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S e TR T
Usi”‘ﬁﬁtﬁélﬁiﬁﬁdQQ@?lih'iéaé"a¥ﬁguld in the wi%waterﬁranﬁ o .
Supargruup ‘the jorigin® of - this _unigue Eedimentary1;=?::.ff;;
gaquﬁnt%’ and thﬁ abundant gnid m&heraliﬁatznn'Eﬁntaih®d f¢f; f; _
th@rﬁiﬂg has bgen dﬁhated. ﬁﬁpﬂg%hinnal @nwﬁyn”mﬁntsf';ﬁ;,;  -“
prnpused in:lud&:riverg, Tlakes atean&‘anﬁ eu&n glauaarﬁ,w_s”%*“f L

althnugh ‘apdndioh in  the ﬂcurrent “i;taratura g&naral.yf]f“""

favours, fluyiai* ‘Heposition ot - the aedim&nta. """ ‘The gexd .

min@raiiﬁat*“" has *”3d¢tiﬁﬂally Been viewsd s haviﬁgifaf;}*"”
 leither a lgﬂiﬁanﬁ ry Or e hydrnﬁhermaz érigin ahd surrent
.,ij minEralls kiun ﬁgﬁggg,wvary fram & ”mﬁdifiadl placer“f}"

thaury tn éh4hpug®netin ﬁrigin n¥ %ha guiﬂ.yq,--ﬁ“'

The ﬁiﬁamvery ot thé wexunm auiufzeld i'

b

gruup," Rmsearah carmied aut in kh@ el ko

tﬁﬁ ﬂf tha El&nraﬁn Fmrmatinn. ?-f. D&

A

This, iﬂiuay wag uﬂﬂmrtaken i aqg ma1gpm ﬁn:uff%xd

primarily on at._ Haimna ﬁuld M;ne and Ao oa 1eaﬁar @xtmntj}'fffg;_
: mn_Un%ﬁel gpau mﬁna iFig., 1)« Thu atratigraphy ﬁtudiadﬁ'f”

L Q 3 ; Lo u_-_

the 1949*5};;,#j
amphasimaﬁ The | gﬁeat extﬁnt ahﬁ Iatgra} ﬁant'nuxty ot theff h o
aedimentﬁ and miweraliﬁaﬁian of the Witwatf_aranﬁ Superm?-f- :;f
‘Boldfield to T
ﬁﬁt& has. dealt’ mrimarilv with the Basal andﬂ Leader*ﬁaafai@ 5:
ang to, a’ Ieﬁanr ‘extent. \with the nvariying auriferuuaffﬂfjxj
”i; nﬁefﬁa ﬁlthuugh amaci?;a fhrmaﬁlmna have b&en atudiem, nu: ; e
. stuﬁiea have en:mmpazgmd S wide intprval U tha atrati*f";ff5; ~?~
”; graphy,r Foro this reason a aadimantniugiual and str&i;w,;] *‘”
graphic inva&tiga&inn was, uﬂdartahan e the aedimehtary;3“":5
$$quenca From the base of  the Harmany Fmrmat;an tn thagfﬁf* 1uf
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L witwatazzganﬁ 7
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Mines are 1) Bt. Helsna, . 2) ° -
B} Frosgeld. Bouth; Ay Harmnny, 8) Frevgolyd
&Y. F"rmagmd North, 71



S b)Y To

cmmpnaad af°the Harmnny, Daghreak, Spaa Bnna, ﬂandaf_*

Elduraﬁa Fmrmat&ﬁns,_ Thasa fnrmatians cmaﬁﬁiﬁ the Basal,'

Hiddleg Leaderg:'”a“ Eig P&bbie Harker,'f“ﬁ“, anﬁ V-§ 5

_1 ﬂe&fa. mn both St. Haieaa and Un;ﬁal Gnld Minea th@ ﬁasal
T ﬁamf is Eba prznuipie prnducer of urﬁ and - the ramainmng -
15 partent nf tha ara mxneﬁ i$ dar;vaﬂ frmm tﬁe Leadere*”

uf thé Harmam'
‘the tap of thi

wnrk thare a"fgevarai‘uacanﬁary ubjactzvaag  l-a\

T s . =’

'faadime tatian. - ‘”w'[}”"ﬁ L _,T;'“iﬁ'””

'.,uct the palaﬁngwagranhy a? tha_ upper'igbanﬁgg;_

___”fﬁburg ahd Turffnntezn Subgrmunﬁ, - S I
'-.#}_ CTe ﬂatermine th@ ganaral d;atrihqhiun nf guldsffff',_
| Zw*uraniumq pyrite and Garboh with. raspe&t ta tha ae&ﬁ“*ff""
- f;mantary faciea in apeﬁlfic reefa.;*““&. ' S

_tarmina dqgugitianal envarmnmentﬁ anﬁ.ltﬁ;re@i} ‘

- encompasdes  the upper nnrtian o7 the Johannseburg Sub-
"grnup “an&'thariurffuntein Subgruup mhich Care tagefhwf.f;“-'

E1 _ stratxgraphv a'ﬁ aedimﬁntawy env;ranmants, ?rum th& baﬁﬁJ”;-::’:
:Fnrmat;nn an the Jmhanﬁ@sburg ﬁubgrmup tn;' _ E
fTurffantain suhgrmup. Within “this frama~?;_' '

truct a taatannﬁstrat;graphic”framewawk fnrj ”:Jf -
Jmhann@aburg arg Turf+antein Bubgrmupé Thiag;; ;"_ 
--?a:unst uctimn includes datermining “thi ‘antent te
. ' svnwsedimantarv ' t@atanzas_f have ihfiumncad,3 _ ;_*
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_  fIn'additimh;: undergrnumd ahsarvatians wﬁre made at b0, *
. _ 1prcalities on bnth St._ Helena anﬂ Unisal Eald M;naﬁ-_
iqubSéF\ghinns were madﬁ in Baaal and Leauer Reef snapeafa;
ﬁf-and at nthef mntersectians nf the Harmuny,_uagbwéak, Sgaa }ﬁ] e
. Bena, ﬁanmenk» ahd Eldmrada Farmations, Undsrground B
_ ';;ﬁtudzes o¥ the Baﬁal and Leadar Raéfs waragﬁimited tm thﬁﬁ _.53'
| “a'area q* undergrmund develnpmant {Figu 2}.;£u“ ;;_ kﬁ@f:J. 

camputar. Emmputar '

_i.lbatamfnf”*hiau studQ'wéFe -callacteﬂ avérg?a twalve mnnth 1
o operiod, | Thae 1ngs mf mmra 'than 10 OQO shaord: undergraunﬁ___

.“ ;bnreha1E§ drilied nn Bh, Heiena Bhld M;ne TWRPrE Uaed};
' ;ftmgether- With 20 | 5urfaae barehcles _which .cnntain';’
:;rEprasantaﬁive ;nteraeﬁﬁimns uf tha atratiqraphy‘;ygt:-:

SR .

: '”The qhacknasa data. af furmatiana anm éééfs'wébé compiled
'__uainﬁ 2-U Iaﬂmcmmpat;hie peramnalﬁ; -
“fganefatud isnpachs ot narrwcted ﬂata 'wer& than pImttedi_ _
'“{(Apﬂaﬁdix 1),--us£ng stahﬂaru baﬁe plans (Figs. 3 and 43 ;*'r___

”s~sact;nna a* the, stratigraphy wafﬁ«canstructud frnm;*flgf'-

- padeliole Jlogs, undergruund aaatimn% anﬁ isapa:h mapsy. . o

B =ehnle lmga ware» cumpmleﬁ ﬁﬁing an' IBH main*rame_f“

:f c'mputer lngging prngramme and the lagg uf ﬁurehalea withfn

 _r-pra$aﬁtativa intarﬁeatinns' ot the- atratigraphy have'  -

N Heen plotted {ﬁppendix E}F Depnsit;anax aﬁbirﬁnments#havam-,-h
e keen _ annsﬁructaﬁ frmm vart;ual anl Iataral faciea-ﬂ"r'

?arrangemants and essnciatinns. Erasgnaactiana cnmztructed“”

frnm xhickneas infarmatiun have been usad to dat&rmina'
tha amnunt &nd lanatinn mf svnwsaﬂimentarv thicknaagﬁﬁJ
-ﬂﬂﬂﬂNéliEﬁ preseht in the stratigraphe: . -

Voo _z.---..._:T f_j;; :]'”

’ i

ffFiftwaaur o) thi% sactinnﬁg_ -rapr@sEht;ﬁg thé “enfifgf  |
:'Qtrﬂtlgraﬂhlc 1ﬁ&erval ‘studisdy  have alug baan anamineﬂf:: " “
"-tmgethar thh hénd anac&mans frnm hmth undergrmunﬁ '
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1.5 'PREVIOUS WORK

'f iB¢&i:ties'féhdjhﬁfﬁhales._ ﬁddmt;anal minaralagzca& data
- were. ohtainegd” from XRD and XRF _analyses. o

v ' i
L
A,
S

1.5.1 Thefweikam'egiafiela

The Firat publiahaa studies at s specmfic purt;un mf the

el feom . Gnldflﬁld were undertaken hy Ninter (1937, 1954a3,

| who studiéd the geology of " the mines in the Virginia
area. Winter (1957, 19b4a) fdentified disconformities and
. concluded that most reefs were formed  in  a naritlc_
' environment asspeiated wlth marginal uncnnfurm;ties and
disconformities, Winter tl?&#h: concluged that subsidence
'gdue tu folding mtcurrad ﬁur;ng witwatersrand deraitxanéln :
-‘:timga._ Minter et al, . (1984) summarised the general
gealsgy of the Welkom Boldfield and concluded that sight
major fiuvial fan fﬁrmatlanﬁ were depmgltad in r25panse“-
SRR =< lucal fnlding and that the ﬂ@ns wera nnt affected by
“*;;the majnr faulting i the wglknm Gmlﬂ*ield.~- '

{in'theffifﬁt eadiﬁgntaibgi:al' study of the WQlknm Gnld—-"“
field. Antrubus (1958) ﬁmuumented the Basal Heef as -

cansiating uf it pr;nc:pal tfacies, namaly an aligmmict

._Baaal Plaker and an nverlying polymitt Steyn Pfécwr. Sima -
".(19&?) studied the datailed sadxmentnlngy of hhe main
;aurifarmus cenglomarataa oF Presxdent Brand Jand Preaident o
_Steyh Euld Mlnaa,z.concludlng that dEPOSltiQﬁ accurred
: with_ .*1uv;al ﬁyatam entarinq_ & _1and~1acked 1=1=1-W ‘__
© . Kingsley (19341 prdpnséd s detailed model for the depa~f-
sition of the Leader Reef and the ‘averlying ﬁathaek

Fbrmatimn, :with deguait;nn ﬁy a fan~delta. K;ngazey

. {1987} was tha—*irat to publish a detailed model for che
.Eldaraﬁu Fnrmatimn, prnpnsing that the Elduradm Fnrmatimn h

” . -!':’

Z_)

T

. é&ii



- resulted from nvcli: alluvial fan 'aadimentatian Care
ffa:knuwladglng that synseﬂzmentarv tectanicg had ndcurreu__ 
during depaait;mn of the Eldar&ﬂn Farmatzan. I

3
\

“_ _vqry‘*ew stru:tural atudies of the Welkum ﬁnldfie#d have}""'
",been undertakan* Dall (1962) ﬁtud;ed tha Dagbrae& fqult ) -
dn Weskern Woldings Lim;ted Gold Mine. “He cmnczuﬁed thaﬁ.i.fi"'
. the . fault was a complex system which formed as & taar

"-fault undar a cmmpreqsiwe streas Peg;ma, with later rem-__

'a:tmvatian and vartical mnvament.

:Tha sadim&ntatznn anﬂ 1arge~snale ;suft-sadiment defnrm~f'
~-at1nn featuﬁas nf the N;ddla Reets or Unisal ‘Bold Mires
U were ducumented by Ellis (1988). ﬁhngids tiﬁba; con-
f.:ludad that Ewn Lumlescing alluvial = Fyng aepaaited the ; "

-_;-facles of the. Leader Reef on St. Helena ‘Gald Mine, with |
.'depcsitiun. of ihe narthern cfan, ‘from  the west ahd S
'depas;taun of  the sputhern *an from the southwest. The
chemical ﬁumpaﬁltiun and - the regamnally pera;stent '

'~__mxheraibgy of the, sauthwestern partiun ‘2f the Relkom
..Gnldf;eld Was ﬁncumantad by Law et als tl?&&a, b, 1990}

and Law  (1990).. Numermuz Eancor uﬁpublished internal .

-bulletins ﬁaaling .wmth the lucallsad geplngy :qf'ﬁf;
L _[Helana and Unisel Eald Minea have alﬁn been’ compiled.
S ) tﬁiﬂpéﬂd;k e o _\ . . o .

1.6 REGIONAL GEOLDGY

_1.5-1 Ihtrpduttinn T ) i_',g_“"

~:1,5.2 ,$£;.Hexaéé'aﬁd uniﬁal,ﬁaia;ﬁiﬁag -

'..\'.

}f... i

oy . . . . . .
e A . o~

;_:‘ _\;, \\ . R . . . - . ARt

. -

The watwatarqrand Supargrnnp cnnsiats of ;é" Skm thir

© srenaceous &nd arg;llaaeaus aedimantarv ﬁaquenne tﬁrmad

w



T

:the Hast Raﬁd Group and an. uvmrlying Skm thizk arahacenna_
“_arﬂ cnnglmmaratic sed;mentary saguence termed the Central._
ﬁahd Grnupu Peposition af this apa~:unt;nenta1 sadzmant»"

_ary 5aquenra tomk place batweén SOéOMa ‘and 2700Ma tﬁrmw

strong et al., 1990), fuzlawihg dEPESltlﬂh nf the sedi- i'

ﬁenféf?“aﬁd vu*canzc mmmininn R@Ef Eeguance Dh granite§ -,

and greenﬁtnnea uf, the Kaaﬁvaal craten. witwatarwrand ff'

'Sunergruup 5Edimentatibn was folicowed: by depas;tinn Df.}*

' vnlcanmcs and sadiments of the Ventersﬂarp Supergrmup.

L 1.6.2 _Btru:tUré'

 The Welkom Eﬂldfiﬁid coﬁph;595 the_strueturai1§'presarvgg-

southwestern pnrtiun of ‘the {tiwwatersrand basin which

*.}bﬁcurs ag 8. nmrth /  south trangtng synform, The rocks of
fthe Walkom Baldfield contain & anmplex tectanic h;stmry,"
Cwith | hoth . ayn~ .'anq puatﬁd@pnsitamnal defnrmatzmn"
recorded. The testoris style ot the Nelkmm Gnldfi&lﬂ and

“that tha northern  portion of @ha_witwatersrand basin

-y

. ate & ably similar, with marginal ‘monoclines and |
asgéciatsd reversa ?aultihg :haraqteriaxng bath these .
arass during Central Rafig Group depositional timaa (Myars'
et al., 1990}, Faulting in the Welkom Goldfield is pre- .
dumiﬂantly uaatral ahliqum-slip* with = down-throw to the

J'

k -Wﬁﬁtn o
. . ':‘“!'._' . . o ‘II;

. Three major pha9w5"5¥_stru:turgﬁ'dEfbrmaﬁibn'ara recarded
~in the Welkom Goldfield. The first phase pf deformation

- scsurved during Witwatersrand and prv—Ventaraﬂmrp timgs

. when cumpresszanal tectonics rasulted_ in _fnlﬁing_and

faulting eccurring oh the wastern,' southers aﬁﬂ'@asiarnf_
margins of the. Walkam Eolﬂfiﬁlﬁ {Callow and Myer %?Eﬁ}, ;
The second phase of deformfition began with the autpu&x}ng"

_jﬁf the. Kliprz?i&rsbmrg lava during ox! eﬂsimnal VPﬁtérsm

'dnrp~aue ta:tan;ns. This Ventarsunrp axtanﬁianal tectmni:_



3rég;m& ”azém'reéuiféd iﬁ' hbrétu_ anﬁ graben furmatian in 
the Welkom Goldfield (Butk , 1980}. The formation nf the

Daghra&k, T Arrarat, Stui?manspan, Hbmestaad, Be Brnn and

;Virginiu: fault systens pECurres during and after this .
-Ventersdurp extansimnal tactnw;: pEriog. The third major. O
$:pha5ﬁ ﬂf ﬂafarmatiun is pust-Vantarmdnrp -dn _age, with “ 

ewa:tivatiun the Iarge nbziqua~$lip fault systems wzth  ,-"

The atrumtdre ot St; 'He1ené-ﬁ¢1d niﬁe is” aaminatea”by'a"
_ayncliﬂe and anticlmne 2s well. a8 nbrth ’ snuth striking :
nermal and oblique-slip faults parallal - to tha westarn’ .
';margzn structure (Figs. 8 and &), The ﬁip of . the
 'w1twatarsrand Bupergrmup' on .. Stn-'Haiena Buld Mife is .

ganeraily Betweati 20” ard 409 east, Thﬁ largést fault is

the abligue~slip Dagbraek Fault which has & dmwnthruw to
gtha west 0fF apprnximately 450m in the northerﬁ'ﬁnrtinn of

St* Halena Bold Mine and at 200 o 250m in the sauthern

' pbkt;an of tha.mine, where the *ault splits. *\e d@xtral*

displacement changes along  strike . but the average

 movement. is lisom;\'&alculated from  thickness data of
_ furmations and cunglumar&tes acrmsﬁ the fault*:'”

- The :walknm 'Gnldfiald Has undergana lowar gkeenséhiﬁt

tfaciaes metamnrphiam w;th temperaturgs of 35098 & BOCE and 

"-prassures of 1=z kilmbars r@cnrded (Phillipa, 1?&7&).

1

S YT Fravﬂitwateraranﬁ-straiigraphv_

The basement o the sagt  and weﬁt ‘of the Witwatersrand

Supargrnup in  tha welkam Area annsiata ‘af Archa@any

- granitoids tDrannan @t al., i?&ﬂ). The. Damin:un Braupi'
dismonformably overliss the bagamant. granitnids below the
witwatersrand Supargrcup tu th@ nnrth and - west of Welkom

_#minnr reverse faulting accurrang (Miﬂter et al., 193&3» e _  ;”' 

e
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'“ﬁﬁiﬁ&kﬁgﬁLf}“ Major atrumtures wf tha anuthﬁwaatarﬁ nnrtipn d¥ thai
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seams, whmia tha avarly;ng Besufors Ernup camprises gandwj:'

='stnna5 &hd giltﬁtanas af tha ndalaide Suhgraup...
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N ?ﬁt{i:: § uf aarly Vantarsdarn age _uﬁcur thruughout tha:
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o Jipriv;ersberg lava.- Lata~Ventersuurp age intruaivas, _ :
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”dumxnantly placer ar mﬂdifieﬂ plaﬁ&r nrigin. Reasana far ?
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. & t&987};~ Law at az. (l?BBa, By 49%90) 5 Law 11990) and”
?'Fhillipﬁ and ﬁverﬁ (lQ?OJ‘f The' ahava wﬂrkers iﬂﬂntifiad:f ﬁ';"ﬂﬁf
problems with the placer madel such 88 the lask of irem . =
“oxddes But abundanae of pyrat&,- unusual _sulphides in the e
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allnw pustvdepnsit;unal fluid mmvement, tha lack - mf_'ﬁ:

'; gertica& zoning, and th& inahilaty of fluidﬁ ta tranapnrt:"
'gwid (hallhauer and van ﬁahlan, 1983).-;.0
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baﬁznwxﬁu.%hemical aﬁsnciatians, and the amur:a of tha?{77b;”'

gnid Ltaelf (Phillips mt al., 199?),

com e e

' ﬁmIﬂ and uraﬂium mzneralzsatian cmntain@d iﬁ the Ba£a1” 1 o
Raaf an St. Helena Qmid Mine' ma a& ﬁuiated -with ﬁhﬁ“ :Q
abundancé nf ﬂnraua rnuna pyrit& and the carﬁun £kera§an}~f' SRR
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- 2.1 iéfnnrisﬁﬂpaic caNcéPTs* 

’Stratigraphic ulaaﬁificat;nn is tha syatematiu nrrangau
 ment of  rock strata into units with retersnce ta any af. .
the propartiea that the rocks may possess csans, as87y. o
'Qna ot the accaptau mathads nf stratigraphia mxasaiw.

"'ficatian is llthustratzgraphic _ classif;:atimn (8ACH,

L 19801, A 1;thugtratigraphiu unit is pne which is. uni*iad;”1
By cansiating nrgdnmiﬁantly of e;thar a aavtain ruck type
pr othsr -significant - 1itha1ugmca1 fEaturas. SequEﬁcaii _
”-;stratigraphy aﬁﬂ tﬂu~bﬂustrati§rapﬁ? ara altamﬁltiv@a tnj ~fs
Tithnskratigraphy - 'hi&h are’ nacessary to - reflect the
'tactanic davalnphant af a depaa;tary and tha ganet;c - :
ﬁeiéfibnship of different 1ithﬁstratigraphic units,_ﬁ
”;-: Sequence atratigraphy is - basad an. saquenmea, mhith arh_s_'

- _bnunded by uncnnfurmitiea and cnrralativa :nnfnrmitieﬁ

“{ven ‘Wagener - et aley 1?&&}. Taatnnnstratigraghy
1defined as the relatmnnah;p betweeh tactun;cg, sadim@ntaw

'_'_tian“anﬁ erusian tmrink, 1?96}  '*"?3;;; f_,¢

A 1ithastrat;graph1: subdiviszan mvar an area the siza of
the Welkom: Ealdfield mnly »prmvmdea partial‘gtratigraph;;)f
_ date,ﬁ- as & lithnatratagraphi:. subdivisian doss ot .
. reflset the tectonie develapment —of  the ﬁapuﬁmtqry _
- adeyuatsly. (Ninte” : 1?85}¢ This f- ba*ﬁusé - the;"
presshce of 1arn= lateral Ixthafamizﬁl
 1ntartonguing units) 'zn the depaamtn*v “'cahhﬁ% 'bé
'adaqggtely presented in a I;thostratxgraphic column. The .~
- uﬁa:-af lithmsﬁratigraphy aver- a3'5ma11er ' araag_fandfl”QT
 ,spegifina11y that of Bt. Helena Gold . Mine, is possible
 because’ large lateral lithotacius variatiuns do nwt occur
.4 the. Ha’m“"Y!' ﬂagbraak,. Spes Bona and Aandenk, Furmau_- “_
gﬁans._ I thé case of th&?ﬁ:dmraam Farmatamn latersl |
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lithafaaies var;atiana da. aacurcaﬁd saqu@nre at?atiﬁ}@@h?

