’ “l‘ :1ne main Fos»3n Cave<and other Nm]1er foss1111f@rous caves
"’ifhaVe been dernofed bt eposion, expos1ng the fossil-bearing breccxa i1l

‘nn the thl surfac:  "h . breccias have been mined for their depus1ts of
 'purﬁfsec0hdany‘1imesngue. The mining operations have also modified the
':undergraund‘paséageskin many places, not only by the remova7 of secondahy,»'
‘ ?1mest§ne, but also by the blasting of accesé routes through the ddlgmiﬁe

= 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 Tourwst Cave

cavers the Iargest area, 250m from east to west and 130m from north to
south. Its largest chambers include the c1cse]y«connected 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 Cava. Otherwise the Tourist

Cave consists of passages of various dimensions connecting the larger chambers. [

Lincoln's Cave is 130m from east to west and 90m from north to
south, It comprises a main. chamber (30m 18m and 3m h1gh) vith four pas=
sages leading away from it; two horizontal low passages leading wastwards,
and two‘narraw_slot-]ike passages descending northwards with the dip of the
dolomite, to water Tevel,

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 le at‘various tevels, and whfch meef

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~
‘ing of static water with a free surface (WI-U7, Fig. 4.3), in the deepest

parts of the cave system. The largest is the Lake in the western end of

u,the~Téurf5t Cave (60m Jong and 18n wide). Hater bodies No. 2'and No. 7

are very small with a surface area of less than In?. The remainder are

-
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The deepest

“water-bodies with a surface area of several square metres.

‘;fngaterﬁbbdy_és far as is known_i% W5, at 6m deep;~vThe'Laké is only 4m
*;‘;aeep at its deepest paint, . i , ‘
‘ s F1v‘ mud-f111ed deprbssnons exist withia the cava Where waterkb
"7fgérigdica,}y co]lects:befcre.seep1ng away. One such depress1on, orvsump,v
’?iES-at,a high Tevel in»fhe systam, in the soutv-west branch passage of
Lihcdln's:Cave‘(Sl, Fig.. 4.3). The other natural sumps are al] to be found',‘i
in the Tow 1y1ng Fau1t Cave (Sz - S5, Fig. 4.3). |
i There are many entrances to the cave system both veruxcal and
horizpntax. Entrances 1 - 6 (leading into the Tourist Cave) have all b .n
»ehlarged‘hykthe lime miners and for tourist access paths. Entrances 7 - fﬁy

are-mainly natural entrances leading into Lincoln's Cave. Fault Cave has ‘

‘only bne entrance (Mo. 16); entrances 17, 18 and 19‘prov1de access to

small, dead-end cavities in the hillside.

4,2  Analysis of the Cave Plan

It can be seen that the Tourist Cave {except Ravjee Passage and

its offshoots) and Lincoln's Cave (main chamber)’comprise“the larger cavi- -

ties when comparad with those passages north of an east-west mdrpho1ﬂgi¢a?f'

dividing line {in red, Fig. 4.1)., In addition, the Jarger cavities are

aligned generally east~west, whereas the smaller passages to the north have

a strong north-south component. ’ B
The Fault Cave belonys ma1n1y'to the 1atter category althougl

the passages DE and DF may belong to the former (see Discussion below,

»

Chapter 8). v
The Tourist Cave undoubtedly stretched further to both the easm '

and west (frnm Exit Chamber and E]ephant Chamber respectively), as did the
~Fau1t.Cave p«ssages DE and DF before these extremities were inundated hith

flﬁarge influxes of h1z1s?ope mater1a1 - 1t way be said, therefore, %hat the

 easf mest cowmonent of the. lavger cavztﬁes, sauth of the d1vwding Tine, was

sy g ot
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origxnaYTy even Qreater than it appears on the cave plan,

. The surface geoTogy overlay offers some explanation on the
kex1stencc of the two morphological divisions mentioned: the 1ongest frac~
ture zones (No. 1 ~ 5, Fig. 4,1) are concentrated in the portion of the
i1 under?awn by the Warger cavities, i.e. the area south of the morphe-~
logical dividing 1ine. The other, shorter fractures are underlain by the
smaller passages north of the dividing Tine. 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 Milner
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 Elephant 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 ¢oinci=

