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ABSTRACT
Beatrix Mine is located 35 itm south of the oity of 'Vl(i\'lkolnil\'1

the Welltom. Goldfield and as such forms the most southerly of

the 'vi twa.tersrand-type gold mines.

The BeatrixoR.eef oVlerlies an angular tllncon:fo~~mity at the
("

base of th~ 'l'urffontein Subgroup, Central Ra;nd.Group_
-,

Significant, southerly tx-uncation of over 600 In of the:

Johannesburg Subgroup, and the lower formations of the

'I'urffontein Subgroup, occur. a'c this unconformity in the

Beatrix area..
Oharacteristios uf the Ik;:$tr'ix Reef oonglOlaerates such as

the mO:rphology, sortitlg and paclting of Qlasts, and the

arrangement. of the sediments in v&:riOlls sedimentary

structl.u;'es and facies/ sequences, suggest deposition wi thin a
.1/ -;-'t,)
II

bra.id€)&~ fluvial envirunment on a cOj:\~se-grained bra.id-delta.

Sedimentation occuz-ed a·fter the fluvial degradation of
previously deposited unLt8 f and ::·';.:mlmirm.tedin a, marine/

lacustrine tranSgl"es~ion. LoW a.ggradation r~tes led to

significant reworking and concentration of] pla,cer materials

in a depositional model probably typical of ventral Rand

Group placer formatioon. Heavy minerals (and gold} i'are

concentrated in response to hydraulic cond~tions and Bho~ a

close $..ssooiation with large and small scale sedimentary

features. Tr$,nsport directions deduced from the sedimentary

structures suggest a nor th to south dispel'sal of sedim.ent

down the braid plain.
Sedimentary struotures in the finer .rained units at the



bas.e of the Eldorado Formation are .indicative of tidal
influences alld document the marine transgression as the
,culmination of Utiledegradational events 0

The lithologys sedimentary structures and faoies sequences
1.\

of 'the coarser grained units of the Eld(;1radoFormation~ a:~~\
\~\

well as the overall coarsening upwar-d of these Ii thologie.s \
inq.i-catesedimentation in a br-aLded , fluvial systelD, all an

aliuviOcd f~jl prograding across the preyiously deposited
r,

units" Sedimentary ~tructures and lithologic variations
confirm a continue? north to south dispersal patte:r·n.

In the area south of the Sand )rer the period of fluvial

d.egradation and transg:r-ession after the format,ion of the

Beatrb5: Reef was f611ov.redbi more rapidly aggre.ding fluvial

progradation due t a major ohange in base level in response
to compresaional teotQniCSS1nd uplift along the Westlll;;t.n

f1argin Stl."'ucture. OuJ;y in post-Central Rand Group times did

relaxation and extensional tectonics result in the

outpourings of the Ventersdorp .supergroup lavas and the
cessation of active Wit.watersrand Supergroup sedimentation.

('
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1 INTRI')DUCTION

1.1 LOCATION

Beatrix Mine is located in an area of rolling grasslands some

3.5 km south of tvelkom and 25 b:m south of Virginia in the Orange

Free State, and is the most southerly of the Witwatersrand-type

gold mines (Fig. 1). The topography of the area has an average
elevation of 1380 m above sea level and is underlain by a thick
sequence of flat :LyingKl~roo sediments which overlie the

underlying ArchRer Witwatersrand. ~rtd Ventersdorp Supergroups,
'l'he Mine is

WJl twatJ'rsrskl1d

I

Looat.ed on the southwestern margin of the
r
L

Basjln as i't:. is presently known ; some 340 km

1.2 GENERAIJ GEOt~OQfICAL SETTING
I

i
The Wi twaters~'and SUl:),ergroup consists almost entirely of

clastic, sedimentdry de~pc:>sits preserved ir~ struoturallY

downwarped or dowtl,xa'\.l1tieq', parts of an e"te'ns ive bas in the. t

ext.ends from Johanh.el~bul('g for some 340 km to south of l'lel1i:om in
the southwe,st (Fig. .). I't overlies and onLaps both the Dominion
Gx'oup and the grani te ...grj.e:f.ssand greenston(~ terrain of the Kae~p

Vaal craton (Tankard €It al'., 1982), and is overlain by basaltic

Lavas and metasediments of the Verrcez-ador-p Supergroup (Tankard et

al.. 1982).

The age of the WitWmtersrand Supergroup has. been constrained by

the recent dating of zi~cons by ion-microprobe analysis

(Armstrong ~t al. ~ 1986~ Al"n1strong at al., 1989) with a maximum
if

age .of 3,P60Ma.for underlying Dmlli1.ll.onGr<;)up lavas and 2708 Me.
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for overlying Ventersdorp Supergroup lavas. Th,~maximumage has

been fUrther constl:ained at 2894 Me. by U-Pb ages on aingle,

detrital zircon grains from conglomerates within thIS'

tHtwatersrand sediments (Robb et a1., 1989).

The Witwatersrand Super,group forms an overall coarsening-upward

sedimentary sequenoe and is subdivided into a lower, ~'lest Rand

Group vvmprising an argillaceous to a.renace·o\.lli!sequence (5 km

thick), whioh is overlain by the upper, Centx-al Rand Group, an

arenaceous to rudaceous sequence (3 km thick). Most of the gold

production (abouc 618 tjannum) is derived from cong Lomez-a'tea of

the Central Rand Group"

Only about. 10% of the Ce~tral Rand Group outcrops, the rest

being ooncealed by younger Proterozoic and Phanerozoio cover

rocks. In the Welkomarea all the Witwatersrand Supergro~l'p

sediments a.nd the Ventersdorp Supergl.oup are ovet'lain by a thick

sucqession (300 - 500 m) of Permo-Triassic aged sediments (If the

Karqo Se.quenoe , All deducti.ons on the geology of tk::l al'ea are

thus based on borehole data and underground exposures.

The Bea.tr-Lx Reef is situat~~d on an unconformity surface within

sediments of the upper part of the Central Rand Group. In the
area south of the Sand River the Central Rand Group is subdivided

into the Johannesburg Subgroup and the overlying 'l'urffontein

subgroup at tbe position of the Beatrix Reef.
1Post Transvaal tectonios in the northern parts of the

Wi1~,watersrand Ba.sin are usually reflected in the tel'i.da-tieD of

brorad folds t bedding parallel faults and low angle cleavage

(r.lo(.~arthyet 3.1. ~ 1986.), but are not e~lident or obvious in the

arealS south of the Sand River where the Archaen rooks a;"'e only
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overlain by the Permo-Triassic aged Karoo Sequence. Other
Proterozoio aged deposits are not deve Loped or preserved.

'r~e s~\ructure cf the Archaen rocks in the ~rea. south of the
1/

Sand Ri',lTeris dominated by overturned strata and thrust faulting
associated with the "'\vesternMargin structureft along the western
margin of the Witwatersrand basin at Beisa Minel and doc~ments
major east-west compression. Throughout the Witwatersrand Basin
compressional tectonics were dominant, at least during late
Central Rand Group times (Olivier,1965; Minte:!:'et aL; , 1986.). An
extensiofial regime prevailed during Ventersdorp times giving rise
to the formation of normal and wrench faults (Stanistreet et
a1 \,1986; Myers et al., 1989). In the area south of the Sand
River the Klippan Formation ,Ventersdorp Supergroup)
sedimentation, associated with major normal fault scarps, dates
this extension as pre-Platberg. This pre-Platberg extension
results in north-south trending normal faults with both east and
west downthrow and is the dominant fault pattern in this part of
the basin.

Winter (19&7) h~s proposed a foreland basin plate tectonic
model for the development of the Witwatersrand Basin. Clendeni~
et al. (1988) have suggested that ohlique collision of the
Zimbabwe and Kaapvaal cratons resulted in low angle subduction of
the Zimbabwe Craton and the development of a series of

,",

"successor" basins on the Kaapvaal Crat.on of which the
Witwatersrand and Ve~tersdorp basins form part of the succession.

Either of the plate teotonic models proposed by these authors
fit the;~ available evf.dence from the Welkom Goldfield.
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Recent studies of Witwatersrand meta-pe~ites by Phillips (1986,
1987) have demonstrated regionally persistent greenschiat facies
metam.orphisJllof 2 Kbar and 350@ C throughout the Witwatersrand
basin. Phillips (1987g 1988) and Law (1990), in these studies,
suggeat that gold and uranium minere41isation in the Wi twatersra.nd
Ls due to hydrothermal alteration and the ohanne Ll.Lng of the
hydrothermal fluids along conglomeratic horiz.ons. The
hydrothermal alteration/modifioation of original placer mineral
assemblages dUring this metamorphism forms gold and uranium ore
deposi~,s and the pervasive greenschist facies metamorphic
character.

1.3 HISTORY OF EXPLORATION
Tw.o factors contributed; to an intensificla.tion af exploration

aotivity during the 1930's in this part of the Orange Free State,
far removed :from.the then known goldfields. Firstly J the
abandonment of the gold standard in 1932 led to an
intensification of exploration throughout all areas of the
Witwatersrand. 3econd, was the suooess of the Aandenk borehole,
drilled by Allen Roberts of Witwatel~rand Extensions near Loraine
during the period 1933 to 1935, in locating Oentral Rand Group
sedimf.mts below the Karoo Sequence oover. The main areas of
exploration activity were centered around, and to the north of
Odendad.lsrus (Fig. 1) where outoropping oonglomerates (of the
Ventersdorp Super~roup) provided the initial focus of
exploration. With time the area of explora.tj,uXlextended south to

C' ' e l\ (
the Sand River~ J::rt July 1938 'vestern Holdi,pgs IJrt-d.(Union

'. !j d/f' '.\

Corporation Lbd ,) commenced exploration of a l~l'$e ~~ock of
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I ground extending some 18 km south of the Sand River (Tt-reedi.ev

1984). Geophysical investigations revealed a north-south trending
"heavy" magnetio body in the west, flanked to the east by a
lighter, non-magnetic body and a heavier, non-magnetic body.
These had been interpreted to be West Rand Group shales in the
west flanked in the east by shallow, Central Rand Group sediments
and Ventersdorp lavas (Frost et al., 1946). Borehole SRt on the
farm st Helena commenced drilling in February 1938 to prove this
hypothesis and was !:.rucoessfulin locating quartzites and payable
gold-bearing oonglomerates at moderate depths below the Karoo
Sequence. Borehole tiC 27, drilled in 1947 on the farm Palmietkuil
some 12 km s/" ''It of the Sand River near the southern limit of the

i
"

Union Corporation Ltd. holdings 1 penetra.ted through Karoo
sediments!!and Venterlsdorp lavas into conglomerates at. a depth of
1062 m. This borehole confirmed that shallow lying Central Rand
Group strata. extended well south of the Sand River at moderate
depths below the Karoo and Ventersdorp rocks. A 24 em oligomic·t.ic
cr.:mal'bmeratel1.tadepth of 1729 m in Borehole UC 27 returned minor
gold values but its correlation with the then known reef
sequences of tHe "new" goldfield around St Helena and north of

\ ." r

the Sand River war. unolear. By mid 1945 a major unconformity at
the base of the "Ventersdorp Lower Sediments" (Eldorado
Formation) was reoognised and a strati.graphic zonation of these

"sediments was \'Proposed (McKeotm, 1944; McKeown, 19458.; McKeown,
1945b) •
By 1950 some 14 boreholes had been drilled in the area south of
the Sand River (Fig. 2), but no payable gold deposits were found.
It was thus concluded that if' a.uriferous conglomerates occurred
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in the area they were below the then economic mining depth of
1500 m, No further drilling was therefore justified and the
option holdings in the area south of the Sand River were
abandoned (Tweedie, 1984).

Mining operations in the 'Western areas of St Helena Mine during
the early 19601sgave a. better understanding of the stratigraphic
relationships and the structure a.Long the l'leste:rnmarJ$in of the

goldfield. This prompted Moubray (1965) to suggest a's ....
examination of the area south of the Sand River to investigate
the Ma.in Reef (Ada·...:Na.y or Be Laa Reef) and the "Uncoz-r-e Labed." Reef
of liC 27. Based on Moubray's (1965) reoommendations, drilling in
the area recommenced in 1969 after suffioient ground had been
secured.

In the period 1973 to 1980 drilling wa.s conoentrated in the
Beisa Mine area, but also towards the southeast of Beisa where
interesting gold values were being obtained in the UC 27 Reef,
(the "uncora-e Labed" reef of Borehole UC'" 27) •

By 1980 an eocnomt c , auriferous conglom:!~!'a.t,eat the base of the
Eldorado Formation had been proved in the ar-ea 14 km to the
southeast of Eaisa Minet and shaft sinking for Beatrix Mine

oommenoed here in April 1981., The reef mined became oolloquiallY
known as the Beatri:K Reef.

:I. ,,4 PREvtOU~ WORIC

Since the discovery of tIl(=)tHtwatersrand IGoldfields in IS86

controversy has raged as to the origin and mode of format,ion of
these deposits. Exton (1895) in his inaugural address to the
Geol ogioa1 Soci~ty of South Af'rioa, noted that q 0 •• " the

c)
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probabili ty tha.t the gold-bearing conglomerate has been laid down
by an aqueous medium becomes more probable" ••••• , a.nd since that
time the fact that the economic mineralisation in the
Witwatersrand Basin was hosted in clastic sediments has not been
in dispute. The origin of the gold and its mode of deposition has
however not been fully resplved even to this day (Pretorius,
1989) •
The work of Reinecke (1927, ~930) on the Itpaystreaks" of t.heEast
Rand Goldf:ield was one of the first to document the intimate
relation of the gold to sedimen~ary features. His work
illustrated the value of sedimentology in understanding th~ mode
of formation of the Witwatersrand reefs. It was only after the
work of steyn (1963) in the early 1960's however that systematic
sedimentological investigations were carried out in trying to
resolve the origin of the reefs. The depositional environments
oommon Ly interpreted for the Witwatersrand eedLmerrts are tidal -
marine for the West Rand Group (Eriksson at a1., 198\1) and
alluvial and fluvial for much of the Central Rand Gr,,'::mp(Minter,
1975), although recent research suggests significant marine
influence in the formation of reefs even in the Central Rand
Group (eg. Bailey et al., 1990, Verrezen, 1987).
The modified placer model is one of the more popular theories on

the genesis of the Witwatersrand gold-bearing reefs and. suggests
that gold, ura.nium and pyrite were deposited as detrital grains
with the sediments and concentrated by hydraulic processes to

'.,

form palaeoplacers which were later modified by in-situ
recrystallisation (P~etorius, 1976, 1981 and Minter, 1978, 1987).

(/
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A revival of the hydrothermal theory (Phillips at al.~ 1987;
Phillips and 1'1yers1 1989) suggests that gold was precipitated
t'rommetamorphic fluids, and Phillips and r1yers (1989) contend
that precipitation was by selective, epigenetic replacen!ent of
iron and carbon bearing phases accu~ulated preferentially in
response to sedim~ntary processes. The model would thus accotmt
for the close relationship of gold to ~edimentary features. In
all models on the genesis of the gold-bearing conglomerates the
close rel~tionship between gold distribution and sedimentary
structures is not in dispute, and sedimentological investigations
are thus £undamen;~al to the understanding of the Witwa.tersrand
reefs.
Early publications on the geology of t.he l'lelkotllGoldfield were

largely descriptive (eg Borchers and White, 1943>:, Baines, 1949,
Coetzee, 1960 and Winter, 1964a and 1964b) and the geology of the
Welkom Goldfield is summarised in the Geological Society's
Mineral Deposits volume (Minter et al., 1986). It was only in the
1980's however that sedimentologic and ~enetic studies on the
reef zones of the Welkom .Goldfield became more prevalent in the
literature (eg. Buck, 1983" Kingsley, 1984 and 1987, Minter at
a!., 1988).

Because the Beatrix Reef has only recently been discovered and
expl.oLted, the only literature deaLf.ng'With this reef is in
confidential company records.
Minter at al. (1988) carried out sedimentological and

mineralogical investigations of the oonglomerates at 'thebase of
the Eldorado Formation (upper parts of the Central Rand Group)
intersected in exploration boreholes sout.h of'the Sand Iiivel'.



':l"heyconoluded that fluvial and debris flow sediments on,\the
Eldorado palaeosurface contain "pLacez- concentrates derived by the
repeated erosion of subcropping placers (Minter et aL; 1988).

Kingsley (1987) in hi;$. detailed study of the Eldorado Formation
in the Welkom Goldfield extended his study to cover the area
immediately south of the Sand River. He postulated that the
Eldorado Formation gravels and sands were deposited from west to
east as alluvial fan3 and then redistributed longitudinally as
gravel and sand bars on a broad braid plain down a southeastward
~alaeoslope (Kingsley, 1~87). Although the same model for
deposition of the Eldorado Formation and the reef in the Beatrix
tUne area would apply, no mention. of the Beatrix Reef or gold-
bearing conglomerates at the base of the Eldorado Formation was
made by Kingsley.

1.5 AIM OF THE STUDY AND MFTHODOLOGY
The aim of this study is, by means of a detailed

sedimentological investigation, to determine the
palaeoenvironment of deposition of the Beatrix Reef, its
correlatibn with the stratigraphic sequences of the rest of the
Orange Free state Goldfield and its relationship to t.heoverlying
Eldorado Forma t.f on , In addition this investigation determines the
tectdno-sedil1l.entarycontrols on the formation of the Beatrix Reef
as a possible model for WitHatersrand reef formation.
The "data base from which deductions ~re Illadewas cbllected by

the ae:'thorduring sedimento10~ical investigations as Part of the
.~Q!atinegeological work on Beatrix Mine where some 346 million
square metres of the Beatrix Reef have been exposed du~ing mining
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~.:)

operations. Da.tawere collected mainly from tp,edetailed
geological mappiDar "Of', the reef exposed on the face of selected
stope panels. Included in the database are the results from 230
p~ospect boreholes drilled from the underground development on
Beatrix Mine during the routine evaluation of the reef. Facies
anaLys is Has car-r-Led out to determine depositional envfz-onment s,
The data from underground are aupp Lemen ted by the in;forrnatiOl'1

from exploration boreholes dri~led in the area south of the Sand
River. This data ~as used to cons£}uct isopa.ch maps and together
with palaeoc~rrent data was used in the determination of
syntectonic basin evolution.

\\
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STRATIGRAPHY OF THE WITWATERSRAND SUPERGROUP IN THE BEATrt~..'r
AREA AND THE WELI{OH GOLDFIELD SOUTH OF THAt:,;SAND RIVER

2 • 1 IN1'RODUCTION

The l'lelko,lilGoldfield and the area south of th,eSand. River
(Fig. 1) is underlain by a thick cover of Karoo Sequence rocks

!

which over;Lie the
II

Ventersdorp and Witwatersrand
Supergroups., All deductions and interpretations on t.he-, geology O'l~\

" ,I

the area are thus based on borehole da.ta.
'I .The sub-Karoo geology in the area south of the Sand River is
deduced from the e.xploration bor~holes (Fig. 3). a.nd the
strat.igraphic zonation and nomenclature in use at Beatri.x Mine is
summarised in Figure 4.
West Fland Group roc~s overlie the Arohaen basement lithologies

in the area south of the Sand River 'Where they suboutcrbp along
the western margin of the Witwatersrand basi~v brought closer to

,\
\ \

auz-f'ac e by the overturn of the Western Margin Strui).ture.
(,

The Central Rand Group, over-lylng the West Rand Group,. varies
frOID 1000 ill thick in the Beatrix Mine area to over 2015 m thick
in the Welkom Goldfieldo This change in stratigraphic thickness

r;

is due to truncation of parts of the Johannesburg Subgroup (lower
parts of the Central Rand Gr~up) by onlapping unconformities
towards the south.

LaVas and sediments of the Ventersdorp Supergroup overlie the
Witwatersrand strata and their OGOurrence and thiokness is
largely controlled by the tectonio strU<{i."ureof ,the area and by

.-.:;_,.I

pre-Karoo erosion.
,..f'

The Witwatersrand \~upergroup and the Ventersdor~ Supergroup are
Ii
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overlain by Ka.roo Sequence sediments.
Since the first intersections of Witwatersrand strata in

boreholes in the Or~nge Fr~e State in the late 1930's, attempts
were made to subdivide the intersected rock sequences into
recognisable units, ohiefly as an aid to stratigraphic
correlation. Early stratigraphic zoning was naturally
descriptive, based on visually identifia.ble va.riations in
physical characteristics such as lithology, grain size, colour
and matrix c6ntent. This descriptive zonation was then accorded
rank names similar to the chronostatigraphic terminology
prevalent at the time.(ie. System, Series, stage)

Borchers and White (194:5) were among the first 'Workers to write
on the stratigraphy of the new Orange Free State Goldfield, and

their subdivision used many of the names an.d terms in use at the
Klerksdorp Goldfield at the time. Frost et ale (1946) in their
paper on the Orange Free State Goldfield recognised that
correlations with other goldfields were tentative, and introduoed
the terms !1St Helena Series ", "Leaden Reef" and IIBasal Reef" to
describe parts of the succession and re~fs of the Welltom
Goldfield. Fu~ther development of thoughts on the stratigraphic
zoning of the Orange Free State Goldfie~.d are summarised by

Coetzee (1960). who proposed a scheme of "terminology and
correlation lv-idelyused at the time •

. By the late 1.960 '.8. and early 1910' sit was realised that
retaining chronos.tratigraphio. nomeno.Labuce for Ii thological units

'j

HaS incorrect. Subsequently the strat.\t;{raphio description is
1oa~~d on a Ii thostra~.i!i~aphio olassif:i.cation .formalised by
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S.A.C.S. (1980). This replaced the traditional scheme in which
chronostratigraphic terms (System, Series, Stage) ~re applied to
lithological units. New names were proposed for many )~f the units
in the Orange Free State Goldfield in Itee-pingwith the new
nomenclature; and this terminolog~r is in use today {ego Minter et
al...1 1986), and is used in this study.

Winter (1984) has suggested that in Witwatersrand stra~igraphic
I~ 1\

zoning, more use .hould be made of tectoQo-stratigraphic units
which, by definition, are "unconformity-bounded units of
genetically related sequenc~ of sedimentation . ., . " in which
tectonic control. and ,depositional response can be £~lated."
Most of the forruations in the southern 'Orange Free State
Goldfield are unconformity-bounded units of 'genetically ...related'

',\

strata and could thus be classifie.d in terms of tectono-
stratigraphic units (Winter, 1984), or as Synthems as proposed by

the International Subcommission on Stratigraphic Classification
(LS.S.C.) and discussed by Johnson and RUst, (1988). In terms of
the I.S.S.C. proposals the Beatrix Reef would be considered a

Miosyrtthem -- ria relatively local and minor uncon;forll1ity~·bounded
unit s i t.ua'ted 'Within a Synthem" (Johnson and Rust. 1988).

As per the recommendations of Johnson a.nd Rust, (1988) the
1ithostratigrap,l1ic subdivision of the Witwatersrand Supergroup
(S.A.C.S.; 1980) is retained for all d.iscussion on the
stratigraphy withip. the Bout.hern Orange Free State Goldfield and
Beatrix Mine &rea..
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2.2 THE WITWATERSRAND SUPERGROUP WITH SPECIAL REFBRENCE TO TilE
CBNTRAL RAND GROUP

Very early cor-r-eLa.t Lona of the loTitwatersrand strata

interseoted in the Orange Free State Goldfield (Borchers and
'1Ihite 1 1943) placed the "Verrtiez-ador-p Sediments" (.ipper part of

!

the Central Ra.nd Group, or Eldorado Forma.tion) as part of the
Ventersdorp Supergroup because of the similarity of the Eldorado
Formation conglomerates to the Platberg agglomerates.
McKeown (1945a) working in the Welkom Goldfield suggested that

the "Verrt.e rador-p Sediments" and the underlying reefs of the 'ISt
Helena Series" were conf oz-mab.Le••••"since the sucoession is
usually complete in proceeding from the Ventersdorp Sediments to
the Reef Hbrizon.1t The base of the "Ventersdorp System'~ was then
placed at a distinotive white quartz pebble conglomerate (V,S.5?)
due to .•.•. "the marked ohange in sedimentation at this point."
{McKeown, 1945a).

Baines (1949) however, included all beds between the
Ventersdor~,Lower lavas and the Eeef Zone in the "Upper Division
of the Witwatersrand". This upper limit to the Witwatersrand
Sup~rgroup was acoepted by all subsequent workers (Eg. Coetzee,
1960; ScA.e.S., 1980; Minter at al., 1986)

The va twate~~rand Supergroup in the Welkom Goldfield haa , as
per oonvention, been subdivided into the West Rand Group anduthe
Central Rand Group (Fig. 4). Only the upper parts of the West
Rand Group (viz. the Je)J'PestownSubgroup) b~:ve been i,ntE sected
in boreholes, predominanti~ along the Western Hargin Htruoture at

\\B(i!oisaMine (Fig. 3), and rel(rtively Iit:tle is known of the
formatioh~: 1'Jomprising this GJO'9UP. On Beatrix Hine only So few of
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the early exploration boreholes were extended to the base of the
Central Ra.nd Group to intersect the Ada-May (Beisa) Reef, a.nd in
these only the top 50 m of the West Rand Group was intersected.
Cons~,quently, the West Rand Group stratigraphy is not reviewed.

