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4 basin amalysis iavolves an cxemimation of the dasin geomstry,
adrecrional structures, lithic £ill, arrongement of the iithic £i11, ond
the tectouic sotting of the basin (Fotteor and Pettijoim, 1963, p. 227).
While it wos not possible to define patLerns, the

four of the above ¢lexents, os related to the lower vnite of the Transvaal
Sequence, ramely; the Malmani Dolomite, Fountains, and 7imebail Hill
Formations, within that ares sow occupied by the Totchefstroom Syn¢linorivm,
have becn ¢xamined in derail.

The present geometry of the Potchefstroom Synciinorium has been
outlined through the T of cuterpp patt and through the
preparation of residual structure contour naps, after subjecting borchole
depth Jata to trend surface asalysis, Nunerous Jongitudinal and transverse
serucraral trends and associnted domes and basins have beea rrcognized, the
mere irportant of which are the Johannesbuxg and Vredefort Domes, the
Potchefetroon and Marlevale Anticlines, the Csrletomville Syncline, and the
Hartbeestfontein Antlcline, while the Ottosdal Anticline and a basement
high through Standerton and Sencka) were also found to luve inilvenced the
developuent of the synelimorium, Isopach studies have revealed that the
above stroctural trends, apart £rom the basement high to the south and
possibly the Vredefort Dome, have experienced periods of activizy and
inactivity, related to pulsating tectomic wovement: within the hagesent,
pince pre-Witwatersrand Sequence times, and that the present geometry of
the synciiporfun is post-Transvaal Sequence in age,

The study of the lithology of the Malmani Dolomite was hempered
vy the pror outerop of this formation, However, with the aid of & mumber
of borehole cores, @ stratigraphic columu for this formation has been
cons ructed, in which a eyclical depositional facies vas

of the was carcied out mainly in the £ield,
making it possible for @ subdivision to be made into the breceiated chert
zorie, at the base, snd the Fologround Nember, Borelole data and measuzed
£1eld seotions revealed chax the Timoball Hill Formatlon varies in
chatacter within the synelinorium, Whereas along the northern limb
and ¢ ferruginous shales with thick, massive

quartzites are present, the content of the formor shale-type decreases
evuthuards untdl, on the periphtry of the Vredefort Dome, ouly the
forrupinous variety cccurs, in association with enticular quartsites.

Tndividenl zones within the Malmani Dolonite were found te be
hemogercaus ovan areat distances, Insuffieient data for the copstruction
#* facies mops was available, but a thickening of this formation to the
nortlvest vas recognized. Isopach maps for the Fountains Formatien
indicate that the brocelated cherk zone attains maximur thickness's over
structursl highs, and that the Fologround Member hag a chanmel geumebry.
Isoparh caps 88 well as facien maps were prepared for the Timeball HILL
Farmotion. An overall desrease in quartzite percentage to the south is




mpporent, Bagpestive of # aorrberly source.
whereas the Johanneshurg Dome was zetive during Timeball HIIY Termaticn
rimes, tha aren now ovecpied Ty the Vrodefort Dene was feetondcally
negHtlve.

isopach woups Indieate that, b

The Haimani Dolomire and Pretoria Grosp aTe towsidersd to be

xlassic examples of styles of Durimg the
deposizion of tie former, a ehallvv-woler #viroument oa.e hiphly stoble
eraton iled, Chemical vos5 favaured, stk only mdmor <

amenats »f elastic materisl being Introduced ists the depository. Tplife
at zhe end of Malmanl Rolomite tines resulted in zubaerial westhering of
this formation, with the developrent of the residesl brecefated chert sone,
Reloted to the uplifr, which was most along the Har
Anticline, & major untonformity was developed ot the Lop of rhe Malmand

wlomite, Above the braceiated chert zome, detrital sedimentatiom

apart from 3. cher: horizone and ¢slomitic shales

roeards the base. A boulder conglemerate at the base of the Poleground
MembEr Teprisents 2 Tesponse o sndden uplift, which was followed by the
iarrodoctior «” sand and clay from a trotonds source area %o the morth of
the Potchefstyoom Synclinorium, deppsition of rhe latter sedipenys having
taken place In a deltoic enviromment- & period of wmajer uplift along tha
flartbeestfontein Anticlime marked the end of the Timeball B1ll depvsiticnal
perod, with the developrent of a second major anconformity ai the top of

s formation.
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A BASIN ANALYSIS OF THE TRANSVAAL SEQUENCE
IR THE POTCHEFSTROGN SYHCLINORIUM
WGE

INTRUDUCT ION

Aimg of Research

e hundreds of boreholes, drilled in search of the banket
wishtn the natn Fitwsterarand Basin, uany of ubich penstrated overiying
o idead ty for an of the
and Sequence in the Potchefatroom
Syn:linarium. This ptnjet‘—t was undertaken with the following aims in
wmind ¢

1) To extend the lithostratigraphic subdivision of the
Transvaal Sequence into the Potchefstroom Synciimorium,

ii) Te the stzuctural of the
Synclinorium from Witwatersrand to Transvaal times.

11i) Yo comstyuct a stratigraphic column for the MsJmani
Dolomite Formation of the Transvas]. Sequence, and to investigate the

change in af this withia the
) T the of the and Tine—
a1l HA11 and the of these withiz the

Potchefstroon Synclinovius.

v} To outline the of of B
Sequente, to the top of the Tiueball Hill Formstfon, and to inves:&gata
the relitionship of the sccurremce of this sequence within the Potchef-
stroom Sync.inoriem o that in the main Trenmsvaal basia.

Locality and Regional Geological
Setting of the Area

The area under investigation has been termed the Potchefn.xnm
Synclinorium, occurring in the southern parts of the Tramsvaal an
extending across the Vasl River into the porthern Urange Free Stnte
(Pigure 1). Hajor tuwns ere located throughout the area, including
those of the Reef from Randfontein through Johannesburg to Sprimgs. The
large industrial centres of Vanderbijlpark and Vereemiging occur to the
south-esst, with Klerksdorp and Orknay serviug the western limits of the
ares, Potchefstroom, cemtrally situated with respect to the previously
mentioned centres, is the largast town wirhin the symclinorium,

The present study is concerned exclusively with Tock types of
the Transvaal Sequence developed in the Potchefstroom Synclinorium, under-
lain £or pructically their whole exteat by Ventersdorp Sequence volcapics
and sediments {Figure 4). The northern ilwh of the skructure is underlain
by formations of the Witwatersrand Sequence and hasement granites and
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gnefsnes, the former alss underlying the Ventersdorp Sequence on outcrop
sround the major extent of the synclinorfum, The outcrop of the Transveal
Sequence 1s that of a refelded syncline, following the older systems in a
broad arcuste around the Dome. of the
Transvaal Sequeace was Linited on the extremities of the synclimerimn

1n the Kroonstad and Wolwehoek regions (Figure 2) by a cover of juurg
Karroo and Lack of

o

Previous Work

The earliest 1 of tl
Transvasl Sequence in Potchefstroom Synclinorium was that by Havch (1903)
who twe north of Draper (1897)
(according to Molengraaf, 1904) comstructed an ijealized section across
the West Rand Anticline to the of The same author
also described the Malmani Dolomite Formatfon in some detail, dividing the
formation into the Black Reef and Dolomite Series. The £irst detailed
mapping in the area was undertaken by Mellor (1907), when he mapped most
of the avea north of the Vaal River occupied by beds of the Transvaal
Sequence. This mapping was later extended further northwards to
Sncorporate those portions of the Tramsvaal Sequence associated with the
Central and West Rand Goldfields (Mellor, 1917). Zruter (1936) resurveyed
95 square miles of this area in the ismediate vicimity of Potchefstroom.
Isolated outérops nf agglomerates and tuffs, similar to pre-lIransvasl rock-
types, were discovered im this area within the Malmani Dolomite Formation,
Thiv guggested o complex structural history for the ares and led o the
recognition of the Mool River thrust fault for the first time. The work
of Hellor (190/) and Truter (1936}, cowmbined with additional €ield-work,
was used in the compilation of the geological map of the country around
Potchefstroom ané Klerksdorp by Nel and others (1939). The remaining
north-weatern end south-eastern partions of the synelinorium were mapped
and reported on by Nel and others (1935) and by Nel and Jansen (1957),
respectively. Mapping of the area between Bothaville and Vredefort was
undertaken by Nel and Verster (1962), incorporating those Transvasl
Usquence rocks south of the 27th parallel. Detailed mapping of successions
flanking the Vredefort Dome {Nel, 1927) revealed the structural
disposition of the Transvaal strata in this reglom.

Recent work in the Potchefsproom Synclimorium has been based
largely on subsurface data, with over 500 boreholes passing through the
base and some 100 through the full succession uf the Malmani Dolomite
Formation. The boreholes were drilled by different mining companies, as
part of to the Wi
goldffelds. Apart from two isalated localities, the boreholes were drilled
on the north-west flank of the synclinorium and, in particular, in the West
Rand, Far West Rand, and Klerksdorp areas, Detailed work on the West Rand
and Par West Rand, using borehole dara from the Transvaal Sequence, has
been undertaken by Brock (1961}, Couslns (1962) and, more recently, by De
Kock (1964). Investsgations on a more reglonal scale vere made by
Papenfus (1964) who prepared a structure contour map of the base Lf the
Transvaal Saquence over the whole aynclinorium, and by Brock and Pretorius
(19642} who briefly discussed sedimentation and tectonic patterns within
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tbe sequence, as related to "Rand Basin subsidence". Few detailes
inrestigations have been carried out on the Malmani because oi panr sutcrop
of this succession in the synclinorium. Young (1934) examined dolemite
cores from the Carletonville area, vecogmizing different phases within the
depositional history of the Further s & sy

the development of the formation in the Klerksdorp area, were made by Toens
(1966) wiho attempted to correlate different hordizons within the formation
across the synclinorium.

Apart from gold recovered from the Black Reef Member, as outlined
by Rapenfus (1964), lirtle other exploitation of the saquence has taken
place. Three imtrusive couplexes oceur wilhiy the sequence, but only that
on m;ouknal 451 appears to be of any economic interest (Nel and others,
1932),

Nature of Research

During the initial stages of Ehe present investigstion, data on
3 was collected From publirhed and
unpublished borehole logs. After having accumlated 81l avellabis
published Lnformation, the records of different mining companies were
examined for additional and wore detailed data, At this stage, over 500
control pointe, recording the depth to the base of the Black Reef, wexe
available for analysis, as well as 100 Malmani Dolomite thiclkness values,
and useful stratigraphic data for the Timeball Hill Formation at 25
Jocalities.

4 numbex of borehole cores, which include the complete Malmani
Dolomite Formation, have been preserved by Anglo American Corporatisn of
South Africa, Limited, and Consolidated Company,
Limited. These provided sn ideal opportunity for an examination of this
relatively unknown stratig.aphic unit, Detailed stratigraphic coluuns
wvere prepared from a mumber of cores, while samples were taken throughout
the formation for chemical analysis. Im an attempt to more accurately
define the of this field were made to
the north of Krugersdorp, where good outerops of the Halmsni Dolomite occurs
Stratigraphic information from borehole logs, for the Timeball HiLL
Formation, is confined largely to the north-western limb of the Patchef-
stroom Synclinorium. Numerous field sections for this formation were
measured in the northern, eastern, and south-eastern portions of the
synelinorium, to compliment the borehole data. At this stage, field
checking of published information was also carrled out.
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LITHOSTRATISRAPHIE NOMENCLATURE

Problems of

w

clatuy

enclatur:

has met wiﬂ: sany problens since Saitislly yropnsec\ at the first Inter—
astional Ceological Congress in 1878.
detafl ‘Dunbar and Rogers, 1957; Verwoerd, 1964) who have outlined the
stapes in its develoment while Trusvell (1967) mored the dissenting
wiews of Kassia and South Africa to the proposal.

Thisz subject has been reviewed im

Any stratigraphic tevmino].ogy is based on the Tecogaition of

certain inherent

enabling 2 sub~

division of, und latexal cuﬂela!‘.iou within, the sequence to be made,
The

{1961)

proposed a Etratlgtrph‘l: classiﬂl:ativn basad on specific properties
{teble 1) whi:‘h was finally aceepted in 1971 by the South African

of 2 ember of working

the 2

,
groups to oine The Bouta Kraian sotmm according to the new code.

TAME 3
of Tnits
of Rock Strata te PT—
tholegy - Rock Chevactex Group
Zone Formation
(Lithostratigraphic bed(s) Hember
‘Classification) Bed(s)
Palasontology = Fossil Zone 1
Conten
(Blostratigragiic Zone Assenblage ~ zone
Clugetfication) Range - aope
Geochronology - Geologic Erathen
e Stage System
By
Ghezono- eries
Chronostratigraphic zove Stage
ClnsgiFicasion) Substage

strata, such as

In the avd of
the Transvaal Seguence, fossils arc either absent or poorly dcvelnped., 2nd
ot

use wust be made of

Y

ety
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{1968), iavolves correlation as used im two senses. Firstly, it is
neceseary to indicate the identity between two physically separated oceur-
Tences of similar lithology, and, secoudly, to indicate that two or moxe
separate bodies of rock were laid down contemporaneously. On this basis,
subdivision of a thick succession into a number of urits would also be
possible, The principles outlined above have beem extensively followed in
the past, on the assumption that lithologic boundaries can be equated with
time bowndaries. This s, however, seldom the case for sedimeatary
sequences, whether they be of chemical or detrital otigin, Mamy such
deposits form under of

the glope of the basin floor, and are vherefore diachronous in nature,

fven though lithologic units may be “close encugh to time so the difference
doesn't matter”, as discussed by Shaw (1964, p. 39), 'time’ lines cannot be
considered as being parallel to lithic boundaries. Chronostratigraphic
subdivision of like lithologic rock types thus became unacceptable,

A reappraisal of nomenclature took place with the
result that the lithostratigraphic classification (Table 1) is now almost
universally accepted. This purely lithological terminology has been
zoviewed by Trusweli (1967) who stated chat lithostratigraphic terms show
no equivalence whatsoever to chromostratigrapbic units and thet they can be
applied to rocks of any age, According to lithostratigraphic nomenclature,
formation becomes the basic unit, and is defined in terms of uniformity of
1ithology, alternations, ar cycles of lithology, or even heterogeneity as
long as this is distinctive (Hewton, 1968). The same writer stresses that
a formation should be an easily mappable unit., Any sequénce can thus be
divided into a number of formafions on the basis of lithology, without
regard to the time-span covered or the thickness of each formatienm.
Individual formations are deslgnated by geographic names derived from a
locality or area of typlcal development of the unit, and, when dominated
by a single rock type, are y by the
{Code of 1961).

Newton (1968) also defined tue lower-oxder terms of 'member’
£ to

and 'bed'. A member is as a 4 of be
used if convenient or necessary, while it is not essential thal the
complete forwation should be divided imto members, The terms 'lentil' and
ftongue' are synonymous with ‘member’. The term 'bed' which is the
smallest unit of the hierarchy is only used in a formal sence where a bed
of particular importance justifies this, in being distinctive and
particulsrly useful to recognize. According to the Code of Stratigraphic
Nomenclature (1961) a group is the rock-stratigraphic unit higher in ramk
than a formation, consisting of two or more formations which are related
in some way, but it ic not necessary to sssemble all formations in a
sequence into groups (Newton, 1968). The stratigraphic record of major
areas is ded by major which can be traced
in outerop and in the subsurfacs, Krumbein and Sloss (1963, p. 35) have
boundad an

these
vhich is the hig der tern in the




11 Nomenelature within
the Transvaal Sequence

Before the of the T 1
Sequence in lithus:ratigxaphic ferma, tho status of the Ventersdorp
Sequence, as recognized at presenmt, warrants & short roview. Once this has
been done, it can be appreciated that the base of the Transvaal Sequence is
1n all prohability not at the base of the Black Reef, as is pencrally
accepted, but rather somewhat lower in the stratigraphy.

Using sub-surface data in the Bothaville district, Wimter (1565)
wa able to outline the tectonie framework of the Ventersdorp Sequence in
that area. Based on these findings he concluded that the Ventersdorp
Sequente “is not a vait", but that the lower Ventersdorp displays greater
affinity with the Upper Witwatersrand Sequence, and the Upper Ventersdoxp
with the Transvaal Sequence, while the Middle Ventersdorp is a unit on its
own, Wintet (1965) then suggested that the Upper Ventersdorp could he
of the Transvaal Sequence, termed
the Palel Sn!ies as £irst described by Stow and Jones (1874) for a similar
sequence of rock-ty, in Grigualand West, These views are substantiated
by the fact that voleanics persist into the basal members of the Transvaal
Sequence in the Vryhurg stea {du Toit, 1954). In the iight of the preceding
discussion, the suggestion 1s now made that the upper parts of the Venters—
dorp Sequence, as daveloped below the Black Reef, particularly alomg the
southern and western margins of the synclinorfum (Figure 4), may be imeluded
as a basal phase of the Transvaal Sequence 4n parts of the area 1nvestiga:ed.

with lature, it the

Lh&s phase be referred to as the Pniel Group, 50 defining 2 type area of
deveiopment (du Toit, 1954, p. 116). The validity or confirmation of this
subdivision and the accurate delinmeation of the base of the Pniel Group
will, however, require detailed field and stratigraphic mapping. This widl
also revesl whether or not the Upper Veatersderp Sequemce is developed
throughout the full extent of the synclinorium. Since no detailed work
was catried out on Che Black Reef - Ventersdorp relationship during the
present the will be confined to the
rock-types sbove the voleanics, save to outline the pre-Black Reef gealogy

(Figure 4).

The nomenclature of the Transvaal Sequence frow the bhse of the
Malmani Dolomite was £ivst revised by Truswell (1966) on a regional scale,
and later move Iocally by Button (1968) im the Irene - Delmss - Uevon atea.
The proposed stratigraphic nemenclature of r.he Ttensvanl Sequence ia the
sres under investigation is shown in Table 2. ond is saen t3 differ some-
what from that proposed by Truswell (1966) and Button (1968}, While
approciating the diff?-uities inherent in the system of lithostratigraphlc
nomenclature, the nes. for some uniformity of rerms and formational beund-
ing surfaces seems esirsble, and it is hoped that in the mear futurs a
more lucid presentation of the Tr..nsvﬂal Sequance stratigraphy vill he
ible, The 1 sed in Table 2 confoms to the
Code of Stratigraphic Nnmenclatutc (1961) rwrdlng the mapp:blli:y and
1 The existente of .
vell-defined uncbnfomitins has been nsed as an additionsl paraméter in
this subdivisior,
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TABLE 2

LITHOSTRATIGRAPHIC NOMENCLAYURE OF THE TRANSVAAL

SEQUENCE TN THE POTCHEVSTROON SYNCLINORIGM

i
|
i
i
I
i

et

SEQUENCE GROVE FORMATTON MEMBER
Ongeluk
£
. =
o
° Timeball Bill tatsrand
=
w
- .
- Fountains Pologround
B
< .
<
-
- Halmand
= Dolomite
<
- Black Reef Quartaite
A%
- .
2 i
-
o )
o
2 * 1

Maloand Polomite

This foroation is defined mainly on its Lithologic character=
intics, being composed slmost exclusively of suthochthomous sediments
{Shaw, 1964, p. 14), with minor intercalated materfal of detrital origiu.
The name *Malmani Dolomite! was re-imtroduced by Button (1968), after first
having been used by Draper in 1§94 (ilaughton, 1938) to replace ‘Dolonite
Series', and has been retained as a defimitive term, The basal clastic
unlt was given member status s it is mwot developed throughout the

an doas not a mappable unit as such.
Alchough not strictly correct in that it does not define a type locality,
tha well-known name "Black Reef’ (Penning, 1891) was rerained fox this
unit, in an attempt to keep thé nomenclature as simple as possible. The
base of rhe Halmani Dolonite Formation can be clestly delineated on
1ithologic grounds except on the northern Elank of the synelinorium where
this formation transgresses northwards onto the besement geanite, in part

T~ G Y T
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the stem vhere lithologic similarities between
the latter and the Black Reef Member are emcountered,

Fountains Formation

The , as above,
overliea the Malmant Dolomite wag first described by Button (1968) as
typloally developed at Fouatains pear Pretoria. In the Pocchofstroon

linorium, this unit consists of brecciated chert
bnnldets in a gritty matrix, or aritey horisons which may contain minor
interlayered shales. The chert boulder bed, where developed, and the
grisey horizons aze of linited areal extent and axe termed the Pologrcund
Member, while the as a whole a readily
and therefore easily mappehle unit in the field, There 4s no evidence oi
an vaconformity between the Fountains and Timeball Hil) Formatious, leading
to the former being considered as part of the Pretoria Group,

Timeball Hill Formation

Mollengraaf in 1897 (Haughton, 1938) originally described the
quartzites of the Timeball range in Pretoria as the Timeball Bill Quartzite,
suggesting that this name could possibly be used for the equivalent
stratigraphic horizon in the Potchefstroom Synclinorium. The possibility
of these guartzites, as developed in the syncliporium, being termed the
Timeball Hill Formation was considered, but due to their impersistent and
often lenticular nature, as will be discussed later, this was decided
against. The name Timeball Hill Formarion wae adopted instead fox the
alternating succasslon of shales and quartzites with dlabase intrusives

above Part of the 'Lower Daspoort
Seriss' was inclu:led in this formation which constitutes in itself a cycle
of deposition, A local name, 'Gatsrand’, was Introduced for the guartzite
‘horizons often containing intercalated chales which were given member
status. The Gatsrand Hember is most typically developed along a range of
hills west and through thi district
where Mollengraaf in 1891 (Haughton, 1938) first described the equivalent
of the Pretoria Group as the 'Gatsrand Serics’. The upper limit of the
Timeball Hill Formation iz defined by an unconformity of pre-Ongeluk
Foxmation age. The base of the latter formation was not easily delineated
in the fileld, but was teken to underlie, where deve.oped, the Daspoort
Tillite (Kynaston, 1929) or Lower Ongeluk Quartzite representing the basal
phase of the Ongeluk Formation, or the Ongeluk Volcanics where the tillite
and quartzite were absent. As the present investigation did not include a
study of the volcanica, the stratigrapby of the Ongeluk Formation will mot
be discussed in succeeding chapters.
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THE STRUCTURE AND STRATIGRAPHY OF
IHE TRANSVAAL SEQUERLE,

Structural Apalysis of the
Fatchefatroon Synclinowium

{on

Iatrod

A structural investigation in a cratonic environment necessitates
an exanination of the regeomal set'.aug of the younger formations relative
to the older. Following this approach, an attempt was made to show that
the present geometry of the Potchefstroom Synclinorium, as best outlined
by the outcrop of the Black Reef Member is not a response to post-Transveal
tectonics, but has been in the process of evolution since pre-Witwatersrand
timee. Over this long period of time, ir is suggested that several
structural elements of a continucus but pulsating pature influenced the
shape of the synclinorium, the final stage heing the formation of the
p 4 uate i to previous work on older
strata within the Limits of the synclinorium, and by interprefing structural
and outerop data from the Transvaal Sequence; the validity of the above
hypothesis has been evaluated.

Tectonic Elerents in the South-Western Transvaal and
Northern Orange Free State duxing pre-Rlack Reef Times

The earliest manifestations of those crustal deformations which
had an effect on the of are in
the Wibwatersraud Sequence. Figure 2 is a representation of the major
positive and negative tectonic elements present during Witwatersrand tizes
as deduced from isopach maps by Brock and Pretorius (1964a). The
i-portant features shown in this figure which divectly or indirectly had
an effect on Transvaal Sequence deposition, are as follows :

1. The presence of & pusitive source area to the yorth of Pretoria
and the sbsence of the Dome t;

14, The absence of the Hartbeestfontein Anticline (Figure 5) at
these times, and the indicstions of the existence of a positive souxce
ares stretehing morth and south of Coligny (Brock and Pretorius, 1364a).
The granito upwarp developad in this area, termed the Ottosdal Anticline
(Pigure 5), is probably a remnant of this source area. Thia lipear
exposure of basement granite, roughly parallel to the southern extension
of the main axie of the Potchefstroom Synclinorium, disappesrs beneath
Xarroo and Transvaal It is d 1ikely
thot this basement upwarp did, in Witwatersrand times, extend eastvards
with 4 strike patallel to the depogitfonal axis of the bagin and
constituted the source ares of the Witwatersrand Sequenca to the north of
Pretoria.

