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| 'manv seem to be re?ated -and: thus to maﬁe some proposais abcut the re1a~’
| j‘t1ve ages af“the deposzts and thaxr effect on the morpho1ogy of the cav& |
;v‘syst@mb AI] tha ma1n deposats w113 be discussed except Elephant Deposmt
,f ; and the Faylt. Cave Dep051t,swnce these Tie distant from aTl the nthar }3‘
:vdebris bodies.

8 2.1 Fos¢11 Beposat and the Day?xght Dep051t

The Dayimght Chamber Hes directly beneath the Extens1on S1te "
-of the Fossil Cave. The south walt of this Chamber, discussed earlier,;
was regerded by Rob1nson (1962) as the south wall of the or191na1 Foss11 ,
Cave‘ Hnwever, Robwnson did not suggest that the Daylight __EOStt m1ght be
',cannected with the Fossil Deposit, even though the floor, and the north and
east s1de; of the Daylight Chamber consist of breccia.

This connection seems very likely ﬁowéver, since Fossil Deposit

overlies the east end of the Daylight Chamber {Fig. 8.2). Also the Exten-

sion Site pit has been sunk into the breccias to a depth of 10m belaw daﬁum,'
with ne sign of the Breccia terminating; and since the DayTight hr@ccfa :
‘rises up to 7m below datum (Fig. 8.3) it seems certain that the two breccia 5
masses are in fact one. Since the Daylight breccia can be traced ﬁc‘a‘ |
dapth of 30m below datum, the Fossil Deposit would descend to this depth

(Fig. 8.3), | B

8.2.2  Fossil Daposit and M11ner Depoqwt
‘Pob.nson (1962) calculated that the apex of the ‘Mound' debrxs

cone (the large cone at the east end o~ V?lnerkﬂall) should e directly
beneath the Extensibn Site section of the Fuosil Deposit. Hearing\tha- ‘
zound of the excavators hammersyabove frim he concluded that the épex*of'
the Mound was not very far bereath the hillside, Robinson was correct

- about the pcs&t1on (palnt K*, Fig. 8.2), and ihe apek is khown to rise
to withun 1im of the pwt in the Extension Site (F1g. 8. 3)

Ftnding artefacts at the apex of the Mound, Rob1n¢on (1962)
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‘ :, 1assumed that he had Tocated the underside of the bone rich breccaa
'.(po1nt A Fig.. 8'J9) of the surface Fossil. Depaswt
, HOWQVer. several specimens of bone material have been enccuntered
-f;at a 1ower 1eve] rnAtha Mound breccia (pink breccxa attached to thejwa13~
T‘abova‘the,younger Mound’materia1), whiChkRobinSOn‘rega%ds aé‘kecemented
‘50nésfrée breccia {point B, Fig. 8.7e). For this énd other‘re&sohs'(s.é,B
"béTGW) Robinsnn‘s‘interpretation seems incorrect. 'The debr{s mass nytﬁe
Mound'has,preSumably'infi1trated down the avens aligned along the varibus
fracture zones; it seems reasonable to suppose that the Fossi] Neposit s
thus connected directly to the Mound Ceposit, as well as t0 the’DayWight ”v
Deposit. As such, the Fossil Deposit would extend doanards‘as far a&~42m}

below datum, to the floor of Milner 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 Mourid (33m be.ow datum -
Fig. 8.3). It scems definite therefbfe, that the west end of the Terfor,
Chamber has formed within the Mound debris cone. S

The Terror Deposit furthermore, stretches to the east in a caﬁ¥yi~
“tinuous body forming the roof and walls of almost the entire chuwber ex-
cept for the extreme eastern end, It will be noticed that this deposwt

Tes directlyyﬁeneath the Fossil Deposit over this distance, both deposits

being aligned along fracture zones 4 and 5 (Fig. 8.2). ' S ”f
The east end of the Terror Chamber itself SUqgests txat th}s
aﬁnectﬁon exists: a vertical dQTGm1uE wa11, discussed earlier (6.2,2(3)); 
stretches upwards contxnuous]y for at least 220, which 1ndxcates that B
for msst of the vert1ca1 distance to the surface there is & shearswded

slot, or~narr0w vertical chamber w1th no impediments to incoming ﬁebrus,

el
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Furthermore* the brecc1a deposzt in »he Sku]l Recess (povnt Z,
‘;VF1g¢ 8 3) is only Gm abOVE, and qouth of the do1om1te wa}l po1nt Y)
: Since. the Skuil Recess depoa1t is connected to the Fossxl Daposxt, 1t,seems
vprabab1e that a connection exists at both the ea;tern end cf the elongated
? v Terror Cbamber and at the wastern end.
| “‘% bard to res1st the suggestson that the Fass11 Deposwu de-
kscends continuous!y tg the Terror Depos1t, forming perhaps the iargest maos

