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";;to have entered the chamber'by a smeTar route to that by whwch the '
brecc1a debris or1gwna}]y entered (F1gf 6.12), |

: The 1nf1uence of a hanging dolomite wa11 1s presumed since the
trevert1ne carapace Jssues from the highest parts of the chamber against

~,vthe dolomzte roof.

(6)‘ Sma11 Exxt.Deposat

' Lyzng on the south-west side of the Ex1t Chamber, th1s deposmt
is in the form of & debris cone with a very thick (3m) traveri1ne Carapace,
which has been Targely destroyed. Like the large Exit Deposit its upper
surface rises to the chamber roof, suggesting that it toé entéred'as an ;“
infTux from the hi?lsurféce via an aven or sTot@ As in (5) it is‘preéumeﬁ
that the lower end of the slot acted as a hanging wall preventing fhe in-~
gress of further hill talus. waevera wiike the large Exit Deposﬁt, thev
stiall Exit Deposit appears to be totally unaffected in any way by phreaﬁic’
avtack.

This Deposit consists of numerous small do1omité blocks (& -

10cm3) embedded in a red sandy matrix, apparently externally'aerived. B0 e
lies directly beneath the east end of the Exit Area on fracture zoﬁe No E

5 (Fig, 5.1).

(7} | Graveyard Deposit » )
ilong the southern, western and eastern walls of the Graveyard

Chamber, near floor level, lies a re]ative?y small breccia body. Covered

with a thin travertine carapace, this breccia body has collapsed dOWHWafds

 a'shart,¢istance in the middle of the chamber, an exaiple of the kind of

breccia cone diSintegration envisaged in the model (Fig. 6. 3&) The

s]ope of this brecc1a cone. 1s shallow and lessens across the room (F1g

6. 13) suggesting the deposltxon of a wet rather than a dry dabris. The

breccia is pink with a bone-rich layer and few coarse 1nc1u51ons,

-
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‘Hanging dolomite walls appear to have preven{ed the tOtal‘inun~
fdation‘and fil]fng‘0f this ﬁhamber by debris. Hewever, small cones of
fine red earth are deposited on the carapace surface in the innermost parﬁé
of the G?a?eyafd Chamber, near the apex of the braccia cone (Fig. 6.13).

This is the only record of a new unconsolidated deposit overlying a traver-

tine carapace, most newer deposits accumulating beneath a carapaced breccia

body. The bccurrence of these small cones of red earth presumably indicates

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 tn. side
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 collapsed breccias 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 large Exit Deposit and he Graveyard
Deposit (Fig. 5.1). '

(9) Elephant Deposit _

The debris masses grouped in this section ¢ nok all have the
same source ar<g; they have been grouped together because of their simi-
larity and proxﬁmiﬁy to one another (Fig. 5.1) in the southern recesses
of Elephant Chamber. | | ‘ o

The Elephant Deposit consists bf small bodies of breccia attacheu
to the walls of the Elephant Chamber, as well as large unconsolidated de-
| posits covering the floor and truncating all the passages Teading off>scu£h

and west from the main Elephant Chamber (Fig. 5.1, points 1~ §).
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The breccias are small stony agregates, oftenywith a travertine
‘capping; attachcd in many places to the maze of partitions on the south
side cf Elephant Chamber,. They occur from 4m above the present floor,
| at increasing heighis towards the blocked passages in the south. They
seem t¢ be remnants of a large talus sTope which must have stretched once
to the other side of the chanber (Fig. 6,15).‘ These remnants represent
the most extreme examp]é 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 steeply rising
slopes of hiil talus and red 501, 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
ionas. .

