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The Karst of the Transvaal (South Africa)

by

J. MARTINI and | KAVALIERIS*

INTRODUCTION

The katrst of the Transvaal has long atiracted attention from South African
gealopists because of its implications in Engineering Geology, in Hydrology
and to a lesser extent in Archacology. Compared with the classic karst areas
of Europe and America, the karst of the Transvaal is very different and
perhaps unique. This is due to the peculiar composition of the rock involved;
a siliceous iron and manganese-rich dolomite and probably alse te climatic
history.

GEOLOGIC SETTING

The only inportant formation to be affected by a karst process in the Transvaal
is the Malmani Dolomite Formation of Precambrian age {about 2200 m.v.)
which covers approximately 14000 km? or 5% of the Transvaal (Fig. 1), It
consists of a sequence of well-indurated dolomite, generally stromatolitic and
rich in chert layers and nodules, Limestone is very subordinate and 1s present
ooly i certain areas mostly at the top of the Formation. The dolomite is
characterized by a high content in Mn & Fe which confers a dark-grey colour
ta the outerops. Its thickness varies from 200m to 1800m, but 15 generally of the
erder af [500m,

Structurally the Malmani Dolomite Formation is part of the Bushveld basin
and the Poltchefstroom syneling and generally exhibits low to moderate dips.
Strong folding and faulting are uncommon. Thousands of dyvkes of various
sizes and ages intrude it everywhere.

* Greelogival Survey. Trivate bag X112, Pretora, Wep. ol South At
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Fig, 1. Distoboban of the Dodomite and morphelogic tvpes 01 Pldean Ivpe. (23 Fscarpnuem
e 037 Bushveld vpe, (4 Vaal Rever 1vpe.

CLIMATE AND VEGETATION

Orver the karst area, the climate varies frem warm temperate on the Highveld
(Southern Transvaal) to sub-tropical o the Bushveld and in the Eastern
Transvaal, with rainy summers and dry winters. Rainfall varies from more
than 2000mm in the Eastern Transvaal, near Graskop, to about S00mm in the
far Western Transvaal. Nevertheless in most of the dolomiric area rainfall s
between 600mm and 100mm {Weather Burcau, 19527 The vegetation cover
is mostly of savannah park-land type. Some thick natural forests oceur o very
resteicted areas in the Eastern Transvaal.

KARST PERIODS

The Dalomate has undergone at lepst fonr pesiods of karstilication during i 2200 million vear old
histery, Thess cerrespond stratigraphacally o magjor recorded breaks 9 deposition, such as at
present (Tertiary to Recenid when the Palemie o expased 1o prog wl weathering. [he bour
periads are

1 Pre-Pretoria Group Karst Peried
2. Pre-Walerberg Karst Penod

1 Pre-Karoo Karst Perivd

4. Tertiary to Becent Karst Period

Although erosion during successive periods has progressively led 1o the remueval of the carlies
traces of karst over the greater part of the Dolomite sequence, there is evidence al o fessil kst
perhaps the oldest =0 the werld, preserved inothe Transvasl
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I. Pre-Pretoria Group Period

The Pretaru Giroup which was deposited before the intrusion of the Bushveld Comples (1950m.v)
overlics the Dolomite disconfarmably (Botton, 19731 Evidence for an intensive and prolonged
prriod of karstilfication kefore the deposition al the Pretoria Group s widely represented by the
“Ciiant Chert”™, a chery breccia with @ dark stliccous matrix, representing dissclhimion residuals.
Ihis tarmation develaped on the top of the s benate sequense is variable in thickoess as well as
Ithologically.

Karst [eatures still preserved that develaped during this penod melode guleosinkholes filled
with silicesus tesiduals, filled cave passapes, collapsed chombers and hrecein bodies sametimes
minerslized with Noocspar, lead and cine (Marting, 19751 These Teatures are particularly well
developed seuth of Feerust in the Western Transvaal, The residwal matenal is rich in carhon,
probably doe to o karst development @oan atmosphere poorer in oxygen Wan ar present,

1. Pre-Waterberg Period

Samdstone of the Waterberg Group (ahaur PHIO 10 1500 moy.) disconformably overhes the
Malmani 1dolomiie in several places in the Transvaul, Dissalotion cavities in dolomite, lilled with
red sandstone, have been abserved close 100 Lobasi i Botswana, near the Transvasl border
{persongl commumcation from Mz [T Wilson, Geological Survey).