of breccia in the cave system,

8.2. 4 Foss1l Deposit and the Exit Deposit

The Skull Recess deposit, which is visibly connected to the Fos 51
Deposit, lies directly above the small Exit Dep051t on fracture zone Nu, 5,~ '
‘(Fig. 8.2), The shortest distance between the two is about ?m,kand~thqs,'
the connection seems to be fairly certainly established. In furn there may
be a connecﬁfon between the small Exit Deposit and the easternmost part of A
the Terror Deposwt (E-E', Fig. 8.3), in that one Ties only 10m vertwraliy

above the other on fracture zone No. 4,

8.2.5 Entrance 6 Deposit and Graveyard Deposit

Entrance 6 and its deposit 1ie directly above and only me fromj
the Graveyard Deposit op Tracture zone No. 4 (Fig. 8.2). It seens 1ikély
| 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

?he deposits:discussed above have a11faffe¢ted the internal mor~
pho}ogy of the cave. system profoundly, and it seems, furthermora that |
certaun‘féatures are tharactarmst1c of all deposits. . These may‘be summa~'
'r1sed as foziowso

| (i)

Fhe depcsits‘ali occupy fracture~zong caV1t1es in the system,

........ PO . ” - e s e »,_3.,.“»,3(;.;»»» ST S
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hey‘ail consxst cf sur*ace debrws°

) . 5
,[7{‘ ) 5A11 appear to be conﬂected d1rect]y, aiong the fracture -

1f‘zone,‘Wxth surface brﬁcc1as, (Fossw] Dayllght connection, Fossil- Mourid-
:7ﬂWésiern Tewrnr connect1on, Fossil- SkuTl Recess~5ma11 Ex1t»eastern Terror
connectwn ,and Entraﬂce 6~ Graveyard and/or ]arge Ex1t connectxnn) and aﬂ
| descend to the Iewest known Tevels of the cave system. R

' h1th th1$ pattern of’charactev1st1cs now d1gcerned 1t is pos~ i
sible: to hypoﬁhes’ae with more assurance about the nature of other %mpor~v
tant depos1ts 1n “the system, naitely the Elephant, 1arge Ex1t and Fau]t Cave &
: Depo»1ts, a1? of whwch have affected the morpho1ogy of the system to. th»
degree of tFUﬂcat1ng and entirely blocking severaT seccions of the Sjs
It seems 11ke1 for nstance, that the Tow-Tevel E1ephant‘Depaswt, bo.
straddles several fractures, extends up to the surface of;the;hiilg'and ~
that the original Elephant Chamber void extended sauthwardS'many‘ﬁetres at,"
least. Similarly the 1ow-1y1ng Milner breccia (point G, Fig. 8.2), whwch
‘0¢cup.es fracture zone No. 4, may extend upwards to Lincoln's Cave, which

a1so occupies this fracture zone (points S and T, F1g. 8.2). TWQ mud>

fitled sumps, at points § and T, at present coTlect modern sowi in Lanco1n‘s

Caxo, and these sumps may have beeﬁ source points ©  the Milner Depasit,
The very large, low-level (+31m below hill surface) Fault Cave Deposit vk' ‘
(points D and E, Fig. 8.2) may also adhere to the paf*nrn dxscerned for‘ihe |
Frssil and re]ated deposits: the fact that 1t 11es 50 deep underground, ,'
,consists g externaT?y derived material (as far as can be seen), is 1arge

, in vuiqme and 0ccapies an approximately I1nea? passage, suggests that it
is in reality a fracture-zone slot~fi1ling which therefofe extends, in all
prcbabi?ity$ P! thé surface, The thick talus cover on thé Towerys1cpas

of the Sterkfontein hillock masks the dolomite fractures in the vicinity,

 In7contrast,fthe highTyingf(Ts*Z?m below datum) Targe Exit
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- 'Deposit'fs probably only tha tbpmost visible section of a very Targe de-
pas1t which extends downwards to the Towsst levels of the system (45m
below datum), {The visible part of the Exit Chanber vo1d 13 determined by ‘
two fracture zones (Nos. 4 and 5, Fig. 8.2), and also occupies the area

*‘batweeh these two fracture zones. Tt is likely therefore that it descends'
as fak.as other fracture zone voids in the system)., The sToping f?oorVOF
passage U=V leading off northwards from the Exit Chamer, is ﬁrobab1y a

modified debris cone slope (Fig. 8.4). | |

Future resear.n will deteriiine whether or not these hypotheses
are corivct. . | |
3esides morphological implications, this study of cave deposits

. also has archaeological implications, especially with respect to dating.

