, e . g . diamond-shaped grains, 

needle-like grains and l·risps . 

Petrographic and fie l d evidence links this 1-rith tho 

porphyritic var iety. It ·was probably contemporaneous 

with this variety but has foll mied a slightly diff~rent 

course of alteration. 

2. ~ygdaloidal Di abase. 

Characteristic featur es: ~1is type ic very chnractcristic 

in hand specimen 1·rhero it is ei thor a palo grey--green 

or a dnrlc green colour and consists of laths and amygdalos 

sot in an aphanitic groundmass . The amygdalcs arc small 

(loss than 0 . 5 em. ) and tho colour va ries bc~<ocn dark 

green and pale 1v-hi tish-groy. 

With one exception the dyke s trend roughly north­

east-southvrest, that dyke trending at right angles to 

thi s direction. Dips arc to tho southeast, tho exception 

dipping a t 80° to tho northeast. Dips vary -vridoly 
0 0 

botw·oon 30 and 90 although the dips along any one dyke 
0 

do not vary more than 20 from one point to another. Tho 

average dip of these dykes is 60° . 

This type of dyke is invariably thin. Their avorc-:::-o 

thickness is 7 feet, the limits being 6 foot ~nd 12 f~ot . 

Each dyke maint ains a constant thickness . 

For tbe most part tho contacts arc chilled, yet 

occasionally one contact is sheared uhile tho othe~ i n 

chilled. Tho thickness of the chill zone doc s not o::coocL 

10 inches and is u sual ly 4 to 7 inches . In those chill 

zones -vrhi tish, circular sogrega tions may occur w-hich arc 

extremely fine- grained and may contain numerous 0 . 5 mm 

amygdalc s . ~1c patches arc cryptocrystalline under the 
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microscope and arc virtually opaque. Very tiny quartz 

grains and veinle ts may boon soon in these patches . 

Effects on tho host r ocks arc sli ght, tho most 

common being chloritiza tion of tho wacke matrix up to 

a maximum of 7 inches from the contact. One exposure 

showed an apparent vitrificati on of tho host r ock f or 

a ve r y short distance . 

Quartz and chlorite veining are not pronounced in 

t his t ype . Tho variety of mineralization i s poor. Py-

ri to is found as specks a-.~d a s small cubes, while lcucox­

eno is common as tiny grains, best seen under the micro­

s cope. 

A certain amount of f aulting i s associated lvi th 

those dyke s . Throus a r c normally of t he order of 5 fo ot. 

A throH of 30 f oo t is exceptional. One dyke fills G,n 

8 foot reverse fault . Flou texture ha s not been obscl:'­

vcd in these dykes. 

Petrography : Mineral assembl ages and t extures arc 

similar to tho quartz diabase vri th the addition that 

this typo is amygdal oi dal. 

The amygdalos, which may roach 5mm. in dia~etor, 

average 1 . 5 to 2mm. Their shapes arc circul ar t o oval 

and they occasionally j oin up. A concentric zoning, 

caused by variat:i.on of mineral composition can often 

be observed (pl.XIX). The minerals forming tho amygdales 

a re quartz, chlorite, cal cite and serici te and i n tho 

l a r ger amygdales these appear in varying combinations 

and positions r e lative to the centre . Smaller amygdales 

may consist entirel y of quartz. Calcite replaces tho 

amygdal c s in several thin secti ons . I n such cases the 

entire rock has suffered calcitization. Anhedral pyrite 

also commonly partly replaces tho amygdalcs . Often the 

amygdal cs arc bordered by small, rounded grains of epi­

dote . 

In hand specimen many amygdalos arc surrounded by 

microcrystalline grey haloes. Microscopically these arc 

l~tl~freo arean of quartz and chlorite . Occasi onally these 

small, grey areas are devel oped without the centra l amy­

gdale being present . 
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The lath-shaped, green crystal s seen i n hand specimen 

average 0 . 75 mm. in l ength but may reach 1 . 3 mm. They 

E~Y be both shor t and stumpy or l ong and thi n . Origi n­

a l ly pl agi oclase , they no-vr consist of saussuri te or 

chlorite; calcit e may r epl ace these minerals. In addi·~ 

ion to the laths, tiny rodl ike or acicular crystals are 

seen, .-rhich resembl e those in the feathery variety, con­

s i sting as they do mainly of quartz and chlori te uhich 

may be r eplaced by calcite . They a r e l ess uell develo].)­

ed but probably have the same ori gin. 

The l aths are not as abundant as i n the porphyritic 

variety. They do , how·ever, make up 30 per cent of the 

rock in several of the specimens studied. 

The groundmass i s very altered. Average grain size 

vari es be~veen 0 . 01 mm . and 0 . 05 mm. ~1e minerals are 

cal cite , chlorite, quartz, sericite, epidote, l eucoxene, 

sphene and some plagi oclase . Due to alteration, the 

nature of the plagioclase is indeterminable . The amount 

of epidote varies. In addition to epidote, zoisite is 

found as small, rounded, pale yellm-rish green grains. 

Sericite is present as t iny shreds while chlorite 

occurs as irregul ar, pale green flakes which have lm-r 

b i refringence and are not pleochroic. The quartz is 

found as cloudy gr ains fil led vTi th tiny chlorite inclus­

ions but is a l so f ound as clear pools . Calcite is youne·­

er than the other minerals and replaces them to varying 

degrees . Leucoxene is commonly found recrystallized as 

sphene and tiny rutile needles . The l euco:x:e''le a:1d 

~phene are found as skeletal crystals, diamond~shaped 

crystals and -vrisps. Their s ize reaches 0. 3 mm. 

The r ocks shm-r :bextural and mineralogical similar­

ities to the quar tz diabases and may be a variety of thi~ 

type. However there is less shearing and veining assoc-­

iated vTi th these dykes and they may constitute a sep&:r­

ato type. The amygdaloidal character suggests an affini-­

ty with the Ventersdorp lavas. The compos ition of the 

amygdales i s similar to that in l avas but it is unusual 

for amygdales to be developed in dykes. The mechanism 

of formation is difficult to imagine. It appears that 

steam-filled bubbles vrore fil l ed by later mineral s of 

secondary character. 



i_;late XIX· .Au:':_:d-':l.loic'.:-1 diab2.se. Concentricall~ zoneo. 
a~v:d~ le c~~sis t in~ of c ~rbon2 te (ca, 1 
chlorite (ch.C e.n(l quc.rtz (q ~ surrounded by 
saussuritized plar; ioclase laths and a chlo:.·ite 
2nd C 2.l·'.;onate~rich 1atrix . . :.nack speclding due 
to leucoxene. Polarized light, x 32. 

f late ~{X ~ IL1enite ,t1ela·· microdiorite shm.:in ~; skeletal 
crysta ls of leucoxene (blac ~c) surrotmded by 
uralite and chlorite Cur), epidote (ep) and 
fine grained quartz and chlorite (o/chl). 
Polarized light, x 32. 
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Reference to amygdaloidal intrusives is comparatively 

rare in the literature but both Nel (1935) and De Kocl: 

(1964) have mentioned s i milar rock- types. 

3. Ilmenite Mela-microdiorito. 

Charact~ristic features: These dykes are dark green in 

hand specimen and contain abundant leucoxene after il­

menite and epidote, both of -.;,rhich arc visible to the 

naked eye. The intrusives have~fresh appearance but are 

usually fairly altered -vrhen seen in thin section. They are 

not easily confused 1-ri th other t ypes . 

The dykes show a definite northeast-southwest trend 

with a few exceptions striking at right angles to this 

direction. They show a tendency to Have or kink along 

their lengths. Their dips are towards the southeast at 
0 0 

angles 1vhich vary considerably from 10 to 90 and are 

normally steep. They may form sills and often dyke-sill 

formz are developed. Thus t he i r behaviour cannot always 

be predicted. 

This tYl)e of dyke is invariably thick, the average 

being 30 to 40 fee t. The thinnest dykes ob8erved are 15 

feet thick while tho thickest approach 200 feet . Thick­

ness does vary along the. length of such dykes. 

Fourteen dykes of this type vrere studi ed and i n al­

most every case the contacts were chilled. ITo dykes 

shmved shearing on both contacts and only three exposures 

shoimd shearing along one contact only. Chill zones are 

well developed and may be 18 inches thick. Their average 

thickness is 12 inches . 

Metamorphic effects on the country rock arc small. 

Tho most common effect is chloritization of the host rock 

matrix, r esulting i n a black to green colour. A rather 

bright green colour may be present up to 8 feet from tho 

contact, when tho wackes become paler and gradually gr ade 

to their normal colour. In some cases the contact could 

be made out onl y 1-ri th rlifficul ty. Vitrification of the 

contact sediments, due to some measure of recrystalli­

zation, i s often noticeable although not common. 

Throe thin sections were cut of clykc/wacke contacts . 

Tho dyke material is aphanitic, highly altered 1-ri th tiny 
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(0.2 mm) laths of saussurite developed parallel to the 

contact. Tiro of the thin sections showed development of 

chloritoid crystals of a rather pale green colour in the 

host rock. This mineral vas not observed ncar the con­

tact of any other type of dyke . Chloritoid is generally 

regarded as a stress mineral and is found in sediments 

1rhich have suffered the earlier stages of dynamic meta­

mor phism. It is also found in tho early s t ages of region­

al metamorphism if tho rocks have an abundance of al umina, 

e.g. kaolin, and sufficient iron oxide for its formation. 

It w-asalsofound away from tho contact and appears r:ot onl;r t o 

have fo rmed as a result of intrusion of tho dykes. 

Between tho chill zone and tho typica l dyke rock i s 

a variegated, streaky zone of aggregates of small, whitish 

crystals of saussuritizod plagioclase and calcite surroun­

ded by green chloritic material. This zone is pr esent in 

most of the dykes and is usually ~ro feet thick. Parallel 

alignment of the crystals lends a str eaky appearance to 

tho rock in hand specimen. 

Quartz veins, up to 3 inches thick, arc common in 

tho me l adiori tos 1-rhilo chlori to ve ining is subordinate. 

A small amount of calci te veining is also present . 

The degree of mineralization is greater than in other 

types . Lcucoxene after ilmenite is very common uhile 

magnetite is often observed but i s not as abundant. The 

only sulphide observed is pyri to uhich occurs as 1-rcll­

dovel oped cubes and pyritohedra, up to a half inch in 

size, and is also found in the form of thin veinlcts. 

The amount and size of the pyrite crystals s cattered 

throughout tho rock is ~ite striking. 

For the most part these dykes are not associated uith 

any faulting although apparent displacements may be pres­

ent due to thickness of the intrusions. Tho dykes o.o, 

however, follow· f ault pl anes for short distances, usual­

ly normal faults but occasionally reverse faul ts too . 

Pctrogr~hy: The dykes arc phanerocrystalline, fino­

grained with an average grain size of 0 . 3 mm. In a f01-r 

thin sections a subophitic texture may be recognised 

while in others the texture is intergranular. Plagiocla se 

and pyroxene , t he latter now altered to uralite an~ 
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chlorite, arc tho essential minerals. 

Tho l aths of plagioclase, 1 mm. long, arc elongated 

or stumpy and have been saussuritizod. This saussurito 

has segregated so that tho following minerals become in­

dividually recognisable: calcite, sericite , chlorite, 

~artz and epidote. Duo to the alteration, relatively 

few :plagioclase laths rrere sui table for determinations 

of maximum symmetrical extinction angle. Tho anglo ob-
o 

tained, 21 , i ndicates aadcsine. 

Pyroxene, no l onger present, has altered to oi ther 

uralitc or chlorite . The uralito is pl eochroic fron p~lo 

gr een to colourless ,occurring as lor;.g fibres or fibrcuc 
0 

ageregatos 1-rith an extinction anglo, cleavage to z = 25 • 

Further alteration to chlorite may be partial or con~ 

plote. 

The chlorite is very striking undo~ crossed nicols 

wher e it d.isplays an anomalous purple interference colou r . 

Tho mineral is more strongly pleochroic than tho uralitc, 

the col ours being colourless and bright green . It occurs 

as fine-grained aggr egates , scal es and pseudomorphs ~ftor 

urali te. Chlori to-quartz intergro~rths a r c soon as a 

result of alteration of tho pyroxene. 

Calcite is found as a constituent of tho sauscurito, 

as irregular granules up to 0 . 25 mm. and as l ate , fine-· 

grained aggregat es and veinlots vrhich replace :1ll other 

minerals except the opaques . I n transmitted light the 

carbonate has a dirty brmrn ap:Qear ance uhich apnoars 

1rhi tish in reflected light . It is not certain uhat causes 

this. 

Epidote is a very common mineral and, by i tE: amou~1.t~ 

may be diagnostic of this type . It is found as tiny grain[, 

anhedral granular ag~regatcs and as veinlcts . Eirefring·­

once is high second order. Tho colour is pale yollo··r­

groon and pleochroism varies from this colour to colou~ 

loss . Clinozoisite was rcco@nisod in lo s~or amount and 

as smaller grains. 

Quartz i s found in the rock as clear pools cont:.in­

ing tiny, needlelike crysta l s of rutile, as anhedral 

grains in sau ssurito and as cloudy, anhedral grains 

filled 1-ri th chl orite inclusions. It normally shows s train 

extinction. 
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Leucoxcne may constitute up to more than 6 :per cent of tho 

rock. It is found as boxworks, diamond-shaped grains, 

pscudohexagonal crystals, long, thin, rodlike crystals, 

specks and anhedral grains, 1fhich can usually be seen 1vi th 

the naked eye in hand specimen (pl.XX). The mineral 

appears to be an alteration procluct of ilmeni to, vrhi ch is 

very rarely seen in the cores of grains. The crystal 

form suggests ilmenite, rather than tianifcrous magnetite, 

to be the parent mineral. 

Magno ti tc is 1·ridesproad. as anhedral masses, peJ.'haps 

bordered by haematite, or as rounded grains. The grains 

are smaller and less common than leucoxene. 

The rock therefore has a dioritic composition near 

the boundary betvl"een diorite and gabbro. Because of ita 

dark colour the term meladiorite is suitable. Wahlstrom 

(1958, p.308) mentions the name belugite for similar 

rocks. The term microdiorite reflects the rather fine 

grain size of these hypabyssal rocks. 

4. Mottled Microdiorite . 

Characteristic features: This is not as common as other 

types . It shows many similarities to the meladiorites 

and may be contemporaneous vri th these, having merely 

follow·ed a different course of crystallization. The rock 

is not as dark coloured, however . The term mottl ed refers 

to its appearance relative to other rather uniform dyke 

rocks. 

Too feu of these are known for a definite trend 

direction to be established. A weal!.: tendency to trend 

northeast is apparent . Dips of the dykes are variable, 

usually near 90°, uith variations of up to 20° along such 

bodies . This type is often found as sills a:1d trans­

gressive sheets who se thickness is usually 25 to 30 feet 

but which varies considerably along their l engths . 

Although occasionally one contact is sheared, the 

contacts are usually chilled, the chill zone of 1 to 12 

inches not being as -vrell developed as in the meladiori tes . 

The country rock is normnlly nffected by chlori tiza­

tion for about a foot. In one particular cace irregul ar, 

black chl orite blebs are seen sea ttered in a yellovnsh 

host rock for several feet . 



The effect is quite st:riking. In comr:1on with other c;ype:s 

of intrusions, emplacement of in tr'Usi ve s of this t;)rl;a :T.Cl.:;· 

result in a bleaching of the country rocks for oove:-:al 

feet on either side. 

All L1trusive s showed some degree of miner8.l i Z "·. · j ~- ' - ~1 . • 

:ameni to 1: r.s :.1 t~ red to leucoxene, rrhilo py:ri to ~-a p.\"e­

sen ~ e.s sr>ecks etnd irregular ma~f:.es 1;lut ::-c>,:xw1y ar. vL1."1.ed~.·ai 

crystals. 

Veining phenomena appe2r to be restricted t o qu~rtz 

·' ncl m·b;:ed quartz....chlori te typDs. All the dykes of -this 

t~pe are associn ted with di splacements on the strata, 

'rhrows of up to 50 feet were noted on such dykes. In 

this respect they differ from the meladiorit0s. 