3. Pre-karve Period

Praor te the deposition of the Dwyka ollice (1 pper Carbonilerows-Lower Perrmsanl. the Dalenaie
was subjected 1o erosion Tora very Jong pericd. perhaps ol the arder ol HIOU s Padeosink hales
Illed with chert breceia, kaalinitic <lay, and carbonaceous sediments have been observed in many
plitees, Tt mainly Lo the south of Pretoria and on the Far Wesl Band, The “hleached” characier
ol varve-like iron- poor sediments filling pre-Karae caves suggests a karst developinent under a
coll climale, as may be expected Mmem the asseciated glacial deposits,

Thick layers of coal (several tens of meters) cecur in Karoo pockets resting on the Malmani
Dhelomite al 1he Far West Rand, They thin and peter ool laterally very vepidly and tesafy
prganic sedimentation contemparaneaus with the karst subsidence (persvnal commumeation of
Wb Manperynski, Genlogical Surveyh [ s likely thar these depressions developed o a very
mialare slage, ana surlace close (o sea level

Presumably this pre-Karae Perod may be subdivided inta a pre-rwyka tilliee peoode. which
was interrupted by the develapment of the ice-shield, and @ post-Dhwyka tillsie pernd prohably
short in time, which was lerminated by the cosel of Ecc sedimentation,

4, Tertiary i Recent Perind
Epeirogenesis commencing probably during Late Mesorow elevated much of South Arvivs ond led
to perinds of craston, Fallowed by Torther uplifl, e expose e underlymg rocks, incloding the
Malmani Daolomite, Kine (19621 aroposed Tive major erosion surfaces related 10 epasodie uphi,
The aldest is the Gondwana (pre-Cretaceous o Jurassich now lirgely confined 1o the Lesotho
Iihlands, amd the vouneest s the Quaternary. developed in the Low Yeld, OF 1he of her surfaces.
the African 1a the most ealensive and most evenly plancd (King, 19625

By earle Tertiary 1me it bs ennjectured that sulficient Karoo had been remaved to allow the
avolution of 8 karst landscipe over large pacts of the Transvaal, This s the “present dav™ period
and 1he only poe thae will be considered here o detal.

MORPHOLOGLCAL LYPES
Faur iypes of morphology can be distinguished on the Delemiwe (Fig. | and 2.
1. Plateau Type

Berween Kruoersdorp and the Hotswana hoerder the karst arca {forms a Mat elateay marking
dnprasimaieh the woershed between the Oranoe and Limpoeo basins, wih an averie: elevalion
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e abown 1300m. The Dalemite s freauently concealed under i thick hlanket of residual ngterial,
This surface correspands 1o the “Alrican erosien surfzee” of King (Marker and Moono 9699,
with a possible ase sogeested by these avthors of Lae Cretwecons 1o mud-Cainozoic. It s
interestine (o pate that tha dolomite plateay also apnroximately coincides with the pre-Karoo
surtace, as iselaled petches of Karoo racks are scattersd widele on the Dalomite ftom Precora toe
Lichtenburg, Conseoguently it is likely that (his plitean was resurcected afrer removal of Karoo
racks by the African cvele, This is the anly area in the Transvazl whers o large-scale karst
miarphialogy 15 developed . This morphology s casily detectable on the 50000 copoeranhical map.

Fig. 2 Marphalagic types: 1. Mature tepe {virtuilly not preseat tedayk. 1 Platean rype, (11
Ezcarproent tvpe, |V, Bushveld tvpe.

Only @ few suitface streams oceur. Dissolution sinkholes and larger depressions of palje tvpe e
present, The latter are relatvely well developed in the Western Transvaal near Chtoshoop, where
they consist ol large depressions Wt 30m lower than the platean wich flar, now coltivared, Noores
contsining a il of clay, sand, and sometimes calerete and peat (Fig 3 and 4% These small plaing
are limited and surrounded by roniform and dislocated low bluffs of dolomite. The stncams
whaerved o the poljes may be generated by springs lncated in the depressions o by shallow vallevs
entering them, Swillow-holes seem e be represented by shallow depressions at the edpes al the
poljes { Fig, 45 These absoeplion pomts are choked by alluvials and 1hey very seldom lead o water
caves is i e case n the classic poljes of Yugoshvia, Only a few dry caves are located in che
dolamure bluffs, not lar above the watgriahle, Durng very rainy periods, and {or a short time after,
the poeljes may be loaded by the msing of the watertable The natural hydrelegy of 1he poljes hies
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been altered by human activiey as the water is everywhere tapped at the springs and drerted into
irripation furrows.

o the Oitosheep area {Fig, 3) some plains possess all the kars characteristios deseribed sbowe,
with the exception thal they do not form closed depressions in the topographical sense required Tor
genuine peljes. In such cases the term "semi-pole™ is mare suitable,

T the south of Koster, some small streams flowing an impenaaus beds of the Pretoria Group
disappear in swamps when 1hey enter the dalomiie srea. However, their dry beds can be followed
inta the dolomite area foc several kilomeers,

This large Karst area is rather poor in accessible caves becawse, as o general rule, the water-
tnhle is shallow and most of the systems are waler-logged,

From its 1lat characier it may seem that this Karst platean has reached an advanced stage of
evolution, buy the stedy of 18 past development indicates that this is not really the case. On the
dalomite [rom Krupersdorp o Zeerust are sinous odge-like deposits of diamondiferous river
pravels representing the remains of Tertiary (Do Toit, 19510 Cooks, 1968) palea-river courses
which now have often undergone reversal of topographic expression. These pravels were deposited
an a4 mature surface after removal of most of the Raroe and befose the present-day karst
marphology developed. The present-day merphelegy has develaped probably (Tom the end of the
Tertiary with disruptian of the farmer N-5 paleo-river system by incision and capture by the now
dominant Limpopo civer svstem.

