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ABSTRACT

The Sterkfbnfein Cave System,is‘a karst caVe deve?opéd on the ':
Dolomites of the Transvaal System, Fifty kilometres north-west of dohan?
nesburg in South Africa. It lies beneath a small hill and was firstiexf‘
ploited as a source of Time. Later it became a tourist and scientific
attraction of world renown when some of the first australopithecine
remains were recovered from a deposit within it. This deposft has been
exposed on the surface near the hill summit, by the prosess of surface
Towering and consequent deroofing of the chamber containing the deposit,
Excavations are under way to recover fossils and artefacts, to_determine‘
the extent and to clarify the stratigraphy of the deposit. |

The Cave System is comprised of four separate caves: ‘the de-
roofed Fossil Cave (containing the bone-bearing deposii mentioned above)‘

lies immediately south of Lincoln's Cave, Tourist Cave, the largest in

the system underlies both of these., Fault Cave is situated a short distance

north-east of this complex, The system measures three hundred and fifty
metres (east-west) and two hundred and fifty metres (north-south); iis
vertical extent is almost sixty metres, Static water bodies occupy g1l the
Towest points in the caves,

It is hypothesised in this work that the cave system fits iodels
of cave development established overseas, and that evidence of climatic
oscillation, in th. form of changes in travertine deposition and fluctua-
tions in water body level, is praserved in the system.

The evidence for erosion throughout the system is overwhe1ming1y
phreatic, with some features which owe their existence to aggressive per-
colating meteoric water. The system thus fits Davis' {1930) hypothesis

that caves form'phreahicaily and then undergo a phase of replenishment'
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"wahen the water tab?e drops, Lﬁttlé‘definite evidence for vadose erosion

' .ex1sts, hewavev

Cons1deratwon of caVe p1ans and sections, and af surfdce &nd

: underground fractures and fractura zones 1nd1cates that the system may be

'..d1v1ded into two morphalcg1~a1 categor1es, namely, bedd1ng plane passages

1n the northevn half of the system and fracture zone caverns of great

‘vertica1 extent in Lae southern half, The bedding plang passa- s adhcre"-f

o Fordfs;thenny~(]97]) that steeply dipping beds (i, e“ whe" d1p exceeds
five degrees) are conducive to d“ep phreatic weathering a1ong bedding
pianes (the do1om1te in the vicinity of Sterkfcntenn dips thirty degrees

north). The fracture zone caverns are determined purely by the part1cu1ar

’structura] Tinsaments of +He area.

The water bodies appear to be poorly connccted since the piézom
metr1c surface descends towards the Tocal drainage §1ne..

The depusxts of the system consist of various klnds of qpelpau -

‘thems in relatively small quantities, and large volumes of externally

darived hills ope soi) and debris. HNo deposits of “ne kind Bretz (}942)'
sncountered in many American caves have aCCumuiated in the Sternjoﬁtéin_'
Cave System.  The non-calcareous deposits of the System octur as large
colTuvial debris cones or slot fiilings, the older deposits usually
cemented by percolating carbonaté~charged water. Many of the c@ﬁaﬁted‘
deposits have been partially destroyéd by re-solution due to rising
phreatic water and/or percolating meteoric water, Generally, néwer_debris

cones accumulate beneath the undestroyed remnants of the cemepted cenes,

 having entered apparently by the same route as the older debris material,

A mode! tn explain this sequence is presented,

The 1arge debris depasxts only occur in the 1arge Fraaturh

;rontraiied caverns, and many appear to be cormected with deposits in hwgher :

"]caverns, and even W]th the surface Fossil Cave ac;umu?atwnn,
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‘“v‘fwater 1ev¢! - as shown by re~sw]ut10n Tevels preserVQd against fhe

-ff'varvous depaswts - are best exp1a1ned as responses to changes in c1imate

(W)

Changes in travartTne deposvtlon and fluctuatzons of ground

';:’The datzng of such changes is uh%remGTV apprQX1mate. they may have 0c~

",curred at any time batwaen fwfty thousand and two m1111on yuars ago. ‘
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PART 1
1 {TRODUCTION AND SETTING OF THE_STERKFONTEIN ”AvE svsran

CHAPTER 1 *'INTRODUCTION

1.1 The Sterkfontein Cave System has developed in the Proterozoic
Dolomite Series. It is therefore a karst cave. It Ties in the Blaaww-
bank River valley, 50km north-west of Johannesburg.

It attracted attention originally as a sourcé of Time for
industrial purposes. However, it is now part of a protected nature re-
serve because its fassils have become world renowned, and also because
the cave system has become a tourist attraction.‘

The prolific speleothems in the cave system have been mined
extensively for industrial purposes and many of them have been destrqyed.'
Mining ceased in 1939 however, when the price of lime dropped to an uneco-
nomic Tevel. Directly above the tourist caverns 1ie a mass of fossil-
bearing breccias which are exposed on the surface of the hillside. The
oreccias have attracted the interest of archaeologists since the 1930's
when Dr., Broom discovered austrolopithecine remains embedded in them.

Later fossil finds aroused world wide interest.

1.2 This study aims to investigate the deveiopment of the cave

system, the surface, breccia-bearing cave and the three interconnected,

‘underyround caves as a whole. In specific terms the aims of this study ars

twofold:~ It is hypothesised thats
| 1. the Sterkfontein Cave System fits th~ models of cave
development estab1lshﬁa overseas,
2. the Sterkfontein Cave System, like other cave systems in

:,the‘Tfansvaai, preserves evidence of climatic oscillations in the varwation -




2.

‘ bf,ca1ciuh,¢grbonat¢ depbsifed, and fluctuations in water table Tevels.
f3{3" “Tha Cave System was chosen f6r detailed study for a'numbeffof |
s reasqnéx .

1 3.7 fNo deta11ed study had yet been made of the system, al~
"‘ ﬁhaugh the archaeo?egxca1 site was well documented.

1.3.2 A deuaived study such as this prevides an 1dea1 opportunity

‘ far‘testing var1ous models of cave development.
‘1;3.3 Stevkfontein, being one of the largest cave systems in -
the Transyaal,'can be expzcted to yield new information on the development
of caves in the Transvaal, , o
1.3.4  The accassibility of Sterkfontein from Johannesburg favoured
it for study. o
1.3.5 York on othar areas in the T"ansvaa1 g emite outcrop has
shown that caves preserve evidence of past climatic conditiors. It was
1ikely, therefore, tbat Sterkfontein would also contain similar evidence,
which might be compared profitably with climatic sequences derived from

other areas.
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CHAPTER 2 - THE SETTING OF THE CAVE SYSTEM

© 2.1 Topographic SEtting

' Sterkfnntexn is one of the many caves in the vicinity of the
~,narth~east f]owxng Blaauubank River., It s s tuated beneath a swall hiil-

0ck;qne,k1]ometre south of the r1ver‘(Fig; 2,1.).  The altitude of the

top of ‘the hill 1is 1485m"and that of the river bed ]450m The Witwaters-

'rand quartzite ridge forms high ground to the south (average elevation
‘1740m ), and the Timeball Hi1l quartzites form a be]t of h1gh ground to
the north (average elevation 1600m. }.  The intervening Dolomite Series
descends to 1450m. since the main draznage 11ne ocrdp1es the outcrop
(Fig. 2.1.). The average degree of reljef of the area is 300m. ‘

| Whereas the bevelled summits of the dolomite outcrop have been
attributed to a somewhat depressed 'African' erosion surface, the quart-
zits ridges are believed toﬁrepresenf a pre~Karroo bevel (Partridge, 1968).
The valley incision, represented by the Blaawbank River and its associated
valley system is heve assigned to the 'Post-African cycléw

The infilled va1iey'sy5tem is dry upstream of Ste?kfontein but

downstream of the spring the alluvium has been incised to a depth of 8m.
‘The surrounding valley slopes are covered with a varying depth of soil,
many metres thick in pockets, but with bedrock outcropping on more exposed

"*ns, such as the Sterkfdntein hillock,

2.2 Geological Setting

The Dolomite Series in which the Sterkfontein Cave System has
developed, outcrop extensively in the Transvaal around the granite domes
as well as around the Bushveld Igneous Complex (Fig. 2.2.). The width of

the outcrop varies; in the Sterkfrntein area the dolomite is exposed in

-

,..,,@,,.,u,.,,_y-
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a tract 15km. wide, digping to‘the nofth _

The Proter0701c Dolom1te Series, part of the Transvaa1 System,f
‘:711es conformab]y on the Black Reef Quartzite, the thmn basal member (20m)

- of the system. The Dolomite Series are overlain unconformably by the -
'Pratoria Serfes, the upper member of the Transvaé] System,'immediété1y to.
the north of Sterkfontein. The Series is ]500m thick in this regvon.

. The Transvaal System itself rests unconformably on the W1twaters-
rand System4and on the Basement Schists, the oldest rocks in the area,
These rocks outcrop to the South of Sterkfontein forming a prominent
ridge. ‘ o ; ’

The Dolomite Serigs is generally formed of massive do]nmftic
limestone, blue-grey in colbur. Towards the base of the series, however,
there are numerous interbedded narrow chert bands and occasional shaTéy
Iayérsn There is a%s0 a concentration of chert, towards the top culmina« -
ting in the massive 'Giant Chert', a siliceous conglomerate marking a
major ¢rosional unconformity. Diabase sills and dykeE have been intruded
into the Dolomite Series. The dip of these rocks averages 30°N, although
the ogturrence of an east-west trend1ng syncline and anticline to the |
south-west of Sterkfontein affects the general dip (Fig. 2.3.). In p1aces
faulting has affected the dolomite strata and the interbedded sills.

Fault breccias of dolomite blocks occur in the shatter zones, and can be
seen on the surface at Swartkrans, Tkm upstream from Sterkfontein.

The dolomite is ‘b]ue~grey, compact, and minutely ;rysta]?ine‘
{du Toit, 1962) with large proporticns of magnesium carbonate added to
the basic caleium carbonate constutuent‘

The 17tho1ogy of the doiomite suggests that 1t,was formed in
a shallow aea;envxrmnment, the prESEHCE of oplitic beds indicate divect
precipitation. The numerous $171ceous chert bands (95% s}1ida‘~~8rink
and Partridge, 1965), indicate changing enviranmental‘depqsitional con~

-

ditions.

e Pt st oresp s i




| Br1nk and Partr1dge (1965) eluswdate the chemwral reactvon
: which occurs when ‘doTomite dwssoives. solution produces’ b1carbonates, in
real1ty ca™ and Mg 1ons in solution. ca*t is precipitated as CaCos‘ih
: :the form of speleothems underground. Magnesium being more soluble than
,HCa1c1um is rarn]y preC1p1tated as a carbonate.

3CaC0,. 2MgCO P5H2045CQ BCa(HC03)2 + 2Hg(HCO )

Insoluble materials within the dolomite 1nc1ude chert, quarta,
Iimonwte, haematxte, manganese dioxide (wad) and carbon (Br’nk and Par-
tr1age, 1965), which weatner to .orm red dolomitic 30115

The dolomites are travnrsed .by a network of north~<outh and

east-west fractures and lineaments induced by the emplacement of the

hearb‘y ‘Halfway House' Granite. Furthermore, it has been shown that the' i

north~south fractures are tensimal and the east-west fractures are com=-.

pressional (Eriksson, 1972).

2.3 Previous Geological and Geomorphological Writing on Sterkfontewn‘
and the Surround1ng Area

The Tossil remains of the Sferkfontein breccias were first re-
ported in palaentological papers (Jones, 1937; Broom, 1937), which did
not deal wiih the geological aspects of the deposits, nor with the éave
system as a whale. Broom at that time predicted that the deposits would
prove to be Upper Pleistocene in age.

The fb11OW1ng year Cooke {1938) published the first report on
geological aspects of the upper cave deposits. He showed that they viere
the fi?]ing of a cave formed by solution of the dolomite bedrock. He
showed too that erosion haa since removed the roof of the cave, except in

htWO small lTocalities, exposing the cave fillings on the surface’o? the

hi71. He did not consider the underground cave system beyond‘mentioniﬁg

that it haﬂ developed along two sets of Jo1nts. v‘
COoke (1938) Tnterpreted the cave fi11ings as evidence of

-éhree c?ima?1c phases. He recognxsed two distinct breccias underlain by




© deposits.

_6._‘

,"a traVerh1ne deposrt‘1 Both hrecczas were cemanted in. a matrix.af red
 ﬁ'sand, theﬂlower‘ oner breccxa containing ﬁumerous unweathered uolomite
: r“b1ocks and very fEW foss1]s, and the upper brecc1as conta1n1ng few dcio-f:’.
ftfmlte bTucks, but a rxch content of foss11sa The absence of do1nm1te o
3 b1ocks in the upperﬂbrecc1a led Cooke to be11eve that ‘the climate had be? .
. come wetter as the upper breccia was deposnted, the blocks d15501V1ng as ‘

: the rainfall ihcreasad,

Interpreting the under1y1ng travert1ne depns1t as an 1ndicatian

of awet ngmates Ccoke proposed a wet-dry-wet climatic 4equence for the

‘_uppef'cave deposits. He correlated the second wet phase with the 'Third

Wet Phase' of the Vaal Basin (Sohnge, Visser and van Riet Lowe;,1937),;
He dated the deposits correspondingly as upper Pleistacene.‘ '
On the basis of new palaecontological e&idence, the dafing of -
the deposit was revised from upper P1eis%ocgna to upper Pliocene (Broom,
1945). '
Haughton (1947) described the deposits at Sterkfontein, inclu= L

ding in his work a description of the deposits in one underground dhamberﬁ ;,"

e claimed, on the basis of variable stratification, that the underground

deposits “ire not related to those on the surface, He did not attempt to “';g.

date the deposits, beyond saying that they were of Pleistocene age.
The formation of the Sterkfontein Cave System was attributed tp'
control by 'sojution along two main fissure directions and secondary jniﬁt

planes’ (King, 1951). King found that Sterkfontein, in common with other

caves in the Transvaal, exhibited a phase of older red sand deposits over~

Tain by a travertine, which was in turn overlain by younger red sand

“In conkrast to Haughton, King c1aimed that the underground de- '

1‘Travértinei is used in the sense of sheet flowstone deposited underground
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k"7P°5jt§ chtained'oner fed sand, and on this~basisihe'connected the sur-
| 7fatefaad ihé ﬁndekéroUnd deposits. He claimed that the neWar‘rédgsand”

ﬁéxtended into the underground cave syStem as an uncbnsolida%ed deposit.

King Suggested.a,Plioéene aga for the onér red sand’depdsits.  "

" Robinson (1952) dated the Sterkfontein sequence as Upper PTio-

cene; from faunal evidence, thus corroborating Broom's conclusion (Broom,

1945). | | |
~ Oakley (1954), on the other hand, placed the sequence in the

“Pleistocene, and Sterkfontein in the Kageran-Kamasian interpluvial.

Brain (1958) made a detailed analysis of the breccias at Sterk-

foritein and other Transvaal caves. His aim was to clarify the sequence

of climatic changes during the period of breccia accumulation. Censidera-

tion of the angularity of grains in the breccia matrix, of the chert-
guartz ratios, and of the particle size gradings Ted Brain to péupose the
fb11dwing climatic sequence: originally, conditions comparable to those
of today were followed by a 'fairly intense dry phase', Which gave way
nncé again to the original conditions. ‘
| Brain (1958) suggested that the Sterkfontein deposits belong |
to the first Interpluvial and span one of the dry peaks of that Inter-
pluvial.

Brain (1958) envisaged the present-day underground caverns
forming immediately beneath a water table. He postuiated«that a large g
doJomite block collapsed inte the underground cavities thereby opening a -

cavern above the Fossil Cave2

- very near the surface of the hill. Many
solution pockets, eroded into the expnsed breccia mass, were recognised,

Most were fiTled with modern soil (Brain, 1958).

-

EThiS name s ascfibed throughout to the breccia-filled, de%roofed‘cavern
exposed at the hill surface, from which fossils have been recovered.




' 7,f crﬁiap:es and regarded the FOSblx Cave as 4an 1ndependent hﬁgh-“ﬁvel
'fg;_cav1ty separated from the Tower caverns by a bedrock floor in 51tu _Hé~*

"f: suggested that the floow subsequently collapsed thereby estab11sh1ng the

A %bmson (1952) argued that 1% was. unhke’lj that the Fossil.
1gCave oriaznateﬁ due ta the ¢011apsn of one very Targe da?om1te b?ock,f ‘

‘he provcsed that *he cave had or191rated by means of a ser1es of small.

;‘routeway' by wh1ch surface«derlvnd debris has entered the 10w~1y1ng

cave I‘ﬂS "

Having exposed and excavated a large new area of the Foss.ﬂ Cave

bréccias,;Robinson (1962) concluded that thres unconforméb?e'deposit§
existed rather than 2 single continucus deposit as envisaged by B}ain
'(1958), Robinson's arguments, d%scussed later, involved repeated slumping
of the Fossil Cave deposit into the underground caverns, | |
Basing their ideas on those of Davis (1230} a « SW1nnerton
‘ (1932), Brink and Partridge (7965) attributed the Tower Ieve} chambers :
of the cave system (i.e, Tourist Cave) to water table Tevels related to
the present cycle of erosion, and corréspondingly attributed the upper
level cavities (e.o. Fossil Cave) to the previouglerosion cycle. Marker
~and Moon (1969 )however, argued that both upper and Tower level chaﬁbaﬁs'
are best assigned to the eariier (Afr ... .5 » cycle, the Tower level
cavitiES‘forming ‘during a later sise of o -~ ¢'. These workers
invoked deep-lying water tables -hich are viwn en.. wtered in the Trahsé
vaal dolomites. |
| Moon (1972) showed “a% ¢ave pat. ges in the Sterkfontein
 v1c1n1ty of the Blaauwbank va}lcy are ity.ad prvférentaai?y aleng tne
east-west fractures of the area - i.e. the Lompress1onal fractures.

(Erixssun, 1971), which Moon argues are fore 1ikely to produce shatter |

. zones ir the doiomwte with the consequent prnliferat1cn of m1crnaavnts;

ﬁrank and Putridge:(1970) reinterpreted the breccia stvatim

S

L
£
i




‘ﬂapse deposat raéher than 8 gradual accumu]aﬁwn as. Bram CT958)
and thmsm (1962) ha,d regarded 1t Furthermore, Brmk and Partmdge
5 ;',(19733 1dent1f1ed 4 fourth brecc*i’a body alcng the north waﬂ of the F«:ssn".~

,,,’fCave, and a‘isa uggested that the fﬂhngs of the scﬂutwn po»kets m *cne

,.;f:brewms are predommant‘ly decaTmﬁed brecma. ;
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CHAPTER 3 - GENERAL THEORIES OF CAVERN DEVELOPMENT

j'3,‘.0 The salient features of the main theories of cave development.

are reviewed in this chapter in order to assess their validity for the

‘Sterkfontein Cave System.

3.1 Bretz (1942) has noted‘that 'conditions bf subterranean (watar)
flow are notably different below and above the water-table’, and it is
because of this fact that theories of cavern development debate the merits
of ;ave*forming processes above and below the water table, Eariy American
theorists debated the question of cavern development above the water-tahble
in the vadose zone (Fig. 3.1.), or at the water-table itself. Early Euro-
pean theorists however, {e.g. Katzer, 1909 and Bu.k, 1913) consi dered
that a continuous water-table did not exist. and that cave formation was
carried out by flowing water under hydrostatic pressure, thus implying
formation in the saturated zone.

~In 1930 Davis published an important contribution to cave de-
velopment theory in which he argued that‘caves develop in two cycles as
opposad to the earlier one-cycle theories (Davis, 1930}, Caves vere said
to be furmed by solutional excavation of calcareous rocks beneath the water-
cable during the first cycle, and then filled with travertine deposits
during the second cycle when tectonic uplift and stream rejuvenation have
emptied ithe cave of water. Davis reasoned that caves may form ac any |
depth beneath the water-table, an idea discredited by later writers, but
being held once again by the most recent theorists, in modified form.

Swinnerton (1932) also produced a theory of cavern deve Topment

in the phreatic zone, but qualified Davis' theory to a large degree.

Swinnerton argued that caves develop along paths of ma“imum ground-water

S




.

'flow, which he showed wou?d theoret1ca11y exxst along the ghortest dig~
"tance between sink and spring - .a. along the water-tab1e Ford (1971)
| points. cut that most local cave studies in the Tast 25 years have agreed
“with the hypotﬁes1s of water«tab1e controiled cave formation.
| ~ Rhoades and Sinacori (1941) combined aspects of both Davis'
: and;Swinnerton‘s thedries; They postulated deep phreatic weathering
:eariy'in,the kerstification proéess g%vfhg way later to shallow phreatic
: _'salution'at the water-table. Rhoades and Sinacori argued that a mastér
condui develops headwards from the point of discharge, and in so‘doing'
modifies the flowlines of the ground-water circulatiun and reduces the

depth of circulation with time,

This theory introduced the concept of a cave changing the pre-

cave water-table, in contrast to a water table determining the position.
of cave development. The concept has been employed in recent theories of
speleogenesis.

Bretz (1942) provided an impressive amount of evidence in sup-

port of Davis' deep phreatic zone theory. By careful examination of many |

cave features he distinguished the vadose-formed from the phreatic formed;

moreover he showed that most caves have vadose features superimposed on

vhreatic features, thus supporting Davis' two-cycle concept of cave develop~

ment, Bretz further claimed that a stage of c¢lay infilling normally inter-

venes between the solutional stage and the travertine deposition stage.
Bretz's techniques are some of the mainstays of modern speleological.in-
vastigation.