PE0_roP.'~~l!~I?-.;y.:: T..0-ese rocks uero phanerocryst:.lline~ f in(:·-

grc-.inad with r.n avBrn.ge Grain size of a bout 0.5 .. 1:-.: . ·)u t 

hc.ve now altered to the extent that the majority of con-

sti tuents a re fine-grained secondary min:?. r.:;.ls~ The r0 c~-: 

is equigrn.nular ancl consi s ts of essEmtial pl -~.::;ioclaco 

!"\:1.d pyrox&ne anct possibly rmphib ole. 

The p ;lag ioclase occurs in the form of la thc 1 no: .. :mall;:,' 

stumpy, which etro ei thE: :-..~ altered to saussuri to or hr.vo 

suff ered chloritization. Maximum symmetricnl extinct ion 

anc le obtained was 19° but relatively fevr gr'l.ins ·roro 

oJtlf ficiently fresh for measurement purposeD . Thi s ind:i.­

C?.tof:', andesi ne. 

The pyroxene hn.s a.l tered to ure..li to uh i ch :1..1 f ound 

:.:: fibrous agc; rega.tes and -vrhioh has often al tared t" 

-.;:1.lori to. Chlorite i s often t he most ab1.U1dn•1. t n~.neral 

~nd occurs as small flakes throughout the rock. 

Qu;-,rtz is comlilonly as so cia ted with tho chlori t o !"\:o ~z. . 

may be fi lled H i t h tiny chlor i to inclusions, I t i : .. t J 30 

f::mnd as clear, fine- grai ned mo saics in t ho rock . E:;>i-

1 o te is not as common as i n the meladior i tos but is u:::.;u~l-

l y pr esent as tiny grair..s and granula rag-regc.. t-:H; uh~cL , .. ,,) 

of ~ ~rhi ti s}+ colour in reflected. light , ].J'J rhr.tp:: d.uo co 
tho~. r r-r.1c..ll e r ain si~e or to s ome othe :r propcr·c;y r..'.1c:.1 ::, s 

<'.1 t ora tion. 

Ca l cite occur s i n v~rying amounts in diffo rcn:~ 

G.ykos . It is usually found as irr'Jgul n.r grains ro~_)lac- . 

inc ~ . q u thor minerals a n cL a l so a ppears a s small 2hom'J s. 
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Leucoxene is common but less so than in the meladioritos . 

Size of tho grains is small, while shapes are squn.re or 

elongated. Recrystallization to sphene has occurred on a 

reasonable scale. 

5. Carbonatite. 

General. 

This is certainly the most striking and interesting 

rock in Vaal Reefs mine a·.1d is described in detail here. 

The rock is fom1d as a thin dyke trending north- south 

with local variations in strike. Dip i s of tho order of 

60° to the cast. Thickness varies between one foot and 

tuo feet. The dyke has a 3 foot displacement of the 

strata on either s ide. 

The rock is very striking due to the amount and 

variety of xenoliths contained in it (pl XXI). Tho car­

bonate matrix is a g r eyish-br01m colour Hhich turns 

greyish-white after exposure . In hand specimen the dyke 

rna terial ap,)enrs to be crystalline. liThcn tho dyke was 

originally internc.cted a sample -vras sent to the .ArJ.c-lo 

American Research Laboratory ( A. A.R.L.) for identifica­

tion. It 1ras identified as a possible dolomi to carbona..­

titc (van Zyl, 1963). 
Petrology 

Contact Phenomena : Both contacts a rc sharp and r egular 

to tho naked eye and under the microscope the contact is 

still seen to be sharp (pl XXII). Due to later movement 

ycllm'l mylonite has formed along the contact in parts. 

There is -usual ly a cl ea.r distinction bet-t,reon the host 

rock matrix ma.torial and tho mylonite although here and 

there a gradation appears to be pr esent. The host rock is 

fino-grained uith fine yellow speckling duo to rutile 

ae.::;r cg<1-tes . Streakiness in the quartzites is partly duo 

to tiny veins of magnetite, pyrite , leucoxcne 0nd limon­

itic (? ) material. The limonitic material has ~ dirty 

Q.P')oaran cc and is opaque in t ransmitted light but brown­

ish in r efl ected light . Irregular patches of m<1-tri x rc­

pl<1.ced by carbonate heighten the streaky apDearance . 

Mi nerals identified in the country rock are mus covite , 



Plate XXI 

Ham:s~Je cir'1en of the ~:n}ceritic beJ~orsit e s.ho~·rin::: an 
a bv..nc1ance a nd VB.riety of I'O':..U~ded i Gneous and 
sec~i::lent £:1 ry xenoliths. I:lalf n.:ttural size . 
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chlorite, sericite, quartz, leucoxene, pyrite, magnetite, 

zircon and tourmaline, which showed a secondary over­

growth on an original rounded grain. 

No chill zone is present in the dyke although a t the 

contact tho rock is very fine-grained for 2 mm. (pl.XXII). 

Hero there is a greater concentration of opaque minerals. 

Other minerals seen in this narrow zone are biotite, 

(partly altered to penninite), apatite, amphibole, plagio­

clase, quartz, chlorite and stilpnomelane as small, 

rounded grains (0.04 mm.). 

Away from the immediate contact, plagioclase l aths, 

almost completely a ltered to saussurite, occur and the 

grain s ize reaches 0.1 mm. and remains constant a t this 

figure. Ncar the contact apatite grains may roach 0.25mm. 

There is a dofini t ,e streaking or flow·-banding in tho 

dyke near the contact. This i s emphasized by the dis­

tribution of iron oxides and pyrite. 

M~~~alogy and Petrograp~y. 

Those were studied by means of thin sections, pol­

i shed sections, crushed fragments and hea-vy residue work. 

For tho purposes of heavy residue work small pieces of 

rock, visibly freo of xenoliths, v-rore selected. These 

1·mro broken down to - ~ inch, placed in irarm 1:5 llCl and 

occasion~lly stirred until all reaction h~d ceased. After 

filte r ing, drying and removal of fines by decantation 

aggregates were broken down by light tnpo Hith a pestle. 

Separation un.s carried out in bromoform. 

Tho dyke is a hybr id rock, being cont~minated by 

xenoliths of varying s ize. In order to arrive at an 

estimate of the specific gravity, tho rock was broken up 

i nto smal l pieces and fragments whi ch appeared to be free 

from xonoli ths -vroro used for tho determinations . Six 

de termi nations wore made on a Jolly Spring Balance . Tho 

r esults varied be t-vroen 2 . 91 and 2 ."94 with an average of 

2 . 92 . 

Tho dyke is holocrystalline , aphanitic vri th some 

l arge r car bonate gr ains r eflecting light from cloaveago 

faces in hand specimen. The car bonate in thi n section 

is equigranula r 1·ri th an allotriomorphic-granular texture 

and average gr ain size of 0.1 mm. Tho grain size varies 
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1.:>ctuocn 0.5 mm. and submicroscopic . .Uo exsolution tex­

tures as r e. >Orted by Russell and others (1954) or Coetzee 

(1964) i·rere noted. A varioty of sta ining techniques 

proved unsuccessful in disti1~ishing the various carbonw­

tes. Through other methods the follmring carbonD. tos were 

recognised : mesitite, ankerito, magnesite, calcite and 

c.nkeri tic dolomite . The magnesite was found only as 

:.:-V-the:!' largo gr ains i·rhich may be xenoli thic in character. 

The colour is palo orange ivi th coloUJ:'-banding • .Ankeri to 

is soluble only in 1·ra r m dilute HCl. It vms found as 

cream-coloured t o pale bro1m grains, 1-Ti th refractive 

indicesw. l. 720 and £1.515. Mesi ti to uas found in t ho 

m1.dissolved portion after treatment 1vi th warm, dilute 

HCl. I t is soluble only in hot, dilute acid . The :r.ef:r.·a c t. 

i vo indices do termined are ~-' 1. 792 to 1. 800 and E l. 5 75. 

The mineral turns bro-vm on heating. Calci t o 1vas readily 

identified by its reaction 1vi th cold 1:5 HCl and posi tivc 

Ca tests. The anlceri tic dolomite is described under 

"Chemistryu. 

Quartz is next in abundance after the carbonate. I t 

is present as clear grains and also as pinkish- coloured 

grains. The mode of occurrence i s usu~lly as mosaics of 

tiny erains . The grain size vari es from 0. 5 mm. do;:rn-· 

w·ards . 

Stilpnomolanc was found to be rather common. Under 

the binocul ar microscope it is almost black with a sub­

metallic l ustre and red internal reflections . Birefring­

ence ~ppears to be high but is masked by tho deep colour. 

Tho mi neral has a small 2V and is optically negat ive . 

Porfect cleavage w-as observed and the refractive indices 

~:ce ~ 1. 740 and-:;>( 1. 635 . It occurs as rounded grains and 

as f lakes. 

Biotite occurs as larger l a ths and flakes than 

ctilynomolanc. The biotite has u sually altered to mn ~ne­

ti to and chlo~ci to; often bioti to and magnoti to n.ro :~"ound 

i~torleavod . TDe variety of chlorite is ponni nite, ron.di­

ly identi fiable by its anomalous interference col our 3. 

~artz occasionally r epl a ces t he biotite along clcava~e 

directions . 
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Amphibole grains a rc usually slightly larger than tho 

e.verage grain size of the carbonate and arc also partly 

altered to chlorite, and partially replaced by Quartz. 

The minerals recognised arc tremolito and hornblende. Tho 

tromolite is pale yellow-green, pleochroic from palo 

green to pale brown. The extinction angle cle~v~c to 
0 v 

z = 19 and the refractive indices area 1.635,~ 1.620, 

Tho hornblende is dark grey-green, pleochroic from dark 

green to light green Hith a bluish tint, and has refra c­

tive indices X'1.680 anclc<l.660 . Tho extinction anclo 
0 

cl. to z = 26 • 

Apatite occurs throughout the rock as euhodral 

grains nhich may reach 0.25 mm. in size. Tiny rodliko 

inclusions in the grains are arr anged in a hexagonal 

pattern . 

Sphene o.,nd/or perovskito arc abundant in tho dyke 

groundmass although their distribution is patchy. They 

tend to be more concentrated in those parts which sho1-r 

flmv-- banding. Sphene has a very high birefringence uhilo 

perovskito is iso tropic. However duo to tho small size 

of tho crystals and internal reflections it ue.s not possi­

ble to determine relative percentages. Tho minornls arc 

often found associated with haematitc and irregular 

sphene may border haematite grains. Tho minerals appear 

to bo younger than the haomatitc, 

Orthoclase is rather rare and occurs ns whitish, 

cloudy crystals. Likow·ise pl agioclase is uncommon and 

is usually altered to saussurito. Those grains which had 

not al torod displayed low symmetrical extinction .:mglos. 

Tho dyke shows banding towards tho co~1tacts. This 

banding is darker than the usual colour of the groundmnrs 

and granitic fragments and opaQue minerals arc found in 

it (pl.X:XIII ). It is interpreted a s being duo to fl ow 

during emplacement. Such banding has boon described by 

Russell and others (1 954) Ca mpbell Smith (1953) and 

Vo~voerd (1963). Tho most common mineral found in tho se 

bands is haom0tito, u sually with a l ath- shaped habit 

(pl. XXIV). It i s -vrhi ti sh grey in reflected light ::md 

shows beautiful, r od internal refle ctions and s trong ani­

so t ropism. I t is found as a late , i rregul ar minera l o.,l ore 
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Plate XXIL Contact of ankeritic beforsite aga inst 
:,1;~ 5 qur.:.r tz 1-raci::e. r:ote sharp contact, finer 
::;rain size of carbona te at contact and 
carbonate 9rai.r:.s in country rock. ,~;ual~tz ( q) , 
carbonate lea ) , b ; otite (bi). 
Crossed nicols, x 30. 

_Plate ~.:XIII Sligh t ly c ontorted flo11··banding in the 
ankeritj_c beforsite. ·. ~agnetite a.nd hoematite 
(black~ 9 CB.rbonate (grey and ·white ) . 
Polarize( light , x 32. 
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carbonate bound~rios, cs ve ins and as fine ly disscmin~ten 

gr8.ins, seen 2.s n red dust between crossed nicols. In 

the flow-b2.nded zones magnetite i s a l so vary common in 

the form of anhedral grains. They nrc usunlly enclosed 

by haemati to, an a l tcration product (pL XXIV). The t-vw 

minerals are r eadily distingui shable in reflected light . 

Pyrite is l ess co~mon than the nbove mine r als. It 

occurs in t wo forms: either as euhedr a l grains or ns 

l~regular masses. I t occurs throughout the dyke but is 

:.1orc concentrated i n the b::'..ndcd portions ~;here it forr.1s 

di scontinuous streaks parallel to the other miner~l 

banding. 

Cha lcopyri t o i s common in tho bc-,nding 1vhcrc its dis­

t ribution is patchy. It occurs as porous nggrcg~tcs 

be~Teen haematitc veinlets . Pyrite m~y be associated . 

The chalcopyrite appears to be younger than the h~omatito. 

A study of one polished specimen across the banding 

r eveal ed what appeared to be tiny hnckly grains of gold 

uhich were bright yellow <'.nd had no t taken a perfect 

polish. These grains uore found in the porous chalcopy­

rite-pyrite patches . How·evcr, after repolishing tho 

spoci~en, the grains could not be found aGain. A gold 

ass<ty on tho rom1.indcr of the specimen gave 0 . 1 drTts per 

ton. 

The paragenesi s of tho opaq_uo minerals fo ll01:-rs tho 

course magnetite (------7 haemati tc), pyrite, chalcopyrite. 

Chemistry. 

It uas felt that a partial chemical a na l yds of tllo 

dyke gr oundmass 1wuld ll.Ellp i n the dcter minn. tion of the 

nature of tho carbonnto . Small fragments Here selected, 

crushed and thoroughly mixed. About 0 . 02g was used for 

tho volumetric determination of C0
2 

whil e 0 . 5g uas used 

for tho determination of Al
2
o

3
, CaO, MgO, FeO <tnd in­

solublcs . Tho rock powder -vms placed in hot 1 : 5 HCl c.nd 

tho amount of insol uble mn. tcric.l 1·ras determined after 

filtering, washing n.nd drying. Tho re sul ts of tho 

analysis arc set out on follm·ring page :-



85 

Tnblo 16 

-------- --- ---------------- ----
~ . ';o. . I 
J ConstJ. tucnts : compos1 t1on ___; 

i 

i Insol uble s 
! A1

2
0

3 
+ X 

I CnO + SrO 
I 

Total 

25.00 
1. Gl 

22 . 38 

12.14 
5.69 

33 . 33 
100. 15 

·--- -------------------------------
F:rom thi e molecular proportions 'rare cnlcul.:-.tod: 

GaO 
:~o 
FoO 

Total 

0. 398 
0.301 
0.079 
o:-778 

~lcreforo the r~tio c~o 
is 5 

}lf.gO 

4 

0. 757 

FcO 
1 

Thi ~: ind.:.cn.tes 1.11. iron- bearing or ankeritic d.olorr.ito. 
A trC'.ce clement study uas ki''ldl y ct>..rriod out by ·:::~o 

J.nclo .Anorican Research L~bora tory for the ant;1or . Th::: 

sar.:plo supplied un.s analysed qualitatively on 0 

r>pcctrogr0ph. 

Table 17 

Tr-.co clements in the carbonati to. 
, 

:Ji.o..1onts Pb, Cr, 
(-:- 0.5~~)? 

V, Cu, Ti 
~!: ( < 0 . 5/;r;-

1--------11---------- ------------ ----------
· 'ot 
uotcct cr:. 

Cd, As, :Bi, B, P, Sb, Sn, ~Tb, H, T:-., Cc , - ] 
z~, La, Ag, Zn, ~ (?) 

The rubidium do tcrmino. tion mts inconclu:::-i vc <li..l.o t0 i n "Go:;·--

fcrenco of iron. 