Maver {19730 postulates 1hat the distuption of the former drainage pattern and lowening of the
water-lahle in the duelomite of the Lichtenbueg areg was due 1o oplift during Late Tertiary ta
Early Pleisiocene time,

1. Excurpment Type
When o new erosian oyele commencing fram the Indian Ocean coast penetrates into the Platcan
tepe, 8 rugged Wwopography is developed with a dendritic network of valleys — the Escarpment type.
I1 b5 especially characieristic 1n the Eastern Transvial and hetween Pretora and Krupersdarp,

I'his morphelogy doss not differ markedly from that developed onder similar conditions mm non-
dolemitic 1erring in the Pretora shules Tor instance. Karst mocphology is not develapaed on g
large scale, anly lapies and occastonally collapse sinkholes can be observed. Caves, however, ane
abundant and often may belong to the system developed during the Plideau stage. now drained
and imtersected by the deepened valleys. Mevertheless, numerons other caves. sametimes still
active, are siltbated deep in the valleys, a1 lower altitodes than the cave level associated with the
eroded plateai. This indicales that eaves are developing in the Escarpmenl ']_'j-|1¢ In!mgr:anhy
without related erozsion levels, or surface karsl marpholeey (see section an crosion surfacek

A penersl character of 1he Dolamite seems to he that a Karst lopagraphy can really develop only
on o fairly lar swrface. 17 the ares is rugged with steeper pradignts, physical erosion
comfrals the surface morphalogy, This i passibly due o the slow rate of dissolution of the
dolomite. 1o the thundersiorm character of a greal part of the rainfall and 1o the large number uf
fissures and juints that are choked and thus impede the tapid seepage necessacy to prevent surface
flow. In this way the Tramsvaal Karst conrasts strangly with® other areas in the world
charactecized by more regular rainfalls and snow thawing on pure kmestone, for instance in the
Alps, where i karst marphology can develop even on steep slopes,

1. Bushveld Type

Between Thabacimbi aod the Botswana border e Malmani Doelomniwe occupas relansely Tow
altitude arens with very smootbed el gxeeps isaloed sugar-laat hells {inselbergsl. Hodever. in
L same area such hills are also developed oo insaluble rocks like the Bushveld gabbro and are not
tepienl of the Delomite, Here again ne magar karst topegraphy s developed, A few caves are
knewo some still active, but i general they are net common.

A furiber evalurien al this merphedogy shoold Tegd oo misture karst-siage Bandform: but in feet
crosion cyeles are succeding so rapidly that the reliel observed now will be repuventated helore the
campletion of 1he cvcles, In this conmection it may be noled that in ihe Eastern Dransvaal the
knickpoints of several oveles are relatively close logether (Muarker 19721 with the sesult thn
Berween twe ovcles even the Bushveld Type sonol seached.
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Fig. 4. tdealized disgram of palje fram the Plateag type. Areows indicate absarplian points.
pebie il is indicated by vertical haiching, water-table al madmum (1], and at minimum
2]

4. Yuul River Type

In the sputhern Transvaal, mamly m the Vaal river basin, the Plateau Type has been weakly

neised by lsrge valleys. As the reliel is nol promient 3 s sometime difficult (o estoblish a

baundiry with the Plateau Type but, as # general rule. the karst morphology i not soowell

developed. Nevertheless disappearanve of streams, and swampy plins baving some charaier m

cammuon with the poljes of the Plaseso Type are known aleag the valley of the Maairoverlonp,

the Far West Rand. Caves are common and include some of (e largest svstems,

HYDROLOGY

Mast of the Dolomite ground-water 15 due to direct infiltration fram rainfall.
Mearly all the karst springs having a discharge of more than 0.05m® sce are
lpcated in the Dolomite arcas of the South-Western Transvaal. Their main
characteristic 15 that the discharge rate is very strongly buffered. Fluctuations
of the discharge are not large and the timelag between a rainy season and the
peak in the yield varies from 6 months to 2 vears (Enslin, 1968). This s due
partly to the thick cover of residual usually blankening the Dolomite arcas,
through which the seepape is slow, to the large storage, as well as to the fact
that numerous cavities under the watertable are filled with residuals,

Another characteristic s the weakness of the discharges compared to the siec
of the ¢atchment areas. For instance the largest spring in the Transvaal, the
“Oog van Schoonspruit™ has an average discharge of 0.8m?) sec, for a catch-
ment area of nor less than 1000km; this is guite low it compared with the
classic karst areas of Europe. The reason is the very high evapotranspiration
combined with the relatively low rainfall, For instance in the Far West Rand.
the infiltration has been calculated to be only 5% to 5% of the rainfall
{Enslin and Kriel, 19673,