As argued above, it }s expected that the Fossil Deposit extends continuOUS1y

‘downwards in the cave system almost to the level of standing water, a dis-
tance of almost 50m. It is therefore reasonable to expect that lowest
parts of the deposit are older than the highest parts. Excavation has
reached a depth of 7m (Extension 5ite), a thickness which Robinson (1962)
very roughly gauged might represent a time span of up to 10 000 years.
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
PYeigstncene, It 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
uncansolidated portions of the various deposits, whether these uncon5011~

dated deposits are simpiy”c011apsed~and subsided parts of the breccia

bhodies, as Robinson (1962) suggests, or whether thiy are newar deposits

'l'xncorpnrating rewarked materfal altogether, as hac been argued below (8.4. 3)
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r:(Thé‘impliqétians of an understanding of the large Sterkfontein
depasits, bpth for cave morpholody and far archaeology, should stimulate
further study of these deposits, in the same way that the Fossil Cave de-

posits have been closely analysed,

B4 Examination,of *he _Theories of the Fossil Deposit Development

Several workers in the past have wamined the Fossil Cave de-
Lprsitﬁ, and various interpretations have ensued. Because archaeological
'and\espetia11y climatic discussior is based on the stratigraphy of the
deposit, an attempt is madé here to reconcile 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

of breccia with different properties at different levels. Rok" .son (1962)
however, regarded them as three unconformable deposits, which allowed him
“to reinterpret climatic and archaeological evidente quite di ffercntly (see
Chapter 2). Brink and Partridge (1970) reinterpreted the b&ne»podr brect’a
and identified a new breccid 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
breccia was 'comparable' to the bone-rich breccia of the Fossil Deposit;
he therefore concluded that*it was conrected to this breccia, overlying

conformably the bone-free breccia (Fig, 8.6, after Brain, 1988), The

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

Its relationship to the other oreccias iS'difcussed below.

8.4.1  Opigin of the Bone-Poor Braccia (Robinson's (1962) Lower
: Hreccia;  bBripg and Partrigoe’s (1J,0) "Llass 2% breccia)

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




F

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

cdnstituent dolomite blocks, the abundance of these blocks, the proximity
of the blocks to one another, the existence of air filled interstices iﬁ
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 considered 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}); f.e. matrix 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 prior to cementing and more one
of infiltration into the interstices of the collapse blocks, simultaneously
and perhaps with the aid of percolating water.

It is Telt that this mode of accumulation, if correct, has %m-
plications which may invalidate Brain's c¢limatic inferences, though there

can be no doubt that he has ascertained conclusively that the breccia

matrix has a differing character from Tevel ta level.
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8.4.2 Imp?vcat1ons of fhe Col]apse Theory of 0r1g1n of the
bone~Poor:. Breccid

The main implication of the finding that the bone-poor breccia

is,a'cdiiapsé deposit, is that Brain's (1958) matrix analysis (of this

breccia) does not necessarily have climatic significance: it seems Tikely

that the infiltration process referred to above, to explain the presance
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 seand to Tower levels, Interstices sat @part

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?j.
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 Purther the interstices of a collapse-block mound. And this size

’sorting with depth may affect angularity and quartz ratio measurements

if there are varying proportions of these particles in different size

-
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fractxons (Bra1n on}y e?amxneﬂ the 35-60 nesh partwcles) in 0010m1tc sow]s. ; .

For these reascns it does nat seenm va!xd'to ascrwbe c11mat1c
intérpretatxnnS‘ta_variatznnS‘which undoubtedly do;exist in the breccia

wmatrix, becayse of all the complex influences which can reasonab1y be ex-

pacted to have controlled the 1nf11tration of earth 1nto a co]lapse dep@awt

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

~(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 breécia
then accumulated in the space previously occupiéd by the bone~paar>bret¢ia
(Fig. 8.7d), ,

