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One of the specimens that hes provided ths Tranavaal
sites with their particular interest and value ¢
a Baranthropug skull from Swartkrans.
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Introduction.

The remains of the South Afyican fossil ape-men,
found in ancient limestone caves of the Transveal, have
stimulated an immense amount of worlde-wide :lntirest and have
added greatly to man's knowledge of his primitive beginnings.
But while various asf.«cets of the fosells themselves were
being intensively studied, the geologieal aspects of the
caves, from which they ceme, were being badly neglected.

This wes not, by any meang, because geological information

was not required; on the contrary it was most importsmt to
know how old the fossils were, and to establish what the climate
and enviromment wag like when the aunimals were alive.

Realising that this sort of information could only be obtained
by systematie enguiry, Dre. J.T. Robingon invited the

writer to do research on the project that forms the bagls

of t.hi& thesie.

As a result of generous financial assistance from
the Wemmer-Gren Foundation in New Yerk, & lsboratory was
equipped at the Transvaal Museum in Preitoria and work was
started in February 1954.



1t wss previously intended to include an
evaluation of the Taung depoelt in the monogreph to be
published on the Trangsvaal sites. ¥#hen work was started
however it was found that sinee the Taung cave was not im
dolomite, the geological problems involved there were
quite different from those of the Transvaal sitese The
results of the Taung investigation will therefore be published

separately; the present work ic concerned only with the
Trancvaal cavess

The Transvasl sites in question are Lterkfiimtein,
swartkrens and Kromdraai, all three being in the Krugersdosrp
area, and the Mskapan Limeworks in the Potgletersrust district,
The relative positions of the Makapan and Krugeredorp areasg
are chown in Figure A .

This thssis ie in two parts: the first
concerned with principles emd methods, the second with the
site descriptions and oorrelationai conclugions. It was
found necessary to include zo extensive a section on prineiples
and methods becense no systematic work had previously been
done on south African caves and their contents. New
techniques had to be developsd for the climatie evaluation of

the cave deposits « - «
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the cave deposits; these are fully described in Part I
of the work. Inveaugaﬁms on modern caves had to be
‘cat_'ried out g0 that the original forms of the fossil caves
eouid be visualised. Bone accumulations in contemporary
ceverns had to be studfed in order that the origin of the
foseilised collections might be better understood.

Pert I1 is concerned with gystematic descriptioms
of the various ceve sites. Results are presented of the
~analyses that were designed to throw light on the nature of
the climate that prevailed when the deposits accumudated.

In the finel chapter, the evidence of the
fosell fauma, the past climate and the cultural material
from the deposits 1c combined. Conclusions are then drawn
on the correlation of the deposits and the age of the entire

sequencea.

In this work the following terms have been

used in particular senses t

1. “"olomite"” should be taken throughout to imply
"impure dolomitiec limestone".

2.”2&_&.0.



2. "Cave breccig" 1s used to describe any sediment or
debris that has been calcified ingide a cave.

3. "Water table". It may be argued that a true
water table canmot be said to exst in a limestone formation.
At the same time, although limestone may not have a primery
porosity, it has, in cavermous areas, a well developed
secondary porosity. In all speleological literature the
term "water teble” is thus used to denote the contact between
the vadose and phreatic zones, where this exists in a cavern.
A eimilar usage of the term is employed here. |

4., Kagergn and Kemesiagn. In literature om youth Afriean
quaternary chromology it is customary to use these Kast
African terms to dsnote stages in the Pleistocene timescale.
Where East and South Afriean enmatie.cpisod\oa appear to corresg-
pond in time, then it 1s reasonable to apply the Kast Africam
terms to the Transveal in their strictest, or climatie,

SeNses.

5 "Aven". Throughout this theeis the term “"aven"
is used to denote an enlarged vertical joint in the limestone.
It 45 therefore epplied in its English sence and should not
be confusedwth the French term "aven" meaning a pothole.



gpecial Vote

The discovery, by the writer, in May 19566 of
unquestionable stone artefacts in the australopithecine
breccie at Sterkfontein, has necessitated the revision of
e number of theories previously held. In Chapter 4
consideration 1s given to the origin of bone accumulations
in the ape-m bearing cave deposits. It was suggested
that some of the accumulations may have been built up by
Australopithecuse In view of the Sterkfontein discovery,
however, it now appears thet the eaves may well have been
primitive human oceupation sites and that the ape-men formed
part of the human diet, |
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The fossilised remains of the Transvaal spe-men
have all beén found in the consolidated f1llings of very
ancient limestons caves. Due to ﬂi‘eir» great age, these
caves have sufr;rod seriously from the effects of the weather:
in every instence erosion has removed the greater part of
the original ca;e roof, leaving the cave filling exposed on
the surface. At such sites as Kromdraai i, the only indicatiom
one has that a roof ever existqd is that the walls enclose
deposites that could only have been produced in a closed
chambers

If one 1s to understand the eontents of such
relic-caves, them it is escentiql to be able to reconstruct
the gites ac they were when accumulation was proceeding.
Reeonstructions are only possible when one hss same knowledge
of modern cave form. Consequently, the writer has examined

as many contemporery caves as possible. Conclusions
concerning them are now presented.

Characteristie cave form « . «




Doe to the eomplexity of the factors that
. influence the development of solution chembers in the
Trensvasl dolomite, it is not easy to generalice oxi
charscteristic cave forme The angle of dip of the
dolomite, the distribution of mgjor chert bands within 1¢,
and the incidence of both joint and fanlt planes, all
combine to determine the structure of any caverns that
Ray har.tpcn to be developed. Nevertheless, co far sg this
investigation is concermed, only two dolomite regicng =
in the Krugersdorp and Pobgletersrust distriets, need to
be conzidered in detail. In both these areas the dolomite
1c of similar character, in so much that ite bedding
planes sre <¢learly demarcated by numerous but generally
thin bande of chert, while the entire formation is found to
dip at a fairly ehallow sngle. Under these e¢onditions,
the solution chembers developed appear to tske the
characteristie forms that will now be discussed.

Congider the gase of a typieal irregularly-
shaped cevern below the surface of the dolomite. From
the point of view of this enguiry, such a cavern only

becomes « « -



becomes significant when it acquires an opening to the
surface, serving to allow surface derived material tb enter
the main chamber. The way in which the initial cave
entrance develops is found to be very largely determined
by the surface topography or-tha area. VYhere the country
is relatively flat or.hndulating, as in the Sterkfontein
area today, it is the roof of the cavern that approaches
closest to the ground aurtaco.‘ This is shown in Fig. 1.
Thus the cavern opchs via 1ts roof. :h more rugged
terrain, however, as is encountered to the north of
Sterkfontein and in the vicinity of Makapan, the valleys
thenselves have been very deeply incised, with the result
that a side wall of the cave frequently comes closer to

the surface than doee'the roof. Such a state of affairs
is shown in Fige 2, 1In this case tﬁcn, the moat usual
opening is a lateral rather than a vertical ons. Typical
views of the two types of countryside responsible for the
different cave forms are shown in Photographs 1 and 2.

The writer feels that the majority of South African
dolomitic caves can be divided into tite two groups depending
on the nature of the topography in which they ere developed.

These two groups will now be diascussed seperately.

Cgvog occur:lg;g e v e @
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Figure 1.
A vertical section through a cavern developed beneath
flat country, showing how the rcof approaches closeat

to the surface.
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Figure 2.
4 vertical section through a cavern developed in
mountainous country, showing how an opening may be

formed by way of a sidewall.
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Photograph 1l.
A general view of the undulating dolomite countryside
in the Sterkfontein area.

Sterkfontein.

3




Fig. 5

Fig. 7

Fig. 6
Suitable scale
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Figure 3. -

Simplified vertical sections through the various cave

types characterigtic of flat dolomite country.

Fig. 4 : the open sinkhole. Fig. 5 : the vertical shaft.

Fig. 6 : the bottleneck. Fig. 7 s the inclined passage.

14



Caves dovolopoﬁ where the surface relief is
slight may be classified as follows:

(a) caverns opening more or less directly to the
surface.
(b) caverns connected to the surface by paseages

or gallery systems.

(a) In the case of those caverns that are found to

have a very direct connection with the surface, it is usual
to find that the greater part of't.ho cavern roof has
disappeared through the combined effects of dissolution
end collapse. This results in a more or less vertical-
sided crater whose diameter has been determined by the

size of the original ceavern. Such "agink-holes" are
common in the dolomite south of Pretoria, but perhaps

one of the most spectacular examples is the chasm neaf

Kalkheuwel, known as Klinkgat which descends vertically
for 220 feet.

Vertical sink~holes, as shown in Fig. 4, appear
to have developed practically wherever the dolomites occur

and may be seen even in the most arid regions such as at

Amnisfontein « « o
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Amisfontein in the Richtersveld. On the Otavi Plateau,
very fine examples were observed, particularly those at
Harasib, Otjikoto and Guinas. The particularly large
Guinas sink-hole is shown in Photograph 3.

Open caverns of this type vary considerably
in depth. Although geldom less than 30 feet, some like
the Guinas crater descend to over 600 feet and then ramify
considerably. A common feature of the deeper sinke-holes
is that they are filled with water, while the bottoms of
shallower ones are generally littered with roof collapse
debria and ebundant surface derived material..

(b) The opening of a cavern upwards to the gurface does
not necesserily mean that the entire roof will invariably
collapse. Quite frequently, the link is effected by
mesns of a passage or gellery system either vertical or

inelined and leading downwards from the surfacse.

The case of the vertical, or shaft type of
opening, is shown diagramatically in Fig.5. Such shafts
are particularly common in the Sterkfontein area and are
frequently found to connect with the main chamber at one
side of the roof, thus making it essy for the speleologist
to enter. In some cases however, such considerate foreasight

is decidedly lacking, and the shaft opens centrally into

the main chamber + «+
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FPhotogrsph 3.

The Guinsg Zinkhole near Tsumeb, South *Jnﬁ Africa.
n exsmple of a large and exceptionally deép water

£illed sinkhole.
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the main chamber forming a perfect bottleneck. This

cave form is shown in Fig.8, while actual examples are
admirably provided by van Wyk's Main Cave and the Uitkomst
Bottleneck, both of these being in the Krugersdorp erea.
In some cases shafts and bottlenecks may be regarded as
transitional stages in the formation of sink-holes.
Usually however, their form is maintained until the lower
cavern has been practically filled with loose material.

The shaftg are found to vary considerably in
cross section from a few feet as at Swartkrans, to sbout
30 feet as in Ultkomst D« The latter example, shown ih
Photograph 4, is interesting because of the great profusion
of tree-roots that make their way down the shaft, and prov;do

easy accegs to the cavern.

Photograph & shows the entrance to a typically
vertical ghaft in the Sterkfontein area. 3uch entrances
often occur in slight depreasions on the surface and are
usually surrounded with trees which provide shelter for

animals in an otherwise rather treeless area.

The ghafts are variable in depth firom about 30
feet in numerous examples about Krugersdorp, to the alarming
figure of over 500 feet in the West Driefontein Cave
recently explored by the South African Speleological Association.

An alternative « « o
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Fhotograph 4.

The vertical shaft of the Uitkomst D Cave,

showing an abundance of free-hanging tree

roots.



"hotozraph 8.

charsotericstic surface opening

shoft 4n the Sterkfontein area.

to

vertical
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An altermative type of surface opening which,
although developed in fairly flat country does not appear to
be very common, is the inclined passage or gallery system as
is found at Lterkfontein itself. Diagrematically, thie
cave form 1s shown 4n Figure 7. It appears that the floor
- slope of this type of passage is generally determined by the
sngle of dip of the chert bands enclosed in the dolomite itself.
The direction of the passages is likewige determined by the
orientation of the master joints in the country rock. since
these joints are commonly aligned at right angles to one
another, a gallery system whose pascéges form a rectangular
pattern is 2 not infrequent occurrence.

Fhotographs 6 and 7 show one of the entrances to
the modern sSterkfontein cave. It should be realised that the
final bresk-through of thig passage to the surface did not
occur naturally, but was brought about by lime-mining operations
somne years agoe It is very probable nevertheless that the
lime miners only accelerated a process that would have ultimately
taken place in any case.

At Sterkfontein and elgewhere, the passages
leading down from the surface open into extensive cavernsg
at depths occasionally exceeding 100 feet. The form of
these caverns is much influenced by the structure of t.ho.
dolomite, particularly the incidence of the more massive

chert bands « « » -
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chert bands. Fhotogreph 8 ghows the interior of the modern
Sterkfontein cave. This is an example of a cavern where
travertine deposition has not been sbundant. Others in

the gane area, such as the van Wyk's Main Cave, shown in
Photograph 9, contain travertine ornamentations in a most
spectacular profusion.