114, The positive nature of the Potche
Witwatersrand time. It is noticeable tha”
trend intersects the probable position of the Ottosdal Auticline, below
Transvaal Sequence cover, a gravity low exists. The isopach data of
Brock and Pretorius (1964a) suggests that the Vredefort Dome, Lying on
wae Potchefstroon Anticline, was sctive during witwatersrand times. The

fstroom Anticline during
where au extension of this
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above authors proposed that a tectonically positive element to the south
acted as a minor source area, as manifested in the occasionsl conglomerate

i horizons in Upper along the edge of
the basin.
. Structural lows in the Klerksdorp and Fochville areas where the

synciine in the Vierfontein district and the tramsverse Carletonville
. Syncline intersect the main synclinal axis of the Pokchefstroom Synclinerium,
as existing during Witwatersrand times.

A major antfclinal trend to the cast of Heidelberg, termed the
‘Mnriwale Anticline by Papenfus (1964), which defimes the eastern limit of
the development of Tranavaal strata v'thin the Potchafstroom Synclinorium,

i Structural investigations of u wore detailed nature within the

! Witwatersrand Basin have been undertaken by numerous research workers.
These merit brief mention at this stage, as they contain evidence of
crustal deformations before or during the Witwate'srand Sequence deposition.

' Pretorius (1964), in an exsminatioa of the South Rand Goldfield, recognized

: a series of synclines and anticlines which, he considered, had heen active
during the processes of sedimentation, The majority of the more westerly

' of these trends, shown in Figure 5, were named after towns and farms on
the West Rand, From west to east these are : the Doormpoort Syncline, the
Middelvlei Anticline, the Krugersdotp Syllcltl\e, th& Dooxnkep Anticline,
the Roodepoort Syncline and the P ]
Syncline can be identified across the basin in the West Rand Goldfield
where Toens and Griffiths (1964), with the aid of isopach data om the
South Main Reef, recognized a similar control on sedimentation to that

! described by Pretorive (1964) in the South Rand area. During a study of
the Vaal Reef in the Klerksdorp area, Hcl.‘!chlnn (1968) constructed a
structure contour map which outlined a 1y trending elliptical
basin, the axis of which 1s parallel to that of the syuclinorium. This
structure 46 reported by Wilson and others (1964) to outlina the greater

. portion of the area underlain by the Vaal Reef, and was thus probably

active during deposition of this reef.

At the end of Witwatersrand sedimentation, uplif: of the
- Johannesburg Dome and the Hartbeestfontein Anticline became pronounced,
while the of the more souxce ares appears
to have been less prominent at the time of outpouring of the Ventersdorp
Javas. As showa in the hypothetical cross-ssction (Figure 3), this uplift
resulted in a trough~like feature being developed to the north of the
Hartbeestfontedn Anticline, into which lavas in excess of 2,500 metres, as
! {ndicated by drilling, were emplaced, so as to unconlormably overlie
Witwatersrand sediments., To the south of thia anticline, as shown by the
sub-outcrop pattern (Figure 4), and discussed by de Koek (1964), the lavas
i unconformably overiie Lower and Upper Witvatersrand sediments, particulariy
along the northern and north-western limb of the syatlinorium. On the
- B gouthern iimb of the structure, the effect of the Vredefort Dome was
- to be more in times than earlier, to the
extent that Brock and Pretorius (1964a) suggested that the lavas never in
fack covered the dome but occupy @ moat around its pexiphery, Knowles
(1968), during an investigation at Western Doep Levels gold mine, outlined
at the base of the Ventersdorp
Contact Rm-_f, o which he closely correlated the style of sedimentology
and the mineralization. The longitudinal structural trends which were
recognized are of particulat signiffcance, being roughly parallel to the
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Hartbrestfontein Anticline,

An examinstion of the subtutcrop pattern in Figure &, uhuh bhas
leen extensively modified after Papenfus (1964), veveals 2 number o
structural trends particularly along the northern and nurth-ues:ern 1imb of
the synclinorium., To the west of sub~
outerop below the Black Reef, while 3 Jm east of this towm an upfaulted
block of the same sediments occurs below the Black Reef. The rough
parallelism of these two Upper Witwatersrand suboukcrops suggests that the
favlts chown bounding the latter may have been controliled by an anticlinal
fold trend, with lavag the synclin N
between this and the Upper Witwatersrand suboutcrop to the west o
Westonaxia, The change in strike of the latter Upper Hi:wntersrand strata,
as shown in Figure 4, is considered to be related to the development of
the Hartbeestfontein Anticline and major activity along the Krugersdorp
Syneline in post-Witwatersrand times. The Lower Witwatersrend sediments,
intersccted below the Black Raef 1n the Borehole UC.39 to the mrﬂ\ ci
Potchefstroom (Figure 4), by was,
indicate a period of folding. followed by erosionm, before dzpnsltian of
the Transveal Sequence.

In summary, it can be noted that during pre-Transvaal periods of
time, a mumber of tectonic elements are recognizable, which were more ox
Leas ective at different stuges. The more importans of these elesents,
updch ave exerred a positive influence on the geometry of

ruations, are the Ottosdal Anticline, the Bartbeestfontein mtieline,
and the Veedefort Dome. The Ottosdal Anticline vas wost active in pre-
tines, the Aaticline 4n p
times, while the Bome Wes hecoming
active with time.

The Present Geometry of the

Maving thus briefly diccussed the tectonics affecting the under-
1ying formarions, it is otw inteeded to trace these structures into the
Transveal Sequence. It is intended that detailed exanination of borehole
data and surface structural anepaiies will cutline the geometry of the
synclinoriun, as developed today, while in a later section it is hoped to
show whether this geometry is &
tectonies or of tectonic
the Transvaal Sequence,

wlth the of

(a) Quterop Struceural Anomalies

An examination of the outerop of the Transvaal Seq!mm:a and older
s revenls
series o These have een £ormesd by
lh! superimposition of a mumber of perdiods of deformation, of which two are
readily racogm_aue in ouccrop. These two trends, turmed the transverse
(1964), are at right angles to
her than in the Westonsria district. Where tha
roach the vertical, this superinposition
has led to the formntion of dome-and-basin structures with a cireular to
elliptical cross-section, analogous to the ‘Type 1' intecference structures
of Rameay (1967). 'Type 2! outerop patterns described by Ramsay (1967) are
also sporadically developed in those areas where the axial plunes of the

one another, iu a‘rens ot
axial planes of the two trends 3ppl
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firat fylds were inclined, a typical example of which is

s present morth-east
of Potchefstxoom (Figure 5}, In additfon to the above structures, numerous
well-defined plunging and antd are d the
synclinorium,

Figure 5, which was prepared from the Geological Sutvey maps of
the East and West Rand, reveals a rumber of the strictures raferred to above,
many of which affected not only the Iransvaal Sequence Lut also older
formatdons, and wiich are at times traceable into the basement, The more
readily recognizsble longitudinal trends on the torth-vestern limb of the
synelinorium, largely concentric to the Vredefort Dome, except {n the West
Rand where the influence of the Johanmesburg and Devon Domes (Button, 1968)
becomes pronounced, are ¢

i
i
t
|

. 1. ‘The mein axis of the Potchefstroom Synclinorium, different ta that
| existing at the time of Witwatersrand sedimentation (Figure 2).

1i. An anticlinal trend passing through the Johannesburg Dome and

, along the
; 114, A 1inal between the and Ottosdal
! Anticlines to the pouth of £illed with lavas.

iv An anticlinal trend to the north of Carletonville accounting for
the thickening in dolomite outcrop in the West Witwatersrand area,

v.  HNowerous and avound
and Frederikstad that secondsry longitudinal
\ tremds exist, some of which are only lacally developed (Pigure 5).

! The ¢ of 1 fold in
the Klerksdorp - Potchefstroom are is velated to more intense deforsarion
: in this part of the synclinorius then further esst, and is associated with
: a narrowing of the outcrop width of the Transvaal Sequence.

Numerous transverse structural trends ave recognizable throughout
| the Kangvaal. Graton (Pretoring, D.A., 1970, personal communication),
i ssouning differing ordere of magvitude and relacive intensities. The most
dominant trend within the aves under 4 the
Anticline, which includes the Vredefort Dome, and with vhich the
e e

1ated

e 7 are
: (Figure 5). That this fold tremd was achive during ox after deposition of
the Tranavaal Sequence is shown by the greatly exaggeraced outerop thickness
of the Ongsiuk Yolcanics, ac well as the domizal structure plerclug the

i yolcawies and the outerop pattecs of the Dagpoort Quartzite in this ares.

: d in the

Lo 4
and recognizable in outexop are f

{. The Falmictfontein Anticline, vhich is a su;o;d—ntdurlfeatute

deforning Tocks of the d and Transvaa

and con:gl:ting the Johannesbutg Dome with the subsurface granite high to

the south of Heidelberg. The latter slso lies along the longitudinal

positive trend iucluding the basement high to the south of Parys (Figare 2).
: he plunging fold

The Vereeniging Anticline is outlined : (a) by t

structuce to the forth-west of this towd, termed the Vereeniging Dome by

Jamsen (1953a); (b) by the Ongeluk Voleanics around Evaton, which have an

Ainoet hovizemial attitude; (¢} by the dolomite protrubsrance through the

"
=
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Ir:::w:’.: Group sediments to the south of Vestonaria, and (d) by the
ex P by Black Reef
west of Venterspost. 4 oot o e

£11. The New Machavie Anticline, which deforms the base of the
Pretoyia Group avound this town and has a plunge to the south-east in
this area. The dome along this trend is a result of the intersection of
two anticlines, in this case the New Machavie Anticlinc with a secondary
positive longitudinal tremd. On the south-eastern limb of the
synclinorium, the ssme transverse anticline 18 seen to plunge to the
noxth-west.

iw. A transverse synclinal sxde is necessary to account for the
basinal structure near Losberg. The exact positioning of this axis is not,
howevar, possible at this atage due to the broad outcrop of the Hapalies-
berg Quartzite to the east of this town.

v. Evidence of a transverse syncline is shown in the development
of elosed, isolated basins of dolomite and Ongeluk Volcamics along an axis
trending south-east from Roodepoort, This tiend, tarmed the Roodepoort
Syncline, was also recognized in the South Rend Goldfield by Preterius
(1964). An outcrap of Black Reef, plexcing younger dolomite to the west
of thie trend, indicates an upwarp parallel to the Roodepoort Synciine
(referxed to as the Doornkop Anticline, after Pretorius [19641).

Along the south-eastern limb of the aynclinorium, 2 series of
elongate domical and basinal structures is developed. To the north and
south of the Vaal River In particular, a dominant losgitudinal trend,
refolded by weakiy synell d anticlines, i
appacent. As the dip of Che Tromsvaal strata increases further northwards
these structures become less obvious, before disappearing and only becoming
noticeable again where overturning of the sequence has taken ylace to the
west of the Rietfontein Igneous Complex, A complex outcrop pattern (Figure
5) reveals an em-echelon set of basinal structures, outlined by the Das~
poort quartzite and off-set by a transverse upwarp. Longitudinal anti-
clinal tremds ave, in part, also deformed. The t: which
hes displaced and warped the longitudimal synclinme, does not deform Time~
$all i1l atrata to the south, This is due to the steep dip of these
sediments at the time of updowing to such an extent that the outcrop
petearn shows no obgervable buckling.

After detailed outcrop mapping &n the Lindequesdrift srea, Janven
(1953b) postulated a series of 1gsoclinal folds and brachy-structures to
actount for the many quartzite horizons developed in this ares. Sucl
structures are, however, completely out of characrer with the style of
doformation in the synciinoriws, perticulacrly in the area under discussion,
Jhere o evidence of any mejor reductlon fn outcrop width is obvious.
These led to a don of this ares where a close
examination af the Catsrand Quartzites was cavxied out. The lithologic

of the dual q horizums were found to differ,

while ddi d that all horizons become younger
1n the game direction, 1t was thus not necessary to invoke tight folding
rrlated to & closely spaced geries of longitudinal trends, but rather to
eonclude that a sexies of quartzite lenses are present, MNone of the minor
dopical structures developed to the east of Lindaquesdrift indicdtes majer
compressional forces.

‘4

NENUSSS




1

L

~15 -

It has been chserved th:f. the trensverse structural trends sssume
e same can be a

longitudinal trends with the axis of the synclimoriwm, defiggiéegh:ndz::ant
portion of the basin, clearly the highest-order trend. Lower-order tvends
are alse well-defined, while these which sve impersistent define the
weakest of the longirudinal deformatfons. Beaving in wind the sbove
discussion, the relationship between the two fold trends can be determined
from Pigure 5, Where closed basin or dome structures are present, these are
alvays elongated parallel to the longitudinal trend, even where the highest-
order transverse folds have been superimposed on the lowest-order
Jomgitudinal, In the latter case, however, such as that developed where &
domical structure plerces the Ongeluk Volcanics to the north -east of
Potchefstroom, the cuterop pattern tends more and more towards a circular
erose-section,

{b) Interpretstion of Subsurface Data
(€3] of i Data

The first composite structure contour map of the base of the
Black Reef, prepsred by Papenfus (1964) is reproduced in ¥igure 4, and
shows that the offect of major faulting in post-Transvaal times was
negligible. A number of features shown on this map are of yelevance to
the structural analysis of the synclinorium and warrant a brief review.

. The steepening of the dip of the Black Reef in the Buffelafontein
area is due to the East Buffelsfontein Fault (Figure 5) which is post-
Trangvaal in age (Brock and Pretorius, 1964b).

i1, Longitudinal folds to the weat ¢f Potchefstroom are elesrly shown
on this map. The positioning of these structures further sout,
npproaching the Vaal River, does mot, however, sgree with outcrop data
(Figure 5), while the downwarp responsible for the development of the
subsidiary Transvaal bssin west of Potchefstroom appests fram surface
{ndications (Figure 5), to swing to the east through Frederikstad, aud
5ot o continue northwards as showa.

444, The Potchefstroom Anticline oceurs as a well-defined positive
feature on the structure contour map.

4v. In the West Witwatersrand area and in most other regloms of the
synclinorium, the effects of the two fold trends are not evident in the
fipure, apart from a basinwards steepening in dip. This result indicates
that contsuzing of untreated data iz of mininal value in a steuctural
investigation of this type.

v. Alonp the extven. northern Limb of the synclimorium, in the
vicinity of the A the contours indicate
§ulding along two synciinal axes trending uorth-east and rerth-west
respectively,

vi. The Mool River fault (Figure 5) to the west of Potchefskroom s
sot shoun in Figuce 4. This fault does, however, displace the Black Reef,
slthough not extesively, as revealed by Bovahole VH2, near Potchefstroon
vhera duplication of strata has taken ploce due to thrusting from the
south-cast. Further to the north, in the vieinity of Frederikstad, field
obsgrvations have revealed that thrusting has taken placa From the north-
west, such that bracciated chert overlies the lover Timeball Hill shales,
Indications are that the last-mentioned fault probably post-dates that to
the south,
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(11) ZIrend Surface Analysie

Yaving nored the in
it was

1
to subject the available borehole
struczural data to gome form of wathematical creatment lmvolvimg the
preparation of derfved maps (Rrusboin and Sloss, 1963, p. 436), Trend
surface analysis is the most populer of the methods available, and,
according to Krumbein {1959), is “a for the
large-scale systematic changes in mapped data from the essentially non-
systenatic small-scale veriations due to local effects”, In the map
prepared by FPapenfus {1964) (Figure 4), the reglonal or 7e-scule trend
has the effect of masking all but the strongest local s .€ural awamalies.
Clearly, for untreated data, as the size af the avea belng Contoured
decrenses and the number of control poiuts per umit area increases, the
local effect will become more and more promounced, However, in an avea
the size of the that tremd
surface analysis would aid in separating the local from the regivasl

. 1 behind tread surface amalysis has
been dealt with ia detail by mumerous authors, a short review of which is
given in Appendix 1.

Selection and Treatment of Dava

1In eddition to the five hundred boreholes which intersect the
Black Reef in the Patchefstroom Synclinoriwm one husdred control polnts wers
obtained by transferring outcrop positions of the Black Reef from geologleal
nape of the area onto 1/50,000 topocadastral maps and reading off the
height above sea-level at localities marked along the outcrop. The latier
source of data proved to be particularly vseful for the 1izb
of the synclinorium where borehole dats are lacking., Values at 811 control
points were gonverted to metres, above or below sea~level, to the base of
the Black Reef, which along with the x and y co-ardinates for each point
were entersd on I.B.M. puoching instruction sheets, each data point being
given an idantification symbol.

The structural investigation of the synclinorium by trend surface
analysis was carried out in three stages derermined largely by the
distridution of the control poiats. In the first srage, one hundzed and
two randomly distributed control points covering the whole of the
synelinorium vere selected, using @ random mumbers table. Secondly, two
avens containing high comoentrations of contzol were owclined and subjected,
in turn, to a detailed investigation. These two areas, referred to as sub-
areas A and B (Figure 6) are sitvated in the Klerksdorp and Carletonville~
Westoneria districts, contalning one tuadred and thirty-five and tvo
hundred and five data points, vespectively. To each sot of data, the firat-
to fiftheorder surfaces were fitted, the results of which are given in
Table 3.
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JTABLE 3

O e,
RDER OF THCREASE IN PEW
EXPLAINED GENEAGE

PERCENTAGE VARIATION
BY

SURFACR CORRELATION VARTATION EXPLATNED
SURFACE BY SURFACE
Linear .22 4,7
4 Quadratic 0.58 39,3 26.6
3 Cubic 0,70 48.8 15.5
Quarric 0.84 70.2 2.4
Quintic 0.89 79.7 2.5
TOTAL AREA
Linear 0.85 4.6
Quadratic 0.89 80.8 6.2
Cubie 0.94 88.2 T4
Quartic 0,96 92.1 3.9
Quintie 0.98 95.5 3.4
8UB - AREA ‘A
Linear 0.89 79.4
Quadratic 0,91 82.4 3.0
Cubic 0.91 C 833 0.9
Quartie 0.92 85.3 2.0
Quintic 6.93 86.2 0.9
i SUB - AREA 'B'

structure.,

'£1e' for most surfaces,

quartic surfaces ave of p:
regional trend of the synclinorium suggested by Figure 5. The quartic
surface (Figure 7), however, was chosen as being most represeatative of
the trend, as the increase in percentage variation over the cuble explained
# by this gurface was much greater than for the quintic over the guareic, and
i therefore contributed more towards explaining the total variation.

Analysis of Results

An examination of Table 3 reveals a remarkably high percentage
The low percentage variation explained by the
iddear surface gf the total a 28 is sccounted for by the geometry of the

Results obtained (fable 3) indicste thot the quintic and
the strong

et v
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The most important features eutlined in Figure 7 are :
i. The axis of the synclinorium wraps arcund much of the Vredefort
Dome.

1 A second order synclinal axis between the Potchefstroom and
Vereeniging Anticlines, trending in a north-westerly direction, is referved
to as the Carletonville Syncline and includes the Magaliesberg basin (Figure
§) to the esst of Losberg. In the Vanderbijlpark ares, the Carlefonvilia
Syncline 15 almost parallel to the main axis of the syrclinoriwm, a fact
goticed by Pretvfius (1964) in the South Rand Goldffeld, The former is
also the dominsnt tramsverse syncline in the synclinorium, being the only
structure of regfonal dimensions of this type.

44,  An antdclinal fold trend to the north of Carleronville, parallsl
o the main synelinel axis of the synslinoriwm, The position of this Eold
is probably mot correct, as dip measurements shown on the Geplogical Survey
nap of the West Rand revealed its position to be just to the morth of
Carletonville, This imaccuracy in the positioning of the fold is due to
poor, or ahsence of, coatrol extending from south of Carletonviile to the
Hartbeesfontein Anticline and thus including the axis of the fold trewd.
Under such circumstances, the regional surface assumes the dip determined
in aveas of good control, projecting this plane through reglons of poor
control before attempting to 'fit' any furtber control points to the surface,
which in this case lle on the Hartbeesfonteinm Anticline.

The remarkably high 'perceatage fits‘ obrained im sub-aveas A and
B for the linear surfaces (Table 3) indicare that the latter approximate
the true structure in these areas. The printed surfaces, which are not
ghown, indicate shallow dipping planes trending morth-north-east and esst-
T in the two sub. A

(i15) Mapping of Residuals

A series of maps using calculated residuals from each stage of
the trend surface analysis was prepared. These are shown in Figures 8, 9,
and 10 for the total area and sub-areas A and B, respectively. While In
some cages the same ag pl d were again
deltneated, these maps serve to connect previously isolated ~utcrop
structural anomalies (Figure 5), and to identify lower-order transverse
synclines and anticlines. The residual maps thus give 2 more contiruous
representation of structural trends along the porthery and nerth-western
b of the synelimorium. Allen and Keumbein (1962) found that where the
trend surfaces were able to explain only a small percentage of the total
variation, the residuals were highly significast, but where a percentage
et of BOY was obtoined, the residuals lost thelr geologlcal significance.
1n the case OF the data being anslyzed in the present study, houever, :ml
rasidual maps prepared could be interpreted gevlogically with a gtulb ei N
of confidence, even wiere percentage 'fits’ of the urder of 90X were obtained.

Interpretation of Maps

rhe nap prepared for the total area, using the residuals from the
quadratic sutfac‘:,thzn considered in cepjunction with Figure 7, d:xzuedzu
Che najor structural features of the synclimorium, cevtain of whic X ive
already been discusmed. The fact that the Potchufsl‘rnm‘anﬂ Vereeniging
Anticiines and the 1le Syncline, can be from outérop
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and be cloarly out “ined on the tread or residual map. po:

being major rransverse tectonic trends, The lnngitkp!dirmi“::t:ZI;::s:niih
of srictonviile (Figure 7) s a well-defined tremd in Figurs 8, extending
atvoss the northern linh of the synclinorium before swinging southwards
ant eventually croseing the Vaal River east of Orkney. As shown in Figure
8, 1he axis of this styucture passes outside the limits of the synclinorium
on tive fam Velgegund 375, before bending southwards to assume a morth-
south orientacion, in sympathy with the main axis of the synclinorium,
when reappearing to the morth of Stilfontelm.

In sddition 1o those 1 trends already
certain other features bscame readtly apparent on the contoured residual
wap, A major negative residusl trend was outlined to the east of
vrstenar {a (Figure 8) which, on projection northwards, coincided with the
Rrugerscorp Syncline. The posirive influence of the Johaanesburg Dawe was
noted ts the north-east of this syncline, Two structursl lows, termed the
Froderikstad and Eleazer Synclines, the latter being flenked on the south
by che few Machavie Anticline, are developed to the north and south of the
Potchefstroon Anticline, respectively. The effect of the Eleazar Syncline
wap to refold the longitudiiml Carlelonville Anticline, with 2 resulcant
Yending of the latter in a north-westerly direction.

The fact that the tramsverse structural trends in the Carleton-
v#1le and Klerksdorp districts sre poorly deilned in Figure 8, indicates
that they are lower-order features which will become apparent oaly through
a mote detailed examinatien. Tor this reason, jt was considered necessary
1o prepare residual maps from stages 2 and 3 of the trend strface analysis.
The residual maps £rom the cubic and £a for LI b
A and B respectively (Figures 9 and 10) v 'Te chosen as being the most
etatistically reliable, as the "increase in percemtage £ig" explained by
these trend surfaces is the greatest, Numersus additfonal tramsverse and
iopgitudinal teends can be identified in the latter figures.

In the Klerksdorp area (Pigure 9), the longitudinal tvends are

ticularl A major 1 low, trending morth-north~
east to south-south-vest from Stflfontein to Urkney is Elanked by two
santielinal trends. These structures are evident in Figure 9, due to the
incressed number of data points used in comparison with Figure 8. The
transverse trends are not as distinct as the longitudinal, but two synclines
and two saticlines are evident, These four trends and the more northerly
New Machavie Anticline can be extesded across the synclinoriuz to account
for the outerop pattera on the castern Lwb {a this area (Figure 5). The
stetke OF the ybove transverse stractures iu veen to be rotated souchwards
wien compared with the Potchefstroom Anticline. fn the vicinity of the
Vaal River the transverse syncline through Orkney appears to have an almost
east-west slrike.