Other vadose theories appeared after Davis' publication, and

that of Gardner (1935) has a bearing on present day thought, Gardner apr-

gued that caves form when stream incision drains beds within the limestone

mass wiiich are particularly prone to selutional attack. The caves are
deemed to develop solely above the water-table as the caves become

-~

|
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‘_ integrated'1nto thé'hydrologiba3’regiméh of the'area Gardner $ 1dea
g8 of preferent1a1 so]ut1on in certa1n beds ‘is borne out by recent stud1es
on 1nd1v1dua1 caves (Glenn1e, 19565 Ford, 1964). '

‘ 3 2. In South Africa Bra1n (1958) proposed a mode? nf cave deve]op~
ment for the TransvaaT based substantxaT]y on the 1dnas of Sw1nnerton h
(1932). Brain proposed that caverns develop 'immediately below the water~‘
table', and regarded the ‘action of vadose streams in the Transvaal do]c- ,.a
m1tes as 1ns1gn1f1cant‘ He stressed the importance of percolat1ng ‘
,meteorac waters in enlarg1ng vertwca] 301nts and fissures. ,

' Since Brain was particularly concerned with the foss11iferous
cave fillings, the evolution of cave deposits forms an important part of
his overall model: externally derived deposits enter the cave voids as
soon as surface Towering and even develonment allow eniry of h111510pe
material. The cavities are partly or entirely filled with travertines‘
and externally derived material (which become cemented by calcium-rich
percolating water). Surface lowering continues and uitimately deroofs thé
upper cavities exposing the solidified deposits at the surface. With time =
all evidence of the cave and its fillings may be removed. Brain mentions
roof collapse as an jmportant featurz of some Trunsvaa]kcaVES. ' v

Brink and Partridge (1965) followed Brain substantially in his
model for the devzlopment and infilling of cave voids in the Transvaal.
However, they elaborated on Brain's modeT by ascribing successive cave-
forming water-tables to four cyclic landsurfaces which appear to have be~’; !
velled the high lying areas of sthe Transvaal (King, 1962).

Brink and Partridgs (1965) also present a model foé-the evolu-
tion of the notorious sinkholes and the compaction subsidences of the West
Rand daTomiﬁes; which however, they class as pseudokarst features deve1opéd“
directly above and in concert with voids (nbt‘necessarily‘open tbithe sur~
face) in the dolomite bedrock. |




B

Some years ear11er Sweetlng (1950 drew attentaon to the faqt

’"fﬁ‘hthat cave 1eve1s 1n the InQTeborough D1strrct of northnwest Eng1and are S
.qﬁ?:related 1o eros10n surfaces in the area. Waltham (1970) however, has '

:;s1nce shawn that at leasﬁ some of the caves are controT]ed by shale bands g

_:  ,n the 11westones, and cannot, therefbre, be attributed solely: to Water. R

e table uontroﬁ Marknr and Moon (1969) have demonstrated stat1st1ca11y, ‘

the co1nc1dence of ‘cave levels ‘and erosion surfaces in the Transvaa?, as

 .weI1 as not1ng that almost all the caves studied (35 caves, some multi-

‘TeVelled, form the bas1s of this study) are phreatic in origin w1th 11»t]e  '

yadose mod1f1cat1on. Th:s study supports that of Brink and Partrxdge (196%)
w1th evirdence from a number of caves in other parts of the Transvaal.

Moon (1972) has since shown that the abovament1oned stat1st1ca1

“'IStudy is not strictly applicable to the Blaauwwbank River VaT]ey - 1n which

Sterkfonte1n is situated - since the amplitude of velief in the Va11ey 15
the same as the amplitude of the variation in cave levels from one erosion
subface. The development of Sterkfontein has in the past been related to
bofh'tha African and Post-African surfaces (Br{nk and Partridge.'IQGS).
Although this may be true in fact, the jmportant conclusion of the statis-

tical study does not apply directly to the Sterkfontein cuve system.

3.3 Breaking away from the traditional approach to cave development

ﬁheohy,‘Ford (1971) has argued that: , '

there is no one general case of Timestone cavern development
which can be so precisely defined as older theories would

have it. Rather, there are three common cases: the predomi- °
nantly vadose cave, the deep phreatic cave and the waters

table type cave.

I Fcrdis formulation the controlling factors are the steepness of rack

o dipy tnppgraphy, the frequency of permeable bedding planes, joints and

_‘faults, and the frequency and geometry of their interconnection.

The type of cave which will develop depends firstly on the number

of fissures withi'significant penetration' of ground water « i.e. the ratio




R

“ :of Jaint Tength ta bedd1ng p?ane 1ength - and the hydrau11¢ conductwthy 51
en (Fard, 1971} High conduct1thy produces a water—tabie type cave (when

rock is highty Jointed or when the dip of the rock is sha11ow {Tess ‘than ‘_ 5" '
. 5%}, since bedding planes prevent water from descend1ng into the deeper .
‘;ATayers of the rock. Low conduct1V1ty produces the deep phreaéic type j2 -

cave and is common in steeply dipping Times tones, s1nce bedding p1anPs o

gu1de water to great depths .

Recently many studies have stressed the 1mportanca of Intho—

]ogica1 and structura] factors, recagn1s1ng with Ford (1971) that various

other contra1s,are often dominant in determining the development and mor~

phology of caves.
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o PRRT_II -
| THE CAVE SVSTEM

 CHAPTER 4 ~ OVERALL YIEW - PLAN AND SECTION

4.0 ‘»[Thws ﬁhapter presents a general descr1pt1on of the form and

f-dxnens1ons of the: Sterkfontewn Cave System. By means af cave p]ans and

sectzons the system is a?so related to the surface geology ‘
, The ‘cave system itself was mapped with the degree of accuvacy
termed 'D5' on the Butcher and Railton Scale (Butcher and Railton, 1966)
Ne attempt was made to map the undehuater passages of the system. No

-large underwater cavities were discoveéred.

4.1 The Cave Plan and Section ~ General Description

The Sterkfontein Cave System consists of three large caves -

-~ Tourist Cave, Linco]nfs Cave and Fault Cave (Fig. 4.1) - in addition to many

small cavities in the hillside. Several yoids within this system contain
_ breccias some of which are fossiliferous. The Fossil Cave exposed on the
hillside contains one of the largest breccia deposits in the System.

The caves lie at a number of different levels: Lincoln's Cave

Ties a few metres beneath the Sterkfontein hill-summit and descends with

the rock dip through more than 50m to the local water level (Fig. 4.2).

_ The main-chamber‘of Lincoln’s Cave and the Fossil Cave lie directly above

the Tourist Cave, which 1tse1f is connected to the surface by means of

various shafts and apertures The Fault Cave is situated north-sa'* of the ,

| Tourxst/L1nca1n cave complex.

Although no psssages connacting these three caves are knuwn sorme

f'evidance‘for connections above and below the p1ezometr1; surface exisis -

 (Chapter 8).
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lne main Fos~3n Cave~and other sn¢]1er foss1111f@rous caves

& :1haVe been dernofed be erosion, expos1ng the fossil-bearing breccxa Fill

“ ‘nn the i1l surfac: 2 breccias have been mined for their depus1ts of

, 'pure sacondany 11mesnuu¢ The mining operations have also modified the

':undergrnund passages in many places, not oniy by the removax of secondahy -
‘ ?1mesthe, but also by the blasting of access routes through the doIQmwte |
o bedrock, and the blanket1ng of floors with rubble.
- The broad dimensions of the entire cave system are as fol]ows.
350m from east to west and 250m from north to south. The Tourist Cave
covers the largest area, 250m from east to west and 130m,from‘nofth' to
south. Its Targeét chambers include the c1ase]y«cbnnected Elephant Chambék" -
- and Milner Hall which together form a void 150m long by 50m wide and about
© 25m high (Fig. 4.1). The Exit Chamber, Terror Chamber and Ravjee Cavern
are the other larg. cavities in the Tourist Cavs. Otherwise the Tourist k _
Cave consists of passages of various dimensions connecting the,iaréer chambers.j:
Lincoln's Cave is 130m from east to west and 90m from north to |
south. It comprises a main chamber {(30m x 18m and 3m high) vith four pas~
sages leading away from it; two horizontal low passages leading wastwards,
and two‘narraw_s1ot-like passages descending northwards with the dip of the
dolomite, to water level, .
The Fault Cave is aligned northwest-southeast, being 150m long
in this direction, ahd 120m wide. It consists of seVeraT passages trending
genera11yjncrthwest-southeast, which lie at‘various Tevels, and whfch meet'
kat the Towest part of the cave, near the one small wateﬁ body of this cave.
There are seven water bodies in the whole cave system, consist~
4ng of static water with a free surface (WI-47, Fig. 4.3), in the deepest
- parts of the cave system. The largest is the Lake in the western end of
u,thé~Téur€si Cave (60m iong and 18 wide). Hater bodies No. 2’and No. 7

2

are very small with a surface area of less than Im“. The remainder are
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,  ' Q3fé;£55dié§'Witﬁ:aﬂsﬁrféce éréa of several %dﬁﬁre meﬁrégk"fherdéépesf; 'i

'f;}f‘waier~body as far as fs known s w,, at 6m deep§~,The'Laké iéwbﬁ1y Aﬁ':ﬁ_ .

15 ?ﬁeep at its deepest paint. '.f Lo .

“i | F1v. mud-f111ed deprbssmons exist within the cave here water..” afi\ 

, j1per1cd1ca11y coliects befnre seeping away, ,One such depress1on, Qr'sumﬁ,"' _
: I1es<at a h}gh Tevel )n-thg systﬂm; in the soutﬁ—west branch passace.of"

L ; thtd?"'s'CaV“'(é" Fig. 4. 3). The other natural sumps are al] to be foundt,f3

-:; w‘ 1n the 1ow 1y1ng Fau1t Cave (Sz - S5, Fig. 4. 3), o

There are many entrances to the cave system both- Veruxca1 and "

hor1zonta * Entrances 1~ 6 (1ead1ng into the Tourist Gave) have all bt;g‘f :’

“enlarged by the lime miners and for tourist access paths. Entran@esfy ; §5’;t ok
'are mainly natural entrances leading into Lincoln's Cave. Fau1£féave hag\ :T;\
: "-’”“’f‘-’”e entrance (No. 16); entrances 17, 18 and 19 provide access to =

‘ sma11, dead-end éavitias in the hillside.

4,2 Analysis of the Cave Plan

- It can be seen that the Tourist Cave {except Ravjee PasSage and'

1t& offshoots) and Lincoln's Cave (main chamber) comprise “the }arger cavr—

- ties when comparad with those passages north of an east~west morpholng1ca? e

ﬂTVlenQ Ting {in red, Fig. 4. 1) In addition, the larger cav1t1es are

aligned generally east—west, whereas the smaller passages to the narth have

‘a strong north-south component.

The Fault Cave bo‘ongz ma1n1y ‘to the 1atter category anhOUQI
the passages DE and DF may belong to the former (see Discussian be1ow,,'

Chapter 8).

. and west (frnm Exit Chamber and E1ephant Chamber respect1ve1y) ‘as did the
o Fault Cave ymssages DE and DF before these extremthes were 1nundated hlth i
-fliarge 1nf1ust of h111510pe mater1a1 1t may be said, therefores %hat the"'*"

'Veasf uast conmonent of kha lavger cantﬁes, south of the d1v:ding lwne, was""‘

vt e e s ety

The Tonrist Cave undoubtpd?y stretcied further to both the east -



FRACTURE

- Fig. 4.4 Cavern developed along a zone of fracture ' S
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 0hiQina11y aven greater than 1t appears on the cave plan.
ke  The surface geoiogy overlay offers some explanation on the

- ‘exdstencc of the two morphological divisions mentioned: the longest frac«
ture zones (No. 1~ 5, Fig. 4.1) are concentrated in the portion of the
i1 under1a1n by the 1arger cavities, i.e. the area south of the morpho-~
~logical dividing line. The other, shorter fractures are underlain by the
smaller passages north of the dividing line. Fracture zones 2, 3,‘4 and
5, or their direct continuation underground, coincide exactly with severai
of the largest underground cavities. Fracture zone No. 1 determines the |
area of Elephant Chamber in which the dolomite partitions occur; No. 4
coincides with the Exit Chamber, Terror Chamber and northern part of Mjlner
Hall; No. 4 also coincides with’the Exit and Terror Chambers, and the
whole length of Milner Hall. On the surface, Nos. 4 and 5 coincide with
the Fossil Cave and large Exit Area cavity (centred around entrance flo. 4,
Fig., 4.3). .

In the same way, fractures visible only underground, have deter-
mined the position of several of the cave voids (fractures 6, 7 and 8),
In several areas in the Elephént Chamber - Milner Hall complex, narrow,
slat~Tike chambers are found closely spaced with dolomite blades and walls
acting as partitions between them. These closely-spaced chambers are
aligned alon  racture zones and indicate that the fracture zones consist
of several .urallel planes of weakness, rather than a single plane of
weakness (Fig., 4.4). |

North of the morphological dividing line, however, the coinci=~
dence of surface fracture line and cavity is almost non-existent, sugges=~
ting that the fractures do not penetrate the dolomite very deeply. Under-
| ground it is apparent that single fractures, rather than entire fracture
zones, control the development of the passages, The morphq1ogy consists

of single passages rather than a series of coalesced passages.
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The map of surface geology does not supply any 1nformat1on on

:the Fault Cave, hawever it is apparent from obserVat1on underground that
'passages ABC and BG are aoln»-contraned (Fig. 4.3). Any surface expres-
: s1on wh1ch contro111ng frectures may have, is buried beneath the hill-

slope‘debr1s which is more than Im thick on the lower slopes of the

-xSterk?ontein nill, direct1y‘above Fault Cave.

4,3 Analysis of Modified, Superimposed Cave Sections

Cave sections were analysed to ascertain whether the sloping
passages in the northern section of the cave system occupy single beds dr
transgress the dip ot the beds. Of the five main passages only two (in
Lincoln's Cave) are aligned in the direction of dip (ncrthwards); the -
slope of these is therefore immediately comparable with the rockdip. The
other three passages (POQ, Tourist Cave; .AB and DF, Fault Cave - Fig. 4.1)“
are not aligned in the direction of dip however, and their siope is thus
not tooreadily contrasted with the rock dip,

For the sake of comparison, sections of these three passages

were drawn in the plane of rock dip thereby reducing the actual passage

slopes to slopes in the plane of bedrock dip, These modified passage sec- _
tions were then superimposed with the two Lincoln's Cave sectiors (Fig. 4.2) Q
to ascertain the vertical and stratigraphical relationship of the passages
to one another, Various correlations are apparent:

4.3,1  The major cavities, such as Nilner Hall and Elephant Cham-
ber. and parts uf Lincoln's Cave (e.qg. point W, Fig. 4133 accupy fracture
zones (Nos. 2, 4 and 5).

4.3.2 - The smaller northern nassages such as POQ (Tourist Cave),
W (Lincoln's Cave) and Ag, DF (Fault Cave) occupy specific strata

within the dolomite and do not generally tranggress the regional dip, XV
(Lincoln's Cave) is intermediate, having substantial vertical development
but having developed from a single hedding plane and a single large joint.
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4,3.3  Mater levels can be seen to drop in ititude towards the =

north, i.e, towards the §1aauwbank River. (see also Fig. 7.4) The cave

- water levels lie between 0 and 18m below the river bed however. The FEf‘ ,

surgence question is discussed in 7.2.3 below,

4.3.4  The diabase sill which underlies the Cave system'may have
controlled the stratigraphic levels at which the cave has deve1oped'{a1~
thcugh‘ft has not developed in contact with the dyke). This is evident )
from the fact that a borehole drilled through the dyke struck no water even‘ ,
at a depth of 97m below datum: 1i,e, 37m below the Towest water body level . -
within the caves. It is possible, of course, that the borehole simply -
failed to pierce water filled cavities possibly existing beneath the dia-

hase sill,

4.3.5 The passages almost overlap in places, suggesting that a
group of adjacent strata control these passages. Another possible expiaha~’
tion is that a single stratigraphic horizon may control two or more of the -
passages; e.g, the two Lincoln's Cave passages lie within a single stfati»
graphic unit. This is a possibility even though the superimposed sections
do not show 1t because mapping errors and small changes in strike direction
would result in passage sections occupying apparently-dif?erent stratigra~

phic Teveis.

4.4 Summary
The Sterkfontein Cave System consists of 3 large caves lying
at varying levels, and none interconnected by passable passages. Linco?n's'
Cave ovarlies the Tourist Cave and the Fault Cave is situated north-east
of both. Thé Tourist and Fault Caves contain breccias as does the dervofed

Fossil Cave. The system contains only one relatively Targe water body -

~none of the water bodies are deep, and all lie in the lowest parts of the.‘:

system. MWater collection points, or sumps, are found at different levels
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'“ﬂ'f:in the aystem ma1n1y in FauTt Cave, Many’;aVe entfances, vertica?land'

: ;hor1zonta?, pxerce the h11151de‘ Somé‘have been artificially. enlarged,

| Conslderat1on of the cave p1an 1nd1cates two morpno]091ca1

iy d1v1s1ens of cathy type uﬂd re1at1onsh1p Larger cavities in a complex
ﬂhflreiatwcn with one another and with a genera? east-wﬂst alignment comprise

the southern de1sion, whereas smaller passages of a scmewhat s1mp1er 3=

g .i dﬁmensxnnal pattern, ad with a stronger north-south trend, comprise the

‘f northern d1v1510n A ser1es of major fracture zones traverse the dolam1te
"fﬂof the southern chambers, whereas the do1om1 te hosting the northern passages
s almost deva1d of major fracture zones. ‘ ,
Superlmposed cave sections also indicate the coincidence of the
main gal]er1es with various fracture zones. They 1nd1cate‘strong co1nc1—‘*
| dence of bedd1ng plane ang]e and paqsage slope. Water bddy 1evéls deééehd
'  toward5 the Tocal stream bed, although they all 1ie below the Ievel of th1s
strsam bed. .

The under1y1ng d1abase si11 may have influenced the level at

whi ch the cave has deVemped

R ,f.f...;‘...«,..w“,_..,&‘!"g
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* CHAPTER 5 - EROSIONAL FEATURES OF THE CAVE SYSTEM

“f 5.0: 'ErcéibnaT.féétures'afe'c}assified héfe‘accérdihg‘to tﬁe{k;ogi-”
“, gin;.Whith‘may 59 by Ph?eafié s¢1ution, or vadosé'erOSioﬁ; Featdt&: of
‘doubtful and mu1t1p]e phase origin are ciassed separate1y.. | _
Phreatic features are those which form by salut1on of- caicarﬁ~‘Q
:ous rocks under static ground water. Vadose erosion, hewever, is 1n1t1ated

by mavwng streams of water which f1ow underground and which have a free :

air surface. It is sometimes difficult to different1ate betWeen‘true yadcsé  " |

and phreatic features caused by sub-water table currents. The passara of
percolating water through the interstices of both consolidated and uﬁéoh-,
solidated materials can affect the development of both surface and unde#h,, 
ground features. Percolating water cannot however, be considéred as a‘

-

discrete water body, such as the phreatic and vadose water bodies,

8.1 Phreatic F;eatures3

5.1.1  Networks

A room south of Elephant Chamber consists of a series of hlgh

{9m), narrow (Im) interconnecting passages formed by the solut1onal,wjdening o

of joints in the bedrock (point 2, Fig. 5.1). The passages connecting
ETephant Chawber to Milner Hall (point 6, Fig. 5.})'may also be termed a“ .
network of somewhat larger dimensions (10w high, 2m wide). The upper parts
of this‘natworkyare encrusted with speleothems, byt the lower walls ére 2

bare dolomite with protruding chert ledges.

Yohreatic features are identitied in this study according to Bretz's
classification, using his term1nn}agy (Bretz, 1942).




';i,~&12 kwhhomz : i
' These are: narrow, wall Iwke slabs of bedrock 1n sxtu whwch ex-

tend from tne ce111ng to the floor of a chamber. The be t examples at

Stcrkfonte1n &re found east of Entrance 1 (po1nt 75 Fig. 5. 1) Partitions _; >
rf ‘may‘be cansxdered as an advanced form of network. developed a10ng close~‘l”‘”‘
|  set fracturas., Lﬁke networks they owe the1r origin to phreabxc so1ut1on :

o along the fracture planes The partitions near Entrance ] occurrlnyfour

' fpara?le?yrows, 3 apart and 10m high on average. In.width'tﬁey generally o
wwmfm&wqﬂhmmm;Mmywmmsthafﬁﬁh%r®®¢®b   
they taper off before reaéhing the floor, dnd thus hang suspendédrfrom thél~‘ B
roof. Windows occur in some of these pértitions due to solutional attack

from both sides.

5.1.3 Bedding-Plane finastomoses

; A 2m high room, south of Elephant Chamber, appears to be cohfﬁned -
to a single bedding plane - elongated pillars and partitions of dolomite
give this room the appearance of an anastomosis. No other bedding—p?ane

anastomoses have been encountered.

5.1.4 Jo1nt~0eterm1ied Cavities '

Examples of such caV1f1es can be seen in the Tower parts of the
cave system. At higher levels they are often masked by travertine depasits.
However, where travertine deposits are not present, Jmnt-determmed c,ava-' s
ties are visible in the higher chambers, such as the Exit Chamber. _ |

One particular joint-determined cav: ty {point R, Fig. 5.1) ap-
pears to have developed as a resulﬁ of the .« ®ing of karst waters (Bogli, "

©1971). Although the cavity is partly tillel witn travertine, the cantro71fng

o 2¥hen do)omite wal]s Tip at angler of more than 45“ to the hog1zonta1
Rretz terms them ‘partitions' and when lying at iess than 45° to the
horizontal rack spans‘ ~ No rock spans have been encountered at Sterk-
fnnte1n. a _ . , .
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: _rf""join% is visib le. Karst water presumably flowed through this 391nt durzng :

and after the format1an of’the cavity (Fig., 5.2). Bretz (1942) did not
envxsage JOlnt~a11gned.caV1tnes Form1ng due to the mixing of karst waters, '

but s1mp1y as the resu]t of preferential solution along a joint.

‘5 1 5 Wall Pockets
: These features are smaller than Jo1nt—éeterm1ned cav1t1es (up
to G.Sm ,ong) and * not appear to be controlled by Jo1nts, rather théy
_appear to veeu, - ghtly less resistent strata. They are elongated hori- -
" zontally but are not asymmetric in section, and are thus not obviohsiy' |
features foﬁmed by current flow. Wall pockets occcur in great numbers along,
the Tower walls of the Elephant Chamber (point 3, Fig. 5.1) and also in |

other parts of the cave system.

