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Outlines of Prehistory and Stone Âge Climatology 
in the Bechuanaland Protectorate 

(SuMMARY I N FRENCH : by J . LEPERSONNE, in Bulletin 
del'Institut Royal Colonial Belge, 25,1954, pp. 1189-1196). 

I f the foUowing considérations are wide and gênerai, 
rather than local and deep, they will nonetheless achieve 
their purpose i f they serve as an introduction to a 
little-known country of great significance in the history 
of Early Man in Southern Africa. 

A. General (1946). 

About eighty per cent of the 275 thousand square 
miles of land that comprise the Bechuanaland Protec
torate are sand-covered, and by nature waterless, except 
of for short spells after summer rains. The solid geclogy 
of this vast area is almost entirely masked by more or 
less superficial deposits among which red désert sand is 
the most widely developed. Indeed, except for some of 
its derivatives, it is practically everywhere present. 

Anybody who ha s looked at a map of Africa will know 
where the Bechuanaland Protectorate is situated and 
that most of i t is comprised in what is called the Kala-
hari désert, the southern counterpart, i t might be sup-
posed, of the great Sahara. But this is not so at the 
present day, though, during more than one period of the 
past, the parallel has most probability held. Even now, 
wi th its sand dunes, its internai drainage and its pedi-
mented hills the Kalahari has the morphology of a 
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desert, and is thereby eut of tune with its biology and 
climate. Indeed, as VAN DER M E R W E points out : 

« . . . i ts ra infa l l is considerably higher than that associated w i t h 
desert conditions ; i n fac t other stretches of the Union . . . are more 
of a desert f r o m a r a i n f a l l and végéta l p o i n t of view than the Ka laha r i 
itself ». 

Of the végétation this same writer says : 

« The Kalahar i is f a i r l y densely covered b y végé ta t ion . The floral 
beits traverse this r ég ion w i t h a north-west-south-east t r end coin-
ciding w i t h the ra in fa l l in tensi ty , and the dis t r ibut ion of the soils. 
I n the north-eastern section « m o p a n e » (Capaifera mopane) andsever-
al species of Commiphora are of ten dominant , being commonly asso
ciated w i t h the « Boabab » (Adansonia digitata), Acacia senegal and 
others. South of this bel t , Terminalia, a tree characteristic of the 
heavy sand d o m i n â t e s , fo l lowed by the shrub Khigozum (« Dr iedor-
ing ») f u r t h e r towards the south. 

» The la t te r grows almost entirely on the shallow phase (Sand on 
Lime) soils. The flora of the Kalahar i f r o m south to north varies f r o m 
a f a i r l y dense growth of l ow bushes and shrubs to bush and tree steppe 
and finally to luxur ian t t rop ica l flora and open forest. The swamp 
lands of the Okavango and L i n y a n t i possess i n addit ion to Acacias 
varions species of Ficus and water loving trees, palms, papyrus and 
-water l i l ies . Apar t f r o m the arboreal v é g é t a t i o n described above the 
Kalahar i sand is well covered b y grass » ( i ) . 

For most of the year the Kalahari is completely water-
less, but game is plentiful and some species, such as 
springbok and wildebeeste, can be seen in enormous 
herds. Given sufficiënt surface water, experts seem agreed 
the so-called Kalahari desert would be one of the finest 
ranching countries in the world. 

The Kalahari hes roughly between latitudes 21» 
and 27° S. Thus much of it is north of the tropic of 
Capricom. I t is in the zone where the southern deserts 
should normally occur. Its morphology therefore is in 

(1) V A N D E R M E R W E , C . R . , Soil Groups and Siib-Groups of South -Africa 
{Sci. Buil. 231, Dept. Agric. and Forestry, Dec. 1940, pp. 5 5 and 5 6 ) . 
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keeping with its geographical position and as already 
stated, out of keeping wi th its present biology and 
climate. These considérations, and others to be written 
of later,Teave no room for doubt that at a time, or times, 
in the past the Kalahari has really been a désert, and 
that its present relatively high rainfall ( i ) represents 
either a chmatic shift back to pre-desert conditions, or 
a superimposition upon an arid chmate appropriate to 
this part of Southern Africa. In this regard there are 
three significant facts. 

(a) Outliers of Kalahari sand, in Khodesia, the 
Transvaal, Angola and elsewhere indicate that the désert 
has been vaster than the present accepted limits of the 
Kalahari would lead one to expect (^). 

(b) The few hills of the Kalahari rise f rom pediments 
(see B. below). These are denudational features of thirst-
land topography and must have taken many milhons of 
years to develop. I t is to be noted, too, that they occur 
far beyond the present geographical l imits of the desert. 

(c) Indubitable évidence can be produced to show 
that within Pleistocene times the climate of the Kalahari 
has periodically varied bet ween two opposites — dry 
and wet ; and that these periods have each in their 
turn been of long duration, according to human time 
standards. They have not been mere changes of weather, 
nor ordinary oscillations. They represent a succession of 
climatic regimes. 

(') The characteristic feature of the rainfall in the Bechuanaland Protectorate 
(in common with tliat of manj' scmi-arid lands) i.s its erratic nature, it is thus 
impossible to strike a mean of any value, thercfore I provide no figure here. 
I t is only by a study of all relevant available figures that some picture of the 
comparative quantities of rainfall émerges, but vegetatiim is helpful in this 
regard. 

(2) ü u ToiT, . \ . L . , The Kalahari and some of its Problems (.S. Af. Jour. .Sc/., 
Vol . X X I V , Dec. 1!)27, p. 91)). 
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The most probable explanation of these lacts would 
appear to be that normaUy the Kalahari, and much of 
the country surrounding it , is a désert ; a désert with 
an extremely long past, upon whose arid climate certain 
wet periods of relatively short duration compared 
with that of the désert, but long sustained by human 
time standards, were superimposed during Pleistocene 
times. Some of the effects ot the la test of these are still 
with U S . The désert dunes are for the most part still 
fixed by végétation. 

B. Topographical considérations (1946). 

The hills and mountains of the Bechuanaland Protec
torate are in the main clustered about its eastem (and 
to some extent about its western) borders. From a dis
tance many of these eminences appear imposing, and 
to scale them, one might imagine, would be quite an 
undertaking ; yet when their bases are reached they 
have, i t seems, lost half their height ; nor is this an 
optical illusion. I t results from the fact that one has 
been coming up the pediment, that is, the very gently 
graded slope surrounding each (or a cluster) of these 
hills, and from which they rise abruptly. The pediments 
merge into, and indeed form part of the Bechuanaland 
plateau. 

In Africa there are several plateaux, one above ano-
ther, and gcologists have named them ('). Their height, 
and degree of denudation parallel their antiquity. 
The lowest and youngest is known as the end-Tertiary 
peneplain, and in spite of what has been held to the 
contrary (-), the Bechuanaland plateau, in the writer's 

(') D i X E Y , F . , lirosion Cycles in Central and Southern Africa {Trans. Geol. 
Snc. S. Afyica, vol. X L V , 1943, pp. 151-1X1). 

(-) D U T O I T , A. L . , Geology of South Africa (London and lC<linl)iirL;h, 2nd 
Edition, 1939, pp. 418-423). 
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opinion, is part of i t . Some geologists are of opinion that 
this érosion surface was formed when the land stood at a 
much lower level, others do not favour this view. Be 
the t ru th of this matter as i t may, there can be no doubt 
that the peneplain is still developing, for upon i t there 
is every gradation between remuants of higher plateaux 
(monadnocks, Inselberge and Bcrnhardts) and small 
piles of exfoliating boulders crumbling to grit and sand 
destined to be spread a round by sheet flow when the 
rain falls, and blown afleid by the winds during dry 
weather. 

The Protectorate is far f rom well watered. Sach rivers 
as i t has, are nowadays dry for nearly the whole year, 
many are ephemeral run-off channels transporting for 
a few days mud and sand, some never flow at all ; but 
évidence provdded by tlieir ancient gravels, boulder 
beds, extinct cataracts and iossil waterfalls leaves no 
room for doubt that in former times the rivers were 
perennial. 

On the eastern side of the Protectorate a number of 
comparatively short ephemeral streams are tributary 
to the Crocodile or Limpopo river. The Mopoio river 
on the South, together wi th its tributaries, is fossil ; 
and for a great part of its length is the Nosop which 
joins the Molopo, in the extreme south-west of the Pro
tectorate, seldom carries water and never for long, or 
so I was informed by the Bushmen. For the rest the 
drainage such as it is, is internai. 

After leaving the eastern border of Bechuanaland the 
Limpopo descends some 3,000 feet in its journey to the 
ocean, which should thus be the base level of érosion 
for at any rate the eastern part of the Protectorate, and 
yet the Bechuanaland plateau, as such, is virtually undis-
sected. Surely the cutting power cf the rivers in the 
past must have always been downward, and should 
have done much to dissect the country into flat-topped 
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hills and gorges ; but this was last achieved during a 
previous cycle of érosion that produced the end-Ter-
tiary peneplain itself (the Bechuanaland plateau). During 
the periods of heavy rainfall in the past streams gouged 
their way more or less along the thalweg oi the almost 
flat-sided, senile valleys of the ancient and already 
dead peneplain rivers ; but this érosion was intermit-
tant and the streams, having eut their channels, proceed-
ed more or less simultaneously to f i l l them up again. 
This process was repeated with the coming and going 
of a subséquent wet period, and yet again with that of 
another. Though locally there are some exceptions, the 
rivers have not in their varions periods of renewed 
activity continued the down-cutting role of pre-existing 
rivers. They have started anew much the same channels ; 
but, i t can be shown, wi th power that decreased with 
each succeeding wet period. The rejuvenated courses 
were not everywhere entirely coïncident, with the result 
that they cross and recross, each crossing by the present-
day channel being marked by the bottom-bed boulders 
of a pre-existing stream, where these deposits do not lie 
markedly above or below the present stream bottom. 