The Dolomite is almost everywhere criss-crossed by numerous diabase and
syvenite dykes, They are more or less impervious according to their weathering
state and 1o their thickness, and they subdivide the Dolomite in numerous
“compartments” isolated hvdrologically from each other, This subdivision in
compartments 15 a peculiar feature of the Transvaal karsl. Some of the dykes
act as ground-water barriers and many springs have their position controlled
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by them. This is typical in the Far West Rand and in the Qtroshoop area (Fig
3}, The other impervious rocks damming ground-water and controlling the
position of the springs are the Black Reefl Formation which underlies the
Dolomite and the overlying Pretoria Group, some thick chert lavers in the
Lalomite (Fig. 3), and to a lesser extent thick guartz veins. In only a few
cases are karst springs located where the water-table intersccts the thalweg
without lithologic reasons. The important springs do not lead to caves, as is
commaonly the case in other karst areas of the woarld.

The karst porosity has been measured accurately in the Far West Rand
where several compartments have been de-watered by pumping by gald mines.
It has been shown that it is 2 maximum near the water-table (10%) and
decreases rapidly o about |% [00m below (Enslin and Kriel, 19873 1t is,
however, difficult to know what is the real percentage of open cavities
because many karst channels are in fuct choked by a residual which is itself
fairly porous.

CAVES

Cuves are present everywhere, but are especially concentrated from Pretoria
to the Far West Rand and in the Eastern Transvaal, Several types may be
distinguished:

a. Fissure-raves. Provided they cxtend sufficiently, the caves develop as
complicated mazes strongly controlled by jointing, 1t is probably the maost
commaon type in the Transvaal and the largest Known cave-system in the
country, Apocalypse pothole (extension [0.8km), belongs to this type (Fig, 3).
Most of these caves, but not all, have a phreatic origin.
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Iy, 50 Apocalvpse pothole (after SASA Survev)
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[t was observed in numerous caves that if the dolomite is intensely
interbedded with chert layers, the carbonate component may be dissolved on
both sides of the original joint without development of a cave passape; the
chert and the very porous "wad”™ (see section on dissolution of dolomite)
may remain wndisturbed and therefore occupy the same volume as the
unaltered dolomite. Transvaal caves as a general rule are peculiar in respect
to the extreme decomposition found intact; walls and ceilings being heavily
layered by dissolution products, giving on appearance of very doubtful
stability. Very frequently it 15 observed that irregular cavities can develop by
collapse and campaction of this residual (Fig 6).

Fig & Dreselopament of ooesve s very impure delomine (udealieed example frem O haos cavep:
[igsolution under e water-table does oo lead Lo coviey development bur when the
waler-Takle is withdrown, passages are fermed by compaction ol the residoal.

b, Simple pavtern caveyr. Medium to large caves formed by only a lew
passages are ool as common as the fissure caves. The cave of Sudwala, near
Welspruit in the Eastern Transvaal, belongs o this type.

c. Collapse cave. A large number of caves owe their actual pattern to
upward cellpase of the roof of original passapes opened by dissolution (type
a. or h.). They are generally simple caves with large rregular chambers in
which bhig boulders are piled up, One of the most typical is the Wolkberg Cave,
sauth of Pictersburg, Northern Transvaal, which has developed as a 800m-long
passage almost entirely excavated by collapse.

The large number of collapse caves seems due to their antiquity and the
mechanical properties aof the dolomite which is more brittle than limestone,
The great density of joints promaotes cellapse as soon as the cavity reaches
a sulficient sizc.

Collapse may have occured below the water-table, This is likely the case [or
the “Wondergate” of the Western Transvaal, consisting now of large hales
filled with water and sharing some features with the cenotes of Yucatan. How-
ever, in most cases collapse may have been triggered by withdrawal of water
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Fig. £ Development al a “nng”™ cave by disselution - collapse pragess (dealived example of
Peppercorm Ficus ciives near Polgislersous,

during a lowering of the water-table. The upward progression af a collapse
chamber staps when the cavity is choked by blocks up to the roof. but if the
lower part of the boulder pile is still water-logged. dissolution of blocks may
produce more space for further upward collapse, This process leads
eventually to the development of enormous bodies of dislocated dolomite
surrounded by more or less perfect "ring caves™ (Fig. 7 and 8)
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In the caves of the Transvaal, whatever their type, typical vadose features
like kevhole passages are rare, Most of the channels leading to the water-tuble
ate vertical fissures filled with residual developed in situ. This general obstruc-
tion is due to the great abundance of impurities in the Dolomite. The fact that
water seepage and dissolution are not impeded by the accumulation of the
residual, as is often the case in other karst areas, is due to its fair permeability.

Horizontal cave entrances are common only in the Eastern Transvaal. In the
Pretoria-Krugersdorp arca, although deeply dissected by numerous valleys
and gullies (Escarpment Type), most entrances are pit-like. The latter have
formed by the collapse of the roof of chambers or by the development of a
sink-hole through a residual filling (sec section about recent sinkhole
development). Horizontal passages intersecting the surface are generally
obstructed.