5.1.6  PRoxwork
This is a term to describe relict quartz veins which stand out
from the dolomite bedrock giving the impression of ¢ube-shaped boxes, -
.They are found in the lower parts of the caves, near the watef bodies, and
are poorly developed, and very fragile. Protruding stylolite seams,'a1~'
though not as fragi”e as the quartz veins appear in the Fault Cave, and
1ike the guartz veins provide evidence of phreatic weathering. Chert
ledges can be seen protruding from the dolomite in most parts of the cave
system and these too, being i. < soluble than dolomite, indicate phreatic

weathering,

5.1.7 Rock Pendants
In the wisinity of Entrance 10 (Main Chamber of Lincoln's Cave)
many; short {Scm;  ump-like protucions hang from the ceiling. These ap~
pear to be the features which Bretz describes as ‘pendants' - i.e. features
:'deve1oped by upward solutien of a delomite roof due to water'percoiating'
“between an insoluble £i11 floor and the roof at a time when the cavern was

- entirely filled With insoluble debris. Features such as spongeworks ,




,céﬂ-mg.ahd' mdéﬁpoekeﬁs, tubésf and half-tubes have not been encountered, -

5 2 Vadose Features

The only modern vadose stre“m in the caVe system 1s that wh1ch

f!ows perscd?cai1y'a1ong pne of the lowest passages oF the Fault Cave :

‘;'(po1nt-C¢,f?g<,5-1)f'_It;flows for a short dtstance an1y, hefore d1sap-: ."

, §‘pearihgTinto sumb No. S3 (Fig; 4. 3) Howevex, there are two eros1ona1 1 :-"

~ features assoc1ated w1th th1s steam wh1ch are worth not1ng.‘-

5 2 1 Stream Trench

A small trench (im long, 0 5m deep) cut into a mud deposit

in a sma11 room 1n the passage mentioned above. A S1m11ar trench can ba‘i"_:.

seen in the Toarist Cave (point 8. Fig. 5.1). However, tha mud in wh1ch"
. thxs trenuh has been incsed appears ta have entered the cave very recen+

after a dolomite wall had been blasted away by the 11me mwners.‘

5 2. 2 Meander Scar

Y

Below the trench a small meander scar (G 2m h1gh 0, 7m 1ong) hasfj '3ﬁ_

‘bEeh cut into the passage wall, where the stream sw;ngs around a bend in

~the passage.

5.3 Other Features

Erosional features of a muItwphase type or o doubtful or191n

are ment1oned here - wall-grooves, smoothed surfaces and solut1on puckets{;

5.3.1 So]ut1on Pockets

The=e are solution cavities which develop downwards through dolo~ ;“

mite or braccia by perco1at1ng vadose Waters. They may be related to the

' cav1t1es exp]n1ted by tree roots, in that water percolating through such

cavzt1es W111 he h1gh1y corrosxve {due to soil carbon d1ox1de content),
So1ut1on pockets mentioned by earlier workers, can be seen de-

veloped in the breccias of the Fossil Cave where these breccias have been

| exposed on the h11lswde, The sofution pockets are filled with uncon5011dated




Fig. 5.3 Smoothly-eroded breccia undersw: face (Mound breccia, Milner
deposit) o e

© Fig. 5.4 Dome cavities in Mound breccia (MiTner deposit)

| / Bros CONE("MDUND) [I

= @oxmm WhLL — .
‘IEAVERTme CARAFACE .

BRECCIA ~
SMOOTHED

~IDERSURFACE

. -
‘. N . .,
-~ » * LR} o
L3 ] -
- 4 - - - \
- - o e Ve .,
. . L . e

~

" BRECCIA TRAVERTINE SMOOTHED

CARAPACE BRECCIA
UNDERSURFACE

DOME DOHE

CAVITY EXPOSING  CAVITYEXPOSING

UNDERSIOE BONES WIYIN
OF CARAPALE THE BRECCIA

L e e e e g i ey




Bt esiizid ML i s o e L RN 532 . e s L L

| m&teﬁ.al; both in situ decalcified breccia material and hill wash collec-
ted by the solution pockets, Some solution pockets afe not soi1~f111éd;‘
~ but lead directly down lo the underground caverns and are thevefore betier
tekmedvavens.‘ A cross section of such a cavity can be seen in the nowth
wall of the Type Site (point X, Fig. 5.1) where it descended into Lincoln's

Cave, as Entrance 12, until it was largely destroyed by mining operations.

5.3.2 Smoothed Surfaces

A comparatively small body of pinkish brecc.a is attached to the
wall high in the esstern end of “ilner Hall (point J, Fig. 5.1). On its
underside this breccia ('Mound breccia') has bean eroded and presents a
smooth surface. Only a small portion of the breccia remains against the
wal® overhanging the pathway (Fig. 5.3).

The eroded underside of the brgccia passes smoothly onto the
dolomite wall, suggesting that a gently flowing current of water fashioned
this surface.

Two dome shaped cavities (less than Tm deep) which have developed
upwards into the pinkish breccia exposing, in one dome, the carapace tra-
vertine which caps the brecs’a body (Fig. 5.4). These domes seem to have
been caused by eddies in flowing water, However, they may also represent
the 'enlargements' which Bogli (1971) claims are the result of wixing karst
waters, In either case the domes suggesit currentflow, even though the
flow must have been gentle (fragile bones protrude from the dome walls).

Other smoothed surfaces can be seen near the pendants in Lincoln's
Cave. Stalactites have been eroded out leaving hellows (0,2m deep) with
smooth surfaces: these surfaces often pass evenly onto the deiomite roof
dr wall, In a chamber south of Elephant Chamber (point 5, Fig. 5.1), tra-

vertines have been eroded flush with the mud and dolomite walls.

5.3.3  frooves

the Mound breccia is attached to a 13m vertical dolomite wall

»




'1‘wh1ch 1s unadurned by raVertine depcs1ts, The surface of ihzs wa11 13

f~f_f? s1ight1y graoved horiaanta??y uver much of 1t~ surface. The grooves are

"'fﬁ’claarlf ev:denne o? d1fferent1a3 soTuti un which may either resu1t from ;.f,f'

"5?7’weaker beds ov From current concentra+1on at dec11n1ng 4evels since thp ‘

[ E‘Wa%1 is aT ed a?ong the strwk @xposanu dolon1te strata hor1zonta11y,

'f,or nf vadase stream erosion. KRR |
Thms conc?udes the t~urve,y of eraswanal féatures encountered in :

"” the caVe system, and 1ndxcates the maaorwqy to be phreat.c.
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~ GHAPTER 6 ~ CAVE DEPOSITS

6.0 Little of the cave system has escapéd modification by vérious
deposits. The deposits described in this chapter may be divided into
two gkaups, calcares s and non-calcareous: the modes of deposition of

each are ent1re(y d1ffvrent and thus give rise to distinct features.

Furthermore, the volume of the ca1careous deposits (secondary and tertwany: '

caleium carbonate) is small compared with: the large non~calcareous depdsffs
which, often surface‘derived, have modified the original cave voids dra-
matically. |

A mode] of debris cone development is preszated as a bas1s foy
descriptions of the varwous large debris bodies encountcred in the cave
system. The 1ocat10n of these bodies within the system s examined but

the spatial relationship between them is discussed in Chapter 8.

6.1 Secondary and Tertiary Calcium Carbonate Deposits

6.1.1 Stalactites and Related Formations

Stalactites are best developed in the lavye caverns and high pas=
sages along the structural control Tine. Few have survived the mining
hatiever. Some of the broken remnants have dizmeters of 0,5m.

Stalagmites are seldom seen, either because they did not form, or
because they were easily remuved. However, in the low-ceilinged, inacces~
sible Ravjee Cavern, pillars of travertine can be seen, Pristine ca?cite
straws and halictites are abundant in Ravjee Cavern. Straws and helic-
tites are forming today and a 'younger generation stalactite' has been
dated by carbon-fourteen dating (stalactite outer wall: greater than 50 000
yeaés hefore present, inner wall greater than 47 500 yeﬁrs béfore present -

Vogel, 1971).

U SR S
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Fig. 6.1 Re-solution levels on Milner Hall flowstone indicating past . -
lake levels T
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‘ Staiact1te< ﬂften merge 1n*o flowstone depos1t and the two
'fbrms genera?ly Qccur tcgetner. Th1ck‘(1m) f1owstone dep051ts have been
‘Lmin¢d at severa! po1nts 1n the cave system, espec1a1ly in the Day?wght,,
1Ey1t and Elephant rhambers, and the Fossil Cave._ |

A fiowstone, too thin to pe m1ned covers the ent1re south wall

of M11ner HaTY and has become a tourist attract1on. A travertine curtazn,.

~ high in the roof of MiTner Hall and a large stepped flowstone beneath
'Entrancé 1 are some of the only stalactitic formations of any size which
remain ih the cave.

Re~solution has affected many of the wall deposits, at the

Tower levels especially. The characteristic honeycombed and pitted sur-

faces are evidence, and varjous earlier lake levels can be discerned where

subaereal calcite deposition ends, and re-solution begins (Fig. 6.1).

6.1.2 Calcite Floors

These can be seen overlying lake deposits as a crust in various
parts of the cave. Notable is that beneath Entrance 1, that at the en-
trance of Terror Chamber, and that in the recesses of the Graveyard. The
calcite floors are less than 3em thick and little remains of them now (at

2

best ™ in areal eXtent). Carapuces merge into floors in places.

6.1.3 CaCO3 Crystals

Aragonite crystals occur on most walls in the cave system,
whether dolomite, chert, travertine or cave earth. They can be as much
as 2 ~ 3cm long, mostly of aragonite, and probably some of calcite. Sub-
aqueous aragonite (cauliflower aragonite) occurs on the wall of Milner

Hall. Concoidal wxorphous calcium carbonate may also coat some walls.

6.2 Nen-Calcareous Deposits

These deposits consist of residual wad, internally and exter-

nally derived earths, talus and collapse debris. Breccias, formed by

LGl
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‘ the cementing of these deposits, arc included here, since the mode of

origin is essentially the same,

Although both are found in characteristic cone form, the inter~

nally and externally derived non-calcareous deposits are distinguished
for the following reasons:

Firstly, the constituent materials are different due to the two

distinct sources from which they derive: the externally derived deposits.

consist predominantly of large quantities of fines (red soil, often
layered), whereas the internally derived deposits consist mainly of col-
lapsed chert iedges. |

Secondly the externally derived deposits are very large in
yolume compared with the interna%1y derived.

Thiedly, the presence of externally derived material indicates
that a chamber has become connected to the hilTside, an inportant fact

when analysing the development of the cave system,

6,2.1  Internally lerived Deposits

m Wad is an insoluble residue of manganesedioxide which remains

as a coating on dolomite walls which have been subjected to solution by

karst waters. It is thus found below the present water~table, and in the

paraphreatic zone (on walls bounding the Like and the water bodies 2, 3
4 and ?, and sump 4 -~ Fig. 4.3), and in the vadose zone {on dolomite

b1ock5]
~ point Hy Fig. 5.1).

buried in moist, uncompacted gravels e.g. in the Elephant Chamber

Wad is encountered as a black fine powder, or as a moist,
water-reteative, jelly-like substance. Its presence indicates static

{or very slowly circulating) water conditiuns, or it indicates adjacent

1Max%mum thickness of wad observed on cave walls is 2cm, as opposed to
a maximum of 5mm on buried doTomite blocks.
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Fig, 6.2 C.oﬁapsa debris beneath major joint, Ravjee Cavern
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»';kmoistfear%h Had is found semented into braccia, with discrete 1mpreg~

'7 nat1nns of ¢rysta111ne ca1c1te, usually at the base of larger bodies of

”~;iwvbr9cc1a, e.g. beneath the Fossr? Cave breccwas and in the M11nar Depos1t

. (2) : cc]jafpse'Dep‘)QSfi;S ;

inese are found mainly in. th~ inner recesses of the systam,

' 5spec1a11y in the northern passages, since the externally der1ved depos1ts'
.jff'have obliterated any such features that may have ex1sted neay the present~ ‘
~ day avens and connections with the surface. ' |

follapse material can thus be seen near the water bodies of all

three caves in the system. They form banks of debris against‘the waTis
from wh1ch chert and shale ledges have fallen, or they form mcund; be— '

“neath Vert1ca11y extending joints (point M, Fig. 5.1 and Fig, . 2)s
usually w1th,]1§tle fine matrix material,

0f a different order a1to§éther are the very Targe do]cmite

blocks which have collapsed from the roof. The largest (7m long, 5m high, |

‘4m broad) is that at the convergence of Milner Hall 2 . E’ephant Chamber
~{point N, Fig. 5.1) which fell a distance of 3m. The Name Chamber is
formed by the ;o?iapse of a large block which now forms the floor of’thé

Chamber (point K, Fig. 5.1). In Lincoln's Gave, a Jarge collapse block

Ties in the main chamber, and others Tie on top of one another, wedged in

the narrow easte“n passage (point P, Fig. 5.1).

~ Blocks of collapsed breccia have fallen from the weakened Terror

Chamber roof, and they also occur in the rubble blocking a passage on. the

.”~sduth side of Elephant Chawber (point 3, Fig, 5.1).

6.2.2 Externally Derived Deposits

~ These 1arge deposits, which bave affected fhe ihterior morpho=-
Yogy af the caves 50 great?v, are conswdered in severa1 broad groups

(5;2,2 (1} =~ 6.2,2 (10}-be1mw). Each group appears to he a cant1nuous

o




Typical stages in the deve‘i-bpmen_t of Sterkfontein cave
deposits (see text) e

Fig. 6.3
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5 masél(éXCéPt‘(8))VConsistind of various materials, sometimes Taid dbﬂn?”

7n a number of phases, but derlved nevertheless from<the same aperture
(ov aperture cTustev) in. the cave roof. The constituents range from mud.
.,and soil to gravel, stones and bou1ders, which have been cewented 1nto f ,1 .
breccias of vanyvng hardness. Bone fragments oceur, w1th occa51ona1
“pockats of high bone concentration. _
o Itis s1gn1f1cant that nu deposivs corresponding to those termed

‘clay. ‘111‘ by Bretz (1942)2 have been encountered at Sterkfonte1n. ,'

_  To aid the description of the ter main debris bod1es, a model
‘of debris accumulation in Sterkfontein is presented A1though the modeT

is derived by consideration of these debh1s bodies, it is nevertheless pre—
sented first as an exp1anat1on of the particular'set of accumu1ation charac~ .
teristics encountered, and also as an object against wh{ch‘the indivfdua? ‘

debris bodies may be compared.

Debris Cone Mode
A debris cone grows upwards by the accumulation of debris beneath
an aven connected to the hill surface (Fig. 6.3a). When the motnd attains: 
~ the height of a hanging dolomite wall (sometimes the ceiling of the under-

ground chamber), it can grow no higher downslope of this interruption

(Fig. 6.3b). Any surface material which enters after this §tage has been
reached will fi11 the aven and not the cavern below (FF 3. 6.3¢c).

| Any protrusion from the cavern roof will have a similar effect.
- downslope of the protrusion the cavern will be protected from further in-
Filling: upslope the cavern will £il1 with debris (Fig. 6.3d). ‘

- If debris enters with calcium carbonate-charged water percolating

: External?y‘derwved clay materaa1 Iaid down during the phreat1c phase
~in static water-bodies seldom showing any signs of Tamznat1an, current
' flow or turbu]ence‘ :
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~ Fig. 6.4 Plan of Fossil Cave Deposit as exposed by-excavaﬁari
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‘ thwough it 1t is cemented into a breccxa H0wevér, the SUpply‘of per:‘

o Q»colating watur does nat cease wben the supply'of surface debris zs

‘;'hﬁiﬁﬁd Qanslopeaf_ a;hangxng‘wali. Thelwater thus precxpmtatea a tra-
v&rtiheycarapace~pn top'of thefnow‘static depris-cone talus sTopé‘(Fig."
: 6;3c);;fLateﬁ, the'solidified{bheccia may be diSturbed or'remcved.(Fig.'k
S.BQ)léféépeéiaiTy bykre-éolution'and_con4equent collapse (due to both
1);fising grédnd*wéter and aggréssive perco]ating‘surface water), toffhe'
extent ﬁhat the cone 1n the undergrou, d- chamber is supplled act7ve3y once‘:
" more with surface mater1a1 or decalcified breccia (F1g 6.3f).
‘ ~ Of the ten depusjts described below all except the Fossil,

Terrgr,kEntrance 6 and Fault Deposits (Nos. (1), (3}, (8) and {10) below)

" ‘show these coatrols and sequences in their development.

(1) Fossil Deposit

The rich bo. e and artefaci content of this deposit exposed at
the surfacy in the Fossil Cave, has long been known and is at present |
being further investigated. The mode o' accumulation of the deposit has.
been carefully examined (Brain, 1958; Robinson, 1962; Brink and Par-
tridge, 1970), and a general description of it ié given here.

“The Fossil Deposit has been exposed from the Touris’ Cave Exit
~Area to_the EXtension Site, and extends 17m further westward (A.R. Hughes;
personal communication) (Fig. 6.4). To the north it is bounded by the :
north wall of th~ Fossil Cave (a small displacement fault - fraCture'zone
Ho. 4); to the south its exact extremity is not known, but i JUL?POPS
Yo “uveralfp]aces seudy of the ex-avations as far . u gazt-west Tine ;
a=-b (Fig. 6.4). | | S

The-deP051tfconsists of four distinct'breccias, a thick traver- . ‘
t‘ne (whtch has been mined), and unconso11dated pockets of bone ~1ch soil,
 , pnsslbiy a deca1c1f1ed breceia (Brlnk and Partr1dge, 1970} . The two ma1n

breceias are a col]awse~bracc:a and an overlying pink breccia of slow
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o accdmu1atian., The f1rst uf the austra1op1thecin» skulls was r»rovered

from thws aontact zone (Fmg. 6.4).
 The C°NtY°7 by four of ‘the major 11neaments of the ared; 0ﬁ tnw'l‘

-deve?opment of the Fbss11 Cave, and hence of the extent 03 the depos1ﬁ is

f'apparent (Flgs 5.1 and 6.4),

.(2) o TherMﬁlnerVﬂep031t o ,
'.-This stretches from the Lake in Milner Hall to pciht.L (Fig, 5.1) |
| a distance of 100m. The western half of the deposit in Milnef‘Ha11,coﬁers

~ the entire north wall (13m high), reaching the highest parts of the roof

(Fig. 5.1, A-B), frum where it apparently entered the Hall, This deposit

conswsis mainly of partly consnlidated red earth lumps, and small stones,

1aid down in layers dipping dnwns]ope. It appears to be HIT talus whwch
has collapsed or slumped down into the Hall, Stalagmites and a thin

travertine carapace deck the steeply sloping surface (39°) of this un-

consolidated depysit. A 3m fate has been cut into this mass, as a tourist

path, and the floor levelled., It is apparent, however, that this deposit
originally banked against the opposite wall at a higher level than at
present since remnants of the carapace cover can be seen on this wall
(Fig. 6.5).

This part of the Miiner Deposit contains some masses of breccia,
Their relationship to the unconsolidated deposit is not clear as they
occur in an adjacent st dmﬂmber (Figs. 6.1 and 6.5 = point &).

Towards the eastgn end of Milner Hall, the Milner Deposit be-
comes a very large debris Cﬁne (20m high) termed the 'Mound' {point J,
Fig. 5.1). This cene can ba traced beyond K to L [Fig. 5.1) and forms
the eastern half of the Milner Deposit. At J the Mound consinty of un-
' can§oiidated,and partTy‘ceménted fayers of red earth lumps and hi11-talus
~(as far as it can be ascertained fram a 5m~sectjon cut into the side of

the Mound = Fig. 6.5). One to 2m above this loose debris, a travertine

ot o i ey i et e ;

i
o
i
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A arapace (13cm th1ck) over11es a hard p1nk breccia (fhe ‘Mound breccwa )

This carapace and bP&LL?& are attached to tie do?om1te chamber wall (Fig

| (qu‘ 6-7) The sequence of accumu?at1on and removal evident here appears |
close?y akin to the model Droposed '

K' is the hzghest accesswble point on the 1arge MiTney Deposwt
cone. Fram'K' there is a view of Milner Hall and the cutting at Point J.
Being on the upslope of a hanging dolomite wall, K' is situatéd among

large collapsed boulders of dolomite and breccia, coated with red 5011 = B

" of the newer, post-carapace phase of accumulation. It is interesting to

note that the hanging dolomite walis have contributed to the size of the -
blocks permitted td enter inte Milner Hall (at J) and the Name Chamber -
(K). The space between the newer debris and the hanging walls is insufﬁ
ficient to allow the passage of the Jarger blocks. The result is that
comparatively fine debris reaches J and only red soi1 penetrates into the
Name Chamber (K).

From K to L a similar effect can be seen. The passage K-l

passes, in effect, along the side of the debris cone. As at K, a Tow
hanging wall prevents boulders from invading this passage (Fig. 6.8).
The coincidence of the Milner Deposit as 8 whole with tha'major

Tineaments of the area is apparent (Fig. 5.1}.