The present-day ephemeral streams are generally 
poor in tributaries, and their lack of power compared 
with that of the pre-existing streams, wi th whose courses 
their own roughly coincide, is evidenced by : 

(a) Their relative narrowness ; 

(h) Their steep banks (about vertical in many cases) 
eut into earlier riverine sédiments. These steep-sided 
channels look amazingly young, but that is in great 
measure because river érosion is effective for only a few 
days each year. Thus these channels are perhaps for ty 
times older than they seem ; 

(c) Their lack of waterworn gravels of their own ; 
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(d) Their tendency to dwindle in size downstream 
after reaching a maximum (the earlier rivers increased 
in width and depth downstream) ; 

(e) Although in their upper courses they may expose 
earlier river gravels and eut a foot or two below them, 
for considérable lengths the old bottom gravels and the 
present river bottoms coincide in level, but in the lower 
reaches present river bottoms are well above the boulder 
and gravel beds that floored the pre-existing river. 

The ancient bottom gravels are rich in stone artifacts. 
The great major i ty are palaeohths, bat a significant 
proportion is comprised of older tools (Kafuan). Practi-
cally all are waterworn and, in spite of some rare excep
tions, i t is true to say that, on the whole, the older the 
type of tooi the more waterworn i t is. I n these situations 
Middle Stone Age material is very rare and does not 
belong to the gravel. A fact of much significance. These 
ancient rivers that produced strong bottom-gravels and 
boulder beds were all pre-Middle Stone Age in date. 

C . Stone Age Research ( 1 9 5 2 ) . 

The Kalahari, i t seems, is a terrain of very long dura
tion. Its normal expression is probably that of a Saharan 
desert ; hut in Pleistocene times, if not in any others, 
its deadly aridity was banished, more than once, by 
halcyon regimes. Those were the pluvial periods, during 
which its erstwhile fossil rivers became perennial and i ts 
sand dunes, a héritage f rom desert days, forest-clad. 
Climatically between these extrêmes lies the present 
thirstland, w i t h its appropriate flora, disharmonious 
alike with that of rainier days and wi th that of the desert 
land-forms wi th in its grip. The fauna, too, shows similar 
disharmony. Moreover, in many cases the ancient dunes 
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are misaligned wi th regard to the prevalent winds of 
today. 

The Pleistocene climatic episodes in the Kalahari 
provide a séquence of contrasts, the impressive évidences 
of which can hardly be bettered, i f indeed equaled, any-
where in Southern Africa. They provide part of an un-
finished pageant wherein the present is an inexorable 
conséquence of past events and a formative factor for 
shaping the future. 

The appréciation of status in any field of endeavoar, 
at any given timc, can only be achieved in the light of 
preceding relevant events ; nor can future possibilities 
be judged in the absence of such a background, and 
attempts thus to do so, with a view to long-term plan
ning, may court disaster. Realising this, and the fact 
that groundwater supplies in Bechuanaland are bound 
up with past cHmatic influences, and because of more 
than half a lifetime's practical interest in the Stone 
Age, thc present writer, during his nine years work 
in the Protectorate, paid much attention to the prehis
tory of the territory. Prehistory, that is, with a strong 
geological bias, geoarchaeology it might be called. 

The results of this research may be grouped thus : 

(a) Those of essentially scientific interest. 

(b) Those of economie application. 

They are interdigitated, and in important measure 
some have proved unexpected. The lithic cultures so 
far discovered by the writer may be listed in downward 
order of increasing anticjuity, considering the main 
divisions only, and excluding as yet unidentified groups, 
as foUows : 

Iron Age ; 
Neohthic ; 
Wilton : 
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Magosian ; 
Still Bay ; 
Middle Stone Age Group ; 
Sangoan ; 
A Bambesi-like Culture ; 
Chelles-Acheul Group ; 
Pre-Chellean ; 
Developed Kafuan ; 
True Kafuan. 

Some Kafuan, and some pre-Chellean types of tools 
tend to be astonishingly large, and in gravels of early 
date there are boulders (some weighing over 100 pounds 
each) from both faces of one end, both faces of one end 
and of a contiguous part of one side, and both faces 
of one end and of contiguous parts of both sides of which 
large intersecting flakes have been removed, thus pro-
ducing sharp, more or less zigzag edges. Were these 
worked boulders a twentieth, or less, of their actual 
bulk, they would be generally accepted as pebble imple-
ments. 

Can tliese enoimous artifacts be reasonably regarded 
as tools ? Fven double-handed ones ? Common sense 
shies at the idea. I f they were tools surely they must 
have been made by giants ? But in the absence of évi
dence of the past (or present) existence of such be;ings in 
Southern Africa, it is prudent to regard these remar-
kable flaked boulders as cores. They cou'd of course 
have been « flxed tools » in the sense that an anvil is a 
fixed tooi. Some gigantic hoUow scrapers fall into this 
possible category. 

Another type of utilised boulder is one supporting 
several complete cones of percussion with basai dia
meters of about two and a half inches. They tend to be 
grouped on one side of a boulder (the present writer has 
counted as many as six of these cones so situated), 
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and from the bottom of each fractures splay out almost 
horizontally, thus detaching wedge-section slivers. 

Associated with these boulders are others f rom which 
large flakes have been removed more or less indiscrimi-
nately. This may have been achieved by flinging, with 
great force, one boulder upon another. Thus, i t would 
seem, was the flung boulder flaked and the « anvil » 
boulder coned. Giants or no giants the men who produ
ced tliese huge cones must have had prodigious strength. 
Suspending a boulder by a thong and swinging i t on to a 
stationary boulder proved unav^iling. 

Writing of cones, calls to mind the large percussion 
rings (over-sized chatter marks) one sees on many quar-
tzite boulders in the ancient gravels. The largest rings 
are nearly one inch in diameter. They are cross sections 
of once incipient cones which have been developed by 
weathering as the boulders have gradually lost size by 
attrition in one-time torrentiel rivers. Clearly, the dia
meters of these rings gives a measare of the thickness 
of the material removed, and i t is noteworthy that these 
boulders do not individually display upon their surfaces, 
as one might expect them to do, percussion rings of 
every size-gradation between diameters of nearly one 
inch to these of circles of pin-head dimensions. The 
historical significance of this seems obvions. 

The huge cones referred to above are not, as are the 
percussion rings, incipient strain phenomena, weather-
developed ; they are the direct and immédiate results of 
fracture. 

There is in the writer's coUection, a pièce which has 
all the appearance of a titanic proto-levallois flake wi th a 
prepared striking platform. This artifact is ( I speak f rom 
memory) quite ten inches long, about half as wide and 
roughly three inches thick. I t is composed of dolerite, 
and consequently very heavy. 

There are, too, some specimens fashioned in the style 
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of the more or less lunate, sharp-edged pebble-art.ifacts 
(biflakes they might be called) of the Mfongosi industry of 
Zululand. They consist of large pebbles, or small boulders, 
each w i t h a sharp edge along the junction of two oppos-
ing flakes removed f rom one end or side, but wi th no 
percussion bulbs. This absence has caused considérable 
doubt i n the minds of some observers with regard to 
man's participation in the making of these supposed 
artifacts. But if they are pseudo-artifacts, how could 
nature have produced them ? 

Assuming that the biflakes are humanly made, i t 
might be supposed that the first bulb was removed by 
the blow that detached the second flake ; but, i f se, 
where is the trace of the second bulb ? This is like looking 
for the body of a supposedly murdered person who has, 
in fact, clandestinely bolted to America. There is no 
dead body. Similarly, there is no bulb. 

Experiment shows that the method of producing 
these curioas implements, or cores whichever they may 
be, is this : 

Take a large flat-sided pebble or boulder and, by means 
of other stones, wedge it in a position such that its 
approximately parallel sides are vertical, and one cf the 
primary axes, preferably the major axis, slightly inchned 
toward you (this inclination is not essential, but i t is 
convenient). Collect another boulder ; the roundest 
yoii can find and the heaviest you can l i f t above your 
head w i t h two arms without much inconvenience, and 
from that position fhng it wi th all your might, at the 
topmost point of the wedged boulder (namely that at 
which the major axis would émerge). Your first attempts 
wil l probably smash the wedged boulder in any but the 
desired way ; but w i th a little practice you wi l l be able, 
by this means, to remove two opposing flakes simulta-
neously, and thus produce a Mfongosi-type biflake. A 
small batter-point may in some cases be found where 
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the blow was struck, but there is no percussion cone or 
bulb. 

Some biflakes are of ordinary pebble size, and it might 
be supposed that the flakes have been removed by strik
ing the stone on an « anvil », but the present writer 
has been unable to produce any that way. They could 
probably be produced by striking a pebble appropria-
tely with a heavier one. 

Biflakes have been made from dolerite or quartzite 
boulders, but in the case of the latter the flakes tend to 
be longer and the cutting edge straighter than when 
dolerite is used. The biflake technique has been employed 
in the production of some cleavers. 

The percussion bulb is to the archaeologist what the 
hall mark is to the collector of silverware, insofar as 
each in its way is considered to guarantee the genuine 
article. But there is silver plate without hall marks and 
man made flakes without percussion bulbs. 