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 morphology consists

of single passages rather than a series of coalesced passages.
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The miap of surface geology does not supply any 1nformat1on on
th9 Fault Cave, however it 1s apparent from observat1on underground that
passages‘ABC and BG are aoinu~contr911ed (Fig. 4.3). Any surface expres~
s%on which contr61ling‘fractures may have, is buried beneath the hili-
s1ope debris which is more than m thick on the lower slopes of the

: Sterx fontein hi1l, directly 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 or
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 (P0Q, 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 sece
tions were then superimposed with the two Lincoln's Cave sectiors (Fig. 4.2)
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 Chan-
ber. and parts uf Lincoln's Cave (e.qg. point W, Fig. 4.5) accupy fracture
zones (Nos. 2, 4 and 5).

4.3.2 = The smaller northern passages such as POQ (Tourist Cave),
UV (Lincoln's Cave) and AB, DF  (Fault Cave) sccupy specific strata
within the dolomite and do not generally transgress the regional dip, XY
(Lincoln's Cave) is intermediate, having substantial vertical development:

but having developed from a single bedding plane and a single large joint.
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© 4,3.3 MWater levels can be seen to drop in  ‘titude 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 reé‘

surgence question is discussed in 7.2.3 below,

4.3.4 The diabase sill which underlies the Cave system'may have

controtled the stratigraphic levels at which the cave has developed (al~

thcugh‘it 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: i,e, 37m below the Towest water body level . -
within the caves. It is possible, of course, that the borehole simply o
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 strati-
b e; graphic unit. This is a pcssibility even though the superimposed sections
’ do not show it 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 passakle 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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 qin the systsm ma1n1y in- Fau?t Cave, Many cave entfances- vertical and
;hnrlzontaT, pwerce the h111s1de, Some have been artificially enlarged.

Consxderat1on cf the cave plan 1nd1cates two morphological

“"d1v151cns of cavzty type rnd re1at1onsh1p Larger cavities in a complex

1lf\re1atwcn with one another and with a genera? east~wast alignment comprise
; th@ southern di’\ns*ion, whereas smaller passages of a somewhat f1mp1er 3w
‘ dimens%nnal,pattern, a d with a stronger north-south trend, comprise the
© northern dfvisich;~;A series of major fracture zones traverse the dolomite
vvof the]sbutherh.chambeks, whéreas the dolomite hosting the northern passages
is aimast devoid bf major fracture zones.

Superlmposed cave sections also indicate the coincidence of the
main galleries with various fracture zones. They ipdicate strong coinci-
dence of bedding plane ang]e and passage slope. Water body 1evels desteﬁd
:towards the Tocal stream bed, although they a1l 1ie below the Ievei of this
stream bed. .

The under1y1ng d1abase si11 may have influenced the level at

whi ch the cave has deveToped
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© CHAPTER 5 ~ EROSIONAL FEATURES OF THE CAVE SYSTEM

“f 5.0 'Erosionaibfeatures are classified here accbrdihg to their;aric'~'
gin;‘Wh1¢h‘may 5e by phreaﬁicfsolution, or vadqse’erosioﬁ; Featutez of
‘doubtfgl,'andkmuitip]e phase origin are classed éeparately. | ‘

| | 'Phreatié features are those which form by salution of calcare- .
ous rocks under static ground water. Vadose erosion, however, is initiate&l
by moving‘streams of water which flow underground and which have a free
air surface. It is sometimes difficult to differentiate betwe.en‘frue vadcsé
and phreatic features caused by sub-water table currents. The passa"é o?r‘f
percolating water through the interstices of both consolidated and uhcah-,
solidated materials can affect the development of both surface and undeﬁh,v'
ground features. Percolating water cannot however, be considered as a |

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

8.1 Phreatic Featuresg

5.1.1  Networks , ;
A room south of Elephant Chamber consists of a series of high
{8m), narrow (Im) interconnecting passages formed by the solutional widening
of joints in the bedrock (point 2, Fig. 5.1). The passages connecting
Elephant Chanber to Milner Hall (point 6, Fig. 5.1) may also be termed &
network of somewhat larger dimensions (10w high, 2m wide). The upper parts
of ﬁhis‘networkyare encrusted with speleothems, but the lower walls are

bare dolomite with protruding chert ledges.