{3) Terror Deposit :
This deposit, visible in the Terror Chamber, is prob&b}y the
Jargest single accumulation in the cave system. Its volume is relatively @@

easily gauged since evidence of both its horizontal and vertical extent

exists.

e

3The capital lettérs ~ dy E} K*'s = in the fbllcwing paragraph refer to Fig‘6‘7’
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_ _ The entire Terror Chamber (60m by 18m) has dnve?oped as a-

:c011apse vo1d within the deposwt mass wh1ch stradd]es fracture zones 4

_and 5 and the area between. Fracture zones 2 and 3 1ntersectf4 and‘B _
N the Centre part of the chamber (Fig.. 5. 1) Since dolomite bedrqck is

o ahsent in the 1ntersect1cn area, it may be assumed that fracture zone

1_nay1t1es w1deﬂed by phreat1c erosﬁon and f1na11y coalesced to fbrm k. 1arge .

rhamney-?wke cavern. “The da1om1te walls of this cavprn are V1S1bTe on
“the north and south sides of the Terror Chamber (Fig. 6.9). :

Genera11y d Tow (4m) co11apse void, the Terror Chamber ascends

vert1cal1y 22m in the form of 'a narrow slot in the V1c1n~ty of the north |

wall, ‘The slot gnves some indication of the vertical axtent Qf the ori~

“yinal chimney-like vold. The sheer dotomite face uf the north wall forms

one side of the slot and the cemented deposjt mass forms'thé other (cross~
section, Fig. 6.9), The deposit may be regarded therefore as the filling
of & large vertical void centred on the intersection of four fracture
zones,

_ If the Verror Deposit onge filled the large verticaW void as

- suggested, then the existence-oéuthe abovementioned stot - between the

cohtaining bedrock wall (north wall of the TekrorlchambEP) and‘theudeposit

= needs to be explained, since the deposit pfesumab?y accummulated against

~this wall, _ ’

The Tikdiest exp]anat1on is that aggressive meteoric water ppr~‘
coiated through the deposit mass causing decalcification of the bre¢c1a
along the bedrock»brecma contact The breccia was gradually removed -
leaving a large unsupported breccwa wall from which many bhlocks have coln
1apse$, The decaleified debris was deposited in the Terror Chamber be=
‘neath the slot. ‘ ' |

A shallow shaft, which connects the top of the dolemite wrii

~ to the Exlt Area, prubaﬂ!y gu:ned the aggressive water from the surface.

e e e e T e
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A s;mwTar-satuat1on 8X1atS in the Day11ght Chamber where the

::;fDayIIth Dep051t baneath Entrance 3 has been eroded away- fram the vert1~  |
-ff{caT dolom1te cnnta1n1ng wail to fnrm a s]ot with oppms1ng do]om1te and

'rvi'brecc1a faCes. P - L

The 1nf1Lence of hanglng wa11s on this deposit is not ev1dent.

"Th1 s understandable since the depo it is a slot f1111ng and not a debr1s= i
_jcone. Neverthe1ess an 1nf1ux of younger mater1a| debouches into the west

7end of the Terror Chiambar in the form of a small (2m high) breccia cone :

capped w1th b traVertxne carapace. The hreccia roof of the Chamber,
acting as the controlling hanging wall, has limited the amount of material
entering the Chamber ' ‘ R

It is difficult to ascerta1n the form and ccmpos1t1on of the i

. Terror Deposit since the ceiling of the Terror Chamber is covered by a

_ ‘ thfh Flowstone. However, some small pockets of bone, and a recurring

pink sandy matrix have been encountered along the wa11s and at po1nts on
the teiling. Few large block inclusions occur and the cement1ng of the
deposit appears to be spasmod1c. uncencnted pockets of red eacth are

vi51ble in places. The Tack of uniform cementing helps explain why the

_ depos1t has co]!apsed over such a 1arge area.

4y Daylight Deposit
This deposit, mainly a breccia, forms the floor and part of the

" north wall of the Daylight Chamber (Fig. 6.10). The effect of a hanging

dolomite wall isvstfikingly demenstrated in the formation of this deposit§
the west half of the Chanber has a low roof of dolomite, and a sloping

floor of travertine overlying a breccia cone (Fig. 6.11), The east half

~ howevers s a s1ot with a high roof (15m); the vertical north wall (a
-part1a11y mined face) of this half is formed of breccwa, and the vert1cal

~ south wall of weathared dolomi te bedrock (Fig. 6. 10)

. The‘dalomzte'buttress seperating the west half from the gast




" the Chamber,
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ha?f,has iimitedvfhé amount, of debris flowing into ihe'westernihaif of

; The breccia mass in the eastern half may have been even larger
than it is,today. As in'the case of the Terror Deposit,'it,seemskVehy
Tikely that breccia originally filled the stot (eastern half) completely,

resting against the present-day dolomite wall on the south side of the

Chamber, It seems that the breccia was removed from the southern side of
* the Chambér’by‘aggrESSive rain water entering on th's side of the Chamber

from the apertures above (Entrance 3),

The morphology of this breccia indicates a stage of deve]opmeht
prior to the influx of a younger debris mass (Fig. 6.3e}. ' :

The breccias consist of a fine sand with}veny few stone inclu-
sions. At the back of the excavation, against the dolomite wall, small
collapse blocks of dolomite can be seen, A mined flowstone, decalcified
ﬁcckets and fossiliferous iayers can be veen in this breccia. The Tlow-

stone and underlying breccias form the apex of a cone, visible in the mined

face, which indicates that the debris inlet was in this vicinity during the

time of accumulation, that is, near to or at the present-day aperture in

. the Daylight Chamber roof {Entrance 3}.

The Daylight Deposit occupies a lineament (Fig. 5.1) and lies.

directly above part of the Terrcr Deposit (see 8.2.1 below).

(5) Large Exit Deposit

In the Exit Chamber a large mass df breccia ies along the
easterﬁ_wa?? (Fig. 5.1). In form this deposit is similar to the "‘Mound'
debris cone (Milner Deposit): a talus slope, consisting of a hard pinkish
breccia slopes down from the roof of the Chamber. It is covered by a tra-

vertine ctarapace, mined in places and has been heavily attacked on its

" underside by phreatic solution. Issuing out from beneath the phreatically

erpded undersurface is a newer untonso]idated‘ta3us slons which appears

b i i o
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‘,wfto have entered the chamber by a sxmv?ar route tc that by whzch the , ‘f,,‘
~1,fibrecc1a debrxs or1gwna}ly entered (F1g, 6. 12) -

The 1nf7uence of a hang1ng dolomite wa11 1s presumed S1nce the ; ; ,u,4

travert1ne carapace 1ssues from the highest parts of the chamber against

=,;the dolamxte roof

(6) Small Exit Deposvt

Lyzng on the south~west sxde of the Ex1t Chamber, this depos1t

'15 in the farm of debr1v cone with a very thick (3m) traveri1ne Carapace, S

wh1ch has been 1arge1y destroyed. Like the large Exit Deposit‘its upper‘“

~surface rises to the chamber roof, suggest1ng that it too entered as an S 8

influx from the hi??surface via an aven or slot. As in (5) it is preaumed i

that the lower end of the slot acted as a hang1ng wa11 prevent1ng the 1n~“

gress of further hill talus. However, n11ke the large Exmt Deposwt, the, . 
siall Exit Deposit‘appears to be totally unaffected in any way by phfeaﬁic‘::'
avtack. | '

This Deposit consists of numerous small dolomite blocks 5 -

10cm3) embedded in a red sandy métrix, apparently externally derived. :It i

lies directly beneath the east end of the Exit Area on frécture zong No. |

5 (Fig. 5.1).

(7) Graveyard Deposit o
Along the southern, western and eastern walls of the ﬁrayéyard
Chamber, near floor level, 11es a relat1ve1y small hruCC1a body. Covered

with a thin travertine carapace, this breccia body has collapsed downwards f'

a shﬂrtfdlstance in the middle of the chamber, an exainple of the kind,of
| brecc1a cone dwswntegrat1on envisaged in the model (Fig. 6. 3e) The
.s]ope of this brecc1a cone 1s sha11ow and lessens across the room (F1g

RS 6 13) suggesting the. depos1txon of a wet rather than a dry debris. The ,"'

breccxa 15 nink w1th 1 bone~r1ch layer and few coavse 1nc1u51ons..

-
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Hang1ng do?omute wa11s appear to have prevented the ﬁotai 1nun~
fdation and f1111ng of th1s chamber by debr1s. Hewever, sma}l cones of . ‘
| fiue ved earth. are deposited on the carapace surface in- thé innermost pabté -
of the Graveyard Chanber, near the apex of the btacc1n cone (Fig. 6.13). X

Thxs is the on?y record Gf a new unconso11dated deposit overlying a travar~‘

fwne carapa«e, most newer deposits accumulating beneath a carapaced breccla

. body The accurrence of these small cones of red earth presumably 1nd1raﬁe5‘
that new points of entry for external material have developed since the

| deposition of the breccia cone.

(8) 'Entrance 6' Deposit

Entrance 6 is a pit 16m in diameter and 9m deep, from th. sfde
of which a lime miners' shaft slants down into the cave system (Fig. 6. 14)
in the vicinity of the Graveyard Chamber entrance (point V, Fig. 5.1).
The pit contains partly conllapsed brecciaé overlain by recent soil.  The
breccias which consists of a coarse sand matrix with few large fragments,
is crudely laminated, suggesting deposition in water, |

The Entrance 6 Deposit 1ies on one of the major fracture zones
directly above parts of both the Targe Exit Deposit and the Graveyard
Deposit (Fig. 5.1).

(9) Elephant Deposit _

The debris masses grouped in this section dﬂ'not all have the
sane source ar=g; - they have been grouped’tbgether because'af their simiF #
larity and proximiﬁy to one another (Fig. 5.1) in the southern recesses
of Elephant Chamber. | | |

The Elephant Depos1t consists of small bodies of breccia attacheu :
to‘the walls of the Elephant Chamber, as well as large unconsolidated da~
| pqs%ts covering the floor and truncating all the passages Teading off-soufh

“and west from the main Elephant Chamber (Fig. 5.1, points 1= 6). .
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The breccias are small stony agregates, oftenywith a travertine

‘capping, attached in many places to the maze of partitions on the south

RO RN i e
P I i

" side ¢f Llephant Chamber, They occur from 4m above the present floor,
at increasing heighis towards the blocked passages in the south. They

seem tc be remnants of a large talus sTope which must have stretched once

to the other side of the chamber (Fig. 6,15). These remnants represent

the most extreme example of breccia cone destruction in Sterkfontein,
The unconsolidated material of the Elephant Chamber floor and
scuthern passages js apparently derived mainly from passages 1 and 4
(Fig. 5.1), and also from apertures in the roof of the Chamber (Entranée
1 Cluster - Fig. 5.1), Passages 1 and 4 are truncated by;steepTy rising .~} -
tlopes of hiil talus and red soii. Passages 2, 3 and 5 are truncated by
1arge‘bou1ders of dolomite and breccia. Except for those in passages 1
and 4, the deposits are not obviously related to particular lineament
iones. .

‘ The floor deposit presumably consists partly of the material
derived from the now-vanished breccia mound mentioned above. However,
such materigl would be very difficult to recognise in a decalcified and
possibly disturbed state. Also, the deposits exposed i1 an excavation in
the floor can all be ascribed to the newer debris phase (derived from the
southern passages and roof apertures), The bulk of the deposit appears
to be a grave] leached of fines by drip and rain-water which must con- j'f
stantly wash over the present f1oor.4

The “i~¢s have been washed to the lower levels and form a yel-
Towish mud (Fig. £.16) mixed with a black wad residue.

The trench dug in the floor deposits (point H, Fig. 5.1) revealad

-~

~ Hhe deposit is reminiscent of leached alluvial fan gravel encountered
in 2 road cutting in the dolomite area of the Hennops River valley 20km
north eastwards,




'*jthat a surface 1ayur of recent 5011 over11es calcite ch1ps (m1ﬂers‘ :7

*f"f rubble) Tbe ca1c1ie Chlps 1n turn over]ae the uncompacted graVe1

"l; f§}G)“ : Fauit Cave Dapos1t
G The fnnermost passage of the Fault Cave (D~E Fig. 5, 8 15 a
nollapse cavity, usua11y Tpss than 5m hwgh deve?oped W1th1n a large cen~

| t1nuous body of bveccﬁa 1n orngn similar to the Térror Chamber, Inf1uxes :;

e of newer unconsa?xdated red sand wh1ch have entered through a hwgh,

'  .narrow, vertica! shaft, have biocked the furthest end of the passage (E,

£ F1g, 5.1) ‘The breccia and the sand together form the Fault Cave JEPOS?t

, The breccia consists of small anguiar cnert and do]om1te b10cks ,
in a matrix of fine ye110w~orange sand. The brecc1a Form1ng the roof of
~ the passage has been extensively redissolved 1nd1cat1ng a rise in ground
water levels in this low lying cave (60m beiow datum). S
The morph010g1ca1 ;haracter1st1cs out11ned in the cone‘deveTOp-
ment model are not fully developed, apparently because the breccia is'a |
s?ot~fi11ihg, much Jike the Terror Debcsit. However, certain characterastacs
"ére‘recognisab1e: a brecc1a body has suffered destruction in the 1ower
- levels by solutional attack of ground water, and consequent collapse. A
certain amount of later unconsoli ‘vted hillside debris has Supsequen;}y
~entered, , | |
| Since dolomite bedrock is not visible at any point in the pasQag
~or on the hillsurface (due to a thick soil cover) fracture zone explanatﬁons
of the location of the passage and depos1ts, be they fracture zone or |

- otherwise, are conjectural.

: This concludes the description of the cemented and unconsolidated
‘.aéposa'ts; It should be noted ence more *hat the ‘clay Fill' which Bretz
- {1942) found 50 ubxquatous in Americen caves is not vonspxcuous, even 1f

:  1t GXTSts at a11 1n Sterkfontﬁwn cava.

-
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”'“s;_ftuatﬁons, and seme 1nfbrmat1on cancern1ng the date of depositwon. The

'"'7”?pnnnwca1careaus depos1ts are among. the main determ1nants of the vnterna?

'?Vfcave marphclogy.; A mode af debris cone deve1opment was presented, and

-3:}thhe mode af déve]opment of aach debr1s body exam1ned 1n terms of ’t", ;;{;ix[l

i fFurther, fhe 1ocat’|nn of’ each depos1t bocly was rel ated ta the cave s;ystem ,

freveaTdng that debris 1nf1uxes (except 1n Fault Cave) occupy orly the

W

' 1arge fracture zone chanbers, south of the morphological ]1ne 4t 1d1ng
- the northern passages from the large southern chambers.' The re}atnonship_Q:; 

of the. deposits one to ano’cher, is chscussed later. .
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BISCUSSION

CHAPTER 7 - THE CONTROLS OF LOCATION AND FORM OF THE CAVE SYSTEM

7.0 The theories of cave development to be consid=red with respect

to the Sterkfontein Cave system may be summarised as follows: the two-~

cycle theory of Davis (1930), and its modified version (Bretz, 1942) which

includes an intermediate cyc1e of c¢lay filling; the theories which postu-
Tate watertable control of the system (Brain, 1958; Brink and Partridge,
1965; Marker and Moon, 19€S) and D.C. Ford's general theory which poscu-
lates three common cave-types, the vadose, deep phreatic and water table
types (Ford, 39?1); Bog1i‘s'theory of salution by mixing of karst waters
(Bogli, 1971); the theories pertaining to structural control as the domi-
nant and overriding control of the location and form of the system (King,
1956; Moon, 19723 and Waltham, 1971).

7,1 Location of the System

70,1 Areal Location

In a valley-wide perspective, Moon (1972) has shown that most of

the caves in the Blaauwbank valley are aligned in an east-west direction.

Furthermore he has demonstrated that the caves are directly controlled by

compressional east-west trending fractures, Sterkfontein itself follows
this pattern closely. As has been demonstrated earlier, the system has bean
cwhtro1ied dominantly by fracture zones which trend approximately east- '

| west. Cooke‘(1938) and Kﬁng (1951) have both claimed this kind of struc-
tural control of the cave system, and this detailed study thus‘sup~
ports these earlier theories.

Although tensional fractures also occur in the dolomite of the
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Geological map showing strurturaT determinants of
cave system location :




',~fp& this seems due o the fact that there are fewer north-sauthvfraciufes,_

-85,

| 'i:Sterkfohtéin'hiilack (Moon, 19721, these are aligned north-south and have

not exerted any control on the overall position of the system; the reason

'jiFPQM'bbsekVétion‘underground it 1s apparent that the north-south fractures .
are un?ihe-thg east-west fractures which consist of zones of fracture father'
- than sing}e(?ineskuf weakness. The nprth«sduth fractures have not had an T
“6Verridin§'c0htro1 over any part of the cave system. | ’_
; o The‘question arises as to why a particu}af set of intersecting_'
fracture zones favoured the development of this cave system. Two. geole=

‘gical factors provide some explanation.

(i) The fault bounding the cave system on the eastward or down-
stream side. It was mentioned above that 'a possibly silicified faulﬁ?
(Brink and Partridge, 1968) bounds the system on the east, running north-
south and intersecting the river bed to the north, If this fault indeed
- acts as an impermeable barrier, damming up ground water in the dolomite to
the west, it may explain the location of a cave system within this saturated

dolomite (A, Fig. 7.1).

(i1)  The underlying dolerite sitl. The dpierite 5111 wﬁich under-
1ies the cave system outcrops a short distance to the south of it, add it
~too may have acted to ccncentrate the ground water in the ang1e«betweén‘tﬁ9
si]i and the abovementioned fault which it intersects (A, Fig. 7.1). It
may be argued that ground water is more 1ikely to collect on the sodthefn
side of this si11, since the greater area of dolomite occurs on its scuthern
side (the Targe area strefching 3 3km southwards to the Witwatersrand hills).
However, a borehole sunk into the dolomite on the south side of the sill
was dry at a depth of 97m. below datum, i.e. 37m below the lowest water
body in the cave systgm. This suggests that the si11 is either not acting
' f as a dam,fcr graund water from the south, or that the gnound'wéter to the

o south is very much 1owak than that in Sterkfontein; and thus part of a |
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' ”5:f, ¢amp1ete1y dwscnnnected and separate hydrologic syst»m‘ it is also pos-
~ sible. that the burehnle sinply did not strike any cav1t1es tontainang i
'fwatepﬁ however‘ & |

7‘1 2 A1t1tudxndi Locatlon |

In the Vertiaa1 p1ane, the 10cat1on of the cave may we11 be. re~-

% }Tated to the fact that ‘the hli]top do]omlte conta1ns numerous bands and _
5 layers of chert. It cannot be said conclusively that the greatest c0ncen~ e

".Lratvon of chert occurs 1n the h111t0p do10m1te strata, but th1s appears =

The effect of a concentrat1on of chert 1ayers in the do]omite

' stvata of the hilltop is twofo]d‘

- {i) Ground water flow would be concentrated on the underside
of the chertz strata, Teadxng to cave deveTopment (waltham, 19715 see  "'
also 7.2.4 (1) below: Origin of Fossil Cave), and |

(i)  The chert bands, being re]atwve?y resistant under 1oca1 con-

ditions would reduce the rate of hill summit lowering by surface Weather- “'

ing.

~The first of the abovementioned effects may thus explain the

a?titudinaT location of fhe cavern voids beneath the hilltop, and the

| second helps explain why the caves are preserved at the present Tevels.

The possxb]e effects of water-table control are d1scussed below
( 7, 2-2) "

?«2 - Form of the System

7.2.1 Phreatic Origin and Vadose Modification

- The morphology of the cave system is a result of hhreatic ero-

’ Sién. Featuras fnund at ali levels in the cave system, and descrxbed in.
L ﬁetall above, are predamlnantly of phreat1c origin, In that the system‘
- has_ﬂnw been.]argely drained ¢f~watev, Davis® twowgycie theory applies in
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m;f‘fa generai way (Day1s, 1930), although many parts of the syst ! huve been
 ;f¥submerged deep in the phveas more: than once. With tne,-ﬂvaptxon of gng -
’,if$ma11 passage in the Fault Cdve, +he system haq not suffered any modi fi-  ‘.  o
'f; gqt1aﬁ by vadvse stre:m act1ona This contrasts w1th Bretz s find1ng that , :: o
‘“t,caves in. the U, S A. are usua11v mod1fued by vadose stream act10n (onTy "

- 144 out nf 107 caves studmed were purely phveatac in orlg1n - Bretz, 1942)

Recent work suggcsts that caves in the Transvaa} are genevalTy

pure1y phrﬁatzc in origin (Bra1n, 1958; Marker, 1971). A]though.the,iack‘ o
of vadose modnf;cat1on of Sterkfontein may be due tdgits location beuééth'”‘,5~

“a small hill, distant from local drainage lines, this alone is nbt'an,g‘

adequate exp]anat1on.

Bretz (1942) has shown amp]y that underground drainage patterns :

| can be radically different from surface patterns in terns of direction;of ,

flow, watershed positions and volume of flow. Lack of surface water gene~ S

rally, the badly integrated nature of the groundwater system (7.2.3 (1)

“below), and the steeply dipping attitude of the rocks, have probably a11

| “contributed to he lack of vadose mod1f1¢ation at Sterkfonteln.

7-.‘2;2 Daep Phreatic Deve"iopment, and Water Tame,Control '

(1) Deep Phreatic Deveibpment ’ |
In his recent formulation of cave development theories, Ford
(1971) postulates that deep phreatic caves, as a common cave type, develop

optimally in steeply dipping rocks where the resurgences are dOWndip;

Characteristic of this fype are bedding-controlled passages ('dip-tubes')

descending through a vertical distance of at least 8m. (Ford, 1971). In

Sterkfontein the passages north of the main fracture-zone galleries are

'connr011ed by various beds in the dolomite (4 2 above). Many of fhese'
‘ descend cnntvnuously through large vertical dxstances (50m in Lﬂnco1n s

. Cave). If these northern passages are regarded as 'dip-tubes’, as indeed

it $eams they must be, then they indicate that Sterkfontein is to be
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: (2) ‘7 Wateerabﬂe Controt

"43£1a55ed‘as a deep phreat1c caVe.,ff' :

‘”'-7ffgﬂhydrau11c grad1ent averages 6% downdip (Fig. 7 2). Ground~water must
!herefdre ga1n stratlgraph1c he1ght to reach resurgence Tevel (B]aauwbank'?fi'a "
,'hzver StPEaMbéd) Jo1nt-11ft tubes m1ght therefore have been QXpected 1n‘ ,f.':‘

‘ f”,terkfontezn in terms of Ford's theory.

However, tlere are no examples of such tubes, probab]y becausc

f 50 11ttie of tne system is whol]y bedd1ng ccntr01leu' the fracture zones
uontro? “the magor part of the system, and Ford'° formu1at1on wouid obvwousiy
B not app]y under such special 1oca1 circumstances. Nevertheles:, the beddinu ‘
contrched cavities which do exist suggest the deep phreat1c cave paftern -;7 S

' of‘Fcrd‘s theory, rather than the water-table cave type.