The Central Rand Oroup is about 1000 m thick in the Beatrix
area compared with 2015 m in the Welkom Goldfield, and 2865 m in
the type section a.round Johannesburg (Brock and Pretorius, 1964).
Baines 0(1949), commenting on the rock units at the base of the
lIaggl~~mera.te..type Ventersdorp Sediments!' intersected in borehole

',:

VDM 1 in the Lot"aine area, concluded that a 'br-eak oocurs a.t the
base of this sequence and that uncorrelated beds in Borehole VDHl
had been eroded elsewhere in the Goldfield. He also recognised
that in the Sand River area to the west of Merriespruit Mine a

new reef, tentatively called the UB" Reef, resting on an
unoonformity had removed the Basal Reef and the Leader Reef
(Baines, 1949). This premise was expanded bY' Pritchard-Davies and
Moubray (1951) who suggested that south of the sand River the "st
Helena Series reef zones" (Basal and Leader Reefs) had been
truncated by this unconformity at the base of the "IV' Reef.
Futhermore, the uncorrelated reef in borehole DC 27 (cf. Section
1.3) was therefore not part of the "St Helena Series Beef Zones",
but was probably part ·of the footwall formations (Pritchard-

.1. "

By the early 1950's it Was re¢ognised that south ot the Sand
River the Leader and Basal Reefs had been trunoated by a. major
unconformity a1~tha base 'of the "B" Reef, and tba.t a. significant

~ ~
"break also ocourred a.t the base of the "Ventersclorp Sedimentsll•
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The unconformit.y at the base of the !lBu Reef was used by Baines

{1949} to separate the "Main-Bird Serieslf from ~he overlying
"Elsburg Series" in his subdivision of the upper pa.rt'of the
Witwatersrand stratigraphy. Later workers (Coet~~e, 1960) also

ldivided the "Kimberley-Blsburg Series" from the "Main-Bird

Series tt at the "B" Reef, ,but the Kimberley-Elsbu;t'g Se\"ies was
further subdivided into a IIKimberley Stage" and an IIElsburg

Stage" at the unconformity at the base of the Ventersdo.t-p

Sediments.
The unconformity at the base of the "D" Reef is now taken 11.S t.he

\
titratigraphic position a~ which the Central Rand, Group is

subdivided into the Johannesburg Subgrcmp and the overlying

Turffontein Subgroup (S.A.C •.S., 1980; ~Unter et al~J 19(6), whLoh

would correlate with the Main .....Bird. and. Kimberley-Els\burg Series
of previous workers.
Successive, ovar-Lappdng unconfot'mitie~~ due to repeated uplift

a.nd) el:1,osion of the. r-ooka , dooument an uncol'iformable onlapping of

formations of the Central Rand Group and the trunc~tion of much
I

1>£ th.s Johanll(:'!sburjtSubgroup (Figs. 5a and b) (Tanka.rd et a1.,

1982) in the ar-ea south of the Sand River. '1:'his acccuntis for the
cha.nge' Ln Cen':tr.al Rand Group stratigraphic thickne,~;s frolll 2015 m

p,

a.t l'lelltom 't.o 1000 m at Beatr:i.x Mine in the south. These onlapping

uncon£'ormities result in. suc::~oessively younger form~tions of the
Turffonteitl, Subg:roup overlyit.lg successively older forma't~ions ()f

the Johannes'~?urg Subgroup to t.he 'south in the area. south of the
.1

Sand River (Fl,g. 5b).
nl::; \\

\1

formations' (viz ~ The Virginia FQ1'mation and the St Helena
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Formation) in the Beatrix Mine area (Fig. 6). The upper parts of
the St Helena. Formation (320 m.),·the Welkoln Formatio.n (2.40 til) and
the Harmony and Dagbreek Formations (165 m) are removed through
erosion (Fig. 5). For this reason the upper formations of the
Johannesburg Subgroup are not reviewed.

In the Beatrix Mine area the Turffontein Subgroup is
represented largely by the Eldorado Formation. Remnants of the
Aand.enk Formation occur below the Bea.trix Reef and the Eldorado
Formation in the noz-t.he astier-npar-tis of the Beatrix Mine Lease,
and in areas to the north of the mine (Fig. 7). The lower
forma.tions of the Turffontein Subgroup (Spes Bona and Aandenk
Formations) are truncated by the unoonformities at the base of
the Aandenk and Eldorado Formations respectively (Figs, 5 and 7).

In the Welkom Goldfield south of the Sand River the Eldorado
Formation and tl>:e Virginia. Formation are further subdivided into
a number of Members based on lithological variations (Fig. 8).

2.3 THE VIRGINIA :FORMATION (JOHANNESBURG SUBGROUP)
Early workers in the Orange Free State Goldfield (Borchers

and White, 1943; Frost ~t a1., 1946) referred to all the rock
units beLow the Basal Reef as the "Speckled QUartzite Footwall
Beds", Winter (1957) was the first to formalise a subdivieion of
thase footwall undt s into "Upper _", "Middle _." and "Lower ...

(,

Footwa.ll Beds". The "Lower Footwall Beds 11 were divided into an
ilL.!? 2 Zone" and an overlying liL.F. 1 Zone" (Winter, 19(7). As

the Orange Free State Goldfield developed, ind;i.vidual mining
, n ;

groups devised their o.~vn schemes of subdivision of the "Footwall
Stlccession1t

J .• but the pr,()pq,ga.ls of Winte~ (1957) were largely



- 23 -

•

BOREHOLE DATA POINT

EXPLANATION

/
0'/

S9UTHER~" LIMIT Of OCCURAENCe
tl.\GElREEK FORMATION

SOUTHERN 'liMIT OF OCCURRENce
HARMONY FORMATION

SOlrl~ERtJ LiMIT OIF OCCUg:"tRENCE
.WEUmM FOlUJiATION

o 1 2 3 4 5
k I E=S;;;J!!!l

KIl.OMETRES

SUBCROP Of: BASE OF
JOHANNESBURG SUBGROUP
AGAINST KAROO SEQUENCE

LIMIT OF JOHANNESBURG "'UI~\:III1'U""'rs

aNOVIERTURN STRUCTURE

SOUTHERN LIMIT OF OCCURRENCE
SY.HELENA FORMATION

SOUTHERN LIMIT OF OCCURRENCE
\*BRGl!\l1A FORMATION

FIGURE 6: LIMiTS OF OCCURRENCE OF FORMATIONS
OF THE JOHANNESBURG SUBGROUP



- 24 -

MERRIE-
SPRUIT'

• •

•

•• •
•• • It •

f!EATflIX
•

• • e
00

o e •

•
o 1 2 3 4 is
Iwe~J ..! z::sl

&I,Il.OMETRIES

•• e

EXPLANATION
BOREHOLE DATA POINT

~

~

~

AANDENK FORMATION ERODED BY KUPPAN FORMATiON
(VEN'l"ERSDOl1P SUPERGROUP)

SOU1'HERN UMIT OF cceUARENCr.:
AANPENK FORMA1"EON

SOUTHERN UIIIJIT OF OCCU9nENCE '
SPES eONA FORMATION

FIGURE 7: LIMITS OF OCCURRENCE OF AANDENK
AND SPES BONA FORMATIONS



- 25 -

VIRGINIA
fORMATION

MEMBc'RS OR
_l (INFORMAL ZONES) FORMATIONS

~:~~~
VY'rI'YvV'r/VVv"vvvvvV~
VVVV'lV'1YY
VVYVYY'IVV
vvvv'lVVYV,
V'IIIVV'<IVVY ',

r

d." ' •. (".8.113)
• ,0, .

ELDORADO
fORMA11l0N

o ••• '".,..... ~". " .'-"-"~---------
• : :,' ; VAN DEN

: : ...•. :.Z (V,S,S,a) HEEVERSRUST
...... '.' MEMBER
" ". -------
~:-~. (V.S.4a)ROSEDALE MEMBER
" " ~ ('A.B~~~ REEF ----I=-M-N-D-E-N .....K-F...-,;O-R-M-p.-;r-~O="N=~....
:' : ': : :',: (L.F.1)· .
• 11; ••

.. '.,:.' M--'_

~:.' . :.=.:: ",._(L.F.2) -----. -----
o • ,. ••• '---- ..... ---. ---

... to .. " •· . . .
OJ "· '.'· .
· ..'. • • (L.f'.3)· .'
, .

01. ."

'. Co ,.. a..
~...:....'_:--------. _...........· . . ". .,· .

<I' •• .... \..
IJ." ., •

_·c .• e·.. " ~'"
<I • •· '''.• e ','-~ (L.F.4)· ..

•• 'II

/1

DETAILED STRATIGRAPHIC ZONING OF
'THE WITWATEflSRANO SUPERGROUP

FIGURE·· 8:

c-

iN THE BEATRIX MINE AREA

Q.
::J
0
~
Gm
;:)
(/)

Z
""'"19J
I-
Z
0
I!A.u,
r
i""-'

e,
=-0g:
e
Q
Z

0.. <
:;) a:
0 ...Ja: !II(e Ct:
al &-=> Z
(I) U.I
as. 0
a:
;:)
m
th
LIJ
Z
Z
'I(
::t:
0...,



- .26 -

reta.ined. With the f{)rmalisation of the lithostratigraphic
llQ.tnenclature by S.A.C..S. (980) t.h.e names Virginia Fo:t'!'i!:i)..tioIlpSt

,inaFormation and Welkom Formation were introduoed for the

"Lower _II "f1iiddle -" and "Upper - Footwall Bedsi~'.respeotively.

The subdivision of the "Lower Footwall Beds" was subsequently

refined, and six, informal units can be recognised (Minter et

&1., 1986). The upper parts of the Virginia Formation are eroded

and trunoa·ted by the the unoonformity at the base of the Beatrix

Reef over mud" 'of the Bea t r-Lx Mine lease area.

The subdi vlsioi:A into the six, informal units which consrtdtute
the Virginia Formation is based on lithologic variations. The

units have been labelled L.F'. 1 to L.F. 6 in increasing order

with depth (Fig. 8), and are described from t.he base upwards_

L.F. 6
The ,L.F. 6 is the Lowe rmos t. unit of the Virginia. Formation. The

change from t.he und~rlying, finer grained., Jeppestown Subgroup

arenites e.t. Ujo\Jbase is transitional and coarsens upward tilto .
coarse-graineG sY.'enite''j'with scattered small pebb.Le layer'S. The

first pebble le,yel' mineralised with u:r;-aniutn and traces of gcl~

,Ada-Mayor Beisa Reef) is taken a~ the base. of the Virginia

Formation (Minter et a1. j' 1986). The L. F. 6 coarsens upward for

150 m above the Ada-May Reef to thin, small} pebble lag I.ayers and

lithic arenites. The upper 10 m of the L.F~6 fine upwards and

become less pebbly, and the top part is dominated by r~~ti,~rbedded
\)

shale and siltstone. The appearance of shale beds marlts ':ithe
tra.rl;sition to the L.F. £) unit.
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Although only 2 - 8 m in thickness the L.F. 5 forms a very
useful marker as it is the only dark ooloured shale or very fine-
grained lithology in the Johann€lsburg Subgroup throut1thout the

.area south of the Sand River. The L.l~. 5 is dominated by

interbedded shale and siltstone which contains evidence of soft
sediment deformation. An erosional surface truncates the top of
tbe L.F. 5 and marks the transition to the L.F. 4.

L.F. 4
The 1..F. 4 comprises a monotonous sequence of medium to

Doarse-grained lithic arenite 250 to 300 ill thick. It
charaoteristically contains angular granules and small pe~~ s of
chert. The sequence fines upwards and the transition to the L.F.3
is tiLrbitrarily taken at the point where the chert fragments are
no longer conspiouous and the grf1.in size of the arenites
dac r eas e s •

L.F. 3

In the southwestern parts of Beatrix Mine the LoF. 3 forms the
immediate footwall to the Beatrix Reef. The L.F. 3 varLes in
thiokness from 100 to 300 m, and Donbists of medium - grained,
grey coloured, sub-lithic arenite. The variation in thickness of
the L.F. 3 interval is oaused by the erosion and trunoation of
the upper part of the zone by the unoonformity a.t the base of the
Beatrix Reef. Quartz and Doar-se-grained quartzite are the
predominant grains J comprising some 70% of" the z-ock , Fihe-grai:r,ed
(cherty) quartz! te p qual;'tzsohist and ;:'ine...grained wacke gl"ainQ
ar-e also common , The s.vel'age[$l'al.l.nsize varies from 0» 2 to 1 D Co mm
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(medium sand). Scattered larger g~ains and small granules (4 mm)
of quartz, chert and yelloH silicified shale occur t),\roughout,
but are not common exoept in the lower parts of the zone where
they rarely accumulats in granule or conglomeratic layers. The
matriX material is sericitic with some metamorphic
recrysta.!lisa.tion to muscovite.

The L.F. 2 va~ies from 1 to 3 m in thickness and consists of
grey, medium-grained quartz areni t.e , but is r~:;)markB.blyconsistent
thl:'oughQut the ar-ea and forms a Vep;! useful maA~ker bed. The

quartz arm Ite is well-sorted and consists of aubr-ounded quartz

grains 0,2 to 1,0 mm (medium sand) in size. Sericite matrix,
partly recrystallised to muscovite forms less t.han 5% of the
rock. Dark grey, fine-grained silty material as partings on
bedding features highlights crossbedding.

L.F. 1

The L.F. 1 forms the immediate footwall to the Beatrix Reef
ove r most of the Beatrix Mi e area. The thiolmess of' the L.F. 1
va.ries from 0 - 90 m. The upper part of the unit is eroded and
truncated by ~he unconformities at the base of tbe Aandenk and
ladorado Formation!s, and in the southwestern part of the lease
area the L.F. 1 is completelY removed.
The L.F. 1 oona Lst.s predominantly of medium to ooez-ae...grained,

sub-lithic arenite with quart'Ziand ooarse-grainerl quartzite as
the pl:'edominant grains forming some 60% of the rock. Fine-grained
(chert~r) q'uartzite and fine-grained quartz ....schist grains t\l,realso

:.)
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,:",~irlycommon. Other rock fragment grains such as muaccv It.e-
schist or fine-grained wacke (shale) form a minor component. The
average grain size varies from 0,2 to 1,5 mm (medium to coarse
sand) but granule size clasts up to 4 mm in length are common ill

parts. The matrix (20 - 25%) consists predominantly of sericite
which documents alteration and secondary metamorphic
recrystallisation to muscovite. The sericite matrix and fine-
grained, yellow schist fragme~ts impart a characteristic
yellowish colour to the sediments. In spite of the high matrix
oontent these rocks are classified as arenites and not wackes
because of well developed sorting and stratifioation. In terms of
the WItwatersrand quartzite classification soheme proposed by Law
et al., (1989) this would place these rocks as arenites because
of the evidence of deposition by traction currents.
The L II F. 1 coarsens upward from mediu:rn-grained arenite at the

base to coarse-grained arenite which is eonglomer~tio in part.
Conglomera.tes are polymictic and consist of sub-angular fragments
(4 - 10 mm) of qu~rtz, chert, yellow silicified shale and other
rock fragments. Conglomerates are moderately packed and are
usually less than 50 em in thickness, The conglomerates do not
generally OCcUr on marked scour surfaces. Thin shaley beds up to
10 em thick, comprising yellow-grey argillaceous or silt.y
material are common, particularly in the lower parts of the zone.

2.1ft AANDENI{ FORMA'1'ION (TURFFONTEIN SUBGROUP)

In th.earea south of the Sand River the Aandenk Formation thins
rapid!~ towards the south becauae of truncation by the
junoonformity at the base of the Eldorado Formation (Fig. 5). On
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Beatrix Mine only thin remnants of the Aandenk Formation occur
below the Beatrix Reef or Eldorado Formation in the northeastern
part of the Lease area (Fig. 7). Bere the Aandenk Formation
uDconfol'mably overlies the L.F. 1 unit of the Virginia Formation
with a pronounced scour surface.
Because of the rapid southward thinning of formations due to

erosion and truncation by successive, overlapping unconformities,
problems exist with the correlation and nomenclature of the
placers at the base of the Aandenk· Formation in areas south of
the Sand River. The detailed stratigraphy of the lower
Turffontein SubgroUp in the Welkom Goldfield north of the Sand
River is illustrated in Figure 9.

By the e:al.·ly1950's it wa.s recognised thla\.ta major unoonformity
existed at "t~he base of the "Bit Reef' (Spes Bona. Formation)
(Baines, 1949; Pritchard-Davies, 1952), and this was subsequently
used as the division between the Johannesburg and Turffontein
Subgroups (S.A.C.S., 1980). A significant break at the base of
the "Big Pebble Marker" (B.P.M.) CAandenk Formation) was also
noted (Baines, 1949). Pritchard-Davies (1952), reporting on
personal communication with Baumbach, noted the occurrence of a
major "channel" of Big Pebble Conglomerate (E.P.M.) age eroding
through 140 m of the succession, had removed the Basal and Leader
Reefs Oil large portions of Merr:ieaprui t Mi ne (Pritchard"'Davies,
19,"\2,) q 'These "Channels" Were subsequently documented by Winter
(1964b) and correlated with the A~,ndenk Form.ation. JOl:'daan(1986)--. - ,-:'

(incorrectly) plaoes the B.P.M. as the terminal phaSe of the Spes
Bona Formation and suggests that the Aandenk Formation
paraoonformably overlies the apee Bona Formation. He does however
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admit that a placer can occur •.•••• "occupying a locally
developed, intrafor.mational unconformity in parts of the basin."
(Jordaan, 1986). Winter (1964); Bailey at al. (1989) and this
study have shown that the Aandenk Channel, at the base of the
Aandenk Formation, unconformably overlies the Spes Bona
Formation, and in fad,,'erodes channels with considerable relief
into the underlying lithologies. The Aandenk Channel may
completely remove the Spes Bona Formation and parts of the
Dagbreek Formation in Borne areas of st Helena and Merriespruit
Hines. Bailey at a L, (1989) have fUrther shown that the B.P.M.
overlies the Aandenk Channel (or the Spes Bona Formation in are~tJ
where the Channel is not developed). rhe Big Pebble Marker
(B.P.M.) is therefore taken as the base of the Aandenk Format,fon
per se (Bailey et al., 1989). In the extreme areas south of tthe
Sand River (Beatrix Mine area) the placers at the base qf the
Aandenk Fprmation can therefore be oorrelated with the B.P.H.
A thin, quartz pebble lag conglomerate invariably occurs on the

scour surface. Overlying this thin ~-,al lag conglomerate the
Aandenk Formation consists of lithic arenite to sub-lithio
arenit~ very similar in appearance and mineralogy to the L.P.1

arenites.
Subrounded quartz and quartzite clasts ar~ the predominant

I

component formil1lgacme 70% of the r-ock , Schist clasts are however

much less -common than within tlH:1 L.P .•1. Clasts vary in size from
0,2 to i', 5 m~ (mledi)umsand). Th1e matrix (15 ... 20%) cona I at.s of
serioite ::with SOt'iIH~ metamorphio recrystallisation to musoovi te.

c'

Agai'.'l, in spite <:If' the relatively high matrix content? these
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rocks are c1~~sified as arenites in terms of the classificaton
proposals of Law at a1., (1989), because of the well developed
stratIfication features and sorting as evidence of deposition by
traction currents. In pa.pts, especially where the conglomet'ate
layer becomes thioker and better developed, the Aandenk Formation
arenites are much "cleaner" and quart:?;grains form over 80% of
the rock with the matrix content dropping to less than 10%.

2.5 BEATRIX REEF
The Beatrix Reef unconf or-mabLs' overlies the. Virginia Foz-ma t.Lon

(and Aandenk Formation) in the Heatrix Mine area. It is in turn
overlain by the Eldorado F6rmation, apparently disconformably as
there is no marked large scale angular disoordance between the
Beatrix Reef and the overlying Eldorado. Local scouring of the
Beatrix Reef by the Eldorado Formation, and a marked litho1ogioal
facies change suggest a disconformable relationship. The Beatrix
Reef varies from a very thin unit (less than 1 em) to a maximum
thickness in the order of 3 m. In parts the Beatrix Reef has been
completeJ.y !"emoved by the Eldorado Formation.

In t~rms of the International Subcommission on Stratigraphic
Classification's proposals (Johnson and Rust, 19B8), the Beatrix
Reef would be conside~ed a Mi08ynthem --- " a relatively local
and minor unconformity-bounded unit within a Synthem II (the
Eldorado Formation) (Johnson and Rust, 1988). In terms of
sequenoe stratigraphic classification (tectonostrati,raphy) eaoh
package of sediment betweE'!nun(.)onform~ties represents a para-
sequence or sequenoer,

The South African Committee for Stratigraphic Nomenclature
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(1980) n,akes no mention of the Beatrix Reef in their proposals on
stratigraphic classification in the Welkom Goldfield. In the
mining area the Bea t.r-Lx Reef is recognised as an individual
enti ty between unconformities. It is t.hus pr-opo aed that the
Beatrix Reef be accorded status as a separate sequence
(Formation 1), or at least be correlated as a separate
member of the Eldorado Formation.
The nature of the unconformity surface at the base of the

Beatrix Reef was mapped out in detail in the underground workings
&t No.2 Shaft at Beatrix Mine. In this area the L.F. 1 unit of
the Virginia Formati~n is relatively thin and all footwall
deve Lopmerrt is situated within the L. F. 3. Routine diamond
prospect and evaLuatn.on drilling thus intersects the full,

preserved sequenoe of the L.F. 1. The angular relationship of the
unconformity between the Beatrix Reef and the Virginia Formation
wets determined by using isopachs of the L.F. 1 between the
unconformity at the base of the reef and the L.r. 2 marker to
quantify the degree of truncation (Fig. 10). The isopaohs ehow a
pronounced west-northwesterly to east-southeasterly trend and
confirm an angular rel~tionshipbetween reaf and footwall beds of
just over two degrees (Fig. 10). On a local scale the
unconformity surface displays considerable relief of up tu two

\\metres due largely to small scale erosional scouring and
}' \,channeling by the Beatrix Reef (Figs. l1a anJ llb).

The Beatrix Reef comprises a thin sequence of otJsomictic
conglomerates and quartz arenites with significfl.n·'/concentrations

,F
Q ,

of detrital heavy minersils. particularly pyritel It rarely
exceeds 3 m in thicli:nes$ and is usually 1 ....2 m thick. The
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FIGURE 11 a: PRONOUNCED CHANNEL SCOURS AT THE BASAL
CONTACT OF THE BEATRIX REEF

FIGURE 11b: A DEEPLY INCISED CHANNEL EDGE FEATURE AT THE
BASE OF THE BEATRIK REEF
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ol;i.gomi.cticconglomerate layers are frequently overlain by a da r-k

grey to black lIdiamictite" containing urisegr~gated quartl2:pebbles
br polymictic clasts with black shaly material. These layers
grade upwards to black shale laminae up to 10 cm thick or to
fine-gra.ined, polymictic lith;i.cwackes, and mark the transition
to the overlying Eldoraq,o Fo rtaa t.Lon,

2.6 l1:LDORADO FORMATION (TURFFONTEIN SUBGROUP)
Borchers and White (1943) Here among the first worker.s in the

Orange Free State Goldfields t.::> propose a subdivision of the
"Ventersdorp Sediments" into 5' zones, designated V.S. 1 - V.S. 5.
This early zonation was based :Largely on lithological
characteristics and the relative abundance of conglomerate beds.
Baines (1949) correlated these "Ventersdorp Sediments" with the

upper Elsb.urg Series, a correlation carried through by Coetzee
(1960) who proposed that they be named the Eisburg Stage of the
Kimberley - Elsburg Series to fit with Mellor's (1917)
subdivision of the upper Witwaters~and. The subdivision V.S 1 -
V.S. 5 (Borchers and Whites 1~43) was, however, retained by all
workers (Bain~s, 1949, Pritchard-Davies, 1952, Winter, 1957 and
Coetzee J 19(0).

DUring the first exploration drilling in the Beatrix area K
((

during the late 1960' s and early: 1970's , it was recognised thfat a
stratigraphic i'oning of the sediments of the upper part(~ o f the
WitWatersrand Supergroup below the Ventersdorp lavas could be
equated with that in the ~velltomar-ea in spite of the marked
lithological differences caused by facies changes.
Pritchard-Davies (1952) first recognised that significant
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"differenges in facies occurred within the "Verrcer-sdoz-pSediments"
wi th cong Lomer-at,emore abundant in t.ha west and the succession
comprising almost entirely quartzite in the east. The Eldorado
Formation in the Beatrix area was subdivided into four members
labelled V.S. 1a to V.S. 4a (Fig. 8) based broadly on the
subdivision V.S, 1 to V.S. 5 first introduced by Bancroft for the
"Ventersdorp Sediments" in the Welkom Goldfield (Borchers and
tqhi te 1 1943 and McKeown; 1945). The suffix "a Ii was introduced by

Union Corporation geolo&ists working in the area to emphasise the
lithological difference between the Eldorado Formation in the
areas south of the Sand River to that of the Welk~iliGoldfield. It
was also thought that the V.S. 6 conglomerate waa)not developed
and hence the subdivision into only four units (Fig. 12).

