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ABSTRACT o S
ﬁ Beatrzx Mine is located 35 km aouth of the o:ty nf Walkom 1n "
 the Welkom Goldf;eld an& ag auah forms the most southerly of
' the Wztwaterarandmtype gold mines. - |
.i The Beatrix:ﬂeef averlxes an angular unconformity at the
.-'haae bf the Turffontein Subgroup, Gentral Ran& Group.
'_Slgniflcant, southerly truneation of over 500 m of th&
“ Johan?ngurg Subgroup, and tha lawer formatlons of the

Qf;Turffnntexn Suhgroup. occur at thla unounfarmlty in the

. '».h_

' '“Beatrzx area._'];

characteristzcs af the Beatrix Eeef canglomarates suﬂh asg

'q'k;thﬂ marphalogy. sortlng and Pack11g of qlasts, and the _5

'I;arrangement of the aedlménts in v&rzous aedlmantary

"fatructures and facxesfsequences, suggest deposltion within a'

J‘ o
';_bralded, fluvzal envirunment on a cagﬂseugrained brald—deltai

| Sedimentation nccur¢d after the fluv:al degradatmcn of

'previously depoalted un;ta, andrculminated in a marinef
’ _lacustrine transgresazon. Law aggradatiun rates 1ed to
'-slgnificant rBWQrklng and noneentratlon of, plaaer materials
; in a depoaitional mo&el probably typ1ca1 of Central Rand
'Graup placer formatrbn.-ﬂeavy mlnerala {and goldj ‘are
fuoncentratad in response to hydraul;c condrtlons and show a
_close assoa:ation wzth 1arge and small Boale sedlmentary
'featurea. Transport directions deduoed from the. sedmmentary
" atructures auggest a nozth ta aouth dlsparsal of sediment
'down the braid plain. |

Sadlmentary structures in the finax graaned units at the

L]



hase of the. Eldaradc Formation are 1ndlcat1ve of tldal
J _ 1nfluencaa and document the marine transgresszan as the
. oculminat:.on of the degradﬂtlonal évants;
The lithalagy, se&xmentary atructuvea and faciea sequences"'
'J',of the caarser graxned unzts af the Eldcradc Farmatian, a&.
f;}well as tha overall coaraanzng upward of theae lithologxes\
'ﬁlndrcate sedlmantatlan in 8 braided, fluvi&l aystem on an _:-
 &11uvfh1 fan progradlng acrnss the previously depaaxte&
_nn;ta, Sedimentary structures and llthalogxc varxatzona -
.:-cgnflrm.a oontﬁnued north tP south dlspersal pattern. |
1 In the aréa&snuth of the San& yer the perznd of fluvial

’;_d&gradatiun and transgresaion after the formatlan of the *

'Beatrix Reef waa fbllowed by mﬁra rapidly aggradzng fiuvial"

_,;prugradatlon due t a maaar change in bass level in response ot

to oompresslbnal teetonlcs and upllft alnng the Weat&&n o

o Marg;n Structure- Onky 1n pnst~Central Rand Group txmes did
relaxatinn and extensional tectonzas resuit in the )

;outpourings of the Ventersdorp Supergroup lavas and the _

f?'fcessaézon uf aot1ve Wltwatersrand Supergroup sedimentation._
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1 INTRODUCTION

1'1 LOCATION - 13 :.;_-: - S
Baatrxx Mine is located in an area of rolllng grasalanda soume
-&5 km south of Welkom and 25 km south of Vlrglnia in the Orange
” Free State, and is the most southerly of tha Wltwatersrand-type '
. gold mines (Flg 1), The topography of the aresa has an average
_elevatlon of 1380 m above gea. level and is underlaln by a thiek
'  equence of flat 1y1ng Karoo sedimenta which overlle the

: under1ying Archaep Wltwaterarand enid Ventersdorp Supergroups.

The Mine 1is locpted on the sauthweatern ‘margin of the

‘Witwaté&arand Basln B8, 1b is presently known, some 340 km ':’

’ . BN ] o

iaﬁuthwest of Joha?neshurg (Fig. 1. ' '

.. : e !" : : . : ..rl,;;,‘-
S £

S 1.2 GENERAL GEG#OGIGAL SETTING - I
g i

W
il

. The Wztwatersrand Supergrnup conslsts1almost entlrely of

;?olastzc, sedlmentjry deposita preservgd in strunturally
'idownwarped or downfaulted parts of an. extensive basin that
"extends from Johanheaburg for some 340 km to south of Welkom in
the southwest (Fig. *).tIt overlies and cnlaps both the Dominion
HGroup and the granite—gneias and greenstona terrain of the Kaap
':Vaal craton (Tankard et al., 198?), and is | overlaln by basaltxc
-31avaa and metasediments-af_the Ventersdorp-Supe:group.(Tankard;etfg
- al,, 1982). .. :J - . - .

' The age of the Witwatersrand Supergroup has been constraxned by

‘the reeent dating of zlrcons by 1on-m1croprobe analysis

' (Armstrong et al,, 1986, Armstrong et al., 1989) with a maxzmum

'3'ase uf 3080 Ma for underlying Dominion Group lavaa and 2708 Ma
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' FIGURE 1: PLAN SHOWING THE LOCATION OF
” . BEATRIX MINE IN THE O.F.8. GOLDFIELD



for'overiying Ventersdorp Suﬁérgroup lavas.-Ths maximum age has
been further constzumned at 2894 Ma bw U-rPb ages on aingle, o
-detrltal alrcon gralns from conglomerates wzthin the |
"Wituatersx-and sediments | {Robb et al., 1989),

o The Witwatersrand Supeﬁgroup farms an overall coaraeningwupward
sedlmentary sequence and 13 subdxv;ded into a 1over, Hest Rand |
Group uampr151ng an arglllaceous to arenaaenua sequenoe {5 km

__thick), whlch is overlaxn by the upper, Cenﬁral Rand Group, an

arenaeeoua to rudaceous sequence (3 km thlck). Most of tha gold

productlon (about 618 tlannum) 15 derlved from conglomer&tes of
the Central Rand Group. | “ _
in?_&bquﬁ 10% of the Cenﬁrdl'Rand_Groupfoﬁtcrdpéi'the”reat"

béing.ccncéaled by ybtnger'Proteroébie énd Phaherﬁzoiéjcdveﬁ '
rocks._Iu the Welkom area all the Witwatersrand Supergroup

’ sediments and the Ventersdorp Superggoup are overlaln by a th1ck

'succesaion (300 - 500 m) uf Permo—TrlaBSLQ-aged sedznents of the 

__Karno Sequence. All dEductlons on the geology of tha area are

- thus based on borehole data and underground expasures. :

The Beatr1x Reef is aituated on Aan uncanformlty aurface w;thln

sedimunts of the upper part of the Central Rand Group. In the .

area south of the Sand River the Gentral Rand Grnur iz subdivided

into the Johannesburg Subgroup and the 0verly=ng Tu rffontexn
 :Suhgroup at the . pos:tlon of the Beatrlx Reef. .
?oat_Transvaal_teotonlca_in the.northqrp parts of the
_ Wiaﬁateréiénd basin are:ﬁsuﬁliy reflﬁétad ih'the formation of '
braad folda, bedding parallel faulta and 1ow angle cleavage
”ftﬁaﬁarthy et 31., 1986 ), but are not ev;dent or obvaoua in the

&reas south of the Eand Rlver where the Archaen rocks afe unly :

5 Ei
1‘._ \..'




: overlazn by the Perma Triaaglc aged Karoo Sequence. cher :
.Proterozolo aged. deposits are not developed or preserved
Tﬁe sﬁructure of the Archaen rocks in tha area south of the
Sand Rlier is dom;nated by overturned strata and thrust faultlng -
_associateé wzth the'“Western Margin Structure along the western
B margln of" the Wltwatersrand basxn at Bezsa Hine, and documents
:mador east-west compression. Throughout the Wltwaterarand Basin _
compressional tectonics were dominant, at 1eaat dnring late
:Central Rand Group tlmes (011vier,1965, Minter et al., 1986 Y. An
'extensioﬁal reglme pravalled durlﬂg Ventersdarp times glving rlse.
_to the formation of normal and ‘wrench faulta (Btanlatreet et
al\,1sas Myers et al., 1989}. 1n the area south of the Sand
River the Klippan Formation (Venteradorp Supergroup) |
._sedlmentatlon, associated w1th m&aar normal f&ult scsrps, dates
'.thls exten31on as pre Platberg. This pre—Plabberg exten31on |
' results in nnrthmsogth trend1ng noymal faults with both east end
west downthrow and is the dominant fault pattern in this part of
the baain.;?u | | | | | | | | |
Wlnter (1987) has propnsed a foreland basln plate tEOtonlc
model for the development of the Witwaterarand Baaln. Clendenin |
et al. (1988) have suggested that oblique collision of the |
. Zimbabwe and Kaapvaal cratona-resulted in low angle subductlon'of
the Zimbabwe Graton and the development of a sermes of
auceeaaor" bas;ns on tha Kaapvaal craton of - which the
)  Witwatersrand and Venteradorp baalns form part of the succesaion._
‘Bither of the plate teatonlc mndela propesed by these autnors
"fit_theﬂavai;ablg ev;dencg fram_the Weiknm.aoldfield.

A
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Recent studles of WxtWatersrand meta—pe%ites by Philllps (1986,
1987) have demonstrated reginnally peralatent greensohmat faoiea
metamorphlsm of 2 Kbar and 3509 > thrnughout the Wmtwaterarand |
basin. Phillips (1987, 1988) and Law. (1990), in these studlea,.
.suggeat that gold and uranlum m;nerallsatlon in the Wztwatersrand
.13 due to hydrothermal alteratlon and the channellxng of the_
: hydrothermal fluids along Banglomeratlc horlzons. ‘The
hydrothermal alteratxnn/modifimatlon of or1g1nal placer m;nerai
f-assemblageg-dur;ﬁg this metamorphlsm forms goldaand uran;um_arg

'deﬁnsiﬁs and the pervasive greeﬁachist fhéiesfmetamorphic_

. .character.

[
[

1 3 HISTORY OF EXPLORATION _ _
Two factors cantrlbuted to an intensification af exploratzon 

aetivity durlng the 1930’5 in thls part of the Orange Free State, 
: far removed rrom the then known galdflelda Flrstly, the '
abandonment of the gold standard in 1932-1ed to an
intensificatlon of exploration throughout all areas of the
Wltwatersrand. uecond, was the success of the Aandenk borehole,.
drilled by Allen Rabegks of Witwatessrand Extensions ‘hear Loraine
durlng th& period 1933 to 1935 in 1ocat1ng Central Rand Group
sedimﬂnta below the Karoo Sequence cover., The main areas of
exploration act1v1ty were centared around, and to the north of
"Odenda&larus (Flg. 1) where outcropping conglomerates (of the
Ventersdorp Supergroup) provided the 1n1t1al foous of ) ;
'exploration. Wzth t:me the area of éxplorat%uf exte?ded south to
the Sand River. In July 1938 Weatern Holdﬁpgs ﬂmd, {Union

COrporation Ltd ) cammenced eaplnration of a 1;§ga Qhock of



5grcund extendlng some 18 km - south of the Sand Rlver (TWeedle,

5f’1984)‘ Geophysmca& 1nVest1gationB revealed B north-south trending o

i*"heavy" magnetic body in the west, flanked to the east by a
laghter, non-magnetic body and a heavier, non-magnetic body.

These had been 1nterpreted to be West Rand Group shales in the

© west flanked-ln the'east by shallow, Central Rand Group sedlmenté -

and Ventersdorp lavaa (Frost et al., 1948) Bdrehole'SHl on ﬁhé'”
' farm st Helena commenced drxlllng in February 1938 to prove this
l'hypotheszs and WeS 5uccessfu1 in locatlng quartzltes and payable
_  go1d bearlng canglomerates at moderate depths below the Karoo
?_Sequenoea Boreho]e UC 27 drilled 1n 1947 on the farm Palmletkull
:;Eome 12 km g{ Lh of the Sand Rlver near ‘the sonthern limit af the
'Gnicn Corpcratzon Ltd. holdlnga, penetrated through Karoa _
 sed1mentw‘and Venterﬁdorp lavas into eonglomer&tes at a depth of.
:' 1062 e Thls borehale confirmed that shallow lying eentral Rand

E]Graup strata extended well aouth of the Sand.Rlver at moderate _

_ depths;bglow.the Karco and Ventersdorp rocka. A 24 on ollgomlctle '

_conglémerate ste depth of 1729 m in Borehole UC 27 returned minor

"'Igbld Qalues but its cérfelatidn'with.the.then'khohn.reef.
:-.sequﬁnces of tﬂa “new".galdfleld around 8t Helena and north of
the Sand River wag, unélear. By ‘mid 1945 a major unconformity at
'&the base of the "Yenteradorp Lower Sedlmenta" (Eldorado
Formation) w&s recognlaed and a stratigraphlc ‘zonation of these
_';sedxments was\proposed (McKeown, 1944 McKeuwn, 194633 MoKeown,
'ﬂ194sb)- | o o o
By 1950 same 14 hareholea had been drilled in the area south of
the Sand R1Ver (F1g. 2), but no payable gﬁld depaslts were found.

":It was thus concludad that if aurlferous oonglomerates oocurred
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 in:£he'area they'ﬁerejﬁelow_the tﬁényaédnomic-mining'dépth'of_'"

- 1500 m. Hd further drilling wag therefbre justified snd the

. optlon holdlngs in the area south of the Sand Rlver wers

abandnned (Tweedie, 1984)

Mining operat1ona in the western areas af St Helena Mlne &uring

relatlonshlps and the structure along the Western mangln of the

:goldfield. This prompted Moubray {1965) ta suggest a éu '

exam;nation of_the_area south of the Sand River to investlgate"_

the Méin Reef (A&aﬁﬁay or Beisza Reef) and ﬁhe “Uheurrelated" Reef

.of ve 27 Baaed on Moubray’s (1965) recommendatzons, drilling in

the. ares’ recommenced in 1869 after eufficient ground had heen

seoured.

In the period 1973 to 1980 dr;llxng was concentrated in the

.Beisa Mine area, but alao.tewaras-the southeaat.of Beisa where

1nteresting gald values were being obtained in the UC 27 Reef,

‘. {the uncorrelated“_reef of Borehole uc: 273

'“_thase depoalts‘ Extun (1395) in his inaugural address to the

known as the Beatrzx Reef. i_-”

&

i

'By_1980_an economia, aurlferous congIDMerate_at'thé base of the
' Eldorado Furmﬁtion hed been proved in the area 14 km to the 
_'snutheast of Beiga Mine, an&5ahaft sinking for Beatrix Mine

 commenﬂed here in April 19&1 The reef mlned became colloqulally

k

_

1.4 anvzouw WORK ” _ .
| : -.ll" - _
*ﬂ Slnce the discovery of the ﬁitwaterarand Goldflelds in 1886

cantrovaray haa raged as to the origxn and mode of formah:on of

Gealogieal Society nf South &frica, noted that cand® tha

the early 1960’3 gave a8 better understandlng of the stratlgraphia o



'_proﬁaoility.that th; gold4heafiﬁg‘cooglomerate hos-béen_laiﬁ'down B
by an aqueous medlum becomes more probable" RRARRY and since that
'time the faot that the economlc mlneralisation in the
W;twatersrand Basin was hosted in olastlo sedlments haa not been
in dlapute The orlgln of the gold and 1ts mode of depositlon has
- however not been fully resolved even to this day (Pretor:us,
_1989) _ : o _ o L _
The work of Relneoke (19?7,:;930).on tho "ﬁa&ﬁtreaks" of the.Egst
‘Rand Goldfield was one of the first to. document the intimate
Rrelation of the gold to sedlmentary features. His work
111ustrated the value of.sedlmentology in understandlng the mode
of formatzon of the Wltwatersrand.reefs. It,ﬁgs only after the |

__wofk.of.sﬁéyn-(Iﬁﬁajzin the ear1f 1960’s howevor.that'sYstoﬁafio

QEdiméntoiogiool'invegtigations wére oorried.out_in tgying to.

- reoolve tho ofigin'of the réefs._The depoaitionai enviﬁohments:
'oommonly 1nterpreted for the Wltwatersrand sedlmenta are tldal -
'marlne for the West Rand Group (Erlksson et al., 1981) and

.alluv1a1 and fluvial for much of the Central Rand Groaup (Mlnter,
1978), although reoent research auggests s;gniflcant marine
influence .in the formatlon of reefs even in the Central Rand

 Group (eg. Baxley et al., 1990 Verrezen, 198?) - _

The modlfled plaoer modei is one of the more popular theories on

:.the gene81s of the Wltwatersrand goldmbearlng reefs and suggests S
-that gold, uranium and pyrite were deposited as detrital grains

wlth the sedlments and concentrated by hydraullo processes to

' _form palaeoplaoers whioh were later modified by in-situ

':areorystallzsation (Pnetorius, 1978, 1981 an& Minter, 1978, 1987)»

L o :-:J
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;A revival of the hydrothermal theory (Phllllps Pt al., 1937‘

':'Phllllps and Myers, 1989) suggﬂsts that gold was precipitated

'  from metamorphic flu1ds, and Phill1ps and Myers (1989) contend °
that preczpitatian was by sexeotive, engenetxc replaoement of
.iron &nd carbon bearlng phaSes accumulated-pzeferentially 1n
response to sedlmantary processes. The model would thus aeaoﬂnt
for the close relationship of gold to sedxmentary features. In
all models on the genesls ‘of the gold-bearing conglomeratea the
¢lose relatlonahip between gold d1str1but16n and sedimentary _
structures is not5in dlspute,.and_sedimentologlcgl 1nvest1gations
are thus fundamen%alito the_uhdefstaﬁding of the.Witwatefsrand X
reefs. ) | -*%” | -
Early. publieation;fon the geology of the Welkom GOldflEld were
_1argely descrlptzve {eg Borahers and White, 1843, Baines, 1949,
'Coetzee,_lﬁ&ﬁ and ﬂlnter, 1954a and 1964b) and the geology of the.
Wéikoh Gdldfiel& iz sumﬁarlsed in the Geologlcal Soclety 8
Miheral.néposits voiume_{Minter et élf, 1936)._I£.was ohlx'in.thé
- 1980’'s howévef th## sedimentolpgiq $nd geﬁetig studies-oﬁ_the |
réef zones of thé Welkbm“Gbldfield became more prevalént in the
Iiterature (eg. Buck. 1983, Klngaley, 1984 and 1987 ‘Minter et
al., 1988). |

'BéCausé fhe BEéﬁrix'Reef'has oﬁly'réeently béen diécbvéred and
exploited, the only llterature dealing with this reef is in _ _ |
 oonf1dent1a1 company records. |
Mlnter et al. (1989) Garrled dut sediméntoldgicﬁl'and- ?“w
_minéréldgical in?estigations of ihe congibmefatea at the basehof_.

the Eldorado Formatinn (upper parts ‘of the Central Rand Group) |

-intersected in explaratzon boreholes ‘south of“the Sand Rlver.
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 They qdhcluded'thatuflﬂvial ﬁnd'debrié lew sedimenté'oﬁ{%he_
Eldoradé pﬁlﬁeosurface_containéplacer cbncentrates'derivéﬁ'by the'3-
repe&ted'efosiqn-of Bubcrapping piaceré.(ﬂinteg et al;,%fyss}.: .
Kingsley (1987) in his détailed study of the Eldorado Pormation
in the Welkomﬁﬂoldfielg-ékten&ed'hia-study'to covér the:area '
immediately acuth of the Sand River. He’postﬁlate&'thaﬁ fhe:._'
.Eldorada Farmatlnn gravels and gands were dep031ted from west to
'east as allnvlal fans and then redlstributed longltudlnally as -
: gravel and sand. bars on a broad braid plaln dawn a southeastward
‘palaeoslope (Klngsley, 1937). Althuugh the same model for
depﬂsltlon of the Eldorado Formatlon and the reef in the Beatrix.
_Hine ares would apply,_no:menticn_of the Beatrlx Reef or gold-
| Beariﬁg con§1om§ratéa}dt'thé.base'of the_Eidorgdo Fofma£ion3ﬁas'

made by Kingsley.

1.5 AIM OF THE STUDY AND MRTHODOLOGY
The aim of £his study is, by means of a detailed

sédi@entdlﬁgieal investigatiﬁn, to;deterﬁine.thé |
palaeoehvifonment;of deposgition of the Beatrix.Réef,.its. |
-correlatidn wi£h the_stratigraphid'seQuenbes of the rest of the-
brangé Free Sféte Goldfield'and its re1ationship.ta'the overlying
_ Eldorgdﬁ'Forﬁgtion.'In additio;_this_invgstigation &etermiﬁéé the
tepfbno«sé&iment;fy.oéntrols_on thélfcf;ation of the Beaﬁfix_neef.
as a possibie'mddel.for Witwéters;and rEEf:formétion..-' |

The ‘data base from Whlch deduetlons ara made was cbllected by
: the aumhnr during sedimentolngzcal 1nvest1gat1ons as part of the
fﬁgﬁtine geological work on Beatrix Mine where some 3 8 million |

_square metres of the Beatr:x Reef have been exposed durlng mlnzng
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| bp.era:‘fi-i.“\;ma;'.'ﬁata? were --éolilecte'd'-:’nainly. from the detailed
' genloglcal mapplﬁg utzthe reef exposed on the face of salected
stope panels. tncluded in the datmhase are the results from 230
prospect bgreholes drllled from the undergruund devalopment on -
Beatrix Miﬁe.duriﬂg'the.rbutine_evalugtiqﬁ of the raéf. Facies='
aﬂalysis wﬁé carried'but to detérm{ne depositianal-énvirbnmentéff
The data from undergrnund are aupplemented hy the 1nformation
' from expioratian boreholes driiled in the area south of the Sand
.' R1VBr- Thls data was used to conaﬁ,uet 1sopach naps and together _
- w1th palaeo??rrent data was used in the determlnatlon of | B
-, _

'-syntectonla basln evolutlon. : ' " - R

o

e ke s b e k8 b o o
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2 STRATIGRAPHY OF THE wrwwnwunsnaun SUPERGRCUP IN THE nnarﬁhx"'
 AREA AHB THE' WELKOM GOLDFIELD BOUTH OF TH&,SAND RIVER

2,1 INTRODUCTION G |
~ The Welkom Goldfield and the area south of the Sand Rlver
' {F1g. 1) is underlaln by a th:ek cover of Karoo Sequence rocka :

Jr

‘which over}ie the {?f~r Ventersdorp and Wltwatersrand _

St

Supergroupa, All deduetlons and 1nterpretatlons on the: geolagy ox

.the area are thus h;sed on borehole data. _"1 - 2.' i
L. The sub—Karon gealogy in the area south of the Sand River 13_
:deduced frcm the exploratlon bareholes (Flg. 3), and the f'.
:stratigraphlc zonatlon and nomenclature in use at Beatrix Mine is
.summariaed in Figure 4. T |

Weat Band Group rociks overlle the Archaen basement llthulogles

in the ‘area south of the sand Rlver where they suboutcrbp along
the western margin of the Witwatersrand b391nY brought oloser to'
'Jsurface by the . overturn of ‘the Western Marginnsgruature.__

The bentral Rand Group, overlylng the West Rand . Group, varles
from 1000 m thlck in the Beatrix Mine ares to over 2015 m thlck '
.'1n +he Welkom Goldfield. Thls change in stratmgraphlc thlckness

is due to truncatlon of parts of the Johannesburg Subgroup {1ower
fparta of the Central Rand Gruup) by onlapping unoﬁnfarmitles |
towards the south‘ ~_.' | v ) L

Lavaa and sedimenﬁs of the Vantersdorp Supergroup overlle the
'Witwatersrand strata and thelr orcurrenee an& th:ckness 13

largely controlled by the tectanma atruqfure of«the ares and by

' pre—Karao eraﬁion. y :
".

' The Witwatersrand éupergroup and the Ventersdorp Supergroup are
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'overlamn by Karon Sequence sed:menta. |

S;nce the first interaections of Wltwatersrand strata in
boreholes in the Grange Frge State in the 1ate 1930’3, attempta
'were made to subdlvide the intersected rock saquances 1nta :
recognisable units, chlefly-as an aid to stratigraphlc |
.gcorreiation._Early stratzgraphic zonins was naturally

-desorlptlve, based on vxsually 1dent1flab1e varlationg in

.physical characterlatles such ag lithology, grain size,“colouf '
" and matr;x content. This deaerlptzve zonation was then aocurded
rank names 51m11ar to the’ chronaatatigraphic terminology -
prevalent at the tame.(le. Syatem, Series, Stage)

Borchera and Whlte (1943) were among the first workers to write 5

" on the stratigraphy of the new Orange Free State Goldfxeld, and

their subdivisinn-used many of the n&mes and terms in use at the

| _Klérkédorb-ﬁoldfield at the time. Froét'ét al. 11948) in their

- paper on the Orange Free . State Goldfleld recognlaed that

| correlations with other goldfielda were, tentative, and 1ntroduoed
the terms gy, Helena Serles ’ "Leader Ree£" and “Basal Reef™ to
deserlbe parts of the succession and reefa of the Wellkou |
-Goldfield Furthar deVelopment of though?s on the stratigraphlc
 zon1ng Qf the Orange Free State Qoldfleld are aummarlaed by
Goetzee (LBGO), whc proposed a schenme of terminology and
__correlatlon widely used at ‘the tlme. '

By the late 1960’% and . early IQ?Q'S 1t was reallsed that
fretainlng chronoatratigr&phie nomenalature fnr 11tholag1cal unlts
jwas incorrect Subsequently the stratxgraphzc desoript1on is '

_'paggﬁ~on & 1ithuatrat1graphig_nlaaa;ficaﬁion‘formalised by |
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8.A.C, S. (1930). This replaced the tradltzonal scheme 1n which
chrcnostratlgraphzc terms (System, Serles,_Stage) ‘ave applied to.
llthOIOglcal unlts.-New names were proposed for ‘many wf the unats
"‘1n the Orange Free State Goldfield in keenlng Wlth the new
nemenclature, and thia termznolagy is in use today {eg..Mznter et.
.1a1., 1986), and ts uaed in this study. | L ' -
Winter {1984) haa suggested that in Witwatersrand strat1graphic
lgzanlng, more uae shauld be made of tectomo—stratigraphlc unlts
.fwhlch, by &efinition, are’“unconformlty-boun&ed units of
'_Tgenet1ca11y related aequencé of sedlmentation S ,_t in ﬁhicﬁ

tectanlo control and depositional response can be rﬁlated..

- Most of the formatiana in the southern urangp Free State

 601dfie1d are unconfarmlty—bnunded units of ’genetically*related’
'strata and could. thus be classlfied 1n terms of tectcno- |
' -strat:graphzc units (Winter, 1984), ‘or as Synthems 88 proposed by'
“the Internatlonal Subcomm1351on on Stratlgraphic 013331flcat10n
< (T, S 5. C ] and: dlsoussed by Johnaon and Rust, (1988). in terms of
ﬁ:the I.8. S C. proposals the Baatrlx Reef would be consldered a

Miosynthem - Mg relatively 1oca1 and mlnor unconfdrmlty-bnunded

-:unlt situated W1thin & Synthem" IJohnson ‘and Rust, 3933).

As per the recommendations of Johnson and Ru:t, (1988) the
}ithastratlgranhic subd1V151cn of tha Wltwatersrand ﬂupergroup
 ;13 A.C.8,, 1980} is- retained for all discussxon on the
"_stratigraphy thh;p the aeuthern Orange Free State Goldfield and

Beatrlx Mane area._
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2.2 THR WITWATERSRAND SUPERGROUP WITH SPECIAL REFERENCE TO THE
- CENTRAL QAW.GEOUP | B I
Very early qorfe_latid‘né of the Hitwate’rsra_ﬁd atrata :

inter’sécted 111 the Orange Free _Sf.;_ate Goidf‘iél& E -(Borchers_an_d |

Whité, 1943) placéd the!“Ventersdorp Sedimenﬁs“ (ﬁpper part of:"

the Central Rand Grcup.{or Eldoraéo Formation) as part of the |

Ventersdorp Supergroup because of the slmllarlty of the Eldorado

'Formatlon conglomerates to the Platberg agglomerates.

Mckeown (1945&) wnrklng 1n the Welkom Goldfleld auggested that
the “Ventersdorp Sediments“ and the underlying reefs of the "St
Helena Series" were conformahle viea since the sucoesszon is -
'uaually-complete 1n-proceeding from the Ventersdnrp Sediments ta '
the Reef Hbrizon.“ The base of the "Venteradorp Syatem“ waa then
placed at a dlstinctzve whlte quartz pebble conglomerate (V.s. 59)
due to i ..'.."the marked c“tange in sedlmentatlon at this pou;t "
’McKeown, 19458). -, | ”

Balnes {1949) hOWever, 1ncluded all beds between the
Véntersdorﬂ Lower lavas and the- Reef Zone in the "Upper D1V131un
of  the Witwatersrand". Thls upper limit to the-W;twatersrand
Superéroup.ﬁﬁs aoepted by all subsequent workera (Eg. coetzee,
1980; S.A.C.8., 1980; Minter et al., 1986) .
| The Wztwateﬁprand Supergroup in the Welkom Goldfield has, as
per. canVentlon, been BHbleldBd into the West Rand Group anduthe o
Gentral Rand Gro&§ (Fig. 4). Only the upper parts af the Weat B
Rand Group (viz. the Jéﬁpestown Bubgroup} haye been inte aﬁcted
.in boreholes, predominantIW along  the ‘Hestern Margin ﬁtructure at’
Beisa Minél}ﬁig..s),_and rel%tlvelyzlit$le is known of #hé

'fnrmé%ibnﬁzcomprising thig'Gﬁ?up. On Beﬁtrix.ﬁiné §n1y é-few'§f
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I'the ear1y éxplofatibh boféhdies'Wére_éxtended-tq the base of the

Ceﬁfral'Rand Group to'iﬁtefSect the Adé«May (Beiaa) Reef, and in

these only the top 50 m of the West Rand Group Wwas 1ntersected.

.-cgnsqguently, the ﬁest Rand Group stratlgraphy ia not rev1eﬂed.__

The Central Rand Group is about 1000 o thlck 1n the Beatrix

_area_oompared.n1th 2015 m in.the.Welkom-Goldfleld, gnd 2865-m,1&-.

the-tyﬁé aéctioh around Johanneshurg (Brock and Pretorius, 1964)

” Balnas (1949), commentlng on the rook units at the base of the

agglbmerateutype Ventersdarp Sedxmenta" intersected in borehole.

VDH 1 1n the Lora1ne area, concluded that a break oecurs at the

.base of this sequenne and th&t uncorrelated beds 1n Borehole VDHI

“had been ero&ed elaewhere 1n the- Galdfleld. He alao recognlsed

'that in the Sand River area to the west of Merriespruzt Mlne -

-_n&w reef, tentatlvely called the “B" Reef, resting on an

unconformity ‘had removed the Basgl-Reef:and the Leader Reef .

(ﬂaihea, 1949){'?319 premise was exp&n&éd by Pritchard~Dﬁvies and:'

- Moubray (1§51) who suggested that aouth of the Sand Rlver the “St

_Helena Series reef zones" {Basal and Leader Reefa) had been

. truncatad by thla unconformity at the hase of the "B“ Reef.

_ Futhermore, the uncorrelated reef in borehnle Uc 27 lcf. Sectlon

_1 31 was- therafnre not part af the “St Helena Serles Reef Zunea“,-'

_-but was probahly part oﬁ the fuatwall farmatmuns (Prztehsrdm;n

'Davies and Houbrsy, 1951}.

a

By the early 1950’5 it waa re¢ognised that aouth of the Band -

: River the Leader and Basal Reefa had heen trunnated by a maaor

{)

' 'unnanformity a} tha base uf the "B“ Reef, and that a aignificant |

35 break alaa oacurred at the base of the “Venteredorp Sediments";'

.w'].. L
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The unconformity at the base of the “B” Reefﬁw&s used hy Balnea
(1949} to separate the “MainuBlrd Ser;ea from %he overlying |
"Elsburg Ser1es" in hla subdivzslon of the upper part’ of the
_._Wltwa.tersrand stratlgraphy. Later workers {Coetz/ee, 1960) alsa
3 dlvxded the “Klmberlay—Elsburg Series" from the "Maln—Bird
'.Series" at the "B" Reef s ‘but the meberlawalsbu‘“g Se'ries was
""further subdivided into a “Klmberley Stage“ and. an “Elshurg
:Stage at the unconformlty at the base of the Venters&ovp
- Sedlments' . | . . . -. ) . R
. The unconfnrmity at the base of the "B" Eaef 1: now taken as the -
jatratig:;phlc posltxon at whleh the Cenﬁral RandYGroup is ' h

'subﬂzvided inta the Jahannesburg Suhgraup and the overiylng

f ;Tur£fnntein Suhgraup (S A C,S., 198&, Hxnter et alx, 1986), whlch Lo

;.i;wnuld ﬂorrelhte with the MainhBird snd Klmherley-Blaburg Serles
 1_0£ pra#znus wnrkers.:“ | _-K | | '
suanasaive, overléﬁp;ng uncanfnrmitiea due to repaated uplift
:  aaud’enosian of the rncks, ﬂocument an unconfarmable cnlapplng of
_formatzous of the Central Rand Grdup and the trunc&tlon of much
of the aahamesburg Su‘bgroup (Figs. 5a and b) (Tenkard et sl.,
1982} in the area south of the Sand River. Thia accounts for the S
;change in Ceﬁ%ral Rand Group stratigraphin th1ekneda from 2015 m
lat Wéik;ﬁ to 1000 m at Beatrix Mine in the :outh. Thesa onlapping'
:unconﬁormltles result in su¢mesalve1y younger formatxona of the
Turffontemﬁxﬂubgrcup overlylﬁg suceess1vely older fbrmatzans of
'the Johannes@urg subgraup to the south in the area -cuﬁh of the

Ban& River (F%g. 5b)

The Jahanneaﬁprg Subgrcup as repreaented only hy the lower ﬂ

':: farmatiaas (vxa. The Virginia Formation and the St Heléna
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Fefmeiioe)fih the Beatrix Mine area {Fig;.ﬁ}.eThe uﬁper'peEta_of
the St Helena Formation (320 m), the Welkom -Fofg:‘at,ien (240 m) and
tﬁe ﬂermanfeandebagbreek Formations (165 m)'ere remeved_threughe
erosien (Fig. B). 'Fer~thistreasen:the uppéf febﬁeti§n$ of-the'
Johannesburg Subgroup Ere nat rev:ewed. ' | : o

In the Beatrlx Mine . ares the Turffontein Subgreup is
represented 1argely by the Eldorado Formation. Remnants of the
Aandenk Formatxon occur below the Beatrlx Reef and tbe Elderade
Fermatlon in the northeastern parts of the Beatrlx Mlne Lease,_
and in aresag to the nerth ef the mine (Flg. 7) The lower
formations ef the Turf?ontein Subgreup (Spes Bona and Aandenk
Format1ona) are truncated by .the uneonfermities at the base ef
the Aandenk and Eldorado Farmatienl reapeetzvely {Figa. 5 and 7).