Thé degper caverns like West Driefontein and
the modern Sterkfontein descend to below the level of the
water table, and open undergrouhd lakes occur, as shown
in Fhotograph 10. As & result of an investigation carried
out by members of the SPeleologicai Association, it has
been established that the surface of this water is at
almogt exactly the game 10#01 as i the main qpring‘in
the Blaaubenk River néarly e mile away.

As opposed to the undulating country in the
vicinity of Sterkfontein, the upper levels of the dolomite
horisdh, where the "gient chert band" is developed to the
north, give rise to very mountainous snd brokon topography.
Similar relief is to be found at Makapan and in the Eastern
Transvaal wherever the dolomite is exposed. As has been

mentioned + + »

23
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L view ingide an underground cavern at
terkfontein. This #s an exsmple of 2 cave

free of travertine.



Photorranl O
1 v ingide the mein chamber in van

iain Cave in the Sterkfontein area. This ia an

e of a cavern rich in travertine.

Fhotogreph by J. C. Viljoen.




phreatic water etanding in the main chember
t -terkfontein.
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mentioned previously, this type of country, with deeply
incised valleys, often causes a cavern present below the
surface to open sideways rather than vertically. The
experience of the writer indicates that the cavern often
opens very directly to the surface by means of a break-
through of one of its side walls: a state of affairs chown
diagramatically in—¥gure 8. " Good actual examples are
provided by the Uitkomst A, C end G caves and by the "Wet"
and "Dry" caves near Pilgrim's Rest.

With this type of surface opening a fairly
large entrance, as shown in Photograph 11, is a characteristie
feature. Immediately inside such an entrance, an inclined
scree slope is usually developed leading down to the floor

of the main chémber at a lower level.

Although this appears to be the most characteristie
cave form in the gides of steep valleys, openings more
typical of flat country are not entirely absent.

cubsidenge caves « + .
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Figure 8 .

A simplified vertical section through a cavern opening

on a steep slope showing the characteristic scree-~slope
developed inside the entrance.
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psubsidence Caves

Occasionally, caverns are encountered in the
dolomite that are clearly not solut;on chambers. They
have come about by eollapse, since irregularities in their
roofs can be matched by similar contours in the floors. '
These collapse chambers can only originate when a soldtion
chember has developed at a greater depth and its roof has
become unstable. Although they may form irrespective of
topography, they are more likely to develop close to the edge
of a steep valley, which leaves one side of the dolomite
unsupported.

The most important single feature'of a subsidence
chamber is the structure of the roof. In evenly-bedded
dolomite the falling block is likely to part from the hanging
roof along a bedding plane. Thus the contour of the roof
is likely to be determined by the bedding planes of the
country rock. This is not true for solution chambers,
except where the bedding planes are demarcated by substantial
chert bands, representing insoluble barriers.

In actual fact, a subsidence roof is frequently
stepped, as the fracture plane changed from one bedding plane
to another: This is shown in Photograph 12, taken ingide the
Makgpan Historiec subsidence cave.

Other good « «
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Other good examples of collapses are visible imn
Peppercorn’'s Cave and in the fossil caves of Sterkfontein,
Limeworks, Swartkrans and Coopers B.

32



A brief summary of Characteristic modern cave forms.

A Caveg in flat or undulating country:

(a) Caverns opening directly to the surface: open
gink=holes. "

(b) Caverns opening mau-ecuy to the surface:

l. Vertical shafts.
2« . Inclined passage and gallery systems.

Lateral openings by means of the "doorway" type of

entrance.

(2}
OQ-

Subgidence chambers.

A —
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Jome previous litersture on the origin of limestons caves.

In 1930, %.i. Davis published the firet
conprehensive pepar to deal with the origin and development
of linestons caves. e recognised that caverns Cane
about through the dissolution of the limestone by subsurface
waters This water, however, acted in two distinct gones:
the vedose and the phreatice In the former gzone, which
is close to the surface, the watar is transient, passing
downwards through the rock whose oracks are normally filled
with air. Lower doun however the phresatie zone is
encountered, which may be described as the zone of saturation.
The contact between the vadose and phreatic szones is
normally referred to as the water tsble, or the level at
which the free water stands in caverns and fissures in
the gountry rock.

{1930) .
Davis *eonclmod that cavern development proces

in two distinct cyclese The first occurred in the
rhreatic sone whers the fors of the cave was detarnined
ani whare the verious chambers and pasasges were excavated
to their maxisum eizes The cavern systen was then raised

above the ¢ ¢



above the level of the water table by regiomal uplift
and the second cyecle commenced. In the vadose zone,
this second oycle was characterised by the deposition of
cave travertines, and by the modification of passages by
subterranean streams and rock falls. Davis considered
that the entire development of limestons caverns could
be associated with what he termed the “peﬁoplain cycle®
in the following ways

ls A network of figsures and passages develops
in the phreatic zone below the surface of a

peneplain.

2. The verious openings are enlarged to their
maximum proportions, while they are still

below the water table.

3. FReglonal uplift raises the caverns above the

water table, into the vedose gzone.
4. Deposition of travertines occurs in the caverns.

&+ The cave system is fihally destroyed by surface

erosion.

The sequence of eventa proposed by Davis was

modified by J.H. Brets, (1942). He suggested that an exiva siage

extra stage « « o



should be introduced into the cavern cycle, to explain the
deposition of clay beds that he found almost compietely
£illing cavern passages. This clay was considered to be
partly residual and partly surface-derived, and was
thought to have settled in the quiet water of the phreatic
reservoir. 'Once the clay filled passages were raiged
into the vadose zone, streams would start to excavate the

clay, and pos;ibly:aven remove it.

Malott (1937) supported Davis' theory but
suggested that vadose streams could develop underground
gourses along selected panségea originally developed in
the phreatic zone. In this way the passages would
becoma greatly enlarged and more properly interconnected.

In opposition to the two cycle development of
limestone caves various authors have put forward their views.
Cvijic (see Sanders 1921) suggested that three ground-water
zones would be prosentlin limeatones: the dry vadose
zone, the zone of fluctuation and the zone of saturation.

He congidered that water in the vadose zone would mainly
percolate downward, while horizontal movement would take
place at, or Juetﬁunder the water table. So it would
be at the level of the water table that the greatest

development of cave pagsages would oweur. A rather similar

conclusion « o+ «

2



eonclusion was subsequently reached by Swinnerton (1932,
1942).

Gardner (1935), on the other hsnd, considered
that large caves were more likely to be formed above the
water table, since he believed that phreatic waters were
most commonly statie. In fact he favoured a one qyclb“
theory for cavern development and recogniged that dripstones
could be deposited in a cavern at the same time as it was

being enlarged by vedose waters.

It will be appreciated that there is a certain
emount of disagreement between authors on the subject of
cave origin. The writer feels that much of this
disagreement has been occasioned by the tendency of several
authors to gonaraiisc too widely in an extremely complex
subjecte. Limestone cavern form is often so diversified
that examples cen doubtless be found to fit any of the
theories postulated. Thus the apecifi~ description of

caves in a particular tybc of limestone seems to be of
greater value than the generalisations on universal cavern

form.

dolondtic caveg.

The observations which follow on the'origin

and development . .

31
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and acyelopment of Trénavaal gaves will be largely restricted
to the examples available in the Krugersdorp and Makepan
areag. In both these regions the dolomite is of a similar
nature, in so far that chert bands are thin and numerous,
while the bedding planes are inclined at a2 shallow angle.

At the outset, it is necessary to decide
whether 't.he large, irregularly shaped caverns, so commonly
developed in the dolomite, are the result of solution
above or below the water table. In order to decide this
& knowledge of phreatic and vedose criteria is essential.

(a) Phreatie Origin Criteria

Cavern featurea which owe their origin to
solution below the water table have been considered
recently by Stone (1949) and warwick (19563). 1In both
these papers reference has been made to thg criteria
described by Bfatz,(19420. These may be sumnarised as

follows: ;

Bedding plane anastomoses
Joint plane anastomoses
Continuous rock spans
Fockets

Joint determined cavities

Tubes angd « « »



Tubes and half tubes ,.
Horizontal chambers in vertical beds
Spongeworks and Networks.

Such structures serve to make the internal
contours of the cavern eieudingly complicated while
features like anastomoses and networks are often
unbelievably fragile. Delicate remnants of this sort
were very probably develqped by solution in quiet water,
as is likely to be found in the phreatic zone.

(b) Vadoge Or riteria.

According to Bretg, vadose features are commonly

superimposed upon phreatic ones. Since vadose water

is normally in transit, its ercsive results are very
different from the effects of solution in the phreatic
reservoir. The delicate structures so characteristic of
phreatie solution are most unlikely to occur in cavities
of vadose origin. The reason for this is that vedose
water enlarges a cavity not only by corrosion, but also
by corrasion. Thus beds of clay previously deposited

in passages may be deeply eroded, rock floors may be
smoothed and 'rock mill' action developed, while the depo=-
sition of gravel beds is characterigtic. The direction

in which « « «
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in which the water has flowed through a vadose passage
can sometimes be established by examining structures
known as 'scallops' or 'flutes' often developed on the
walls and floors. These ripple~like structures are the
result of the turbulent flow of water, and according to
Coleman (1949) and Glennie (1950) they ere aaymmntric in
eross~section with the steeper slope on the upstroam g8ide
of the scallop.

According to Warwick (1963), it is possible
in smooth tubular passages, where scallops are developed,
to calculate the minimum veloeity required for turbulent
flow, and thus to gain some idea of past water velocities.

It appears, therefbre, that a cavity which has
been enlarged by vedogse agencies 1s likely to have internal
contours reflecting corrasion as well as solution. Thesge

contours are likely to be smooth and water-worn.

The Transvagl caverns

In considering the origin and development of
the Transvaal caves, examples will be discussed separately
from the relatively flat Sterkfontein area and from the more

mountainous « «
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mounteinous region at Mekapan.

(a) Caves in the undulating Sterkfontein Area.

One of the most noticeable features of the
larger caverns developed in the Sterkfontein area is the
extreme complexity of their internal contours. In shape,
these caverhs'afe most irregular, and commonly have dead-
end passages radiating from them in different directions.
The main chambari themselves are often incompletely
partitioned off by thin end very fragile 'curtains' of
dolomite, as shown in Photograph 13. Fine grainsd earth
48 usually deposited evenly over the floor, while Jointe
and bedding-plano anestomoses &re not unc ommon . All
these various features are best shown in those caverns
that are today still at a considerable depth below the
surface and close to the water table. The modern
Sterkfontein cave itself is an excellent example. There
can be no doubt that caverns of this sort are the result
of solution in quiet water in the phreatic zone. The
main Sterkfontein underground cave is atill partly filled
with water, and this water has been sstablished by members
of the Speleological Assoclation to be at the same level
as the mein spring in the BElaaubsnk River, about a mile

away. When this river has lowered its course by another

ten feet « ¢« «



Photograph 13,
Fragile dolomite curtains or partitions rising
from the phrestic reservoir in the Sterkfontein

Caverns .



ten feet the main cave at Sterkfontein will be almost
completely drained of water and the phreatic zone will
presunably have migrated inte new chambers at a lower
level. fhs present caverns will then be laft largely dry.

When caverns are dissolved in the phreatic
zone they do not necesssarily have any connection with the
surfaece. Evidence of uncpened caves below water-level
hes been geined by mining operations in North Wales and
Derbyshire as described by Warwick, .(1963). sSimilar
occurrences in Tennessee and Mexico have been reported
by loneymaker, ' (1941 and 1949) .

Davis (1230) and 3retz (1942) seem to consider
the most likely way that caverns become raised from the
phreatic into the vadose gones is by regional uplift.
This does not appear to be a likely possibility in the
Sterkfontein area, and the writer feels that it is much
ensler to explain the drying out of caves by the lowering
of the water table itself, than by the raising of the
entire terrain. Such a lowering will inevitably bo.
affected by the denudation of the ground surface in

general and the incision of the river valleys in particular.