I n addition to those already considered, there are 
flakes without bulbs not because they have been remov
ed, but because they were never there. 

F i f th from the bottom of the list of Stone Age 
cultures given above is one described as Bambesi-like. 
The artifacts are found on and in a rubble deposit, wi th 
some pebbles, strongly cemented by ironstone. I t appears 
to have been a pediment cover. 

From this deposit a decidedly large collection of 
artifacts was made, and among them very thick, often 
rather long, flakes and flake-tools are conspicuous. 
They display a surprising absence of percussion bulbs. 
There can be no shadow of doubt that this feature is 
original and not a resuit of removal. Rare examples of 
excellent bulbs are to be found ; faint bulbs are not 
very uncommon, but a great many of the flakes are quite 
bulbless. One might take this to indicate a special strik-
ing-method ; but such is not the case, for i t reqaires. 



I N T H E B E C H U A N A L A N D P R O T E C T O R A T E IS 

but l i t t le experiment to show that the bulblessness of the 
flakes results from the nature of the material used, not 
from the technique employed. Nor are bulbless flakes 
confined. to a single culture. 

The material in question is a very fine grained purple-
red quartzite ; but this is not the only material from 
which bulbless flakes can be made. Some ether fine-
grained quartzites react similarly to a sharp blow. The 
same is true of some very coarse grained quartzites, 
some felsites, and some tough silicious ironstones. 

Objection has more than once been raised to what has 
been called the « humanity » of some Kafuan artifacts 
on the grounds that many of them display no bulbs. 
This judgment is characteristically passed wi th an air of 
complete finahty, but had the critics who made it at-
tempted to split comparable pebbles by means of a 
hammer-stone no doubt thev would have been disillu-
sioned ; and although they would have been able to 
make a few Kafuan-like artifacts, they would not have 
found i t easy to produce one wi th the (to them) hall 
mark of human handicraft, had they used « comparable 
pebbles », which does not include flint. 

I n passing, i t may be recalled that N E V I L L E JONES (') 
writ ing ot the Hope Fountain culture, remarks that the 
artifacts are made of a very hard « limonitic chert of 
jasper », and that they show « neither but t nor bulb 
of percixssion and appear to have been fabricated on 
naturally detached fragments of rock » ? The present 
writer knows very little, at first-hand, of the Hope 
Fountain material, but he is tempted to suggest that 
in i t we have another example of bulbless flakes. Very 
few of the artifacts raentioned in the last paragraph 
but two are bulbless, but the writer has collected bulbless 

(1) J O N E S , N . , The Prehistory of Southern Rhodesia (Nat. Mus. S. Rhodesia,. 
Mem. 2, 1949, p. 7 1 ) . 
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and bulbless flakes from the surface of a highlevel wave 
eut bench of a vanished lake in Ngamiland. 

From some materials i t seems practically impossible to 
remove a flake by means of a direct blow without pro-
ducing a bulb. One of these is flint. 

Be the part played by the Kalahari in modern history 
what i t may, i t palis to insignificance beside the long 
eventful and inexorable panorama unfolded by the study 
of its prehistory and the pointers that émerge therefrom. 
But of these tliere is no space to write. 

Our knowledge of the Kalahari in this regard has 
been obtained of recent years. l t s acquisition has been 
in no small measure a one-man job ; a defect which, in 
the near future, i t is hoped to remedy. 

The first stone tools record ed from Bechuanaland 
were these recovered by the Vernay Lang Kalahari 
Expédit ion (March to September 1930). According to 
R I E T LOWE (̂ ) the specimens were collected in the 
Ghanzi district, south west of the dry lake Ngami. 
They were all found either on top of or in the Surface of 
Limestone which occurs so abundantly in the area. 

The implements comprised of some upper Stellenbosch 
(Acheul-type) coup de poing w i th the remains of a strik
ing platform at the butt-end (^). Middle Stone Age and 
Smithfield-type tools were also collected. 

N E V I L L E JONES found some implements of Bambesi 
type at the Samedupi drif t near Maun a good many 
years ago (^). 

One of the Managers of the Tat i Company (Head-
quarters at Francistown) collected a large number of 

(1) Annals. Transvaal. Mus., Vol. X V I , Part . 3, 1935. 
(-) A number of these and some cleavers in mint condition were found by the 

present writer, under deposits of a one-time extension of Lake Ngami, in 1914. 
(̂ ) Notes on a Bambesi culture at Inyazura. Occas. Pap. S. Rhod. Nat. Mus. 

N" 11, pp. ;i9-16. From what appears to be the same site the present writer 
recovered large numbcrs of stone tools of various cultures from Chellcan-type 
to what may be the local Sangoan, in 194IÏ and later. 



IN T H E B E C H U A N A r A N D P R O T E C T O R A T E 17 

prehistorie artifacts, presumably selected surface mate-
rial , and despatched them to the Archaeological Survey 
at the University of the Witwatersrand. That, too, was 
a long time ago, they have never been described. 

Between June, 1943, and October, 1952, the present 
writer collected a very large number of stone imple-
ments, nearly 9,000 of which were retained. 

I n the great majority of cases the artifacts were 
discovered in situ, and fuU notes of their stratigraphy 
were made. The invariable practice is (and will remain) 
to « collect everything », including the « rubbish », for 
in no other way can one obtain a balanced appréciation 
of a Stone Age so-called culture. Often enough the 
rubbish and second-rate stuff proves illuminating. Sélec
tive coUecting, therefore, is to be most strongly depre-
cated. 

Beginnings have been made in the matters of area 
site-grouping, particularly with regard to watersheds, 
and to plotting Stone Age sites, of which I have investi-
gated about 100 (the number of deposits is, of course, 
greater than this), in places scattered all over the Protec-
torate. 

The whole of what is now known as the Wayland 
Collection of Bechuanaland stone tools, together wi th 
the catalogues, etc., has been transterred to the National 
Museum in Bulawayo for safe keeping and study. 

Special studies are being made (none is as yet complete) 
of the nature and mineral content, etc, of geoarchaeo-
logical deposits, and the writer and D"̂  A. POLDERVAART, 
now Professor of Petrology at Columbia University, 
but chemist and petrologist to the Geological Survey 
of the Bechuanaland Protectorate at the time when he 
undertook and wrote up his work, have coUaborated in 
an as yet unpublished paper dealing with the sands 
of the Kalahari. On the petrological and phy.sical side 
generally this work is being continued by others, i f and 
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when possible ; and the present writer hopes to enlarge 
his studies of the geological history of the deposits 
which constitute what is often called the Kalahari cover 
(sands, calcrete, silcrete, ferricrete, etc, see below). 

SUMMARY. 

Stone Age relies discovered in the Bechuanaland 
Protectorate when studied not only typologically hut 
also, and particularly, in the light of those physiogra-
phical Controls whose opérations are reflected in the 
Pleistocene and perhaps somewhat older deposits, lead 
to seven main conclusions : 

1. In certain periods man has inhabited, as distinct 
from taking occasional excursions into, the Kalahari. 

2. The periods of human occupation were those of 
relatively high rainfall when now fossil rivers were peren-
nial, dunes and many of the flatter expansés were 
forested, while the rest of the country was presumably 
fertile prairie and natural parkland. 

. ' i . The cUmates of the intervening periods were : 
drier to very much drier and in one period at least (the 
inter-pluvial between the .3"''' and 4"' pluvials) wind 
appears to have plaved an important part. 

4. The Pleistocene climates of Bechuanaland belong 
to the past only in the sense that they are pre-recent. 
They do not comprise a vanished and complcted sé
quence. The end of the epoch is not yet. I t has tlie who-
leness of a superimposed complex, and any phase lying 
between the beginning and the end of that complex 
is as a child of past events and as a progenitor of those 
to fcllow. 

5. Therefore, an adequate understanding of the pre-
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sent position in this région should form, within reaso-
nable limits, a basis for prognostigation of future cli-
matic trends, and of all that dépends upon them. 

G. I t is not to be suppcsed that Pleistocene climatic 
changes were confined within the territorial boundaries 
of the Protectorate, and there is sound évidence that, 
miitatis miitandis, contemporaneous séquences were ma-
nife-sted over very wide areas. 

7. The Kalahari and its borderlands were, and are, 
singularly responsive to vicissitudes of climate ; a tact 
which, from an environmental angle, has rendercd the 
investigation ol the Pleistocene deposits ol Bechuana-
land unu.sual]y fruitfull. Moreover, it has indicated lines 
of approach to several economie problems, among which 
those pertaining to groundwater are of vi tal conséquence. 

D . The Samedupi artifacts : their climatic significance 
(1946, slightly revised 1948). 

Samedupi is the name of a spot in the Bechuanaland 
Kalahari on the Botletle river, an affluent from the 
Okovango swamp area of Ngandland, running (if and 
when i t does run nowadays) toward the now dry lake 
Dow and the st i l l partly watered Makarikari dépression. 
A t Samedupi, about 11 miles approximately south-east 
of Maun, is a d r i f t where the river has eut into pre-exist-
ing deposits which were long ago called the Botletle 
beds by PASS.A.RGE ('). These, as represented at Same-
dxipi, are chiefly hard, buff to honev-coloured, liighly 
siliceous and easily flaked rocks with a conchoidal 
fracture. In places where their surfaces have not been 
smoothed b}- attrition, (e. g. the sides of the holes shortly 

(>) P A S S A R G E , S . , Die Kalahari (Berlin, 1904, chap. X X X I V ) . Since P A S -
S A R G K ' S (lay the Kalahar i Sand has been grouped (mistakenly in the present 
writer's opinion) with his Bollelle Schichten and the whole renamedthe Kalahari 
beds ( D U T O I T , .\.., Geology of South Africa, 2nd, E d . , London and Edinburgh 
1<),39, p. 419). 
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to be described) examination wi th a lens shows the stone 
to be made up of t iny, rounded grains (essentially quartz 
sand), cemented together. Under the microscope pétro
graphie slides reveal the cement to be chalcedonic siHca 
and some opal, and the grains to be significantly similar 
to those of the Kalahari sand. 