Certain features of the cave system indeed sdggesﬁ a wétekvtabie'f"
origin fbr'sterkfonfein,. Evidence cited Ly earlier workers tn support ‘
";fnf this theory will be discussed. ‘ : L

It has been argued above that the passages north ﬁf the 1arge “ﬂ-‘: '“‘
fracturp zone galleries do not indicate water bio ontrul hecause theyll,“" o
_ occupy specific strata continuously through a VertccaT distance of up io‘f]

o 'Sﬂm Ford (1971) has said: 'Discussion of a wate. ~table conyao1 15 qr-

re1eVant whare ﬁhe ampi1tude of the phreat1c loop1 was greatc1 vhap.

.,c,Qa ft.t

Tb?s op1n1nn is accepted for Sterkfbnte1n where the beddwng

,j‘cantrol1ed passages 1nd1cate phreat1c 100ps of’at least 50m

-4. KPS

‘]‘Phreatic ioep is Ferd‘ term for a conpos1te feaﬁure made up of a 3

Joint«iift fube and 2 dip. tube.

Another cnaracterwstTu of the deep phreatwc caves xs the aoznt-f 7
‘t;tube' (vn condltlnns where the rock dip is steeper than the hydruulwc:" '"°‘
5qradxent Ford, 3971) Ai Sterkfontevn the dolom1te d1ps at 30 und vhe }3,;";j?
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ffanéVer, the question of the morphology of the main gallerdes
‘; rémainsz"the floors of these gaT]eries aré approximately horizontal, and
: .thase;ﬁfjthe two largest galleries are at accordant levels. These two

facts, in addition to the tize and altitude of the Fossil Cave 50m above

~the other galiery floors, have persuaded earlier workers that Stérk“antein

deveTloped at two distinct wéﬁer 1évels, and hence was reiated to the
erdsithSUrfaceS'in the area (Brink and Partridge, 1965); Although the
" cave system may be relatéd to regional water levels and the associaked
erosion surfaces, there is doubt whether the features previously regarded
as indicative of water-table cortrol should in fact be regarded as suct
For instance, it appears that the Fossil Cave does not in fact have &
dolomite bedrock 'floor' separating it from the underground chambers.
The existence of such a floor would suggest that water-table controlled
cavities had developea above and below it. 1t is argued below (7.2.4 (2))
that the Fossil Cave simply consists of the upper part of a widened
fracture zone of great vertical extent. This widened fracture zone

becomes the Tourist Cave at lower levels, and it may well extend far

below the present floor Tevel of the Tourist Cave. Similarly it may well

have extended above the level of the Fossil Cave. It seems thereforg.,
that discussion of cave development at two distinct levels (Fossil Cave
and Tourist Cave levels) cannot be supperted.

The present floor levels in the large galleries, as wél] ésﬂ
gallery-widening near thesc floors have been taken in the past to repre-
sent a level of water-table erosion. However, the piv sent floor levels
way not truly represent the lowest parts of the void eroded in the dulo-
mite: the fioor material may be many metres thick, especially in viéw |
of the opinion that the dominant control of cave development is the |
, erosignally widened fracture. Thus present floor levels may”simpTy re~
flect the amount of infilling by surface materials of underground

cavities.

¥




D sreariipe
LoNmt :

& FALT BRECCH:
CoNTROL

F LNTICUAR
. DENINGS ON
HAULT PLARE

Fig. 7.3 Spﬂeogénesis at any one of several levels (A B, C)
on a fracture zone, controlled by various factows {(D,E4F)

«

BATUM, = STERKEONTIIN HILLTOP [543 0. 284

LIONS™) . ~TTseom
the -

NORTH
FAULT CAVE

::ﬁﬁ’ RWER 18VLL Y ek .

EB5m | cavename BAOUSE YO MMER ELermRT
| - Bom | s rositer HAL  CHAMBER
: ' “éom, \/ TOURIST CAVE
]' JRa Py
| . LOLOMITE
L <97 BORAMOLE BHTIRUSS (REGloNAL iF 30°HeRT )
‘z SN DOLITE STL .
5‘ DOURITE
3 sitk
|
E ST Sy’ peATICH SO HORIZON B SLE
: . : . -

Fig. 7.4 Horth-south section through Sterkfontein hil1 showing
that water levels descend towards the river {northwards)

‘ f*- : B

e it e P P gt




+ 50,

]

| Th1 1nso1ubie f111—mater1a1 may have protected the do1om1te
A ,beneath 1t frum so1utacna1 att dck while divecting erosion against the

. cavnrn Wa11s, thus causing the caverns to widen laterally The anso1ub1a

© fill-material may weil have caused water bodies in the ‘caverns to be

‘perahed above the level of the geqera1 piezometric surface in the 1oca1 |
area. '

Overall it appears that the evidence for water-table controT
in the underground caverns is not convincing. Such poss1b1y indicative
features a5 do occur (Floor Tevels and cavity widening at floor avel)
can be ascribed as easily to the effect of floor depos1ts, as to
regional water Tevels. :

Waltham (1971) has shawh that cave deveiopment may be initiated
along a fracture line at any level where impevieable bands, fauit‘breccias;
or 'lenticular openings on non-planar faults'occur (Fig. 7.3). Such
siructura1 factors may also be responsible for the development at a‘pay%
ticular level of the main gallery floors and for the lateral widening of
galleries &t approximately floor level which exist in the Sterkfontein

system.

7.2 3 Characteristics of the Water Levels in the Cave Systom

(1) Gradients
It hae been shown that the water levels in the caves vaiy by
as much &s 10m (Lincoln's Cave and the Lake: 48m below datum; Fault

Cave 58m below datum. See Figs. 7.4 and 7.2). Brink and Partridge (1965}

have postuluted that water-tables within the Transvaal dolomites are un-
even during phases of river incision, The Biaauwbank‘RiVaw is at presant
imciéing its Va&ley into the African planation surface (of which the Sterke
fontein hillock is helieved to be a depressed remnant); the uneveness of
the water table within the caves thus appears to support the Opihion of
Brink and Partridge (1965). " |
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Onﬁ might éven regard the Water 1eve1s as 1nd1cat1ng watﬁrm ‘
bodzes vwrtually 0‘ totai]y zndependent on one another, 1F 1t were not

for‘the fact that thp 1evels descend apprOX1mate:y in ‘the direction of ‘

the nearby Biaauwbank riverbed This suggests some degree of integration

i :

?.lff_,"’f 5f in hydro]og1c network.‘“f

f'a e ; Evidence of current f1ow wzth1n the phreas has been presented

| | : dome11ke cav1t1ps eroded upwards 1nto the breccia of the MiTner Deposwt
E““_ ':. B - suggeet a gent]e phreatxc current An analysis of hydraul1c grad1ents

| betwegn:tha several water bodies 1n the Sterkfontein Caves supporta th1s |

evidence bf current flow. Assumxng some pr1m1t1Ve integration between the

water bod1cs, it is evident that the maximum hydraulic gradient in the

cave system is that between the two water bodies in L1ncoin s Cave (Fig. '

7.2}, Over a distance of 45m. the gradient is 1:5 (110}, which is steeper
‘than the extreme gradients measured in the Swiss Alps by Bogli (1:10 - = -lgfj

Bog1i, 1971); It is recognised that such gradients cause strqng1y flowing - f
sub—watertab1e currents (Bogli, 1971). ' T o [P e

- This finding supports the morphological evidence of flow in -

Sterkfontein,‘and verifies Bretz's evidence of current flow in the phreas

(Bretz, 1942).

(2) That the hydrological regime in the Sterkfontein area is not
- altogether simple, is illustrated by the fact that the water levels in

the system 1ie at or below the incised oed of the Blaauwbank stream.

v It has been showr that the water Tevels in the cave system descend
well below (12m) the level of the incised Blaauwbank river bed. It has
also been argued that a primitively integrated system of phreatic connec~

‘tfons seems to exist between the water bodies, and that they appear to

dvawn tuwards the Blaawwbank stream.
‘ ~ The exp?anat1on of thls sxtuatwon seems to Tae in the thickness

- of alluvwal materﬂal beneath the present river bed, The stream has
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'aiready 1nc1sed Bm 1nt0 the terrace and uhecret1ca11y’1t should rest on

‘another 12m at Jeast, in arder for the cave water to drain away at the

o alluV1um-d01om1te contact level (Fig. 7.5).

?.2;4 k Origin of the Fossil CaVe

(1) The Fossil Cave Roof ;
| Brain (1958) invoked the collapse of a very large dolomite b?pék‘

to explain the‘brigin of the Fussil Cave, quotihg Sterkfontein as ah example
of the collapse type cavern, as opposed to the solutional type, in his
general ﬁheory of cavern development in the Transvaal (Brain, 1958).
Robinson (1962) agréed that the roof of the Fossil Cave was a collapse
feature, but argued against the collapse of a sinyle large block of dolo# ‘
mite. He regarded Brain's explanation as unlikely, and postulated that
‘repeatpd co]Tapses at various he1ghts and of various degrees of magn1tude‘
hdd caused an 1rregu1ar roof to develop.

It is apparent from the cave plan (Fig. 5,1) that the Fossil
- Cave 1is ﬁnderiain by slot-Tike passages. These are developed in dolomite
bedrock, With Robinson (1962) therefore, it is difficult to believe that
the Fossil Cave was formed by the collapse of one exceedingly large delo-
mite block, as Brain postulated (Brain, 1958). ‘

As stated, Robinson (1962) attributes the Fossil CGave roof
to repeated small collapses. He bases his views on these facts: firstly
that the few visible portions of the Fossil Cave roof (especially on the
west wall of the Type Site) are planar features dipping with the bedrock
dip; secondly that ‘numerous examples of collapse uno.. und' exist;
and thirdly that the roof of the Fossil Cave is irregular as far as can
ba seen. | |

The present writer regards these facts to be 1nconc1u51ve of
sma]l scale collapse, it seems as Tikely that the Fossil Cave roof was
a solutional feature. This opinion is supported by the fact that the

i
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'-":‘,1argest expan;es of cavern ceal1ng an The cave system are p?anur fea+urus 1‘"

'1f37d1pp1ng w1th;the bedracn, and deve1oped at bedding planes wwth1n the

"'lﬁdolomlte‘ Vhese large ceal1ngs (Exat Chamber 600m Lwncaln $. maan

{*‘?chamber~300m2) appear te be sclut1ona1 features; they d1spiay such phre~

‘v':fatlc features as Jomnt contr011ed cavit1es, deep and shaliow, and the e

Cteilxng surface is gnnt1y undu1at1ng, unlike the f\at c1eavage p]anes

which rharacterwse coTTapse u1ong bﬂdd1ng planes. - Aiso. as far as £an be

 seen, no co?iapse b?ocks lie on the f?oors beneath these cen]1ngs. “The

: nerth~west side of the Ex1t Chamber ce111ng is deeply 1ndented (3~4m) hy il

- Jo1nt~determined cavxties which have been carried upwards purely by

*soTutzan, thus 1nd1cat1ng that sclutwonal attack: may also yroduce an
*irregular’ ceiling. '

It seems justified therefore, to claim that fhe ?Aséii‘CaVe f
roof may also have besn a solutional feature.

The mode of formation of such ceilings appears to be dun to |
cavern formation beneath an impermeable bedrock 1ayer due to ground water
rising through the stratigraphic succession, 'waitham:(197i) has suggested

spe1eagenesis of this p&rtiéu]ar kind, under a set of copditions which
:afe fulfiiled in Sterkfontein, namely that the hydfauiic gradient’should
be less than the reg%onai‘dip, that impekmeabie'strata should exist ta'
concentrate ground water circulation, and that th» bedrotk should dip to-
wafds the resurgence. In Sterkfontein the hydraulic gradient was shown ta
;be less than 11° north towards the Tocal drainage 1ine. The rockdip is
30° rth and the hydraulic gradient is therefore less, causing the grququ" "
: Watér’%o rise through the stratigraphic succession to reach.resdrgence ’
‘Tevel (Fig. ).6). The ceiling of Lincoln's main chamber is 2 shale band,

which appears to have concentrated the rising ground waters beneaﬁh it,

o te fnrm the cavern and the reTated p1anar roof faature,

‘Shale bands are also known in the regzon of- the Foss1l Cave

.




‘ff'reof (Brlnh and partrzdge, 1963) It may be concluded that'thé‘Fossii‘
: ;18ave may haVe deve%opeﬁ as a solutlon feature, i.e. phreat1¢a11y, gust as

f}fthe other major features of the cave system developed. - Very 11tt1e of

"7»fthe characfer o " the Fnss11 Cave roof is known, and either the co11apse or

"”;'the so?utiona? theorles of development may prove true. It is 1mportant

 tc rea11se however, that p1anar roofs dapp1ng with the badro¢k do not

g necessar1iy wndxcate collapse, as has been claimed in the past. :

f(2)' , ‘= The Fassil Cave F.oor ‘ - o
- - Brain (1958) considered that the floor of the Fbsswl Cave wnu1d ;f  ”"‘
necessarily be the upper s1de of the collapse block wh1ch he hypotheswsed

| had collapsed into the underground caVes, leaving a large cavity, the
‘Fossil Cave, above it. Robinson (1962) showed that the existence of a col~
- lapse block of this size was highly unlikely, Alsv, it was mentioned aboVe
(1) that a serfes of‘pgséages exist uhderground,)deve}nbeduin bedrack, within -
the void supposedly bccupied.by the Targe collapse block. It ié épparent"
that any f]obr which may hévg existed was not'the upber side of-a“]arge' |
‘collapse bTack. | o |
Robinson nevertheiess regarded the Fossi! CaVe as haV1ng a8 floor
at approx1mate1y‘the Tevel of the Milner Deposit cone carapace peak i.e.
at a 1eVe1 of ¥ 30m below datum.  {Robinson, 1962 ) (Fig, 8 7). Debris ‘
gwas viewed as having accumulated on this floor, a Floor which subsequent]y
ca]]apsed into a Tower tier of caverns at the western end of the Fossi1
Cave, : | . o .,‘
“_It seems very Tikely, in the light of this study that the Fossil -
© Cave did not have ¢ edrock floor at all, but that its floor was in effect
“ the fioor cf the present-~day underground caverns, another lﬁ«zem Iower. fhe  :
“reasons for this proposal are as follows: | | L‘
| (1) The south wall of the Dayizqht Chanber is a vert1ua1 a‘most |

smcoth doTom%te face, wwthomt 1edges or prutuberamces of more than a few
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© centimetres. This is true of the entire visible height of the south wall ~

<pf tbé D@y?ightfchamberwwheré it}autehds,westwards down taward$ £be Ele-

?V.phantiChf',er, bécb*ing as much as 30m high in parts' ’WithlﬂobinSOn

‘lg"(1962);' : .ent W?TtEP believes that this sheer, cliff-Tike wa%l 15 :;v

7<a~gced axampte cf th@ vert1cal cave development whach resu1ts frem phveatxc
1aftack a]ong vert1ca1 fractures in dolomite bedrock. S
S1nce th1s south wall is a11gned a]ong a mawor fracture zone 1t

is reasonabie to suppose that 1tvcont1nves eastward, towards point *C‘

(ngq 7. 7) as a sheer da?om1te face. As no suggestion of a fleor can ba

| seen to the west, it seems wmp?obabxe that-a floor ems’fs eas’cwavds of L

~the Day?lght Chamber as a support for the Fossil Deposit, (1L is argued o

* below (3) that the south wall of the Daylight Chamber is in fact also the’llb-*

southkwa11 of the Fossil Cave) as Robinson's wndel suggests.

(i1) From the Exit Area a subvertical shaft descends directly

(d-e~f, Fig. 7.7) into the 1ow—1ying Terror Chamber #ith no evidence of =
a bedrock floor at * 30m below datum, as required by Rob1nson (1962), to

~impede the influx of surface debris.

(3) North and South Walls | |
Bearing in mind that Robinson {1962) envisaged theﬂFosSi}’CaVe 
with a floor at a comparatively shallow level, his reconstruction of Lie

north and south walls appears true, i.e. a small portion only of the north

1y

wall is visible (a-b, Fig. 7.7) because of the existence of much of the

original cave roof (arcas A and B, Fig. 7.7). At Tower levels it is . -

difficult to predict much of the nature of the north wall, although it
appears to *ollaw fracture zone No. 4 (Fig. 8.2).

: Roh1nson s surface observations of the pos1t1on of the south wa?!
,t1e in c1ose1y with the position inferred frcm the Daleght Chamber {Cs
Fig. 7 7) Rcblnson (3962) suspected this connect1on which thﬁ present
 ~study‘ver1f1es¢ It was argued above that‘thzs wa}1 is probably,a,sampie
and~boaétant feature farkiisventire 1ength;(E1ephanthhamber ~ Daylight.
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% Q]   Chamber - Exwt Arpa), whxch acted as a sheer h1gh {up to 30m even at
'*.f'rpresent) cantalnwng wa11 aga1nst wh1ch Lhe Fossui and Day11ght deposi%s

hey accumu1ated

{4)  Eastand West WaTIS 3 | |
, : | ‘: Robinsen s argument for the axistence of these ‘o wa]]s 13
‘t‘ tenaqa§, The eastern wall he placed at the eastern extremities of the

' prééant*day,breccia outcropﬁ (c-g, Fig. 7.7). Asyargued.below (8.5),

 'the§é bfeccias'probabiy once filled the Exit Area compIetely, at Téast as

far as D (Fig. 7.7) at the eastern end of the Exit Area, amd w lenst tn -

“the levet of the present hillside. Breccia has since been found ]7m

west of the line regarded by Robinson as the,we»ternfextremnty of the

Fossil Cave (Fig. 7.7). Underground breccia bodies, apparently connected

with the Fossil Deposit, are found far to the wezt'of‘Robin30n°s"West ,
wall. o |
But besides the fact that new breccias havé been Tocated and fhew

 interpretations of the extent of the eroded breccia bodies have arisen,
the concept of sheer north~south aligned wa1Ts does not agvee witﬁ'the‘
~observeu facts of the cave system. The nature of the caves at tho east
and west ends of the Fossil Deposit is that of closely spaced, éas£4west _
trending avens and slots ('partitions' at the base of the Tourist Cave en~

' trancé stairway are good examples - they Vie direct1y beneath ﬁhe-'iest.

wall' area and are probably a close representation of the Original mbrphonf','

llogy near the pre#ent'surface) The actual extent of the d“posif - east ‘

. and west is probab]y determined marn1y by the pos1t1on of the or1g1na1
-débris influx po1nts, and then, by hanging walls (br1dges between par~
‘:,titlon walls) at nafferent Tevels, | ‘ | R
| The new- 1nterpretat1ons presented above ar1se from a dxfferent,
" und hopefuliy,a more complete picture of the mode of deveigpment of the

~cave system; thé.major‘e1emenﬁ-in this picture i5 that of fracture zones
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- causing stroug vertical development of cave voids.

 (5) -“‘7Perdnlétihg Water and *Mischungskorrosion‘

ot has been mentioned above that the main galleries of the cave.
syatew have 4eve]oped on fracture zones, and that they taper upwards be~
coming mere slots in the do]omjte‘at the highest points. Some‘aVens |
vactually'piérce the roof of the galiery and reach'the surface; otheés
-becgmé encrusted with travertine. Brain (1958) attributed the upwaéd
| tapering to percalating aggressive meteoric water acting once the,wétef'
1éve1 dropped. It is also possible that the slot-1ike charatter cf;thé ‘
koofs developed before the watef level dropped, i.e, during the phreatfc .
phase, by the action of percolating water mixiné'with the phreatic water,
becoming aggressive thereby (Bogli, 1971), and enlarging the phreatic
cavity upwards. Both processes may have been active in the past.

The effect of percolating water on the deposition and erosion |

-

of cave fillings is discussed in Chapter 8.

7.3 ssessment

The Sterkfontein cave system appears to have developed in the
simplest way, by phreatic erosion of a few dominant fracture zones and
bedding planes. Even the evidence of flowing phreatic water is minimal,
although present day differences in water level (supporting the idea of a
piezometric surfaze in the Transvaal dolomites) indicate that water bodies
are crudely connected and therefore also that current flow probably
existed.

In that the caves are now mainly filled with air, the cave
system fits Davis' two-cycle theory of cavern development (Davis, 1930).
Buw the caves have not suffered vadose erosion, except in one small pas-
‘sage, and in this respect they do not conform to Davis' or Bretz's theo-
ries (Daris, 1930; Bretz, 1942). Sterkfontein conforms best to Ford's

o ar——a B A e e £ on el ] Wrimpendmpmia s i . gt TR - * o ; RGN 0 v 4 LR
S SOas e T ST SR ¢ ek IR BTN R i AT LT oot
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f“i recent descr1pt1on of a deep phrEat1c cave, wh1ch he views as d]fferemt

"=;”ifrom vadOSe and waterwtab1e caves (Ford, 1971), there 15 Tittle vadose

'evidenae and none of water~tah1e contro1 in Sterkfontexn, a1though the 8

"*-,_1atter ras often heen 1nvoked by previous workers. Hence there is no

L '"eV1ﬂence nf erosxon»sur?ace control.

Water levels 1n the caves all 1ie below the external drainage

yleVéT (B1aauwbank River bed). $1nce.the Tevels indicate an integrated

system of water bodies, it appears that the water outlet must 1ie beneath
a thick Tayer of alluvium in the river bed, and escape as underflow at the

bedrock/al1uvium éontact. It has been computed that the alluvium must be

ot 1east 20m th{ck, if this explanation of water levels is true. Sweeting

(pers. comm.) has called South African karst 'a soil covered karst', and
thick allogenic alluvial beds with surface and ground water behaviﬁg at
least part1a11y 1wdependent1y may prove to be a common characte\1st1c of
sqil-covered karst'.