Once out of the phreatic zone, the internal

contours of a cavern sppear to be modified by vadose

action « .
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action of a rather particular kind. The writer contends
that subsurface vadose erosion should be divided into two
categories: that brought asbout by W%Mu'g'ound streams
rumning in graded channels, and that caused by meteoric
water percolating downward from the surface, to replenish
the phreatic reservoir. It appears that the effects of
true underground stresms are pragtically negligible in
the Sterkfontein area but this is not the case for the
vadose action of water seeping down from above. In
limestone rocks gcmrally water is found to percolate
downwarde by means of the joint and bedding planes. This
is because most limestones have a high secondary porosity,
but a low primary, or intergranular, one. Nevertheless,
recent work by Hohlt'(1948) haé shown that the pore spaces
themselves of certain dolomite rocks tend to become enlarged
by solution, providing the rock with a high primary
porositys 1In any event surface water will tend to seep
down into the dolomite. This will naturally occur all
over the dolomite area, but the seepage will be greatly
facilitated by the presence of a cavern below the surface.
This is because the water is able to drip out at the
bottom of the seepagé passage almost as fagt as it comes
in at the top. Thus relatively free movement of water
through the dolomite immediately above a cavern will
undoubtedly result in the rapid enlargement qf the seepage

channels . . 3



45

channels themselves, especially since meteoric water is
capable of ite maximum golvent sction immediately after

it has passed through the surface soil. It is fouhd that
pure water can only dissolve between 14 and 74 parts

per million of caleium carbonate. Dissolved carbon
dioxide, however, makes the water capable of taking much
larger quantities into solution. Adams and Swinnerton
(1937) demonstrated that the most important source of
carbon dioxide in ground wﬁtqr was soil air, where the
concentration of the gas is from 25 - S0 times that normally
found in the atmosphere. Thus, as the water pasges through
the 801l it becomes super-saturated with carbon dioxide,

and is thus éapablo of dissolving very considerable quantities
of calecium and magnesium carbonate. Adams and Swimerton
reported that ground waters normally dissolved about

400 parts per million of calcium earbonste, while the
highest figure, obtained from Kentucky was 1,931 p.p.me.

In the Sterkfontein area, the most obvious
result from the sclvent action of the downward seeping
vadose water is the development of the shafts or passages
1inking the main cavern with the surface. Such passages
are occasionally inclined and determined by the pedding
planes, or they are vertical and 1nd¢pend¢nt of such
structures. English equiwvalents of these shafts and

passages « ¢ o
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passages, known as "avena" have been described by Warwick
(1963), while similar structures in Kentucky have been
discussed by Pohl (1965).

The other important effect of moving vadose
water, especially once the comnection with the surface
has been somewhat enlarged, is that it tends to destroy
the very delicate structures in the cavern that have
resulted from solution in the phreatic zone. The Joint
and bedding plane anastomosee become widened and enlarged,
the fragile dolomite curtains become broken down, and the
internal contours of the cavern generally are somewhat
smoothed. The effects of this degradation proceas are
very noticeable in caverns with a fairly direct connection
with the surface that has existed for some time. In deep
caverns, like the modern Sterkfontein one, the process is
only beginning. At the same time cave travertines may
be deposited in great profusion.

In the Sterkfontein area caverns usually appear
to develop their first openings to the surface by means
of the shafta and pessages already discussed. An example
of a very newly acquired opening is shown in Photograph 14.
Such small openings are then commonly enlarged by further
dissolution and collepse. Occaslonally before a shaft or

PaBBsage ¢« ¢ o



shaft opening 4in undulating dolomite
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pacgage opens to the surface, part or all of the cavern roof
collapses. If a sleb of rock, not extending to the surface,
falls into the lower solution chamber, then a subsidence cave
will be produced higher up. If however, the entire roof
subsides, then an open sink-hole will result. The form and
occurrence of sink-holes -outh of Pretoria has been discusced
by bnalin (1955) who was meinly concerned with the embarrasment
that such collgpses occasion when they take place underneath

a building. Roof collapse is a very important feature of
dolomite cavern development and many of the structural
prineiples involved are well known as a result of investigations
carried out in mines. A useful early work on the subjeet was
published by Lane and Roberts (1920) while two papers by Davies
(1949, 1951) deal exclusively with the structural principles
involved in American caves. These were briefly summarised

ac follows:

®*l. The rock strata over the ¢avern act ag uniformly
loaded beams either fixed or eantilever.

€¢ The hesms sag under their own weight to a

' point where failure tskes place.

3« The critiesal time in the development of breskdown
is the point at which a fixed beam sages and
separates into cantilevers. If the cantilevers

are dsveloped in nearly equal proportions across
the pagsage 1t will generclly stand; if it is
unequally developed, e¢ollapse will teke place

along « « o
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along the longer segment of the cantilever.

4., The relation of beam thickneass to length, as
well as the sag causing faillure, can be approximated
by applying the engineering formulae developed

for ordinary structursl beams."

Once open to the air, a cavern begine to fill
up with material derived from the surface and from the
cave roof., Thie will continue until the available sgpace
is completely occupied. Then, with the passage of time,
surface denudation slowly removes the overlying dolomite
and exposes the cave filling on the surface. Eventually
this too diseppears and the cavern with its contents

ceases to exlist.

A summary of events in the development of caves in the

Sterkfontein area.

In this summary reference should be made to
the vertical sections shown in Fig.9.

Steaze 1. A large and very irregularly-shaped cavern
develops in the phreatic zone beneath the water table,
as shown in Section Ae Lesidual earth is deposited on
the floor. |

SMEOU'.
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Eurth Suitable scale
Travertine —=——~-Woter table ?:l.uo
- Dolomite FEET
Figure 9.

Suggested stages in the development of the three principal
cave types characteristid of flat or undulating dolomite
countrys the vertical shaft, the inclined passage,and the
open sinkhole. The sections are ¥fertical.

So



Stage 2. Curface denudation lowers the level of the
water teble and brings the ground surface closer to the
cavern. The cavern is then in the vadose zone as shown

in Section B. Cave travertine fom.

Stage 3+ Selected passages above tﬁe cavern are opened
and enlarged by percolating vadose water. Surface

denudation continues to lower the general ground surface.

Section C.

Stege 4. | The cavern opena to the surface in one of |
several possible ways: by a verticsl shaft (Sect. D.),
by an inclined pessage (Seoct. E.) or by a total roof
collapae (Secte¥F.)

Stage 5. Surface derived material gradually fills the

eavern. Sections Ge, H. and I.
Stage S« The lowering of the ground surface by erosion

starts to destroy the cave and its filling. Sectionsg J.«,
K. and L. | :

L L] ] - L] * L 14 . . L J L] L L] » L d L L]

(b) Caveg « ¢ «
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As far as the early stages of cavern development
are concerned the writer congiders that there 1s no
significent difference between the examples developed in
momitainone and flat areas. The difference comes in at the
st.aéc that the caverns open to t.he surface. In gently
undulating sountryside caverns must of necessity open
from above. In more moimtainous country however the
valleys have been so deeply incised that their Baa:s 'are
often at a low& level than are the eavei-ns themgelves.

Thus it is possible for a eavern to open sldeways instead
of upwards.

In mountainous country the internal contours of
the caverns have definitely been smoothed by vadese action,
as in the sterkfontein area, but the develcpment of vertical
shafts and inclined passages appears to have been somewhat
restricted. Thic is doubtless due to the fact that, in
mountainous country, surface run off is much greater than
on flatter ground, which results in very much less water
percolating dowrsward into the dolomite at the level of
the caves tham is the ease in a flat area.

Nomally e & =



Normally, the large caverns open more or less directly
to the surface on steep hillsides. Immediately inside
the rather large entrances scree-gslopes are dcmloped;
built up of surface s0il and roof rock fall material.

 hecording to King (1951) surface erosion in

- the Makapsn area is effected by parallel scarp

: retreat. As this occurs, the caves are gradually

destroyed by the progressive breasking back of their

entrances, until only remmants are left as étﬁ;mmrks today.
The removel of caves in this wey was described from |

Termmessee by Barr, (1954).

Reference should be made to the vertical
gections shown in Pigure 10.

bhage 1. A large and irregularly shaped cavern develops
in a phreatic zone beneath the water table as sghown in
seetion A. Residual earth mey be deposited on the floor.

Stage 2. Valley deepening lowers the water table and

mngs the m‘olm ® o o
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[F]Earth

-Trovertine
-Dolomite

Jigure 1O.

Suitable scale

0 40 80
 mm—
FEET

Verticul seciions showing the suggested stages 10 the

vevelopment o1 & cavern in mountainous country.



brings the ground surface closer to the cavern, which
is then in the vadose Zone s= shown in Section B, Cave

travertine form.

Stege 3« 'The widening of the valley causes a lateral
opening to develop into the cavern, which begins to fill
up with material from the surface and the roof. Section C.

Stage 4. Continued valley widening eiowly destroys the

cavern and its contents. Seetion D,

Cave devolqpmont in relation to Fleistocens erosion lcvulg.

Investigetions in Burope and America have shown
that major caverns are often developed &t levels determined
by erosion surfaces. Sweeting (1960) concluded that
large caverns in liorth-west Yorkgchire occur at well defined
levels, which are probably connected with stages in the
deepening e¢f the Dales. From America, Davies (1953)
stated that “The caverns of the Appalachiang are developed
at uniform &iels that are closely related to Pleistocene

river terraces." It seems very probable that a similar

state of ¢« « o




state of affaire may well exist in the Trensvaal, although
there is not nearly sufficient information to make any
conclusions poesible. Nevertheless it is interesting to
notice how, in the Sterkfontein area, there is such a wealth
of foseil cévoa, exposed on the surface today, whose

fillings are all of approximately the same basal Pleistocene
Bge.

Se
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3.

The Origin of Bone Accumulationg in Caves.

Bone accumulations are commonly found in caves
all over the world, but the ways in which they have been
" introduced vary considerably from one site to another.
In deciding how a bone accumulation was formed, it appears
that the moat important single factor is the structure of
the cave itself. Some caves, such as figsures end sink-holes,
open to the surface in such a way that animals are unable
to gain access to them. Others, however, are capable of
providing efficient shelter for wild animels and men.
Nevertheless, both t&pes of cave are commonly fourd to
contain bone accumulations, although the ways in which the
bones have collected may be very different in each casge.
In fissures and sink-holes, the larger bones are usually
concentrated by natural agencies, while in those caves that
are normally used by animals, bone accumulatiens mey be
artificially built up. Thus, in the following account
of bone accumuletions, fissures and sink-holes will be

considered separately from the shelter caves.

(a) Cavesg

Bone accumulations in fissures and sirk- holes

are usually « «
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are usually built up in one of two ways: either animals
accidentally fall down the ghafts, or bones lying on the

surface are washed in by water.
(1) X @l D

As has been mentioned previously, vertical
shafts are a very common feature in the dolomite areas
of the Transvaal. The writer has investigated the contents
of a large number of such shafts and has established that
animal bones are very commonly concentrated immediately
below the .enu'ance. - These bones, which usually meke up
complete skeletons, are doubtless derived from animals
that have been so unfortunate as to fall into the chagm.

On one occasion the writer wes approsching the
entrance to the Uitkomat Bottleneck Cave, when a brown
hyeana was suddenly &nd most unexpectedly encountered.

In the confusion that followed the hyeana made a despaxrate
effort to jump across the entrance of the shaft, which at
that point was about ten feet wide. Underestimating the
distance, the hyasna missed its footing and fell seventy
feet into the abyss bLensath. On descending the shaft by
means of a rope, it was found that the hyaena had not been
the firat animal to have so unfortunate and experience,
The floor of the cavern was littered with the bones of

antelopes «+ « .



antelopes, rock rabbits and hares.

Bone accumulations of this type are not by any
means restricted to the Transveals The remarkable cave
dlscovered in the centre of Ste Louis, Hissouri, and
described by Simpson (1946) yielded abundant Pecoary
Maim which are presumed to have entered through a
vertical fissure. The extremely rich accumulation in the
Cumberland Bone Cave, discussed by Nicholas (1954), is thought
to have been made up by carcasses caught in surface crevices,

and slowly working their way downwarda to the main cave.

Suckland (1823) discussed the remains of
rhinoceros, horse, reindeer and urus found in the Dream Cave,
Derbyshire. He concluded that the animals had fallen in
through a vertical shaft.

A very much richer accumulation, presumed to have
a similar origin was described by Dawkins (1874) from
Hutton Cave, Somerset. The animsls included mammoth,
rhinoceros, reindeer, giant deer, bison, horai_, cave lion,
hyaena, wolf, foxes, beara, wild cats, leopards and numerous

rodents.

It appears that water can be responsible for

trengporting « + o



transporting bones into underground caverns. If an animel
is killed in a surface streambed that leads underground,
the bones are likely to be washed into the cave. Such an

occurrence has not been perscnally observed by the writer,

but it has been described in the case of several caves in

Anerica and England. Bones collected by water are likely
to be broken and associated with waterworn stones, as havo»
been described by Parker (19563) from the Port Kennedy Cave
in Pennsylvania.

From Yorkshire, 4iall (1880) described bones of
large animals that had been washed into a pothole known
as Raygill Fissure, 120 feet desp. Jackson (1953)

mentioned a gimilar occurrence in the Great Rocks Dale

fissure im of Derbyshire, while Dawkins (1874) described a

large bone accumulation from Banwell Cave, Somerset,
thought to have been introduced by water through vertical

fissures.