Tho most common trace clements usu~lly :-,,unC. in 

cn.:rbon.:ttitos arc : ~--, -·-
.rcr:J found. in this st'.Kly. Approxir.r~.tc co :accntc.':~tinn~ <~:rc 

::::ho1-m. Vcrvrocrd ( 1963) ca rried out trace olomcnt rtudj_c· 

of eight South A_-Prican co.rbo·nti tos :'rY . -:rhL:::h ho fc:u::::.r~ 

c::..:rbo::::mti t eL. . ~rc o.:t.rth£ (os- ::J ci:>..ll:.· L~ .:1. ltl Co) ~:cr--. 

::--:mractoristic of ~ll but two . Elorr.ontc 1;-hich ···_:r-_) ~ -o ·ij 

rro. 
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Russclland others (1954) list the trace clements found in 

the car bonatitc at Loolokop and the minerals in which 

these clements were detected. The most abundant trace 

clements w-ore Sr, Ba, La and Y. Thus the trace clements 

listed ~bovo suggest that tho dyke has carbonatitic affi­

nities. 

Xenoliths: 

Tho dyke may be termed a dyke breccia or almost 

dyke 1congl omorato' as tho xenoliths arc usually rounded 

and arc abundant in number. They vary in size from loss 

than 1 mm. to over 10 em. Basic reaction rims arc often 

developed along dyke/xenolith contacts and the boundaries 

bettwon the xonoli ths and the dyke groundmass may be shar]) 

or gradational in different cases. The diffuse contacts 

arc due to tiny fragments breaking off from tho xenoliths 

and becoming i ncorporated in the gr oundmnss. The r ound­

ing of xenoliths is caused by corrosion by tho magma. 

Tho majority of the xenoliths consist of granite and 

often differ widely in appearance, e . g . palo pink, con­

sisting of quartz, pink feldspar, green amphibole and a 

small amount of chalcopyri to; dark red 1·ri th accessory 

pyri to; ycllmvish 1-Ti th the centro being more siliceous 

than tho periphery, where forromagncsian minerals arc 

concentrated; pink-coloured, coarse-grained consisting of 

quartz, albite, orthoclase, hornblende and biotite, 

Milky quartz xenoliths arc common and are usually 

smaller than the grani te xenoliths . Those arc probably 

derived from quartz veins in tho original granite or from 

quartz veins in tho quartzites in the Wihratorsrand 

System. 

Quartzite xenoliths of four varieti es wore noted and 

those a r e r ather common. The types observed -vroro grey, 

very siliceous; groan, siliceous; dark green, medium­

grained and dark grey, medi~grained, siliceous~ 

Chert, although not common, 1-ms a l so found to be 

pr esent, e . g . black and angular fragments and elongated, 

khaki-coloured varieties. 

Two syeni to xenoliths vmrc noted in the samples 

studied . One was dark-coloured, plutonic, made up of 
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pink feldspar and dark green ferromagnosian minoralr.: 

with a dark reaction rim of ferromagnosian mino:rnls 

surrounding tho xeno'li th. Tho other xenolith consist~:. 

of green feldspar vri th pink pa tchos togo thor Hi th bioti to 

<:md pink feldspar arr1.nged to impart a someHha t gnoissosc 

texture . 

Several small possible xenoliths of mngnesito uoro 

seen, size about 0.5 mm. They may be original constit­

uents of tho dyke groundmass, being locally coarse­

grained but they are Hell-rounded and_ mo..y be xonoli ths 

too. 

Several xonoli ths of amphiboli to uorc found_ which uero 

1mll- roundcd and arc of a dark green colour. They ;:: ro 

composed of hornblende and quartz . 

Xcnoli ths of gneiss 1vcro usually cor!1l)OScd of tho 

minerals of granite, concentrated into bands of feldspar 

and fcrromngncsian minerals al tornll. tinu vri th qut.rtz, 

although several had a d i oritic composition • 

.A single xcnoli ths of shale 1ms rocordocL This is 

rather hard, and dark in colour ui th d.intinct bcddi1:,1 • 

.A striking xenolith of jaspili to was observed . T:'lo 

rock is very angular, fine-grained and hard. Al torna­

ting layers of black magnetite Gnd. rod jasper give rise 

to ~ banded effect . 

In addition, two xenoliths, whoso identity i s un­

k:n01·m9 nero noted . One, a very fine-grained, bln.ck 

forromagnes i an rich rock, possibly basa l t , ::mo_ tho ot:1or 

vorJ finc-grr'-ined, rather dark red, resembling n folsi·~:e . 

Other Occurrences. 

T1vo other occurrences, rather simi lar in hand speci­

Men to the above dyke ( >·ri th the exception of tl:e Ynnol3.-­

-:;::.s \ uoro encountered in the mine. One of tho f~e r oYoal ­

ocl d;ykc-like form on 65 Level, No . 1 Shaft Fhcrc it is 

founcl agn.innt a q,uartz cliabasc.. dyke and. thu ot:lul~ J"'..": f:h..:0.1 

in tho core of borehole V7 where it has been logccd l:'-8 

:1. dy'cc breccia. 

Tho dyke on 65 Lovcl is only a fm' inches ~ride . 

I-~ is bordered on tho eastern side by a northucst tror,.CI_­

ine Quar tz diabase dyke .:.nd on the 1·rcstorn side i ~ i::; 

in sharp contact with Vaal Reef Zone quartz vmckc s . 
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A thin section show·s thn t only 50p0:r .. cent of the 

:ruck is made up of carbonate, probably calci to, vrhich 

replaces all other minerals. Its grain size roaches C.3 
min. It scorns t h<'.t the original rock ..ras normal q_u~-,_rtz 

wacke, uhich has suffered replacement by tho carbonate 

· .. ~1ich nas como from tho now highly n.l tored quartz dia-· 
1x1se. A qualitative spectrographic analysis of this 

rock uas carried out by A.A.R.L . f or tho au t hor: 

Table 18 

: thjor consti tuor~t 
I 

Si. 

Cr~ Ca, V, Cu, Ti (< O.l)~) ,Ni, Mr1, 
I 

I 
r-11-i_n_o_r--c-o~n-s.-t_i_tu._e_n_t_s_ 

~----------------------------------------------·----------------·4 I Very faint Na, Pb, Co, Ea . 

~------------------··-·-·--·-
' 
' --i 

1 Not dotectec1 Cd, As, Eo, :B, P, Sb, Sn, Nb, n, i 
Ta, :Bi, Co, Y, Zr, La , Ag, Sr, Zn, : 
K, Rb . 

:Borehole V? is situated in tho southwestern corner 
of tho mine. Tho length of "dyke" intersected was 12 

foot but tho anglo of dip is not known. This occurrence 

is also in contact with quartz wacke on ono side and dyke 

on tho other. In hand specimen tho rock is a grey colour 

:ri th a greenish tint. Tho rock i s shoaroc1 Hi th bnnds of 

myl onite being developed in it . Under tho microscope tho 

:cock is a q:.:nrtz wacke lnrGoly replacod by -;nrbonnto whoso 

~rain s~ze m~y roach 0.75 mm. 

A.A.R.L. performed a qualitative spectrographic 

nnalysis on a sample of this rock, Table 19. 

:Mn.jor consti tuents 

iiinor constituents 

T:r::tcos 

~ 
! v~.ry faint 

r-. ~To ·c detected 

Table l~ 

Fe, Si. 

Ms, Al, Mn, Ni, Cr. 

Sn, Ca., V, Cu, Na, Ti 
K, Co, Zn . 

As, Pb, :Ba, Sr. ·: 

Cd, Bi, :B, P, Sb,Nb, 
Y, Zr, La, Ag, Rb. 

I 
_.J 

I 
I 

0 l . \--: 
c ~.; 1 i 



Origin of tho Carbonatitc . 

Tho dyke at first glance r oeombl os ~ f~ult breccia. 
It cm1:.1ot, h01:ovor, be a fnul t breccia boco.usc t11c _.conv--· 
li ths nrc so varied and r0undod and the throu is vor;r 
small . 

Tt·ro modes of format i on may be considered: 

l.) Intrusion, 

2 . ) Replacement of an original basic intrusive. 

1 . ) Tho rock occurs in tho form of a t~i~ dyke ~nd col~· 

to..ins rounded xenoliths . This suggests intrucio:n, Tho 

mineralogy of tho dyke is similar to that o~ mo..ny carbon­

.:lt::. tes vrhich have boon descr ibed. Such mincral3 as bio­

tite, apatite, sphene, magnetite, hac~~tito, pyrite, 

cholcopyritc and alkali feldspar have boon ~ascribed frcn 

carbonatite8 · by Turner nnd .Vcrhoogcn ( l~60)?Vor.voord 

(1963), Daly (1925), Russell and others (1954) , Co..mpbcll 

Smith (1953), ?ocora (1956) and Johnson (1961) . 

Tho evi dence of tho mineralogy is supported b·r t~"..o 

trnc:c- c l omont study 1·rhich showed Sr, Ti, :Ba and Rb(?) ~ 

~~esc nrc characteristic of carbonati tos . 

Streaking or flo1'T- banding, such as soon in tho dyko 5 

has boon described by vari ous authors and magnetite ~r.d 

apatite arc usually found in such banding, (Pccora,l956; 

Jornson, 1961: Co..mpboll Smith, 1953 and Vo~roord, 1963 ) . 

This iR in all l ikelihood duo to liquid injection. 

T~o contacts arc finer grained for a very short c i s­

-~r.nco u.ncl. t11is probably represents o.. chill zono . Chill 

zones in carbonatitos have rarely boon described in tho 

li tara turo . 

Tho variety of carbonates present suggest s <'-11 ;:, ric;in 

by intrusion rather tho..n replacement. Since omplacc-ncnt 

tho rock hc.s suffered some movement as soon by sho<1rL1.g ~. :; 

?.) In favour of nn origin by replacement i8 thv fact 

that covcretl dolori to dykes, 1rb:fch oont:dn a gro2. t variety 

o..nd. nbund.nnco of xonoli ths, occur bo-h·roon Klo:rksclor-p <'.nd. 

·vontorsdorp (Uol, 1935) . Nol terms thorn "hybri d rocks". 

His description, ospcciall;y- that of tho :r.:onoli thsJ 8V_-:;3'cs t · 

n co:.-:-rol ation bo'b:rcon those dykes and i·.., Va•l llocfs . 

~.=o·;ovor, tho groundmacs shous no toxt-<.1r2..l simil ari t.y --.... lJ .. 



.Plate XXIV ~ I-Iaema.tite ba.ndin;· in anl.{eritic beforsite. 
"'l l J.. • t ( h ,- . lt t . d t . 1e 12.ema~.,1 e Lfr1J 1s an a era 1on pro uc 
o.f magnetite ( mt). Polished section 7 x 92. 

Plo:~.e XXV · Hand specimen, olivine la.mprophyre. The 
corroded olivine phenocrysts display 
parallelism. Olivine (ol), carbonate (ca). 
X l. ~{. 
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Nol menti ons carbonate as being secondary and of very 

minor i mportance. 

The thin dyke- l ike body on 65 Level ancl tho rock 

inter sected in V7 bear a superficial rosombl~nco to tho 

carbona t i to i n ha:.1d speci men. They must have formed by 

replacement of tho count~ rock. Tho carbona.to uns pro-­

babl y derived from the contig'!lOUS dykes rrhich arc them­

solves much al torea. . In thin section those rocks shm-r 

no resemblance to tho carbonati to and arc probably not 

related. 

Tho evidence therefore suggests that tho dyke form-­

ed by liquid injection, probably a magma. Tho xenoliths 

wore taken up from underlying fusomont rocks and possi­

bly Domini on Roof System. It is possi b l e that thoro nrc 

several such bodi es in the a r ea and t hat a larger source 

may lie under cover of younger rocks or at a greater 

depths. 

The carbonatite may bo termed an ~~qFitic bo~orsito. 

6. Olivine Lamprophyro . 

Up to the time of writing this d;)rkc has not boon inter­

sected in Vaal Reefs vrorkings . It i s found in the neigh­

bouring mine, VTostcrn Roofs, and crosses tho boundary 

into Vaal Reefs ncar the southwest corner of tho mine. 

The dyke is the youngest igneous rock in tho area and 

cuts through all other structures without being affected . 

The strike is •·rondcrfully constant at N4°E to JH 
0
E 

0 
while dip is either 90 or very close to this figure. 

Tho dyke is thin, usually 4 feet thick, roaching 

10 foot. A number of unpleasant features arc associated 

1-ri th this intrusive as far as mining is concerned, e . g . 

it is water bearing, it is highly sheared nnd tends to 

collapse thus necessitating sealing rri th concreto . 

Horizontal slickonsiding i s common along the contacts, 

t ho striations being filled by fibrous carbonate . 

Tho dyke is striking in hand specimen. It has the 

appearance of a breccia uith elliptical and elongated 

black inclusions, l ength up to 1 em, sot in a dark grey 
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Gr oundmass (pl,XXV). These "inclusions" arc in f:-~ct 

phenocrysts . They arc oriented sub-par~llcl to one 

another and this togo thor ui th the varir',ti on of colour 

in tho groundmass indica tos flovl. Tho phenocrysts o..re 

not <levolopod ui thin 9 inches of tho contacts, vrhich a rc 

a dark greenish- grey to black colour. 

The rock has a smooth, r ather greasy fool uhich is 

due to talc and ser pentine . ~1c phenocrysts arc not uni­

formly distributed throughout tho dyke,some parts co1~ 

taining an abundance of these 1·rhile other parts arc re­

latively unaffected . Mica i s distinctly visible both as 

pal e flakes and as red specks 1·rhi ch resemble garnets at 

first glance. 

Po trograph,y : 

Several thin sections of tho dyke and its contacts 

croro cut. The rock is strongly porphyritic. Under the 

microscope tho rather dark green to black phcnocX"~Jsts arc 

soon to be olivine pseudomorphs uhilo loss conspicuous 

phenocrysts of biotite are very common. Those arc set in 

a fino grained groundmass. Tho rock i s holocryst~llinc 

and shous a hypidiomor phic-..granular texture w~ich IT<\G 

probably panidi omor phic before alteration affected the 

constituents . ~1o panidiomorphio-granular texture i s 

characteristic of l ampr ophyres . The phenocrysts may be 

single or occur as very l oose glomoroplasmatic aggrocntcs. 

Tho olivine phenocrysts roach 10 mm. in length and 

arc e l ongate oval in thin section. Corroded margins arc 

common, sometimes resulting in angular shapes. Original 

olivine is r<~.roly present in tho cores of phenocrysts, 

the mineral having been replaced by oi thor carbon?. to 

(prob<tbly magnesite or ankerite Hatch ct al, 1952) or 

sorpcn tine . Expansior:. cracks arc ubiq_ui tous and magne-­

tite may be abundant in those (pl.XXVI). Tho serpentine 

has rather a high birefringence, about 0.01. Talc is 

also found as a constituent of tho pseudomorphs. n1~so 

olivine phenocrysts arc earlier than tho biotite phcn0-

crysts as som1 by some bioti to surrounding olivine . 

Biotite occurs as corroded and altered ouhodr~l 

phenocrysts . ~10 mineral tends to be rather bleached 



Plate XXVI . Olivine lam.prophyre. Corroded olivine 
phenocrysts, nov.r altered to magnetite (black) 
and serpentine, in a groundmass of carbonate 
a nC:: chlorite . .3hred.s of biotite ( bi) barely 
visible. Crossed nicols, x 29. 
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and both bl eached inter iors with dar k borders and dark 

interio1;~}t\eachod border s ucrc noti ced . The bleached 

bioti to is a pale gr een to pa l e bro>m colour. A ccrtD.in 

amount of a l terati on to chlorite has taken place . Tho 

unaffect ed gr ains sho1·r strong pleochroism from dnrk brow~~ 

·~o pr.~.lo brmm. Unal tcrod b i oti to is often observed ad­

jncont to compl etely pscudomorphcd oliv i ne . 

J~torntion of tho bioti t e g i ves rise to the rod 

spots soon in hand specimen. ~1i s i s limonite. Easnl 

sections of tho nl tered b i oti to sho-vr rutile needles 
0 

arranged in throe sots at 60 , appar ently due to titanic 

acid rel eased from the biot i te (Har ker 1960) . Secondary 

minerals like q_uartz and carbonate a r c founcl a s lenti­

cular bodies along tho cl eavage planes of tho biotite. 