~

The formation of cave voids by means of collapse has been strongly

- adwocated for Sterkfontein by Brain (1958) and Robinson (1962)  However,

:11tt!e evwdence of this kind of caverr formation has been encountered,

Streng vertical development of narrow fracture cavities can éxplain the

observed features at Sterktontein: broad expanses of roof, which are more

_prone b o11apse, are not as common in the caves. Corrosion by the mis1ng

of Wate: s (Mischungskorrosion - Bogli, 1971), may have acted W1th perc0~

Jatwng aggresswve water (Brain, 1958), to produce the narrow aven- 11ke

‘ga119r1es of Sterkfonte1n.
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CHAPTER 8
DEVELOPdENT AND IMPLICATIONS OF THE STERKFONTEIN CAVE DEPDSITS

The deposnts of Sterkfonte1n can be class1f1ed as calcareous
' ahd non~0a1careous. Tha,iormer are relatively small in volume,and are -
generally found as part of the large non-calcareous deposits. It is

these large dehoéﬁts their mode of accunuiation and subsequent erosion,

‘and a d1scusswon of the thecries pertaining to them which are the subsects.

of this chapter.

The model of debris cone development presented earlier is briéfly'37

stated. Then it is discussed in relation to the various depos1ts in the
cave system, The features of the deposits are then discussed 3n terms of |
‘the theories of other workers who have been concerned with caVe<dep051tS
in general and the Sterkfontein deposits in particu?aﬁ: Bretz's (1942)'
theory that an epoch of clay filling interVenes between the phreatic and ‘
vadose phases; hypotheses concerning modes of debasit accumu]ation.-past
climates, and the ages of hominid‘and other fossiis (Brain, 1958 ahd‘

Robingon, 1962).

8.1  The Model of Debris Cone Development

The model, presented earlier, attempts to explain how unconsoT1~ e

dated deposits can be found so often at Jower levels than cemented brecc1a$ S

n the Sterkfontein debris cones.
1t has been proposed that an initial influx of surface debris
accumulates in a cavern as a cone-shaped mound which grows upwardsfuntii
| thé supply of debris is halted by an interruption such as & hanging wall
(part1twnns which do not reach the floor of a cavern), or a pratruswon

from the oot of a cavern (rig, 8&.1a).

v
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“The core is cemented by carbonate-charced percolating waters,

' during'ur after-deposft?on. A travertine carapace usually covers the

- debris mound finally. Later, phreatic waters rise and attack the cemented

cones by corrading the calcite cement. The waters undermine the cones

‘and carry awayVor~disperse'the~Ioosened debris material (Fig. 8.1b). The

cone is undermined and subjected to attack by aggressivevmeteoric'water
‘percoiating'frcm a now-lovered hill-surface: parts of the cone collapse,
eventually causing the original debris inlet route to be re—opened;fénd~
new hill-slope debris enters (Fig. 8.1c and d).

The general result is that reworked deposits and newly entered
material are found beneath older cemented deposits, an inversion of |

stratigraphy which should be noted when interpreting cave deposits in

‘$outhern Africa where changes in past water levels are suspected,

The deposits in the cave system all follow this model to different
degrees: Milner Depoéit displays a very Targe Secondary influ#f('The
Mound'), and Elephant Deposit wu almost entirely destroyed, with very
Titile newer material entering to fill the void. Terror and Fault Cave
Deposits do not appear aé cones but simply as slot fillings - there were
apparently no hanging walls to interrupt the inflow of debris and thus |

prevent these slots from fi11ing completely. Daylight Deposit has been

attacked from beneath and above, by phreatic and percolating water. The

small Exit Deposit is apparently much younger than ihe Targe Exit Deposif,_

since tﬁe Jatter has been attacked by phreatic water, whereas the former

shows no sign of attack, and both 1ie in the same chamber.

8.2 Debris Penetration of the System

| Hi11slapé débris has penetrated to the lowest pavts df'tha,caye
,§y$teﬁ, In this secfion of the Discussion some attempt is made to giye
an account of some of the various routes by whﬁgr the dehris has pﬁtered;

it also attempts to establish the connections between the deposits, since
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‘”'3:”manv seem tﬁ be re?ated “and thus to make some proposais about the ra1a~”\;ffawi

| 'ﬂftwve ages of‘tha deposits and. their effect on ‘the morpho1ogy of the cave i

; 'systéms AJ] the ma1n deposats w111 be dlscussed except Elephant Dep051t:@§‘*:‘ﬂ

' rf{ﬁ and the Fau1t Cave Depas1t swnce these Tie distant from all the ather S

"* bdebr1s bod1es.

8.2 T Fosgxl Beposzt and the Day?wght Dep051t

The Day1mght Chamber lies dtrect1y beneath the Extens1on S1te .;
| of the Fos 311 Cave. The south wa?: of this Chamber. d1srussed ear11er, 1-"'
‘ 'was regavded by Robwnson (1962) as the south wall of the original Fosswf

: Cave‘ However, Rob1nson did not suggest that the Daylight __pos;t m1ght be
',cnnnected with the Fossi] Depos1t, even though the floor, and the north and ‘;;.
‘east sides of the Day?1ght Chamber censist of brecc1a. ‘

This connection seems very Tikely however, since Fossil Depos1t
over?ies the east end of the Daylight Chamber {Fig. 8 2). Also the Exten~ ‘
sion Site pit hes been sunk into the breccias to a depth of 10m below datum; 
’w?th ne sign of the Breccia terminating; and since the Day1ight hrecc1a T
‘rises up to 7m below datym (F1g. 8. 3) it seems certaln that the twc brecc1a .:f
masses are in fact one. Since the Day11ghi breccia can be traced toa
- depth of 30m below datum, the Fossil Deposit would descend to this depth"‘:
(Fig. 8.3), | ST it

§.2.2 Fossi] Daposit and Hilner Deposit e
,Rob.nson (1962) calculated that the apex of the ‘Mound' debrxs"‘ o

- cone (the large cone at the east end o "iner Hall) shau1d~11g,direcﬁ1y_ L
: bEﬁéath the'Extensibn Site section oF the thsfilﬂepositﬂ, Héaring~the- _
~zound of the =x¢avators hammers above him he conc?uded that ﬁhe apex cf
.-.the Mound was not very far beneath the hiTiside, Rab1nson Was covrect
‘-;abnut the pOsit1on (poxnt K‘ Fxg 8.2), and the apex is known to rxse .
to with1n 11m of the p1t 1n ‘the Extension Site (F1g. 8. 3) | ,'
Fwnding artefacts at the apex of the Msund Rob1n¢on (1962)
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i assumed that he had Tocated the underside of the bone rich breccaa

'.(po1nt A Fig.. 8.J9) of the surfaca Fossil. Deposwt _
, HOWEV&P. several specimens of bone material have been enccuntered :
-fyat a 1ower 1eve] 1n.tha Mound breccia (pink breccxa attached to thevwall
‘ fkabova‘the,younger Hound material), whwchkRobinSOn‘rega%ds aé‘kecemented
k k(ﬁbnéefrée breccia {point B, Fig. 8.7e). For this and other reasons (8. 4 3
"bGYGW) Robinsun‘ﬁ‘interpretation seems incorrect. The debris mass uf ‘the
K Moundfhas,preSumab1y'infi1trated down the avens a11gned along the var1ous
- fracture zones; it seems veasonable to suppose that the Fossi] neposit is
thus connected directly to the Mound Ceposit, as well as to the Day113ht
Deposit. As such, the Fossil Deposit would extend downwards as far as 42m,

 below datum, to the Floor of Milrer Hall (Fig. 8.3),

8.2,3 Fossil Depos1t and the Terror Deposit

‘ It will be recalled that Terror Chamuer is formed enivré]y as
a collapse void within a cemented deposit. The west end of this chamber
Ties directly benea 4 the Mound apex (point K', Fig. 8,2) and at exactly
 the same level as the tourist pathway cut into the Hourid (33m be.ow datum -
Fig. 8.3). It scems definite therefbfe, that the west end of the Terfor, o
Chamber has formed within the Mound debris cone. S
,  The Terror Deposit furthermore, stretches to the east in a cdﬁ4yi~
“tinuous body forming the roof and walls of almost the entire chambér ei»
ceﬁt for the extreme eastern end, It will be noticed that this depoéit
Ties directlyyﬁeneath the Fossil Deposit over this distance, both deposits
being aligned along fracture zones 4 and 5 (Fig. 8.2). - Er "j
The east end of the Terror Chamber itself suggests that th}s
ﬁaﬁnectﬁon exists: a vertical dQ]GW1LE wa11, discussed earlier (6.2, 2(3))
stretches upwards cont1nuous1y for at least 22u, which 1ndxcates that
| for msst of the vert1ca1 distance to the surface there is a shears1ded

- glot, or*narrnw verfica% chamber w1th no impediments to incoming ﬁebr1s,

el




&

" '(poants Y‘ and Y; F1g, 8 3, and pcunt Y, F1gﬁ 8. 2) .
; Furthermore* the brecc1a dep051t in »he Sku]l Recess (povnt Z, ;”
B F1gv 8 3) is only Em abOVe, and qouth of the dolom1te wall po1nt Y}
»; Smnte the Sku11 Recess depoa1t is connected to the Fossxl Daposxt, 1t,seems
ff probab1e that a connection exists at both the ea;tern end of the elongated o
T7v Terror Cbamber and at the western end. '
1 *’*% bard to res1st the suggestson that the Foss11 Deposwu de—
_scends continuaus?y to the Terror Depos1t, forming perhaps the 1argesﬁ maus |

of breccia fn the cave system.

8.2. 4 Fess1l Deposit and the Exit Deposit

The Skull Recess deposit, which is visibly connected to the Fos¢x1
Deposit, lies directly above the small Exit Dep051t on fracture zone Nu, 5,- '
'(Fxg.‘B.Z). The shortest distance between the two dis about 7m, and thqs
the connection seems to be fairly certainly established. In turn there may
be a connecﬁfon between the small Exit Deposit and the easternmost,paft of _
the Terror Deposit (E - E', Fig. 8.3), in that one lies only 10m vertizally

above the other on fracture zone No. 4,

8.2.5 Entrance 6 Deposit and Graveyard Peposit

 Entrance 6 and its deposit 1ie directly above and only fﬂm from 5
the Graveyard Deposit op “racture zone No. 4 (Fig. 8.2). It seems 11kély
| that the debris of the latter deposii entered viz Entrance 6, although it
, may also have been supplied from the large Exit Deposit underneath a héngingg-

dolomite wall (point W, Fig. 8.2).

8.3 1 cations of the Characteristics of the Deposits

The deposits discussed above have all affected the internal mor- b

pho}ogy of the cave. system profoundly, and it seems, furthermore, that

certain fEatures are charactarmst1c of all deposzts.v These may'be summa~

' 'r1sed as foz‘owso

(3) ihe depcsits‘ali occupy fracture~zong CBV1t1es in the systemg
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""ffcii)f‘f hey‘all cnnsxst ef sur*ace debr1s,

(131) :A11 appear to be connected d1rec¢1y, a]ong the fracture 'ti.ﬁf

 "7l:zone,.w1th surface brﬂcclas, (Fossi1 Day11ght cannect1on, Foss11 Mound»

""*.,ff{western 1arrer cnnnectzon, FGaSW] Sku1l RecessaSma11 Ex1t~eastern Terror

mnnectwn ,and Entraﬂce 6-Graveyard and/or 'large Ex1t connectur\n) and an

: desnend to the 1awest known Tevels of the cave system.

h1th th1$ pattern of’characteﬂ1st1cs now d1»cerned 1t 1s pos~ |

.  sible- ta hypothes’ e with more assuranua about the nature of other 1mpor~ | /

,:;tant depos1ts 1n ‘the system, namely the Elephant, Targe Ex1t and Fau1t CaveLr‘

:‘Depos1ts, a11 of wh1ch have affECted thp morpho1ogy of the system to thw
“degree of ﬁruncat1ng and entirely blocking severai secvwons of the Sj§

. ¢ 4 seems 11ke1y, for instance, that the 1OW*18V61 Elephant Depaswt, b

strada?es several fractures extends up to the surface of the h111 and

that the original Elephant Chamber void extended southwards many metres at Y

least. Similarly the Tow~1y1ng Milner breccia (po1nt G, Fig. 8.2), whwch

 6ccup|es fracture zone No. 4, may extend upwards to '1ncoln s Cave, which
‘ also occup1es this fracture zone (points S and T, F1g. 8.2). TWQ mud».

.fiiTed sumps , at p01nts S and T, at present coTlect modern soul in Lanco?n 5

Caxo, and these Sumps may have beeﬁ source~po1nts the Milner Bepos1y, ; ' B

The very large, low-Tevel (+31m below hill surface) Fault CaVe'Dépdsit E

;(pa}nts D and E, Fig, 8.2) may a1so adhere to the paf*nrn dlSCEPﬂEd far'ihe |
_Fnssx1 and re]ated depOS1ts* ‘the fact that 1t 11es 50 deep undergrcund, “5 :'
i ,consists s externa13y derived mat eraal (as Far as can be seen), is ]arge :

in volume and oacapwes an approximately I1nea" passage, sugqests that it

is i n reality a fracture-zone slot~fi1ling whxch therefore extends, in a11

: probabli1ty, pi the surface, 1The.th1ck talus cover cn‘the Tower s1cpas B
;.of‘the~3terkfontein hiltock masks the dolomite fractures in the‘vicinity;-

o hewevar.

In contrast the highlymng-(?B-Z?m below datum) Iawge Exrt
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- ‘Deposit s probably only the topmost visible section of a very 1arge de-

68,

s pus1t which extends downwards to the Towast levels of the system (45m
below datum), {The visible part of the Exit Chamber vo1d 15 determined by ‘

two‘fracturefzanes (Nos. 4 and 5, Fig. 8.2), and also occupies the awea

*‘batweeﬁ these two fracture zones. Tt is likely therefere that it descends

as far as other fracture zone voids in the system). The sloping floor of

passage U=V leading off northwards from the Exit Chamter, is probably a

modified debris cone slope (Fig. 8.4).

Future resear.n will deteriiine vhether or not these hypotheses
are corivet. B | |

Besides morphological implications, this study of cave deposits
also has archaeological implications, especially with respect to dating,

As argued above, it is expected that the Fossil Deposit extends continuoys1y
‘downwards in the cave system almost to the level of standing water, a dis-
tance of almost 50m. It is therefore reasomable to expect that lowest

parts of the deposit are older than the highest parts. Excavation has
reached a depth of 7m (Extension Site), a thickness which Robinson (1962)
very roughly gauged might represent a time span of up to 10 000 yearé.

Brain (1958) attributed the 1im thickness of the Limework's deposit (Maka-
pan Caves, N. Transvaal) to the dry peak of the first Interpluvial of the
Pleistncene, I seems, therefore, that the Towest parts of the 1§rge Sterk-
fontein deposits may contain significantly older archaeological material
than has yet been found, especially since it is known that all the cemented
deposits contain bone material and that the Mound breccia contains arte-
fauts {Robinson, 1962). .

No bone or artefact material has as yel been encountered in the
uncunsolidated portions of the various deposits, whether these unconsc11~
dated deposits ace sxmpiy”co11apsed-and subsided parts of the breccia
hodies, as Robinson (1962) suggests, or whether thy are newar deposits

"'1ncarp0rating reworked materfal altogether, as hac been argued below (8,4. 3)1

e 5 e g i - . x + - =
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bone-free breccias of the Fossil Cave (afte: Brain, 1958)
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The 1mp1xcati0ns uf an understanding of the large Sterkfontein

epasit both for cave morphclogy and for archaeology, should stimulate
further study of these deposwts, in the saie way that the Fossil Cave de~ L
posits have been closely analysed. |

8.4 Examination,of *he_Theories of the Fossil Deposit Development

Several workers in the past have wcamined the Fossil Cave de-
Lprsits, and various interpretations have ensted. Because archaeological
'andiespeCia11y climatic discussior. is based on the stratigraphy of the
deposit, an attempt is madé here to reconciie the main interpretaiions which‘
 have arisen, (especially those of Brain, 1958; Robinson, 1962 and Brink
- and Partridge, 1970), in the light of new information.

Brain (1958) “aterpretad the deposit as one conformable mass ‘f@,

of breccia with different properties at different levels. RoF".son (1962)

however, regarded them as three unconformable deposits, which allowed him

by

“to reinterpret climatic and archaeological evidence quite diFferently (see v
Chapter 2). Brink and Partridge (1970) reinterpreted the bone-poor brece a
- and identified a new breccia lying along the north wall of the Fossil Cave.

Only Brain has mentioned the Skull Recess breccia (Fig. 8.5), a breccia

lying just inside the mouth of the Tourist Cave, off the Exit Area (point
Z, Fig. 8.2), By means of breccia matrix analysis, Brain found that this : 5
breccia was 'comparable' to the bone-rich breccia of the Fossil Deposit; R
he therefore concluded that*it was conrected to this breccia, overlying " fLy

conformably the bone-free breccia (Fig, 8.6, after Brain, 1958), The ? 

present writer finds no such connection, and hence redards the Skull Recess
breccia as another separate. body of breccia within the Fossil Dapos1t.

~Its relationship to the other DPPCC1&S is’ dw&cus*ed below‘

8.4.1  Origin of the Bone-Poor Braccia (Robinsen's (1962) Lower
: Brécciay Bripk and_Parﬁridqe‘sf[T@iﬁ)_fC]ass * Breccia)

Brink and Partridge (1970) regard the bone-poor breccia as a

1
i
i :
1§
N
.
f
(S



col*apse deposit, because of the sharp-edged, unweathered appearanceJOf the

constituent dolomite blacks, the abundance of these blocks, the proximity

of the blocks to one another, the existence of air filled interstices in
parts, and the lack of a sandy matrix in many places, thevblbqks being |
cemented purely by travertine.

This interpretation conflicts with that of the earlier wdrkers
who considerad the~bohe-free breccia to be a gradual accumulation, The
solution to this problem seems particularly difficult since the breccia
matrix particles show definite changes from one level to another, changes
which have been interpreted as indicating a climatic fluctuation (Brain,
1958}); i.e. nmatrix accumulation lasted Tony enough to overlap changes in
climate, It is difficult therefore, to see how the deposit could have ac-
cumu}ated suddently as evisaged hy Brink and Partridge.

The solution to this problem has been indicated by Brink and
Partridge (1970). They point out that the bone-poor breccia contains
pockets of sand within it which have probably 'subsided' from the sandy
- overlying bone-rich breccia (Brink and Partridge suggested that the en-
tire mass was cemented after the sand had subsided, but this is unlikely
since Brain has shown that it everywhere contains more than 60% calcium
carbonate cement by weight, indicating simultaneous cementing, not subse-
quent cementing - Brain, 1958).

The mode of accumu..tion of the sandy pockets envisaged by the

nresent writer is less one of subsidence priov to cementing and more one

of infiltration into the interstices of the collapse blocks, simuTtaneously

and perhaps with the aid of percolating water.

It is Telt that this mode of accumulation, if correct, has e
plications which may invalidate Brain's climatic inferences, though there
can be no doubt that he has ascertained conclusively that the breccia

matrix has a differing character from Tevel to level.
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8.4.2 Implications of the Collapse Theory of Origin of the
bone~Poor:. Breccid .

o The main.imp1ication of the finding that the bone-poor breccia
is a collapse deposit, is that Brain's (1958) matrix analysis (of this

breccia) does not necessarily have climatic significance: 1t seems Tikely

- that the infiltration process referred to above, to explain the preéence

of sand pockets in the rapidly accumulated collapse deposit, is an extremely

complex one, if not a chaotic one.

(1) The infiltration process may involve preferred pathways of

infiltration which would Tead sand to Tower levels, Interstices sat apart

from such prthways would only be filled after thé pathway cavities had
been - i.e. sand pockets would not have accumulated chronologically with
height, as Brain assumed they had, an assumption basic td his'and toA _
Robinson's climatic interpretations (Brain, 1958; Robinson, 1962), Per-
colating water is 1ikely to have aided the prdcess substantially since

it is improbable that it fiowed through the collapse deposit unfform?f.
Sand penetration thus relates most probably to preferred pathways leading
through the deposit, pathways determined locally by larger voids.in the

deposit and/or by the routes of percolating water.

(1)  There may also have been sand particle sorting dhrihg the

infiltration process: the rounded particles and the quartz grains {the

concentrations of wiich are Brain's (1958) evidence for climatic fluctua-

tion) may be transported differently to the angular and the chert grains.
Brain (1958) himself shows that the particle size increases on average
from the top to the be: tom of the breccia matrix, but he offers no expiana-
tion for this (Brain, 1958, p.49), Coarser particles may in fact pene-

trate further the interstices of a collapse-block mound. And this size

’scrting with depth may affect angularity and quartz ratio measurements

if there are varying proportions of these particles in different size

“
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Stages in the development of three unconvcimable breccias in the Fossil Cave (after Robinson, 1962}
Diagrams & and d illustrate additional sections at right angles to the others. a and b show the
accumulation of lower breccia and the growth of a Tower cavern system. Some time after the fossil
cavern filled to the roof, the floor collapsed at the western end (c) opening a new cavity. This
filled up {d} wich middle breccia. Then a smaller-scale coilapse occurred again (e} opening a
smaller cavern, which filled with upper breccia (f}. ’
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fractxons (Bra1n on}y eyamxnes the aS~an mesh partwcles) in oe!omxtc sow]s. "

For these reascns it does. nat seen va!xd'to ascrwbe cizmatTe

intevpratatlnns ta var1atxnns which undoubted]y do EXTSt in the breccia

;ratr1x, because of all the complex 1nf1uences which can reasonab1y be @x« s

pacted to have controlled the 1nf11tration of earth 1nto a co]iapse depmawt

of de]om1te blocks.
Brain's subsequent analysis of the uppermost chocolate breceia

~(Robinson's ‘Upper Breccia') however, certainly seems to have meaning

especially when tompared with the analysis of the bone-rich breccia, since

both of these deposits are gradual accumulations (see Chapter 9, Climatic
Evidence).

