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"Brick-like"-texture at the top, with coarse-grained anhedral
dolomite at the bottom, displaying a "chevron"-texture. The
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contact between them is quite sharp. From Slide A

(Crossed polars).

Dolomicrite, with a dolosparite-filled st tactoid, 1n the
Upper Dark Dolomite Zone. The cavity 1s diffuse and e ted
in the horizontal direction. The base flattened, whilst
the top is digitate. Fre Slide A65. (Plane polarizi 11aht
Bladed, lenath-slow chalcedony, displaying zoned extinction,
From Slide A115. ((’r ssed | ].1“.\.

Rounded, speroidal shapes outlined by dusty, carbonaceou:
material, set in a siliceou itrix. Note the radial fabri
(bott right) on the outer ri f ti ty e whicl y
represent replaced ara nite, Fry S e AGQH {Lrossed
polars).
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thinning of the Intimately-Mixed Zone in Borehole UD30 is mirrored by an
increased thickness in the chert breccia and reflects down-cutting of the
palaeokarst surface, Eriksson (1971) suqarsted that the chert breccia
thickened over antiformal structures which appears to be the case in this

situation.

Texturally, this zone is distinct and consists of cream-coloured
dolomicrite, intimately-mixed with laminae, or fenestrae, of translucent,
cryptocrystalline silica (Plate 6b). The chert forms irregular patches,
discontinuous thin layers, and bands up to 50 centimetres in width, Primary
structures and fabrics are w 1 preserved, and lenath-slow chalcedony
spherulites are present in many chert samples. In thin-section, dolomicrite
is the major component of these rocks, with minor dolosparite. Small
fenestrae, approximately 1 millimetre long and 0,2 millimetres wide, are
filled with fine-aqrained silica, but are rimmed with dolosparite and
coarsely-crystalline dolomite. These fenestrae are indicative of an early
porosity, created during the dissoiution of algal remains. Stromotactoids
are common, and these structures are infilted with dolosparite and chert.
The difference between stromotactoid and fenestral structures lies in the
fact that the former display digitate upper surfaces, whereas the latter do

not.

Ooids occur in numerous thin bands, cenerally less than 20 centi-
metres thick, and frequently exhibit an increase in ooid diameter upwards.
They are invariably overlain by fine-laminated dolomicrite, and this represents
a fining-upwards, or shallowing-upwards, cycle (Plate 6d). The ooids are
more common towards the top of the zone and are partly or wholly silicified.
Concentric and radial fabrics are often preserved and a variety of ooid

textures have been i1dentified:

(i) dolomicritic ooids enclosed in a dolosparite matrix;
(i) silicified ooids set in a dolosparite matrix;
(ii1) silicified ooids set in a siliceous or carbonaceous
matrix, and

(iv) dolomicritic ooids cemented by silica.

These types of ooids were also recognized by Eriksson (1971).

Oncoids associated with ocolitic horizons are quite common and are mostly sub-
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rounded, ranginq in diameter from 2 to 5 centimetres. Several flattened
oncoids, up to 5 centimetres in length, have been observed (Plate 6¢), simiiar
to those described by Hofmann (1974). Many of the laminae have been silici-
fied. Thin, flat-pebble breccias are present throughout the sequence, and,
in many cases, lie immediately above flat, laminated dolomite-and-chert,
Intraclasts are normall, less than 3 centimetres in length, and some appear
to have been silicified prior to transportation (Plate 6e). Intercalated
within the Intimately-Mixed Dolomite-and-Chert Zone are several mottled
dolomite horizons. These display a distinctive texture (Plate 6¢) and
consist of grey dolomicrite, randomly peppered with white dolomite patches,
set in a translucent silica matrix. In thin-section (Plate 5d), the fabric
consists of spheroidal shapes outlined by dusty, black, carbonaceous material,
The sphere-marqins coalesce and may represent unicells, similar to those
detected by MacGregor (1978). The mottled zones are often composed of
stromotactoids, filled with white, coarsely-crystalline dolomite, and are
chert-poor. Several of the mottled horizons correlate throughout the area
and may indicate relict evaporites. Dark, chert-poor dolomite horizons and
carbonaceous mudstones are present, but are not common, The latter form

thin bands, less than 5 centimetres in width,

Stromatolites are ubiquitous in this zone and are mostly of the
domal, laminated, laterally-linked variety. These structures are similar
to types d,e,f,q,h, and i illustrated in Fiqure 21. The structures are
partially, or wholly, replaced by silica, but the coarser dolosparite
crystals, tooether with carbonaceous dust, are less susceptible to replacement
and form thin laminae, outlining the original siromatolite structure. The
contacts between chert bands and dolomicrite are very sharp macroscopically,
but, in thin-section, are slightly diffuse, Palisade textures are common,
and the fibrous, feathery nature of each palisade is preserved in chert bands,
possibly because the fibrous dolomite is less prone to recrystallization.
Stromatolite laminae may be crinkled or planar, and the domes are frequently

interbedded with finely-laminated, intimately-mixed dolomite-and-chert.