The biotite phenocrysts nrc occasionally bent and they, 

like tho ol ivine , may be found s i ngly or in clusters. 

Tho groundmass consist s of secondary minerals, v i z . 

saussurito, chlor ite and calci te . The saussuritc is an 

alteration product of plagioclase, none of which r emains. 

Tho conposition of pl agioclase in such lamprophyres is 

6enor~lly ncar that of andesi ne (Hatch ot al , 1952) 
Tho carbonate is very abundan t and replaces most other 

minor<Ll s . Its gr:'..in size varies from 1.5 mm. dmrmrnrds 

and it is usually present as fino grained agcrogatcs. 

Any original augite or amphibole bas boon completely 

altered to chlorite, a common constituent of the groundmass. 

All other mine rals arc loss common. Ti ny octahedra 

of magnetite arc scattered throughout the groundmass . In 

some thin sections sphene (or pcrovskite) is very ab~~d­

a.nt as wedge- shaped a:1.d irregul a r grains . Perovski to i n 

kno-vm as a common accessory in su ch rocks. Pyri to is foutlc 

as irrcgula.r grai ns, usually larger in oizc thnn the J.:nc;­

noti to grains . One possible gr ain of stil pnomolnnc ·.raf' 

encountered •·rhich has a torpedo shape and d::>.rk braun 

colour, being surrounded by a reaction rim of dirty car--

bonate. Apati to i s seen in ve ry small amount as prisma- · 

·iiic crains ancl <:~.s delicate noodles . 

At the contacts chlorite is more common. I± rc-

l)lacos t ho m<:~.trix of the country rocks <Lnd also atta.cko 

-~he q_uartz gr ains 1 . forming sphoruli tic ombaymcnts. 
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A ro.ther pcculio.r pink colour is developed in tho sedimoL­

t~ry rocks nt the cont~ct . A thin section f~iled to 

reveal tho ranson, unless the quo.rtz itself i s n pi nk 

col our. The colour m~y possibly be due to a dissemination 

of very fino limonitic m~terinl. Lnmprophyros nrc generally 

.l·:.raod by thv proclominnnt mnfic mnteria l present ::.nd tho nntu!'u 

of foldspnr . Thus thi c d~rke is o.n olivine lnmprophyrc. 

The author hns not encountered nny reforGnce to olivine 

1'"'-mprophyres in the li ternturc however. As the origin:.">.l 

fe ldspar H!l.~ n plagioclase the rock may a lso be termed nn 

olivine korso.ntite . 

ThG Altera tion of the I ntrusives . 

Tho intrusives in the nino n~o nlmost invnrinbly 

highly a ltered [l.,nd the contacts nrc gGnerally more highl y 

a ltered th0n tho centres . 

The minerals of tho rocks o.r e st~blc in conditions of 

lou-g r .1.de regional mot'"'-morphism, the greenschist f:.,_cios. 

Tho question :tri ses ns to v.rhethor such n.l terntion is 

clue to mct[l.morphism or doutoric <'.1 tor:> tion <mel tho vious 

of V[l.rious [l.Uthors differ on this point . 

Tho production of snussuri to, nn '"'-1'5greg1.to of albi to, 

zoisito, ca lcite, sericite o.nd other Co. - Al silic~tes 

could bo due to retrogressive metQmorphism according to 

Ramber g (1952) . 1-Tahlstrom (1950) on tho other hand suggosts 

n dout eri c origin but s t nt cs thi s is eenor nlly due to 
11disloco..tion :end hydrothermal nltorntion by extraneous 

solutions 11
• Hn.rkor ( 1956) gives both points of view· 

e . g. p. 174-5, 11Tho observ<1tions of numerous petrologists 

indeed lead to tho concl usion th.1. t snussuri tizc:. tion •~nd 

ur::.J.itizntion a l ike belong to a l :ttc s t ".ge in tho cooling 

down of nn igneous rock . Shenring rtross, i f it opcrntos, 

is doubtless to be rockcned o.s n. factor fnvouring those 

chnngcs". On p. 352, he mentions tho extreme slolmo~s of 

cooling in tho f innl stngos of regionn.l metamorphism 

alloning, 11 spont[mcous ronctions to proceed more freely" . 

Thus, " the sau ssuritc chnngo give s rise to, inston.d of 

nn obscure cloudi ness, distinct cryst1.l s of zoisitc or 

epidote" . Tyrrell(l956) st:1.tes th::1.t tho nnorthito 

mol ecule i s unstn.b l e under conditions of dynnmic motnmorphisn 
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:md breaks up into s aussuri te . 

Therefore, uhil o su.:tssurite can form both from ckut­

oric of:fects 2..ncl from mcta;norphism, tho body of opinion 

al)~ca:..·;:; to favour raetamorphism in one for:::n or c:mc-!;hol' , 

T::o orj c:;in<ll pyro:-:cne is no lonser :pro sent i n ~'"l': 

d;,·~ ~GC ·t·rl!ile urali te is found only in tnc chori tcf:l .;:1crc 

it Rl ters to chl orite . 'i?yrrell ( 1956) anCJ. Har:ccr ( 1956) 

GhO"iT that urali te for:::ns under conditions of thcr mc..l r.~-:Jt<::r-~ 

L:::Jrphi2f.1 o:::..' clynarr.otherma.l metamorphism -:.;hile H£.tch 2.:1i 

o~!H:C3 (1952) state that l1.tc sta3e alte rati on can ch~r..-sc 

ry:ro::unq to .l. ibrous urali t-e. Nctanorphi:::::'l 1"'h ich C<.\USel".. 

~-'i;,· t:.L~C~l e:.Lr..(-; 8 uas p robably r.1orc therma l thar.. clyr· :n•Y~l:-­

e:rin".J. D.'1 relict i~neo"...l.s textures are sti l l s r;en i n t~1.e 

rocl~e . 

1fho nl tera tion of pyroxe110 to chlo:ri te fl~cquently 

.::;i\n;s rise to calcite and r:_uc:.rtz as by-products. Tyrrell 

(1956) states that any ferr omagnesian mineral may brerl: 

c'm·m into chlorite at an early stage of metamorphi sm 1-rhilc 

1>.h2.stron (1950) prefers an oricin +.hroucll lnte c-::::.eo 

p~ococ~os of a deutoric nature . 

T;i th r v Sj_IC.Ct to the opaq_ue minerals, TI<'.:dcc :::- ( 1956) 

. fools ·vhat leucox'3ne is formed at the expense of ti·i;a~li­

:orous iron ore as a r e sult of dynamic ~otamorphirm. 

r;.·y::..·roJ.l ( 1956) TTJ3:-t tions conditions of d;j'namo ·l:ihermal Mot:-...-

::·'):rph:i.rJ .. fo:-c i ts for:rw .. tion, 11 Undor clynanot'lc~rn: •.J. ,_:8 ta.i:1or-

:£)hism. • leuco:x:enc, a dGnse agerega te of minute gr::':l.u--

lc!3 of s~~cnc , arise"' from alteration of il:l'onito~ ancl und­

o:..· r.orc int.:;n3;. mct:J..norphisn lartie crystalf: of sphone:: ard 

i"or:.Kcl fron .ilmeni to o:::- o·cher t i tanifcrous minerals. " T:!o 

::.1tllor ha:.:; not ::::'ounC: any r eferences to support ,-. dcu+::n·i c 

vrigin for leucoxnne . 

Q1.:artz occil:cS~ both af' a result of e> ltorc- tion of othc~ 

r:nt . 1D1ile r ome of these vein> rna~: b0 J.:tto :::-';r:;oJ ot1~ -:· ~~·f' 

l:_l.v c f:i.llocL l<'.t-::Jl' fr<:.c-t:clrcs . ThiJ qt.w.rt:~ 1:"'.8 effect'JC''. 

::.'.J.:'"c::.:·:ic:'. ~ion of. tho o:Lclcr ct~"'cec. Pyr;. t.e hue bot~~ l.!J-... 

stallized as .:t r.cutoric :ninoral anf~ 'hoon ~.ntro.:.'!: .C.}':'. - ~-

l.c:.:cor hydr·J t:i1.erual no~utions . Calci tc i s present ..,_s 

J -:"'311. introc1.uced by l:1ter solution::: 1'..'1C)_ ir: v;::u- ::!. i:r J~L 
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youngest miner al present. 

The vimrs presented and the evidence of the dyke s 

themselves suggest that both deuteric phenomena and 

regional metamorphism have played parts in the alteration 

of tho primary mineral s , together vri th la t o r modifications 

through hydrothermal solutions . Several mineral chc-.ngcs 

suggest that r egiona l metamor phi sm has pl ayed tho greater 

role . 

Such is not the case u i th tho lamprophyre irhich, 

being very yotmg, has not shared i n tho metamorphic epi­

sodes . Alteration here i s due to douteric phenomena. 

Analyses of lamprophyres show l a r ge amounts of co
2

, H
2

0 

and H
2

S which cause al terations of minerals in those 

rocks. Exampl es of the doutoric effects a r e bleached bio­

tite, tho carbona tes and pseudomorphs of talc and serpen­

tine after olivine. 

Age Rolati_~ships . 

Tho l amprophyrc i s tho youngest intr~sive as it is 

not affected by any structural feature , Antrobus (1956) 
has described an augite lamprophyre from the Orange Free 

State Goldfields which has been found to be post-Karroo, 

and probably l ate Cretaceous in age and it i s felt that 

tho olivino- lamprophyrc w-as intruded at much the.: same time . 

The carbonatitc on tho other hand is affected by 

faulting, both big and small, and so is older . At present 

its exact age is not determinable . Vc~rocrd (1963) has 

tabled the ages of South African ca rbonatitcs as extend­

ing from post-Transvaal to Crotc.ceous and Recent . Ho 

other occurrences have boon described in tho vicinity so 

that no comparisons can be made . Its ago is possibly 

post-Trr.nsvaal . 

Hith respect to the other dykes no occurrences of 

these dykes in Transvaal system rocks have been encount­

ered either in Vaal Reefs or the neighbouring 'I'Tcstorn 

Reefs mine . Bor ehole cores of T~svaal System rocks arc 

not retained after dr illing so that samples of any post­

Transvaal intrusives i n tho near by vicinity a r c unob­

tainable . 

Tho oldest dykes appe~r to be tho quartz di abases. 

Of those tho porphyriti c, non-porphyritic and feathe ry 

varieties arc probably of much the same ago . Tho 
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amygdaloidal diabase c.ho1-rs much alteration too and many 

similarities to the Quartz diabases but has suffered loso 

subseQuent movement and is probably slightly younger. 

Those dykes are moved by later faulting which is pro­

Transvao.l and probably also pre~ Upper Vontcrsdorp in ago, 

Those dykes therefore are probably feeders of tho 

lavas. The amygdaloidal type suggests an affinity with 

the lavas. 

The microdioritos are probably largely contemporan­

eous. They show loss disturbance than the Quartz diabases 

and arc thought to be younger than the: la ttor. Hovrcvcr 

conclusive intersections have not yot boon observed. Tho 

meladiori to s appear to be simil a r to tho ilmoni to-diabases 

described by Brandt (1949), Ellis (1946), Antrobus (1956) 
which arc thought to be pro-Transvaal by those authors. 

Thus tho meladioritos may also be pre-Transvaal. 

A table of possible ages is presented below. 

Table 20. 

i 
I Type Ago ____ , 
i --- ---------
! Quartz Diabases 

0 . 
0 
0 

0 . . . . . . . 
0 . . 

Lower Ventersdorp. I 
Amygdaloida.l Diabase 

Mala- and Mottled 
Microdiorites 

I Lower or Upper Vontorsdorp.l 

! Post- Ventcrsdorp 

Carbonatite Post- Transvaal 

Lamprophyro Post- Karroo. 

It is likely too that tho intrusives of any one typo 

were not intruded at any one time but over an extended 

period of time. 

I 

I 
1 
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THE VENTERSDORP SYSTEM, 

Tho Vontorsdorp System on tho Vaal Roofs property 

consists of tho Vontorsdorp Contact Roof overlain by a 

considerable thickness of lavas . 

Tho V. C.R. has boon intersected in several boreholes . 

Its best development i s in tho :Ho , 3 Shaft area vrhcre it 

is 9 feet thick, consistinG of mixed, medium- s ized pebbles 

and ca r rying sporadic gold value. No mining has boon done 

on this horizon in the Vaal Reefs Mine . 

The Vcntersdorp l avas may r oD-ch a . thickness exceed­

ing 3,800 foot (in borehole Z3 on tho northern boundary) 

but the thi ckness is generally l ess than thi s on account 

of faulting and erosion. 

According to Nel (1939) the Vontorsdorp lavas nr c 

"· • gr eeni sh or bluish- grey, aphanitic rocks of andosi­

tic composi tion.'' 

Whyte (1952) first pointed out that there ap1)earcd 

io' be an unconformity bot1vcon tho lower 2.'1d tho upper 

portions of the l ava in tho Western Reefs Mine . His 

evidence was " . , the consistent r el ative position of 

cert~in markers in tho lava to its base and of others to 

the base of tho Tr ansvaD..l System. 11 '!-Tin tor ( 1965) has 

worked on tho lavas in the Bothavillc area and C0'.1firmed 

thD..t regional unconfor mities do exist in the Ventersdorp 

System. A study of hi s i sopach maps reveals that either 

his Lower or Upper and perhaps both divisions could be 

present in the Vaal Reefs Mine, his Middle division being 

absent. 

The Lower, or Langgel even Formation is certainly 

present >·rhile the Upper division, represented by the 

Allanridge For mation,appenrs to be present in some of the 

boreholes and not in others . The follm-ring Formations are 

thus not repre::;ented; the new Krtmeeldoorns, Makuassie, 

Rietgat, and Bothaville , 

The LanggelevenJorm~tion. 

The Langgeleven Formation consists of andesites, 

both amygdaloidal and non-amygdaloidal, of a r ather pale 

grey-green colour. It has proved possible to subdivide 
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this Form~tion a ccording to various marker h orizonc . 

a.LarRe pheno9ryst zone Thi s i s a zone of 

aoygdnloidal and non- a mygdaloida l l av as i1media i;-3ly ov e r--

lyL1c the Elsburg Stas-c :reac.h ;_"'Jg a m~ximum of abc~t 

LOO fe e t above the · ·ase of the Formation. ':Llhe zone is 

occc=ionally not seen in borehole cores . T;1e phenocrynts 

a~ce oca ttered and may reach 1-} inches in s ize . TouFL;:oil_:::; 

t>o b coe the phenocrysts <'.r a a very de.rk green colour 

du-; t-o cor.rplate choritization of origina l feldspar Cl'Y­

s"!:ctlc. Up1mrds the phenocr ysts g radually l ighten in col­

our to uhite and at th8 sarr.c t ime become soaller in o:LzEJ . 

I-n :p 'J-::- ' ~:v-1: -: ;r:~:-n fresh e11ouch fo~ invast~gation of t :ho::.r 

optic<:l properties . ~Je l (1939) has reported the.t the 

compof'i tion ic similar to that of albite , 1vinte;:- (1955 ) 

s t ates that t h e louernost 200 feet of the Lancgeleven 

for!.D. tion consists of talcose tuffs but in Va.:~.l Reefc 

cores tuffaceous layero 1-rere found to be thin and not. 

