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,That in working out some aspects of the chronology, too

‘great reliance was placed on archaeologlcal data and

{ _
INTRODUCTION
, _

For mecre than 20 years, the sequence of lake 1evel

F
i
fluctuations in the Nakuru-Elmenteita basin of the Easternl
|
Rift Vhllex, Kenya, has been%taken as the basis of the ;
Upper Pleistocene and Holocene chronology in East Africa, ’

The climatic and geological units for this period were namdd,
. e
f

after high lake shorelines in the basin, , “_"“-'

The shorelines and lacustrine sediments in thé Nakurg%
Elmenteita basin were originally studied by L. S. B. Legkej
and E., Nilsson in the years 1926-33. These investigatofsﬂi
dia é greét deal of valuable work but thelr studies were /
inevitgbly hamperod by the 1aék of accurate maps and height
data and tho difficulty 8f access to’much of the area.(‘Itf
also appears (1) that the evidence of former lakes was |
perhats too readiiy interpreted in terms of a-sequence of
climatic fluctuations which could be correlated ﬁith the
fluctﬁations of East African glaciers and with the late-

glacial and post-glaclal climatic phases of Europe. (ii)

correlations at a sthge when in fact understanding of the
prehistoric industries of East Africa was still embryonic.
]

Since the 1930s there has been a tehdency to accept




explained without invoking climatlc change and that a

. F
the sequence of Gamblian, Makalian and Nakuran wet phase\‘s‘_i
as adequately supported by the geological and geomorpho—

logical evidence in the Nakuru-Elmenteita basin, and as

a valid basis for correlation with other parts of Africa.
In the late 195qS, criticisms bégan to be made of ff
the earlier (pre-Gamblian) "pluvials" which had ‘been !
recognized in East Africa the Kageran, Kamasian and
Kanjeran, * The or1tlclsms concerned (i) the desirablllty '

of basing a geological and stratigraphical sequence on:

éssentially climafic unitsy (ii) the value of the evidencg:{

for moist cwvnditions during the' posthlated Kageran; \ ' ];m

~Kamasiah and Kanjeran phases, It is now generally acoepted

that much of the evidence for these "pluvials™ can be

gedlégicai sequence for this period (the Quatgrnary) in
East Africa should e established which is based on
conventional unlts -

There has however been no detailed re—appraisal of
the evidence in the Nakuru-Elmenteita basin for the later -
(Gamblian, Makalian and Nakuran) wet phases, The authors

of the criticisms of the earlier "pluvials" were unable

to spend lonq in this area and restricted themselves %o A

_general comments on the value of the evidence, It has
, I

generally been accepted that in this closed basin the
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fluctuations of the lakes have been uninterruﬁ&ed by Eajor
volcanic or tectonic events since before the Upper .
Eleistocene and thus provide a good index of the changesAof‘
climate that have taken place. It has also been believed |
that/the lake did actually fluctuate as has been describ%d,;
with major peaks at about 510'; 375' and 145' above the . :
vresent level of Lake Nakuru, However since the original -
research was done by Leakey and Nilsson, there has bgén

no detailed re-examination of the geological and gedmorphq- 

" - logicals evidence for high lake levels in this basin,

It seemed that at this stagea with}(i) 1$¢reasiﬁg
doubt being thrown on the theoretical basis of East: -
African Quaternary geological chronology; (ii) the R
availdbility of air photographs and greatly improved map5'jf
of tHe Nékuru—Elmenteita basin, and (1ii) the possibility
of‘finding samples for carbon-14 dating, it was Wopth
while making a re-examination of this evidenoé. ‘As é -
geographer, I have been particularly concerned with
geomorphologlical aspects of.the evidence for the. high lake
1eve1s;. the shoreline cliffs, surface accumulationg of
beach pebbles, anomalies of drainage patterns, ete, It \‘
has been necessary to include some investigation of the
lake sediments,'in particular of their .relationship 30 the

shorelines, I have concentrated o? describipg'and mapping
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the various shoreline features aﬁE'shal;ow-wafer sedimenés,
and on measuring their altitudes precisely., I have bgen .
able/to draw on the results pf recent purely geological _

| reseérch that has been doné in the Nakuru-Elmenteita )

basin. Neither in the shorelines or the sediments can .

evidence of a distinct, climatically-controlled, tﬁréef, ,13,

fold fluctuation of the lake be distinguished, and it-

o R appears that the accepted picture of Upper Pleistocens .
i 1 .

and Holocene conditions in this area needs revision4;n?thef .
: . : L )
:1ight of these results, . L

: ¢ . L

v
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CHAPTER ONE .
THE REGIONAI, SETTING: THE NAKURU-ELMENTEITA BASIN .