}Phréat?c’features are identitied in this study according to Bretz's
classification, using his terminology (Bretz, 1942).
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"; 5.1 2 Partnt1onsz ‘ _
| These are. narrow, wall- Iwke slabs of bedrock lﬂ,iliﬁ which ex-

tend from tne ce111ng to the floor of a chamber. The be t exampIes at ;
Stcrkfonte1n sre found east of Entrance 1 (po1nt 75 Fig. 5. 1) Partitions .;
i"may‘be cansxdered as an advanced form of network. developed a10ng close» f”‘“‘

 set fracturas., Lﬁke networks they owe the1r origin to phreab1c so]ut1on
~along the fracture planes. The partitions near Entrance 1 occur71n four
parallel rows, 3it apart and 10m ihigh on average. In,width'tﬁey generally
wwmfm&wqﬂhmmm;Mmywmmsquafﬁgh%r@®¢Mb 7“
they taper off before reaéhing the floor, And 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

Exampies of such caV1ﬁwes can be seen in the Tower parts of the
cave system. At higher levels they are often maskad by travertine depnsits.
However, where travertine deposits are not present, Jﬂ1nt-determ1ned caVa~~
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 result of the w» #ing of karst waters (Bogli,

©1971). Although the cavity is partly tillel witn travertine, the cantroi1ing

2H\en do)omite wa]]s Tig at angler of more than 450 te the hog1zonta1 =
Rretz terms them ‘partitions' and when lying at less than 45° to the
hoirizontal rcck spans‘ ~ No rock spans have been encountared at Sterk-

j fcnte1n~ . _ . ' ‘
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Fig.

5.2 Cavity formed possible by mixing karst water (after Bogli, 1971)
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jo1nu is V15\b1e. Karst water presumably flowed through this 391nt durzng «
and after the format1an of’the cavity (Fig., 5.2). Bretz (1942) did not
envxsage Jo1nt~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 so1nt—éeterm1ned cav1t1es (up
to O,Sm ,ong) and *. not appear to be controlled by Jo1nts* rather théy
_appear to’ occup, . ghtly less resistent strata, They are elongated hori~
" zontally but are not asymmetric in section, and are thus not obviousiy'
features foﬁmed by current flow. Wall pockets occur 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  PRaxwork

This is a term to describe relict quartz veins which stand out

from the dolomite bedrock giving the impression of CUbe-shaped boxes, -

FThey are found In the lower parts of the caves, near the wate% bodies, and
are poorly developed, and very fragile. Protruding stylolite seams,'aTn'

though not as fragi”e as the quartz veins appear in the Fault Cave, and

like 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 »i~inity of Entrance 10 (Main Chamber of Lincoln's Cave) .

many; short {5cm;  ump-like protucions hang from the ceiling. These ap-
pear to be the features which Bretz describes as ‘pendants' - i.e. features
i'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 tavern was

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




: 25'
"QEiiihg ahd %Tdob poakéfs; tubes and half-tubes have noi been encountered.

5 2 Vadose Features

Tha only modern vadose streum in the cave system 15 that<wh1ch
f!nws peﬁsad3cai1y’a1ong one of the lowest passades oF the Fault Cave

. (po1nt Cs ng‘ 5. 1)~ It flows for a short distance an1y, before d1sap-
pear1ng 1nto sump No. 53 (Fig. 4. 3) Howevex, there are two eros1ona1

features assoc1ated w1th th1s steam wh1ch are worth notmng‘

5 2. 1 Stream Trench , ’
A sma?i trench (im Tong, 0,5m deep) is cut into a mud deposit

in a'sma11 room in the passage mentioned above. A similar trench can bm

seen in the Tourist Cave (point 8, Fig. 5.1). Hdwever, tha mud in which
- thws trenuh has been inc’sed appears to have entered the cave very recen+

after a dolomite wall had been blasted away by the Time mwners.

.

5.2.2 Meander Scar v .
Below the trench a small meander scar (G 2n high, 0,7m Tong) has‘k
beeh cut into the passage wall, where the stream swjngs around a bend in

the passage.