On examination of the resuits outained from the mapping of
residuais in the second of the sub-aveas (Figure 10), it 4s found that the
transverse trend assumes ncjor importance, The Vereeniging Anticlln: iwd
Garietonvilie Syncline are clearly defined, with the Turffontein Antieline
on the western boundary of this arca also recognized, The latter is e
represented by an elongate domfcal structure trending nurth—en;; ti ::: i
went, again cmphatizing the relative importance of the longitw rmi bu;c.
Leus prominent synclinal and anticlinal fold axes between the l;ysv;\l er]
Auticline and Carletonville Syncline and botveen the latter am the
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Verceniging Anticline are also apperent in Figure 10. To the morch of the
above an elongate low exiats, Fairly closel;
with the Ventersdorp lava suboutcrop in this aves (Figere 4). This sugsesty
that the lavas may have been preserved from erosion inm a syneline instead of
in a graben. In the Westomaria district a northwards meing of the longitudi-
nal trend ie ovident, A syncline trending northoortheeast passes throuph
this town and meintains the same strike norchwards into the Luipasrdsvlei
aren. Anticlinal trends are developad on both sides of the ayneline
coinciding closely with the subeoutcrop pattern (Figure 4), Whare the
Anticline the 1y of these ¢ o anticlines,
a domical strueture was formed which occurs directly below the dolesite done
plercing Pretoris Group soliments (Figure 5}. This longitudinal tread
diaplays a marked change in strike to the south-cast of Lulpaardsviel, as a
reault of by the Syacline, to assume the kora normal
east-west strike further to the east.

Compflation of Structural Data

The structural analysis of the Potchefstroom Synclinorium,
partionlarily along the north-western limd, has revealed the presence of
d 1

L fold trends, at least two periods
of defornation. As previously discussed, the deposition of Witwaterorand
strata was 11y controlled, as -

n
recognized in the Klerksdorp, §-ath Rend, West and Far West Raod atess by
Mclachlan (1968), Toens and Griffiths (1864), Pretorius (1964), and ¥nowles
(1966), respectively, Structure contours at the base of the Black Reef ss
shown 1o Pigures 8, J and 10 clearly outline the same longitudinal synelinal
£0ld trend to the east of Klerkedorp and the Krugeradorp and Garletonville
tramsverse synclines in the West and Per Vest Kend afess, respectively.

The longitudinal trends recognized by Knowles (1966 are not obvious in
Figure 10, but an of the 1 g

recognized to the east of Westonaria amd in the Turffontein district to the
west, through Westarn Deep Levels, with tl dinal
recognized by that auchor.

A compilation of all structural data referred to before, is
given in Figure 11. It is apparent that the longitudinal folding preceded
the tramsverse, as shown by the deformation of the Former Dy the Xrugersdorp
and Eloazar transverse synclines. Further evidence for this relationship {5
provided by cutcrop patterns within the synelinorlum, The arrowhead
structure, outlined by the Ongeluk Volcanics (Figure 5) to the mosth-east of
Potchefstraon 1s o 'Type 2' interfevence stiucturae of Ramszy (1967). The
Anticline, the later period of folding
was superinposed on the earlier longitudinal anticline, the latter having an
18l plane dipping to the south-east. To the north-east of the arcou-hezd,
refolding along a transverse syncilt 1 axis is aleo cvident (Plgure 5).
Despite biing of a Tather complex nature, the interference SLIUGLUTed West
of the Rictfontein Igneous Gomplex (Figure 5) also indicate that the
transverse £slding post-dates the loogitedinal, the former belng active &
a time when the Tronavasl sediments had, in part, an almost vertical
sttitudo, fTo the south of Yanderblilyark, a dosowarp is imprinted on the
broad etructural high (Figure 2) by the transverse c:nrle:onvu_lc Syncline,

tesulting in a saddle-like structure.

sajor longitndinal axis of she
behaviour of the transverse fold
s fold pattern radial from

In addition to outlining the
synclinorium, Figure 11 alse shovs the
axes. From south of Orkney to Potchefstroom,
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the VredeFori Dome is evident, Further to the morth-czst, the s
folds sre parallel to the bntieling el
wave~length as far as the Vi i M
e riabie wavel e Vereeniging Anticline, East of this structure, s

r] is evident, by a headis (—
%o the Sauth Rand Goldficld o appreneped. o - oo OF the foli-axcs

The Malmani Dolomite Formation

The Dolomite Controversy

(@) Introduction

Numerous ideas regarding the mode of origin ~¢ dalomire have been
expressed, with the two moat popular, but opposing, schools of thought
postulating the theories of dolomite being formed by primary precipitation
aor secondary replacement. The problems of sedimentary dolomites are
centred mainly around the possible conditions of precipiterion of primary
dolomite and/ox the source of the solutiens to form secondary dolomite.

& review of these problems is presented before cansidering the genesis of
the Malwani Dolomite in the Light of the following discussion.

(b} Primery vs. Secondory Origin

The ¢ of to their mode of
origin, was proposed by Weber (1364), who noted that primary dolomites
dieplay excellent stratification, have a very fine to cryptocrystalline
and uniform grain-size, and contain mo detectable calcite or fomsil
remains, Secondary dolomites, on the other hand, display a coarser, less
uniforn grain-size and generally contain suhedral dolomite rhombs,

Faunal remsins and relict structures and textures are considered to typify
the secondary variety,

Caleiun and magnesium carbonates have been, and are being, formed
from naturst waters in or on the lithosphere, certain of which are move
likely to precipitate dolomite than others, Having indicated that
substantial amounts of magnesium must be added to limestones to form pure
dolomite, Ingerson (1962) noted that ground-waters are particulariy
deficient in this cavion, with the only logical source of magnesium-bearing
solutions being ocean vaters. It thus seems desirable to confine tha

of dolomite to p y oceanie
before attempting to apply these £indings to older doposits. The dangers
of draving an analogy between pr day and
that in older formations, was appreciated by Chilingar {1953) when he
voted that Ca/Mg vatios for dolomitic limestones decreased with age of the

d 1 a calcium in more recent times. This vas
Interpreted as being due to a selective return of calefum to the lands, and
ot as resulting from a longer period of time during which magnesium could
replace calcium, There is rather a preferential weathering of calefum over
mognesium in the vediments and a gradval inerease with time of C g
vatios in solutions contributing to the sea.

Following as exhaustive review of availoble lditeraturd; Toens
4 tha tas maY through one of four processes *

(1966}
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that with a decrease In depth and distance from

store there was a
syupathetic Telationship te that noted for increasing temperatures. This
observation was also recorded by Marschaer (1968) as a decrease in GuCO:
ionz;:zﬂ:::? tl;: b::: to ;:aitop of any seratigraphic section, leading l3\1m
o usfon that salinity within the d
ol sting epositional environment

ALL evidence eited potats to 3 close relationship betvean an
[:} to

2 viging pH, and an increase in environmental tﬂnpsratu:sg%ghgssﬂlézé;y’
the Anstralion aud Buhawan cxamples dlscussed contuin primary dolomite dn
shallow watei to Submaetdial the possible influence
of evaporation in dolemite formatdon, The cccurrenmce of gypsum in close
association with difforent carborate minerals on Bonaire, in the Netherlands
Antilles, as reported by Deffeyaes and others (1965), supports this supgestion.
It can be toncluded that the most £ b1 for dolemite
formation is in the littoral zone, but that, as illustrated in the examples
referred to, primary dolomite is quantitatively unimportent, These
observations tend to argue against a primary chemical ox organic mede of
origin for great thicknasses of dolemite, such as is developed in the
Malmeni Dolomite 4 y origin

or is more

(c) Dolomitization

The fact that secondsry 1s to
forn dolomites seems highly probable, but, the time of dolomltization is
& matter of gome conjecture.

Hsu (1866) considered that delemitization takes place through a
combination of two procesees :

1.  The pressace of beds in is
of avid 4 during which in sea water may have
been The of was in
Netherlands An*illes by Deffeycs and others (1965), where cslciun carbonate snd
gypeum were precipitating from ses vater, producing dense brines having
¥g/Cs ratios in excess of 30:1.

11, During times of regression, shelf doposits can be exposed, setting
up hydrodynanic heads which will Induce the motion of brinal solutions
threugh the exposed sediments. Studies in the Antllles (Doffeyes and others,
1965) showed thiat downvard drainage of high-nagnesivs brines resulted in
the dolomltizaiion of large areas cutting acrosa the bedding. Fleld
evidence indicated that the dolomitization was produced by the flow of
denee brines from supratidal aveas.

Whather svaporation is required to gencrate high-magnesiun brines
my be questiorsd. In accordance with the findimgs of Chilingar {1953),
the possibility exists that in earlier geologie times the magnesium content
of sea waterp was sufficiently high for demse brinal sojutions to develop
without evaporite formation, Fairbridge (1957), in fact, made no mention
of evaporites in considerdng that dolomitization began to form imirially
very early in eing of p pature. This he
suggested may be due to the instabilicy of both aragenite and high-magnesium
ealcite in the presence of magnesium-rich solutions. Interstitial waters,
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deposits of dolomit,

2CaC0y + Mg2¥ + CaNg(C0q)y + Ca¥¥

B highly concentrated in wagnesium, were reported from both South Australia
and the Bahooas by Aldermen and Skinner (1959) and Shinn and others (1970)
respectively, suggesting that even these so-called primaey dolomites were |
formed by the pene-contemporancous replacement of caloite by dolomite ae
outlined by Deffeyes and others (1965), as Eollows

The ideas of ¥airbridge (1957) appear to have particular applicatfon to,
Such an the

Maimani Dolomite Pormation where, in the area under investigation, a
cosplete absence of limestone was noted, It is most difficult to visualise
a late solurfon lating through 4,000 feer of limastone
causing complete alteration. There is mo evidence of the decrease in
volume which wauld accompany dolomitization of consolidated limestone, nor
fa there any sign of the released calcium in the form of caleite veins or
coneretions, A more logical explénation would imvolve a dynamic eycle of

P dolenite Initially, during the
precipitation of limestone, the solution would have been enriched in
magnesium until at a critical Mg/Ca ratic dolomitization of earller calciua~
zich carbonates would have taken place, not only in the immediate supratidal
enviromwent but slso further as the brinal

wigraced,

As the released csleium wes taken into selutifon ond the equilibrivm Mg/Ca
xatdo of the original sea water regained delomitization
with 1 tona

would have ceased.
wovld have

At this stage 2 new cycle,
been set in motion.

Constiruents of Carbonate Rocks

(a) Introduction

ALl sediments can be considered as a xespouse to two interacting
of w

systems, although one, under 1

chthonous pattern was clearly the most Jominant.

direct relationship to its origin, wi

#imifar textural relationships,
size range, with which a cementing we
tacugnized in cach group of sediments.

_.____—&nzr—»-w..--wq—-—-«— st

() @ of Rock Constituents

be completely masked by the other. An autochthonous system, that produces
sediments within the sem itself by chemical or blological pracesses, can
be an ail system that brings sedimentary
particles into the sea frem beyond its Limits (Shaw, 1964, p. 143,

In a successlon of rock-types, such as is devcloped in the Malmani

Dolamite Formation, composed wainly of carbonate canstitueats, the auto=~
Those processes bringing

material inte the basin of deposition were, by comparison, much weaker,
such that the only true allochthonous sadimmi\ts grasent al
carbonaceous shale horizons and winor quartzite lenses.
this stage to diseuss the carbopate sediments within the Nalwani Dolomite in
datail, these belng the most important autechthonous r:nnst‘ituan::‘; ftf,":"a
Tk Athin this binary sedimentary system, which bears
ivetr sotaciosetip o & 11 ba reviewed in a later section, as

will be the nature of the silochthonous sediments that are present.

re thin
It is intended at

2 1sstic and carbonate sediments, based on
B etouanipe, wao aade by Folk (1959), A Eull perticle-
Jtum is often sascciated, can be
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Folk (2959) e & the of
rocks inte twd groups, nawely, ortbochemical and sllechemical, Ortho
chemieal constitents e cssentislly normsl chemisal precipirates, fommed
wuhin ths basin of dapasiuun and which have baen subjocted to littla ox
Two types of ents arae

tecognized

1, Microcrystalline Calcire (ficrite).
Rapid chenjral precipiration is thought to have resulted in the
formation of micrite which occurs as crystale varying in mize hotween 1
and 5 microns. With Jater settling to Lhe bottom, infilling of voids
‘between conTser constituents results in a similar texture te that developed
in argitlaceovs sandstones.

11,  Sparry Calcite Cement (Sparise)

Sparite takes the form of a pore~filling coment, distinguished

from micrite by its well-defined outline and coarser gize, often Hpproach-
ing 10 microns or more in dismeter.

#llochemicel constituents are those components that formed by
chemical precipitation within the basin of deposition, but which have
generally suffered some later transport, Four types of allochems are
retognized,

4. intraclasta

These consist of pleces of weskly consolfdated carbonate sedimen:
that have been torn up and redeposited by currents, They vary in size from
fine-sand to pebbles or boulders.

1. Pellers ave rounded and well-sorted aggregates of microcryatalline
calcite varying in size between .03 to .20 mm and thought to represent fecal
pellets of worms or other fmvertcbrazies.

1. olites

A detailed diecussion of oolites follous later.

iv. Fossila

Yos;us are 1mpertant constituencs af many Linestones, bul a
not of e in early Ptecambrian

true ol
carbonate rocksA

{e) The Effects of Recryastallization

On recrystallization of enrbonate rotk-types, primary textures

become somevhat modified or destroyed. In dts early atages, rhis provess
1s probably closely related :o dnlomiciutium ’ﬂ\xeu stages of re- i

erystallization or T have been d by Folk (1965) :

- lates of primavy
4. During early diagenesis, Z-mlerod needles or P.
nicrire ave converted to subequant polyhedrn blocks of the same sizd,
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3d. Further results in the of which
‘has .an average grain~cize between 6 and 30 microns but characterized by a
great oniformdity din size between these two wxtreme values, Micvospar
forms by recrystallization of parider neomorpnic wicrite, fine-graimed
::{uacti:szs and pellets while nolites and sparry calvite are seldom
ectad.

384, In 'freakich lioestopes' neomorphism muy progrers further, with
| * lization of 21l primary constituents except COBTER

i dntraslaets ond polites, producing psendospar that umy closely approximate
i normal pore-falling calcite in appenrance. Disgnostic critsria for
distinguishing betveen the fwo aTe the transection of allochems by psendo~
spar sud the proscnce of ghost aliochems. Algo, the presence of loosely-
packed allochoms in & sparite cement argues against & primary origin for
#he Jatter. Tor sparry valeite to form ab & cemenr, poTe-space, supporred
Ty some means, mist have been present. The most logical support is u
close-pocking of eliochams, such that, if @ loose-packing is developed, &
complete reerystallization of ail allochems, other than those visible, can
be inferred. Similsr crit I can bo used to distinguish Fine-grained
sparry cement fram wicrospac,

[ The Malmani Dolomites

i In the Malmani dolomites, the recognition of each type of allochem
43 extremely diffivalt. Conrse—prajned imtrsclasts ate Zosnd, s1though

only sporadically. These have piven rise to intra—formatdonsl

| conplomerates (Plate I, A). Owing to the marhed degrae of recrystallization,
i #ine-grained intraclasta and pellecs have seldom been preserved. IF the
only ovigin f the latter is foal, ac proposed by Folk (1959), pellets
would not be present in the Valmani Nolomite. Other allochems, most

i a0tably oolites, are widely distributed but fossile are zbsant, spart Iron

I Qifferent types of algal stzomitclites. For this reason, fossil fragments

4 sve pot on impartant comstituent of the dolomites.

Almost a1l dolomites 4n the Malmeni Dolomite Formation are of the
‘freekich limestone' type (Folk, 1864}, ss 7 result of ‘thuir general cuarse-
pradned pature, Micrite and sparite, as defdned by Fod  (1959), are wor
Present. Only The coorsest varisty of microspar has boun identified in the
dolomites ptodded oy the present asthor. Four domipant grain-sizes were
rocognisebly relatad to the degree of recrystallization, These have bees
! termed mlcrospar (.02 ~ .03 m.m,), recrystallized wiczospar (.07 = .10 WYy

pocudospar (.30 = .40 m.w.), end Tecrystallized paesdospar (> .60 m.m.), On
& manrecscale, the micrasper products have a dark colour while the pseudo-

i spar varierics tove a white solour.
'i She variories of indtvidusl textural vypes of dolomits in the
Malmeni Dolmeite Enrmation ave innumerable but four groupings, related

essenrinlly to degree of xecrystallization, are Tecognizable 3

(=) Hu 1 d Dolemite

This dolomite (Plate 1, B), which most clesely rosembles the
primary covhopate rosk-type, containg ghast Telicts of intraclasty which
Tove oy werage gradmsize of 25 mm, The matrix and fntroclasts sonsist

i s . N S EE
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mainly of microspar, although later neomorphic effects have resulted in the
develogment of recrystallized randoniy the
vock. It is apparent that the microspar was formed at the expense of
micrite and fine-grained intraclasts, while no evidence exiats to suggest
that sparite was an original constituent of the rock.

() Variegated Dolomite

As recrystalifzation all was to
recrystallized . The of ané carbon 3
at this stage caused the vock to have a variegated or mottled appearance
(Plate I, C). The development of porphyritic textures has been observed to
be most promounced in massive to thickly-bedded dolowites. The effect of
this increased recrystallization on finely-bedded dolomites was to develop

1light~ and dark d bands (Plate I, C), due to differeatial
recrystallization within i tort ALL intraclast
and pellets were destroyed at this stage.

(¢) Recrystallized Dolomite

This dolomite represents the most intense degree of raerystalii-
zation, being uniformly light in colour (Plate I, D) and consisting
predominantly of pseudospar and recrystallized pseudospar, with occasional
remnants of recrystallized microspar. Jn extreme exsmples of reerystalli-
zation, all traces of primsry structures, including bedding, have been
destroyed.

(&) Yeimed Dolomite

Although not d, this k-type is m eyl where
devaloped. As shown in Plate I (B}, a dark-coloured dolomite is cut by
sharply-defined light-coloured veins. The mabrix consists of recrystallized
microspar vhile the veins are composed of recrystallized pseudospar, also
dolomitic in composition, with crystals up to .80 =m in size, The contacts
between the matrix and veins are generally very sharp, with the grain-size
of the reerystallized pseudospar appearing to increase towards the centre of
the vein, Both these features are, according to Stauffer {1962),
indicative of open-space £11ling of a brecclated host-rock.

(e} Genesis of the Dolouites

The of of dolomite types was
disenased by Foik (1964), who 1s either p
or coalescant. Porphyrold recrystallization iavolves growth of a few large
crystals in & static groundmese. Coalescent neomorphism takes the form of
a gradual enlargement, maintaining a uniform erystal size at all times.
Cicarly, the end products resulting from each provess sre ipdistinguistable.

The genesis of the different types of dolomite in the Matmand,
Dolomite Formation can be related to the above processes. While the
textural patterns are comparable in each case, the crystal sizes differ

in de. A g increase in has

esultad in the Loomatisn of the dark, mottled and recrystallijed dolomites.
The microspar matrix of the dark-coloured dolomites Tepresarts either a
complete fusion of porphyries, or is 2 product of coalescent “u:m?him',‘
With an incresse in recrystallization, porplyries of recrystallized micro:
spar heve formed as the secotd component of the dark-coloured dolomite.
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Eventusl fusion of the porphyries has resulted in the developaent of &
uniform matrix of recrystallized . of

neomorphisn hes led to the formation of light-colovred pseud

partly responsible for the mottling effect in the aecons i';pisﬁ?dﬁiiﬁif’
The carbon mottling is considersd o have been caused by some metasomatic
process, as discussed by Young (1934a), involving migration and
concentration of this element from its initdal disseminated state in the
dotomite. Gomplete Lusion of pseudospar porphyries has never taken place.
As @ result of this even the most extreme example of neomorphism, as
represented by the rectystallized dolomite, still contalns reerystallized
wicrospar, This dolomite is composed predominantly of pseudospar, while a
later d has d recrystallized
pseudospar crystals. .

The stigin of the veined dolemite is somevhat problematicsl in
that the vein material, while meeting the requirements of an open-space
£1lling, ig much coarset than normal sparite, Ko obvious explanation is
fortheoming, save to mote a resemblance in outward appearance to mud-cracks,
cemented by @ second generation carbonate Infilling. R

As regards the causes of recryntallization, Folk (1964) admitted
that uothing concrete could be ssid, The sawe zuthor reviewed possible
enviromental causes such ag the salindty of the environment and the clay
content of: the imestowe of dolomite, but coprlsded that more Tesearth was
necessary hefore any conclusions could be draws, Irrespective of the ceuse
of recrystallization, there does exist within the Maimant Dolomite, defimite
zones having a predominance of cevtain dolomite types. This phenomenon
requlzes an explanation and will be enlarged upon when the stratigraphic
column for the Malmani Dolomite is constructed in 4 later section,

Carbonaceous Shales within the Malmani Dolomite

In order that carbonacecus sheles can form, an enviromment of

and is + Under the
anaerobic or euximic conditions there prevails a reducing envivomment in
yhich organie matter, ul.timately Tesponsible for the black colouration iy
preserved. The Teducing conditions reguired for black shale deposicion
are 1in rumerous and are controlled largely by the
morphology of the basin of deposition. Rich (1951) argued as regards a
deep-water origin, that a demsity stratification, related to salinity
differences, inhibits circulation. Ruedemsn (1934) ceme to & similar
lusion as regards black shale He

that in desp-lying reglons, at depths of greater than 3,000 metres,
carbonates go intn solution, and only a shaly fraction rewains. Both of
the sbove hypotheses postulste deep-water conditions such as ave only
ohtained in geosynclinal environaents oF marginel seas (Keumbeln
Sloss, 1963, p. 416).

While agresing that carbonaceous shales can form in deep-uaier
environnents, Krusbain and Sloss (1963, p. 566) proposed that cuxinic
ditions ate also tic of lagoons cut off from the maln body
of the sea. Furthemmore, they point out that, in contrast to the thick
accumslations q it the lagoonal black
shales tend to be velstively thin, although they may cover extra-

ordinarily large areas, In diecussing allochthonsus sedisentacion n
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epeiric sens, Shuw (1964, p. 37) considered that, even at the strand,
significant wave actlon way not have existed. He noted black shale heds
at the base of stratigraphic sections in many parts of North America, which
dontained little evidence of agitation., These were, however, tlearly
strand-)ine deposits, as they were the first deposits of a tranagressing
sea. Shaw {1964, p. 47) also mentioned the occurrence of cosrse clastics
with of the

in more
black shales.

Within the ¥almand Polomite, the carbonaceous shales Lend to be
finely bedded, but with o evidence of sedimentary structures such as cross-
bedddng, ripple marks, or mud-Elake horizons which Lypify shallow-water
euvironments. Mowever, in an epeiric basin such structures are likely to
be rare or absent, due to the low energy within the depositional enviropment
suggested for carbonaceous shales by Shaw (1964, p. 37}, From the ai
evidence it is not possible to distinguish between a shallow- or deep-water
origin for the black shales within the Malmani Dolomite. That the dark
colouration is duc to the orgenic content of the shales camnuot be doubted,
as the isotopic ratios of carbon, determined by Hoering (1961-62), favour-

a biogenlc origin,

Detailed and x-ray
tions have revealed that, apart from carbon, the shales are composed of
quarts, variable amounts of dolomite, and different cley minerals. The
type of clay mineral within the stratigraphic column is found to vary with
height. Samples nesx the basz of the Malmani Dolomite contain both illite
and keolinite, the latter diminishing rapidly with height, until, from
about 200 feet above the base to the top of the column, illite is the ouly
clay miseral present, Umler varisble climatic conditions, differeht clay
winerals are known to fom (Grim, 1962, p. 517-518). Kaolinite only
develope 1n fairly humtd environuents wbere totel lesching of the alkali
and alksli-earch metals is achieved, With less leaching, clay minerals
such as 1llite ara p . Thesa indieate the
of humid conditions at the cotmencement of Maimaal Dolomite times, which
were rapidly betoming move arid.

4lgal Stropitolites

(a) Introduction

Detailed of algel particularly fa
the Griqualand West area, were given by Young (1932, 1940, and 1943} and
by Young and Mendelssohn (1948). Two major types of algal strematolires
were recognized, nemely those having domical and those having colummar
geometrics, with grodations between tho two alsa developed. The aizes of
the stromatolitic structures were considered to be controlled by the
smount and size of cediment influx. The more materinl lutroduced, the
larger cthe structure, except where compietc smothering tnok place, The
Tole of aigal strowatolites %8 princips)ly that of biwitng of infiux
sedinent Which had been derived From the reworkivg of older calcareous

Al tromatolitit rocks Ia Soirh Africa with

frer
" Yours (1734} conciuded that “ow-dying
modern gediments in the Bahawas g A A A

coastal flats under ambiguous condition . I
most Favoured algal growth, Based o . rrz xgent on the envirosuental
of algal st tolites. You.s ' . 3) extended his esrlier




COMPOUND ALGAL STROMATOLITES Figure 14
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obsexrvations from :ha cnnpbeu Rand Series to the Dolomit
Far West Rand, of e ’:E ;‘-hiﬂrii 1:5 the
the two areas.