To exp?ain the abrupt change in deposits fram the bone~rich‘brec4
cia to the small overlying chocolate brown braccia, Robinson used the same
argument - namely, subsidence 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 Separatei un-
‘gonformable breccias in the Fossil Cave. Howevef, there are various =

objections in this formulation:

e
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‘ v fi) There 13 ne ne«ﬂ to advocate large~scale subswdence of the
vbene»frea breccm mta the underground caverns to e)\p’iam the existence |
of the uverlyzhg bcne*r1ch breccia, if the former is regarded as a coTlapse
 ‘dep0s1t. & cw]?apse deposzt necessar11y cannot fi11 the or1g1na1 cave to
:  the roof, and hence there must be space above it in which the bone«rwch
"brecc1a might collect. » :
: v 1t seems unnecessary te advocate a second slump1ng of the bone~“
frea 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 very large bone-rich breccia seems a far more likely explanation of .
the way the chocolate brecéia void was formed. Since Robinson regarded
the bnne-riéh breccia as 'a maximum of 20 feet thick', compactipn w0u1d’
not have been considered. However, it has been argued at length that this
breceia descends even now 33m below the su~face, a mass in which compaCtion
very probably did occur. | R

| It seems more-likely that the bone-rich breccia grew upwards ,
fromrthe Milner floor, until at the level of the Skull Recess, accumulatfqn
was fnterrupted by the collapse of the bone-poor deposity and,then’cbn*
tinued, sandwiching the latter. This explanation accounts for.the faét
thet the Skull breccia accumulated under climatic circumstances similar
to those of the Tower bone-bearing breccia in the Fossil Cave (Brain,
1958). |

(11) Robinson claims to have found blocks of bonenpour breccma

- cemented in the Wilner breccia (B, Fig. 8. 7e), and guotes these as nV]"

derice of the 1n1t1a1 collapse of the former irlo Milner Hall, The present
‘writer has encounterea no such blocks of the distinctive hone-free brec-
cta either in the Milner breccia or anywhere else in the cave system,.
(1w1) Robinson interprets the Mound (Milner Deposit) as the sub-

ksnded portion of the. bone—free breccia (pclnt ¢, Fig. 8. 7e) This secems
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.hQnIﬁgély~fpr vafiaus reasonési'?irstiy,iit contains no cémehted brecciaT

| blngksg. it is eﬁtiré?y'unconso1idated,vas far as can be seen from the
3 exéavaﬁion i§'th§”side of the deposit, and from the other parts. It

| ‘seems'impossibie:that»this_supposéd co]Tapse‘sectiOn of a deposit sh@u?d

’ beigo to@pleté]y and‘uhifarm1y*deCa1cified that there Qou}dfbe no trace
 0f'thé'Driginé1 cementéd mass. Seéondly, this unconsolidaied déposit '

 contains no dolomite blocks even of a small size, the largest material

being a coarse gravel. Both the bone-free breccia and the bone-rich brec-

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). | »
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
yet'uncemented deposit, altogether different from the breccia material.
The alternative to Robinson's model may be summ  <d as the
foTTowihg:
A bone-rich material enters the cave system, along well-developed vertia
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 9pper
levé1s (présent Fossil Cave), a roof collapse occurs depositing a heap
of cTasé1y packed dolomite blocks. The bone-rich material coptinueQ,tc
,acévmuiate slowly (now on top of the collapse cone), as some matrix~ 
forming sbil.penatrates the collapse deposit beneath. The dolemite ¢a1—"
}apsevblocks and pockets of sand, by means of percolating water are
cemented into a hard bone-free breccia. The lower parts of the bone-
vich material, also cemented by this stage, are attacked by rising phrea-

tic water, undermined, and removed, allowing the influx of new hiTlsiope
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N débris, The roof of the upper cavity (Foss11 CaVe) is slaw]y removed
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
v One of the finaT'stages in the evolutinn of the FosszfCave'brec—
cias 1nvolves the major modifications of the breccias by decalc1r1cat|on
and erosion, and the corresponding recent underground depos1t10n. 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 maierial in them. Brihk 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 Ca?e~
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 attributed

to decalcification. It was postulated earlier that the Exit Area fissufe’ ’
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 iargé-'
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
asylarge as the present Exit Area (Fig. 8.5) could have been fashioned,
an<apertufé 1eading not bn1y~§nto the shallow~lying Exit Chamber, but also
fnto the lowest part of the Cave (eastern Terrvor Chamber, F1g 8,5).

Thn same decaleification and eros1on proces is beIWeved to have

.. ; ¥
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Ak érodédwthe aﬁertafﬁ'fﬁ £he'Day1ith Chamber roof, and thereaftev'to.ﬁave ;
removed those parts of the Daylight Dépnsitrbreccia which lay against the .
do1omwte south wall of the chamber.