It is also commeonly observed that maost of these entrances collect thunder-
storm waler from their immediate vicinity. These streams, which are active
only a few hours a year, have a strong excavanng effect on the residual filling
which is transparted and accumulates and compacts in the lower parts of the
caves. This process of cleaning in the vadose zone is important because by
opening choked, or half-choked passages, 1t makes many caves acgessible to
TTLA T

The passages produced by the removal of residuals sccumulated in vadose
channels have a morphology similar to the phreatic passages and may some-
time display a fissure maze pattern. This fact may be misleading in regional
attempls to reconstruct the position of the paleo-water table by plotting
“phreatic” caves unselectively on topographical profiles,

Many caves are exceedingly dry. This is due to the present-day climate, with
a high evapotranspiration, and to slow rates of vadose secpage through thick
mantles of residuum. In some caves, with large entrances or several entrances,
there is an exchange of cold dry air flowing in during the night with warmer
muoisture-laden air rising from the cave, producing strong dehydration and
oxidation. The relative humidity is generally less than 10085 and cvaporation
takes pluce. This environment and the presence of Mg+ is often favourable
to the formation of aragonite and ather rarer magnesium speleothems of
dolomite, huntite, magnesite and hydromagnesite as “popeorn”, fine drusy
coatings and delicate needles. Aragonite is particularly common compared
with other areas in the world. The strongly desiceating environment and lack
of water has favoured the formation of saluble salts of chlorde and mtrate,
found preserved in very dry caves, and phosphates from bat guano. Although
speleathems like stalactites, stalagmites, flowstone and rimpools are also
frequently observed, they arc generally not very extensively developed. For
instance the volume of the formations observed in the vast system of the Apo-
calypse pothole is practically zero. [n this cave, calcium carbonate is depasited
in anly a few dripping zones; in the other zones water is corrading the dolomite
or other speleothems deposited at an earlier stage,

In most of the caves large formanons are generally no longer active but
are dead and more or less corroded. This re-solution effect has been attri-
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buted o rising of the water-table during wel periods (Marker. 19721 In some
caves this may have been the correct explanation, especially in those near
the actual watertable. Bul in most cases this process is unrealistic because
corroded  massive Tormations are commaon  everywhere, rrespective  of
their relative altitude to the present water-table, Morcover the character-
istic residual costing of clay covering the lormations when they are
brought nto g quiet pheeatic environment has been practically never ob-
served,

It is probable that the scepape water dripping now in the caves or forming a
capillary film on the walls is more frequently undersaturated in caleium
carbonate than in the past, explaining the corrosion of the formations, From a
theoretical point of view the actual rainfall regime {dry winter-rainy summer)
seems more Tavourable to dissolution than to deposition because | after
filtration, summer rain water can only enler a colder or equal temperature
cnyvironment. In cavities having a very poor air exchange with the outside
atmosphere, the temperature will be regulated by rain water, as it is known
that the temperature of Dolomite water is close to the temperature of summer
rains and is 3-4°C more than the vearly average forair (15 to 18°C). However,
for descending caves with large entrances, as are very frequent in the Transvaal,
deappiog water will enter a decidedly lower temperature eaviranmeant, There-
fore, calcium carbonate can be deposited only il the cooling effect is com-
pensated by OO release and by evaporation,

On the other hand 1t is known that a ¢limate with the rainy season in winter,
alfers good conditions for speleothem deposition. In the Transvaal it is
possible that during Quaternary colder periods, the climatic belts shifted
towards the north and that winter rains have (v. Zinderen-Bakker, 1976) been
more abundant than now, inducing better conditions for spelenthem
development.

THE DISSOLUTION PROCESS OF THE DOLOMITE

The dissalution of dolomite can be divided into three distinet successive
stages, corresponding to three zones of “rotten” dolomite, with in general,
a total thickness of about 10cm, In exceptional cases dissolution products more
than 1 metre thick are observed, Insitu dissolution products are almost
ublguitous and are a distinetive characteristic of Transvaal caves,

The stages correspond o compositional and textural changes the carbonate
undergoes during its conversion o msoluble residual products,

a. Incipient Stage of Dissolution

At the first stage of dissolution the dolomite is characterized by a light brown
discoloration und is mechnically weakened, Microscopically the dissolution is
evident as intergranular staining of carbonate crystals by oxides of ron and
manganese. Strongly stained dolomite, exhibits a very marked concentration
of both Fe & Mn with a depletion of Ca and Mg at crystal boundaries. The
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dissolution is thercfore very strongly selective along the crystal boundaries,
and unlike typical dissolution of limestone.