(b) Caves suitable for shelter and habitation.

Caves that are suitable for shelter and habitation

are those that are roofed over and are easily accessible
to man and animals. Such caves are most likely to be
developed in the sides of steep valleys, although it is not

impoaﬂiblﬂ e o o
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impossible for them to occur in relatively flat ground.

Sultable caves in the Transvaal are found to
be used not only by carnivores but also by certain herbivorous
animals. Tlie commonest of these are rock rabbits, hares
and porcupines, and from time to éime they may die in the
caves. Thus bone accumulations built up of complete and.
relatively undisturbed skeletons may develop.

By far the most important bone aeemnulatidna,
however, eare those compogsed of the fragmentary food remains
of carnivores, who find it more convenient to partake of
their meat inside a cave than outside.

Primitive man appears to have been by fer the
most important collector of bones in caves, although
several other animalg, which will be discussed shortly,

were rasponsible for fair numbers.
Bone acc a r .

Throughout the world there are very numerous
caves that have been inhabited by primitive peoples. In
almost every instance, a bone accumuletion is an important
by~product of human occupation. The bones are normally
sasociated with hearths and ertifacts:s moreover they are
frequently charred and cracked open.

Of the B3 « « o«



Of the 83 British bone-bearing cave deposite
reviewed by Jackson (1953), sixty nine were shown to contain
accumulations introduced by primitive men.

The writer considers that so far as South African
Pleistocene bone accumulations are concerned, primitive man
has also been an important collecting agent. 1In the case
of those accumulations that were farmed during basal FPleistocene
times, when true man was evolving from a prehominid ancestor,
there is evidence to suggest that carnivorous amtralopitpeem:s
were responsgible for at least some of the bones collected.
This evidence will shortly be deslt with in detail.

There are doubtless numerous different sorts
of carnivores that, from time to time, will carry bones
back to the caves where they live, s0 that they can feed
on them in peace. Unfortunately this is an aspect of
animal behaviqur which has not been fully investigated.

From America it has been reported that the red
fox sometimes mekes a habit of collecting bones in

Caves.

In the Centerport . .

~
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In the Centreport Cave of Pennsylvania Parker (1953)

reported a collection of hog jaws that had been made by

this animal., Parker alsgo mentions that in the Pemnsylvania
Guthsville Cave, & very large collection of chicken bones

were found to have been brought in by skunks. An accumulation
of large bones, presumed to have been assembled by wolves,

wes described from Wavering Downs, Somerset, by Bafch (1948).
The assemblage was said to be late Pleistocene in age, and

to consist of horae, brown bear, deer and wolf remains.

Ever since early in the last century it has
been supposed that hyaenss have been responsible for large
bone deposits in caves. Buckland (1823) described the '
very asbundant bones found at the Kirkdale Cave in Yorkshire.
Apart from the remains of 200 - 300 hyaena individuals
there were the broken and gnawed bones of hippotomus,
elephant, rhinoceros, mammoth, reindeer, cave lion, cave
bear, bison, horge, deer, boar, hare and birds. There

was spparently no evidence of humén ocoupation ih the cave.

A rather similar bone accumulation which was
likewise attributed to hyaenas was discussed by Dawkins (1803).
This was found in the Victoria Quarry near Buxton, and was
presumed to be of Upper Pliocene age. |

From Castlepook Cave, Scharff and others (1918)

degcribed o o
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described the omly known hyasna den in Ireland. No
humen evidence was present but hyasna remsins were extremely
oomon;_

Four caves have besn reported in ingland, which
although presumed to be hysena lairs, have also yicl.dcd traces
of human occupation. )

One of these, known as Tor Bryan Cave in Deven
was described by Lqi (1880) end was regarded as a Late
Fleistocens hysena den. From it were recovered 20,000
hyasena teeth representing at least 800 individuals, together
with bones of cave lion, cave bear, wolf, fox, deer, wvols,

" elephent, rhinoceros énd hippopotomus. The cultural
material included flint implements, a sandstone spindlee
whorl, a polished stone axe and a bone pendant.

The other three caves said to show evidence
of hyaena and human oeccupation arei- Vookey Hole and
Uphill Cave in Somerset, both described by Dawkins (1852,
1874), and King Arthurs Cave in Herefordshire discussed

by Symonds (1B71).

Although the hyaenas sppear to have gnawed the
bones in the caves mentioned above, it has not been
indisputably established whether these carnivores sactually

brought the bones back to the ceves or note It is possible
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that there was alternate occupation by primitive man and
hysenag, and that the hyaenas gnawed what the men left.

The concept of hyaemas as habitual collectors
of bones in caves has been challenged by Hughes (1954) and
Dart (19565). Hughes published a number of opinions
expressed by well known wild life authorities in Africa on
the question of hyaena habits. The object of the investigation
was to decide whether bone depoeits, such as have been found
at the liskeapan Limwka, could be attributed to hyaenas or
to carnivorous australopithecines. Hughes concluded that
hysenas do not make a'habit of collecting large quantities
of bones in caveg, but rather eat where they find their food.
Thus he was inclined to discredit hyaenas as important
collectors at Limeworks.

During the past few years the writer has had
the opportunity of exemining a large number of modern
dolomite caves 1,? south Africa. In mamy of these, bones
have been found lying on the surface of the floor debris.
By far the wmost impertant point about t.hase. bone accumulations
is that they can clearly not be attributed to sny single
agency. oome have been introduced during periods of

intermittent . . &



intermittent human occupation. Other much dsmaged bones
are assoclated with hyasena droppings in parts of the cave
where the hyaengs have had their young. 5till other bones
have been derived from the skeletons of amimals, such as
baboons, hares, rock rabbits, porcupines and bats, that
have died naturally in the cave. Such origiaally complete
skeletons have often become disarticulated as a result of
the slumping of the cave earth down a slope, or gue to the
bane-gnawing activities of porcupines. “

Dolomite caves are constantly being fllled with
earth, so that bones lying on the surface at any one time
will afterwards become covered and preserved. Observations
on the surface floor debris of modern caves thus provide one
with information about a very restricted period of cave life.
Nevertheless, in this restricted period, it is poesible to
see various bone collecting agencies at work. For this
reason, if one tries to attribute all the bones in a thick
deposit, as at sterkfontein or Mskapen, to a single |
collecting agency, one is unguestionably omr—aimplifyﬁlng

a rather complex problem.

In caves where the rate of accumulation of earth
is slow, due to smallmess of the entrance or the seclusion
of the site, it 1c possible for rich bone accumulatioms to
be built up over a long period of time. As several thousand

'yﬂars " 5 o
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years may only result in a foot or two of deposit being
formed, it is obvious that bones do not have to be collected
very fast. Thus although hysenag, for instance, mey not
mske a habit of colleecting large gquantities of bones at

any one time, they would only have to bring back one ar two
bones every few years © bulld up an impressive collection
with the passage of time. |

Another important pér:lod:le collecting agency
is probably the leopard. In bush country, leopards make
& habit of hiding the remains of kills in trees so that they
cen return to finish them later on. ‘here caves occur,
leopards are known to make use of them as hiding places
during the day. Obgervation is thus required on the
question of whether leopards are liable to leave occasional
bones in cave lairs. If they are, the bones would probably
be largely undamsged, as the lecpsrd dentition is not
suitable for the crushing of bones.

Again it must be émseed that leopards do not
have to be habitual bone collectors in order to contribute
to important bone accumulations. 4 very slow forming cave
deposit iz a far more important requirement.

It has been gtated that bones in a modern
cave show signg of having been introduced by & variety of

agenties « » .



agencies. An example of a modern bone-bearing cave will
now be described, in order that this point may be clarified.

This cave, eituated on the farm Uitkomst, 46 miles
west of Pretoria, is known to be a favourite haunt of brown
hysenss (Hyaena brumm 2‘. The ecave is situated in the side
of one of the very*etup-sided dolomite valleys rumning
down to the Scheerpoort River, and it opens at the base of
a preeipitous rock krans about 20 feet high. The entrance
itself is shown in Photographslf and 16.

68

A simplified and diagrammatic eross section through

the cave gystem 1s shown in Figwe 11. It will be seen
that the cave opens horizomtally into a steep-sided valley,
and that remifying passages then connect with chambers at
different levelse At the time of the investigation, the
cave was being occupied by hares and rock rabbits, while it
was clear that the hyaenas had not been away for very long.

Seattered inm ell parts of the eave, except in
the deepest cavern, were mumerouns whitened hyaena droppings
together with a number of damaged bones. These were all
eollected and a full list of the finds will be given shortly.
An undisturbed part of the cave floor with bones and hyaena

drom:::lngs...



ho 18 and 16.
entrance to the hyaena lai" cave on the farm Uitkomst
rroort, Trensvesle
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droppings is shown in Photograsph 17. The cave has probably

not been open for very long and the floor deposit is consequently
thin and patchy.

Articles taken from the cave may be classified

as followss:

As BONES

Human
1 metacarpal bone.
1l fibula.

Lerge antelope (wildebeest)
1 palate
1 mandibular fragment
1 radiue and ulna
3 tibiae
2 tarsal bones
3 pelvis fragments
2 humerd
8 fragmentary limb bones
1 scapula

gnall antelope
2 mandibuler fragments
3 tarsal and carpal bones

Baboon « » «
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h 17

111 gsturbed floor of the

3t hyaena
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Baboon
1 palate
1 rid

hock rabbits
2 complete gkulls
1 damaged skull
palatal fragments of 2 gkulls

Hareg
8 mandibular fragments
13 vertebrae

Hare or rock b
1 pelvis
7 ribs
4 seapulae
9 humeri
4 radii and ulnae
6 femora
4 tibii and fibulase

Unidentifiable bone fragmentsc
3 - 8 inches long @+ 28

{ 3 inchee long : 100

Be  WICELLANBOUS

Hyaena droppings
395

13
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Clay pot fragments
5

Owlt Pc\\d’s = e
y

It should be noticed that the c¢clay pot fragments

were ascociated with humerous flakes of bone and were restricted
to the chamber closest to the entrence. The dassie and

hare remains were found in the deepest recesses of the cave,
while the hyaena droppings and other bones were collected

from all parts except the daoj;cst chamber. It is suggested

that the bones listed had been introduced into the cave by
different agencies. *hese agencies win‘ be considered
separately. .

As Humen

Numerous baric flakes were associated with the
clay pot fregments and with ash in the eantrance chamber.
It is very probable that these bome flakes represented food
remaine of natives who sheltered in the cave. It is
doubtful whether the humah bones indicate human occupation

or note

B, Hx amﬂ

In the dark upper chamber particaularly, badly
dsmaged bones were associated with numerous whitened hyaena

d’.l'@pmgﬂ.o o o The e« ® o
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.dropp:ln.gs. The damage on bonss, such as the antelope pelvie
fragments chown in Photegraph 18, hes clearly been M

by the crunching of carnivores. It camot be establ:lshad
definitely whethcr these hones were originally brougn. to
the cave by hyaonas # feaaible argument is that t.hey were
carried in by people and then chewed by hyaems.

Several bones collected, such as thoce shown
in photegraph 19, displayed gnawing marks characteristie of
porcupine cetivity. It is doudbtful however, whether
porcupines would carry bones into a cave, when perfectly
satisfactory bones to gnew are elready present there.

Moct probably the porcupines simply gnawed what they found.

C. Natural deaths

The skeletal parts of the hares and rock rabbits
were relatively undisturbed and were ¢learly the remaing
of animels that had gone into furthest recesses of the

eave to die.

D. Owlg

Two owl pellets ware found immediately underneath
a perch used by sn owl during the day. Each contained the
complete ckeleton of a rat, neatly rolled in fur,

Conclusion I
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ogreph 18.

lvie fragmente from the Uitkomst
hyaena loir showing extensive danage caused by
the hysengs.



1tkomet hynena laiyr showing characteristic

coauged LYy parcupiness
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Conclugion

One point is clear ¢+ that a variety of sgencies
have been responsible for the bone accumulation in the
Uitkomst cave. Moreover, the eave has not been open for
any great length of time, and since the entrance is still
emall, the bones are not mixed with much surface derived
debris.

In modern dolomite caves it ie not unmsual to
find large concentrations of rodent bones mixed with the
floor debris. OSuch concentratione are also features of
the fossil caves, such as Swartkrans where there is a deposit
five feet thick containing over 20 % by weight of bone.

The origin of these rodent bone concentrations
is somewhat different from that of the normal bone
accunulations. It appears that owls represent the sole
collectore of the rodent bones.