Yy applicablat_

© 2 umcnmsunmi?:ss S -"f'. - n'

R ‘j'ﬁ-_“aigni¥imant hiatuswﬁnﬁimatéd Ve wagnnar Bt aln, 1?&&).
- " gneonformities are fundamgntal  for deteraining genotic

| claasificatian.- Uncanfmrmities und@riia - the majnr
S '_  aurifarnns mnnglumaratmﬁ af the Witwatersrand Supmrgrnup

formity. f The cnngiamarataa uverlying uﬁcanfnrmitiﬁs
minaraliaa?ian and the uncunfa}mitias alsm farm tha hase

amquancas (ﬁan waganer et als, 19&9).. SR

i
- I

.\\\\

uplife, orosion; basin pubnidones and ﬁmaimantatiuﬁ, wi th
repaﬂted _ pulees o0  uplift prmducing ﬁuperampmamd

AV

o durahl& niaetic mater;al a¢cumu1ataﬁ (Baataw, 1982!.

Lm

i{ﬂi S ..' uunvarga Liiwstde the hasin ‘wdgan, ini wmting that;ﬁuiﬁaﬁ

Rl

f;fﬁ'__ e marging anmparaﬂ o tha basin intariar.' Rapiﬁ eraﬁimn at

-t N Y

_"Ah unmanfarmity iﬁ & aurfaca ﬁaparating yaungwr frnm _
. mlder  atrata, aleng which thera is avidence of eiﬁhar[-
argsignal truﬁcatSQn or suhamrial expnsure, . ith @

paahagas of. racks - and ﬁuhﬁaquantay for atratxgraphic

. mnd ars ”charactariaad by their flat - or 'slightiy wh-
dulatcry naturw and varticai ?aci@a uhang@s frum arenata-
biee L o tha uncan#urmity % canglnmarata sbnve the. uncmn*h

gwner:lly contain abnve~ﬁverage gold, uranium and pyritejQ”

af nnnmuniv upwarﬁ~finxng unite i&rmad para-saquanﬁaw aw 
Tha_ angla of anf uncunfurmity ﬂmpendﬁ o the rata ﬁﬁ'

'uncnrﬁmrmitiaﬂ tMia!l§;’l¢78}; Gn uncmnfurmitv surfaces
‘podinent’ i§$ gnn&rally removed < and  hoavy miﬁarmls and
Lawaangie hr#ﬁnf&fﬁitim%'tﬁﬁﬂi of tha u&ntral Randt eraup-j

- . of uplift preurred eithor during or  f,lowing parihgs of
B aadimantﬁ%iun,- uplift was  mEre intanaa at thm ‘hagsin
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 _the uplzfted stratigwaphy tnnk pia&@ aﬂd rafﬁaf “ﬂﬁl
suhaﬁquan .3 ?eﬂuﬁad, after whigh the dmpmﬁiﬁianal uyale o

ﬁagan again1f_ SR o B

-Un:n1fnrmitna$ are fammon ta saﬁimamtary ‘Baains whiuhi__
' unﬂe*ga uplift and eraainn tagethar with dﬁﬂﬁﬁiﬁid& CRpe

unqnmfnrmztzas which ozcur &n the wmtwathr%ranﬁ Super~_'

. Ch_ag_tgﬁ .'_5, L S S S {/ N ..1‘;. |
2.3 BYRATISRAPHY DF THE STUDY aREA . .
'253;1;'intrﬂdﬂat§9n L L )

The stratigraphy studisd in detail is 'ffuﬁ’fﬁa’uppar
CpardiBn. of  the  Johannesburg Suhgrmup and - the entira
- Tur Pfontein. Bubgrbup,_ Thia.-aneampaaaﬁs the Harmuny,
Dagbresk, Spes Bana,  Aandenk  and Eldprado mematianﬁ,'_-
' each of which sre described in dataxl below. |

Y

W . . . . . . -

| group are similar to  those described by  Hiba (1974) and
-'Anaﬂnn et al. (;?9&} from’ the SQanish ﬁyranesa and o
: uncunfnrmiti@a whxnh cnmmnnlv ?arm in Molasse baslnﬁ'

 (Wiall,  1978). Detailed descriptions of the uncons
© forpities on 8k, Helana Guld Mina are prasant&ﬂ in "

 T%a stratigranhim nammnﬂlaturm utiliﬁmﬁ in thiﬁ ﬁtudy is .
that which is  dn use  in the current litaratur% and an
. many of the mines in tha Welkon Gﬁldfieiﬂa_ Minor diftfar— "
| ences botween tho nonenclaturs used in Ehgs atudy and

Cthat at SACS (1980, Fig. 3.2.3.) and Minter et al (iges)

d5 seeur. The differeness in nomenclatirs and {he lack af .
'=jcnnmuni¢at1ﬁn between minas ‘have rm%ulta& in cmrralatinnffﬁ

 mn_a gnlﬂ?ialﬁwacalm ramaxnlng un:ertaim (winﬁer, 143&}. %:



"The strat;qraphy of  the study akea' was ﬁanstrdctéu fram

 ness of sadimentary intervals - calﬁulatad from igupa:h

__pnsit;nn af wh;ch is well cnnstrainad unly in the central

_durable or nan-durable clasts. Durahle c{gsts are dafined f,v
'aﬁ nanszsting of either quartz or chart, and nun—durable
 zlasts consist ‘of wither ‘metapelite, quartzite, fgnedus
f'ur vmlcanlc matﬁrzal. S o

f___zii.z' Jnhanneshuré_suhgroup';l _I-Eﬁ.fm.},'

w;~$\2;i H%“mmnv F&rmatimn Coer R s ﬁ'_?-.  -

et al. (1?9&), but’this author ant- uthara tMeKmnnev et.
Mymre,  198k3 C.8. Kingsley, parﬁ, comm;: 19883 A. R‘_K¢ng,

‘“;u; as ths Basallﬂeef bysrli&s aﬁmajur uncunfnrmi
in terms of- the prirriples of sequance étratigrapHQ“thé,
Basal Reaf 1agxca11y forms. tha basal unit nf the genetic
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the examinat;mn of hmrahmle cnre5 (Fig. 8) and the. thiakwf"

:mapSa- The isopar’ Maps constructad for each sedimentary’

interval shaw the wasterﬁ margin subautnrép pus;t;an, the';-  _ A
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-Gwlﬁfield {e.0Q. Presxdent Steyn Bold Nine) &ﬁ in piacaa
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the. tup of the Wed ko, Fnrmatxoh by SACS (1980): and Nimtar

aﬂ-,"i§%4;} whnter,- 1?&4a, h; Eima, 196%; Bafluw and -
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. Thus -

Y

\

@,



sl

jrusckness) |

_REEE 7 MEMBER _

. 15mp

a.l .
- }_,
rFad

J::; > -

n -

4 .
\P’fc_.#_? o

10m

v T P AR M . -
s w T T,

Ol # v *F r o opo»
-
- ’ .
L ‘f'ﬁﬂc’
A
T "

w’
[

o
-

N Y .
:12£; &
7

F

D
B

AT I =g

i b pP T r

Ii"’ A A

Imigdie Reet

o

ﬂﬁ,d-d'l & Reat

miduling quartzite|

e
o]

Lf
’";; :’
3

i 1
AR AL i.l a

i Top &7 Reef
nuartzmtm Mam%er )

Basai Reet

haki Ehgla Membar"'

'-Béﬁa& Reet

oo

5&3 B

.m;___fg.. §

- _ | EEE..:BEI‘!QE.
| Fina-grai.nm smﬁimauts

auart.. amr&ite

@j Guartz wac:kn

kIdaaIisaﬁ
_F&#matinn,

.‘.l) |

ﬁf#ﬂémmwaw |

" e

[

tratigrapﬁic c:;lhmn m’ tha Harmmny- I
tg Hmlana B@Id M:Lme. « 0 R

[ S

R e



- To the ﬁuuth bf Unxﬁel Galﬁ Mine the 11tﬁningies mf the |

thicknaaﬂ ot the Harmuny anmatian anmweaﬁes 51’ Hf; ius'f%f-f
Y nnﬁfgarly diractimn across st. H@iena G@iﬁ Miﬁéi ‘   -1w,i__§fﬂ
I3 O f'j R - e ... rfg . . . G. . y
East /  wedt uriantnd saatiuns thraugh St. Héieﬁa Eﬁlﬁ e
Mine are charactaraﬁaﬂ hy th@ nverail th;nning aﬁdj: L

Bold Mine (Fig. 10)  included the fnmbined thi:knasa nf}?

subdividgd in ¥ {werkom goldtield  inte twa major

w;lkmm and Harwmny Fmrmatiana are sxmzlar, makingz/'
. dimtinciion.  based salmly ;fﬁh  Lithology ﬁiffiauit,

par+icu1ar1y wher thpr@ in nﬂ Basal Reef develaﬁmenﬁ. ThE'_ e
Harmnny Farmatiun present tm ;th& 5nuth nf Un;ael ﬁulﬁ“”_;Lﬁ;l

Mine and in placq& in the southers pnrtiﬁn uﬁ Bt. Helena [“sb:'

Bold Mins is d;ﬁtiﬁguashed fram the walknm Formation by =
the prosence. of ﬁnrmuﬁ ruunﬂ pyrate nudulea in the_'”
Harmony Formatipn, ) ' :

i

_'T"ht:.!E msuﬁanh map 2 the Harmnny Fnr_atian mn Bt. Halana_

th¢ fBaué1 Reef, Top of Reet quartiite, Khaki" BQQIE anu.;?,;j
tha Middling Quartzita. The Harmuny Furmatinn Jthickens
_?rmm om in the west &0 bvar 20m in the east of St. Helena -
fiold ﬁine. The Harmuny Fnrmatimn thina ﬁg thw aaat.pfntha '-; _
- Dagbreek fauit (sectian &&—ﬂ; Figa. fl anﬁ 12}; Th@:fgi°

truncat&nn' nt farmatimﬂg in- ‘a wmﬁhgrly diraatimnj_,
(aentinhg 8’ ~8  and ﬁ'*C, Figs. . 1% and 14). In the mure o
ﬁauthwriy seetion {Fag. 1%) ths Bamal Reaf sqb~nutaragﬁ;*f W
‘against the Leader Reet but to the. narhh a? this {section
'C wc, Fig. 1#) tha Basal anﬁ Lamdar Ra@fa aubnut&ran'

) agaihgt tha "B”.\R@Efv_ . E . El_._ . a L R N o_.'. ..
:203-2-;;1‘; : Bﬂﬁal"ﬁfiﬁé‘f 3 I f{“& BT

[ . : . 4 . '.\u..
- JThe %aeai'h@af, q thm baa& mf the Harmamy ?E;matian,‘iﬁ ;'_'~
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gaﬁerally uligamlct Eaaai facias and tha smuthern pdly“ h ¢

mi.(:!: Btayn fanias, - dhe bmmciary heetw&en mh&;:!:u tat:r:urﬁ in -

R tha nmrthern portion oF St. Helena Bold M;ne (Mxntar, o

"1%?81, The . Basal facaas on Bt. Helana Gmld Nine is ¢
fnrthar divideﬁ intu the ﬁlignmict anﬁ AP un sEamn re@f' _

S typdk.  Tha polymict Steyn tapies.  is. dividad Anto the
'-'pnlymint southern remf,{ the mixed ra@f anﬂ tha aranzta537

reef on §t. Helena Gold Ning'ﬁFiggg 15 and lé}‘_ : _'«. '

‘o

' ~m~* Carban ﬁaam reef

| p-BABAL FAGIES ——
e K naigumict reaf

“:fi ﬁgg§g ﬁgg¢ ;;;gHJ"“f "f*' }  Z_[ fff:',_Trana;tinnal araa_

Central mised reef

L grevN FaciEs ———f—— Polynict southern reat

 Basal Reef subdivisions, St. Helsna Gold Mine,

| The facies distribution- of sub-divisions of the Basal
" Rest bears na Palatinn te the submutcrmp pasitmun ﬁ? tha.'ﬁ R

O ‘Basal Re%T, wWith four of the five “faciep abuttihg against

the westarly suhautarap lmna of the ﬁasaiﬂ Reatf on S,

 3Ha1ena.Ea1ﬁ_Nine. The fercies. uf“thg Baaal Reat A1so shaw -

| nm"falatinn to the eyn:rina and adjacant anti”lina oo

_;pras@nthin the western. pmr%;mn uf B, He&ana Emld Mina._

. The Bamal Raa? subd;vaaiamﬁ pn_ Bt. Helena Bold Mina are

B cwmﬁarga t?ablm 11 and are’ deanr;baﬁ ba1nwaiﬂg_

"-Va} nligmmirt ree?._ Tha alignmint reaf &a the thinneat '

B greet  type and oEEurs in the nmrthweatern pmrtman at .

) gt Halana Euld ﬂina. rhe alignmict :1&5#5 and pmruua

“-:;rnunu pyrites (Fig. 17;- m:cur\larimarily .;n ahalluw R
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hava'thé base - of the Hérmdﬁy 'Faématinn:'d&fiﬁed;bv

Cpither a'Scaktéréd granulenunglumeraté,"dr: auﬁiscﬁn—
‘tinuous layer of porous round pyrita. Ih:raaséd'gdla

values  in the nligmmict reéf are assuciated with

:purnus rnund pyrmte and also. wzth thE' presence nf-_t
Cpyrite on fnresats - and set surfaﬁea of assm:iated_
| guartz arenites. ' ' | C
Carbon seam reef._'Thiﬁ-cﬁﬁsists of Eithar"éihgle e
-multiﬁie tarbon (keruganj' seams or ?1yspeck {dimsani-
' nated) carbun. overlain by eithar an niignmxtt raef or

by - scattered alagnmict pazbies in a 5ub1ithic arenite,_
fining-up to .a quartz arenite. Carbon abundance de-
Ccfeases ih & 5bﬁthw&stﬁr1y'di& +inn'écrnss 8t. Helena
Gold Mine (Fig.  18). High golts wrtdd uran:um values are’
comtonly assn:zated WLEH peeurrencas of both carbon
 and porous rmund pyrata gra;nsi The tramsition batwean.f
the carbon and ul;gam;ct ﬁgef suhﬁivisimna -0t the .
Basal Reef is gradat;nnal, with disseminated :arbun

ocourring in areat’ a* mlzgnmict reef._'

East / :entral mived reet, The mixed reet is transit-
ianal  is character 2nt th;ckhegg batween the oligo~
- i:t and :arbun -reafg in tha north and  the unlymict_
reef in - tha suuth._ Dtsseminated earbnn u::urs in -

places in the mived resf, : . : _
Polymict seuthern reet. The polymict conglomerate

reet has a sharp upper contact and is. generdlly over-
Clain by tha'pneminwraliséd Top of Hééf'quartaité and &

: :nakknw Bem. thick khaki~coloured siltstons uﬁit in

'-place» (Fig. 19). Ta bhe ‘south of tha maihn davelapment .

bt  the palymi:t owuutharn reef the basal nlignmitt
:bnglumerate is fraquantly absent and the conglnmerata
thins in a snutharly ﬁare:txan. '

Arenite resf. Thia_-faﬁ;es comprings 5ubiithic~ and
lithic arenites with minor  interbedded polymick. gzen=

glomerates. The arenite reef fasins is restricted to
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the southers  and éﬁu{hkésteﬁn pbrtibn _of 6t, Helena
B Beld Mine Zand iz  the least knnwn af ‘the Baaal Reaf"
 subd;v1siuns of §t. Helena Bold Mine._ o )
fi-Transit;nnal_areasa-_The mixed rest is a_krahsifibnal
' fnrm which b#curs between thé Basal and - Stéyh'faﬂiéﬁ_
of thie Basal Raef and e sharp  contact betwaen the'_

Bagal and Steyn Reafs haa been  recorded to gate in

fg, uhderground expaaure an -1 Helena Gold Nine, a-
- fransitional area also pecurs | between the palymict
'"_]gnuthern reef and the aranite reet in  the southern.
 :part_ of Bt. - Helsra Gold Mine. Transition areas have
charactar; t;:s wf the aﬁ:aining reet types- and are'
: -s&milar to the transltian areus d&gcraﬁed on Presidant_
. Eteyn Golg N;ne by Sins (1969) . Channelling, which is
a feature of the mixed, southern and aren;ta resf -
types also raaults in the juxtapnaitinn af ﬁiffaring- 
' 'cnng1nwarate Facies making tha praaxse_‘tranaitmmnn_;'
'_-pmint betwean fagi&a-unnlaar.,'-_ ) :1 o
: Cnn:entrat;ana of datr;tal minerals appear tn "be rexated
to gald mineraizaatian in the Basal Reaf nn " Bt. Helena
-Boldrﬂine. Detrital minerals Iinclude chrom:te; zircon,
. ;eucaséne:_ cerﬁain forns pf pyﬂfﬁe and possibly detrital
Y geld, In general the amount of minsralisatioh  of the
uncohtormity-based condlomerates on 6t. Relana Gold Mine
_dentaases with incressing he;ght up fha stratigraphy, B
fram the Baaal Reef upwardﬁ. - |

The ismpaah map uf tha Bagal ﬁaaf' (Fig.' 207  does. not

inglude, thickness data for aither the Top of Raat quartﬂhfz

o ite or the Khaki Shale. The Bazal Reaf is thickest in the -
central pnrt;un of &t. Halana Gold Mine ahd aubnutarnps :

in tha ‘wrstarn pprtinn n$ b m;na;_ Tha isnpaah hap of

“ﬁl_the Hagal Raef curraapnnds to bhe faciea AistiFribution of

the. Baﬁal Raa* (Fig. <38y mith arpas’ of thin reef.?u
N e e ! :
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”::cnrrespunding to o:currencee uf tha carben. anﬁ mligamict |
reat types and the area o thickest reaf - cninciﬁ;ngzwzth:
the palymiat southern reef type. In the western'synciihe..

. area bt St. Helena Gold Mine the. Basal Reet is >im thick

up to the pnint nf subuutcrnp, but the thi:kness is net

affectad by the western syncline.

'2.3;2.1.2."Tﬁphn%'ﬁeef'?ﬁsftiité'némbﬁr :"l

The Top of Raef quartz;te is known lacally as the Qlean"-

. Bar, White Bar or Middling | Quartzite and averlias tha  o

._Basal Reed  in tha central and southern purtzanﬁ of St.

'Halana Bold - Mine._;'he Tap ot aeaf quartziﬁ@ is ) Fing— " _
- _grained Eublgthicw' tb quartz arenite ot maaimum 10 thmck__"'
:(Fig. 21)- Bedd;ng varies from hariznntal 1aminatznns-
{Fig. . R2¥ thruugh asymptntiaally bazed trduah :rnssbeds'-f
fia small-seale: (S=20em) trough. arnsabedﬁ. Fmresat5 are
;defineﬁ by arQSZIa:aaus materzai -ii-R d:aaaminatwd and

rrystalline pyrite, The Tﬁp of Reaf quartaita cuntains

rare scattered pehhles and nccas;nnal pyrite Etriﬂgers Gt
faresets  buk has nn gnld ar  uranium m;nﬁralisatinn of
aonomig impmrtencea Bre:caatinn nccurs in ﬂiaces, with 3

bracciarfill uf chlurite aﬁd pvrmte.

_Thé Cﬁnga:t_betuean_tha”pr of Reéf'-q@artﬁigg _ﬁnd-tha
- Basal Reef on  Sb. Helena Gold Mine in sharp. The upper
contact bf the Top of Reef quartzite with the Khaki shale -

4 variable, ranging from a gradational contact, in the
northern  portions of Ht. Helana Bold . Mine and on

;Presﬁdant Brand'adlduﬁine (AR Kingy. pers. :amm,g-ivady;;'

 thrnugh inﬂmrlaminatimns nf arenite and Khaki shalmy o a

. 'sharp montact in the nnr&haagtern area af St. Helena Ealu';} 
| Mine (Minter ef al., 198&). @here thers is ho Khaki ghale |
| daveinﬁment_the_dunta:t_h&twﬁan_the Tv. 'of Rest Quaftgitej'

CALD
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v i‘:_”. o227 Hgnzmrttaliy ;aminggp? 'ﬁ:p GSf ﬁa@f quartzi
7 averfain by quart? Shackes” ot the Na.d:!.t.ing
S quartzite which - c:untair'i':' acattemd pmhblas.

o R Gmin da.amaatezr = .'L?mm. I S R




'.52 3 2 1 3 Khaki ahale Nember

oA

_ “JTha; Miﬂdlzng auartzite Member. an St. Helana Eald M;ne;ﬁ;}
5 cnnﬁists ot quartz wackma (thé Middling quartzita} with

ern area nf St Heiena Gnld Mxne {Fzg. 21).___

_ﬁ o

'Tﬁé Khaki'ﬁhalé'iaré ysiinw# to khakiwcmlaured mlayatanef
- whieh is phyllitic in plaaes. In the southern and western'
5pnrtions 6f - Bt. Helena Gold Mine the Khakd’ ‘shale is a
.- noarse—gra1ﬁaﬂ grey siltgtaﬁe, Beﬁd;ng is ra?éiy'pre*": |
served in the Khaki: ﬂhala becauaa af nverprinting by, a
T'pervasive fniiat;mn,_ althaugh symmetriuax ranplas and," o

hmriznptal 1aminatians accur in places. The thicknass pf~-“

'is unc&nfnrmahle. e f \“'

zmspé;1-4.ﬂMiauaiﬁg auartéﬁté-mémher?w ;

LR

interbedded laterally ;mparsistaut cmnglamarates (the_.'

-*M;ddla Raefa) and rare quarta ar@nztﬁ interb&dﬁ.."