‘The Naluru-Elmenteita lake basin lies just-south of
the Equator at almost the highest part of‘thglEastern Rift o~
Valley, Kenya: Its loeation in East Africa and the |
topography and drainage of the basin and catchment area ;
are shown on maps 1, 2 and 3. The surface of Lake Nakuru
is at about 5780' S.D., of Lake Elmenteita at about :
. 1,2 along the main line of the Rift only Lake -

Naivasha to the south, at about 6200', is higher. The

bésin is closed't6 the south by Eburu, a dissected volcanic

-massif rising to about, 9365', and to the north by the

volcano Menengai (highest point about 7475'), The lowest

part of 'the basin rim is the Bahati plain to the north-east,

where overflow 1ntoiMenenga1 caldera could tége place at

" about 6390' S.D., not, as Leakey (1931a and b) and Nilsson

(1931) believed, the Gilgil divide at about 6600', 'The
sides- of the basin are defined by the Rift Valley scérps,
Mau escarpment to the west and the Bahati-Mbaruk-Gilgil

scarps to the east; on either side there are a number of .

1., From information given me by the Water Development
Department in Nakuru, Level of Lake Nakuru on 16th
March 1966 = 5779,10' S.D. and Level of Lake Elmenteita
5829,41' S.D.- .

2, The use of the abbreviations S5.D, and R.D. to 1ndicat¢

Survey of Kenya datum and East African Rallways and
Harbours datum respectively is explained in Appendix A.
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(1963 p. 38).) .
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steps at different levels from the crest of the escarpment v
to the valley floor. There ls also much evidence of" recentf

small-scale faulting in the basin, such as.the fragmented

topography west of Lake' Nakuru, the ridge of ‘Lion Hill and . -

: ™ C L
the faults cuttigg the small volcanoes south of Lake

o L
Blmenteita. The pattern of faulting, though locally

. variable, shows a broadly north-south trend

None of the volcanoes in this area are at present

actlve, but there is evidence of several phases of recent

:volcanlc activity continuing- probably until -the last few Q;V
_Ihundred years.. There are almost unvegetated lava flows

and small fresh-looking ash cones within Mehengai caldera; 5“":5

ard a young 1an,fiow has spilled down the outer slope‘of

the caldeéra on'its southern side and across‘the Menengai

\

shoreline cliff (Map 4). The youngest volcanoces in the

" south of the basin seem to be Cedar Hill on Eburu and a

cone'jue? nerth of the former Eburu station. Hydrothermal%

activity continues in Menengai caldera and near Eburu S,

statfon, in particular on .the slope known as 'Steamjet |
Hill!', These steamjets are mentioned by Thomson (1885) ‘;
and Gregory counted them and drew a plan (1921 p. 117).
Condensers have been fitted eo some of them to provide

water for stock. (Photograph in Thompson and Dodson

\%._.f‘.




In 1928 there was an earthqﬁake of catastrophic -
megnitude with epicentre at Subukia, about'25 miles north §‘ "JE
of the Nakuru-Elmenteita basin,ané newspaper reports of j o |
earﬁﬁ tremors in the Nakuru and Naivasha areas are not EQ g.A -} ?
infrequent. (File GU4, Department of Mines and Geology,lbémi.ﬁ ;
: East African Standard reports of earth tremors, 4th Apri;v\fg'
. 1951, 14th July 1960, 7th May 196k.) Temperley (1966 p. 28)
: \ suggested that the 20 mile long, 12' deep fissure which e
Yo . Tormed near the base of the Laikipia escarﬁment during‘ 
V the 1928 earthquake can be considered as an ‘increase in
f e the height of- the escarpment there and a continuation of
' the Rift Valley formation processes, At any rate it is
clear that even now this area is far from being tectonically _ ;3
'stable, and tha't volcanic and tectonic porcesses have I

been active in the very recent geological past.