Many of the large varieties of South African owls
habitnally pereh in dark caves during the day and feed

mmvm e o o
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exclusively during the evening and night. From personal
obgervations on different owls from time to time the writer
has esteblished that the rodents, on which the owls subsist,
are usually eaten fur and all in a very short space of time.
within twelve hours, in the case of the Spotted Eagle Owl,
the acceptable parts of the rodent have been digested, while
the indigestible fractions, consisting of skeleton and fur,
have been rolled into a necat pellet and ejected by reversed
'poﬁemyaia. It apj:eara that this regurgitation process
normally occurs during the day when the owi is resting,

and since owls roogt daily on the same pgrch for long periods
et a time, they tend to build up quite a collection of owle
pellets on the cave floor bensaths When this sort of
activity is continued by succeeding generations of owls

over many centuries, a very considerable accumulation can
results The beginning of such an aecumulation, on the
floor of a modern dolomite cave, is shown in Photogreaph 20.

In the normal courge of events, owls tend to
‘select perches at some helght above the cave floor. These
usually take the form of recesses in the cave roof or walls.
“here suitable perches are lacking however, owls certeinly
do resort to rooouné on the floor, amongst their numerous

pelletss The writer has observed this personally in a
cave on the Otavi Plateau not very far from Tsumeb in South

West Afyica . ¢«
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West Afyricas This cave consisted of a large cavern
commected to the surface by means of a vertical shaft 40 feet
in depth. On the flat floor of this cavern a pair of
Spotted Eagle Owls were nesting, and had already built up

a2 large collection of rodent bones about them,

g1
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General Conclusions.

It is suggested that the most importemt singic
factor affecting the type of bone accumulation formed in
a cave, 1s the structure of the cave itself. Vex;t:lcal sink
holes and figssures will contain the bones of animales that
fell in, or remains that were washed in from the surface.

On the othe&r hand, caves that ere suitable for
shelter and habitation will contain bones introduced by
a variety of agencies. Large bone concentrations are
likely to be built up in cavee where the rate of accumulation
of surfsce~derived debris ic slow. Since long periods of
time are involved, bones do not have to be collected fast.
Thus occasional bones left by various carnivores and primitive
men, or resulting from matural deaths in caves, may contribute
towards a major accumulation. It must be stressed that
carnivores do not have to be habitual coilectors of large
quantities of bones to contribute materially to extensive
bone doposite, built up with the passage of time.
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4.

THE BONE ACCUMULATIONS IN THE SOUTH AFRICAN APE=MAN

BEARING CAVE DEFOSITS

The bone accumulations that will be considered
here are those from the sites of Taung, lakepan Limeworks,
Sterkfontein, Swartkrans and Kromdresai. To start with, |
the sites will be considered sepsrately and some previously
expressed opinions on the crigin of the accumuletions will
be reviswaed.

Taung

| Thirty years ago Dart (1925) described the first
australopithecine specimen ever to be discovered. with
it w&e obtained a number of baboon skulle showing interesting
depressed fractures which Dart (1934) regarded es resulting
from intentionally delivered blows.

Dart believed that the faunal remeins associated
with Australopithecus from Teung repreaented the food remains
of the ape-men. He refarred to the deposit as an spe-man
kitchen-midden (1926), while in 1963 he enlarged on the
carnivoroug habits of the ape-men in the following way
(Dart 1253) 3

"In the breccia accompanying Augtralopithecus eggshells,

crabshells « « »



crabshells and turtle shells, and the bones of birds,

small insectivores, bats, rodents, baboons and buck revealed
evidence of the carnivorous Giet of these creatures which
appeared to be lif.tle if at all advaneld beyond that of

the baboons, which 1ive today in the game 1oca1.1ty. So

I cleimed from the outset and in 1929 that they were flesh-
eating, shell-cracking and bone bresking, cave-dwelling
@ea; end that in the earn:lvoroﬁe hebits of South Afriean
baboons (which, under stress of drought, as in that year,
attack flocks of sheep and goats and carry off not only the
young but adults for food end in coastal areas go down to
the sea and eat shellfish) had already become stereotyped. "

~ As far as the writer is aware, no serious challenge
has been published to Dart's concept of the Taung Australg-
yithecug 28 the principal collector of the associated bones.
In fact Broom (1948) shared Dart's views on the subject.

When Dart first drew attention to the rich bone
deposits at Limeworks (Dart 1925), he considered that the

nature of the accumulation indicated that the site had

been used for human ocecupation. In 1947 however, remains
of Austrajopithecus were recovered from the consolidated

bone=-rich
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bone-rich deposit, and their appearance caunsed Dart to alter
his opinion on the origin of the bone accumulation. Instead
of regarding the cave as a site of human ocoypation he
thought it more likely to have been the living quarters of
Auystralopithecug. He summariged the similarity between

this bone deposit and those resulting from horneon mﬁﬂﬁen »
in the following way (Dart 1863) 1

"Other principal features in which the Makapansgat
deposit resembles those 1eft by mankind are that theae
large bones are not gnawed but split and crushed to extract
the marrow; and the double-ridged cxtremitieé of the amm
bones (humeri) of entelopes are cracked snd fractured through
having been used as bludgeons. The brokeﬁ ridges of these
humeri correspond with double furrowed fractures found in
baboon (and even in australopithecine) skulls found at all
three main man-ape sites: Taungs, Sterkrontoin and Makepansgat. *

At the Thirgl Pan-African Congress on Preghistory |
held during July 19565, Dart (in press) presented & statistical
analysis of the bones already extracted from Limeworks.

He stated that of the 7,159 bones so far examined, 4,560 had
been fully identified.

0f the total bones 91.7% were found to belong
to antelopes, while as & result of careful study of the

whole ¢ ¢« &



whole collection, Dart has been able to 1list the minimum
number of individuals of each animal type to be represented
in the deposit. This list may be summarised as followsg.

Andmel tvpe

Large antelope (kudu, roan
ete.) 39

Hedium antelope (wildebeest
' etBe) ' 126

Small antelope (gazelle) 100
Very small antelope (duiker)

Horses
Chalicotherea
Rhinocéroses

Pigs

Giraffes
Hippopotami
Baboons
Australopithecines
Hyeaenas

Small carnivores
kedium carnivores
Leopard
Sabre-tooth cat

Jackal
w414 dﬂg

H e r oS0 a 8 e o s B
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Animal typg M ber of d
Hares 2
Porcupines 8
3irds 5
Tortoiseg and turtles 3

Dart showed that the noneantelope remeins
were very largely maﬁo up of skull fragments. In faci
82.85 of them represented cranial parte. The antelope
remains however took the form of many different skeletal
parts and only 34.5% of the total were found to be cranial

fragnents.

Dart was of the opinion that all the bones at
Limeworks had been collected by Australopithecus. Moreover
the ape-man was selective in what he brought back to the
cave, concentrating on those bones that would be of use

to him as tools. 1In fact Augtralopithecus was thought to
have made use of an "osteodontokeratic culturev.

Sterkfontein

One of the few published statements on the origin
of the Sterkfontein bone deposit appeered when Broom (1950)

atated:
"There seems to be little doubt that the quarry

which has yielded our best Plesianthropug specimens is the

upper part e & @
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upper part of a large cave which for many years had been
the lair or lairs of sabre tooths, and that the bones had
been introduced by them".

This opinion was not shared by Dart (1953) who
stated that he thought that the Sterkfontein bones had been

collected by jgustralopithecupg (= Plesianthropug) in the
same way as they had been at Limeworks.
gwartkrang and Kromdragd

No statemente appear to have been made in the
literature on the origin of the bone accumnlations ab
swertkrens and Kromdraai.

Australopithecines as fossibl'e bone collectors

If the various Transvaal caves represented

| occupational sites of the ape men, then evidence should be
fortheoming on the gquestion of whether australopithecines

were active bone collectors or not. Dart has produced

evidence to suggest that the Limeworks cave was actually
inhabited by Angtralopithecus. Unfortunately, however,

with this and with the other caves, it iz practically impossible
to prove whether they wercoccupational sites or not.

supposing « « .



supposing for the moment that they were, some suggestions
can be mede that provide interesting scope for future research.

As far ss the australopithecines are concerned,
1t ic clear that feeding habits are most important in
determining what sort of occupational debris will accumulate
in their living quarters. According to Robinson (1854 a),
the South African australopithecines may be divided into

two genera : Australopithecug and Pargnthropug.

The Australopithecus group was made up of small
pigmy individuals, whose remains have been obtained from

Teung, sterkfontein and Mekapan Limeworks. The Paranthropug
group was compoged of much larger enimals known from
cwartkrans and Kromdrasi.

As a result of a study of aunstralopithecine
dentition, Robinson (1964 b) concluded that Australopithecug
was much more partial to meat than was Paranthropus. He
stated : o |

"The dlet of Pgranthropug sppears to have been
primarily vegeterisn, while that of Australopithecus seems
to have been omnivorous and to have included a fair propoi'tien
of flesh. The resulting differences in strength and nature
of the masticatery forces has affected the shape and structure
of the face and braincese."

Thus 1f ¢« « »
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Thus if the two types of ape men differed in
their feeding habits to the extent that one was carnivorous
while the other was vegetarism, one would expect to find &
merked difference in the sort of occupational debris
accumulating in the living quarters of each type. Therefore
it would be of vaiuo to compare the nature of the articles
found in caves that have probably been used by the two types
of ape-man. ¥hen such a comparison is made it is necescary
to consider every single article and piece of bone if a
true picture of the snimal habits is to be obtained.

In investigating occupational debris, the sites
that could be used for the different ape man are these 3

ustralopi : Taung, osterkfontein and Limeworks.

Faranthropug s Kromdraai B.

The Swartkrans site can probably not be considered,
as Robinsen thinks it likely that this was a Telsnthropug
living site rather than a PFargathropug one.

Unfortimately all the available bones have not
been kept and cleaned in the case of Taung and iterkfontein.
Thus the only two sites that are useful for comparisons are
Limeworks and Kromdraai B,

A complete anglysis of the Limeworks material

has meaﬂy e o o
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has already been made by Dart (1955), and was discussed
earlier in this work.

The writer has been directing the excavation of
Kromdrasi B during the greater part of 19566, and great care
has been taken to preserve every article of interest firom
the deposfit. The work is sti11 in progress and new
material is comstantly being obtained. For this reason
the 1ist of articles provided here only includes those
obtained up to the end of November, 19566. As rather less
then half the deposit has been excavated so far, one can con-
fidently expect that the total number of specimens finslly

unearthed will be much greater than that given in the present
list.

Eromdrsal B..Bones + «



Kr a +» Bones up to December, 1956.

Australopithecines : (Paranthropug robustug) @

Diatal end of humerus

Half adult skull
(Photograph 21)

Os magnum
Half adult mandible
Metatareal
Child mandible
tary adult palate Calcansun
Fragmen u a
- y 4 Phalanx.

11 Isolated permanent
teeth

1 Isolated milk tooth

ol o5 S8 G0 0¥ SF S8 00 O S0 e 9 O

Beboon

Cranium (_.1) ¢ Pergpapio coronatug

lfandibuler fragments t &

Isolated teeth 1 | Erupted : 65
Unoru;:;todx 40

5 ante

Mendibular fragment : 1
Isolated teeth

Carnivoreg
Hyaena molar : 1

Jackal molars 3 2
Small carnivore clews : 8

Bones of baboon, . « .

12
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Kromdraasi B. Dones up to Deec. 19556 (continued)

Horn cores 10
Ribse 18
Scapulae 2
Humeri 6

Tibise and fibulae 2

Femora 8
Ulnae 7
Radii 2]
Tarsal and carpal
bones 102
Post-sacral verte-
brae 33
Pre-gacral verte-
brae 33
Reptiles
Lizard jaws ¢ 7
Lizard scalest 6

Chamelion 'Jawa B 11

loden

Half-mandibles : left side : 394 )
g (Photograph 22)
right side s 408

SKyll fragments ¢ « o



10tograph 22,
ne of the very numerous rodent helf-mandibles that

have been obtained from !rondraal L.
mified 6 times.

as
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 Kromdraal B. Bones up to December 1955 (continued)
Rodents (continued)

Skull fragments 599

Limb bones, ete. : 9,435

Vertebrate H 50
Shrew
Half-mandibles : 5
Elephant-ghrewg
23
Halfemandibles 120 (Photograph of)

Skull fragments 1 10

$: 3 = 8 inches long 1 7

Less than 3 inches long : 2,111
(Photograph 24)

C v g 4

W rn
liore then 2 inch dlameter 1 2 of quartzite
Less than 2 inch dismeter : 72 of quartzite, chert and
Jasper. (Photograph 26)
From the list of animal remains Just given it is
possible to detanmiﬁs the minimum probable number of animal
individuals that have gone to make up the deposit:-

 Animal table « . .



hotogreph 23.
1alf an elephant-shrew mendible from

excavation. fagnified 6 times.
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Animal Probsble number of _i_&é;ﬂ%g

Ausgtralopithecines 5
Baboons 8
cmell antelopes 5
Hyaena 1
Jackal 1
Lizards and cmm : 10
Rodents 408
vhrews 3
tlephant shrews 60

The unidentified bone fragments doubtless
represent the broken skeietons of the larger animals in
thic list, while the four carnivore coprolites are from
animals of about jackal size. The waterworn stones are

interesting in o far that several of them are foreign to
the immediate area. It was previously thought that these
stones must have been introduced by Paranthropug, as the
deposit as a whole ic certainly not alluvial. Subsequent
. excavation, however, has shown that the smaller of these
stones represgented the nuclel of weathered cave pearlsg.
The presence of foreign stones, and of the large waterworn
ones, probably indicetes that the Kromdrael B cave was
quite close to river level originaily, although its contents
were not essentially alluvial in origin.