In the Welkom Geldfleld eouth of the Sand River the Eldorade . |

Fermat1on and ﬁhe Virginia Fermatian are further githdivided 1ntne

a. number of Members_baeed on llthﬂlﬁglcal varlatzons (Fig. 8)

. 2 3  THE VIRGINIA FORMATION (JOHANHESBURG SUBGROUP)

| _ Early workers in the Orenge Free State Goldfield (Borchers f
end White, 1943"Froet et al., 1946) referred +to all the rock |
units below ehe Basal.Reef ae the'"Speckled Quartzzte Foatw&ll
Bede“, Winﬁer (195?) was the firet tao fermaliee a eubdivision of
these footwall unlts into “Uppe: "y “Middle - and\“Lower -
Footwall Beds . The “Lower Feetwall.Bede“ were divided into an
1, F. 2 Zene“ and en overly;ng "L F. 1 Zone" (Winter, 1957) .

the Orange Free state Gel&fleld developed, ;n& vidual mining
ﬁroupa devleed thelr ewn eehemes of eubd1ﬁ1slen of the “Feetwell
Suecessxon", but the propqaale of Wlnter (1957) were largely

B
. N 3 -
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;'retalned. With the formalisatlon of . the lithostratmgraphxo |
;wqgmenclature.by 3.4, C Su (198&3 the names . V:rglnia Formatlon, st
A /ma Format;on and welkom Formatlon were 1ntroduced for the
nf'Loﬁer =" "Middle =" sn& “Upper - Foatwall Beds” respeatlvaly.'
:Thq qubdlvlsion of the "Lower”qutwall Beds" was.sgbsgqugntly
refiﬁed,'aﬁd'éik,'1nfbfmai?ﬁﬁitﬁ.cﬁn Be.recqgnisgd;(ﬁinier et
'ai., 19%6). Thé upper pafts of the Virgihia Fofmatibh are'eroded_.
and truncated by the the unconform;ty at the base of “the Beatrlx.
..Reef over mud of the Beatrlx Mine lease areg. . _Ji'sh

The subd1v1aion into the six, informal unlts whlch conat:tute
‘the Virglnia Formation 19 basad of llthologzo varlatlons. The
”unita have bean 1abelled L,F,il_tG-L.F'_S in 1n9reaalnqurderﬁ

| with depth (Fig. 8), and are desoribed from the base upwards. -

The L F 3 13 the 1owermost unit of the Virginla Formatlon. Th&'
| change_frum the undérlying, finer grained, Jeppestown Subgroup

_ areniﬁe; 2% thé base is transitional and coarséns upward 1ﬁta .
coarseégralneu arenite*w1th scattered small pehble layers; The

firat pebble layer mineralised with uranlum and traces of gcld

=1Ada—May or Beisa Reef} is taken ag the base of the Vzrglnla

.

' Format1on (Mznter et al.. 1986) The L.F. 6 coarsens upward for
i150 m abnve the Adawﬂay Reef ta thin, smal]\pebble lag layers andﬂ
lithie arenxtes. The upper 10 m of the L F.6 fine upwards and )
;}aecome less pebbly, and the top y&rt is domxnated by 1}F~rbedded
shale. ang siltstone. The appearance of Bhale he&s marks“the

’ : ) e

traﬁsitlon to the L. F. 5 unit"

Y .
Lo . E-\ .

=l
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L. E 6 _

Although only 2 - 8 m in th1ckness the L.F. 5 forms a very |

'_ uaefu] marker as 1t is the only dark coloured shale or very fine-
grained llthology in the Johannesburg Subgroup throughout the
area suuth of the Sand River. The L. F, 6 is dominated by

  interbeddad shale and siltstone which contalns evidence of soft

aediment deformation. An erosional surface truncates the top of

the L.F. 5. and marks the;transition to the L.F. 40..:”

L.F. 4 |
The;LtF; 4 éaﬁpriséé a monotonaﬁs’seQﬁehcé of medium.tu_
.coarse gralned 11th10 arenlte 250 ta 360 m thlck..It _ -
charaoterlstlcally contalns angular granules &nd small pewn. 5 of}_
-oherti The sequence fines upwards and the transitlon to the L ¥.3
13 arbltrarlly taken at the polnt where the ﬂhert fragments are
no longer consp;cuﬁus and the Erain size of the arenltes

daﬂreaaea.

CLEes | B
In the southwestern partg'of7neatfix ﬁine the L.F. 8 forms the
immediate féotwsli to the Bestrix Reef. The L.F. 3 §afies in’
_Ethickneas from 100 to 300 m, and ccnaists of medium - grained,
Erey coloured, sub—lithlc arenlte; The va;;ation in thicknesa of
%Tth@ L F. 3 interval is- e&used by the erasion and trungation of
the upper part of the zone by hhe uneanformity &t the baae of the
| Beatrix Reef Quartz and caarse-grained quartzite are the |
_prednmlnant gralns, comprzslng some 70% of‘the rock. Flne-grained.

{cherty} quartzite, quartz schist and ”ine~grained waoke 8r&1n5

are also Common’y The averaga graxn s;ae variaa from 0,2 to 1,C m
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 (@edium sand) . Saatfered lérger graine and small-graﬁulea_(4.mm)
'of:quaftz}'cheft ﬁnd felidw"silicified”shale oceur éhroﬁghuut;
but are not common except in the lower parts of the zone where
they rarely mcaumulate in granule or conglomeratic layers. The
matrix material is serlcltic w:Lth some metamorphlc |

recrystallisation to muscovite.,

LoF. 2 |
The L.F. 2 varies from 1 to 3 m in thickness and consiste of
: gréy; mediumfgrained quartz arenite, but ia_remarkahly_consistent
_hhroughout the aiea 5nd furma'a veay'uéeful.marker bed. Thé- |
guartz armite is well-sorted and congists of subrounded quartz
'_:gralns 0,2 to 1,0 s {medium sand) in . size. Sericite matrix,
f:partly recrystallised to muscavite forns less. thaﬁ 5% of the
‘rock. nark grey, flne—grained s;lty material as partings on

beddlng features hlghllghts crossbeddlng.

L. F. 1 _ _ _ _
_ The Las F 1 forms the 1mmediate footwall to the Beatrix Reef
- over most of the Beatrmx M{ ‘e area. The. thigknesa of the L. F. 1 -
_vgr;ea from 0 - 90 m. Tha'upper part af.the unit is eroded-and
'truneated by the unconféfmities st the base of thé Aahdenk and
_ Eldnrada Formations, and in the aouthwestern part of the leasa
{area the L.F. 1 is compietely reNQVad. | |
| The L F. RS nonsists predomlnantly uf medium ta coarsengrained,_'
-?gubulithlq-arenite-w;th quartz_and-caarsefgrained quartzlte_aa
the pre&dmihant graihs.ﬂo%ﬁing éoﬁé.GO% of the:vdék.'Fine—grained

'(éherfy}IQGarﬁzite'and'fine%gréined quartg»ﬂbhiet'gra;né are also

(o
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: ﬁqlrly common. Other rock fragment grains auch as muScQYite“
j schzst or fineagrazned wacke (shale) form s mlnor component The '
average grain sige varies from 0, 2 to 1,5 mm (med1um to coarse
aand) but granule size claats up to 4 mm 1n length are common 1n
parts, The matrzx (20 —'25%) con31sts predomlnantly of serlcite
which documents alteratzon and secondary metamorphlc
recrystalllaation to muscovite. The sericite.matrlx_and fine-
_ graiﬁed; yelioﬂ'sphist'ﬁragmenté im#aﬁﬁ a characteristic
féllowish colour té the'aedimeﬁts. In'gﬁite_of the high matrix
.ﬁoﬁtent'fhésé:rboks_éré.claSSifiad.aé areﬁiteé and not wackes
 beonuse of well developed sorting and stratification. In terms of
' the Wltwatersrand quartﬁite'classificﬁtioh.acheme]prqused'b#'Law
et al., {lgaﬁ)lthis wduld piacé theae roéks aé arenitea bedause-;
| of the evidence of depoaltion by uractlon currents. |

The L.F. 1 coarsens upward from medlum-gralned arenlte at the

__.base to ccarae—gralned_arenlte whlch_is conglomeratle in p&rt.

- Conglomerates are?polyhictic and consist ofisﬁb~angu1ar frégmeﬁta

(4 - Iﬂlmm) of'quartz, 6h§rt,_yellow silibifie& sh;ie'énd othe?

_ ro¢k fragmerits. COngloﬁeratea are moderately packed and are |
usually less than 50 cm in thickness. The donglﬁierates ds not
-_generally oaﬁur.oh marked scour surfaces., Thin shaley_heda_up to

10 cm thidk,.comppiéing yellokégpey_argillaceﬁua_qr silty.

materiasl are common, particulariy in the Lower parts of the zone.

2.4 AANDENK FORMATION (TURFFONTEIN SUBGROUP) |
In tha area south of the Sand Rlver the Aandank Formation thins:
rapid 2 towards tha south hecause of truncation by the

ynaonformzty at the baae af the Eldorado’ Formatloﬁ (Flg- 5).
. ."'r) .

s



I e R e b T

)

30 -

_ Beatri& Mine only thin remnants of the Aandenk Formation ocour
' below the Beatrlx Reef or Eldorado Formation in the northeastern

' yart of the Lease area (Flg. 7). Here the Aandeni Formation

uncanfornably pverligs the L.F. 1 unit of ﬁha Virginia Formation
with a pronounced scour surface.

Because of the rapid southward thinning of formations due to

' erosion and truncation by successive, overlapping unconformities,

Prbblems-ekisf:with the'correlation:and.nomenclature of the
placera at the base of the Aandenk. Formation in areaa south of

the Sand Rlvar. The deta;led atratlgraphy of the lower

_Turffonteln Subgroup in the Welknm Goldf;eld north of the Sand -

"River is 111ustrated in Flgure 9»

By the early 1950’a it was recogniaed that a maaor uneonformity

Hexlsted at the base of the "B" Reef (Spes Bona Farmation)
.(Balnes, 1949, Prltchard—nav1es, 1952), and this was aubsequently

B used ag the divla1an between the Johannesburg and TUrffonteln

Subgroupa (8.A.0.8., 1980). A aignlfipant b;eak ‘at the base of

the "Big Pebble Marker" (B.P.M.) {Aahdenk Formation) was also .

rioted (Baines, 1948). Pritchard-Davies (1952), reporting on

peraonal.Qommuniqation'with'Baumbﬁch;-npted the occourrence of a

-major'"dhannel“ of Big Pebhlé Congloﬂeraté (B.F.NM. ) age eroding

. through 140 m of the succeas:on, had, removed the Basal and Leader '

Reefa on large portions of Mérr:espruit Mine ¢Pritchard~9avaes,

-19‘2) These “Ch&nnela" were subsequently dacumented hy Wihter K

(1964b) and correlated with thg Agndenk Formation. Jardaan (1986)

a (1noorrect1y) places the B. P.M. as the terminal phage of the Spes

Bona Format;an and suggeats that the Aandenk ForMntlon

- Paraconformably overl;qs the Spes Bona Formation. He does however
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edmit that'a ﬁleeer.can-oﬁcuf ;.;Q.."deeupying'e locally

_ developed, 1ntraformational unconformlty in parts af the b351n "

'_where the Ghennel is not developed) "he_Blg Pebble.Marker )

(Jordean, 1986} Wxnter (1964), Bailey et al. (1989} and this
study have shown thet the Aandenk Channel, at the base of the’
Aan&enk Formatlon, unaonformably overlies the Spes Bana

Fcrmation, and 1n fadm erodes channels with eon31derab1e relief

'into the underlying llthologlee. The Aandenk Channel may

eompletely remave the Spes Bona Fermat;en and parts of the
Dagbreek Formation in gome - areae of St Helena and Merrzesprult _
Mines. Bailey‘et al. (1989) have further ehown that the B.P.M,

everlles the Aandenk Channel {or the Spes Bona Formatlon in are&j

.-‘f’
-

s
s
.’[-"’

{B. P-M-)'as therefore taken as the ‘base of the'Aandenk'Formetﬁoh"
per se (Belley et al., 1989). In the extreme areag south oﬁ the

. Sand River {Beatrix M:Lne area) the placers at the base of the

E ﬁandenk Formation can therefore be correlated wzth the B.P, M.

"A-thin,_quartz pebble lag eonglomerate inverlebly-oeeure on the_jfi'

_ soourp eurfaee.~0#er1ying this thin b41ﬁ1 lag cbnglomeiate the S

Aandenk Formation ooneiets of llthic arenlte to sub-llthie

-'arenite very e;mllar in appearanee and mineralugy to the L F.l

arenites,

3ubrounded quartz and quartzzte elasts are’ the predomxnant

'eemponent forming some T0% of the rock. Schiet eleets are haweve'-
_'much less eommen than within the L.F 1‘ 01aete vary in eime from

0,2 to 1,5 mm (medbum sanﬂ). ‘Thé metrlx (15 - 20%) censlets of

Bericateqwlth eeme metamarphie recryatellieat:an to muacovite.

'.Agaiu, in aplte mf the rEIatively high matr;x cuntent, these_'

w
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'_rocks are clqrsifled as arenites in terms of the classlflcaton
proposals of Law et al;, (1989), because of the well developed

- strat1f1catlcn featurea and sortlng as eV1dence of dEPOsxtlon by |

' _'traction currenta. In parts, especially where the eonglomerate

-1ayer beoomes thicker and better developed the Aandenk Formatlon
'arenltes are much “cleaner" an& quartz grains form ovar 80% of

the rock with the matrlx-content dropplng to less-than 10%.

2.6 BBATRIX REEF |
The Beatrlx Reef - unconformablx overlles the Virglnla Foxmatlon
: "(and Aandenk Formatlon) in the- Beatrlx Mine area. It ia in turn |
overlain by the Eldorado Formation, apparently disconformably as
__there is no marked large . scale angular-dlsoordance betﬂeen the
.BEatrix Reef and the overlylng Eldorada Lccal scourlng of the
'  Beatr1x Reef by the Eldorado Formatlon, and a marked lithcloglcal
- faqles change suggest a dlsoonformable-relat1onsh1pJ_The Beatr;x_
'ﬁeef'varieé fboﬁ a vefy thin unit (less thgn-I cm)_ﬁo.a mﬁximum
£Hiéknesa in the ofdeflof 3 m. In parts the Beatrix Reef has beeh_
completel ‘removed by the Eldorado Formatlon
In t@rms of the International Subcommlsslon on Stratlgraphic
01a531f1c&t1on -] propnsala (Johnson and Rust 1988), the Beatrlx
Reef would be conaldered a Mlasynthem —— " g relaﬁlvely looal
~ and - minor unconformity—bounded unlt Wlthln a synthem (the

Eldorado Formatlnn) (Johnson and Rust, 1988}. In terms of

. seqnence strat1graphxc classiflcatxon (tectonostratzgraphy) each

@I_package of sedlment between uncontormatles represents a para-
: _sequenoe or SetunQEn. -

' The South Afrlcan Gommittee for Stratigraphic Nomanclatura .

“[

[
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{1980) makes no mention nf the Beatrix Reef in thelr proposals on
- stratigraphlﬁ classlficatian in the Welkom Gol&field. In the 3 '
mlnlng area the Beatrlx Reef is reoognxsed as an individual |
'._entit&'hetween uncbnformities.-It;is thﬂs_ﬁ?opcged that-fhe
_EBeatrix Reaf’bé aoébrﬂe& aﬁatﬁa.aé_a.aepafété sequeﬁeg_'
'(Form;tioﬁ ?), or at leaéﬁibe Qorrelatea as n separate
member of ﬁhe Eldﬁradd-Fﬁrmation;' | . R
Tha nature af the unconformity surfaoe at the base of the
N Beatrlx Reef was mapped out in detall in the underground work1ngs J
:ﬁt No. 2 Shaft at Beatr;x Mlne. In this area the L F. 1 unit of.

7the V:rglnla Formatlon is relatively thin and all foutwall __:'

-develoyment ig situated within the L. F. 3. Routlna diamond

B ' prospect and evaluahion drllling thus intersects the full,

*  preserved sequenae of the L. F. 1. The angular relatlonsth uf the
unconformity between the Beatrix Reef and the Virglnia Formatiqp _
- wes determlned by using 1sopachs of the L F. 1 between the
uneonformxty at the base of the reef and the L F. 2 marker to
gquantify the degree of truncatlon (Fig. 10)¢ The 1sopachs ahaw a
pronounced west-northwesterly to eastuaoutheaaterly trend and
aonf1rm aﬂ angular relatlonsth between reesf and footwall beda of
aust over two degreea (Flg. 10}. On oa. local scale the |
'unoonformity surface diaplays cunaiderable relief of up to’ two
imetres due largely to amallpsnale sroaional scour:ng and ,
_channellng by the Beatrlx Reef {Figs, lla an& iib) - |

- ‘The Beatrix Reef comprisea a thin sequence of oi gomictic

-'_conglomerates and quarta arenites with signifionn' concentratlons
'of detrxtal heavy mlnerdis, particularly pyrited 1t rarely

_ exaeeda 3 in thleknéaa and is usually 1 - 2 m thick. The

RN . o
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FIGURE 11a: PRONOQUNCED CHANNEL SCOURS AT THE BASAL
- CONTACT OF THE BEATRIX REEF

FIGURE 11b: . A DEEPLY INCISED CHANNEL EDGE FEATURE AT THE
- BASE OF THE BEATRIX REEF - |
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Oligﬁmlctlc aonglomerate 1ayers are frequently overla:n by a dark :  

¥ grey to black "dlamlctlte contalnlng unsegregated quartz pebbles

br polym;ctxc clasts w1th black shaly mater1al Thesa 1ayers

grade upwards to black shale laminae up to 10 cm thick or to

S -flne~grained, polymlctlc 11th;c wackes, and mark the tranaition

to the overlying.Eldqraén Formation,

2. 6 ELﬂORADO FORMATION (TURFFOHTEIN SUBGROUP)

Bcrchers and Whlte (1943) were among the first wcrkers in the .

v Orange Free State Goldfields to propose & subd1v151on of the '

“ventersdorp Sedlments“ into. 5 zonea, designated V.8, 1 - V S. 5;
.”  This garly_zonatlon was based largely on-llthologlcal-
cha?aéteris%ids and.thé-rélatiﬁé abundance of.conglomerate beds.
Balnes (1949) correlated these ”Ventersdorp Sediments" with the
:upper Elsburg Series, a correlatlon carried thraugh by Coetzee
'(1980) who preposed that they be-named the Elsburg Stage-of_the -
Klmberley - Elsburg Series to flt with Mellor -3 (1917) _
subd1v131on of ‘the upper Wltﬂatersrhnd. The Sﬂbdl?lﬂion V. B 1 -.
Ve S. 5 (Borchers and White, 1943) was, howe?er, retained by all
wcrkers (Baines, 1949, Prltchard—nav1es, 1952 W1nter, 1957 and
Coetzea, 1960).

DUrlng the first exploratlan drllling in the Beatrlx area [
;&t a

"_  dur;ng the lata 1960’3 and earlx 1970’3, it was recognlsed t

'strat1graph1c-zoning of the aediments of-the upper part#«of the-
Witwatersrand Supergroup below the Ventersdorp 1avas ould be
'__equated with that in the Welkom aresa in spite of the marked
llthological dlfferences caused by facxss ahangas.

: P;;tchardﬁbavies {1952) first recognised_that”significant
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‘differencea in facies occurred w1th1n the "Vent&rsdorp Sedlments
- Wlth cnnglcmerate mnre abundant in the west and the succession
-compriszng almost entlrely qnart21te 1n.the”east.- The”Eldorada
Formgtion.in the Béatfix area waé éﬁﬁdividéd'into.fﬁuf membgfs-J
._laheliéd.v 8. Ia to.V S. da (Flg. 8) based broadly on the ;
aubd1V1sion V s. 1 to V S 5 firat introduced by Baneroft for the:
"_"Ventersdnrp Sedlments" 1n the Welkom Goldfield (Borehers and

.White{ 1943vand McKeown, 1945) The suffix ”a" was introduced by :

- Un1on Carporatxon géclngiats worklng in the area to emphaslse the  '

'11tholcglcal difference between the Eldarado Formatlon in the
~areas south of the Sand River to that of the Welkcuh Goldfield. It
was also thought thet the V.S. 5 conglomerate waslnot ‘developed
and heﬂce the subdivislon into only four unlta {Pig, 12).
.'_. Subsequently the South African Committee For Stratigraphic
'NOmenclature {1980)\has sugiested the aubdivision of the Eldorado
,Formatlon into three formal members viz., Rosedale Member, Van Den.
'Heeversﬁust Member and Uitkyk Member (Flgs. S and 12) Thls
zonation 1nto members is hased oh type . sectlons from the WEIan
and Loralne areas, However, fac;es ohangea to predomxnantly '
arenaceons sequenoes in the area southeast of the Sand R;ver make
.'it diffloult to recon01le the accepted zonation af four units
(V. S 1a - V.8, 4&) used on Beatrlx Mine and in the area q?uth of;'
" the Band,R;ver with the new Memhers (Fig. 12). -

In thzs 5tudy the subd1v1slon 1nto four dxa+1§ct unlts, viz.
Vi, 1a, V.5. 28, A 3a and V.8, 4a, is re‘halned fcar thé
”3¢descr1ptlon of the sfratlgraphy of the Eldorado Fnrmat;on in the'.

--Beatrix Hlne area, The nomenclature propnaed by s,agc 8. (1980)__
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| -truncated towards the sou

T oaros 10“-,1
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3, (Roseda1e, Van Den HeLVersrust and Uxtkyk Hemherﬁw ia also

included for correlation tFigs. 3 ahd 12).-. g |

The Eldorado Formahion comprises a successlon ﬁf lithio

. areniteﬂ mnd conglamerates in an oVerall coarseninguupward

IE
sequence about 300 m thxck. Bec&uae of pre-Karoq er031qn the full_.

: thxﬂknass of the succesalan ia Dnly preserved im tha northwestern

parts af the Mine Leaae area (Flg. 1§“¢-The uppﬁﬁ members are

tﬁrand southeast by the’ prafKaroo

YA Hpe

 The' 1supach pattern cf the Eldorado Formatla? Bouth cf the Sand

"River (F;g. 13) is domlnated by a north~horthetsterlr trending

zone of thzﬁ ﬂldorado Formation. Much of this hhlnning mey be, due

’ %o ahartening of the sucaeasion by maJur easte ly or Westarly

downthrow faulting but; because the isopach mTps were construoted

:'from summATY 1nformation supplied by uther Ap%panles, it is mot

posazhle to quantify the thznning or exulude tha data. The

thinkeat Eldorado Formation occurs in‘a hroad ‘trough: along the 55 
K

eastern eﬁge df the area, Jjust west of Merrieaprumt Mine tFlg,

o

13). The think Eldorado Formatlan along the wsstern mmrgin en

: Hexsa Mine (Fig‘ 13} is due to dupl;cation aﬁ the succession”

assoeiated with thrust faulting and foldxng in the overturned

- 11mh of the Weatern Margin siruoture.'“

The Eldurado Formatlcn ahnwn a dlstinct change from»the

.
g

 nundﬂr1y1ng furma ions in terma of mzneralagy and chemiatry
' §LaW¢199ﬁ)..Tba Eldaraﬂa Formatinn 1itholagxea are enricneélzn
“Feo, MO and MgO relativa ta the underlying fu a@ions anﬁ thsa .
”%-is refiactad in the st&bilxty nf;ﬁhlarite anﬂ lar;toid a the% ?-;

.

| j}ﬁmmznant phyzmﬁsilicmtea. The rapks are alsn enriched in ﬁr, Cod,

T
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' Ni and Cu, probédly in the nhlorite (Law, 1990),

Based essentially on graln smze var;a*ion and abundanee af

-:conglomerate the Eldorado Formatlon 19 subdivxde& into four

distinct zones informal]y named V. S la to V S 4 in increaszng

order with depth (Fxgs. 8 and 12) These zwones are-deSerbed from -

 the base upward.

ROSEﬁALE MEMBER (V.S. 4&)

Tha basal 30" n of the Eldorado Formatlon is termed the Rosedale

-'Member {(Fig. 8), and oompr:ses an upward finlng sequence of

llthic arenites with conglomerates at the bage. It correlatea

WIth the old V.u. 4 and V.S8. 6 Zones of Borchera and White

| (1943). In the Beatrix Mine srea where no robust V.S, 5
éqnglomeraﬁe is aEVeloped_the_Rnsgdalg_Membér'fa taken to
| comprise the V.5.4a zbne,'-although’ this may, in places contain a

_ basal, small pebble lag conglomerate.

The Rosedale Member fgrms the 1mmediate hangingwall to the

Baatrix Reef ahd the- basal faw metrea are thua frequantly exposedx

in the underground worklﬁgs on the mlna. Rapid facies ochanges

"result 1n P wida range of 1ithnlagmes 1n the baaal parta ‘of the_

Roaedale Membpr with a mixe&lsequence of black shale, black

'dmamietlte, polymletze. granule-grade conglgmarate and lithie

-areﬂite being Yhe most oomman. The Roseda]e ‘Membex - fine(*upward -

fvhm llthic arenxta to dark»grey or black. f:ne—grained lith;c

Zfarenite and shale which marks the top of the Member,'
o Canglomeratea are rare and occur mainly as granuleugrade _
_'canglpmerate beda in the lnwer parts of the Member. In areas to

'ﬂthe north Qf_Beaﬁr;x-Nine-a robust,_madiume ta 1arge~pebble,
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_.polymictiﬁ eongloaerate (V.8. B}, up ta 3 m thick, ‘is. present at

__the base of the Memhor, but due to facles ohanges is not

daveloped in the Beatrix Mine 1easg, except as_loeal,-isolated
channeis._ | | o | )

Quartz and quartzlte-ﬁre the predumlnant component (50% - 80%)

varying in graln size from 0,05 mm (1n shales) to over 4 mm in _

the coarser grained zones. Other clasts such as slltqtone,

811101fled yellow and grey shale and schist clasts are also
common . The matrlx material {5% - 10%) is af slmllar cump031tion:-

to the gralna and merely of 8 much flner grain size, Sericzte and

'chlorlte are alac falrly common in tha matrlxa

VAN DEN HEEVER&RUST MENBER {v.8. 3&) _
The Van Den Heeversrust Member comprises the mlddle 120 m of
the Eldorado Formatlon-and consists of & monotonous aequence of

upwardfcoarSeﬁing-lithic arenite: The base bf_this Member

~ displays an erosional contact'with-the Rosedale Member gnd-ié

=-occaai¢na11y defined by =a thih,'granh1EEgrade-donglomerate..Iﬂ

the-baSai part of the idn&_thin, black shaly or silty laminae are

coﬁmdh, but decresse in frequency upwards as the arenites become

- poarser graine&,.Towa}ds the'ﬁbp of this member pnlymictic

”'granule—grade conglomerates become ‘more, prevalent, Clasta are.

-'generally angular to sub-raunded and consist predamlnantly of

quartz, ehert@gsillcifled ahale-and qther rack fragments, The .

'1ithié arénitea ara interbedded with more matuie“sub-*athic .

arenmtes, sbut don’ t reaoh the mahurity af quartz arenites. Flne-

-graine&. rnunded pyrxte graxns fquuently concmntrate on foreset

L '.

1aminae in the more mature aranltes, RUD



THE vITKYK HEMBER (V.3.2a. )

The Uztkyk Merber as def:ned by S A.C. S. (1980) comprlses the
uppermost 200 n of the Eldorado Formation._ln the area aouth of .
'the Sand River and east of the Western Marg1n Structure two
.faxrly dlatinct strat:graphio 1ntervals Are recognlsed based on
'the preaence or absenca of conglomerates.

The basal part. of the Uitkyk ﬁember, 0olloquially called the

V. S. 2a Zone. form an essentlally oonglomeratlc unit o |

; approxlmately 80 - 10 m thiqk and is correlated with the Bﬂ
o Zone (Klngsley, 198?). In- thF ares north.of the Sand R;ver and
olose to the Western Margin Btructure no suhdavisxan is posalble :

B S

';aa here fhe Uitkyk Member cdmprlsea large pehhle or buulder o
‘aanglomerates._'g- | _f ” . |
 The V.8, 2a Zone charaoterimtlcally aontaira well—packed smallw.
'pehble conglomerate beda 1ﬂterbedded with sub-lithic arenites. |
The conglemeratea show =Y t@ndency to have 8 larger average clast;
aize in the canglomerates nearer the top of the member- ‘Both
aligomlotlc and pdiym;ctid conglomerate pocurs w;thxn the V S,
| 2& Zona. The smalkﬁpebblef polymictic conglomeratea comprise __ 
moderately packed beds up; to. 30 om tﬁlcku Clasts are sub—raunﬁed
.and nonaast of vein quartL, chert, aillnifled shale and
-quartzzte. The al;gcm1ctic conglameraﬁea ooeur in modsrate~ to -

'well—packed beds up to 25 cm thick. Clasts are moderately—ﬁtu
4§

L well—rounded and coﬂslﬁt of vein quartz up to 3 on in sizé),

Rounded pyrlte grains are aommon aaaoc:ated with tha alxgbm;etic -

o i v
- GOﬂglnmenates. The nontact between the V S. 1& and V ) za is &

0

S arhitrarmly taken &t the last well developed oonglumerate bed.

S
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THE UITKYK Mmﬂaka (v 8. ia ) o
' _%- The upper portloﬁ of tha Uitkyk Member, although not -
red___ﬂaed aa 8 separate member by sacs (1980). is auffzciently

'&ifferent in the Beatr % and other areas to. be aaparatad from ﬁhe- o

'underlylng conglomeratic unlt._It consiats predomlnantly of a
lith;o wacke or 1ithic arenlte with scattered pebblea up to Ecﬁ“
: _1n alze‘ The pebbles oonsist of vein- quartz, ehert, quartalte and.
'ailiczfxed ahale randomly aeattered in a medlﬁm ta coarae—grained'.
_arenlte or llthic W&ChEe The aedlment has a charaoter;st1d~ |
'_:greenish oolour, partlcularly tawards the toplhf the member where-

 rit is overlaln by lavas af tha Klaprlvxersberg Grpup.

oz 7 THE vnnwnasnonp svpnnanoup B _ |
The vEntersdorp 3upergroup in the ares south of the Sand
'-szer,comprlaes a lower, esaent1a11y4¥olcanie, Klipr;v;eraberg '
o Group uncnnfnrmably overlain in the@gast by an essentlally
sadxmentary Pl&tberg Group. _ ; | Ll | ’
o Post Klipr1v1eraberg faultxng and premkaroo eros;on have
}reaulted in the Venteradorp Supergroup havzng restricted
ﬂdistribntion and preserved thiﬁhness (Fig. 14).," |
| Andeaitlc 1avas (Plllay, 1986) of the Kllprxvieraberg Grqu
| form the lawermoat uﬁ1ts of the Ventersdorp Supergroup and
"overlae tha Witw&t&rsrand sedimenta in the northernmuat pgrts of
J;Beatrlx Mine (Fzg. 14). Theaa laVaa are: truncated in the Beuth bx:--

'prsuKaroa erosxon.