This theory seems the only tenable one in that there is no evi-
denta'that the apertures and shafts or1g1nafed by collapse into the un(er~
-groﬁn& taveﬂ Alsr it seems to be the only theory which can explain the
&xxstenca of hare. vertical do?om1te walls 1n close proximity to wa?ls of
breccia, a s1tuatlon which occurs in both Daylight and Terror Chambers,
It appears t.st the breccia bodies in both cases once lay up against the
dolomite walls which contained the early un-emented 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 mainv'

breccia mass was rigid enoug't not to co]?épse once the support of a cantain-
ing wall had been 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 ficor material in other’parts of
the cave system may also contain decalcified surface breccia materia

" cept for small v seia solution pockets on 10 wilV? surface

(Robinson, 1962; Brink and Partridge, 1%ivj, features in the caveksystem ,

~arising from the erosion of the cave fillings and deposition of the eroded
material - by the agency of perco?atwng water - have not been menticne.

before for Sterkfopte1n.

e
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R Extérnaliy deriveﬁkdebris bodies have modified all the largest
caVekns markedly, usual1y farmihg the floor, certain walls and even the
 cei1ihg‘(the simall hortharn’deepget caverns have only been affected by
fntgrnal collapse of winar proportions); because of the vast size of .
these deposits. and the fact that climatic and archaeological interpreta~
tions are inferred from them, they have been closely scrutinised.

The debris cone model was presented firstly to elucidate the
apparent stages in the development of the debris cones in the cave system,
and secondly to amplify Bretz's (1942) discussion of cave deposits which
treats the 'clay-fill' deposits almost exclusively. No 'clay-fill' 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 system, as
opposed to the fine clay particles which filtered into the 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. Fossit Deposit was also examined on

~ this basist Robinson's argument that the deposit contains throe uncdnform« |
able breccias (Robinson, 1962) was contested, and Brain's earlier view of
a conformable breccia mass (Bruin, 1958) supported, Howaver, it was con-

cloded that Braih*s (1958) climatic interpretations are untenable in the

Tight of Brink and Partridge's (1470) reinterpretétﬁon of the bone-free




'ggggcia- Largp~sbale decaIC1fﬁcat1on

posat (exc?udang sma11 features Tike scTutzon pockets) Carrespowdxng
@eposatxon of the decalcifﬁed depnsat material was recogn1sed at two
pclnts in the Cave s;stemﬁ




CHAPTER 9~ _CLIMATIC EVL."NCE

9.0 The évidéntéwfbr targe scale water Tlevel f1uc£uations under-
"QPOUnd has been presented. This consists of variable thicknesses of
Flowstone on the sohth wall of Milner Hall, different degrees of je-
_solution on this fTows;one, and phreatic attack on the underside of har~
dened breccia masses in Milner Hall, Elephant Chamber, Terror Chamber,
CExit Chamber and Fault Cave. | |
In addition there is evidence that the rate and type of ca]ciumi
carbonate deposition has been variable in the past and is now virtually |
nil, | |
These phenomena will be discussed with particular reference~fo

“a climatic oscillation explanation,

9.1 Mater level Fluctuations

Re«solution featuras on the Milner Hall wall flowstones, and
also on breccias at different levels within the cave system have been des-

cribed. Various explanations are considered.

9.7.17 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 Tevel fiuc-

tuations in Echo Cave, 320km east of Sterkfontein, since theoretically it
js reasonable to suppose that a wet climatic phase would raise the level
“of the surface of the saturatod zone in a rockmass, Tt has been shown that o
the water bodies in Sterkfontein are probably connected, and that the con-
nactiﬁns must be poorly developed in order to preserve»water'body levels

at differest'haights (~40m to ~60m).
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An 1ncrease in the supp?y of water durlng a wet c11matac
phase m1ghL thus be expected to cause a r1se il water Tevels. S1m11arly
' there is undoubted?y a dlrect relationship between dhy climatic phases

_ and Tow water 1eve1s in cave systems.

9~7'2;~ Weather

Short-term, Targekmagnitude-water Tevel changes can result from

Tong return floods. Such high water levels are of short duration and
-appear to tause minimaT, if any re-solution. The'chance of such random
events raising cave waters to the same level on more than one occasion is

remote and visible stillstand levels would not therefore be imprinted

on wall travertines. Furthermore seasonal and Tong return underground
water level fluctuations are of small vertical magnitude in areas of Tow
relief amplitude, They reach major proportions only in areas of great