White dolomite veins, which occur sporadically throughout this
zone, occasionally carry massive pyrite and are often associated with
brecciated material, Pyrite is observed as small cubes, or amorphous grains,

in many parts of this zone and is randomly distributed.
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2. Sedimentoloay

Sedimentary structures in this zone include abundant stromotactoids,
ooids, flat-pebble breccias, oncoids, and shallowing-upward cycles, similar
to those recognized in the Complex Dolomite Zone, These structures are
iargely indicative of shallow-marine conditions. Evidence, such as teepee
structures and dessication cracks., were not discerned, but length slow
chalcedony spherulites, fenestrae, and stromotactoids do indicate dessication
(Wilcson, 1975). The mottled zones may represent replaced evaporites, and
the shallowing-upward cycles, with ooids at the base and laminated dolomite-
and-chert at the top, suagest build-up of the sediment to extremely shallow

depths. There are many similarities with the Complex Dolomite Zone, but

an important difference is that, in this zone, extremely coarsely-crystalline

dolomite is absent, If sedimentation was of a similar style, then certain
diagenetic processes were active in the Complex Dolomite Zone which did not
operate in the Intimately-Mixed Zone. The reason for this is unclear, !

if an evapora.ive ~eflux model is invoked as the mechanism responsible for

dolomitization, then it is likely that this did not function in this zone,
in this area. The panel-diagram (Figure 40), illustrates the lateral
correlation of this zone and the isopach data indicates the presence of a

4

north-trending synform, on the Elandsrand property, and a north=trending,

-

north-plunaing antiform in the east, both of which were active during

sedime ntation.

M. HISTORY OF DOLOMITIZATION AND SILICIFICATION
1. Introduction

In the Malmani dolomite, there are textures which have important
agenetic implications with respect to the dolomitization and silicification
processes. In the past, the origin of the mineral dolomite has always been a
matter of conjecture in sedimentary aeoloay, and it has generally been
considered to be a product of the replacement of limestones. In the study-
area, there are no limestones, which indicates that either calcium carbonate
was not generated during sedimentation or that the dolomitization process
was completely effective and altered all primary limestones.  Numerous
theories have been proposed to explain the mode of origin of dolomite, but it

is only with the discovery of Recent and modern dolomite that any progress in
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understanding these rocks has been mads
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early stag f diaaenesis, temperatur ire rarely greater than 1 ind
physico-chemical conditions are directly influenced by pH. Silica solubility
is also related to pH (Fiqure 46) and, at pH values greater than 9, solubility
rises rapidly. As dolomite 15 precipitated at an optimum pH of 9, under

fluctuating pH conditions each mineral should precipitate alternately.
According to West (1964), silicification only affects the early dehydration

stages of his well-documented diacenetic evolution sequence. This is further

U

supported by the work of Milliker (1979) who showed that silicification of
)

sulphate evaporites is related to mobile interstitial solutions, which preci=-

pitate silica at less than 40°C and at an early staaqe in diaaenesis,

In the Malmani dolomite, penccontemporaneous dolomitization and
silicification processes might account for the perfectly-preserved nature of
many sedimentary structures and for the fact that there are no significant
compaction effects. Once qenerated, the dolomitizing and silicifying fluids
could remain active and cause coarse crystallization, a: in the Complex
Dolomite Zone. However, it is evident that the processes operating in the
Complex Dolomite Zone were different to those affecting other parts of the
stratigraphy, possibly because refluxing of fluids was increased as a result
of greater evaporation rates. It is important to note that the silicification

of evaporites is a diagenetic feature, and that sulphate, and possibly chloride
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Small tectonic moviements, in a shallow-marine environment, could
create restrictions whi , under evaporative conditions, would permit
dolomitizing and silicifying fluids to develop. This mechanism may have
been rosponsible for the formation of the coarse-qrained dolomite within
the Compiex Dolomite Zone. In this zone an east-west-trending synform was
noted, which broadly parallels the Carletonville Anticline to the north,
and this was probably a closely-related, sympathetic, syn-depositional,
upwarp structure. It is considered that tectonic elements did affect
sedimentation of the Maimani dolomite, as shown by the thickness variations
within the stratigraphic zones. Most of the structures were formed in

pre-Transvaal times and were caused by epeirogenic activity of the basement.

Movement of the structures was generally only of a small-scale and pulsatory,

during the deposition of the carbonates,

&s Summary of the palaeoenvironment

It has been postulated that the Malmani dolomite was depousited
within an epeiric sea which was broadly U-shaped and open to the south-west,
The extent of the Malmar.i shelf carbonates is illustrated in Figure 5, and
it is similar in both shape and size to the present-day Persian Gulf In
the northern Cape, the base of the dolomites consists of many prograding
transgressive cycles, These fining-upward cycles, which grade from quartz
arenites into carbonates, represent on-lap deposits which gradually migrated
north-eastwards over the Kaapvaal craton, These sediments mark the transi-
tion from siliciclastic to carbonate sedimentation and the stabilization of

the marine shelf.

Modern carbonates are forming in regions of continental stability,

in warm, ciear, shallow-marine conditions. In the Bahamas, 4active carbonate
deposition began 4 000 years ago on a large, shallow, submerged platform.
Since that time, approximately 2,5 metres of unconsolidated sediment have
accumulated (Bathurst, 1971), at a rate of almost one millimetre per year.
If similar rates are invoked during the formation of the Malmani dolomite,
then in the Carletonville area, where 1 500 metres of carbonate are present,
sedimentation took place over a period of at least 1,5 m.y. and ‘«as accom-

panied by subsidence averaqing one millimetre per annum.
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CHAPTER 11l

The Geochemistry of the Malmani
Dolomite Subgroup
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