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ABSTRACT

The Wolkberg Cuve hos been examined in order to derive its
sequence of development and to assess the validity of general
theories of speleogenesis. These aims have been achieved by
means of a detailed examination of features preserved witnin the
cave, and the assessment of the implications of various models in
the light of this information. It has been concluded thot the
Wolkberg Cave, a cave of great antiquity, has hod a structurally
controlled, phreatic origin. Its modification since exposure in
the vadose zone has been complex, and a sequence has been derived

to describe this development.

A study of available soeleogenetic theories has indicated
that no ore theory odequutely describes the development of the
Wolkberg Cave. Therefore, a model has been derived to account
for its genesis, and it has be:n suggestec that this model be
further applied to other Transvaal caves, although caution is

necessary.
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PREFACE

The proliferation of speleogenciic studies in karst
literature has resulted in little agreement regarding the mode of
development of caves. A number of general theories have been
proposed (Davis, 1930; Bretz, 1942; Ford, 1971), but the controversy
continues. Speleogenetic studies in South Africo have done little
to resolve the problem since the general theories only particlly
explain the development of coves, particularly in the Transvaal
(Wilkinson, 1973). Wilkinson (1973) has further shown thot @
model proposed to account for cavernous development in the Transvacl
(Brink and Partridge, 1965) is inadequate. The conflict may be
resolved by tfurther comparison of theory and the evidence preserved

within caves.

In the present study, the Wolkberg Cave, cune of the largest
in the Transvoal, is examined in order to assess the validity of
available speleogenetic theories, Specifically, this study aims
to establish a model of speleogenesis which will account fur the
development of caves in the Malmoni Dolomite.  This cim is
achieved by means of a detoiled study of the Wolkberg Cave, the
establishment of its sequence of development c?d the examination
of applicable models in relation to the evie ‘e preserved within

the cave.

The dissertation presents the results of the study in four

parts, the (irst being a statement of aims, a review of the
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(v)

relevant literature and a brief discussion of the physical setting

of the cave. The second part presents the evidence preserved
within the cave, ond this information is synthesized in Part
Three to develop ¢ sequential history for the cave. The third
part further contcins a discussion of the validity of aveilable
models, the derivation of a more suiteble modei and ¢ discussion
of its limitations. Finally, the conclusions reached in this

study are presented in Part Four.
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CHAPTER _ ONE

INTRODUCTION

Karst landforms develop by the ection of solution processes,
ond are commc ly associated with limestones ond dolomites.
Dolomites are generally considered to be less susceptible to karst
development than limestones due to the mechanisms c¢f solution cof
the dolomite molecule (Douglas, 1965; Rauch and White, 1970), and
are recorded as exhibiting fewer karst forms than are typically
ossociated with limestone areos (Goms, 1969; Pluhar and Ford, 1%70;

Sweeting and Sweeting, 1972).

Exposures of dolomite in South Africo occur mainly in the
Transvaal and the Northern Cape and assembloges of karst features
may be expected from these regions. Published research has
primarily considered the development of caves and the origin of
fossil bearing breccias in the caves (King, 1951; Brink and
Partridge, 1965; Paortr.dge, 1968). Surface forms in the North-
Eastern Transvaal have been examined by Marker (1971), who
concluded Lhat the landscape is largely relict, and that the
surface karst assemblage is anomalous since the density of forms

is low in comparison to limestone karsts.

Some attempts ''ave been made to examine the genesis of caves
in the Transvaal. P . k and Partridge (1965) and Partridge (1968)

have proposed o model for the development of caves at different
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levels controlled !y the relotion of thie woter table to the land
surface. It was suggested that caves will develop slightly below
the water table during prolonged per.ods of planatiorn, and that
caves may be related to erosion surfaces. This model was
examined by Marker and Moon (1969), who discussed o large sample
of the coves in the Tronsveool, ond found thot they were all

horizontal rectilinear networks of

passages, implying that they
have developed slightly below the wrter table. it was further
shown that these caves have formed in distinct bands below specific
planation surfaces. However, Moon (1972) showed tnat caves
developed in the Sterkfontein areo disployed no relotion to
particular periods of stillstand of the water toble. The

Sterk fontein cave system was examined by Wilkinson (1973), who
found that the general models of cave development could be adaopted

to that system, and that it preserves evidence of climatic

oscillations,

Since the resvl* of previous workers are conflicting,
confusion existe the mode of development of caves in the
Transvaol. The aim of the present study is to examine the Wolkberg
Cove,.one of the largesi in the Transvaal, to attempt to establish
its origin, and thereby further test the relevant theories of
d opment in this context. This oim will be ochieved by a
de. iled study of the cove, the estoblishment of its history and
the examinotion of the applicuble models in relction to the evidence

preserved within that cave.
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A reoview of the relevant literature will now be presented to

provide the r.eo. background for this study. L
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CHAPTER  rwe

SPELEOGENET1C THEORIES

Studies of speleogenesis in carbonate rucks have concentrated
on the mechanisms which cause the development of cavities, and on
the causes of localisation of these mechanisms at specific site’
wixhin the rock. The primary mechanism of development has been
recognised as the corrosive action of ground water, but no
generalisation may be made regarding the localisation of this
action. Studies concerned with site selection have concentrated
first on thj general zone of development in relation to the
pie7 fnetric surface, and secondly on the concentration of corrosive
processes at specific sites within that rone. Following the work
of Davis (1930) a;.d Bretz (1942), it hos bpen recognised that many
caves have developed within the phreatic zone, and that caves having

a vadose origin are rare.

The major theories of cavern genesis will now be evaluated
to determine those most appropriate for application to the Wolkberg
Cave. This will be facilitated by a consideration of the factors
affecting the selection of corrosion sites, and consideration of

the evidence from South African case studies.

LOCUS OF DEVELOPMENT

Three najor groups of theory may be recognised, dealing with





















is constrained. Both Rhoades and Sinacori (1941) and Thrailkill
(1968) have indicated the theoretical influence of hydrological

L -ons, and Ford (1971) has indicated briefly the effects of
hydrology on cave development in the Mendip Hills, but little

direct evidence of these effects is available.

It is now necessary to consider those theories of cavern
genesis which .ire directly applicable to the Wolkberg Cave, namely,
theories describing speleogenesis in tilted bLrata, and the theories
proposed to account for cavern development in the Malmani Dolomite
Theories relating cavern genesis to erosion cycles will also be
considered briefly since it has been proposed that the development
of the Wolkberg Cave is related to the development of erosional
bevels on the surface Marker, 1974% Talma, Vogel and Partridge,

1974).

SPELEOGENESIS IN FOLDED LIMESTONE

An examination of caverns in tilted strata by Davies (i960)
has indicated that development had taken place in a zone of maximum
solvent flow, slightly below a sub—horizontal water table, and that
the slope of the passage floors reflected the gentle gradient of
that surface towards the major valleys. Davies proposed that the
development of caves 1is a progressive, non—cyclic process having
four distinct stages involving initiation by solution at a random

depth below the water table, integration of passages close to the