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 random and indeperdent of
climatic oscillations, but would nevertheless affect water Tevels within

the cave,

9.1.4  Cut and Fill |
It is generally «ccepted that épisodes of cut and fi11 in river
valley alluvia are causally related to climatic oscillations. Such epi-
sodes may influence the resurgence levels for ground water. The previse
r@Tatiénship of cut and {11 phases to changing climatic conditions is hdt
. yet fully elucidated, zlthough 1t is generally believed that cutting re-
éulis fron arid phase flash floods. Nevertheless, i* remains difficult to

equate episodes of cut and i1l in the drainage 1ine with water Jevel
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37~changes underground caused by changes in ra1nfa]1°

x'[9‘1;S  The Amp31tude of Water LeVe1 r1uctuat10n

%,

_ , The EV1dence For Iarge amp1,tude water Tevel changes under—

:‘ground.xn Sterkfontewn is estab]xshed The causes of_these.changes‘aref’
Tore dszxcuit to ascerta1n. HOWever, it seems as though c]imatic}oscﬁi*
k:latlonf, whether directly or indirectly, must have caused at least some"

of the underground water Tevel changes.

9‘1 6 t11mat1c Interpretations

The c11mat1c interpretations which can be made from the Milner
.1 Flowstone, and other Tocalitics where water level fluctuations have
occurfed, are discussed below. It is assumed:thét the ]éVels of still-
stand identified earlier (6.1) for the Milner Hall flowstone, are c1i~'

matwca11y determined.

(y Mitner Hall Fiowstone ' Gl

| Two interpretations of the sequence of travertine depositicn
andyfe~su?ut10n are possible, one implying a single ¢11matic osciflation,
the other a multiple climatic oscillation, SRR
Sing]e‘OscilTation. The sequence of water levels is most s1mp]y 1nter~
preted as follows: firstly, an original high water level dur1ng the
-phreatic exéavation'of MiTner Hall; thereafter a low water Tevel, (level
1, Fig, 9,1)], allowing the deposition of flowstone over the entirs,sduth
wall of Milner Hall down to the Towest existing level of travertine,
(fevel 5). Then the water rises»more than 6,5m (level 2), td;diéso]va
- the flowstone, The next four levels {(3-6) occur at successively lower

7;pbsitians~oﬁ the wall, as is evident by progressively more erode& Flowf

‘}Ensu{ng watef %ave1vnumbersﬂ;efervto Fﬁg. 9.1




§ stone, Lht11 between 1eve}s 5 and b ihe fluwstona is entirely remov&d
T(wf/nt ever ueveiopeé at this TeveT)

EC T

The tert1arv growths deveiaped on the travertwnc abnve ‘the

dfcﬁping~Watar Ievel, and apparent]v have not had twme t6 ﬁeve?op be;ow‘:
Tevel No; 4. These tertiary growths may indicate a change in cave envwron«'
ment ending act1ve flowstone deposition.

This interpretation raises certain quastions: for examp?e, i ,f

is hnt clear why there should have been a sudden lavge rise in water

Tevel (of 6,5m) and  then several small Towerings.

sistent and suggests that the water may have risen fn stages as well, the

This appears incon-

gvidence of which has been desiroyed or rendered unrecognisable.

Another possibility is that the small Towering stages represent
fewer periods of actual still stand:
are as large as 1,5m, and therefore the distance between Teva}s 4 and 5

may also represent the fluctuations during one stillstand rather than two.,

the present-day lake fluctuations

This argument may also apply to the fluctuations betwean levels 3 and 4,

and § and 6 although fluctuaticns of 2,7m and 2, 25m seem somawhal extreme

during oné ¢limatic regime;

it seems possible that the phase of drunnwng

"

water levels in this sequence represents as few as two still stands, not

four, a conclusion which fits better with the initial single large rise of :

water level. The degree of speculation in this interpretation, and the

‘next render these conclusions very tentative as yet.

- Multiple Oscillation.  This interpretation arises bevauss the upper,

thick portion of the travertine can be regarded as the older Deposit,

and the Jower, thinner portion as the younger, with a tﬁmeugap separating
- the two. Level 3 divides the two, and if it is regarded as the first

Present—day Tak& level as indicated on Fig. 9,1 15 a mean lake level:

the 1.5m distance hatween 1evnis No.

very nry Seasons.