=ectricted to any particular horizon. 

b . Finel~-~o~}1yritic zone : Some distance above the 

Larca Phenocryst zone ( up to a mA.ximu:n of 900 feet above 

t'te: 1:-ase) there i£ o.. zone of f i nely-porph;}rr i tic, amycd.o..l-· 

o i dal lt..v.:.~~ the phenocrys ts bein15 less th"ln one- t:H~.th of 

r-n inc"l,. in size. ':Llhey a r c f e l dspar cryst o..ls and a r e pale 

ycllo·w to >'fhi te in colour. The thickness of the zone may 

~each 400 feet . 

c . P~~e Marker zones : There a r e tvro r ecognized 

~:arker zones~ 1vhich are fc->..irly reliable, the Lou e:r zone 

being be t ter developed than the Upper zone. The Lo1rer 

Purple ~one i s found some 700 feet o..bove the base of the 

2.o..v." o.nd when 1·eJ.l developed it is conspicuou s . Generally 

it consists of dense lava uith purple-colour ed bands con­

taining tiny chl orite e.mygdal es invariably surrounded by 

c..lter<'tion haloes. The UT>per Purple zone is poorly d evel­

Ol)et:. on Vaal Reefs but i s s imilar in character to the 

.L,o-re:r zone , 1-Thyte (1952) st::.tes that t he Upper Purpl e 

',;on" ~. r-. :·ouncl.. li~OO foet A..bovo the lc.va base. T:10 !leC'\.'.lj.ar 

colou1~ m~y be clue to certain 1'feathoring effects on t h o 

the Klerksdor~ goldfields indica tc s t!l-:>.. t ::1 zon0 ot ::'D.ir2)' 

S!!1r..ll linl:oc~ , m::.n:y qua,rtz l'.mygdal e s dcvelopGcl. :.n i:hi:-:1 
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bands may provide a useful marker horizon. He- logging 

of the Vaal Reefs boreholes shm·rs that this is a very 

poorly developed zone and that its position varies . It 

may, in fact, occur immediately above the Purple Marker 

zone. 

e. Zone of green chalcedony amy&dale~ : This zone 

is very occasionally developed and is not a reliable 

marker; often these green amygdales have elongated 

" almond" shapes. 

f. Altered z~~~~nd dense lavas : Winter (1965) 

states that the variolitic bands and altered zones occu~ 

ring in the Bothaville a rea may prove of great use in 

regional correl ation- 11 a further hunt for altered zones 

in tho Klerksdorp goldfield, immediately to the north of 

the map, might y i eld useful stratigraphic cl.ata." 

Zones of amygdales with alteration haloes are pres­

ent in borehole cores and occasionally variolites are well 

developed. Further work on these i s being c~rried out at 

present to determine whether the variolitic zones are of 

corr elative value. Alteration haloes surrounding amyg­

dales are common throughout the succession and do not 

constitute reliable markers . 

Attempts to correlate individual flows in different 

boreholes have been unsuccessful , as have attempts to 

correl ate zones containing chlorite amygdales only. None­

theless there i s a tendency for the l ava to be very fine 

grained and dense towards the top with a very poor devel­

opment of amygdalcs . 

Contrary to Winter's statement concerning the area to 

tho south there are virtually no agglomerates in the Lang­

geleven formation in the Vaal Reefs cores, so tha t one 

cannot use tho presence of these to delineate the top of the 

formation. 

The All~nridge Formation. 

The Allanridge Formation consists of green to dark 

green andesi tic lavas, the top por tions of flow·s being 

highly amygdaloidal. The amygdales are very much l arger 

than in tho underlying Langgeleven formation. They con­

s i st of large, irregular quartz and chalcedony types to­

gether with rounded chlorite bodies. Some of the amygdal os 

are pink in colour and this often helps to distinguish 
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these l avas from the Langgeleven fo rmation. In addition 

the non-amygdaloida l middle portions of flo1rs a r e more 

coarsely crystalline than in the Lc:mggelevcn, and arc 

often finely-porphyritic in character. 

The Allanridge forma tion constitutes some of the 

Ventersdorp System on Vaa l Reefs but i t is thi n anct may 

prove to be absent from some of the holes . It i s prov­

in6 extremely difficul t to find the eli vicling-line bct\>TCO!l 

the Allanridge and Langgoleven format ions as no convo:.~:­

i cnt sediments or agglomerates are prcson t . Tho major faul~ 

~ting is pr e-Transvaal i n age (possibly pr o-Allanridgo) 

and this has resulted in great er thicknesses of l ava 

being preserved in dovrn-faulted blocks e . g . in tho north 

and north-east tho lava reaches more than 3800 feet, 

while in the unfaultod block sout h of 1-To . 3 Shaft the 

lava is l ess than 2000 f ee t thick . 

To tho west of Vaal Roofs tho l ava overlies the 

:Ti t1mt .... rsrand System unconformably but this unconform-

i ty gradually fades tm-rards tho basin centre. :Because 

of tho vari ation of heights of various marker bods above 

tho base, the lava still lies unconformably on the under­

l ying rocks on Va~l Reefs Mine. It appear s to be con­

formable vri t h the Transvaal System above and inter­

calations of l ava and sediments ( quartzites and dolo­

mi t es) arc r e l a tively common at tho top. Nel 1 s map of 

tho Klerksdor!}-Potchofstroom a r ea (1939) shaHS that tho 

Ventorsa_orp and Transvaal Syst ems are confor mable near 

tho Vrcdofo~t Dome . 
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TIIE TRABSV AAL SYSTEJ'·i: ------· 

Tho Trnnsvat11 System is represented by tho J3lac' .. 

noof hnd Dolomite Series. T~o cores of all borehole~ 

~-..::·,;_}.l ccl thrcu:;h those formations on tho property ''.aYe 

been discardeQ so that tho author has had to rely on th~ 

loes of boreholes for much of tho information. 

Bl~~~ Reef Series. 

Thi::: Series is best developed in borehole M5 1rllero 

it in 60 feet ~~ick. In borehole V2 tho Series is not 

developed at all and in scvcrn.l boreholes an alt~.:ttion 

of dolomi to .::md q,uartzi to comprises tho bCl.so of tho 

System. 

Tho Bl.:tck Roof Series consi sts of black, probably 

ca::"uonacoous s~c....los c.ud blu.ish-croy to lieht-groy, 

r.1odium to C:l['.rso-gr2.inod q,uar tzi t o which is often gritty 

:·.no. 1:hich co:ntc..ins l enticular, small-pebble conglomerates 

a;1d 11 fair amm .. :nt of pyri to . Tho shales and q,uartzi teo 

do tend to :il:l.VO :' tuffaceous 11ppearanco uhi c11 is not 

surprising as tho Transvan.l System sedii:~onts contain tho 

intorbcddcd lnvas nca r tho b ase . Tho porcontago of 

qur.:d::>i ~o in tho :Black Roof Series varies from 7 per cor~t 

+o 100 :pc :- cent, ·out if'! generally loss thn,n 50 per ')G:-L~, 

t;'lo remainder being sho.lo. This is in contrn,st to tho 

cllarac~or of tho Series i11 t :10 outcrop <;,rca to the Host 

on Hestcrn Roofs 1-rhcro it i s composed mainly of qu[l,rtzites 

~nd conglomcr•tes . Thus thoro is a chango to a more arg-

illace ous facies mray from tho outcrop . It is fairly 

certain that the originc> .. l l imit of tho J3lo.c~: Roof 'TQ.S not 

;,:,c>. f 1.lr·i;hor n est thc."'..n its present po:::i tion. 

?llo conelor.oratos vrhich arc present arc dev eloped at 

tho OQ.Se e>.nd uorc doposi ted in hollo·us in tho origin:'.l 

sur::i'D..cc co tl:w.t r.::'..ny of tho Vn.n.l Roofs boreholes dirl.. not 

'I110 Sc::c'io .... c,.n be eli video, into Lo,rcr , I·Iiddlo anC. 

un•1or portions (Fi.::. . 20) . Tho Louor :!',)ortion consis·~s of 

. .:_1:.a rt~i ".;o U :'," to 25 foot tl:.ick, ovorl['.in by o-. carbo!1~.coo;._-, 

... h.:-"lo ~-luch .Ja;:,· ro.:::.ch 15 foot in thic~:ncs;:;. Tl)0 l.iiddlc 

~~ortion o.rrc~::.n c.onsists of oum::-tzi to (up to :!.4 :;.·oct) nnd 
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·:olacl..: shale ( up to 16 feet) . The Upper portion consists 

of thimwr intercal ations of quartzi to and black shale , 

Tho Dolomite Series 

'I'hi s Series uncwrlios tho entire surface of tho 

,ui ning lease a rea. The dip is towards tho basin centre 

a i:, a r<.~thor lo; r anglo and. ns tho topography falls off 

tovmrds the Vn.2.l River only a limited section of the 

>Gri es io OJClJOEed at surface. Tho series reaches a thick­

:.':0-f'fl of more thnn 2000 f oot in tho south- cast . roar the 

1'Jaso there arc m"'Lny black sh<tle bands 1rhich tend to de-

C:.t:'l asc :!.n numbe r and thickness up1mrds, usua lly ni thin 

60 foe t of t ho base . '.i.'ho lm·Te r _ pr::~-tion of tho Serio s 

tends to b e darker grey than the upper portion which has 

boon lom: od as 11 groy~1 to white , banded dolomi tcs11 (Fig . 2l). 

~2~coptions a r c numerous e . g . M8 ha s been logged a s light­

coloured dolomite throughout uh ilo V7 contains all dark 

c~olo::1i b . An important point to b ear in mind is that 

opera tor v c::.:riaaco could D,ccount f o r much of tho inconsis­

tcnc;:,-. It is accordingly suggested that not much impo:rt­

c.nco should be o.t t achod to the colour. 

Thin bands of black sha le arc numerous throughout 

-!..he cuccos'·ion n.;1d a r c usually l ess than 6 inches t:!:J.ick. 

T!.Lin l a yorr: of chert arc ::~.lso pr ' SOn t but nrc r a rely 

found in tho louo r portion. 

Tb:; S ·,r;_os hac boon describe d ns consisting of dolo­

mites an~ dolomitic limestones but it is not possible to 

C:.otcrmino tho rninor:'-logy by optical moans i n t h in section. 

Uador tho n i croscop o tho rocks consist of coarse to f ine-­

g rained, anhedral and subhcdr a.l grains of cc rbona to l'Ti ~ch 

c:no.,ll r..mounts of qu artz and argillaceous material , Occas­

ionally iron stai ning a l ong g rain contacts g ives evide nce 

oi t he presence of sideri te . 

Tho Bl a ck Roof and Dolomite Series have suffered 

l:ardly any faul t :i.nc:: but '" fai r amount of slumpi ng of tho 

dol~.- ... i i.e mu::;t !:'"vo occurred .::..s shovm by contorted bodcli ne 

in borohol o cores . Tho Kr omdraai fault i·rhich d i splace s 

t :le v~'..al Reef l.;.p to 2500 feet has had n Sl!l"",ll [' lOnnt ef 

}?ost-Tran sv u.nl movement nnd tho fault outc::-op c::m be 

trncccl. on tho surface , Tho effect of tho f<'.ul·:;s on i~:J-
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pachs of the Transvaal System can be seen in Fig.22. 

Tho author has not encountered nny stromatolitic 

structures on Vaal Reefs but has found a boulder of 

floa~ on the neighbouring Western Reefs property which 

has stromatolitic features. 



104 

CHAPTER 6 

TEE STRUCTURE OF TH:'i VAAL REEFS l·II!TE . 

11 Tho greater portion of tho a r ea unde rlain by the 

Vaal Roof forms an elliptical basin with a northeast to 

south1rest axis of e l ongation. This direction is r oughly 

parallel to tho axis of tho r egional Transvaal syncline 

shmm on shoot 61 of the Geological Survey. This cllii>­

t i cal basin is bounded by tho Kromdraai fault in tho 

southeast and tho Buffclsdoorn fault in tho nor th';·rost11
• 

,( lfilnon and others, 1964) . 

The structural plan accompanying this chapter 

(Fig . 23 ) shows Vaal Roof contours, faul ts and dykes 

cutting tho roof. All elevations arc relative to a 

datum 6000 foo t above sea l evel . The deepest roof mi ned 

to date is-8200 foot 1-rhilo the shallowest is - 6000 foot . 

Figs. 24 and 25 shovr various sections across tho mine . 

The strike of the Vaal Roof varies in different 

fault b l ocks but gener a l ly remains cl ose to northeast­

sout hwest . This is parallel to the basi n edge i n t his 

area. Over most of the mincd~out area tho dip i s to-

wards the north~vcst . Nearer tho suboutcrop position, 

e . g . in Uo s torn RoofsMino, tho dip is torm.rds tho south­

eest . In tho vicinity of No . 2 Shaft tho axis of a shallow 

anticline trends northeast ( parallel to tho basin edge) 

co that to ~he southeast of this tho heds continuo to 

dip touardo tho centro of tho main Hitwatersrand syncline. 

Duo to thi s anticline and the low inclination of tho beds 

in tho vicinity of No . 2 shaft dips an~ strikes arc more 

variable than in tho r est of tho mine . 

1. Unconformities and Disconformities: 

There are sevor ::>.-1 unconformities an d disconfor mities 

present in tho stratigraphic section. The Vacl Roof lies 

disconfor mably upon tho MB5 zone of th0 Livingstone Stage, 

cutting do1m through those beds in a north-vrosterly dii'­

oztion. The Kimberley Stngc of tho Ki mbe rloy-Dlsburg 

Series lies disconformably upon the rocks of tho Main­

Bird Seri es such that the Upper Vaal Zone thins from 150 

feet in the southeast to nothing in tho northwest por tion 

of tho mine. This disconformity becomes a pronounced 

unconformity on the Klcrksdorp Townlands, several miles 
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to tho Host (Nol, 1939). 

Thoro is an unconformity betueon tho rocks of tho 

vli tl·mtorsrand System cmd those of t he overlying Vcntcrs­

C.vrp System ;.rhich increases to the northwest but dies out 

torrn.rds tho con tre of the Wi twa torsrand basin. Although 

it is difficult to prove this from borehole information 

alone in Vaal Roofs, thor o is evidentl y a r egional uncon­

formity bct•·roon the Lower cmd Upper Ventorsdorp rocks 

(1ihytc, 1952; Winter, 1966; McKinney and others 1964) . 

:Between tho Ventorsdorp and Transvaal Systems thoro 

dooz not appear to be an unconformity. On tho contrary, 

in several borehol es in<;orcalations of l ava a;nd sediments 

arc present at tho top of tho Vontorsdorp System, 

suggesting more or less continuous deposition . 

2. Folding: 

Generally folding is of minor i mportance and is hardly 

noticeable except in the vicinity of the big fmlting 

where it is soon as drag. Most of tho fo l ding encount­

CI·od has been caused by fnul ting . Rotation in the fault 

plane is usually involved . 

3 . E9-ul ting: 

Tho structural p i ctur e of th~ mine has boon greatly 

complicated by faulting. As the analysis of the fault­

ing is a study on its mm, only a general picture is pro­

son ted hero . 

Tho groat majority of faults arc normal, indicating 

that tho crust uas under tomJion during the time of fault­

ing. Tho faulting is a result partly of sedimentation 

of VTitl'l'atorsrand bods and partly of tho eruption of t ho 

Vontorsdorp lavas . 

Thoro arc several typos of faults pr esent. 

a . N~r~al faults parallel to tho basin edge: 

As mentioned above most of tho faulting is normal. Tho 

biggest faults on the mine arc al l normal faults and strike 

almostparallol to tho edge of tho basin. Tho largest of 

thono i s the Kromdraai fault which strikes northeast. 

This is actually a zone of faults 1-ri th a combined down­

throw· to tho northuost of 2500 foe t ncar tho Eastern 

'boun<iary. It ~ras probably active in pro-Vaal Roof times 

c.nd movement has taken place o..t various times. This 

fault can actually be traced on tho surface for many 

miles. 
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The di spla cement in the Black Reef and Dolomite Series is 

very much less than in the Witw?..tcrsr and rocks. 

In addition to the Kromd.r aai fa'Ul t there arc several 

other normal faults uith similar trends and l a r ge throws, 

e . g . botvrcen No. 3 Shaft and No . 1 Shaft there i s a fault 

with 600 to 900 foot of throw. 

Dmmthrows on the f aults running parallel to tho 

basin edge may be to t he northwest or the southeast . The 
0 0 

faults generally have dips of the order of 45 to 65 • 

A combinati on of borehol e and underground data shows that 

tho dips become loss with increasing depth. In fact the 

Kromdraai f ault appears to be nearly vertical on surface . 