The .scenery in)the basin is very varied. Lake Nakuru“

Eé bounded on its east and west sides by faulted zones

with stéep rocky scarps, thickly forested. On the east

and west shores of Lake Elmenteita the faults are not so .
clear, and the slopes tothat lake are not so steep. Betwgen
the lakes, and across‘much of the central part of the basiri,b
is a gently sloping area)with no marked rellef; this
sfretches south of Lake Nakuru up to the iower slopes of

Eburu and north-east of the lake onto the Bahati plain.

f: It/is broken in the north by some eroded volcanic cones,
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sedimeﬁts of lacustrine origin, Particularly étriking

immature and show compound profiles, whsre soill formation

\ 8 |
Honeymoon and Crescent Hill, and by somelsmall ridges of\‘ “
volcanlc rock defined by faults (Hyrax Hill and others), : h
?o the south of Lake Eimenteita lies the area known as ‘
the éadlands, with recent volcanic cones and lava flows.'
These were studied in some detail by McCall who concludéd‘
that there had been‘three stages of volcanic activity,-‘
of which the oldest was contémporanéous with the Kariandusi

diatomites and. tuffs, Some‘of the more recent lava. . flows

and cones post-date some of the Upper ‘Plelstocene lake
sediments, and the possible disruptive effect of this : 3 o
recent activity on a simple relationship of climate andﬁmg

lake level cannot be ignored. -

.The rocks exposed in the basin include a number of

lavas and volcanic tuffs and pumice beds, as well as the ; =

are the wﬁite and paie grey diatomites and diatomaceous

silts which are typical of this area and of the

Pleistocene lacustrine sedimentataon in the Rift Valley.

The superficial deposits and soils vary conéiderably .
withiy the basin. In the north recent ash and pumnice from 4'

Menengai covers much of the land and the sbils tend to be

was interrupted by the superimposition of a further layer
of volcanic material. Light grey dusty soils on the flat

central area (e.g. at Soysambu and Elmentelta) have

A’
SR
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developed on the dlatomaceous silts of this part. The E ‘
lower slopes of Eburﬁ are covered with ccarselreddish—
orange silts which seem to have been formed by the
weatHering of older volcanic material, pumice and tgffé.

Over much of the basin, es?ecially on the‘steeper slopes .-
and fault scarps, the bedréck is close to the surface<with“ 
lava and tuff slabs and boulders outcropping.épd there isiu

né true soil., Rocky screes have developed at the foot of

some of the fault scarps, e,g. on the west side of lake

Y

. ‘Nakuru.

The vegetation and land use of the area ranges from

the forests of ZFburu and the HMau escarpment to the open .-

grassland'scatfered with thorntrees and used for cattlel

ranching (on the central lowlands) and the more intensive

{mostly wheat.and maize) farms of the Bahati plain and

"near Nakuru town. Kpcess to most of the basin is relativgalyl
- " / .

easy; there are few parts, except in the west and south-
west, which are not within réasonable walking distance of

a track sultable for a Land-Hover. Although, as is
discussed below, the actual shoreline features and breaks
of slope are not easy to find, there are a reasonable
number of good sediment exposures, in quarries, sllage
pits, river sections and road\énd railway cuttings, so that
evidence of the nature and distribution of sediments is

not too hard to find.




“The catchment area of the basin is relatively small,

'llmited on the north and south by the mountalns Eburu and

10
The basin is crossed Hy a2 number ofvstréams, draining

towards Lakes Naluru and fimenteita; most of thei# water
does not reach the iakes by surface flow, but passes
underground to the water bodies underlying the 1akesf
These streams are:

To Lake Hakuru: Hgosur, Nderit, iakalia, Njoro, -

Lanuriak,
To Lake Elmenteita: lleroroni, lNbaruk, Kariandusi,:
Kekopey.

‘;xlenengal. On the east side, most of the drainage from-
L 0L Kalou and Linangop is to the Naivasha ba31n via the
‘Gllgll and other rivers., The Nakuru- Eimentelta ba51n
w‘catchment extends furthest to /the south-west, on the slopes

\
of’ ham forest, where\khe head waters of the rivers Makalia

and Nderlt extend for several miles at over 9000' altitude.

nvenithese streams, however, tend to be dry along much of

theig lengths towards the end of the dry season in February'

and Earch The Kar1andusm river, which gets part of its

uater supply from a hot spring, has perhaps the most regular

flow of the Nalkuru-rlmenteita ba31n Streams, 1In the north,
i

of the area a small stream, Crater Strean, flows into

enenval caldera on the east side‘ although’ this stream

© carries water for much of the year, the water is lost
. i) .