-_a}?M1ddling quartaate. Thtﬁ cm%aiﬁtﬁ af & characL%ﬂigtic
© L diab brown~grey qu#fta: warie cnnta;ning aca% Sarsd

' jnngular chert and Quartz_ ghains and pahhlea ar 8t.
adifng  quartzite exhibitg:,-]”
o a-aimilar thickneas trangﬁ ke thpaa of the Harmany o

PoHelena Hold Miss. The . iy

B bur@gtiaﬂ,’ thick@ning in & northarly ‘and sastarly

divecfion and thxnning tn the anuthwmat af Et, Halena7

.I-.ﬁaid Mines tF-'a.g.:za@],:.__ R P R

R

tﬁfThin imﬁéraiﬁﬁant siltﬁtmn@ drapas ara cummmn in tha

1
. Lo

Ta
&

L

- .'5}‘?

| énu-tha Miﬂdling uuartziﬁe is Ermsxve,. g, g. iy the weat““ ;-

_"the ﬂhak; ahala rangea frmm Qﬂzm, with ths: th;zkest areaazJ B
_tp;mcc&rrzng in the nnrtharn pmrtinn ot &t.”Helewa Boid M;na:_i-;f
-_tFiq. ZEI,ZThe uppar cantact with the M&ddlimg quartzita'”
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W R

'.;plamaa.__ﬁn Unisai Bald Mine typical quartz wackes are”
lews aﬁundant in the upper port;on- af the Midd;ing'“-

_'11th£¢~ ta quartz arenite interbaE% ’égéur fn pla:es."

e The arenites diaplay bpth trnuqh—-\and planar crusa- ;_
  f_badding and . fine upward jn grain size from :oarﬁen to |
-ﬁf'fine~gra1ned.\ ‘Horizontal 7 laminations aiso meaur zn

-quartzite, baing rapzaced By a highly var;abla _
'“;; sediment assnciatlun rang;ng fram texturally matur?a.?
'_1xghtwgray fina*gra;nmﬁ croashedﬁed quartz arenites ta“"
"*texturally 1mmature waakes. Evidancé of sott sediment
_f-defurmatznn accurs thrnughmut The dedling quartz1te ; ”

(Ellis, 1988), Boft :sﬁﬂimant deformatian = featur
___'inclﬁd& 1oad cggts, drsh atructurea,_ largeé'_ar
”l_,fsmailmacala ?1ama 5t?uctures aﬂd dewataring faatures

4

- Hiddlinq quartzita (F;g. 26). -&

=;\Eaaa1 Reef {Bugk, _1?&3).: Irt fhe smuthmrn part;an ot :
 Unisel Bold’ Nina canglnmerates of the. Nidﬁla ‘Roef aﬂﬁ,_;_;'
- __the undarlvinq Baaal H&ef are aimmlar ;n mgmpn?itimn,_

"Bh Unisil aa:a Minm &he Mmddle émafﬁ are nvérlain by
',ﬁiatinntivm horizontally laminated ‘and . crossbadded .
quartz aranmtm%‘_ In genaral, ecnnamﬁm minerafisat;an:
Cof the Middle Reefs’ Bbcur where ‘the rests are @ituatad.'

in tha IGWQF 4m of the Harmany Fnrmatiqn, alusa Eg the

S A

=Midﬂ1bvReéf5°fﬁaaiplaata ﬁxaeer;.-The mzaa1a“ﬁesfs'aré- g
';generally thin and nmrly ﬂavelaped on Bt. Halena En1d75f°
‘Mine. -The Middle naafs are.sub-divisible . into chert= <
_Zgrich, Quartznrich and narraw carbmn .seam raef typas'_
litTabla 2) . The N;ddle Reefs accur sparadically in thavi
';nnrtharn anﬁ easkern Partinn nf St. Helana Guld M;neﬁ'
"'tFlgﬁ aﬁl and mn A braaduarea acravs Unisel Eﬁid Mirneg
CtEllds, 1988). Occurrences of the Middle Reefs on St. -
Hzlena - Gmld Mime aﬁﬁ ganarally naar the basa nf thef3L

T
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:aré alsw laterally discnntinunus.- The angle . of uncon- -

R - R

:barti;ularly wheve. the mnterval hetween _the’ twn reefs_--

15 less than 3[“-

'_HThe -ﬁiddle Heefs are character;sed by saft sediment"f

'defdrmatinh_ structuras (Flg;_ 27) The dafarmatxun-'- 

‘structures renge from  small-scale undulations’ to

_iérge*scéle  diap;rlc atructuras which _have led to

”duplicatian_ of  the conqlomerate in-'placEE, (Ellls,

_l?BB) The M;ddle Reefs are ganerally tnn narrow and

- lateraily. imparsistent ta be of . ecnnamic s;gn;flcance |

it ..

fz.s.é.z Dagbré&E'Fﬁrmatinn'

. r'"' .

_ on 'St‘  Helena Gmld Minea On Unlbbl “Bold Mine- the
o ﬁf 1atera11y extans;ve dedle Reafs are wxdely explnited.-’

The Dagbreek Furmat;mn“ on St. Halena anld M;ne cansists: |

of the Leadar Reef and Leader REef Zune_ at the basé'}-

nverla;n by tha Dagbreak Quartzate {Fzg.'_ZQJ.sThQ.Upper

Shale Marker. which fmrms thEo uppermcst ~zone of the 
‘Dagbresk Formatiod to the wast of St, Helena Gold Mine,

portinn of St. Helena Gnld Mine (Fig. 29). ﬁreas of thick

Daghraek“:Farmatiun ﬁccur in the nartheast and sowkh-
- central portion of Bt. Halana Bald Mine. Bectmuns through

the Dagbwaek Fnrmat;an indicate that the Leader Rggf_ia

14). - Conglomerates higher up in the Dagbraek Formatian

'-,isu Tt dévelapad on - St. Helena Gold Miﬁé.-fhe_ﬁagbremkf o
Formation. thickana in an eaﬁterly dirertian trom the.
westerly subnutcrap to mver ‘B5Om thztk in the nu.theastern

' iaterally imparsistent and of varying - thzckness_makihg -
~correlation between burehnles tentative (Figs."iz'ahd i

tarmity Betweer the tup of the Daghresk Formation the
base af the averly;ng "B" Reaf along the wastarn margln_;i

of st. Helana - Bald ana incraases in a nurtherly
diractxnnu- B ﬂ3 o -

H .
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" Blumped Middle Reef of vein gquartz el
. guartziis
sore dis gl
: diﬁga o .

&

clasts and. rounded pyrite grains in the Middling

: : Lo iy

aatﬁ}' thert.

(quartz wacke} oF Unisel Bold Mine. The
Rled vertically, perpendicular to bed- -
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| 2,3.2,2.19 LeadEr ReEf.and”Laadar Re=t Zane

Ths basal :unglomarates and - arahiteS'“a¥"tﬁe'DaQbreak

- Fnrmatian on St. Helena Gold Mine’ uncnnfnrmava averlie

.: the Harmnny Formataion and arg. subdxv;ded into  the olxgu—

mick Alma fac;es (referred o as the Leader Reaf) and the

“pverlying pnlvm;ct Bedelia facies  {referred to as the.

 Leader Reef zonm) tF;g, 30). The basal Alma facies is a

: pyritic aliqnm;ct :unglnmerate which i nverla;n hy a;

 quartz areédite. The Alma tieies. is ernded in places by
ﬁtha.younggrﬁﬂede;xa facies, with channel;sad nacurrences;

_ af-thé Bedeiia‘ﬁiﬁies nf zonm wzde ‘and Sm desp (Kingsley,f _
' i?ﬁ#), The Leaddlr Reet an St. Helens Bold Mine ccours as

twe separate nnrth*nmrthaast e sOuth-southwest trending

. arsas and thickans to  the' aa#t“f6¥3F{hé3ﬁéghraék°¥adit_ S

o (Fig. 3. S -

where:the'Leader “Reet is net develnped eithar palymict
S conglomeratss o aran;ta% ot the Leader Reef Zone

‘(Badelia f;czesi rest bncanfurmahly an' the Harmany
 Formation. The Leader Reet Zone conaists of & maximum of

- lém aof altarnating B trmughw' ande. planar :rnsshadded

sublithic arenités  and smgll- to 'med;umﬂpebble maaa;vé\
_palymict cnnglamaratea which are- frequently channglised,
C.Thin  (<40cm) uUpward-fining wligomict canglnmarates and

Quartz arenite partings ‘also agcour, There is a decresse
. in the textural maturity of the arenites _vartically_fram

- ouartz~ -to lithic aran;ta. This textural variétibn fs
accompaaied by subtlé"cnluUF'chéngea, from a lxghtn to

dark—grey cmlnur at the base tn yallawvbrnwn and hrnwnma.

-grev tnwards tha tan nf the aranite.

'Ths' Lé&ﬂa? 'Raef anig 'ﬁva?iving Leader RéE? Zeine  or St.

._ﬂHeLena ‘Bald Mtne accuunts for appruximately i3 pernent of

gtld prnﬂue an. aaid m;neral;aatxun uf the Leader Raaf

- T
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- 2;::;2}.:.'2* Dagbrask Quartzite Mefiii'hé*'__ .

anmedium ;ahhla cmnglnmerat&a.:_ Elast E comeasltians ara_ f o
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c-

is Erratir w;th scattered vazues frequently mccurrlngf_f”

- wertically over mbre  than 3m of cnnglumarate. Inereased

' gald gradeg are assammateﬂiwith mligmmz:t cmnglumerates, o
.althaugh gold minerallsatiun and increased quantit;es nf: : -
pnrpue pyr;te mc:ur iri placas in the pnlym;at Leaﬂer ReerJ

: Zﬂﬂe canglnmeratas and un -furesets__;n_;ntgrbEQdeﬂ_grgq—

ites;

'.s .

' Tha Dagbreek quartzite is def;ned as uﬁékl?iﬁg’thé Leadér
"_Reaf 2nne cnnglumarates (K;ngaiey 1984). The Daghbrask

quartﬁmta it a yelldw-grey iithic~ to sublithic #rénité '
conta&n;ng scattereﬂ, _impersistent,-puiymitt”graﬁuié~"tu

o similar . te those of tha Leader Reef, Boarse~grainpd 

_,arenztes ara texturally mare matura and_ 1lghtar cmlnurad'”
:than the yellmw~uulouﬁed f;neuqrained ‘arenites . Ennw'_

glﬂmerate claatsl de:reaaa in size and frequency tuwarda"f

'2'2J3.3; %urf$pnﬁein_suhgppup e

the top of the Dagbreek Fdrmatinn w;th ﬁhe upper 5m of
the_nagbraek _Furmatinn devaid uf-pebnie 5 - Traugh craasw.”
‘beds with 5et7thitkhégsés_-mf"5%25¢m'are_cammqn “and rare

planar crossbed sats'uf'zocm\thiqk'alsa Qeeur.

i

The Tur'ffd:ntexn subgmup in the western portion of the &
Welkem Boldtield is a caarsenmgwupward arenite and
'.ﬁcnnglnmerate sequancw. LTha basal prednmin 1t1y aren;tic -
-sPea Bnna and ﬁandenk Fnrmations are cnllamtxvely knawﬁ

“the lﬁimbal“ley Emngﬁmmgpatga (Jﬁfdaalt, 1?8&) . uncﬁnw ::.

_ furmablv nvarlying the Kimberlcy cnnglcmaratas ig the .
'“:nnglameratic Elﬁarada Furmatian...'“' R
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The Bpes Bona Fnrmat:nn éc:hrz 'at: £hé% basa uf tha_” 
'A-Turﬁfmntgxn Suhgruup “and has. at its base the 3-8 Reaf:__' _
{Fig.  32). The “B" Reef is charactaraaad by large pardus .

“pyrite nndules and & pnlymint clast cnmpasxt&un contaimn-

ing chéracteriatic 1gnamu$ clasts which are rare in the"ﬁ

underly;ng Jmhannaaburg Suﬁgrnup tTable 2). The “B" Repf

'. ':nnta;ns incrmased guld gradas in. the- vicmnity ot the
| .Baﬁal Reef suhautcrnp in the narthwaﬁtarn pmrtian wf Bt
: Halena Gtild f;}lna Gy R. F‘. Handieh F’Er'&‘h t:umm-). - e

L]

- The ramainﬁar of tha Bpas Bnna Fnrmatimn compirdses
:yellawwf'and brmwn*gray massive and tsmugh cruashedded' 
Usublithice ¥ lithic arenitas. The aretiites are 1ﬁtarw_’:
"heddeu with laterally imperﬁistent medium-pebble polymict
nnnglpmerates., The Spes Eona Fnrmatian cnarsaﬁs upwards“,]“”'
above the "B" Reef, . with the ratio f munglnmerate o
'quartzite also ;n:raasing upwards {Jardaan, 198&}. Pebbly-
Qareniteﬁ af acattarad pulymict pebbles with a sublithic.
- arenite matrix are well davelnped iy places ;n t@a_Spesi'

Bona Fnrmatinn._ e e Y SR

a4

-

it
O
3.
" P2
-t
$

| Tha fth;bkneééfﬁf the_ QpééQEbné'Farhation'an .St;uHelaﬁavjﬁ'

© Bold Mine increases erratically in an wasterly direction

En & maximum3'n¥ 26w (Fig. CXB),  The Lhi:kness s

calculated frnm the base of the R Reef ta the base of -

| the Hig Pebble Marker,-;rr@apective of the . davalnpment of
) the ﬁ&ndank Lhannel.; The thizkness at. the "B" Raef is
”~erratit with tha thickeat cbnglamerata dbvelmpmant hccurm '

'_'ring in the uaﬁtral anﬁ nurthern partian Gt . sta Halena'

:;Gnld Mina {Flg. 34). The‘“B” Reef is laterally persastent-

  7_and rala%ivalv easy 4o correlate althmugh Lha “V9P1Ving' {_
"7_¢mﬂmlamerateg - Withi" t“@ Gnaa Hona . Fuwmatinn are_a'
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’ “i-;;i'-z-"“:."s?::—iz -’."Aé_ri#nfs;.._ﬁ_ﬁ?ﬂ*‘éii«éﬁ_-. e

' sedxmantary auccessxmn' which ' :nMprmaes

*-erasiva scour-and*f;ll ﬁhannel;sed %eature

v aren;taa;'

. L. " : - )
.making aurralat;an af theae Spee o

Bmga nongimmarates tenta%ive (F;gs. 12 enﬁ 13}. -

1atera11y imperﬁ;stent,

N
,_li = . .
'

The ﬁanﬁaﬁk Fmrmatinn cmns*itutes an, ﬁvé?éii-fiﬁiﬁg99h3-'

Aanﬁank Channei at. tﬁe baﬁe averlaan by the Iaterally

barsiﬁtent B;g Pahble Marker {Figa. 32 and 35}. Gvarlying  :
kha Big Pahble Marker ara thE ﬁandenk arep;tas qpich zun*',:'
i   taan 5pnradica11y daveluped “A" Raafﬁ (Figs. lE anﬁ 131.'

2 3 3.2 1 ﬁaﬁﬂank Channel _ R AT
The “Aandenk Channel (K4 _Ruef, Kimberiey channel) .is arn’
mnnglnmetﬁte, ﬁFEﬂifB, argillite,
pebbhy aranite. The chaﬁnel—fill

cmnglumarata at the baae uveriaan

genarally cmmprisas a

by pebbly suhlith1u 
muattered diam;nt;taa and arg;llitas. Tha base"
Sof, ‘the arg;llita in the ﬁandenk Channal iw uharaatarised'

hv a8 diamictmta whi:h varmms batween lb:m

tﬁicknaas« . The diamictita 'cnmprisag pnar1y~  sor ted :
small*f ey 1arge~- pdlvmictic pebblea -Ain an argillacauus?_'
matrix» The upper partmnn nf tha :hannalw fill cumpr;sesii-'

interlamznatad arglllitea and rare mediumﬁ- qrainad 5ub~:
lithiu aranitas. The - argzilitsa cnnsist of intarlaminatad

’_cuaystﬁne and g;ltstmns which are tactnnlaaily disturhad,f-*

ndhta;h;ng auft—sedxment defurmatiﬁn

K

Tha gepm@try ot the Aandenk Ghannei i; best’ iilustratad : 

- when the Big P&hh&e Marker: is used as datum {=ection
' ﬁ‘wﬁ“; Figs 3714 Tha Aandenk channel.cunsiats of a’ saries”_.'

qf scmur~anu~f;11 ?eatures with scatterad uanglnmeratas,f

Tt

kha=ieﬁticu1ar;"'

zanéigting ﬁffﬁ_
pebbly mudstonas. andﬂ-”

_tn” 7 oin

$aaturaﬁ ‘gueh as’ B
déwatdring aﬁd haii“andwpillmw atrUﬁtures (Hih sa)._ '
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e

-:diamidtitev' and at least 'thfae:'perindﬁ nfﬁqmudétﬁne;
. channal~fill.~ e o o o
:Ernsmun aasnczated with the Randenk Ghannel on ﬁt,,Halena 

| Gold Mine mas removed & maximum  of 29m of the Spes Bana

' Fnrmatinn. Un Uniswl Bold M;na £ha ﬂandenk Channel is a
-maximum of 23m daep, sl the “B“ Resf ig rampvﬁd_in
pia:aa Hercause of ﬁandenk Chﬁnnal ‘wrosion.  Tha ﬂandéhk_

) T Ehannel nccurs 1n the suutharr part;mn u¢ 8t. Helena Gold
;Mina, where it is abouk 4km wmda, ary uvmr most of Uniﬁel-'

Gold min& (Fmg‘ Eﬁl. To the narth ‘ot Unisel Buld Mine the

-ﬁandenk channga has alsa haem qacummntea (Sims, " 19&9).
_Minmr shala—fllled mhanﬂalling 1n the nandenk Fﬂrmatlaﬁ
~{the .. Carbnnaﬁenus fShalel waﬁ documen ted an. Presidant
Brand and Westarn Hhidxnga Bal& Nines (Barrega,.i?Q6:. an’
.Harmdny Bold Mine {?urmerly Merriesprutti, Winter {195?,

1?&4a) describeﬁ the Aandenk Ehannel 3] a  Zkm wide and

.".75m deap lmnaar s:nur featura which nas - ramnvad the Biy
]_Pebbie Marker.. Uncartain cnrrulatinn acrnﬁs' the Welkom
;ﬁnlﬂﬂialﬁ may mean that th& Big Pebble Marker an Harmuny_
Bold Mine . iw _;ncmrractly cnrrelatad uﬂ sPes 'Bana Farm~
'“atian :anglumarates Hn St. HEIFD& Bold Mine. '

4]

Af palihahathic' recnnﬁﬁruntlmﬁ ot chanﬁal 1n_.the Bt
Helena, lnisel and Harmnny anld Mmhﬁ areas, rastar;ng the -
_right~1at@ra1 da%plauement of the narvh 4 ﬁputh trand;ng-'
Dagardek, - Stuirmanspan and De Bron faults, shows the
" incation - ot the chénnéi'-aﬁ' fbrminq a linear fsature
- avrosg tha 5muth9rn purtimn @?U}tﬁe_ Walkom Goldtield
o (Figs. 3% and a0). T ; L

e

Gﬂ'St. HElana &ald ‘Mine no gald o uranium» gradaa ot

A '.ecwhumxc xmpmrﬁanua uceur in tha &andank Channal althnugh_

v
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dandenk Channel
// Fault loss (thraw and.
/mcjv&emerﬁt 2180 5hﬂwn.)_

AN

U0 Rm 3
B’

Eigqure 49 ¢t Location of the Aandenk Channgl in the southern part
R . of the Welkom ' Galdfield. 1} 8t Helena Gold Mine,
2} Unisel Gold Ming, 3) Harmany Bold Mine.: Data
from Harmony BGold  Mins are from Winker (1907,
A L L L S
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Rnown extent af f'
Aandenk'ﬂhahh&l

- »7) pastulated @xkont,
O % § ﬂandenk ﬂhannal

; Falinapathiu ratnnatructinh af ﬂandank
dnd Spes Bona age thannels in the south-

. arn. part o of the Nakam Baldfiald (Data
are frum #ig. 3?)» .

B T‘—'ﬁ-';"": . .
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R
qrh ,

' *the channel.f

" The oligomict sig"hahbié'narkar: (Big Pebble Conglomerate
ar BPC} - pverlies an uncnnfnrmity at the base of the E

12;3.3‘2.25~ﬁig_eebbie«markgr_,

_\ﬂandank Fnrmatzpn. Undariy;ng the uncmnfurmihv are either'-
arsnites q khe Spes Bona Fcrmatian or interbedded sul~
lithic areﬁﬁtes' aﬂd arg;ll;tas mf the Aandenk Channelf

The Eig Pabble Marker is ¢ 2. Sm th;ak nver moat at 5t,

__2 3. 5 2 3 Aandank arenitaa 5"

The remaindé$'of the ﬂandenk Fnrmatiun camprises maasive"
and trough crossbadded suhlithmcw'_tq lithic arsnites and
rara, laterslly impersistent, small- to metium-pebble
polymict tong'omerates. The conglomerates fine upwards in -
clast size and neour pradnmxnantly near the haae of the '_ B
" Aandenk Fﬁrmatimn,-'resulting in a - genarally fining-up _  _'
' -5aquence. Rars accurrences af 'interlamanatad siltstnne-"”
and claystene in  the nandenk arenites oceurs in the
"_narthwestarn part;an uf Bta_ Helena el Mxne, tagather

with a 1mca11y~deva1npad 30cm thiﬁk diamictite. & pehbly

Helena Bold M;ne with the thickest ocgurrences in the
narthern purtinn of the mine cFig. hl)w Tu the east af_
.the Daghreek fault on s, Helana Gold Mine oy Big Peblile

| Markér thickens, thh oECurreEntes furthar @ast an
" President  Brand Mine heing pulym;ct and up tm 17m iﬁ

thiakness (K;ng, 1?3&3* .mrg R :'_u-

_rll

M

':ﬂaranmte alsn acmurs in the vicinity at the "Ad Raef,

' The'isupach map nf' the ﬂandank Furmat;nn cnmpriaaa the
'stratigraphit interval from the bas@ ot the Biy Pebble'
- Marker o the base af the Eldaradn Fmrmat;nn tFig. 22),

e A AT, R T o T
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':The ﬁandenk Farmatiun thickenﬁ in & nartharly and eaatn'

erly diractxnn tu ‘a maximum uf 22m.

.

adsa e

__'_Th\ Aandank Furmatinn cantainﬁ thras impersistant align~':_'_'
| mizt conglomerates in. places in the Welkom Goidfieid,
cldsamfied bv Jnrdaan tl?ﬂb) the anar,f Midala and.

Uppar "ﬁ" Haef piacarﬁ._Thasa are 1atera‘1y equxvaiant +a .