Subsequently the South African Committee For Stratigraphic
Nomenolature (1980) \~as suggested the subdivision of the Eldorado
Formation into three formal member-s viz. Rosedale Member, Van Den
HeeverSl;ust Member and Vi tkyk Member (Figs. 8 and 12). This

\\

zonation into members is based on type sections from the Welhom
and Loraine areas .•However J facies changes to predominantly
arenaceocs sequences in the area southeast of the Sand River make
it difficult to reconoile the accepted zonation of four units
(V. s , fa - V.S. 4a) used on B~atrix Mine and in the area ~uth of

\.'

the Semel. Rivel:'with the new Members (Fig. 12).
In this study the subdivision into four distinot units, viz.

v.S. La , \7.S. 2a, V.8',-3a and V.S·, 4a, is retained for th~
descriptio\~ of t.he st,ratigraphy of the Eldorado Formation in the
Beatrik Mine area. The nomenclature proposed by S*A~C.S. (1980)
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II
(Rosedale t Van Den HeBversrust and Ui tkylt Membarsg) is aLao

included for correlation (Figs. 8 abd 12)~
if
,
j.

The Eldorado Formation comprises a succession (Irf Ii thic

areni ted and conglomerates Ln all'! overall coarseniing-uptvard'
'I

sequence about 300 m thick. Because of pre"'I{aro~ erosion 1~h$ full

thickness of' the succession is only preserved iJ{j~ the northwestern

parts of the Mine Lease area (Fig. 1~)" The UpPI~l,' members are
Ii

tl:'uncated towards the sout-~rand southeast by th;,1a pre-liar-po
II ft i!i _I/

~rosion. t
The isopach pattern of the Eldorado FOI'matio~~south of the Sa.nd

!i
I'

River (Fig. 13) is dominated by a nOI'th-~orthe~sterlY trending

zone of thiri"£ldorado Formation. I'1uch of tlAis !lhinning ~a(7 be, due
if

to shortening of the aucceas Ion by major easte!/l'ly or westerly
II

downthroH faulting but, because the isopaoh m~IPswere constructed
Ii

from summary informa.tion supplied by other ;Jorllpanies J it is rt,ot
!,

possible to quantify the thinning or exolude the data. The
II
/'thick~st Eldorado Formation occurs in a. broad!1trough along the,~, II
II

eastern edge of the area, just west of Merrie!spruit t'Une (Fig"

13) .. The thick Eldorado Formation a Long th.e J,~stern margin on
ii

Baisa Mine (Fig. 13) is due to duplica.tion O~i tHe auoce s eLon

assooiated Hith thrust faulting ~U1dfoldi'ng i:n the overturned

limb of the 'Western t'largin SHructure.
n

The Eldot'ado Form.a,tion shown e. dis'tinct change ,from' the

undertY'~ng formatior~s in terms of minelrt1.logy and ohemistry

(~at>1,199{»). T~e Eldora.S!.o Forma.tiQu Ii thologies are enriofteJI'in
i,./' 0' f.·l

li'eO) Mno,,~rr.ld 11g0 relative t() .tbe.~"""U, nd€lrlY:ing"",.\f,O,t,ttn1a!,;t~ons any' this,,"
, ' ," "~,~ •• >,

is refleoted i'~1.,the stability ,0£ 'I~hlru:'i te alid chlorito:id as the.,. -- . c., _-_... ..... .. -... .-J< "
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Ni and eu, probA~ly in the chlorite (La.w, 1990).
Based ea'sentiallY on gra.in size varia;i':,ionand abundance of

ponglomerate the Eldorado Formation is subdivided into four

distinct zones informally named V.S.la to V.S.4a in increasing
order wi th depth (Figs. 8 and 12). These zones are deseri bed ft'om
the base upwax-d.

ROSBDALE MEMBER (V.S. 4a)
The basal 30 IiI of the Eldorado Formation is termed the Rosedale

Member (Fig. 8), and comprises an upward-fining sequence of
lithic arenites with conglomerates at the base. It correlates

with the old V.S. 4 and V.S. 5 Zones of Borchers and Whit.e
(1943). In the Beatrix Mine area where no robust V.S. 5
conglomerate is developed the Rosedale Member is taken to

comprise the V.S.4a zone, although this may~ in places contain a
'basalt small pebble lag conglomerate.

The Rosedale Member forms the immediate hangingwall to the
Beatrix Reef a~d the basal few metres are thus frequently e~posed

in the underground workings on the nline. Rapid facies oharrges
resul t in a 14ide r-ange of Ii thol<)~ies in the basa.l p!;n~ts of the

Rosedale Member 'With a mixed: sequence of black shale, black
diamicti t.e , polymictic, gr~,nule-gra.de conglomerate and lithic

arek'lfte being ~themost oommon. The Rosedale MambeX' fine(\upward
'\ -,....,,'

f"'~n'( lithic a.renite to dark ...grey"ol' bLaok, fine-grained lithic

f"reni te and shale Nhich m$~'ks the 'top of the Member.•

Conglomerates are .!'are and occur mainly as granule ...gra.de
congl«;)l'!lera.tebeds in the lower parts of the Member. Ill1lareas to
the 'north of Bea.trix ).'1inea. robust, medi'ijnt- to large-pebble,
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polymicti~ conglomerate (V.S. 5), up to 3 m thick, is present at
the base of the Member, but due to facies changes is not
developed in the Beatrix Mine lease, except as local, isolated
channels.

Quartz and quartzite; {lre the predominant component (50% - 80%)

varying in grain size from 0,05 mm (in shales) to over 4 mm in
the coarser grained zones. Other clasts such as siltstone,
silicified yellow and grey shale and sch~st clasts are also
common. The matrix material (5% - 10%) is of similar composition,
to the grains and merely of a much finer grain size. Sericite and
chlorite are also fairly common In the matrix.

VAN DEN HEEVERSRUST MEMBER (V.S. 3a)
The Van Den Heeversrust Member comprises the middle 120 m of

the Eldorado Fo r-taatLon and consists of a mono t.onoue sequence of
upwar'd+coar-aen Lng Ii thic ar-en i,te. The base of this Member
displays an erosional contact with the Rosedale Member and is
occai..~ionallydefined by a thin ,.granule-grade cong Lome'ra.ce, In
the basal part of the zont~ t.hdn , black aha Ly or silty lamina.e are
common1 but decrease in frequency upwards as the arenites become
coarser grained. Towards the top of this member pol:l'mictic
granule-grade conglomerates become more, prevalent. Clasts are
generally angular to sub-:t-oundedand consist predominantly of
quartz, chert ,,;5.i1icified shale and other rock fragments. 'llhe·

Ii thic areni tee are interbed!+ledwith more ma~ure sub ...l'd,thic
areni tee, but don't reach the ma~:tul':i.tyof quartz arenites. Fine-

I' II

grained, rounded pyrite,gra.ins fJ~quently conc~ntrate on foreset
laminae in the more mature ar end,t~s.
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THE UITKYK MEMBBR (V.S.2a.)
The Uitkyk Member as defined by S.A.C.S. (1980) compr-Laes the

uppermost 200 In of the Eldorado Formation. In the area south of

the Sand Ni vet' Bl.~~deast of the Western Margin Structure t'liitO

fairly distinct stratigraphic intervals are recognised baaed on

the presence or ab$ence of conglomerates ..

The basal par-t; of the Ui tltyk Member» oolloquially called Iche

v.s. 280 Zone, form an essentially conglomeratic unit
,'j

approximately 80 - 100 In thiq:k and is correlated wi th t.he li:A

Zone (Iingsley, 1987). In th~ area north of the Sand River and

close to the Western Margin .!Structure no subdivision is pos:sible

as here the Ui tkyk Hember c~Jmprises large pebble or boulder

conglomerates.

The V.S. 28. Zone characterj_!,s'tically contains well-packE~d SIDfd 1-

pebble cong'Lomer-at.e be da irJrterbedded w~.th sub-lithic a:t'eni te:B.

The cong Lemer-a'tes show ~a. t~imderiey to ha;ve a larger avera~e clast

size in the conglomerates 1/leaVer the top of the melllbex'. Both
v-, i

oligomictic and pOlymictiq oong Lomer-at.e occurs within the V. 51.
\ I

2a Zone. The smal11~ebble, polymict:~c conglomerates compr-Lae
1/-- Ii

moderately packed beds up/!to 30 em thick. Olasts are sub":'roumied
I:I, C:: ,

and oonsist of vein quart!~~ chert, silicified sha.Le and

quartz! te. The oligomictio c'cmglomer$\tes ooeuz- in modsl'ate'" to

well ...packed peds up t~ 25 em thick .. Clast,s are moderatelY"',\to
,> !i

well-rounded and consist of vein qua.rtz up to 3 om in siz{<.
'I \\

RouJ:1dedpyrite gra.ins ax-e common a.ssociated'with the oligomiotlo
i\

conglQmel'ates. The oont;~ct between the V.S." la .and V.S. 2a. is

arbitrarily taken at the la.st well developed oonglomerate bed.
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THE UITKYK MEMBER (V. S.la. )

The upper' por-tLon of the Ui tkyk Membt;!!'1 although not
r ee .",ded as. a gepa,rat~ member by SACS (1geO) t is sufficiently

different in the BeatX'~ix and other areas to. be sepa.rated from tone

underlying conglomeratic unit. It coniists predominantly of a
lithic wacite or lithic a r-en Lt.e with scattered pebbles up to Gem

in size. The pebbles consist of vein quartz, chert, quartid te and
1\ "silici'tied shale randomly scattered in a medium to coarse-grained

arenite or lithic wacke. The sediment has a ch8l.racteristid
'),\
:l\\greenish colour. particularly towards the top'bf the member where

it is overlain by lavas of the Klipriviersberg GI.'9,Up.

2.7 THB VENTERSDORPSUPERGRO~P
The Ventersdorp Supergroup in the area south of the Sand

"River, comprises a lower, essentially!J-olcanic, Klipriviel'sberg
'..,.1

\Group unconforma.bly OVerlain. in the!~ast by an essentially
11

sedimentary Platberg Grcup. J

Post Kllpriviersberg faulting and pre-Karoo erosion 1!18.ve
resulted in the Ventersdorp Supergroup having restricted
distribution and preserved thickness (F:i.g.14).'

',. ;)

Andesitic lavas (Pillay, 1986) of the Klipriviersberg Groqp
form the lowel'most uhits of the Ventersdorp Supergroup and

~ 11

overlie the Witwatersrand sedimen.ts in the no-rthernmost p~rts of
. ~ .

Bea.trix Mine (Fig. 14). These lavas are truncated in the south by.

pre-Karoo erosion.
Intense, Foat Klipriviersberg Group tectonic activity resulted

in t~e forme.tion of horst and graben t.opography in the a.rea south

of the Sand Rive!'. The De Br-on fault f\orms the l-¥estern t'lank of a
Ii ,

II
:'}
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hoz-st bLook dominating t.he eastern edge of the goLdf'LeLd (Fig.15)
Clastio debris eroded from the horst blook along the fault scarp
was transported a.nd deposited as clastic wedges of sediment
depoa Ited by alluvial fans into the graben. These Platbe,rg Group
clastic depositsg which are locally known as the Klippan
Formation in the area south of the Sand River (Meintjies, 1988),
thicken eastwa.t'dstowards the De Bron fa.ult scarp (Fig, 15). In
parts erosion by fluvial systems during Klippan Formation
sedimentation has resulted in incision into the underlying
Klipriviersberg Group and Turffontein Subgroup. This resulted in
truncation of parts of the Eldorado Formation along the western
flank of the De Bron fault (Fig, 13). The Klippan >Formation
sediments show rapid facies variation from coarse, polymiotic
boulder conglomerates close to the fault scarp to black shales
and fine-grainea lacustrinal facies in the more distal areas.
(Meintjies, 1988).

2.8 THE UROO SEQUENCE
Fla.t lying e!ediments of t.hePermo-'l'riassic Kaz'co Sequenoe

blanket the whole area of the Welkom Goldfield. The thickness of
the Karoo Sequence iv the area south of the Sand River varies
from less than 350 m thick in the west to Just over 1000 m thick
in the east (Fig. 16). The surfaoe is currently fa.irly flat<~t an
average elevation of 1380(m above sea leval and the variation in
Kar-oo thickness is due t.opr-a-Kar-oofaulting and Dwyka glaciation

C'

and ez-o sLon , 'the pr-e-Ke.r-ootopography resulting from this glacial
erosion to a. large extent reflects the lithology of the
underlying Archaen rocks. The .Wit~atersl'ana.quartzites in the
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overturned W'estern Margin Structure r--~rma resistant ridge and
are covered by a thin sequence of Karoo sediments. In oontrast,

the softer sediments of the Klippan Formation along the De B:t'on

faul t have acted as the <'locus f~!- t deeply incised glacial

valley, COlloquiallY known as the Vi}ginia Valley (Visser and
Kingsley, 1982). The Virginia Valley is filled with Dwyka- aged
fluvial1y reworked glacial o11twash material up to 350 m thick
giving a bota.LKaz-oo Sequence thickness in excess of 1000 m (Fig.
16).

Overlying the Dwyka Formation the remainder of the Keroo
Sequence comprises alternating sandstones and sr.I~).les of the
Vryheid Form,ation and a thick succession of shales of the
Volksrust Formation. These three formations (Dwyka., Vryheid and
Volksrust) oonstitute the Eeca Group in this ~rea.
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:3 SED"It1ENTARYFACIES OF THE BEATRIX AREA

3 •1 INTRODUCTION

There i.sa distinct difference between the lithologies
comprising the Beatrix Reef and the overlying Eldorado
Formation in terms of their minera.logy and chemistry (Lal-I,

1990). Sedimentary facies in the Beatrix Reef and the Eldorado
Formation may thus be similar in grain size and sedimentary
structures$ but are lithologioally differ~nt and could
therefore represent different depositional models. ~or this
reason the facies of the Bea.trix Reef and the ROf'~a.d.l~ M~Jllber
(Eldorado Formation) a.re described separately.
Pebble I'ormindices are thought to be useful diagnostic

environmental indicators (Dobkins and Folk, 1910 and stratten,
1974). Pebble size and shape data are thus presented separately
for the Beatrix Reef conllomerates. other factors such as

Beatrix Reef iso~.t\chs9bed lenticularity and pebble segregation
data ,which may be environmentally diagnostic is also included
in this chapter.

3.2 FACIES AND THE FACIES MODEL CONCEPT
The conoept of faoies has been used ever since geologists BQd

miners recognised th:at features found in partioular rock units
were Mseful in correlation and the prediction of mineral

~ " "
deposits. The. ambiguity and arguments regarding the uke of the
term "facies I~ have been summarised in :t'ecentsedimentologic:al

ji '.
liiiblications(eg. -aJading$ 1978; W&lker, 1979 and Miall, 1984).
A facies is a body C?,!f rock wi th sp~oif'ied ohera.~teristios
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which in the case of sedimenta.ry rocks, is defined on t.he

basis of colour, bedding, composition~ texture, fossils and
sedimenta.~x·strw;)tures (R~iading, 1978). It should. thus refer to

.,

an objectively 46soribed rock unit. Reading (1978) and Miall
{l984) ha.ve not~d that the term faoies is however used in many

'·tii fferent senses:
- in the stri(}tly observational sense of a rock product, eg

"sandstone facies"
- in a geneti.c sense for the products o~ a pl:'ocess,ego

/, __J r-

"turbidite faoies"
....in an errvf.r-onment.a.L sense for the environment in which the

rooks are fo!':,ned,eg , "fluvial facies"
- in a tectonic sense, ego "post-orogenic facies"

A fat.:!ie,sahou Ld ideally be a distinctive rock that forms under
certaip..conditions of sedimentatio~ reflecting a particu,l.ar
pr-ooe ss ),!>renvironment (Read.kng , 1978). Although it is
understood that faci~s will ultimately be given an

environmental in'terpretation 1 many, if not most, have a.mbiguous
u

interpretations. The1tey to interpretation is to analyse all of
the facies communally (Walker, 1979) and the sequence in whioh
they occur contributes as much environmental information as the
faoies themselves.

(.

Fa.cies models a.imto proV'iqe a general summary of a specific
. , . ',' _ T')setjimentary envd.r-omaerrt (Walker 1979). Allen (1963, 1964,..~.~ ~ '\

1/
~'p65,)) established the classic upWard-fining point bar
depositional model dem;;snr)ratil'lgthe use of -facies sequences in

!) u
\.~. , . . . ,'. 'fdef~ning facies models. Allen (1970a) voiced the need ~oria

I

quanti tat,ive basis for faoies ID9delling procedures afid-4ioposed
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tree-diagram analysis of actual facies transitions as a means
to evaluate the probability of certai~ sequences being found.
Miall (19'73) used Markov analysis to differentiate between
actual and predioted upward facies transitions, thereby
deriving the most likely sequence of oocurrenoe of a set of
fa.cie!'>.The introduction of lithofacies coding schemes (Miall~
1977) enabled comparable models to be oonstructed for a wide
range of fluvial deposi tional environments. Miall (1978) and
Rust (1978) proposed six faoies models for tbe braided river
environment, but as field research continues it appear.s that
eaoh n~w situation demands a new facies model 'Miall, 1985),
thereby negating the sYnthesizing role of the facies model
concept. The utility of f'ac Ies mo(.;b;:;lsis limIted mainly by

their inherent one-dimensional approach. Reoent methods have
turned to three-ciJmensional models wherein the arohiteoture of
a depositional body is evaluated in t.er-ms of the shape of the
l~rger-scale ~eometry (ego Miall, 19~5. 1987; Ethridge et al"
1987). Fac'ie.$modelling pr-ocedur-ea however remain l-d.de1.yused,

.:>

particularly in ciroumstances wher'e three-dimensional exposure
is limited, and have be~n used in this study.

3.3 LITHOLOGIC AND SEl)*MENTARY FACIES OF THE BEATRIX REEF

At Bea t.r Lx Mine the l!eatri:.lc Reef 1 .in tha mining sense, is~

taken to be the congolr)Bllerate and int,erbedded ar end te depo~i ted
on the unconformity s"lrf~ce overlyirA~t the Vil'gil'1,ia;, Forjtia.tion.
,'l'heupper contaot of the Reef :i.sts.lt~m as tne acoun surface at
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the basenof the first dark-gl'ey lithic arenit(,!/wa.bke,or at the
"base of the first blade argillite parting. As such the Beatrix

\~lReef zone, in t11e defln! tion used on t.hemi: \'!,l1COrpcfrSlt.esthe
conglomeratic remnants of the Aandenk Forrn~~ hich occur in

~~- .:.:~the northeastern part of' the mine, the Bea~,rix Reef per se, and
the V.S.5 conglomerate which is sporadically developed at the
base of the Eldorado Formation. Congldmerates of t~e different

II
formations f\are,however, easily d:i.stinguished and in this study
the invest~f:!ationhas concentrated on the Bea.trix Reef per se

/'
\,

and its relationship to the facies at the baae of the Eldorado
Formation.
Three distinct ass::~~t\t().!r'sof Iit.ho Log L« 1 cong Lomer-atiefacies

are recognised in the Beatrix Mine area, based on variations in
the clast assemblages and matrix lithology. The three
conglomerate facies associations equate with the three

'{'

Turffontein SLib~oup formations represented on the mine J vi.z,
\~Aandecp:kFormation, Bea.t.r-Lx Reef proper and Eldorado Fo.r-mat.Lon

(V.s. 5)•.Facies associations.of the Eldorado Formation are
further discussed in Section 3.4.
The Beatrix Reer proper consists of oligomictic quartz-pebble

conglomerates and quartz arenites and a number of facies are
defined based on the dominant sedill1entarystrt~otures and the
conglomerate to arenite ratio. .

I

/
/
/'.'3.3.< 2 "A It FACIBS CONGLOMERA'rE (AANDENKi i'ORMATION)

IThe "Att Facies conglomerate is cha+tacterised by oligomict,;ic
rj

/1

medium qU&l'tz...pebble oonglomerates ~{th a distinctly yellow
I

/
(sericitic), quartz sublithic a.re~iitema.trix (Fig. 17) .

./
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FIGURE 17a: itA"FACIES REEF. NOTETHE CHARACTERISTIC
YELLOW-GREY MATRIX.

FIGURE 17b: "'A.IR FACIESREEF

FIGURE 11: "'All FACIES REEF
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Although the conglomerates are oligomictic, yellow silicified
"shale" fragments are fairly common and distinctive. Well-
packed, olast-supported conglomerate and very poorly-packed,

:-;

matrix-supported pebbly arenite form two distinct end-member
suhfacies, but variations between the two end-members are
gr-ada.t Lone L, These "A" Facies conglomerates are very similar to
the Aandenk Formation placers such as the Big Pebble Narker or
the irA"Reef of the Welkom Goldfield in appearance. The HAlt
;'FaciesReef is confined to the northern parts of Beatrix M~ne
where it has been intersected during stoping in the
nortneastern parts of Number 1 Shaft (Fig. 18). The
distribution of the '\.,/Facies reef shown on Fig. 18 coincides
with the inferred distribution of the Aandenk Formation,
confirming that the "At!FaoLes represents remnants of the
Aandenk Formation preserved benoe.t.hthe unconformity a.tthe
base of the Beatrix rteef. In places where the Beatrix Reef per
se and the "A" Fa.cies reef coeur together, the normal Beatrix
Re.ef .overlies the "A" Facies.

3.3.3 OLIGOMICTIC CONGLOMERATE FAOIES (BEATRIX REEF)
The Beatrix Reef proper is characte!'ised by small to mediulh

oligomiQtic, quartz-pebble conglomerates with a grey qua.rtz-
arenite matrix (Fig. 19) and occurs throughout the mine a~ea.

IiWell-packed, ,clai~,~-·supportedconglomerate (Fig. 19a) am,\ very
poor-Lv=packed, m~~trix-supported pebbly arenite (Fig. 19b) ~gain

these subfacies is gradational.,r

form two \di..stinct end-member- subfa.cies. T~e variation be'reen
,-;:;_.:;.;;~~/

The conglm'lteratesare oligomictic and lUore than 98 % of the
\~
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FIGURE 19a: OUGOMICTIC rBEATRIXREEF. NOTE THE WELL ROUNDED
CLASTS, GOOD PACKING AND PYRITE MINERALISATION.

FIGURE 19b: MATRIX SUPPORTED IBEATRIX REEF. NOTE THE
POOR PACKING AND ,'HE QUARTZ ARENITE MATRIX

FIGURE 19: OUGOMDCTIC CONGLOMERATE FACIES
(BEATR!X REE,F)
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clasts consist of white or smokey vein quartz. The clasts are
model·a.tely to well-rounded and are generally of a Pl1blate

,\
,\

spheroid shape with the three principle axes easily \\

reco,; dsable. Variations in clast size and morphoJ.ogy are

discussed in greatl:r detail in Section 3.3.8. The conglomerate

matrix cor~sists of varying pl.'oportions of quartz areni te and

heavy mineral grain.s such as PYl'ite. Other 1ithic clasts such
as silicified shale are rare. Pyrite may, in partsp form as

much as 85%of the matrix matarial. The pyrite gra.ins vary in

dia.meter f'l:"o~.Og2mmto occasional pyrite "pebbles" up to 18 mm
" \ :.~:th),\~:::,

in ;Jize, but.'lthe average size is in the order of 0,5' to 1,5 mm.
i

fYrite gra.ins\:'·a~k fr6tquentl~r sorted acco~'()ij to si~le, and an
,I

upward-fi.ning grading is common.

Beds of crossbedded qua.rtz az-en I te a.r(.~commonly :itnterbedded

with the conglomerate, particularly in.the thicker reefs. The

az-end te comprises rounded quart~· gra~nl;1 0 J 2 to 1,5 mm ill size.

Othe;r rock fragments are rare altho~~h some quar-t.z schist and
,)
1/
;/

fine-grained chert do occur. The mr{t:d.x material consists of
i!. i

serioite, largely recrystallisedyt0 muscovite, and Some
II

chlori te, aILd comprises less tha.n 2 % of the rQqk. Heavy

mine!?aL grainl:f/, particularly PYrite, are also common l'd thin the
J . 11

areni tes and S'hON marked sorting into discrete layers on

bedding surfacea.
Crossbed foreset laminae are mar-ked by accumu.Le.tLona of fine-
grained pyrite (Figs. 20, 21, 22 and 23) • Granules and small
quart;?;pebbles may alsc- occur on the toes of foresets. The
upper parts of quartz' arenite lenses are truncated by the scour
surface and lag conglomerate of a succeeding channel-fill.