Intense, Fost Kliprivxersberg Group taetonio activaty resulted

' 1n the form&t;on of hurst an& graben topugraphy in tha area south

' :f'of the Sand Rivari The ne Bron fault fnrma the wastern £lank of a



- 4 =

@

s 12‘

]

FIGURE'M

1

(==Y

R\

MERRIE- |
“spRUIT |

| ' ISOPAGH THICKNESS iN MEYRES
o <280
280~ 500

80O~ 750

A

 VENTERSDORP SUPERGROUP ISOPACHS

IR R,

- . o



- 47 -

horst block dom;nating th& eaatern edge of the goldfleld (Fig 15)-.
Clastlc debrls eroded from the horst blook along the. fault acarp
was transported and deposited as clastlc wedges of sediment
..depa31ted by alluvial fans 1nto the graben. These Platberg Group
clastic dep031ts. which are locally known As the Kllppan
Formatlon in the area south of the Sand River (Melntales, 1988),
thicken eastwards towards'the De Bron fault sc&rp (Flg. 15). In

- parts erosion by fluvial systems during Klippan Formation

' _éedimenté£ibh haS'resulte& in incisioﬁ into the uhdérlying-

'Fliprivieraherg Group and Turffontexn Subgroup This resulted in f
truncatlon of parts of the Eldorado Formatlon alang ‘the western .
flank_of.the De Bron.fault (Fig. 13). The~K11ppan Formation '
-gediments show rapii fncieé Qariatiop f:bmscqarse;1polymiotic_
bouldéi-oohglbmarates close to the fault'scarp-to black shales
and fmne-grazned lacustrlnal fac1es in the more dlsual areas. |

(Melntgles, 1988)

2.5 mE moo SEQUENCE |
. Flat lying sbdlments of th& Permo~Tria3310 Karoo Sequenoe
. blanket the whole area_pf the Helkqm Goldfield. The thickness of
:i“%he'Kafco.Séquence.in the are& s6uth of thé Sand Rivar varies -
~ from 1eas thar 350 m thick in the west to just over 1000 m thlck
'1n the east (Fzg. 16) The surfane is currently falrly flat-at an
'-average elevat1on of 1380 h above sea 1eve1 and the variatlon in
:Karuo thlcknesa-iz due=to pre—Karoo faulting an& Dwyka glaclatlon_.
 and erosion. The prenﬁaroo tapography resulting from this glacmal
erosxon to ‘a8 large extent rafleats the lithology of the

'f_:underlylng Archaén rocka. The WitWatersrand quartzites in the-
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overturned Western Hargin Structure f%rm B re313tant r1dge and
'are cnvered by a thin sequence of Karoo sedlments. In contrast,.
_ the softer sedlments of the Klzppan Formatlon along the ne Bron
fault hawe moted 88 the 1oous for E;deeply 1ncised glaclal _,_1
: valley, inluquially knuwn as the vlfglnia Valley (VlBSEr and
Klngsley,_1932}. The Virginia Valley is fllled with Dwyka- aged
fluvxally reworked glaclal oﬂtwash materlal up to 350 m thick
_g1v1ng a total Karoo S&quence thleknesa in excess of 1000 . (Flg..
_'-.‘15). | " | AT N -I

| Overlylng the Dwyka Formation the rem&inder of the Karoo
_'Sequenee comprlsea alternatlng aandstones and sbiles of the
Vryheld Formation and a thlck su003331on of shales of the'
'q,VblkarUBt Farmation._Thesa three farmationa {Dwyka, Vryheid and

Vclksrust) Bcnstltute the Eoca Graup 1n this ‘ares.
- . o
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,rﬁ zsgﬁiugﬂranv”racina OF THE BEATRIX AREA

3.1 xNTnonucwxon o | | |

There is & d1st1nct dlfference between the lithologiea
1'compr151ng the Beatrix Reef and the overlying Eldorado |
_Pormation in terms of their mineralogy and chem;stry {Law, |
1990} Sedlmentary f301es in the Beatrlx Reef and the Eldar&do
| Formatzon nay thus be almilar in grain size and aedlmentary
.gtrqqtures, but are_lltholpglcally different and could
theréfore represéﬁt'differeﬁt de§dsi£ion§1 mo&els;;Fof this
. .reason- the faoies of the Beatrlx Reef and the Rorﬁﬁa7e Mﬁmber
.(Eldorado Formation) are desnribed separately. | |
Pebble form indices are thnught to’ be useful diagnostlc
.enylrpnmental_indlcators (qukins and_Folk,.1970 and Btratten; |
1974) , Pebble size and shape data are thus presented sgparAteiy-f
for the Beatrix Reef conglomerates. Other factors ﬁﬁch aa. |
 :-§eatrix Reef iSd&bghs, 5ed.1enticularit? and'pebblersegregation

'.data which may be envxronmentally diagnostlc is also included _
- in this chapter. ' ) o | 4
8.2 FACIES AND THE FACIES MODEL CONCEPT |

The concept of facles hes been used ever since geologists aqdr

miners recognlaed that features found in partlcular rumk units f
were usﬁﬁul in correlatlon and - the pred:ction of mineral
deposltsi ‘The, ambiguity and argumenta regardlns the usa af the
_term "facies“ have been summarised in recent sed:mentﬁlogical
_ pﬁﬁllcatlons (eg. ﬁéaﬂlng, 19?8 walker, 19?9 and Miall, 1984)‘
| A facxea ig a body of rauk with specified aharaoterlatias_ |

_ Y
R A o
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which, in the case of sedlmentary rocks, 15 defined on the
h
-gbaals of colour, beddlng,'com9631tlon, texture, fossils and
: sedlmentanxfstrumturea (Reading, 1978) It should thus re=er to

‘an objactively descrlbed rock unlt. Read:ng (1978} and Miall

_'{1984} have noted that the term facles 15 however used in many

"(L‘ -

¥ TR

h&lfferemtlaenses.
R in th; strlctly observational aense ﬂf a rock product, eg..

Sandatone faczes N | _

- in a genetlc sense fér the products of a praneés,'eg.
"ﬁyrbldlte facies“ . |
_-,1n an envaionmental senae for the environment in whiah the

rocka are fonﬂed, eg.."fluvial facles“"”: _-  - '3 g

- in a tectnnlc sense, eg. "post—aragen*e fac;es S
 A f&c1es ahould 1dea11y be a dlstlnctzve rock that forms under
Jcertazn condltlons of sedimentatior\ refleoting & part:cular

"process bhr environment ‘{Reading, 1978). Although 1t 13
understood that faﬁl&ﬂ w1ll ultzmately be gzvnn an .
.enV1ronmantal 1nterpretatlon, many, if not most, have amblguous
 interpretat1ons. The‘%ey to interpretatlon is to analyse all of

the fa01es eommunally (Whlker, 1979} and the sequence in whlch
. they oceur cantrlhutes as muoh enviranment&l informatlou as the "
ffaeies themselves. | : | ”

Facies models aim tp providp a general summary ef a sﬁe&iflc

ﬂxsedlmentary envlronmemt (Walker,”1979}. Allen (1963 1964;
'.L_yassg establmshed the classic u?wardwflnlng po;nt har
:3  depoa1t1onal madel demﬁgﬁ)rating the aae of facles sequenees in
'defxnxng facies ma&els. Allan (19?0&) volced the need fqr\a

quantitative baa;s for faeiea mp&ellzng procedures aﬁd;ﬁgoposed

) . ) W
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tree-d1agram analys1a af actual facies tranaltions as a means

_-Lo eualuate the probability of certazn sequences heing found

M1all (1973) used Marhov analysaa to dlfferentlate hetween

actual and predlcted upward fac1es transitlons, thereby

' der:ving the moat 11kely sequence of occurrence of a set of

_ fac193, The introduction of lithefacies ching schemes_{ﬂ;allf

iﬂTé)_enabled-comparah1e modé1s.to te’ constructed for a wide

range of fluéial depasifiénal envirahments. Miall (iQ?B)-&hd*'

u_:Rust t1978) proposed 81x faales models far the bralded river3_'
"env1ronment, but as fipld research cont1nues zt appears that::

- eaah new situation demands a new facles model 1M1&11 1985},.
”thareby negatlng the ayntheazz:ng role of the faeles madel’

'concept. The utlllty of fSCIES mod#ls 19 11m1ted malnly by

their. 1nhPrenu ane—dmmenaxnnal approach. Eecent methoas have
turned to three dgmensional models wheneln the architemture cf _

& depnsitlonal body ia evaiuaued in terms of the shape of the _

. larger—Suale geometry (eg. M1a11g~1995; 198?,_Ethr1dge et a@.,ﬁ .
- 19687)., Facies ﬁqdélling‘prnce&ﬁres however remain Widel&'uéed,f-
hparticularly in. ciraumatances where threewdzmensaonal exposure

im 11mited, and have been used 1n thls etudy

_r:_- o

"

__s,a,LITHbLbGIc-anﬁ sgn;uﬁmmAR?_FACIEs OF THE;BEATRIX é£3F_1~-

- r

"fa 3., 1 xm%ﬁcnucwxou .-"'

At Beatrix Mine the Beatrzx Reef, 1n the m;nxng sense, is 5?
9

taken to be the conglmmerate and interbedded arenite depns:ted N

'nn the uncanfarmity surfgce avavlvlng thp Virgiq;ajFogmatione

The upper contant of the Reef 13 taken an tﬁe scauz‘surfaee at

/'.- c -

! ) 1.,;.’/ .




' ”eonglomerate to erenlte ratxu.~-;_l=l_i._ // '
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the baseuaf the flrst derk grey 11th10 aren;te/waeke, or at the

base of the fxrst blacik arglllite pertlng. Aa eueh the Beatrlx e

- Reef gove, in fhe defznitlon used on the m1 “--\neerperetes the
'.conglomeratic remnante-ef the aendenk-Fmrmg hich occur in

'X__"_"*'\
" the northeastern pert of the mine, the Beayrlx Reef per 8%, and

the v, S 5 eonglomerate whleh 13 eporadzcelly developed at the .

base of the Eldorado Formatlun.-conglomerates of tﬁe dxfferent
il '
formatlons“ere, hnwever, eaelly dlet;ngulshed and 1n thls study'

._the 1nveat;gat1on has conoentrated on. the Beatrix Reef per se

i

[fand 1t$ relatlonshlp tc the faczes at the base of the Eldorado

.'_Formation. ", '_ . "_ ' "-'._ C 'E

Three dlstlnet aesoc;a%“ﬁqe of lithologle, eonglamerate faclea-

. ‘mre recognleed in the Beetrix Mine erea, based on verlatlons 1n-'-'-

.'the-claet essemblages-and meatrix 11thology. The three

conglomerate fecles assoclatlons equate with the three
€
Turffonteln Sdﬁ?ﬁoup formations represented on the mine; viz.

B ﬁenaﬁmk Fgrmatlon, Beetrie Reef proper and Elderedo Formetaon'
-.(V S, 5) Facxes assoclations of the Elderado Formatlon are
~further dleeuesed in Sention 3 4

The Beatrix Reef proper eonszsts of ollgomzetic quartz—pebble

conglomerates end quertz arenites and a numbex of facies are-

'deflned based on the dominant sedimentary etrgetures and the

3 3 2 '"A“ FAﬂIES CONGLOHBRAPE (AANDENE 'QRMATION)

'7eterxee& by ullgomlctae

The "A“ Faoies eonglomerate is chay
. //

_ medxum quertz—pebble oonglemeratee/ﬁith a digtinctly yellow'

(serieltic), quartz sublithic. erenite matrxx (Fig. 17)




FIGURE 17a:  "A" FACIES REEF. NOTE THE CHARACTERISTIC
YELLOW-GREY MATRIX.

FIGURE 17b:  "A° FACIES REEF

FIGURE 17: "A® FACIES REEF
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Although the conglofierstes are oligomictic, yellow silicified

: ?sﬁale“:ftagﬁeﬁta_ére fairly_ébmmén and'diaﬁinbtiva; Weilu

:iﬁﬁé%edi-qiﬁs£-éupﬁdfted cong%PmérgtéJahd véfy pobrlyépacke&}..

| matfixééuppbrted.pébbly éreﬁite'forﬁ:twg disﬁip&t endQMeﬁbefv
:._'Q;Bfﬁcies, bﬁt.variations'bétwéen'tbe twb end—méﬁbérs are

'gradatlanal These "A" Facles conglomerates are very almilar to

the Aanderik Format1on plaoers such as the Blg Penhle Marker or

. the ?A“ Reef af the Welkom Goldfzeld in appearance; The “A“

j$acies Reef is conflned.t0>the northern parts-of Beatrlg_Mine

where it has beeh intgrsectedfduring stqping'in the

nofﬁheastern parés cf Hﬁmber.I_Shaft (Fig,.ls)a_The..

_ distribution of the “.." Facies reef shown on Fig. 18 coincides

with the 1nferfed &istribution of the Aandenk Farﬁatidn,

_confirmi§g that the "A" Facies rgpresents remnants of the

- Aandenk Formation presefvéd benéath the uncoﬁformitylat the

base of the Béatrix Reef In places where the Beatrlx Reef per -

se. and the "A" Facies reef coocur together, the normal Beatrlx

Reef overlles the "A" Facies.

$.3.3 OLTGOMIGTIC CONGLOMERATE FACIES (BEATRIX BEEF)

- The Beatrix Reef proper is bharacter@sed by small to -medium

oligbmiétic, qaarﬁz—pebble.coﬁglomerates with a grey'quﬁr€z~
_arenite matrlx (Fzg. 19} and necurs thraughout the mine area.'

=We11~packed, clqst—supported conglomerate (Fig, 19&) an&\very

poorly paeked, matrlx—supported pebbly sren;te (Flg. 19b) agaln |

farm twa“dxstlnnt endﬁmember subfacies. The variatlon bijneen
S

these subfacies 15 gradatxnnal.

The conglomeratea are oligomiotxc and mcre than 98 % of the

P
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FIGURE 19a:  OLIGOMICTIC BEATRIX REEF. NOTE THE WELL. ROUNDED
CLASTS, GOOD PACKING AND PYRITE MINERALISATION.

FIGURE 19b:  MATRIX SUPPORTED BEATRIX REEF. NOTE THE
POOR PACKING AND THE QUARTZ ARENITE MATRIX

FIGURE 19:  OLIGOMICTIC CONGLOMERATE FACIES
(BEATRIX REEF) |
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clasts conslat of white -or smokey vein quartz. The clasta are -

-moderately to. well—rounded and are generally of a qulate

spherold ahape with the three prinolple axes eaaily %

_reco:;xsable. Variatzona in,ulaat size and morphu;ogy are

" &1acussed in greater det311 in Sectlon 3. 3 B The cnnglamerate

metrix conaists af varyxng‘prupcrtxons of quartz arenite and-

zheavy mlneral grains sdch &g pyrlte. Other 11thic claats sueh

¥-1-3 silicxfied shale are rara. Pyrzte may, in- partsp form as

much as 85% of the matrlx matarial The pyrzte grains varr in

_diameter fro':ﬁ 2 o to occasxonal pyrits “pebbles“.up to 18 an

in a:ze, But“the.average aize ia in the order of 0 5 ta 1 E mm.

-. W v

-Pvrlte graxns aré frequently sorted accqr( }g to slﬁe, and an

If:

Beds af crossbedded quartz arenite arﬁ commonly mnterbedded

with the conglomerata, particularly in the thicker reefs. The

arenite romprlaes raunded quarﬁr gra}na 0,2 to 1, 5 mm in size.

_ Other rock fragments are rere althoq&h some quartz schist and

:}flne~gralned chert do occar. The n érix mater1a1 conalsta Qf

Sﬂriclta, 1arge1y recrystallised o muscav;te, and ﬂome'
ehlorite, aqg_eomprises-less than_z % of_the rqgk; Heavy

miﬁeﬁal.grainaﬁpﬁaftieuiarly ﬁ?rite, are alao'éommOn ﬁithin.the

-arenites and ahow marked snrting into dlsorete 1ayers on 'ﬁ

bedd1ng surfaces.

_ Crossbed foreaet 1amin&e are markad hy accumulatlons af flne-'

=

-gralned pyrite (?igs‘ 20 21. 22 and 23). Granules and amall -

uartz pebhles Bay alsu occur on the. toes of foresets. The

' wpper parts: of quartz arenlte 1enaes are truncated by the soour

' surface and lag conglomerate of a succeeding ahampel~f111.

...__, -.
[
il

;
i
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FIGURE 20: HORIZONTAL AND LOW ANGLE INCLINED STRATIFICATION
IN THE BEATRIX REEF CONGLOMERATES

FIGURE 21: LARGE SCALE TROUGH CROSSBEDDING
IN THE BEATRIX REEF
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FIGURE 20: HORIZONTAL AND LOW ANGLE INCLINED STRATIFICATION
IN THE BEATRIX REEF CONGLOMERATES

FIGURE 21: LARGE SCALE TROUGH CROSSBEDDING
IN THE BEATRIX REEF




FIGURE 22:  SMALL SCALE TROUGH CROSSBEDDING IN
THE BEATRIX REEF

 FIGURE23:  PLANAR CROSSBEDDING IN THE BEATRIX REEF.
- ' NOTE THE REACTIVATION SURFACES -
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The ol:gnmlctlc faclea (Beatrlx Rpef} can be further

BUbleIdEd into a numhar of subfac1es baged on the aedzmentary

structures present~w1thzn the.conglomerate and pebhly.arenlte
-beds, although sedzmentary struetures are not always obvious ln_.

'_ the conglomerate faczas. Sedimentary structures in

conglnmera es are shown by one or nore of the followxng

changes zn_clast s:me_qr compoaltlan-

-changes jin sorting

i

changes in fabric o L
S .' (After Harms et al., 1982)

fThey thus beccme more obvnous wlth variatlons ‘in the
 canglomerata and arenlte matrlx content. Although Btﬁongly
.'-bimodal in grain siﬁe diatrlbntion it 18" a?sumed that the =
'_conglomeraﬁe alasts and amenlte matrlx wers depos;te&_togethep'
| from the same flows at dlfferent VelﬂbLtleS. Th;s can be shown

'graphlcally, as has been done by Harms et al., (1982), S
 compar1ng the crlteria for suspension of aand and rolling of
pebbles-anq cobbles_on a bed, Applled shear stress must he
"suffi¢ient to genéraﬁé turbulent_eddies that.overéome settling
: veloéity ahd.ﬁrefent grainé from settling to tﬁe be&,Tan& great,

'enOLgh to overcome the rolllng resiﬂtanea of clasts {Ha*ma et

'al., 1982) ?hese crltmcal shear streases are dependant on {ﬁ}-

_'_.T-"—’ ’ .| v

'J;grazn size Qf the arenite and the size of the pebbles and the

a1,

75ra1n smzes uf the two- modes can thus be related for the same .

nr1t1cal aheav streas.

0o

Plata nf ﬂhs largest pebble size and the largest matrlx aand f

.:.grain szze for four*Beatrix Reef canglamarate samples

oo

Y am.. L
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e Are shown on: F:gure 24 and :unF:rm that the canglamerate clasts
and aren;tes werea transported ammultanenuaﬁy and ware probably

R dapnszted Frmm the s% g ¥1mwb at dafﬁerEnt VEIDCltIEEu.ThE
 511ght mismatch between the data pnznts and the curve 15
prchably ﬂue ta raun;;ng ofF the values Far clast and graln

- 51zas= Th15 ralatzanship and diagram may huwever nmt be valid

“at very hu;.;h sedmentatznn r'atea or- transp-c:rt r'_ett;es- {Harms ot

al., 1982,

N -
[ W
1 |1

T
o
X .

-
-
L

F- BEATRIX REER
S SAMPLES

LARGEST $12E OF SAND GRAINS (mm)
. THAT CAN BE SUSPENDED
]

e B SR 8 2 10

LARGEST $1ZE OF BEDLCAD (o)
© THACANBEROLLED

F'GUﬁEQd' CUH\'ERELNI’ING SIZEOFCLASTS AND SAND GRANS
ﬂNUEWOBﬂEDBYTHESﬁMEFMﬂQ
' (mmnﬂmssm...ww =
- S i o . - o
In the well-packed, clast-supported, oligomictic
' cunglmmeraﬁes"sedrimentary esét'r-_x.u‘:t:mrés é.re._n‘at apparant and the
f:i:nglcsmar?atefé ai-‘e bast desc:-rihed”as:magsii«ie (Fiaj. -3%al. |

Mmssive :mnglamsrate arzsea Frmm the ar.cumulatmn oF claat&.

™
B

-_'-:rmlling at‘lnng the bed 1n'l:c: bar ‘Fﬁ[‘"m‘an Lanssiaa or 1antir:u1ar- beds

of massive :nnglnmarate -Frequently de-Fine{ the remnanta a-F
_ _ _ A o



: :harazontal stratlficatlon suggest ﬁep031tlon by the rolling of §

5aIn1t1al 1ag fOrmation in these conglomerates 15 by the rolling- o

-(_‘,\ .
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_ pronounced bar shapea.3

The most commoh pedlmentary structure in the olzgomlctlc

conglomerate fac:es {Baatrxx Reef) ig’ atratlflcatlan which is

|“enManced by changes 1nﬂc1ast packihg density, and partieularly
by varxations in the deﬁrltal pyrz Le content of the arenite-
' matrlx. Both horlzantal and incllned stratlflcatlon are common

- {Fig. 20). In the horlzantally'stratlfled conglomerates the

l

"beds“ vary in thlckness frnm a few oentlmetres to a few tens

of centlmetres and may b& lateraily per31stent over hOrlzontal

_'distanoes exceedzng 5 m. Inclxneu atrat:fic&tlon varies in

Lo

r’-._' RS

'-angle from a few degrees te close to the ingle of repose and is

: more commonly termed crosﬁaédding. Whereas conglomerates wlth

_clasts aleng the hed, incllned stratification close to the

B

'angle of repose results from aValanchlng down the\downstream
faces of-graVel bars or dunea. Low angle 1n011ned |

- strat1f1cation is more dlfflnult to explaln and may reflect
_local s&ourlng and fllllng on the bed; . &r lateral accretlon of

" bar surfaces (Smlth, 1974 Heln and Walker, 1977).

Rust (1972), Gustavson (1974) and Boothroyd and Ashley (1975}

suggest-that mlgrating longitudinal bars form paorly deflned

.'horlzontal gravel beds thh an imbriocate. fabric. Smith (1974)
_has also nqted thﬂt in fluvial gravels the beddzng 13

_predom1nant1y masslve, but 1aw angle inclxn&tion 13 fairly

common from the<m1ﬁratzon of bars W1th 1nw rlffle marglns.

g

__of clasts along the ‘hed., If flu;d discharge and sedlment rate

'-remalna high aftey 1n1tial lag formatzen, then bars tend to

BRI
Zbr,_

Sy o - . . i

- -
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grow 46Wnstfeém fﬁstér than aggrading verﬁicﬁlly hénce'no f
_farééets devé10p aﬁd low aﬁgle, inclined afratificatidﬁ_
predominates (Hein and Walker. 197?) Only in decreaéing fIQW .
. 13 there rapld vartical aggradation and the development of |

steeper foresets._

_3-3-4 TROUGH cnossnznnzn PEBBLY ARENITE FACLES

In tha oligomzot1c conglomarate (Bea rix Reef) w%ére the

'_'arenxte matrix increaaes and conglomerates becoma more matrix

. supported, crqaabgddlng beoomes more prevalent. The dominant
'struéture'is largé—séalé3trd%gh'#rossbedding iﬁ sets about"é
om thick. Forelets are usuahly marked by varying ooncentrations
'of detrital pyrite (Fig, 21)‘ Crossbeddlng of th;s type ‘becomes
:.more-notlceahle and prevalent as the;arenlte-oontent of the
reef_incréaaes, and iz partieulariy marked in_the.pebbly -
_Quaftz—arenite interhéds; n theée ihterbeds thé croasﬁed'séts
'  are usually smaller and trough crossbed sets in the arenites
are about § cm thick. (Fxg. 22). |
' Traugh***nsabedding forms by the aceretlonary migrat;on of
 large, lunate ripplea {Southard, 1971) and 1ndicatas
unxdirect;onal flow_with_signjflcant veloczty_and depth
{Sauthard;31971'aﬁd-uarﬁs'at al., 1876). A rule 6f thumb
. suggeate& by Harms et 'al,(1975) is- tﬁat the mlmimum water ‘depth

of trough croasbeddzns is approximaiely tw;ce the thicknesa of

':'1ndzv1dual aeta. Water deptha énvlsaged for the Beatrlx Reef

" ars thua in the order of at leaat 30 cm deep, Trnugh
| urossbeddins'forms in wast ahallaw water settingsﬂand is thus

- not environmentally diagnuati&.

L
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X

i \
Ha

3.8, 5 PLANA& GROSSBEDDED PEBBLY ARENITE FAEIES | :
_ Planar croéﬁbeddlng is not as common Bs trough crosabeddlng
but ‘has been oﬁaerved in tha pebbly qu&rtz arenltea where 1t
_occura in sets’ about 5 cm thlck, or in alightly 1arger sets 8 -
10 cm_thickl Reactlvat4bn_aurfacgs are fairly common in the
planar-crcssbed.seté jFig. 28). “_: o
_ Planar.crﬁésbédding_fdrms aa'a regulf bf th&;aéc:et%onary'
ﬁigratién'of'stféighf crestedrripp;eé ot-aaﬁd'ﬁaﬁéé (Allepg__.’
'1963).1Agaiﬁ=hy apﬁlying,the;rulg;pf thumb sugEEEtéd by'Harﬁsz
e£ al. (ig?ﬁﬁ the Water'dépth fOr £he fbrm&ticn 6f fhe ﬁlanar :
'crossbeds bhberved in the Beatrxx Reef is of the order of at
.._least 20 cm deep. | _ | | .
: Reantivation aurfacea form dur;ng periuds of alack water or
pariial eroslon of dep031ted sedlment uhen, durlng a later rise
in stage they are agaln covered by new deposita of a 31milar
type or bedform (Smith, 1880}. De Vriea Klein (1970 and 1975)
states that reaetlvatlaﬁ surfaces are . oharaater;atio of tldal
-deposlts becauae such aedlmentary atruetures in thls_
envzronment are oontrolled by the simple reversal of tidal
currents 1nvolV1ng bedload transport, or time veloclty o
asymmetry of thesa currents‘ However Colllnqon {1970) amd Smith
(1980} have documented reactlvatlon aurfaces fcrmed 1n fluvial |

envxronments by the reaumption of flow folch1ng alack staga._

3 3. 6 PALAEOCURRENT INDIGATORS . _
_ As was dxscussed praviou&ly there is mnrkad, smali acale

| peiief an.theraaal sontact of-tﬁe raafu(Fig%.,Iia aqﬁ_iibzt

L
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This rellef results from the erosional scouring of qhannela

into the unconformity surfaee and therefore provzdea & trend

_for palaeoaurrent dlreotlons. MeasurEment of the low point -’

orientation of these scours where three dlmensional or multlple'

exposures permlt, shnw o falrly hlgh degree of varlanee, but a

: roughly narthmaouth trend aom1nates (Fig 25&)

The. palaeocurrenﬁ transpart direction measured from'

.palaeocurrent indloaturs such as crcssbedding shaws B

Ol

"_ﬂpredomlnantly north*northeast to scuth southwest transport

"d1rect10n (Fig. Zﬁb} This palaeacurrent transport d1rectzan )
'fcalnaides with the north south channel trends shown by the '

_'channel scaurs (fig. 253)

) ._'-'3,3 7 “omebmctrm'mmmmnﬂk WACIES -('EEATRIX' RBEF) ISOPACHS

The Beatr;x Re@f varies from a- thin, slngle pebble lag

_(Flg. 26) 10 thlck sequences of ccnglomerate and arenlte

- (Figs. 27 and 19b) “Much of the varlatlon in- thlckness can be

. ageribed to érpsional_scourlng into the uneonfﬁrmzty surface_at

ﬁhé.baae of the'rEef:(Figs; 158 and 16). These variations in

fthtckneas are 8 good 1ndlcat1on of ohannel orlentatxons.

: An isopach plan of the Beatrix Reaf thickness in the 40

 explorat1on boreholes drllled'from-surface in the Beatrlx Mine

fiand 1mmed1ately aurroundingrareaa (Fxg. 28) ‘shows that most of

 ?tha reef 1nteraeeted is betweenyzo to 80 cm in th1cknesa. Areas

'.of thxcker re f (nver 50 QP) &eflne roughly n&rth~south

o

5 trending zanes gchannelaﬁiyglong the westgrn and;central parts
of the ﬁxne {Fa&. 29} Lons1dering the fairly rapid variatiens--

in reef thickneag dLe to~the coua:derahlﬁ rglief of the
R [ d A . - . . “',:( .

A
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 FIGURE 25a:

{n=2a

oo
i -

ROSE DIAGRAM OF THE ORIENTATION OF

BEATRIX REEF CHANNEL SCOURS

1
1

 FIGURE 25b:

' ROSE DIAGRAM OF BEATRIX REEF
' TROUGH CROSSBEDDING AZIMUTHS

K

¥
[}
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FIGURE 26: ROSEDALE MEMBER ARENITES ON VIRGINIA FORMATION,
THE BEATRIX REEF HAVING BEEN TRUNCATED

FIGURE 27: THICK BEATR!X REEF SHOWING MULTIPLE SCOUR AND FILL
AND QUARTZ ARENITE li\"i‘ERBEDS



&

i '+ BOREMOLEDATAROINT

masmme  BEATRIX REEF SUSCHOP

20— ISOPACH WITH THCKNESS B¢, | o

FlGUBE 28' BEATR!X REEF ISGPAGHS FRGM $URFACE
EXPLQEATION BOHEH@LES



B

unconformlty surf&ee, the spaelng of surface expluration
boreholee (750 m) is too infrequent to previde any meanlngful
~ ‘channel orientatlon trends._ o | |

Beatrlx Reef thicknese meaaurements reeorded by the sampling

department on Beatrix Mine durlng thelr routine sampllng 6f the“e

.ore?ody were centeured to produce 1sopach maps which hetter

define the reef ehannele Samples are taken on an approx1mately"

6 m hy 8 m square grid and afford an exeellent coverage of the

\ reef exposed durlng mlnlng operatlona. The assay plan plots of

this grid sampllng were reduced to the more manageable seale of =

_.1 1000 and then hand contoured in 20 cm reef thleknesa'
lntervals.rThese 1z 1000 eontoured plots were then further
3redueed.end eombined to. produce the 15opach plan ehewn as 3
Flgure 29.- | |

For clarlty 1n presentatlon only the 20 om and 80 om. 1sopaeh
llnes"deflnlng three reef thicknesz intervals ave shown in

. Figure 29, The ieopaeh treﬁdgushoﬁ weil:defiﬁed.areas of reef
;Ithieker than_ao Qngith a p?onoﬁneed=n6rth—soﬁth'efientatien
(Fig;'ZQ);:Areas of reefxlese thaﬁ 20 ﬁm thickifbgﬁ ifreguler,
' elongate areas between theee'zonee of thiek?weef._These tren&e
- confirm the broad trends deflned frem the surface explorat1on
borehole reef 1sopach plan. : f f;u |

3. 3 8 CONGLOMERATE CLAST MORPHO&OGY AND SIZE VARIATION
o b
a. Clast Size Variations _;%

Conglomerates are hest deseribed in terms of the follewing
]l

' eh&raeterietiea of the elests and blast arrangement......-'

_'— snrtzng and szze distrlbutmon

P

ST,



-72 -

IR EXPLANA‘HON :__ -
i HEEF :»aocmmlcx

| REEF 20 - aocmmcx
- 'REEF czﬁcmTHIGK

FIGURE 29 BEATRIX HEEF ISOPACHS FHOM
UNDERGRQUND SAMPLING
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~ fabrip i
- stratifichtiop' _ _ _
.f grading o . (After Harms et al., 1882) . . ”;;

. The gwerﬁge.iargéat'quartz 61§st.ﬁize meaéured-from rae£'
intefseupiana ih-eaqh-of.the surface éxploration_hdreholea was
 _§1étted,and cqhtounad_iﬁ an g£tampt tu.gséertainrﬁhe average.
LargéétholaSt_siée.in the reef and_aﬁy regiona1'vﬁfiatiﬁﬁﬁ.in'
blgs§ £ize'(Fig._36).”Th¢ average iargagt:Quaft# clast Size for
each intéfsactioh-w&s determihad as'ihé éﬁiﬁhﬁeti& Fverﬁge df :.
the long axls of the 15 largest clasts v151b1e wom the aplxt_
sample surface of the borehole core. Gl&st sizes in 1ndiv1dual .
1nteraectiona from deflectlans of the same boreiole Were- 'H'}
aVﬁraged to provida 8 single average largast olaat 8136 far

_each bareﬁ%la. The average size nf the 15 1argest quartz clasts
v&ries from 17 mm to 35 mm wzth most clasés between 20 - 30 mm.

'_-(Fig. 30). From Flgure 30 it ia apparent that only broad,

=regianal trends in- the average largest clast size can be

]:faﬁcertained. There appears to he an. overall decrease of the

average largest clast size towards tha south (Fig. 80}, but
this is partly masked by an area of larger elasta 1n the
weatern par@ of Beatrix Mlne, wh:ch aorrespnnda wlth the area

-af thxcker reef deduced from the isapach plana (Figs. 30 and

- 28). CQnszdarlng the spaclng of the Burface explaration

boreholes (?5ﬁ m} the trends defined far the var:at;an in cla&t
size. in Flsure 30 are’ 2 raugh guide only._f. |
=Attempta ‘were made to further cnnstrazn the nlast s;me

=variations by tha mnasuremant of average Eeatrix Reef clast

0.
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‘Bizes in-the undergrouh&-ﬁroepect bbieholee. ‘P date some 300
_boreholee have been drilled from the underground development on
'Beetrlx Mine for routine evaluatlon and proepeoting. Pebble

 counts were. “arrled out on 230 reef intersectione fron the

quergrounduboreholes; The looetlon of the-boreholes ueed_glvee;e'

" e_fendoﬂ_soatter.of da£e §oiete_providiﬁg_good ooverege of the
area of the-ourrent3underground workinge on Beatrix Mine IFig_.
31) The llthology and the long axie of each clast longer then
'4 M WaS recorded in half phi olaes 1nteFva1e. The average
: clast eize for the 1nterseot1on was then oalouluted from the
total of the sum of the frequeney of observatlons in each elaee
1nterva1, divided by the total number of obeervatlone.. | .
.Obeervatzone in eeoh elaee 1ntervel are aselgned & size velue
_ equ1Valent to the midpolnt of thett;nberval The average clest
eizeeuwere then contoured us;ng the SURFER program 6n a f
_ pereonal computer {Fig. 81}. The average ollgomlctlc
eonglomerate favies (Beatrlx.Reef) olaet size as measured in
the underground boreholee varmes from 9. mn to 24 mm, and a
southerly decrease in claet slze 13 apparent {(Fig. 31). An area
of el1ghtly lerger claets stlll ocours in the western part of
_the Mine worklnge where a sty ong north—eouth isopleth trepd.;e'
'evident (Fig. 31). o |
.Average clast elzee meesured In the underground borehole
'intereeotions are generally emeller than those meeeured in fhe
3eeurfaoe borehole 1nteraeohlone or in underground expoeures.
Thze is due to tha Bmaller diameter of the borehole oore ueed
for the meeeuremente. Underground borehole eore is only 32 Bm
in dlameter therefore only rerely are the 1erger claate:

.
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'(greater thah:so mm) in£ersécted éﬁéﬁ.ﬁhaﬁ'ﬁhey:caﬁ%ﬁa.
‘measured.  -. | _ | | -

" The avérage oli}ﬂmietic'conglémerate f@cies olast size was
 _aJso measured at 4 number cf localitihs in the underground mine
workzngs {Flg. 32}, Measurements were made by measurlng the |
;?1ong ax‘ “«expoaed on the hroken surface, of every clast 1onger
.Mthan 4 mm w;thln a narrow band (35 iy w1de) over the whole
:width of the reef, The 1nng axis of larger clasts nnly partly
included W1th1n the measuring band were also measured. In areas
of thln reef the band withln which measurements was done was
| widened to- ensure.a populatlon of et least one hundred
:measurements at each 1oca11ty. | _ | n |

clasts Tary in gize with the largest clast measured belng 150
Imm. The QVerage clast size from all measured sectxons‘is ‘18 mm,
A slight decrease in the average clast 815& in a southerly
i;direct;on is still apparent (Flg. 32) o
b, c_laa'ii';“ norphalag;:"' ’ | |

In éréas where thé rééf is overiain by black'shale and.
siltstone, or in areas where the matrd k comprlses very hlgh
__cancentrations of . detrztal pyr;te, it was passlble to remove: |

_indlvldual clastg from the oonglomerate in aplte of hhe
 genéral1y h;gh degree of llthlficatlon of the reef. Barrett -
(1980) conslders pebble shape to Qompr1se three related
c=praparties 4 form, roundnesa and surface texture. Form indices
such as maximum projectmon ﬁ;perxcitw (Snead and Folk, 1958;,
'¢nefficxent of flatneaa {Luttig, 1963) and oblate-prolate 1ndex_

(Dobkl ‘and. Folk, 1970) are %hausht to he useful dzasnosticvurj

-\. u‘.".! :
W !
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env:ronmental indlc?tors and have been tested in stud1ea of .
modern gravela by Bnbkzna and Folk (1970) and Stratten (19?4)e'
Thamn (198r) ‘has used claat form-and1¢35'aa palaeoenvirqnment-
indicators an graveis from the Nazrdouw Formatxon &Cape.3n
HSupergroup), Theae atudiea have haWever been questianad by
'Redderlng and Illenberger (1988) who polnt out that shape
sorting as_desgr;bed_by Huhday and-Bgnks (1971), ‘Dobkins andf
-Fdlk 41970) '_-g-_g.ndd__brfqrd __(19_7.5)'_- axﬁpea;_’:s fo' Be I' ia'lﬁlo:p_{s_' importdﬂt .:
. cor.a{'.r.ol tm ‘l‘.he shape distri‘but.ion of clasts dn :heaehjes". f‘lat
clasts are concentrated on the 1ntertida1 pﬁrt of the beach
| _. where 'bhe‘y are aegregated from thelr more spherical |
'_couﬂterparts whiah are concentrated in the subtzdal_zone.
. (Hobday and Banka, 1971 ‘and Orford, 1975) |
Studlea by Els {1988) of the Mlddelvlei COnglomerates appear
to be the first studies 1ncorporat1ng clast . form indices fcr

. the conglomerates ‘of the Witwatererand Supergroup._i

Tha clasts removed from the Bemtrzx Reef are generally wellm;

r

'_ruunded wlth amuoth aurf&ces (Flg. 33), and there is 11tt1e
evidence of the commonly descrlbed reaation betﬂeen quartz’
' claats and tha phyllosxlngate matrix. {eg. Elsa, 1988, Verrezen,

K

1987 and Law et al.,19891

The three fo&h 1ndices mog; commonly used by previous workers |

- maxinum pro;ectxon apherzc1ty {Snead an& Folk, 1958}=
- coeff;czent of flatness iLuttxg, 1962) | o

= oblate-prolate 1ndax (nobkins and Folk, 1970) .
' '_were o&lculate& from tha prlncipal axes measurements of 163
clagts obilected frum varmous e"paaurEs of the olxgomactic

.
4"’(‘-

ALY
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FIGURE 33: WELL ROUNDED QUARTZ CLASTS EXTRACTED FROM
THE BEATRIX REEF AND USED FOR
MORPHOLOGY MEASUREMENTS

FIGURE 34:  QUARTZ CLASTS BROKEN PRIOR TO DEPOSITION IN THE
" EEF. NOTE THE ROUNDING OF THE BREAK EDGES.