. the  Witpan . and Uitsig planars' ;dant;fiad By K&rpeta* I
awE4y. an_ag. Helena Gold Mine the aligomizt "A* Reef -
~cnnaiﬁméraﬁes5 ara laterally impérsistént and vary iﬁ"i
_33§stratigraphit pasition . from above the ' Big Fahbia Markarf_,; .
Lt 30em below tha pantact with the Eldaradn Eormation. Me
_j-_cnrralat;an ot the "A" Reefs on S%. Heleha tiold Mine with
};fthuﬁe uccurring in uthar parts mf the walkum Galﬂf;ald
ﬂﬁhas haan paﬁsihle. Th maanrity of barahn!a intersactiana
ot the “ﬁ" Raefﬁ ncﬂﬁL
-vPebbla Marker wath nccurranc@a uf cunglamerate higher
~than bm abnve thm Eig Pehble Marker b-ing rare (Fig. 43}._
 The ocourrance af anhglumerates at varyinq atratigraphzc“*_ﬁl_
'"1ha£ghta suggeatﬁ that ‘the A" Hmafﬁ Eomprise savaral-';”"
leptigular units, the ﬂistrihutimn uf whinh have hean 7

within Sm  of the top of the Big

p1atfga-(sig.~44;;

L

'_Th@ "a®  Resfs are axploitad in varinuﬁ_ arsas of;thé -
Welkon Euldfiel&, hnwevar on 8t. Helana Buld Ming the "a"

Reafs are nmt expluitad aa thay cbntain low. gniﬂ”énd

 uranzum valugs,  Higher gald qradeﬁ are contained 'i“:thﬂ’ﬁ_' g
"AY Reefs on St. Heldna Bold Ming woly  whers the:“ﬁ"; R

Reefs mlassly overlie the B;g Pahbla ﬂarkar.
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| Edoure 44+ Plan of eccurrances of the “an
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-t_;z;;isas““Eiqaﬁadé'ﬁgrmatiabj~

o _Thé Elduraﬁa Farmatinn !hiatﬂr;ca;ly re?emred ta A the-iw:
_rVanteradbrp Sediments) uncunfnrmably nver1¢a the ﬁandﬁnk_;'ﬂ
" Feormation. The Eldorade Formatian in the welkom G&Lq¥1a1d* .

3 consigts mf Lwe ‘distingt facaas tKihgsiey, 1?873“

_ "1aJ Tha Luraine {nurthernl ¥aciqg of pradnminantly quartzf
','_aranita and almgnmi:t cnngiumerateg._ﬂ-- S e
'b). The Welkam (sduthern) facies of preduminantly palym;c$'  j_
7.;':mnglnmeratas and 1;th£c—f and. suhl;thin arenitas. Tha g-f

'ﬁwaikQﬁ tacies accurs an wastarn_ Fﬂldingﬁ Bald M;na,-ff

) Bt Helena Euld Mine and  the araa tﬁ th* seuth and-:'

Qagt ﬁf S‘l‘.‘ Hal@ﬂa ﬁald HinE- o .. : ;J o

{?

o BotR the Laraineﬂ and Welkom facima nf tha*Elﬁnfédﬁ- -
5 Furmatiun :are charactariﬂed by rapid 1at&ra1 fgéiasz 
'fovariaaiunq trom  cobble aiaad tmnglnmerates o aranitaa'“'
aver only - Skm doun ~ the denasitiunel sinps.; The hamen— |
";-;claturm useﬂ far the welknm '“acias ot tha Eldnradu “
vy;Fnrmatxnn an’ st. Haxana Bold Mine is reﬁtr;ﬁtad tu fhm'“
1uncunfqrmity~basaa ve 1, vs 2—4 and V8.5 zones tTable 31.5 ”

The alaarada Formation thins in. a weatar1y dirmctian:_f

facruss St. Helana Euld Mine frnm ﬁvar I00m. thiak in the‘:_,;

east to & paait;uu _whare pﬂﬁt*VEﬁb@Pﬁdep BrEsion ha%

'ramuvad the antire Eldorado Farmatznn (Fig. 45). a gouth~

'aast Z nurthwest urﬁsﬁvaactinn of the Eldnradn Furmat;an}i:"

_f'nf cung!umarat@s on a braﬂd scala are pnsaiﬁle.\;

<

e (sm:tinn BB ; Fig, 46) illuﬁtr’atas the generai thanningi'.u_
 uf the Elﬁuradu Farmaﬁ;nh in th@ nnrthern pnrt;an ot at_fj:
. Helana Euld Nina. ﬁaﬁpite he jrapid lateral faciesﬂ-
_variatznnﬁqphich ac:ur,_ partimularly in the V& 1 ta Vﬁ 4' _
'gannea, Iifha*tratigraphia mubdavasinn and the cmrreiaﬁian '.%y



a

.'§} :“:'

2‘3’3‘3 . Elﬁarauu qu‘matign | _. .. -. | ._ . e - {I\,

”7 Tha Eldnradn Furmatinn (histar;cally refarred tn 'as ﬁha
_::VQW%Eradmrp 5edimen£$} uncanfarmahly nverl;e tﬁe ﬁandamk 7 
_-'Farmat;ﬂn, Tha Eldaradu Furm&tlﬁh in tbe malknm Gaidfielﬂ
'j?cnna;sta of twe distinet facigs’ (Kingalay, 1987): -
'15a1 The Laraine (nnrtharn) facies - of pradaminantly quartz :'

;._ ar@ﬁita and ul;qumict cnnglnmmrataa._j j : .z. o
E ny" The weiknm tsuutharn) facias ‘ot pradnminantiy inymi*t

‘The Eldorado  Formation ﬁhins’=xn a wastarlv direction

3

j:nnglamarates anﬂ Iithicw and sublithi: areritaﬁ. The

e

LTI

'*'walknw fac;as uccurs ‘on Nastarn_ Hnldznga Guld M;na, ﬂ

'V'St.\ Helena @hla ‘Mine and the area tn the sau&hcand

”-;aast af LN Vézena salg M;ne*zq |

.-J'

f)-

acybgs Bt. Helans Bald Nina From qver .300m “thickx;p the'

ﬁh

pagt w a puaitinn where pnat*Vantarsdarg arusian has

_Uremuvad thiy antire Eldaraﬂn Pnrmatinn (Figq 49, h gouth=
- magt / nurthwest zras#*seatznn f tn Elﬂnrada Farmaticn;'
-tsent;un EﬂB" Fag. 44&) illust ates eha genaral thinningff

 --Bnth tha Luraing anﬁ Nwﬁkmm ¥aciaa. mf the Eldnrada o
:f'Furmatmun a%e charactar;m@d by rap;d lataral fac;aa
'“"variatians frnm cubhle sizeﬁ cmﬁglumeraias 13- ar&nites

-;uver nnly Skm duwn the dapnaitiqnal sznae.; The nnmenw
__"clature uzed far - tha Welkom fac;as af  the Eldnraum
'f"Furmat&mn on: St. Helena Bold Mine is rastri:taﬁ AL the
'_ uncunfarmity~ba5ed VS 1, VE 2~4 anﬁ us 5 zones tTabIa 3.

of the Eldmrada Fnrmatiun in tha nnrtherhw\partinn ot St.;”'

e Helena Gald Mine¢ Degpitﬁ th@ rapiﬂ lat@ral facieaxyq
. _variatimnﬁ which atour, paﬁtmcularly if e VBL to Vs 4 -
. 2nnes, 1ithumtratigraphi¢ suhdiviﬁimn and the d&rrmlatiunf"

_;,nf mnngiumeratcﬁ nn 2 braad ecaie ara - pusaiﬁia. X%]_' :§ Y
_ o _ T _ _ A
oo L “ ’ .
CER T >
.....‘T‘: .. r\‘h .- *3% .f) "
’ ¥ %ﬁ AT f[ R a
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”'Th@ Elﬁuraﬂm Format;an changes fram cumprising af 598
.per:aﬁt aanglnmarate *n tha nnrthwestern partian nf gt.

Helema Gold Mine L0 (40 par:ent cnnglqmarata  the

| seuthoastern portion at . Uniswl Gold Mine {Fig. 4?:. [

St. ‘Helena Bold Mine the Eldnradu Fnrm&%inn alsc has a

: ﬁrbaﬂly _ upward~caarsening ' mgtif,'_ frnm intertalah&a
_armn;taa And nanqlnmeratas in the V& % ang vE 24 zunea
.h:ta the largewpabble ;nnglumeratag vt fhe Vs 4 zong. Un a
" smaller suale, huwevar, bath hormally- and inversaly~
_Qradéd_ cmnglumeraﬁea prEur ghroughout ~ the Eldarada
 Formstion on St. Helena Gold Mine. The Eldorads Formation

ia ﬂhamactarfsed hy € daatinct ﬂarkmgraen tn hiack matrix :
and, cnlnur*uz pa&ymmct &last asaemblage, primarily uf

'yellmw anﬁ black matapalita clapts and white vein quartz
., ~clasts. On Uniﬁml Geld Mine the  Eldorada Farmatinn ia
"n_lightmr gr&ah in anlmur than o St. Helena Gald M;ne.

e

Th& ﬁlﬁuradn Formatmnn iﬁ‘the welkam ﬁaldfield ganerally

sontains low gnld valuaa Bt on Laraira ﬁuld Mine 2B many
Coad 4B of  the uzigumnct Rainbow Rawts are locally
taxnlnitmm iﬁinter et aley 19ﬁb}, The ﬁextwrallv 1mmatura

”~natura ot a%he Elduradn Rgrmatinn and the &qck of majnr,

éraaiunal _unaonfnrmitiaa in tha vzainity at 8t. Halana

";Gnld Mina make  the, pros g&at .ot sronomic mimeralisation
 pRor. - On bath =199 Halana and Uniﬁel Hall Minaﬁ low gald

grades oerur throughout tha Elderade Formation (< g/t)

with anomalous valuses ncmurring onlv in‘thn vs 8 Ramf at

tha baaa af tha Ve 5 zmna.._

3 . . o

Thé g 5 zmna is tha Iaweft Btraﬁ;graphmc unit ot tha
'<‘Elﬂaradm Furmat;nn and. hag-at atﬁ basne, in plaueag the VS
=;5 iReat (Rmﬁadale plasary EBG,, Seatrax Reet), Tha

3 uzigdhiat Ve 5 Raa? is 0w$m th;nk and ia aaﬁaratad feam

c’_ .
L P
o= : W
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 the ;aVeriQind"Eldurada_'Fﬁﬁmatinnj'by an _unmnnfurmity:__ g
(Kingsley, 1987, JeH Benis, pers.  comm., 19893, The
contatt of the VS 5 zone with the underlying ﬂandenk_'

',”iFmrmatmun is uncanfurmaule an & basin=m de s:ale,

 THe vg B zaha'dn Qt;' Heléna:ﬁnla Mine-'ia darkﬁgre?”in'_'_”

'_-:nlaur, anmpar@d tn the yelluw~grey arenites nf tha

" undar1ying fnrmat;anﬁ tFxg. 48), Elast Lypes arF cnlaur~(:;
ful” and Eha alaat aasamblaga ia palvmict (Fig. ¢?a}. Tha
Vil 5 ;s tmxturally mare immaturs, has 1arger pabhles and
a graatﬂr prmpqrtian of quarke and chert clasts than ‘the

'1_'nvar1ying vg  z- -4 znna (Fig.' 50).' The Vs, 8. znne :a'

ovarlain by the. first majnrn arenite of the Vs 2~4 zones
in. tha nmrthern pmrtinn uf St» ‘Helena Gnld Hine the

- cmnglmmeratmc - ety n+ the antira Eldarada Fnrmatinn.

- _'dif‘fic:ul?:. L

Pt

. e
-

' makaa the aubd&vmsaun u# the vs 5 anu vs 2~¢ znnasqj_-'
b . S

Rt o

G

k

=
Poiiige

~ The - vs 2~4 _zone nnnsistsn nfﬁhgltarnating sran;tes %nd'f'
-canglmmeratas ever much of St. Helans Gold Nina._rn the

'nartharn partion gaf St. Helena Bold Mine the zone is'a

'dark~grey pamrly*sﬁrted medium~  to large-pabbls polymiet .
conglomerate (Fig. 541, In the Unisel area the V8 2-4
7':nne *ié-ﬁréqqminantt?'a7 iightégréy,”arﬁsﬁﬁedﬂ§d aaars&f %
grainad arenite with il canglamwratas. 'Trmugh ﬁfbsgéf‘
'hedﬂad sats of 5*30¢m thick with coaets of HO-BOsm thick"
- and planar sets 5~50nm thimk n:cur. Fin;ng*upward aranit&.
B TR s;ltﬁtnne units of 1w4cm th;ck, ‘Yiamictites af 3~1Dmm'
'thi:k and slumpad s*Iﬁstnnes 3re alud prasantau__ ' '
m'm-my, 'mvs é#—rs zuna \\;La the most mature of the
'_thraa Elﬁaradu Fﬁrmatinn ‘gubdivisiohs in the -ﬁtudy arma, ,
_7with_a Mg par:antagé p?. chart and quartz clasta hut e

- ,;’? ’ .

) \\ . ) . o L ) e . . H .
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the aranitic ﬁandﬁnk Farmation {(ye]low-grey). Note

the abrupt colour = changs from dark-grey to yelinw-

grey across the uncmnfurmity tarruwed).

.ZUnmnnfnrmabla cantact b@twaam the cnnqlnmerat:c VS 5
zone of the Elduradn Formation {dark=gray}.  and the
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Eigurs 49 » Pie chart of clant compositions, Eldoradd.
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Figurm 8% :+  Poorly sorted VS5 4 conglomerate of the Eldorado
CFormation, ‘southern  areas of @ St. Heleéna Gold Mike.
Clast types are guartz arenite (@), vedn guartz (Vv),
black and’ white chert tr.:) and yellaw and bia:k mata-—-
-pelita (M) . '



‘with similar :1ast compositions ' to the. under— and’
anerlving areas (Fig. 4?b)‘ 'Smaller*péhbleé, increassad
_snrt;ng and a greatEr prnpurtinn nf areni*es than eithar“'f

'_glumeratea at the base.

it

. -
B

the Vg i ar VQ 5 zanes accur (Fig. 503*1

A para;stant pnlym;ct :nnglnmerate 'éhd dveriying Eubé:]_ "
vlithau aren;te form. a markar ot lncal 5ign;f;=snce at thm
'tnp ot the vg. 24 zana, The averlying Vs L zune tnmprises

2 thick succaessioh of dist;nctive robust. palymiat eon— -

2;3.3.3.3.”Znné:v9:1-'

- v o e E
The ¥v8 1 is texturally and - mineralogically less matursg

e ithe underlying areuite—rmch Vs 2-4 zone (Fig. 303
'but alﬁaﬁcnnsmsts a¥ @ aolymict pabble assamblaga (Fiq.,

521. The Ve L is a maaﬁave, 1arga~pebh1e to cnbhle Lo~

'glnmerata with uw:as;nnal gublithie— o lathim_aranita5~-
H__partings‘_' ﬁanrly sorted matr;xmsuppnfted diamictites -

eesur zn the ug 1 zona in the nnrthwestern pnrtian nf St.f
”Halena Gald Nine. ' L ]

_Twn subl;thi:— tm quartz arenate markarﬁ pEsur at 40m and

'_1aoq3he1aw the top of the Eldorade Fokeafion, respect- -

-----

ively,  The 40m._arenita' marker ‘s generally better
devaloped than “the  100m * argnite marker and aigplaya___
trough  crossbedding., The 100m arenite narker freguently

g_':naraens up from a fina- to cm&rse—grained arenité snd is
. sepératad fram thae 40m markar by & latarally pereist@nt :
'lmadiumﬁ o larga-pebble polymict conglomerate consisting

of vain quartz, matapalite\trd 1gneous :Ifsts af 2-&em in
size. .". e . _\-»-«; L o . el

' Tlast size ina?eaaaé_upwards_inﬂ the V8 1.zuna;531thnqgﬁ _

'smallgrwscalé: tnarsgningﬁz_ ang finingﬁup'”séﬂimantaky'
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A= 183 -
' quartzite 5%
oo ehert 12%
quartz 7%
{lacid volc. 4%
metapelite. Vigndous 8¢
S hA% - -
Figurg §g H

Pie chart of:ciaét compositions in the Y5 L zone,
Eldoradeo Formation. -

[ 2rm

Figure &3 :  Polymict 'VS 1l clasts nﬁ*tﬁe
-+ - Helana Gold Mine. Note the extreme induration and

lack .of matrix materisl. Glast types are vein auarts
. _ X S ] . : artz
(¥, ma#apelitg (M) and iznecus (I}. ?

Eldorado Formatiaon, $t.
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e

i :cygleg';alsn QOTUr. _jIhl places {}the munglam@rata iz

. extramely well  packad, cdntéihing <20 percent matrix
Vmatarzal. Qampacﬁian and apparwnt lpss of matrix material_g

?aa re;ultad in numermus xndurdtad clasts - (Fig, 53).
\pduratiun sreurs  betwesn varyznu types of glasts, with

~ bigth durable and non-durable’ mlast types affeeteds Tha

intensity of the induration -and lack * of matrix materisl
_in ‘places indicates that the amount of, compastion which

has oocurred is substantial. When - sean in borshole inter-
sections the compsction and flatt@ning of pebbles gives
the inﬁurraat imprass;on that the tlasts are ;mhricaksﬂ.-

Foarly . dafin@d imhriaatian does ozout and fﬁ bt soen in
'_undergruund Expnaure.' At the tap af th@ E‘dnradﬂ Furmw

‘ation interbedded unngiumeratas and lava af ﬁpe avarlying -

+

_Uahtarrdarp Eunergrmup oesur M places..
‘2.4 SUMMARY OF GTRATIGRAPHY

. he Hasal Rewf 18 included in this study éﬁ &unstitutﬁr@5_
'the basal unxt of the Harmany Forsmation hacausa the Basal
Resf mveri*ea & reginnal uncunfnrmiﬁv and annsfitut@s &

majb% lithq ngxcal changau The Easal Raat in  thea. walkam
Boldfield - nmnsists of “the Hasal and Steyn ?aci&m, the

hnunﬂarv bmtwmeﬂ which accurz in e nartnprn pqrtiunpaf

i

St. Helena Enld ﬁ;na.

'ThE  Ea5a1_facia$fn$ the Bosal Reet . in  sub~divided into
the o¥igomict~ snd carbon seam reef types on  St. Helena
Bold Mine. The Steyn facies ot tha Basal  Remd i sub=

.diviuad into the pulymiﬂt '»uuth@rn raaf, the mixmd-raa% 
L and’ “ha aronite resf. The distribution of tha above
?aciaa hgars ng. Paiation tn the *uhaut:rup position of
the Basal Raef, with fnur nf tha f;wa *aciaﬁ ahu&ting

7
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L

[»]

' against the wEEterly subnutcrmp lines mf the . Baaal Rﬁef nn
St. Halﬁna hmld—ﬁine._ : : :

b

and the polymict Bedelia tacien, ‘refarred th as the

- Leader Rﬂﬂﬁ~2¢ﬁe. The laterally peraistant "g* Reat at
ke haﬁa af tha Spes Buna Formation has & pnlymict clast

L Tha'Leadenfﬁeef on St. Halana Emld Mine consists uf the Q..-
coligomict  Alma fadies, referrad tn a8  the Leadﬁr Raaf,

anmpna;timn charaztarized by large pnrnus pyrite nndulﬁa .

_anﬂ 1gneaus clafta. _ SN _ T

wo

’The Aandenk Channel B Bt. a'ena Gold Mzn@ ia a multi~

ﬁhaga prasive scmurwand«fill ghannelised faaturﬂ. Thg

chanmel-fill cﬁmprxaas diamictmtms,; pulymlﬁt cung!umerwj]
" ates, pebbly sands and argillites. The Big Pebble Marker

n:aurs at the base of the dandenk Farmatinn and nverlies
the  Baridenk Ghannel, whaﬂé' the ﬁandenk chaﬁnei
develpped. - IR '

- .

Laterally - diseentinaous aligumict "cangibmaratééﬁ'are

pregent at  varying atra*igranﬁic heights  dn’ hath the
5 Harmuny Fﬁrmatian and the Aandenk Faurmation. Tha Middlg
'Haefs, which peaur in the Harmuny Foarmation, contain
9pnradic gmldqminerazis&ti%? wh;lst the CA" Reefs, wh&dh;
-ncugr in. the ﬁandenk F&rmatinn, are . puarly mineralised.

1

';an3t~ Halena Gedd Mana anry the weikum (Enuth&rn) facias
ot the' Eldarade Farmatiun f& praa@nt and this ds Gub-
divided intn the u n«nnfnrmity*ha%ed Ve 1, va 2-4 and V8 5

zores.  On sm_ Helema Gold Mine the Eldorado Formation

cuarsanﬁwupwarﬂ Jafid - rapid facies ché&gas,'”frum LT

conglomarats o <40x munglnmarate, a:uqr lataraily acrnﬁs .

the mina.

e
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3 SEDIMENTOLOGYS

3. PETROLOBY Ty

T

@

The quartzite claaeifiaatian s;hame uswd 5n thzs stuﬁy i&“
 ghat nf taw 8t als, (1990)° who madifiby the Frhémes. ﬁ&ﬁ.
. Dutt  (1964) and Pettijohn et al., (1972); (Fig. B4Y, .
“‘Law 5 . clasaifinatinn scheme - is
_aacandary minersl assemblages of. the quartzitca af the
;'w;twatersrand Supergrnup. Thms.ﬁaznnﬂary assemblaga which
resulted  from  pervasive Cfluid ~alteration, and in
'3fpart::u1ar deatrugt;mn of the labziaaphasa; is relatad e
'.diagmnesls and ek mnrph;am of Lbv .nrig;nal detr;tal-
__3assemb1aqe {baw. wt i&
_.f'ﬁy5tem squiviﬁa$ th@\ quartzite$ af the N;twaturamaq§ ?
yj_Supargrnup iﬂﬁa "arenmtes"- and  "wackes", baﬁeﬁ on

“ appliaabie “tem khe

«y L988a, 1??0)* The tlassitication

'Tmrig{ Fl matrix content, atratifiuatinn il surtxng. “This

-_'quartzitas are saparated intn ?mur grnups on tha basaﬁ uf

: thair app@arance*-_ T A I

?). °

' a) muartz aranitesa af >?5 percent qu§§tz. Tha Jop  of .
 Reef quertzite is ths most ﬁamman{&xampla, axﬁhnugh‘
‘gquartz arenites are nnt ahundant. R :

'-,}b;-Suhxabila aranitma, mnmprising sﬁwes narcant quartz.1 

o . _The remaininq par:en?age“nf unatabl& tlanila) frag-
' ments  arg no _lnngar - diatinguiahahla -1 eithar

?:-fa1d5p§thzc ar - as’ 1ithx¢ fragmantsn Reucgn;sahle o

_l;thxc fwagmentg ara pradnminantly mmtapal&%pw ang

f"_tha 'study ar@a the tarm "iith;c“ rathqr than": 3
--“1abila“ ia used.- Suhlfﬁhic areﬂ;f"“ﬁdmprié& the

T rarn lgheuuﬂ Hraing, Ha thﬁsagmetapelite and- igneaua-513 
graina are murwaabundant thdn. feldspathic grains in-
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'_ :s;--i,.g - sgng;«g;v _"m'in_a ra z.a.;'y i

: L -

. - . 4
. o .
.C‘;

o ﬂnminant aranita grnup, zunatituting gppraximately 705f-*'

- pEreent nf the quartz;tea studiﬁd, T

:] Labmla uranmﬁes, uf. <75 peru&nﬁ quartz uith the rE*_

maxn;ng per:@ntag# nf graina cnmprxsing 1labile

 ﬂ | fragrents.. As in the cage of sublahiia arenxtae tha;'
' labsla fragmants arg. reesgnisable as. mataﬁaiitew ang

L rare. ;gnenus grains and therefaru the tarm “11th1t"

rathar than “Iahzla" i used. Litha: arenites may be

well beddeﬂ ahd wall" harted.

d) Guartz wackas,- nnntﬁih‘wg quar*z graxna in & fiﬁe~*i
7 .

grained matrix. Mateax matari campr;sms >80
pgmnent of thaQ?ack, althuug .sublzthi=~ and 1zthic-'

: ar:nitas cammaﬂly cuntain"ﬁm 'lﬁ paroent matr;x

material. - The quartz wa:kaﬁ 'ganerally nvarlie an_ 

eraaive base and ara pnarly ﬁnrtad. SR .