8.4.3  Robinson's Theory of Origin of the Fossil Deposit

Because Robinson (1962) regarded the bone-poor breccia as a
'gradual’ accumulation, there had to be a reason for the change to a bone-
rich breccia overlying this. Robinson proposed that the bone-poor bregcia 

had ¥illed the original Fossil Cave to its roof, (Fig, 8.7b) and that the

subsequent bone-rich breccia was deposited only once a void had been created

again within the cave. The mechanism he advocated Tor this was collapse
of the Fossil Cave 'floor' with consequent subsidence of the bone-paor
breccia into the underground caverns {Fig. 8.7¢). The bone~riéﬁ breécié
then accumulated in the space previously occupiéd by the bone«paar-bretcia
(Fig. 8.74). L

To expiain the abrupt change in deposits fram the bone~rich‘brec4
cia to the small overlying chocolate brown braccia, Robinson used the saﬁe“
argument - namely, subsidente of the bene-v.ch breccia createé a space
which can be filled by the chocelate brown breccia (Figs. 8.7¢ and ), In
tiis way it was possibl~ to explain the existence of three ﬁeparatei un=
‘gonformable breccias in the Fossil Cave. Howevef, there are various |

objections in this formulation:




R ¢ There 13 no ne«ﬂ to advocate large~scale subswdence of the

i vbene»frea breccm mta th& underground caverns to exp’l am the existence |
Cof the uverlyzhg bcne*r1ch breccia, if the former is regarded as a coTlapse
 ‘dep0s1t. & cw]?apse deposzt necessar11y cannot Fil1l the or1g1na1 cave to

;  the roof, and hence there must be space above it in which the bone«rwch

"brecc1a might collect.

It seems unnecessary te advocate a second slump1ng of the bone~‘

free breccia to eXplain the existence of the chnco?ate brown breccia. The :

choco?ate brown breccia is at preaent a small body, and there i8 no ev1dence

of it haV1ng been large or widespread, Minor slump1ng and compactwsn of

the vary large bone-rich breccia seems a far more 1likely axplanatwon of

the way the chocolate breccia void was formed. Since Robinson regarded

~the bone-rich breccia as 'a maximum of 20 feet thick', compaction would

not have been considered. However, it has been argued at length that this
breceia descends aven now 33m below the su~face, a mass in which compaCtion
very probably did occur. | SR
| It seems more’ likely that the bone-rich breccia grew upwards ,
fromrthe Milner floor, until at the level of the Skull Recess, accumulatfqn
was interrupted by the collapse oi" the bone-poor deposity and,then'cbn*
tinued, sandwiching the latter. This explanation accounts for.the faét
thet the Skull breccia accumulated under climatic circuustances similar
to those of the Tower bong-bearing breccia in the Fossil] Cave (Brain,
1958). | |

(11) Robinson claims to have found blocks of bone-pour breccma

- cemented in the Wilner breccia (B, Fig. 8, 7e), and guotes these as ev1~

dence of the initial collapse of the former irlo Milner Hall. The present

“writer has encountieres no such blocks of the distinctive bone-free bree-

cta either in the Milner breccia or anywhere else in the cave system,

(1m1) robinson interprets the Mouhd (Milner Deposit) as the sub-

'snded portion of the. bone—fvee breccia (pelnt C, Fig. 8. 7e) This secems
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.hQnIﬁgély~fpr various reasonési'?irstiy,iit contains no cemented breccia
e blngksg. it is eﬁtiré?y'unconso]idated,vas far as can be seen from the
S exéavaﬁion i§'th§”side of the deposit, and from the other parts. It
'v‘seems'impossibie:that»this_supposéd co]Tapse‘sectiOn of a deposit sh@u?d :

’ be;go éo@p]eté]y and‘Uhifarm1y"deCalcified that there Qouldfbe no trace

 0f'thé'Driginé1 cementéd mass. Seéondly, this unconsolidaied déposit '

' contafns ﬁo'dolbmite b1c¢ks even of a small size, the largest material
beingfa‘CQarse gravéi. ‘Both the bone-free breccia and the bone~-rich bfécf.

cia contain dolomite blocks, especially the former, and one would there= -

fore expect to Find such blocks in a deposit derived from either of these. o

Thirdly, it seems improbable that a collapsed deposit'wuu]ﬂ retain any
semblance of layering, Yet the unconsolidated Mound cone is distinctly
layered with no evidence of disturbance due to collapse or subsidéhce
(Fig. 6.6). B »
In short, this unconsolidated mass appears not to be derived as
a subsidence feature of an earlier breccia cone, but to be a younger, as o
yet'uncemented deposit, altogether different from the breccia material.
The alternative to Robinson's model may be summ  ed as the
foTTowihg:
A bone-rich material enters the cave system, along well-developed vertif
cal avens, and comes to rest in the lowest parts It becomes cemented
by pewcolatihg‘Ca603~rich water, As it is filling & cavity in tﬁe gpper
1evé1s (présent Fossil Cave), a roof collapse occurs depositing a heap
of clcsé1y packed dolomite blocks. The bone-rich material coptinueQ,tc
,acéumuiate slowly (now on top of the collapse cone), as some matrix~ 
forming sbil.pen&trates the collapse deposit beneath. The dolemite ¢a1—"
}apsevblocks and poackets of sand, by means of percolating water are
cemented into a hard bone-free breccia. The lower parts of the bone-
rich material, also cemented by this stage, are attacked by rising phrea-

tic water, undermined, and removed, allowing the influx of new hillsiope
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i débris;‘ The roof of thé upper cavity (FossiT Cave) 1s‘slaw1y removédf

éxposwng the f1111ngs to atﬁack and ﬂecalc fwcatmon by meteor1c water.
The effect of attack becomes very pronounced in parts, such as the Exwt ‘

area (8.5 below)

8.5 Depa]cification of the Fossil Deposit Breccias
One of the final stages in the evolutinn of the Fossil Cave‘brec—

cias involves the major modifications of the breccias by decalcification

and erosion, and the corresponding recent underground deposition, Brain.

(1958), Robinson (1962) and Brink and Partridge {1970) al1 refer to the

pockets of earth which occupy hollows in the surface breccias, and attr{-

bute them to decalcified bone~bearing breccia because of the rich accumu~ =
lations of bone and artefact material in them. Brink and Partridge (1970)
also refer to solution pockets whick have pierced the cave system in‘various,‘

places. Decalcification thus appears to be commorplace in the ‘ossil Cave

breccias. However, previous writers have not invoked this process to ex-
~ plain any large features: it seems to the present writer that the develop~

ment of the entire Exit Area, and the Daylight Chamber, can only be attrwbuted Y

to decalcification. It was postulated earlier that the Exit Area fissure ’
was probably ultimately completely filled with breccia at least to the level

of the present hill surface. It is now postulated further, that once this

breccia body was exposed directly to aggressive meteoric water,'that iarge-'

scale decalcification ensued, the water percolating into the voids beneath,
transporting the loosened breccia m«tar1a1 with it once routeways had been
established,

It seems quite possible that aiven sufficient twme, an aperture
as large as the present Exit Area (Fig. 8.5) could have been fashioned, .
an aperture 1ead1ng not an?y 1nto the shallow~lying Exit Chamber, but also
into the Towest part of the Cave (eastern Tervor Chamber, F1g 8, 5)

Thn same decaleification and eros1on proces is beIWeved to have
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N_ érodédwthe aﬁertafﬁ'iﬁ £he'Day1ight Chamber roof, and thereafter'to_ﬁave _ i
rehOVEﬂ those parts of the Daylight Dépositrbreccia which lay agéinst the
B doTémitejsouﬁh'Wail of the chamber.
| Thisvtheory seems’the only tenable one in that there is no evi-
dente'that the apertukes and shafts originéfed by collapse into the un(éf~
-groW&taVe‘-n Alsr it seems to be the only theory which can explain the
exxstence of hare. vertical d010m1te walls 1n close proximity to wa?ls of
breccia, a s1tuatlon which occurs in Loth Daylight and Terror Chambers,
It appears t.«t the breccia bodies in both cases once lay up against the
dolomite walls which contained the early uncemented debris. However, once
~ the debris mass had hardened, the cave abuv: was deroofed, aggressive
water percolated downwards, and the breccias were removed from these wélisA
which are situated beneath the source of the percolating water. The main‘v 
© preccia mass was rigid enoug': not to ca]lépse once the support of a cantain-
ing wall had beer removed (Fig., 8.8).
If the above process has indeed operited, then the large volumes
- of breccia removed have oeen deposited in the caves. The Terror Chamber,
lying at the bottom of the re-established shaft, comtains & cone of fine
material directly beneath this shaft. Daylight Chamber, however, is nurely
an erosional feature, and the breccia removed during its formation probably
contributes to the rise in floor Tevel in Elephant Chamber beneath Entrance
¥ (point 7, Fig} 8.2). Unconsolidated floor material in other’parts of
the cave system may also contain decalcified surface breccia materia
" icept for small o seia solukion pockets on 1+ nill surface
(Robinson, 19623 Brink and Partridge, 1%iu), features in the cave_éystem _
~arising from the erosion of the cave fillings and deposition of the eroded
material - by the agency of perco?at1ng water - have not been mentiecne.

before  for Sterkfavte1n.
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8.6 Asces sessment

E E‘ternaliy der1ved debris bodwes have modified all the largest
caverns markedly, usua11y form1ng the floor, certain walls and even the
‘ ce111ng,(the small northars deepset caverns have only been affected by
fnternﬁl collapse of winar proportions); because of the vast size of . ‘
' these deposits. and the fact that climatic and archaeo]og1ca1 1nterpreta~
tions are inferred from them, they have been closely scrutinised.

The debris cone model was presented firstly to elucidate the

'appérént stages in the development of the debris cones in the qéve syster, |

and secondly to amplify Bretz's (1942) discussion of cave deposits which

treats the 'clay-fill' deposits almost exclusively. No 'clay-fi11' deposits '

“such as those described by Bretz have been encountered at Sterkfontein.
Sterkfontein appears to be unique even in the Transvaal on this particular
store. The reason appears to be that phreatically widened fracture zones
alloved coarse debris in large quantities to enter the cave sys#em,‘aa
opposed to the fine clay particles whick filtered into tﬁe American Caves
{Bretz, 1942).

The importance of the fracture zones on deposit accumulation was

stressed since fracture zone control explains the depth of debris penetira~

tion, the connection of surface and underground debris bodies as continuous

Masses, and the fact that these bodies appear entirely to consist of ex-
ternally derived material.

Three partially concealed deposits (Elephant, large Exit and
Fault Cave Deposiis) have been discussed in the 1ight of the proposed pat-

tern of debris mass development. Foscit Deposit was also examined on

- this basis: Robinson's argument that the deposit contains three unconform-

able breccias (Robinson, 1962) was contested, and Brain's earlier view of
a conformable breccia mass (Bruin, 1958) supported, However, it was con=
cloded that Braih‘s (1958) climatic interpretations are untenable in the
light of Brink and Partridge's (1470) reinterpratétﬁon of the bone-free




““fi:posat (exc?udang sma11 features Tike soTutzon pockets) Carrespawdxng

: 'q”ﬁﬁeposatxon of the decalcifﬁed depns1t material was recogn1sed at two

‘:’ brecc1a. Largp~scale déca1c1fﬁcat1on dnd eru31on ot the FoSsul ﬁb§,swt” 

was pastulated to exp1a1n the present conf1QUration of this exposed de~

upc1n£9 in the Cave s;stem.
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CHAPTER 9~  CLIMATIC EVLNCE

‘ 9 0 The evzdente “for Targe scaIe water 1eve1 f1uctuat1ons under~
"ground has heen presented. Th1s consists of var1ab1e thicknesses of
Flowstone on the south wall of Milner Hall, di fferent degrees‘of‘re-.
“solution on this f15w5§0ne, and phreatic attack on the underside of har-
dened breccia masses in Milner Hall, Elephant Chamber, Terror Chamber,

"Exit Chanmer and Faui» Cave,

In addition there is evidence that the rate and type of ca]c1um '

- carbonate deposition has been variable in the past and is now virtually
nil. -
' These phenomena will be discussed with particular referenre to

- a c11mattc oscillation explanation,

9.1 Mater Level Fluctuations

Re+solution features on the Milner Hall wall fliwstones, and '
also on breccias at different levels within the cave system have been des-

cribed. Various explanations are considered.

9.7.7 Climatic Change

| It has been postulated that longterm climatic oscillations cause
water-level changes in a cave: Marker and Brook (1970) made tentative |
climatic interpretations from the abundant evidence for water 1eve1 flue~
tuations in Echo Cave, 320km east of Sterkfontein, since thepreticaily it

is reasonable to suppose that a wet climatic phase would raise the level .

“of the surface of the saturated zone in a rockmass. It has been shown that —

the water bodies {n Sterkfontein are probabTy'connected, and that the con-
~ nections must be poorly developed in order to preserve waier hody levels

at differeat heights (~40m to -60m).




"phase m1ghL thus be expected to cause a r1se it water Tevels. S1m11ar1y
- there 15 undoubted?y'a d1rect re]at1onsh1p between dhy climatic phases

,’and Tow water 1eve1s in cave systems.

- appear to cause minimal, if any re-solution. The chance of such random

~water level fluctuations are of small vertical magnitude in areas of Tow

~relief amplitude. They reach major proportions only in areas of great

N yet fully elucidated; ulthougn it is generally believed that cuttang rew'
~sults from arid phase flash floods. Nevertheless, i* remains dxffﬁcu?t to

‘-equate episodes of cut.and<f111‘in the drainagé Tine with-water Tevel

“77.'

An 1ncrease 1n the supply of water dur1ng 2 wet c1imatac

o, 2 Weather ,
Short~term, 1argé_magnitude'water Tevel changes can résu]t frcm SR

Tong return floods. Such high water levels are of short duration and

events raising cave waters to the same level on more than one occasion 4s

remote and visible stillstand levels would not therefore be ﬁmprintéd

on wall travertines. Furthermore seasonal and long return underground

dissection and high seasonal rainfall.

9.1.3  Blocking of Primitive Water Routes

Another factor which may come into play is the effect of blocking,

The narrow, primitively developed connecting passages between the water

bodies (and between the water bodies and the resurgence) may become hlocked

by insoluble residues, Such blockage would be randem and indepéndent of
climatic oscillations, but would nevertheless affect water levels within

the cave,

9.1.4 Cut and Fill

It is genera’ily accepted that épisodes of cut and fill in river .

valley alluvia are causally related to climatic oscillations. Such epi- |
sodes may influence the resurgence levels for ground water. The previse

refationship of cut and {411 phases to changing c1imatit conditions is not
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;f€Cha“955 underground Cabsed by changes in ramfa]]a

: 9&15 The Amp‘htude of Na’cer LeVE1 F WC‘huath

e The EV?dence For 1arge amp1,tude water Teval changes under-
“ﬂf‘ground.ln Sterkfontewn is estab11shed The causes of these changes are.

Tore dwff1cu1t to. ascerta1n‘ However, it seems as thcugh climatic osc11~"
: t{iat1ons, whe*her d1rect1y or 1nd1rect]y, must have cauaed at 1east some

-‘of‘the;underground water 1eVe1 changes

9“1 6 C11mat1c Interpretations

The c11mat1c 1nterpretat1ons which can be made from the M11ner lff e

w1 Flowstone, and other localitics where ater 1evel‘f1uctuatwnn5‘havei;,:
occurred, are discussed below. It is assumed that the levels of still- ‘
:;stand identified earlier (6.1) for the Milner Hall flowstone, ake el

‘maiica11y_determined.

(1) Milner Hall Fiowstone |
| Two interpretations of the sequence of travertine depoéifion

'and’fe-501ution are possible, one implying a single ¢Yimatic oscillation,
the other a multiple climatic oscillation. L
Sing]e‘DscilTaﬁion. The Sequence'ofVWater levels is most simply ihtér-,f
‘preteﬂ as follows: firstly, an original high water 1eve1'duriﬁg the |
;phreaiib.exéavation'of Milner Hall; thereafter a low water level, {level
”°1, Fig. 9,1)], allowing the deposition of fTGWStone‘over the‘entirg,sdutﬁ
wa1l'§f WiTner Hall dbwn.to the lowest exisfihg ]eve1'of‘travertine,
,.(ie§al 5). Tﬁenlihe waferurises more than 6,5m (level 2), td_diéso]ve

the flowstone. The next four levels (3-6) occur at successively lower

 positions on the wall, as is evident by progressively more eroded Flow-

"';v'?Ensﬁfhg waféki%avé?vhumbersifefervto Fig. 9.1




t,rﬁlsﬁong, unti} between Teve]s 5 and 6 the f1nwstane is entire1y removad
.T;}(Tf 1t ever ueveTopea at this 19Ve1) | |

The tert1arv growths deveiaped on the travertinc abave the

drcpping Watew 1eve1, and apparentiv have not had t1me to ﬁeveTop bencw f ;4' o
: "leve1 No. 4, These tertiary growths may indicate a change in cave enV1rcn~‘

ment endlng act1ve flowstone deposition.

 This 1nterpretation raises certain questions. for examp?e, i%
is hnt c1ear why there should have been a sudden lavge rise in watep

Tevel (of ﬁ,ﬁm) and then severa1 small Towerings. Th1s appears incon~

~ sistent and suggests that the water may have r1sen in stages as we11 the

evidence of which has been destroyed or rendered unrecognxsab?e.

Another possibility is that the small lowering stages represent
fewer periods of actual still stand: the present-day lake f}uctuations‘
are as large as 1,5m, and therefore the distance between Tevels 4 and 5

may also represent the fluctuations during one stillstand rather than two,

This argument may also apply to the fluctuations betwean levels 3 and 4,

2

and 5 and 6 although fluctuaticns of 2,7m and 2,25m" seem somewhat extreme

during ongé ¢limatic regime; 1t seems possible that the phase of'drappingi‘.,

water levels in this sequence represents as few as two stil] stands, not

four, a conclusion which Tits better with the initial single large rise of .

water level., The degree of speculaticn in this interpretatﬁou,'gnd}tha,,'

‘next render these conclusions very tentative as yet.

- Multiple Oscillation.  This interpretation arises bevause the upper,

thick partion of the travertine can be regarded as the oldar‘Deposit, |
and the 1ower, thinner portion as the younger, with a twmengap 5eparatvng

the two. Level 3 divides the two, and 1f it is regarded as the fxrst

Present*day Tak& Teval as 1nd1tated on Fig. 9.1 15 a mean lake 1ave]"'
the 1.5n distance beatween 1ev%1s Na 5 and & increases to 2,25m durarg
very nny Seasons.
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"]evel of‘th{s sequence, Lhén the. chrnno]og;cai order of the 1eve1s ws '

L3 52 4 “ G when the water level drops from the first posft1on

(1eve1 3) to Tevel 5, the thinner travertine is deposited, w1th the. thick
travertlne all the Wh11e becomzng thicker. Then the water rises to level

2 d1sso1v1ng both thick and thin travertines. The water thereafter drops'”7

4o level 4 and then to Tevel 6.

- IT the fwrst evel (3) 15 taken as a high level, the sequence ,
1nu,cates two wet climatic phases (levels 3 and 2) and tvo dry phases (4‘5
and r) The high water level which seems required in a regular sequence B

such as this between level 5 and 6, may 1ndeed have occurred wvthout

Teaving any recognisable trace on the travertines. If this is accepted

then the sequence represents three high levels alternating with three Tow
levels ~ i.e. thfee wetter climatic phases separated by threg drier. Thfs
jnterpretation is in marked contrast with the first which invb]ves gnly
one climatic fiuctuation. ‘ . |
In this interpretation it seems unlikely that fTuctuafinns during‘
one climatic phase could explain any two of the observed water Tevels,
as was possible above, chevér, the effect of river bed incision is
Tikely to bé more pronounced‘during the period of 3 oscillations. Marker

and Brook (1970) argue conclusively that the water level fluctuations in

~ Echo Cave are bést explained by relatively small changes {due to c]fmatic

| oscillation) superimposed or a general lowering of ground water (due to

river incision). The levels in Sterkfontein suggest an opposite trénd ‘
ho.ever: the second high-low fluctuation (levels 3 and 4) 1s'at‘a higheﬁ :‘

level than the first (levels 1 and 2). This may indicate that the second

~oscillation was far more intense than the first (intense enough to offset
the Jowering due to 1nc1s.on), or it may indicate that thefeffective re~
. surgence Jevel in the B]aauwbank River aIIuV1um had risen sTightly, as it

- seems possible that-dur1ng a wet phase the lower levels of the alluvium

© v




“Fi‘g. 9.2

ZARGC EXITDEPOSIT:

UNOISSOLYED TRAVERTING 42
HEAVILY k{n/ssm VED BRECCY.
o ms:/ma- 4

‘ Re‘wso'}u‘cionf of the Large Exit ﬁepg'g,’irt;‘-bpe_(.;ﬁa;. T




'3:{*ﬂqqidQbétémégsaturatéﬁg1thereby-¢aisfng‘the effective;3§0e1'of ihe*undép7:‘

' Flow from the alluviun/bedrock contact to some sTightly higher position,”

”‘_.,ff*; :t_hésrbeen‘argﬁed,fhat5the Mound’brec@ia wésféépos{téd and.ﬂ',
e cemeﬁte*d "s"fmt‘ﬂtané‘m‘xs“liy i ,_n‘:‘an" air filled chanber, é“nd,t‘ha‘t‘ the resd].uﬁ on -
of ,jhﬁis..brecci'a’.mqst‘therefvi‘u‘r‘*é Aindi éat}e a rise in 'wéter, 1evé];,'-’Tﬁ1"s' rise
tfs:bésﬁféxpléihed‘asla resp6nsé'to a wetter climatic phase. The hégn%tude:7
of the rise, as far as san be ascértainé“c‘i, was ‘abpf*oximaté‘ly the ‘;.éme':_a‘s;-"*“

 that on the wall flowstone (9m).

©(3)  Exit Chamber | | | o
| There is evidence of a re-solution phasé“iﬁ,theJEx%t Chambéy on f f ;
the unde.side of the large Exit Deposit breccia. This bréccia hangé ffdmi '?f‘
the cave wali, jts base removed by'ré-50]ution..‘Its‘évoluiioﬁ,ié similar
t‘a‘tha‘fr‘. of the Mound breccia in that it is a hard brecc'ia‘which mﬁfs"t han{ o
'aééumulated in an air-filled chamber. The ground water then rose and ' _ |

- attacked the base of the braccia cohe, removing and dispensing the ﬁatériéig:,‘;;}
and leaving the upper part of the cone suspended' from the wall (Fig. 9.2). -
The'wéter subsidad (it now Ties 26m below the 1argefExit.brecciaj'there;ftér;: 5,1

The implication is that a wetté‘r climatic bhase caused 3 ]qnz'g? i |

term rise in water level.