[O] i of Alpal Stromatolit

Tue £irst of algal based
on their geometric Forms was proposed by Logan and others (1964). It is
essentially a desriptive, as opposed to gemeric, classification, related
to the basic geopetric wnit, the hemispheroid, from which most stromato-
lites are bufit. Oncolites, which are built up of spheroids, are also

as a type of

Referxing to Recent algal stromatolites aud unculh:eh Yogan and
athsrs (196 )] three main £ the bas

4 Type - Lil, lsterally linkes homl ~ Collenta

Further subtfvision into Yode 'C', with close lateval linkage and
Mode 8", with spaced latersl linkage of the heaisphercids, vas proposed.

ii, Type - SH, discrete vertically stacked - Cryp
Sericture

%, on whether the hemispheroids had a constsot or variable
‘basal muus, Modes ‘gt apd W' respectively were distinguished.

41, Type - S, spheroldal stzuctuxes

Compound 11gal s (Figore 14) containing both collenia
and crypthzoon structures, are also present in Revent enviromsents.

Modern algal stromatolites are found to bs restricted to ceértain
at, by ( ssil
1

ane Kumerous
authors, mtnbly Bl-‘lck {1933) in the Bahamas, und Lognn {1961) in Waste:n

Australia, recognized that aleal ites form in the
Uttoral one and may occasionally derelop in the low-gupratidal mmmen:.

Togal and others (1864} prnposed a chree-uny subdivision of the
intertidal wone, each en
slgal structure :

4. Type - L1H d 1 mod £lats
e wave action is slight, A siu.ilazi:y can be noticed between these
o ¥ itures and the domjeal stromstolltes described by Young (3340).

it Ype SH d to be of exposed
intertidal mud flats, where chz scmxring action of waves prevent growrh of
algal mats between stromatolites. In their simplest form, these structutes
approach the colummar stromatelites described by Young (1940).

low intertidal
£ oncolites of the Type - SS.

434,  Agitared shallow weters below lowwmter uaek, in
areas, ave inferred by the prescnce o
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of the alga) is

_ essentially on energy diffevences within the depositional envirommest, In
an epeiric sea, the optimum energy requirements of each type of algal

occur. The of the major sources of mechanical

enexy in an epeiric sea is shown in Figure 15, modified atter Shaw (1964,
p. 43), in which the three environments outlined by Logan and othera (1964)
can be recognized, In this model, Type ~ LLH strowatolites are
developed nearest the strand, followed basinwards sy Typa - S5 and Type - SR
algal structures . Thus, a te Facies,
in character (¥rumbein and Sloss, 1963, p. 365), is developed.

. With reference to Figure 15, a brief explanstion of the stromato-
1ite facies can be piven. Collenia siromatolites develop nearest the shoxe .
where wave action is slightest, grading basiowards into the higher energy
oceanic wave environment, under which conditions oncolites will form.
Contrary to the idess of Logan and others (1964), the suthor considers
conditions basimwards of the fwpingement of decpest waves to be optimum
for the development of Cryptozoon siromstolites. This preposal is
supported by the findings of Playford and Cockbain (1969) who recognized
columnar stromatolites as belonging to a subtidal fore-reef facies in
Austraiian Devonian sediments. Water depths, although deeper that in the
aboye eaviromments, are still shallow and have &ctive occanic currents.

In such an enviromment, in which oceanic waves do mot affect the bottom,
delicate stromatolite struatures of the type shown in Plate IV (A and B)
will not be destroyed, while upward growth in search of light will prevent
the formation of laterally linked hemispuoroids, Also, the ogeanic currents,
88 shown by the presence of limestone detritus (Shaw, 1964, p. 43), are
sufficiently strong in this shallow subtidal enviromment to promote growth
of columnay stromatolites.

{c) Algal tes within the Malmanl Dozomite

In this discunsion it 18 not intended to give datailed descriptions
of the algal stromatolutes, since this has been covered in detsil by Young
in Wis papers betwaer, 1932 and 1948, but rather to consider their emviron-
mental y where dered valid, with the findings
of Logan and others (1964), Within the Malmani Tolomite three &istingt
types of algal stromatolites are recognlzable. These can be claseified
atcording to the scheme devised by Logan and others (1964).

1. Gollenta : FType = LLH

e Collenia stromatolites in the Malmani Dolemite ere most commonly
domical in outline, with two varieties, differing significantly in size,
being found, The larger of the two (Plate IT) is up to 2 metzes in dlameter
and height, often containing mitof parasitic domes. A much smaller domical
stromatolite {Plate III) which is scldom greater than 3 cm in diameter or
height, is aleo developed. The latter approaches very closely in character
the algal laminated sediments described by Davies (1970) from Shark Bay,
Western Australia, In the £ieid, the two types of domical strepatolites
gunerally occur in close proximity, indicating somevhat siuilar nnvirouma:tnl
corditions during thelr formation, However, based o1 the argument that the
size of the stromatolite is proportional to the amount and size of sediment
influx, ft is concluded that the smalier Collenla structures developed
neavest the strand, in an epeiric ses where lower energies existed, than
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furcher basimards (Figure 15). Also, the emall-scale strue

Pave. the made 151 configuration, Infuative of very SLLHE weve aotine ot
allowed algal grouth in the interatructure spaces. A omewhat disturbing
fact, for which no explanation can be offcrrd, is the absence of domical
stromatolites, gradational in size between the two ¢xtremes discussed,

1i. Cryptozoon : Type =~ SH

Numerous examples of Cryptozoon stromatolites can be rvecognized
in borehole cores, despite the fact that a true 3-dimensicnal impression is
seldom obtained, As shown in Plate IV (A apd B) these structures vary in
size, s deternined by the basal radius of the hemispheroid, and in type or
complexity, as lateral spaced-linking between oceuxs
sporadically up the column, The latter phenomenon is considered to be

due to periodic sediment infilling of intercolumnar spaces.

Two Cryp! with 1 formslae ave
i1lustrated in Plate IV.

A, SH -~ C with a basal radius approzching 2 cm.
B, SH ~C+ LUE - § + 8K — C with a basal radivs of 1 cm.

The diffcrent Cryptozoon types gemerally occur in close
association in a stratigraphic section, although being indicative of

energy The shown in Plate
IV 'A' is clearly a decper water xesponse than that shown in 'B', The
former is larger than that in 'B' and has ne lateral linking as a vesult
of preater current action in the interstructure spaces, and a mora rapid
upward growth, Lerger Cryptosoon structures with a basal radius approach-
ing 10 cw are also developed. Only portions of the structure ave seen ia
borehole cores, while recrystsllization has often partdally obliterated
the outline of khe stromatolite.

111, Ongolites : Type - 9S

Oncolite structures sre not vell-developed in the Melmand
Dolomite in the aren under consideration, apart from a thin zome near tha
top of the formation. As shown in Plate IV (C), the ohcolites have a

vlar to elliptieal cr tlon by a light~col d cement
conelsting of recrystallized dolomite. On close examinstlon of these
structures, although not evident in the plate due to the degree of re~
crystaliization, & series of concentrically stacked sphercids (Mode 'C')
are found. The laminae of spheroils are not perfectly oval in ourline,
but consiat of minute close-linked hemispheroide. A formula of
S

558 can be doternined for algal stzuctures of thin type. Ao ohown in che

plate, the oncolliws show a complete lack of sorting. Some restriction on
Exowth, caused by such factars as an excessive influx of clastic material,
v considerad adequete to ckpiain the large size-range displayed ' the
oncolites.

.} Xhe Significance of Gulites

As opposed to oncolites, oolites conslst of parfectly oval
sphevedds, lacking the irregular interna) hemispheroidal structure of the

R

S

i
i
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6 generall;
radisl patterns are alse found, The size of olites in t‘herHal:li:l;ml;n‘Iomice
are, however, less tham that of the oncoliteg. A chemical origin for
oolites, a solution with respect to
Cac03, 1s the most widely heid view, The svailability of a detrital mucless
and an agitated enviromment are also considered essential for volike growth
(Bathurst, 1967). In such an env: i around a
nucleus takes place until the so-formed colite becomes large enourh to fall
out of suspension. The size of the oolite is thus contzoiled by Lne energy
of the cnvizomment. An opposing idea, imvolving an organic arigin was
proposed by Schweigert (1964) who postulated the participatiun of nlgae in
the incrustation of detrir i. The prescnce of amorphous carbon, in
Australisn oolitic iron o:2s, prompted the above author to make a similar
suggestion for the origin of colites in the Nalwani Dolomite. It can be
concluded that for ejther origin an agitated coviroment is Yequirad,

former. In well-preserved oolites, as is the cuse for oncolites, a
of the 1

A number of different types of oolites occur in the Malmasi
Dolomite. As shown in Plate V three vsrieties can be distinguished ¢

1. Chert oolites in chert (Plate V, 4)
11, Delomite oolites in dolomite (Plate V, B)
114,  Chert oolites in dolomite (Vlate V, C and D)
tv. Dolomite colites in chert,

Another feature shown in this plate is that the oolites, while
generally well-sorted, can also be totally .meorted. As mentioned above,
the formation of oolites is dircctly reluted to emergy, such that enly
when a crivical size is reached during their formauien, will deposition
take place, In a stable itdonal env: a 1n ocolite
size, avay from Lue shore, is thus evpented, being o response to energy
variations within the eubtidal 'A' enviromment (Figure 15), Based on this
argument, an unsorted coiile horizon mey be Formed under rapidly changing
energy -+ ditions. Oolite lands often display a distinct grading (Plate
¥, A). .ls is, however, generally of a reversed nmture with larger colites
overly s, omsller, An increase in energy, related to a transgrassing or

horelina can be inferred

After much controversy, it is generally sgrecd today that colites
are indicative of pre-existing shoreline conditions, Novell and others
(1960), after working on the Great Buhama Bank, concluded that conditions
Just below the intertidal zone are optimum for colite growth (Figure 15).
It should be noted that oncolites also form in this zone which is not an
envivonment of high calinity in yhich maximm super-saturation vould oceur.
An organic arigin, proposed by Schwelgert (1964) doee, on these grounds,
appear more acceptable than a chemical.

In the £ield, oolites are clesely associated with domical ov
Collenia stromatolites aither as continuers layers, or fn thie interdome
spaces, Domical stromatolites, form in a more proximal e:vlromen: thlmj

oolites (Figure 15), requiring or an
of the tv(m e fovales. It fs thus concluded Ehat the reversed greding of

oolites s due to a transgression, as opposed to xegression of the shore-
line.
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The Malwani Dolomite within the

(ay Agrial Varisti:n fn of the Malmani Dolomite

(1) Presentaticn of Data

Tsopach maps provide the best means of representing the serial
in of a unit. Within the Porchefstroom
§; 82 borehol the Malmani Dolomite and Fountatlng
Formations, An additional 1G control poinmbs ware obtained by super-
imposing structure contours nf the base of the Malmwani Dolomite and Time-
ball Biil Formations and unbing ‘the differences in alevatfon {at the points
of intersection) of the two sets of comtours. In the bovehole logging, no
differentiation, on a number of occagions, was made between the Malmani
Dolomite and was decided that, for the
purposes of Che present imvestigation, the two formations would be treated
as ope unit. The maps prepared are, however, still considered as
to the in of the Malmani Delomite, the
i Thus,

Jatter having a much greater
despite the fact that most of the sontrol points lay along the north=
western limb of the synelinord slong the south
eastern 1imb, en ideal set of date, for the construction of isopack maps,
vere availablo,

When dealing with thick stratigraphic units, it is often
desirsble to separate the Tegional from the local variatiems. This de
necessary for two reasons

1. Local varfations are generally small-svale features
which will tend tc be masked within a thick stratigraphic unit, However,
1f separsted from Lhe reglonal trerd and mapped alome, local thickness
vartations can ba of grea: geological significance.

2. Gonveraely, the regiomal trend may be obscured by
local variations.

A trend surface analysis was thus carried out on the unit in
question, with Che regional and loeal variations in thickness mapped
separately.

(11) Regional Variatdon in Thickness

To the isopach data, the linear te quartie surfaces yere Fitted,
»11 of which display a remsriably high 'percentoge Fic', The vesults of
the analysis ave shown in Tuble 4. (Page 34,

From the abovementioned table it is evl:llem: that ﬂ;u 11ncat!aurface
(Figure 16) is highly significant, This trend indicates am increase In
!\ﬁ:kness Zm sog J légo metres towards the south-west. It is importaut to
rote that this surface hears no relationship to the present outcrop geometry
of the synclinorium, indicating that the latter exerted Little control on
the development of the most dominant of the regional isopach txends. w:ixe
WOt as significant as the linear, the cublc surface (Figure 17) does indfeate
an increase in thickness towards the axts of the eynclimorium, belog =~
reproesntative of the present geometry of the structure. Tho basi¢ pattern
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of an incresse in thickness to the south-west can, howevi

yecognized, Figura 17 has been presented as being a vetter :::i:s::taun
of the variation in thickmess of the Malmani Dolomite within the s clinn:—
ium then the preceding Figure. A significant foature, appazent rom Figure
17, is that the Potchefstzoom Anticline 412 not act ss a regional high
during Malnani Dolomite times. Although control points un and in the
vicimlty of this anticline are few in number, residual values do not
;ﬁ;:::en:!;z;i:!:s structure was at all active duxing the development of the

TABLE 4
order of Co of Tnerease in
Surfac Correlatio
rhsce Frelation by Surfsce by Surface
. Linear 0,78 60.2

Quadratic 0.83 68.3 8.1
Cubte 0.88 .4 9.1
quartic 0.89 79.6 2.2

(111} Local Vsriatons dn Thickness

As 1s the case with any set of data displaying a wide variation,
the reliability of a compilation cf this dats increaces in proportion to the
mmber of control points used, For this resson it was considured that the
contouxing of Tesidual valuea for the Malmani Dolomite shevld be restrizted
Yo sub-azea 3 (Tigure 6). In other parts of the syoclinoriti, contro!
points were too widely scattered fox a residual plot to be at all neaningful,
The cubic restduals for sub-area B have been extracted from those ok Lic
total area, the contoured result of which is shown in Figure 18. Th
figure wos found Lo be almost identical to that obtained when using the
quadratic residuals, the reglonal trend of each also being similar snd
perallel to the strike of the formation in sub-avea B.

In Figure 18, a serles of alternating isopach residusl highs and
1ovs is shown, A large positive ;esidual indicates a thickness in excess of
the caleulated trend value at that point, while negative residuals
represent a thinning of the stratigraphic upit. Figuere 18 is distinctly

dual plot for sub-avea B
nd

sinilaxr in outline to the rtyucture contour ren:
{Pigure 10, some besween a

Aloag the and ing A , which are the pajor
structucal highs in this axes, minium thickmerses are developed. The

Malmant Dolomite aléo thins slong the tower-vrder structural high to the
east of Carletonville. Clusely rvelated to both the transverse snd longitudie
nal downwarps, a thickening of the unit is found, This is particularly

roticeabie to the wouth of -arketonville vhere, at the intersection of two

B TR TR
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lines (Figuve 11} highs, an elongnte basin is
duveloped in whick a parked ﬁhickeni.ng of the unit escaro.

() 9f the Malwand Dolomite

(1) Introduction

The atratigrephy of the Malmani Dolomite has been ismvestigated
by Young (1933) and Toens (1966). The observations of the former author
weve confined exclusively to the north-west Cape, apart from examining two
incomplete Malmani Dolomite sections from the West Wirwatersrand area. He
was able to recognize a stratigraphy in the core available which, however,
included less than half tha total thickness of the fwmmation in that area.
Toens (1966) presented an idealized stratigraphic co’wan for the Malmani
Dolomite in the Potchafstroom Synclinorium, after exa ining a complere
sectdon of core from West Driefontein and two incomple n sections from the
¥lerksdorp area,

Both the ubove authors based their findings on the assoclations
the present study, it was
SeeTaer o B iow thds approuch further and, with the inclusion of chemical
data, to attempt to define the stratigraphy of the Malmani Dolomite more
preciacly. Aa mentioned before, cha use of microscopic observations as

1s larg: hiess within the Malmani Dolomite,
v to the mgh degree of 1eczysca111umn.

(41) The Black Reaf Member

The Black Reef Nember, developed at the base of the Malme .l
Dolomite, consists predominantly of clastic material. Within the limite of
the Synelinorium, 4n excess of 20 metres sre raxe,
while in certain localities a thin carbonaceous shale parting is the only
xeprasentative of this unit. In lts most typical development, the Black
Reef Member conalsts of
ute horizons, particularly towards the base, grading upwards 1ntn
carbonaceous shale~rich zones. Froguently, s quartzite horizon is present
above the shalcs, although the first pccurrence of dolomite may be found
‘balow the upper of the geology, the
pebbles of the 1 consist of well ded guartz, with pebhles
of chert and quartzite being more rare, and with those of shale and 1 =
proseat. ouly locally, The constitueats of the qulrtaita horizons ate ien
rounded and vell-sorted, of in
envivopment, Poorly-sorted quartzites are, particulatly on the ﬂanks of
the Johaanesburg and Vredefort Domes, very comon. In these areas, the
Black Reef although isting of well Jed guartz grains
dieplay & large size-range, octurring wichin a shaly and chloritic matrix.
‘fhe latter mineral is also comson im the matvix of the conglomerates
accoupting, along with pyrite, for the darh colour often attained by the
Black Reef Member.

ith

The Black Reef Member generally has a transitional contact w

the nverlying 'dolomites’, such that an exact boundary is difficult LobAefina.

In the preparation of ielith maps an arbitrary upper Limit to the wenl o
vas taken at the top of the upyernrost quartzite. mm.:e, oa is ¢bo ease f

older borehol were wot hed from shales, tho thicl :ﬁiu

{ndicated in the log for the 'Lnius , was used, Whila sppreciating possible
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evrora in these values, the thickneas shown on the log was considered to be
representative of the gemeral order of magnitude of the Slack Reef Member.
Where detalled logs were available, the thickness of dolonite present below
the was such that the values used in the
preparation of the mape are essentially clastic thicknesses. Tha maps
preparad using this data can thus be tormed ‘Clastic Isolith Maps' for the
base of the Malmani Dolomite Pormation. Only in those sreas with good
control were isolith maps prepared, This wap considered necessary, ms the
wember has an extremely irvegular dstribution similar to that described
in the Eaat Rend by Papenfus (1964). FPor thic reasen, the sub-ireas & and
2 (if4gure 6) ware selected for separate snalysis.

Hand-contourdng of untreated dats was first carried out for aub-
area B, the result of which 1s shown in Figure 12. An elongate channel
pattarn sub-parallel to the transverse Lold trend ie revealed, particulerly
in the Carlevonville district. In the vicinity of Wertonaria, a north-
casterly trending pattern 4s more noticeable, being porallsl to the
Jongitudinal folding in this ares. It is apparent, when comparing Pigures
10 and 12, that the fold pattern has excrted a major control on Black Reef
deposition.

In the Klerkedorp distviet (sub-arca &), a complotely contrasting
geometry to that above is deval o0 the data
are found to have random with little i to a channel
geometry. There is, however, evidence of thickening and thinning of the
member poxallel to the structural trend in this even (Fignve 9). 4 trend
sucface analysis was then carried out on the data in an sttempt to yelate the

to the The linear to quintic surfaces, with
accompanying residuals, were determined, none of whicl. showed very higl
coeffleients of correlation. A correlation value of .45 for the quintie
surfate was, as cxpected, the highest, This valne s considered to be
significant in view of the nolsy mature of the data being analyzed, A
rezarkably similar pattern to that obtained from the structure residuals
(Figure 9) is shown by the quintic surface (Figure 13). Msximun thickness
values in excess of 12 and 15 metres coincide with the longitudinal
structrral highs to the east of Klerksdorp and Buffelsfontein respectively,
while winimum thicknesses Me along the longitudinal synclinal axis through
Stilfontein, The above pattern, at first glamce, seems most uousual,
However, growing anticlival as will be later, often
have elongate sandstone bodies parallel to their axes.

Depositional Enviromment

The generat litholegical characteristice of tha Black Reef Member
indicate that mixed sodiments were Introduced iato the basin of deposition.
Subgequontly, o certain, although variable, smount of rewnrking ot
winnowing took place. With the limifug amounc % fntroduction of mixed
allochthonous sediments, a basal elanric wdt, often clean in character,

Gonedsting of conglomerates and quartzites and grading upesrds inte shales,
4 lat of quartzitic material, controlled by

sccounted for the upper quartzite horizen,

ater
nild tectonics in the source ares,
which 45 often present.

Black Reef Membor occupics a series of
For the development of such a

& gradient wae

As shown in Figore 12, the
river channels in the Gsrletonville area.
fluvial pattern, with chapnelling into older sediments,
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required, To account for the fine-grained assemblage overlying & coarse-
grained sequence, a tramsgression of the shore-lime must have taken place,
Shaw {1964, p. 37-38) related the development of a basal elastic unit to a
transgressing or expanding sea. With transgreseion, the above author com-
sidered that stresms which were previously downcutting would have began to
drop their load, due to a loss of gradient caused by flooding of their
lover reaches. Such dumping would bave choked the channels, resulting in
braiding of the rivers, eventuslly forcing overloaded braided streams to
deporit sands over the formerly eroding surface. As tramsgression
proceeded, the locale of bassl conglomerate and sand depssition would have
moved further upstream, the Jower flooded reaches roceiving only the fimer
fractions, For those boTeholes in which only carbonacecus shale was
recorded at the hase of the Malmani Dolomite, an interfluve locality can
be inferred, over which no coarse clasticswere washed, but vhich did
experience resicing susmp-like conditions. Through the processes discuseed,
a diachronous basal clastic unit would have been developed. Under the
above conditions, an would nave formed, The
ublquitous small-scale cross-bedding in the Black Reef along the morthern
flank of the Potchofstroom Syncilnorium are, according to C.E.B. Conybeare
(1971, personal communication), chazacteristic of this type of envirommant.
Such struc:ures arc considered to form as a result of scour and £211
provesses, typical of braided chanwels.

In the Klerksdorp area (Figure 13), the Black Reef has a completely
different geometry to that shown in Figure 12, An offshore bar configuracion
1is developed in the former avea, closely resembling the stillstand sands
discussed by Krumbein and Sloss (1963, p. 552). These bodies were considerad
by the above authors to form on growing anticlimal structures contempor-
aneous with deposition, Further reworking, by ocean rurrents, of the
channel~filling basal clastic deposits could have led to the formation of
such deposits. The hand-contoured map of the Black Reef Member in the
Klerksdorp area did in fact reveai an indistinct chanmel geometry.

(111) Logging of Macroscopic Parameters
Methods of Approach

In the Potchefstoom Synclinorium, outcrops of the Maimani Dolomite
are extremely poor, Borehole cores ave thus the only svailable sources of
stratigraphic information in this axea. However, particularly for a
puccession of rock-types such as the Malmani Dolomite, limitations exist to
the construction of stratigraphic colums from boxehole coves. The

£ Lnree. Yites, whether of the domical ox columnmar type,
was exthe construction of stratigraphic columns fxom borehole cores. The :
tion of large 1ites, whether of the domical ox colummar type,
of wuowas oxtremely difficult, while the lateral exteot of individusl colite or
mud cretrematelite borizons was 3 Also, the
advar- ages to using borehiole cores. Complets stratigraphic mectiond which
ey not alvaye be present in the field are available, with a more vegular
sampling of & section made possibl

A mumber of borehole cores, of the UD series, which include the
Malmani Dolomite have been preserved, Five complete sections of this
formation, in the Western Decp Levels area, have beén logged. Additional
coras £oom the boreholes Kb, south of the Elsburg Gold Hine, WRTL, west of
Alberton, and P2, west of Potchefstroom, wers algo made uvnflabla to the
authot, The positions of these boreholes Lo shown in Figyre20.
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Initlally, logging of the coves wag carried out on a qualitat:
or descriprive basis. This proved to be a rather unrewarding e}fott. o:;ve
aceount of the complex nature of the stratigraphy. A quantitative approach
was then embarked on the » of six para-
meters. The mavure of these parameters, which s»e carbonaceous shalea
domical and columner stromatolites, colites, dark fimely-beddew to ms'aiv:
dolomite and chert, have, apart from the latter, already been discussed.
During logging the degree of recrystallization of the delomite was also
noted, In each 1.50 to 2 metre core-length, the total thickness of amach
of the parameters was recorded. This was followed by the celculation of
the percentages uf each parameter in the individual core-trays, which vere
then plotted in the form of bar diagrams. Using this approach, it was
possible to obaerve the vertical of the in
boreholes, ag well as the of
thus enabling &ifferent 2ones to be Tue abave
core-logging teci-.iques was applied to £ive boreholes in all, mamely UD I,
gD 13, UD 15, K4, and WRT 1. At this stage it was possible to relate the
earlicr quantitative logging to the stzatigraphic zones outlined in the bar
afagrams.