A -
' cnngiomeraﬁé facieé (Beat:iﬁineef} in the undergrquﬁd workinés. :
| _Clasté'we&f“selecte&‘foﬂ whiah the three Qrinﬂipal axes bould
be determined unambiguously and acourately and these axes WEre
_measured us;ng a slmple verniar caliper. Of the selected clasts"
.some 27 % at111 dmsplayed facets due to pre«depas;tional '
fbreaks. These preﬁdeposltlonal breaks appear aa facets en the

normal, rnun&ed clast shape and have had the hrehk edges :
partlally round@d prior tb deposition (Flg 34). In extreme
cases the clast may take on the appearance of belng 9 rounded
”dreikanter*.' o

As a control 19 qpartzxte pabbles collacted from a gravel

: beach near PlettenBerg‘Bay were aisa measurﬂd and their fexm
1ndices calculated to check the discrxmznation uf the methwd.
“The avgrage:form_indices_determlned from the Begtrlx_Reef

clasts are summarised below.

Co-afficient of Flatness (Luttig,1962) 54.51

- T

Sphericity (Sneed snd Folk, 1888) =t  0.%2
Oblate-Prolate'Indax (Dobkins“ahd'Fblk, 19?0)' H '17.31
Thesa form 1nd1ces are slgn1f1oantl¥ greater than the lower

limits determ1ned by preV1oua uorkars {Dobkins and Folk, 1970
”and Stratten, 1974) to different;ata between fluvial and beach :

. pebhles in modern gravelﬂ. The indices for co-eff;clent of

 -flatness and spherlalty are very close to the averagea for
| South Afrinan river quartz pebblas (53 6 nnd 0. 72 rESpectxvely}
3determ1ned by sﬁratten (1974) (Ezg. 35). Some 10 % clasts

'. measured have sphericity and eo-efflaxant of flatneas 1nd1¢ea

'below the 1ower llmits suggesﬁed by Stratten (1974) for fluviul
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- only begn-documented-in_claat.supported, ”deep_water,-

.-33@ _

' pebbles and have indices characteristic of beach pebbles (Fig.,

c;ﬁﬂabric _.':

The texm fabric refers to the arrangement in a rock of its

various components, and ihciudes-packing an&.the orientation of

claétic partiéleé-in‘éedimentary roéks (Harms et al. , 1882).

'-Where the clasts are of asymmetrlc form, a well—daveloped _

' orientation of clasta strongly suggests that 1ndividua1 clests
=have moved freely wlth reSpect to. each ather, and haVe assumed:
an orientation (1mhricat1on) 1mposed by characterlstica of the.

'7f1ow.' ;

Imbrication is nut very common or obvxous in the Beatrlx K

Reef conglomerates, but has been observed in & number of

llacatzonsf partlcularly 1n the thlnner reefs where the reef is’

only a few pebble dlamétara thick. The claat orlentatlon is

'.usually with the 1ong axis ia-ax;s) transverse te the flow and -
._thE~1ntermedlate axla (b-axls) mmbrlaate dlpplng upstream. Thls
can be co&ed, a8 suggested by Harms et al., {1982), as
-_a(t)b(l), The ollgomlctzc conglomerate clasts are generally

?wellﬂrounded and thelr shape prnb&bly aocounts for the scarclty

IS

 ;0£ &n 1mbr1¢ate fabriu._

The a(t)b(i) fahrlc 15 charaaterlatlcally the result ef

:'clasta rnl&ing an the bed and has heen abserved in many river
:; grave1s (Ruat, 19?2). A fabr;e w1th the long axia (a-axis)
’:fparallel to the flow dnd 1mhricate dipping upatream, qnded as .

' .3{P)5(i) b? Harms ot &1-9 (1982), {8 mueh less ‘cowmon and has R

[ . ' . ’ o
. o T R f
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: "' tuﬁbi&iteeiike“ gonglﬁmeratesutwalkgf,.1975};'Rus£ (1972)-ha9
also_ﬁofe& that smaller size éﬁd'iﬁéreased'éonceﬁtration 0fz
. pebbles reduces the degree of preferred orlentatlon. With c}ast
-sizes less than 2 cm and stream velooltles sl;ghtly higher, E
_clasts are no 1onger rolllng but leave the bed asvsaltatlng
grazna an& an erientatlon with a—axls parallel to flow could
develop (Rust, 1972). Conglomerates w;thaut & preferred clast
orientat:on 1mp1y transpart and deposit:enal proeesses in which

' the clasts are less free to move relatlve to each other, and

N hence are unable to respond inuiv:dually to fluld stresses.

3 3. 9 BED LENTICULARITY AND PEBBLE SEGREGATION

TR

. Clifton (1973) has sugested that two aspects of beddlng nay
hpermlt visual dlsrrimlnat1on between wavemwarked and alluvzal :
grgvel. Pebblgg.;n wavefworked gravela tenﬁ to be better
segregaté& into'diabieté hedé and bedding in'wavéwﬁorked
graVEls tends to be mare laterally regular, or lessllenticular
‘than in fluvial gravels (Cllftcn, 19733. The two asbects that
aould be quantifled to allow the discrzminatlon were_the pebble )
aegrggaﬁibn factor andnlehticulafiﬁj index define&”by Clifton”
(1973) as follows o |
pebble segregation factor # { 0 - m |
' where m is the m1dpo1nt of a semi—quant1tat1ve class

of pebhle coneentratlon expressed as a percentage.

lentlouiarity 1ndex (Tmax - Tmln ) /. 1
| where Tmax = maxzmum beﬁ thickneas 1n a 5 metre seetion

Tmin = minimim- bed thlekness 1n a 5 metre aeatlon :




© 1 = lateral extent of the bed in thé 5 metre -

S

section

“Pebble segregat;on and bed 1ent1¢ular1ty wWere meaamred over a_
number of five metre stretches of the Beatrlx Beef 1n

-:undergrcund expoaurés ag per the methods descrihed by Clifton

' 75{19?3). The results are PIOttEd on the pebble 3egregation

_ N
-.factor versus lentxcularzty lndex diagram (Flg._SS) Wlth the -

 'env1ranment fieidz as defined by Cl1fton (1973)
The qonglomerate beds azl plot within the alluvzal field
'_deflned by Cllfton (19?3}, but the arenmte 1nterbeds give

: spur1uus pebhle segregatlon faetors as the aanglomerate.

;fraatlcn of the 1ntarbeda ia generally very 1ow (less than 10%)

o anﬂ the pehble segregation factors are accordingly Very high. -
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3.4 FACIES OF THE ROSEDALE MEMBER HANGINGWALL

Bttt s Rt P ST

- 87 -

3 4, 1 INTRGDUGTION

The Roaedale Member (V 8. 4a) is the lowermost member of

'the Eldarado Formation and dlrectly overlles the Beatrlx Reef

.(Flg. 8} The: contact with the Beatrlx Reef is dlsconformable,

bﬁt is lacaliy unconform&ble where the coarser grazned facles

.of the Rﬁaed&le Member have eraded into and removed parts of

the Beatrlx Reef._

Baged on sediment&ry structures gn& lithologien, frour distingt

‘sedimentary facies are recognised in the Rusedale Member viz.,

?oiymictidfdonglcmerate facies
‘trough crosshedded arenite facies'
'_plagaf crossbedded srenite facies oy

hetefdiitﬁic facies - S i

~ The hetefnlithic'facieé is Bo'hamed as it comprises rapid'
E alternationa of mud, szlt and fine—gralned arenlte and
sedimentary structures vary rapldly frum horlzontal lamlnation

'3nd plane bedding to rippla marklng and amall Bcale

'orossbeddlng.

3. 4 2 THE CONTACT WITH THE EEATRIX REEF

It 13 known that 1n areas to the north of Beatrlx Mzne the

LI

'Rosedale Member unQﬁnfarmably overlies the Aan&enk Formation _

| and has also trunuated the Aandenk Formatlon and unoonfurmably-

u

”,.averlles the St Helena ar Vlrginza Formatzons uf the footwall '

suuceaslona..rn thesa areas Beatrix Reef 1s either not

Sooon

develnped or’ ‘hag alao heen remaved through eroalon and is
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_répresented By the uncahformity at thé base of the Rdsedale

Member« On Beatrix Mine the contact of the Rosedale Membar w1th

| the Beatr1x Reef is disconformabla. .

The lower part of the” Roae&ale Mamber ia hlghly chsnneled

' although, due  to the lack of aufficlant undergraund exposure,_

it is not posslble to. fuily daoument these channels ozxr preduce

'isopach maps of individual channels or units. Detalled mapping,

at regular intervals,_of a seiected area to hhé northeaat of

Be atr:x Hlne s No. 1 Bhaft haa shown the channeled nltu:h af

the. basal parts of the Rosedale gemher and ita rPl&tiothip to

".the facxes cf the Beatrix Reef. In thls study area tha base. of

the . Rosednle Member has a diacrete, well &efined, north south

'trending channel wh;ch haa trunnated and removad the Beatrxx

Reef thgs. 37 and 38) . The channel is a cnmposite unlt about 6

- 8 " wide and Just over & metre 1n total depth. Sconr suyfaces -
. within the channel show that it is a composlte unit comprlﬂgng

 at least four scour ‘snd fill epxsodes. The channel is filled :ﬂc

{ .

with trough arossbedded quartz and lithlc arenltes and pebbly

-arenltes. GOnglamerates Only occur as; rare bkr forqg aiose to

the banks of the channel and s lag 1ayers a few pebble 3

diameters thiek ‘ofy the soour aurfacea.

Where the upper contact of the Beatrlx Reef,haa beem

ﬁpreserved balnw the flﬁe? grained faczas of the Rﬂsedale :  5T
' Memher, such as the black shale and fineﬁgralnad-lithic-
_f_aran:te,_it accurs as a remarkablr flat, planar surfana

_ monfnrmably averiain by the fine-gra;ne& sed;mants tFig. 39).-

¢ Co . L. . . o

¥ :

L
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FIGURE 38: A DEEPLY INCISED CHANNEL AT THE BASE OF THE
| ROSEDALE MEMBER SCOURING INTO THE BEATRIX REEF

FIGURE39: = - FINE GRAINED LITHOIOGIES OF THE ROSEDALE MENBER
-- * CONFORMABLY OVERLYING THE BEATRIX REE: ©

15
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3.4.3 THE POLYHIGTIC CONGLOMERATE FACLES

The polymlctxc nonglomerate fac;es is, as the name 1mp11es,

charaeteriaed hy a. polymlotic clast &wsemblage (Fig._40) The

-clasts are notlcably smaller and less well-rounded than thhln'-

the OllgGMLﬁtic conglamerate facles of the Beatrix Reef. The

clasts conaist of quartz, chert, quartzite, s;licif;ad shale -

'={yellow and grey) and other vrock fragments auch as aczdlc

fﬂgneaus rocks. Rack types other than quartz or chert form up to

'_30% of the clagt populat:on. The average clast size in the

pebble counts_done 1n_underground gxposures at No. 1 shaft is

12 mam. The matrix of the'pqumictic conglomeratés consists of

_llthim arenlte in whlch chert and slllclfied shale gralns

L impart B . dlstlnot speokling.

: The-polymictlo-cnnglamerate'facies-is very similar to the

V.8, 6 conglomerate which occurs at the base of the Rosedale

Member in areas to the north and mortheast of the Mine
(Fig. 41), and probably remreaents SOﬁtherly-channei extensioné

of the coarser phases (V 8. 5) of the Rosedale Member. - The V.8,

§ conglomerate .per se does- nut occur on Beatrix Mine.

On Beatg;x,ﬁine_the polymictichaonglomerate facies tends to be

confined to disaréte'bhannela-up to 100 m wide and over'l'ﬁ '

deep, and is more ‘prevalent in the_northerﬁuﬁarts:of the Mine,

The conglomerates arecgenefally troﬁgh crossbed&ed'in sels

10 - 15 cm thlck, although sume 1ow angle, ;ncline&

-H_stratxfioation oacurs in parts. Horlzontal stratlflaatlor such

- as observed in the ollgomictic eonglomerate faeies daes nut

'oceur in the polym:ctze ecnglomeratea. The crosabeddzng results
'£rom the aacretionary.m;gration of large, 1un§t9~ripplea -

J'uf__'

) !'ffy

L
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FIGURE 40a:  POLYMICTIC FACIES REEF, NOTE THE SMALL CLAST
| SIZE AND ABUNDANT ROCK FRAGMENTS,

FIGURE 40b:  ROSEDALE MEMBER LAG CONGLOMERATE
o - UNCONFORMABLY OVERLYING "A® FACIES REEF,
CLASTS IN THE LAG CONGLOMERATE ARE
- SCAVANGED FROM THE RERF. =
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(Soﬁthard, 19?1), bf.ﬁhe7aocfétionary migration\of_gra#él_bars .
W1th low rlffle margins (Smlth, 1874). The minimuh water depths
envisaged for this deposltlon are in the order of half a metre
: deep (uslng the rule of Harms et al., 1975) | | |
The polﬁplctxc conglomerate facies alac ocours as thin, lag

conglome}Lte 1ayers up to 5, cm thzem at the base of crossbedded g

: arenlte unlts (Flg. 40b}- In these cases it is th1ous from the
clast morphology”and camposition that the clasta have been .
scavanged from the underlylng Beaﬁrlx Reef durpng acaurlng into
the top of the reef by the Rosed&&e Membera_ﬁepc31tion of these'

lag conglomerates would be by rolling clasts aldng the bed.

3.4 THE TROUﬁE ORQSSBEDDEﬁ ARENITE FﬁGIES s
~ The most commmn faﬂias in the Roseda+ ~}emner conszs+a of
“to 15 om thlck sets af - trough crosabed&e arenite. The trough
°$haped sccurs are frequently preserved on ‘the hanglngwall of
 the’ atopes where it ia seen that these scﬂhrs are up to 40 cm
.'w1de and 5 cm daep. The orientatmon of these scoursJ and,’ the

' cusp lines between scours, glve a gooﬁ 1nd1cat10n of the

-,

palaeqcurrent trend and are generally crlentated nqrth sauth.

R Pl
" The arenites are flne to medium gralnedvand cnutain up to 1@ %

T
%

¥ -
blaek a(ﬁillaceaua material in fhe matrix. Foresata are -

: > S
L frequenﬁ,y defined by V@rzatlona in the arélllita content, and.

[ h .
- 1ith1c-fragment granules may aoeumulate oan fureset taea.

o

The trough erossbedding fcrms by the accretlonary migratlon of.:-

)

1ar3e; lunate rlpples {Sauthard, 1971) aﬁd 1ndicates S
- G e

_ unndireetinnal flaw thh sxgniflcant velocity and &epth
fSOUthard, 19?1 an& Harma et al., 1976y, v

® . S N

LI

5]
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3.4.5 THE PLANAR CROSSBEDDED ARENITE FACIES

' Planar oidésbedding_is aléd:fairlylaémmon.in the Rosedale

Member arenites, ocourring in sets sbout 15 cm thick (Fig. 42),
-'an&_having a maxiﬁum.thiekness of 50“cm;;6hanges in the fqreéet

“dip angle within some beésbe@;sets_sugggst regctivation

surfacgs; _
Planar orossbedding forms by the accretionary migration of
straight created rlpples or sandwavee (Allan, 1963) The

m;nlmum 1nferred water depth for the deposition of the planar

o crosabed séts observed 1n-the 1ower parts of the Roaedale

Member ia in the order of half a metre (using the rule of Harms

et al., 1975) Comments regarding the reactlvatlon Burfaces and _

thear orlgln are the same as those ment;oned 1n the planar

crossbedded_pgbbly arenite_f&caas of the Beatrlx Reef. .

7_ 3 {‘6 HETEEOLITHIG FACIE& ASBOCIATIOﬂ

Wlthin the finewgralned aedlmants at the baaa of the Rasedale

- Member overlying tha Baatrlx Reef haflzonta‘ laminatznn is

extremelv common. Seta ares only 2 few mmllxmetres ‘thiek (Flg.

.'-43) and conaish of ﬁlternating black arglllita and fzne

a

'fﬁ-arenite.°The upper surfaces of the sets ara frequently rlpple

marked, hut rlpple laminﬁ%mon 13 rare. Eha mzxed subply of

. argilllte and fine«grained gren;te reau}ts in lentzcular and

,':_ WQVy beddlng with 5solatad an¢ conﬂéﬁted, r:ppleumarked arenite f

1anses in the ‘bldck ang:mlli’@.e (Fig. 44},.%:::‘ ‘addition 10ading of
thia unlt has pro&uoed luad atrﬁetures, ﬂarticularly hall and
pillmw struntures and convuluté baddlng (Fig. 45).”

& “@fh§r of aurf&ue se&imantary stru&tures are préaerved on -

. “ iz
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FIGURE 42: PLANAR CROSSBEDDING IN ROSEDALE MEMBER
ARENITES OVERLYING THE REEF. NOTE THE
REACTIVATION SURFACE TO THE LEFT
OF THE SCALE RULE.

FIGURE 43:  HORIZONTALLY LAMINATED AND RIPPLE MARKED ARENITE
| AND ARGILLITE AT THE BASE OF THE ROSEDALE MEMBER
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FIGURE 44' INTERBEDDED ARENITE AND ARGILLITE DiSPLAYiNG
C " LENTICULAR AND WAVY BEDDING -

FIGURE 45:  BALL AND PILLOW LOAD STRUCTURES FROM THE
" INTERBEDDED ARENITE AND ARGILLIVE UNIT AT
 THE BASE OF THE ROSEDALE MEMBER
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the beddlng planes of the heternllthic faelea..The moat common
of these are as follows N | |
} symmetrical and asymmetrieal ripple marks |
4_1nterference rzpple marks and ladderback rlpples.
- mudcracks '
- rn=ndrop 1mpr1nts or rinzel marks

obstacle marks oy ourrent erescenta

b

Rippie marks are partlculary common and occur as castaef
wherevee a black argllllte paftlng ia exposed en the ?
'hanglngwall of the stope. Symmetrlcal r1pple marks are the must
'-cemmen and have-a wavelength of 1 - 3 cm and;an emplitude of

half'a centimetre (Figs;'46 end 47).7Ripple'crests-ere"straight

.'finr partly blfurcatlng, and 1n splte of a fairly high degree of

n.varlaﬁce,Lare most commonly oriented eest -~ west {Fig. 48a) .
TThls r:pple crest orlentation is consistent throughout.the
Mine. In parts the ripple marks may be asmetrloal with falrly
‘definate;stqss_and lee 5xdea._ﬂeasurement of the_zndmcated-.
_pelaeecurrEnt.diréefi;n frem:ihe fipple aeymmetrfzsuggests &
bimndal direetion with & ncrth to aoyt& trend &omxnant (Flg._
485) This bimodality ney reault From. csc1llation asymmetry
under- the 1nfluence-o£ current flow in the'two, dlfferent
” 1ndiceted dlrE@thﬁB, but is more 11ke1y a result of the_y
-djffleulty ;n uhamblguously determanlng the stoss and 1ee sldes
of ripplea‘that are eaaentlally symmetrioalu _.f | |
Oceasianally in the larger rlpples (wavelengfh 3 em)
eecondary, amaller ripple arests: are developed in the trougha
Jef the ripplee (Flg. A7) . Interference ripples; formed from the_”
_interferenee of-ripple trplns ef d;fferent o?ientqtien;_oeour'
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FIGURE 46: SYMMETRIC, OIS_GILLA'I."!ON RIPPLE MARKS FROM THE
LOWER PARTS OF THE ROSEDALE MEMBER

FIGURE 47:  SYMMETRIC RIPPLE MARKS WITH SMALLER CRESTS
-  IN THE TROUGHS OF THE LARGER RIPPLE TRAIN
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n m?B _

FIGURE 48a;

ROSE DIAGRAM OF V.S.4a WAVE RIPPLE _

CREST ORIENTATIONS

P——

RQSE DIAGRAM OF V 8. 4a ASYMMETRIC

R!PPLE CURREHT AZIMUTHS

Y
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[T

in pirts, but are usually isolated occurrences confined to

'fsméll_areagf*Ladder—baok;rippies; a speéial class of

: interfeféh@e ripple, have beén noted in the_No.]I'Shaft aréa.

The laddér«babk fippleé'comﬁriéé”a primafy.set of ripples-wiﬁh

a wavelength cf 20 cm whlch are remarkably flat topped and haVe

an amplltude of 1,8 em. In the troughs of thls primary r1pp]e :

~ set, at rlght angles to their trend, is a set cf smaller

rlpples with a wavelength qf 2 om - (Fig. 49). .

Mudcraeks hava also heen nated on the argllllte partlngs

 throughout'the_M1ne (Flg.fﬁﬂi.-The mudcracks form & pronqunced'

Dolrgonal.paﬁterh-wifh polygons in the order of 10 - 30 ¢em in .

.;siZe,fIﬁ'placés;the“mudcracks dccur_on:ripple-mgrked-sﬂhfg¢esg.

in which case the ripple troughs have influenced the
orientation of the crapks. Where seen in.sectibn:the muderacks

have a'poarlr defidéd uV"hgrcas;éection_ahd extend to less than

2 com into the substrate.

Other marks that ocour on the arg1111te partlngs conslst of

1rregula:,_partly conngcted depreasions-and narrowﬂrldges less
than 1 mm in size. These are inferred to be raindrop imprints

s _ D S : _ _
or-wrinkle mamks"{rinzel marks) Wrinkle marks are producﬁd on

sed;ment aurfaces that are partiy cohesive. If such 8 sediment

o aurface 13 covered by anly a very thln film of water {up to 1
:cm}, and ir a strong wina blows over ‘it, the surface ﬁﬁvelops
twrlnkles (Reineck and Slngh, 1975). Wr‘nkle marks are Y good

slndlcatar of 1nterm1ttent emergenae of the sediment surfaae.

| Th% maaorlty of the rapple marks preaerved in the

_ heternllthxc facles at the base of the Rosedaie Memher are

. r“* .
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FIGURE 49: LADDER ~ BACK RIPPLE MARKS +ROM THE
LOWER PARTS OF THE ROSEDALE MEMBER

FIGURE 50:  MUDCRACK IMPRESSIONS IN THE ARGILLITES
AT THE BASE OF THE ROSEDALE MEMBER



.- 103 -

- symmetrical, or wave ripplea (Fig._463. Symmetrlcal ripple

marks are formed by the regular asclilatlcn of ﬁhe water uody
across & sediment subltrate. The vipple 1ndieea and ahort
“wavelength auggest depasltlon and format1on in shallow water
(Eomar, 1874, Allen, 1981 and Diem, 1985). The presence of wave o
:rlpples interbedded with the horxzontal lamlnatinn in*flne—
gralned aediment {less than 0, 25 mm graln 31ze}, indicates

_max1ﬁum flow velocltlas bf 80 -~ 80 cm/sec (Allen, 1970)._ such
symmetrlcal, osczllatlon ripple marka are frequentiy documented.
frem shallnw marine aettlngs {Clifton and Dlngler, 1984 B1em,-
..1985), but also gcour in lanustrine or abandoned fluv1al -
‘channel settings. The frequent nccurrence of seeondary, ‘emaller
-ripple crests 1n the troughs of the 1arger rlpples (Flg. 47)
.1ndlcates shallow;ng water durlng dapoaltlonu

| Interference r1pp1e marks, and partlcularly ;adderubaek ;

_ rlppleg,_are:formed when'the‘oaclllgtiqn direction.durlng _
'faliing watar”staae'is different to the traﬁspo#t diredtion |
&uring'the-deﬁoéitibh of the original'rippié train.'Conditiohs .
for the formaticn of laddsr-back rlpplas are often encountered o i
- in tidal environmentsféhere ebb and flow direction and strength

' 'are different. _“;,} , o Q;

: The r;pple mark Lhara&ter:stlcs.all %uggest deposltmon in very

shallow water, a supposition supported by the" occurrence uf

_Jmudcrauks {Fig. 50), fruquéntly on %ha r;ppled surfaces, Other
f%gﬁﬂimentary structures whxch attapt ta periods of subaerial '
_:expoaure are’ tha raindrop. 1mpr1nﬂs and wrinkle marks.*’ﬁ{{&_ |
In apmte af ihe abupdaﬁ%e of ripple marklng in the argiliifes

and fineﬁgrained arenites, riyple 1am1natlon-1a rarg. McKee

* N . .._f_.
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P

a(l@Bﬁ), 1n his experiments on. ripple 1am1nat1un, noted that 1t

dnes hot necessarlly occur in areas of rlpple markxng._

'easential factar in. formlng appredlable depoaits nf rxpple
lamlnatad sand”is the introductlon of an abundance. of sedlment

Vﬁﬁfxato an area af r1pple movement IMaKee, 1965). Ripple ]

K lamination is thua commonly obaerved on rxver fload plaL".

el

1wherqlbank overflcw introduces ahundant sedlment (McKee, 1965).

rLargs areas of rlpple marklng without rhpple 1aminat10n ocaur
ﬂfrequently on tidal flats because of the lack of sedlment .

fsupply‘and the constant redistrlbution by ebb and flow.

The oonvolute beddmng and ball and pﬁllow strUGtures (Fig 45)

;-polnt to rapld sedlmentath; and gravitational 1nstability

':{Potter and Pettijohn, 1963) but are not dlagnastzc of any |
'_particular env1ronment, having been described from dqep water
gturbidites, margina%}mar:ne (tlﬁaliteai and fluV1al settlnga.

f“Lanu1cular and flaser bedding have been described,by a

:Reineck and Wunderlicn {1968) and forms by the regular

"alternation of twoetypea @f beddlng. Lentzcular beddlng

8

{Fig. 54) is produced when 1ncomplete sand rlpples are forqﬁd on

a mu&&y subatrate and presarved as a feuult of the-deposition

of the next ‘mud 1ayer {Rein&ck an& Wunderlich, 1968), and are

thus prhduced undamfoonditlons more favouramge for the

i

-depus:tinu of mud. Fram the mode; of for@?bzon requlrlng perlods\

::

'_nf wava 0T nufren actmuw alternating wlth peraoda of slack

-water,_the pgefnrred envirnnmanﬁw fur ﬁhe formation nf

B

nank and Wuuderlich, 1968) SRR

 lept icuiar be&ding ‘are thus inte#tidal and, ambﬁidal zones
& -



"
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3.4.7 PALAEOCURRENT-INDIGATORS iN'THE RbstALE MEMBER
'The'brientation'of fhé trbugh shépEd scouré,'and.the cusp
lines between the acours, provide an i;d1cat10n of the
palaeoeurrent trend, and show =4 predominantly northﬂsouth
orlentatlon {Fig. 5la). Palapocurrent measurements from trough |

and planar crcssbeddlng in the Roaedale Member arenites confirm
&

™

a north to souﬁh palaeocurrent direction (Flg. 51b)

A narth to anuth palaencurrent directlon 18 further aupported |

w

by the orlentatlon of r1pple mark crestlines and ﬁhe current

azlmutha deduced from the_asymmetrlaal rxpple marks_(E;gs. 48&5

‘and 48h).

3. E FACIES ASSOCIATIONS OF THE BLDDRADG FORMATION
3, 5.1 ROSEDALE MEMBER |

Much of  the descript:on of the facies has been confined to

“the lowermest metre of the Rosedale Member as thia is all that

K

is usually exposed &uring undergrcund stoping operations on.
Beatrix Mine. From the detniled loggzng of exploratlon borehole
cores on the M;ne_lease,;aud areeas to_the-nOrthwest of the'
Mine,.regionai v;riatiohs in the 1i£hology and facies.SPqUeﬁoég
of the Resedale Member and the Eldorado Formation become
apparent.( 1, —_ _' _ o | _ |

From ‘the mlxed Rclym:ctic conglomerate, trough crossbedﬂed
arenlte. and heterolithlo facies. at 1ts basa the Rcsedalﬁ_
Membef‘coarsena upward to palymletle conglomerate and

granulestone and coarsewgralned, trough erussbedded arenztes.

The aedimenta then benome fznﬂr graxned and form a sequenae of

r’}
%.

.
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n= 29

 FIGURE 51a: |

| nosa DIAGRANI OF nosem:.s MEMBER N
" TROUGH AXES mmns A ;

..'-_l.‘}-'.

. .(.J,. D

.

51 ROSE DuaRAM OF msamLéJMEMBER
' - CROSSBEDDING Azﬁmu'ms o

oy

[




erossbeaded 1ithic arenltes averlaln by & 2*3 ti thick sequence .
of rlpple—marked andJhorizontaliy-laminated fine—grained llthic '

arenite amd black argmllite* This unit ocuura at a diatance of '

25 m above the Beatrix Reef ami marks the top ‘df 'bhe Roaadale .
_Member (Fxg. 52)« This flna~gralned mudrock 15 regionally

per stant and is used ag a uaeful atratigraphlc mmrker.

| Average alast sizea of the Rozedale Member conglomerates

'fV 8. 5), meaaured as the hverage of the 15 largeat clasts in
the boreho!h fnter@eotian, vary fram 50 mm,at Oryx Mlne to
'abput 8 mm in the Beatrlﬁ ‘Mine area (Fzg. 53}. Similar chang&s
in. clast size ‘tn the conglomerates nf ‘the Uitkyk Membar are -
also apparent but: have not been documented in detail in thia.

Btudy L ;\\‘_\-.

.\1. .. . . : .1.\_. ﬂ_z...\_.o..

r3 5 2 VAN DEN HEEVERSRUST AND UITKYK MEMBERS '¢ .

i The ?an Qen Heeveraguat Member (coarse—grained 1ithic arenite)_---

:md the Ui"pkyk Mem'ber (conglomeratlc) form an ovarall upwaz-d
'aoarsenlngaaequenua for thexﬁldnrado Fbrmatzon. (cf Fig. 8).
Rapld grain slze variatzﬁn and facles changea gimilar to those
dccumented br Kingsley (1987) are apparent in the Eldorado'

Farmatxon 1n a 1orther1y and westerly dlreatlon._The Eldorado

Formation 1nteraected in exploratxon boreholes in tha Oryx Mine

s

ares is esaentxaily cunglomeratxc aa oppoaad to thé essenﬁially'~

arenaeeous sequeneea at Beatrix Mine (Fig. 54). ;

el ' h
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VAN DEN HEEVERSRUST MEMBER

HORIZONTALLY LAMINATED ARGILLITE AND '
FING-GRAIMED ARENITE. '
20 ‘. o - :
T'w * 4., + v ] UPWARD FINING, SMALL SCALE TROUGH
.+« 1] CROSS-BEDDED AND HORIZONTALLY _
eoer Paeth LAMINATED ARENITE. |
. L1 “ !.. ) “."“I s E |
o o, e i S =
0 Joie e sl UPWARD FINING, POLYMICTIC SMALL PEBBLE |
- 8. e e ©+¥.%, | CONGLOMERATE AND GRITS. THE UPPER PARTS | =
| & _%sg?c;;;&?;, %] consisT OF TROUGH CROSS-BEDDED =
F 40 =DihceagiB T comsz—ammml.rn«cmzms i
et "ol UPWARD COARSENING TROUGH CROSS-BEDDED -
s e e L 1 LITHIC ARENITE AND POLYMICTIC, GRITTY ARENITE..
' B ARGILLITE mms COMMON NEAR BASE.
1 l:ﬂo;yﬂumhmsﬂau_mm m;mmcmmcm:.
RIPPLE MARKED AND HORIZONTALLY LAMINATED
FINE~GRAINED AREWITE AND BLACK ARGILLITE.