‘ 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 rewer debris phase (derived from the
southern passages and roof aperturas), The bulk of the deposit appears
to be a gravel leached qf fines by drip and rain-water which must con-
stantly wash over the present f1oor.4

The “§~¢s have been washed to the lower levels and form a yel-
Towish mud (Fig. 6.16) mixed with a black wad residue.
 The trench dug in the floor deposits (point H, Fig. 5.1) revealed

-

- HThe 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,
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'“‘that a surface Iayur of recent 5011 overlies calcite ch1ps (m1ners‘

' rubble) The ca1c1ie ch1ps 1n turn over?we the uncompacted graVel

 ,(?0) N Fau?t Cave anos1t
| The inhermost passage of the Fault Cave (D-E, F1g 5 1) 1s a; ‘

collapse cavity, usualiy Tpss than 5m h1gh developed within a large con- k;‘
>t1nuOUs body of breccia dn- orxgwn similar to the Térror Chamber, Inf1uxes"
of newer unconsa?rdated red sand which have entered through a high, - .
| :;narrow, Vertica}vshaft, have blocked the furthest end of the passage (E,k’
?ig. 5:1)‘ The breccia and the sand together form the Fault Cavékaepoééf

The breccia consists of small a“qular cnert and dolom1te b?ocks
in a matrix of fine yelTow«orange sand. The breccma forming the roof qf,
the passage has been extensively redissolvad indicating a rise in g&bund
pater Jevels in this low lying cave (60m bejow datum).

The mbrphologica? characteristics outlined in the cone develop-

ment model are not fully developed, apparently because the breccia is'a

s?ot~fﬁ]1ihg, much 1ike the Terror Deposit, However, certain characteristﬁcs
are recognisable: a breccia body has suffered destruction in the TQwerk B
levels by solutional attack of ground water, and consequent co1lang. A
certain amount of later unconsoli “tted hillside debris has suyseque«;ty
entered, |
Since dolomite bedrock is not visible at any point in the pas;age
or on the hillsurface (due to a thick soil cover) fracture zone eaplanations
of the Jocation of the passage and depos1ts, be they fracture zone or

- otherwise, are conjectural.

This concludes the description of the cemented and unconsolidated
~ ,dépositst» It shouid.be'noted'once more *hat the ‘clay fi11' which Bretz
(1942) found S0 ub1qu1tous in Americen caves is not ~onsmcuous, even 1f

 1t exists at alt 1n Sterkfontain cave.

-




iy

Thé ca1careous depnswts g1ve evwdcnce for past water Teve1 fluc—l
ftuatﬁﬁns, and some 1nfbrmat1on concern1ng the date of de9051t1cn. Tha
!vnQHPCa1careous depos1ts are among the main determinants of the 1nterna1

k :cave marphatogy.: A made! of debris cone. deve?opment was presented, and

o the mnde of deve]npment of each debris body exam1ned in terms of 1t

»Further, th 1ocat1on of each deposwt body was re?ated to the cave system
reveaTdng that debris 1nf1uxes (except in Fault Cave} occupy only the -

large fracture zone chambers, south of the morphological }ine dividing“

the northern passages from the large southern chambers.v The relatﬁcnShfp;v

of the deposits one o another, is discussed later.

s et e
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PISCUSSION

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 Sterkfpntein 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 solution 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, 1972; and Waltham, 1971).

7,1 Location of the System

71,1 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 been
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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'iisterkfohtéin'hiilack (Moon, 19721, these are aligned north-south and have

45,

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

~fp& this‘ééeﬁs_due to the f§ct,that there are fewer north-southvfracﬁures,_
‘inom’bbsekvation‘undergroundﬁit is apparent that the north-south fractures ‘
are un?ihe-thg east-west fractures which consist of zones of fracture fatheh'
- than sing}e(?ineskuf weakness. The north»sduth fractures have not had an -

0varviding'c0htro1 over any part of the cave system.