6 and & increases to 2$25m during

skt pptrytoe o e e e e g g e | Pt g
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‘]evel of‘th{s sequence, Lhen the chranolegical order of the Tevels is.
3 SR A R T when the water Tevel drops from the First pos1t1on
(level 3) to Tevel 5, the thinner travertine is deposited, ‘With the thick
travertlne all the while becoming thicker. Then the water rises to level
2‘d1sso1v1ng both thick and thin travertines. The water thereafter dVOpS';i'
%o Tevel 4 and then to level 6. |

" If the first Tevel (3) is taken as a high level, the séquence7
indiéates two wet c]imatickphases (levels 3 and 2) and two dry phases (4‘1
and 5). The high water level which seems required in a regular sequenéé.'
such as this between level 5 and 6, may indeed have occurred without -

Teaving any recognisable trace on the travertines. If this is accepted

then the sequence represents three high levels alternating with three Tow
Tevels - i.e. three wetter climatic phases separated by threg drier. This
interpretation is in marked contrast with the first which involves only

one climatic fluctuation.

-

In this interpretation it seems unlikely that fluctuations during
one climatic phase could explain any two of the observed water levels,

as was possible above, However, the effect of river bed incision is

1ikely to be more pronounced during the period of 3 oscillations. Marker
and Brook (1970) argue conclusively that the water level fluctuations in
Echo Cave are bast explained by relatively small changes {due to c]fmatic
k oscillation) superimposed or a general lowering of ground water (due to
river incision). The levels in Sterkfontein suggest an opposite trend
ho.ever: the second high-Tow fluctuation (levels 3 and 4) is at a higher
level than the first (Tevels 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 incisfon); or it may indicate that the effective re-

Surgenge Jevel in the Blaauwbank River alluvium had risen s1ightly, as it

- seems possible that during a wet phase the lower levels of the alluvium

L i . A
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‘<éw,_u‘_fvird}fhétﬁ‘mé:;;Sa;tukéteﬁ. thereby raising the effective Tevel of the mdér*_,:

" Flow from the alluvium/bedrock contact to some sTightly higher position.”

@ Mound Breccia

| ,f.':vIt‘haévbeen argﬁed,tha%'the Mound breccia wés:dépositéd and
‘cemeﬁtéd éfmuitaNeousTy ?n7an‘air~fi11ed chamber, and that the reSOfution'
of this breccié'must>therefbré indicate a rise in water level.  This rise
%s,besﬁ:éxplained‘as a’respdnse 1o a wetter climatic phase}‘ The hagnftude
of the rise, as fﬁtVas zan be ascertained, was approximately the same as -

“that on the wall flowstone {9m).

(3) Exit Chamber R

There is evidence of a re-solution phase in thefExft Chamber on i
the unde.side of the large Exit Deposit breccia. This bréccia hangé Frdm "ﬁ
the cdve wall, its base removed by ve-solution. Its évolutioh,is similar
to thét of the Mound breccia in that it is a hard breccia which mﬁst have.

‘accunulated in an air-filled chamber. The ground water then rose and

attacked the base of the breccia cone, removing and dispensing the materié1§k,

and leaving the upper part of the cone suspendedkfrom the wall (Fig. 9.2). j‘

The'wéter subsided {it now Ties 26m below the 1arge‘Exit,breccia§ theraaftér;i,‘
The inqaﬁcation is that a wettér c¢limatic phase caused 3 Mné-‘?’ ,

)

term rise in water Jevel.

9.2 Changes in Travertine Deposition

9,2.1 Calcite Straws

Vogel and Partridge dated an inner and an outer wall of a

calcite straw 4,5m above the water level in Ravjee‘Cavern; ~These‘wa]1$7

314 has been argued above (7.2.3(2))that since water levels in the caves
~are generally lower than the riverbed, the cave water resurgence is.
probably at the dolomite/alluvium contact 12m lower than the riverbed,




8.
fqaﬁnéaéitﬁ.havé'bééhfdnﬁosited aﬁfdiffékent times;'the‘eafiier at soméf‘
date befhre 47 000 years before present, and the older at sonp date ‘

» ngbefore 50 000 years. before present (VUgei, 1970) It s presumed that

- a change in cave-envzrcnment must account for the cessation invcalcitev
d&§051t1on represented by the unc0nfbrm1ty between the inner and outer

,'wa]14 of the. strawsv ; ,

A A dry c11mat1c phase could explain the cessation and a we tar
‘phase ﬁhe rﬁaumpt1on of calcite deposition, However, both 1mmers1on
durxng a pereod of h1gh water levels, and also the possible b1ock1ng of
the perco]at1on routes, could account for the break fin LaCO dep051t10n
on the straw. The last explanation is un11keiy, however, since several

of the straws in Ravjee Cavern are composed o7 two separate layers of
deposited calcite. Immersion in cave water seems unlikely as no obvious ;,
re-solution evidence can be defected on the .traws, a}though it is possible'
that‘the period of immersion, and consequent hiatus in calcium carbonate
deposition, was short, neither destroying the calcite stkaws nor re-

“dissolving them noticeably. Changes in the supply of CaC0,-chargad per-

colating water thus ceems the most plausible explianation. And this factor

is best attributed to climatic oscillation.