Ther e a rc innumerabl e normal faults running par al lel to 

the main faults,oftcn spl itti ng off from them. Both sym­

pathetic and antithetic f aulting is present. Tho f~ults 

arc usually curved in plan. Together Hith this typo mu.y 
.. 

be grouped the rotational f aults which arc a l so normal 

faults but these are dealt with in a separate section. 

b . Normal f aults oblique to t he basin edge: 

Those faults a r c gener ally steeper and a r c slightl y 

l ater than the faul t ing parallel to the basin edge . They 

arc a readjustment of f aulted blocks and tend to bl ock off 

on tho major faults. Very often these faults follow the 

dyke margins. Throw a l ong these faul ts often var ies con­

siderably duo to the blocking off effect and also to the 

tilting of blocks during adjustment. 

c , Reverse Faults: 

Although relatively uncommon these faults arc on­

countered . For the most part they have stoep dips and 

small throws . The faults arc rarely consistent for 

large distances and often occur a l ong quartz diabase dykes . 

Fla t-dipping reverse faults (thrust faults) a re very un-

common. 

d . Rotational f aults: 

Most of these arc strike faults with variable di p. 

Dmmthrow is not necessarily restricted to any parti­

cular side of tho fault . These faults cause i ncon­

venience as throu can vo.ry considerably over short 

distances, often making it difficult to predict the 

structure e . g . one particular normo.l fault -vri th 75 
foot throrr at one point becomes a reverse fault with 
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50 feet throvr at another point less than 2000 f ee t away~ 

Faults like this arc probably also due to adjustment of 

earlic~ faulted blocks. Like tho normal fau l ts they arc 

curved in plan. They also show a tendency to block off 

on other f aults- usually against oblique f aults a l ong 

dykes. 

o. Tear f aults: 

Thoro is evidence of tear faulting in Vaal Roofs from 

displacements mf older dykes but tho amount of movement 

is usually loss than 50 feet. However, near No. 2 Shaft 

thoro is a tear fault running approximately parallel to 

tho Kromdraai fault which shifts two quartz diabase dykes 

up to 200 feet. Horizontal slickonsiding is usually soon 

in tho fault pl anes . 

f. Bedding ~1-~ faults: 

Often movement has taken place along bedding planes 

and occasionally normal faults fla tten considerably to 

become bedding-plano faults. Usually such faults are 

late r than all other faults and displace them. Thoro is 

a considerable amount of bedding-plane f aulting in the 

Argillaceous zone as soon by the development of mylonite 

but tho amount of movement along those planes is not 

known. 

It is often difficult to judge the throw of a f~lt 

by its qpearanco underground; while many of the faults 

have fault fillings of quartz and pyrophyllito (soapy 

fool), tho bigger faults usually have mylonite along the 

fault planes. This material is pale green to green or 

blue in colour and has tiny rounded quartz grains sot in 

a str eaky very fino-graii.1od rna trix. Tho substance is 

pulverized rock vrhich has solidified, tho rounded grains 

not having been crushed . The flow texture is often very 

s triking . Often too, veins of mylonite traverse the 

surrounding country rock. Some large normal faul ts may 

have up to 2 feet of mylonite w-hile others hn.vo hardly 

any a t all. 

4. Structural history: 

Tho s tructural history ~~y be summarised as follows: 

1. Doposi t ion of rli twatcrsrand System rocks v.Ti th 

intermittent periods of still-stand a llowing re­

working of Vaal Roof, Denny's Reef ctc.and minor 
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faulting before each stillstand period (pro-Vaal 

Reef faults have boon observed.) 

2. A certain amount of faulting and erosion. 

3. Intrusion of dykes and extrusi on of l ower Venters 

dorp l avas . 

4. Development of tho l ar ge scale, normal basin edge 

faulting . 

5· Adjustment of fault blocks along oblique f aults and 

pl anation of tho low·e r Vontorsdorp l avas . 

6. Extrusion of more l ava a ccompani ed by further 

f aulting which l a rgel y ceased i n pro-Transvaal 

timos ( except Kromdraai fault) . 

1. Deposition of Tr ansvaal System. 

8. Erosion and deposition of younger r ocks (e.g. 

Karroo system) which have subsequently boon r e­

moved by erosion. 
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The portion of the Wi~ratersrand System described 

here includes part of tho Main-Bi·rd Series and the Kim­

berley - Elsburg Series . Most of tho r ocks of the Main­

Bird Series arc indurated sandstones (quartz wackcs) to­

gether >V'i th conglomera tcs, an argilli to and several bands 

of orthoquartzite . They consist of quartz and chert 

grains in a soricitic to partly siliceous matrix, which 

may constitute over 50pcr cent of the r ock but i s usually 

no<lr 20pcr cont . Tho rocks vary between medium and 

coarse- grained and appear to havo a shallovr vratcr origin 

in a contincntJ.l basin as outlined by Brock and ProtoJ:'­

ius (1964) . 

Tho quartz 1-rackcs of t he Kimbcrloy- Elsburg arc 

coarser- gr ained and tend to be 11 clcanor", approaching 

quartzose sar.dstonos in their compositi on. The only min­

eral found in the Main-Bird Seri es which was not found 

i n the Kimborloy-Elsburg Seri es i s chloritoid and this 

may p rove to be a useful index mineral. Tho quartz 

grains have a slightly higher sphericity in tho Kimbcrloy­

Elsburg Series, pr obably i ndicating that tho gr ains wore 

derived from the underlying ~fi twate r srand r ocks. Usually 

about 80 per cent of tho quartz grains a r c single crystal s 

a nd this together with features like strJ.in effects and 

inclusions implies derivation from granites, gr anite 

~nci~sos and veins according to the genetic cl assifica­

tion of Folk (1965). ~1o heavy minerals arc mostly do­

rived from aci d source rocks but several species e . g . 

chloritoid, some tourm2.lino and rutile have formed au-Gh­

igonic~lly in tho sediments so that a detailed study of 

heavy mineral distributions should include only definite 

dct~ital minerals like zircon, chromitc etc . 

The Vaal Reef is a vvry persistent, thin, small­

pe"bblo co~lomerato which may have formed from both flu­

vial and beach processes but only a detailed sedimentol­

o3ical study could elucidate this . Tho value plan 

(Fig . ll) shm-vs a north- south trend of pRyshoots parall el 

to the expected current directions ( Antrobus, personal 

com~unication~ Brock and Prctorius (1964, Pl: VI) . The 

mid-lines of payshoots, when joined up, form a braided 
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p~ttorn much like that of streams on a del taic plain. Tho 

payshoots arc areas of greater rcuorking. 

Generally, highe r gold value in tho roof is asr-oci ".­

ted with larger pebble size. The relative proportions of 

<{Uar t z, ~uartzitc and chert pebbles vary but l ittle over 

tho mine and arc not related to gold distri bution. The 

u
3
os/ Au ratio in tho roof can be used in tho evaluation 

of borehole r esults where core r ecovery i s onl y partial 

and contoured ratio maps could prove useful i n conjunction 

1'ii th va lue plans in the prediction of ore r eserves . 

Gold fineness is considered to be a reflection of 

tho fineness in the original sour ce rocks a:1d tho pa ttcrn 

of fineness in the reef can be explai ned by sedimentary 

concentration processes . 

Although Karroo doleritos have not yet been found 

in tho mine, six different types of intrusives have boon 

established. Tho oldest of these a r e tho quartz diabase 

(whereof thoro a rc throe varieties) and amygdaloidal dia­

base . Tho mela-microdior itos and mottled microdioritos 

a rc younger and l oss affected by faul ting . Tho ankoritic 

beforsitc is interpreted as being an intrusive carbonat­

itic rock and not a r eplacement rock. Its ago is very 

uncertain but it is probably post-Transvaal . Tho youngest 

igneous rock in tho mine is tho olivine kersantite which 

is not affected by any other f eature . Except for those 

l r1.ttcr dykes tho intense alteration nhich the intrusives 

have undergone is due more to metamorphic effects th~n to 

deuteric alte ration. 

Tho major faulting rum1ing more or l oss parallel to 

tho basin edge in this a r ea developed during Ventersdorp 

times and movement had coa::.ed before doposi tion of Trans­

vaal System sediments except for tho Kromdraai fault >-Thich 

:'-las a small amount of post-Transvar-tl movement and which 

can be traced on tho surface . Tho faults trending in 

other directions arc l a rgely duo to later adjustment of 

:fault blocks . Tho gentle fold~ng ob~;erved has boon 

caused by faulting . 



llOa 

ACKNOHLEDGEMEliTS. 

I am indebted to Professor E.D. Mountain fo r hi s 

a ssistance and cri t ici sms during the cour se of this 

invostigntion a;.1d for the offer of a temporary lecture­

ship during a six month s tay at the University. 

Consider able val uable advi ce on the photomicro­

graphy and the preparation of polished sections uns 

given by Dr. H.V. Eal es and this help is gr atefully 

acknoulcdgcd . 

I thank the Mc,nagcments of Angle ~orican Corpora­

tion and Vaal Roof Mining and Explorati on dompany9 and 

in particula r Dr. li· C .M. rlhi to s ide, Consulting Geologist, 

for permissi on to present this thesis. 

Thanks arc duo to Mr. P . D.Miliar, Resident 

Geologist of tho Vaal Reefs Mine for infor mation and 

facili t ies provided and to Mr . P.M. Strydom f or stimLll~ 

ting discussions and advice. 



111 

REFERErCES . 

Al,I[;JRICAF COMMI SSION ON 
STRATIGRAPHIC NO~mNCLATUBE . 

AlT~ROBUS,E . S . A. (1956) 

(1956) 

BAnms, v. (1949) 

BEETZ, P. F . U. ( 1936) 

130RCHJ""DRS, R. ( 1964) 

BRANDT, R. T. (1950) 

BROCK, B.B . & (1964) 
PRETORIUS, D. A. 

(1961) Code of Strati graphic 
Nomencl ature. 
Bull. Am. Assoc . Petrol. 
Geologists, 45. 

Notes on tho Intrusives of 
the Orange Free State Gold­
f i elds . 
Unpub . Compnny Roport,AnGlo 
American Corp. 

Tho Origin of tho Aurifer­
ous Roofs of the Hi i?·ro. tors­
rand System. 
Trans. gcol. Soc.fl.Afr.,59 · 

The Geology of tho Odcnedo.nl­
srus Goldfield in relation 
to thnt of the Klerksdo:rp 
District and Notes on tho 
Correlation of the UpDcr 
Division of the Uitwn.tcrs­
r and System. 
Trans. gool.Soc . f·.Afr. , 52. 

Contributions to tho Geology 
of the Kl orksdorp District 
from the Results of tho 
Drilling Activities by tho 
Western Reefs Exploration 
and Devel opment Company. 
Trans. gool.Soc . S. Afr. , 39 . 

Exploration of tho Hi tvn tors-­
~and System and its cxtcn­
s i ons,in S.H.Haughton, cd . , 
11 Thc.Gcology of some Ore 
Deposits in Southern Africa, 
Vol . l, Goal . Soc . S.Afr . 

The Geology of Certain 
Igneous Intrusive Rocks in 
the Far East R~nd, Trans­
va~l, South Africa . 
Unpub. M. Sc . Thesis, Univ. 
Wi tvm tcrsrand. 

Rand Basin Sedimentation 
and Tectonics, ':.n Haughton, 
S. H. cd . , 11 The Geology of 
some Ore Deposits in South­
ern Africa11

, Vol.l . 
Goal . Soc. S. Afr. 



CAMPBELL SMITH, 1-l. (1953) 

CART1-1RIGHT, A. P. (1962) 

COETZEE, C.B. (1960) 

COETZEE, F. (1962) 

COETZEE, G.L. (1964) 

COLLmTDER, D. F. (1960) 

CONOLLY, J.R. 

DALY, R.A. (1925) 

DAVIDSOl'T, C • F. (1957) 

DEifrTY, G.A. (1897) 

DE JAGER, F.S.J. (1964) 

DE KOCK, lT.P. (1964) 

112 

Carbonatites of the Chilwa 
Series of Southern Nyasa1and. 
Bu11.Brit.Mus. v.1, 4. 

The Go1dminers. 
Purnell & Sons.,Johannesburg. 

The Geology of the Orange 
Free State Goldfield. 
Mom.geol.Surv.S.Afr ., 49. 

Die Vorsproiding on Korro1-
grootte van Goud, Pirict on 
Ander Svraar Minora1e in 
Sommige GoudriWt·ro van die 
Wi tvm torsrandbokkon. 
Unpub . M.Sc.Thesis.Univ. 
Orange Free State. 

The Sangu Carbonatite Complex 
Trans.gcol.Soc.S. Afr. 67. 

The 1-Ti twatersrand System in 
tho Klorksdorp Area as Re­
vealed by Diamond Drilling. 
Trans . geol. Soc . S.Afr . 63 . 

The Occ~ence of Polycrystal-,.. 
linity and Undulatory Extinc­
t i on in Quertz in Sandstones. 
J. Sediment. Pet., 35 No.1. 

Carbonatitc Dyke s of the 
Premier Diamond Mine, Trans-
vaal . 
J.Gcol., 33, No. 7. 

On the Occurrence of Uranium 
in Ancient Conglomerates . 
Econ. Gaol., 52. 

The Klorksdorp Goldfields. 
London. 

The Witwa t ersrand System in 
the Springs-Nigcl-Heidolbcrg 
Section of t ho East R•nd 
Basin, in Haughton, S.H. od., 
"The Geology of Some Ore 
Deposits in Southern 
Africa . "Vol.l , 
Gool.Soc . S. Afr . 

The Geology & Si gnificance of 
the Hest Hits . Line, in Rauc;hton, 
S. H.ed . , "The geology of sooe Ore 
Deposits in Southern Africa, vol. 
1,Geol. Soc. S. Afr. 



r 
DROSDOFF, M. and 
TRUOG, E. 

DRYTIEN, A.L. 

EALES, H. V. 

EDHARDS, A.B . 

ELLIS, J . 

FISHER, M.S . 

FOLK, R.L . 

FULLER, A.O. 

HARGRAVES, R.R. 

(1935) 

(1931) 

(1960) 

(1965) 

(1960) 

(1940) 

(1944) 

(1946) 

(1947) 

(1939) 

(1965) 

( 1958) 

( 1961 ) 

113 

A Method fo r Removing I ron 
Oxide Coatings from Mineral s. 
Amcr.Miner.,V. 20 . 

Accuracy i n Porcent age Repros­
entati on of Heavy Mineral 
Fr equencies. 
Proc. nat . Acad . Sci. , 17. 

Gol d Fineness in Hydrothe~ 
mal Orcs. 
Unpub.Ph.D.Thcsis,Rhodes Univ. 
Pol a r ization Figures as an 
Aid to Identification of 
Polished Isotropi'"' Minerals. 
Am. Mi ner., 50 . 

Textures of the Or e Miner a l s 
and their Significance~ 
Austr.Inst.Min. Met.,Melbournc. 

An Intrusion of Quartz Dole~ 
ito occurring in the F~r E~st 
Rc1,nd . 
Trans.geol.Soc.S.Afr. 43 . 
Further eL•mples of Subterran­
ean Subsidence of tho Marie­
vale Type and. Syntaxis Assoe-r 
i ated with them. 
Trans . gool . Soc . S. Afr. , 47. 
The Si mpl e Dykes and Sills of 
the Far East R1,nd. 
Trans.geol.Soc . s • .A:fr. , 49 . 
The Nk•riovalo Gran~phyrc, a 
Metamorphic Rock. 
Trans . geol. Soc. S.Afr.,50. 

Notes on the Gold,Pyrito and 
Carbon in tho Banlcots. 
Bull . Inst. Min.and Metall ., 
London, lfo . 414 . 

Petrology of tho Sedimentary 
Rocks . Hemphills, Austin, 
Texn.s. 

A Contribution to the Petro­
logy of tho Hi tu:1.torsr::md 
System. 
Trans . cool . Soc . S . Afr., 61. 

Silver Content of Gold in 
Wi~fatersrand Conglomerates. 
Inf .Circ .Econ. Gool . Ros . Unit, 
Uni v . 1H tun torsr<'..nd No.3 . 