T R PP T
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underground beneath the broken lava surface of the calderé
floor and there is very rarely any standing water in the
caldera, The caldera would appear to have a considerable
capac{ty to absorb water., 1t seenmns probable.that 2" fair
amount of water could be supplied to the caldera by over—.
flow froa the ﬁakuru-Elmenteita basin without causing‘
nore than locally swampy conditions on its floor.

Climatic records have been kept for several stations o

within the basin and around it, in some cases for over.-30
i .

yearsi The higher land bordering the basin receives a v

© U Pair amount of rainfall, averaging 40" a year and more on
: v

)
the Iau escarpment and up towards Bahati forest, The

'j umounu drops off rapldly towards the lower land, in

|

{ parulculqr around Lake Elmenteita (average about 20-25" 41

' p.a.) and it is common to see rain storms over the higher

- land and the foothillg while the central parts of the basin

renain dry. The anount and season of the rainfall also
appears to be very variable from year to year. Past and

present climatic conditions in the basin are discussed in

. more detail in Chapter 7.

Lakes Nakuru and Elmenteita are shallow and highly

“alkaline, According to the soundings carrigd out by

A
Leakey in 1929, Lake hakuru was everywhere less than 10!

~deep, and the depth of Lake Elmenteita never exceeded

< 6' 3", There was a general fall in lake levels from the
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early years of this century to about 19603 for some years

in the 1950's both lakes were reduced to a few small

nuddles on a saline crust, They rose sharply éfter the » é
heavy ‘rains in 1961-2, Sincg then the lakes have fallen I
slightly, but are still at a relatively high level for this |
century. It appears that at present they contain no fish

and, no mollusca, althoursh they do contain an algsl flora,

including diatoms, These provide the food for the"

flaﬁ ingaes whlcn live on the lake shores.5 Lake Nakuru also:

; supports a small population of hippopotamuses in a pool

lat its north-east corner, The present appearance of the

nlakés is a clear indication of their 'relict! character

'2 as the dwindled remnants of a'hpch larger body of water.

Fron the niddle Pleistocene to the Drésent the

hakuru :1mente1ta basin appear° to have provided a very

favourable environmenﬁ for human settlement, There are a

‘number of rich archaeological sites: Kariandusi, Gamble's

Cave and Eyrax Hill are preserved as museums by the Museum
Trustees of Kenya, and recent excavations have been . |

carried out at an important site on Prospect Farm., Huch

of #he research which has contributed to our knowledge of . i
the former extent of the lakes in the basin has:been done
in éonnection with archasological investigations., The . j
arcﬁaeoloéy of the sites in the basin is disdussed in :ﬁ

!
4ppendix C,
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described lake sediments from several parts of the Rift

gg%}mentation in the Rift Valley, separated by a major
,the "Nyasan series™, which he believed to be of lower

" the Kariandusi sediments’ in the Nakuru-Elmenteita basin,
. : v

13

CHAPTER TWO 3 '

GENERAL SUMMARY OF PREVIOUS WORK IN
THE NAKURU-ELMENTEITA BASIN

JThe Nakuru-Elmenteita basin is shown on maps 2 angd 3.
The first Buropean to visit the basin seems to have been
Joseph Thomson, who went through the area and into Bariﬁgogr
in 1883, He described the landscape briefly and mentioned .
Lakes "Elmeteita and Nakuro", (Thomson 1885 p, 340) v

: Important early work on East African geology was done

by I, W, Gregory, starting in 1892-93. From the time of

his flrst visit to the Rift Valley he noticed evidence of .TT'{
a ;ormer larger extent of the lakes and believed that these .'j &
1a es had existed contemporaneous with the former larger

gla01ers on- Mount Kenya, of which he had seen the moraines,

(Gregory 1894 p, 521) In his second major: work {(1921) he

Valley and fitted them into the geological sequence which T i
he established for Zast Africa, He suggested that there f!
had been at least two important periods of lacustrine

iéode of faulting and vulcanicity. The earlier of these,

Miocene age, included the Kamasia beds in the Baringo basin, . i
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and sediments exposed in the Njorowa gorge south of Lake ™. -