9.2.2 Thick and Thin Travertines

Ravjee Cavern contains a great thickness of travertine near the

present water lavel. The travertine has been severely attacked by re-

soiution.
| The small calcit»’straws méntioneq above are cle&rly;younger
~than the phase of thick travertine deposition, since they oc¢ur at the
sameyleve1,,but disp]ay~no tkace of re-solution. The differance in quan?
tity of CaC03 deposited before and after re-solution is so marked that
it is pertinent to ask why this. has come about., The two walls of the ;"
o  ca}c1te straw dated by che1,(1970) yielded ages pf greater than 47 000

— pa— B T e e T T
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”Tf‘ years befbre present and greater than 50 000 years befove present, whwch‘n"

'f_suggest that enough tlme has elapsed for the depos1t1on of Targe speteo~ B

“*fthenm it cond1t1ons suatab]e»for such depos1t1on have exzsbed ewa'ex- :
"‘}pianations arise for this marked change in speleothem deveTopment, befbre’ }.
'-b;and after the per1od c* re—solutwon. firstly that the percoTat1an;routes |
bavﬁ:been b}ocked“jn some way, 11m1t1ng the supply of Chafge&'grouﬁd'Water
 'inﬁo'Ravjeé Caverh, and secondly that the concentratnon and supply of
ikcharged ground water has been c11mat1cal1y controlled such thatéa thank
'mass of travertune deve]oped succeeded by a per1od of- ca]c1te straw for—
matIOn.,‘BOth explanations appear plausible in the settmng.of~RaVJee

Cavern,

+

'2 3 Aragonwte Crysta1s

’ These crystals deveiep on vaV1ous surfaces . WTthln the cave -
system, and appear to grow best on travertine deposits, in badly Venti~
Jated, humid recesses. These yoUnger crystals protruding from‘travertfne
surfacés are relevant to this d%sCusSion because they indicate a change.
in the cqndftibns of CaCO4 deposition. They are younger than the undef»

1ying travertine and far smaller in dimension. |

Aragonite crystals ave preferentially precipitated in the
presence of a foreign ion [magnesium in the case of the Transﬁaa1~3y9tem‘f
doiomwtes) Marker (1973) has shown that the magnesium/calcium'ratio s
1ncreases when the rate of solution decreases, and that crysta] format1cn

can therefare be attrlbuted to a period of diminishing karst solutjon;

x

| 9.3 Dating the Water Level Fluctuations and CaCOﬂ Chaﬁge in
‘ 8e9051t10 g

‘gince evxdenue of climatic change becomes more meanmnglul nnce

:it is da»ed dating 1nf0rmat1on wx!l be: d1scussed

9.3 Datxng ‘the Ravjee and Ma?ner Depos1ts

It has been Went1oned that the inner and outer walls af i
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' 1‘ca1u1te straw 1n the Ravjee cavern have been dated as greater than 47 000 -
years before present, and greater than 50 000 years before present ~which
i gives a part1a1 1nd1caf10n of the age of the straw. The th1ck travert1ne‘*
 ‘1n Ravgee Cavern, the Milner Hall flowstone and re-solution features im- ,_'
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

14

by the C'" 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 hodies have remained approximately the same.




deposut1on. In reiatTVe +erms however, the rrysta] growth has occurred
“since the re-sonutwon of the M11ner Hal1 f]owstone. crystals have de~
veloped on dl] the redissoived surfaces except at tne lowest Tevels {be-
tween neVeis 4 and 5. Fig, 9. 1). whore presuwab]y re-5 o]utlon has been

more recenﬁ 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 exampla,

have been deposited in water and then been cemented once the cave water
had subsided to lower levels, )

Since the Exit Deposit re-selutjon 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-
pos{t. Therefore the water and fluctuations which caused the re~salution
of the Exit Deposit are older than the postulated dates for the deposition

o° the Mound breccia, namely 1,75 - 2,5 million years befcre present,

9.4 Assessment

It was argued that water level fluctuations and changes in CaCO3

deposition in Slerkfontein 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, énw
back to arid) except for the Milner Hall flowstone which was susceptibie
to Twe interpretations, one suggesting two and the at.;r suggesting more
'than two climatic oscillat tions.

The dating of the fluctuations is at present far sketchier than

-




Author Wilkinson M ]
Name of thesis Sterkfontein cave system: evolution of a Karst form 1973

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