5.3 Dther Features

Erosional features of a muItwphase type or o doubtful or1gwn

are ment1oned here - wall-grooves, smoothed surfaces and so]ut1on puckets,r

5.3.1 So]ution Pockets

Thece are solution cavities which develop downwards through dolo-

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

cav1t1es expln1ted by tree roots, in that water percolating through such

cavzt1as W111 he h1ghly corrosxve {due to soil carbon d1ox1de content),
So\ut1on pockets mentioned by earlier workers, can be seen de-

veloped in the breceias of the Fossil Cave‘where these breceias Have been

| expnsed on the hillside, The solution nockets‘are filled with unconsolidated
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Fig. 5.3 Smoothly-eroded breccia underswu face (Mound breccia, Milner
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- Fig. 5.’4‘,' Dome cavities in Mound breccia (Miiner deposit)




| m&teﬁ.al; both in situ decalcified breccia material and hill wash collec-
ted by the solution pockets, Some solution pockets afe not soi1~fii1éd;‘
~ 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 Qf 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 brecn’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 suggeit currentflow, even though the
flow must have been gentle (fragile bones protrude from the dome walls),

Othar smoothed surfaces can be seen near the pendants in Lincoln's
Cave. Stalactites have been eroded out leaving hollows (0,2m deep) with
smooth surfaces: these surfaces often pass evenly onto the deiomite roof
6r wall, In a chamber south of Elephant Chamber (point 5, Fig. 5.1)s tra-

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

5.3.3  fGrooves
the Mound breccia s attached to a 13m vertical dolomite wall




wh1ch 13 unadarned by traVertzne depos1ts, The surface of %has Wa11 s
1ight1y graoved horxaonta??y over much of 1t~ surface. The grooves are

‘ctearlf ev;dence a? dwfferantxai solution which may either result from

' ’weaxer beds or'rram current concentration at,deETining»}evels since the

VWa;1 is aTzuﬂed a}ong the strlk @xp031nu dotomite s crata hor1zonta11y,
or nf vadaSE stream erosion. .
Thws concTudes the survey of eroswana} féatures encountercd in

”,the cave system, and 1nd1cates the magorwqy to be phreatic.
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. GHAPTER 6 ~ CAVE DEPOSITS

6.0 Little of the caye system has escapéd modification by Qérious
deposits. The deposits described in this chapter may be divided into
two gkaups, ca!careu}s'and non-calcareous: the modes of deposition of
each‘are‘ehtite%y‘diffarent ahd thus ‘give risekto distinct features.
Furthermore, the volume of the ca1céreou$ deposits (secondary and tertianyt
caleium carbonate) is small compared with the large non~calcareous deposifs
which, often surface derived, have modified the original cave voids dra-
matically. |

A nodel of debris cone development is presznted as a basis for

descriptions of the various large debris bodies encountered in the cave
system. The location of these bodies within the system is 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 1ine. Few have survived the mining

s i gy i Rt AP AR e 2 i et s

however. Some of the broken resnants have dizmaters of 0,5m.

Stalagmites are seldom seen, either because they did not form, or

because they were easily remuved. However, jn the low~ceilinged, inacces~

s, o g s i
S e

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
yaaés before present, inner wall greater than 47 500 years béfore present -

Vogel, 1971).
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RESAHUTION
LEVELS(METRIS |

FEATURES asoircie) |

THICK FIOWSTONE
WITH TERTIARY GROWTHS

THICK REDISSOLVED
FIOWSTONE WITH
WETH TERTIARY GROWIHS

THIN REDISSOLVED
FLOWSTONE WITH
TERTIARY GRONTHS

Z35m

THIN REDISSOLVED
FLONSTONE  i5m

4

BARE DOLOMITe WALL

“

oftax)]

Fig. 6.1 Re-solution levels on Milner Hall flowstone indicating past
Take Tevels
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Staiact1te< often merge 1n+o flowstone dep051t and the two

farms generaily occur tagetner. Thick (Tm) flowstone dep051ts have been
mined aﬁ severa! po1nts in the cave system, espec1a1ly in the Day?wght,
-Exit and Elephant rhambers, and the Fossil Cave,

A fiowstone, too thin to be mined, covers the ent1re south wall
of dilner HaTY and hasvbecome a tourist attraction. A travertine curtazn,«
high in the roof of Milner Hall and a large stepped flowstone beneath
Entrance 1 are some of the only stalactitic formations of any size which
remain iﬁ 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 3cm thick and little remzins of them now (at
2

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

6.1.3 CaGO3 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 aragenite) occurs on the wall of Milner

Hall. Concoidal wrorphous 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
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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 externafly derived non-calcareous deposits are distinguished
for the following reasons:

Firstly, the constituent materials are different due to the twu

distinict 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 Targe in

¢ 3 “

; volume compared with the internally derived.