Having thus plotted the results from the above five boreholes

tdually, it was possible to recognize the same stratigraphy in each,
w.-luding A well-developed marker zone in the top third of the column.
while correlation could be carried out between borcholes, the thickneases
of the zones were found to differ. This variarion in thickuess was, however,
of o systematic nature, apart from ons fone mid-way wp the stratipraphic
column. Although over 100 metres in thickness in two boreholss, this zome
yas completely absent im smother. It was thus decided to meglect this zone
for the purposes of Raving e of the
variable zone (v - Figure 19), the stratigzaphic interval from the base of
the Malmani Dolomite o the top of a prominent marker zone was found ta be
equal in thickness in Boreholes UD 11, 12, and 13, as well as in WRT L and
K 4, although being 170 metres thinmer in the case of the latter two bore-
holes. This interval was then dividad inte £ifty equal vnitg, and the
percentages of the six parameters in each unit calculated. The average
percentage of each of the in the fifty d for
b 11, 12, and 15, on the one haud, and WRT 1 and K 4, on the orhex, wete
then fetermined. This imvolved the preparation of two composite strati-
graphic columns from five 1 boreh which had a effect
on the vertical variation of the parameters, In the 1nte‘rvn1 ebove the
warker zone to the base of the Fountains Formation, mo well-defined strati-
graphy could be resogaized. In the most complete stratigraphic section of
the Malmami Dolomite, developed in Borehole &4, tho vertical variation in
parameters within this interval has been determined.

To the north of the Harthessfoutein Anticline, particulnrlylno:]:‘i
yest of Krugersdorp, sutcrops of the Malmaal foloaite ere numerous. In this
area, simﬁfﬂx scmzigmphm zomes to those developed within the Patehefsrroom
Synclinorium can be recognized. It was thus possible to obtain a :tu:
three-dimgnsional picture of those zones with good outerop, allowing for a

bettor inglght into the stratigraphy of the Malmani Dolomite.

ters (Appendix

The vertical varistions of the six microscopic paxane
ID) have beon p;:zrer] in Figure 19, From 0-350 metres, the rasulzs o:e:ineﬂ
from the upper parts of Borehole K4 are shown, while from 350—111h |;e ‘u; n
the mean percentages, calculnted from the individual logs of Boreholes "
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12, sud 15, are gresonted, A short dSscussion of the more rel

vant features
of Figure 19, as cxhibited by the different paramets .
of igure 35, s whibited by o t paxacter, 1s given delow, In
hae been subtracted £row the stratigraphic molumn, is denoted 'v', and given
an arbitrary thickness of 50 metres, The possible significance of this
zone will be discussed at a later stage.

Carbonscecus Shale

In brosd terms, a decrease in carbonaceous shale tontent with
height is evident in Figure 19. The major development of this rack-type
always occurs at the base of the Malmani Dolomite, at times comstituting
greater than thirty percent of the first sub-division, which includes the
Black Reef Member, Above 400 metres, che development of carbonaceous shale
in the is Linited, largely of black partings
which are seldom greater than 5 ma in P y
tions were present st depths of 700-760 and 1020 metres respectively, in
each of the boreholes logged, Although not shown wn Figure 1§, occasional
noncarbonaceous shale horizons are found. These are, havever,
extremely limited occurrente, not having been noted in ail boreholes, and
confined to the strstigraphic intexval between 550 end 750 metres, where
developed.

Park Dolomite

This parameter (Plate I, B), by definition, is & dark-colowred
dolonite displaying little or no recrystallization. -The dark dolomite
occurs da two well-defined zovnes between 350 and 520 and 1040 and 1200 metres,
respectively and which bave been recognized in each borehole rore investi~
gated, The top of the upper of the two zones has been adopted as & Teference
plana, balow which the subdivision into Fifty equal intervals was made.

Columnar Stromatolites

A somewhat ion of these (plate IV)
is revealed in Figure 19. There ave essentially two types of colummat
stromatolites represcnted in this Sigure, varylog in size and degree off
preservation, Within the Malmani Dolomite, the meximun development und best
fegres of preservatdon of these stromstolites occurs in a ddstinctive rone
between 770 and 900 metres, Examples of the type of stromatolites developed
in this zone are shown din Plate IV, Other columnsr stromatolite occurrences,
chown 1n Figure 19, are of the larger size dfseussed befere, and are often
partly obscured by recrystallization of the host dolomice, It is noticeshlia
that, apart From two zones, o columnal stromatolites are developed in the
Upper 600 motres of the Fornation, Horizons within tho above zonpd Sre
seldom grester than 50 cm in thickness. being composed of single large
columnay strucLures.

Domical Stromatolites

domlcad srromatolites (Plates II sud TII) uas some”
ited lataral dimensions of ba;a\mia :;xnsiga';'ha
raph prosented in Figare 19 is thus represeptative of only the o

gﬂﬂgnnied codiments and domical structures less than 5 cm intslza.in:l;a
latter have, however, frou fleld studies, been found to exls| 138:;.{ o
porasitic domes on larger structures. The graph is thus consideve

The loggivg of
vhat hampered by the lim
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the of domical although

shown are probably less than are actually preseat, The most important
feature to note on this graph is the marked persistence of this parameter
throughout the Malmoni Dalomite, apart from a S0-metre zome at the base
and from a depth of 350 to 450 metres within the formetion. Thexe is
also a noticesble scarcity of demical-shaped algal stromatolites aswve
the latter zome,

Oolites

v The sbundant development of colites within the Malmani Dolomite

is confined to a zone between 860 and 1060 metres. Within this zone
numerous well-sorted oolite horizons were developed in each of the borehole
cores examined, varying from § em to 1 metre in thickness. Other minor
occurrences of oolitos are present throvghout tbe stratigraphic column bhut,
apart from zones near the base and within the upper 100 metres of the
formation, no horizons in excess of 5 ecm are present. Many of the brecciated
chert fraguwents in the overlying Fountains yormation contaio oolites.

(4v) The of Chert within the Malmant Polomite

Distribution

As shown in Figure 19, the occurrence of chert within the Malmani
Dolomite follows a cyclical pattern, At the top of the formation an
sbundance of chert is found, decreasing gradually until being completely
absent at a depth of 400 metres. From 400 to 700 metres thore is &
gradual increase in the chert content, reaching 4 second maximum value at
the latter depth. After a shorp decrease in conteat towcrds the zene 'v',
& rapid incresse in the abundance of chert, to a depth of 950 metres, takes
place, followed by a further sudden & the roek-type being

absent below 1,150 istres,

Mode of Uucurrence end Nagure of Chert

. i borstole =3r¢: the chert varies in charactaer from massive
bands, up to 30 am in fhivwsess, down Lo thin stringers. At times free
chert 4 sot visfble, but the highly vitrenus lustre fruquently assumed by
the dolonite is indicative of a high silica content. During borehole logaing
it wam 1ot possible to record the latter form of enert, but sn attempt was
aade to sum all other forme of this rock-type in each core iemgth, In the
Eield, as noticed by Toens (J966) in the movth-west Capa, chert may grade
into adjoining carbenate Tocks ot oceur in well-defined beds vith sharp
contacts against the latter, Even within the more massive chert horlzems

y found. Rippie marks (Plate VI) are
coumonly fouad in the tield, alvays occurring in chert and frequently dis-
playlay interference structures. Oclites and demical stromatolites axe
penerally closely assoclated with the vipple warks, A noticeable rolation-
ship in borehole cores, although mot possible to racord quantitatively, is
that hetween an increase in the abundance of chert snd an increase in the
degree of recrystallization of the enclosing dolomite.

origin of Chert

The controverey regevding the origin of chert centres eesentinlly
avound the primary or secondazy nature of the zock-type and the source,
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transport, and precipitation of vilica, In the sbsence of volcanic activity
during Malmand Dolomire times, $v wush be agmed that silica wes derived
through the normal of “n solution into
the to Chilinga (1955), most of the sllica in sea
watexs is in the monnolecular fora (HpSI0s) awd, contrary to the idess of
Tweshofel (1950, p. 405}, only minor swounts are present as colloide

silicic acid., Chilingar (1953) indicated that silice can be transporred

as @ bydrophilic-colloid which he found was nof very sensitive to
electrolytes and could ba 1y stabilized by colloids

of organic origin.

Ihe precipitation of chert, whether it he primary or secondary

in origin, is controlled by the concentration of sizica in solution and
the pH of the enviromuent, Slever (1962) pointed wut that silica would mst
pracipitote from normal Sea water, indicating that with a silica content of

~ 4 ppm, the water would have to be reduced in volume aver 100 times
before saturation with Tespect to amoxphous siiira could be achieved. The
P8 of the is as as the of siliea
(Chils » 1936) in controll the i of the latter. As shows
in Figure 20 (afver Mason, 1966) there exists an alwost direct relationship
between the solubility of silice and pH, precipitation h:ing favoured under
Iower pH conditions. In a high
50 where evaporation is taking place, h guy alkaline cnm\itions ALL exist
{Ghiliogar, 1956)., Under such
Llimestones will be favoured but the pxecspu::inn of silil:a will not take
piice, Tor these veasons, Chilingar (1943) snticipated that chert would
increase with dopth or distance from the shore, as pR conditione tead more
tovards neutral.

Opposed to the wholly of silica d d
ebove, a biogemous origin for shert has been proposed. Siever (1962), in
a study of siliceous sediments in the Gulf of California, concluded that
zuch of the chert in that area was of biogenic oxigin. It seems dowbtful,
however, whether these ideas can be applied on any large-scale to primitive
cha:t occurrences such as are presur_ i.n the Malmani Dolomite. Subsequent

the silica shange.

Xalloued by erystallization, resulcs in conversion of ops: to chalcedonic
end microcrystalline quartz (Pettijohn, 1957, p. b’l.’!) The latter form of
chert, detectable as quartz in X-ray dii 4
the Malmani Dolomite.

Having discussed the possible modes of origin of chert, the
occurrence of this rock-typ: in the Malmani Dolomite can he consivered.
Much evidence c'xi.sts fox a later 1ntxud\|cti(m of silica, notably the presence
of fra; s chert-carbonate
relationships wi:hin indLvidual lsminne, corroded tarbonate oolites, and
thin irregular chert bonds and veins, Also, the development of ripple marks
in primary chert, cven in a siliceous gel is difficalt to eavissge.
explanation involvins later chert replacenent or chertification of » re-
vorked dotritsl carbopate horizon is mere acceptsble, Such an epigenetic
ori, iu couid alst account for the other chert relationships discussed above.
Having previousiy atgued in favour of a biogeale orlgin for colites, ir 1s
considered that a primary origin for chert varieties, brought about by
arganic sevcetion of silica, is posgible. However, primary colloddal
precipitscion of chert horizons Is not, for the reasons Tefexted to sbove,
conaidured likely. Also, the fact that not all stromakelites, domical or
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columnsr, are silicified argues egainst a proposal
sobumar, are silictfiad segues proposal that such organisms tan

The secondsry mature of most, if mot all, ehort in rhe Malmani
Dolomite thus scems probsbie. The time at which chertification rakes 7luce,
however, is a mattier of much controversy, hinging easentialiy arsunt u pest~
consolidation o of by ehtite To
tha prosent author, the latter origin appears more acceptable, partfeularly
5o in 2 thick sarbonste succession such as rhe Malmani Dolomite. A post-~
consolidation origin would require an enormous residval soncentration of
silics in solution and the meintsiiing of highly aiksline condirions
throughout Malmani Dolomite times,

{v) ITrue Thickness of the Malmani Dolowite

Having dofined a Fefetence plane, withim rhe Malmani Dolowite,
2t the top of the upper dark dolomite zone (Figure 10), it was possible, in
each of the seven borehol to d the of the
interval betwsen the base of the forsation and this plame. The positions of
these borehoivs, together with the thickness of the defined stratigzaphic
interval at cach polut, are shown in Figure 21, Although, due o the
limited mumher of contzol points available, It ds met possible to accurately
represit the variation in thickness of this interval, Figure 21 doos show,
in genersl, an increase in thickness to the northewest. There is also 2
suggestion of a bending af the isopachs around a central hub south of Parys.
The above pleture is in complete contyast to the result shovn in Figure 17,
wtiich, nlong the morth-western limb of the synclinorium, indicates a
thickening of the total Malmeni Dolomite to the south-2ast.

The danger of using total thicknessns uf siratigraphic anits in
the construction of isopach maps, without deflning any warker ar key
horizons vichin the interval, canm be appreciated by compating the results
shown in Figures 17 and 2. Tha fact that the upper boundary of the
Malmani Delomite is defined by a major unconformity implies that the
values used in the preparation of Figare 17 are apparent instesd of true
thicknesses.  The apparent are 1 to the
degree of uplift at amy particular locality. The thinnimg of the Malmani
Dolomite away £rom 4 cemtral xis, with a closure in the East Raund, In .\
Figure 17, suggests that the Putchefstroon Synclinorium was a ’struc
entity in its owa right' (Brock, 1961) during the time of aceumulati
this formation. These resulis, as discuszed above, are based on apph.. .l

omee true are nowever, the axis of
deposition of the Transvasl Sequence during Malmaoi Dolomite times mast be
positionnd ruch further north with the seuthern edge of the basin having
Poen sicuated south of the Vredefort Dome. The present variatlon in total
thickaess of the above formation is due to post-depositional uplift along
the Hartbeesfoutein Anriclize, Dose and e

Ihe sbove conclugfons are in accord with the findings of Button
{1968). Working in the Ivere-Delmas-Deven 8TeR, be coneluded, Afte:
constructing igopach maps, that the Johannesburg Doms ¥as ot posit: ve
during the nccumilation of the Nalmaa Dolomite. Wis zesults also 1$ zaty
that the regienal palsecslope in that area was towards the north dut: 1&963)
these times. The regional strike of the isopachs prepared by Button
wag N 10° E. fhis strike, on extonsion vestwards, acToss the pte‘seni N
Johannesburg Dome, into the Potchefstroon Synclinarium cogresponds © osely
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with that present in the Westonaria district. On these grounds i
lcte t is
yroposed that the two areas, namely that investigated byS;utlon (1968)

. and the PotcheEstroom Synclinorium, vete, duiing Malmani Dolomite times,

part of the same basin of deposition. I has net been possible t
correlate actual isopachs in the tvo areas due to the fact that, while
only & certain interval, shout three g

of the fotal formation, was contoured in the area being stadied by the
presect author, total thickness values in the Irene~Delmas-Devon ares
were used, The gersral orders of thickuness of the Halmani Dolomite in
the tws ateas are, however, similsr. The great thickesss of he Malmand
Dalomite of and the &' thinniog

tovards Carolina (du Toit, 1954, p, 132) also support the above conclusions.
These tuo areas are respectivaly closer towerds the proposed axis and the
margin of the basin of of the 1y,

(vi) of the Halmani Dolomite

Avalyeieal Techniques

Prom the core of the Borehole UD 15, 2 total of one hundred and

seventy samples were taken batween the Black Reef Mcuber and the Fountains
" 1 g amples,
of a sampliug grid of between 13 and 17 metres, were prepared for chamical
apalysis. Eefore crushing all visible chert vas Temoved from the samples.
“the annlytical technigues used on the samples involved an imisisl
of the zcid-soluble from the fmsoluble residue fraction by

ddssolving the crvshed samples in hydrochloric acid, After pryuring
solutions of different comcentration, those cations privent in the dissolved
state wore detected.

In the present investigation only the mejor cations, remely Ca,
Mg, Po, and Mn, as well as Na, decpite the low concentration wf the latter,
were congidered relevane, the results of which appear in Appendix ITL.
Atomie sbsorbtion techuiquas, as outlined by Lockyear (1964), sppsired in
theary to be the most suitable method available for the determination of
the elements in question, However, while the concentrations ok Fa, Hn, and
Ha could be detected with a high degree of confidence, the corcentratione of
Ca and Mg in solution were such that the large dilution factors required led
to results being obtained, I was decided that wet
chemical methods offered the most relfable solution to the probjem. e
National Institute for Metallurgy kindly agreed to carry out the analyses of
€a and Ng, using this method.

Prescntation of Results

Caledum and Magnesiur

le resldue contens: af the
nauely ealelum ond

splay a on For this reason, it
vas decided to plot Ca/ifg ratios instead of considering the contents of the
two metals separately. These ratios have been plotted in Figure 22 and
show o temarkably constent trend. From Lhe top of the Halmani Dolomite to
approxinately Fifty metres above the base, the varisiinm of the Ca/Mg ratios
P onfined vo the range between 1.38 and 1,43, Velow 1150 actres a sharp

Due to @ randon variation of the insolub
samples analysed, the major soluble constituents,
4c ran
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increase in the calclun content of the dolomite occurs, incres
Tatio to 3.5 at the base of the formation. ' wing the

Tron snd Manganese

The of {run and in the Malma oles

ere noiversatly low, such that variations in the insoluble !ﬂl:\’;enwn:irt\i
of individual gamples showld have no marked effect on the relative contents
of these metals. Whereas the content of iron, as shown in Fisuve 22, does,
at the base of the foimation, exceed .0Z%, that of manganese is never
greater than this values A sympsthetic relationship between the two matals
io appaxent in Figure 22, with the prestest concentratioms occurring at the
base ‘vd at a depth of approximately 450 metres below the top of the
fori at.wm. The above are the most obvious anomalies displayed by the
gray he, 1lthough other winer in the distributi
[T At depths in the vicinity of 150, 700, and 1,000 metres,

1 y iow o are present, coinciding with
minimum iron contents, altbough not ae accurately defined in the case of
the forner,

The sudden chaage in the concentracion of both iron and manganere
at approximately 1,150 metres is sost noticeable, While below this depth,
as shown 1n Figure 22, the Fe/Mn ratio is greater than 1, this ratio
decreases with height until, at a depth of 1,125 metres, a mininum valse of
0.7 is stteined. Apart from the above rclationship, the ratio graph
presents a somewhat plcture, o pattern.
The only noteworthy featurs is a broad zone of low-ratic values between

250 and 500 metres. These consistently low values correspond with the upper
zone of concentr of iron and 1n wbich

precipitation of the latter, elstive to iron, hes taben place, This is in
contrast to the lover parts of the basal vone of concentration of these

two wetale.

Soddum

he sodium content of the Malmani Dolomite is extvemely low
thuoughout, Averaging about one-fifth that of iron and manganese. The
grapl: showing, the verticnl distribution of this clenent (Figure 22)
contains tvo peaks, with a thiee-times concentration relative to che
average sodiom content at the rop and bottom of the formaticn. Retween
these two zanes of higher content of this alkali meral, a fairly uniform
distribation of the element occurs the

Significance of Results

Caledum and Mangesium
at can be drawn from the Caftig

apart from the lower 170 metres
ndiclon of stabiliry with

The most important concluslon th
graph 4s that the corsistency of the ratdos,
of the Malmani Dolomite, must imdicate some co
respect to magnesium enrivhment.

Pettijohn (1957, p. 418) gives the theoretical chemical
couposition of pure dolomite as follows i




¢ The most convenlent way of comparing amalyses from the Malmani Dolomite
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¥go : 21.9%; Ca0 : 3L.4%  CO, ¢ 47.7%

with the above is by means of calculated ratios, On determining the Ca/Mg
ratio from the above theoretical result a value of 1.40 is obtained. This
ratio corresponds closely with all values caleulated from the Malmani
Dolomite amalyses, down to a depth of 1,040 metres frow the top of the
formation. Below this depth, apart from one result, namely at 1,150 metres,
an enrichment in caleiun relative to magnesium occurs. Within this 170-
metre interval two cycles of are with the

of k pee grading in from caleitic to pure
dolomitas. These are in with the findings of
Marechner (1968) vegarding a decrease in CaC03 from the base to the top of
indfvidual cycles of carbonate deposition.

If it is considered that the constant Ca/Mg ratioa are representa-
tive of complete dolomitization above 1040 metres, an explanation for the
higher ratios below this depth must be forwarded, At this stage it can be
concluded that either envirommental changes during the deposition of the
Malmani Dolomite, or porosity diffevences within the priwary carbomate
rocks are responsible for the high calcium content at the base of the
formation

Tron and Manganese

The close similarity in the distribution patterns of iron and
manpanese in the Malmani Delomite suggests a close genctic relationship
between the two metols, This observation is supported by the £indings of
Wolf and others (1967} who came to a similar conclusion for carbonate rocks
of the Russian platform, although, in that area, the comcentration of iron
wes ten times that of mangancse. In discussing the gemesis uf sillceous ox
podzalic soils, Buckman and Brady (1966, p. 303) considerad that acidic
solutions were necessary to tske iron into solution in the ferrous state,
ferric ivon being highly imseluble. The same authors (p. 370) noted that
the behaviour of divalent manganese in solution vas very similar to that
of ferrous iron.

Mason (1962, p. 164) showed that the deposition of iron and
manganese takes place under alkeline conditions in the ferric and tri- or
Quadrivalent states, vespectivoly, For the two metals to bectme unctehle
in solution, oxidation to higher valency statea 16 thus necessary; the
energy requized to oxidize fron being lower than that for manganese. Iron
should, on these grounds, be deposited before manganese, the latcer baing
otable dn solution for u longer period of time, and therefore transported
further, It has been noted above that suitable Eh and ph conditions are
necassary for iron and mangancse o be deposited. The high pll requirements
are adequataly met in ocean vaters. According ta Wolf and others (1967),
who based their conclusions on over ten thousand analyses, coastal environ-~
ments contain alkali conditlons suitable for iron and manganese precipitation.
Towsrds continental or lagoonal, on thu ono hand, and pelagic envavonments,
on the other, the above authers found that the concentrations of these tvo
matats decsensed. A more marked basinvords dectease in consentratiun was
oted in arid than in humld climates, and was congidered to be lue to the
non-dilution of ses waters under arid condirdons.
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The relative iron and manganese concentrati
and 1210 and 350 aud 450 metves respectively (Figure ;;;.bf::ei:uim

d to be of a coastal the tvo i ynes
telonging to sinflar depositional facies. On the ather hand, ths zomes
of low concentration of the two matals are suggestive of a facies
furthest vemoved £rom the basin-edge ox of an acidic swamp-iike contimental
environment, The Eh control on iron and mangunese deposition should be
revealed by Fe/Mn ratios. Assuming a constant supply of iron and manganese
and simliler climatic conditions throughout Melmani Dolomite times, the
Fe/Mn vatio should be highest in more proximal and Lower in distel facies.
This relationship is not readily apparent fu Pigure 22, apart from a
decrease in the ratio {rom the base of the formation to 1,125 metres.
Within this interval, a sea can, hased on the
above discussion, be inferred. The low Fe/Mn vatios in the upper zene of
contentration of theee tuo metals may be indfeative of a slightly more
distal fucies, similar to that at 1,125 metres, than ig present at the
base of the Malment Dolomite. Apart from the above features, no
comparisons can be drawn between the irom and manganese distribution
patterns +nd the ratio graph. Mo simple explensrion is forthcoming For
the otherwise random pattern shown by tha latter graph.

Sodium

Chemical analyses show that dolomites contain variable amounts
of sodium (Pettijohn, 1957, p. 418), The inerease in conventration of
this element at the base and top of the Malmani Doloite, over that which
is d to be a d content the rest of the
formation, can be related to either primary or secondary processes. Thres
alternstive means of concentration of sodium can be propased, nam
evaporation, absorbtion onto clay particles, and secondary introduction
of sodiun along ble zones by ting waters.

(vii) of & ) Golumn

Using those boreholes available in the Potchefetroom Synclinorius,
ten well-defined stratigraphic zones within the Malmsni Dolamite have been
recognized (Figure 23), While it has nmot been possible to subdivide the
upper zone, two of i oecur.