\\

(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 BEATR~XREEF
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FIGURIE20: HORIZONTAL AND lOW ANGLE INCUNED STRATIFICATION
IN THE BEATRIX REEF CONGlOMERATt::S

FIGURE 21: LARGE SCALE TROUGH CROSSBEDDING
!N THE BEATRIX REEF
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FIGURE22: SMALL SCALE TROUGH CROSSBEDDING IN
THI£ BEATRIX REEF

FiGURE 23: PLANAR CROSSBEDDING IN THE BEATRIX REEF.
NOTE THE REACTIVATION SURFACES
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The oligondctic facies (Beatri" Reef) can be f.urther- .' .

subdivided into a number of subfacies based on the sedimentary
structures present within the conglomerate and pebbly arenite

beds, although sedim.entary struct'l.u~e.s are not always obvious in

the conglomerate facies. Sedimentary structures in
conglomerat.es are shown by one or mOl"e of the following

- changes in clast size or composition
ohanges in sorting
changes in fabric

(After Harms at al., 1982)
They thus become mor'~ obvious with variations ill ,the
conglomerate and are~'li te rnatrix content. Although strongly
bimodal in grain si.~e distribution it is assumed that the
conglomera(e clasts and at'<en.i.tematrix were deposi\;ed together
from the same flows at differ·ent veLoo i. ties. This can be shown
graphically, as has been done by Harms et aL, (1982),

comparing the criteria for suapena.Lon of sand and I'olling of
pebbles and cobbles on a bed. Applied shear stress must be
sufficient to generate turbulent eddies that overcome settling
velocity and prevent grains from settling to the bed, and great
eno~~t.thto overcome the rolling res:i.stanceof clasts (Ha~ms at

al¢, 1982). These critical shear stresses are dependant on " ...", ,

grain size of tl-rl§"':~;~ite and the size of the pebbles. and the
grain sizes of -the two modes can thus be related for the Same
critioal shear stress.

; \Plots of :theIf\rgest pebble size ~nd' the largest. matrix sand
gl"'.a.i:n size for four' Beatrix Ueef conglomerat.e samples
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-~re shown on Figure 24 and confirm that the conglomerate clasts

and anmi tee wen:i' tt-anspor"l:ed simul taneous':y arid were p r obabl y
denosited from the s.~ flows at differant velocities. The

i"- 1 I,

slight misms'l:ch betltleE?n the data points and the cur ve is

probably due to rounding off the values for clast and grain
sizesQ This relationship and diagram may however riot be valid

al., 1982).

BEATRIX REEFSAMPLES

4 6 a 10

LARGEST SIZE OF BEOLOAD (em)
-mAT CAN BE ROLla>

F~Gln:t£ 24: CURve: RELATING siza OF CLASTS AND SAND GRJUNS
TRANSPORTED BY THE SAME FL.OW

(AFTER HARMS ET.AL.19S2)

Xn the well-packed, clast-sLtppor··ted, oligomictic

conglomen-a.tes seciimentar-y stn.tctUI"es are riot appat"en·t .c.md the

conglomera~es are best described as massive (Fig. 19a).

Tolling a'long the bed into b~H-fOt-ms.Lenses ,01'- lenticulal'" beds
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pronounced bar shapes.
The most common sediJnent.arystructure in the oLd gom ict Lo

conglomerate faoies (Beatri.x Reef) is stratification which is
enuarroed by Changes Ln -clast,packihg density, and particularly
by variations in the detrital pyrite content of the arenite
matrix. Both horizontal and inclined stratification are common
(Fig. 20). In,the horizontally stratified conglomerates the
IIbeds" vary in thickness from a few centimetres to a few tens
of centimetres and maY h~' laterally persistent over horizontal

\
distances exceeding 5 m , In.clined.ntrat:i.ficationvaries in

:(-:~."<.:~'
angle from a few degrees :t~) close to the :..lngleof repose and is
mor-e commonly termed cros~,I,~,~dding.Whereas conglomerates with
horizontal stratification suggest deposition by the rolling of
clasts along the bed, inqlined stratification close to the
angle of repose results f'roruavalanching down the ,dmyn$tream

"

faces of gravel bars or dunes. Low angle inclined
stratification is more difficult to explain and may reflect

I.','

local sbouring and filling on the bed, or lateral accretion of
bar .surfaces (Smith, 1974; Hein and Walker, 1977).
Rust. (1972), Gustavson (1974) and Boothroyd and Ashley (1975)
suggest that migrating longitudinal bars form poorly defined
horizontal gravel beds with an imbricate fabric. Smith (1974)
has also noted that in fluvial gravels the 'bedding is
predominantly massive, but low angle inclination is fairly

(-C")I,~..

common from the \n,\if1/rationof bars with low riffl£1 margins.
i,) \,,0.' /

Initial lag formation in these conglomerates is by the rolling
of clasts along the bed. If fluid discharge and sediment rate
remains high after initiaflag fOl~mati()n,t.hen bars tend to
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grow downstream faster than aggrading vertically hence no
foresetH develop and low angle, inclined stratification
predominates (Hein a.nd Walker, 1977). Only in deoreasing flow
is there rapid vertioal aggradation and the development of
steeper foresets.

3.3.4 TROUGH OROSSBEDDBD PEBBLY ARENITE FACIBS
In the oligomiotic conglomerate (Beatrix Reef) w~ere the

arenite matrix increases and conglomerates become more matrix
supported, oro~~bedding becomes more prevalent. The domina.nt
structure is la.rge-scale troi\..tgh orossbedding in sets about 15
cm thick. Foresets are usua.lly ma.rked by varying concentrations
of detrital pYrite (Fig. 21). Crqsabedding of this type becomes
more noticeable and prevalent as the aI'enite oontent of the
reef increases, and is particula.rly maz-lced ill the pebbly
quartz-arenite inter-beds. '!i1 these interbeds the ct'ossbe<isets
are usually smaller and trough Drossbed sets in the arenites
are about 5 om thick. (Fig. 22).

Trough i<:~.'o13sbeddingforms by the accretionary migration of
large, lurJ.ate ripples (Southard, 1971) and indicates

unidireotional flow with significant velocity and depth
(Southard, 1971 and Harms et al.~ 1975). A rule 6f thumb
suggested h;rHarms et 8.1. (1975) is that the milnimum water depth
of trough crossbedding is approximately twioe the thicltness of
individual sets. Water depths ~nvislJ,ged for the Beatrix Reef
are th:ua in the order of at least 30 om deep. Trough
orossbedding forms in If..;)stshallon w&tel' sett.ingslland is thus

, n ,I

not environment~~lly diagnustic.
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3. 3 • 5 PLA.NM..1CROSSBEDDBD PEBBLY ARENITB FACIES

Planar cros:¥Ibeddingis not as common as trough crossbedding
but has been oH:served in the pebbly quartz arani tes tIhere it

occurs in sets about 6 em thick, or in sligbtly larger sets 8
10 em thick. Reactive/.c;~bnsurfaces are fairly common in the
planar crossbed set.s (Fig. 23).

Planar crossbedding forms as a. result of the accretiona.ry
migration of straight crested ripples or sand waves (Allen,
1963). Again by applying the rule of thumb suggested by Harms
et a1. (~975') the water depth :forthe formation of the planar
crossbeds (>b~erved in the Beatrix Reef is of the order of at
least 20 em deep.
Reactiva.tion surfaces form during periods of slack water or

par-t.La.I erosion of deposited sediment when, during a later rise
in stale they are again covered by new deposits of ~ similar
type or bedform (Smith) iSBO}. De Vries Klein (1970 and 1975)
states that reactivation surfaces are characteristic of tidal
depoa i,ts because such aedimentary structures in this
environment are controlled by the simple reversal of tidal
currents involving bedlcad transport, or time velocity
asymmetry of. these icurrents. However Collin~.on (1970) and Smith
(1980) have documented re~.ctivation surfaces formed in fluvial
environments by the resumption Of flow following slack stage.

3.3.6 PALAEOCURRENT rNDICATO~S
As t-1as disoussed previously there; is marked, sni!9l.l1scale

relief on the basal contact. of the reef (Fig$t. lta and I1b).
"C
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This relief results from the erosional scouring of c~annels
into the unconformity surface and therefore provides a trend
for palaeocurrent directions. Measurement of the low point
orientation of these scours where three dimensional or multiple
expo sures permit, show a fairly hii!h degr.,eeof variance, but a
roughly north-south trend dominates (Fig, 25a).

The palaeocurrent transport direotion measured from
palaeocurrent indicators such as crossbedding shows a
predominantly north-northeast to south-southwest transport
directinn (Fig. 25b). This palaeocurrent transport direction
coin':)ideswith the north-south channel trends shown by the
channe~ scOUrs (fig, 25a).

3~3.7 OLIGOMICTIC CONGLOMERATE FACIES (BEATRIX REEF) ISOPACHS
The Beatrlx Reef varies from a thin, single pebble lag

(Fig. 26) to thick sequences of conglomerate and arenite
(Figs. 27 and 19b). Much of the variation in thickness can be
ascribed to erosional scouring into the unconf'(~rmity surface at
fhe base of the reef (Figs. 15 and 16). These variations in
thiokness are a good indication of channel orientations.
An iSOPach plan of the Beatrix Reef thickness in the 40

exploration boreholes drilled from surface in the Beatrix Mine
and immediately surrounding rk.:reas(Fig. 28) shows that most of
the reef i.ntersected is between))20 to ao cm in thickness. Areas

of thick(er !'fef (over 50 c,n) 'define rou;11hlynorth-south
(I

trending 'Zones ~phannels'{))y:!.longthe west.~rn and; central parts
of the Mine (Fi~~. 21»). Considering the fairly ra.pid vari~tiohs

o \. I

in reef thickne~4 tj)beto the conal der4ble rer1ief of the
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FIGURE 25a: ROSE DIAGRAM OF THE ORIENTATION OF
BEATRIX REEF CHANNEL SCOURS

(J

'\

FIGOREt'~5b: ROSE DIAGRAM OF BEATRIX REEF
TROUGH CROSSBEDDING AZIMUT~iS
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fiGURE 26: ROSEDALE MEMBER ARENITES ON VIRGjNIA FORMATION.
THE BEATRIX REEF HAVING BEEN TRUNCATED

FIGURE21: THICK BEATRIX REEF SHOWING MUlT~PLE SCOUR AND FILL
AND QUARTZ AREN~"fEINTERBEDS
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FIGURE 28: BEATRIX REEF ISOPACHS FROM SURFACE
EXPLORATION BOREHOLES
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unconformity surface, the spacing of surface exploration
boreholes (750 m) is too infrequent to prbvide any meaning',ful

channel orientation trends.
Beatrix Reef thiokness mea.)urements recorded by the sampling

department on Beatrix Mine during their routine sampling 6f the

orEf?ody were contoured to produce isopach maps which better
define the reef channels. Samples are taken on an approximately

6 m by 6 ill square grid and afford an excellent coverage of the
reef exposed during mining operations. The assay plan :plots of
this grid sampling were reduced t~ the more manageable scale of
1:1000 and then hand contoured in 20 em reef thickness

intervals. These 1:1000 contoured plots were then further
reduced and combd ned to produce the isopach plan shown as
Figure 2St.

For clarity in presentation only the 20 em and 80 em isopach

lines defining three reef thickness intervals are shown in
Figure 29. The isopach trends ,show well defined areas of resf
thicker than 80 cm,yith a pronounced north-south orientation
(Fig. 29). Areas of reef less than 20 em thick form irregular,

elongate areas between these zones of thick0reef. These trends

confirm the broad trends defined from the surface exploration
borehole reef isopach plan.

3.3.8 CONGLOMERATECLAST MORPHOI/OGY AND SIZE VARIA'fION

a.. Clast Size Variations

Conglomerates are best descI'~bed in terms of the following

characteri~tics of the clasts and blast arrangement .•••••
- sorting and size distribution
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EXPLANATION
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FIGURE29~ BEATRIX REEF ISOPACHS FFIOM
UNDERGROUND SAMPLING
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- fabrjp Ii

- atratifioation

The average largest qual"'tz clast size measured from reef
intersections in each of the surface explora.tion boz-eho Les was

plotted and contoured in an attempt to ascertain the average
largest clast size in the reef and any regional variations in
clast size (Fig. 30). The average largest quartz clast size for
each inters~ction was determined as the arithmetic ~Verage of
the long axis of the 15 la!'gest clasts visible '·'00 the split
sample surface of the borehole core. Clast sizes in individual
intersections from deflections of the same borehole were
averaged to provida a. single average largest clast size for

~\each borehble. The avera.ge size of the 15 largest quartz clasts
varies from 17 mIll to 35 !{lID with most clasts between 20 - 30 mm.

(Fig. 30). From Figure 30 it is apparent that only broad,
regional trends in the aVerage largest clast size can be
ascertained. There appeara to be an overall deCreE'.8eof the
average largest clast size towards the south (Fig. 30), but
this is partly masked by an area. of larger clasts in the
Hestern par-~ of Beatrix Mine, whioh eoz-z-eapcnds tvi th the area
of thic1.;rer reef deduced from the isopach plans (Figs. 30 and
28). Considering the'!spacing of the surface explor.a.tion
boreholes (750 m) the trends defined for the variation in cla.st
size in Figure 30 are a rough guide only.

I)

Attempts were made to further constrain the clast size
variations by the measurement of ave~age Beatrix Reef clast
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sizes in the underground prospeot boreholes. (1~ date some 600
boreholes have been drilled from the underground development on
Beatrix Mine for routine evaluation and prospeoting. Pebble
count.s were ')arried out on 230 reef intersections from the
u~derground boreholes. The location of the boreholes used gives
a random scatter of data points providing good coverage of the
area of the ourrent underground Horitings on Beatri:x t1ine (Fig
31). The lithology and the long axis of each clast longer than
4 rom was reoorded in half phi class intervals. The average
clast size for the intersection was then ca.loulated from the
total of the sum of the frequenoy of observations in eaoh olass
interval, divided by the tote.l number of observations.
Observations in eaoh class interval are assigned a. size value
equivalent to the midpoin::tof the,t interval. The average clast
sizes ~ere then contoured using the SURFER program on a

personal computer (Fig. 31). The average oligomictic
congLcmez-at.efacies (13eatj~ixReef') clast size as measured in
the underground boreholes variE:s from 9 mm to 24 mm, and a

southerly deorea.se in clast size is apparent (Fig. 31). An area.
of slightly larger clasts still ocours in the western part of
the Mine workings where a strong north-south isopleth trend is

e;vident (Fig. 3l).
"

Average clast sizes measured in the underground borehole
interseotions are generally smaller than those measured in the
surfaoe borehole intersections or in underground exposul'es.
This i$ due to t~~~,smaller diameter of the borehole core used
for the measurements. Underground bortahole COl'e is only 32 mm
in diameter therefore only rarely ere tbe ).arger clasts
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(greater than 30 mm) intersected such that they can be
measured.

The average oli,ll~:micticconglomerate facies clast size was
aJso measured at a number of localitihs in the underground mine
workings (Fig. 32). Measurements were made by measuring the
long exposed on the broken surfaceg of every clast longer
than 4 mm within a narrow band (35 ~ wide) over the whole
width of the reef. The long axis of larger oLaats only partly
included within the measuring band were also measured. In areas
of thin reef the band within whioh measurements was done was
widened to ensure a population of at least one hundred
measurements at eaoh locality.
Clasts ":':.I:~ryin size with the largest clast measured being 150

mm. The average clast size from all measured sections is 18 mm.
A slight decrease in the average clast size in a southerly
direction is still apparent (Fig. \32).

b. Clast Morphology
In e.reaswhere the reef is overlai.n by black shale and

siltstone J or in ar~as where the matrl::'\toomprises very high-,

concentrations of detrital pyrite, it was possible to remove
individual clasts, from the conglomerate in spite of the

t,')

generally high degree of Iithit'ication of the reef. Bar.t"ett
(1980) considefs pebble shape to comprise three related
properties: form, roundness' and surface te~ture. Form indices
such as maximum projection ~.~:hel:>icit'! (Sneed and Folk, 1958) t

coef'fic$~entof flatness (Luttig, 19(2) and oblate-prolate index
If '" ,

(DObkiJ~ and Folk, 1970) are thought to be usefuldia.gnostic
,\
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environmental indio~tors and have been tested in studies of
modern gravels by Dobkins and Folk (1970) and stratten (1914).
Thamm (1987) ha.sused clast form indices as palaeoenvironment
;indic8tors on gravels from the Nardouw Formation (Cape
Supergroup). These ~tudies have however been questioned by

Reddering and Illenberger (198a) who point out that shape
sort~ng as de~bribed by Hobday and Banks (1971), Dobkins and
Folk (1970)~and Orford (1975) appears to be a more important
control on the shape distribution of olasts on beaches. Flat
clasts are concentrated on the intertidal part of tbe beach
where they are segregated from their more spherical
counterparts whi.ch are concentrated in the subtidal zone.
(Robda~ and Banks, 1971 and Orford, 1975).

Studies by Els (1988) of the Middelvlei Conglomerates a.ppear
to be the first studies Lncoz-por-s, ting clast form ind ices for
the conglomerates of the Witwater:"rand Supergroup.

The c.Laat.s removed froJn the Bea,;trixReef are generally well-
rounded with smooth surfaces (Fig. 33), and there is little
evidence of the commonly deSCribed reaction between quartz
cla.stsand the phyllosilioa.te matrix. (eg. Els, 1988, Verrezen,
1987 and LaN at 81.,19891.

The ,three foi·ht indices mosl-t.commonly used by previous workers
" v

- maximum pro.Jection sphericity (Sneed and Folk, 1958)
- coefficient of flatness ~LuttigJ 1962)
- oblate-prolate index (Dobkins and Follt, 1910)

were calculated from the principal axes measurements of 169
clasts collected from various e:~posures of the oligomictic
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FIGURE33: WELL ROUNDED QUARTZ CLASTS EXTRACTED FROM
THE BEA-TAlX REEF ANI) USED FOR
MORPHOLOGY MEASUI1IEMENTS

FIGURE34: QUARTZ CLASTS BROKEN PRIORTO DEPOSITBON iN THE
REEf. NOTE THE ROUNDING OF THE BREAK EDGES.
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o. ',2

conglomerate fa.cies (Beatri.x Reef) in 'the underground workings.
Clasts w(~r~ selected for which the three ''prin'~ipalaxes could
be determined unambiguously and accurately and these axes were
measured using a simple vernier caliper. Of the selected clasts
some 27 % still displayed facets due to pre-depositional
breaks. These pre-depositional breaks appear as facets en the
normal, r'ounded clast shape and have had the bre:~k edges
partially r-ounded prior tt:> deposition (Fig. 34). In extreme
cases the clast may take on the appearance of being a. rounded

As a control, 19 q:uart2iitie pebbles collected from a gravel
beach near Ple-ttenberg Ba:r were tt.ls" measured and their fC''!7m

indices ca.Lcu.La'ted to cheok the discrimination of the m.ethxd,
The average form indices determined from the Beatrix Reef
clasts are summarised below.

Co-efficient of Flatness (Luttig,1962)
Spherioity (Sneed and Folk, 1958)
Oblate-Prolate Index {Dobkins and Folk, 1970)

54.51

17.31

These form indices are significantly greater than the lower
li.li1itsdetermined by pr evd ous workers {Dobk i.ns and Fo Lk , 1970

and Stratten, 197~l) to d~fferentiate between fluvial and beach
pebbles in mode rn gravels,. The indices for co-efficient of
flatness and aphar-Lod ty s;re very close tq the averages for
South Afrioan rf'ver quar-t.z pebbles (53.6 and 0.12 respectively)

determined by St7'l'atten(1974) (Fig. 35). Some 10 % clasts
measured have sphericity and co-effic:i.ent of flatness indices

below the lower limits suggested by Stratten (1974) for fluvial
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pebbles and have indIces charact.eristic of beach pebbles (Fig.
35).

c. E'a.bric
The tel.'mfabric refers to the arrangement in a rock of its

various components, and includes packing and the orientation of
clastic particles in sedimentary rocks (Harms et al., 1982).
Where the clasts are of asymmetric form, a well-developed
orientation of clasts strongly suggests that individual cl,asts
have moved freely with respect to eaoh other, and have assumed
an orientation (imbrication) imposed by characterist:i.cs of the
flow.

Imbrication is not very common or obvious in the Beatrix
Reef conglomerates, but has been observed in a number of
locations, particularly in the thinner reefs where the reef is
only a faw pebble dialu~ters thick. The clast orientation is
usually with. the long axis (a-axis) transverse to the flow and
the intermediate axi~ (b-axis) i.imbricatedipping upstream. This
can be coded, as suggested by Harms et aI., (1982), as
a (t)b{i) ••'fhe oLd.gcm io td e conglomerate clasts are generally
lfell-~ounded and their shape probably accounts for the scarei ty
of an imbricate fabric.

The,a(t)b(i) fabric is characteristicallY the result of
clasts" rolJLing on the bed and ha~ been observed in many river
gravels (Rust, 1972). A fabric with the long axis '.-Bxis)
parallel to the flow ahd imbricate dipping upstream, coded as
a{p)a(i) by Harms et a1.~ (1982), :fa much Ies~ common and he s
only- been documented in clast supported. Itdeep water,
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tUl'bidite-like" conglomerates (Walker'1 1975). Rust (1972) has
also noted that srualler size and increased concentration of
pebbles reduces the degree of preferred orientation. With clast
sizes less than 2 cm and stream velocities slightly higher,
clasts are no longer rolling but leave the bed as saltating
grains and an orientation with a-axis parallel to flow could
develop (Rust, 1972). Conglomerates without a preferred clast
orientation imply transport and d~positional processes in which
the clasts are less free to move relative to each other, and
hence are unable to respond individually to fluid stresses.

3.3.9 BED LENTICULARITY AND PEBBLE SEGREGATION
Clifton (191~) has suggested that two aspects of bedding may

'~~:::

permit visual discr5_mination between wave-worked and alluvial
gravel. Pebbles in ,..ave-worked gravels tend to be better
segregated into discrete beds and bedding in wave-worked
gravels tends to be more laterally regular, or less, lenticular
than in fluvial gravels (Clifton, 1973). The two as:pects that
could be quantified to allow the discrimination were the pebble
segregation factor and lenticularity index defined by Clifton
(1973) as follows:

pebble segregation factor ::.::50 - m :
where m is the midpoint of a semi-quantitative class
of pebble concentration expressed as a percentage.

lenticularity index ::.:(Tmax - Tf,nin) / I
whe1re Tmax ::.: max Imum bed thickness in a 5 metre section

Tmin ;:: minimum bed thiclm,ess in a 5 metre section
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1 = latera.l extent of the bed in the 5 met!'€!
section

.OC Pebble segregation and bed lenticulari ty were meaatir-edover a
number of five metre stretches clfthe Bea.trix Reef in
underground exposures as per the methods described by Clifton
(1973). The results are plotted on the pebble segregation

I)

factor versus lenticularity index diagra.m.(Fig. 36) with the
environment fie1dt as defined by Clifton (1973).
The conglomera.te beds kl1 plot within the alluvill field

defined by Clifton (l97S), but the ~renite interbeds give
c

spurious pebble segregation factol"l?as the conglomerate
fraction of the interbeds is generally very low (less than 10%)
and the pebble segrega.t·ionfactors are accordingly very high.
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3.4, FACIES OF THE ROSEDALE MEt1BER HANGXNGWALL

3.4.1 INTRODUCTION

The Rosedale Member (V.S. 48.)is the lowermost member of
the Eldorado Formation and directly overlies the Beatrix Reef
(Fig. 8). The contact with the Beatrix Reef is disconformable,
but is locally unconformable where the coarser grained facies

\1,

of the Rosedale Member have eroded into and removed parts of
the Beatrix Reef.
Based on sedimentary structures and lithologies, fnur distinot

sedimentary facies are recognised in the Rosedale Member viz.
polymictic conglomerate facies
trough crossbedded arenite facies
planar crossbedded arenite facies
heterolithic facies

The he'terolithic facies is so named as it comprises rapid
alternations of mud, silt and fine-grained arenite and
sedimentary structures vary rapidly from hor-Lz orrt.a.Llamination
and plane bedding to ripple marldng and small scale
crossbedding,

3.4.2 THE CONTACT lHTH THE BEATRIX REEF
It is known that in areas to the north of Beatrix Mine the

Rosedale Member unconformably overlies the Aandenk Forma.tion
a.ndhas also trunca.ted the Aandenk Formation and unoonformably
overlies the at Helena or Virginia Formations of the footwall
au~cessions. In these areas Beatrix Reef is either not
developed Or has al,so been removed through ,erosion and is

\\
\\

("
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represented by the unoonformity et the base of the Ro~edale
Member. On Beatrix Mine the contact of the Rosedale Member with
the Beatrix Reef is disconform.ahle.
The lower p-art of the "Rosedale t-lember is highly channeled

although; due to the lack of sufficient underground exposure,
it is not possible to fully document these channels or: produce
isopach maps of individual channelS or units. Detailed m.apping,
at regular intervals I' of a selected area to the northeast of

the basal parts of

:" .. \1 Shaft has shown the channeled nifcU1 .e of
'i\the Rosedale \f1emberand its relat,l..onship to

Ii

Baatrix Mine's No.

the facies of the Beatrix Reef. In this study area the base of

the Rosedale Member ha.s a discrete~ well d.efined, north south
trending channel which has truncated and remove~d the Beat.rix

Reef (Figs. 37 and as). The channel is a oomposite unit about 6
- 8 m wide and jus.t over a. metre in total depth. Scour su.:~faces
'l'(i thin the channel show that it is a oompoadte unit comp:ri$'ip.g

at least four scour and fill episodes. The channel is filled
l-d th trough or-oasbedded quartz and lithic arenites and pebbly

az-end,tes. Conglomerates only occur as rare bar forms ·c'loseto
'\\

the blinks of the ohanne I and as' la.g layers a few pebble

diameters thick 'on the scour surfaces.
Whe1"e the upper contact of the Beatr:bt ~ioef Ipas been

preserved below the finer grained facies of t~e Rosedal~
0· .