 BEATRIX REEF

oy : e _ - - |
--ﬂl_-ifr"buwnc coual.oﬂsenm s - umne anenive |
memnc conas.oum it ﬁ‘ggll‘_nu?gm mmm -

r-_;:_/"

GHITTY I.ITI-IICAHEN’I’E :

o TN TR A

FﬁGUBE 52: u*mommgm FACIES OF THE ROSEDALE
o MEMBER iN THE BEATRIX AREA



%y - SOUTHERN LIMIT OF ROBUST
1980 V.5.5.CONGLOMERATE

|

o J\ . T~/ |BEATRIX MINE&_

EXPLANATION

135‘ TR " . .

BOREHOLE WITH mmam AND _ LIBNIT OF ELDORADO r-'onmmou
AVERAGE CLAST SIZE IN mim : I ovgm-unu “ :
. AT BASE OF ROSEDALE ml'-:MBER

!N PARENTHESES

—n BASE OF Emomnn Fommou

| -FIGUR‘E' 53~ AVERAGE ROSEDALE MEMBER CLAST snze

S '_ - INBOREHOLES BETWEEN BEATRIX

AND ORYX MINES
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.4 DEPOSITIONAL uongns AND PALAEOENVIRQHHENTS B
o 4 1 GENERAL PRINGI%LES OF DEPO&ITIONAL HODELS
A depoaitional sedimentary envanonment can be deflned in

terms of physioal blologieal, ehemzcal, oy genmorphin |
'-variables. Such a place of dep031tlon 13 characteriaed by'a_
unique set cf physical blﬁlﬁglcal and chemical processes _~:
o ._.. _..f aating at & specified rate and intensity whieh impart
3 C sufficient 1mpr1nt on. the sediment sa that 2 characterlatic
o deposlt (fac;es) is produced {Pettlaohn, 195?) A aedzmentary-

faclea is thus the reault of dep031thn in a. glven enviranment,~

e T

o anﬁ wzll pnasess G _raoterlstics Eblated to the proceas of
N :
_?-f format;an within that specific environﬂbnt.

e e e oy — e

- presence or. <:}%3°e of indiv1dual ﬁedimentary features or.
fao%?a aannut generally be used as a po itive aign in '

. env1ronmenta1 ¢ﬁterpratation. Hoat of tl% atructuras or faeleﬁ

can occeur. in several env1ronments. It stgenerally the spectrum '

of sedlmentary structurés and their pre énce in aertain

= )

-_eombmnat:ons that provxde direct eiues im environmental

|
-3
1
i
i

interpretation. Certaln assaulatxons of sedlmentary structurea

§]  . _ ; and sequ&nce of facies aasoc;atxona are typical for spgcific
L o | envirQnments (Relneok and S;ngh, 1975y, .

[ - :__ . The study of present-day depositiOnal enviranmenta has

: . prov1ded vast informatlon, on tha basla of whlch depositional

;. - | o models can be aanstructed. HoweVer, auch models shauld be

b - 7...;' odnaidere& no more: than'“modals", becauae many variations in
&; E B depnsits of smmllar environments are pasalble (Reinaok and
4 | Singhn 1975) |
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In,the“studygbf-ancient-aediméntaby_rocks-the”probabla

' pafaédenvirﬁnmentﬂqf_depbaition_can~thus he detérmined"bnce the

.3_pr00659és-0f formatiohwof in&iVidﬁal-fﬁcies hndVBedimehtary

:
%

il L it L e

' = T b e T S

o basin-w1de narrelatgan (Tankard et al., 1932 and M1nter et al.,_

"structurea are ascertained, and the saﬁuenaa of faemes and

'”structures are compared with depositional models determlned

from the ‘study of present-day deposltionai environmants._'

i
i

.4 2 THE UNCONFORMITY SURF&GE AT THE BASE ﬁF THE BEATRIX REEF

: The very éloze assaciafion of the Begtrlx Reef with an
uncnnformlty surface auggests that, as wlth the maJorlty Of

Witwatersrand palaEOplaaers, ﬁhe angular unconformity surface

a

fis 1mportant in tﬁé genesis of the reef. An angular

. —”. [

frelatzonahlp of ahout 2 degrees haa been - mapﬁed out using ,if o
-1scpachs of the upper unlt (L.F. 1 zone) of the Virg:pla:' .
ﬁE'Farmatian to quantify the degree of truncation of the footwall f
H::beda (Fig. 10) Remnants af the Aandenk Farmation unconformably
eovarlying +the Vlrginia Formatzon are preserved helaw the :ﬁ
_"unoonform1ty at the base of the Beatr1x Reef in the northern
"parts of the mine. Thls is evxdence that the truncatlnn of the":
_'Virginia Formation 15 also due to ernsicn during tne farnatmon o

'”of au unconformlty at the base of the Aandenk Eormatxon. The

a b ¢

_-oorrelatxon of placers af the Aandenk and Spes Bona Formatlons.

_.in the area sou;h uf the San& River 15 problematlcal (cf.__:

'

Section 2. 4) hecausa of the partial truncatinn of the Spes Bana'

:" Formati0n by Aandenk uncﬁnfofmxties (at the bﬁses bf the

P

@ T

_Aandenk “haﬂnel and Aan&qpk Formatlon)a In V1ew of the rellaf

|

=of tha Aandémk Channel unoanformity (Hintam} 1984b) and 1ts

4

by

75“;{J_ ,,  : o “r o :.3:}¥&
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1988) it is prohably thls unconformaty that extends southwards '

o to the Beatrlx Mine araa and ig; respouaible for much of the

) truncatzon of the footwall successlnn prior to the erosion
;formlng the unconformlty at tha hase of the Beatrix Reef. o
» The data frﬂl Beatrlx Mlne show the morphology of the

unQ&nformity surfaea at the base of the Beatrix Reef g8 & flat,f

'".extenslve g \face resaltlng from the comblned effects of

{}j h1gh and show

H'perlods of eroslonal t?uncation prior to the d9p031tion of both:
| the Aandenk Farmation and the Beatrix Reef. The 1sopachs of the_
’5L F 1 unit of the Virgiuia Farmatlon (Fig. 10) trend northwest

_'southeast a\ﬂ afe slightly curved'depiatlng a broad synformal

[ x\

"f:strueture.1Minoﬁ\1rregularities due to. ohannellng at the base

'l.-*
'of the reef -re a%so avident. Bed relief indlnes are fairly

that in spite of being 2 regionally flat aurface,i

IVthe uncnnform-ty surface shows cons;derable, local relief

“(Flgs. 11a an& 11b) Thxs 1nformat10n suggests that the

uneonformzty murface formed as a result cf eroslon due to a

Q;ahift.in the.baae level.;The extent of the unconformity surface

'-aﬁd’the_degrée_of.truncation of the underlying'straia_suggésﬁs

[

thatfteﬁtonic uplift wes the cause of this base level change
Iﬁhﬁhmuganj 1988),.aa'éﬁététin seallévei'changes generally
-don’t ocour over such large ranges as to cause suoh angular :
&1scordance {Curray, 1964 Swift, 1968 and Bl&tt et al., 19?2)

Unconfarmities cut by magor marine transgression&. such as .

deacxnbed by Clifton (1981) for the Miocene, shoreline deposits

B Of_thErG&llante Rangg,_tend ta.be planar-and-shaw_llttle; i

~ any, loeal feliﬁf-{Shanmugan,.1988). Typically.they'aré
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averlain by-a thzn, laterally eantlnuous baaal aonglamerata .

e

'whlch finea upWard to siltstone and. flne—gralned sandstones of

the dffshore facles (Clifton, 1981). o - Y '~£,-

A change in the angular ralataonship between the uncon;ormity

: surf&ce and the fnotwall Btrata is not evident in the

"relatlvely amall area of Beatrlx Mlne, but a8y upturn a o

)

o L R
atructurﬁ simllar to that dOGumented by utanistreet at al..;

(1986} in the Jahannesburg Gbldfleld occurs at thiz -
unconfﬁrmlty aurface further to the west on Oryx Mxne and has
been documenhed 1n the Wki%gm Goldfield and Loralne Hlne -

'\3)91"- . B - .
{Winte§> 1ss4a and M;n (xaliy 1986), on oryx Mine the e

| apgular &1$cordance between bhe uncpnformlty surface aﬁd the _-'

~¢a.K The marked unbanformlty at the.base 0f the Bgatrix Reef, and

Héﬁena, Welkam, Harmony and Dagbreek Fdrmatzbns)'at thia level _ =F}

. \‘|

su'gesta that deposxtionai models 1nferred for the footwall

foptwall aﬂrata increasea 1n a wgsterly and southweatefly .i

.&1reet10n. as doea the degrea of truncation of the footﬁall .
L o
beds, auggeating that the area of uplzft and the baain margln o
I s . \ L ,, g b _

1&y to the yest.

o 1.3 annamxcusn:p BETWEEN THE EEDGRADO FGRMATIDN AND THE
B anwnxx REEF 7f'._ ; ..“‘ ;-j o a:._ O
L L ,

]

b ) .
t e amount of truncatlan of older units (?29 ;f comblned St

Ly

g cannot be. related 1n any way to those of the Beatrix

&eeﬁ. 1‘e. the V:rgin1a Formation merely formad the subatraté .

 upo Bklch the reef was dep031ted. For - thls reason,

"depoﬂztlonal models of tha Vlrginla Format1nn are “not revlewed

:_in thﬁ lnterpretation uf the palaeoenv1ronment of . the ﬂeatrix'

. R e e Sl - Cw Lo . . . - @ - o .
4 R Lo A R L . . aoLa
. : . . Lo B h oom ey, - . . . .
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--'_'7<; Raef aedxﬂents. - _ E
_ . _ p .
el The #1dorad¢ Fnrmat;on dlsconfOrmably over11ea the Beatrix

0 ~§eef._The two unltb of strata (Farmwiiona} have the aamé S e

%galaeoﬁgg&ace orlentatzoa but are separated bi an uneven "; o _ ' Y

\

erosidnal (9) surface reflﬁb+1ng a varxable t%mporal break
e . k! .
{Shanmugan, 1988}. In Eddltlaﬁ there is a sig fzcant

.. o

ﬂlfferﬁmce in. thar11thelogies and féwles asgoniatlons between
-

the ?aatrlx Reef andé;he avefﬁggng Rnsedhlelﬂemher of the )
Eldorada Formdtipn ﬂhlﬂh caﬁ\oﬂly parixa§ly be explainad by the ;f” gdﬁ
e YT e Ja s
SR A ngrmal faczea variatiﬂna resulﬁlng ﬁrom a channel ed CE

- mnrpbaingy; The varxat;ons mnreLlikel uaﬁ?irm th&

disconfnrmable relatiannh&p hqfveen the}Beatrix Reef and tha R

E’ldarado ‘Fgrma{;i\nn‘ < . .R.. ﬂ_, ) _f S o o S . ) '._1' a. . .. \ Lo

K

In areas to thLEhurth of Begtﬁix Mlneﬁthé Eldopﬂﬁo Farmatiﬁn  4_;kJ-
.8 o . ST .;'!'J .

averllea the Aandéhk or Virg:nxa Formatzans uncenformahly and o
;”  r'ﬂt_  the Beatrlx Reef is nat develapad. In these nnrthern areaa an ;%wj

5-.f :m : angular relntlnnshlp af about twdD&agrees¢gxists at thls '_* _H7'g$
N l.'l f\ . BN o "
' (;unaonforﬁity, truncatxng auccesslvaly older unlts towards the '_'3~ﬁ
N ' B e
Lsouth.‘ﬂh Beatrix Hlné the ﬁandank Furmatinn is anly preaent in

T

nii ' the northern parts of the mlne as %emnants bélow the o

a’

9

; L unvonformmty at the basa of the Beatrix heef, ar below the

Fnrmation wherg tha -;5'9 _.

Beﬁ;rix Reef ra aat develuped or preserveﬂgywhroughaut the reat

uncanformmty at the base of the Ei&nza j

' #%; ef the ine tha Eidorado Formatlon disconﬂbrm glyJaVerlie& the

a

Baatx:? ) eef
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4 4 DEPQ?ITION&L MODELS FOR THE BEATRIE REEF .

'  The Beatrxx Reef is not unlque or signlficantly dlfferent

from other Witwateysrand palaeoplacars and the ;nterpretatio§¢, -
:of the palaeoenvzronmental aonditions or depositzonal moﬂala

.respnnsible fer the format:on 0f the aedimentary strﬂbtures and

"'placer mineral &acumulatlons in- the Beatrix qux‘are very

' _simllar to those prapoaed for maﬂy other W‘twatersrand reefs.
",(eg,:Mxnter,. 9?6 and 198? Buck and” %inter, 19&5 and Verrezen,_

I e
198?} The depoaltxonal model inﬁerred far the Beatrix Reef can

/

"thus serve a8 a. model for c;aﬁral.ﬂand Group piacer formation. :

The mast aignifﬁcant ;zature 0? ?he Beatrix Reef, or in fact

a“Y °f the Witwatergr&nd reefa, xs ‘that in spite of & high bed T

e

' .re11ef 1ndex aqﬂf¥a1rly abﬂupt changea in thackness, the reaf

-is essentlg} y & thin gravel sheet overlylng an . unconformlty of

T

'.regloq;ffextent, and 1s succeeded (dlsconformabla) by a largely§k_

.fareﬁéoeous seqnence. Depositlonal mcdels *Qr the Beatrix Reef

,(/

//axe thus basad -an the sequence of faeles within the

conglamerate and 1nterbeddad drenite between the unconformity

surface at the base of the reef and the diaconformable hase o?

'the Eldorado Formatlon.

Madern conglamerates accumulate in a falrly llmlted number of

'env1ronments- vzz.

- alluv1a1 fans

braxded a@reams

S sharellnes or ghallow mar;ne sett:nga o

deep sen anbmarlne fans

l‘.

glaaxal outwash or. muraines

N

:
"
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Numarous ﬁorkers (Walher, 1979 Miall, 1978 Harma et al.,

ikt

PRSI I

1975 Harma at al..;ussz, and many others) have =& ""hat

'various eombinationa of dedcript;ve featurea such\ thology,

:_compositinn, sedlmentary structures, geametry and
-3palaeocurrents, or. the arrangemant of these in vertzcal and
}1ateral facies aequences, auggest different depoa1t10nal
_  fprace$sea or env1ronments. - | o
| ﬁome of the faotors propesed by various workgrs to
- differentlate gravels and the;r envircnmenﬁé bf depnaltzon
are shown below - _f e e -
- nlast shape aortzng on bedbhgs (Orford, 975; Hobday and
Banks,1871) o |
- bed eontinulty and ﬂlast Begragatxon (Cllfton, 1973)
- 912e and aorting of clasts (Emery, 1955)
- clast roundness R.ames, 1966)
|~ clast %(abmc or 1mbr3,cat.ion [Harms et 8l., 19?5)
'-_'- sediment maturity £ '
—-fqasiis_or“trace fommila

7'charaéteri$£ics-of the associated sands

) Many of these propusals rely on variutlons in the sorting and
- size d;strlbutxnn of clasts in ﬁhe conglomerate as belng
“envirOnmentally dxagnostlc.
' The mcst comnmon assoclatlon aof featurea in conglomerates used
”:ﬂ_.'aa fnvironmenpal-lndicatorg ig shpwn diagrammatha}ly below
iaftéf Harms et &1., 1982),:although_this-ia by no means

- inéendethdiahaw éll'ppssible'%ypes.
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. - SORTING AND SIZE DISTRIBUTION -
CLASTSUPPORTED | | WATRIX SUPPORTED
| RARE CROSS STRARFICATION | | “srmanricamion. _m““cm |
| ABUNDAMT GRADING - 1 Lol v enase || RAREGRADNG {¥
> WBRICATIONa(p)al) ||  mesRiCATION a(t) ) umemamcmou 1
O o T _ SLUMPS o

- RESEDIMENTED  FLUVIAL syonemr&'
. S DEBRISFLQW

EKPLW‘I‘IDN

':ummuwnmmmasnnmwnmmmmmmnwmmwwmnu
--Tumnuuﬂuwwmwrmnww:mamaumunsmmmmz

YABLE 1: -'couel_omamrs cmsszﬁcmom

N Gharactarist1cs o the Beatrix ReeF cmnglnmevatea%such as the
'-clastﬂaupparted gravala, wali develnpad crussbaddinﬁ, lack aF
_ grad:.ng and the’ uccasszanal imbr’icaticm Ehun t:lassi-Fy ..

the Baatrxx Reaf ;nnglnmeratea as having besn dEpnaited in

either a brazdeﬁ Fluvial or & shallnw mar:ne shnrellne
."_'Env:rnnment (Table 1}. o E . '
. Morphometric studies on clasts extracted From t'-h_e' Beatrix
:REE$*havé'é%bwn ﬁhat.the'averaga :iasf shage'ncéurslin the
 --#1§1§ oF thasa generally %aund 514 #luvial envzranments (Dabkzns
and Falk, 1970 and stratten, 1974y, However Hobday and Banks
(19?13 hava pnanted uut that pfmlate~spheruzd ahaped claﬁta may _7
occur in ahe subtidal nmnes u% cnarae—gra:ned 5harelzne

B : :

. A
g
s

.' Wmmaamonmamunmm : l B
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_ depos1ts, whereaa oﬁlate,_"d;scuzhaped“ clasts are only T
1ndloat1ve of the intertidal Bwash zone uf such depasits..
. A defﬁnate stratified fabric 1s apparent in nearly all the

| Beatrlx Reef conglﬁmerate (Figs. i9 and 20) and varies from
horlzontal or low angle planar laminatzon to trough cross~f  .

7bedd1ng and some planar crcsabedding. Massive, apparently

: unsﬁratlfled gravels are also fa:rly COMIBOT 4

' The crossbed&ing types are indlcative of the accretlonary
i

'”fmigration of large bedforms (1unate and straight crested

L suggest that ngrating longitudlnal bars in fluvzal

ripplea and bars) in Unldireetlonal flow w1th 31gn1f10ant
'fvelncitﬁ and at depths oP“pt 1east half a metre (Southar&, | _
.=:19?1, Harms et al;. 1975) Crossheddzng forma in most shallcw-
:'"water anvzronments and is thus nat diagnostlc af emther a
7hralded fluvxal or shallow marlne shorefane dEPOBitlohal model
..;fcr the Beatrix Reef conglouerRWes | '
Rust 11972}, Gustavson (1974) and Boothrayd and Ashley (1975)
!
-env1ronments form puarly daflned horizontal gravel heds w1th an
xa(t)b(i) preferred fabrlc. SMlth (1974) has also noted that in |
fluv1a1 gravels the beddlng 18 predominan ly masé}VE, but low
. angle xncllnatzon da fairly eommon from the mlgration af bmrs _.
W1th low riffle marglns..ﬂzgh angle planar orossbeddlng oecura
at the margina nf bars but is uncommon and is mostly ccnf;nﬂﬁ )
to flnerwgrained gra%éls (szth, 1974). The main bar types
(after Sm:.thz 1974) that oocur in unxdlrectlonal flows are /J.

. :):-;.;‘/" ’

' ~ longitudinal

e
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= transverse
- diaganal'
. p01nt bar

o~

Usually only remnants of the hars remaln due to thelr complex

‘history of fonmatmon (Smlth, 1974). _ _
 Hein snd Walker (1877) have reported ma;nr dlfferences n tba.

:igravel ﬁtratlficatzon between the upstream and downstream.- o

reaches of'the-chklng-Horse Rlver. The upstream reanh 1s_

.characterised hy dlffuse gravel sheets con31at1n# of the -
__coarsegt bedlo d as a lag pavement._*a the dnwnatream reaches
._there 13 some bar formatlon and m%gratlon. If fiuid dlseharge

'and sedlment rate remalns high after lnatldl lag formatzon,.

3.qthen bars tend to grow- downstream ?aster than aggradlng
>vertlcally hence na foresets ‘develop and low angle, 1nclined -
fﬁtratlflcatlon predominates..Only in daﬁreasang flow is there_'“

rapid vert:cal aggvadation and the development of steeper

foresets (Hein and Walker, 197?)

Althcug rJ;he remnants of ‘bar forms can ocpa581anally be seen in

- the Beatrix Reef conglomerates, the usu&lvtwo d1menslqna1 i

.exposurp and the fact that only remnanta of bars.cemain becausej
3af the1r complex hlatory of formaticn, mean that no detalled

. - work was possmble on_the mqst ¢0mmon bar types or var;atlons in:

bar types or straﬁifiggtiun types”&nﬁnlthe palaeocurrent tfénd.“

w

- In énarée-grained nearshere deposits thé’unusual or “étorm

event" deposit tends to have greater potential for preservation

=1

_ and_is thgrefprerusually.dlagnnstlc'of~the deposithnal mﬁdel |

{De Celles, 1887, Leithold snd Bourgeois, 1984}, De Celles

6 - - . ' o ’ A

e

)



-:wtﬁe.ﬁhpe Sehasfiap Sandstone and Harms-at_alagllaszj ruggest

i

Y .

. that hummocky cross-stratification may be typical and

_-deposita nf the:San'Emigdio Renge in s&ﬁtharn.Célifornia has l
1
1
1
]
|

"scale trdugh oroasbeddlng and hummocky cross-str&tlflcation are

o
ol

I

™~
7

(1887) in his study of voarse-grained nearshore, Tertiary

:dascribea-croséﬁeddéd conglomeratic sequences very gimilar to

the Beatrix Reef conglameratea. However, thaaa nearshore
conglomerates are overlaln by well aorted, swash-zone sands and

pebbly sands in which low angle, cllno-stratxfication, small-

oommon. Masaarl and Parea (1988) in their deacr1ptzons of the
progradational gravel beach saquances of the Southern Alps and ' :-  - -

Apennznzc ehaln oomment on the characteristic 1cw—angla,

hummocky and nlinostratxfled sanda arnd the cllnostratlfied,__.
wall—sorted, clast—suppurted gra&els. ﬁhape sorting and o _
imbrioaticn of the graval clasts is characterlstlo (Massari and .{ é

Parea, 1988). Baurgeols (1980) has alao noted the predomlnance

.of hummocky_crqaa—atrat1ficat;on_;n_the nearshore deyosit&hof-

characterlstle of nearshnre!ahorafaae deposmﬁs dep1ot1ng the
preaervation of storm everts, ' . |

The lack of hummocky crosa—stratlfleation or low angle, clino-
str&tlficatinn (awash) in the Beatrix Reef mltigates againgt
deposltlan 1n, or preservation of, the intert1da1 swesh~zone of

a ahoreface env;ronment. . L ot t_ﬁ

The facies sequenaea and assoclationa typ;aal of hraided R
fluv1a1 deposxtlonal modﬁls have heen reviewed in dataml by o
Misll (1978; 1877 and 1978). o |

The most common faoiea aequence 1n the Beatri1 Reef
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conglomerates and arenxtes §0331sts of & marked scour surface
overlaln by masalve or hﬁrzzontalilOﬂ angle croas—stratified
8ravels and trough crogsestratified_gravels._Theseg;n turn are
oﬁeri&iﬁfﬁy-troughrcroaabedded.andfor.plaﬁar_digssbédded pebbly
_aaﬁds an&'g#aveié.'SeqﬁEﬁces nay rarely be:cappeé.bj'tfough
craéshe&ded Bandé.-Finer gréined féﬂiesfaré'not dévalapéafin_:
'the Beatrix Reef. The facies sequenae typlaal of the Beatrlx"
&ef can be summarised a.s _ . _45.;-: L
" Scour S Gm - Gh e ét)cﬁ — st
| Mlall, 1973 mod1f1ed after Miall, 19?7)
Th1s fae1es asaociaﬁion aequence is typical of the Scott type
;ta Bonjek type ‘braided atream faeies sequences documentud by
_ Miall {197?) and Hiall (1978) as nh&racteriatic of these typeé
of bralded stream. | . o o
- The Scctt or Dongek type braided stream #odéiﬁ hoﬁever fOrm.'I;

'-.conglomerate dominated sedlmentary aequ,&oes tens of metres

_thick, a geometry not ohserved in the eatr;x Reef whxeh iz a

jsheet-lmke depoalt 1~3 m thlck. ‘Also/ the well~sorted nature of -

the Beatfix Reef‘conglomerate and the clean, quartz ‘arenite
| matr;x is. 1ndicat1ve of signifacant and prolenged perxods-of_
_reworklng.whlch are not ev1dent in M1a11 s (19?8} Bcatt er

- Donjek models.

_ Brierley 3 (1989) detalled study of the facie- assoc1atuons in

Various planform faOIBS modals of the Squ&mxsh gzvar 1n Br1tish

' Calumbla have also queat;oned the applzoabillty of such faol@a
-_“type aaquenaas“ in the eharaeterzsation of. fluvial deposits~

i3

e - {ualng the faciea deaorlptlve terms nfter_z,ﬁ

me e

m— e e e
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The Squamxah Rlvar may perhaps be v1ewed [y intermediary
'batwaen Mlall’a {19?8) Scott and Donjek modal;, hut Markov
c.an313313 by Brzerly.(1989)_predictgd many, alternative

sa&iﬁeﬁtary.faciea séqﬂendes to the "type éeﬁuencea" thereby_
 .negat1ng tha apparent slmpllozty of fanxes modela (Brlerly,

1989}. The xnapplicability of the simpllfzed, sedlmentary

o facias sequences and aasoczations in tha character;satlon of

fluvaal &epositiqnal envzronments has alan heen noted by Miall
o

. 0 o .
 15 net vali&n j”ﬁ~@ o

_cha;actagygtzos~of[the'Beatfix'Reaf‘bongiamérateg and the

'Fn.bBSEf#e@ fﬁ@iéﬁfseﬁuéhde assccistions however have been

'f'deﬁcfibedfgdéa dghmcﬁiy frdﬁ braided flu#ial Sequénces.rather,
'ihahéﬁﬁa ahalloﬁ mariné;sﬁgth?;gp_mndﬁ1s_propoaeﬁ'by othepn
-iwquéré;'legbﬁwalker; 1979} Leithold ﬁnd Bouﬁéeois, 1984

Baurgeoié and'Leithald; 1984; Clifton And Diﬁgler, 1984).

'"5f1uv1a1 sett;ng is. relnforced by unxdirectional palaeoflow

'(Flg.;ZS) aaspeiated with longitudinal barforms. The braided,

 fluvisl facies sequences and the=exténsivg,_sheet-l;kg-geometry.;

are characteriatie bf the éoaraé»grained hraid-delta,model_af

"_'McPherson at al.. (198?). The hrald—dalta mudel implies Loon

-deposition down a brald-plain and into a standlng body of water '

:i(lacustrine or marine} {McPherson et al., 198?). ‘ L :\E
The thln, ah@et-llke geometry of the Beatrzx Reef 1mp11es :
depasitian in a. low aggradatznn rate aystem in whzch frequent

?reworkaug generatea AR mature canzlomaraﬁic layer of 1im1ted

:lﬁVartical éxtent. Witwatersrand placer formation by the flavial

:degradat;on cf_pgev;oualy.depgéited:alluvmal_sgquenqes ‘has been

TS TR DR L

If

_5(13ﬁ7}, suggestlng that suoh facles sequenee character;aatzon: 7*

I T 1 "
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The Sﬁuamishiniﬁef ma& perhaﬁsgl _Eieﬁed és_intermediar?

- betweén Miall’é (IQTBfISpoft aﬁd Donjekjmodéls, but Markov :
anaiysis b?.Brie?1V (1989) predintgd_mény, alternative |
-sedimentary faciea'sequéhceé to the “tyﬁe sequences" thereby
negating the apparent almpllc1ty of fa01es models (Brlerly,

1939} _The 1napp110abxli_ty o” the s_zmpll_fl-ed,. gedl_mentary

facies ;equgncea and adhociatiqns iﬁ the ch&r@oterisatiog-df
ffluvial-depbsitiohnl enéirnnménts has also been notéd by Miall

(1987), suggestlng that suoh facies sequence characterlsatlon |
is not valld. _ o _

Chﬂracterlstlcﬂ of’ﬁhE'Beatrix Reef conéiamefatésfand~the
ohserved facies sequence associatlona honever have been
daacrlbed more commonly;from bralded fluV1al sequences rather-
- than tha shallow marina shoreﬂ:ne mndqu prepaaed by other -

“uorhersa“(eg' Walkgr, 19?9, Leithold and Bourgeo1s, 1984;
Bourgeois and Leithold, 1884; Clifton and Dingler, 1984). A
“fluvial- settlng is relnforcad by unldlrectlonal palaeoflqw |
(Flg. 25) assnclated with 1ongitud1nal barfarms. The bralded,
fluv1a1 faclea sequencea and, the extensive, shaet—llka geometry
are eharacter;stlc of the coarae-gramned braldedelta model of
McPherson et al., (1987). The brald-de-lta smodel implies C
deposztion dawn a braid—plaln and into a standxng body u* water'
{lacuatrlne or marzne) (McPherson et al., 1987). | |
Tge thln. sheet-llke geometry of the Beatrix Reef implies
. depoaition in a low aggradat;on rata system 1n wh1ch frequent

'reworking generates 8 Fature conglomeratlc layer of 11m1ted

vertical extent., Witw&hersrand plauer formatlon'by the fluvial

“ L4

degradataon ofapreviouFly depoaited alluvial sequences haa been

@ I

4.
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descrlbed by Buck and Mlnter (1985) and Mlnter (1987),_and is

- the model most favoured to explain the formatzon of the Beatr1x'

Reef. The deposxtional.model for the Bestrix Reef-aa bezng a

placer dep081t formed by fluvial degradat1on, in a coarae-

: grained bra1d~delta, af previously depnazted sequences may be
'typlcal of most Central Ran& Group placers. The deposit formed

-durlng a transgresslve cycle in response to upllft and

erosional degradatlon; The change to the flner-gralne&,
heterclithic facies sequence disconformably overlying the

Beatrix'Reef, sugéestﬁ that'the fluvial degradatioﬁ cycle

"culmlnated in a transgresslan,of the standlng body of water
o _(1acustrz.ne or marn)e) across ‘the braid—plaina ) o
Marine deposit1onal environmants are freqnen+ly descrihed from

:'the“10qu parta of the-Witwatersrand Supergroup {eg._Erlksson'

et als, 1981) and have mare;rédaﬁily'h@en proposed'as the

formative process for palaedpléﬁers in the upper parts {Central

Rand Group) of the-Witwaterﬁrﬁnd (Verr9zeh, IQSTIand Bailey et

al., 1890). Shallow, marginal marine depositional models

'ﬂd#erlyingﬁtransgreasife; plaeér'fbrming'épiaodes are described

zn many of the Central Eand Gramp reafs (eg. Main Reef Leader -~

Buttan, 1979, vaal Reef - Minter, 1978 ana’Verrezen, 1987,

Kimberley Reefs - Armatrong* 1988 and Balley et al., 1990).

A marglnal marzne tranagre5$ion acrasa the brald-pla1n ag the
_culmlnatxon to the Beatrix Reef placer formlng event would

-therefore nat be unxque, but wauld need to he suhstantlatad by

t

g
i

&
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;4 5 DEPOBITIONAL MODELS FOR THE ROSEDALE MEHBER ANB THE

ELDORADO FORHATIOH

Two dom1nant eedimentary facies sequences are evident 1n

" the Rosedale Membﬂr at the base of the—Eldorado Formation, The

flret sequence camprises an upwardncoersening succession of

flner—grained facles d;econfermebly overlyzng the Beatrlx Reef

The second sequence comprises an upward—fir;ng succession of

'-.eoareer-grazned faclee overlylng marked scour aurfeeee eroded

'iduring alternating perlede of nave or ourrent actlan and slaek

inte the-f1nerfgre1ned-fee1ee or the Beetrlx_Reef. Above ‘the

.Rdéedale Member the Eldoredn Formetion'forha.an'bverall'upwarde

coareenlng sequenoe of arenites and oonglomerates.

Within the finer—greined sequenee the most. eommon assoolation .

of eedlmentary facies eompriaes the heterelithie feoxee

edisconformably overlying the Beatrzx Reef, and in turn overleln-

by the trough erossbedded aren1ta faclee. Thls facles
asgociation can be summer;sed as follows

ok

F1 -~-  #h/Sr --- St
' | (using the facies codes of Miall, 1978)
The eedimentery etrueturea wzthin ‘these faeles (lentieblar -

beddlng, wava rlpplea and mudoracks) atteet to . depesitlon

EE

. water in a shallow Lo very shellow water env1fnnment with
’-per;edle eubeerial expaeure (Kemer, 1974, Allen, 19811 Die@,

-1985). Depe31ts of thls type heve mcet frequently been'

deserzbed from ehellew, ﬁengxnel marlne (tidal flat)
-enveronmente teg. Reineck-and WHnderllch, 1958, Vrzes Klezn*

19?0 and 19?5, Gllften and Blngler, 1984, Diem, 1385)‘_

./,'/
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~ #imilar facies sequences and sedimentary siructures are also

ducuménted*ﬁithin-the fins#grained sediments of abandoned

b

) ehannels and overbank depbsltion in braided fluv1a1 |

envxronmenta (Wllliams and Rust, 1969, Boothrayd and Ashley,

Zﬁ?ﬁ, Allen, 1981)

Thé&hatero11th13 facies sequence disconformably overlles tha
\

-Beatrix Reef w1th a aharp, planar contact and ucours throughout
'the mine area. It also occurs overlying the'Beatrlx Reef 1n

_borehole 1ntersections to. the north and west of the mine

suggesting a-diatr1but;on covering over 20 sq km. The thin,

: _shéet—like geometfy-df the finer*gr&ined'facies, the upward

coarsenxng, and the rippl# mark;ng with a lack of ripple
lamlnation (McKee, 1965) are 1nadequate1y expla1ned hy an
abandoned bralded fluvial channel model, The tldal eBV1ranment

is thus tha_preferred model.for these sedlmants.at-the base of

the Rosedale Member..
_ The coaraer gralned facias sequenee at the base of the

Eldarado Formatzon (Rdsedale Member) rests on an eroaional

scour surfaca. Thls scnur surface, or: dlaatam, nay truncate the

fzner~granneﬁ facxes 3e§uence and/or the upper parts of the

-Beatrix Rﬁef £Fig. 38),“and represents a minor hreak resulting
'from the expectad, randﬂm variation in the sedlment rate
'without any baslc change in tha envlronmant tShanmugan, 1988)

*Immed1ate1y overlylng the scour surface are thln lag

3

_conglomerate 1ayera or trough crasabedded, polymictlc

o

' conglemerate facies« The lag-oonglomerate antalns sxgnlflcant B
- adimixtures of large, rounded quartz clasta scavanged from the

. Beatrix Reef where the top 6f the reef has been eroded (Fifi
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40b) Overlylng the conglnmerate are trough croasbedded, llthic'

\\

arenate with granulestone layers and granule accumulatlona on

foreapt tpes,.and soue planar~crossbedded-1ithlc3aren1te. The

"”sequénce fines upward into smali-scale trough crosshedded

lithic arenite. This facies seqnancg.associatian.can_he
sumnarised és follows | '

" Scour ~—- Gm/Gt “=- | St/Sp ——— St

| " (uslng 1 e-f_aéi’es'codes of Miall, 1978)

The 1mmaturity and poorer aort ng_of:thezﬂggéﬂale Member

_llthologiea supports the f&BleS asaﬁciation sequeiée.in

-'suggestlng a braz&ed fluvial depbgitional model The gequence

of facles aummarised above are aimilar to Hlall’s {1978)

'DonJek~type braided stream mo&qi_and_ind1eate_progradatzon of a .
fluvial envirconment écross:tﬁe H}aiduplain dﬁging'é.;egreasive

.é&cle.