Among sand-rounding agencies wind attrition is the 
most efhcient. I t wi l l reduce, round and polish, or frost 
with l i t t le pits, quartz grains to a degree far beyond 
the powers of any other natural physical agency. River 
sand tends to sharpness. This, because of water cushion-
ing, is particularly true of very small grains. Rivers, 
even in powerful flood, cannot mechanically abrade 
grains below about 0,5 mm ; but wind rounded grains 
no larger than 0,25 mm are common. 

Those of the Kalahari sand dunes and those of the 
Samedupi sand-rock are commonly about 0,15 mm in 
diameter and rounded. 

Whatever the Kalahari sand is, so was the Botletle 
sand-rock, or silcreie ( i) as i t is named. The Kalahari 
5and is a désert sand, so was that of the Botletle silcrete. 

But the one-time Botletle sand accumulation is much 
older than the present Kalahari dune deposit, for where 
they contact the latter overlies the former with marked 
unconformity. The Botletle silcrete is not, therefore, the 
cemented base of the Kalahari sand, as some have 
thought (2), but a silica-cemented désert sand of earlier 
days. 

O Silcrete is a term introduced by W . G . L A M P L U G H (Gcol. Mag., Vol . I X , 
1902, p. 57.5). I n this communication L A M P L U G H also advocated the use of the 
terras calcrete and ferricyete, the obvious meanings and utility of which keeps 
them in employment. Silcrete is often called surface quartzite, chalcedonic 
or Surface Limestone quartzite. The term ferricrete is ambiguous. I t has been 
made to include not only ordinary ferruginised sands but lateritic ironstones 
which have resulted, in no small measure, from leaching. 

L A M P L U G H , W . G . , The Geology of the Zambesi Basin around the Batoka 
Gorge (Rhodesia) (O. / . G. S., Vol . L X I I I , 1907, p. 198). 

(») W A Y L A N D , E . J . (Geogr. Journ., Vol. CXIX, Part. I, 19:53). 
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PASSARGE believed the Botletle silcrete to be of oli
gocène date (1), but all the évidence I have been able to 
gather militâtes against this. Though older than the 
sands i t supports, i t may well be early Pleistocene or 
late Pliocène. 

The Samedupi quartzite locally displays steeply inclin-
ed bedding, recalling that of sand-dunes, and is a much-
hcled rock. The holes are of two types : 

(a) Irregular cavities generally varying in size be
tween that of a fist and that of a cauliflower, and 

(b) Tubular holes approximately circular in section 
(except where they flatten out and become lenticular, 
wi th one extended latéral axis and one diminished one 
like the cross section of a bean). 

Three hundred and seventy two of these diameters 
were measured ; 57 % of them were from 5 to 10 mm 
inclusive ; over 40 % .'] mm and less, the majority of 
these being of very small diameter. I t should be pointed 
out that the measured holes were i n artifacts, hut i t 
would not appear that those in the local mother rock 
would have been significantly different. Measurements 
of hole-diameters in silcrete of another area show some
what different and commonly larger averages. But they 
appear never to have been used for hafting (see Plate I ) . 

What is their significance ? They do not suggest the 
work of any known physical agent ; organic activity 
must therefore be considered. The fact that they are, 
nearly all of them, unfiUed, at least for much of their 
length, together with the absence of any hint of a 
lining that could have halted silicification at their péri
phéries shows the tubes to have been occupied by a 
substance, or substances, other than sand when cémen
tation occurred. Moreover, the sharpness of the axils 

(1) op. cit., Chap. X X X V I . 
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between the branches, the diameters of the largest tubes, 
the broad flattenings already referred to and the extre-
mely silicious nature of the original sand preclude worm 
burrows and the like, thus leaving us with nothing but 
plant growtli by way of explanation. 

The tubes then, are consequent upon the disappear-
ance oi (a) roots, or (b) branches. I t is important to 
décide which (both of course could be present, theoreti-
cally, but one or the other would probably prove domi
nant), for i f the holes were made by roots i t is a fair 
assumption that tlie plants grew in the sand, thus show
ing them to be subséquent to that deposit, but if many 
of the tubes are indicative of branches i t would appear 
that the sand submerged them. 

The character of the branching (downward and ont
ward), the intimate association of t iny thread-like holes, 
now mostly fiUed, with the larger tubes, the complete 
absence of any impression of bark, leaves, boles or nodes, 
the comparatively narrow liinits in variation of the 
larger tube diameters and the great probability that the 
silcrete was formed underground, as we shall sec later, 
combine to turn the scale in favour not merely of roots 
of some sort, but of those of trees such as are commonly 
encountered in excavations at depth. ( I have seen such 
roots between fift}- and seventy feet below surface) 
and when one recalLs the abundancc of the tubes, and 
the streng local false bedding of the rock in which they 
occur, there arises in the mind a picture of f'orested dunes, 
recaUing those of the present Kalahari — that more 
than one-time desert, now reclaimed by \-egetation ('). 

I t would therefore appear that in the Botletle sand of 
ancient time, in the later but far from recent Kalahari 
Sand and in the végétal covers to these we have a repeti-

(') W A Y L A N D , E . - J . , F r o m an Archaeological Note B ok (.V. J / r . .Arc/i. Buil., 
Vol . V, N» 17, M a r d i 1950, p. 9). 
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tive double regime (arid, seasonal, arid, seasonal) (^), 
and there can be li t t le doubt that these regimes were 
climatically conditioned. But the séquence is far from 
complete, not only because, as we shall see, the Botletle 
beds are not the beginning of the story, nor the accumu
lation of the Kalahari sands the end of i t , but also be
cause the time-gap between the formation of these two 
aeolian deposits can be showp to be long. The main Unes 
of évidence for this statement are : 

(1) The very graduai development of end-period hand 
axes, and 

(2) The beginning of an important part-flake culture 
(recalling the early Sangoan) during this period, together 
wi th the astonishingly large number of artifacts in 
places where they occur, and the remarkably thick cal
crete deposits that lie between the older Palaeolithic 
gravels and the Kalahari Sand in some parts of the 
thirstland. 

Moreover, the Kalahari sand at Samedupi is a reblown 
deposit ; there is another Kalahari sand younger than the 
silcrete and older than the local sand bvit it is not repre-
sented here. 

The specimens figured on plate I, and a great many 
others in the B. P. collection (-), show that early hand 
axe-making man appeared in Ngamiland after the early 
days of dune réclamation that followed the Botletle arid-

(') 1 write seasonal rather tlian -u-et because howe\or high (relativcly) the 
rainfall, it can hardly have been other than markedly seasonal. During arid times 
the seasonal effect doubtless diminished almost, perhaps, to vanishing point. 
The term wel conveys, I believe, a misguided or exaggerated idea, so, 1 think, does 
pluvial. 

{̂ ) Bechuanaland Protectorate Government collection housed at the Geological 
Survey headquarters, Lobatsi. [Now removed to the National JMuseum, Bula-
wayo ( E . J . W A Y L A N D , 19.'>2)]. 
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period, for the implements were made of local root-
holed silcrete, and the fact that this rock is silica-
cemented desert sand indicates the coming of the 
seasonal period in which he lived. 

The roots would hardly have grown in the environment 
provided by the siUcifying solutions that converted the 
loose sand to silcrete, hut that the roots were living when 
this process started is indicated : 

(1) By the fact that they were in no known instance-
petrified or carbonized, as dead material might well 
have been, and 

(2) Because many of the hollow tubes show, a short 
way from their périphéries, a narrow encircling zone 
(a ring in section, but actually a sheath. Pl. I , fig. 2), 
consequent upon reaction between the silica-bearing 
solution and certain décomposition products of a de-
caying plant members. These reaction-zones are evi-
denced by bleaching. The root-enclosing sand was 
therefore coloured, doubtless by iron oxides consequent 
upon the graduai breakdown (weathering) of ferroma-
gnesian and other iron-bearing mineral grains originally 
present in the sand. This in turn indicates that the accu-
mulated sand had been static for a considérable time, 
perhaps a very long time, before silicification occurred. 
We may provisionaUy infer then that a forest, or at 
least an established scrub regime, rather than a short 
végétal episode followed desert conditions. 

Discussion of the knotty and related problems of 
silcretes, calcretes and ferricretes will be deferred for 
another occasion, but an explanation of the tubular 
Botletle quartzite must here be attempted, if only in a 
gênerai way. 

So far as my observations have as yet gone (they 
need vérification), the Botletle silcrete (quartzite) rests 
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not upon hard bed rock, but on a dark-grey to almost 
black clay. Whether this is entirely riverine or in part 
lacustrine is not yet known, but in either case i t is see-
mingly indicative of a regime quite other than that of 
the one-time Botletle sand. Elsewhere in the Protectorate 
there is évidence in plenty, in my opinion, of a long, 
seasonal period, during which Kafuan man appeared, 
before Palaeolithic times, and separated from them by a 
dry period (the Botletlean I propose to call i t ) . Pending 
discovery of évidence against this view, the black clay 
is presumed to belong to that seasonal period which, 
i t may be noted, corresponds chronologically, so far 
as i t is possible to détermine the point at present, with 
some part or other of what is known as the Kageran 
of East Africa. I t followed the long désert period of the 
pre-human Kalahari and culminated in the First Pluvial 
Period ; if not in two of them. 