The question arises as to why a particular set of intarsecting

fracture zones favoured the development of this cave system. Two geoli=

‘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 fault®
(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).
(1)  The underlying dolerite sill. The dolerite sill which under-

lies the cave system outcrops a short distance to the south of it, and it

~too may have acted to ccncentrate the ground water in the ang1e«between‘the

$i11 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 sill, since the greater area of doiomite occurs on its éputhern
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 Towest water

body in the cave system, This suggests that the si11 is either not acting
f as a dam for ground water from the south, or that the ground water to the

south is very much 1owef than that in Sterkfontein; and thus part of a




'.‘vccmpletely dtscennécted and segarate hydrologic syst»m. It is also pos~

'~swb1e that,the borehnle s:mp1y did not atrwke any cav1t1es contain1ng

5k'5water, hnwever‘

7‘1 2 A?tatudxndi Locatlon

In the Vert1ca1 planu, the location of the cave may well be re-:
}Iated to the fact that the h111top dolom1te contains numerous bands and
Tayers of chert, It cannot be said conciusively that the greatest conceh~
~tration of chert occurs~iﬁ'thé hilltop dolomite strata, but tﬁis'appears
Tikely. | | | | R
The effect of a concentrat1on of chert layers in the dolomite

strata of the hilltop is twofold:

{i) Ground water flow would be concentrated on the underside

of the chertz strata, Teading to cave development (Waltham, 1971; see
also 7.2.4 (1) below: Origin of Fossil Cave), and

(i1)  The chert bands, being relatively resistant under local con-
ditions would reduce the rate of hill summit lowering by surface weatherm

ing.

- The first of the abovementjoned effects may thus explain the
aititudjnaT location of the cavern voids beneath the hilltop, and the
second helps explain why the caves are preserved at the present Tevels.

The possible effects of water-table control are discussed.below
(7.2.2). | |

7.2 Form of the System

7.2.1 Phreatic Origin and Vadase»Modification

‘ - The morphology of the cave system is a result of hhreatic ero-
' sibn. Features fnund at ali Jevels .in the cave system, and descr1bed in
ﬁetali above, are predominantly of phreatzc origin. In that the systen

- has now been largely drained df~water, Davis' two~qycle theory applies in




a~ge¢erél.wayx(nayis, 1930}g;a1ihough many parts of the syst 7 have been

v,!submergedjdeep in the phreas more than once. With the .acption of one
’;f$mail‘passage in the Fau1t‘Cave, ﬁhe system has not;suffebed any'mOdifi- L
" catian'by-vadesé:stream action. This contrasts with éretz‘s:finding tha£ .

'3.caves in the U.5.A. are usua11v mod1fued by vadose stream action (on1y

144 out of 107 caves stud1ed were purely ph“eat1c in or1g1n - Bretz, 1942)

_ ‘Recent work suggests that caves in the Transvaa? are geneva11y '
pureTy phreatic in origin (Brain, 1958; Marker, 1971). Although.ﬁhe.?acﬁ
'uf vadose modification of Sterkfontein may be due to its location beneath
“a small hill, distant from local drainage lines, this alone is nbt anf '

adequate explanation. |
Bretz (1942) has shown émp1y that underground drainage pattéﬁns :

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

flow, watefshed positions and volume of flow. Lack of surface water gene~
rally, the badly integrated nature of the groundwater system (7.2.3 (1)
below), and the steeply dipping attitude of the rocks, have probably all

contributed to “he lack of vadose modification at Sterkfontein.

7.2,2  Deep Phreatic Development, and Water Table Contfo1

(1) Deep Phreatic Deve]bpment ’
In his recent formulation of cave development theories, Ford
(1971) postulates that deep phreatic caves, as 2 common cave type, develop

optimally in steeply dipping rocks where the resurgences are dOWndip;

Characteristic of this type are bedding-controlled passages ('dip-tubes'})
descending through a vertical distance of at Teast 8m. (Ford, 1971). In =
Sterkfontein the passages north of the main fracture~zone galleries are

cannro11ed by various beds in the dolomite (4.2 above). Many of these

descend cnntznuously through large vertical dlstances (50m in Lﬂnco1n s
k’Cave). f these northern passages are regarded as 'dip-tubes', as indeed

it Seams they'must be, then they 1nd1uate that Sterkfontein is to be
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7c1assed as a deep phreat1c cave.Aff'