Member, auch as the black shale and fine-grained lithic
arenite, it occurs as a r-emarkably flat, planar surface

conformably overlain by ,the fine-grained sediments (~'ig. 39).
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FiGURE 38: A DEEPJ"YINCISED CHANNEL AT THE BASE OF THE
ROSEDALE MEMBER SCOURING ;NTO 'THE 2EATRlX REEF

FIGURE39: F~NEGRAINED lITHQI,OGIES OF THE ROSEDAle MEMBER
CONFORMABLY OVERLYING THE BEAtfUX REIa"
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3.4.3 THE POLYMICTIC CONGLOl'fERATEFACIES
The polymictic conglomerate faoies is, as the name implies,

characterised by a polymictic clast a~·semblage (Fig. 40). 'the
olasts are noticably smaller and less well-rounded than within
the oligomictic oonglomerate facies of the Beatrix Reef. The
clasts conslst of quartz, ohert, quartzite, silicified shale
(yellow and grey) and other rock fragments such as acidic
ig'T~eousrooks. nook types other than quartz or chert form up to
30% of the clast population. The average clast size in the
pebble counts done in underground exposures at No. 1 shaft is
12 mm. The matrix of the polymictic conglomerates consists of
lithic arenite in which ohert and silicified shale grains
impart a distinct speckling.

The polymiotic oonglomerate facies is very similar to the
V.S. 5 conglomerate which occurs at the base of the Rosedale
Member in areas to the north and northeast of the Mine
(Fig. 41), and probably 1"erresents southerly channel extensions
of the coarser phases (V, S. 5) of the Rosedale Hember. 'i'heV.S •
5 conglomerate per se does not ocour on Beatrix Mine.
On Beatrix Mine the polymictic 0onglomerate facies tends to be

confined to disc~ete channels up to 100 m wide and over 1 m
,

deep, and is more prevalent in the norther~ parts of the Mine.
The conglomerates are (~enerally trough orossbedded in sets
10 - 15 em thick, although some low anile} inclined
stratification occurs in parts. Horizontal stratification such
as observed in the oligomictio conglomerate facies daes not
OCClJ.rin the polymictic conglomera.tes. The or-oaabeddi.ng results
from the accretionary migration of large, lunate ripples
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fiGURE 4001: POLYMICTiC FACIES REEF. NOTE THE SMALL CLAST
SIZE AND ABUNDANT ROCK FRAGMENTS.

FiGURE 40b: ROSEDALE MEMBER LAG CONGLOMERATE
UNCONFORMABLY OVERLYING !lAP FACIES REEF.
CLAStS iN THE LAG CONGLOMERATE ARE
SCAVANGED FROM TBE RE;FF.
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• BOREHOLE DATA tlOINT

--........ I:'I£ATf.tIX REEF SUBCFlOP < 50
SO ... '1.00

> 100

FIGURE 41.: DISTRIBUTION AI\ID ISOPACliS OF
'THEV"S.5 CONGLOMeRATE
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(Southard, 1971), or the accretionary migration of gravel bars
with low riffle margins (Smith, 1974). The minimum water depths
envisaged for this deposition are in the order of half a metre
deep (using the rule of Harms et al., 1975).
The pol;>\'micticconglomerate facies also occurs as thin, lag".<-\~r~

oonllornetkte layers up to 5.om thick! at the base of crossbedded
arenite units (Fig. 40b). In these cases it is obvious from the
clast morphology)and composition that the clast:;;have been
scavenged from the underlying Beat,rix Reef dur~ng scou:r;inginto

Ii I,ll
Jj -

the top of the reef by the RosedSj,d.aMember. Depositib'n of these
lag conglomerates would be by rolling clasts alJlng the bed.

3.4.4 THE TROUGH CROSSBEDDED ARENITE FACl:E:S
The most common faoies in the RosedaJ' Hernt/arconsists of £)

I i

i. jto 15 om thick sets of troUgh crossbeddet( az-en i t.e , The trough
CJshapedscours are frequently preserved on the hahgingwall of

Iithe stapes where it is seen that these scours are up to 401 om
(\

wide and 5 em deep. The orientation of these scourg~i and, the
cusp lines between scours, give a good indication of the

II 'palaegcurrent trend and are generally orientated Dqrth-south.
The a.renites are fine to medium grained~and oontain up to 10. %

I' \1
black atgi~laceous material in the matri"~) For-eaet.aare

1',

frequen(~" defined by vfil.riationsin the argiliite oorrt en't, and
Ii th,ic-fragUlentg:r;-al1ulesmay aceumu Lane on foreset toes.
The trough orossbedcUng forms bi the aocretionary migration of.

o
f) '/. U

large, lunat.e'ripples (Southard, 1971)0 and, indicates
, "i

j

!1 =unidirectional fl()w with signifioant velocity and depth
(Southard, 1971, and Harms et 1>.1.~' 1

0
975).

o
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3.4.5 THE PLANAR CROSSBBDDED ARENITE FAC!BS
Planar crosnbedding is also fairlY common in the Rosedale

Hember ar-enat.es , occurring in sets about 15 em thick (Fig. 42)>>

and having a maximum thickness of 50 em. Changes in the foreset

dip angle within scme crossbeci'sets suggest react.ivation
surfaces.
Planar crossbedding forms by the aocretionary migration of

straight crested ripples or sandwaves (Allen, 1963), The

mLn.Lmuminferred water depth for the depoe! t.Lon of the pl.anar'

crossbed sets observed in the Lower- parts of the Rosedale

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

et 801., 1975). Comments :regarding the rea.ctivation surfaces and

'their origin are the same as those mentioned in the pl.ane.r
crossbedded pebbly arenite facies of the Beatrix Reef.

3.4\6 HBTBROLI'l'HIC FACIES ASSOCIATION
\ '. ~.' ~', .,
\~ .'
Within the fine ...grained sediments a:t th.e base of the Rosedale

Member overlying the Beatrix Reef, hOl'izonta~ lamination is
J

extremely common. Sets a.re only a few ,millimetrss thick (Fig.
43) and consist of ~l t.ernating bLack at'gL'llite and fine

ar-en Lte. "The upper' surfaces of the get~\ are frequent;.ly ripple

argilli te and fine-gra.ine.d. ,f'l.renite resul.t~ in lenticular and

'NaVY' bedding wfth, ;J.sol.at.ed oEl,nd conn~eted,) ~Apple...;ma.rked 8.:.."enite
"" '.' ',. ,j ') ·j·)t\

\\. ...... '. \.
'lenses in the black a.'f..gilli te (Fig. 44). \\In addH;ion loading 0.£. . \\ ,..,"

this unit bas proauced load structures, t\a.rtic'Ularly ball and
pillow structures and convo.l.ube beqding (Fig. 45).

) .. ""

(,1
A numb.er of surfaoe sedimentary struotUl'es are preserved on'C"''\ '-,..1 (, \,.,

(," '
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FIGURE 42: PLANAR CROSSBEDDING iN ROSEDALE MEMBER
ARENBTES OVERLYING THE REEF. NOTE THE
REACTIVATION SURFACE TO THE LEFT
OF THE SCALE RULE.

FIGURE43: HORIZONTALLY LAMINATED AND RIPPLE MARKED ARENITE
AND ARG~lLlTE AT THE BAse OF THE ROSEDALE MEMBER
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FIGURE 44: INTERBEDDED ARENITE AND ARGILLITE DISPLAYiNG
LENTICULAR AND WAVY BEDDING

FIGURE45: BALL AND PILLOW LOADSTRUCTURIES FROM THE
INTERBEDDED ARENITE AND ARGILU1iE UNIT AT
THE BASE OF THE ROSEDALE! MEMBE~R
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the bedding planes of the het.er-oLfthic facies. The most common
of these are as follows

- symmetrical and asymmetrical ripple marks
.,interference ripple marks and ladderback ripples
- mudcracks
- t'J:l in-drop imprints or r·inzelmarks
- obstacle marks or current crescents

Ripple marks are particulary cOmIngn and occur as casts
wh,erever a black argillite parting is exposed on the
hangingwa.ll of the stope. Symmetrical ripple marks are the most
common and have a wavelength of 1 - 3 em and an amplitude of
half a centimetre (Figs. 46 and 47), Bipple crests are straight
or partly bifurcating, and in spite of a fairly high degree of
var-Lance, are most commonly oriented east - west (Fig. 48a).
This ripple orest orientation is consistent throughout the
Mine. In parts the ripple marks may be asymmetrical with fairly
definate stoss and lee sides. Measurement of the indicated
palaeocurrent direciion from the ripple asymmetry suggests a
bimodal direction with a north to soVth trend dominant (Fig.
48b). This bimodality may result from oscillation aSymmetry
under the influence of current flow in the two, different
indicated directions, but is more likely a result of the

(::::,

difficul ty .inunambiguously determi_ning the stess and lee sides
of ripples that are""essentially symmeh·ical •

............",

OccasiOhally in the larger ripples (wavelength 3 cern)

seoondary, smaller ripple crests are developed in the troughs
of the ripples (Fig. 47). Interferencecripples, formed from the
interference of ripple trains of different oriel'lt&,tion,occur
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FIGURE 46: SYMMETRIC, OSCILLATION 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 == 18

FIGURE 48a: ROSE DI.AGRAM OF V.S.4a WAVE RIPPLE
CREST ORIENTATIONS

n=92

\.1

r

FIGURE 4Gb: ~SE DIAGRAM OF V.S.4a ASYMMETRIC
R8PPLE CURRENT AZIMUTHS
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in parts, bu~ are usually isolated occurrences confined to
\:

small areas. Ladder-back ripples, a special class of
interference ripple, have been noted in the No. 1 Shaft area.
The ladder-back ripples comprise a primary set of ripples with
a wavelength of 20 cm whioh are remarkably flat topped and have
an amplitude of 1,5 cm. In the troughs of this primary ripple
set, at right angles to their trend, is a set of smaller
ripples with a wavelength of 2 om (Fig. 49).
Mudcracks have also been ~oted on the argillite partings

throughout the Mine (Fig. 50). The mudcracks form a pronounced
polygonal pattern with polygons in the order of 10 - 30 Om in
size. In places the mudcracks occur on ripple marked sb~'faces,
in Hhich cas~ the ripple troughs have influenced the
orientation of the cracks. Where seen in section the mudcracks
have a poorly defined "V'~~ross-~ection and extend to less than
2 em into the substrate.
Other marks that OCCUr on the argillite partings consist of

irregular, partly conn.ected depressions and narrow t'idgesless
o

than 1 mm in size. These are inferred to be raindrop imprints
or wrinkle ma~~s (rinzel marks). Wrinkle marks are produced on
sediment surfaces that are partlY,cohesive. If SUch a sediment

IIsurface is covered by only a very thin film of wat,e!'(up to 1
em), and.if a strong wind blows over it; the surface develops
wrinkles (Re ineok and Singh, 1975). Wr±nkle mar-ks ar-ea good

Co

indicator of intermittent emergence of~the sediment surfaoe~
The majority of the ripple marks preserved in the

heterolithic facies at the base of the Roseda.1e Member are
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FIGURE 49: LADDER - BACK RIPPLE MARKS f-ROM THE
LOWER PARTS OF THE ROSEDALE MEMBER

FIGURE 50: MUDCRACK IMPRESSIONS IN THE ARGILLITES
AT THE BASE OF THE ROSEDALE MEMBER
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symmetrical, or wave ripples (Fig, 46). Symmetrical ripple
ffiRrltsare formed by the regular oscillation of the water oody
acr-cas a sediment substrate. The l.'ippleLndd.ce-s and short
w6welength suggest deposition and formation iltAshallow wa'ter
(Komar, 1974, Allenp 1981 and Diem, 1985). Th~ presence of wave
ripples interbedded with the horizontal lamination in fine-
grained sediment (less than 0,25 mm gr&ln size):) indioates
maxi~1Um flow veLoo ities bf 60 .. 80 cm/sec (Al1eng 1970). Such
symmetrical, oscillation ripple marks are frequently documented
from shallow marine settings (Clifton and Dingles, 1984; Diem,
1985), but also occur in lacustrine or abandoned fluvial
channel settings ..The fl'equent occurrence of secondarlt smaller
ripple crests in the troughs of. the larger ripples (Fig. 47)
indicates shallowing water dUring deposition~
Int.erference ripple marks, and.particularly Jadder-back

ripples, are formed when the,oscillation direction dUring
faIling water stage is different to the transport direction
during the de110sition of the original ripple train. Condi tiona
for the foz'Mation of Ladder=back l'ippl,~s are often encountered
in tids.l environments where ebb and flow direction and strength

"

are diffel;'ent.
e=

The rippl~ .mark.1bharacteristics all ~~u,ggestdeposition in v~ry
shallow water, a supposition supported by the occurrence of

\, .. ,
(,' i ,',~-" \_.fmudcracks (Fig. 50), f:r<.)quentlyon the t,ippled surfaces. Other

::!~p.iInentarystructures which' attef't.to periods of subaerial
exposure are tlJe ra:i,ndr.opimprin1is and wrinkle marks. ) 7 '\:\

c- ' "(i I (

oIn spite of ~,h~l~}>ur-danbe of ripple marking in the argillites
and fine-grained arenites, I'ipple lamination is rare. t1cI{ee
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~(1"65), in his experiments on ripple lamination; noted that it
"

does hot necessarily oocur in areas of ripple marking. An
f3ssential factor in forming appr¢ciable deposits of ripple

laminated sand" is the introduction or an abundance of sediment

into an area 0f ripple movement (MoRee., 1965). Ripple

lamination is .thus commonly observed, on river flood, pled:' )

where, hank overflow introduces abundant sediment (McKee, 1965).
I, =" .,,'..~

,
Larg~ areas of ripple marking without ripple lamination occur

frequently on tidal flats because of the lack of sediment

supply" and the constant redi.stribut;1,on by ebb and flow.

The convolute bedding and ball and pillow structures (Fig. 45)
point to rapid sedimentati,RO, and gravit.a"tiona.l .,instabili ty

(Potter and Pettijoh:n, 1963) but are not, diagnostic of any

particular environment, having been described from dE)ep water

,tur'9idites, marginal) marine (tidali tea) and fluvial settings.
// . ,c' is

'. Lt{~ticular and flaser bedding have" been de acz-Lbed by
I't

Reineck and Wunderlich (1968) and forms by the regular

alternation of two!)types I?t' bed~ing. Lenttoular bedding

(Fig. 44) is produce,d whel').incomplete sand ripples are for~f>d on
)/

a muddy Bubstrat~ and pres~rved as a result of th. deposiiion

of the next mud layer (Rein~~ck and \vunderlich, 1968), and are
!''\.thus pr-oduced unde re ccnd.i t.Lorrs more favourat.,)e fo!" the

iJ
deposi tion of mud. From the mode of forlp.{3,:biol'l.reqUiring periods

,j

of wave or bU!'1'en1 actio~~) al t,ernating with" periods of slack

\\
II

water, the p~efnrred environmi¥nu-s "f,or;" t'he formation of

levticular b~dditl.g 'are thus intei-tidal and s'Illbtidal zones

(R~ineC}\:and Wunderlich, 1963). ' " v

Ii
pf

()
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3.4.7 PALAEOCURRENT INDICATORS IN THE ROSEDALE MEMBER
The orientation of the trough shaped scours, and the cusp

lines between the scq:,.l.rs,provide a:n indication of the
palaeocurrent treQd, and show a predominantly north-south
orientaticn (Fig. 51a), Palaeocurrent measurements from trough
and planar crossbedding in the Rosedale Member arenites confirm
a north to sou';;bpalaeocurrent direction (Fig. 51h).

A north to south palaeocurrent direction is further supported
"by the orientation of ripple mark crestlines and the current
azimuths deduced from the asymmetrical ripple marks (Figs. 48a
and 48b).

3.5 FACIES ASSOCIATIONS OF THE 1JLDORADO FORMATION
3.5.1 ROSEDALE MEMBER

Much of the descript.ion of the facies has been confined to
the lowermost metre of the Rosedale Nember as this is all that
5.susually exposed during underground stoping operations on
Bea t.z-Lx Hine. From the detailed logging of exploration borehole
cores on the Mine lease, and aress to the northwest of the
Mine, regional variations in the lithology and facies sequences
of'the Rosedale Member and t.heEldorado Formation become
apparent. (

"From the mixed moly-miotic co.n~lomeratet trough crossbedded
ar-en i t.e , and heterolithio f'aoLea at its base the Rosedalf)
Member- coarsens upward to polymictic conglomerate and

i)

granulestone and coarse-grained, trough or<;>ssbeddeda!'"eni tes.
'0

The sedi.ments then beoome fimn.~ grailled and f'oxm a sequence of
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fj

n =: 22

FIGURE 51a: ROSE DIAGRAM OF ROSEDALE MEMBER
TROUGH AXES TRENDS

0,

n,::25

ROSE D~~~RAMOF ~OSEDAL~)MEMaER
CROSSBEDD!NG AZ~MUTHS

FiGu'JlE~'1b:
~.) ;~J

, I
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cl"ossbedd.ed lithic arenites oveit'lain by a 2....3 111. thiclt sequence

of ripple-marked and ,;horizontally-lamina.ted :fine-grained Ii U:dc
c

arenite and black argillite~ This unit OCCUX'S at e. distance of

25 m. above th;e Beatrix Reef and :marks the top bf the Rosedale

Member (Fig. (2). This fine-grained mudl'ock is r'egionally

\\
\;

pe!'s,istant and La used as a useful stratigraphic marker.
~Averag'e clast s:l.zes of the Rosedale Member conglomerates

(V.s. 5), meal;iured a,s the 'average of the 15 largest clasts in

the borehole fntersection, vary from 50 nun at Oryx Mine to

abput, 8 mmin the Beatrix Mine al;"ea (Fig. 53). Similar changes
"

in clast size 'in the oonglomerates of the Uitkyk Member a.re

alsc:> apparent but have not been dooument~d in detail in this
u

study.

.3 .' 5 • 2 VAN Dl'JN HEEVERSRUST AND UITKYK MEMBERS
l

The Van ~)en Heevers:,;ust Member (ooarse-gj,,\,ained Ii thio e.reni te)
\

i~nd the Ui'~kylt Nember (oonglomeratio) form an overall upwaz-d

tloa.rsening "sequence f01" the<-~ld()rado l1brmation. (of Fig. 8).

Rapid grain size varia.tiPn and facies change s similar to those

documented b,J"I{~ngsley (1987) are apparent in the Eldorado
([

Formation in a ~~ortherlY and westerly direotion. The EldoI'ado

Formation int~rsected in exploX'ation bofdeholes in the Oit'yx Mine

area is essenti.ally conglomeratio as opposed to the essen:tla.llY

ar-enuoeoua sequences at Beatrix l'fine (Fig. 54).
i)
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VAN DIEN HEEVERS~US"d" MEMBER

RIPPLE MARKED A.ND HORIZONTALLV LAMINATED
fiNE-GRAINED AREliiTE AND BLACK ARGILliTE.O~~15.~~~~------~--------~·~~---1

I

HORIZONTAllV t.AM!NA"il"1ffiA~llU"il"E AND
FIN~H?iRAUNED ARENiTE.

20 ' ...._... --'. UPWARD FINING, SMAll SCALE TROUGH
CROSS-BEDDED ANI!) HORIZONTAllY
LAMINATED ARENITE •

-.... .. ,

".~~~~'~~-~
UPWARD fli\lING, POLYMICTIC SMALL PEBBLE
CONGLOMERATE AND GRBTS. THE UPPER PAFiTS

CONSIST OF TROUGH CROSS-BEDDED

COARSE-GRAINED LITHIC ARENITE.

• • 0 UPWARD COARSENING 1T{OUGH CROSS-BEDDED

LITHIC ARENITE AND POLYMiCTiC. GRiTTY ARENITE •
ARGILliTE PARYiNGS COMMON NEAR BASE.

.. . .