~

Naivasha. These were said to have been laid down in larger‘;

lakes within a rift valley, the Baringo basin sediments in
"Lake/Ramasia", and the Njorowa gorge sediments "either in
the southern part of Lake Kamasia or in a dontemporary
independent lake" (1921 p, 199), These lake sediments‘were
faulted by major rift valley faulting and overrun by 1ajav'
flows during the succeeding "Laikipian® (Miocene) and.
"Naivashan" (Pliocene) periods. A later period of highj
lake levels was suggested: "The Lower Plelistocene was
ch?racterised by the climatic change which increased'the'

‘ rainfall and led 0 the great development of the glacieré |
of Kenya and Kilima Njaro, and to the great extension of
the lakés, such as the greater Baringo, the greater
Naivasha,_ahd to the formation of Lake Suess, a former

lake which once covef?d the plains around Suswa and
Longonot"‘(l921'p. 207). Gregzory established the idea that
there had been two main periods of lgrge lakes in the Rift
Valley, separated by a period of gre;t faulting and much
vulcanicity, Although the dating of his sediments was soon
revised, and they were found to gé considerably younger
thqn he had. thought, the idea of a major break between

two main periods of lake Sedimentation in the Nakuru-

Elmenteita basin has remained current until the iast few

Jears and is still accepted by some,

. - e

:
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Zarly travellers in East Africa alsc noticed featureg
swinich séemed to suggest more recent climatic change; Thoméon
in his visit to the Nakuru-Elmenteita basin in 1883 saw

nany dead trees on the plain north of Eburu, "probably the
stran:é effect is due either to a change of témberaturevor

alteration of the rainfall®™ (1885 p. 347), while Gregory

said of Lake Hlmenteita "its level is being lowered by

_evaporation, and it is now much smallfr than it once was" -

(1896 p, 108},
The work of &, J. Wayland in Uganda from 1919 onwards

(e.z. Wayland 1934), although not directly concerned with

; . ) . e

events in the Eastern Rift and the Nakuru-Elmenteita basin,
;xjis’of significance in containing the most explicit, and
rfgihportaht early statements of the "pluvial" hypothesis.

';fThis‘idea of_a series of wetter and drier climatic phases

during the Pleistocene in East Africa which could be

\
‘corre;ated with the Eufopean glacial and post-glacial

events, was to influence studies in East African Quaternary

‘geology for the next 30 years, not always beneficially,

Wayland worked for a short time in the Nakuru-Elmenteita
basin during the first season of the East African
Adrchaeological Expedition in 1926 and his advice may well

have encouraged the intersretation of the evidence in this

area'according to the pluvial theory,

e e it e L B e
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‘The work of the East African Archaeological Expedition,

which began in 1926 under the leadership of L. S. B. Leakey,

1ncludeé studies of the sediments and shorelines of the
former lakes of the NakPru-Elmenteita and Naivasha basins
as well as archaeologicél investigations, Even in thé'
earliest brief accounts of the work of the expedition (in'

The~TimeS‘l928,29 and Nature 1929) the high-level shorelines

-yere seenéas evidence of,dlimatio fluctuations which might

beICOrrelated with fluctuations in Europe. A note of

cautlon Has sounded by Wayland "the correlation of Kenya :
N
Dluv1als with deflnlte perlods of the Pleistocene, as

_:repently set forth, is purely hypothetical" (Wayland 1929
'fp; 66?). éDeépite<fhis expressed caution, the correlations,
'?éumaérized briefly below, were given with very 1ittle
"(feservafion invLéakey i@}lb; the climatic sequehcerin
fEast Afri;a was worked out by Leakey and Solomon (p, 12

;and Appendix A in that volume) and the correlations with

. Burope were discussed by C. E. P. Brooks (Appendix B).




Sﬁorelines and climatic fluctuations in the Nakuru and

Naivasha basins correlated with those in Europe.

(Leakey 1931b pp. 245 and 270)

e

"

Nalurah post-pluvial wet phase - equivalent to Sub-

Atlantic in ZEurope. Lake Nakuru at 145'A,L, ©No shoreline

nentioned for Lake Naivasha except the possiblé 'Neolithic!

50" beach described by Gregory (1921 p., 220).

Dry period - equivalent to Sub~Boreal in Europe,

lakalian post-pluvial wet phase - squivalent to Biht

Stadium in Europe., Lake Nakuru at 375'A.L., Lake

. Naivasha at 100'A.L%

-Dry period - equivalént to Achen oscillation,

Gothiglacial retreat,

Upper Gamblian pluvial - equi#alent to Wﬁrm glacliation.