)

“9.2  Changes in Travertine Deposition

9.2.1 (falcite Straws

Vogel and Partridge dated an inner and an outer wall of a

g o calcite straw 4,5m above the water level in Ravjee Cavern. -These’wai?$7'

314 has been argued above (7.2.3(2))that since water levels in the caves
i, o are generally lower than the riverbed, the cave waler resurgence is.
? S . probably at the dolomite/alluvium contact 12m lower than the riverbed,




' ”i};appéar to ﬂave been dﬂposvted at d\fferent t1mes, the ear11er at some '14 

"f.date befbre 47 ﬁDO years before present, and the o?der at some date ‘f',

i f;§} before 50 000 years before present (Voge?, 1970) ¥ s presumed that‘

thange 1n cave envzranmeht must account for the cessat1on 1n ca1c1te/'

dep051t1on represented by the uncﬂnfbrm1ty between the inner and outer

”ft“,. wa11a of the strawsv

A dry c11mat1c phase cou]d exp1a1n the cessation and a we+tar E
':“phase the rﬁaumpt1on of calcite dep031t1on4 However, both 1mmers1on

during a pertod of h1gh water levels, and also the poss1b’w b1ock1ng of
the percolat1on routes, could account for the break in LaCO3 dep091t1on:
on. th9 stran The last exp]anatxon is un11ke1y, however, since sevcra? ,,'
of the straws in Ravaee Cavern are. composed o7 two separate layers of
deposited calcite. Immersion in cave water seems un11ker as no obv1ous_:_ ‘
re-solution evidence can be detected on the .traws, although it is possible
: that the period of immersion, and consequent hiatus in calcium carbonate
~ deposition, was short, neither destroying the calcite straws nor re-

’disso?ving them noticeably Changes in the'supp]y'of CacOB-chargaq per-’

colatwng water thus ceenms the most plausible expianat1on. ‘And this factc&"”"

is best attributed to climatic oswt1tation.

9.2.2 Thick and Thin Trayertines -

_ Ravjee Cavern cdntains a great thickness of travertine;neér the ;f

 present water Tavel. The travertine has been severely attacked by re- e
solution, | | '

|  The small calcite straws ment1oned above are clear]y younger

'.than the phase of thick travertine deposwtmon, s1nce-they occur at the.

;_3 same 19ve1, but d15p1ay ho trace of re- Solut1on The différance 1n quan- LR

L1ty of CaC03 depos1tpd before and after re-solution is so marked that

vv_ it is pert1nent to ask why this has come about The two waTTs of the E ;o

- '1; -2ca]c1te Straw dated by Vogal (1970) yiered ages of greater'than 47 000




: 3f;years befbre.present and greater than 50 000 years before present, wh1ch

e *;fﬁ}suggest that enough tlme has e13psed for the depos1t1on of Targe spefeg_

: ffthéﬂﬁ 1f cond1t10ns suatab]e—for such depos1t10n have eX1sued Two ex-

,aj;planaticns ar1se for thTS marked change in spe]eothem deveTOpmenc, befbre_ ;‘ o
' ~;.i_and after the per1od of re~so?ut10n Firstly that the perco]at1on routeq"'ﬁ

H_‘:'ha&é been b?ocked 1n <ome way, 11m1t1ng the supp1y of charged ground water

) j 1nto Ravaee Cavern, ard second]y that the concentratnon and supply of

‘T‘charged ground water has been c11matacal1y controlled such that a thank'; f,f{' ;

“mass of travert:ne deve1oped succeeded - bv a per1gd of ca1c1te straw for_;~:lijf-“

: matjon..‘BOth exp]anat1ons appear p]ausaole,xn the,sett1ng.of;Ravaee, f

Cavern.

v

9,2.3 Araganite Crysta1s

These crystals deveiap on vaV1ous surfaces . WTtth the cave

’ system, and appear~to grow best on travertine deposits, in bad]y vant1«

Jated, humid recesses. These younger crystals protruding from trayertrne L

surfaces are relevant to this discussion because they indicate aIChange'

in the'condftibns of CaC0y deposition. They are vounger than the under~ o

;1y1ng travert1ne and far sma1ler in dxmen51on.

Aragonite crystals ave preferentially precip%tated in tﬁé‘

presence of a foreign ion {magnesium in the case of the Transvaal system

 do1om1tes) ‘Marker {1973) hds shown that the magnesi&m/calcium ratio

1ncreases when the rate of soiutxon decreases, and that crystal format1cn' ~'

can therefore be attributed to a period of d1m1nxsh1ng karst soTutxon. o

| 9.3 Dating the Water Level F]uctuat1ons and Caco, Chaﬁgaf 1n
' aegos1t1o _ ,

‘Bince 9v1denue of climatic change becomes more mean1ngiu1 nnce

: :?t is da»ed dating 1nfbrmat1on wx!l be. d1SCUSS&d

8.3.13 Datxng ‘the Ravjee and Ma?ner Deposxts

It has been Went1oned that the inner and outer walls af i

-
i
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"1‘ca1u1te straw 1n the Ravjee cavern have been dated as greater than. 47 000 1'

' years before present, and greater than 50 000 years before present ~which

k gives a part1a1 1nd1caf10n of the age of the straw. The th1ck travert1ne :

©in Ravjee Cavern, the Milner Hall flowstone and re-solution features in- i

printed on them;can only be dated relative to the straw. Both deposits»
must be older than the straw because both have been heavily redisolved
wr ~eas the straw has not, even though they Tie at simiTaryleve]s.é
Another approximate indication of the age of the Ravjee Cavern
and Milner Hall spéleothems, and their associated phases of re-solution, .'
exists in the relation of these speleothems to the Mound breccia. Abdve ,
the highest re-solution level (level 2, Fig. 9.1), the Milner Hall flow- |
stone has not been attacked by phreatic water, whereaskthe Mound breecia
has suffered phreatic attack. Since the Mound breccia is 13m higher than
level 2 it becomes apparent that‘the travertine and the ilowstone were
&eposited and redissolved after deposition and re-solution of the bregcia
had occurred, It has been suggested that the bone~rich breccia in the

Fossil Cave may be as old as 1,75 - 2,50 million years old (Cooke, 1970),

It was postulated earlier that the Mound breccia is connected to the bone-

rich breccia, If this is true, the Mound breccia would be of similar age,
i.e. 1,75 - 2,50 million years old. The phases of re-solution which have
affected the Ravjee Cavern travertine, the Mi]ner Ha11‘f10wstone and the
Mound breccia woula herefore have occurred after the deposif'an 5f the

Mound breccia.

9.3.2  Aragonite Crystal Growth ;
Dating of the phase of aragonite crystal growth may be possible
by the 014 method since it appears to be among the youngest phaSes of

';4It,is assumed that the relationship between watey jevels and f}uctuaﬁiohs
of the water badies have remained approximately the same.




el g

“gince ﬁhe re-soaut1on of the MlTner Hall flowstone. crystals have de-

tween neVeis 4 and 5. Fig, 9. 1). whore presuwab]y re=5 o]utlon has been

deposition; In feiatiVe terms however, the crysta1'growth has occurred
veloped on dl] the redissoived surfaces except at tne lowest Tevels {be~

more recent than~the phase of crystal growth.

©9.3.3  Exit Deposit -
Dating of the Exit Deposit sequence of deposition and ve-solu-

tion is also very approximate. It relies on Brain's finding that the

~hardest breccias are those which have been cemented during the process of

accu tation (Brain, 1958). From this it is apparent that the Mound brec-

cia was deposited and cemented simultaneously: 1t could not, for example,
have been deposited in water and then been cemented once the cave water
had subsided to lower levels. )

Since the Exit Deposit re-solutjon features 1ie 20-24m below
datum, it is apparent that the Mound breccia, at 30m below datum, was de~
posited after the phase of high water levels which attacked the Fxit Da-

posit. Therefore the water and fluctuations which caused the re~solution

of the Exit Deposit are older than the postulated dates for the deposition

o° the Mound breccia, namely 1,75 - 2,5 million years before present,

9.4 Assessment
It was argued that water level fluctuations and changes in CaCO3
deposition in Sierkfontein may well be evidence for climatic change, es-

becia11y the larger fluctuations and CaCoy deposition changes, A1l the

evidence quoted suggests two climatic oscillations (from arid to humid, é&nw

back to arid) except for the Milner Hall flowstone which was susceptible

to twe interpretations, one suggesting two and the ot v suggesting‘more

'than two clumat1c os¢illations.

The dating of the f]uctuatxons is at present far sketchier than

™
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_{that deduwd by M”ke‘" a"‘d B*‘ °°k (197@} whereas these workars wera e
_ "‘..“f‘_":‘ab"e to ascmba the wawr 1eve’1 1"1uctuatwﬁs m Echa cave ‘Len‘bat*ivew ta:“ ¥
e ffr,the majw cima..%c aaciﬂaﬁons of 'i:he P1emocene, 11; 15 mﬂy known
_f*fthat the usciﬂataons at Sterkf‘cntein o::curred after the dapo ‘Lw cn |
fﬁ"\}“f’:‘bf’ tbe bonewi ch brecma (apprax‘:mate‘ly 2 million years: bafore m*esent)

- "‘_‘¢f"._and Mw t0 50 000 years b‘““""‘”e P%‘esent. The oscﬂ'ﬂatwns t*ep)*esen*ted
.;ai; Sterkfontein thus ovaﬂap thqsa at Echo Cavea. R

o ‘8‘6?;7 |
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- CHAPTER 10 : SUMMARY AND CONCLUSIONS

?0 0 Summ arg
‘ A summary- of the resu]ts from the detailed anaTys1< of the

P éaée syStem are presented. Thereafter evidence of c11mat1c osc.11ation
vis summar1se& The re]atwon of the results to var10us exvst1ng theories :
'of cavern deve1opment and cszat1c change in Southern Africa is evalu-
ated. ' |

0.4 Morpho?ogy and Location of the System

10.1.1  The cavities comprising the system may be divided 1nto
~two morphological categories:~ the large main galleries, and the smaller

" passages to the north of these,

10.1.2  Main galleries are relatively narrow, sheer-sided, sTot-
Tike, elongated cavities with strong vertical development (up to 30m) and

: thh earth floors which conceal the total original depth of the voids.

10.1.3  There is an approximate boundary between the ?arga‘ga11qries~ 

and the smaller passages lying to the north of these. The smaller galleriss

dip variably to the north, are relatively wider tﬁan the main gaiieries and

- are often oval in cross-section.

10.1.4  The large galleries are aligned aTong‘major east—weét com=
pressional, fractures and fracture zones; they occupy the area of thé

hi11 4n which the fracture zones'are concentrated,

10, 1.5 The smaller galleries to the north occupy an area largeTy

‘ ‘deVOwd ¢ maaar fvactura zones, and are al1gned along joints and occupy

specaf1c strat1graph1c 1ayers, often w1th sma11 gands contro?11ng the rcof.‘_‘

?0.1 & The smaller'ga119r1es have deve1oped to the narth of the




”"*,;fracture zones in response to water—flow from the fracture zone VO}dS R

“";;ftowards the Tocal dra1nage 11ne. ,'.f

10 1 70 The posxt1on of the cave system is thus determwned by

‘"lf_fthe 1o¢at1on of fracture zones which have developed according to a o

o ?_;speo1f1c pattern in the B1aauwbank River Val]ey A poss1b1y 5111c1f1ed;;'

fault‘ whwch bnunds the cave system on 1ts eastern or down stream s:de,
'.'may have encouraged cave deve]opment by concentratlng groundwater in. the,'f

dolomite on its western or upstream side.

10.2  Erosional Detail

10.2,1  Erosional detail such as networké, partftions,.rotk—
- spans, flutes, joint-determined cavities, boxwork, sty101ites,‘ahd'prp~ L
truding chert bands, points to an origin almost entire?y'phreatic, '

10 2.2 A few features 1nd1cate f]ow1ng‘phreat1c water. and

one seasanal ‘vadose stream fiows in a phreatically formed passage.

10, 2 3 Much evidence of perco]ating water actwon eX1sts in thn :

form of solution p1ts in the cemented breccias of the Fossil Cave and dee

~4n an underground chamber (Daylight Chamber) Large scale attack.by per~ -

colating water appears to have caused the Exit Area which has been lznked :

by solution of the breccias to the Towest parts oF the cave systan. '

The slot-like form of the main galleries suggests upward elouga-“_

“kion due to perco!at1ng water.

10.2.4 Small collapse-formed cavities were encountered centered -

U ;;rious‘jaints, mostly in the dnner parts of the cave system.

10,2.5 The cave system corresponds to Davis' (1930) fdrmuia*
.tian of cave development in that it underwent deep phreatic erosion and
is now air-filled. 1% also corresponds to Ford's faxnulat1on (}970) that

deep phpeatic caves develop ir steeply dipping rocks. The smal] northern

*
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' "‘_'rﬂf?assages show cantmi b,y apemﬁc Tayers wx'thm the . bedm)ck, tha 1mpor~' v

~ tance of such controls. bemg advocated by Gardner (1935 Glennie (1956)
*amﬁ wah;ham (’wm) | RS S

10 a 6 The Ma1n gaT]erwes of ihe cave system do not corres pnnd‘ |

g fltD any specwf1c theorTes of cave development in that they have deve?oped‘\

'~1A,; enn1re1y accord1ng‘to the‘partwcu]ar-geolog1ca1 structure, the fracture-

zone pattern of the Sterkfontein area. Within the confines cf the area
withithe‘sam&ngeologicai‘structures, it mey be possible to detect some

' ,systematic development of caves.

;10.3 Water Leve]s'in the Cave System

10.3.1  Cave sect1ons 1nd1cate that the seven water bod1es occupy-

ing the Towest parts of the cave system, all lie below the B]aauwbxnk vaer ‘
“bed level by § - 18m, and that they decline in height towards the nerth-

east, suggesting that they are crudely connected to one another (hyorau11c

gradient of the order of 6° north-eastwards).

10.3.2  Resurgence of the cava‘water is probably al the bedrock/

alluvium contact in the Blaauwbank River, in the form of underflow. -

10.4  CaC0, and Non-Calcareous Deposits

10.4.1  Speleothems of Primary and Secondary Growths

{n The accumulations of CaC0, (in economically expToitaﬁle-quaht{« '
tiés) ocour in the cave system in a variety of forms: calcite in the form
of stalactites, stalagmites, flowstone, calcite straws, rafts and helic
tites,‘ Other forms are afagonite crystals (subaqueous and subaerial) which
'IQccur 6n'a11 kinds of surface, and concoidal amorphous CaﬁOB_in one 1o~
.ca}ity§ | |

2 At ieast two‘dist{nct phases of CaC0g depositfon.ava evident,

[P




T

‘ﬂ  (3)ﬁ ;  The 1argest vo]umes of ca003 have accumulated a]ong the ronfs

"'[gakoF the fracfure controiled caverns.

10 4.2 Non~Ca1careous Deposits

‘3-Tf;(1) : The non- calcareous depos1ts are of three types, wad > the 1nso?u~ i

1:‘b1e do1om1te re51due, cc]lapse matev1a1 derived 1ntnrna11y, and cﬁarse ST

earthy deposvts.

{2y ,ﬁ' Wad collectﬁ underwatera it is found exten51ve1y in the 1ower e
parts of the cave system as a wall coating, and is another pointer to the
' phreatxc 0r1gin of the cave system, Normally it is found as a black powder ;'--1 

'H;ﬁar Jellyulwke substance, but it 1s also found cemented 1nto breuc1a. :

(3) CQ]Iapse material i< found in the inner recesses of the system"'
in comparative]y small quantities. Any such material in the ma1n chambers .

is burwed beneath the large influxes of hillslope debris.

(4) Coarse earthy deposits are ubiquitous in the caves, espacia11y  ' " '
- in the large galleries, They consist of red earth with sUbanguiar-stones i
| and some co11apsed boulders. Though usually roughly strat1fzed these de~

. pnsw*s do not display serting within individual strhta. They conta1n sone'
botie and artefact mater1a1 and may be cemented to different degrees of

hardness,

(5) These deposits cover most floors and many avern walls, ?hey

- geeupy tbe major fracbure~zone chambers as large cont1nuous bodves of dehr1s.‘%,.

it is apparent that these dep051ts are externa11y—der1ved h1]1slope water1als.‘:";

(6} -_7 The coarse earthy deposits often occur as twod1st1nut ent1t1es,
.ﬂviz‘ a cemented and carapaced depos1t s1tuated above an uncemented, uncara~'
‘}'paaed-depusit" ‘the upper cemente deposit often shows evzdence of phreat1¢

attack on 1ts undersxde.z _




2 31.

The 1argn unconsol1dated debrxs cone of the Mi]ner Deposxt,has

i { ;~}d1Fferent constntuents from the overlying cemented depus1t, and 1s thera~ o

fore not-a deca?cxfied subszded pcrt1on,of the cemented depos1t, as sug~ |

',vﬁf;gested by Roblnson (}962)

e  (8)'~' £ mndei has been praposed t0 exp?awn stages of deveTapment of

:  the dep051t nasses.

(@) No epoc% of c}ay 11, as propssed by Bretz (1942), ever afrecned
Sterkronte1n as a spec1f1c stage in the deve?opment of the cave system,v i

wa?T deve]oped fracture zone avens allowed coarse externa1 debmc to enter

‘ ‘3n veny 1arge quant1t1ps, unlzke the very fine 3011 f1?11ng recogn1sed by

m@u.-‘

(?0) Surfdce breccias are connected with underground breccias through

‘ d;stances of at least 35m, The breccia material enters by, and acgumu!atns *"7

in widened, near-vertical fracture zones.

{1 Archaeolog1ca]1y in part1cular it s 1mportant ta note that the s

1oWer parts of the thick deposits will be o]der than the upper parts. L

(12) It is accepted that the coarse fraction of the bone~pcqrgbrec¢ia:?: 7
of the Fossil Cave is of collapse derivation. The fine matrix material of

‘thiS‘bréccia, however, is believed to be infiltrated into the coarse frac- -

tién dolomite blocks with the aid of percolating water;‘_Therefore this f

'  46§§sit cannot be accepted as a climatic indicator, as proposed by Brain

(1958),

(13) Unconformities between the three contiguous surface breccias in.
" the Fossil Cave do nst necessarily represent time hiatuses; they repre-
‘sentﬁchangeé to different modés’bf’dépbsitigng The‘cuT?épsed,bonespoqr_-

o breccwa 15 simp?y an 1nterrupt1on in the cont1ﬁuoud, gradua1,aecum&1ation o

-




‘ , ':,f Brain (TQSS) or1g1na11y suggested and not. unconformable as Rob1n°0n
% Tf*‘(i?&z) viewed 1t. 7 : '

"9,

.fraf the bane~r1cn depos1ts, 1 e. the depos1t mass 15 confbrmab]e, as

 '(14)' ‘ The upper chocolate brown breccia, of Lhe Fossil Deposxt, pro— '

'Vfbabiy accumu]ated ina vowd caused by the compactiorn of the under1y1ng

dsposxts, rather than in a voad caused by colTapse of the. under]yxng de-

. pos1ts into the underground system as proposed by Rob1ncon (1962)

-~ 10,5 Ev1dence of C11ma+1c Osc113au1ons
1t has been mentioned that breccia matr1x ana]yses have been
used to make various climatic influences. As doubt has recently been thrown

on these interpretations they will not be discussed.

10.5.1 Re-solution features on many travertine masses in the v
cave sysfem indicate that water Tevels in the caves have f]uctuated in the '
‘past. | .
10.5.2  Such fluctuating water Jevels are best explained,by e~
matic osczTTations which affected the hydrological regine of the Sterkfon-

tein area,

Tﬁ.b.s Water level fluctuations have occurred at three detectaﬁ1e
levels in the cave system. The two upper-level examples indicate two :
, ciiﬁatic_:hanges each; the Jow level fluctuations indicate only one defi~

nite climatic oscillation.

10.5.4 Al three sets of water level fluctuations occurred prvor ,‘f"

to 50 000 years before present. The upper level fluctuat1ons probably
occurred befare the bone~bear1ng breccia accumulated, whereas the Tower '
two sets occurred after this breccia had accumulated (bone—bearlng bFECCTa

: datpd var1abiy between 1,75 and 2,5 million years before present)

”»

10.5.5- The c]1matic fluctuations eV1dent from the past Take
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FVYéVe1§7cAhﬁot'aﬁ.prQSeht'be eQuated'with,the'Othef evidence of climatic

. ”change from the ,ransvaai.

TG 5, 6 Varwations 1n the th1ckness of successive travert1ne da—
pooats, 1nd1cat1ng varwatnon in e1ther tne rate of depositxon or the dura~

Vtton of depnsvt1on, a?so indicate c11mat1c fluctuat1ons

10,6 'Conciusibn
The twe hypotheses being tested in this thes1s can how be cvalun

ated in the light of the conclua1ons 11sted above. The nzo hypotheses.are

1. That the Sterkfontein cave system fits the models ofrcave
development established elsewhere in the world. | |

2. That the Sterkfontein cave system, Tike other cave systems
in the TransVaaT, praeserves evidence of climatic oscillations. '

It is apparent from the conclusions that the first hypothesis

may be only partially accepted, since the major cavities of the systém are
unique, having developed along a series of fracture zones, The minor cavi~

ties, hewever, Fit most closaly the theory of cavern development in dippirg

rocks as proposed by Ford (1971). ‘Also, Sterkfontein fits Davis' very
general 'two-phase' theory of cavern development (Davis, 1930), since 1t
is almost entirely a phreatically formed cave. .

In relation to the second hypoiheSis the conclusions indicate.

that it can be accepted. Distinct changes both in the volume of calciun

carbonate deposition, and in the cave water Tevels have undoubte¢1y'occurred["

- Such changes can best be explained in terms of changes in surface cTimatic

- conditions.,

B e e e T
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