Vertically, above theﬂadsedale Mémhér} the Eldorsdo Formation

'comprlaes & thick _sequence. (120 n of Van Den Heeveraruat

Member) dbminated %y trough crossbedded 11th1c arenite facles
and, planar cressheddedjlithic arenites.with mlnor, trough

crosShedded and*massive oongladérate facies. These coarsen

;quard to the Uztkyk Membew {200 ml in whlch thse oonglamerate

'facles becomea more prevalent {Figs. 3 Snd 53)

Towards the weat on Oryx Mine,_the Eldorado Formation is

f:dpmlnated by massiVE. é&%ﬂmzctio conglomerate facies (Flg. 53)
'thh a facles sequenaa asaaczatzon almilan to the SOQtt—type
';:bralded ﬁluv1al model (Mzall, 1978). Poorly-scrted, matrix--

_ sup@arted gravels reyresenting dehrls flew deposits also occur
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. in the Eldorado-Eorﬁation.in the Oryx ares. Thg’change fiom

debris-flow and Bodtt—type'braiaed fluviel depomits at Oryx

' Mine to Don jek-type Bequenceﬂ at Beatrix'(Fig}'§3) may reflect
 within fan proximélwdistal variatiaus'éa'guggested by Rust

 (1978), with the upward coarsening Ohange reflectlng

progradatlon of the alluvial fan.

Similar lithologic fanxea var;ations are descrlbed by Andrews-.

- 8peed {1986) for the_prngradation from distal braideg stream

faéies te more proximal fnh facies in thé Proterczoioc aged

_Mpordkoao-Basin in porthern Zambia, and is alao described in

the alluvial fan models of Ghevren (1984).

The 1nterpreted depositxonal model (this study) of the
Eldoradq Formation'as_a_prqgradzng,:brgided_fluvial;systemlon
an alluvial fan or fan-fad braidhdéltﬁ.auﬁpa:tsfthe'findihgs of
Kingsley’s (1987) depositional model for the Eldorado Forﬁation :

in the Welkom Goldfield north of the Sand River,’

o
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5. ﬁmﬁaap:amxomﬁm' j_r-rs 'oowno:,_s IN THE BEATRIX AREA

6. 1 HIHERALISATION ﬂND ITS RELATIONSHIP TO SEDIMENT&RY FEATUREBI

IN THE BEATRIX REEF

Concentrat1ons of rounded, heavy mineral grazns are ‘common
W1th1n the Baatrix goef, The heavy mlneral grains ooour as
discrete acoumulatlons a few mlllzmetres th1ck, oonoentrated
along cert&in beddlng and soour surfaces wlthin the aren1tes

and conglomerates {Flg. 55 and of also Flgs. 20, 21, 27 and

' 23) Heavy mlneral gralns also ooour as a domlnant oonstltuent

of the matrix 1n the better paoked conglomerate beds (Fig., 56)

Pyrite is‘the most *ommon heavy mineral acoountlng for over

- 85% of the heavy m1nera1 su1te, although gold is ﬂaturally the

- most eoonomlcally sxgniflcant Other heavy mlnerala noted in

the Baatrix Reef are ohromlte, 11men1te, leuooxene,'21rcon,

-'uran&nlte and brannerlte, galena and other Fe and Cu sulph;deay

”;Pyrlte {85 %} and uraninite and brannexlte (whioh together

comprlse aomé 10 - 13 % of tha heavy mlneral sulte} are the
dominant ore mlnerals and thﬁ other heavy mlnerals tlnoluding
gold) together oompriao less than two peroent of the ore. The -
suite of heavy minerals in ‘the Beatrlx Reef 1s simxlar to that
found 1n normal Witwaterarand type plaoers (Feather and Knan.

1975), but Potgleter (19?9) and Mintar et al (1988) have

_ cnmmented on ohe V1rtual Iaok of uranin:te in favour of

brannerite and suggest thaf the heavy mineral suite iq derlved

from the weatherxng of oldor'biacora with the alteration of

_uraninmte to hrannerlto. Thoy oxta the presenoe of fragmental

and apparently abrade& prrite, of a fo“m normally found as.
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PYRITE GRAINS CONCENTRATED ON THE TOES OF
FORESETS IN CROSSBEDDED, PEBBLY ARENITE.

FIGURE 56: PYRITE GRAINS AS THE DOMINANT CONSTITUENT
IN THE MATRIX OF THE BEATRIX REEF CONGLOMERATE.
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Qecondary authlgenlc pyr:te in Wltwatersrand ores, as further

:aupport for an drigin from underlylng placers (M;nter et al.,

1988) . R o

The pyrlte gecurs chiefly in three forms w1th a. fourth form

: occurlng rare*y.

- Compact pyrzte occurs as compaot, rounded grains varying

.from 0.5 to 15 mm in 51ze (Flg. 57)‘ This form is the well

known "buekahot" pyrlte of Witwatersrand ares and is conaidered
to be det; tal in orlgin ¢$aager, 1970, Koppel and Saager.

1974, Maclean and‘Fleet, 1989)

.

- Conprétibngry pyrite occurs*as rounded grains Eut-ia highly

__pdrous {Fig. 58) This form is the well known porous. “mudball"'

pyrite {Saager, 1970}

- Recrystallised pyriteiis cdmmbn;and occurs as compact

suthigenic anhedral pyiite, or-as idiomorphic overgrowths on

' _detrltal pyrlta (Flg. 59). Much of this pyrite. probably formed

'by recrystallis&tion durlng diagenesis and metamorphism,.

(Feather“and Koen, 19?5).

- Pseudomorphlc pyrime is rare and is formed by the

: pyﬁitisatxon of former iron mlnerals butﬁretaxnlng the

structural features nf the origln&l rack or mlneral (Pctgleter,

1979;. R
:-. .' : .|" . - . . o . .
The compact pyrlte oacurs in varyzng ooncentratid.a on many

_bedding surfaoea (F:gs. 55 and 20, 21, 22 and 23), and _"

accentuates sedxmentary structures.-

B

- | . ':}\ﬂ; ._ .

o ~.**--ﬁ?f.-
wes oL i L .
grd
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_ occuring rarely._r
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 secondary authigénic pyrite in Witwatersrand ores, as further

 support for an origin from underlying placers (Minter et al.,

1388). 

-The pyrite churs“chiefly in_ﬁhrée'forms with a fourth form

- Compact pyrlte occurs asg ccmpact, rounded gralns vary1ng
from 0. 6 to 15 mm in size {Fig. 57) Thia form is the_well
known “buakshot“-pyrltE'of W;twatersrand oreé and is consideréd 

o be detrital in orlgin {Saager, 19?0 Koppel and Saager, '_  -

__1974 Maclean and Fleet, 1989)

{7
L NLE '_-_ ' o
: ;-Concretianary pyrite ocours asvrounded grains but is highly

'~ porous (Fig. 58). Thls form is the well known poroua "mudball“

pyrite (Saager, 1970)

- Recryatqliised pyfite:ia'oﬁmnén and océurg_aé cnmp#at
aufhigenic'anhedral pyfité; or &s'idiomorphioﬁovergrowihs on .
detrital p#rite {Fig. pg). Much of thla pyrlte prohably formed
by recrystalllsatlcn during diagenesls and matamorphlam.
(Feather aﬁd1[~;iepen, 1976) ., o

. _.‘-‘:' '
- Pseudomarphzc pyrita 15 rare and ia farmed by the

yritlsation of fnrmer ircn mlnerala but retaznlng the __-'

: structural féatures of the orlglnal rnak or mzneral (Potgleter,k 

S
1979).

Y

The cnmpaet pyrite ooeura in varying conaentratznng on. many

bedding surfacas (Flgs. 55 and 20, 21, 22 and 23), and

aecentuates sedzmentary structures.

"
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FIGURE 57a: COMPACT, ROUNDED PYRITE GRAINS. NOTE HOW
PRE--DEPOSITIONAL BREAKS ON GRAINS IN THE TOP

ROW HAVE BEEN ROUNDED.

FIGURE 57b: PHOTOMICROGRAPH OF ROUNDED PYRITE GRAIN (X 100)

FIGURE 57: COMPACT, ROUNDED PYRITE GRAINS i
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: ' FIGURE 57a: COMPACT, ROUNDED PYRITE GRAINS. NOTE HOW
' PRE-DEPOSITIONAL BREAKS ON GRAINS IN THE TOP
ROW HAVE BEEN ROUNDED.

;o

o

. FIGURE 57b: PHOTOMICROGRAPH OF ROUNDED PYRITE GRAIN (X 100)

FIGURE 57: COMPACT, ROUNDED PYRITE GRAINS
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.
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Other sulphides suoh as pyrrhotite, pentlandlte and

_ ohaloopyrlte 1nvar1ab1y ocour as. fine-grained exsolutlon blebs

' wlthln the compaot pyrite_graina,-and_are xarely observod ag

: disorete'grains.'

Uranlnite and brannerite are falrly common and form about 10-%

of the heavy mineral suite, with brannerlte ooourlng mare

__frequently than uranznlte, The uranlﬁa@a occurs as subrounded

grains about 0,2 mm in diameter and usually contains specks of

galena and oceasionally chalcopyrite., Brannerite is common ag

'odiscrete'grains nd more commonly as £he'&1teration product of

: L 4 o . : N e
uraninitei It alsiy-contains specks of galena and chalcopyrite,

'f;rrogulofg oltoradleﬂorustafions_of brannerite could also be
uraniferous leucoxene.
- Small chloritic nodules are also common in the Beatrix Reef

'conglolneratéa'.- The nodules are foughly spherical and -aré 1-2 mm

in diameter._They are usually concentrated in the conglomerate

.faoles and are thought to be the alteratlon produots of some

.heavy.mlneral such ai gornets (G. Smlts, 1989 pers._oomm.).

ffGold'Erains, although a very impoftant.oohﬂtituent of the

o heavy mlneral suite, are not very common. The average aize of

:-gold gralna in the Beatrlx Reef is 32 % 10 microns {Hofmeyr,

' grain of gold was observo& in polished seotlon other gold

cIQBﬁ) although larger grains up to 560 miorons 1ong and V131blei

o :to the unaided eye have heen frequently obsorved. A notable

o

e oh&raoterlotlo of tho mode of ooourenoe of the gol& is its

J.ftendency to gocur in olusters of gramns. Invariably when a #V

=

J? .

”.:gro;ngwworo-noteﬁ-zn ;he immediate-vioxnmty‘ZMuoh of thg_goad”

I
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{about 70%, Hofmeyr, 1986) is as free grains (Fig. 60a) and

only a. minor percentage scours locked up in sulphlde (Plete)

-_ gra1ns or in quargz or other aillcatas. About 5% (Hofme?r,

1986) of the-gold-acgunkgin pyfité-grains and this gold is

invariably of.a much smaller grain size. Where gold ocours |

- included in pyrite, other sulphides sqch_as:chaléopyrite and

: pyrrhotite alé& occur as éxsolutions ih the pyfite.

Df the gnld pccurlng in quartz or other Slllcates & signlflqant

mount is assucfhted wzth chlorite, ‘an assoclatlon also
. . . o '

+documentéd by Law (1990} in hls atudies"

Carﬁon, pnsaibly of organic-origin,'is fairly'cdﬁmonly'
assoclated with the conglomerates of the Baatrix Reef._The

carbon VOCUrs as scattered, rounded pllules or "flyspeck“

: at“the*basal parts of lag conglomerates._lne51tu carbon seams

are also observed in some places, The seams are up to 5 mm

thick, and occur on the unconformity surface at the base of the

reef. Thin carbon seams alsc occur on scour surfaces within the

reef, and on'the unconformity surfaeé at the bése of the

Rasedale Member. Carbon in the seams 15 columnar and fine filmg

or dustings af gold are oecass;onally vzsible between the

]

columns.f

”-Gold is fraqugggly assoclated with the Qarbon%part1cles {aome

o

'15%,of gold is direetly assoczated ﬁxth cafbon according to

:Hcfmeyr, 1983) and some 80 %'of the oarbon particles observed

':19 the stu&y by Hafmeyr {1986) had gnld aasoc;ated wlth them"
_::Thehzéld 13 usually as smal&bparticles {less than 50 mlorona!
-ﬂ-whnlly enclased or attagheﬁ to the carhon granules {Fig. BOb).

o '.This cloae assoezation reaulta in an 1ncreased gold
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*FREE-MILLING" GOLD GRAIN FROM

FIGURE 60a:
THE BEATRIX BEEF (X 50}

FIGURE 60b: GOLD ASSOCIATED WITH A HYDROCARBON GRANULE
(DARK GREY) (X 200)

FIGURE 60: MODES OF OCCURENCE OF GOLD IN THE BEATRIX REEF

o
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~ concentration in areas of carbon accumulation such as in the

- lag coﬁglomerateé and the carbon seams. Pyrite and other minor

Sulphides are also commonly Lueluded Wlthin the carbcn

. granules._f

Detalled sedlmentologlcal mapping and sampllng of sections of

_the reef ahow tha# N id particles are concentra*ed with' the

e

pyrlte graina 1n thln accumulatlons on beddlng surf&ces such as

 fareaets {Flgs. 61 and 62). These stud1es also hlghllght an

_ @nhanced concentratlun of gold along the unconformlty surface

1n assoclatlon with lag conglomerate,.and in areas adjacent to
the thlckest-reef deVelopment ie, along_thezflanks of ‘channels,
Gdidl&lsb'Qhowa'preferential ¢bncehfraticn'along the top-

contact of the reef where there'is-an-enrichment.of pyrite at

- the top of the reef where it is cverlaln by black shale or

. frnewgra1ned arenlte.

Although the detalleﬁ mapplng 111ustrates thz small soale

varlntlon in the ooncentratlon :F pyrite and gold along

. surfaces related to bedforms, 1t does not show broader suale

lateral variatlons aasociated with larger acale sed;mentary

'features such as channels or bnrs.

7

_An area_to-the southeast of No. 2 Shaft .Beatrix Mlne, was
seledted fbr a detailed stu&}.of the;relatlonshlp between broad

acale gold aoncentration Varlatlons and Baatrlx Reef channel

._morphology. The - -area, some 500 n x 500 m in size was selected

heaause the 150pach mapping had already shown the existence of .

a Well defined, north-south trending channel system (Fig. 63)

.Reef thlckness, go&d concgptratxon and X, Y BO*ﬂrdlnﬂtaS for

E
. .. A

oy e

. f:'?_ .
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FIGURE 62: ~ GOLD DISTRIBUTION WITHIN THE BEATRIX REEF
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" EXPLANATION
ISRe . ReEr >'ancm.micic"

HEEF ao BOcmTl-ECK
- FREEF = zOcmﬂﬂcK

F’IGURE 63 ISOPAQH PLAN SHQWING THE LOCATION
. OF THE DET@@.!LEB STUDY AREA
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:each af the routine Gm X Bm gr1d samplmng posltions was -
'5digit13ed and stored in: 2 computer databaSe ualng the VULCAN
'software. The ares was. gr1dded to a regular 3m x 3m grld and
'1sopach maps of reaf thlckness and gold concentrablon were
'compared. | | | _ |

The computer contouring confirmed the well defined north-south :
trendlng channel of thicker reef (over 80 em thick) and the
tnlnner reef {1esa than 20 o thlck) along the eastern edge of
the study-area (Fig- 64) -The axes of the main channels, taken -
as. areas Were the reef exceeds 80 o in thlckness, are also ...h
:dlsplayed on Flgure 64‘ '_ | |
' On the ‘mine & gbld accumu]atian factur, known as

centlmetregrams per ton" (cmg[t) 19 commonly uaed ta expreas
' the level of gold mlneralzsatlon in the repf., The gold o
accumulation ynctur (cmgft) is derlved from the product of the
reef thlckness {cm) and the’ gold ooncentratlon (g/t) over the
reef width sampled,at-any_saqpling peint., The_contogred.plot nf.' 

the'gbld*acdbmulation valﬁes?}Fig. 65) aIBO'defines the channel

L although in this plot a, second area of high gold accumulatlon

Cin the eastern part cf the stu&y areﬁ is apparent High gold

1T

aocumulatlnn values also tend to he slightly offaet from the

main channel areaa, partlcularly along the- eastern channel.

- dlffuse area of h;gh gold acqumulatlan is apparent near the

Lt

"'-cantral part of the area whene the channels merge. Small areas

'_nf high gold hccumulathn ai%o'occur on the flsnks,'offset from

_-tha areaa of very thln reef un the eastern edga of the area.

o

_High gold acqumulation values are to be expected 1n areas of

1ghanqe1 &evelopmengzhecause of the 1n£}uence of the-reef_”

s,
o !
¥ :
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. AXES OF MAIN CHANNELS

'FIGURE 64:  BEATRIX REEF ISOPACHS IN THE
-~ DETALED STUDY AREA
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| . EXPLAHATION

mw GOLD ;mmm.mon tcm.u!ti k AXES OF MAIN CHANNELS

_ momsnm ﬂom Accﬂmul.mon {cm.sit)

R

aﬂl@ﬂ eawlmcmul,mow {cm.gt't)

o FﬁmunE__._;eF: e GOLD AccuMULATION m THE
N BETA!LEDQTUDYAREA
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'thlckness 1n the calculation of tLe cmgjt factor. In order to
Tobtain an unbxased relatlanshlp betWean channel morphology and
'gnld distr1but10n the gald concuntration values (g!t) Bre also
' 'cantaured (Fig. 68). ; |
| Gold cancentration shows B very patchy dlstrxbutlon with the '
'bulk of the values in the low to -oderate categorles. Hoderate :
) gold ooncen ratlons again falrly closely follow. the éhannel |

'pattern, but are sllghtly offset from it (Flg. 66) High gold

- conoentratzons Ochr as 1aqlated spots sporadleaily throughout

qhe study area, but tand ta be assoclated'with areas of reef
'mlass than . 20 cm thlak in the southeastern part of the area, and

as linear zZones along the ehannela in the central part (Fig.,

-56)
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N  EXPLANATION

 LOW GOLD CONCENTRATION (a/4)

 MODERATE GOLD GONCENTRATION (970

e mmmmf'm. :

 FIGURE 66:  GOLD CONCENTRATION IN THE
© DETAILED STUDY AREA |
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_ _._5,:!,_,2' _I"iIINERALISATI'ONI IN THE ROSEDALE. MEMBER
'Conceﬁtratinna of heavy mineralé afe hbt aé well developed
“in the lower parts of the Rosedale Hember as . in the Beatrlx |
'Reef._Rcunded pyrlte ia again the most abundant component of .
- the. heavy mineral suxte, but anly farms about one percent oP _
the. rock The pyrlte gralns are generally less than half a
milllmetre 1n size and the shape 13 frequently obscured by
.authlgenlc, idlomurphic overgrawths of ﬂbcr)stalllsed pyrite. -
The pyrlte ocours . apncentrated on s"4faces such as scours and
on. the teoes of fnreset laminae or other beddlng planes. In
N_general, pyrite is better eoncentrated with-coarser grained
lsedinents, particularly ip the palymlctlc eonglomerate facies.
In oaaes where channel scours Wlthln the Roseﬁale Member have'.
scoured into the top ‘of the . Beatrlx Reef muoh; of the py:t'ite
fconeentrated at ‘the top of the reef has been rémoved and is
.1ncorporated Wlth the Rosedale Member sedlments._;:f&

Gold mlnerallsation is. generally poorly developed 1n the

: Rosedale_Member, inyrln plaoes-where soour surfaces.nut dqwn

. w
. - Y
¥ . kS

inte theﬁtop of the ‘Beatrix Reef ére_gcld coﬁceﬁtrhp?bns_in_the '
Rosedale Member enhanced. | |
Detaile& sampling of the arba iq 16361 stope where a ff.
pronouneed-ﬁhsedale Member ohannel ofpts through fhe Beatrix

A\l
enhanced gold

"Reef (shown in Fig. 3?), conf:rms th_“
_ cqncentratlon ig- present in ucnglcmer* é bars cloge to channel
_flanka, and in the—basal lag cunglomera. s (Flg. 6?),,but that_"

gold Values 1n the Rosedale Member are- ga‘hrally_loﬁ, |
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FIGURE 67: DETAILED SAMPLING OF THE BASE OF THE ROSEDALE MEMBER IN 16B61 STOPE.
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f_-s,s'snnIMENTARY CONTROLS ON MINERALISATION IN THE BEATRIX REEF

W1th1n tﬁﬁ Beatrlx Reef heavy mxnerals most commonly ocour

as discrete accdhulatlona concentrated along sedlmentary and

‘bedding structures such ap soour surfaaes, orossbed foreset

-lamlnae or bedding planes (Figs., 20, 21, 22 and 23).

. This occurrenoe BE dlEOr“te segregations assoozated wzth

sedlmentary structures suigests that heavy mlnerals were

'__'deﬁoaiied with the sediment and preservéd-uhder specific

' v.hydraulic conditlona. Ccnsideratlon of the processes

responsible far the forma.ﬁon of the sadlmentary strueturea,

an& the sorting pf beavy and light minerals, allows deductions

to be made dbnaerhinthhe"hydraulic conditions of the

deposztlonal environment and the controla on mineral

concentratlon. .

Sand transported in suspension in e decelerating stream

'experiences goarting of hehvy fror light mlnerals aocordlng:to

£ﬁe diffgrent s¢ttling|ve@bcities of the grains (Brady and
Jobson, 1973). Sorting of heavy from light minerals will also

take place in aécelerating'or constant flows according to their

'differing-entrﬁiﬁﬁéht veldhities (Brady~and JobaongJISTS). The

differanc& in the fluid llft and frlctlonal drag forces
promote entralnment of largerh llghter grains and 1nh1b1t the

muvemenh”of the smaller' heaV1er dgrains. Allen (1870b}

esuggestﬁd that the frictlonal forces experlenced by a particle
'-in-a flaw are a functxon of-the-saze-of that partlcle-in-
_relatian to the size and paeklng of ‘the partlclea w1th1n the

'“bed Thia relationship between selectmve entrainment and
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_foreset (Brady and Jobsong 19732 (of. Fig* 55)‘.
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patticle size was expanded on by Slingerland (1984). The

" segregation of smaller, heavy minerals from larger, lighter

minerals due to éelective entrainment is enhanced in the

turbulent flow variations éncountered_aaroas bedforms (McQuivey

and_Kéeferg”lﬁﬁgj; or_in.tha.conﬁérgende'zdnes:hetwgen baﬂks

- and bars (Bmith.and Beukes,'1§83). Brady and Jobsoﬁ{(ls?a)_;;

conducted flumé_exﬁeriments to determine thé behaviour of hea?y-

minerals in alluviﬁl'channela, and found aegregations of heavy

' minerals-upon-rippibs;Iduheﬂ“and upper-flow-regime plane beds

at'prbgreséively hfgher flow ratés. He&#y mineral éccumuiﬁtioﬁa

on ripplea and dunms ocaured 88 thln aﬂgragatlons an the stoss—

| sides and w;th;n tupaet and foreset laminae (Brady and Jobson,

1973}, Tha stoss- s;de accunulations comprisad rlpple—like )
segregations-whxch;migrated-slowly tnwards_thq oragt of_the

dune or rippié where. they. accumulated As thick, heavy minefai_m

: rich topset 1am1naa Lwell illustrated in Flg. 55). Farenet

| ﬂcoumulatigng of hEavy minerala Wer@ WldelY Spaced batween :ff

light mineral foreaets, hnd resulted fram the perlodic

avalanche of heavy m1neral rieh tapset depusits down tha lee- _ _
RN

_szde of the dune. These aocumulaticns were thua canfined tn-the

upper parts of the foresets, aﬁd thinned rapidly down the

J

a .

Strong erosional discordances between bedfurms indxcate slaw : e
aedzmentatzon rates and the rapld migration of beaforms (ﬂllen,'

19?0b), durlng whxch eruslnn resulta in the reWurklng of hhe  -_

._topa of bedforma. This rewnrklng allows anly tha presarv&tmon

of the bottom partﬂ nf the foreaets apd the heavy mlnaral rioh

o _topsat aqcumulatlons are thus rarely preserved. ?mxs cnndition .

Sy
o

oty o
fee
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"for.the éccﬁﬁdlation df heavy-mineral rioh[segragationé on
fp:eseta (Allén,'IQTOb. Brady and Jobson, 1873) has been
_Questiéngd by Slinggrlgnd ({1984) who noted that.heavywmineral
.rieh accumulaﬁions oh.thé'toes of . foresets werz common and
result from two poss:ble sorting nechanisms,

the reworklng of the heavy-mineral rzoh laminae on the
backs of dunes during mxgratlon by means of selective
entraznment in ‘the trough turbulence zone |

T suspension sortlng by entrainment off the crest of the
- dune Wlth various size classes settling tu different
po;nts in front of the dune, wzth the heav;er grains
mloser to the lea-face. N _ |

:'Thé~rqugh surfages of lag conglomerates produce large

:;hriétiona-in the'turbulence intengity of stream flow providing
.idﬁﬁl QOhditiona Tor the segregatiqn of heavy minerals
?(ﬁc@uivey and Keefar, 1973)., Heavy mineral grains which

'_collect on conglomerate beds, parﬁicularly at the toes uf

' mlgrating ripplea or dunes, are effectively shielded from

: further entrainment by the bed roughneas and high frxctxonal

..raalatance ﬁreated-by the pebbles. The concentratidna of heavy
minerals 1n horizontally 1am1nated pebbly arenites and on the

) tnpa nf bedfarms rapresent aegregatlnna due to seleﬂt1Ve

Q entrainment %; iighter, larger g*ains according to difierances

f'in antraihment ;elbeity. ..\ ' o |

Fram thxs dlseuasion it 13 apparent that the moat favoure&
 _1n¢at1on for the concentrat;on of heavy m:nerala, and gold, in

7_ccnglomerates is — ; e

3
[
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uu'on scour surfaces with ~pebble 1ags
- on lag surfaces - |
. on winnowed surfacés :
- on-cfbaabe&_foreséts_f
- on the t&ngential_hoes of foresets

~ on ﬁlanﬁr bedding surfaces

_ [after Pretorlus, (1989) table 9]

ha highest conoentratimns in Wltwatersrand reefa will oceur

-"on the bottom contﬂct --lowest surfece mf degradatxon

-~ on the_top.contaot = winnowed aurface _
?retqriug_(iQSQ)_hbteé that surfacgs with kerogen (carbonx ara.
: also favoured loaations.for'ﬁhe donoéntratlon of gold in
- Witwatararand plaoers, and a close aasoclatlon of euhancad gold
q__concentratlon with earbon granules and seams occurL An the '
.fBegtrix Reef (Hofmeyr, 1986)@ | _ | |

' _The'c&rboh.iaucpngideped to be bf drgénic o:igin, repreéeﬁting
.the"rémnéﬁfs_af primitive, algal plants ngllbauéf, ;9?5 an&' :-
1888, Dyer et al;, 1988) Gald and heﬁvy mineral grains wére'
phyaically trapped by the algal nat fillments 1n a corduroy
tablenlike action {Hallbauer, 1986), Digest1VE redristrzbutzon “

of gold and uranxum by the dzasolutien of physically trapped

'---partlclea and +het” reprecipitatiﬁn along the flllments of the

"'organiqm reaponsible far the formatlon of the carbonacedus
'materlal also occurred (Hallbauer, 1986) |

Recant work by Landams at al., {1990) pn carbon granules and .
seams_;n the W;tnatergrand cqng;qperate; sugggstg that the o
a&fbon;may b::aﬁ iporgaﬁig.h&ﬂfuoa:bdn,raplacing utaﬁiniie and

g

a
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“the paragenetlc seqﬂence between uranlnlte and hydrccarbon is
i _ :

gimilar to thau of the hlnterland granltOLds.
.Although the mechanlsms of ﬂegregatlon of heavy minerals on

bedfofﬁa'apd their entrapment in gravels'outliped-above 

.describe the amall—scale variﬂtion cf héavy miheral (an&'goid)

 eoncentration, they cannot be’ uae. to predict 1arger seale

varlatlons in minerallsation.f..

Work by Minter {(1970) on.the_Yentersdorp Contact Reef at South -

-Roodepobrt'ﬂine.engbléd him tb'correlatg_b:oad gold -

- distributipn patterné'aﬁa_cerxain sedimentological parsmeters

and fhus draw CQneluSidhs regﬁrdiﬁg'the gold distribution &ﬁd

.alluvial fan morphology. The best gold mlnerallsatlon occurred

sedimentblogioal parameters {Minter, 1970).

Broaduscale gold dlstrzbutzon patterna-are not pbssible at

'_:Beatrlx Mine due to the falrly llmlted extent af the current

0N
undeﬁﬁraund exposure.

* The detalle& work carr;ad aut over the channelled zone on- the _

south~aaatern side of No. 2 Shaft (Figs. 64, 55 and 66) gives

an ind;cation of the larger saale variatiun 0; gnld

concentrahion in the Beatrlx Reef.-The tendency for pyrite and :

gobd to be preferentmall# coneentrated along tha flan?% of .

- m the midfan portion of tha a.lluv:ml fan model defined by the

Jﬂ&Jor ahannal systems has alsb been nated by Nami {198?} during:

-_flume exparzmenta for the=Ghamber of Min&s Researeh a; 1..f'

_hydrodynamlc eondmt}nns o£ flaw

'Drganlsation._This ten@gnav waé%explalneﬂfan terms of the

'n tha channel, Flow veloclty

!

’ -in the maln chann%l waa ton high nr the depnsition of amaller

grain’ slze matar;al, but frictiona& drag alnng the fL@nks of

Jme e %
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 the chénneifrEEults in 1@3;1 eddy:éurrents and;depbsition of
”:heavy mineral grains (Nami an& James,_iQSfﬁﬁAshworth; 1988}4'
This.rgsulta in;fribbonsf 6f:higher gold Vglué.pérallel.tog but
'pffSQt frnm'thelﬁﬁiﬁ cﬁamﬁéls; (cfrFig- 66);.' | |
Mosley and Schumm (1977) and Best (1988) htve shown from
-.experimental atudies that scours at the confluence of streams-
and the turbulence at the;e Junctlons enhanaes sedlment ' .
"_ reworklng and promotes the concentratlon of heavy minerals at
these 1ucat10na. This phgnomenon results in lacal | |
_coneentrations of heavy minerals on the dowustream Blde of
- stresm. ‘tributary Junctlans (Mosley and Schumm, 19773 Sm1th and
-.Beukea, 1983). A pattern simllar to thls is noticeabla from the.
detalled work on the arﬁa to the south—east of No, 2 Shaft at
fBeatrlx Mine {Fig. 66). |
Thp pattern of heavy mlneral concentratlon in the Beatrlx o

fReef is thus 1ndlcat1ve of concentration from unidireetional

'flow oonfined to. discrete channels._
| S;foORIGIN OF Tqa'ﬁenﬁ

| The'prablém_of"the ﬁpprce of.thefabundant;gold.iﬁ the:

| ﬁitﬁatersrand sediménts is-ﬁs yet ihadequately explainé& in the_.
?'_literature {Pretorius, 1989) The wldely hel& VIEHB of Viljaen H
H'“et al (19?0), M:nter (1978) and Pratquus (uﬂal) that the

”sourdﬁ of tha gold, uran&um and pyrite in the Witwatersrand is
S

.

:_ldetriﬂgf material derived from the ennszonalfdenudatlon. under
"reducinﬁ\aondztmons, of flanking Archaen terrane aontaxning

gy

“  greenstone~hnsted gnld ludea an§ bexng challenged by a reV1va1

B -ER s L S :
- . ; S : o

s - 'ﬂ__.