POLVMICTIC. SilAALL PEb";..l!. CONGLOMEAAT'EMID GRITl'Y lITHIC )\RatITE
~~~~~NOUNCEDCHANNELL-..-= __

BEATRIX REEF

EXPLANATION

\\

oqt;bMiCTtc CONGlOi\u:MTE

FIGURE 52: LITHOLOGICAL FAC~ESOF THE ROSEDALE
o MEMBER IN'''THE BEAliRIX AREA
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·t'__·_· BEATRIX MINE

EXPLANATION
'ISO" ~,(1:) BOREHOLE WITH NUMBER .A~ID

AVERAGE CLAST SIZE IN mm
AT BAS~ OF ROSEDALE M~MBER
IN PARENTHESES

BASE OF ElPOAAO.O FORMATION
SUaCROl'

;(
~. SECTION UNE; FlGUiU:! 53

UMIT OF ELDORADO FORMATION
IN OVERTURN

FIGURE 53: AVERAGE ROSEDALE MEl\1BER CLAST SIZE
BN BOREHOLES BETWEEN BEATRIX
AND ORVX MINES
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4: DEPOSITIONAL MODELS AND PALAEOBNVIRONMENTS

4. 1 GENERAL PRINCI~ligS OF DEPOSITIONAL MODELS

A depositional sedimentary envinonment can be defined in
terms of physical, biologicals chemical, or geomorphic
variables. Such a place of deposition is characterised by a.

unique set of physical, biological ~nd chemical processes
aoting at a speoified rate and intensity which impart
sufficient imprint on the sediment so that a characteristic
deposit (facies) is produced (Pettijohn, 1957). A sedimentary
fad ies Ls thus the \resul t of deposLt.Lon in a given, envdronment.

and will possess c~~racteristics :i.;;elaUiidto the process of
}/
Ifformation' within that specific environm:~nt.

or '~aEmce of individual ~sedimentary features Ol~
<:» \...: .•. ..,

generally be used as a po~itive sign in
i':

environmental interpretation. Most of t~~ structures or facies
\'\
n

"j,-.. .•\

'P cf presence
'If .

fac\rs dannot

r,ca.n occur in several. environments. It ~s!\generally the apeot.r-um
'!i

of sedimentary struc.tures and their pres~\tncein certa.in
combinations that provide direct clues iIllenvironmental
interpretation. Certain associations of sedimentary structures
and sequt:lmceof facies associations are typical for s~~cific
~nvirQnments (Reineck and Singh, 1975).
The study of present-day depositional environments has

provided vast Lnf'oz-matLon , on the basis ~'t which deposi tiona!
mode La can be constructed. However', such models should be
o~')nsideredno mOre than "mode.La"f because many variations in
deposj.ts of similar environments are possible (Redneok and
Singh. 1975).
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In the study of anoient sedimentarY rocks the probable
palaeoenvir.onment of deposition can thus be determined once the
processes of formation of individual facies and sedimentary
structures are ascertained, and the se4_uence of facies and
structures are compared Hith depositional models determined
from the study of present-day depositional environments.

4.2 THE UNCONFORJ"lITY SURFACE AT THE BASE OF THE BEATRIX REEF

The very close association of the B~trix Reef with an
unconformity surface SUggElsts that, ali!with the majority of
Witwatersrand palaeoplacers, the angular unconformity surface
is importan'~ :Ln the genesis of the reet. An angular
relationship of about 2 degrees hl;\sbeen mapped out using
isopachs of the upper unit (L.F.l zone) of the Virgipia
Fo:!:,mationto quantify the degree of truncation of the footwall

I

beds (Fig. (1.0).Remnants of the.Aandenk Formation unconformably
overlying the Virginia Formation are preserved below the
unconformity at the base of the Beatrix Reef in the northern
parts of the mine. Thls is evidence that the truncation of the
Virginia FO,rmation is also due to erosion dUring the fo!'oo.tion
of an unconf'onnd,ty a.t the base of the Aandenk F,'ormation.'I'he

~
qorrelation of placers of the Aandenk and Spes Bona Formations
1'1the area south of the Sand River i~ problematical (c'£.

Ii

Secti.<m 2.4) because of the partial truncation of the Spes Bona
Foz-matricn by Aandenk und:mfolhttH~ies (at the ,pases bf the
Aandenk Channe L and Aand~Ak Formation). In view of the relief
i.;O '. (\ \'t

1

l,. .. . II

of the AandEink Channel unco'llfor~ity O'Jintern 1964b) and its
'J" -

basin-wide oorr·elatf)on (Tankard et ah J 1982 and Minter at al.,

I)
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1986) it is probably this unconformity that extends southwards

to the Beat.r-Lx Mine area and i~. respo.'nsible for much of the

truncation of the footlvall succession prior to the erosion

forming une unoon:f'\ormity at the base of the Beatrix Reef.
1',

The data from Beatrix r1ine show the morphology of the

unconform.ity surface at the base of the 13eatrix Reef as a. flat,

extensive stili-'face resulting from the combined effects of
~-->\'~,

periods of erosional t~uncation prior to the deposition of both

the Aandenk Formation and the Beatr!x Reef. The isopachs of the
,1\

L.F.l unit of th,e Virgx.1ia Formation (Fig. 10) trend northwest
\1

southeast ad~ ai-e slightly curved depicting a broad synformal
" ~ ~

struoture. Mlnorl\\irregularities due to channeling at the base
n .\ .

of the reef ,:re a~.so ~~vident. "Bed relief indices are fairly

high and Sh01 that in spite of being a re!sionally flat surface f

the Unconform\~ty surface shows considerable 1 local relief
ii

(Figs. l1a and lIb). This information suggests that tbe

unconformity slurface formed as a result of erosion due to a

shift in the base level. The extent of the unconformity surface

and the degree of truncation of the underlying strata suggests

that tectonic uplift waS the cause of this base level change

(Shanmugan, 1988), as eustatic sea level changes generally

don't occur over such large ranges as to cause such angular

discordance (Curray, 1964; Swift, 196.8 and Blatt et aL, , 1972).

Unconformities cut by major marine tra.nsgression.s., auoh as

describe:d by Clifton (1981) for the Miocensg shoreline deposits

of the Caliente Range, t'end to be plana.r and show little, if

any, local relief (Shanmugan, 1988). Typically they are



/)

(11)

overlain by 'a thin, laterally oontinU(l)usbalEIal oonglomerate

whicb fines upw~rd t.o. sj,ltstone and fin(:l-grained sandstones of
- (1 ()

the offshore faoies (Clifton, 19l;31).
u

A chal\lge in the angular relationship between the unconformit.y

surfaoe and the foot'S-rall strata is not evident in the

relatively small area of Bea t.r-Lx Mine, but an "upbur-n"

structtire similar to that dooumented by Stanistreet et al.

(19CB) in the Johannesburg Goldfield oocurs at this

unoonf'oz-md ty surface f~rthe~~ to the west on Oryx Mine and has

been docuaent.ed in the W(~l\;?'lIl Gdldfield and Loraine Mine
c-· ..... . . .' (~/""'<cj (_y~~,\:". ~\

(Wintetv~ 1964a and Mintel:t.;i,',,:~l..'~1986). On Oryx Mine the
\/'!~..,,~_c'.:,

angular d.Laooz-danoe between t.he unopnformity surface aI~d the
(,I

foptw,all strata increases in a w5sterly and southl.resterl;y

direction, floS does the degree of trunoation of the footwall

beds, suggel~tiflg that the ar-ea of uplift and the ba s.Ln mat'gin
1;

lay to the 'vest.

,I: Ii

II 4: • 3 RELATIONSHIPBETWEENTHEEbDORADO FORMATION AND THE

BBKTRIX REEF
Ii

The mar-ked unconformity at the, base of the B~atrix Re~£, and

t.be amount of t~~noa.tion of older uhi ts (72d t..·· \f combined St
II, r, I , '" ../

HE!\1ena,Welkom, Harmony and Dagbraek"Fdrmatic)Ds) at this level
1\
r

\i SU~lgests tha.t depoa i,tional models inferred for the footwall
\,

un~\ts cannot be related in any way to those of the Beatrix
II,
\\

Ree~r, Le. the Virginia Formation, merely formed the substrate
\
II "

upo~ ~~ich the reef was deposi ted. For this r-ea son ,
II .._,' \\

\\

depo~\i tional models of th~ Virginia Formation az-e not reviewed,

in th\:e interpretation tOf the pa.laeoenvironment of the Eleatrix'i
\\
\1,

\\
'I".
\1II
\\
t\\,
~\
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Reef sedi~.ents.

The ,/~ld()ra~() X"~21'mat.iondisconf'orma.blY overlies the Beet!'ix
~ ~

t4nita pf strata. (Fox:m9f-tions) have the sah'S
=

orientat!~n but ere separated by an uneven

erosional (1) surface ~eflebting a variable t~~poral break
" ~

{Sh,~~mUganl 1988}. In. addition "th~re i'is a Sigrl1ficant
~ '. '. C' i\

differe.-nce in the· li.thologies and fa.",..ies as~oo:iations' between

~he ~ea trix Re~f and {Che oveflrJng RO!~·~d~!.e"t1ember of t4e
i~ "" ..: , '\"", '_ ,fl', <.' ., ,//,0,,< ..., ,"'-':<~

.Eldorado Format.ipn which car~\Ol'~lypat-t:i,p.lly h~ i. explained by the
, '" ," , ,', " __, ;\\:--:t;~~ _. i;' ...' .,.' , , :':~~:~' '. _, " ' ' (j \
n9rmal ,faoies .variati:bns resuli}ing f'-rom a chan:nell,.ed !i,~

(1 " ' '(;.' rP, ' "->-,\,-,

mo~~p~ology. The variation.s mOr~t;~li~e~\OOn'firm t~~

disconf.qrmaple relatiom3ht:",~ be(\1.ren the/IB~atrix Reef and-!)t\le
(\ '-.. i, '.,.,:)< I__...... ()"

Eldorado Formation. i!i
rr: r; .. r: lIn ..1'1

In areas to thL)ht)l'th of Beatrd.x Mirt'e;9ttie :Eldo:r..~o Formatl-hlf,.

\1

.~
ove1'1ies the Aandcihk or Virginia FormatiOns unconrormably and

the 'Beatrix Reef is f\Qt dev.~loPl.r.d In these northern areas all
1\

angular relationship of abo!ut two')deg~ees i'exists at this
c

!) .., • '. '.. ". .. . .'
Ii \u~conf'ormitYJ,j t~",;urica.tingsucces.sively older units towa:rds ,t,he

iii i,," o ' ,

sopth:~°(1nBeatrix Min~ the Aand.€mkFormation is only present in

G the northern parts of the mine as: ~emnarits b~low the

UIM:-onfornd. t;y a.t the base of the Bee.trix Heet, or belOl'l the
G '(; '# D

unq()nforllli,ty at the base of ,the 1':ldo;:3.16 FOl;~ati,on i'lher,7 the
\;._ " .. ;.~!}. o r:)

r \.. '

Be\t.tdx Reef i's not deve Luped or pr~serve~\~ \}'h~oughout th~, rest

;;;r the, ~ine til';:, Eldorado Formation di.conf'o;IJI~~~ty,o"erlie~ the

Bea~~J)\~eef • ~,
(j

..:1 1/
II

\\

I)
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4.4 DEPQSITIONAL MODELS FOR THB BEATRIX REEF
The Beatr:lx Reef i6 not unique or sisnificantly different

from. other 'Va twatersrand palaeoplacers and the interpretetion,_:",;-

of the pale.eoenvironm.ental conditions or depositional mo.¢t~ls

r~gponsible for the formation of the sedimentary st~(lotures and
.\;/

placer md.nez-a L accumulations in the BeatJ!.'i~ ne.~;fare Ve"r;JT

similar to those proposed for Ills,ily other Wi·twaterar~nd reefs

(eg .• Minter, 1970 and lS87 t Buck and.)!Artter, 19a5 and Verrezen,

1987). The deposi tiQn~.\l model inJ~rred for the Beatri" Reef can

thus serve as a model fer C~.l;4£~alRand Group placer formation.

The most significt.\n'l:. :f~liture of the :ael!!tl~:tX Reef, or in fact

any of the Witw~terto/ta.ndreefs, is that in spite of a high bed
/./"

relief iudeJ' aqiJ.f/fairly ahrupt change a in thiokness 1 the reef

is essenti~)1y a thin $:ravel sheet overlying an unconfo1'mity of
regionp£"extent., and is sucoeeded (disconformabl.r) by a largely

ar~4i~ceoug sequence, Depositional models for the Beatrix Reef

/ a;l,"e thus based on the sequence of facies wi thin the

conglomerate an('~ interbedded arenite between the unconfol':roi t;r

sur-f'ace at the base of the reef and the disconformable base of

the Eldorado FormationA

Modern conglomerates aocumufe.t.e in a fairly limited number of

environments viz.

- alluvia.l fa.ns

- braided s~reams

shorelInes or shallow marine settings
- deep sea submarine fans

glacial outwash OX' moraines

;::{,
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Numerous worker's (lValker~ 1919; Miall, 1978; Harms et-aL,
~.~~

1975; Harms at 801., 'i982; and many others) have i:-'v,
various com.binationa of des\criptive features such .thology,

"""-.c,,=~

composition} sedimentary str:ucturesp geometry and
palaeocurrents, 01' the arrf!ngement of these in vertical and
lateral facies sequences, suggest different depositional Ii

processes or environments~
Some of the fact?l's proposed by various workers to
differentiate gravels and their envd.r-onmerrt a of depoei tion
are shown below

;;:;=;.::::::...~:::-~-:::::;-.'"

~ clast shape sorting on be~b~a (Orford, 1975; Hobday and
Barrks , 1971)

- bed continuity and dlast .egregati~n (Clifton, 1973)
- size and sortipg of clasts (Emery, 1955)
- 'clast roundness ~'cSames,1966)
- clast \\\fabric or imbrication (Harms et &1.) 1975)

\\,

- sediment maturity
- fosaiia or trace fossils
- characteristics of the associated sands

Many of these pnopoaa Ls rely on variations in the sorting and
size distribution of clasts in the conglomerate as being
environmentally diagnostic.
The most common association of features in corglomerates used

as environmental indicators is shown diagrammatically below
(after Harms et al., 1982), although this i8 by no means
intended to show all possible types.
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RAflE CROSS STRATlFllCAl'HOIM1 .•

RARE GRADING

lITIB...E lil.liDR!CATION

/:1.SlINDANr CROSS
SmATlFICA.TI()N

UNCOMMON GfMfJlNll
1MBillCA710N art) b(l)

TIU.rre

$HOREiLINE
DEBRIS FLOW

SLUMPS
FLUVI,AL

CONGI-OIIiEnIJE CUl.SSlf'ICATtON AFTSl HAnMS ot pI.. 11)02
wcnsta·j

l'I(plll(i) J..ONGAXIS I'AMll..a 1'0 FLOWAflO IMBAICtITEnIPPING tWSTnEAM

a{t)b(1) LONG AXIS TRAHSvrmtE TO FI.OW • ItmmW;DIATE AXIS IMBRICAtE

....
TABLE 1: CONGLOMERATE CLASSIFIC,A.TION

1\

Characteristics o~ the Beatrix Ree~ conglomerates~such as the
II

clast-supported gn;wels, ~...,ell-developed ct-ossbeddini~, l ack Or

grading and th~ oecassional imbrication thus classify

the Beatrix Reer conglomerate~ as having bean deposited in

either a braided rluvial or a shallow marine shoreline

Morphometric studies on clasts eMtracted from the Beatrix

fl:ee-Fhavs shown ·chat. the avet"age clast shape OCCL\t"S in the

fi{i?lr.J of those generally foLtnd· iri f!lt.lVial elwit"onments (Dobkins
"

and FoJk~ 1970 and stt"atten, 1974). Howevet· Hobday and Banks

(1971) have pointed Ollt thtlt prolate-spherol d shaped c lasts may

OC:ClW in 11he SLtb'i:idal zones of: c:oat-se-gF'ainecl shot-eline



.....119 -

deposits, whereas oblat.e, "disc ...shaped" clasts are only
indiQative of the intertidal swash zone of such deposits.
A def)ina.testratified fabric is apparent in nearly all the

Beatt,'ixReef cong Lomez-abe (Figs. 19 and 20) and varies from.

horizontal or low angle planar lamination to trough oross-

bedding and some planar orossbedding. r-iassive , apparently

unst:ratified gravels are also fairly common.
The orossbedding types are indioative of the aocretionary

//

migration of large bedforms (lunate and straight orested
ripples and bars) in unid'irectional flow with significant
velocitY and at depths a/' ,it least half a metre (Southard,

,I

1971: Harms et aL, ~ 19"5f~'.crossbedding forms in most §lhallow-
i':,

\Vater environments and is thus not diagnostic of either a

braided fluvial or shallow marine shoreface depositional model

Rust (19'12), Gustavson (1974) and Boothroyd and Ashley (1975)
suggest that migrating longitudinal bars in fluvial
environments form poorly defined horizontal gravel beds with an

'"a ( t)b (i) preferred f'abr-Lo , Smith (1974) has also noted that in

fluvial gravels the bedding is predominantly masS'lve, but low
angle ipclination is fairly common from the migration of bars

wi th low :ri;rflemargins. High ang Le planar crossbedding coeur-a
'at the margins (,\£ bars but is uncommon and is mostly confinEtd

to finer-grained gra~~ls (Smith, 1974). The main bar types
(after Smith, 1974) that occur in unidirectional flows are

- longitudinal
(.'/)
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- transverse
- diagonal
- point bar

Usually only remnants of the bars remain due to their complex
history of fOt'Ul.ation (Smith, 1974).

Hein and Walker (1977) have reported ma.jor differences ~tl the

gravel ,{rt.ratificationbet~een the upstream and downstream
reaches of the Kicking Horse lU ver . The upstream reach .Js

characte.rised 1Y diffuse gravel sheets cona Ls t.Lns of the
coarsc_$t bedlofd as a lag pavement. L1 the down~tream reaches
there is some bar formation and mi_lratiol'),.1f_ fluid discharge

:__1

and sediment rate remains hig.h after initi'l:illag forma.t.ton,
then ba.rs tend to grow downstream faster than ag:grading
Vertically h~nce no foresets develop and low angle, inclined
stratification predomtnates. Only in d~~reasing flow ip there
rapid vertioal aggradation and the development of steeper
foresets (Hein and Walker, 1977).
Althougho·.theL'emnants of ba.r f'oz-ma can ocoe.ssLcna Lky be seen in

(I

the Beatrix Reef conglomerates, the usual two dimensi<:mal

exposur-e and the fa.ct that only remnants of bars remain because
of their complex history. of formation, mean that no detailed
work was possible on the most common bar types or variations in
bar types or stratification types dawn the palaeocurrent trend
at Beatrix Mine.
In coarse-grained nearshore deposits the'unusual or tlstorm

{\

event fI deposit tends to have greater pot.ent.La L for preservation
and is therefore usually diagnostic ot the depositional model

:')

I(De Celles, 1987, Leithold e.nd B~urge6ist 1984). De Celles
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(1987) in his study of coarse-grained nearshore, Tertiary
deposits of the San Emigdio Range in southern California has
desoribed crossb'edded conglomeratic sequences very simila.r to
the Beatri~Reef conglomerates. How-eve!',these neaJC'shore
conglomerates are overlain by well sorted» swash-zone sands and
pebbly sands in whioh low angle, olino-stratification, small-
scale tr~ugh crossbedding and hummocky cross-stratification a.re
common. Massari and Parea (1988) in their descriptions of the
progradational,gra.vel beach sequences of the Southern Alps and
Apenninic chain comment on the characteristic low-angle,
hummockY and clinostratified sands and the clinostratif'ied,
well-sorted, clast-supported grtrvE~ls. Shape sorting and
imbrication of the gravel clasts is chara.cteristic (Massari and
Pa.rea, 1988). Bourgeois (1980) has a.J.sonoted the predominance
of hummookY cross-stratification in the nearshore deposits of
:the Ca.pe Sebastia~ Sandstone and Harms et al.~(1982) suggest
that hummocky cross-stratification may be typical and

Ii

oharacteristic of nearshore/shorefaoe deposi~s depicting the
\

preservation of storm events.
The Lack of hummocky cross-stratification or low angle, clino-
stra.tification (swash) in the Beatrix Reef mitigates against
deposition .in, or l?reservation of, the intertidal swash-zone of
a shoreface environment.
The facies sequenc:es and associations typioal of braided

fluvial depositional mod~ls have been reviewed in detail by

Mia!1 (19?'3, 1977 and 1978).

The most oozuaon facies sequence in the BeatriJt Reef'
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conglomerates and arenites consists of So :marked scour surface

ovez-Lad.n by massi"trra01' horizontal/ION angle cross-st.ratified

gravels and trough cross-stratified gravels. These in tUrn are
overlain by trough or-cssbedded and/or planar o'rossbedded pebbly

s&uds and gravels. Sequences may rarely be capped bJl' trough

crossbedded sands. Finer grained facies are not deve Loped in

the .Beatrix Reef. The facies sequence typical of' the Bea'crix
ij

R~~e:fcan be summarised as

;;
(uaing the faoies descriptive terms :after

rUall., 1978 modified after.Miall, 1977)
/ \
!

This faoies associ,ation sequence is typical ·of'the Scott type

to Donjek type braided stream facies. sequences documentrJd by

Mi.all (1977) and Miall (1978) as characteristic of these types

of braided stream.

The Soott or Donjek type braided stream ~odels however form

oonglomerate dominated sedimenta.ry sequ(fhces tens cf metres
f

thick, a geometry not observed in the /Beatrix Ree.f which .i s a. J
sheet-like deposit 1....3 m thick. Also I the well-sorted nature of
the Beatr!" Reef ocngLomez-at.e and the eLean , quartz arenite

matrix is indicative of significant and prolonged periods of

Brierley's (1989) detaile,d =study of the facies associati.ons in

reworking, lihich are not evident in Mia-II's (1978) Scott OIl'

Donjek models.

]I

various planform facies models of the Squamish ~iver in gritish

Columbia have also quest:toned the applicability of such faci'~H3

I(t.ype aequences " in the characterisation of fluvial deposits,.

II
(!
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The Squamtsh River .ma.yperhaps he viened t::\s lll.termediary

bl$tween Miall' e (1978) SCQtt and Donjek model_./, b'.lt 11arkov

a.nalysi.s by Brierly (1989) predict~d manyt a I ternati ve

sedimenta.l'Y facies sequences to the "type sequences It thereby
':"

negating the a.pp&rent simplicity of facies models (BrierlY7

1989), The inapplicability of the Simplified, sediment~ry

faci~ sequences.and associations in the characterisation of

fluvial depos! tiona! environments ha a also been noted by l'Hall
()

(1S:17) t suggestin,i$ that such facies sequence oharacterisation<)
is l10t valid. C.)

c'Clui'racteri.Stics of the Beatrix Reef CQmnomer~,tes and the
" \.1

observed. faoies seqttt:mce ass~oiations however have been

deacz-Lbed more c8inmolllyfrom braided fluvial sequences rather

than Cthe shallow m~rine short·l; t1<' !ntH'l," 1s proposed by other

worh(;~rs~ (e.gi \:WallterJ 1.979; Leithold and Bourgeois, 1984;

Bourgeois and Leithold, 1984; Cllfcton and Dingler, 1984). A

fluvial ~etting is reinforced by unidirectional palaeoflow

(Fig. 25) associated with longitudinal barforffis. The braided,

fluvial fa<.de's sequenoes and. the extensive, sheet-like geometry

are oharacteristic of the coarse-grained braid-delta model cf

McPherson at al., (1987). The braid-delt.a moclel implies

deposition dORna braid-plain and into a standing body of water

,,(lacustrine or lllarine) (McPherson at aI., 1987).

The thin, sh,f)et-like geometry of the Beatrix Reef itnplies

deposition in a loW"aggradation rate system in which frequent
"

reworking gene:r'ates a mature conglomeratic layer of lind ted
::j

(if
vertical 4xtent. Witwatersrand placer form.:ation by the fluvial

degradation ~:fpreviously depG1ited alluvial sequences has been
II

II "



- 123 -

The Squamish River may perhaps iewed as intermediary
between Miall's (1978) Scott and Donjek models, but Markov
analysis by Brierly (1989) pred!ot~d many, alternative
sedimentary facies sequences to the "type sequences" thereby
negating the apparent simplicity of facies modele (Brierly,
1989). The inapplicability o~ the simplified. sedimentary
facies sequenoes and a~~ociations in the characterisation of
fluvial depos! tion(!,lenvironments has also been noted by Hiall
(19S.7), suggesting that such facies sequence characterisation
is not valid.
Characteristics of the Beatrix Reef conglomerates and the

observed facies sequence associations however have been
described more commonly from braided fluvial sequences rather
than the shallow mar-Lne shoz-ej i I'l<? Iv)()dl>l s proposed by other
worhers. (eg. Wallter, 1979; Leithold and Bourgeois, 1984;

Bourgeois and Lelthold, 1984; Clifton and Dingler, 1984). A
fluvial setting is :reinforc,adby unidirectional palaeoflow
(Fig. 25) associated ..lith longitudinal barforms. Th~ braided,
fluvial facies sequences and t.heextensive» sheet-like geometry
are characteristic of the coar$e-grained braid-delta model of
McPherson et al'R (1987). The br.aid-delta ~odel implies
deposition doW'na braid-plain and. into a standing body c'P; wat.er
(lacu~trine or marine) (McPherson et a.1., 1987).

T!J.e thiI;;,sheet-like g.eqmetry of the ~,eatrix Reef implies
deposition in a loW'a~~radation rata system in which frequent
re:tlOrkinggenerates a :lnatureconglomeratic layer of limited
vertical extent. Witiv-a.itersrand'PlaceI' formation by' ·thefluvial

i. •

degradation Of0 pI'eviou:~ly
II
I

I!
Ii
II
Ii
Ii

il

depos:tted alluvial sequences has been
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described by Buck and Minter (1985) and Minter ('1987),and is
the model most favoured to explain t.he formation of the Bea.trix
Reef. The depositional model for the Bea.trix Reef as being a
pla.cer deposit formed by fluvial degradation, in a coarse-

o grained braid-delta~ of previously deposited sequences IDaybe
typidal of most Central Rand Group placers. The deposit formed
during a transgressive cycle iL response to uplift and
erosional degradation. The change to the finer-grained,
heter('lithic facies sequence disoonformably overlying the
Beatr!x Reef~ suggest$ that the fluvial degradation cycle
culminated in a transgression of the standing body' of water
(lacustrin~ or marine) across the braid-plain.
Marine depositional environi~ents are frequently described from

the Lowe r- parts of the Wi tw~,tersrand Supergroup (eg. Eriksson
et al., 1981) and have more .reoently P0en proposed as the
formative process fer ps.Laeop Laoez-s in the upper parts (Central
Rand Group) of the Witwater~:rand (Verrezen p 1987 and Bailey et
&1., 1990). Shallow~ marginal marine depositional models
overlying tra.nsgressive, plf:lLcerforming epi.sodes are described
in many of the Central ~~and GrQ'4preefs (eg. Main Reef Leader -
Button, 19'791 Val;l.lReef - Minter 1 1976 a.no}Verrezen, 1987,

Kimberley Reefs - Armstrong1! 1966 a.ndBa.iley et al.~ 1990).

A marginal ma.rine transgresaion acroas the braid-plain aa the
culmination to the Beatrix ~~eefplacer forming event would
therefore not be unique, but, would need to be substa.ntia.tedby
furth<;:revf.dence,

II
/'
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4.5 DEPOSITIONAL MODELS FOR THE ROSEDALE MEMBER AND THE
BLDORADO FORMATIOt-J
Two dominant g~dimentary facies sequences are evident in

the Rosedale Memb2r at the base of the Eldorado Formation. The
first sequence comprises an upward-coarsening succession of