However electron probe analysis of fresh dolomite shows there is no primary
variilion in composition across crystal boundaries to cnhance selective
solution and that the compasition of the dolomite at this scale is homogeneaous,
Far the dolomile interfacial energy of the erystal lattice is probably quite high,
inducing a higher solubility,

b. Arenaceous Stage of Dissolotion

Dolomite at this further stage of dissolution is characteristically granular. It
is a tvpically brown, or speckled white and brown, “arenaccous™ material that
15 readily crushed or naturally eroded to a dolomite sand. Microscopieally,
carbonate crystals show a heavy oxide coating. X-ray examination reveals
dolomite and quartz to be present, with a high background due to non-
crystalline oxides of iron and manganese. Mo caleite or aragonite was found in
a large number of arenaceous dolomite samples, collected in the deepter parts
ol caves where no CaC0, s precipitated, which suggests that during dis-
solution Ca’+ and Mpel 1ons enter solution at comparable rates, that 1s,
solution is congruent, This conclusion 15 further supparted by a quantative
analysis for Ca and Mg of fresh and weathered dolomite, revealing that the Ca/
Mg ratio remains unchanged during disselution.

Fig. 9. Dissolution of dalomite; The meipient  stage, microphotograph showing  oxide
caating af the dalomite crystals.
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As the carbonate is progressively removed, secondary porosily increases
and insoluble oxides of 5i, Fe, Mn accumulate pseudomorphing the original
crystalline fabric.

Dolomite showing “arenaceous” weathering 1s very commonly observed.

Fig. 1o Dnssoluton of dolomate: The cellular stage, smerophotograph showing the sponge-like
Fabiic of oxides psewdamorphing the original crystallimny ol the dolamite, Compare with
Fig. 4.

¢. Cellular Sage of Dissolution

The linal stages of dissolution is only preserved in suitably protected
environments and can be studied only undisturbed in caves, At this stage all
carbonate is removed and a cellular fabric, composed of 1ron and manganese
oxides and hydroxides and silica, pseudomorphing the original crystalline
structure remains (Fig @ and 10}, This unusual solution product has been
termed “wad™ by South African geologists. “Wad" develops in 4 cave or in
the soil, not on exposed dolomite. Although dissolution occurs primarily
below the water-table during cave excavation, il is probable that the action of
vadase water may be partly responsible for this cellular stage. This material is
very fragile, extremely compressible and has a natural density in the order of
0.4 giee. In the natural state 205 or more of the mass is due to water. The void
space may amount to over 905 of the material.

[t is probable that there is essentially little exchange or concentration of
the oxides during carhaonate dissalution, and hence the composition of this
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Fig. 10k, Disselegtion of dolomite. The cellular stage, electron miophaiagraph showing the
amorphous cellular srructure ol the solution residunl. Mivrocrystalline quarts and
roumded “heads”™, probably amorphous oxides adhere oo the walls.

dissolution residual, if not unduly modified by secondary processes, reflects
the original Fe, Mn, 510, content of the parent rock.

Nevertheless in spme caves iron and manganese oxides have been obviously
lenched out and redeposited elsewhere. For instance mobility of manganese
is especially obvious in the cave of West Driefontein where mangancse
speleathems as stalactite, stalagmite and flow coating are frequent. These
formation are soft gel-like and composed of non-crystalline black oxides.
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CHEMISTRY OF DOLOMITE GROUND-WATER

Aninteresting aspect of the Dolomite ground-water 15 its chemistry. 1115 known
{Bond, [946) that the Ca;Mg ratic 15 higher in the Dolomite than in the
ground-water.

According to these data it has been calculated that for the Fountains Spring,
ngar Pretona, the vearly deficit in caleium carbonate is close Lo 200 tons,
for an average discharge of 0.27m3/ sec and a total remaval of 1570 tong of
soluble matter (Mactin, 1973} As it has been stated previcusly that the
dissolution ol the Dolomite is congruent, this deficit represents the amount
of calcium carbonate deposited as cave Tormations.

DATING, CAYE LOCATION AND EROSION SURFACES

As w general rule, dating of a cave development is difficult, Suitable
Cainozoic fossils, and datable sedimentary or voleanic deposits are virtually
absent in the Transvaal Nevertheless there are several sites of palacontelogical
significance {natably Sterkfontein, Swartkrans, Kromdraai and Makapansgat)
that contain Australopithecine and associated mammal fauna, These fossils
are found in a breccia filling introduced from the surface into caves already
dry for a certain time (Brain, 1958) and consequently indicate a minimum age
for the cave development. It is inferred by comparison with the well-dated
Last African sites like Olduvail, that the oldest Australopithecine favna
(Sterkfontein and Makapan) are at least 1.75 muy, old, although they may be
even older, possibly belween 2.0 and 2.5 moy. Therefore compared to miny
karst areas in the world the Transvaal Karst is old, and the period of active
development was probably during the Pliocence.

Yarious workers (King, 1963 Marker and Moon, 1969, Marker, 1972 and
Partridge, 1973) have attempted to relate cave altitude with the level of coeval
crosion surface remnants of the South African landscape, and thus determine
at least the relative age of these systems.