) o . ) -
w o

s T
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z'of the hydrotharmal e engenetlc theories for tha source of the
| Wltwateraran& gold (Phlllips et al., 198? Law; 1990).
Befinements of the detrital source of gold theory come from
Hallﬁﬁuer'(I984 and 1986) and Robb and Meyer (1985) who prbpoae
) 'hyd;roﬁﬁémany altered granites (H.A.G.s ) as being the
flanking hinterland and the source of the gold and other
detrital minerals. Hutahlnsun mnd Vilaoen {1988) however '
- suggest that tha H.A:G.s resulted during the formation of
-pyrltmc,3aurlferous exha11tea along-the tectonloally.actlve
'northﬁeatern margin of tﬁe[ﬂitﬁatersrand bagin by shallow
marine_hydrbthermal-diﬁchargé.'Reworking;'bi fluvio-deltaio
'processés,-of'thésé pyritid-exha1ités albmg the ragrsssi#é :
| margin of the basin fdﬁmEd_the mineraliBed rééfé fﬂutohinson
_and Viljoen, 1988). o |
Pretorius (1989)'shﬁ§e3£s that théré'was a pene~
céﬁtemporaneous.reldtibn-bEtweehltectonic activity, granite
amplacfmhnt with associated hydrothermal and metasomatlc
- effects,” er&alon, sedimentation and. the intraduction of
_minerall sation during the Central Rand depos:tion. The :
degradation of high-level porphyry or epithermal type gold
minera;lsatzon supplied gold and uran;umlrzch detrital debrig;
. whieh waa.fiﬁvially newurked on braid?deitﬁﬁ or uncaufcrmity
. surfaces. The fluviel watera poasihly contcﬁned some dlsaolVed
_'gold and uraniﬁm. Hydrothermal flu;da,'slm1larly enrlchad in -
 fgo1d and_uranzum,_;mpregnated the_uoarser grained clastics__
f iyﬁi1e:thegé_were being laid_down.»Reeonatituticn_éf thé_ﬁold;
 ura§iuﬁ; sulphides_énézbtﬁaf mﬁtriﬁ.magérial'by pervasive,

_?métamuéphic_fluidaftook_piacé during later metamdrphic eventh
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i

'(Pretarius,:lgsg} %hls theory encompasaes elements of all the

najor mineralisation models_suggesting that the Wztwatersrand
minerﬁlisation is more than likely due to a_eombinatiqn.of.
mineralisatibn processes.

A detazied dlscu931cn on the source of the gold

: minerallsatlon is-beyoﬂd the saope of the present study. The

eloae aasoeiation of detrltal heavy mlnerals and gold with both.

'_large- and small scale sedlmentologlcal features, ‘and the lack
of any - relatlonshlp between mlnerallsatlon and atruutural or

'1ntruszve events or features supporta the hypothesis of

minerallisation introduoed as detrital materlal and concentrated

by hydradynamlc.pracesaea..Recanstitutlonﬁand pcasible loca1

'_rémobilisat%kn'of minerals'during:diaﬁénétic or low#grade-'

etamorphxa events is likely and would explaln many of the

?;mineral oharacterlstlcs that are. favoured in argumenta for a

hydrothermal_crlgin‘

el
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6 SYNTECTONIC BASIN EVOLUTION IN THE BRATRIX MINE AREA

- Tectonic movemgnt_aﬁd_foixing, synw:and_prior'toidepositidn
.of parts of thé WitWatersrgnd_Supérgrahp haé been.desaribed
'fffom the Eaat.Rand“bésin. Xn'tﬁe Evﬁnder.and.Bénoni.areas the
,Bird Amygdaloid (Johahnesburg Subgroup) lavas thicken in |
synforms é£d thin agéinst antiforms ‘indicating that folding
took_p&aée pfibr_to, or. contempofaheous with the extrusibn of
' the lavas (Pretorius, 1954). | | |
| In the Welkom Go‘ifleld syntectonlc depoaltlon is dacumented
:glong the western mapgln of the_guldfield where. local
"Uncanforﬁities_within'the Eldorado Formation on Loraine Mine -
s inﬁicate periadic:hplift aldng.the Wesﬁern'Margin Structure

: during deposition (Winter, 1964&, Minter et al., 1986} .

Ba31n-w1de tectonlc movement and deposition is recarded by
.the:quysens Shale-Formation'{Upper Shale Marker in the Welkom
 -Go1d£ieid); The éhale reﬁreéehts the'distal-faéiea equivalents
of the fcrmatlons underlylng it and is the produet of basin~
w1de subsldenre and transgresalon (Tankard -3 ali, 1982). -

The Central Rand Group in the Welkom Goldfield comprises
rnumefaus técionogenétic_sedimentary-ﬁackéges géﬁaratea.by

unconformities (Tankard et al., 1982). The packages consiat

'-_ almost entlrely of ser1¢1t1c arenxte with minor conglomeratlc

‘i intervals with plaoer deposlts at the basé overlylng the
":;unconformlty snrfaces. Trqugh crossbedded snits refleutlng sang
’.dune migratian in wlde, shallow channels‘are mnst common, |

g-although a¢cretion of bar marg:na praduced sporadic, planar

" crossbedded units ﬁTankardhet al., 1882). Channel patterns are

a
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: generally unconfined and braided, ‘with an almost linear

- dralnage pattern of interaonnecting,_10Wm31nuosity channels
prlented.dOWn the palseoslope forming & broad braid-plain fan
_délta.gTha packages of sediment'ihdicate'rapid'aggradation of
the biaidaplain, and reﬁetition of gravel beds in the sequence
 reflec£a'ahifting_6f the major channels across the ﬁhe fan with
periedic fap-head retrenchment (Taﬁkard at al., 1982}. |
'Palaeocﬂrrent infurmatidﬁ suggééts that. the sediment transport
was moa£iy towardé_ﬁhe.eaﬁt'and noftheast'(uintéi et al};

- 1986) . _ | _ | _ |

| Uplift along the Wésterﬁ Margin Structure and along the
southéfﬁ h&sin.ﬁargih:rééultéd iﬁfpefiodic flﬁvial'degfadatipn
" and erosion of these previously deposited fluvial packages.
This erpaion'hnd_fiuVia1 degradatinn reaulted in thé-cutting of
_ungdnformity_suffabeﬁ (with“the tr&ncation bf mﬁch;of the
Johannesburg Sﬁbgrouﬁ_sputh,of'the Sand River), at times with
deeply in¢ige& fluvial channels such as the Aandenk Channel.
Transpdrt direcﬁions'weré atill démin&ntly'from ﬁeét to east'
(Tankard et al., 1982, Mlnter et al., 1986). Low aggradation
'rates durlng this fluv1a1 degradatznn result in frequent
sediment rework1ng and’ the generation of a mature conglomeratib
layer of llmited vertloal extent such &8 tha " Reef or Big
Pebble Marker. Thms proness 15 s;mllar ﬁn that descrihed by
Buck and Minter (1985) and - Minter (1987) for plaoer formatlan
by fluVial dagr&datlan af alluvxal sequences.: '

' During the 1ater part of Uentral Rand Group &epnsation in the
.area south of . tha Sand River, and subaequent to the deposition

-of the Aand&nk Formation, renewe& tactonic activxty,
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compression, and uplifﬁ.aiéng the Western Marzin Sfrucﬁuré'léd_
to a'furthér'pefidd af fluvial, erbsional degradatibn which”cut
the unaonformlty Burface at the base" of the Beatrix Reef.
Erosion to farm thls unconformzty surfnce truncated the upper
formathns p£ the Johanneshurg Subgroup, ag Well as the lower
formations of the Turffontein Subgroup, in the Beatrix Mine:
aréa_7 o | . _ | _ \

In the areas south of the Sand River thia perlod of
degradation resulted in large traota of coarse-grained, '_
eroaiqnal detrltus, including aetrital plaeer mlneralsj_dafived.
from the bbeakdohﬁ of the outcropping Aand&hk and_épes_ﬁﬁna .
Formatlon plecers (Minter et al., 1988) | _

The assoclatlon of aadllentary structures and the moat commnon
faoies sequence 'in the Beatrxx Reef are typxcal of the Scott
type to Donaek type-hralded gtream deposltlonal models of Mlall.
_(1977;.1978), but the geometri is bést expiained in terms of
the. cbarse~gralned brald-delta model of MoPherson et al. |
(1987) | N
Fluv1a1 raworkxng of the erosional detritus derzved from the
aroded un&érlying formatlona dcwn a8 north—aouth, coarse-
graihEd braid-delta, by 1on aggradatlon rate brazded streans
resulted 1n reworking and conaentration uf p-ucer material to
form the Beatrix Reaf. _ : o o
Further 5ourcavard upllft eauses tlltlng af the palaeosurface
and the prevzgua eraaional surface 13 transgreamed.

Alternataly, baa;n subaidance fnllnwing the cesa&t;on af

compiﬁssaon and uplet along the Waptern Margln Structura would -

S



also result in transgresaion of the pravioﬁs erbsioﬁ-gpfface; ;'
The fiheQQrﬁined;:hetééoiithié facies sequence in tﬁé;55931 
:-part of the Rosedale Member, d;sconfurmahly overlylng the
Beatrix Reef; suggests that ﬁhe eroalonf‘ eyele and fluv1a1
degradat1on formlng the unconformlty sur;;ce and the Beatrix o

e

.ARaef culmlnated 1n a transgréssion acrass the brald-plain 1n-
the Beatrlx area. The geometry and sedimentaﬂf structures in
the heterollthzc facxes 1nd1cate that thls transgression w&s _
-shallow. marglnal marlne (tidalite) or shallow 1acustr1ne !
({lays lake) Shallow, marginal marine depos;tlonal models
tranagressively overlying placer forming episodes hav been
 desor1bed in many of the Gentral Rand Group placara (eg. vaal
"Reef - M1nter, 1976 and Verremen, 198?. Main Reef Leader -
' Button, 1973 Klmberley Reefs = Armatrong, 19686, and Balley et
al., 1990}, and would not. b unlque ‘ta the Beatrlx ared. a

Palymzctzc oonglomeratesleui ,rough crossbedded lithlc

aren1tes i the dlstal fineﬂgrained tO&u of alluvial fana,

d;sconformably overlying the Beatrlx Ree? and the heterolithza S

. facies sequence of the Roaedale Member, ‘heralded the onset of
_ Eldurado Formatxon sedlmentation. The domlnan+ly north to southﬂ.
tranaport dlrectxon {KlngsléQ, ;987 end this study) conflrm
that subséqueﬁt.tq thé erﬁéi0na1 Episode:forming the'Beafrik -
_Reef:uhconférmity.the palaeoslapefhad ohaﬁged-n southerly

: uplift was replaced by subsidgnce of the southeaatern parta af -
.the basin, which wes now open to the southeast._ | :
.The upward coaraening“of the. Bldqrado Formatzon frum

easentially arenit1c unita to oonglomerate dominated aequencea'

o S L



‘the faankiﬁg highlgﬁds to the west, across the-bréidmplain o

'__';gn - o
illustrates thé_prbggadatiqﬁiof the.allﬁvial'fansi fgediﬁgeoif{

L
A

(Klngvley. 1987) Periodzo and continmed uplift along ihe
Western M&rgln Structure throughout the ﬁepos;tlon of the

Eldorado Farmaticn reEulted in local unconform1t1$s and placer

'formation by fluv1&1 degradatlen EPiSOdEE withln ﬁhe El&o“ado
_Format;un along this west#rn margln of the Welkom Goldfleld

_ (Wlnter,>1964ﬁﬁfﬁlntar &t ah.; 1935) o E -

Reg1onal b331n wide exi ensxon resalted in the Dutpourings of.-'

.tha Ventersdorp lavas an& the curtailment of act1We, Centrak
"_Rand ﬂroup sedimentatlon in thls part of the Witwatersrand B ?_-

' basln. Contznued extens;on durlng middle-Ventersdnrp tlmes led

to large scale normal fau1t1ng (De Bron, Homestead,

_Stuzrmanspan) and.%ﬁe formatlon of horst and graben bl@cks

throughout the Welkom Gnldf;eld. Renewed Bedlmentation from

these nawly upliftea areaa was in the form of 1o¢a1 alluv1al

fans and 1acustrinak sediments (Kllppnn Formation) flanking the’
'horst bloaks . | . : . .

Wlthin the Welkom Goldfzelds tuere is no presemved evidance

- § the later Prcterozoau basins or tectonle evenha untzi the

SRy

EDwyka glae:atlbn and karoo aedimentatlon.

- . R

rf ey ':' ' i§7. .;'. »
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7. SUMMARY AND CONCLUSIONS
7.1 GEOLOGICAL AND STRATIGRAPHIC SETTING OF THE BEATRIX REEF

_:-Beétrix_ﬁine iéithé'moat southerly of £he_Witwatersrand-
_type go1dmines occﬁrring oit the presentli knoﬁn southweatern
ﬁargin'of1the Witwatersrénd basgin some 35 km south of Welkonm,
and marks the aouthern llmlt of bhe Welkom.Goldfleld,_

In the Welkom Goldfield area south of the Sand River, the
:Archaen Wltwatersrand-and Ventersdurp Supergroupa are covered'

by a thlck (300-~ 500 m) suocession of Permo~Triassic age&

'-\Karoo Bequence sandstonea and shales. All deduotions on the

© geology of the Beatrix Reef and the Witwatersrand rocks ave
~thus based on borehola_ihformatidn or the reef exposed in the
gndefgfoﬁnd wofkings.on the Béatrix'Mine._

'-:?he Beatrik Reef.reaté qn:&q,unconformity sunfade which, in
'fthé ares south of the Sand River, gubdivides the'central.ﬂand

_ Groﬁp iﬁto the Johanheaburg:Subgrbup ahd'thé o§e£1ying_" .
Turffpn?eih'subgfoﬁp; The.reéf:im not unique or significantly
- différent.from'anﬁ:afﬂthe othér eqonomica11y ¢xp1oited-ﬁeefs'

: in.the upper parts'of the Witwatersrand Supefgroup'-
Depositional syatemz inferred for Beatrix Reaf sedimentat:on
and placer farmation can thus serve Be a madel for some

Central Rand Group placera. ) _ |
.. The Central Rand Group in the Beatrix area igm rep“aaentad by
the Virginia qumation (Johanneaburg Sub&roup) and the
"Eldoradn Furmation (Turffontein Subgroup), and is about 1000 m

'thxck« In comnprxaon wath t&e Central Ranﬂ &ronp in the Welkom_
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Goldfield north of the Sand ﬁiver, just over 1odo_m'pf -

stratigrapﬁy éompr1sing thé'sﬁlﬁelena; Welkom,nﬂarmdny,
_Dagbraek, Spes Bona angd Aandenk FOPmathnS are. trunoated at
| the unconformity at the base of the Beatrxx Reef. Remnants of
the Aandank Formation below the Beatrix_Reef in the gorthern
par-lta_ of the mine _‘hf,.meirer sugge's-i that the -t..r\_z.l_'x.catioﬁ. of a
;sighificant part o% the underiﬁing Johan%ésburg'Subgroup:can"
: be aaoribed to erosion documented by the unconformlty at the
';base of the Aandenk Formatlon. _ ' |

On Beatrxx Mlne the Beatrix Reef unconformably overl1es the

‘\\\

Virginza Format;on and is in turn disconfnrmably overlain by
‘the Eldoradp Farmatinn._This unconformable relgtionshlp and
the significant difféienee iﬁ sgdimen£&ry'faciea sequences

' rbatﬁee;)themﬁnifs:suggestS thét the Beatrix Reef shuuid'be'

'_ accorded aiatus'aﬁ a separate Formation,'6r'a£_1eaét”be'

- recogniged as a.distihot‘ﬁember of the Eldorado Formakion,

7.2 BEATRIX REEF AND ELDORADO FORMATION SEDIMENTARY FACIES
| Oligomiotie congldmera£es and.miﬁof arenites'are the

-dumanant compunents of the Beatrmx Raef apd, based largely on

BLU

differenees in lithqlngv and the assoc@ation of bedding an&
'aedlmentary struotur&ﬂ, a number of facies can be recognlsed.

 _The main fadxes of the Beahrzx ReefKJre ;

o
“

‘.~ masslve, cligamletzc canglomerate e

harizcntally and low angle incline& stratifmed conglnmerate'

']._':

-1

trough cqosabeddad annglumef&te ” L,

planar craasbedded pebbly arenite
3 trough araashe&da& pebbly arenzta

- g

.0 n

: n-_'_ |
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The Beatrlx Reef variea from a single pebbler;lag 1ayer 8 few '
centlmetres thick to sequences of interbedda& cbnglomerate and
arenlte up to 3 n thick Isopachs of these thlokness |
variationa deflne w%ll~deve1aped north-south trendlng

chaunels. Palaeocurrent mﬂasur“ments from orozsbedﬁlng and

' pebble aize variationa aonfirm this %trend and 1ndicate 8 narth

to south tranSpor% direction._

' The Rpsedale Member dlacanformnbly overlies the Beatrlx Reef

’ ' R -
- trough nfossbedded arenite S T

and .8 humber of dlscrete facies can be renognmsed from o .' (i

lithalogleal var:atlons'anﬁ\the-aasociatlon of sedimentary-'

structures. The ma;n facxes that &re recogn;sed are

- polymzatlc canglomerate

o v planar?crussbedded arenite-

..):J

.-- heterollthln faclea T '-" - ‘:%fi.- S T

Sedimbntary structurea preserved withxn the heterolithic
f&czes 1naluﬁe wave ripplea, iadder~baek ripplea, lanticular
bedding, convalute be&ding, mudcracka and rxnaal markﬂ‘ The
Eldoradn Formatian caarsens upward from & dominantly arenite
and argillite sequence in the Rasedale Member at tha baﬂe to &

&ominantly pqumzetie conglﬁm@rate sequenﬁé 1n the upper parts

.of th& Uitkyk MEmber, Palaeocuﬂrent data and grain’kise o

Gy

"_ vablatian'#gaxn 1nd1cates<¢=nnrth to aouth tranaparf

LR T T Ty T

Li] ’
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1.3 DEPOSITIONAL MODELS _

The extent of the trunoatlon of underlylng formatlons
below the“Beatrlx_Reef suggests ‘that tectonic uplzft was
; reép&nsible for erosion ahd'the formﬁtian of thé uﬁconfofmify.ﬁ_
The Beatrlx Reef overlles this unconformzty with a pronounced

scoure& surfaca whlch may show 1ocal relxef up to 2 m.. The

mogt common faoles sequence_is

Ty,
2y

" Scour surface  __; Gms == Gh ---  GL/Gp Jéa st

- and is typical of ﬁia11'33(1978) Soott to nonjek type braided
stream madels. HoweVer, the thln, sheet lxke geometry of the
reef and the maturlty of the. sedlments impl;eg frequent
rework}ng and lqw-aggradation rates. 5uch~features correlate

: with the cbapséﬁgfﬁiné&,:braid-deita.model of McPherson et
al.(loe7). | | | |

Two dom%nantlfaCLea aequennes are apparent in the basal parts -

of the Rosedgle Member ﬁlaaonfnrmably overlying the reef. The

Dne sequence conaista d#minantly of fine-grained faclea in an
i
' upwardwaoarsening aucceés;on 1ndicative of" alternat;ng periods

of arenite and argillite depositlon with the most common
v faqles_aéquenqe_beipg, _' o r

e

-'ﬂ Fi7'rf~"Sh1§r -~z Bt

b The sadimantarm'atructures 1nd1cata alternatdng perlods gf

a

| arenxte and arsiliate depas;tion (larﬁlaular and convolute
“f fp bedding} thh ﬂEtermittent subaerial exposure (Mudcracks),

and 13 indiaat e of, 1ntert1da1 depos;tzon in A tine~grained,

. ]
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marginel marine-ehvironmegt, or“a shallow 1hcuatrihe aetting[
The gther facies aequence in the Rosedale. Member eompr;aes

. lithic arenites and polymictic conglomerate in scour bazed,
'upward flnlng unita wmth the most common facies aaaoclation

'belﬂgg
Scout surface --- = Gm/Gt --- Bt/Sp --- St

This sequence is again typical of Miall's (1978) braided
_fluV1al {Donaek~type) depos;tzonal model. The 1mmaturity of
the lithic arenlte Sedlment and the geometry of these |
sequences Qonfirm deposition_nn a brai&-plain or_braldgd,_

| fluvial:f;n~de1ta.'Tha overa11:up§ard-ddatséninsﬁqf the
Eld@rado_Formation fr@m-aranitefdominatédlto conglo@erateé
n'.domi-nat_e.d séquanée!s' déégmeﬁt.s I.H}_'Ogr.&dat;i'onl ot the f;in-delt.a

saquence across:the braidwplain;
. Ly o

| __'.' +4" SYNTECTONIC ‘BASIN nvoxm‘mu
Wathxn the welkom Goldf;eld ﬁﬁe Central Rand Grnup

5 omprlaes 8 number of tectunagenatia packagaa of sediment.

ese packages cansist brednminantly of "dirty“ arenita with

_inor, interbedded polypiatic conglomerate layars. The_;#i
'-11tholegy an&rfauiea assnciatnna %f theae packages auggeat )

:-fdepasitiondas fluvial sequencea in high aggradation rate
”.braided streamsﬁon A brmad*plaan fTankard et al., 1982).  § ;}

 _ﬁPeriudiu upsift wzt& aoﬁcomittent ehangp}, n tha base%level

1ndum¢d ercaion and fxuwial degradat&nn of the prev;ausly

e depaﬂxt%d Bedimant pacﬁageg. pr aggradatxnn ratesgiﬁﬂ

'_frequant rewnrking durlng theae fluvial dagradatznn cyales led
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to plaoer formation on the unconformit;es. _.’Q " L ﬂ[
-.The Beatrix Reeé’is the result of one’ such perxod of fluvial
degradatiun where the reworklng of detr1tus derived from the |
'erosion of the truncated, undarlyzng Spes Bona and Aandenk
Formatlona on a north—aouth qriented, coarse~gra1ned braid-
delts, led o placer miperglgcpncentrat;pn and.the formation
of thelieef. A tranggre§sion_at thé;culmiﬁatioﬁ bf'this-reeff
'ffdrﬁing.qyeie'is-regorded bjk@he,fine—gr&inad_facies sequence
at the ﬁaSé"of thg'ﬂoQEdﬁlé Member, d;acogfbrﬁgbly=gierliipg_'
i £hé-Bea£riQ Reef.fneﬁositionéi.mddels suggést a mafgiﬁai.
"':marlne (tldallte) or a shallow laoustrlne {playa lake)
setting after the transgresalon.f' o

- This modal for Beatrlx Reef formatlon by fluv1ai ﬂBSradataon .

- and reworklng of detrltus derlved from prevlously deposlted

S

_.aequences, in a 1ow,4ggradat10n rate, cuarse~gra1ned, brald-

'delta, in prbbably-§9p11eab1e to many Central Rand Group

reefa. Shall@w, marglnsl narine, transsreaﬁive deposltional k

models as tha culmination of the ﬂlacer forming. cycle have

-also been dssarzbed from ather Ceﬁtral Rand Group reefa. At _'

'Beatrix Mine the’ regreasive cygle following plaaer formation

13 reoorded by the progradation of the fluv1a{’hra1d-plain and

(alluv;al fan sequences of the Eldorado bem:tlon arross the -~
doee 7 :

Beatrix Reef. S _ -_" _:;_f

e - . - <. [
e '

7. 5 MINERALISATION IN THR Bamux BEEF e T
ﬁaavy minerala are an important cnnatituent of the Beatrix
Reef plaeer material. Pyrlte is the domxnant cnnatitqpnt and

“comprises BE% of the heavy mlnaral auite. It occura maxnly as

s o

R
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' compaét;'régnded graihs {buckshot pyrite), porous, rounded
grains (“ﬁudball_ﬁyrite”) of as authigenic:ovérgrowthS'on ;, __

‘other pyrite grains.

Gold'iﬁ*ecdnomiﬁaliﬁ the mégt.impbrtaht-éonstituent-af.thé i1i
' Héavy:minefal suita'and dccurh'maiﬁiy-as'diﬁeréié,'freew |
-milllhg grains or assnolated with carbon material. Hinor .
"amounts nf gold Blso occur 1nclu&ud within pyrite or thhin .
: other slllnate minerals such e guartz or chlcrzte. Other o

_hegvyiginerals with;n thg_Be;t;&x Reef include uraninite and

_5rannérit§;?ehrbﬁite, ieﬁcoxéne aﬁd36thef éhlphides such as

chalcopyrite and galena but together they comprlse only about'
Tlﬁ % of the heavy mlneral suite.-' !

“The heavy minerala are assoo’~“ ‘A with sedimentary heddxng .
'atructures and ‘occur as dlscr : accumulatlons a1ong foresets
'or bedding planes. This assoclation 13 explalned in terms of
'hydrbdynam1c sartzng and the segregation of heavy from light

“mlnerals by praﬁgrentlal entralnment. Large—scale variations

. in heav%-minefél cqndentration also show a carrélation with

| larger acale sedlmentary features ath as along the flanka of"

channels or Bt channei Junctlons. These featuréa suggest
dep631tzon of the hea?y mlneralsnin conjuncticn with the:
’;sediment, and - sartlng ﬁghconcentration in response. to

'hydqodynamic cond;tiﬂns within the flow systemfor across
R RO e o T A
bedforms. .

.
v

ot




5

8. AL‘KNOWLEDGEHENTB
_ Most of the data for thia study were. aollected uhile fhe
Jﬁaihar was employed on .Beatrix Hinén Thanks are due to the
management of Eeatrix Mine, and to Genmin, fnr the opportunzty i
to undertake tha stu&y, and for permlsslon to publish the data;:-

Th&nks are alao dt..e to Anglo American Corporat1on (Ptyl Ltd.
-for permission to use the J.hforma.tlon_ from their bn_r_ehqles in
the area south of the Sand szer._;_ _ | _ |

Mrs Sharon Hahn is thanked for aaalatance with the draught1ng
of the many f;gurea. | . ©

Many colleagues. part;cularly &ndre*ﬂotze, Quartus Meyer and

EBPeezally Tony cadle prg thanke& for atimulatlng disaussxons

and raviews of earlier drafts of thla theaia._



L 189 =

REFERENCES

Allen, J.R. L., (1963). The olassification of cross-stratified
N o
unlts wzth notes on thelr origin. Sedlmentolngys W 2,-
Allen, J RoL., (1964). Studies in fluviatiie sedihéntation:
slx cyclothems from the lower Old Red Sandstone, Anglo-

Welsh BaSLn. SedlmentclogY, v, 3, r 153 - 198;-

_Allen, J.R.Le, (1965). -A rWV1ew of the orlgin and
characterastmos of recent }lluvial sed1ments -

| Séﬂlmentology, v. 5, P 89/ 191.

_}_Alleh, J;RTL., (IQ?OaI.HS{qﬁigs in_fluviatilefsedimentation:

:15‘A-comparisgn'of:fining—upwérds cyclothems, with special

: agference to coarse member composltlon and interpretation

Jouru Sed- Pet-, Vt 40, p 298 - 323-

AlleﬂijJ.R.L.,-(iQ?Ob)g Physical P@aﬁeéges of Sedimentatioﬁ:_
'Allenﬁgnd Unwin.'London, 248 pp._ '

Allen, P.AL, (1931). Some guideltnes 1n reconstruotzng :
anelent sea oondltlons from. wave rxpple marks.

Marlne Geology, V. 43, P MES —_MB?t

| Andrews-speed, c. P., (1986) Gold-beah;ﬂﬁ fluv1a1 and
aqsoaiated tidal mar:ne aediments of Proteroza1c age in the-
Mporokosa Basxn, Hnrthern Zawbia._Sedimentary Gecl., v. 48,

=

» 183 - zzz.

WA



u

-170 -

'Armsifong, G C., (1966) A sedimentologlcal study of the

"U.K.8 meberley Reefs in part of the East Rand..

Unpuhl. MSe, Thesis. Univ. Witwatersrand, Johanneshurg."

 Armstroﬁg, R &-; Gnmpston, Wo,y Ratiaf,-E A.-&nd'Welﬁe; H. J,;

(1986) Ages and 1aotoplo evolution of the ?Enters&orp 5

volcanioa' Geol- Soc. s. Afr., Ext« Ahstrauts, Geacongreas_,

86 JDhQHHQSburgn P 88 ~ 923 :

.'ﬁ':

 _Armstrnng,_R A., Compston, Wa; Retlef, E. A. and Welke, H, Jr,__.

{1989). An Archaen age for the Wltwaterarand Basxn._iVF

Earth Planap sci Lettera (1n preas) -

- tranapurt. chamber af Mines Resgarah Organiaatien Info.F

S . . i

oo

| ”I Hﬁlena Goldmine. Geol Soa. B. Afr., Ext. Ahaﬁf,, o, F E.;s e
Goldfzel&a Sympnalum. Welkom, p 33 - 35    ?_{ 3.32i;1%»"._51_

V_sﬁ T:ﬂcsﬁ

- stratzgraphy af the Spes Bona and &andenk Formatiohs, St eff’

i Circt’ NQ! 11!880 o _- ~ R é_'.'fiq..;;?'.Wf.f® i    _  _

..U-.

- Bailey, A.C., LW:"J'!‘* M. and Cadle, A.B., (1989). Detailed,

'ABhWﬁrth: 8.q. E., (1988), Meehaniatxc modallipg af sediment o -



PETIU

Balley, A.C., L&w, Je D M., Cadle, AMB, and Phiilips, G. ﬂ.,
{1980). The Zandfonte1n Quartzlte Formation, a8 marlne
deposlt in %he Central Rand Group, Wltwatarsrand Supergroup.

St Afl‘. JOU.‘.‘.‘.GGOI-; Vt 93, p 135’ - 148-

'Baines, Ves (1249}.'T§e'geology-of'the'Odendaalsrﬁa Goldfield
. “in relation to that of thé_Klerksdorp District, and notes on
'_the copreietion of the Upper Division of_ﬁhe'Witwatersfand

.-Syéteﬁi Trana. Gebl\-ﬁod. SQ.Afr,,.v; 52, P 301 - 320.

AR

”ktg'P'J;; (1980) The shape of rock particles, a -

: or txcal revzew. Sed;mentolagy, Vs 27, p. 281 - 308,

Best, 7. L., (1933). Sedimeﬂt transpart and bed morphology at

w . piver channel confluenqes. ﬁedlmentology, v. 35, P 481- 498.

v

'“Talatt, H., Miﬁdleton, G and Murray, n. (1972).*origin-of

Sﬁdlmentary Rccks._Prentice~Hall Inc,, New JerSey, p 127- 205.

Boothravﬂ, J. C._and Aahley, G Me, (1975) PrOcesses, bar

'"_f Y mopphology and &edimentary strucgﬁres on braided outwash

:fans. nqrthwestern Gulf uf Alaska, in. Joplxng, ‘A, V. and
'f”MeDanaid, 3 ng (E&s). Glaclofluvial and glaciolacustrlne
:"-fasﬁﬁimentatlnn' Soc. Ecou. Pal Hln. Spec._Publ. 23,

o . _ # _
Bnothroyﬁ. J c. and Nummadal, B. {1978} Prnglacaal braided
outwashg a modeL,fhr humid alluvial fan depos;ts, 1n. Mlall,_
A n. €ed}, 31uv1a1 Sedimentology. Cah. Soe. Petrol. deol,
ﬁem. B, p 641 - ssa, ;_1;g o

T



D

- 172 -

' Bourgeoia, J., (1980}, A Transgresalva shelf seouence
exhxbztlng hummocky stratxf1cat1on. the cape Sebastzan _
Sandstone {U.. Cretaceous)._s w. Oregon‘f Jour..Sgd, Pet;,'

v, 50, p 681 - 702.

Bourgeois, J..ahd5£ei£ﬁpld,'E;L.; {1984). Wavé-wqfked
éénglomerate::-idepqéitidnal prééeééég-ahﬁ.criteria-for
recagnition, in:.Koster,'E H. ﬁn& Steel' R J;.tede;

f:Sedimentology of Gravels ‘and Conglomerates. Can. Soc. L

' Petrol. Geol Mem. 10, p 331 - 343.-
_Borchers,"R;'and WHité,'G;V., ’194“‘ Pvellmlnary .
' contrihutlon to the geology of the Odendaalsrua Goldfleld

Trans. Jeoll SOC. So Afx-j Ve 46, ol 12? - 153: .

Brady, L L. ‘and Jobson, H E., (19?3) Aﬁ-experimehtal study
- of heavy mineral sagregatlon under alluvial flaw condltions

- U v S'\-_‘_. Geol. Surv .y PI’Of . Pﬁp . b6 Z"K y 38 ppn
*;ﬁ~_,_g>f - - - S |
C Briarly, G.J., (1989}f River pl&nforﬁ facies models;:fhe '

-sedimenfoloéﬁ'of braidéﬁ{.wandéring and meandering réachés

' of the Squamish Rlver, Brltish Cnlumbia._Sedimentary Geol.,

S 61, P 17 - 35. - o _ S _ | : \.”{m ‘ -
.-Rrock. B.B, and Pfetorius;*B.A;gffigﬁi) Rand Bas;n -

aedlmentatlon and teotonies, .ing ﬁéughton, 5. H. (éd.} The
Geolngy uf some Ore napoaits in Southern Afriea. val 1
Geul Soc. S, Afr. p‘549 - 599._a | |

Ty

AN



e South Africa. Jour. Geol Son. London, v, 142, p-7H7 - 764.;,'

i

173 -

e

Bu¢k,'3 G.;'{1983). he'Saaipiaas Quartzite'ﬁember: A braided
F?stem of gold and uran;um hearlng channel placera W1tﬁln -
ﬁhe Proteéozaic Witnatersrand Supergroup of South Afrzca,
Fluvzal Sy#»&ms. Int. Assoc. Sedimeﬂt Spec. Publ. 6,
P 549 - ssz. = | |

Buck,-S”G. én& Minter; W, E L.,'(1985) -Piacer formation by
fluv1a1 degradatlon of an alluv1al fan sequence;;_whe |

Praterozoxc Carhan Leader Plaaer, Witwaterarand Supargroup,

.f

'nuttoﬁ,;ai,_{1973). Upper W1twatérsrand strata in the ;-T

: Hei&elberg Brea:fUniv.-Wits« ﬁcon. ﬂeol‘ Res. Unxt Ann

Report No. 20, p 22 - 23.
Buttcn, A., (1879). Algai'éoncentfationa in”the”Sabi*Rivér,
_ Rhodesxa. a model for Eltwaterarand carbon. Boon. Geol.,

V. ?4, p 1876 - 18390

S
AL

&

{.ﬂeposits 1n the San Jaaquln Valley, Galifornia. a model fnr

sl
il

" humid regxon alluV1al fans. Sedlmentolugy, Ay 31, p 32&-836. .

1n. Colllnsnn, ‘Ja D. and Lew1n, u. (eds) Modern and ﬁnclent :

_'Chevren, V B.; (1984). Early FlelstOCERe glacial outwash ']-*~

Ulendenln, o, W., Charlesworth, E. G. and Haskep s,, !19335;s .