The minaraiqu ﬁ¥ thm'q,
pmra;steﬁ%f;;th quartz R muscuvita - pyraphyliita -

”chlmrite ~ chloritold and pyrita ubiquitauﬁ, irraape:tivw 
a% ronk teature and sad;mentary : chgraﬁtaristxﬁﬁ. Less
Trummnn_ cwmpanents are’ rutila; ﬁaurmaline, &hramiﬁé;':'
zircEN'ahd-iaucﬁ#ené.  Feldspar has net. baen detacteu Jin
'thin sactipn or by XRD analysis ot 60 5amples (Law et-
:a;.,_ 1990} . Colour vaviations which nccur ‘are attributed_

- ta. variahinna i the pey abundance and graanﬁize of
_matrix minarals. ' '

W _ Sk W
JJ .
el

L‘.I"-’,.._d” &

'3._The quartz;tes %tudied are aaparated intm twe d;stinct"
,_grdups, basad it bmﬁh :nlnur amd cnmpmsitimn: | |
i a} Nuﬁcmvzta— and’ pyrnphyilitahr;ch 1mght :ulaured metaw
aaﬂmmenta,- which Beeur thrnughmut the upper thannas—”
hurg Subgrmup and the Sped ana ang ﬁandank Fnrm§t1nns  .””
*_A mf tha Turffnntain SubgﬁmuQGICulaura Panga ?ram grey (

*

a

S . N =
. . ) 0 .._ e T

rtzztag in simple and:ragimnaliy.:"



N

TN

'wf3 =) g. ﬁna. Thfha_bd&iﬁ aritﬁwia exist fur*gha r@cahatrumtﬂ{

B2 FACIES -

i

'white tnrough various shaaes at gray. Théiminekéi&gy

nf this group ramaina mnnstant thmnughmut all thﬁ' K

fmrmatianﬁ, o being . dmminatad by ﬁuartz _ahd :

'_pyrbphyll;ten- L e L

gb)‘chlmriteﬁr&ch ﬂark“grev metawsedmmﬂnts, whxch :nmprise'
" the  Eldorade. Farmatimn  _on ¢ Qta Helena Bold Mire.: This -

; minara1ngy is dam;ﬁéieﬂ‘mv ‘a quartz ~ muscovite -

3 ch.Jrata o chlaritmad aSaemhlage 'anﬂ 'dalbﬁkS;raﬁgé

 from grey to dark=grey or black. . . - o

omt
L e :

e g

e

-"igrage;3 tar case of raading, rathara&han uaing apmandad

_fa:ima podes fnlzam;hg the tarminnzugy ot Mia1l {1977}y

i)

Y e -..{

ﬁ'iFaaiam ara uaad ta daaar;ha thﬁ 5um tatal af feéturés -
'which charanteria& a sadzmeht aa having bisen dﬁpositad inf  '
a given anv;rmnmant._?unﬂamantal 1] the uga af +ac1@h for
tHe. intﬂrpr&taiﬁnn af & gaquenaa ﬁf'°sedimantary rocks is’
nwalther & Law of. Pacias ﬁhach atat&a._ “A cpnfnrmable_'"'
.vertinél eaquanca mf fazies  was- ganarated by E:3 lataralf
: sﬁquance of - anvirnnmanta“ {Middlekan, 1973), althnugh:
=-Na1thar s 1aw applies. unly tn auﬁamasinns withnqt major
birsaks. Parameteaixfur faciﬁs definition sre lithalngy,g_: 
a&dimantary stru;ﬁb eaﬂ - paiaenntmlmgy, gaametrv ang
'-palaamcurrant pattarna. Theae ?aaturea are applicabla ta'_
argas of axtpneiva autcrop but data” from ‘barehole care
. and Yimited nuﬁcrup lmaves lithmlagiual data o play tha'”-"u
-»-kay rale for fa»i@% definitian (Salley, 197&:. - '“

[_xn thig rtuuy the uescrxpﬁagp.af_ﬁahiea\@ygas”éia*izmztéd”;
Lt tgaditianal neges {Bag.  massivh, - patrixssupported



et

AN e

. ion ﬂf"&bpusitiﬁhai anv;rnﬁmentﬁ-_ faazas dafznitinn,
facies wentacts and  fagies aﬁanczatians car. aequenmaa'

-(Cairnarcas, 1984) . A facias mudel car thus ha can»'f;

- structsd whigh iz A’ gener&l summary of & speaific

-.suﬁimantary envxrunmant. C e

'f_z;é{?'.Cunélnﬁﬁﬁate facié5.-{"'[' e
_ 93-2-2;1- Iﬁﬁr&ﬁﬁ:bimh-f"

5

lThe term nlzgnmict reters o a téhglmmarate'nﬁntaiﬁing

_>95 percent af axther ﬂurable o nnnwdurahle alasts._ S

 fDurab1e elasts are . defined ag consisting af fuartz and
mherd whila nen=durable tlafts congiglh’ af “aither metaw.?
7ne1ite, quartzite, ignaaus or vuitanic material An ﬁha

L stydy araa hobh nlxgam;ct anﬂ pnlymicﬁ mzaﬁtwsupparteﬂ

'Q_;"F

 mnng1nmerates and nuaymict matrix*suppnrted mnngiﬁmerateé _

| .2 2 2 nligam;ct cunglﬂmarata ¥acies

i

= aligumact Lngglnmerates in tha study area are claste -

jsuppnrteﬁ, magsive ané aantain ﬁ?ﬁ percant quartz andimm
ohert clasts. “The alignmxctacnng;mmaratas are ganafﬁily
' werl d packed with 2-4eme ‘diamater clamﬁa, aﬁ arasiv& bagﬁ,
-_a _sharp uppEr nmntact and they anmmmnly mveriia a;ther

'-_-uncunfnrmities ar erosian aurfaceﬁ. Biigmmict cnnglmmar~

ates are gennrally ﬁetwaan Scm and 1m thié*, al&haugﬁ tha .

'”:Blg Pebbie Marker iz v2m thick in placaﬁ and aunsista

smlely ot - vain. qiarts alaﬁta af A-Ben diamaﬁar‘ Thin

- aligmmict cnnglmmar&taa arae refﬁrrad L8 aa aithar sheat 'i_
s :nnglumeratea or iag dapnsitse' uligamzct claﬁtwﬁu _urteﬁ o

_ conglomerates have & well sobted {b;rmadal) aanﬁ-tnna
“matrix and are generally latﬂrally axtanaiva. ﬁtigu ok



 _1??:

o

: cmnglamaratas are thﬁﬂ interhaddad w;th,_ and averlain _

LIV traugh~ and p!anar craﬁﬁhadded sublith1c~ and’ quartz;_ 3'
_Jaran;tes. The aaaal faciae at- the Basal Raaf is uligmm&ct' _
' althnugh both the Steyn faziés ©f the Basal Réef  and the
- Leadar Raef ‘are tﬂMﬁPLSEd o¥ . an ulignmict cnngiamar&te

: at the hase nverlain hy pnlymict ;nnglameratab.

:'.f__12;2,3a qu#miét'nlé%tﬁsupgurtad annglbﬁeraté'fasiés“'

_.;_*ﬁe'pmi?M£ct"ﬁnnaiaméFate'faciaa“ ﬁuntainﬁ'mééﬁive cia§£“_  
'f ﬁuppnrteu ranglnmuﬁhtam ‘with 5 percent matapeimte,' _
. guartz areﬂ;ta,!ﬁ&ghenus and acid volednic . clasts. Pa1y~_’

miet uanglummraﬁam-ere genarally ot as wall pankad aa

VLnrigumiat conglnmara?ggxand are usuallv >30em th;ck« Tha_.ﬁ
. 'sérbing of sagdetone petrix ‘material tende to” be poor

' mﬂﬁ& size~is-variahle4 frnm <iem: tu_;_._-€'
>6ﬁm'diametéri ﬁb;ymict E&giiumaratas commanly display a
_' f althaugh cuaraﬁningmupwarﬂ”
in wiast gike does uau f"in . the . massive ﬁmlymictﬁ
gonglomerates - of  the - Eldnradu Frrmation, ' Partings of
[-5ub1ith£c~< anﬁ Guartz aranita mmmmanlxlucdur within the

';I(nalyfmndali an (he el

'finingnupward clast-size o

_cmnglnm&ratea.l Ahin, lateraliy imparsiﬁtant polymick

".annglamerata 1ags ., cummnnly have & gradatianai ‘basal
antact with  the underlying aranitaﬁ. The upper cbntast

uf ke anngiamaraﬁe is . variahla, o but frequant;y

graﬂat‘nnal, particularly in th@'dase of - ﬁhe'pmivmict-
- qnﬁglumaratmﬁ ot the nagbreek,_ Spaﬁ ‘Hona | and nandaqk'
- _Farmahimnas Palvm;:t ' cmnéiamwrates - are gensrally '

. hnrizantaily 1amxnaaed and- lackﬁimhr§catinn. The prasence
 fmf POHDUE rauwd pyrite a8 an 1nd1catnr n* increasad gaig

gradeg altﬁ&ugh arpad cmnt&ining : 1itt1& pyrit@ hut'f_:'
mmﬂErwka gn1¢ graueﬁ' do - ooeue. Pulyﬂict tanglnmaratemfﬁf

jgiepxay eith&v an erasiva or a flat baae.
K} : : . S '

L



“.;‘2;2.4;jxntérprééat165 afathé.¢aﬁgxumé?ate-faeies_:”'

'.Maasiva,} crudely bedaad “and harizantally»hedded poly~

mictin ciast-supnnrt&d tanglnmerateq furmad From  the

_:.migraﬁian af 'lmngitudinal bars, diagonal bars and sieva
Ildepqaitq under congitions - of tractmnn :urrants and law _
ls@dam&nt sapply. Deppa;tinn of pnlvmict nung’amarates {fff .

- a:currsd ih caarsewgr&;nad prox:mal braided r;var~ and

. o

-hraidwp*ain mattingﬁ. In th:.s fluvial anv:.r'anment Brosse :
_ _atratmfiad gravala _are rara_ﬂamparad ta masgzve gr&bels
' ;(ﬁuat, 1??5), The ﬁtratif;:aﬁxan ot the cﬂnglmmerat@s,

Ldaf;ne& by campasitianal, smr%;ng and fabric thahgeﬁ, ig -
'Va result ot fureset acﬂretian in a ﬂawn—current dira:tiun

IHarms at al., 1?32)._ This channaligmd bage of the pnly—

_-sadiment suppiy, S a

wnrking ot pebhly sandstnnea and ualymict cnnglumerates
and therefnre have _camplax h;stariaﬁ. Tha réwwmrking nf

distal pnrtinna at a- braidﬂplaln in beach or farg-shore

env;rnnmant fuiznwing pragradatimn nf -alluvial fan and

.bramd“plain aﬂdiments inte a standing bmﬁy af water alsu f
. poeyrred, Dlagwmint :nnglumerat&a =1 nuﬁ possess a well-
o develﬁpmd gradﬁhg end do nat have snaurad basaa-ba;auﬁe Col
highvenergy aheet flands spread graval Tovar 'thé.f&n _
_f'aurface as & ahahh 'cunglamarate (Alien, 1985*'Friend,
 5_1978,- Ruat, xvva)u- ﬁligmm;ct lag dapuaita resuit From”
'ldapaaitian fkum the ﬁhﬂrtwlivaa tranapurt af pehblea un‘;
 channgl hedv to praﬂuue diféuae gravel ahaeta {Hain,
'_-1??4~ Hein and Walker, 14?7;» - -

Ta

[

"j:mimt canglnm&rateg ia’ a cummun featuré A alluvisl fan  '
'”--agttings tMiall,' 1?7?)._ WEllﬁpackﬁﬂ tunglumarataa<;13n
i_rasuzted frum tha deflation, w;nﬁawinq and rewurking of.
R aarliar pebhly sandatmne depusmta as’ a reault  of 1aw

e

e

wellmpacked alignmaat ﬁanglpmaratew result frnm the ra-
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 N “argi!lacaﬂuﬁ", des:r;bing a lithic arenite, ars avmided.'
TThe term quartzita inaludas both areniteg and wackes. “hn 1”
© REem granuleannglnmerata has hean used far graihs ot
'*zxémm in - mize and is ‘a siza alasaifiuatiun equ;valant'
te "grit"; In the atuﬂy Area traggh- and. planar Grossbed— .
- ded, planar baddad, mass;ve— and pebbly arenites ‘ocour a5:' ”

.-weil as quartz warkea.--

k f--"‘. o "

7<3u3.3;2f_Trgugh'trpﬁ;ﬁadded arédite facigs

Trough . erosshedded  fines o very  coarsesgrained syb-
dithic o quartz arenites dmhﬁéiﬁ'scéttar@d ”naﬁbléafinf
ijfhlacéé._ Crossbad eets vary “fram, 10cm "ta Socm Ao thigk-
ness, cnmmuniy f;na~upwards in grain 'szza, and aré ;”
_"aharactmriaeﬁ hy raund ‘and auhedral pyrite and ch;arite .

. coneentrations on forasets, tngethar"with'amail pEEBIea"'
"jaf_ e Laum’ me diametar . ‘Sote are. ‘Taterally axt@naiwe
. t>4m1 and @rnaivaly baﬁad,f Truugh erossbedding 48 the

-

most comman sedimentarv 5tructure in  the arsnite. faai&s,

- 'nccurring s asymptuticailv*baﬁed gata of variable thicke
ness, ir ‘all the fnrmatimna of the Gené§%1 Rand Gruup‘_ ;
-Tﬁnugh cpnsﬁh@dded aranites a:ﬁur: intarhaddad with hnth_”r

pmlymict— and aligbma:t cunglamaratea.

U 5.2.5.3 #iana#_trﬁéabeddau_ér@hiﬁaﬁ¥a¢igg .

3524331_5;nﬁkudﬁ:tiéd | NS
C in the. éiasgi¥ib&tinh ot guartzites  the tﬁrmsgg’-
Cigiliceous”, desar:bing Ca quartz o aranita and

fThé'piﬂhar 'ﬁrﬁsﬁb&ddéﬂ'é¥éﬁité facies comprises mediame
8 vary cmarsawgrain@d suhlithin ar&nites which :antain  :1 '
" acatisred pgbbi_es.- t:maswading :.w- N e 40mm thick



AT

f.élthudgh ‘smaller écéle (FN~20aH) crassbsds are cammbh-é)
' Planar crosshed sets are >3m in 1ength parallel to flow.

©in all  the  formations studieda_ Chigrite and pyrite
,concentrataans an planar fnresats are raraa '

':ﬁz;z.gqé'fPlaﬁa_beﬂda&ﬂéreniﬁé.ﬁaﬁisg e

"__Plane beds arewwaﬁpriﬁed nf finew tn very &narsa—gra;nEd'"

::Planar :russbadded arenites are fiot abundant but do pcur

ziiﬁhic~- to mublithic aranates BEparated by. thin argilla« o

EROUS Iamznatinna up ta zﬁm th;ck. Horiznntal 1aminatinns“

and luw angla strat;f;cation are commen © it the Tap of e

_ Reef quartz;te.- Scattersd small pabplas voeur oh badeihg .
;surfacaa. e

. 3.2.5.5 Massive arenite facies
';_The m$s5iva aEsn;£e;fgcieg camprise'finée'ta very :aafse~”
grained lithic~ +td sublithiz arenites ahich contain no
diéqefﬁiblé ‘bedding. and up o 50 percent scattered"
paebhles., Massive arenitaﬁ_ :untainmng auatﬁared pahblag-
v are a ch a:tarist;c of the Spes Bena. Formation and T
':jxn baﬁg/%Ee Handank Channei and the Eldﬂrada Fmrmatian-
_:.zis.a- Pebbly arenite faﬁias' '
Clasts are not in  contact with one 'aﬁnther and, tihvis
tacies cantains >80  percent sandstone. The sandatans %
fine-  to medium-grained and is  moderatély-  £o poorly-
. dpried.  Bedding s  commonly absent end the fabrie iw

- énﬂ the clasts are of maderste- - to puarlv*surtadfg'
Ll 'D . -
y ma?wrial.; she pebbles ara maderataly- o well-rnumﬁadg_

Cand range in siza frbm Llem. ta 1Sem ﬁiameter._ Pebb1v  '

i

H

B R © rantiom. - Thickness of this facies varime from 3um to aver

chert, vein guartz, guartzite, - metapelite and igneoys



o srenites are wharacteristic of thé“-Speé’ﬂana'Furmatiqn*
‘ . and alsb"anﬁur' in the ﬁandenk Channal, ;’%hére' the
e _“ﬁntarmmdiate aandstane i & sublxthiu* to quartz arenite.

3.243.?_'Guarti waéka faaies_"7' - @$_ 

:=”3T%a?&uartz watke taries comprlaas wamkas vﬁuntaining >15£;

. ﬁé&&aﬂt'suatfared'pehbxas., The Middling quartzits on 8t.

Helena Giold Ming is a 1Zm thimk qaart.'_wacke cqntaan;ng;j'

'ﬁahert and vain quartz pahblaa.“; B 7:«':7

s 2*3 8 -iﬁt-éf;hrstatibﬁ_ of the juartzits Yacies

by the migratiun of aandwavas and dunes tmaga«ripples},

reﬁﬁectively." Sand  waves arm _2~dimenainnal straightm“’

creﬁtedﬁbedfbrms“which'hava a'iﬁﬁg wavelength cumparéd'tu

' 'sha11uw«w&ter fluma htudias (e‘g. Harms et al., 1982}‘

The :rasshedded quartz* and - athifhiﬁ 'areritas WHicH

hgggéggg .mataria},"nu ¢iscarnible bedding - and . up _te 50

:Planarw' ahg trough croswbadded sFenite facies aﬁe *araed

their height, Whereas dunes are 3*d1mensinna1 sinuous=T
erested bedfarma. Thase bedfnrns are. wail docurdien tad fram_

peeur in o the study afen  wers dEPﬁh&nEd an A hraidedT___
_ :alluvaal plain (brai&~ plain: _of & bagada as sheet~1ike
 dapna£tﬂ¢' Re~warking of distal pnrtiuna mf tha braid»_

plain in a beach or fnre—shnre envarnnmant foliowing

e o ::prnQradatigh into a atanding body “of  watar redulted in
o the_fqrmatibn of s hnr;znntally laminated quarty arenites
with sib parallel laminke. Hmrizantal 1aminatiﬁNE -

""""

i a widd  range of -smd;ment aizes and with y vying :

current velocities.

__Fluvial,'dabﬂﬁi&ingﬁﬂf ﬁnderatalyé"i&”wﬁilﬁabrtaﬂfpébbiﬁ'
‘aranites  almo oedurred din  thiz  braldeplais setting,



=

resulting ELH deans;ta with a stratifiaﬁ )matriqu Pebbly;'

-1arsnites w;th “an unmatrat;fiad Cmatrix oo and - with na; f:
5 praferrad clast urientaticn resulted *rnm the dmpné;tinna;f

‘of clasts’ tmqethar with the arEnacemus matrix maherial in_*

-3 ﬂebrls~f1nw anvxrnnment te.g. Harma ﬁt al., 1?82%.

*M&Qéi?a'-éeékéS' af:fﬁha ﬁiddiingf7qﬁart;ite :aﬂﬂ_maﬁaiva-if-“'

arenites lack traction _current features such as crogs-

7”Iaminatiuns. The latk of textural vari&tian ;n wackag is
'dua to mass empiatmment by gravity flaw oF highly
.aanaenﬁrated “sadimant diaperszmns }in_ ﬂﬂbri$~f1aw_u
g-anvzranment; Maas emplauemant ﬂapuaitiun by gﬁavxty fluw
'fmay BERUFr on variable slupas,‘ dep#nding an Ehe‘xntensxty”"'
'_:’nf disnerﬁive grain prsssuras. (qudlatnn anﬂ Hamptmn,

j$;2;47;&rgiiiiﬁe{fa&iés*;-- S
B.2,4.1  Intrmdustion . .