Partridge {1973) has caleulated from rates of crosion, related to eyclic uplift
the data of cave opening at Makapansgat to be 3.67 m.y., Sterkfontein 3.26
m.y. and Swartkrans as 2,57 moy. It is extremely doubtful however that the
draining of a phreatic s¥stem, its opening by erosion and subseguent filling by
terrestrial deposits can be dated with any accuracy by considering the time of
arrival of an erosion cycle from the Indian Ocean coast. a distance varving
from 300 to 000 km according to the stream considered. Moreover draining
of a phreatic cave does not necessarily occur when its level is intersected by
adjacent valley incision, but when the particular water barrier 15 incised: for
example the “eve™ of Turffontein in the Far West Rand, due to a dyke,
controls the water-table for more than 2% km away,

In the Eastern Transvaal, Marker and Moon (1969} and Marker (1972) have
produced a diagram showing simple relations between cave location and
croston levels nearly horizontal over very large arcas. The validity of a
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great part of the data 15 questionable; many caves are too small to he
diagnostic, others are vadose or due to upward collapse (tom a phreatic level
situaled al a lower but unknown altitude, The cave of the Wolkberg is
indicated as a 3-level cave, whereas 11 is in fact a one-level cave strongly
modified by collapse. Moreover the altitude of certain caves (e.g. Ceylon} is
not carrect, Therefore if only reliable data are considered, the carrelation of
caves with erosion surfaces 1s not obvious in this part of the Transvaal.

The recent exploration and survey by S.A.5.A.* of extensive cave systems
in the Far West Rand has made possible the accurate location of several
contemporaneous palaeowater-tables (publication in preparation). This study
shows with clarity that the water-tables were not contralled by nearly flat
peneplains but by dykes intersecting a thalweg with gradients comparable o
present (about 3m/ km).

However, it 15 probable that in the past the water-table was controlled by
several factors among which erosion cycles, not necessarily cvolved to
peneplains, may be included, But this facter can be determined only by studics
more detailed than those penerally attemipted up to now,

RECENT SINKHOLE DEVELOPMENT

As already mentioned larpge portions of the Karst area, particularly the
Plateau type surface, arc characterized by the development of a thick
blanket of residual solution debris. The stability of the mantle has been
adversely affected by mans’ utilization of the environment,

De-watering of dolomitic compartments in the Far West Rand by the gold
mines has tesulted in the development of numerous large-scale collapse
sinkhoeles and extensive ground subsidence. o December 1962, 29 lives were
lost when a crusher plant at the West Dricfontein Gold Mine disappearcd
without warning into a sinkhole 30 metres deep and 55 metres in diameter.
In the same arca a family of 5 lost their lives when their house collapsed into
a sinkhole of similar dimensions. Three ather homes fell into the same hole,
but the residents escaped uninjured (Foose, 1968) In highly urbanized areas
immediately south of Pretoria similar problems of stability have occured:
not. however, due to the withdrawal of ground-water, hut due to other man-
induced factors, such as concentration of surface water from sealed surfaces,
or inadeguate storm-waler drainape or burst pipes,

The residual mantle

Due to a complex history of weathering (as indicated by multiple Karst
periods) the present-day residual mantle 15 derived from: {1} recent dolomitic
disselution: (2) the weathering of older pre-existing and incorporaied Karst

* Lauth african Spelacolopical Assaciation
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regoliths and, (3} from rock formations {sedimentary and igneous) vounger
than the Dolomite. Shales of Karoo or Pretoria Group age are frequently
found, with siliceous residuals from ancient paleckarst, Decomposed igneous
rocks of a wide range of ages ocour as dykes or sills, Further the incorporation
of Quaternary sediments (of both fluvial and aeolian genesis) and the
development of very thick mantles since late Tertiary time has resulted in the
development of a highly variable and complex overburden.

This inordinately thick residual blanket is best observed on the Plateau and
Vaal River Type maorphologic surfaces. particularly in the Far West Rand.
More rugged karst morphologies, such as the Escarpment type arc
characterized by partially denuded landforms,

Sinkholes and Subsidences

Sinkholes and subsidence structures are svogenetic with the accumulation and
development of the insoluble residual blanket and have occured naturally, but
infrequently throughout the Recent period.

Twao types of sinkhole are recognized (Jennings et al., 1963): (1) compaction
sinkhole and, {2} collapse sinkhale.

The compaction sinkhole is a gradual subsidence forming an enclosed
depression in the ground surface and is referred to by Jennings as a
“eaving subsidence”. A collapse sinkhole forms by a sudden collapse and is
usually deep with vertical sides. Both kinds of sinkhole have become a
frequent phenomenon in the Far West Rand due to dewatering by the gold
mines,

The withdrawal of interstitial fluids in a relatively open chert rubble faboe,
produces considerable consolidation and settlement of the residual cover,
Where the karst subsurface is relatively even, large areas have subsided without
damage to boildings, apart from those at the margins of such features, Upon
a highly wvariable karst topegraphy or cavernous bedrock, differential
subsidence of the overlying debris has led 1o catastrophic failure at the
surface, usually with the lormation of conical or shaft-like collapse
structures within thick sequences of residuum. The catastrophic sinkholes
farm by the collapse of a pre-existing or induced cavity within the residuum,
or 4 void open 1o the introduction of residuum, within the bedrock. The
propagation of such a cavity to the surface occurs by a combination of a
number of processes, Important are “roofing” processes within the residuum
due to changes of moisture content, seepage and piping mechanisms. These
changes may be natural, for example scasonal vanstions 1 moisture, or
produced by the external influence of man. (Jenmings et al,. 1965) by “spalling”
of rubble {(Foose, [96%) or “ravelling” (Sowers, 1975 and lead to the
formation of collapse sinkhales.