: )
Lake Hakuru at 510'A.L., Lake Naivasha at 180'A.L.

Pause - Lake Hakuru at circa 600'A.L. (Riss-Wurm

‘interglacial),

SRS O

In Leakey's more recent terminology the whole o@ the
Gamblian pluvial has been correlated with the Wirm
glaciation, the pluvial before it (now known as the
Kanjeran) with the Riss glaciation,
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2, Lower Gamblian pluvial - equivalent to Riss glaciation.

Lake Nakuru at 775'A.L., Lake Naivasha at 380'A.L.

Jry period, volcanic activity, rift valley faulting.

J (Mindel-Riss interglacial)

1. Kamasian pluvial - equivalent to ilindel and Glinz

glaciations,

At first Leakey and Solomon accepted Gregory's
correlation of the Baringo, Kariandusi and Njorowa gorge
sediments as lake sediments of the Kamasian pluvial., They
:séid: -"The Kamasian beds were' not laid down in lake basins
ﬁith a-similar configuration to those of today, but rather
‘in one enormous lalke which stretched in any case from
.ééringo to the‘Kedoﬁg Valley, and probably still farther"
(;931b p. 246), Then Acheulian implements were foﬁnd in
these beds at Kariandusi>and the liocene age‘suggested by
Gregory was rejected in favour of a Lower Pleistocene date,
at least for the upper part of these beds, After the last
major faulting of the Rift Valley were believed to follow
the Gamblian and later pluvial episodes, "from the beginning
'of the second part of the Pleistocene" (1931a p, 501),
whose deposits were said to be unfaulted (1931b p. 246).
Further evidence for this break in sedimentation was put

forward by Leakey in 1936 (pp. 49-50), He found hand-axe
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industries, apparently slightly younger than those of
Zariandusi, in what he described as 'old swamp beds' on top
of the Kinangop plateau., These he believed to indicate the

i

last stages in the drying up of the great Kamasian lakes’

and to be approximately equivalent to the lake sediments

at Xariandusi, 2000' lower. TFaulting of this order, i.e.

the last major faulting of the Rift Valley, was believed

toipost-date the deposition of these Kamasian beds. In a

diégram (1926 p. 50) Leakey showed a section across this

part §f the Rift Valley and the supposed great height range
1of1the'Kamasian deposits from the floor of the Rift Valiey
7ﬁpionto'the Kinangop pla;eau.

£ a later stage (1950§Dp. 62-3) Leakey slightly altered

 ‘h1s sequence by sollttlng the Kamasian pluvial into twoj

the xarlandu51 sediments were correlated with sediments at
Lgngera on Lake Victoria uﬁlch contained rather similar
Acheullan implenents and put into the "Kanjeran® pluvial.
The revised sequence 1is shownvbelow:
Post—p1u§1a1 wet' phases - liakalian and Nakuran,
th Pluvial - Gémblian (3 peaks separated by recessions)

Jrd Pluvial

Kanjeran (2 peaks separated by a recession)

2nd Pluvial Kamasian

1st Pluvial -~ Kageren,

The most recent expression of Leakey's opinion on the

" climatic sequence in East Africa is to be found in Chapter
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VII of his volume on Olduval Gorge 1951-61 (published 1965).}
In this he was concerned with the earlier climatic
fluctuations -rather than the most recent ones which have been
traced iﬁ/the Rakuru-Elmenteita basin., He referred very -
briefly to the lMakalian and Nakuran phases, and in a little
nore detail to the Gamblian pluvial: “there can be no

doubt that there was a pluvial period during the Upper

Pleistocene, This has been termed the Gamblian" {p. BQ)J

 Ee repeated the old opinion on the break between the

. Kenjeran and Gamblian pluvials: "There is considerable

evidence that towards phe close of the Middle Pleistocene,

Leat the”end of the Kanjeran pluvial, there were major

‘téctonic movements resulting in faulting and warping on a

" big scale™ (b. _83). Although Leakey mentioned the danger

‘0f using the climatic ep}sodes as stratigraphic unitbx and
‘the care with which corrglations between climatic changes
‘in different parts of Africa should be made, his opinions
on the reality of all the pluvials and the soundness of the
geological evidence which has been cited for them show