O

| Argiliite s the general term for a  nudstene (mudrock) o
'harﬂsnad by incmpiant metamnrphism and shawing a slaty_
_aleavage tBlatt &t dl., 1980) . The tarm mudstha ireludes

clayatane and aiitstuna, wWikh & maximum g*ainsize of
1/i6mm.  Use of the teem shale is entrenched  in the

"3iteratura and sha;a _ rafera - all argilliﬁea,
' irreﬁpentiva” 0t wither grainsize ar - taxtura.“ Tha
_ 1aminatiuﬁ'¢-and*"grauing ‘of an 'argillita is @tten

uvgrpr;nted by ) fn:xstian {a.g. in the Khaki shala}, duej

'*Haanly ta the dumti‘e nature af the argiilita;j.

o . /

e



JQ_;i03:  o

%2802 Mudstnné facies]"'

| Laminatsd 'and magsive mudst:we ﬂrapes accur 'iﬁ. the
- Eldorade Furmatiun and fining*up units frum' arenite 6
| mudstong are canmon in - both. the Aanﬁan, -Channel and the
'_Elduradu Fmrmatinn._ Both 1am;natad and massive mudstnna'

”'Interlaminataﬁ siltstmna and clayatana {lémihateﬂ'mu&¥ '
Crock) is abundant in the uppar partion af the @ardenk

:tunita cogur sporadically thraughout the Midaling quartz—"
dte ‘and in distal depesitional settings fhe Eldorade
:_.__Fmrmatzan. The Khaki shale grades From & siltstnne in the

sguth@rn_pnrtinn af St.  Helena Gold Mine to A claystﬁnef

. ih"tﬁe'nﬁrtheaétérn purtiun Lot thE wezknm ﬁuidf;ald.
'Saitatune and claystona . BEewE as narrow Lnterhads in both

pnlym::t : cunglnmarataa Cang sublxth1c~ > and 1athzc'

”areni#aﬁ.

"ﬁﬁaﬁnél ang . zontains -smft«aadimant dafuwmatinn feature:_ 
gueh as dish~ ang ball-andg~ pillnw structures. - The

cuntant BEtwaen laminatians ia_ sharp.' Inﬁaﬁihﬁinmtéd '

7si1tstnne and . claysttne is assnciahed with huhl;thicn and

iathic arenites a5 well as gehbly aren;tas.”

x.z,q;a"Diamdztitéffaciaa

Diamictites are massive matrix-supported cﬁnglpmérataé" |
which contain a matrix of mudetshe comprising >50 parcant

of the rock. The fabric of @ a dismictite - is random and

thickness ranges from Som to ever 3m in placed. The clast
asgemblage consists of poorly-sorted and poorly-packed

¢hert, vein gquartz, quartzite, metapelite and igneous -
'material with e¢lasts of <lem €o itcm diameter. Rare -

) paruua pyrita clasts of lew d:amat@r ascur i dianictites
cantained’ within_--thé' Aandenk  Channel. Diamictites

characterise the nandank Channel and diammct;taa nf <3o:m__  B

P



s

104

. thieck ntnur:in the Eldbrado Farmat;ﬂn. Tha dxamxctates :
are aasmciated .with bath the :anglmmer&t& and arenite'

faczea¢ L o o R R

3.2.4.4  Interpretation of the argillite facies

CArgillite deposition occurred By means  of suspension
'f @epas£tidh':1n_ low energy énﬁirbﬁméﬁtﬁ;fNérrbw;qugtnhé
 _drapés contained  in 'dnﬁginmarate$' and arenites  ware
- depnsxted durlng per;nds Cef stillstand following
”.Enargetic F Low candit;qns. The ﬁandénk Channel contains -
'_lnterlaminat@d usiltatana and uiayatune whiech results["
Rig:- ¥ alternat&ng .ppasadas- ‘af bedload dapnsltxan and'
suapena;mn setlling (Bla+t et al., 1980). ~Laminated;f_‘
" mudstone is indicative af: cyLIia sad;mentatian and earh
laMiﬁatinn"may by the produgt af f;nawgrained ﬂansitv°
ffunﬁérfibms, elassified By, Stuw and Ghanmugam’ (19607 as -
| tineegrainmd furbidity ;urrent laminse (T3~Tb),'simizaé”"'
- tp the ‘D' ang ‘E° sequenca turhzdmte claswi*icatiun for.
_uuarsar—grained turbidiﬁas (Buuma, 1964}..-

ﬁ

subaerially or aubaquenusly with ﬂépbéitian by downslope
- mevement and subsequent "ireezing” of material (Middleten
- and Hamptun, 1??6}._ The mnvement is episndic ahd geEUrs
"in résponse . to gravity an slnpas with varying grad;entﬁ. o
“The diamictites of the ﬁandenk ChgnnuI,' which - are aﬁﬁn~ _ . .
ITuiéEéﬂ LT 'mudstmnas of up  to 2m thick,: _were deposited:_t" -
'5ubaquenu51y. Tha d;amiatitaa st  the Bldorado Formation
were deposibed subaaraaily hy dehris'.flﬂws. Such debris
shnrt periads Bf.
abuhdant water supply and a source pruvid;nq dehris with
a muddv matrix tHuII, 19??)._ o L :

1

flows are prnmntad by  mtesep slnpas,-

..
Ry

)

e e

- Diamiutiteéharb emplaced. a8 masgﬁflnw dapd#its eithar
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. '_3, 3 -.theqcu'ﬁaams- o

};_' : C . ’ o o o Jé B

S Péiééﬁ:ukréni.tréndaghf £ha Hérmqﬁy; Baghreak, Spes Bnna |
,:; .and Aandank Fcrmatimhs are. tuwards the narthaast in the]j?
'5f_vinxnaty ot St._ Halena Enld Mina and: the trends ahaw nn:'jf
:'”_ralat;nnsh;p to  the western margin -5trumture of St. -
_'qu;ana Gold Miﬁﬁto Palaaa:urrants of the Eldarado. Ff _
@tinn in the St.' Halena Eald Mine &rea illust ata a

palaﬁnflnwﬁhdxrectmmn:f towards tha ﬁnutheaat.z

'.E) .
L
v .
1 i
f .f)'
u
o
K1
‘.“._. e )
. "
. h %
& .
. W

”Truugh ErﬁﬁstddiﬁQ axes are the méat ra'}able'9a1a9n§_ : _

:current 1nﬂigatnr and these _WEFQ_ _measurad .mhéfﬁVﬁf S

2Pﬂsﬂzh1e._'Palaédcurrant maasurements' for cuhglumérataé"
_;fare cnnfined 5 crﬂagbadﬁing cnnta;ned in interbaddad and
. ?nv9r1y;ng aranitas af tha sam& dapnsit;anal tycla az. tha"'
f anng1umerates~_ All paiaeocurrant measuramenﬁs -;re :
'" 3¢Pe5entad in sect*an 4, 2 tSadimentary saquencea).._ '

rma-"



4 DEPOSITIONAL ENVIRONMENTS
o4 INTROEUCTIGN-:
_Infsrpratat nn nf dapmﬁitional envirmﬂmenta fnr Prutara~

1=k sediments using aquiwalent madern pnviranments dis . T
-prQbIEmatit, dues ma;nly -t the lank”_nf preﬂnevunian

vegetatinn. Nn anvironmant can._he 'identified using

i ;ndiv;dug} _ parametars _ hut . rathar - combinations of
parﬁheﬁers" are necessary. ,Debnﬁitianal. eﬁviraﬁmehts' _
 postulated for the Central Rand Graup include marine,
- lacustring, 8 marfine-fluvial intertface and - fxuviaz'and;
adluvial fan settings. A camparisen. af varinus paramateis
 associated with  these environments is made (Table 4}
o Eaéeﬂ' on the ‘parameters used and on previmuﬁ Work, .

Fo
i Lh K
EY R

- The stratigraphy af the atudy area yo ﬁubdivided ihtu
Fives sedimehtary saqu-ncas, tarmed sequances 1 tn B,
=_'Between perigds of deppsition, uplift and erosion took
. plapa wh&th rasulted in the widespread davelapment of
:Yunnnhfnrmitins which are fundamental to the ;deﬂtz~
';;ficatxmn and detinition of ‘aach, 5adimantary fequencei_'

- E. . 'i/
RIS " /fj
: 4 2 san:chTnRv SEQUENGES - ‘o

=

S

-4;2{1j1iptrnductiup R S

.

=

-.dapnfitxdn a$ the Witwatersrand Supergrmup is 1nterprpted"
in this 5tudy to be predaminantly fluvial in a hraided- 
alluvial plain thraid~p1a;n3 setting on. a_hagada. Minor
o marine nfluencas did pcour abd aliuvial-fan dapmaiﬁion '
o 15 avidantad in tha uﬁper partinn [-E the stmﬁtigraphy. '

' :Tha ﬂataxlmd dapuﬁitimnal enviranments ﬂf aamh ot the )
fﬁrmatxmns in the study arma hava heen das:rihad with the f
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H S N R qusuonE ssAve'.. nn&s mw R A
PRRARETER | | ALLUVIAL AN BRAVELS - | FLUVIAC BRAVELE - - - ' sﬂwﬁn EoRy LatERS T F
micmsss o d eet00ts mbres o o o o 0-38 gebres ] n—m_razlv ooy G B
1 Sharp, chapmetted - . . | Bhars uith are i Tanar?y lack of chapns
,g_g__jms ] B00CE __1¢ 2ten _ 1 bvershe 2-3re, sendemeden - |
| TLBET Pogr runding - § Yariable rouiding | ﬁen rounm tlas‘ts o '
O HATRIX _ Puurly xmrtaﬂ | Hoderetaly sored | Hell sorteﬁ : '
. LBATERIAL - - ' e S
_ smrsnm ﬂaturitr o raunﬂing increar.es, "1 BHaturity and rounding incréases, ﬂariabla
| PARSMETERS . - i tlaet size gecriases downsiops | xiast size decpeases dgy__nslggg - S
1L EXTE ‘|‘_ [Linited (10's mutres) . ° " 1iisdted (1005 setres] - . La¥ erally g;g gg; Ng__ '
-NATURE OF - . chntinveus in ragist dowpfsg \dﬁs:t* tnaplex eongloarate bars, thraugh Elmgata, oy, ra!ief cunginueraie o R
([ BEDFORHS. - {.iom, tosplew In cross-fan sﬂwm, | nuserdus Sropionst and depositional| bary - - --(,.ﬂ
Lo with ouband-tiL) stoucteress o eyents after {nitial forsaticd, - Dis&rﬁte cnnqlmeratas present )
- i.«enticular bedfarns predomate Indistinct and denticular. grave] L
' ' . . o bodToras resiit - ' ' ' .
B *IERTiCﬁL FﬁCKIRB ?ariahle T %‘ariabia . Eanerall)‘ increasas upuarﬂs, uith
- - s ; : ' _} uinposing fmporiemt
' TEIIURE ] clast tn natm. s'uppurté&, warmhla clast snppuried, sandy aatm Blast to aatrii suppnrteﬁ, smv.fy
- surting and satrie, £ iRt _
. [FatiEs ag_s_gmgr;nﬁ- “srenites, liaited flngk, | ﬁm!it_es- i '_t d flpes _an ve §
- LToP coNTACT sennrauy sﬁarp © 4 | Sharp or gradational -
N at e ALLUGIAL FN §ANDS - TFLNIAL B8NBE . 0 | NAWING BaADE _ B
- TEXTURAL AND- Imture Iauatura to gatore - o . 'Hatura o veryf'naturz o '
- HIN, BAYURFTY : > ] S S
- {hup bRspEs - o Lagegai‘g iggxtensive : Laterazlz Texemsive Latargllg extensive = - . oot
. | BEDFGRMB - | Variable, from assive shaat-‘hka [ Laterally ina ive, nf trans- “} Laterally eatensive and- vertisaliy
1 E : depusits tu dunes and ra.ppl,es o jverse sam!uave; ' . { statked Eandkaves Eaaplituﬂe }lml
§ PN g RS °|_and dunes {10-200ce veis) '
| EXOSIONAL SEOURS Varinble G—lﬁ s netrgs' rleep] fm Vanaéie {0-10's r.etres ﬁeep} Luu relief, ta g
. fophead _ _ _ o
| -uVERnLL HERPHULGSY Hadge shaped, thinning narkedly sway rhitkens frna saur:a ' ' uttle thictnass variatiun S
ot fron sbirre : J i TR
PﬁLﬁEﬂwﬂﬁEﬂTﬁ ' liniuudal, sual} spread 4 ’ff ;ﬂ‘), 'h_ut. Uniunﬁai_, :nnnunhr - umuda} ar hipular o B
fad patbers - % . iUB09 ewread ; R
uv_snau.-sns; smra_lw Qokat RSN 16-160's kn!___ i o
Atumm. FHH Mnsns - | FLUVIAL, SEPUSITS : mmms DEPOITS n
.MEEHI 1-»5' . SR &% L -;(H' ' 4
BENERRL PM%HHETERE Lhange rapi&ly ﬂuuuslnpa gf""{ - change kass rap;diy dmenaluye '- Shun fen iater‘ax changes
v ‘QL R . 'I___ [
Table 4 ¢ nmmﬁaﬁisnn :a-f varinus :hamacteristms nf aliuvial 1=an , R
- T L fkdvial and marine depesits., Data are from Bailsy .et o
; Tal. (1990} MeDave ;31.?'?5), Joknson and Baldwin {1'?9&),.
o O Leekie and  Walker “11982), Balazd and Klejn . {1972}, e
- ‘Banks (1973) and Bosrsma. and Terwindd (o). N T
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-Descriptiun, Sequen:a 1 :mnszats o? the Dldgomxct and“;
__aarhan seam reaf~typea of  the aasai f Reef and
uvarlying ar@nitEu_ and a"gailita units, The Haﬁal_

 3Raaf in thg nurthern ‘portinn of St. Halana Bold Ming

'_15 an uhcnnfnrmltyubaged 1atera11y cmntinuuus 2~50:m‘_
thick, well- Surtaﬁ maﬁxum~gﬂhhle clastw suppurﬁwﬁ R

. 'ﬁallgbmi:t canglumerateszhe matrix material cnmmrxses

. quartz aranxte qﬁﬁ ﬁgg aﬁnglumarate :nntains S-80cH
 thigk | quargz- " and aunlithgc arenita intarhads._:f"
'-J“carbunacenua mat&r;al (kerDQEn} ki preduminantmv.

. \l'fs :

" at the base i canglnmerate. Uncnnfarmahiy uverlvlng'

: ;the cunglnmﬁratg 1a the Top nf Raaf 'quartzita, 2

| f.plan&vhedded quartz 'areﬁata af 5ﬁaso¢m- thicknesg..f'*
',-whacﬁ zontding rara trauqh mwusahaﬁd;ng and acattaraq,ff'
'_mmallmpebbla 'nliguﬂict tlartg. - Tha Tup of Reaf'lz
qusftzite is | turniovarlain by the Khaki shale, &
'mudatnne whmth has ¥ 5harp uppar cqntact and whiah iaf“
' up oy 1 Bm tnick in the _nnr*harn purtihn of Et.
_Halena Gnld M;ne.,.~'- o : :

i . : : %

o extensive, | flat, uncunfurm;ty surface.: Vary low

:'-channel switmhing anﬁ dapus;t;nn of. taxtw?allym ana

aid Qf | charautarist;; dﬁpﬁaltiwnal sequences. The =
3 saqueﬂces and the stratigraphy dascribﬁd’_ara_iliqgtratéﬂ ..:,
.inwag. ﬁs. : T T

'Intérprataiimﬁ;;'The'bligumici Basal Réef cmngldméra;.-
- ates. were depositad by ‘a hraided stream an & braid-'

' pla;n Bt & bajada suhsaquent to thm davelcpment uf an,,'
W

:~grad;ent9 on the dEpuaitinnal surfare led to f*equentf“

~minaralugacally matura :nnglnmeratas ovar  a laegs -
: 7Iarea. Ramnrkmng and, aaw ratas. ot ﬁanmsitinn rasultede

. '\\_'



- . .
N .

; ;(Béa¥Séxé

'5 =ﬁEMBER"

" |FURMATION. |

BEQUENCE ~ -

=lnﬁ1

= .._.. ogn...‘ -
" (?ﬁ#

%-

a#ﬁ;

-
x
-

VS l

u
v .w

VS 2-

' ?%

31 o CF at

i

R

Gﬁ.'«. uﬁ

e
L
-

vea

i I'g_rl au

- 6
_!mP

vs}a.” .

I

va_gm__""'

Eldﬁrada

S

o lsequence 8 |
'*{'Fnrmatiaﬁ?--ﬁ_”* I

'NJ*\g ;

Aandenk\, -
Channml “%

._.Fupmatipmfl

g

:aéq?%nnéﬁ? ﬂHﬂ ’f:%~

[ LI AL S
“1Bequence &

*{épesﬁadna
" {Farmation

BN

_Sequan:9;§f§ _H

._Tgagﬁﬁaaﬁf'"
* |Farmation

ZSéquéﬁﬁg'q;ﬁ;  fj_]

e

e
Rhaki Shalée
Tup of Reef

Harmony
Formation,

N

Sequence 2 |
sequence 1 - [

3 _.

- Bigurs 55
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i the depns;tzun nf durabla clast tvpﬂs and quartz B
f:‘arenitas._:*~ S " :
Textural aﬁﬂ minerﬁxugi:al maturity of th& sygﬁem wasf;j'____ .
furthar antignced by mud;fi:atian nf distal porticns - .
ﬁf the braid—: plain in & beach mr fu?unhure éh?zran~ ;?;’f"'“

ment with’ th@ ‘formation  of a. braiﬂ delts fram . -
prmgradatmmn inta & 5tand*ng body - of water (c. f,;; f” _.:?__-
McPhergon et ai,,i°1?$7, Pe¥8; Clifton et al., 1?71);3;;5_j,aﬁ_{-5
Thi$ "marine mnd;fi:atiun resultad in dapmslfipn afﬂ”'i“”5’3

_ ailuﬁ&al fans (fan daltaa) by wava .aatxnn and langnff
_ . _  fi shmre dri*t ncﬂurs iﬂ the Eulf nf aquaba (Hawward,ﬁf" Lo
TR T 19a5),;  Cantinuad Eranggrassiun resulted  in khe -
 _ _ _.' '_ dapasat;nn o argillltas af the Khak1 Ehale, whizﬁ;ﬁ; “: S
S  ;_;{;f ' are. the distal equ;valsnts mf tha undarlying Tnp uf¢.  ;.fﬂ7'”
o o ﬁsaf quartz aranmta.ﬁw”' : e L R N
;g Hﬂ   E T , _ o -
- Palaemcurraht meaﬁuremants nf truugh nrnsgheddiﬁg fnr%f:
ij the. ﬂasal Reet  on B Halana Gﬁiﬁ ana andxcate 2. S
'fmpthh nqrthaastarly transpnrt diractamn (Fig. 56).}#5+5*1'r7
@Sehblea of. the Basal Raaf alsa ﬁeureaa#‘in 5ize i oA
nartheasterly direat;nn aﬂrwsﬁ St.. Hefana Bold Miﬁeu" "'"3
| Limited Lm?asuremﬂnts uf twmugh crmsabedding in the :fij'
S Tup ﬁf N ﬂ@f quartzit@ and ripple _3trikaa af. aymﬂi_'e

-“\1

'  metriaal ripples frnm the Khak; shale indi:ate that«."

a
-

pnstﬁﬁasal Reef transgnrt was' in. S nmrthaasterly -
dsraﬁtiﬁﬂ., The Khaki shaze alsa fines frum a: ﬁilt“ ~5‘~°

. stcne ko & claystune in a nurtheaatar!y directinn
'gg*?” 1:rus§ st. "Halena Gnld Ming and awruss the welkam

i

Dl

o &nidfietﬂ in gmnaral (Sims, 17&91.,'




. Eigure 5§ 'i"'---'Tranh-cmzstaed raadimgs ira a.reni.tseﬁ within -and - C .
L R _._-averlyinq tha Basal Reef, St Halana Gulﬁ M:Lnes '_;




o o

Az Sewmeﬁ o

-  _é)f:ﬁe5criptian.ﬂ sEquan¢a Y cnngiﬁtﬁ af uﬂﬂﬂnfurm”hyuﬂ';
'l:fﬁbasgd Bagdl Rﬁaf nﬂrglamaratms frqm the ﬁmutharn* &nd
O cantral partiuma of Bt. Helenh ﬁmld Ming. The Basal
f Raaf in., Ckhid  arsa i@ 'a palymiﬁ? mudaratelyﬂsurtad
) f;sm&li*;ﬁtn Iargeﬂpmhhla uqnglamarate ot hatwa&n poem
"_?ana 2m tha:k Prmﬁarvﬁﬁ %amnaqta“at & Basal aiigamict
_:_'ﬁn ﬁx@ﬂﬁf&te af LR tn QOcm.eﬁ Ek arg preaant 1n
S  ;ff}§1agaa, The nverly;ﬁg pwlvm;é% ¢mng1mmeratbs are
; };ﬁffv* iinté””@ﬂde with tﬁnughm' and planar iﬁrmaahadd@ﬂf'”
’/’-;"_'_'_":--'_*".'aub:ithi;:» ar..r;l auiste ar‘am‘.teen u-r_“ﬁm Grem sehte
":"'* }Over3v1ng the cnn{“{ﬁbrat& iz the. ﬁlana*ﬁeﬁ&a ’

R i-rf.Reef quartz ar&biie'_of | S~150em. _tfin& & whdet
PR -fxcnntaanm rare t#aﬁbﬁf*crnﬁﬁbﬂﬁding' and 'igitersdif
L smalye ) pehbla uligm@int \Ciaﬁtﬁxu_ﬂ pawriy~devm1apad
. mudstune “mf um ta wiﬁcm“ithﬁ:k {ehe. Khak; 5Halal

?Tavwrliaa bv the, Miﬁdlirg quawtzita in’ plauas.  S

_"ai”:xntanretataqn. eequanﬁé §¢3rés£;twd‘frdm ’dewdgiﬁiﬁn_*:~'f
.:q»%naf pmlymxct annglnmerataﬁ ity braid*plain of a.
: lfibajaﬂa fnllnwing snurce arma re&juvinatiunijgnd an
;incraaﬁ@ int enargy dﬁ ﬁpa dapa&itimnq} syste ?h&
_'_mlxgnmiét nlaﬁta whacﬁ undarli& saquanne 2 aungiqmu._“
~'araués are pres@rvad rﬁmnantﬁ nf sequence 1 plmgnmint . .