In urbun areas a large number of sinkholes can be generally ascribed to
“piping” failure, Dry winters and in contrast frequent thunderstorms in
summer, producing very Jarge concentrations of runoff are an important factor,

The process of “piping” is particularly effective in 4 poorly consolidated.
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heteropeneous debris composed of chert rubble and soil, or against bedrock
subsurfaces where the flow of nfiltrating water s concentrated and the
erosive efficiency 15 therefore [ar greater. In chert rubble the open fabric
provides the necessary permeability, Percolating walcr transports the clay and
silt-sized {raction (the matrix) internally, leading to progressive compaction or
collapse of unsupported material. The descent of materials into fissures or

cavities in a4 dolomite bedrock leads to the formation of voids within the
residual mantle that with time are enlarged and migrate upwards. The surface
materials become weakened with saturation and collapse forming a character-
istic sinkhole.

Sinkholes form generally 1n thick sequences of residuum or where the
thickness s highly variable. Some recent sinkholes are, bowever, found
among outcrepping dolomite wsually the result of fissures or small caverns
near the surface being exhumed by stormwater. These features are usually
smill.
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Fig 11, The develapment af sinkbales when the residoal) zone reaches the water-table.

Paleosinkholes filled with Quaternary sediments have been detected by
geophysical surveys and drilling in the Far West Rand (Kleywegl and
Enslin, 1973). In some cases such features have been reactivated hy
dewatering,

A very small pereentage of recent sinkholes are found to lead to caves, since
penerally they ocour almost entirely within the residual zone. Secondly any
underlving cavity that may have existed within the bedrock has now heen
entirely choked by the collapsed debris,

It is apparent that with a very extensive development of residuum the level
at which earlier cave systems developed has been exposed to mechanical hreak-
down {i.c. collpase) and is being incorporated into the developing mantle of
rubble. The present-day water-table is also often within the residuum and
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ahove coherent bedrock, with the result the stability of the mantle is adversely
affected by de-watcring. In these areas chemical solution has progressed more
rapidly than the lowering of the land surface by physical erosion.

An important consequence of this observation s that at this stage of karst
evolution conditions became particularly favourable for the development of
sinkholes. This model of sinkhole formation is illustrated in Fig, 11

South African Spelacological Association and {zeological Survey

SUMMARY

The Transvaal Karst iz a world important example of a Karst developed onoa very uld dolomite.
s wnigue character s dwe wothe compasition af the rock and histery of development. The
dizsalution of the dalomute 1s interesting and has an importam effect on the character of 1he caves
developed, The caves preserved in this area wmclude the longeit known in Sauth Adfrica and are
perhaps wmueng the rgest dolomite systems known in the world, They are very aold and 30 some
cises Contain importnt palacantological deposits {Austrglapichecine faunal. The caves to vanous
deprees are in o state of de-generation, having been exposed 1o a very long period above the
witter-tahle. Far the greater part of the Karst area, aggressive vadose waters, and lang cxposure
haz resulted in the accemolation of & thick covering of residual material. The plateau-like
peamarphology and low rainfalls has prevented physical erosion and significan rernaval of this
debris frem Lhe land surface.

The caves themsches are often characterized by collapse and in general lack of formatuns
Sassive vileile Permation in the caves 5 vsuaslly porily o nearly completely redissalved and are
relics of past colder elimatic perwods with winter rains, Formations astive now are small, wsually
deheare and often due directly o evaporition,

The heavy mantle of residual debris preserved under some o 1he more ancient of Scuth African
landsurface melics (the African Surface) poses a serious economic problem of stahility, with mans'
wlilizaticn ol the enwranment. A greater understanding of the Karst, its evolution and
properties is thus of considerable praciical imporance.

RESUME

L karst do Framsvaal s¢ développe dans une dolamie précambrenne cwehe cnoslice. fer o en
mainganiss, Certe composition pacticwlicre st en grand pactie responsable Ju cerseterns inhahitoel
gue presente oo karst: prond dévelappement de résidus poreus. lentewr de Fécoulement des gaus
sauterraines of apparitien de delines por seate de Unenwite bumaine, Lo moerpheloge karsogue
esl peu apparente en surfpec, saolosur les plateaws. Par contre, les groties sont pomhbrewses o
mantrent souvent des eéseaus compliqueés, Sontauss typigues des grottes delTondrement pauvam
atteindre de prandes dunensions of dues a Faehan simultance de la subsidenee et de B dssolution.
[(Mvers aubies aspecls do kirst somt decras.
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