In cmiﬁm e o @
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In considering the Kromdraai bone acmlaﬁoﬁ,
the lizard and chamelion remsimg were perhaps derived from
reptiles that died maturally in the eave. The banes of
rodents, shrews and elephant shrews were almost certainly
| brought in by owls. Thus,from the point of view of this
| emquiry, only the larger animal remains need be used in the

compgrison with the Limeworks material. The comparison is
set out in table form below :-

d

Animal type Probable number of individuals represented
Limeworks Kromdraai B.

Australopithecug 8 (o)
Paranthropug ¢ S5
Baboons 45 8
Large antelopes 39 o
Medium =antelopes 126 0
wmall antelopes 100 5
Very small antelopes 28 0
Horses 4 0
Chalifotheres 6 0
thinoceri S O
Pigs 20 0
Giraffe 6 0
Hippopotami 1 o
Hysensag 17 1
Lmall and medium

carnivores 9 0
Leopards 1 4]
Sabre tooth cats 1 0
Jeackals 1 l
wild dogs 1 0
Hares, porcupines,

birds and chelonians 18 Y]

It will be seen « « »



‘It will be seen that there are remeins of five
individuals of Australopithecus at Limeworks and five of
Zaranthropug at Kromdraai. In spite of this, the
camposition of the associated faunal remains is very different
in the two bone deposits. Limeworks has provided remaing

lo2

of 428 animel individuals other than the ape men. Kromdrasi B,

on the other hand, has s0 far yielded remains of only 15
animals other than the ape men.

Conclucion

The most obvious conclusion is that Australopithecus

was probably more partial to meat than was Paranthropug :

-a conclusion that was reached by “obinson on completely
different grounds in 1954. The few animal remains found

at Xromdraal could even heve been collected by the jackals

. that produced the droppings and used the cave at times

when the ape men were absent. They ma&y have been responsible
for breaking up bones into the now identifiable flakes

recovered fram the cave.

Hegegsery preceutiong

1. The evidence of the bone accumulations from the different
eites can only be used to elucidate spe-man habits, if it
amt:tdoﬁnitely established that the caves were ape-man

living quarters. As this will probably never be established

with complete . . ..
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with complete certainty, the eonclusion about ape-man feeding
habits must be accepted with caution. '

2. It must be appreciated that the Limeworks bone
accunulation is large, and must have been built up over a
long period of time. 1In view of this, it is most m»bahie
that Aus ithe was the omly eowns agent involved,
although he may have been the most inportant Dones
inevitably introduced by other means will have complicated
the fssue. Their presence throws doubt on any sweeping
conclusions that one may be tempted to draw.

General conclusiong . .
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General Conclusions

It has been suggested by previous writers
that the extensive bone accumulations at the sitee of
Taung, Sterkfontein and Limeworks are the result of the

carnivorous feeding habits of gugtralopithecus.

The euhominid, Telanthropug may well have
contributed to the bone collection ati cwartkrans.

For the gake of'discusaion it 18 assumed that
Limeworks and Kromdrasi B were the living sites of

Australopitheeug and Paranthropug respectively. The nature

of the bone accumulation from the two caves ic then compared.

The wvery rich bone accumulation at Limeworks
might be taken as indieating that Apustralopithecug was
carnivorons, while the paucity of bones from Kromdraai B
evggests a vegetarian diet for Peranthropug.

The necessity
for caution in accepting these comclusions is strecssed.
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THE NOHRMAL DHPOSITION CYCLE 1IN TRANSVAAL DOLOMITE

CAVS .

A study of the materials that have aeccumulated
both in modern caves, andvin their fossil ccuﬁterparta,
has served to elucidate the normel deposition eycle in
Transvaal dolomite caves. Firstly, & brief description
of this eyele will be given, while in the next chapter
the nature of the various depcsite themselves will be
congidered in detail.

In the following sccount, reference should be
made to the vertical sections shown in Figures 12 and 13.
The continuous deposition cycle can be divided into several
stages which will now be discussed.

STAGE 1
The c¢avern has already formed and is being
eniargsd bensath the water-table in the phreatic zone.

The most importent deposits to form et this stage

in development consist of the insgoludle fractions of the
dolomite, left when the cavern itself is dissolved out.
These may conveniently be grouped into manganous muds and

normal o« o o
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-Travertine -Residual Earth @ 40 80
el
B Oolomite  -—--water table  Suitable scale in feet
Figure 12,

Vertical sections through a hillside containing a cavern,
to show the stages of the normsel deposition cycle in
Transvaal dolomite caves. Further stages are given in Fig. 13.
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normal fine-grained sediments. Their characteristics will
be digcussed in the next section.

The residual sediments are normally deposited
in horizontal layers which have settled slowly in the quiet
waters of the phreatic reservoir. Another type of deposit,
which although much less common, may form at this atage,
i8 a coating of crystals 87 the walls and roof of the
cavern. This is found to consist of either calcite or
aragonite and has undoubtedly been preecipitated from the
phreatic water itself, Vhen a crystal-lined cavern has
been recently drained of water it presents a sight of great
brilliance and beauty.

STAGE E% 2 .

A drop in the level of the water table has
brought the cavern into the vadose zone and it is now
ajir-filled.

The deposits most characteristie of this
developmental stage are the cave travertines, which may be
divided intos

Roof and wall travertines or stalactites

Floor travertines or stalagmites.
These travertines are nomally composed of carbonates of

exceptional . . .
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exceptional purity, precipitated from transient vadose
solutions making their way down to the phreatic reservoir,
Nevertheless, occasional contamination with residual cave
earth derived from cavern enlargement, may be observed.

In addition to the travertines, other interesting
but comparatively insignificant formations may develop.
These take the form of helictites and gypsun flowers.

STAGE 3

This stage is characterised by the vadose
enlargment of selected passages and shafts above the main
cavern itself, As discussed earlier, the shafts, known
as "avens" are the result of active solution by meteorio
water passing downward through joint and bedding planes.
The presence of the cavern beneath such planes greatly
facilitates the downward water movement, and solutional

enlargement of the passages is thus much accelerated.

The process of dissolving the dolomite again
produces a quantity of insoluble residue which will collect
on the ¢ave floor §# fine sand grained manganous sediment.
Layers of this sediment are frequently interbedded with the
floor travertines which will be forming at rates dependent

on such factors az ventilation and temperaturs.

Siage 4. - - .
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STAGE 4
The contimued enlargement of the Joint and bedding

planoé above the cavern results in a small opening being
produced linking the cavern with the surface. The advent
of this gpening has the effect of admitting the first ;mall
quantities of surface derived materisl to the cavern.

This materisl becomes mixed with the residual earth, produced
by the enlargement of the c¢avern, and is commonly deposited
either interbedded with, or just above the floor travertine,
which continues to form at various points on the cave floor.
When celeified, the mixture of surface-derived and residual
materials is termed a PHAGE I breccia.

It must be eppreciated that Phase 1 breccias
do not represent true samples of surface-derived material,
since they have often been liberally contaminated with
residual cave earth. These deposits are consequently of
little velue as indicators of surface conditions. They
are, however, often of great palaeontological value, since
beihg slow accumulations, their bone content may be very high.

STAGE

At this stage, the cave entrance has enlarged
considerably, and is now constantly admitting large
quantities of material from the gurface. Once a cave

entrance « » o
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[=:]Phase I material

) Suitable scale
[MPhase 1 material 0 0 80
Bl Residual earth ----Water table e —
- FEET
[T travertine
. Il Dolomite
Figure 13.

Vertical sections through a hillside containing a cavera,
to show the stages of the normal deposition cycle in

Transvaal dolomite caves.
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entrance has formed it nomally sppears to enlarge fairly
fast as a result of continued solution and roof collapse.
Thic i: more particularly the case in caves opening from

above than from the side.

“tage 5 represents a time when material
from the surface is coming through the entrance so fast,
that the quantity of residual cave earth, still slowly
accumulating, becomes quite insignificant by comparison.
Thus the material comixig to rest on the cave noor'can,
for all practical purposes, be regarded as a reprecentative
semple of that on the surface. osuch material, when it

has been calcified 1s termed a Phase II breccia by the
present writer. These brecclas are of great value

as indicators of surface coniitions during the period
of ecave fillinge.

The nature of Fhase II breecias is, of

course, dependent on the character of the material on

the surface.

In the « ¢« «
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In the dolomite country, where the caves are developed,
surface materials may usually be clagssified into the three
following typess:

Normal dolomite soii
Alluvial debris

Wind-borne sand or loess.

The distinguishing features of these three
types will be discussed in the next éhuptcr.

In sd3iticn to the Phase 11 materials that
accumulete in the cave at this stage of the cycle, others
such as roof fall blocks and travertines are also found,

The travertines are most likely to be roof
and wall verieties. Floor travertines are liasble to be
much contaminated by the fast sccumulating earth.

Bone contents in Phase II breccias are ésually
much lower than those in the Phase I equivalents. This
is becakus'e the mtri:i of a Phage II braeccia represents a
relatively repid accumulation, and tﬁe bones are consequently
more widely ascattered through its buik. |

stage 6 « + «
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STAGE 6

At.thia atage the deposition of the Phase II
material has progressed further and the availaeble space
in the cavern is now almost completely filled. Continued
roof collapges have again enlarged the area of the surface
opening, with the result that the filling process of the
cave has been accelerated. In previous descriptions the
writer has referred to thie final, rapidly accumulating
materiel as a PHASE II] breccia. This term is now considered
to be artifieial and unnecessary, and will not be used in
this work.,

Roof travertines may contimue to form till all
the available space has been taken up.

In this way the deposition ¢yele in the eavern
comes to an end. Then follows a very protrscted period
of denudation, in the course of which the cave and its contents
will be totally destroyed.

Brief summary of events « « .«



A brief summary of events in the normal deposition cycle.

Stege ]
The cavern is being enlarged in the phreatic
zone beneath the water table.
Deposits ¢ Residual cave earth
Linings of carbonate e¢rystals.

Stage 2.
A lowering in the level of the water table brings
the cavern into the vedose gone. |
Deposits 1 Cave travertines
Helietitea and gypsum flowere

Residual cave earth.

Stage 3
Selected passages and shafts above the cavern
are produced and enlarged by active vadose golution.
Depogits : Same as in Stage 2.

Staxe 4 .
The first small opening to the surface is acquired
and small quantities of surface derived material mix with

the residual cave earth. |
Deposite ¢ Phase I breccias
Cave travertines.

Stag.socc‘
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Stage O
The cave opening is much enlarged by solution
and collapse. Large quantities of material from the
surface enter the cavern.
Deposits ¢+ Phage II breccias
Cave travertines
Roof fall debris

Stage €
The cave entrance hag heen further enlarged
and 1s now admitting very large quantities of material
from the surface to the cavern. Roof falls are frequent.
Deposits 1 Phage II breccia
Cave travertines
Hoof fall debrias.

* & o o & o o+ 2
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The Nature of the Cave Fillingu_

Cave Travertineg.

Cave travertine is & general termm applied to
the variety of forms of calcium and magnesium carbonate
that may be developed in caves. Of the two carbonates,
analysis has shown that calcium is fer more important than
magnesimm, and many of the Transvaal cave travertines
consist of calcite of exceptional purity.