HARKER, A. 

HAWH, F.H. 
I-JELLS, A. K • .AND 
WELLS, H.K. 

JOIDTSON, R.L. 

KOEN, G. M. 

(1956) 

(1960) 

(1952) 

(1961) 

(1955) 

(1961) 

KRUMBElli, H.C • .AND (1938) 
PETTIJOHN, F.J. 
---···-·-·-- & SLOSS ( 1963) 

LAlTN, J .G . (1924) 

(1955) 
L ll'J3El>TBERG, H. R. 

MALAN, S. P. (1959) 

MoKDU1EY ot a l (1964) 

114 

Metamorphism. 
Methuen Dutton. 
Petrology for Students. 
8th ed.C~mbridgo Univ.Pross. 

Petrology of the I gneou s Rooks. 
Murby. 

The Geology of the Doro-.;m n.nd 
Shawa Carbonatito Complexes, 
Southern Rhodesia. 
Trnns. geol.Soo . S. Afr., 64. 

Heavy Minerals as an Aid to 
the Correl ati on of Sediments 
in the Northern part of t he 
Union of South Africa. 
Trans. gool. Soo. S.Afr., 58 . 
The Genetic Significance of 
tho Si ze Distribution of 
Uraninitc in Witwatersrand 
Bankcts. 
Trnns.gcol.Soo. S . Afr. , 64. 

Manual of Petrography. 
Appleton. 
Stratigr aphy and Sedimentati on. 
2nd cd . ,Froeman.Californi~. 

Presidential Address on 
Subject of Si l vcr in Hi t'ira t er­
srand Orcs. 
Proo . geol . Soo . S. Afr. , 27 . 
The Occurrence and Origin of 
Gold and Radioactive Minerals 
in the 1Titwatorsrand System, 
tho Dominion Reef, tho Ventor­
sdorp Contact Reef and the 
Bl ack Roof . 
Trans.gcol . Soo.S . Afr., 58. 

The Petrol ogy and Mineralogy 
of the Rooks of tho Dominion 
Roof System ncar Klcrksdorp. 
Unpub . M. So. Thesis, Univ. 
Hi t-!mtorsrand . 

Geology of tho Anglo American 
Group Mines in tho Wol kom 
Area, Orange Free Stnte Gold­
field, in Haughton, S.H. ed . , 
"Geology of Some Ore Deposits 
in Southern Afrioa ."V. l Geol. 
Soc. S. Afr. 



MILNER, H . B. (1962) 

MOORHOUSE, H. W. (1959) 

NEL, L. T. (1935) 

(1939) 

(1958) 

(1960) 

PACKIIAM, G.H. (1955) 

PECORA, lT. T. (1956) 

PETTIJOHN, F . J . (1957) 

PIROlT, H. (1920) 

PRENTI CE, T. K. ( 1940) 

RAMBERG,H. (1952) 

RAMJ)OHR, P . (1958) 

REmECRE,L. ( 1927) 

115 

Sedimentary Petrography Vol . l 
4th od. Allen and Umfin. 

Tho Study of Rocks in Thin 
Section. 
Har per and Brothers, No-vr York. 

Tho Geology of tho Klorksdorp. . 
Vcntorsdorp Area. 
Expl . Gcol.~~p No.37.Spcc . 
Pub . geol . Surv. S. Afr., 9. 
The Geology of tho Country 
around Potchofstroom Qnd 
Klcrksdorp. 
Expl.Gcol .~•P No.61, Gaol. 
Surv. S . Mr. 
The Occurrence of Ur~nium in 
tho Union of South Africa. 
Pro c . 2nd U . IT.. Int . C onf. 
Peaceful Uses of Atomic Energy:, 
2 . 
The Genetic Problem of Uran­
inite in the South African 
Gold-bearing Congl omerates. 
Rep . Int. gool.Cong. Sess.Uo. 2L 
par t 15. 

Volumo-;Woight·-p.nd Humber­
frequency of Sediments from 
Thin Section data. 
J .Gaol., 63 . 

Carbona ti te s: A Review. 
Bull . geol.Soc.Amer. ,67. 

Sedimentary Rocks . 
2nd cd.Harper, :Hen York. 

Distribution of Pebbles in 
tho Rand B~nkot and other 
features of tho Rock. 
Trans.gool . Soc.S . Afr. , 23 . 

Procious Met~l Constituents of 
1-Ti ttm t o rsrand Ores. 
Annual Proc. Assoc . sci . Toch. 
Soc . S . A.Afr. 

Origin of Metamorphic and Met­
asomatic Rocks . 
Univ.Chicago pr ess. 

Now Obsurvations on the- Oros 
of the 1-Ti tvm to rsr~nd in 
South Africa. 
Trnns. geol . Soc . S. Afr. Annex. 
to Vol. 61. 

The Location of Payable Or&­
bo d i es in the Gold-bearing 
Reefs of the Hi t;ntersr.:md. 
Trans.geol . Soc.S . Afr. ,30 



RICHARDS, G.P.AND (1950) 
RUBIDGE, E.A.D. 

RUSSELL,H.D. (1954) 
HlliMS.TRA, S.A. n.nd 
GROE:t-1EVELD, D. 

SANDERS, J.E. and (1964) 
KRAVITZ .JI .H. 

SCHLEE, J. (1957) 

SIMPSON, D.S. (1952) 

SKOLNICK, H. (1965) 

SlTYM.AN, C.P. (1965) 

STEYN, L. S. (1963) 

STRYDOM, P.M. (1959) 

TtJRllER, F .J. and ( 1960) 
VERROOGEN, J. 

116 

Estimation of Silver i n Gold 
Or0s , 
S.Afr. Ind. Chern., 4. 

Tho Minern.logy and Petrology 
of the Carbonn.tito at Loole­
kop,Eastern Transvaal. 
Trans.geol .Soc.S.Afr., 57 . 

Mounting and Polishing Min­
eral Grains on a Microscopic 
Slide for Study vd th Reflect. .. 
od and Polarised light. 
Econ. Gaol., 59. 

Upland Gravels of Southern 
Maryl and. 
Eull. gcol.Soc,Amer., 68. 

Correlation by means of 
Radioactive Logging in the 
Witwatersrand System in the 
Klerksdorp Area. 
Trans . geol,Soc. S.Afr., 55 . 

The Quartzite Problem. 
J.sodimcnt.Pet., 35,No.l. 

Possible Biogenetic Struct­
ures in vli ttmtorsr r.md Thuch­
oli to. (Abstract) 
In press. 

The Sedimentology and Gold 
Distribution Pattern of tho 
Livings t one Roofs in tho 
lvo s t R.1.nd. 
Unpub. M. Sc.Thesis Univ. 
Wi tvmtersrand. 

Supplement t o the Geol ogica: 
Section of the lle s tern Trans­
vaal Goldfield. 
(Roneocd notes Geol.Cong.) 

Igneous and Metamorphic Petrol ­
ogy. 
2nd ed.McGraw-Hill. 

TWENHOFEL, 1-T. H. 
TYLER, S,A. 

and (1941) Methods of Study of Sediments . 

TYRRELL, G. H. 

VAN .1\.NDEL, T. 

McGraw-Hill, Nmr York. 

(1956) Tho Principles of Petrology. 
Methuen, London. 

(1959) Refl ecti ons on tho Interpret­
ations of Heavy Miner al Ana­
lyses . 
J.scdirncnt. Pet., 29 . 



VAN DER PLAS, L. (1962) 

VAN NIEKERK,C.B. · (1959) 

VANzrL, C. (1963) 

VERlVOERD, W,J. (1963) 

VILJOEN, R.P, (1963) 

VON RARDEN, H,V. R. (1965) 

VT.ARLSTROM, E.E . 

lfARDAUGH, T. G. 

WHITESIDE, H. C. r.i. 

1·1RYTE, H. J. 

(1950) 

(1958) 

(1960) 

(1944) 

(1952) 

117 

Preliminary Note on tho Gran­
ulomotric Analysis of Sod~ 
tary Rocks . 
Sedimentology, v. L 

A Pe trographl.c~l S-tud~r of 
Certain Dykes of Pilansborg 
.Age' Intrusive in to the vli ir­
watorsrand System. 
Unpub. M. Sc. Thosis, Univ. 
Pretoria. 

Unpublished Report . Anglo 
American Research Laboratory. 

South African Carbonatitos 
and their Probable Mode of 
Origin. 
Unpub.D.Sc. Thesis,Univ. 
Stollonbosch. 

Petrographic and Mineragra­
phic Aspects of tho ~fuin 
Reef and Main Reef Leader 
of tho Main-Bird Series. 
Witwa tersrand System. 
Unpub.M.Sc.Thcsi s , Univ. 
Witwatersrand .• 

Apparent fineness values of 
gold from tvro 1Vi t1-ra tcrsrand 
Gold Mines. 
Econ. Geol. , 60. 

The~al Igneous Petrology. 
John Uiloy and Sons,Nm-r York. 
Igneous Minerals and Rocks. 
John vliley and Sons,Nmv York. 

A 0omparativc Petrol ogical 
Study of some Sedimentary 
Rocks from South Africa and 
tho Surrounding Continents 
and tho Significance of 
their Heavy Mineral Contents. 
Unpub. M.Sc.,Thcsis,Univ,O.F.S . 

Heavy Mineral Analyses of 
~ro Reefs from the Far East 
Rand. 
Unpub.M.Sc,Thesis,Univ. 
lii tl-Ta te rsrand. 

Tho Geology of Hcstern Reefs 
Exploration a·1d Devel opment 
Company. 
Unpub . Company Report,Ang1o 
American Corporation. 



1TILLI.Ali1S, H. ( 1958) 
TITrunTIR, F.J. AND 
GILBERT, C.M. 

HILSON·, N .L. (1964) 
OOSTHUI ZEIT, D.H. 
:BRINK, lT.C .J. and 
TOEtlS, P .D. 

'JIJITTER, H. DE LA R. (1957) 

(1965) 

118 

Pe trography. 
H.H. Freeman and Company. 

The Geology of tho Vaal Roof 
:Basin in the Klcrksdorp Area 
in Haughton, S.H. ed. "Geolo­
gy of Some Ore Deposits in 
Sout hern Africa", val. 1. 
Geo1.Soc . S.Afr . 

The Upper Division of the 
Wi tvm tersrand System in tho 
Virgini~ and Mcrrispruit 
Mining Areas . 
Unpub. M. Sc. Thosis,Univ. 
Pretoria. 
Tho Stratigraphy of tho 
Vcntersdorp System in the 
Bothavillo Di strict and 
Adjoining Area . 
Unpub.Ph. D.Thosis, Univ. 
Witwatersrand. 

YotmG, R.:B . (1917) Tho Bankot of the South 
African Goldfields. 
Gurney and Jackson,London. 



Kferk11dorp 

N 

c~ 
I ' 

B 
I I 
[=j 

LOCALITY PLAN. AND GENERALIZED 

GEOLOGICAL MAP OF PORTION OF 

THE WITWATERSRAND BASIN. 

scale I : 600,000. 

Viljoenskroon 

Korroo Syshm 

Pretoria s~riu l 

LEGEND 

(otter Borchers). 

Dolomite.! Seriu ~Tran svoal System 
Block li'uf Serie~ 

Venter s~qrp SJstem 
Uppu DtvtSJon . 

D
. . . Wtlwahrsrond system 

Lower rvrsron 

···-.... --

Fochvillc • 

1 :-J Dominion Ruf System 

~·"_] Basemen\ Format i ons FIG. I. 

\.:~· Mining Prop~rti~:s 
'\·'· 

f Faults 
) Strike and c;lip 



- KLERKSDORP GOLDFIELDS 

PLAN OF MINING PROP_E__RTI_f;_s_ 

BOREHOLE LOCATION PLAN FOR VAAL REEFS 

Scale 1:100,000 

G.M. Co. 

Westun Reefs Expl.& Dev. Co. 

Zondpon G. M. Co . 

•VS 

V4 • 

~REEFS 

"I# 
•M2 

.V3 

Stilfont.:in G.M . Co. 

Hart~tbeeatfonh in G.M. Co. 

Buftelsfonhin G.M. Co. 

N 

FIG. 2. 



FIG. 3. 

GENERALISED GEOLOGICAL SECTION 

OF WESTERN TRANSVAAL GOLDFIELDS 
SCAL E f 10.000 

~ L1~ . ---~·~s- <!_ongiO_?I_!'E.I!._ --- W~·~-=---------------I 
I ~ "'~ ~--~ 

1 ~ .I ~ ~ ~ :-~-~ ~ 
1 (I') j I ; 1 ; ITt 
I >- I V) I • I • I . l 

; ~ II ~ ! !·~; ~i~ 
_. ~ !·~ D I . 
: ! .A;.. o omltiZ 

1 > ~ J ~~~ formation 
I "' I ~ o •ooo = : • :! ,' -:o z 0 - over J f-i--'· rf~ 

I ~ l_ g _ _ __ _ ----·-- --- -- --t·-~~~:::;~~~~~~k~~~--------_j/ Block RIZe f 
• BLACK REEF SERIES 100' .::: ~· ·-~-· Formation 

I 
YV~ 

f.~i7Zl-~-=....------_-_-., All ann d qe . 
~-~L~ 4150 -1\ Formation 

! 2 

I LIJ ._ 
I (/) 

I >-
"' 
0.. 

' a:: 
0 

I 0 

I (/) 

a:: 

i LIJ ._ 
z 

' UJ 
' > 

I 
I 
I 
I 
I 
I 

! 

I 

I 
I 
I 

.. 
> .. 
.J 

0.. 
0: 
0 
0 
V> 
a: 

"' ,__ 
z 
w 
> 

Upper Purple Zone 

0 - over 6500' 

Lower Purple Zone 

Lower Crysloll1ne 

y • ., v v 
y v '( v 

v v y 'II v 
't v v ., 

y v v ., v 
" y v v 

" v y y v 

~il:& 
"' v "v v v.., /v 
y ¥ </ :!_ y_ 

'¥ -., 'It t I 

y v -; y 'I 

v ' " v y 

700 

100 
150 

300 

I 
It y v v y 

I 
Lorne Phenocryst Zone i(·v • v • • 0 

: · · · il~nti'rsdoro ·ccnlocTRiieT ---- • 'v Jc v -1 ~>::-~~--.-~~---W~~~~~--~~~~u~~w 
1 I . tipper N° I 6 2 Reef Zone - -- .. ~~ :..._.~~~.-,;.": 1~88 8 i 1 .., 1 N• 3 8 4 Reel Zone _..,. -- ""r.-~ 

I 
<:1"
0 

j Els~u.., eo 
. I ..., o Z,e N• 5 Reef ZonA -~=---~_,..·:--•_.,·· ... • ... ~·.,...=~20_:.,~!:_!1;~_5-l 
j I Vl ~~------------+:,::,-.:::: :··.: 110 

500 

Lanqqele ven 
3450 -

Formation 

2750 

2475 - E lsburq 
2365 

Formation 

Cl. 
::> 
0 
a: 
\..? I l ~ ' ~ I '"~"'"' 

~ ~ i ~~~------.. ~ostor<!Jle~ _____ •• _ . ...• -~-- -------1~ 1850 -

~ I ~ ; ~ .. ... 
1 >- I 1 Gold f sooles ZOM 900-1000 I ~ ~ · 

0 I :x; I ;;: ! 
z I ~ ; ~ i : : I ~ r· ---- --" b"enny> zo.:.e ·----- SO·IB0-

1 I - ---- - I 0 ·10' __ _ 
(I') I I • • • • ,.. ---

a:: ~-~-·-+-----~~~ £stales C~nql?~:rote Zo~_•_ .·; •••••• ro · JOO · r- Upper Vouo Zone .. ~ 

~ ! "' -- -· -~~~~~:-o~s Zen~ . 0·375 
<C ' o-0 L ------·------~·-' -=---"-"'-:-'-4-----l ... , .. 
3= ' lfl 1 Lower Voao Zone j 
,__ I ~ ~·-------------------------~ _ ! 1""=- ••• • , •• f- ~ j ____ _ _ _ V_A~L __ REEF ~O!!A_ "'- ~=;=~·;:;~ ~;=: ,, ~ 

I 3=' I .., ~- • ___ u~p~~ 2o~ _ --·-· ... ~·-"" --~·:so_ 
I I j! B I M1ddl1 :i:Dne • • • '.~.:-· 

I 
V> l lfl l ....... . 