Another cnaractermstTu of the deep phreatwc caves is the aoznt-f

,"U*{laft tube‘ (1n aondxtxans wbere the rock dip 1s steeper than the hydruu11¢‘ ‘
ﬁ"fqrad1ent Ford, 3971) Ai Sterkfontevn the do]omwte d1ps at 30 and the :-~ H

1 ﬂhydrau11c grad1ent averages 6% downdxp (F1g. 7 2). Ground~water must
!herafore ga1n stratlgraph1c he1ght to redach resurgence level (B]aauwbank’i"*
hvver-stveambed).' Jo1nt—11ft tubes m1ght therefore have been QXpected in
‘#terkfontezn in terms of Ford's theory. B
However. ttere are no examples of such tubes, probab]y bacausc
 :0 11tt1e of the system §s whol]y bedding cenirolled;  the fracture zones
uontro? “the maaor part of the system, and Ford' formu?ation wouidvobviously
, not<app}y under such special 1oca1 circumstances. Neverthe1es>, the bedd}ﬂu
contveTled cavities which do exist suggest the deep phreat1c cave paftern o

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

2) Water-Table Control |

Certain features of the cave system indeed suggesﬁ a water~table
origin for Sterkfontein. Evidence cited by earlier vorkers in support
of this theory will be discussed. ’

1t has been argued above that the passanes north of the 1arge
fracturp zone galleries do not indicate water biu ontru] hecause they
occupy specific strata continuously throggh a vert?caf distance of up to,x
50m. Ford {(1971) has said: ‘'Discussion of a wate. ~table control is ir-

! vas greater than

relevant whare the amplitude of the phreatic Toop
c,Qa ft. |
Thws opinion is accepted for Sterkfbnte1n where the heddrng

) controlled passages vndxcate phreatmc 100ps of at least 50m

I( MM-

1‘Phreatic ioep is &ard‘§ term fnr>a com9051te feaﬁure made up of a
joint«iift fube and 2 dip. tuba. .
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* npwever; thé question of the morphology of the main galleries
; femains:' the floors nf thesg ga]]eries are approximately horizontal, and
~ those 6fithé two largest galleries are at accordant levels. These two
facts, in addition to the size and altitude of the Fossil Cavé‘SOm above:
the other galiery floors, have persuaded earlier workers that Stékaahtein
developed at two distinct wéﬁer Tevels, and hence was related to the
erosion surfaces in the area (Brink and Partridge, 1965). Although the
cave system may be related to regional water levels and the associa:ed
erosion surfaces, there is doubt whether the features previously regarded
as indicative of water-table cortrol should in fact be regarded as sucl
For instance, it appears that the Fossil Cave does not in fact have a
dolomite bedrock 'floor' separating it from the underground chambers.
The existence of such a floor would suggest that water-table controlled

cavities had developec above and below it. It 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

bacomes the Tourist Cave at Tower levels, and it may well extend far
below the present floor level of the Tourist Cave. Similarly it may wel?
have extended above the level of the Fossil Cave. It seems therefore,
that discussion of cave development at two distinct levels (Fossil Céve
and Tourist Cave levels) cannot be supperted.