Ag has been previously mentioned, pure water
represents a rather feeble solvent for the carbonates in
question. The presence of dissolved carbon dioxide,
however, increases the solvent action very considerably.
Ademg and Swimmerton (1937) have shown that the main source
of cerbon dloxide in ground water is soil air, where the
concentration of the gas ia often between 256 and 90 times
that found in the normal atmosphere. VWater seeping
downwards through the soil mey thus digsolve considerable
quantities of carbon dioxide. vhen this carbonic acid
solution comes into contact with dolomite, the dolamite is
digsolved and a solution of caleium and magnesium bicarbonate
results. This solution will then pass downwards through
the vadose zone. If an opening or cavern in the dolomite
is encountered on the way, the solution may drip #£rom the

roof « + o
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roof or seep over t.l;e'wnlla or floor. In the course of
this, some of the caerbonite held in solution may be Geposited.
This may be effected in well ventilated caves by normal
evaporation. Frequently, however, the cavern atmosphere
will be humid, aso that precipitation is more likely to

result from the loss of carbon dioxide than from the normal

evaporation of the solution.

Loss of carbon dioxide fram the solution will
occur until the partial pressure of that held in solution
is the same as the partial pressure of the gas in the cave
&atmosphere. This loss of carbon dioxide will inevitebly
result in the preecipitation of esome of the carbonate &s
travertine. Obviously, where the two carbonates of caleium
and magnesium 8re concernsd, the less soluble one will
be preeipitated first, while the more soluble one will
be carried down with the water until the phreatic reservoir
is renched, Since magnesium carbonate is epproximately
ten times as soluble as the calcium ejuivalent, it can
frequently escape precipitation, a fact that results in
its general absence in the travertines of the Transvaal
caves.

It gppears that temperature is important in
determining how much carbon dioxide will be lost to the
cave atmosphere. An incresse in temperature will accelerate
the loga of gas, consequently resulting in an increased

precipitation « « «
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precipitation of carbonate.

The more important forms shown by iravertines
in the iransveal eaves will now be diacussed.

Stalactites

Stelactites, which consigt of travertines
hanging from the eave roof, cen only form where eveporation
or loss of carbon dioxide from the solutions is sufficient
to cause éarbonate precipitation befors the drop leaves
the roofs The formation of stalactites has been ecarefully
discussed by Allison (1923), who distinguishes between the
thin straw-like type which results from fast growth, and
the thicker type which has been built up more elowlye.

Characteristic alau#grOW1ng stalacti tes hanging
fron the roof of van Wyk's Main Cave are ghown in Photograph
9 (page 25 )« Such atalactites are found to be made up
of concentrie rings of carbonate, and to have one or more
channels down the middle through which the solutions paes.

A horizontal section through a slow=-growing stelactite from
the lakapan Limeworks is shown in Photograph 26.

Faptegrowing, straw-like stalactites are generally
thought to be made up of a gingle crystal. It occasionally
happens that the temporary failure of the incoming solution

| CRUSeS e . »
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, 26,
section through a slow-growing stalactite from
Limeworks. Natural size.



‘causes the end of a gtraw-like stalactite to become
blockeds If the solution is subsequently resupplied,
it may penetrate the wall of the tube higher up and make
the straw irreguler in form. Irregular straws of this
sort are shown in Photogreph 27. Also visible are true
erratic stalactiteg or helictitesg which have a rather
different origine Helictites are characteristically
thin filaments of calcite which seem to have a complete
disregard for gravity anu are capable of growing both

horizontally and upwards. Their origin has been dlscussed

in a comprehanotﬁu and convineing paper by Moore (1954).
In this paper, Moore reviewed the remarkable previously
published opinions on the origin of helictites, some of
which will now be quoted:
"Condopcation of vapowr containing lime.
Deposition along horizontal spider webs.
Deflection by air currents.
Deposition as lateral outgrowths having fungl as
starting points.

(20

The twining tendency in the crystallisation of calcite.

Alternate deposition of calcite and aragonite.”

As a repult of a careful enquiry, Moore was

able to ahow what the true origin of helictitea was. His

conclusions were briefly stated as followg:=

"Growth o« ¢ o
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Fhotograph 28, .
Curtain stalactites in the van Wyks Main Cave near
terkfontein. Fhotograph by J C. Viljoen.
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| "Growth is accomplished by deposition around
the orifice of a narrow canal which follows the center of
the helictites, Helictites are composed of an aggregate
of crystal units each with & slightly different crystello=
grephic orientation than the next. Wedge-shaped increments
of deposition cauge rotation of the c¢~axis of successive
¢rystal units which result in the curveture of helictites.
Cpposed to this curvature and tending to create deflection
in the opposite direetion 1s the crystal habis which
fovours a greater rate of growth in the direction of the
long axis of the crystsl units. The physiocal variables
which control the relative importance of these two factors,
and therefore the direction of growth, are believed to be
the rate and periodicity of flow through the tube."

It occasionally happens that atalaciites do
not hang completely free from the cave roof, but hecome
Jjoined either to one anothaer or {0 the wall of the c¢ave.

vhen this occurs they are known as gurtain gtalactites,
and when suitably 11t can present a eight of great beauty.

Crea—

Curtain stalactites developed in van Wyk's Mgin Cave
arc shown in Photograph 28.

Ztalaguites
N
\
\ Cave floor deposits equivalent to the hanging

\1 stalsctites + «
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Photograph 27.
Irregular strew»like stalactites and true helictites
from the 5urkt‘anuin chambers. Juarter natural size

‘hotograph by J. C. Viljoen.
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atalactites are known as gtalagmiteg and are deposited
from drops of solution that have fallen from the stalactites
themselves. Ultimately the two may Join and the combined
pillar is then termed a stalactostalegmite. Although
true stalagmites do occur in the Transvaal dolomite caves,
floor deposits that are much more common are the bedded
layers and low bouiu which can more accurately be celled
flowstong. These accumulations are deposited from thin
films of saturated carbonate soclution that seep over the
surface of the floor. Photograph 20 shows a flowstone
boss in a modern dolomite cave. In section, flowstone
frequently shows a layered siu'uoture caused by the
irregularly superimposed laminations.  This structure

is shown in Photegraph 30.

In thin section, flowatone, like the majority
of cave travertine forms, is found to be made up of a
mosaic¢ of interlocking calcite orystals. Superimposed
layers often display differences in texture and crystal
size. A typical cave travertine in thin gection is shown
in Photograph 31. A contact between two distinet layers
is clearly ahown.

Cave Pearls
An interesting, though unimportant, calcite

formation « « «



‘hotograph
flowgtone boss with stalactites hanging down into it.
Gaub Cave

‘hotograph 80« Vertical section through a block of
flowstone to show the laminated structure. Iwo-thirds
natural size. Makepsn Limeworks.

|25
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Photograph 31.
A thin section of flowstone to show the mosaic of inter-
2
LOcking calcite crystals. )@179. Ordinary light.
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formation found oecasionally in the Transvaal caves is

the cave pearl. This conaists of an approximately spherical
mass of calcite deposited in concentric layers round a

small stony nucleus. The pearls may vary in diameter

from a quarter inch to several inches. Thoy are typically
found in small basinelike pools of water which are constantly
sgitated, either by drip, or by water flow. The

agitation of the water causes any small stones at the bottom
of the pool to be repeatedly turned over. If the water

of the ;}ool ia saturated with calcium bicarbonate,

calcite is likely to be precipitated round the stone nuclei.
In this way concentric layers may be deposited to build

up the growing pearl. Photograph 32 shows a section
through an example from the Makapean Limeworks. Notice

the chert nucleus and concentric calcite layers.

Aragonite Formationg

Although aragonite deposits in caves are much
less common than calcite ones they certainly do occur.
senrbeimiy=do-pooeur. YWarwick (1953) hes deucribéd a thieck
flowstone sccumulation of aragonite from the Lamb Lair
Cave of Somerset. In addition to this, English helictites
and normal stalactites have been described as being
compogsed of aragonite.

Clusters « « »
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Photograph 32.
Dismetric section through a cave pearl from the dakapsn
Limeworks, to show the chert nucleus and concentric calcite

lgyers. Twice enlarged.
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Clusters of sragonite crystals are a fairly
common fbaturo’of some of the Transvaal dolomite caves,
Examples from the van Wyk's Main Cave near Sterkfontein
are shown in Photograph 33. These crystal clusters are
trequently'fbund on the vertical cave walls, and are a
common feature of a number of the Uitkomat caverns. The
way in which the erystals develop ie still very imperfectly
understood. It seems 2s if some may grow under the water
of the phreatic reservoir, while the cavern is still beneath
the water table. Before any reliable conclusion can be
reached however, a great deal of observation and research
is required.

Gypsum
According to Warwick (1853), gypsum formations

in caves are usually formed close to shale horizons
containing pyrite. Upon decomposition of the pyrite,
sulphuric acid is liberated. This reacts with the caleite
in the country rock to produce the gypsum which ig then
presumably deposited by evaporatien. Although reports

of gypsum crystals in caves have been received, the writer

hes not observed any formations personally.

The Cave Bregg;ég o o »



Photograph 33.

Clusters of gonite crystals from the wall of van
iyk's “ain Cave, near Sterkfontein. Approx. half eize.
Pk.rogml,k by J.¢. Niljeen,
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The Cave Breeciag

As discussed in the last chapter, the general
term cave breccia is applied to the varieties of forms
of earth, soil and sand that have been calcified subsequent
to their deposition in a cave. Thus a cave breccia
comes to consist of two partss the residue and the carbonate
cement. The writer finds that, treating the breccias as
rocks, 1t 18 often difficult to deduce much of interest
from them. They usually consist of muddy limestones of
which thin sectionsg are not particularly instructive.
A far more profitable approach, however, is through
cerefully dissolving away the carbonate cement, either in
dilute acetie or hydrochlorie acid, and then investigating
the properties of the residue in the lcose state as it
wags originally deposited in the éave. At the sane time
it is important to determine how much carbonate cement is
present in each sample, while routine thin section examination
ig certainly very desirable. | |

In the following aceount, the properties of the
various types of cave filling will first be considered in
their decalcified forms. 1In each case the brececia
samples have been dissolved in diiute acid, and the residue

has been quantitatively collected by filtration, using
a Buchner fumnel and suction pump. After washing, the

residue « « o
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residue is dried in a low temperature oven. It can then
be treated and analysed as a normal incoherent sediment or
aggregate. |

The technique for carbonate anslysis will be
dealt with in Chapter 9.

Residual Cave Eerth

In the previous chapter it was stated that pure
residual cave sarth, uncontaminated with outaide materiel,
is only formed befors the cavern acquires a direct opening
to the surface. Once the cavern is open to the air, surface
derived debris is likely to become mixed with the residual
cave earth, in quantities dependent on the size of the
cave entrange and the proximity‘of this entrance to the
site of deposition.

ORIGIN
Since residual cave earth, like residual dolomite

s0il, is composed of the insoluble fractions of the
dolomite itself, its nature iz dependent on that of the
country rock. The most obvious ingoluble parts of
dolomite are the chert bands so commonly found throughout
the horigon. A study of insoludble residues in caverns,
however, has shown that the chert bands, more than a

centimetre . .
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centimetre or so thick, do not breaki.down into ﬂm-graimd
sediment, but make up the blocks and stones of the residue.
Thinner chert bands may disintegrats into sands and gravels,
but the fine-grained constituente of the residue are definitely
derived from impurities more sparsely scattered throughout .

the dolomite.

In thig description, particular attention is given
to those residues whose particles are smaller than fine
gravel size. By far the most importsmt single.constituent
of thege residues is silica in the form of chert and quarts.
The remainder of the bulk is made up of oxides of iren
and mangenese, together with shale partiqleas, clay ad heavy
minerals. If weathered blocks of dolomite are carefully
examined, or if samples are artificially dissolved in
dilute acid, it is usually found that irregular graing of
silica are scattered throughout the roeck. Such graing,
together with solid chert bands weathering out of a block
of dolomite are shown in Photograph 34. Begides scattered
grains of silica, numerous samples of p:l.nolithie dolomite
from the Sterkfonteip area were found to contain a silica
franework whose spaces have been filled with dolomite and
calcite. 4 typical framework in thin gection i{s shown in
Fhotograph 36.

whether the gilica is as scattered grains, or is

in the form « « «
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Photogreph 34.
. block of naturally weathered dolomite showing

chert bends snd scattered silica grains.
pproximately helf natural size.
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he eilica fremework with s o filled with
A d enleite. 'Y lisht. X224
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in the form of a continuous, but fregile framework,
it prodnccb, when the dolamite is dissolved, the silicious
sediment so characteristic of residual cave earths.

Characteristie featureg.

Since residual cave earth results from the
solution of dolomite in the sane way &s does nomal surface
soil, it is ebvious that many of the properties of the two
products will be similar. Fnrtunately there is one most
distinctive feature of residual earth which is invaluable
in iﬁs diagnosis. This is the shape of the silicious send
grains that may be igolated from the residue.