Thiedly, the presence of externally derived material indicates

that a chamber has become connected to the hillside, an important fact

-

ol when analysing the development of the cave system, B

6.2.1  Internally lerived Deposits

m Wad is an inscluble residue of manganesedoxide which remains 5

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

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

[N S

paraphreatic zone (on walls bounding the Like and the water bodies 2, 3,

5 fiﬁ . S i 4 and 7, and sump 4 - Fig. 4.3), and in the vadose zone {on dolomite ;

E b?ockml

~ point H, 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,

P N S

o

s e A S it R et

water-reteative, jelly-1ike substance. Its presence indicates static

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

1Maximum thickness of wad observed on cave walls is 2cm, as opposed to
a maximum of 5mm on buried doTomite blocks.
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';kmoistfear%h Had 15 found semented into breccia, with discrete 1mpreg~
“7 nat1nns of ﬁrysta111ne ca1c1te, usually at the base of larger bodies of

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

2y ffccllapse'De§03f15 ;

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

' 5spec1a11y in the northern passages ., since the externally der1ved depos1ts'

‘"'have obliterated any such features that may have ex1sted near the present~ ‘

day avens and connections with the surface,

£ollapse 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. 6. 2)s

usually w1th,]1§tle fine matrix material.
0f a different order a1togéther are the very Tlarge do]cmite

blocks which have collapsed from the roof. The largest (7m 1ong,'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 go?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 -

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

Blocks of collapsed breccia have falien from the »eakened‘Terrob

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

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

6.2.2 Externally Derived Deposits
Thesé 1arge deposits, which bave affected fhe ihterior morpho--

YDQy af the cavas 50 great?v, are conswdered in severa1 broad groups

(5;252 (1} =~ 6.2,2 (10}~be10w). Each group appears to be a cnnt1nuous

R
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Typical stages in the deve?bpment of Sterkfontein cave

deposits (see text) B

Fig. 6.3
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hasSa(eXCéPt‘(8))-consistfnq of various materials, sometimes laid down
in a number of phases, but derzved nevertheless ‘from the same aperture

(ov aperture c1ustev) in the cave roof, The constituents range from mud.

; and 5091 to gravel, stones and boulders, which have been cewented into :
“breccias of varying hardne;s, Bone fragments occur, with occaslonal,
pockets of high bone concentration.

| It is s1gn1f1cant that nu deposiis corresponding to those termed
‘clay *ﬁ]]‘ by Bretz (1942) have been encountered at Sterkfonte1n. ,'

» To aid the description of the ter main debris bod1es, a model

of debris accumulation in Sterkf@htein is presented. Although fhe model

is d°r1VEd by consideration of these deb“1s bodies, it is nevertheless pre~
sented first as an explanat1on of the part1cu1ar set of accumu1at1on charac~
teristics encountered, and also as an object against which the 1nd1V1dua1

debris bodias may be compared.

Debris Cone Model ’

A debris cone grows upwards by the accumulation‘of debris béneath
an aven connected to the hill surface (Fig. 6.3a). Mhen the mound‘attains:
~ the height of a hanging dolomite wall (sometimes the ceiling of the under-

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

(Fig. 6.3b). Any surface material which enters after this stage has been
reached will fill the aven and not the cavern below (F%3;. 6.3c).

Any protrusion from the cavern roof will have a similar effect:
downs Jope of the protrusion the cavern will be protected from furtﬁer in-
Filling; upslope the cavern will fi11 with debris (Fig. 6.3d). h