Lower Dark Dolomite Zone

Above the Black Reef Meber, from a depth of 1050 - 1200 metres,
2 zone, consisting predoninantly of dark doleaite (Plate 1) is devaloped.
Tinorons mottiul bapds ate present in the dark, massive to Elnely-bedded
dolonite. Irregularities in the badding are common throughout, but, apart
£rom otcasional emall domisal and large columuar structures, the latter
frequently obscured by recrystaliization, no stromatolites oecur. Thin,
poorly sorted curbonate oulite horizons and fotraformational conglomerstes
R oor. in this zono whlch 14 charactorized by an slmost complete
sbsence of chert, Particularly towsrds the base, 88 the bosal clastic unit
is approached, a marked increase in cacbonaceous shale Lakes plsce, the

30 percent of the 1:%:‘5: m:cz:;ée ::“m“s !

shown {n Figure 22, this zome is characterized by the highest cofoes iy
of cnlcmm.siran_ manganese, and sediuw, There is, hovever, 7o méﬁa::rm 1
the Fo/tn ratfo tovards the bsse, with the lowst 50 metres, in particular,

contaiuing the highest ivon and calcium contents.
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Ia incomplete Malwani Dolomite sections, from borshales south
o Young (1933) a lover unit siaflar
in cheracter and magnitude to that discussed above. He subdivided this
zone into a shallow basal and deeper upper phace, having noted & decrease
in carbonaceous shale content with hoight. Toens (L961) also described a
dark-colouted basal zone, almost devoid of chert, from a borehole om West
Driefontein,

Domical Stromatolite ~ Oolite Zome

Between 890 and 1050 metres a zone of recrystallized dolomite,
varying from mottled to milky, is developed, This zone containg numerous
oolitic chert bands, up to  metre in thickness, which often display
reversed grading and ave gemevally well-sorted. Although mot obvious in
horehole cores, field studies have revealed a close association between
large domical stromatolites {Plare 1I) and oolites, the latter occurring
in pockets between individual zanes or as more persistant bands. TFinely-
bedded algal-laminated sediments {(Plate III) are also common, whila
parasitic domes are often developed on the large domical stromatolites.

In addition to containing mumerous oolite horizons, this zome is alsa
characterized by on abundance of chert, Chert ripple marks (Plate IV)

are typleal being closely with oolites and often
&isplaying interfevence patterns. Minor amounts of carbonaceous shale
occur, being particularly concentrated towards the base of the zome, A
well-defined marker hordizon comsisting of oolitic chert in a carbonacaous
shale matrix is often present at the base. Large, poorly defincd colummar
stromatolites are concontvated (at 950 and 1050 metres) towards the top
and bottom of the zone, . 1 within
this zome are not striking apart £rou an antipathetic relationship between
frun ond manganese, as opposed to chert.

Both Young (1933) and Toens (1961) racoxded rock-types similar
o those discussed above, at heights of approximately 150 metres above the
buse of the formarion. The former author nated a central 20-metres thick
zone, o tailized and d dolomite, which was not
recognized in the present iwvestigation.

Columner Stromatolite Zome

rbe major algal stromatolite development occurs botween 780 and

890 metres, constituting an casily recopnizable stratigraphic zone in bore-
hole cores. Large columnar stromatolites of differant types (Plate 1V,

A and B) are characteristic of this zone. Domical stromatolites occur only
sporadically, whila chert is rare. The enclosing dolomite is gencrally
ek and £inely-bedded with Frequent moctling, caused by recrystallized
dolomite and carbon, The carbomaccous shale content varies f£rom one hora~
hole o the next, but is always less than in the two lower zones.

dzed the dis of this
colummar stromstolite zone and attempted to relate his observations from
the borehole on West Driefontein to those made in the Kierksdorp area. The
above author reported many oolite and oncolite bands, which the present
investigator did not observe, in agsociation with th1 stromatolites, but
showed oaly one such band in his stratigraphic colur = Ihe 1ithology of] s
The traneirional ohase, between 280 and 370 metres, described by Young 1933)
Sloscly approachies that obsaxved in this zone during the present loging:

Toens (1961)
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Mixad Zone

This zone has, due to its variable thickness, been omitted from
Figure 19 but should however appear in the siratigraphic colum, On
examination of the chert distribution in Figure 19 a decrcase tovards the
wixed zone oceurs from above and below. This cbservation is horne out dn
the individual logs in which, despite the diffcrence in thickness for cach
porehole, a deficiency in chert is found, While containing minor amounts
of chert, the mixed zone comsists largely of finely-badded dolomite,
partially recrystallized into Light and dark bands, containing numerous
dowical stromatolites which very between 1 end S cm in size,
carbonaceouns shale bands are common, with occasional colitic chert zonee
also developed,

Mottled Zones

Two zones having a mottled appearance are developed betwesn 590
and 620, and 730 and 760 metves, respectively. Large columnar stromatolites,
frequently obscured by recrystallization, characterize these zones. -
Individual h of single te heads, are up to 50
om in thickness, Althongh only part of the structure occurs in horehole
vores, basal radii approaching 10 cm can be inferred for these stromatolites,
In addition to the above constituents, mimor amounts of chert and
carbonaceoss shale, as well as occasional domical stromatolites, are
present,

Recrystallized Cherty Zone

: Between 620 and 730 metres, 2 zone of highly recrystallized
dolonite is developed, containing many irregular mettied horlzons and with
a high concentration of chert. Neucroua carbonaceous shale bands,
increastng dn thickness towards ghe base are present, as well as occasioriel
oolitic chert h Domical ites are sparsely d and,
whete found, have poorly defined outlines, suggesting that recrystallization
may have destroyed other such structures, It ia algo considered possible
that any carbonate volites would have been completely destroyed. Much of
the chert occurs as irregular veinlets, seldom grester than 2 ¢m in
thickness, but bands up to 30 cm in width ave developed in borehole cores
and 4n the ficld. The latter occurremee prompted Toens (1966) to propose
a primoty origin for such chert horizons. Pield observations have, however,
indfcated that while such zones may be along strike, 1

rticulerly of colite horizons, has taken place, while
carbonate fragments within chert are common, While Ca/kig retios and sodivm
concentrations zensin constant through this zone, iron and manenese display
wintmun valucs,

ite Zone

y-bedded Domical

Above the upper mottled dolemite uccurreace, & sone of well-
lapinated dolomite 1sp§evelopgd between 510 and 590 metres. The degree of
1ization varies the zone, but the dolomite never
assumes a milky Rather, al Lghe- and
dark~col d laminae, rep Ang partdal and B rystalli-
zation pccur, Finely-bedded, algal d
d, while donical

a1
are typlcaily
up to 5 en in size have been recorded

UV o i
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throughout the zome. Pield observations have indicated that the latter do,
again, often occur a6 parasitic structures on larger domes, An abundant
development of ripple marks wos also noted. This domltal stromatolite zone
is & relacive in chert which decteases in
abundance towards the top uatil it is completely absent in the upper 20
metres. ¥imor amounts of carbonaceons shale are developed, as well as
occasional oolite horizons. The geochemical data display no characteristic
varfations within this zone, An antipathetic relationship between iron and
manganese, as opposed to chert, 1s apparent, the two metals increasing
upwards as the tiert cont. .t decreases.

Upper Dark Dolomite Zone

The upper dark dolomite zone is very similar in character to that
developed at the base of the Malmani Dolomite. Finely~bedded to massive
dolomites accur throughout, the latter often having a dar’ irregularly,
aottled & ization is complotely lacking, apars from
occasional thin mottled bands. ©.chonaceous shele horizons are generally
less than 5 cm in thickness but, in one instence, a f-metre thick
securtence was noted tovards the top of the zome. Apart from the dark
mottling, which may represent some organic growth, no stromatolites or
oolites have boen recorded in this zone, which is also characterized by a
complete absence of chert, Veined dolomite horizons have beem recorded,
possibly cepresenting infilled mud-cracks. As vas found in the lower
such zore, an increase in of tron and 16

with the usper dark dolomite occurrence. The Pe/Mn ratios are alvays less
tha 1, as opposed to greater than unity values at the base of the lower
zone. 1t should be noted, hovever, that in Borehole UD 15, from which
samples were taken for analysis, no carbonacecus shale was devaloped in
the upper dark dolomite zone. .

Chert-Domical Stromatalite Zone

From the hase of the Fountains Formation to a depth of 350

metres, o zone consisting predominantly of chert and domical stromatolites
ip prosent. FParticularly towards the base of this zome, finely-laminated
delomite, with an abundant devel t of domical tolitea, occurs.
Moving upwards, the chert content imcreases, with t.o maximum concentrations
at 30 and 130 metres respectively, as does the degree of recrystailization.
The carbonsctous shale content of this zone is characterissically low.
Within this broad zone, difficult to due to 1 upward
and downvard inereases in chert and domical stropatolite content,
Zespectively, there are two mottled dolomite horizons, Vague outlines of

Tge columnar stromatolites can be seen, similar to those discussed in
the lower mottled zones, Towards the top of the zome, MNGIOUS oolitie
horizonn oecur, while in the twe most complete sections of the Malmani
Dolomite, namely in Boreholes X & and ¥ 2, 3 weil-defined oncolite hoxdizon,
approximitely 10 cn in thickness, 15 psesent. At a dopth of 200 metzes,

of iron asd ave found, £ollowed by m marked

increase, particularly in the case of the former metnl, towards the top of
the zone, In khe upper S0 metres of the stratigraphic colusa, an 1.;‘u.:re:\m
4n sodium takes place, reaching maximum concentrations similar to that at
the base, in the upper 10 metres of the formation.

. i 0% ]
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The Fountains Formation

General Lithologic Cy tacteristics

The Fountains Formation consists of two distinct units, namely
the brecciated chert zome and the Pologround Member, together constituting
a singla mappabic unit in the field, This claswification conflicts with
previous ideas, including those of de Xock (1964), who placed all
sedinents above the brecciated chert within the 'Pretoria Serdes'.

(a) Breccdated Chert Zome -

This sene is developed immedistely above the Malmani Dolomite
which it unconformably overiies, and has, on different occasions, been
referred to as the ‘Glant Chert! (de Kook, 1964). It is comprised of
angular and sub-angulsr fragments of chert, with plate-Like blocks, up to **
1 metye in length, also common, Many fx gments contain stromatolitie

structures of the domical type, as well ag oolites, while angular calearcous

quartzite pebbles have aloo been noted, particulsrly in borehole coves. Is
the fleld, the matrix of the breceiated chert is identical in appearance to
the frugmental material (Flate VIIJ. A maseive chert ig developad, hence
the nams 'Giant Chert', oftem leading to some difficulty ia distimguishing
the matrix from the host, In contrast to the homogeneous light colour seen
in the £ield, a dark grey to carbonaceous shale matrix is present in
borehole cores (Piate VIIL), caabling, at times, individual chert fragments
to be fitted together.

The Pologround Member consists, in its most typical development,
of quartz-chert gritty quartzites, georrally well-bedded snd often contain-
ing swall-scale cross-bedding. Whereas the canmstituent quartz grains are
subrounded to rounded, the chert exists ag angular to subsngular fragments.
Prequently, end in particular to the south of Wostonaria, a boulder
conplomerate (Plate Ii) composed of well-vounded chert boulders, up to 20
om 4n diameter, in a matrix of the above quartzitic materfal, ocours at
the base of this member. This dual-provemsnce rock-type has beem correlated
with and termed the Bevet's Conglomerate by de Kock (1964). While gemerally
directly overlying the breceiated chext zone, a calcareous or dolomitie
shale, often contaiming chert bands, may be developed below the Pologround
Member, Shale horizons are also frequently present within this member.

lsolith Maps

(a) Brecuiated Chert Isolith

Although brecciated churt zones are occasionally developed within
the Malmani Dolomite, only that thickness which forme part of the Fountains
Formation hes been used in the proparation of the lsolith map (Figure 24).
In contrast to the highly variable naturs of Lhis zone found by lutton
(1968) 4in the Irene-Delzas-Devon srea, a fairly regular distributdon -
pattern is preseat in the Far West Rand, Only 4n the lattex pnrtin;: fm
Potchefstroon Synciinorium weve sufficdent control pointe, namely eighty-
fiye, avsilable for the construction of 1solith mops.

re zone varies in thick-

fated che
As shown im Figure 24, the breec: e elta of

fess £xom less than 20 metres to greater than 80 metves,
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maximum end winivom being The
belts is roughly parallel to the structural trends iy this area nofei‘;ii:n-
ahip which becomes apparent on comparing Figures 10 and 24. The
developnent of the drecciated chert zone occurs on strustural highs, with
minimon values being present along syncliual trends. The broad ieolith
thickness north-west of Fochyille does mot lie om anmy obvious structural
high delinented at the base of the Black Reef, but is parallel to that
;::gnizea by Roowles (1966) as being active during Ventersdorp Contact
times,

() Pologround Member Ye. :+h

Although the lemsold ‘tar.cter of the Pologround Member,
perticularly the ch i congltme.. ., can oftcn be Seen im the ficld, the
subsurface mapping o1 this vait has been undertaken in an attempt Io define
its true geometry. The isolith map (Figure 5), prepated for rhe same aren
as Figure 24, outlines the chammcl pattern of the Pologround Nember, with
thicknesses from less than 3 to grester than 20 motres being developed.
#hile the channels have a rather non-systematic diutribution, a . sic
pattern of steep valleys and troad imterfluves is evident. On the inter-
fluves vhere frequently ne vepresentative of the Pologround Rember Is

the chert zone the

Oripin of the ¥ountains Formation

There is general agresment, notably by Visser {1957) and Burton
(1968), rhat the 'Glant Cher:' represents s residual imsoluble product of
veathering. A conflirting idea was proposed by de Xock {3964) who
attributed this zome to a sheot of siliceous gel. representing the fimal
residual precipitation product of the sea in which the Malmsni Dolomite
vas 1aid down, which, on exposure to the armosphere, dried out and
cracked., The former idea is, however, in the author's opivion a wore
acceptable oxplanation in which it Is considerrd that at The end of
Molmani Dolemite times, cartain aress were elevated abuve sea-level,
Removal of the calearcous materdal in @ subserial enviromment caused
siomping vhich was Evilowed by infilling of the openings detween the

ert In 1y positive areas which were

subjected to greater uplift, maximun erosion took plave, Tesulting in the
thickest development of the 'Glant Chert’.

he shaley matrix of the 'Giant Chert' is also considered to
represent a residual product vhich was squecsed into the imter-breccia
spaces during sluzping. Towards the top of the brecedated chert zome, the
sand patrix, represeating the £irst detrital iafluc of tlie Pretoria roup
grades, vhere developed, upwards into thin quartzite layers, calestems
203 dolomitic shales, ond chert horizons which eften underlie the Polo~
ground Member. The gecmetry of the Tologeund Mesber irplies a fluvial
deposit vhich has cut through l:heh d Bord:
and rewerked the upper poves of the
bevlders which ireqxl:ently seeur at the base of this mesber. The matzix of
the conglorerate, as well as the overlying quortzites, consist, as the
relacive degrees of rounding swggest, of loeally derived chert fragaents
and of gquartz grains introduced from m more distamt provenance.

"Giant Chert? Into the well-rownded
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1 R of the Milwani
Dolomite and Fountains Formations

Any attempt at the of £ of
the Halmani Dolomite must take into consideration the constitueats of
the ¥ an today, the
two formations once constituted a single, largely autochthonous,
depositional cycle.

The Black Reef Member, grading upwards from basal conglomerates
threagh to shales, a eycle,
distance from the shoreline into the basin that the shale fraction was
transported vas contxolled by the nature of the depository, The most

of the 2 both
are domical stromatsiites which are ubiquitously developed in thz Fountains
Formation and occur ihroughout the Malmani Dolomite, apart from du the
two dark dolomite zomes. The presence of these structures indicates &
shallow-water, lov-energy environment (Logan and others, 1964), such us is
present in an epeiric sea. Such seas, according to Shaw (1964}, p. &) e
on the main m3ss of a continent and have average bottom slopes between
2 - 10 caflm. Avy allochthonous material which was being imtreduced into
the depository would, under the prevailing low-energy conditions, have
been deposited on the edge of che basin, resulting in an accumulation of
argillaceous material in the supratidal environment, Grabau (1906)
indicated that 1f, in ad cpelric sea, transgression took plate over a low
pencplaned surface, the encraaching waters would have moved landwards
over swampy ground, generating highly reducing conditions necessary for the
developnent of black shales. This proposal is in agreement with the
suggestion of Krumbein and Sloss (1963, p. 416) rhat euxinic condiriens
can develop in shallow waters as opposed to the buthyal or ubyssal

by Rich (1951).

2

Above the carbonuceous shale horizons at the buse of the Malmanl
Dolomite a thick successivn of dark non-fossiliferous dolomites s prosent,
afcer which the lowest zone has been nomed. McKee (1945) noted that i an
epeiric sea, carhonate rocks iie basinwards of shales, beyond the realms
of introduction of clastic matarial, Zaporte (1967) snd Shim and athera
{1965) discussed the occurvemce of non-foasiliferous, dark dolcmites from
the Monlius Formation in the U.S.A. and in the Babamas, respectively,
concluding that such dolomites develop in supratidal envirosments. The
above authors, busing their concluslons oa field observations, also
favoured the idea of afn; & P or esrly
diagenetic process. In Figure 15 the Fisely-bedded to massive dolomites
of the lower stratigraphic zone will have foxmed basinwards of the black
shales, but shorewards of tbe eollenia stromatolites, 1in the upper inter-
tidal and supratidal cavivonments. With the dncreaze in energy further
avay Erom the strand, the move proxival of the stromatolite facies, namely
the colsenia type d in the dul zone, In those
parts of the subtidal zone which came under the influence of wave sction
oncolites and oolites were formed by chemical and organic processes.
Further basimvards, within the subtidal zonc, contrary to tha rheory that
a1l stromatolites form in iutertidel eovironments, the energles as diyc\fuaed
bafore (p.30 ), are cousidered to have beca favourable for tha growtk of
delicate cryptozoon stronatolites.
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In the above discussion, a complete transgr -
developed, from supratidsl bratded channel deposien e s subeinnt calvmmot
stromatolite facles. From the buse of the Maimen Doloalte to the top of
the columnar stromatolite zone, such a sequence occurs (Figures 23 ang 26)
heing reluted to a 3 pariod of of the ghors-
Iine 4n an expanding basin, In the domical stromatolite-colite zone; the
intinate sssociation of thtse two sEzubcures 1o indicacive of mnerous
nisor aud in an overall
Traes duving i Cotaseion oF this seioriptaphlc anit. se 15 covsierad
that alternating bigh and low tides were vespomsible for such interhodded,
1, and subtidal, During the above transgressive cycle
othar migrations of the shoreline must have occurred, in order to nccount
for tha minor pment. of colunmax within this cycle
(Figure 19,

Above the columnar siromatolite zome; a reversed sequenee to
that already d is a cycle (Figure
26). This cycle culminated in the formation of a second dark dolomite zome
between 350 ond 540 metres below the base of the Fountuins Formation, With~
in thiy zone, dark non-fossiliferous dolomites are, apart fram the thick
carbonataous shale horizan present in one of the borcholee logged, the

most proximal response, The recrystallized cherty zone is considered to

be the intertidal-subtidal equivalent of the domical stromatolite-oolite
zone of the tramsgressive cycle, Similarities between the two vomes are
the abundant develupment of chert and the presence of domical stromatolites,
while the relative scarcity of colites in the recrystallized cherty zone is
2 most noticeable differeace, The possibility exists that recrystallization
may have destroyed most non-chertiferous oclites. However, in a regressive
sea, the development of oulitea would not ba favoured, tiggestiog that such
structures never occurred in any abundance in the recrystallized cherty
zone. As shown in Figure 19, 2 decrease in the carbonaceous shale content
during the regressive, as oppesed to the underlying transgresaive, cyele,
is found. The recrystallized cherty zone does contain amounte of
carbonaceous shale, However, as suggested by Young (1934a), much of the
carbon in this wone has been derived from the dolomite by some metasomatic
process during reerystailization, the carbonaceous shale bands belng a more
advanced stage of the carbon muttling sliown in Plate I (D). This relative
scarcity of shale is in with the observations of
Grabau (1906) regaxding the limited development of swamp-like envirpmments
in a regressive sea. ‘thin non-carbonaceous shale bands, Tecorded from the
regressive sequence, also favour the prescnce of less reducing conditions

than in the

e Fountains

From within the dark deleute zone ta the base of th
the remainder

Farmatien portion of a second transgressive cycle is piesun:,
of which has been removed by 1 inro
chert zone of the latter formation.
ko the regressive intertidal-subtidal sequence betweon the upper dark
dolomite and columar stromatolite zone. Numeroud colitie chert fragments
In tits Fountaine Formabion indicate that solites wera again more abundankiy
developed under tramsgressive than rugressive conditions. The only oncoldte
horizon rocorded in the Malmani Dolemite slso oceurs in his zenes In
addition to oolitic chert, many irage omical

as well as occasional quartzite fragments, are also preseak in the . "
breceisted chert above the Malmani Dolowite. The occurrence of the a:teﬂ
fragnents indicates that a complete depositional eycle, beginning with an

or the
Lithologically this zane is identical

ites,




- 54 -

in the of coarse allochtbonous supratid
probably took place during Malwani Dolomite times. Fadal deposice,

Whila crnnsgmssxmlxtlsfdua o landward migration of the agueous
Tesults from of
due to lovering of the sea~level either through wi';irﬁi‘iiffi‘l'i; ::m “
increase {n gradiont of the palesslope. The latter, whivh is caused by
dounwarpiug in Lhe depository or uplift of the surrowding terrain, is
considered to be the most important process, although @ combination of the
two s ldkely, particularly in epeiric sea.

Under conditions of the of
favoured along the margins of a basin (Shaw, 1964, p. 25). In contrast
such deposits will not, accordivg to the above author, form duri '
Tesnsgrossive cycles due to solution of any developlsg svaparites by the
encroacling sen. Sloss (1953) vays of 1n
ancient terradns where the actual minerals hsve % n removed in solstion,
ond, when examining the Malnani Dolomet, he, LiL. Sloes, suggested (1970,
personal. communication), that brecciated chert horizons w.thin the
Formation may be indicative of such deposits,

is

The of would be most in supra-
tidal more particslarly along intevfluves, fn place of the
swamp-like deposite developed during transgressive cycles, In all boxe~
hole coree cxamined, brecclakbed chert zones were not present in the
Malmani Dolomite, the occurrence of such residual deposits being confined
£o the overlying Fountains Formation. The most proximal fecies of the
£4cat regressive cycle, in the borcholes logged, 46 in the upper dark
Qolonite zose. The thick carbonaceons shale horizon which was gresent in
one of the boreholes oecurred at the tap of the abave zand, nd is
considered to be the first rosponst of the sesond trausgrosaive gycle.

The intertidai-supratidal dark dolomite is thus the most proximul deposic
of the regreusive sequence. As shovn in Figure 19, the averate thickness
of the Malmani Dolomite in the area bedng investigated ds in excess of

1200 metres, indicative of s position well within the depesitory, to which,
even during the 4 aid not
wigrate. It has been moted (Figure 21) that the Malmeni Dolomite thickens
northwazas, the shorclive thus being to the souch, Examination of this
Formation iround the Vredefort Dome revesled tho yrosencs of occasional
brocedated ahort zones within the Maluani Dolomite, tae orgin of which, it
1n felt, is related to sluapivg, possibly due to the solution of evaporites
in that area. The prescnce of quartzites within many of the brecciated
chert zongs avound the Vrede ort Dume, has bees noted, 2 observation which
supports the above swggestion of a wore proximal environment.

The zame of variable thickness or mixed zone, which oceurs
jmuediately above the columpar stromatolite zone, lies clese ta the boundary
defining the change from travegressive to represaive gedimentatlon. For "
\iie resson, the possibility of a period of erosion, developed through sub-
aerfal weathering and having proceeded to varying depths in different parta
of the basin, can be discounted. Aleo, the absence of residual chert

preceiated chert zome of the
fragments, similar to those present in the oated origin, The e dation

overlying Fountains Foxmation, sxgues against o

of this zone with the carly stages of a regressive eycle B“w's;ﬂ i:‘;imsa
telationghip betveen the cavse of regression and the yaeiation d‘; eks m’we
The dmportance of uplift in bringing about regression has baen discu N
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tectonic activity being most intense duriog the early stages of such &
cycle. lariti related to 1 trends (Figure 11) in the
f£loor of the depository, will thus be most proncunced at this stage.
Epedric sedimentation, it is proposed, wiil vend to bring about 2
levelling of the basin floox, thereby deweloping a stratigraphic wnit of
varisble thickness on the uneven surface.

At thia stage it 1s possible ko relsle the vertical varlations
in concentration of different metals to the depositional facies. e
relative caleium enrdchmear at the base of the formation (Figure 22)
occurs ia a proximel facies, o relationskip which apposes the suggestion
of Chilingar (1960) that high wagnesium walues occur mear the edge of a
hasin. These high Ca/Mg ratios are, howaver, in ugreemont with the findings
of Marschner (1968) who noted an imcrease in the magnesiun content of
carbonate rocks with hofght in a sedimetary cycle. The reasons for the
calefun onrichment at the base of the MxInani Dolomite are, in the suthar's
opinion, relsted to climatic changes, The changes in the clay mineval
within this colun, from at the base
to 111itie higher up, have been noted (p. 29) and were considered to imply
that & homid climate, of limited duration, prevailed in early Malmani
Dolomite times, Whereas under arid condition:, high magnesium values can
develop in residual solutions (Deffeyes and others, 1965), this is less
Jikely in more humid climates, resulting in Less complete dolomitization of
carlier-formed limestone.