As the pluvial, less dry, moist or seasonal periods of 
the Plio-Peistocene and Pleistocene go, the Kageran 
was long and characterised by great riverine érosion, 
on the one hand, and correspondingly extensive sédi
mentation on the other (»). 

I n favourable circumstances much rock weathering 
occurred and deepened as toward the end of the period 
the water table feil. x\lthough slow at first, the fall 
accelerated upon the subsurface weathering (itself declin-
ing) w i th the coming of the Botletle désert, and was 
eventually re-established at about the pre-Kageran level 
(commonly — 100 m, ± 3 m i t would seem). The desert 

(') In my view the érosion of part of the Batolca gorge and of the llolopo 
valley, the accumulation of the so-callcd Kalahar i heds (at one time considered 
to be Eocene) that underlie the Botletle quartzite and of extremely thick deposits 
in the Albertinc rift valley of Uganda and the Belgian Congo (to mention a few 
examples) are, unlike the Kalahari Sand as generally understood in Bechuana
land, all pre-Palaeolithic, Kageran events. I t should be pointed out, however, that 
at least one of the major valleys (that of the Lovver Molopo) is extremely old, for 
it contains Karroo deposits, including D w y k a . 
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came, and stayed until the aridity that caused it waned 
to the van of less parching years that banished ephemeral 
s patés, like those of today, and heralded the running 
rivers oi Kamasian finies and the halcyon days ol Palaeo-
lithic man. 

But a desert is not all death, and even at its peak rain 
wi l l sometimes bless it . At its beginning, and toward its 
end, meteoric waters have their rôle. I t was in such 
times as these that the extensive calcretes and diatomites 
of the Kalahari, and the much less conspicuous surface 
ironstones of that area were formed. Silcrete, usually 
green or white and commonly concretionary, is apparently 
forming today in many Kalahari pans, but i t is of httle 
conséquence compared with the thick, wide sub-surface 
sheets of that substance in the thirstland, and the same 
may be said (mutatis mutandis) of calcrete, which accord-
ing to D U ToiT, « must underlie an enormous région » ('). 
Either this is true or optimum conditions for its for
mation have in the past existed in numerous localities 
throughout a vast area. In an attempt to explain these 
astonishing sheets of sub-surface materials, so largely 
chemical in origin, attention must be directed to six 
issues : 

1) Microscopie examination of the Botletle silcrete 
reveals the absence of corrosion from sand grains such 
as would result f rom local solution. The silica cement 
of the silcrete zone was therefore of extraneous origin. 

2) I t is chalcedonic and opaline, and unlikely to have 
arisen from a deep-seated (hydrothermal) source ; moreo-
ver, its complete lack of crystalline continuity with the 
silica grains may well be consequent upon replacement 
of an original cementing medium. 

3) Turning to the superficial cliaracters of the silcrete 

(M D U ToiT, A . - L . , The Geology of South Africa (2nd ed., London and Edin-
burgh, 1939, p. 408). 
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(exemplified by the two implements shown on Plate I) 
i t must be noticed : 

a) That tiny out-of-the-way patches are very com
monly brightly polished (the arrow. Plate I , points to 
one of these). Some of the tools show polish more or less 
all over one or both sides, but again the brightest gloss 
is in tucked away surface spots. Comparison reveals that 
very many of the Botletle artifacts were at one time 
bril l iantly polished, as those of the Victoria falls area 
still are ; and that they have lost, or are losing, their 
lustre. Secondly, polish is invariably absent from the 
lining of the root-holes whether they pierce the stone 
or lie in part along its surface. On the other hand some 
of the tools (Plate l, fig. 2, for example) show no signs of 
ever liaving been polished ; they exhibit only the charac-
teristic sheen of the calcrete. 

4) PASSARGE'S long and wide expérience of the Kala
hari and its geology led him to believe that silcrete is a 
siliceous replacement of calcrete ('). This in many cases 
can be shown to be true. 

5) Climate has a marked control of chemical accumu
lations (evaporites, saline crusts, etc.) and is widely 
admitted by geologists and soil experts to play an import
ant part in the formation of calcrete, silcrete and ferri
crete (including latérite). 

6) Were the Kalahari sand as absorbent as some 
observers suppose (-), the vast dépression i t occupies 

(1) Die Kalahari (chap. X X X V ) . 
(2) For example, Prof. F . D E H K N H . \ M writes : « There is of course, a great deal 

of underground water since the sand absorbs up to 90 per cent of the rainfall », 
and again « There remains, however.the vast central arid division which has few 
stream beds... Here it is the sand itself which is the conservator and below that 
large area there musl be large quantities of water». (The italics are mine. How 
many our ovvn development problems would be simplified were this but true) 
« Report on the Water Resources of the Bechuanaland Protectorate .. » (H. M. 
Stationery Office, Tondon, 1918). 
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would almost certainly be a swamp or lake, resembling, 
possibly the sudd areas of the Sudan, or a second Victo-
ria-Nyanza (>), i t would hardly be the thirstland that 
i t is. 

Much of the shower rain, af ter a short period ofrapidly 
decreasing percolation, runs off as sheet flow to relative 
dépressions where i t évaporâtes, or is swallowed by herds 
of thirsting game. A great deal of the remainder is re-
tumed to the air by plant transpiration, and a li t t le 
perhaps, where the sand contains much very fine material, 
by capillarity. Long-continued rain goes deeper. I f , then, 
the Botletle silcrete was not of hypogene origin the ce
menting siUca must have reached its resting place by 
downward percolation to a level where lay the cause 
of its release from solution, for if the sand itself had 
induced this déposition, cémentation would have oc
curred at high levels and inhibited percolation almost 
from the start. 

PASSARGE'S view ot the origin of the Botletle silcrete 
beds, which I accept, is that alkaline carbonates and 
soluble silica accumulated in the ground in a région of 
internai drainage during an arid regime, but in a suc-
ceeding period of greater rainfall silica was dissolved 
by alkaline solutions which when they contacted Ca CO^ 
replaced i t by SiOg. This is a perfectly reasonable hypo
thesis, and there is much field évidence to support i t . 

From these facts and spéculations, and from the now 
certain knowledge that climatic changes have taken 
place in the Kalahari région during Pleistocene time, 
we may hypothesise as foUows : 

I n what may vaguely be called the Samedupi area, 
and doubtless beyond i t , for i t is hard to believe that 

(') The Victoria-Nyanza, a lake about the size of Ireland, is a titanic puddle. 
Indeed, it is not even that, for if reduced to scale so that its longest axis measured 
about four and a quarter feet its maximum depth (N. E . side) would be little 
more than one hundreath of an inch — a mere damp patch. 
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the events to be recorded were purely local (unless, 
indeed, the évidence hasbeen misinterpreted), there was 
a time before the arrivai of the Botletle sands (which 
later became the silcrete) when the climate was less 
dry than it is today ; bat the present Kalahari is not 
the Botletle desert more or less reclaimed by végétation, 
because between Botletle times and the coming of the 
Kalahari sands feil the palmy days of handaxe man. 
But even this propitious period was not, i t seems, unin-
terrupted, for the one-time polished implements strongly 
suggest the work of sand-laden wind rather than that of 
siltladen water (i), and we know that the Kalahari sand 
of this area has been reblown, and in either case a regime 
quite different from, and almost certainly less moist 
than that immediately preceding and that immediately 
following the polishing times. 

The above, then, would appear to be the story in 
outline ; but the critical reader will point to the Oko-
vango swamps as almost the only source of the Botletle 
waters today and déclare their flow to be dépendent 
upon the uncertainties of that extraodinary delta. Thick 
papyrus beits, for instance, can choke a channel and, by 
slowly filtering sédiments f rom a running stream, block 
its passage ; or again, hippopotami may clear a channel 
and keep it open by their tramping. We must therefore 
look afleid for confirmation or disproof of our hypotheses. 

I f , then, évidence from widely separated areas is i n 
support (and I hold tliat i t is) are we to assume that 
the influence of the Okovango swamps was negligible ? 
Or must we conclude that i n pre-Kalahari days i t was 
not there ? W i t h this problem are bound others of 
singular significance ; and not the least of these relates 
to the history of the upper Zambesi. 

,(') This matter is, however, debatablc. 
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E . Outlines of Stone Age Climatology (1952). 

From the geoarchaeological viewpoint significant 
évidence of past climatic changes, and of the nature 
ot the regimes that inevitably foUowed, is to be obtained 
by critical field studies of : 

Geological accumulations. 

1. WindUoim sands ot which the foUowing are at 
present well known to the author. 

(a) Pre-Palaeohthic red sand. Remnants of very 
much more extensive deposits are tc be found in well-
protected places. 

(b) Post-Palaeolithic pre- (or early) Middle Stone Age 
red sands of the dunes and of many of the extensive 
flats of Bechuanaland. 

(c) Dark grey-brown (nearly black and very slippery 
when wet) sand-stuffed flat deposits with a microlith-
carrying industry at its base {e. g. Maun-Toteng area, 
etc). 