- If debris enters with calcium carbonate-charged water perco?ating

zixternally'dorxved clay mater:a1 Taid down during the phreat1c phase
in static water-bodies seldom showing any signs of Tamxnat1an, current
flow or turbu]ence.
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 through ity 1t s cemented into a breccxa. H0wevér, the SUpply‘of perJ‘
‘»colating watur does nat cease wben the supply'of surface debris zs
1vhg1£¢d Qanslopeat_ a:hangwng‘wali; ‘Thelwafer'thus prec1p1tates a tra-
Qertiheycarapace~pn top'of thefnow‘Static deuris?cone talus sTopé‘(Fig.
| 6,3c)*' Lat$r, the'$olidifiedfbheccia may be diSturbed or’remcved.(Fig.
6. Be) - espec1al1y by re-sgJution and con.equent collapse (due to both
' _r1s1ng groundeater and_aggress1ve percolating surface water), to the
extentfﬁhatfthE'cgne’in,the undergrou, d chambe% is suppliéd actively;once‘:
more with surfaéé materiaT or decalcified breccia (Fig. 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 surfac: 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
No. 4); to the south its exact extremity is not known, but i. JUtSFOPS‘
Yo wveral piacés soudy of the exavations as far . ihu eagt-west ]iné
a~-b (Fig. 6.4). | |
The depos1t consists of four d1at1nct breccaas, a thick traver- .
t‘ne (whtch has been mined), and unconso?wdated pockets of bone ~1ch soitl,
 ‘ pnss1b1y a decalcwfaed breccia (Brlnk and Partrxdge, 1970). The two ma1n'

breceias are a col]apse-bracc:a and an overlying pink breccia of slow
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Fig. 6.6 Saction exposed by pathway in yncansolidated mound debris
tone, Milner breguia ‘
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éceumu1ati0n.- The first of the austra1op1thecin» skulls was r~rqvered
‘from this contact zone (Fig. 6.4).

The controi by four of the major 11neaments of the area; an tn=: 
deve10pment Qf the Fbss11 Cave, and hence of the extent of the depos1ﬁ 15

_"apparent,(sxgs, 5.1 and 6.4).

.(2) e TheﬂMﬁlnerfBepcsit _ ,
This stretchesfrom the Lake in Milner Hall to poiht L (Fig. 5.1)

& distance of 100m. The western half of the deposit in Milner Hall covers
the entire north wall (13m high), reaching the highest parts of the roof
(Fig. 5.1, A-B), from where it apparently entered the Hall, This deposit ~
consists main]y of partly consulidated red earth lumps, and small stones,
laid down in layers dipping downslope. It appears to be hiIT 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 deprsit. 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 Milner Deposit contains some masses of breccia,
Their relationship to ihe unconsolidated deposit is not clear as they
occur in an adjacent st dmmmber (Figs. 6.1 and 6.5 = point &).
Towards the easign end of Milner Hall, the Milner Deposit be~
comes a very large debris chne (20m high) termed the 'Mound' {moint J,
Fig. 5.1). This cene can ba traced beyond K to L [Fig. 5.1) am! forms
the eastern half of the Milner Deposit. At J the Mound consinty of un-
‘ ccnﬁoiidated‘and partly\neménted fayers of red earth lumps and hii1-talus
(as far as it can be astertained from a 5m section cut into the sisge of

~the Mound = Fig. 6.5). One to 2m above this loose debris, a travartine
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\,carapace (13cm‘thick)’OVerTiES 2 hard pfnk breccia (?he/‘Mbund brécbia‘)'“

:5 3) and rise tawards the apex of the cone, where cone and carapace meat

(F1q; 6i7) The sequence of accumu1at1on and removal evident here appears,'

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

35.

This carapace and b?&ub?& are attached to tie do?ommte chamber wall (Fig

close?y akin to the model Droposed
K' is the bzghest access1ble point on the 1arge Mi Tner Deposwt

cone. From K' there is a view of Milner Hall and the cutting at Point J,

Being on the upsiope of a hanging dolomite wall, K' is situated among

jarge collapsed boulders of dolomite and breccia, coated with red s0i1 =

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 insuf-
ficient to allow the passage of the Targer blocks. The result is that

conparatively fine debris reaches J and only red soil 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 low
hanging wall prevents boulders from invading this passage (Fig. 6.8).

The coincidence of the Milner Deposit as a8 whole with tha'majof

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

(3) Terror Deposit :
This deposit, visible in the Terror Chamber, is probéb}y the

Targest single accumulation in the cave system. Its volume is relatively

easily gauged since evidence of both its horizontal and vertical extent

axists.