little sign of having changed. The Olduvail sequence was
|

" interpreted in terms of pluvial-interpluvial fluctuations,

\and the greater part of the chapter was in fact a summaxry
of the evi%ince for the Kageran, Kamasian and Kenjeran
pluvials on which Cooke (1957) and Mlint (1959) among

others have thrown so much doubt,
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Zrik Nilsson spent two seasons in East Africa, 1927-8
and 1932-3; durlng the first of these he worked for some
time at Legkey‘s Bast African Archaeological Expedition
camp near Elmenteita. From the results of this fieldwork
he wrote a number of papers; the most important afe
probably those in Geografiska Annaler of 1931 and 1940,
and his most recent éaper in Stockholm Contributions in

Geblogy, 1963. His work can perhaps be best considered in

" four parts - (i) the shoreline features (11) ‘the sediment
= v :

sections ({1ii) the glaciers and moraines (iv) the climatie
sequences. and correlations,

(1) :Hilssqn spent much time looking for evidence of former

‘higher lakes in the Nakuru-Elmenteita and Naivasha basins

(él§o in fhe Baringo-Hannington and Ethiopian lake bgsins).
in his 1931 and 1940 papers he listed a great nimber of
shoreliﬁe features (mostly 'cut terraces', i.e. small
céncave breaks of slope) at heights of up to over 800!

above the present level of Laké Nakuru. In 1931 (pp. 342-3)

. he‘ligted 57 shoreline features in the Nakuru basin; in

1940 (pp. 75-7) he listed about 140, The 1940 shoreline
heights are summarized in my figure 4, from which some
comparison can be made with the results of Leakey's and my
levelling. In most cases there is little groubing of

Nilsson's shbreline fragments at heights where Leakey or I

have identified lake shorelines. The:only map of the

J
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shorelines that he gave is at a scale of about 1 to Ol
million, and the 1list of shorelines gives only imprecise
locations such as "S5km SW of Elgenteita". Later research
workers in this area (including myself) have failed to find:
more than a small fraction of the features that Nilsson
‘idehtified as shorelines.

In some cases I have succeeded in identifying featufgs
.which seem to correspond with those described and located.
by’Nilsson; where I have levelled the heights of these 1
dfteﬁ found Nilsson's height figures to be guite close Fo ’
'\mine; ~Of ‘course it is not possible to be sure that even if
;~I‘feferredvto the same feature as Nilsson, I levelled to
':thé"same‘paft of it.

flint sﬁggested that)the tilting of the shorelines
shown by Nilsson "might result ffom some systematic
insﬁrumental error", (F%}nt 1959a p, 355) - I find this
rather hard to follow, since Nilsson probably did his
levelling from a number of different points along the
railway, which at that time ran right through the centre of
the Nakuru-Elmenteita basin, and the length of the lines of

levelliﬁg to the shoreline features (to which a systematic

instrumental error should be proportional) would not incréase

ffom one end of the ﬁasin to the other, I would think that
the tiltfhg obtained could be a result of the great number

N
‘of supposed shorelines ided%ified Fy Nilsson, These were

¢




put in grouvs according to height, each group spanning a*

considerable height range and some overlapping with the

sroups above and below (see the list, from Nilsson 1931

Nakuru basin shorelines, Nilsson 1931

Lake No. Shoreline Height above
: fragments Lake Nakuru -

I (later B) 12 between 634-8771

11 C 5 634690
IiT D 11 358-601" o
v g 11 332-043" 3

v z 11 2L3-358" :
ATAN G 5 - 164-177" 5,
VII 1 at 431 .

I sugges» that the patftern of tilting shown by Nilsson mlght
appear by chance from this haphazard collection of many '
features at differeﬁ} heights, It should be noted that th%
tilting described by Nilsson is not along one axis only, :
nor does the amount of tilt of the shorelines decrease
steadily from the oldest to the youngest. (The tilting is.
shown in many diagrams, e.g. 1931 pp. 300, 301; 1963 p. 35;)
I concludéd that it was of little use to spend much time
analysing Hilsson's complex tilting sequence., It may be
adeqguate as a mathematical scheme to explain his data but !«

the validity of the data, the ‘identification and grouping of

the shorelines, is doubtful and impossible to check.
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Criticism of this aspect of Nilsson s work has been i
expressed by a number of other people.‘ Solomon, who had
spent sdme time working on these shorelines hlmself said'f
"The writer has never been able to follow Dr Nilsson's work