_ cumglnmarataa which Were aapaa;taﬁ Bver: a larga ArBS e
-Fiﬂvavai any . sanﬁ wara dapasitad by langttud;nal and"
'= tran5varsa har5 Bn- the hraiﬂ*plain as &ha@tw fika

'.fdapnzitsa Par;ads af rapid dapusitimn rusulﬁad in’ th*;__f } f

- qﬁ_ @1atera1 swztuh;ng of uhannals and th% *nrmatinn of
_31 ;j'*_:hanna1x5ad ” 1ataraily dis:antinunub p gymmct
e 5.;.f;cmnginmeratas, The intansityaand duratiﬂm af ngzmn
S ;;_assucxated wi%h*aaquan:& 2 detarminmd tha. Eﬂtﬂn\ Yo -

" which. underiyingw saquanca % uliqnmaut cnnglmmara%@a
_ anﬂ quartz araniﬁas W p?aaervaﬁ. L e '




- 4;254.'Qequahce.§q_ﬂ

- al. Dés"rigti&n. Sﬁqdﬁnﬁé '3 daﬁﬁiéfa ot masaive wackes,

: _sﬁattered granuias and wmall pebbiss of th&'midﬁtl g
quartzite. znterheddeﬂ with the__wa:kes -arg ghapn 1o -
isad suhlithic* uand quavtz areniteg any Ianaaxﬁ
amallw_ o medium~. pebnlmtmlmgamict ciast»suppartad
mﬂnglameratea nf the Middle Reefs._ The Middig. Reefg
:anta;n anftwsedimank umfnrmatian faaturma._-

'_'b Int@fpraﬁatinn. Saquance 3 r@sulted frnm rﬁgresaianal

o dapms;t&an by eig‘ Fow mud  flow  depesit or, fina~
grained diamictitdl in an ‘aliuvial - fan satting {c.f._["
Bulr, 19?2). ThE int@rbeddad minéralagically matuﬁe

- Middie Raafs and as uciaﬁed quartz arehates fprm@d .
Cfrom bk Imcalised rewarklng of the waﬁhas by :  ¥ o
channeli&ed Cfluvial atreama and the _subﬂequant o

'ramnval of . argillacgaua ma%r;x matarial.

”34§Q;B"as&guan¢g 4 . : ”Gj
a) - Description. SequEHEalA;cbmpﬁisés'sedimenta of the
uneconformity-bhased Dagbrask  FoFmation. B Tha ;;;_. .
spcraﬂ;callv dév&lnped Lﬁadar Raaf at the base of" tﬁ/
Dagbreek Formation is up to 1.9m - thick anﬁ is a
__sma11& td meﬁaum pehble aliqamzct cunqimmerata with
- nvérlying- and mntmrbedded quartz aranitee. Either _
&verlymng Ehe Leader Reef ov naaurring nn the Harmnny o .ﬁ
Farmatmnn wherm the Leadar Reat is nok ﬂ@velnped are: I
the pmlymict cqnglumaratea amd interhaddad aoblithie= RS
and I%thin arenites ot the Leaﬂarzﬁaaf Zune»wﬁich are o _?5
A maximum ot - i5m thick. Tha pﬁednminantly lzthic
aranitaa oF the Dagbresk. Fmrmatimn averlie tha Lahdar
_ Reef Innm cnnglmm@ratas aﬁd unntain lataraily
 _ imparaistent :1ymict nnnglamaratea, o SR

(.:',\ s SR - o . a



b}
”., un:mn?mrmity devalnpmeﬁt fnlluwad bv tha dﬁpa%itimna'_ﬁ

'Iﬁtéﬁﬁrwtétioh.:seqhénka 4fﬁ@p&éit£§n  fégultad“ frnmr'ff:

uf latarally extsna;ve nlig-matt umnglnmarateg Tin an=f

,anvirnnment almilar to that’  responsibls for ssquence
S ﬁPﬁ&Eltiﬁn- Eapmsitiun ot tha nvarlylng pnlymict

E :canglamerataa then fnllnwad in a braidwglain gnv1runw _ ,,

nent aimilar “ta that respnnaible for anuence 2
_depmait;an¢_ Bpuradic arms;un uf tha hasal uligumiztf

'Iﬁmrgiameratas ucﬁurraﬁ.' Fallaw&nq ﬂapqaitinn af tha_

':-4%regrmaaxan raa"teﬁ in tha fluw&al degasi¥ian af"

gsuhiithi&m anj

pﬁlym1tt «Laaderf.ﬁeef Zana cnnginmaraﬁe& cunt;ﬁumd

-1ithac arenitaa and rare 1nterhadd@d

'annqlameratea bﬁ tHa hraid*plainu g_*--

.

"

'PalaeacurrEﬂt meashraments ot *raugh- =an&-'p1#pér fnz:.;7L-__

_u;,:' crasabadding ﬁram 'the Laadar Reef Zone fndicaté
_ftranﬁpmrt im an aaatarly ﬂzrectinhs with & 1EQ¢
. gpread of raadingﬁ (Fig. B7Y. Pehhle sizes alsn

3._deer§asa in an eastarly d;rectihn aurnss ﬂSt. Ha:ena

“:"432,¢:$equéﬂ¢e 5-7*:'j1 ."  . ”Hf”_;'__--;i*fjv _7"'f!; 7":§."

'ai'

ay

_;laterally discnntinunuﬁ pnlvmzﬁt zmnnglnm&rataﬁ and‘m:”
- pEbh1y argnmtaﬁﬁ ' :

el Hine. ‘RE"“"“”E’" AREeY
Descripiion. Sequente 3 consists nf the uncanfarmi3y~-f
h&gécl polymict “B" HBE‘? at thr—.’* bame avarlain oy

Int&rpratataan. Depasitiun nf the “B“ ﬁeéf'nttuk?ad; -
“following uncanfnrmmty develapmant en & br&&d«plain[::

fw;th~_ dmpusitimmal :unditiuﬂs simxzar thmsa ufi'
saquance 2. Fqlluwing uapnsatinn ot the "B Raaf, e
~overail CDQFSﬁHinQ*up unit of saquanta 2 arenit&s anﬂ.

. .

o
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Lar

o

g .

'"ﬂalaanﬁurrent readingq xn arenmtes within atigl - uvern'

lying the Laader Reet, &t Helpna Gold Mine.  Data

-

o from this work and Reymolds {(1986) and mnzlu&a hmth '
traughw ang planar-:ruasnaﬁ meaﬁurementém-.;,ﬁmc "
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'jfél%maraies was dapugited on & bra1d~ p1a1n~'

7f;ﬁa1aencurrent dmrentians r-the "B" Reaf derived:‘_"_
Uframnthe aﬁientatian of channais_ and 1imited pala&n—"'
"*current data, irdicate transport in a nnrtheasterly_f
'”dzrectinn (Mintar, 1992). The clast ﬁizes at the “B"

n,#y.~u

 ,'Heef alsa decrease in a nnrtheaﬁté*ly dire»tinn._"

a2 Sanﬁ a

.  5};

WL

BT
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Description. Séquahce? & is the ﬂandenk Epannal, an 5
'.jTarmsiﬁg‘scuur~andwfill ‘chanrnel ised’ feature canta;ninmj:_
_Ilpalymirt clast~ suppmrtad cnnglbmerates at the base-' 
_ l*nvmrlainfby pehbiy arEnites, ‘scatiersd d;?mittitass__
T and sublithi: aren;teﬁ. Tha d;amictite, of 10cm ta 7o
 f£th1ck, . aumpr;aaé pmarly—surteﬁ sma11~' ~ large= -
_'pabblas ‘iR an argillaceau% matrix, The upper pnrt;mn.  .
of €he ;hannalvfmll camprisea interlam;ndted fine“:n;"
-~ grained -arehitey siltatmne ‘and claystmne and rare

Mediumw grained sublithx; aranitea.. o

Ctectonically unatable envirnnment (e, f ‘Hooke, 1967).

‘~impgraistent aligomict :mnglnmarateas - Bentinued

transgression rasulted ﬁn bhe subaqueaus dapmsatinn

bt laminatea ailtatana and :laystnne.

e S - e B .
_Intarpratatiaﬂ. “Erasibn-nf thie underlyihg Spes Bona
Farmgtion ocrurrsd priar tp aequenca 6 dapositﬁun and_-
'_resulted from uplift ~and. fanhead dineision in a

 @mall-scale - ailuvial fan ‘sedimentation of con-~
'fglamerataﬁy diamactites and.pebbly _areniEEﬁ af the' '
_Pandenk Charnel then filled the sroded arsa and local
'rewmrkihg ‘ot depﬁa;tﬁ’ ‘led o the devez “simer & af'_,
'-campihx Cut"and“fila'  structures oot 1atera11y':

*}inﬁérhédﬁed 1atera11y ;mpersia%ent pulymzct cénéi-'”'

LW
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The Aandenk  Chennal trends northwest o southeast
across the-sauthernépuﬁtipnfﬁf@¥£ha'wéigdﬁ'eﬁidfiéld..
Efosional feétures'similar infsize “and sediment—fiil

_':charactarastics and. with similar nrientatmana ta tha
- Aandenk Channel in- the southern pﬁrtimn uf the WElknm7”
,Gﬁldf;eid alsa ucuur in athar parts nf “the witwater5~

rand $upergruup._ Thaa& nhannel*lmka srosion: featuras

overly. argillaﬂenus units - and = secur - At varinuaf' o
_ stratigraphic heights {e.g. Stanistres wt al., 1988y
Camden~ Smith 8t al., 19863 Hrouwsr, 19843 Martin and -
“TStanistreat, 1933; ﬁ;lev and U;r;nq, 1986),.

i
i

Deséription. The Big Pabhle Marker at the base of the
Aandenk  Formation unconfarmably overlies either the
' pandenk Channel, where the Asndenk Channal.ocmurs, or
_alﬁérﬁahiVE;y'_the-spes E@ﬂa Fdﬁmatiahm..PQIVMict'and'
-',Qiigﬂmiﬁt'ﬁgﬁuPrenﬁéa'dtLthe'Biﬁf?ébﬁle Marker sccur
 with thicknesses ranging from ;Om to 2.Sm. Overlying =
tha Bag Pabble Marketr © are . fithit_ argpitesw oFf the -
Aandenk Fnrmatinm which aanta;n thé"spﬂradimally_
 d9VEaDpEd Sran Réefs‘ The A" Raefs are cumprised af

1atara11y~1mperﬁistant allgamict smallwpehhle con—

. g.umeratas which uccur at varyxng haighta abave tha

Bzg Fabbla Marker.,,

int&rpfat&finh,l'Thw Big Pebble Hééké#-resﬁiﬁed from
‘deposition . on & - braid-plain.  with . depns;tiunal
O eoaditiang aimilar to that for sequence 2 deposition.
- Fqllnwing deposition of < the Big Pebble Marker depo-
sition gf the aréniﬁésV'anu'-iatek3119 impersintant

'-ﬁdlvhici “Q"T'ﬁééf :mnglnmerqtaa occurrad, “The ra"

Reafs rmaultad From - PEPiadﬁ af atauilitv when the

' Vrawarkang ot previnusly depesited  braid-plain




4.2.9 Senuence §
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!

cmnglnmarat95 n:curred.- fhé ﬁﬁ“Vﬁ'efé aré Similaf in
appearan:a and cnmpuait;an te . the! idd‘a Reafs wh;gh“

furmad dur;nq saquence 3 deposition,

Palaencurrent maasurements fai the Big Fehmla Narker -
are ta the northeast and east-_(wing,_ 1?8&) and for
the “A" ‘Resf tranmport is . in' a south~southeasterly

direction (KsFpeta, 1984). "

. . « - . oo o
' ' Fo ' h
.

Eldaradu Fnrmatinn. The . Eldaradn Farmat;mn " is.an

cans;atxng praduminantly nf gma11~ o madaumﬂpehhla )
pulymict ¢lagt-supportad cangznmerate With eobble~ - _
‘sized clasts in prnximal areas. Narrgw, taxturally"_

o

Deé&riptidh;' Sequerice 8. 15 the uncnnformity—based- 

 wverall upward*cnarsgn;ng : ﬁapagiticﬂal pa:kaga_;V-“

immatura " aublzthitw- and 1i£bi:. srenites oecur

trough=  and planar crossbedded sublithic arenite are

-

‘abundarit, S S

Interpretation. Fnllmwlng dapusitimn of the aandenk-
Formation saurca araga re~juvinatian and uplift along
the wastern margin. of the Nelkum Galdfiald re5u1c§d 

: intarheddﬁd. with the mmng&ﬂmé&atés,."ﬁagether withzg:-'
2-10cm.  siltstone’ units and rare  5-30cm - thick
. diamictites. In more distal  depositipmal  areas.

in depasitinn 5af “fa - dlagsic upward-caarﬁanmng__:
© alluvial tan | sequ@ncé, 'tha  Eldorsdo Fmrmatian.

bﬁﬁésitiqn of coarse cnnglnmeratas by bra;dadf.’ﬁ

high-energy flow ocourred ‘rapidly in the proximal -

arsss of the E£ldorado Formstion at -tha"ﬁabthérn'

Cmargin of  St. Helena Gnid Mine and -the southern
purt;nn uf WQatarn Haldings Gwld Mina. ?h@ Lawk of an

upward fin;ng saquenca at tha top uf tha Elﬁnredﬂ-



M i,

L5

#nrmat;an inﬁiﬁatﬁﬂ that aquil;brium in  the depp- .

s;tianal seqUEhce was nat reaahed,_

Cem e . L

Characterxgtic af alluvialﬁfan depas;t;gn _lg' the -
large surface area, lack m$1 bundant’ mud flow. ar

siava . depasmts and muderahgiy snrted-; and raundad

claats {benny, 1?&7)._ The :hanﬁelling, “nawrmal  arid

inverﬁa grading of canglumerat&s and haainward changg"_ _
|frmm pradnminantly . cunglumerate faaies ta ﬂra— "
dcmlnan&;z aranite facies also suppert an alluvial—'" .
pan fnterpretation (c.fi Hooke, 13673 Beaty, 1970,“.f[”5”
. Sﬁhum%; i977! chhal and Jnhnsnn, 1954}.~»- o

0.-

Lower gradients aﬂd 1ess energet;c ¥1uw kesﬁiéed in -
hraided ‘strean ﬂepusitinn ona braid~p1ain with an h_ j_"ﬂ
_ 1nzrsa5ing pe#centage nf aranltas nccurrlng in-digtal

areas ot the Eldnradn Format;an tn tha gauth of

Unissl  Beld Mine. Thase | distal surtaces arejﬂ"'
degradatmmnal and ac:umulat;une af durable alasts ang

haavy mingrals. uccurrﬁﬁ, with tha pramervat;an uff_
aymmetrical ripples indiuatinq rara suhaquEﬂuﬁ dapo-*ﬂf“ -

sitiun. “The d;atal alluvxal ~fan uapnsita prograded

directly inte a atand;ng bady af watdr o’ form 3 fan

cdelta in places (a.f. McBeawan . 15705 McPhersan et

&), 1997)._Th¢ v lateraliy parﬁistant and minera1~*
'. ugicaily mature arsnacecus markers fEar the tnm nf

“khe V81 znne resulteﬁ fram shurtﬂ, ;;ved marine
transgraeaianﬁ, althnugh similar sheet sandstﬂnes can

be praﬂucad by aha@tmflnuﬂ depusits an  tha dimtal- o

portzan uf an alluvial fan {Cnllinanﬁ, 1975).!

\'m

The caarSen:ngwupward nature frmm arah;te 'and 5ma11~%

‘pebble  conglomerates to unbblaﬂcanglumarateﬂ M the
Eldarada Fhrmatinn waa a  result. of pragrada*imn,-- :*
althnugh shqrtflived__«tgnﬁqrgasaunal_ rphgaas' ‘alse



ﬁfj:12ﬁ. L

'ac:u#r&d”which"ﬁesultad'iﬁ ihtartdnquiﬁQ'&dnginméfata};g-'

and arenite facias occurr;ng. Ehmrt~ lived periads af
arasion.. in the. Eldnradc Furmatxun resulted in the :

) -farmatiun of uneanformities wh;:h separate the VS 1,,?
. _}vs 2~4 and VS 5 zones of the Elduradn}Furmatian..“

”]Tranapart d;raatimns fur the Ve - 2~4 and VE B zanas af

 in_i';_;tha Eldnrada Fnrmatiun 1nd£¢ate tranﬁport in B
. :sQuthaa5tar1y dxrect;un (F;g. -saa). Transport in *he__f _
- V' U zone is in an easterly daractznn tFig. sab)._Tha,:r '

'f;sautheasterly '_and- eaaterly traﬂgpart ﬁirect;ans -
. poincide with . the  lateral. %anxeﬁf_chang?s ina
'.aqutheagterly dire:tiun acﬁhss Et. Helaﬁa\and Uni531 
LGq;d~ Miﬁas;' with. decreasing pebble' pizes ‘and’ an
"*fiﬁéréaéé'ih rhe taxtural and mmnaralag;cal maturaty"”
-Y3 clasts f a1su_ anaurring_ 'inﬁ' A ;soqtheagtarly".
7”directinn._' : . o T o L L
' Sediments similar te the'lélﬁnrada 'Fafhatién':arg
_pragerved in tha Rb1t;bi greenstune belt,. uuebec, anﬁ
are interpreted - as. high gradisnt ) alluvial fan
 depus£ts (Nuallar -and nimrnth,_ 198?).: These . fan 
daltas are usually contined tg tentmninally activa
areaa such as the margins of fault—buunded intra-
eratonic aeas and lakes (Ethridge, 19€35) and ‘along
the margins of many active tectonic basins, &.g. the
:jHurnalan Basin, - western Nmrway tsluppen and'éﬁéél,: -
1981) . o - o o

s 'ﬁﬁpastT:QNAL HOHEL'

C The QVEPall soquonEe of events thst led to tha deposition
ot the Harmony, Inagbreak, Spgs Bana and ﬁaﬁdank'

¥

.é 

e
»

w -

R
-

- Furmatiuns ‘has  been ;&ecanatruqtsd  fFig. 89). The
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'”:"TknugﬁA¢rn5abed raadiﬁgg'fkﬁﬁ arenites of the Eldar-
g ado Formation, St. Halena Eald Mins. a} VS 2-5 znnes.
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Abajade) o0t

CNDT fQ SCALE .

7 epproximate location
/. of Bt Helena Gold Mine

i3

s-Braid delta

. : w : - .'Sc:_he;_-mati'c':- " rgﬁgngﬁ,ﬁuﬂtiﬁn '. ot "f.heﬁ : 'aﬁpﬂﬁitimﬁé-l - .. o

- envikonment af the Basal Reatf.
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'* ¥ﬁistant ailuv;al

'_“Fnrmat&nns but tha Energy _uf

| The

. Bmith - -and- Minter

'dspos;tianal env;rnnme%t Was un tha d;atal
brald-plain af
fan sed;mentatian.3 Thia
”'setting rema;ned sim;lar frnm tha Harmbn&‘ﬁfu the ﬁandenk

Lime.
;'a marine envirunment {Fxg- ﬁO)._l

QEﬁméiﬁibdél
ﬁ;milar ta the mmdels ot M;nter 11#75,
(1987}
) {1#80), tx?a01'
-'1(1984) fnr the witwatersranﬁ Supergrnup._,

Tucker

‘the system incraased with
N Bepnsltinﬁ oF the uverlying Elduradu #urmatiun was}_.;' .
 From analluvial tan which pwngraded as a fan delts-inta .

pﬂrﬁidn.dffgf; -
ba:ada wtﬁh aedimentg dérived frnmﬁ_ ' _
braid~p1ain-3if

enviranment pranased in this gtudy LQZH.
19?&) and verrezmn”f
ang to aspecks of the medels postulsted by ahd

and Kxngaley“'

s .
i




Fault scarﬁ

.ffﬂlc7 - ;fi nlluvmai fan

Fan Deita
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_ hppr‘uximate lnc:aticm e
- of 8. Helena Eald Mina ;}-u;ﬁ_

 E£QQ£E¢§Q?- Schematic racnnstructinn ot tha dﬂpmgit*””§1

o anvirunment af tha Elduraﬂa Furmatmoﬂa-_f;
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S SYNSEDIMENTARY TECTONICS.

-Sume 'a* the canaequan:ea oF synsedlmamtary tectnnics,
Lowd tectﬂnzc az:tivity ck@empnraneaua w:ui:h eadimer‘:t—-
atian, are tha farmatiun of uncun*nrmities, whe variatinu'

in the thimkness ot 'smdimamts and Tin aame tases the

'”davelnpmant.nf nun-unzform Iateral anﬂ vertical *aﬁiea?“* 
aSanciatiﬁhs. Tq Assaas thie affeat af synﬁed;mantary"
teptonies the aﬁﬁumption " i5 made that the depﬁgzhianazj_-'
'Vj'surfama is F15% at all times and variations  in strati-
igraphic thinkﬂasﬁ reflect ﬁither suba;denaa oy uplift :
'within tha b&ain. ﬁreas *which ata rmpidlv subaidian’”
: ac:umuiate thiwker sedimén.ary seguences whila araag
_which are riaing relative ta thia _amcumulata tﬁinnar
- eithnr sequencea ar axparienca ermaian (Ncﬁarthy et oal.,
-3“871, Repeatem uplift or subsidence in a apscif;n araa _
LA cause repeated anomalies in thickness in 'that arsa.

ﬁfnamic naturg of  tectonics and dﬁffﬁrang causes of

_ up1ift may result in an ar&a' of - rﬁpeatad upii?t tﬁﬂir

mxgrata latarallv with time. e

Synaedimantary' upzi?t alnﬁg'tha western margin  of the

Walkomw Ealdfiald accurraed apnradxcally duriﬁg aepnsitinn”'
of the uppaer; Jahannesburg and - Turffontein Subgroufs. andf
_ cantihuaﬁ -.hrmughmut the . denma;tinn at tha Eldarada_
 Formation (Winter, 1?&4b; Mekinhey mt al., 19643 Olivier;
f :;vas,- Kingslay 1984 , Th@ “Ehicknass variat;mna and_ 

facies relationships of sediments have Lben used to
il:uatrate .the natuire and extant n? synsad;mentarv
tactonizs which have 'a:currad in tha vicinity wf Bk.'