Highest iron and wanganese comcentrations are alsc present in the
proximal facies. In coptrast to the encichment in calcium, vhich was
confined to the lower such facies, the emrichment in iron and manganese is
present both in the basal and in the upper dark dolomite zone, necessitating
an cxplanation other than climatic. Tha observations of Wolf and others
(1967} can be readily applied to the occurrence of the abave rwo wetals in
the Maimand Dolomite, While no anslyses were undertaken from the
carbonsceous shaie-rich lagoonal facies, merked increases in the concentra~
t1on of iron and mangancse have developed in the coastal environment,

pon of these two metals in acidle
solution, into the alkaline Yy took place,
minor amounts being transported imto the basin. The decrease in the Fe/Ma
Tatio with height in the lower 60 metres and the consistently low ratios
in the upper dark dolonite zone are in accord with the suggestions made
before (p. 46) regarding a Transgressive sequence snd a more distal facies
respectivoly, and the greater solubility of manganese relacive to ixon.

While no obvious explanation for the sodium dl;:tiiuzimix cusvs
can be given, it is considered Ehat the Jower cancentration is related to
the high shale content of the basal zome, the alkald metal existing i% an
adsorbed state, The majer unconfetmity at the top of the Malmant Delomite
would have cnabled late percolating watevs to concentxate sodium along and
below this erosion surface.

The unlikelihood of the extensive dolomite deposits prosent in the
Transvaal Scquence having formed by primary precipitation has b;en Latton
discussed (p. 20). Rather, 8 residual enrichmont of magnesium i solu
would have taken place as limestone wag belng precipitated, max: “mi
concentrations of the metal having developed undet arid conditions :1
shallow water to supratidal caviremments, particularly where :;apnri‘:hon
vas promounced (Deffeyes and others, 1965, and Hay, 1966). Under &
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conditfons, Chilingar (1953) woted that bighly alkaline conditions exist.
ot favouring the solubility of silica (ason, 1966). Penecontexporanceus
dolomitization of earlier formed 1 involving the of
caleite by dolomite, would hove in the 2

before 7y the of the brinal

through more distal facies. Compiete dolemitization, such as has taken
place through most of the Malmani Dolomite, was dependent om the avail-
ability of 4n soluti If low of this metal
were present in solution, dolomitization would have been confined to the
more proxisal facles,as a result of the equilibrium or inttial Ca/Mg ratic
having been rapidly attained, as the released calciw 3 taken inte
solution, or would have been incomplete,

The formation of secondary chert depended on the solubility of
the carbonate host, st that stage st which silica was insoluble in
luti 2 to be closely wikh the
dolomitization cycle, the same solutions being responsible for both
procosses. Within an the of siliea,
considered necessary by Siever (1962), could have been achieved, but
preeipitation would mot have been favoured under the evaporitic and
alkaline conditions discussed above. In a more distal facdes, where
dilution resulted in a lowering of the alkalinity of the solutions,
chertification would have taken place, The control of p on chert
exploing the of the vock type in the
Malmani Dolomite. On comparing Figures L9 and 26 it 4s noted that in both
supratidal to upper intertidal dark dolemite zones, little or no chert ia
present, maxiaum concentrations being present in the intersidal to sub-
tidal domical stromatolite-colite associacions, Within the true subkidal
columpar stronatolite zome, a relative depletion in silica occurs. This
16 considered to be due simply to the fact that most of the dissolved
sildca had been precipitated in the more proximal faciss, particularly so
in the highly parmcable oolite zomes, It was also moticeable that the
thickent chert bande were present in the domical stromatolite-oolite Zone.
This implies that the cherciffcation was controlled by the origival
carborate facies with the thick chert horizons thersfore folloving dia-
ehronous stratal,

The Timebell Hill Formation

Xatroduction

The stratigraphy of the Timeball Hill Stage in the Potchefstroon
Synclinorivm, including the Yologround Member but ot those shales &
the Gatsrand Member, hag been duucsibed by Nel and Jansen (1957), Nel and
others (1939) and Nol and athers (1935), The above authors concluded that
the quartzites present, although not gs intervupted by shales as in the .
vieinity of Protoria, could be correlated with those in that area, Jansen
(19532, and 1053b) also discugsed this stage, where developed around
and 1 £, either one or more quartzite
horizons, In the lutter aroa, however, as has beea discussed in o previous
section (p. 14), a varigble number of quartzite lenses ara developed,
Detailed stratigraphic columng of the lower garts of the above stage were
prepared by Brock (1961) in the Far West Rand, using borehole iniamﬂtion&
With the aid of deeper borcholes in the same ared de Kock (1964) presente
four colunns including the complete Timeball 1f1l and Dagpoort Stages.




P e

orterety

RmR——d

ovw inost 31LIRVAD

o T

WOUONIIINAS WOOHLSISHOL0d




.57 -

The Timeball Bill Stage, above the Fountains Forpation, and
the lower Daspoort Stage are given formational status, together constituting
a single depositional cycle. The Timeball Rill Formation consista almost
exclusively of al 2 response to increased
testenism, as opposed to that operative during Malmant Dolomite and lover

times. the Timeball Hill Formation as a

single unit, its n and phy, within the
Potchefatroom Synclinorium, will be discusscd in an attempt to determine
the depositionsl and post-depositional history of this formation.

General Stzatigraphy

{») The Argillaceous Sediments

. The lower shales of the Timeball Hill Formation are similar in
character to those present within the Fountaivs Farmation, overlying

either the Pologround Member or the brecciated chert zone, where the former
4s abseat. Caleitic or dolomitic shales with thin chert bands, at the base
of the formatiom, representing a transitional zone fro chemical to detvital
sedimentation, give way rapldly to carbonuceocus and ferruginous shales
further up. The latter shale types are the most abundant sediments in the
Timeball Hil} Formationm, alvays constituting greatev than 60 percent of

the total thickness.

¥hile the ferruginous shales have a dark red colour in borehole
cores, a light or blaached appearance was noted in the field. These
argillaceous sediments are generally Eindly-bedded, ptherwice being
completely structureless. Carbonsceous shales vary in abundance from ome
boreliole Lo the next. While in two boreholes such ghales oceur throughout
the formation at the expense of the ferruinous variety, they are completely
absent ot other localities. Most typically, the hales are
developed immediarely above and/ox below the Gatsrand Member and,
although alweys £inely-bedded, do contaln uumerous sedimentory structures,
Small-scale ripple marks are common (Plste X), wiile the materia) filling
the ripples is penerally light-coloured and siltase in charactet, often
displaying minute cross-bedded laminse. The lesatd Light-coloured
siltose material in n dark background have been termed flaser structures
by Pettijohn and Potter {1964, Plate 17), as superficially reseubling such
features in mylonites ard other metamorphic rucks.

(b) The Gatsrand Member
The Timebull Hill Quartzite Isolith Map is shown in Figure 27,
4 Maximom thicknesses in xtcan of 80 and 100 metres respectivaly arc
B developed in the vicinity of the Rietfontein Igneous Complex 0. fhe south-
western ifnb of the synclinariu, and along the Gutsrand Riages south of
Caslotonvills, Towards the axis of the synclinoriun and to the east and
south-west of the above two areas of maximum development, 2 thinning of
quartzite acours. Along the castermwost extent of the Timsball Kill
Forwakion, quartzite thic nesses of less tham 10 metres ave found, while,
in the gouth-western parts of the area being investigated, no quartzite
rizons ave developed, Along most of the north-yestern Liub of the
Potchefatroom Synclinorium, a single thick quartzite horizon (Plate XI)
occurs, such that the Timeball HAI. Quartzite Isolith is equivalent to the
Gutsrand Isopach. To Lhe south of Westomaris, however, two ox three
quartzite bands occur, all of which are greater than 10 metres in thickness.
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Moving further eastwvarde, thin impersistent elomgate lensdid bodies of
quartzite are developed above a lower contimuous horizon. Avaund the
Vredefort Dome, the Gatsrand Member is similar in character to that just
discussed. One or two continuous quartzite horizons, always less than

10 metres in thickness, are generally overlain as well as underlain by
impersistent lemses (Plate XII). During a field traverse north of the
Rietfontein Igneous Complex, eight quartzite horizons were noted, varying
from 3 to 20 metrea in thickness, leading to some difficulty (n defining
the limits of the Gatsrand Member. Furthex to the west, a distinct
quartzite lens, having a strike-length of 10 metres and closely resembling
the Pologround Member in fieid appearance, was noted.

Macroscopically, the quartzites of the Gaterand Member vary from
light-green, through different shades of red, to white in colour, the
former being confined to fresh samples in borehole cores, Polished
soction ion of the showed the red to be due
to hematite, resulting from cxidation of what was probably an originai
fron silicate cement. Ferther exposure to the atmosphere led to leaching
away of the cement, with the quartzites assuming a bleached white
appearance.

& series of 30 Cotsrand quartzite sawples was taken throughout

the synclinorium for mieroscopic examination, in an attempt to relate such
as g , degree of di. serting, and maturity to

the quartzite isolith map (Pigure 27). All quartzites examlned wexe found
to be highly mature, consisting of quartz graine in a ferruginous cement,
with no rock fragments, felspars, or clay minerals being present. In the
area of maximum quartzite development, to the south of Carletonville,
poorly sorted quartzites occur, consisting of subsngular to Eubrounded
quarte grains, varying in size from .06 to .30 mm. Around rhe Vredofort
Done, poorly sorted quirtzites are again found, with the degree of vound—
ing of individual quartz grains alse sjmilar to that in the above area.
Associated with this thinming of the quartzites to the south~yeat, aa
increase in the degree of sorting ovccure. Although the degree of rounding
remains siwilar to that in the Carletonville szea, there 13 & marked
decroase in the average grain-size. A less obvious relationship, between
ounrtzite thickness and sorting, then that discussed above, is ewident In
the east. Wnile the quartzites are still peorly sorted, an lncrease in
the degree of rounding occurs, subrounded te rounded quartz grains
predominating in all samples studied from that area,

An attempt was made to deternine the paleccurrent pattern
ia in the 5; rium during Timeball Hill times.
This, however, proved to be an extremely difficult undertaking due to the
trough-like nature of a1} croms-bedding. While weasurement of the
attitudes of individual forcset beds was possible, the resulte, on ploting,
gave a spread of 180°, such that no meaningful interpretation could be made,
other than that transport of materfal took place from & general northerly
direction,

Isapach Maps

1In order to obtain seme insight ineo the serial variation in
thickness of the Timeball Hill Formation, a number of differcat isopach
mApE were . Initially of the lower part of this

formation, termed the lower unit, from the top of the Fountains Foruation
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to the top of -“¢ Gatsrend Member, were used for the compilation of an
Lsopach m3p, followed by the preparction of a similar map for the remainder
4 the Timeball HUIL Pormstion. The contouced result of vhe former is
prescoted in Figure 28, Moxiuum thickuesses, in excoss of 300 metxes
oceut around the north-westexn arc of the Vredefort Dome and to the sé\ltll-‘
eant af Westonaria. In a broad east-west belt south of Cavletonville, and
to the st of Porchefstroom, a thickening of this vAlt akso occurs.
Minfnun thicknesses of less than 725 and 150 metres are developed south of
Fochville and along the noxth-esstern baundary of the Pretoris Geoup outcrops
To Lhe east and south of Potthefstronm, @ thimning of the lover unit aiso
takes place.

While in the easteLn parts of the synelinorium o thickening
towards the centre of the structure occurs, the opposite ie the case in all
other regions, miofrum thicknesses being developed along the axis with the
unit thickening to the north and south. Across the Potchefstroom Anticline,
s bendiug of the contours is evident on Pigure 28, due to a thinning of
Jower upit over this structural trend which ves thus sctive during lower
Timeball Hil) Formation timec, This map also indicatee that the prrosent
structural bigh to the sorth-west at Potchefstroos wis not active during
dower Timeball Hill times, although 45 is not possible to postulate on the
attitude of tha Hartbeesfonbtein Antlcline in this area.

Neither the isopach map of the remainder of the Timeball Will
Porrotdon (upper unit) nor that for the total thickness has been presented,
a5 @ nap of the ratio of the upper to the lower unit (Figure 29) ves
considered to be more mesningful. Although a limited sumber of control
points, all along the n b of the linorium, were used
in the preparztion of this map, o well-defined pattern has been obtained.
Frem the west and east, towards Fser. 1le, an dncrense in this xatio is
found, iud.i-ative of a maximum develdpment of the wpper uait in the larter
ares, this unit leing thinnest In the wost and eaat.

Lithofacies Wapping

Due to the nature of the data svailable, the only lithofacies
mappiog which could be undcrtaken vas that to compaze the contents of
arenaccous to argillaceous sediments in the lover Timsball M1l Formation.
A percentage quartzite map Sor this unlt was prepared and is shown in
Pigure 30, From arcas of maximuu development to the south of Carlatonville
and 1y, the p of quactzite decreasco ta the
the south of Potchefstroom and in the
type constitutes less than tvo percent of

P y
west, south and east until to
Vereenlging district this rock~
the unit,

1t 1s not possible to wap the aerial distribution of the
relative contents of carbonaceous and fevruglnous shale in the lower Time~
ball Hill Formardon, borehola Loge L-vo Indicated that the fommer pro-
dominates Inm ihn o sreas of maximum guartzite developnent, along the
Dattnorn 1dwb ot the synclinorium, In & number of boreholes, particularly
to the south of Weatomaria, no ferruginous sholes were reported. On the
other lapd, during field LYaverses acro(s this unlt, on the margins of the
Vredofort Dome and in the Vereenigiug azca, as vell ag from borcheles to
the seuth of cotchefstroom, no carboniceous shales were moted.

Although
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Each of the major rock-types present in the Timeball Hill
Forwation, nasely carbonaceous shales, mature quartzites, and finely-
lanivated shales, a of
deposition. The interaction of these three depositiopal emvironments has
resulted in the developnent of the lithofacies pattern shown in Figure 30,
as well as determining the distribution of the two shsle-types within the
synelinoriu,

The nature of the shales with silrose g
lenses suggests a shallow-water, agitated ewviroument in which rippta 3
marks and cross-bedding could develop. Flooded backswamp of maven-like :
regions associated with mejor river systess were reported by Thorabury ’
(1969, p. 169) to favour che 5 £ such
Recent studies in the Gulf of Mexica {van Andel and Curray, 1960)
ndfcated that mature, fime- fo medimm-grained, and geoerally well-sorted
sands were developed in the Yittoral zone, Sediment which vas iutroduced
Snto the sea by rivers was wiunowed zrd redistributed by vaves and
curtents and carried out to depths of from 20 - 30 metres (Johnson, 1956},
The £ime-grained fraction of the river-load vas transported into deeper 5
vater envicomments before settiing slowly out of suspension to forn well-
laminated but structireless sha

es.

The distribution of the above three rock-types within the
Pot chefstreon Synclinorium can be relsted to 2 deltaic model, as developed
by Flek and cthers {1954} and Fisk (1961), after studying the geometry of
the Migsissippi Delta. Carbon-rich clayey silte cccut inm mazeh-like areas
exposed above ses-level in the proximal facies of the delta, grading sea~
vards inte differant types of sand bodies. Finely lomtnated shales cover
the deltn-front, referved to as the pro-delta fucdes by Fisk snd others
(1954). A distincvion was drawn Ly Fisk (1961) betveen ‘decp-vater delta
sands® characterized by bar finger and lensoid sand bodiec anid pro-delts
ciays and ‘shoal-vater delta cemplexes'. The lotter are more massive Ia
character and form where wave action and longshote currents, as discussed
by Johuson (1956), afiect further of Wich
along a delta-front, the sands reworked by shore agencies 23y be spread as
regrosaive 'delta-front sheet-sand bodies' (Fisk, 1961). The distances ;
over which regression can take place has beea illustrated by Swam (1964) :
who showed that during Uisel times the had
shifted over 900 kv through Indiana and Iilimods, iz

The lontitudisal geometry of 2 delts is fllvstrated in Figere 31
(wodificd ofter Kruvbein and Sloss, 1963, p. 542), Wheress fa the proxizal
parts of the delta high are a ;
decvease in the sandstone:shale ra .lo orcurs, associated with which is an
overall *hickening of Che depnsit. It should be noted (Rigure 31) that,
although the porcentage of sandstone decveases avay fron the mouth of *he
Yiver, there need not necessarily be a decrease in the total sand conte ..
In the most diskal or extrere delta-front fasies of a delta, where sands are :
absont or only sporadically developed, a toral thimning of the deltaie 3.
sediments is found. i

The geometry of 8 major delta, intreduction of sediment being
Erom the torth, is outiined in Figurs 30. & decvasse in pevcentage
quartzite i the lower Timehail Bill Formation oway £rom the porth iz shown.
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pigures 27 .nd 28 also display pattexns typical o:

enviromments, thick, magsive quartzites ci"m 'sioii:::ér E‘Sx‘ii?"i"“i
(risk, 1961} are developed, grading bssimwarde into lensoid hodies a{\ap
thinmer horizons of quartzite, apsociated with which is a total thickeaing
of the deposit. The thimner, but continuous, quartzite horizons are
probably 'delta-front sheet-sands' (Fisk, 1961), formed during regrersion
of the An extreme del facles 1o d south of
Potchafstyoom where @ thinming of the lower Timeball Hill Forwation is
acconpanded by a thinning and eventual complete disappearance of quartzites.
The d: both in and content, in the centre of the
synclinordun is the only anomaly in the proposed deltate model. Xt i,
‘however, that ds of the , where a shallow-water
(Pigure 31) proiimal facies grades into deeper-water deposits, areas of non~
deposition will exist as a result of a sudden increage I velocity of the
transporting meddum, related to the stesper gradiemt of the floor. The
sssociatdon of carbonacecus shales with thick massive quartzites in the
northern part of the synclinorivm and the abeence of che former in the
south, where laminated shales are developed instead, supports the proposal
of a deltaic wodel of deposition.

T a deltalc deposit, as opposed to that associsted with 3 clastie
wedge, Krumbein and Sloss (1963, p. 544) have noted that highly mature
quartzites will be present, 45 & result of reworkiog by vaves and acean
currents, Sorting displayed by the quartzites will aleo be a function of
the degree of reworking. In areas of maximum quartzite development in the
Gatsrand Member, in the north and south of the Potchefstroom Syaclinorium,
largest average grain-eizes end poorest sorting arce found, Associated with
a wedging out of the quartzites, motably in the Patchefstroom arta, the
depree of sorting increases, related to which is a decreass in the average
8 4ze. The above d in couj with Figures
27 and 30, are in accord with depositiona) envirommencs within and o the
matgine of a delta, respectively.

The Regjonal Setting of the
during Timeball Ji{1l Times

\laving dlscussed the geometry of the Tineball Hiil Formation in
the PotcheEstooos Synelinoriun, 1t 16 now necessary to fit the latter ared
into the framework of the total Tramsvaal Basin during Timeball Bill tiwea.

The most comprehensive stuly, to date, on the Transvaal Sequence
was undextaken by. Vissl::: (1969), who prepared a muber of isopach and Iitho~
facics waps for the Timeball HLLL Fexmation. The same authior alsa conducted
cress the Pretoria Group to the north of the
Johannesburg Dome. carhonaceous shales

in the Tineball 11l Formation, and a complate absence of the latter wh:::
quartzite horizoms were present, The latter rack-types ocouy at : :Ams.
stratigraphic level to those of the Gatsrand Meuber in the Potehe! srf:::mt
Synclinordum, As many as ten separate quartite horizans wore ”°5°um n
certain areas to the east and :eit of er‘foc:A,‘hningrirfcza:gs“" oy
finely-lominated fei us shales: ual e

ttaceg aleng strike, and the fact that Fewer horizons were devoloped at
certain localities, suggested 8 lenticular geometry.
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n a more reglonal scale, Visser (1969) noted a southuards
decrease in the quartzite content of the Timeball Hill Formation, f£rom over
100 metres in the Potpistersrust ares to a complete absemee of this rack-type
In an are through Kierksdorp, Kroonstad and Hethsl. While the above pattern
suggested a smooth decrease in quartzite content, away From a mortherly
Souce area, closer exanimation during the present study shewed chat this vas
not atrictly the case. Whereas nunerous thin, and often lenticular quarezites
as discussad above, occur noxth of the Hartbeesfontein Anticline, thick and
passive quartzites aro prosent along the Gatsrand to the south of this
structure. The latter of thus 1ies between
fenticular quartzites to the north and south, complicating tha pictura of
a smooth doerense in quartzitic material soublwards, and avguing sgaimst
& single cycle of as bolng 1o for the devel
the Timeball HI1] Porsation in the wain Transvaal Basin and in the
Potchefatrova Synelinorium.

of

The Timeball Hill north of the
fontein Anticline and on the margin of the Vredefort Dome ave Lithelogicully
and geomatrically somewhat similar, both having the configuration of delta
front deposits, with lenti i Einely
pro-delta shales. It is suggested that the Timeball #11] Formation in the’
main Tranevaal Basin and in the Potehefstroom Synclinmorium belonged Lo

periods 6f the former having developed Lirst with
the latter having formed at a later time, aftsr a major southwards

the ine, Durivg the of the Timebsll HIL

Yotmation in the mein Transvaal Rasin, the shore-line, at diffevent timas,
must have regressed from north of Potgletersrusc as far south as Pretoria
to account for the mature nature of the quartiid 0 he
Dome. In later geological times, however, when the Timehall Hill Formaiion
was developing in the Potchefstroom Synciinorium, a major southwatds
regtession of the shore-line into the Carletonville area, occurred, with
migrations acrosa the synckinorium vesslting in revorking of quartzites on
the margins of the Vredefort Dome.

THE_STRUCTURAL EVOLUTION OF THE

IHE_STRUCTURAL EVOLUZIICN Do sZ2
POTCHEFSTROOM _SYNCLINORIUM

1t has been shown thut the present-day Fold puttexn developed in
the Potchofstraon Synelinoriun (Figure 11) was initiated in pre-Wiewatersrand
times, belng caused by epeirogenic activity within the brseaent. Two fold
trends, namely a lonpitudinal and (ransverse, have been delineated, evidence
having been cited that the Eormer was the exrliest, although renewed
activity alonp each has baken plaec. During pre- and post-Black Reef times
o number of pulsating tectenic elements were active, the wost important of
which wers the Ottosdal Anticline, the Haxtbeesfontedin Anticline and
associated Johannesburg Dome, snd the Vecdefort Dome. To the south-east
of the latter @ morth-cast to south-west trepding basement high theough
Standerton and Senckal exists (Fipure 2), overlain by Kaxroo strata
(Borchers, 19613,




TABLE 5

ZBE _STRUCTURAL EVOLUTION OF THE
POTCHEFSTROON _ SYNCLINORTUM,

TIME 0 TECTONIC — OTTOSGAL  JOMANNESDURG JARIDEES- oo . o SOVZHERS
ACTIVITY ATICLTNE  DoME rowetn IR o
) ANTICLINE Hren
late Or pogte .
Transvasl Sequemce  ————e ¥ x¥ XXX XXX Xx%

—
post-Timeball Rill
Lon

Format: ———— XXX Xx i & 4
During Timeball

M1l Formation —_ XX X e X ¥
Pre-Fountaing

Formatisn ~eremm— X% % —— XX

Buring Malmani el el s
Dolomite Formati RN S
alomite Formatdon -

During Veatersdorp B

Saquence XX XX XX Xy ? XX
Durdng Witwatervsrand .

Saquence P S i — X X%

ix Relayive Degroe of Tectonic Uplift
Period of No Tectonlc Activity
—g—  Unconformity )

—p— Partly Unconformable .