The present floor levels in the large galleries, as wé]l és
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 Jevels
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‘simpIy re- .
flect the amount of infilling by surface materials of underground

cavities.
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‘ cavern‘waTIs,’thus causing the caverns to widen laterally The insoluble

'perahed above the level of the general piezometric surface in the chaly

© 50,

“This insoluble fill-material may have protected the dolomite

beneath it from solutional attack while directing erosion against the
Fill-material may weil have caused water bodies in the caverns to be

area,

" Qverall it appears that the evidence for water-table control.
in the underground caverns.is hot convincing. Such possib1y indicative
features & do occur {floor levels and caVity widening at Floor "avel)
can be aseribed as easily to the effect of floor deposits, as to
regicnal water Tevels. -

Waltham (1977) has showh that cave deveiopment may be {nitiated
along a fracture line at any level where impeviieable bands, fault breccias,
or 'lenticular openings on non-planar faults'occur (Fig. 7.3). Such
sfructura1 factors may also be responsible for the development at a payé
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 cCharacteristics of the Water Levels in the Cave Systom

(1) Gradients

It hae been shown that the water levels in the caves vaiy by
48m below datum; Fault
Brink and Partridge (1965)

as much a5 10m (Lincoln's Cave and the Lake:
Cave 58m below datum. See Figs. 7.4 and 7.2).
have postuluted that water-tables within the Transvaal dolomites are un-
even during phases of river incision, The Biaauwbank River is at present
inciéing its Va&ley into the African planation surface (of which the Stevrk-
fontein hillock is believed to be a depressed remnant); the uneveness of
the water table within the cavas thus appears to support the apihion of

Brink and Partridge (1965).
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On# mIth even regard the Wdter 1eve1s as 1nd1cat1ng wat#rw
bod1es vwrtuaTTy or totai]y 1ndependent on one another, it it were not
for~the fact that thP levels descend approx1mate:y in the d1rectnon of ‘
the nearby Biaauwbank r:verbed This suggests some degree of integration
i hydro]og1c network.‘ | :

vadence of current flow within the phreas has been presented
doma11ke cav1t1és eroded upwards 1nto the breccia of the Miiner Depos1t

suggest a gentle phreat1c current. An analysis of hydraulic gradients

'between,the several water bodies in the Sterkfontein Caves supports this

evidence of current flow. Assuming some primit5Vekintegratidn'between'the |
water budiés, it is evident that-the;maximum\hydrauTic gradient in?thé '
cave systeh is that between the two water bodies in Lihcoin‘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 -

Bog)i, 1971).

sub-watertab?e currents (Bogli, 1371).

It is recognised that such gradients cause strongly flowing

~ This finding supports the morphological evidence of flow in
Sterkfontein, and verifies Bretz's evidence of current flow in the phreas

(Br&tz % ‘942) *

(2) That the hydrological regime in the Sterkfontein area is not
é]togethar‘simp1e, is illustrated by the fact that the water fevels in
the system 1ie at or below the incised ved of the Blaauwbank stream;

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 beén argued that a primitively integrated system of phreatic coanec~
tions seems to exist between the water bodies, and that they appear to
dvawn tﬁWards the Blaauwbank stream.

~ The exp?anat1cn of thls situation seems to lie in the thickness

of alluvial material beneath the presenmt river bed. The stream fas
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'aiready 1nc1sed Bm 1nt0 the terrace and uhecret1ca11y’1t should rest on
anohher 12m at Jeast, in arder for the cave water to drain away at the

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 Foss11
Cave is 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 una.. 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
small scale collapse, it seems as Tikely that thie Fossil Cave roof was

a solutional feature. This opinion is supported by the fact that the
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e ,1argest eXpan;es of cavern ceal1ng an the cave system are p?anur fea+urus f;'

‘fi°d1pp1ng w1th‘the bedraca, and deva1oped at bedding planes wwthln the
"lidolomlte‘ These large cealxngs (Exat Chamber 600m Lwncaln S m31n :
“<chamber~300m2) appear te be solut1ona1 features; they d1spiay such phre~
ﬁ:fatlc features as Jomnt contr011ed cavit1es, deep and shaltow, and the
Cteilxng surface is gnnt1y undu1at1ng, unlike the f\at c1eavage p]anes |
which rharacterwse coTTapse u]ong bﬂdd1ng planes. - Aiso. as far as £an be
 seen, no co?iapse b?ocks lie on the f?oors beneath these cen]1ngs. “The
narth~west side of the Ex1t Chamber cewllng is deeply 1ndented (3~4m}) hy
Jo1ntwdetermined caV1t1es which have been carried upwards purely by
*soTutznn, thus 1nd1cat1ng that sclutwonal attack: may also produce an
“irregular’ ceiling.