L

SThe capital 1ettérs ~ dy K} K*s ~ in the fbllcw1ng paragraph refer to Fig‘6‘7’
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Fig. 6.9 Plan of Terror Chamber showing area of brgccia~formed roof
and nosi.ion of vertical dolomite containing walls P




: ahsent in the intersection area, it may be assumed that fracture zone

 this wall,

- 36,

‘ _ The entire Terror chamber (GGm by 18m) has dnveioped as a-
:c011apse v01d w?thin the deposwt mass wh1ch stradd1es fracture zones 4
‘ ana 5, and the area between. Fracture zones 2 and 3 1ntersectf4 and 5

in the centra part of the chamher (Fig. 5. 1) Since dolomite bedrock is

1‘cayities.widened by phreatic erosion and finally coalesced to fbrm;a largé
chinney-Tike cavern. The dolamite walls of this cavern are visible on
‘the north and south sides of the Terror Chamber (Fig. 6.9). :
Genera11y a Tow (4m) collapse void, the Terror Chamber ascends
vertically 22m in the form of a narrow slot in the vicinity of the north
wall, The slot giVes some indication of the vertical extent of‘the:ori~
ginal chimney-like void. The sheer dolomite face of the north wall forms
| ene side of the slot and the cemented depont mass forms the 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 Yerror Deposit once filled the large vertica1 void as
~suggested, then the existence~of”the abovementioned siot - between the
cahtaining bedrock wall (north wall of the Terror Chamber) and the deposit
- peeds to be explained, since the deposit presumably accummulated against
The Tikdiest exp]anat1on is that aggressive meteoric w;ter ppr*‘
co?ated through the deposit mass causing decalcification of the breccma
along the i)edrock-brecc1a contact The breccia was gradually removed -
leaving a large unsupported breccza wall from which many blocks have col~
1apseﬁu The decalcified debris was deposited in the Terror Chamber be=
‘neath the slot. ‘ ' |
A shallow shaft, which connects the top of the dolemite wr‘i

1o the Exxt Area, probaa!y guxqed the aggressive water from the surface.
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- , A sxm11arvsatuat1on GXTatS in the Day11ght Chamber where tbe
fff,nay11ght Dep091t beneath Entrance 3 has been eroded dway from the Vert1~ 
cat doTomite cnnta1n1ng wa11 to fnrm a slot with opp@s1ng dotomite and

«

: breccwa faCes.
The influence of hanglng wa11s on this deposit is not ev1dent.

Tﬁis 1s undarstandable since the deposit is a slot f1111ng and not a debris
‘cone.  Nevertheless an 1nf1ux‘bf‘&ounger material debouches into the west
end of ‘the Terror Chamber in the form of a small (2m high) breccia cone )
capped with a traVertxne carapace. The hreccia roof of the Chamber,
acting as the Contro]1jng,hanglng wall, has limited the amount of material
gntering the Chamber. ‘ | T

, It is difficult to ascerta1n the form and composition of the
Terror Deposit since the ceiling of the Terror Chamber is covered by a
thin Flowstone. However, some smail pockets of bone, and a recurring
pink sandy matrix have been encountered along the waiTs and at po1nts oh
the teiling. Few large block inclusions occur and the cement1ng of the
deposit appears to be spasmod1t. uncemanted pockets of red sacth are
visible in-places. The Tack of uniform cementing helps explain why the

~ deposit has collapsed over such a large area.

4) 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 s striklngly demonstrated in the formation of th1s depositt

the west half of the Chamber has a low roof of dolomite, and a sloping

floor of travertine overlying a brecnia cone (Fig. 6.11). The east half
~ however, is a s1ot with a high roof (15m); the vertical north wall (a
»partxaiiy mined face) of this half is formed of breccwa, and the vertxcal

~south wall of weathared dolomite bedrock (Fig. 6. 10)
| The‘do1cmite'buttresa saparat1ng the west half from the east
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ha?f,has iimitedvfhé amount of debris flowing into ihe'westernihaif of
* the Chanber. | e |

»

; The4bfeccia mass in the eastern half may héve been even larger
ﬁhan it is,tod&y.‘ As in'the case of the Terror Depos%t,'it,seems‘Veny
Tikely that breccia originally Filled the siot (eastern half) completely,
résting‘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 épertures 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 flow-
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 preseht~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).

(8) Large Exit Deposit
In the Exit Chamber a large mass of breccia lies along the
eastern wall (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 tarapace, 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 slone which appears

Fasa .4

L




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.