(d) Buff to cream-coloured dunes (Wilton) {e. g. 
Tsabong ; Kuis, e tc) . 

(e) Nearly white dunes (Neolithic ?) {e. g. Lake 
Ngami, etc) . 

2. Bedded calcrete (so-called Surface Limestone, locally 
known as Kalk) (e. g. Lephepe ; Ghanzi ; etc). 

3. Silcrete (iisually a silicious replacement of 2) 
{e. g. Mosna Laagte gorge, N . W. of Moldpolde ; Tsane, 
etc). 

4. Ferricrete (that form of i t generally known as 
lateritic ironstone) {e. g. Lobatsi area ; W. of. Khwebbe 
hills, etc) . 

5. Thick extensive diatomite deposits {e. g. Rakops, 
etc). 
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6. Some riverine red sands and grits w i th a bouldery 
horizon {e. g. between Palapye and Serowe). 

7. Some high-level boulder beds [e. g. Ramontsa, etc) . 

8. Low-level boulder beds [e. g. Gaberones, etc). 

9. Some more or less huff-coloured arenaceous deposits 
(e. g. Notwani river). 

10. Some black earths (so-called black cotton soil 
or turf) (very widely distributed). 

11. Chemical deposits such as dripstone, etc. [e. g. 
Drodsky's cave, etc.). 

As with blown sands, there are calcretes, silcretes, 
and ferricretes of different and distinct ages. Further 
research will most probably prove this to be true of 
diatomite and chemical deposits. 

Erosional effects. 

1. Fossil river s. 
2. Some valley and stream-bed features. 
?). High wave-cut benches, in association with va-

nished, and in some cases long forgotten, lakes of large 
size. 

4. Certain limestone caves. 

I t has not been overlooked that some of tlie above 
phenomena might result f rom causes which are not cl i-
matic. Fossil rivers, for example, might not be « fossil » 
after all, .since they could owe their dryness to régional 
earth-tilt or river capture, hui all the cases investigated 
have been dealt with on their merits, and the chronolo-
gical corrélation of events has been established by the 
use of stone tools as fossils, a practice long in use by 
the writer, and one which can be confidently adopted 
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not only throughout the territory considered, but also 
for the purpose of age-correlation wi th geoarchaeological 
discoveries in the Rhodesias, Angola, the Transvaal (and 
probably in most of the Union of South Africa) and South 
West Africa. The same practice coupled with the nature 
and succession of the major climatic séquences, can be 
extended with confidence to the East African field. 

Climatic changes and regimes. 

I n countries which normally enjoy high rainfall, indi
cations of higher précipitation in the past tend to be 
obscured, on the other hand former dry periods (suppos-
ing there had been any) are by contrast more obviously 
evidenced. The reverse holds for arid and semi-arid lands. 
I n addition to exposed boulder beds and gravels in gene-
rally waterless places in many parts of the Protectorate, 
we have similar implementiferous deposits beneath 
as much as 70 feet of surface limestone telling of the 
superimposition of near-arid conditions in the past ; 
on the other hand we have the fossil rivers aready men-
tioned, and in the north-west of the territory near S. 
20" 2', E. 21° 25' we have a very striking three-halled 
limestone cavern containing great stalactites and stalag
mites, now bone-dry and dust covered, beside a water
less river (the Khnihabe) in a setting of great sand dunes, 
which, i t can be shown, are of later date than the cave ('). 
Then again the very dunes themselves provide évidence 
of a past climatic setting differing from that of today, 
not merely because they are now fixed by végétation, 
but also because, to quote DU T O I T , their orientation 
« does not fi t with present day wind directions and sug-

(1) W A Y L A N D , E , - J . , Drodsky's Cave {Geogr. Journ., Vol. C I I I , n" ,5, May 1944, 
pp. 230-233). 

Aerial investigation reveals the probability of other cives in the N. W . of 
the Protectorate. 
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gests a former southerly displacement of the climatic 
girdles » (i). 

These are among the most obvious indications of past 
climates of Bechuanaland that differed from those of 
today—some having been drier,some wetter. Already we 
have seen reason to believe that the « normal » climate of 
this part of the continent is that of a désert, and that the 
wetter periods are superimpositions upon that regime. 
Taking this, then, as a working hypothesis i t becomes 
necessary, if we are desirous of understanding this matter 
as best we may (and this is désirable for the economy of 
the Protectorate dépends in no small measure on the 
effects of its past climates), to enquire, so far as we can, 
into the nature and duration of the Pleistocene wet 
periods, and to learn when they had sway — clearly 
a matter for prolonged research to be conducted over 
wide areas. First we shall do best to enquire into age. 

I t is widely believed that the red Kalahari sand, and 
the surface limestone which i t so frequently overlies, 
belong to the Pliocène, if not to earlier times, but such 
évidence as I have been able to coUect during nine years 
in varions parts of the Protectorate does not support 
this view, neither does the palaeontological évidence, 
so far as we have any. I n a number of places where I 
have observed junctions of the Kalahari sand wi th the 
rocks beneath i t and have discovered artifacts thereon, 
I have found that stone tools at bedrock may be of any 
antiquity up to the end of the older Stone Age (Plate 2). 

The early Stone Age artifacts are all worn or weathered 
and generally more or less patinated, while associated 
wi th these are unweathered unpatinated (or extremely 
l i t t le patinated) smaller flake-artifacts that extend up 
into the bottom part of the red sand. Moreover, as alrea-

(') D u ToiT, A . - L . , The Geology of South Africa (Edinburgh and London, 
1939, p. 509). 
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dy related, the implement-bearing gravels of the ancient 
rivers are pre-Middle Stone Age. I t should be noted too, 
that the dunes themselves have all the appearance of 
modernity, and i t is hard to believe that they have 
suffered the climatic vicissitudes that foUowed the close 
of the Pliocène epoch. 

In this line of research we have to consider topography 
and the implications of six main sorts of deposits. 

a) Riverine, to which considérable référence bas been 
made above ; 

b) Lacustrine (the ancient beds of Lake Ngami for 
example), such sédiments may include deposits of dia-
tomite. Ancient wave-cut benches and boulder fans of 
the Mababe dépression, and of Lake Dow, etc. ; 

c) Aeolian : the Kalahari sand ; 
d) The so-called surface deposits of which there are 

essentially three kinds : calcrete, silcrete and ferricrete 
(latérite variety). 

There are also some important problems relating to 
soil. I t is necessary to discover the conditions under 
which these deposits were severally laid down. The first 
three classes [a to c of the above list) do not as a rule pre
sent any great difficulty ; the last three are more proble-
matical. They have two characters in common. I n this 
country they tend immediately to underlie the Kalahari 
sand and their typical habitat is that of flat ground. 
Latérite, however, appears to be uncommon compared 
with the other two sorts of surface deposit in the Bechua-
naland Protectorate wherein they are extremely well 
developed. But extensive latérite deposits may be found 
beneath the Kalahari sand. Calcrete (surface Hmestone, 
kunkar or kalk, as i t is variously called) can apparently 
form in certain soils, first as httle pellets which, as they 
grow, may join and anastomose and push out the soil, 



I N T H E B E C H U A N A L A N D P R O T E C T O R A T E 35 

until a bed of little more than calcium carbonate results. 
In some cases this substance accumulâtes around roots. 
I t is hard to believe, however, that deposits a hundred 
feet thick can have been so formed. Nor can the widely 
held belief that the carbonate of line is derived by décom
position of the underlying rocks be everywhere substan-
tiated. Indeed there are numerous cases in which such 
dérivation is out of the question. There can be l i t t le doubt 
that some deposits of calcrete were laid down under 
water — like diatomite into which they sometimes pass. 
I t may be noted here that thick deposits of these substan-
ces do not of necessity indicate the past existence of 
deep waters for their accumulation. Indeed in many 
instances i t would seem that the deposits grew in thick-
ness as the containing lake or « pan » (to use a well un-
derstood South African term), always more or less shal-
low, expanded, in response to a rainfaU which, extre-
mely sparee initially, gradually increased on balance 
with t ime. 

Calcrete and silcrete are inter-related, and PASSARGE 
held, as already stated, that beds of silcrete are the re
sults of the replacement of CaCOa of the calcrete by 
sio, 

An example of this sort of replacement can be seen 
in sections exposing a calcrete deposit with a silicifled 
top covered by a later calcrete near Maun in Ngamiland 
for instance. 

I f PASSARGE'S hypothesis is right, siliciflcation (sü-
crete), where it occurs on a large scale, should characterise 
an early phase of a wet period, and calcrete the dechning 
phase. Some évidence can be produced in support of 
this f rom Samedupi as already explaned. 

Much remains to be learnt about surface deposits. 
They deserve a closer study than has been accorded them. 

(I) P A S S A R G E , S . , Die Kalahari (1904 , p. 6 2 2 ) . 
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M y own work in this regard is as yet very incomplete 
and I shall not further refer to i t here, except to say that 
calcrete, silcrete, latérite (and diatomite) as we know 
them in this Protectorate are, all of them, forming today, 
but in a weak fashion. In the Pleistocene optimum condi
tions for their formation occurred, and havedonesomore 
than once during that epoch of that period. 

What were those optimum conditions ? Internai drai
nage was probably helpful, but not perhaps essential. 
Sources of lime carbonate and silica must of course exist, 
but these are extremely widespread and none is in any 
way peculiar to Bechuanaland. The essential factors 
are clearly climatic, and i t seems certain f rom régional 
studies, here and in other countries, that neither very 
wet nor extremely dry (Sahara-like) conditions favour 
the formation of calcrete and silcretes. Long droughts 
and little rain in a hot land seem to be the essentials for 
calcrete formation, as PASSARGE thought, and it would 
appear that his explanation of the origin of the silcrete 
beds is not far from the t ru th . 