~ .., I ~ ._ ------·- ------- _ ....,:.:~ . -

I > :I ~ ~ ---·-Lower Zan:_ _____ .,~ ,:; :,:~-· 300 

I ~:: H--- -~=·,:~:·=~:_ ~it~~ ":___ 
! :: 

1 
: I' I ::::::::: 

j o I .., I .., :·:·::~ :.:~: 
i ; ! g' I 
4 I \i) 

270 

z ! 
- i 

... I w .. I w I 
a: I 

::1 ; 

i600 upper Ouorlzrtes ond Conqlomeroles 

950 

800 

660 
560 

360 

0 
100 

Gold Es;lat~s 

Formation 

::> 
dl 
VlQ. 
-'::> 
~0 
~a: 
_.~<..? 
a:O: 

f.JD ~ n n y Is '-----1 ~~n~~ 
Formation 

Gold EstQTesC:onq. ~ ~ 
Format1on ..._ 

""Upp!Zr Vqal ~ 
1' Formation / 

Arqi lll te 
K Formationr-
! lower vaal Fmn 
l!vaol Ruf Fmn. 
' ~A 5 ~ormation 
M86 

Forma lion 

0.0 
=>z 
0~ 
0:0: 

If) 

\..?a: 
w 
1-

370 ·+-- --------4 ~ 

670 

MB7 
Formation 

Livi ngstone Red 
Formation 

1-

970 ·-i-------- - ---4 

MB 10 

Formation 

0 
0: 

u. 
0 

z 
0 
If) 

> 
1c; 
za: 
-<W 

Ada-May- \'---- -l ~ ~ 
1 Commonage· ::> 
j Fo rmat'l on 



.. 

I~
 

10
 

li~
 

f·
 I 

~'
 -0 c 0 Il

l .,. ~
 .. 

(
)
 

0 ::>
 ... 0 c:
; ... ::>
 -t' ... <
 

0 0 -t' A
 ... 

I~ 1/
1 p 0 0 0 

\ 
w

 
Il

l 
':

T
 

Q
 - - ' 

... 
' ' 

\ 
\ 

\ 

\ \ 

\ 

\ 

\ 

\ 

\ 
\ \ 

' \ 

~
 

CD
 

V
t 

C
/l 0 

0 
~
 

\ 

\ 

c 
('

) 
)>

 
;o

 
::t

: 
.....

 
~
 

N
 =I
 

)>
 

P1
 

"'0
 

C
/l 



ISOPACH MAP 

THE ORTHOQUARTZITE BETWEEN THE 

VAAL REEF AND 12FT. MARKER 

' ' ' ' ' ..... ~ 

o2# 
'. ~ \ ' ..... J ,I .......... , ........ _ 

' I :a : 
' ' ' ' ' . ' 

___ z_, ' .• •• 

/ 
, ................ ! .. , I .......... 

s 
--~ / ' . 

~ 1: 50,000 

C ontour inhrvol I foot : Bos~td on moving aurug~t value:~ 

Fl G. S. 



,• 

44-' 
/ . 
' .' 

' ' 

ao 

~ ~ , 
/ 
' :.Jo 

ISOPACH MAP 
Qf 

12FT. MARKER . 

I I . ' 
,' / . ' 

,,··~ ... o ,' ,' 
... ......... ... ,,' 

........ _ , 

0 2:ff=/ 

' I 

/ 

20 ,, ... --
' t 
I 

Scolt 1: 50,000 

~ ontour interval 10 i n-- 'H'Ii . 

Drown from mov i ng ov~rog~t volu~s 

FIG. 6 . 

I 



PLAN SHOWING AREAS SAMPLED 

FOR MAXIMUM PEBBLE SIZE 
r~ 

AND PEBBLE-TYPE PERCENTAGES. 

.... -.... 

·' F , 
. ~\ 

/'G s _) 
\.. ..... ··· :· E I 

,~ ..... 
iQi;.) g4-

Scale I : 50,000 

... --' boundary o f are a 5 amp I e d 

G index l ethr tor particular oreo (He tables 1 and 11) 

6 number of ob5uvotion5 

FIG. 7. 

I 



100 

90 

B O 

70 

10 

SIZE DISTRIBUTION CURVES. 

~-
a. Typical Gold Estat~~ 

q uartz i h 

I 
I 

1-o ·9 ·a ·7 ·6 ·s ·4 ·3 

gra i n siz~ in mm. 

I). G l a ss y b and i n Gol d Es.tot" s 

c:p artz i te 

1·0 ·9 ·8 -7 ·6 ·5 ·4 ·3 

/ 

g rain sizt: 1n m m . 

·2 

• o r iginal curv~ 

• r e c onstruc ted c urve: 

/ 
/ / 

0 · 1 

/ 

!I 
I I 

/ 

·2 

F I G. 8. 
__ j 



:Z.,.•*="'ftrc 

-- -- --- - -- - - - - - --- - ------ - -- --------------------- --------------- ----- -- - -----------------

SECTION 2/54 42A RAISE 

SCALE- 1: 200 

• • • • • • ' I -- . Pruuv~d r~mnant of older Vaal R~~tf . 

~ J 

Vaal Ruf ~isconformc:'bly ovulying th~ old~r Vaal Rut. 

Pyritic grit. 

•••••• 
- --Erosion chonn~l filled with hangingwall mork~r conglomuott:. 

- - - -- H a n 9 i n 9 w o II a n d f o o t w o I I of Ra is t: . 

FIG. 9. 



SIZE DISTRIBUTION CURVES I 
somplt no. 551 346 

so 

60 

40 

20 

80 

60 

40 

20 

0 
~ IOOr-------~~------~--------------------------~~~~----~----------------~~--------------~--+---------

e> 
<{ 80 
~ 
z 
~ 

u 60 
0: 
!LI 

a. 40 

1£.1 

> 
20 

GRAIN SIZE 'I 



FOR PEBBLES IN THE VAAL REEF. 

829 831 840 

80 

60 
TOTAL REEF 

20 

100 

80 

Top portion 

ot Ruf 

20 

80 

60 

Lowumost 

40 portio n of R u f 

20 

2 

N M.M. logarithmic scolt. 

(dosh~d lin~s show mtdion p~bble siz¢s) 



v A 

,,-,11!!' .. ' 
{.' ', 

.Jj , ' ,:,: 

(, ,/t ·. , ' 
-• ' 

\ 
\ 

' . , ........ ~ 

F I G. I (. 



INCH- PENNYWEIGHT PLAN 

OF 

VAAL REEF WORKINGS 
.. , y:-r·,r, •. · ·,; -) , .· .· 
~ ' ;:'-----· 

~-:~;~-, ?1b ,• ' J7 I - •. _, --1 •• 
. - ., , / 

~· ~ ·--/ 

SCALE- I: 10,000. 

KEY 

INED OUT AREAS. 

~-=~NCH-PENNYWEIGHT VALUE LESS THAN 400. 

II II ,, 
GREATER THAN 400. 

/ 



... 0 :;
) 

0 IV
 

0 w
 

0 ~
 

0 U
l 

0 ~
 

0 '-
l 0 

U
1

 

0 
0 0 

A
u 

d
w

ts
 p

~
r
 

to
n

 

U
l 

0 

IV
 

0 0 

IV
 

Il
l 

0 

·
·
~
 .. --

--
-:

 
=

::-
-

--
:-

--
..

 . 
-
­

• 
-!

..
..

·~
-•

• 
·
:
-
:
-
-
-
-
_
_
·
~
·
 

• 
: 

---
. .

 .
 . 

. .
 

. 
..

 

. 
--

-
--

-.
 ~ 

--
· 

-------
-~-~-:-

...:...
.....::

__--:--
--·:. -

-----
---~~

.!l.!
2c__-

:--_
_

_
_

_
_

 _ 
m
~
o
n
 I

; n
e 

----
---

--

-
-

-
-

-- --
---

·-
-

-
-
-
-
-

-
-

--



950 
-----, 

• • 
• • • • • • • • • • • • \ 

• • • • • • • • • • • • • • 
• • 

900 • • • • • • • • .. 
Ill ., 
c 
w • .!! -.. 
c 
w ... 
Q • 0.. 
0.. 
<( 

850 

• 

eooL---------~--------~----------~--------_. __________ ._ ________ ~--------~~--------~------
6000 6500 7000 7500 8000 

Eltvation below 6000 ft. datum F IG. 14. 

1000 

• • • 
• • 

Ill I ••• • • 
"' • 
"' • c •• • • "' • • • • • .. .. c 

' • • • • • • • • 

• 
• •• 

• • • 
• • • • • •• • • • 

• • 
• 950 • • •• • • • • 

• • • 
• • • • c • "' • .... 

0 • 
0.. 
0.. 
<( 

• • 

800~._ ______ _. __________ ._ ________ ~-----------L--------~~--------~~------~~--------~ 
0 5 10 IS 20 25 30 35 40 

FIG. IS. 





16 

14 

12 

10 

c 
0 .. 
... 8 
w 
<:\. 

"' .. 
~ 
"0 

:::> 
<! 6 

4 

2 

GOLD- URANI UM RELATIONSHIP 

a. 

• 

• 

••• 

•• 

PYRITIC GRITS 

• • • • • • 

. . . . . . 

I 

I 

I 

I 

I 

I 

c 
0 ... 
... 
w 
0. ., ... 
~ 
"0 

::::> 
<{ 

••••••••• • .I 
I 

I 

••••••••• • 
I 

I 

• • • • • • • • • • • • • • • • .•./ 
........ . 

lorgu dot!> r~pr~s~nt 

two or thre~ ~upHimpos~d 

point !1 • 

2 

U 0 lb!> pu ton 
3 8 

3 

~0 

30 

20 

10 

• 

• • 

• • •• 

• . 
0 I 

I 
I 

I 

I . .. . ' 
I 

. 
I 

•• J • 

• ... 
r 
I 

• I 
r 

• .. : 
"' I 

I . . . 

• 

I .. ~ 
I 
I 

ole • 

• I 

• I . 
... 
~ 
I 

" .. 
I 

I 

.. . 
,. . .. 
lo 
I 
I 

• 

• 

• 

. . . 

F I G. I 7. 

I 
I 
I 
I 

' oo I 

I 

I 0 

I 
I 0 

• • 

. 

• I 

. 

• 

.I 
I 

. 

• 

• • 

• b. LOW GRADE ORE 

I 

I 

ow 

I 

I 

I 

I 

I 

• • ~I 

I 

., 
I 

>-1 .... 
0 . "'01 
c 
;:, 
o/ 

.c 
I 

• • I 

I 

I 
I 

dotted lin~ r~presents 

line "x" in fig.l6. 

10 

U 0 lbs pu ton 
3 8 

20 30 



I~ 

.....
 

Q
 

/ 

/ 

' 

/ 

/ 

\ \ 

.. 



SCALE- I: 10,000 

KEY 

~--~LAMPROPHYRE 

r---~CARBONATITE 

f-------IMOTTLEOM IC ROD lOR IT E 

t------IILMENI TE MELA-MIC R 0 D 1 OR I TE 
• 

t----""':::__-IA MY G D A l 0 I D A L D I A 8 AS E 

t------IPORPHYRITIC FEATHERY DIABASE 

t------IPORPHYRITIC QUARTZ D .ABASE 

Sh o tt 
, ___ ___,N O N- PO R P H Y R ITIC QU AffiL ~13~ 

, ___ ___~unknown- not obs-erved 

-- -~ -
dyke projHted through fau l t loss 

,/ 
7o' direct ion and amount ot dip 

--- direction of downthrow 

~·------l1. 
-~~ 

~-~-=---=~J ---

1/ 

• 

75° 



Mb M3 M4 MB 

TRANSVAAL SYSTEM 

BLACK REEF SERIES 

SCALE- I inch::IO ft 
KEY 

quartz it~ 

quo rtzit~ 

FIG. 20. 



TRANSVAAL SYSTEM 

DOLOMITE SERIES 

Scale- I inch=200ft. 

KEY 

11/111 soil and weothued dolomia 

bl ock s.hoie 

l i ght grey dolomit~ 

dort<.u grey dolomite 

• 

FIG. 21. 
... 



\ \ \ " 0 ::
J -0 c:
 .., "' c.: 0 0 ;:>
 

::;
· -,. .., <
 e. ~ 

0 "2
. 

0 .., "' 

0 <
 

t
r
 

0 ., ... ::r
 

0 ;;
 

"' 

- ~ ... 0
 0 0 0 

<
 

1\
.l 0 

-... ' ' \ 

I I I 

---
-.... 

, 
I 

' 
, ,

o
o

 ...
 

' 
-0

 

' 
... 

',
 

.... 

',
 

' 
' 

' '
 

' 
' 

' ' ' ' ' 

' ' 

\ I I I 

\ 

\ 

\ 
\ 

\ 

' 

0 <
 

w
 

' 
' ' ' 

\ 

' 
',

 

' ' ' '
 ' ' 

' ' 

' 

' ' 
' ' ' ' ' 
' ' 

' 
... 

' 
' ' -

' 
'I

s
.'

 ...
 

0 
"
0

 
' 

'9
 

' ' 

' ' ' 

' ' ' ' 
' ' 

' ' ' ' ' 

' ' ' ' ' 

' ' ' 

' ' 

' ' 
' ' ' ' 

' '
 

' ' ' ' ' ' \ 

' '
 

' ' 
' \ \ I ' \ 

~
 

1\
.l 

0 <
 

C1
J 

\ \ 

' ' 

' ' ' ' ' ' 

' ' 

' ' 
' ' ' 

' ' 
' 

' 
~
'
 

0 
... -

-......
 

\ 

' ' 
' ' ' ' 

' 
... 

' 
... 
_ -

--
--

-
--

--
-....

 
--

-

--
--

--
--

--
-

' '
 ' ' 

' '
 ' ' 

... 
_ ' '
 

' '
 

' 

--- ... 
--~

 ... 
__

 _
 

--

... ' 
' 

' 

.... 

' '
 

' '
 

-
,
,
 ',

 
0 ~
 

C1
J 

' ' .... 

' ' ' ... 

' ' 

.... 
' 

' ' ' ' ' ' 

' ' ' 
' ' 

' ' ' '
, 

.... 
....

 ' ..
. ... 

... ... -... 

.... ... ' 

... 

' '
 

' ' '
 ... ' 

,_
.)

 

' ' ' 
'0

 
'0

 
' 

' \ 
'
~
 ~
 

' ,
.D

o ',
o

 
' ' '
 ' 

' .... 

' ' 
' 

\ 

' ' 
''
 

<
 

' 

' ' 

' 
U

l 
\ 

'-o
 ' ' 

' ' 

' ' 
' ' 

' ' 

' ' 
' 

' ' 

' 

' 
' ' ...

 

' ' 

' 

' ' 

' ' ' ' ' ' 

' '
, 

' '
 ' 

' '
 

' ' ' ' '
 ' ' ' ' ' ' ' 

... 
0 

'
,
 

' ' '
 

... 
' 

~
 

... ' 
',

 

' 
'
,
 U

l 

' 
' 

... 

' '
 ' ' 

' ' ' ' 
' ' '

 ' '
,
 

l 

' 
' ' 

' ' '
 ' 

' ' 
' 

' ' ' 

' 
' ' 

' ' ' 
' 

' ' 

' ' '
 ' ' '

 ' ' 

' ' ' 

, ',, 
,r~

· 
' ' \ 

' ' ' ' 
' 

' 
' ' ' ' 
' 

' 

' 

' '
 

' 

',
 ' 

' ' 

' ' ' ' ' ' 
' '

 

' ' 

' ' 

',
 

' ' 
' 

10
 , 



-

I 
I 



STRUCTURAL PLAN_ 
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GEOLOGICAL SECTIONS ACROSS VAAL REEFS 

ILLUSTRATING THE S TRUC TU RE 
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