Tectqnic style and mechanism qf early Pra;eroggic suecesaq*

baaun &eréiopmeht; éouthern Afrlem. Taotoncph& &76 .yf;ss,

p 275 - %5\ o

wo

"o
A T



- 174 ~

Clifton, H.E., (1973) Pebble segregatlon and bed”
: lenticularxty in wave-Worked veraus alluvlal gravel'

' Sedlmentplogy, v.;20 p 173 - 187,

-'Clifton, H'E., (1981). Prograd&txonal aequences in Mloeexa :
shoraline dep031ts, sautheastern Galiente Range, Gallfornla'_ :

JDHI‘o SE'dnv,Et ; V' 51’ p 165 - 1841

“'ciiftoh, H.E. and Dingler, J.Re, (1934). W&ve formed
atruétUres and paleoenvironmental reconstructlon._

_Marln&.GeoluSYs v, Sﬁ, P 155_— 198.

--_doétzge, C.B., (1960} The geology of the Orange Free State
'  601dfiéId: Geol ' Burv. 8. Afr. Mem, 49 198 PP

"quliﬁéon, J:bf, (1970). Bedforms of the Tanﬁ River.;Npiwdy:

Geogr. Annal.; v. 52a, p 31 -~ 56,

Collinson, J.D., (1978). Alluvial Sédiments, in: Reading,
 w'H G. "ed) Sed;mentary Env;ronments and Facies.'

Blaakwell Scicntzflé Publluations. p 15 - 80 B
0

”curray,aan.,;(1984)i mranggreaaions'ahd'regressions, in:

"Miller, R La'{ed1 #apers 1n Marine Gealogy - Shepard

i
S

f , Gommemoratzva Volume. Mc Mallan Cn., New York, P 1?5 - 203;

i

ﬁe Celles, .G., (1987)‘ Variable praservatlon of mlddle':
Tertiary, cﬁgrséugrainad nearahere ta outer shelf depaaits

in Snuthern Ealifornia._Jour. Sed. Pet., A 5?, p 250 -~ 26¢*

. ln’

:’,_'}_'_ -
SR E . . M i
e . S .



- 175 -

- DeVries_Kléin,'a.,“(IQTG}; Deposgitional aﬁd diéperaﬁi

dynamiéa'df iﬁtertiqél-sand bars: Jour, Sed} bat., v¢ §0,

" p 1085 - 1127,

De:\?fiés Kiein, G., "(1__975}.._._Sandetone depbsitionai' mb,_ 4 Por .
 'éxplqratidﬁ-fqr'fossil'fuéis: Shqrt.courée'ﬂotea; Gdntinﬁing

Education Publishing company, 1111ndis,'109 pp,

Diem, B.'(1985) Analytlcal method fo“ estlmatlng palaecwave .
cl1mate and water deptha from wave rzpple marxs. '

' Sedxmentologys v 32, p 705 - 730,

' Dohklns, J E. and Folk H.E., 149?0). Shape davelapment on

Tahiti-ﬂul Jdm Sed. Pet., Vo 40, pt 1167 "‘1203l .

'_Dyer,fB D., Krumbein, W.E. and Moaaman;'n Tes (1988)
nature and or:gin of stratlform kerogen . seams in
Wltwatersrand“type placers. Geomlcroblology Jour., V. 6}_

p 33 - 47&

. Els, ﬁ;e,,ﬁciasa). Textural and mineralsgical composition of
-some fluvial Witwatersrand rocks of the West Wits Line

”*ﬁél@fieids;_s.-afr.gqoq;.faeol., v. 91,,p 543,; 549,

| _Eméry,x.o., (1955) Grain aize of marine beach gravels.

e Jour. Geol. v.-ﬁa, D 39 -~ 49. o

.;' Er1ksson, K.A., Tarner. B. R. and vqs, R G;, (1931). EV1dence )
| qf t;dal proce&aes fram the lower part of tha Wltwatersrand
) uupergruup, Snuth Africa. sedimentary Geol., v. 29,

p 309 - 325. | . '



-176 -
'Ethfidgé,'F G.s Floféag.k M. ahd”Harvey, M D. (Eds}; (1987);
Recent Developments in Fluvial Sedimentology‘ Soc.. Econ._

Y

Pal Mln., Spec. Publ. 39 389 pp.

 :Exton, H., (1895). hnaugural addresa hy the pras1dent of thef
: Geologlcal Soclety of ?outh afrlca Trans. Geol. Soo. S. |

Afrt, V 1 p 1 - 11.

) 'Feathar, C. E. ah&'xben. GoM,y (19?5) The mlneralogy of the .

Wltwatersrand reefs Mxnerals Sci. Eng., v. 7, p 189 - 224,

 fFrd§t; A., MeIntyre, n'c.,-Papenfua, E. B. and Weias,'ﬂ.. -
(1946). The. &1scavery and praapeotlng of a potential guld
; fiel& near Odendaalarust in the Orange Free State, Lnlon of

| Sauth Africa. Trans. Geol. Sae. g. Afr., V. 39, p 1- 33

- Gugtavson3 ", C;, {1974}. Sediment&tion on gravel outwaah
fana, Mal&spmna Glacler fnreland, Alaaka‘ Jour. Sed. Pet..

vy 44, p 374 - 389,

i Hallbater, .K., (1975} The plant origin.of Wltwatersrand
” carbon Mlnerals Sci. Engng., v.-?, ;3 111 - 131.

'- Ha11bauer, D'K;, (1984). Archaan granite sources for the_
datrital mineral aSSémblaEe in tha Wltwatersran& o
o conglamerates. Geol. Soc. 'R Afr., Bxt. Abstr. Gebcongress-

-’_l

84, Potchefatroom, p 53 - 55.'



~ 177 -

'Hallbauer;HD.Kt, (1986);'Thé nineralogy and geochemistry of _

_ Witw&terarand pirite}.goid; uranium and carbonaceous mattéf;
in: Annhaéusser, c. R. and Maska, S& (eds.) Mineral Deposits
of Bouthern Africa. vol 1, Geol. Soc, S. Afr., Johannesburg,
. p”731 - 752, .

- Harme, J.C., sauthaéa;_s.s,;”épearing; D.R. and Walker, R.G.,
(1975)' Deposibiohal environments as'interpfeted'frem.

--prlmary sed*mentary structures and stratifxcat;on sequences:
Soc, Econ, Pal Mln Short Course No. 2, Dallas, Texas,
p5 - 98, o |

'Hér%?y-J .C., Southsrd, J.B. und Walker, n'd‘;_(1932)}°ﬁ1'
Strﬁctures and sequencea 1n elastic rocks. B

- Soc. Econ., Pal Min. Short cQurse No., 9. Calgary, 249 pp.

Hein, F.J. andswdikgr, R.G., (19??}. Bur evolntion apd
devéiopmeht of étratifiaatiah in ‘the gfave11y, bfaiaed
chking Horse River, Brztzsh Columbisa: Can._Jour. Rarth

86i., v. 14, p 562 - 570, | |

' Hobday, D.K. and Banks, N.L., (187]). A coarse-grained pocket

o beach'compigg, Tanagjofd: SedimentolOgy, v. 16, p 129_~_134.'

Hofmeyr; P. K;, (1936hf A mineralogical investxgation into a
the moae of occurrende of gold and othar heavy minerals at

':_ Beatrlx Mine. Unpubl*\internal Report, Gencor Ltd., 12 pp.

| Hutchinsun. R. w;“anﬁ-vildaen, R-?;,'(1933};-Ré~eva1uation'af
gold sourae in W1twatersrand ores? 8. Afr. Jour. Geol.,-

¥, 91, 157 ~-173. '_,T



- 178 -

~ Johnson, H R, and Ruét, I.C.p {19893.-Ter£anes;

: tectunostratlgraphy and uneonformlty—bounded unlts. a rev1ew

of current nomenclature. 8. Afra Jour. Geol., v, 91.

'_ p 522 ~ 526.

""'Jordaan, M. J., (1986). Depasitional settlng of the Klmberle”

palaeapladbrs 1n the souﬁhweatern part uf the Archaen

Witwaterarand Basln, South Africa: Geol Soc. S Afr., Ext‘

. Abstr._ueocongresT 86, Johannesburg, p 485 - 469

Klngslﬁy, g 8., {5984}. Dagbreek fan delta‘ An alluv:al

place to prnwdelta aequenee 1n the Proterozola Welkom

i Goldfleld, Wltwatersrand, South africa. 1nf Koster, E.B, and“

_ Steel R, Ty (hds). Sedlmantology of Gravels and

s

Conglomeratea. Gan. Soc. Petral Geol Mem. 10, P 321-- 330. -:'

'Kxngslay, c S,m_(19877; Facies‘ohaﬁgés'from fluvial-”
S conglomerate £0 bralded sandstone of ﬁhe early Proterozo;c :

fj_Eldorado Fbrmatlon, WElkum Gold F1eld, Sauth Afrzca, in._

:]Ethridge, F. G., Flores, R M. and Harvey, M D. {Eds) Recent
'Developments 1n Fluvial Sedimentélagy. Hoe. Econ. ?al. Mln* ;

Spee.‘PubI 39, p 359 --370.

:quar, P D.- (1974). Oaclllator# rlpple marka and the

avaluation of anczent wave condxt1ons aﬁd environmenta.-

Jour., Sed. Pet., vi 34, p 169 - 180, K



=179 -

Kappel V H. and Saag@r, Ra} l19?4> Leadmisotope evidence
on the detrxtal origln af Witwaterarand pyrxtes and its
bearing on the provenanoglof Witwaterarand gold,

Econ. Geol., v. 69, p 318 - 331l.

‘Landais, P., Dubessy, J., Robb, L.J. and Nouel, C., (1890),
fPrélimiﬁdry-cﬁémicgl_an&i&SQEIan& Reman spectrosbopy &n
_se&écteﬁ-Samﬁleé of ﬂitwaterarﬁﬁ& kerogen: Univ.JWi§ar

'_Ecun;iﬁeﬁf; ﬁes. Uhitilnfo,'Ciré.;:mo; 222¢.B pQQ
Law, J. D M., Balley, A C., Gadle, A B, Phllllps* G N..and

) Stanistreet, 1. Sy {1989). CIasslfmaation of W;twaterarand

quartzztes. Univ. Wits, Eoon. Geol. Res. Unxt Tnfo. circ.,

No. 211,16 pp. "

' Law, ¥, D M., 11990) Alterat;on and geochemxstry of
' witwatarsrand meta-sedlments in the ﬂrlkom area :'
1mpllcatinnn for mineralisatloh' Unpubl M So. Theais Univ.'

tﬂitﬁaﬁgrgrand, Johannesburg,uzs?.pp. _

Le;thold, E. L. and Bcﬁrgeoza, I, (1984}. Characteristics of
' coarse~grained aequancea dep951ted 1n nearshore, wave~f
damlnatad anvironments - exampleﬂ from the Mlocene of

'- Southweat Qrégon°'5edzmentology v, 31, p ?49 - 775,

' Luttzg, G., (1962), The ahapa of pebbles in the cnntmnental,
_ fluv;atile anﬁ marxne faaies' Int. Assac.zScl. Hydrol.,_
_,__puh1.,§ . P 253 - gsa. | |

- i
T



- 180 -

MadLehn;”?'J; an& Fléet; M. ﬁ.,-(iﬁﬂQi Detritai.p?fite in the
Wltwatersrand Goldflelds of South Afrlca._evzdence from :

trunoﬁ ed growth handlng. Econ. Geol., v. 84, p 2008 - 2011¢.

Masaari, F. and'parea, 6.C., (1988).-Progradationai gravel
beach aequences in a moderate- to high— energys microtldal

\garlne env1ronment Sedlmentology, V. 35, P 831 - 913.
Mo Carthy, T'ﬁ.,_Chariasworth E.G. and stanistreef, E'G;,-
(1986). Pnst Transva&l struotures across the northern -

port:on of the Wltwatersrand 3351n. Trans. Geola Soc. S.

CAfr., v. 89, p_311 - 323. - -_-;.ﬁ

_ Mbﬁee; B, D;] (1965)., Experiments-ch-riﬁplé-1aﬁination, 
1n. M:ddletou, G. V., (ed} Priﬁary Sediienfary Strﬁctures.

: and thelr Hydrodynamlo Interpretatlon. Soc. Econ. Pal. Min.,-

f

_ . _ I o
McKéoﬁn;'w M., (1844). Tentative'expl*;ﬁtion.nf the sub-

Spec. Pibl., 12, p 66 - 83. | ;r_

Karroo geology af the O.F.5. diamonijdrilling area.
Bulletln 296 Union Cnrp. Ltd. Intg;nal Repart, 15 PP

-McKeown; W. M.,-(194Sa). Report on & trip to the 8t Helena
coreshed w1th Iip J. Bancroft and Mr E, - chks. _Bullet;n 334;

' Union Carp..Ltd. Internal Report, 4 pp.

- Méxébwn;fﬁ'ML; (19455# ”thes'on7an ﬁfaﬁée Free State eore

__1nspeatzon trip‘ Bulletin 371, Union corp. Ltd. Internal

ffl .

L Report, 7 ppe . | -

-~



- 18L -

' McPherson, NI T Shanmngan, G. and Moiola, R J., {198?)
Fanwdeltas and hraid dsltas. varletieh of eoarse—grained

deltgs: Geol. SOQ,Qﬁmer, Bull,,_y..ss, p 331‘# 340,

. Me@u1vey, R.B. and Kaefer, T. N., {1969). The relation af

- magnetlte over rlpples. U. 3 Geol Surv., Prof. Pap. 650—0,

D244 -~ D2 ? R
PO ! i

%Meintﬁies,'P”a.;?{xsaé) The evolution of'vozoanicnrl S
fpdimentary haslns of the VEnteradorp supergruup near

Welkom. Unngbl M.Se. The51s, Unlv.%o F. S., Bloemfontemn....'

fﬁel or, X T., (1917). The geology of the-Witwatersrand - An
 _exp1anation of the geqlogzcal map of the W1twatersrand

'Gol&fleld;: Geo»ﬂ_Surv._&; Afr._Spea._Publu.No 3., 42-p.

71Miall, A D., (19?3). Markov ohain analysls applied to an
: ancient alluV1al plain succession: S&dimentblogy, v, 20,
B p’347 - 364. . |

:Miall, A D. N (1977). A review of the hra;ded river

dapositionai envirqnmant.rEarth Scxence Reviewsg v. 13,

: p 1 - 62,

'  Mia11,MA'ﬁ.;'ii§73} Litﬁbf&cies:tyﬁes and-varﬁi&ﬁl-profilé_
models in braided rzvet deposita "a aummary, 1n Miall,
A D.gied}. Fluvial Sedimentnlogy. Can. aoc. Petrol. Geol.,i

L (\.
o Mgm. 5, » 69? * 804.



- 182 - S  3]+

' Miﬁll,.A D., (1984) Facles ana]"als, in. Mlall, A D. (Edy.

Pr:nciples of sed1mentary b331n G“alysis Sprlnger—Verlag,

S

New Yor k, p 133 - 214.

Miall, A.D., (1985) Arehiteetural—eléﬁent ahalyais:'A neﬁj
method nf facles analysls applled to fluvxal deposits.

Eart‘h 3010 Rev., V. 22’ p 261 - 308-

'..:ﬁiall} A.DQ. (1987). ent developmenta 4in the study of

'fluvial facies md&ela,jln. Etherldge,-FaG., Flores, R.M. ﬁnd'

o garvey, M. D., (eds). Recent Developments in Fluvzal .

Sedlmentalogy‘ Soc. Econ. Pal M1n. Spec. Publ 39, p1l -~ 9.

{f

Minter; W.E. L., (1970}.-Go}d distfibution.rexa&ed;tq the
;-sedimentology of a Precambrian Witwatersrdnd'congiamerate"as
' aﬂtlined by mov1ng average analysls. Econ. Geol., V; 55 |

p 963 - 969._

Mlnter, W.E, L., (1976). Detrital gold, uraninite and pyrite
conoentrat1ons related to sedlmentology in the Precambrlan
Vaal Reef Placer, Wxtwatersrand, South Afrzca._ Ecpn( Geolj,

Il

Vc ?1} p 15? - 1751& ’ h}

Mintef,”% E*L.;"EES?a;- A sedimentological synthesis of -
placer gold, uranxum and pyrite eancentrat:ona in_ :
Preterazole Wliwatersrand sediments, 1n. M_all, l D. ﬂed).

N Fluvial Sedimentnlogg. -can,zsae. Petrol. Ge¢1,,_Mgm._5,_
pg01 ; 820, St o
Minter, W. E. L., (198?). Palaeoplaeers bf the Witwatersrand‘

Scc. Min;ng Eng., Ganada, Preprint Ho 88 189.

(=3



&-f.133.f

_'Mlnter, W K, L., Hill, W‘C N., Kidger, R, J.,Kingsley, C 8. and f'
Bnowden, P A., (1986). Tha Welkom Goldfleld, in Annhausser,
G B. and Maske, S., eds. M1neral Depa51ts of Southern Africa_.

vnl. 1 Geol. Soc. 8. Afr., Johannesburg. p 497 ~ 539. B

| 'Minﬁef, W-E'L,,-Feather;'c E. an& Glatthaar} CuW. {1988)
Sedxmentologlcal and mlnaralogioal aspects of the newly '
diacovered wltwatersrand placer dep031t that reflect |
Proteroz01c weatherlng, Welkom Gold" Fleld, South Afrlca:

Econ. Geal., v.. 83, p 481 - 491,

MoSiej; M.P. anﬂ Schﬁmm} S}A,}-{IQVT)._Stream_éunctions —.aﬁ
probable lacabionufﬂf bedrehk klacers;_Ecbn;_Gebl., Ve 72,
p 691 = 697.
" Moubray, R.J., (1985), The area south of St Helena G. M. Ltd.

Builetih~1627;'Union ébrp; Ltds Interna1 Report, 4'pp.

Myers, R, E., McCarthy, ;S, and Stanlatreet, I G., {1989§
'tectonchsedimentary reconatruct;on of the development and
'evolut:on of the W1twatersrand Basin,-wlth particular i
“emphasla on the Central Rand Group. Univ. Wits. Econ. Geol.

'Res. Unlt Infu. Circ.,xNo. 316, 35 PR,

I

.Naml, Moy {1983)* Gald dzstrfbutlon in relation to
'depositzonal procesaea in the Carbon Leader Placer,
in'leolllnaon, J D. and Lewin;_ﬂ, (eds). Modnrn and &naientf

'__Fluvial Systems. Int. Asaoo‘ Sediment.p|3peo. ?ubl 6,
B 5§; - 676, | |




SR xg{ -

Nami .M. ﬂnd James,'c S., (1987} ‘Nutierical almulataon of
gold distrlbutlan in Wltwaiersrand placers, in: Ethrxdge,
F G., Flores, R M. and Harvey, M.D., (Eds). Recent
Developments in Fluv;al Sedlmentology. Soc. Eoon. Pal. Mln.,

Spec. ubl 39, 9 353 - 359;

?Qiivier, H,7., (1966). Theljecﬁoniés of the upper Division of
n the Witwatéf§rand System in thé Loraine at"é of the Orange
;_ Free State Gnldfzeld' Trans. Geol Scc. S. Afr., v 68,._- .
P 143 - 177, | -

brfbrdg'J 93} {1975). Diserimination of partlcle zonatlon on _

a pebble beach. Saﬂimentology, Ve 22, p 441 - 463.

'Pettijohn, F'J., (1957}¢ Sedlmentary Rocks' Harper and Row,

o

New York, 718 PP+

'Philliﬁs; G. N;, (1985) Metamorphlam of shales in the N
R Witwatersrand Goldf1elda._.ﬁn1v, Wlts, Econ‘_ﬁeml. Res.fﬁhit.
Info, circ , No. 192, R '

-:Phillipé}-& MNe, {1937& Metamarphlsm of the Witwatersrand
| Goldflelda‘ cnnditions durinﬁ peak metamo#phism'"'
- ;our@ Hetamorp§1a~ﬂeol,, v,;5:.pv30? —_322,

o Phillips, GJN;,”(xeasj Widesprﬂad flulﬂ infiltratlon durlng"%?);

metamorphlsm of the Witwatersrand ﬁol&fields‘ generatxon of
chloritold and pyrophylllte. Jaur. Mﬂtamnrphic Geol., V'_ﬁ'
p 311 ~-332. ”?- ' ' ’

a L o S . &N



‘ - 135 -

w

-Philiina, G N..and Mreré, R E.. (1987); Chemical and

5 .
sti«vfural boundaries, and the locallsation of Witwatersrand
gold.-Soc. Mining Eng., Can. Preprlnt Ro._SB—Zﬁ,

iy

o -Phlllips, G. N. and Myers, Raﬂa, (1989) The Witwatersrand
Goidf1elds. Part 2 An origin fnr Witwatersrand gold during _
metamorphlsm ‘and asaoaiateé alteration. |

Boon. Geol. Monograph 8, P b93.- 608.

‘Phillips, G.N., Myers, R.E. and Palmer, J J.A., (1987},
Problema with the placer model for Witﬂatersrand gbld.
' Geolngy, v. 15, p 1027 - 1030. '

_Pill&?i V'P‘; (19886) ., Strat1graphy of the Precambrlan
tholeiitic andesltes of the Kllpr1v1ersberg Group
Gaol Soc. 8. Afr., Ext Abstr., Geocongress ’86

Johannesburg, P 915 - 918. _

Potgietef,,s*a P.; {1079). Invostigation of the gold and
uranium mxneraliaation of the U.C. 27 Reef'of the Beatrix L
.area, O.F. 3.. Bullat:n 2376 Unpubl. Int, Report, Union

Oﬂrrpa Lt(i; 10 ppc '_}':‘il.'

PattEr,'? E. and Fetﬁijohn, E. F., {1983). Palaeocurrents and

S

Basin Analysis. Sprxnger—Verlag, Berlin, 296 pp.

_*Pretorius;'n;AQ, (1964). Thé genlbgy of the aouth Rénd i

| Ga1afie1&;'iu£'ﬁaughton; S.H. (E4) The"aealogy-af-aome ore .

Depnait& of SOuthern Afrmca, Vul 1' Geol Soo, S. Afr.,_"

e Johannesburs, p 219 - 282. . fg S



v 91, P 554 - 555._ _Hj*;g=;”;t'"

- 186 -

Pretorius, D.A., {1876). ‘The nat“re of the Wltwatersrand

gaih—uranium~dep031ts, in: Wolf, K.H. (Ed). Handbook of
StrataBDUnd and Stratiform Orewﬁep631ts, ElseV1er,
Amsterdam, v. 1, p 29 - ss. o | ;

b | |

° T S . : o o
Pretor;ua; D. A.; (1981) Gold aﬁa*uranium in quartz pebble

bonglameratea. Ecnn. Geol 75 th. Annlv. Vol., p 117 - 138,

: Pretorlus, . A., (1989} The suurces pf the Wltwatersrand

gold and uranlum, -y continued ﬁifference of’ oplnlon.-r

Ecgn. Geol. Res. Un;t, Unlv.  ; ﬂ, Infol clrc., No. zoe §3p

Pritchardunavies, E W., {1952) ﬁqv131t to Virgi‘iu Gold
Mznes. Bulletin 84 Unzon Oorp.ﬁytd Inhernal Repor&, 5. pp. :

::\'

siﬁ hard—ﬁaV1es, E. W. and Moubray, R Je, (1951). Examination'-

ehole cores af the Bandwﬂiver OptlQn area: .
Bullet n 61 Unlon Corp. Ltd Internal Report, 13 o

n

-—-:_.ﬁ/

Readlng, H G‘, (19?8). Facxes, 1n- Readlng, H G¢, (ed}' % e j:?

Sedimentary Epvzronmenta and Faazes. Blackwell Scxentlfic .

Publications, P 4 - 14- 4

Redderlng, J S.V. and Illenberger, K.K., (1988) Discussian

| on "Palaeoenvironmental sxgnxfic:'oe of clast shape 1n the

o

N%%?Dﬁw F&gmatlan, Cape Supe ”roup"‘ S. Afr. Jnur. Geol.,

o

119271. 1ocat1qn of payable are~hodies in 7“

Rexneeka, L.,

T w,
)

“ISOQD St Afr:; Y- 303 p 89 - 119' =

Ll
A

- ”% . . v S I . _};{_)_ :



o

[\ t
@
ba g
L]

" Reinecke, L.; (1930). Origin of the Witwatersrand System:

wraﬁs.-eeol.-Soc,;s. Afr., v.'ss,ip 111 - 133,

Relneck, H E. and Wunderliah, F., (1963}. Glassmfleation and |
origin of flaser and lentlcular bedding' Sedimentolosy,

v 1, » 99 - 104,

_Reihéok,&H.E.f&nd Singh, I.B.; (1975). Depositional

.Sedimentarnynvironménts:_'Spfinge:—verlﬁg, Bérlin.'iﬁs PP -

"Robb, 4.7, ead Meyer, M. {198’) The nature of'ﬁhe

. Witwatersrand hinteriand,. Conaeaturea on the Bource ares

oy Geo1., Hemt 5, p 137 - 193,

pé%blem' Unlv. W;ts. Ecan. Geol Res. Un:t Info. Glre‘,_

' Ho. 1?8 2ﬁpp.-

| Rpﬁh,”L;J., Davis, D.W. and Kamo, S., (1989). U-Pb Ages on

single detrital zircon grains from the Witwatersrand Basin,

*';Constraints,oh_the age othediméntation'énd on the evolution

bf'granitesJadJacqpt to'thé'depoﬁiﬁpry: Univ. Wits. Eoon, _

Geol. Ees; Unit Info. Ciro., Na;_208§ 18 pp.

r-/\ -

Ruat, B R;, tls?ﬁ Pebble orzentatlon in fluvial sediments.:

[

Jour, Sedﬁ Pet.,,v. 42, » 384 - 388.:

-'Ruat, B a;;=(1s?éj;’nepasitiona1 mddels of braidéa'ailuvium,'

ia' A Dw M:all (Ed), Fluvial ssdimentnlogy. Can.-Soc._Pet,i__ﬁ

-y

-

i1

' -iRust,QB R-; {19?9)3 Cuarae alluvial deposits, in..Walker, ”

B, G. fed), Faciea Hodals. Geosclenne Ganada Reprint Series

- 1;ap 9 - 21.3 _:-'f' . R R T |

L . . i . r .



- 188 -

Saager, R., 1%970). structures in. pyrlte from the Basal Reef
in the Orange Free State Goldfleld‘ Trans. Geol Soc. S.

A’fr;, V'a ?3' p 2g - 48-

.Sames, C. W., (1966). Morphometric data of some recent pebble
| asacciatloms and thezr appllcation to anclent dep031ts. _f

Shanmugan,'G., {1988) ~0rigin, recognition'and importancé of ?'
erosional uneonformzties, in: K. L, Kleinspehn and C. Paola
(Eds}, New Perspectives in Baazn Ana1y31s. Sprlnger Verlag,.

| New York, p 83 108.-~

_ SIingerland, R'L., {1984), Role of hydraulic aorting in the o

origin of fluvial placeri. Jour. Sed. Pet. v. 54, p 37 - 50. -

_ Slingerland R.L, and,smith N D.y (1986) OocurrenCe'and
_ formatlon of water laid placers. Ann.- Rav. Earth Planet...

SG;L._, '-“- 14, P 113 - 1471:

%\aglth, N.D. - {19?4) Sediﬁéntologr and'bar formation in the
- upper Kiekzng Horsa River, a braxded outwash stresm:

Jou!‘. Geulag Va _Bi)j p 205 -223t

_-Smithﬁ_EQD,,'tlssn){ Short pourse on braided streanm s&stéﬁs;
'-cburse'nat@sg Rhﬁ&éé-vnivt-lsﬁof ‘

Smlth, N. D._and Beukes, H J., (1933) Bar to bank flOW'
nonvergehce zones* aantrihution to the orlgln 0f ailuvial

placera, Eagn, GeQI,; v. 78, p 1342 ~-1349. i



Smlth, N D and Mlnter, . E L ' {1979). Sed;mentologlcal
controls of gold and uraniom in local developments of - the'
_Lea&er Reef, Welkom Goldfield, and Elsburg No.5 Reef,
.Klerksdorp Goldfleld. Ecan. Geol. Res. Unlt, Univ. Wlts '

" Info. circ., No. 137, 21 pp..

;'“1need, E-n aﬁd'Folk,'n L., (1958). Pebbles in the lower

' Calorado River, Texaa. A study in particle morphogenesls;

Jou!". Géﬁlc,‘i’- 56, p 114 - 150§

South Afriasn committee for Stratigraphy'(sAcsi, {1980) .
Stratigraphy of Sauth Africa, Part 1. (comp. L. E‘ Kent)

Handb. GEO].: Sur‘v'ﬂ 8 Afl‘aa 8, ‘p 103 - 117,

Sauthardg J. B., (1971) 'Representatioh of bed. canfiguratinns

1n depth—velocity dlagrams. Jour. Eed, Pet., v, 41,..
p 903 - 915 |

Stanistreet, I. Gn, McCarthy, T. S., Charlesworth, 8. G.,- '
Meyers, R, E. and Armstrong, R.A., {19886}, Pre—Transvaal'
tEctonias aiang the narthern margin of the Witwaterarand

Bag;m..' Teotonophysics. v. 131, p 53 - 74,

Steyn, LS., (1963). The. sedimeﬁtologr and. gold’ distrlbutlon -

- pattern of- the lexngstone Reefs in ‘the West Rand' Unpubl.

v M Sc. Theaxs, Univ. wltwatersrand, Johannesburg. §

R

=

' 'Strgtt&n, T., (19?43a Nn 28 on the ﬂppiicatian of ahape

parameters to differentlata between beauh an& rlver dep931ts :i

in Saubherﬁ Afrxca. Trans.fﬁeol. Soc. 8. Afr., \ ??,

P 59 - 54.__;'J

da



P S S S
C .

100 4

Swift DVJP., (1968). Coastal ercogion and transgresslve
: ]
stratigraphy: Jour. Geoz., v. 78, p 444 - 456.

:'. J|
g

Tank%rd, A i S Jackson, M P A., Eriksson, K. A., Hobday, n. K.,'
Hunter, D, R. and Mlnter, W.E. L.; (1983) Cruatal Evolutlon

- of Southern.ﬁfp;qa: Sprlnger*Verlag, New York. 523 P

-.Tanner,w Fiy {1967) Ripple mark 1nd10es and thelr uses:.

Sedlmentology, v. 8, p 89 - 104

-Tanner, W, F{, (1971) Numarlcal estlmates of anclent waves,

water—depth and fetch Sedlmentology, v, IE, P 71:— 88.

':fTﬁamm,fA-G.,"(1987).'Palaéoenvironﬁ&ntal aignificance of
clast shape in the Nardouw Formation, Cape Supergroup.

S..Afry Jour. aeol‘, #. 90, P 94 - 97,

 Tw§édie; K..A. m., (1984) The d1seovery and exploratinn of
Belsa and BEatrlx guld and uranlum mines in the southern
exten31an of the-Orange Free State Goldfleld, int

: Annhaeusser, C. R, and ‘Maske; S (eds.), Mineral Depoalts of

Southern Africa, vol l‘fGeol; Soc. §. Afr., p 541.~ 548,

: Vebrézeh;-L{, (1987) Sedlmentology of the VaaI Reef

_ palaeoplacer in the western purtlon of Vaal Reefs Gald Mlne.'

Unpubl. MYSQ..Thesis, Rand Afrikagns Univ. , Johannesburg,3

v

Vlldcen, R P, Saager, R, and Vil;aen, M.J., {1979) Some“
_ thnughts on the arlgln and, procesaes respon31ble for the

-concentrat1on of gald in *he early Precambrian of Southern
--__-;5 o
. Africa. Minerallum Depn31ta, v. 5, p 164 - 180.
8y



: Afrlca¢~ Ql

- 191 -

Vlsser, L N J. and Klngsley, c.8. ) {1982) Up%gr :
' Carboniferous glaclal valley—aedimentatlon in the Karoo'

. Basin; Orapgg_Frge State. Trans.'Geol..Soc, 8. Afr,, v. 85,

p 71 - 79,

: Walker,.R}G.}-(iQTS) Gensralised. models for reaeﬁlmented

'coﬁgipmerates of turbidzte asacexation‘ Geal. Soc..Amf, :
Bull. 86, p 737 - 748, | |

'-Wa}ﬁér,TR.GQ;_(lg?g) Facies and facies hodels, in: Wélkérs--

R G, {Edb Faoles Modéf3° Geosslenae Canada Reprint Serlea o

1, Geol. ASQOQK Canada, p 1~ 5. e
_ I L : S -':3_

5;W1111ams, P, F.-and Rust, B.ﬁ., (1969)¢ The Bed1mantology 0f a

bra1ded river | Jaur. Sed._Pet., v, 39, p 649 - 679. _
. o ) B ¢ -

Wlnter, H.de la B., (1957}. The upper division of the |
Wltwatersrand System 1n the Virginxa anq Herrgé%prult m1n1ngf.

areas anubl. MSG._thesis, Univ. Pratoria. f

rf

o Winter, H &e lﬁ R., {1964&) The geology af the northern

secti$n of the Orange Free State Goldfield, in. Haughtun,
1Y
S, H. {Eu-}, The Geology of Some Oré D9p051ta in Southarn

“”ﬁérlca. vol 1 GEGIq Soo. S. Afr., Jnhannaaburzu p 41?*448.;_;

Winter, H.de la R.. (1964b) The geology af the Virglnxa

N _ ;
sectlon of the Orange Free Stata Goldf;eld, in' Haughton,s_,-
S . (ed. ), The Geolngy uf Sqme Ora anosits in. Snuthefn

91 Geal.-Sne. 3 Afr., Johannesburg 3% BQT 548.75



- 192 -

Winter, Hide la R., (1984). Tectonostratigraphy as applied

to analysis of South African Phanerczoic bas hsi Trans;[-

Geol. Soc. §. Afr., v. 875 p 169 - 179,

ijﬂ.j:nter-," H., dg _1_;,,, R, | {1987 _)'. -A_-f_exgtani_c foreland .mo_d.el' fﬁf
Wiiwgferaréﬁﬂ%ﬁgsihgdevelnpment-ih a cantiaental badkgarc
ﬁlgté_£é§£oﬁ£é setting3? §. Afr. Jour. Geol., v. 90,
S L






Author: Genis, JacH.
Name of thesis: The sedimentology and depositional environment of the Beatrix Reef- Witwatersrand Supergroup.

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material {(one machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