As to ferricrete, lateritic ironstones or latérites, the 
général opinion, for which there is a good deal of éviden
ce, favours the view that i t was generally formed under 
tropical conditions with stronglj'^ marked wet and dry 
seasons which have led to the leaching of the more solu-
ble substances from the soil. I tentatively subscribe to 
that view. Latérites are formed on areas of low relief 
and, according to PRESCOTT and PENDLETON, under 
conditions of high watertables {'•). 

I have said that there are silcretes, etc, of more than 
one age in this Protectorate. This is quite certain. I t 
is also certain that the Kalahari sand has blown more 

O P R E S C O T T , J . - A . and P E N D L E T O N , R . - L . , Laterite and Lateritic Soils, 

Comm. Bur. Soil. Sci., Communication n"» 7, 1952. 
Some évidence from Uganda suggests that in certain da^'S lateritisation 

starts from scattered centres, in a concretion-like manner ( E . J . W A Y L A N D , 
1953). 
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than once during Pleistocene times. I t is similarly indu
bitable that the rivers flowed abundantly between the 
arid and semiarid periods evidenced by the desert sands, 
and as we have seen by the calcretes and silcretes, i t is 
clear that in all this we have évidence of climatic changes 
and regimes, the story of which reveals net only the 
environmental background but in considérable measure 
the controUing factors of early man's strivings in and 
about the Kalahari. 

Séquences. 

One may estabUsh a séquence of geological or clima
tic events at one place and an apparently similar sé
quence at another place — say 500 miles away. We must 
ask were the seemingly parallel events really similar 
in nature ; and i f so, were they contemporaneoas ? I n 
Palaeoclimatic work i t is of the highest importance to 
establish these points, for certain stratigraphical and 
some other phenomena may be brought about either by 
a climatic change or by one or other different physical 
causes, among which river capture and earth movement 
are the most potent ; and while the first is more or less 
local, the second may be régional in its opération. Thus, 
as I have explained elsewhere (*), supposed climatic 
effects in one area must be checked up in others where 
positive results of earth movement in the first area would 
be negatived, reversed or non existent, as the case may 
be. 

As to contemporaneity : when one is dealing wi th Pleis
tocene deposits the use of stone tools as zone fossils is 
usually possible, provided that the séquences to be com
pared are not too far apart ; but the wideness of the areas 
over which this test is applicable is astonishing. I t is 

(1) W A Y L A N D , E . - J . , Desert versus Forest in Eastern Africa (Geogr. Journ., 
Vol. X C V I , N» 5, November 194Ü, p. 338). 
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found that the Stone Age séquences of Africa, though 
not exactly the same, are closely similar, and of not very 
different date over thousands of square miles. In Pleis-
tocene palaeoclimatic research, therefore, this is our 
clock. I do not say chronometer. I have used this clock 
in the checking up of séquences at many places in the 
Bechuanaland Protectorate, which is a territory consi-
derably vaster than the largest country in Europe, and 
the results are illuminating. 

Répétition of climatic regimes cf the Kalahari have 
already been referred to, and i t is clear therefore that 
some sort of séquence has obtained ; this, with the aid 
of our stone-tool clock, wi l l now be briefly examined. 

The oldest silcrete I have been able to discover in 
widely separated places in the Bechuanaland Protec
torate is essentially a siHca-cemented sand. Except where 
interaction has taken place between contents and matrix, 
its grains have the character of those of the oldest uncon-
solidated Kalahari sand in that they are well sorted and 
rounded ; there are few millet-seed grains, but even the 
smallest of them (about a tenth of a millimètre long) 
exhibit abrasion. Locally, as at Samedupi in Ngamiland 
(as already described), the silcrete is fu l l of root holes, 
in other places very ancient silcretes are pebbly cspecial-
ly toward their bases — among these stones are early 
Kafuan pebble tools ; all of which are derived. With 
regard to tliis material two points sliould be noted : 

a) Early palaeolithic man frequcntly used it for the 
manufacture of bis tools ; 

h) I liave never yet seen a Kafuan tooi made from a 
silcrete pcbl)le, but I have seen silcrete pebbles, split 
or flaked and trimmed, in association and contempora-
neous with Acheulean-type artifacts. This suggests that 
the early silcrete, where it has been studied by me in 
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Bechuanaland, is post-Kafuan and pre-South African 
Chelleo-Acheulean in age. 

Locally it is represented by calcrete. But older silcre-
tes could occur. The next silcrete in order of decreasing 
antiquity is post-Acheulean and pre-Fauresmith I . 
Gravels containing Acheulean tools, and certain deposits 
above them, are calcified sometimes through a thickness 
of seventy feet. Locally the deposit is silicified, but the 
silcrete thus formed is not known to form massive beds 
like its predecessor. From this time onwards silcrete di-
minishes in importance. Calcrete appears again in Faure-
smith I I times, and again later, but only, as far as I 
know, in nodular form in certain black fiUs of late date. 
A l i t t le is forming today. 

The Kalahari sand séquence is as foUows : 

The great antiquity of the Kalahari desert proper 
suggests that vast quantities of sand must have accu-
mulated before the beginning of Pleistocene days. How 
much has been added to this during human times i t 
is impossible to say ; it may have been comparatively 
l i t t l e ; but since the typical long-period desert regime 
was interrupted by the first Pleistocene wet phase (Pluvial 
I == Kageran), the Kalahari sand has blown in at least 
threc periods : 

c) About Magosian times ; 

b) About Middle Stone Age ; 

a) Pre-Palaeolithic. 

The dunes of (a) appear to have been mostly destroyed 
but some sand patches can be found that may belong 
here. They were the source of the sand in silcrete. 
Most of the dunes and other Kalahari sand deposits 
we see today are of early Middle Stone Age date, but 
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some, especially those in the S. W. of the Protectorate, 
are of about Magosian age. 

These are Hght coloured, and some occur in the beds 
of extinct rivers (e. g. Lower Molopo). The dunes in the 
west and particularly the south-west of the Protecto
rate are on the move again. This is not only obvions on 
the ground, but most conspicuous from the air. 

W i t h regard to riverine, lacustrine, and swamp regi
mes, the position is this : the first Pleistocene Kalahari 
sands (oldest silcrete) were preceded by a strong rive
rine wet phase, evidenced by part of what is known as the 
Kalahari Beds. Under this term was embraced every-
thing from and including the Kalahari sand (the sepa
rate blowings were not recognised) down to and inclu
ding marl, arenaceous deposits and conglomérâtes of 
pre-silcrete I age. Here i t is proposed to restrict the term 
Kalahari Beds to the pre-silcrete I post-Karroo aqueous 
deposits of the Kalahari area. « There can be no doubt », 
says DU ToiT, « that this widespread deposit, wi th its 
occasional conglomérâtes, resting on the most diverse 
of rock groups, is largely of fluviatile origin, though some 
aeolian action is not excluded » ('). No fossils have been 
found in these beds, save those of a few modern genera, 
and there seems no reliable évidence of the very great 
antiquity claimed for them by several authors. They 
apparently correspond to the Kageran deposits of Ugan
da, which are regarded as early Pleistocene, and here 
provisionally I propose to place them. This accepted, 
they could be regarded as the major deposits of the first 
wet period (Pluvial I ) . I f this is so, then in the Kalahari, 
as in Uganda, Pluvial I was the longest of the three plu-
vials and may well be complex. 

I t was agreed, at the XVIII*" International Geological 

O D U T O I T , A . - L . , Geology of South Africa (2nd Edition, Edinburgh and 
London, 1939, p. t l9 ) . 
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Congress, held in London i n 1948, that the Plio-Pleis-
tocene boundary is to be drawn at the bottom of the 
Kageran in Africa, and at the base of the Villafrankian 
i n Europe ('). The world over, so far as is known, this 
horizon provides évidence of a chmatic change. This 
is a welcome décision, for i t bas been my opinion for many 
years that in the accepted view the Pleistocene has been 
greatly foreshortened. There has, I think, been a k ind 
of unconscious conspiracy to minimise the denudational 
and other changes that have taken place since man was 
evolved. Some researchers have shown that in middle 
Pleistocene times there seemingly existed a species 
of Homo closely allied to our own. Indeed, I think 
we can see this in the stone age industries of that t ime. 
The skill and beautiful workmanship exhibited by 
of some the late Acheulean handaxes, for example, 
renders i t perfectly clear that their makers were artists, 
carrying their technique far beyond the bounds of mere 
ut i l i ty . True, there may have been ape-men then (just 
as there are apes today), but the makers of these exquisite 
artifacts were not of them. They were essentially sapient. 
From their day i t is a very far cry indeed back to the 
beginning of the Stone Age (early Kafuan times). 

After the dry period that foUowed the first Pluvial 
(my Kageran), came another pluvial (LEAKEYS Kama-
sian — my second pluvial) during which many of the 
deposits of Pluvial I , which chanced not to be covered 
by wind blown sand or silcrete or otherwise protected, 
were early destroyed and their constituents incorporated 
in the accumulations of Pluvial I I . These were the days 
of Chellean man, who established a hand-axe culture 
which was destined to last throughout the succeeding 
pluvial (although man was driven, by encroaching 
drought, to vacate the area of our present study), and 

(1) Nature, Vo l . 163, n» 4135, 1949, p. 18G. 
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to advance in Pluvial I I I (the Kanjeran) to its Acheulean 
peak, only to décline rapidly to its virtual end. During 
the last part of this period, Fauresmith and Sangoan 
tools appear. 