finer-grained facies disconformably overlying the Beatrix Reef.
The second sequence oomprises an upward-fhing sucoession of
coarser-grained facies overlying marked scour surfaces eroded
into the finer-grained facies or the Beatrix Reef. Above the
Rosedale Member the Eldorado Formation forms an overall upwa=d-
coarsening sequence of arenites and conglomerates.
Within the finer-grained sequence the most common association
of sedimentary facies ~omp1:ises the heteroli thic facies
disconformablY oVerlying the Beatrix Reef, and in turn overlain
by the trough cro8sbedded arenite facies. This facies
association oan be summarised as follows

Fl Sh/Sr St
(using the facies codes of Miall, 1918)

The sedimentary struotures within these facies (lentl.c'Gl3.I'
baddd ng I ways ripples and mudcracks) attest t,odeposition
durH~g a.L ternating periods o f t.7el.ve or current action and a Laok
wa.ter in a shallow '\:.0 very shallow water env t r'onment. l>1i th

,
periodio subaerial exposure (Komar, 1974, Allen, 198h Di~.!Il,

1985). Deposits of this type have most' freqt,lentlybeen'
described from shallow, ~al",ginalmarine (ti.dal...flat)

\~')

environments ('eg. Reineck and Wunderlichr 1968, DeVries Klein.
1970 and 1975, elie f;,on" and Dingler, 1984, Diem, 1985).
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Similar facies sequences and sedimentary structures are also
documented·within the finp.-grained sediments of abandoned
channels and overbank deposition in braided fluvial
environments (Williams and Rustt 1969, Boothroyd and Ashley,
ft\75 , Allen, 1981).
The;heterolithic facies sequence disconformably overlies the

\-
Beatrix Reef with a sharp, p.Lanaz- contact and .....oour s throughout
the mine area. It also occurs overlying the Beatrix Reef in
borehole intersections to the north and west of the mine
suggesting a distribution covering {)ver 2D sq km. The thing
sheet-like geometry of the f.iner grained facies, the upward
coarsening I and the ripple mal-king with a. Lack of ripple
lamination (McKee, 1965) are inadequately explained by an
abandoned, braided fluvial channel modeL, The tidal envirm:unent
is thus the preferl;ed model for these sediments f.l,t the base of
the Rosedale Member.
The coarser grained facies sequence at the ba.se of the

Eldora.do Formation (R;:JsedaleMember) rests on an erosional

"1
:

scour Surface. This scour surface, or diastem. may truncate the
finer-gra:imed facies s~'!Juenceand/or the upper parts of the

Beatrix Reef (Fig. 3S), and represents a minor break resulting
from the expeoted, random variation in the sediment rate
without any basic change in the environment CShanmugar'l, 1988).
Immediately OVerlying the scour surface are thin lag
conglomerate layers or trough 'crossbeddedj polymictic
conglomerate facies. The la,!!'conglomera.te contains significant
admixtures of large, rounded quartz clasts $cavanged from the
Beatri" Reef l-therethe top df the l:'eefbas been es-oded (Fig •

.,
,. r\
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40b). Overlying the conglrmerate are trough crosabedded, lithic
arenite~wtth granulestone layers and granule accumulations on
foreset tpes, and some planar croBsbedded lithic arenite. The

, "

sequence fines upward into smal.i;.,.sce.letrough crossbedded
lithic arenite. This facies sequence association can be
summarised as follows

Scour Gm/Gt st/sp St
(using t\e facies codes of Miall, 1978)

.. The immaturity and poorer sorting of t,heRoP:(;'..:t,aleMember
litholo~ies supports the facies association sequence in
suggesting a braided fluvial dep6sitional model. The sequence
of facies summarised above are similar to Miall's (1978)
Donjek~type braided stream mod~j_ and indicate progradation of a

f'Luvd aL environment across the braid-plain du.:ing a regressive
cycli'!.
Vertically, above the Rosedale Member, the ~ldorado Formation

compriSes a thlck sequence (120 m of Van Den Heeversrust
Member) dipminated 'by trough' crossbedded Ii thic az-end,te facies

1 a.nd pla.nar cl':'ossbeddedlithic arenites with minol:',trough
crossbedded and massive conglomerate facies. These coarsen
upwar-d to the Ui tltyk Membe\l'(200 m) in which th-e conglomerate

"
facies becomes more prevalent (Figs. S lind 53).

Towards the
dominated by

west on Oryx Mines the Eldorado Formation i~
!i~·'~'~~).,.

massive. ~~."blm'icticconglomel"ate facies (Fig.
~) '<_; /'

63)
with a facies sequenoe association Similar to the scott-type
braided ~luvi,~lmodel U·liall, 1978). Poo!'ly-sorted, m.atrix-
supported' gravels representing debris flol-r deposits also occur
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in the Eldorado Formation in the Oryx area. The change from
debris-flot4 and Scott-type bralded fluvial depos Its at Ory"
Mine to Donjek-type sequences at Beatrix (Fig. 53) may reflect
within fan proximal-distal variations as suggested by Rust
(1978), with the upward coarsening change reflecting
progradation of the alluvial fan.
Similar lithologic facies variations are described by Andrews-

Speed (1986) for the progradation from distal braided stream
faoies to more proximal ran facies in the Proterozoic aged
Nporoltoso Basin in northern Zambiap and is also descri.bed in

the alluvial ran models of Chevren (1984).
The interpreted depositlonal model (this study) of the

Eldorado FOI'Ulationas a prograding, braided fluvial system on
an alluvial fan or ra.n-fed braid-delta supports the findings of
Kingsley's (1987) depositional model for the Eldorado Formation
in the Welkom Goldfield north of the Sand River.

\.

)_\



- 129 -

5. MINERALISATION AND rrs CONTROLS IN THE BEATRIX AREA

5.1 MINERALISATION AND ITS RELATIONSHIP TO SEDIMENTARY FEATURES
IN THE BEA.TRIX 1itEEJ~

Concentrations of rounded, heavy mineral grains are common
within the B~atrix Reef. The heavy mineral grains ,occur as
dl~crete accumulations a few millimetres thick, concentrated
along certain bedding and scour surfaoes within the arenites
and conglomerates (Fig,. 55 and of also Figs. 20, 21, 22 and
23). Heavy mineral grains also occur as a dominant constituent
of the matrix in -the hetter packed conglomerate beds (Fig. 56).

Pyri te is 'the most common heavy mineral accounting for over
85% of the heavy mineral suite, although gold is naturally the
most economically significant. Other heavy minerals noted in
the B~atrix Reef are chromite, ilmenite, leucoxene, zircon,
uran,inite and branneri te, galena and ot.her Fe and Cu sulphides.
Pyrite (85 %) anti ul'aninite and br-annez-Lt e (which together
comprise some 10 - 13 % of the heavy minera.l suite) are the
dominant ore minerals and the other heavy minerals (including
,gold) together comprise less than tHO perc~nt of the ore. The
suite of heavy minerals in the Beatrix Reef is similar to that
found in norma~ Wi twater;!lI1:a.ndtype place:rs (Fea.ther and I{oen1
1975), but Potgieter (1979) and Minter et 801. (1988) have
pommented on the virtual lack of uraninite in favour of
bz-annez-Lt,e and sugges't that t.he heavy mineral suite is derived

o
from the Heathering of bider placers krth the alteration of
ur-and ni.be to branneri t.e. They oite the presence of fragmental
~,~d appa,rently abrade~l PYri te ~ of a for-til normally found as

1,(
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FIGURE 55: PVRITE GRAINS CONCENTRATED ON THE TOES OF
FORESETS IN CROSSBEDDEO, PEBBLY ARENITE.

o

~
I

!

10
I
I

\_~,

FIGURE 56: PYRITE GRAINS AS THE DOMINANT CONSTiTUENT
IN THE MATR~XOF THE BEATRIX REEF CONGLOMERATE.
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secondary authigenic pyrite in Witwatersrand ores, as further
support for an origin from underlYing placers (Minter et al.,
1988).

The pYrite occurs chiefly in three forms with a fourth form
occuring rarely.

- Compact pyrite occurs as compact, rounded grains varying
from 0.5 to 15 mm in size (Fig. 57)~ This form is the well
known "buckshot" pyrite of Witwatersrand ores and is considered
to be deti tal in origin (~aagerJ 1970, Koppel and Saager,
1974. Macl~an andrrleet, 1989).

, .
- Concretionary pyrite occurs as rounded grains but is highly

porous (Fig. 58). This form is the well known porous "mudball"
pyrite (Saager, 1970}.

- Recrystallised pyrite is common and occurs as compact
authigenic anhedral pyr.ite, or as idiomorphic overgrowths on
detrital PYl'it~. (Fig. 09). Much of this pyrite probably formed
by recryatallisation during diagenesis and metamorphism.
(Featherl\iandKoen , 1975).

- Paeudostcz-phd c pyrii):,eis rare and is f'or-med by the
py:Htisation of former iron minerals but)jretaining the
struct.ural features of the original rock or mineral (PotgieterJ

1979) •

The compa.ct pyrite occurs in varying concentratid.z on many
'\ II

\. JJ \\

beddi::'':UIsurfaces (Figs. 55 and 20, 21, 22 and 23), and

accentuates sedimen.tary structures.
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secondary authig~nic pyrite in Witwatersrand ores. as further
'Support for an origin from unde,rlying pla.cers (Minter et al.,
1(88) •

The pyrite occurs chiefly in three forms with a fourth form
occuring rarely.

- Compact PYrite occurs as compact, rounded grains varying
from 0.5 to 15 mm in size (Fig. 57). This form is the well
known "buckshotU pyrite of IVitwatersrand ores and is considered
to be detrital in origin (Saagert 1970, Koppel and Saager,
1974, Maclean and Fleet, 1989).
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- Concretibnary pyrite occurs as rounded grains but is highly
porous (Fig. 58). This form is the well known porous tlmuclball"
pyrite (Saager, 1970).

- Recrystallised pyrite is common and occurs as compact
authigenic anhedral pyrite, or as idiolll.orphio'overgrowthson
detrital pyrite (Fig. 59). Much of this pyrite probably formed
by recrysta.llisation during diagenesis and metamorphism.

II(Feather andl,Al;>en,1975).
(;

- Pseudomoz-phLe pyrite is l'areand is formed by the
pyritisation of former iron minerals but retaining the
structural features of the original rock or min~ral (Potgiete~~
1979) •

; ·V<·'

The compact pyrite occurs in va-vying\jqoncenti'ation~on many

bedding surfaces {Figs. 55 and 20, 21 ~ 22 a~d 2.3), -and

accentuates sedimentary structures.

(/



- 132 -

FIGURE 57a: COMPACT, ROUNDED PYRITE GRAINS. NOTE HOW
PRE-DEPOSITIONAL BREAKS ON GRAINS IN THE TOP
ROW HAVE BEEN ROUNDED.

I-

I

!, j

FIGURE 57b: PHOTOMICROGRAPH or ROUNDED PYRITE GRAIN tx 100)

FIGURE 51: COMPACT, ROUNDED PVRITE GRAINS
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FIGURE 51 a: COMPACT. ROUNDED PYRITE GRAINS. NOTE HOW
PRE-DEPOSITIONAL BREAKS ON GRAINS IN THE TOP
ROW HAVE BEEN ROUNDED.

FIGURE 51b: PHOTIDMICROGiRAPH OF ROUNDED PYRITE GRAIN (X 100)

FIGURE 51: tCOMPACT,ROUNDED PYRITE GRAINSi

o

)
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FIGURE 58: POROUS "MUDBALL" PYRITE (X 100)

AUTHI(3.ENIC PYRITE AS AN OVERGROWTH ON ~ ROUND.
POROUS(?) PYRITE GRAIN (X 50)

(I
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Other sulphides such as pyrrhotite, pentlandite and
chalcopyrite invariably occur as fine-grained exsolution blebs
within the compact. pyrite grains, and are rarely observed as
discrete grains.
Uraninite end brannerite are fairly common and form about 10 %

of the hef,l.vymineral suite, with brannerite occuring more
frequently than uraninite. The uranir:;t~ occurs as subrounded
grains about 0,2 mm in diameter and usually contains specks of
galena and occasionally chalcopyrite. Brannerite is common as
discrete grains ~?d more commonly as the alteration product of

~ (i
uranini te';It als~.~ontains specks of galena and chalcopyrite.

)\
IIIrregular, altered~encrustations of brannerite could also be

uraniferous leucoxene.
Small chloritic nodules are also common in the Beatrix Reef

conglomerates. The nodules are roughly spherical and are 1-2 mm
in diameter. They are usually concentrated in the conglomerate
facies and are thought to be the alteration products of some
he;avy mineral such as garnets (G. Smits, 1989 pers. comm.).
Gold grains, although a very important constituent of the

heavy mineral suite, are not very common. The average size of
gold grains in the Bea trLx Reef is 32 x 10 microns (Hofmey!'j
1986) although la.rger grains up to 50p microns long and visible
to the unaided eye have been frequently observed. A notable
characteristic of the mode of occurence of the gold is its
tendency to occur in clusters of grains .•Invariably when a

grain of gold wa'sobserved in polished section other gold
/(

grains t.rere noted in the immediafe vioini ty. Much of the gOlld

1.1
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{about 70%, Hofmeyr, 1988) is as free grains (Fig. 60a) a~d
only a minor percentage occurs locked up in sulphide (pyrite)
grains or in quartz or other silic~tes. About 5% (Hofmeyt',
1986) of the gold occur~ in pyrite grains and this gold is
invariably of..a much smaller grain size. Where gold occurs
included in pyrite, other sulphides such as chalcopyrite and
pyrrhotite also occur as exsolutions in the pyrite.
Of the gold pccuring in quartz or other silicates a signifipant
amount is assocIated with chlorite, an association also
documented by Law (1990) in his studies.
Carbon, possibly of organic origin, Is fairly commonly

associated with the conglomerates of the Beatrix Reef. The
carbon occurs as scattered, rounded pilules or IIflyspeck"
at the basal parts of lag conglomerates. In-situ 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 also occur on scour surfaces within the
reef, and on the unconformity surface at the base of the
Rosedale Member. Carbon in the seams is columnar and fine films
or dus tings of. gold are occassionally visible be tween the
columns.
Gold is frequ~tly associated with the carbo~ particles (some

c· '

15% 0,1 gold is directly associateq with carbon according to
Hofmeyr, 1986) and some 80 % of the carbon particles observed

o
in the study by Hofme.yr (1986) had g,old associated with them.

,)

T~e(:~old is usua.lly .as sma.ll particles (less than 50 miorons)
n ' '''·:2::.:1

wholly enclosed or atta.Qhed to the carbon granules (Fig. SOb).
This close association results in an increased gold
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FIGURE 60a: wFREE-MILlING· GOLD GRAIN FROM
THE BEATRIX REEF (X 50)

FIGURE 60);): GOLD ASSOCIATED WITl-l A HYDROCARBON GRANULE
(DARK GREY) (X 200)

FIGURE 60: MODES OF OCCURENCE OF GOLD IN THE BEATRIX REEF

()
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concentration in areas of carbon accumulation such as in the
lag conglomerates and the carbon seams. Pyrite and other minor
sulphides are ~lso commonly LHcluded within the carbon
granules.

Detailed sedimentological mapping and sampling of sections of
/1the reef ~,ihowt.hat-: :ldpar-t.Lo Les are concentrated with the
'\pyri te gr-ains in thin accumulations on bedding aur-f'aces such as

foresets (Figs. 61 and 62). These st.udies also highlight. an
(enhanced concentration of gold along the unconformity surface
in association with lag conglomer~teJ and in areas adjacent to
the thickest-reef development ie. along the flanks of channels.
Gold also shows preferential concentration along the top
contact of the reef where there is an enrichment of pyrite at
the top of the reef where it is overlain by black shale or
fine-grained arenite.
Although';t.hedetailed mapping illustrates th~ small-scale

variL.tion in the concentration: ~ pyrite and gold along
surfaces related to bedforms, it does not show broader scale
lateral variations associated with larger scale sedimentary
features such as channels or br.rs.
An area to the southeast of'No. 2 Shaft,. Beatrix Mine 1 W8,S

selected for a detailed stuC:Jof the,.relationship between broad
scale gold concentration variations and Beatrix Reef channel
morphology. The area, some 600 m x 500 m in size Was selected
because the isopach mapping had already shown the existence of

1-·,

a well defined, north-south trending chl~hnel system (Fig. 63).
Reef thickness, go;).dconcentration and X ! Y co-ordina.tes for

(i ':?
II\\
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FIGURE 63: ISOPACH PLAN SHOWiNG THE LOCATION
OF THE DEf~ILED STUDYAREA
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eaoh of the routine Sm x Sm grid sampling positions was
digitised and stored in, computer database using the VULCAN
software. The are~ was gridded to a regular 3m x 3m grid and
isopach maps of reef thiokness, and gold concentration were
oompared.
The computer oontouring confirmed the well defined north-south

trending channel of thicker reef (over aD em thiok) and the
thinner reef (less than 20 om thick) along the eastern edge of
the study area (F,ig.-64). The axes of the main channels, taken
as.areas ~e~e the reef exceeds 80 em in thickness, are also
displayed on Figure 64.
On the mine a g6ld accumulation factor, known as

"centimetregrams per ton" (cmg/t) is commonly used to express
the level of gold mineralisation in the r-e.sf , 'r'hegold
accumulation f~ctor (cmg/t) is derived from the product of the
reef thickness (om) and the gold ooncentratiort (g/t) over the
reef width sampled at any sampling point. The contoured plot of
the gold a9cumulation values (Fig. 65) also defines the channel
although in this plot a. second area of high gold accumUlation
in the eastern part of the study area is apparent. High gold
accumulation values also tend to be slightly o·ffset from the
main channel areas I particilla.rlyaLong the eastern channel. A
diffuse ar-eaof high g'old acoumufe t Lon is apparent near the
central part of the area wh~~e the ohannels merge. Small areas,

of high gold ~ccumulation al~o occur on the flanks. offset from
the az-eas of very thin reef on the eastern edge' of the area.
High gold aCGumulation valuea are to be expected in areas of
channel~evelopmen~ because of the ififluence of the reef
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)'"\,
lrthickness in the calculation of tke cmg/t factor~ In order to

obtain an unbiased relationship'between channel morphology and
gold di,stribution the gold concentration values (g/t) are also
contoured (Fig. 66).
Gold conce~tration shows a very patchy distribution with the

bulk of the values in the low to moderate categories. Moderate
gold concentrations again fair;lycloselY follow the channel
pattern, but are slightly offset from it (Fig. 66). High gold
concentrations aCCUl' a.sLao.La ted spots sporadically throughout
t,hestudy area, but tend to be associated with areas of reef
less than 20 em thick in the southeastern part of the area, and
as linear zones along the channels in the central pa~t (Fig.
66).
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DETAILED STUDY AREA
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5 2 MINERALISATION IN THE ROSEDALE MEMBER
Concentrations of heavy minerals are not as well developed

in the lower parts of the Rosedale Member as in the Beatrix
Reef. Rounded pyrite is again the most abundant component of
the heavy mineral suite, but only forms about one percent of
the rock. The pyrite grains are generally less than half a
millimetre in size and the shape is frequently obscured by
authigenic, idiomorphic overgrowths of !\\'!cr.)stallisedpyrite.
The pyrite occurs ocnoerrt.r ated on sH:i;·faces·such as scours and
on the toes of foreset laminae or other bedding planes. In
ger~ral, pyrite is better concentrated with coarser grained
sediments 1 particularly in the polymictic oorigLomer-at.efacies.
In cases where channel scours within the Rosedale Member have
scoured into the top of the Beatrix Reef much. of the pyrite

'concentrated at the top of the reef has been rP.-l'!loved'.:l.ndis
incorporated with the Rosedale Member sediments.
Gold mineralisation is generally poorly developed in the

Rosedale Member. Only in places where sco~r surfaces cut down
trito the top of the Beatrix Reef are gold concentrations in the
Rosedale Member enhanced.
Detailed sampling of the araa iQ i6B6l stope where a

pronounced R~sedale Member channeL c~~tsthrough t.heBeatrix
Reef (shown .fnFig. 37), confirms th~A'tenhanced go;td

I!\ \

concentration is'present in OOnglOmer\~e bars close ~()channel
flanks, and in the basal lag COnglOmer~\ (Fig. 67) $ hut that
gold values in the Rosedale Member are gel.~'i'!rallrlow.
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5.3 SlmIMENTARY CONTROLS ON MINERALISATION IN THE BEA'l'l:nX REEF

Within tfi~.Beatrix Reef heavy minerals most commonly occur
as discrete accu~ulations concentrated along sedimenta]~y and
bedding structure~ such as scour surfaces, crossbed toreset
l~minae Dr bedding planes (Figs. 20, 21, 22 and 23).
This occurrence as discrete segregations asso6iated with

sedimentary structures sUJgests that heavy minerals were
deposited with the sediment and preserved under specific
hydraulic oonditions. Con3ideration of the processes
responsible for the forma;ion of the sedimentary structures,
and the sorting of beavy Jnd light minerals, allows decluct.ions
to be made conljerning the hydraulic conditions of the
depositional environment and the controls on mineral
conoerrt.r a t.Lon ,

Sand transported in suspension in a decelerating stream
experiences sorting of heavy fror light minerals according to
the different settling velocities of the grains (Brady and
Jobsotl, 1973). Sorting of heavy from light minerals will also
take place in accelerating or constan~ flows according to their
differing entr~inm~nt velocities (Brady and Jobson. 1913). The
difference in the fluid li~t and frictional drag forces
promote entrainment of lar~ert lighter grains and inhibit the
movemen'tv of the smad Ler, heavLer grains. Allen (1970b)
suggest.d that the friotional forces experienced by a particle
in a flow are a fUnction at the size of that particle in

,
relation\':to the size and pac,king of the particles \\Vithinthe
bed . Thisi\ rela.tionship betHee'\'lselective entrainment lind
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particle size was expanded on by Slingerland (1984). The
segregation of smaller, heavy minerals from larger, lighter
minerals due to ~elective entrainment is enhanced in the
turbulent flo'~ variations encountered across bedforms (McQuiv8Y

and X{eefer, 1969), or in the convergence zones betwI1gen banks

and bars (Smith and Beukes, 1983). Brady and Johson (1973)
conduoted flume exp~riments to determine the behaviour of heavy

minel"als in alluvial channels, and found segregations of heavy

minerals upon rippJies, dUnas and upper-flow-regime plane beds
at p~ogressively higher flow rates. Heavy mineral aocumulations

on ripples and dunsns occur-ed as thin spgr£1g'a.tionson tbe stoss-

sides and wi thin top::let and foresEllt laildnae (Brady and Jobson,

1973). The stoss-s~LdE~ accumulations comprised ripple-like

segregations which migrated slowly towards the cr~\~t of the
dune or ripple where they accumula.ted .as thi(';k, heavy minera.l

rioh topset laminae (well illustrated in Fig. 55). Foreset

accumulations of heavy minerals t.rere widely spaced between
light miJleral forelsets, and nesu I ted from the periodic

avalanche of heavy mineral rioh topset deposits down the lee-
(/

side of the dune. 'I'he s e accumulations 'l:~erethus confined to the

upper parts of the foresets; and thinned rapidly down the

foreset (B!'~dy and Jobson; 1973) (of. Fig. 55).
o

strong erosional discordances between bedforms indicate slow
sediillentation rates and the rapid migration of bedforms (Allen,

1970b)) during Hhich erosion l'esults in t~e rel-To:rking ot' the

tops of bedforms. This rewo:rldng I;lllowsonly the pl'eserva.tion

of the bottom parts of the foreset;s and the heavy minera.l t'ich

topset ao.ouUlulations are thus re.:rely preserved. ~,'his'·condition



- 150 -

for the accumulation Q1f heavy-mineral rich segregations on
foresets (Allen, 1970b Brady and Jobson, 1973) has been
questioned by Slingerland (1984) 'Hho noted that heavy-mineral
rich accumulations on the toe~ of fore sets wer~ common and
result from two possible sorting mechanisms.

_.the reworking of the heavy-mineral rich laminae on the
baoks of dunes during migration by means of selective
entrainment in the trough turbulence zone

- suspension sorting by entrail').mentoff the crest of the
dUDe with Various size olasses settling to different
points in front of the dune, with the heavier grains
closer to the lee-face.

The rough surfaces of lag conglomerates pr0duce large
val:'.ia.t Lena in the turbulence inten~d ty of stream flow providing
ideal oonditions for the segregation of heavy minerals
(McQuivey and Keefer, 1973). Heavy mineral grains which
collect on cong Lomer-at.e beds, partioularly at the toes of

migrating ripples or dunes, are effectively shielded from
fUrther entrainment by the bed roughness and high frictional
resiSltance created by the pebbles. The concentratiOns of heavy
minerals in hotl.ontally laminated pebbly arenites and on the
tops of bedforms represent segl,-egations due to selective
el'l.tl"ainment .;of(Lighter, largel' g!'ains according to differences

.. "\)" . ..
in entrainment velocity.
From this disr,Hlssiotlit is apparent that the m.ost favoured

location for the ooncentt'atioll of heavy m.inerals, and gold, in
conglomerates is
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- on scour surfaoes with pebble lags
- on lag surfaces
- on winnowed surfaoes
- on crossbed fore sets
- on the tangential toes of foresets
- on planar bedding surfaces

[after Pretorius, (1989) table 9]