It seems justified therefore, to claim that fhe ?Jséii‘caVe
roof may also have bezn a solutional feature.

The mode of formation of such ceilings appears to be &uﬁ to |
cavern formation beneath an impermeable bedrock 1ayer due to ground water
rising through the stratigraphic succession. 'Naitham'(197i) haSNSuQQESted:,

speleogenesis of this part1cu1ar Kind, under a set of conditions which
:are fulfiiled in Sterkfonte1n, namely that the hydrauiwc gradienf shauld

be less than the regwonai dip, that 1mpermeab1e‘strata should exist to
concentrate ground water circulation, and that th» bedrock should dip to-
wafds the resurgence. In Sterkfontein the hydraulic gradient was shown ta
;be less than 11° north towards the Tocal drainage Tine. The rockdip is
30° rth and the hydraulic gradient is therefore Tess, causing the grauwd~
: watEr to rise through the stratigraphic succession to reach~resurgence ’
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,

 to form the cavern. and the reTated planar roof foature, -

‘Shale bands are a!so known in the regzon of- the F05311 Cave

e




: reof (Br1nk and ”artrwdge, 1968} It may be”conciuded that'thékFossii*
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| fﬁave may have deve!oped as a solution feature, 1.6, phreat1ca11y, aust as

‘.‘the other major features of the cave system developed. Very Jittle of
“the characfer og the Fass11 Cave roof is known, and either the coi?apse or.
:vthe so!ut10na1 theorles of deve]opment may prove trye. It is 1mportant
'to real1se hawevar, that planar roofs d1pp1ng with the badrock do not

: necessar11y indicate collapse, as has been claimed in the past.

 (2)v ,k'(.The Fossi1‘ﬁave Fioor

- Brain (1958) considered that the f]bur of the Fbssi? Caveywnu]d
necessarily be the upper side of the collapse block which he hypotheéised

had collapsed into the underground caves, leaving a large cavity, the

Fossil Cave, above it. Robinson (1962) showed that the existence of a co1~

» lapse block of this size was highly unlikely. 'Atsw, it was mentioned above

(1) that a serfes af’pgséages gxist uhdérground,fdevelnped in bedrack, within

the void supposedly occupied by the large collapse blobk., 1t is éppavent

that any floor which may have existed was not the upper side 0f‘a,large

‘collapse block.

Robinson‘neverthe)ess regarded the Fossil Cave as having & f%oor

at approximately the level of the Milner Deposit cone carapace peak i.e.

at a Tevel of ¥ 30m below datum.  (Robinson, 1962) (Fig., 8.7). Debris
was viewed as having accumulated on this floor, a floor which subﬁequently
colIapsed into a lower tier of caverns, at the western end of the Fossil
Cave, , R L

It seems very likely, it the Tight of this study thaf the Fdssii"
Cavé‘did‘ggg have 7 edrock floor at all, but that its flvor was in effect

the fiobr of the present-day undergrouhd‘caverns, another‘16*20m~lbwer,r The

- reasons fov this proposal are as, follows:

(1) The south wall ‘of the Day?zqht Chanber is a vert1ua1 aimost

smcuth do?omite face, without. }edges or prutuberances of more than a few

-
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Fig. 7.7 Plan of Fossil Cave excavation with relative positiohs
of underground caverns (see text for explanation)
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‘ *ééﬁtimetres;PfThis is true of thé ﬁntire,visibTE'héight of the south'Wa11
<of the Day?zgh* Chamber*where 1t autendq westwards domn tawards the E*ew‘
‘ 3] phant Chz e, becam;ng as much as 30m high in parts. W1€h Rob1nson
“;*51962), | jent writer believes that this sheer, cliff-1ike wall is 3;
7<a~gced axampte cf th@ vert1cal cave development whach resu1ts frem phveatxc
1aftack a]ong vert1ca1 fractures in dolomite bedrock.
_ S1nce th1s south wall is a11gned a]ong a mawor fracture zone 1t
is reasonabie to suppose that 1tvcont1nves eastward, towards point *C‘
(ngg 7. 7) as a sheer da?om1te face. As no suggestion of a flcor can ba
>seen to the west, it seems wmp?obabxe that-a floor ems’fs eas’cwavds of

lthe'Dayiaght Chamber as a support for the Fossil Deposit, (1t is argued o

below (3) that the south wall of the Daylight Chamber is in fact also the

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

(i1)
(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

v~impede the influx of surface debris.

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

north and south walls appears true, i.s&.
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?! .

e in G105€1y with the position inferred From ‘the Daleght Chamber {C,
: Fig. 7. 7)
 study verifies.

Rcblnson (3962) suspected this connect1on which thﬁ present
'It~was argued above that‘thzs wa}1 is probablyja,sampie
and~boustant feature for its entire lengthkiﬁiephant;Chamber - Daylight.

From the Exit Area a subvertical shaft descends directly

[y

a small portion only of the north




| Chamber - Exwt Area), whxch acied as a sheer h1gh {up to 30m even at
v present) cantalnwrg wa11 agawnst wh1ch the Fossxl and Day11ght deposits

'haﬂ" accumulated

f(4) | i East‘and West‘WaT]s
| Robinson s argument for the axistence of these two walls is
- tentous, The eastern wall he placed at the eastern extremities of the
' presantwday breccia outcrop& {c-g, Fig. 7.7). As arguad beloW’ (8.5),
theée breccias probably once filled the Exit Area completely, at Teast as
far as D (ng. 7.7) at the eastern end of the Exit Area and u¢ lcuSt tn
the level of the present hiliside. Breccia has since been found 17m
west of the Tine regarded by Robinson as the western,extremﬁty'of ihe
Fossit Cave (Fig. 7.7). Underground breccia bodiés, apparently connected
with the Fossil Deposit, are found far to the we: t of Robinson®s 'west |
wa11?.

But besides the fact that new breccias have been located and few
interpretations of the extent of the eroded breccia bodies have arisen,
the concept of sheer north-south aligned walls does not agree witﬁ’the

~observeu facts of the cave system. The nature of the caves at tbé east
and west ends of the Fossil Ueposit is that of closely spaced, éasi—WEst ,
trending avens and slots ('partitions' at the base of the Tourist Cave en~
trancé stairway are gond examples - they lie direct1y'beneath the "est
wall’ area and are probably a close representation of the original morpho-
Togy near the presenftsurfaca), The actual extent of the uvposit . éast

‘ and west is probably determined mainly by the position of the original

~debris influx points, and then, by hanging walls (bridges between par~

: tition walls) at different 1eve1s.
The new 1nterpretat1ons prasented above arise from a dxfferent,
~und hopefully a'mure complete p1cture of the mode of deveigpment~of the

“cave system; the major element in th1s picture i5 that of fracture zones
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= causing stroug vertical deVe1opment ofgcave voids,

 (5) * Percnlatibg Water and 'Mischungskorrosion’

| , 1t has been mentioned above that the main galleries of the caye
system have “‘eveloped on fracture zones, and that they taper upwards be-
coming mere slots in‘the dolomite at the highest points. Some avens
‘actually piérce the roof of the gallery and reach the surface; othebs
become encrusted with travertine. Brain (1958) attributed the upward
tapering to percolating aggressive meteoric water acting once the,wéter
level dropped. It is also possible that the slot-like character of the
roofs developed before the watek Tevel dropped, i.e, during the phreatic
phase, by the action of percolating water mixing 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