As previously discussed (p. 10} and shown in Table 5, tha Otrosdal
Antfciine was the dominaut positive 1 trend during Wi
times, As shown by isopach mapu (Brock and Pretorius, 1964a) the basement
high through Standerton and Semekal defined the south-castern edge of the
bagin, with the Vredefort Dome also having had some influence on the
deposition of Witwatersrand strata, At tha time of emplacement of the
Ventersdorp Lavas, however, zach of the structural elements vas of eimilar
magnitude, It should be noted that although, as shoun in Figure 3, the lives
are considered to occupy a Crough hetween the Ottoedal and Hortheesfomtnin
Anticline, no ind ¢ evidence is available for tha of a
&luilar lava~filled around the periphery of the Dome, as
Buggested by Brock and Pretorius (1964a). At the terslnation of Ventersdorp
Volcaniem, & paleoslope to the north-vest was developed, dEf the baspmant
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high in the Standerten-Seneckel area. The
b s Sl T sk vy ks 5
. Potchefstroom Synclinorium (Figure 21) and from the I;e“e_glm“_”ev rom the
(it ton, 1968) indicating that the Ottosdal aod Hartbesatonsein Ancicitnes,
S well as the Johannesburg and Veedofore Dmes, wore fnactive during Cheos
times. Secondary 1 trends, Suring Log chese
EeE vines (owios, 1066, wore sheve to have besn sctive uriog tha
development of the Malmeni Dolomite, moximun residual thickneas b aloes £
this {orw;tio: (:15“!: 17) oceurring along syaclinal axas (l’;gul‘a 11) ;i
was also found that the Fotchefstroom " .
L omite timan. Anticline 128 vot active during

After & prolonged period of relative tecto ;o
¢he davelopnent of the Halmani Dolamite, a rzjwen:t::: :;m;ﬁ* o
dormant atructural clements occurzed at the end of the cycle of deposition
of this formation. The Rartboasfontein Anticline and Johannesburg Done
became particularly active at this stage, resulting in maximum subacrial
erosion on and adjscent to these structures, That the latter was the most
active portion of the Harth-sfontein Anticline is fllustrated in Figare
26, in uhich an appavent ¢l kening south-westwards away from the
Sehammesbury Dome is shown, being due to a decresse dn subaerial exposure
ind weathering of the formation in this direction. Thus, despite an
Sriginal {norease in thickness of the Malnani Doloulte o the noTth-west,
e formation now displays on apparent thickening invards toverds the
centre of the synclimorinm (Figure 17). The dangers of using total

of any formatlon in the of isopach maps, to be

uned in paloogeopraphic reconstructions, have been revealed. Secondary
fo1d crends ere also found to have heen active during post-yalmani °
: Dolomite times, waxinum breceinted chert thicknesses (Figura 24) being
3 devaloped along structursl highs, Alehough it has not, due to sbundant
| vthafaulring, been possillc to detemmine true o appstent thicknesses
3¢ the talnand Dolomite around the Vredefort Dome, no evidence exists to
Sukseet chat this structure was positively sctive fo post-Malmand Dolomite
e I the avent of major updoning ot this tlme, the Melmani Dolonite,
already thin in that avea, vould have beon complotcly Tencvel, save for &
thick residual chert accumulation.

During the deposition of the Timeball Hill Fo. weion in the
Potchefstroon Synclinorium, the Johsancsburg Dome for thy first time, and
the Potchefgtroom anticline, again, exerted a control on the sedimentary
pattern, As shown in Pigure 28, the Lower Timeball MiLL Formatdon thickens
T the south, off the Johapnosburg Dome, thereby implying that the above
structure acted as o positive tectonic fuature during these times, It ig
not possible to accurately define the activity of the Hartbeesfontedn
Anticline during Timeball N1li times. However, as the activity of this
structure appeats to bo closely relaced to that of the Johanneshurg Dome,
1t seens retsumble to suggest that the artbeesfonteln Anticline was
showing signe of activity, at least during the deposition of the Timeball
Ri1l Formation in the Potehefstroom Synclinoxium.

The north-south crpss-section shouing the variation in thickness
of Loyer Tiweball Hill Formation (Figure 32), when extended southuards
creon the Vredefort Dome, indicates that chis gtructure vy negpl:éve N
during the deposition of the unit in question. The ‘baseaent llighd urther
t the sowth ia consideved to have maintained ite positive attitude e
(Table 5 and Figuve 32), thus ruling out the suggestion made before, o
the Timeball Hill Formatfon may have been deposited in an open-ses.

I e — N



wajor uplift ocourred along

- 65 -
Although no concrete evidence exists for this conclusior

5 t
cratonic setting of the Transvasl Batin argues agalvet an c::nE:::rﬂ
depository, the latter bedng more typical of marginal seas.

Following on the deposition of the Upper Timeball H{1l Formation,
the Antiels to

the north-west and north-east of the prasent synclinoriim.

Timeball Hill Formation Tesulted, such that the upp:‘_: :.:L e?r::i::n oF e
formation is most poorly developed adjacent to the above structure (Figure
29}, The upper Timeball Hi31 Fomsation also thins to the morth in this
figure, congidered Lo be due to uplift, although less intense than to the
east and west, along the Hartbeesfontein Anticline to the north of Caxleton-
ville, Thus, an unconformity has been developed at the top of the Timeball
Hiil Formation. While major uplift along the northern limb of the
synclinerium took place in post-Timeball Mili times, it &5 unlilely that
euch movement of the Veedeforr Dome occurred, In the event of major up-
doming of the latter at the above time, the Timeball Hill Fermavion should,
as a result of crosion, display a marked thinning outo the dome, However,
as illustrated in Figure 28, the formation attaine its maximum development:
in this area.

It has been mentivned previously (p. g ) that the basal

of the Ongel is either voleanic, quartzitic, or
tillitic. While it has not been possible to observe the latter relation~
ship in the £ield, it 46 felt that this rock-type, where present, belongs
to the Oageluk Button {1968} ¢ that this tillitic
horizon or tiliold could have been formed either by glacial ov turbidity
artion. Having mapped its variation in thickness, the above suthor
favoured the latter origin, concluding that turbidity flows would be
axpected to commence in tectonically positive areas, The disiribution of
the tilloid in the 11 gre ith thase
ideas, being well-developed to the south of Wastonaria, which 18 the
closest occurrance of the Ongeluk Tornation to the Johannesburg Rome in
this direction. It is considered that a turbidity current, originating
in post-Timeball RI11 tines on the tectonically positive Johaunesburg
Pome, vas responsible for the tilleid. Purther to the west, the tillald
is not dovelopod, while its distribution dircctly south of the above done
15 unknown, due to a lack of borelnle comtrol.

As shown in Table 5, the major structural clements definisg the
Potohet stroon Syaclinorium, particularly those to the north, perth-vest snd
south of the namely the Anticline including the
Joiannesburg Dome and the Veedefort Dome, are considered to have been most
active in late- or post-Transgal times. The outstanding feature shown in
This table 1o that, whilo durivg and after the depopition of the Timeball
Bl the ¢ was letely inactive, this :tt:ct:::;
in lare- or posc-Transvaal times, became @ major positive testamic ea .
This phmumegon, 1t is felt, can only be explained 1f the Vredafort Doma 18
% entity, as proposed by Brock and
ch was largely unrelated to ather

as an
Pretordus (1964a), the movament uf‘ uh]i) the age of
tectonics within the b t. The above se of
the Vredefort Dome, arc in agrecment with the pa1eomagner.1c£nnd ;::iuui.:c:n
Findings of Hargraves (1970) which indicated that the Vrede “ltzabn 2 don
Lato~ or post-Transvaal in age, having forned between 1970 em 2040 mi1i
years. The overfoided disposition of all strata within the Potehe
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Synclinovivm, up to the Daspoort Quartsite, oleo testifi
post-Teansvaal uploping of this structure. sedfles to 8 late- ox

Ae discussed 1a a3 carlior chapter (p.
che Longitudinel £old trand bas been ore o i canun, i Figuce 3
gomtcal and basinal within the being slongated
parailel fo the formex. It is felt, however, that this elongation is du
B lattentng of imitially symsetrital dases end bacine, thieugh the
reactivation of the longitwiinal trend daring the £imal evolution of che
Totchetatroom Synclinorfun, in late- or post-Transvanl times. Through
the compilation of results frou previous chapters, which ave sumarized in
reble 5. it has been ahown that the Potchefstroom Synclinortwe was not, in
Jalonni Dolomite tines, & "structural eatity in ite own right" as proposed
by Brock (1961) and was, even during later peologic periods, closely
related to the Mnin Trensvaal Dasin, in that introduction of clastic
saterdal took place from the north, duriog Timoball BALL times,

THE BASIN ANALYSTS - A SUMMARY

The most interesting aspects of Table & uce the difforent styles
of sedimentation in each of the units considered und the effects of base-
aent tectonics on the development of these unite. Deposition of the
Maleanl Dolomite took place under shallow and warm~saline conditfens,
during times at which the Potehefstroom Synclinoriun was part of the Main
Tra Basin, 4 prevailed, controlled by the
extreme stability of the craton during these times, Three dopositional

which 1 during and
regressive cycles, have beon delinested An the Nalwni Dolomite, These
are the supratidal, intertidal and subtidal environments, being
characterized by carbonaceous shales and massive to £inely-laminated
dolomites, domical stromatolites, oncolites and oolites, and columar
tes . Th dal

e s considered to
be of perticular mportance in the gonesis of highly saliue, magnesiun
ich waters, contaiming large emounts of silits, yhish were veeponsitle
for dolomitization and of previously formed 1i

At the cad of Malmani Dolomite times a major period of uplift
took place along the Hartbeesfontein Anticline, leadlng to subaerial
erosion of the dolomite and resideal of chert.
chert zone wag Lhoreby formed at the base of the Fountains Formation, with
maxinum along mal highs. The d tectonic activity
sigasllad the bogieniug of shallov to decp-ater elantlc, o5 opposed to
wholly shallow-water chemical, ‘pedimentation, resulting from greater

1 uplift and d, in the souvce ayes and deposltory,
respestively. During Timeball WLl times, the Potchiefstroom Synclin;riual
was becoming separated from the maia frenevaal Dasin by the ll»r:bees :m;e st
Anticline, with the development of this formation taking place in ﬁc )
structural nit at different vimes. Withia the Potehefstronm Synciimorium,
a major delta, ewanating from the north, has been recognized, :lu::;v:

tatd a

in deh ear gt distal
developed in the proximel facies of !thi dcitn, while do ore BML
only Finely 1 ted shales in
quartzites vere dyapbsicnd. The latter association wad also recognised




e

i
;

. sehinentation, being related to 4 eouthwsrds vegressing shore-lims, It

north of the Anticline, that the Timeball MLl
Torpstion, in the Transvaal, developed during at least two periods of

ig considerad that during Upper Fountaina Formation and Timeball, HiLl
timcs, 4 cratenic source, as opposed to an external source terrain (Sloss,
1962), atill prevailad, as demonatrated by the high degrec of maturity of
the quartzites ip each formation.
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APPESDIF I < Trend Surface Anzlysis

Trend surface apalysis fwvolves the separati

8 paration of ¢! i
or swall-sezle components fyom the regional trevd which, atcnx;;i}\;“l
to Nerziam {1965) has the effect of awplifyirg the formsr, therchy
paking it more conspicucus. [

Ordinary two-dimensional graphs, in which values of a )
depes t varisble, y, are plotted agaiast ua independert varisbls, x. N
are intended to reveal amy systematic relstionsbip between y  and % K
If the points plotted fall spproximatoly on a straight line, a line of
best-fit or regressien lins, of the formy = a + bx, can be calelated.
1If, Lowever, the points @0 not lie om a straight, but Tother a curved .
1ine, the line of best-fit wiil then be of a higher polynowisl form of
the gquodratic, cubic, guartic, or even wore imvolved types.

Afeally'distri'blltgd date are freguently encountered su
1 i in which a dcperdent varizble z varies with .

two independent varigbles % smd y. In o similar manmer to shat Fismussed T
sbove, poiynomial surfaces, instead of lines, of the form z = a + tx + ¢y Lo
can Be caleulated, having the hest~fit to the vaviable perameter {). In g
practice, polynozial surfates from the lst to Stk degree are gemevally

Fitred to the deta. A compater progromme, written by 0'Leary, Lippert P
and Spitz (1966) for an 1.B.M. 7040 Computur, designed for 50D data pointe, i
vas wsed in the present investigarion. Tais programme vos modifled by
P.A. Eoselaar of the Zeononic Geology Research Unit for use with an

T.EM. 360 Computer for 750 data points.

Opm » ccst-fit eqastion for sach of the six surfoces has
been determined, 4 valve, ze, ot each data point corresponding to the
caleulated valse of the surface at that point, is obtained. The soimal "

i
positire differcoce where the measured valve of Lo varisdle is y
thay, ond 2 negotive volve when less then, fhe tread surface value st

each point. These differonres are refurcid fo as vesiduals and represent
tocal veriations in the data-set. The poiynomial surfaces are Setermined
in such a vay thot the sum of the squares of the residuals (s =Z(x - z2)"Y
is at a wizimm, referred to as the method of least sguares.

It is necessary to be able to test the dogree of sigoificance N
of individusl polmomial Surfaces. There are & mumber of measures of this
paranter, also Lermed the “goodness of £it" or Vstrenpth of the suxface,
Lvo of which are coasidercd 1o be wost useful. The percentagos of otal
variution expliained by the surface, os well as the coefficient of &
eorrelation, were calculated in the computexr proprasme us;a‘ bath beivg
relichle messurcs of significance. The total variaticn in the mapped
wariztle hies bega defined by 0'Lecs,, Linpert and Spitz {1966) as
¥ = ¥ (z - )", vhere z is tie ootual value 3t each data point 20d &

‘s tha moan © value. The varia ‘o mor eaplaimed by the surlace is the

m of the squared Tesidvals {r}, &5 Zefiped sbove, with that exy‘lm:e&
A, the surfece thus given by Lo=v 7 8¢ The percentage of the mr;).
variction explained by the iun'acn is ;l}en ﬁ;;e:n':iu;ntiz? 1.02. ‘z e ¢
toefficient of correlation fe) con be dived ted 2 ¢ (.
serving a similor function to that gotermined by two-dimenaional regressing

lines,



It is also necessary to compare the rolatd

o e S o e S st o o
That ehe increase in MELLY oxplained by each erence
fo an ideal means of comparisom, 1f, for cxample, the limear @ face
L the tovat vaziation, the quadvatic 59, the eible 3951 e
§0.5%, the shove authors would conciude that® most of the primary-trend
information has beon squeezed aut of the wap by the tims the quadratic
suckges wus fitted".

APPENDIX TI ¢  MARMANT DOLOMITE

¢

BOREHOLES UD 11, 0D12, UD I5 - Oberholzer Bistrict/zad
BOREHOLE K& - Westonatia District

DEPTR CARE. MASSIVE CCL. DOMIC. QOLLTES GUERT
(YBTRES)} SHALE DOLON. STROMAT.  STROMAT.

0~ 16.8 1.0 - 0.5 1.0 6.7

16.8 - 33.6 - - 0.5 - 7.0
3.6 50.4 - - -~ - - 3.7
50.4 - §7.2 - - 6.7 - - 338
B1.2 - 84.0 - - - - 0.3 EN]
84.0 - 100.8 - - - - - 3.7
100.8 - 117.6 - - - 0.8 0.3 IS
7.6 - 1364 - - - 1 - 6.6
1344 ~ 151.2 - - - 0.5 - 2.5
1512 ~ 168.0 - - 15 1.2 - 1.2
168.8 « 184.8 0.5 - - 2.1 -

184.8 - 201.6 1.2 - - 2.7 - 3.
201.% - 218.4 - - - 24 - 2.5
218.4 - 235.2 - - - T4 - ;.;}
235.2 - 252.0 - - - 3.3 - 0‘5
252,0 - 268.8 - - - 3.7 - i
268.8 - 285.6 - - - &3 - o
285.6 - 3024 - - - 1.5 - 0.2
302.4 = 319.2 - - - 2.4 - 5a
319.2 - 335.0 - - - 1.2 - 1s
336.0 - 352.8 - - - 0.9 - o
352,8 « 363.6 - - - 0.5 - i
369.6 - 386.4 - 17, - - T
386.4 = 403.2 - 24,0 - - M -
403.2 - 420.0 - 63.0 - . - -
520.0 - 436.8 0.3 28,0 - - - -
436,83 - 453.6 0.5 ] - - - -
53,5 - 4704 17 16.0 - o -
4704 - 487.2 - 13.0 - s -

487.2 - 504.0 0.8 2.0 - ne -

5040 - 520,8 L3 - - i os
520.8 - 537.6 0.3 - - +




APPENDIX IL {Continued)

TARB. MASSIVE COL.

DEPTR Dowie :
(HETRES) SHALE DOLLAM. STROMAT . STROMAT. QOLITES b
537.6 - S86.4 0.4 - - -
5shh - 5702 0.2 - - i : 3
571.2 ~ 588.0 0.6 - - 1.3 - £
588.0 - 604.5 0.8 - 1.8 0.9 z b4
§04.8 - 621.6 0.2 - 3.0 2.7 - 5.0
621.6 - 638.4 0.1 - 5.5 2.1 - e
638.4 ~ 635.2 1.0 - - 1.4 - 5.8
635.2 - 6720 0.5 - - 1.2 - 5
672.0 - 688.5 1.7 - - 13 - 3
688.5 - 705.6 0.4 - - 0.3 - 85
705.6 - 7224 3.7 - - b s a3
722.4 - 738.2 - - - 0.4 s bord
7392 - 756.0 3.0 - 74 32 0.1 55
756.0 - 772.8 0.3 - 9.3 1.6 - 2.4
792.8 — 789.6 6.1 - 6.6 1.8 - 0.3
782,56 - B06.4 0.7 - 7.0 3.7 - 0.8
806.4 - 823.2 0.9 - 15.0 2.1 - i3
823.2 - 840.0 1.7 - 12.0 1.4 - 24
840.0 - 856.8 1.6 - 12.0 1.2 - 2.3
856.8 - 873.6 0.2 - 20.0 2.2 - 2.3
R73.6 - B804 2.7 - - 0.4 0.4 8.3
890.4 - 807.2 1.4 - - 1.0 2 6.0
97,2 - 924.0 0.9 - 2.0 0.3 0.5 5.6
924.0 - 90,8 1.3 - - 1.1 0. 3.5
960.8 ~ 957.6 - - 4.8 - 2.2 8.8
557.6 - 97h4 0.2 - 5.2 1.1 0.7 5.7
9744 - 991.2 0.7 - 3.0 0.6 1.8 5.3
91,3 ~ 1008.0 6.2 - - 2.0 2.7 Ery

10050 ~ 16248 2.0 - 2.4 2.8 2.0 30
1024.8 - 1041.6  ©C.1 - 3.0 0.6 0.6 2.8
1041.6 ~ 1058.5 2.0 ~ 48 - 73 2.3

1058.4 ~ 10752 1.2 7.8 - - 0.3 0.3
5.2 - 1092.6 0.7 4.2 - - - 8.4

b0 - 11088 1.2 3.4 - 0.7 - -

1108.3 - 1125.6 0.3 1.0 2.6 2.2 - 1.0
1125.8 ~ 1142.4 1.0 3.6 - 1.3 - 0.8
2.4 - 1159.2 0.6 11.0 - - - -

150.2 ~ 13760 0.5 15.0 - - - -
175.0 ~ 11928 17.0 7.8 - - - -

1132.8 - 1210.0  37.0 48 - - - -

ek Zone of Variable Thickness (v)
in the total i g shown

Values refer to the at sach
sbove, Zero depth was taken am the top

of the varolite horiron.

0 - 336.4 metres ~ From log of Dorehole 4
% logs of Dorsholes UD 11, 12 snd 15.

38644 ~ 1210 merres - From Composite
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! APERNDIX TTL 3 MALMANT DOLOMITE - GEOCIRMISTRY (FEROENTAGES)
it BOREHOLE UD 15 ~ Oog van Elundafontein {14,
[ Gberholger Diskrict
i
i
: DEFTH SAMPLE  Ca
i (METRES)  NOMBER e Te ¥n Na
i
: 54 - 60  CVIEE 145 8.6 L0090  .og48
R 60 - €6  CVI&E  ZL. 12,9 .0031 L0032
i 66~ 79 OVI6h 20,2 120 L0042 o032
7% - 93 62 21,4 12.8 0040 0038
93 = 107 V160 15.5 9.5 0034 0028
07 ~ 122 VIS8 200 12.3 0046 o036
: 122~ 136 OVIS6 144 8.6  .0032 0026
136 - 150 OVIS4 214 12,8 .00  .003%
150 « 186 CVIS2 21 Q2.8 L0047 0039
; 186 =178 OGNS 207 )4 L0045 .ODD
178 - 182 OB 1% 7.0 L0018 4013
192 - 208 OUI46  14ug 8.5 .0028  .0626
205 - 220 G4 2h0 127 0025  .003Y
230 ~ 233 ovIA2 2L4 12,8 0023 0039
233 = 247 CVIA0 214 128 Q03 0037
; 247 ~ 261 VI3 19.9  1L& 0037  .0036
261 = 275 CVI36  2L.4 12.8 L0023 .00AL
275 = 287 Vi34 21.3 127 .0028 0048
289 - 303 cvi3z 19,7 IL7  .0029  ,0037
303~ 317 V130 2L 127 .0038 0041
37 -330  oVIzZ8 21 127 .003  .06%4.
330 - 34 V126 21.0 127 .05 0072
344 ~ 357 oVi26  18.4 10,8 (002 0074
357 ~ 371 Ovi2z 160 9.4 L0043 L0065
371~ 385 OVI0 207 IL.4 0059 L0078
s 35 - 308 Cv1iB 185 10,9 0073 0089
298 - 413 cvII6 2Ll 12.6 0060 0088
413 - 430 V114 21.4 12,7 L0044 0074
430 ~ 446 ovil2 21,6 J2.6 L0040 Q081
446~ 530 CVII0 204 328
' 453 ~ 475 ovigs8 197 1.7
475 - 482 ovi06  21.1 12.6
492~ SD6  CVIDG 201 135
506 - 521 @yioz 210 127
521 ~ 540 CVi00 184 10.9
540 - 553 V98 2] 12.7
553 ~ 566 V96 21,3 128
566 - 579 OV 94 184 1L
579 - 594 ev 92 21 127
594 ~609  oV90 2.6 125
609 ~ 626  ovas 213 128
624~ 637  cy86 17.3  10.3
637 ~ 650 oV Bb 207 125
650 ~ 664 ov B2 19.0 14
664 ~ 677 cy 80 21.4 12.7
677~ 60 oV 78 2ha 128
o 9
o




TH SAMPLE My ¥
(METRES)  NUMBER ® ° e Na
755 - 768 OV 66 12.9 40035 0030 0007
§ 768 - 781 oV 64 10,64 10029 0029 ,gggs
¢ 781 - 793 oV 62 12.8 0052 0037 0008
7 793 - 807 CV 60 12,8 0039 0036 .0007
807 - 822 GV 58 1.6 10029 10025 20007
i 822 - 835  CV 56 12,8 0028 20034 6007
; 835 - 849 OV 54 12,9 0024 0038 .0005
849 - 862 (V52 12,6 0022 0043 0006
862 ~ 877 ov 50 12,6 0029 .0032 0007
g77 - 880 OV 48 it5 0028 10032 0006
E 890 - 904 OV 46 12,7 L0035 .0037 0007
904 - 918 OV 44 12.9 .0037 10036 0007
318 ~ 931 ov 42 1.9 L0036 L0032 0006
931 - 946 OV 40 12.9 L0034 10026 0007
946 - 959 GV 38 13.0 L0017 L0025 0008
959 - 972 OV 36 1.6 L0012 oo 0008
972 - 985 €V 34 1L.4 0025 .0027 20007
985 - 993 cv 32 12,8 10023 20026 0012
i 998 - 1012 CV 30 12.8 10024 0027 D006
i 1012 ~ 1025 OV 28 12.5 L0017 40023 40007
1025 - 1038 CV 26 12,9 0027 0028 0008
¢ 1038 - 1052 OV 24 12.9 0043 L0035 0009
1052 - 1066 OV 22 12.6 0060 0042 10011
1 1066 - 1079 CV 20 1.8 0049 .0037 L0007
1079 « 1095 oV 18 e L0064 L0034 L0013
[ 3095 - 1105 GV 16 1.9 0079 0090 L0008
{ 1105 - 1120 GV 14 2.3 0081 L0122 L0005
1120 - 1133 GV 12 12,2 L0143 0194 2000
1153 - 1147 &V 10 2,7 6035 0068 0026
1147 - 1160 GV 8 11.6 043 L0058 ,0028
166 ~ 1172 OV 6 12.4 40090 L0088 L0027
1472 - 1186 GV 4 1.3 .0255 0168 20026
k 1186 - 1198 o¥ 2 0.1 0415 L0192 0026
1198 - 1216 W 3 6.2 L0430 L0149 0025
) Two samples were taken srval shown above, One compoaite per integval
wag prepared for chew? iis, The oncolite horizon was ot present inB.H,
TD 15, having been re erosion during the formation of the breceiate d
chert zone.  Sampli: . started at 54 metves below the stratigraphic
] position of the oncol’ n
e T N - < . i Vezar g
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