A large rumber of residual earths, both natural
and artifiecially preparaed from the dolomite, has now been
investigated. In avery case the sand graing of chert and
quartz present in the semples have had the same ratheé
remarkable appearences They are invariably very ragged
grains of éxtrema fragility, resembling the skeletons of
normal grains that have been severely corroded. The
very irregular fomm of the grains is doubtless due to
the fact that they have been crystallised in the uneven
pore-gpaces of the dolemite itself.

Silica end eand grains produced by artificially

diBBOIVing o o o



desolving Transvaal dolomite eare shown in Photograsph 36.
Their very ragged appearance ie olearly visible.

It is of course not usually possible to obtain
semples of earth from caverns that have no opening to the
surfaces lNevertheless, largely uncontaminated residusl
earth samples can usually be colled¢ted in dead-end gallery
systems far removed from the surface openings of the caves.
Such semples have been collected from a number of
Transvaal dolomite caves both in the Sterkfontein and
Nakgpan areage In every case the sand graing contained
in the samples were identical in appearance to those shown
in Photograph 36,

The oldest deposit in the Swartkrans foassil
cave is found to be heavily calcified residual cave sarth
in the form of a grey hreccia. Sanﬁgrains isclated from
this deposit are shown in Photograph 37. They &are found
to be similar in form to those from the other srtificial
and natural residueg 2lresdy MBMHM dlscuased.

It ie clear that these extremely fragile sand
greins are only presarved undamasged in the residual
cave earths because of the fact that they have mot suffered
sbrasion resulting from transportation or weathering.

This represents the essential difference between a

residual « «
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h 37.
characteristic of residual cave earth isolated
at Swatrkrans. These ghould be
th the ;rains shown In "hoto h 36,
i fied 40 times.
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residual cave earth and a regidual surface soil. Sand
grains of such fragility camot survive when they are exposed

to the elements on the surfacee.

Grains from the surface invariably shoi the effects
of the weather snd can be very readily distinguished from
those that have been ecarefully protected in a closed tcavaern.

It should be appreciated that all the residual
earths discussed here have resuited from solution of
dolomite in the Guiet water of the phreatic reservoir.
Occasionally however, a cave may be encountered, such as
the "Wet Cave" near Pilgrime Rest where a true underground
river ruris through the cavern system. “hen this oeccurs,
residual sand grains derived from within the cavern may be
abraded by transport without ever having been on the surfece.
True underground river courseg fortunately appear to be
very rare in the Transvaal dolomites gsnerally. The
technique used in the examination of the shéape of individual
sexxi grains is discussed in Chapter q.

(RADI

It is to be expected that ﬂ;e grading of residual
cave earths will vary from site to site in accordance with
the nature of the parent dolomite. Horizons rich in
chert bsnds are likely to produce a coarser grained residue
than those composed of purer limestone. The technique

employed . +



employed in the quantitative estimation of sediment
grading is discussed in Chapter J. Actual results for
analyses done ion residual earths from the Sterkfontein
caverns and the Swartkrans grey breccia, as well as on an
artificielly prepared residue of Transvaal dolomite are
now provided:

RESIDUAL EARTHS: Sterkfontein Swartkrans Artificial
caverns
Clay : a2.1 21«8 11.4
3ilt ] 38.9 30.4 270
Fnpe sand 3 1247 Oed e Y3
Sand H 15.9 - 1844 1)
Coarse sand 1 8.3 11.2 22.0
Fine gavu (] 2,8 8.8 2.8
R
004 100.0 10040
o T

It will be noticed that the two natural residues
are predominantly fine grained sediments with the grapter
part of their bulk folling in the silt and cley grades.

The artificielly prepared residus, on the other hand,
conteins a large proportion of coarser aggregate of fine

gravel amd coarse sand dimensions. Thig is doubtless due

4\

to the fact that, in this case, the dolomite has been rapidly

dissolved and indufficient time has been provided for the

Coarsger » « o«



coarser chert particles to be dfmaggregated and digested.

Calcifi esidusa

In all but the very modern caves, deposit.l of
residual earth have ehwmmriatieally been heavily
calcified. The;i,\\fnrm typical grey cave breccias. The
coleur resulté from tﬁe f#ct that mmw dioxide is a
major conatituent, while ithe additional iron 1s normally

incampletely oxidised. In fact iron c@rbonate or siderite

is a common ;ampomt.

In thin sections the grey breccias show up as
muddy limestones often containing well developed crystals
of caleite and siderite, A thin section of gréy hreeccia

from Swartkr‘ens is shown in Photogreph 38. as mentioned

previously the identification of 2 caleified residual
easrth cernot be made suecessfully in this section. It
can only be dome on examination of the sand grains in the
sediment. ' -

ks grey breccias are nomally formed in caverns

a2

before they acqam openings to the Qnrfaeo, they are 11kelx'

to be campletely sterile from the palaeontologieal point
of view. |

F e 8

ORIGIN

In the previous chapter the essential pature of

1 -~
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Photograph 38.
A thin section of calcified residual earth from Swartkrans.
t consists of muddy limestone with occasional crystals

of caleite and siderite. Ordinary light. X22.
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In the previous chapter the éasmtial nature of
Phase I materials was considered. It was pointed out
that these sgediments have & dual origins being composed
partly of residusl cave earth and partly of surfacev darived
material. lixed material of this sort is nommelly
deposited in a cave at a time when the cave entrance is
antll, and the qusntity of surface material entering the

cavern is not excessive.

CilsRGCTERISTIC — FEATURES

As is the case with residual cave earth, the
identification of a Phase ]I breccia can not easily be
made by the exemination of thin sections. Investigation
of the j:ropwtiu of the decalcified sediment is found to
be much more profitable.

The residuwal cave earth component in a Phase I
wreccia can be recognised by meens of the extremely irregular
and fregile sand graing alre-dy digcuaaed. The surface=
derived component may obviously consist of any of the varietly

' of materials likely to be found on the surface. The most
iaportant of these are eluvial dolomite soiis or transported
materiale either alluvium or wind-borne sediment.

If the surface~derived component in the Phage I
sediment is amall it may be difficult to decide precisely

what 118 ¢« » »
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‘what its mature is. The criteria used in distingnishing
between dolomite soils, alluvia and wind-borne deposits
are dealt with in the succeeding section on Phase II -
breccias. .

Examination of the shape and form of sand grains
is again 'the most useful means of identifying a Phase I
sediment. Grains of two strongly contrasted types are
invarisbly present: "(.he excessively angular regidual
earth graing, and the obviously worn grains derived from
the surface. It is found that the grains will show
umiatakﬁble signg of wear whether they come from surface
dolomite soil, from alluvium or from a wind-borne deposit.

Graing from the Phase I deposit on the floor
of the Hodern Sterkfontein chamber are shown in Photograph 39.
Yorn grains from the surface are marked .so that they can
be recognised easily. FPhotograph 40 shows sand grains
from the Phase I deposit in the Swartkrans fossil cave.
Again, the two strongly contrasted forms are present.

Grading
It is not possible to generalise on the

éharacteristic grading of all Phase I sediments., This

is because the grading .will obvioualy depend both on

that of the residusl earth snd of the surface derived material.
Since surface derived materials vary very much in particle
size distribution, the influence that they exert on the

vl mew
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Sand grains from the Phase 1 deposit in the modern Sterkfontein
CaAVerns .«

Th

‘orn, surface-derived grains are marked with crosses.

‘e grains typical of residual cave earth.
40 o
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Photograph 40.
Sand grains isolated from the Fhase 1 brecoia at Swartkrens.

worn, surface-derived grains are marked with croasese. The
-emainder are grains &ypical of residuel cave earth.

lagnified 40 times.
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grading of the Phase I sediment can vary considerably.

In actual fact the grading of the majority of Phase I
sediments examined did not wvary very much from that of a
normal dolomite soil. - As an example an analysis of a Phage I
sediment from the Sterkfontein underground chamber is provided:
ClaYe.cosseet T4

silt--..----: 35'4
Fine sand...: 17.8

A Sando--.-..-l 15'6

Coarse sand.: 12.4
Fine gravel.: 1l.6

“99.9

Calc ed Phase edime

It should be realised that Phase I deposits are
normally very slow=forming accumulations. This is becauge
residual cave earth is produced slowly from the parent
dolomite, while the surface-derived material is only
admitted in small quantities to the cavern. The stage
in cavern develcopment at which Phase I sediments accumulate
is also characteriged by the abundant depoeition of cave
travertiney The usual result is that the floor travertine
becomes contaminated with the sediment particularly over
the lowest areas of the cave floor. lhus in all but the
_very modern caves, Phase I sediment is to be found in the
form of contaminated or banded travertines with carbonate
contents Drequently over 90% by weight. Colours vary froam

h!'i@t red + o o
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bright red to grey or buff, depending on the nature and
quantity of the contaninating sediment. A section through
a block of Phase I banded travertins from the Makepam
Limeworks is shown in Photograph 41. It will be noticed
that this sample contains' a gectioned bone. This is
perhaps to be sxpected since Phase I breccias are usually
extremely rich in bone, and are therefore of considerable
palaeontological value. The rehson for this is that the
cave is open to the air and odd bones will be introduced
through the entrsnce from time to time. ‘hese will
finally become concentrated and'preserved in the extremely
slowly forming Phase I deposit. '

Practically all the very numerous bones fram
the Mskepan Limeworks have been derived firom the FPhage I
breccias. Photograph 42 shows a block of grey, Phase I
conteminated travertine from Limeworks. Notice the
included bones in characteristic abundance.

'rim greater part of the Phase I deposit at
Swartkrans consigts of an extraordinarily rich deposit of
rodent bones. A hand specimen of this accumulation is
shown in Photograph 43. Six samples of the deposit have
been anslysed and the average weight percentage of bone
present is found to be 23.3. The actual results will now

be given:-

Swartkrans rodent . . o
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Photogreph 41.
vertical section through a block of ‘hase 1 banded
travertine from Mskapan Limeworks. Notice the plece

of included bonee.



st

block of ‘hase 1 contsminated travertine from the

IEWAT'KS ghowing th. abundant included bolese
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Inches
1

. A

‘hotograph 43+
block of Fhase 1 breceia from Swartkrens, showing the

very sbundant rodent bones charscteristic of the deposit.
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Swartkrans rodent bone layer samples:
;8 - S— 4 | TN

Weight % bone 25.5 19.8 17.3 22,6 25,7 28.7
Weight % earth 4.9 6.1 4.8 6.9 3.3 7.2
Weight & carbonate

cement 6D.8 , 74.1 T7:9 70.8 7}9“ “.L

100.0 100.0 100.0 100.0 100.0 100.0

In thin section, FPhage I brecciaz very from dirty
limestones to practically pure ﬁ'avertime. Fhotograph 44
shows a grey Phase I breccia fran Limeworks in thin gection.
Note the large well developed calcite crystals.

HASLE I AT

Uncalcified PM#: sediments depcsited in cavea
consist of practically uncontaminated surface derived |
materials. They are characterigtic of a stage in cavern
development when the cave entrance is large, and is admitting
outside material in such qmti’tdgu, that the small proportion
of residual cave esrth still accumulating becomes altogether
insignificant. Thus Phase 1II aggregates in caves can be
regarded as f.ruly reﬁr&sontauve sanples of the surface
materials, in the vicinity of the cave entrances, at the
time of accumulstion. |

Phase II dopoaita in the Transveal dolomite caves
are likely to be cemposed of cithcr normal dolomite goil or

transported . . »
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]

44

i

Fhoto

thin section of the hage 1 brececia from Mskapan Limeworks,

crystals are developed in this contaminated

Ordinary l1ight.

calol

Lar

X22,

travertine.,
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transported material in the form of alluvium or wind-borne
sand. Theme various materiale will now be considered

[ s B . >

separately.

Iiormal dolomite solls.

As 1s the case with residual cave earths, the
surface dﬁla_mibe solls are composed of the insoll;bla
residues of the Jolomite left when the rock is weathered
by solution. Unlike the residusl cave eartihs however
the soils, being on the swface, are subjected to the
agencies of weathering lacking in closed caverns. Thus
one finds that although the silica sand grains emerge from
the dolomite in the same ragged and fragile form as alresdy
discussed, they do not survive thus, but quickly have their
outgrowths khocked off them and then become more nomal |
in appearance. Photogrmhé;\ihowa sand graing altogether
typical of a normal dolomite soill or a FPhase II breccia.

The modifying effects of various climatie
enviromments on normal dolomite soils are discussed in
the chapter on climetic deductions from soils.

GRADTNG
In grading, modern dolomite goils vary to some
extent, but all show a fairly even particle size distribution

from fine « « »
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