Heléna Bold Mine. |

"j'
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“‘;.
| ggz“-rutczwess VﬁRIATIGNs e _":_; S L

'Synamdlmentary uplifﬁfraﬁultad in the farmatinn nf uncnnn.."
formitiss and the thinnzng of fnrmatiu#a in 2 weatexlv'_

_ ;ﬂireatadgt::igpss 8t. Helena Gaid Nana»-\The angla of .
- 5ub~nutarap batween the ﬂasai Reaf anﬁ &he top . of tha',i”_”._

ﬁandenk Farmatinn is 2.40 in the auuthern- partaan Bf Bk,

. Hglena Geld Mine and V.20 i tha. nerthern purtinn nfcﬁt.";
. He;ena Gald nine lFiQ, 61}- ' - '

Bl

..Syn—seaimﬁntary téctﬂhicg_;hsqﬁteﬁiihﬂcnmplag-aub*autcrnp

pusitions in the northwestern portion 9f §t. Helena Bold

‘Mine (Figsi  &Z. &, h and Fig. 63). The Leader.Rest iz

__trunﬁatad by the "B" Reat in tho. céntral pdrtden of IS
‘secticn D~D' (Fiy. = &3) where uplifted Lesder and Basal « =
 Re-fs_ncqu?, Both the Basal ‘and uaaﬂar Regfs ars pnur1y~fs

L)

devaloped in this srea but the "B“ Reaf is annmaluualy .

thirk. Sections E-E' and F-F' {Fig Qﬁ ay h) are con-

gtrusted  roughly perpandicglar to . stiika. | Lo both *

sections the YB* Reef truncates: folded Basal ‘and Leader

Rﬁéf7aeﬁimehﬁé, 1 the wystarn partiun af sacﬁiang E-E

and F-F'  the "B Rme* rosts. un:unfarmaﬁly on the Welkum |

Formation (UF 1),

5.3 . FACIES RELQT&QN&HIPQ] B e

Tha Easal'ﬁéef has both Eprusimal 'faﬁies“tuliédhict ana__f-

d;asemxnatad cardnn raﬁf] and distal tfacies tpnlymict

_  suutharn Jraet) accurring alnng tha—presmnt Baﬁal Raef .
‘subouterap pnaitimm, The Leader Reef, . Big Pobble Markar:'
_ arid® e Raafs alsa have mligumict rast facies n:;urr;ng;

in  the viuinitv ot the prasent ﬂav basin margin and

':-5hnwing no. apatiai relatiunahip ta the basin margin.=

1{> ;..' :

£

()
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-:Egguge:g; v thematic eaﬁtfwast aa:t;una nf St. Halmna anﬂ Mane o
e showing the anlapping ‘mature of  the farmahians and

appruximate uncan?mrmiﬁy anglas.
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. Fiours 42 % " pian p? whe - nmrthwweatern paré‘af at. Mazeﬁa Bnlﬁff'h-f
R | £ 7 anlaﬁgaﬂ from Fig. 11 . o) Borehole nu@hara ang v
o the  loeltion of spoiions -0 BeREvoand o PR, W)L
T i T Plam of the  subowierop nami%ian &8 thg BaﬁaL argd .
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- North /7 south strike  ssction R'~D  of the Harmony
- Formation, Daghreek . Fmrmatian and tha "H" Reafy The
fop of the "B" Heet’Rawn been usied ey dakun, Losatdien

a@atsm;,
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ansdp REEF

‘Oip sections of the M rmany and Dagbresk - Formations
©and the
“the

overlying * .° Reaf unconformity.. The top of
“BY Rast  has bg A used as fatme Lasation of
gaptions is shown in Fig. 62. &) South-west 7 narthe
by Nartkewast / anuthweast sact;qn“
thta vartiﬂal axaggaratiﬁn)n : x;' - ;

[

) .4.5 BatAL ﬁEE?

RT




. y .;"/ . R
e ;

“3_“fﬁé ﬁigq;§;R§§fg?ﬁudur?ﬁiﬁhih'thé wéﬁkéé 'a¥’fhé Hidﬁiiﬁg_,f
_:ngfﬁiité:aﬁd_cﬁntain largewscale . saftwsadimamt da?nrmw  ;”f'_
_'aﬁi&ﬁ'féaﬁureg;: n;amiktites nc&ur in the aandenk Bhannai'fg g

'-}'as well aa in the Eldnradn qumatinnq"-;_tﬁ L

o '3-'....4 swssn_mwi"ﬁm{ 'fEC.Tums:f -;INTEF&?R;E*&@T:&N:-' ST

'_Uncanfnrmityﬂhaaed :unglmmarates an’ Sta Héféﬁaiﬁdi&'ﬁina"_
Cshow® & brosd decresse in tewtural  snd mmneraiagica1_3 B
maturityqup the. atratigraphy, frnm the ﬁiigcmidt amall—x-';_
 ;_ﬁébee-§a5a1 Reef to the - 1arga~gabble pnlvmict Eldoradn_” h”;

Fﬁrmatiﬁn canélﬁmaéateﬁ._ The ratiu' of conglomerate ta

.h_-arenita alsn incraases upwards in the gtratigraphy,-"
f"fculminating in: the cnnginmmratic Eldnraﬁu Formation. The
".'Eldwradn Fnrmatian fia;* au braaﬁly upwarﬁ*muarsahing,_.
_-ﬁaquanu@ whimh dccurs 5tratxgraphica11y at tha tup?uf tha  .
:w;twatersranﬁ SupErgrnup, whzch ig alsa bruadly upwarﬁmf,
'Ttmaraenmng,_ﬁ'jﬁ;;t ’ . - : T '

B e

. 'h

'.fTha pqgsance nf anguiar uncnnfnrm;ti&s almng the westarn'  _
margin nf tha WQlkam Ealdfamld,_ whiah becmma d;amnn~=fﬁ;~¥'
- furmable inta the basin, indmaat& that uplift aﬁcurradn

R during seﬂimentation.. " This marginai uplift nccurred}f'

relagively undisturbed (e.g, Riba, i??és Miall, 1978).

Areas  of rqpeateu subsidence or uplite resulted in
- anomaliss In thicknesawv Th@ nrisntatinn and 1ncatiun nf 
- the ﬁaﬂﬁank Ghannel, in a hraaﬂ band acrusﬁ tha sautharn'
_f_partxun uf the walkam Gmldfield is an .indijration of.a.
”fteatunxt cantrnl.__  L R D

. LR

_ Tha uprifted 'mat@rial was & source of sediments, par—
_ ticularlv during dapasitium of the: Eldoradn Farmatinn.' _
'fxTectﬁnxc 1natabiiity at the time nf deposition triggareﬁ S

S hy rntatian and upfaid;nn wh;ch 1efk the ‘basin intariar- ___:5

o 2 dabri$-f1aws, rahulting in the farmatiﬂn of wachma nf tha;_.
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..

mzddling quartz;tm and diamictites mn the aandajx Chéhnél*
and . Eldorado Farmatian.  Boft~sediment  defarmation
faatures ‘alsg raaultaﬂ frum tectuni: insﬁabfi;ty. O a?_
baﬁzn-wiﬂe scale ﬁiamz:tit&a AFE rapartad farm varimug- 

: Iacalitias and | stratigraph;u heights anﬁ ara interprataﬂ', L

{hy Stanigtreat ot al., (1?ﬁﬁ3 Cas baanq & response tm * '”ﬂ
_ _:fe:tnnism.f Depasitinn o apecif:c faciaa was not relatadif—
_i fta the praéent Wemtern margin structure. as _there iz no
'-ﬁ relatinnship hetwwen spe::fin faﬂieﬁ of tha Hasal Rggf, e
:fijthe Leadar Reef, Hiq Pehhle Markar anﬂ “ﬁ“ ﬁeefa and the
"”j?praﬁant dav suboutcrnp pﬂﬁitiﬂn nf theae cnnglmmerateaa__" 

o

- Diffariﬂg angles‘ af unqanfnrmitxes betwasn farmatinnﬁ"'_ )

'findicate Qarvihg raﬂag snd duration ‘of  Uplifk. a:curred,":: _”'
| _ 'a1ang the wastern and snuthmrn 'margins 'af the Walknm} 5-3
"-.Balufislﬂ, ﬁﬁ the nurthwaatqrn pnrtian ot St» Heléna Bold’

:Mine synmsedimaﬂtary upli ‘at the uasin marg;n was marej-'

. rapid than in the south anl was concentrated  in a narraw
ares lSGOm wide. Thts araa s characterised by ;ntansa- P
Uplité and folding  of thﬁ antira Jnhanneshurq and. Tuﬁ?m-i_;'*:
" _funta1n Subgrouﬂs, whara truncatian af mare than 1300m af

'stratagwaphy gerurred during  the ﬂepns;tinn “of the .
_witWatersranﬁ Supargrqup,_ leding and- truncatinn o tha _;;
nge Hae? 1nﬂicates ‘that aynseﬁimentarv tactnnics alsu'***

uccurred an a lﬁcaiised scale tlﬁo @, matr&s).

5 .

I_ﬁfgraduél.ihﬁksasa_in 'thé:iectbhic_éc;iV££y:dff;thé Wit~
_-'hatBPSraﬁd Sﬁpérﬁfﬁun: oseurred with time which resulted
in & vartical decrease - in textoral 'haﬁurity: ot the
'-sedimantﬁ. Fnllnwlng dapusit&un ‘of tha witwaterﬁrand:
”$upergrﬁun, ncntinuad tactanic aativity lad to fracturing .
of the crust and the. outpouring of  the. Kaiprxviﬁraherg'.;'
:_; 1avas=_ ot iha ventersdnrp Eupargruup. Initisd lava
deposition  was concomitant with Eldarads Formatfon

"_aad:.mantﬁtinng | 3 . _ : R .d.
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'f*i Tec£ﬁﬁ£:s”}é1ﬁﬁg th@ wasterﬁ margin mf ;'£ha Welkon.
'fﬂ-Galﬁfield wara ayn”sedimnntary and cumpreasicnal, a:t;ng__“- L
g e mast-vest dirautiun in oty ic;nitv af Gt Helepa

_ _"Fﬁuid Mine (Fig. &5). Nmrth— 5@&&& trending ful§§h .

_ ;;:the westarn margin of S&. Halena Bold pre did nnt atfect |
: -s@dimentatian dur;ﬂg uppar Juhanﬁeﬁhurg~_ and Inwer Turf-
'“'¥mntezn Subgraup depasitannal times. Data fram EHis. study'_

'indztates that tha nverall intenaity nf tectmnic a;txvity,_
' 'increesad and the Iacus af the tectnnit activity mmvad;'
'-prugrasﬁivaly inwaras tuwarﬂa the pasin. centre with tima,ﬁf

. tme g;va the effect ot a 5hrinking haaln; e T
o (r.- o )
S
.'.u. .. a
N a Y

 1ThE cause uf thﬁ uplet alang the wegtarn margan mf tha  :'
walkam Emldfiald mav havam he%p dxfferentiai muvament oF .
large haaement Mblacks  which shifted ‘under & ragiana£3
_  'campre55ive_ regmme._ Bln:k mﬁvamant raaulted in gmallﬁr””
"’_dagplauamenta cvsr '1arga araag but witﬁ.'tha wsstern,; _
'fﬁimargin represent;ng A narraw area B-1d anmpleg and 1ntanse'u'
"*Tﬂ@fmwmatmam‘ Th@ tectmﬂiaa are not simply . vertical but
| cpnsiss af bath ep;sadi: uplift and’ lateral mavament with{Q _
:_7h1anka inﬂtng in var;nug diréat;ﬂns ahuut A fixad paint-*;f,
mvera of m., 19%3.__._ A e T e

9 alan.fl':*'

.q\
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Al pader Reet .
JijBagal Rael .-

T T
R
:

ke e

Eiqure B8 : Schemati  fenze diagfam, St. Helepa Bold Mine. The

N :Hntnnfurmitvﬂbaaéﬁ Y _y, Major stress

pR8R~ Conglomerate _ o T direation _'3¢ 
7 Estimated suboutcrop FFR arenite
. pasition I S R

comprassive tectonics, wastarn makrgin strugturs and
uhcnnfﬁrmity-'anglas'whi:hidacraasa southwards, are
.- mhown. Thne Elgarsde Pormatlon has'baanfuﬁed'aa'uatum
and the - Harmany, Dagbresk, Spes Bona and Aandenk
Farmations sre shaded. e S '

R



Coass
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& camcpaaiawa'

3Ths witwatersrand Supergroup, camprising unth wﬁat Ranﬁ:

 ;1%®5 Gantral ‘Rand’ Grnup rncka,- is undarlain by hasawant _
fgraﬁxta;ﬂs and avarlain by the Uentarsdurp Supargraup and
the . Ksroo Sequence, respectively; Cor Bt., Helena Galﬁ”‘i'

Ming. This atratigraphic and aediman;nlnqiﬂal 5tudy is_ '
..ﬁcﬂnfinéd o _the Harmnny and Dagbreek Fnrmatians ‘af the’
_.Juhannaﬂburg Subgrmup and  the Epss Buna, ‘Aandénk and'
"Eidnradn Fmrmatians of. the Turffanta;n Subgrnup, wh;ch
'-tugether tmmprise the Central Ranﬂ Braup.;._v

"5 éB’Lnde?éEéhding'ﬁf Ehé'bver&ii'HSEdimahtéfy and tectanic

“_praceasas of the Jahannesburg and Turffontein Subgraupsi';

. ”hag. beer gainet by studying the _tmtal 5edimentarv

__-Qg:;aag;an_rathar _than_ the few gmldmbaarihq uﬂ:nnfnrmw "
'ﬁ_ﬁrbASEd"Eahgiamékatéa.- The WitWatersraﬁd stratigranhy_

et Bt. ‘Helena Gold Mine is inccmplete and represents a TR

preaerved sequence uf uncnnfnrmity—baund un;tsn

e

”The Basal Reef has ymelded mnre than BOA uf the gold

“mined ta date in the walhnm Boldtield and -t intarprated._'

as ponstituting the basal unit of the Harmony Formation

" and rot the dppermost unit af the Walkem Faormation. The
.. Basal Reef in the walknm Gcldfzeld is divided intn the

- Basal and Etavn facies. On Bt, Helana Goid Mine the Basal
_fac;es_ia in  tuen :suhd;v;ded ntu,.thp ul;gomi:t.andf

 '¢éFbmn'fsaam3freé¥ f*?pes"whilét 'thé”"ﬁteyn”'facias is-

;'sﬁbﬁdivided  into  the polymict southern reef,. thétmixed f

reaf and the aran;ta resf,’ The Harmany Fnrmatiun alsa'l"'
contains the WMiddle Reefs which osecur  at varying
 stratigraphic intervals abave the Hasal Reef. Hath the

'_Middle Rewts of the Harmany Fmrmatinn and - the npe Réé?ﬁ:_
et the ﬁandmnk ?nrmatiun :unais* of discreta :hannelised
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nligam;ct nonglnmarates 1nnat9d at Qaryihg styatigkapﬁia .
elevatinna. o : : L _ _

. The Leadenaﬁeef at the base af the nagbreak Formatinn i :
| divided into the ﬂllgmmxct Alma fac;es, referrad to ag .
the Leader Raef, ‘and . the palymi:t Sedelia facies,- refar~ _
red to as khe Leader Reef Zonas. The Aandank’ Channel which .
"'ﬁtratlgraphically nverlies' the Léader and 8" . Reéfs ar :
 st. Helena Hold Mine is a multi-sta@e erﬁsive scnur—and-':'”
.ilel channeliseﬁ ﬁeatura, Tha nrientatinn and lmcakinn aof .
kb nandenk Chanhel,- 1n a broad hand acrass the saufhern

portion nf the kelkam Guldfield, 19 _an ';ndicatinn nf
tectanic“cnntral. R '

[

(’,

'T'ﬁn $t. Halan& Golﬁ m;ne Y the walkum {southarnj facies

the Eldgrade. Farmatinn is present and this ;s suhw

f*div;dad into the unaunfnrmzty“based Vg 1, V8 2-4 and V& 3

znnas._ The Eldaradn Farmation cnarsens-upward an St

. Helena ‘Gold Mine and. rapis facies &hanges  ccaur across '

'T the mina,. w;th cmnqlnmarate baing reflaced by argnite as
the daminant Tacies nf Cthe . Eldcradn Farmatian in dmstal‘
areaag_f o ' e ' :

Deposition of Hsrmany, Daﬁbreek, Spes Buna and, aandEnk

Farmation conglomerates and _arenxtes n:aurred fluvxally
n  the distal-'pmrt;an of a- bra;q—plain in unconfined

channals. ' The re-wurking of - pmlymict' canglamarates

resulted in the furmatiun cf al:gamiut cnnglumer&tes, and

the depnsit&mn of sand by traut;un cu#ranta resulited in =
traugh~ . and. planar.'crusshadded arenites. Swash-strati~

tfication during localised transgressions reaulted in the

formation of - horizontal laminations in the  Top of Reef

quartzita.1 Peﬁhly' afenites and massive wackes Eesulﬁéd

From masa—amplacament hy gravity«flww depusitiqn and
_argillitawdepaﬁitian u::uwred during perznds nf sti11~'

ELI

T



: tinunus quartz aran;tes.

=53§imen¥atlnn. The uplift wa

'}

:sfaﬁd. Extensive tranﬁgrassinns 'ara_ racnrded by tha

dépﬂsitzon of argillites abaove uncanfurmitywbaﬁed nan-_'“
- glomerates. The feposition of dismictites was a result of
--_episadxa maaﬁ—flnw muvemants. 3 transgressian resultaﬁ in

. the subaguecus -deposition o argillitag and diamictites
of the Aandenk Channel. Dephsition of the Eldqraﬂn'

- Farmat;mn mccurred subaerially‘qn an alxuvzal tan whi:h
i prugraded A% & fan delts iqma a marine snvironment.

 ﬁarina insursions reworked disﬂhl pnrtiana of the fah and
dapnsitaﬁ aligomict cnngzumejates and 1atﬁra11y mun~ :

.

-Angular uncanfurmitias along ithe western mar yin of tha

.wélkum Goldtield éndicata thit uplift  mc¢ur?ed'during
j apiﬁndzﬁ and occurered . in'_
discrete pulses hetwean ﬁeriuﬁa n* sad;mentat;nn CENoa
narruw lﬁoomﬂwzﬁ@ area wiih tha Lﬁtensity of uplz?t haing .
greater in the north then the sauth of St. Helena Gold
Mite. The intensity of tectpnic sctivity incressed with
time which reEsulited in a vertical decrease ini the tex-

tural Cand. minaralagical maturity of zediments and the

deposition of ganerally 'upward~nnarsening sad;mantaryr'
sequence. The uplift on St. Helena Gold Mine resulted
'frnm an  eagt-west orientated conpressional toctanic
regine and tha locus of tectonic activity moved prugre$s~-
ively inwards ﬂuwardb the basin nentre to give tha wffect
_nf a ahrinkimg basin. '

' Synaadimant&ry tectonics resulted un 'énmma1QQﬁ_thiukm

nesses  of  sediments and  the uplifted sediments wery .

' -re-wq*kad 'a sgurce. o f further weqimants. Synsadimentary

tacd dﬂlﬁﬁ calen resulted in tha wnuﬂ;t;an nf wackes at
 the Maddling quartzitm, the .autanitally disturbed
seuimauts a¥ the Middle Raefs and 2 " the sedimsniary

. fswiss  ahd _ sedimentary deformation in the  Aandenk

N e
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Ghannel., The formation. at uﬁ&anfurmifthased miigbmicé
cmnglumarates which cuntaah :gmld mineralisation regultad

Ty

from synmﬁeﬁ;mentary tectaniua. Increasad gold. graﬂes are |

related to nccurrances af garbon and rnund pyr;te in th9-
."cunqlcmerata matrix.;nj- ' :
_ The fq;ias diatributinm mf the Easal Reet mcmurring alung
. the  western ‘margin  on _St.' H@Iaua Gold Mipe has ne
'r@latibnShip to the ;préﬁent lﬂﬂdtiﬂﬁ of the: wastarn
‘margin fault. The recognition that deposition  of tha,

”5fBasa1 Reaf and nverlying unégnfarmitv~hased aannamicJJ*“ 

cnnglumeratas occurred ta' the west - of the pﬁesent*day;

'*~haﬁin marg;n uf the Qentral Hanid’ Brnup is impnrtant. The

"pasaibillhy exisﬁs that not all ef  the Wi%watersrand;'
; Supergrnup sedimantr 1~r1eq:n:1'z.ii:ad to the weam ot thei 
preaentwdayﬁ_ margin ‘have - been upliftaﬁ . and . erodad..
;Pot@nt;al for prasarved Easai Reat, . Leadar Resf and}

' peesibly "B"~ Reef sadiments . therafors @kists in areas. ty

“the smuth and west of Bt Helena Bnld Mirvg. The prg=-
aervatiun of sadimsnts cuuld ac:ur aithmr in a aynclinﬁp '
___51mi1ar e the western margin 5ynn1ine of gt, Helens Bold

| Mine or as a dowi-faulted block. -The orisntation of sush
A pregerved feature would b narth~smuth, parallaﬁ to the_;
prasent-day structures of the Welkom Guld?ield. -

Ke
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A R

Data 1nput and tha ganerat;ng nf isnpach maps ‘was ddne

'""uﬁmng 8 Paraanal Gq uiar and & Spraadshaet appliaatimn.~

- The isapaching package util;zeﬁ areatas h&gh resalutien
twn~ and - thraaw dimensiunal graphias by - :umputing a'{7' _
:regularly spaaad grid of data pnints frqm irragularly“-=35 S

apaced data._ camputerisad isap&ch annstructinn has the

auvantaga nf deto mtinq asnd. smnnthing largw irrsgularmtiem'
:; in thickn@ss at farmationg dug to faultmng,_ aﬂﬂ aise at
:j_be;nq unhiased‘ an inver 2 distaﬂca 'mathmd nf iniar*f;_;
ﬂ*_pﬁlatian«and an 1nvarae maighting power mf 2 tinvegxak”u“
"_diatanca squareuj was uaed, Tha -saarah mathnd ut&liﬁed
* the ten naarast‘JpaintE in aach quadrantacguplicate data 

pninta were aVEragad out ard @ grad size pf 25 ¥ Zﬁfﬁg

: within thm grmd talls.~ e s
T Ea
i Ca .. ‘-: . + H
- - .. B W ]
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: treated (data ﬂarmitting? to fnrm -Aa twu~d1mans£mna1__ o
_:cuntaur map o ﬁariable sale and canfigurations. The
LSontaue ',1nes waré* smauthed uaing ﬁplina intarpalatinn '
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The. summariea of aurface barehales ware - piuttad uaang a
 Fartran Iv camputer pwngram (Nccarthy, 1981) run on the
1BM mainframa of the Univarsity of  the witwatarsrand,_-
Jahann@zburg. Ihxﬁ pragram has subsequanqu been madified} :
‘ by Mr. A.B. Cadls and Dr. B T cairnmraas¢ Tha pragram55ﬁ..-'
'nfnvidae - graphic plot. nf stratigraph;c thmtknevs,' _
Jelevation, sedimentary structurs and grainsize data and .

aliqwsAqﬁmMEntg.tb_bg aﬁdaﬂw'minﬁut §f7ﬁqta are'hy;axphan

numefia'a codes, alphabetic unitﬁ' and 'numafaaa. Tha -;ﬁﬁ
lmcat;nn of all toreholes Ingged hava baen plmttad ;Fxg.-

o 6&) and tha aummarxsed lags ara praﬁentad heluw. LW

21
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