The fourth and latest pluvial (the Gamblian) saw the 
development of the Sangoan culture and the Middle 
Stone Age complex of South Africa. The Sangoan people, 
it seems, were highlanders, while the Fauresmith folk 
were people of the plains. 

The pluvial deposits provide, in places, évidence of 
complexity (̂ ) ; nor were the interpluvials without their 
phases. That which feil between Pluvials I I I and IV, 
although most strongly characterised by the red sand 
of the Kalahari dunes was not unaccompanied by calcrete 
and silcrete formation. In the Samedupi area, as we 
know, and near the present Victoria Falls, many stone 
tools were naturally polished, either by sandblast or by 
sand and silt-laden waters, such as those of ephemeral 
rivers. But the Kalahari sand, as we know it in Bechuana
land, itself re-blown, was again in part, and more than 
once, redistributed, as référence to E. Geological Accu
mulations wil l show (see p. 30). 

After the re-building of the dunes and before the pre
sent time, there were two periods in which black turf 
(so-called black cotton soil) was intensivelv produced 
in low lying areas. The older of carries calcium carbonate 
concrétions and sometimes pellets of ferricrete, usually 
more or less globular, the younger deposit apparently 
does not. A t some places the junction between these two 

{') According to S O I I N G E , V I S S E R and V A N R I E T L O W E (Goology and Archaeo-

logy of the ^'aal River Basin, Mem. Geol. Surv. S. A. , 1937) tliere wore two 
oscillations toward drier conditions during Pluvial I I (first wet phase of these 
authors) in the area they invcstigated. L E A K E V does not regard the main climatic 
interruption in Pluvial I I as an oscillation, but as an interpluvial so that what 
he originally called upper Kainasian incomcs the Kanjeran Pluvial. A view that 
there were only two pluvials, each with a strong intrapluvial and some oscillations, 
and one true interpluvial is worthy of considération. 
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deposits is very sharp, at others they merge into each 
other. They represent conditions of considérable water 
and bad drainage (swamps in fact) and the carbonate 
concrétions in the lower of the two appear to indicate 
a period of drying out, with long dry seasons and summer 
rains, before the second black turf was deposited. These 
two relatively short moist periods seemingly correlate 
wi th my epipluvials of East and Central Africa. 

Judging by stream development, the present day con
ditions have not been long established. They go back 
perhaps a very few thousand years ; perhaps not so 
much. 

F . Corrélations and conséquences (1952). 

The world over, Pleistocene time was punctuated by 
a series of meteorological events which COTTON has called 
climatic accidents ('). I n the high latitudes these compri
se the Great Ice Age with its glacial and mterglacial 
period ; near the equator and on i t , however, ice sheets 
did not develop ; but i t can be shown that equatorial 
mountains that rise well above the snow line today had 
longer and larger glaciers in Pleistocene times, while 
some mountains (Mt. Elgon, near the Uganda-Kenya 
border for example) that now have no permanent snow 
were glaciated. Today we are credibly told that, the 
\\'orld over, glaciers are shrinking. This can hardly re-
sult from mere coïncidence, and if , as would seem most 
hkely, .some world factor controls this shrinkage i t is a 
fair presumption that a world factor controUed glacial 
developments in the Pleistocene days. At any rate this 
idea pro vides a good working hypothesis, which suggests 
that, although there can be no such thing as a world 
climate so long as this globe retains its atmosphère, there 
may be world control effecting all the climates of the 

(') C o T T O N , C . - A . , Climatic .-Vccidcnts in Landscape-i laking (1942). 
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earth, one way or another. Indeed there is one such con-
trol, albeit indirect of which we know, and that is solar 
energy. Let us suppose that the mean quantity of solar 
heat this earth receives were doubled, or halved, all ter-
restial climates would alter greatly in response. Solar 
heat is likely to be fundamental and astronomical cases 
may wel' produce modifying effects. Surface rehef must 
alsoplay an essential and modifying part ('). BROOKS was 
the first to prophesy that glacial periods of the higher 
latitudes would in many parts of the tropics be times of 
heavier rainfall than those of today and these pluvial 
periods would be separated by exceptionally dry inter-
pluvial phases (^). Bef ore World War I , I was able to 
produce évidence from Ceylon that appeared to support 
BROOKS view ; and between World Wars I and I I , I 
secured better and more detailed évidence in Kast A f r i 
ca (^). There is a test for this theory of glacial and pla-
vial coïncidence, i t is that of contemporaneity. I f one 
glacial period of the Great Ice Age in high latitudes was 
contemporaneous with a pluvial period in the tropics, 
and another glacial period of that epoch was synchro-
nous with a désert period in that same tropical area, 
our theory falls to the ground, but it, on the other hand, 
a succession of glacial periods is reasonably parallel 
in time, number and intensity with distant pluviations, 
the theory has much to recommend i t , and there are 
many reasons for supporting this positive corrélation, but 
i t must be remembered that local influences must modify 
climates. Assuming the général truth of this hypothesis, 
and accepting the commonly held view that we are not 

O W A Y L A N D , E . - J . , Causes of Ice Age (Geol. Mag., Vol . L X X X V , n" 3, 1 9 1 8 , 
pp. 1 7 8 - 1 8 1 ) . 

(^) B R O O K S , C . E . P., The Meteorological Conditions of an Ice Shs.'t and t h j i r 
hearing on the De.siccation of the Globe (O. / . Roy. Nat. Soc, Vol. X L , n° 1()9, 
January, 1 9 1 1 ) . 

(̂ ) I have produced several papers dealing with this matter, and a memoir 
embracing the whole subject, and the Pleistocene generally so far as Uganda is 
concerned, is being prepared. 
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yet quite out of the Ice Age we must expect climatic 
change, for half-size ice caps, such as we have today, 
are unstable, they must either disappear or grow larger, 
what are the imphcations regarding the future ? Surely 
this : i f we are not in an interglacial period, earth ch-
mates wi l l gradually return to normal, and the Kala-
hari w i l l once more be a désert. Such indications as we 
have today seem to favour this view. 

The detailed work of L E A K E Y in Kenya (') and of the 
Geological Survey of the Union of South Africa in colla
boration with Professor VAN R I E T L O W E , i n the Vaal 
Basin (^), has shown that the parallelism of Pleistocene 
climatic events in East Africa and the Transvaal is 
indicatively striking ; and as might be expected, the 
results of my work in this regard in the Bechuanaland 
Protectorate, so far as i t has gone, fit in closely with 
those obtained in these widely separated areas of East 
and Southern Africa. Indeed the parallel can be taken 
much further afïeld than this (^), so that i t is very 
difhcult to disbelieve that these climatic phenomena 
were not, as the Great Ice Age was, a resuit of world 
climatic control ; and it is but a short step f rom this con
clusion to another ; namely that BROOKS was essentially 
right when he correlated glacial and pluvial periods. 
Moreover, as research into these matters proceeds in va
rions parts of the globe, the more likely does this con
clusion become. 

We are left, then, with the hypothesis that our climate 
is very slowly changing, and évidence of accelerating 
érosion in areas where man's influence cannot be invoked 
to account for i t is in support (*). There is évidence in 

O L E A K E Y , L . S . B . , T h e Stone Age Cultures of Kenya Colony (1931, pp. 6-
17) . 

(2) Memoir 3 5 ( 1 9 3 7 ) . 
( ' ) P A T T E R S O N , T . T., A World Corrélation of the Pleistocene (Trans. Roy. Soc. 

Edinburgh. Vol. L X , Part . H , 11, 1 9 4 0 - 1 9 1 1 ) . 
(*) On the other hand, it would appear that in Ankole (Southern Uganda) the 

natural soil érosion is slowing up (E . J . W A Y L A N D , 1953) . 
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plenty that in Pleistocene time the Kalahari and its 
marginal areas were the scène of long sustained climatic 
regimes alternating between wet and dry, and that this 
highly remarkable succession of climates w i t h decreasing 
intensity towards the present day, together with some 
wider considérations, leads to the view that the wet pe-
riods of the Kalahari during the Pleistocene were super
impositions upon the normal climate of a very long 
existing desert. Parallehng this succession of changes, 
synchronously i t would appear, were the Ice Ages of the 
Glacial Period of the higher latitudes, and if we correlate 
pluvials with glacials, and there seems li t t le alternative 
to this rational view, it would seem in the fitness of 
things that here, in Bechuanaland, the essential desert 
should return unto its own unless, of course, these are 
interglacial days, in which case that return wi l l be post-
poned for ages. The présence of polar ice caps shows that 
we are not yet out of the Glacial Period, and the indica
tions, as far as we know them and can read them at pre
sent, are that the last of its constituent Ice Ages is draw-
ing to its end, and with it the palmier days of the Kala
hari. But it is unthinkable that the change wi l l be an 
entirely one-way process ; moreover these climatic mer-
gings take time — geological time. 

Written in 1946 and 1952. 
Introduced Nsongezi camp, 

Kagora river, Ankole, 
Uganda, the 23̂ '' of May 1954.. 
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Map of the Bechuanaland Protectorate. 
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Plate 2. — Kalahari sand (9 feet thick) overlying calcrete. On the somewhat 
lateritised top of the calcrete tools of Fauresmith cum Sangoan types are found. 
Twenty miles east of Serowe. 
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