‘38,

':i,éécéﬁiﬁdesCPiptidn of a deep phreétic cave,‘which‘he‘views~as diffefeﬁt
‘=g“lfr0mj9addse‘énd<watgr~tablé‘cavés‘(Ford, 1971); there is Tittle vadosé
'éVi&en&é andinQné Of'waternfabié control in sterkfontein, although the"v
Tatter has oftenvbeén‘invbked by previous workers. Hence there is no
‘evidence of erosion-surface coﬁtrol. |
o g 'Waterkléveis infthé caves all lie below the external dréinage
level (Blaaunbank River bed). Since the Tevels indicate an integrated
system of water bodies, it appears that the water outlet must lie beneath
é thick‘Tayer of alluvium in the river bed; and escape as underf1OW‘at the
bedrock/al1&vium éontact. It has been computed that the alluvium must be
at least 20m thick, if this explanation of water levels is true. Swgeting
(pers. comm.) has called South African karst ‘a soil covered karst', and
thick allogenic alluvial beds with surface and ground water behaving at
least partia11y'independent]y may prove to be a common characteristic of
?s§i1wc6vered‘karst'. X
The formation of cave voids by means of collapse has been strongly
advocated for Sterkfontein by Brain (1958) and Robinson (1962). However,
1ittle evidence of this kind of caverr formation has been encountered.
Streng vertical development of narrow fracture cavities can éxp]ain the
observed features at Sterkfontein: broad expanses of roof, which are more
prone t ollapse, are not as common in the caves. Corrosionfby_thejmixing
of Wates s (Mischungskorrosion - Bogli, 1971), méy have acted with percd4 |
lating aggressive water (Brain, 1958), to produce the narrow aven-like

galleries of Sterkfontein.
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LA crmmm g | T
B ozvswpmm AND mpucmons OF_THE STERKFONTFIN CAVE osposns

| 8.0 The depbsits'pf Sterkfontein can be c]assifiéd aé calcareous
and non#ca1caredus. The former are relatively small in volume and are
genérai]y found as part of the‘iarge non~calcareous deposits. It is
these‘1ékge deposits. their mode of aCCumu?atioh and subsequent erosion,
and a discuésion of the thecries pertaining to them which are the éubjects
of this chapter. :
The model of debris cone development presented earlier is bhief]ykf
stated. Then it is discussed in relatioh to the various deposits“in the
cave system. The features of the deposits are then discussed in terms‘of
the theories of other workers who have been concerned with cave-deposits
in general and the Sterkfontein deposits in particular: Bretz's (1942)'
theory that an epoch of clay fi1ling intervenes between the phreatic and
vadose phases; hypotheses concerning modes of depusit accumulation, past
climates, and the ages of hominid and other fossits (Brain, 1958 and

Robingon, 1962).

8.1  The Model of Debris Cone Development

The model, presented earlier, attempts to explain how unconsoT1-

dated deposits can be found so often at Tower levels than cemented breCC1as

zin the Sterkfontein debris cones.

1t has been proposed that an initial influx of surface debris
accumuTates in a cavern as a cone-shaped mound which grows upwards'untii
the supply of debris is halted by an interruption such as a hanging wall
(part1t10ns which do not reach the floor of a cavern), or a prctruswon

from the voof of a cavern (rig. 8.1a).

v
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lThe.cohé‘isjhéménted,bykcarbonate-charged percolating waters,
" ﬂuring'ur after-deposft?dn. A travertine carapace usually covers the

debris ﬁound finally. Later, phreatic waters rise and attack the ceman#ed
cones by'corroding the calcite cement. The waters undermine the cones
‘and carry awayVor~disperse'the~Ioosened debris material (Fig. 8.1b). The
cone fs 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 éave deposits in
“Southern 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 fil11ing 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

| Hi}1slopé débris has penetrated to the lowest parts 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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