The hlJ:;hestconcentraticms in Witwatersrand reefs will occur

- on the bottom corrtao t = lowest surfece t',lf degradation
- on the top contact = winnowed surface

Pretorius (1989) notes that surfacea with kerogen (car-bon) are
also favoured locations for the concentration of gold in
WitWatersrand placers, and a close association of enhanc~d gold
concentration with carbon granules and seams occurl in the
Beatrix Re,ef (Hofmeyr, 1986).
The carbon is considered to be of organic origin, r~pr~senting

the remnants of primitive, algal plants (Hallba.uer, 1975 and
1986f Dyer et al., 1988). Gold and heavy mineral grains were
phYsically trapped by the algal mat filiments in a corduroy
table~like action (Hallbauer, 1986). Digestive redristribution
of Sold and uraniuJ{'by the dissolution of physica.lly t1:'apped
particles and +'hei~,reprecipitation along the filiments of th,<i!

\ I

organi!;,''''responsible for the forfl).a.tiol'1of the caz-bonuceoua
me-tel'ial also occurred (Hs.Ll.bauer", 1986).
Recent work hy Landais et aL, , (1990) pn carbon granules and

seams in the Witws.tel"srand conglQmerate~ sugS?;sts tha.tthe
o

oarbon may be an inorganic hydrocarbon replaoing uraninite a.nd
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the par-agenet Lc seq!aence between ur-anLnite and hydroca.rbon is
similar to that of the hinterland granitoids.

Although the mechanisms of segregation of heavy minerals on
bedforms and their entrapment in gravels outlined above
describe the small-scale var-La't i.onof heavy mineral (and gold)
concentratioD, they cannot be US6~ to predict larger soale
variations in mineralisation.
Work by Minter (1970) on the Ventersdorp Contact Reef at South
Roodepoort Mine enabled him to oorrelate broad gold
distribution patterns and cer.tain sedimentological parameters
and thus draw conclusions rRgarding the gold distribution and
alluvial fan morphology. The best gold mineralisation occurred
in the midfan portion of the alluvial fan model defined by the
sedimentological parameters i:Minter, 1970).
Broad·scale gold distribution patterns are not p6ssible at
Beatrix Mine due to the fairlY limited extent of the current

':1 ;\

underground exposure.
The detailed work carried ou.t over the channelled zone on'the

south-eastern side of No. 2 Shaft (Figs. 54, 65)and 66) gives
an indication of the larger scale variation of gold
oonoentrat.ipn in the 13eatrix neef. The tendenoy for pyrite,and
goJ)d to be preferentially ooncent.r-abed along the f1an1\'sof
,,majorchannel systems has a1s6 been not.edby !'Jami(19$7) during
flurae experiments for the" Oha~\?er of Mines Research

,\

O~ganisation. This tend~noy was\ expla.ined"in terms of the
'Ir \\

i') '\

hydrodynamio conditJon.s of. flow \~,nth.~ ohanne L, Flow ve LocIty
in the main cha.nn@l was .too high ~or the c,leposition of'..smaller

,~ -
\grain size material, gut friotional drag along the fl~nks of
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the channel results in local eddy currents and deposition of
heavy mineral grains (Na.miand Ja.mes, 1987j Ashworth, 19B8).

This results in "ribbons" of higher gold value parallel tOr but
offset from the main charme Ls , (cf Fig. 66).

Mosley and Schumm (1977) and Best (1988) ~nve shown from
experimental studies that scours at the confluence of streams
and the turbulence at these junctions enhances sediment
reworking and promotes the concentration of heavy minerals at
these locations. This ph,nomenon results in .10ca1
concentrations of heavy minerals on the dowustream side ~f
stream tributary junctions (Mosley and Schumm, 1977; Smith and
Beukea , 1983). A pat.ter-nsimilar to t.h.i.sis noticeable from the
detailed work on the area to the south-east of No. 2 Shaft at
Beatrlx Mine (Fig. 66).

The pattern of he&vy mineral concentration in the Beatrix
Reetf is thus indicative of concentration from unidirectional
flow confined to discrete channels.

Ii5.4 ORIGIN OF Tp,E GOLD

The problem of the source of th~ abundant gold in the
Witwatersrand sediments is a.syet Lnadequat.eLv explained in the
literatUre (PretoriUs, 1989). The widel~ held views of~iljoen
et a~. (1970), Minter (1978) and Pretorius (li981) that the
'·sourd·eof the g.oldt uranium and pyrite in the 'Htwatersrand is
detl:'it;~l"material derived from the enosLona),r';lenudation,under

\ 0reducin~ conditions, of flanking Archaen te:t'ranecontaining
\\
\greenst.ot~e-hosted gold lodes ax:\ebeing challenged by a. revival
~ ~ ~
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of the hydrothermal I epigenetic theories for the source of the
Witwatersrand gold (Phillips at al., 1987; Law, 1990).
Refinements of the detri tal source ofe gold theory come from

Hallbauer (1984 and 1986) and Robb and Meyer (1985) who propose
hydrothermally altered granites (B.A.G.s ) as being the
flanldng hLnt.ez-Landand the source of the gold and other
detrital minerals. Hutchinson and Viljoen (1988) however

suggest that the H.A.G.s resulted during the formation of
pyri tic, auriferous exha l.f teB aLong the tectonically active
northwestern margin of the l'litwatersrand ba.sin by shallow
marine hydrothermal discharge. Reworking, by fluvio-deltaic
processes, of these pyritic exhalites alo~g the regressive
margin of the basin formed the mineralised reefs (Hutchinso1'),
and Viljoenf 1988).

Pretorius (1989) suggests that there was a pene~
contemporaneous relation between tectonic activity, granite
emplac(j}ille.nt,withassociated hydrotheJ'mal and metasomatic

i.\ . '\.

effect~, er~)s'~ongsedimentation and the introduction of

mineraHaation during the Central Rand deposition. The
degradation of high-level porphyry or epithermal-type gold
mineralisation supplied gold and uraniumJ:.richdetrital dehrif

which was fluvially l;;ewor!ted on braid-deltas or unconformity
surfaces. The fluvial t-taters possibly contci,ned some ddaaoIved
gold and ura.niuIlh Hydrothermat' fluids, similarlY enriched ill

gold and uranium, impregnated the coarser grained clastics
while these were being laid down. Reconstitution of the gold,
uran.ium, sulphides and other matrix material by pervasive.
"metamorphic fluids took place during later metamorphic events
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(Pret.or-Lus, 1989). 'i'histheory encompasses elements of all the
major mineralisation models suggesting that the Witwatersrand
mineralisation is more than likely due to a combination of
mineralisation processes.

A detailed discussion on the source of the gold
mineralisation is beyond the scope of the present study. The
close association of detrital heavy minerals and gold with both
large-·and small-scale sedimentological featurest and the lack
of any relationship between minera.lisation and s.t.r-uct.ura.Ior
intrusive events or features supports the hypothesis of
mineralisation introduced as detrital material and concentrated
by hydrodynamic processes. Reconstitution and possible local
remobilisa.tlri.U'lof minerals dur-Lngdiagenetic Or low-grade
metamorphic events is likely and would explain many of the
mineral characteristics that are favoured in arguments for a
hydrothermal origin.
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6 SYNTECTONIC BASIN EVOLUTION IN THE BEATRIX MINE AREA

Tectonic movement and foI ...ing, syn- and prior to deposition
of parts of the Witwatersrand Supergroup has been described
from the East Rand basin. In the Evander and Benoni areas the
Bird Amygdaloid (Johannesburg Subgroup) lavas thicken in
synforms and thin against antiforms indicating that folding
took place prior' to, or contemporaneous with the extrusion of
the lavas (Pretorius, 1964).

In the Welkom Go~lfield syntectcnic deposition is documented
a.long the western margin of the goldfield where local
unconformities within the Eldorado Formation on Loraine Mine
indica.te periodic uplift along the Western Margin structure
dUring deposition (Winter, 1964a, Minter et a1., 198B).

Basin-wide tectonic movement and deposition is recorded by

the Booysens Shale Formation (Upper Shale Marker in the Welkom
Goldfield). The shale represents the distal facies equivalents
of the formations Underlying it and is the pr~duct of basin-
wide subsidence and transgression (Tankard et al., 1982).
The Central Rand Group in the Welkom Goldfield comprises

numerous tectonogenetic sedimentary packages separated by

unconformities (Tanh:ard et, aL, , 1982). 'I'he packages consist
almost enti,+ely of seriaitic arenite with minor conglomeratic
intervals with placer deposits at the base overlying the
Unconformity surfaces. Trqugh crossbedded units refleoting sane
dlma migration in wide, shallow channelsa.re most commont
although accretion of bar margins produced sporadic; planar
cros~1bedded units (Tankard et a1., 1982)0. Channel patterns are
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generally unconfined and braided,. with an almost linear
drainage pattern of interconnecting, low-sinuosity channels
oriented down the palaeoslope forming a broad braid-plain fan
delta. The packages of sediment indicate rapid aggradation of
the braid-plain, and repetition of gravel beds in the sequence
reflects shifting of the major channels across the the fan with
periodic fan-head retrenchment (Tankard:at a.I., 1982).
PalaeoC11rrent information suggests that the sediment transport
was mostly towards the east and northeast (Minter et al.,
1986) •

Uplift along the Western Mal'gin Struoture and along t.he
southern basin margin resulted in periodic fluvial degradation
and erosion of these previously deposited fluvial packages.
This erosion ~nd fluvial degradation resulted in the cutting of
unconformity surfaoes (with the truncation of much of the
Johannesburg Subgroup south of the Sand River), at times with
deeply incised fluvial channels such as the Aandenk Channel.
Transport directions were still dominantly from west to east
(Tankard et al., 1982~ Minter et 801., 1986). Low aggradation
rates during this fluvial degradation result in frequent
sedimerlt reworking and the generation of a mature cong Lomez-at.Io

layer of limited vertical extent such as the "B" Reef or Btg
Pebble Marker. Th,,;;s process is similar to that described by

"

Buck and Minter (1985) and Minter (1987) for placer formation
by flu\rHd degra.dation of alluvial sequences.
Durin!g the later part of Central Rand Group deposi tioD in the

area s()uthof the Sand Rivel's and subsequen~ to the deposition
of the Aandenk FOl:·ma.tion,renewed teotonic activity,
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compression, and uplift along the Western Mal'gin Structure led
to a further period of fluvial, erosional degradation which cut
the unconformity surface at the baae of the Beatrix Reef.
Erosion to form this unconformity surface truncated the upper
formations of the Johannesburg Subgroup, as well as the lower
formations of the Turffontein Subgroup, in the Beatrix Mine
area.
In the areas south of the Sand River this period of

degradation reSUlted in large tracts of coarse-grained,
erosional detritus, including 6.etrital placer minerals, derived
from the breakdo~n of the outcropping Aandenk and Spes Bona
Formation placers (Minter et al., 1988).
The association of sadimentary structures and the most common

facies sequence in the Beatrix Reef are typical of the Scott
type to Donjek type braided stream depositional models of Miall
(1977, 1978), but the geometry is best explained in terms of
the c6~rse-grained bra.id-delta model of McPherson at $01.
(1987) •

Fluvial reworking of the erosional detritus derived from the
eroded, vnderlying formations down a north-south, coarSte-
grained braid-delta, by low aggradation rata braided streams
r-eauLted in re'¥7orkingand concentration of p1.u,cermaterial to
form the Beatrix Reef.
Further sourceward uplift causes tilting of the palaeo surface
and the pr-evf.oue erosional surface is transgresg,ed.
Alternately, basin subsidence following the cessation of
compr\~ssion and uplift along the W~,,sternMargin Structure ~>1ould
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also result in transgression of the previous erosion surface.
The fine-grained, heterolithic facies sequence in the basal

part of the Rosedale ~lember~ disconformably ovet"lying t:r~
Beatrix Reef, suggests that the erosion'~ cycle and fluvial

\degradation forming the unconf9rmity sur1.,·<oeand the Beatl:'ix
Reef culminated in a transgression across the braid-plain in
the Beatrix area. The geometry and sedimenta:"'ystructures in
the hateroli thic facies indicate that this transgression w~:.s

shallow r marg LnaL marine (tida).ite) or shallow lacustrine
(Vlaya Lake l . Sf1allow, marginal marine depositional models
transgressivelyoverlyins placer forming episodes ha.ve been
desoribed in mi1.nyof th~~Central Rand Group placers (eg. Vaal
Reef - Minter, 1976 and Verre£en, 1987. Main Reef Leader ,_
Button, 1979. Kimberley Reefs - Armstrong, 1966, and Bailey et
1:).1., 1990), and t.;Q\Jldnot ..be unique to the Beatrix area ,

Polymictic conglomerates , -\"'roughcrossbedded lithic
arenites iJithe distal, fine~grained to&~ of alluvial fans,
disco:nforllnablyoverlying the BeatirLx Reef and the heterolithic
facies sequence of the Rosedale Member, heralded the onset of
Eldorado Formation sedimentation. The dominan+,Iy north to south
transport direction (KingsleY, 1987 and this study) confirm
that subsequent. to the erosional episode forming the Beatrix

I)

Reef unconf'ormity the palaeoslope had changed an¢[sout.herlY
J

uplift was replaced by subsidence of the southeastern parts of
the basin, which was now open to i~hesoutheast.
The upward coarsening')of th~ Eldo:rado Formation from
essentially arenitic units to oonglomerate dominated sequences
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illustrates the progJ;adation of the alluvial fans,i feeding ;cofi:

the flanking highlands to the west, aoz-oae the brs,idr.,plain

(Kinll?;ley, 1987).. Periodic and cont.Lnced uplift along the

WesteFn Margin Structure throughout the deposi tioti~ of the

Eldorado Formation resulted in local unconf'o rmd ti~ps and placer

formation bi' fluvial degradation episodes wi thin 'th8 Rldo'rado

Formation along this west6rn margin of the Welkom Goldfield

(\v.inter ,1> 1964e.~>Minter et al.) 1986).
/,/-

l{
Regional) basin-wide ex4;:ension"resulted in the out.pous-Lngs of

"the Ventersdorp lavas and the curtailment of acti.\ve,Centra.l.
Rand Group sedimentation in this part of the Witwatersrand
basin. Continued extension. durd ng micl.dle-Ventersdiorp times led

to large soale normal faulting (De Dron, Homestead.
/ ..'"

Stuirm.anspa.n) ahd tlle formation of horst and graben blocks
throughout the WelkomGoldfield. Renewed sedimentation from

these newly upli ftea. areas was in the form of 10<:)8.1alluvial

fans and Lacuat.z-Lna.I, sedblents {Klippa.n For-matd on flanking t.he
IIhorst blocks. i

Within the Welkom Goldfields there is no prese1fved evidence
a'fthe l/.:;l,terProterozoid 'ba.sins or tectonic even.ts until the

Dwyka gla.ciation and 'ita-roo sedimentat.ion.
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7. SUMMARY AND CONCLUSIO[\T:S

7.1 GEOLOGICAL J~D ST~ATIGRAPHIC SBTTING OF THE BEATR!X REEF

Beatrix Mine is the most southerly of the Witwatersrand-
type goldmines occurring 0>.1 the presently known sout'bwestern
margin of the Witwatersl'mnd basin some 35 km south of Welko.,
and marks the southern limit of the Welkom Goldfield.
In the tvelltom Goldfield ar-ea south of the Sand River p the

Archaen Witwatersrand and Ventersdorp Supergroups are covered
by a thick (300 - 500 m) succession of Permo-Triassic aged
Karoo Sequence sandstones and !Shales. All deductions on the
geology of the Beatrix Re1':!fa.nd the Witwd.tert3rand rocko are
thus based on borehole information or the reef exposed in the
underground workings on the Beatrix Mine.
The Beatrix Reef rests or, an 'i.mconformityaur-faee whichf in

the area. south of the Sand River, subdivides the Central nand
Group into the Johannesburg Subgroup and the ove:rlying
Turffontein Subgroup. The reef is not unique or significa:r~tly
differe:nt from any of the other economically e:xploited reefs
in the upper parts of the Witwatersrand Supergroup.
Depositional systems infl!9rredfor Beatri:x Reef sedimenta.tion
and placer formation can thus serve as a model for s'::>m.e
Central Rand Group plaoers.
The Centra.l Rand Group in th.eBeatrix a.ree,:i.erep;.,-asented by

the Virginia FQrmatiou (Johannesl.mrg Subgiroup) and the
Eldorado Formation (Ttu:ffontcdn Subgroup), and is about lOOO m

'II, "

thiqk. In comIi~!'is9n~fith t}~eCentral. Rand GrlOup in -the Welkom
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Goldfield north of the Sa.nd River, just over 1000 ill of
stratigraphy comprising the St Helena~ Welkom, Harmony,
Dagbreelt, Spes Bona and Aandenk Formations are trunca.ted at
the unconformity at the base of the Bea.trix Reef. Remnants of
~he Aandenk Formation below the Beatrix Reef in the northern
parts of the mine ,however suggest that the truncation of a
significant part of the underlying .1ohatH-:'~sburgSubgroup can
be asoribed to erosion dooumented by the unconformity at the
base of the Aandenk Formation.
On, Beatrix Mine the Beatrix Reef unconformably overlies the

Virginia FOlt-mationaud is in turn disconformably overla.in by

the Eldorado Formation. This unconformable relationship and
"the significallt difference in sedimentary fe,cies sequences

between the units suggests that the Beatrix Reef should be
accorded status as a separate Formation, or at least be
reoognised as a distinct Member of the Eldorado Formation.

7.2 BEATRXX REEF AND ELDO~ADO FORMATION SEDiMENTARY FACIES
Oligomictic conglomerates and minor arenites .are the

dominant oomponents of the Beatrix Reef a~d» based la~gely on
differences in lithology and the aaaocd at icrrof bedding and
'sedimentary structures, a number- of facies can be reoognised.
The main fa¢ies· of t.heBeat,lriJ~Ree£\Jre
- m.assive t oLt,gomictic conglomerate
- horizontally and low angle inclined stratified oonglomerate
- trough O~\losshedded cOl1$lomerateo

c.

(l



- 163 -

The Beatrix R(!H~f varies from a single pebble,. lag layer a few

centimetres thick to sequences of interbedded oonglomerate and
arenite up to 3 m. thick. lsopachs of these thickness
va.riations define ~11-developed north-south trend.ing
channels. Pa.ll::l.eo'Ourrentmeasul.'~\mentsfrom crossbedding and
pebble size variations confirm this 'trend and indicate a. north
to south transport direction.
The Rosedale I'1emberdisconformably overlies the Beatrix Reef

and a number of discrete facies can.be recognised from
lithological variations an~'the association of sedimentary
stl.'uctures. The main f.acies that are recognised are
- polymictic conglomerate

trough crossbedded arenite
- planar crossbedded arenite

heterolithio facies
Sedimentary structures preserved within the heterolithic
'\

facies include wave ripples,' ~a.dder""'ba.ck ::ipples, lenticular

bedding) ooiwQ].ute bedding, mudcz-aoks and rin.Ziel marks. The
Eldorado {<'ormation coarsens upwa.r.d from s dorn.1.nantly arenite

,:;)

and argillite sequence in the Rosedale Member at the base to a
dominant1.r :p~lYmiotio oonglome.rate s~quence in the upper parts

': .. ,., '. ~
!_I ("/

of the Vi tltyk Member. Pa.laeocti.trent data and grain (!slze
() ,0

variatian,a,gs.in indicates' ~ north" to south transport,

direction.

Q

o
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7.3 DEPOSITIONAL MODELS
The extent of the truncation of underlying formations

below the Beatr-LxReef suggests that tect.onic uplift was
responsible fo~ erosion and the formation of the unconformity.
The Beatrix Reef overlies this unconformity with a pronounced
scoured surface which may show local relief up to 2 m. The
most common facies sequence is

Scour surface Gms Gh Gt/Gp St

and is typical of Miall's (1978) Scott to Donjek type braided
stream models. However, the thin, sheet-lik~ geometry of the
reef and the maturity of the sediments implies" frequent
reworking and low aggradation rates. Such· features correlate
with the coarse-grained, braid-delta model of McPherson et
aL, (1987) •

(I

Two.dom1\na.ntfacies sequences are apparent in the basal parts
of the Rosedale Membel'" IdisconformablY overlying the reef. 'rhe

I; I'

one sequence 90nsists d~~minantly of fine-gr.aine:dfacies in an
', I'.

upward\~dloarsening !Succes'sionindicative of altax-nating periods
df arenite and ar~il1it~ deposition with the most common

>, facies sequence being;

Fl Sh/St' 8t
i)

The sedimentary structures indicate aI terl1.at:,ing periods Qf

areftite and argillite depos*tion (len2iaular and convolute
\J bedding) w;l. th .~rtermi ttent subaerial exposure Onuo.craclts),

&nd is indicati~e intertid~l deposition in a fine-grained,
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marginal marine environme~ti or a shallow lacustrine setting.
The other facies sequence in the Rosedale Member comprises
lithic arenites and polymictic conglomerate in scour b~sed,
upward fining units with the most cornmon faci~s association
being;

Scour surface Gm/Gt St/Sp st

This sequence is again typical of Miallfs (1978) braided
fluvial (Dbnjek-type) depOSitional model. The immaturity of
the lithic arenite sediment and the geometry of these

sequences confirm deposition in a braid-plain or hraidedt
fluvial fan-delta. The overall upward coarsening of the
Eldorado Formation from arenite~dominated to conglomerate-
dominated sequences documents progradation of the fan-delt~
sequence; across the braid-plain.

Ii

SYNTECTONIC BAS!l~~i :EVOLUTION
If

Within thEI Welkom Goldfield 'bhe Central Rand Group
\:~ompl.'isesa mlmber of tectonogenetit."lpacb:ages of sediment.
\\ ' '., ...
cT\hese packages consist. predominantly of "<Urt;y" arenite wi t.n-r
ni'inor,interbedded polY~iotio oonglomel'at-e layers. The
Ii tholoJty an&: ~acies associe.t?,n~ l.)f these pa.ckages suggest

deposi tion .aa fluvial s~quenoes in high:,a.g,gl'adationrate
bra'lded streamaOon a braid-plain (Tanka.rd et al., 1982).

','

. o • '1\
Periodio uplift with oOll'comittentchangeS/iAn the base~level

II

indu(H~d erosion arid fIu~ial d.egt'adat.ion of the previously
'-' .

depositil;:d sec1:i.ment paou:ag·e~. 1...p\:y a.ggrada.ti(ln ra.tes""'ali"~

fX'equ~;!:nt1\ re\~prking d'(.rti~t:tg these fluvial degradation cyoles led
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to plaoer formation on the unconformities.
The Beatrix Reef is the result of one such period of fluvial
degradation where the reworkjLng of detri tUB derived from the
erosipn of the truncated, underlying Spes Bona a¥ldAandenk
Formations on a north-south oz-Lerrt.ed , coarse-grained breid-
delta.1 led to placer mineral concentration and the formation
of the reef. A t~ansgression at the culmination of this reef-
forming cycle is recorded by ~he fine-grained facies sequence
at the base of the Rosedale Mlembers discon.formably overlying
the Beatri~ Reef. Deposi tiontfl models suggest a marginal

,i\\

marine (tidalite) or a shallbw lacustrine (playa lake)
setting after the transgression.
This model for Beatrb: .Reef formation by fluvia.:tdegradation

and reworking of detritus derived from previously deposited
sequences. in a low aggradation rate, coar$e-grained, braid-
delta, is J>robably J~pplicahle to many Centra.l Rand Group
reefs. Shal1~~w, ma.rginal marine) tranr:H~ress:ivedepositiona.l

i'

models as th~ culmina.tion of the rYlace:t'forming cycle have
also been de~cribed from other Centra.l Ra.nd Group reefs. At
Beatrix Mine the regressiveCY9le following placer forma.tion

~':-;'

is r~oorded by the progradation of the fluvia.l,braid....plain and
alluvial fan sequences of the Eldorado Formation across the
Beatrix Reef.

7 • 5 M!NERALISATION IN 'l'HE :SBA~RIJ{' REBF
;,-)

lIea.vrmihe.r~ls a1.",6 an important" constituent of the BeatrLx
Reef placer material. l'y:rite i.s the domina.nt c.pnstit'4ent and
compriselSl a5% of the heavy mineral suit.a. It occur-smainly aa

~j

\\ ,
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oompact, rounded grains (buckshot pyrite), porous, rounded
J -,
(.-~

grains ("mudball pyrite") ot>as authigenic overgrowths on
other ~yrite grains.
Gold is economioally the most important constituent of the
ljl$avymineral suite and occur-s lnailllyas disorete, free-
milling grains or associated with oar-bon material. Minor
amounts of gold also occur iDclu~LJ within pyrite or within
other silicate minerals such. ':'",~uartz or ohlori te. Other
heavy~~inerals within the Beat~AX Reef include uraninite And.,~,

'brannerite, ch!'omite, leu.coxene and other sulphides such as
chalcopyr'ite and galena but together they comprise only about
10 % of the heavy mineral suite.
The heavy minerals are as aco+ ....'Ii with sedimentary bedding

structures and occur as discr, accumulations along fores~ts
or bedding planes. This association is explained in terms of

"hydrodynamic sorting and the segregation of heavy from light
'minerals by pref'erential entrainment. Large-scale varia.tions
in heavy mineral cOJlcentration a.Ls o show a oorrelation with
l(;l,rgel"soa.le sedimentary features such as along the fla.nks of
ohanne Ls or .at ohanne I junctions. These features sugges·t
depos Ltion of the hea'fY minerals -Ln oonjunction with the

Ii ~

sediment and. sorting\'o.ii,i-; conoentration in response to~\\
hyd~odynanlic condi tions within the flow system or across

\\ Gbedforms.

Ii
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