; on the ancient beaches ‘around these lakeS°' their identdflca—f 7

tlon has always seemed- to him to. be speculatlve and of ‘
doubtful validity" (1n O'Brien 1939 p. 41), Kent gave-ar“'d'f
f? brlef account of Nllsson s WOrk and con51dered that "the

dbjlevels of shorelines shown in NllSSOH s diagrams (1940 ;fil‘

‘flgs. 18 and 19) appear capable of correlatlon 1n many waysu-

A

Fggother than that shown, and do not ‘seem clearly to establishf,7

ﬁ3ev1dence of tllting" (Kent 19#2 D. 736) He also suggested‘;'fw

;that the correlatlon of ollmatic fluctuations from Kenya. - totrgZ 
];Wthloolan and the Faiyum whlch Nllsson had put forward :
; Fohould be based on sonéthlng more than just number and
1ntensity of wet perlods, for example archaeological or
fpalaeontologioal ev1dence.' Accordlng to B, S Deevey (1n :
-Shapley 1953), inthe Nakuru—Elmenteita ‘and Nalvasha ba81nsf
d‘i"ﬂeither the stratlgraphlc nor the geomorphic evidenoe 1s‘~f
‘j”fnotably enriched by Nllsson B confusing account o eiier }
Vllsson s descrlptionﬂ inspire ‘no oonfldence that the
‘.features measured are really strand 1ines, let alone that
" they can be correlated from one transect to the: next" (p. 29c),

(ii)= Nilsson described sediment seotlons from both the

haxuru—Elmenteita and Naivasha basins and attempted to
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attribute particular layers of sediment to lakes at particulér

levels, These correlations, based on the sequences of lake |, = | é?ﬁ

deposits and discontinuities within the sections,‘and on the

altitudes of the various sediments, are not very firmly sk

hased., nilsson did not describe sequences where a pebble-

&)

sand—lake;silt exyposure occurs below the actual shoreline.
notch, which seems to be the best evidence to connect a

sediment and an actual shoreline level, In particular,

Wilsson concentrated on the complex river sections, such as. i {'7
Nderit drift and the Melawa river, attempting to interpret f RSt
‘them in terms of his sequence of lake level fluctuations. ’
‘Although I have not myself studied these sections in detail,
,fiﬁ &s clear that more work needs to be done on them, and 1
;ffeel that it_is very risky at this stage to try to interpret
;ghem entirely in terms of a basin-wide chronology. Some of

'the sediments in these leleys may represent relatively

short and local phases of deposition within that valley, and . "{ﬁ
¢ not have a real equivalent in the rest of the basin; thus
.an interpretation of the sequence in the valley may be : R

difficult to verify from evidence from other areas in the

basin.
e

- (1ii) The glaciexs; Nilsson described moraines of various

ages, resulting from a number of different periods of larger

. tlaciers, on mounts Elgon, Kilimanjaro, Kenya and Ruwenzoril

. in Bast Africa, and mounts Simien and Kaka in Ethiopia, I

RS
5
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conflicting opinions on the glaciation of the Simien

pimountains and suggested that, "Considering the extent of

26

have not myself examined any of these moraines and therefogé
cannot make a personal evaluation of Nilsson's work on them. E

From sone of the comments of people who have worked on these § 'fif
mountains it would seem that Nilsson's work on the moralnes 2 ‘
1s perhaps more accurate and easier to substantiate than his i
wﬁrk on the shorelines of the Nakuru-Elmentelta basin.
osmaston (1965 and pers. comm,) was able to use some of

liilsson's data'in compiling a table of the stages in the

““glaciation of the East African and Ethiopian.mountains,_and } ; S
confirmed Nilsson's belief in a good correlation between

“the glacial stages qﬁ the various mountains, (Table 6.11

in. Osmaston's thesis, 1965.} Hohr (1963) discussed

the glaciations on the peaks of East Africa, and making

allowances for the lower elevation and higher latitude of

Simien, the estimates of Nilsson would seem the most
accurate ihough somewhat exaggerated™ (p. 199).

{iv) From the evidence of the larger glaciers and lakes
Nilsson established a sequence of élimatic fluctuations,
Like Leakey, he assumed a close correlation between the

pluvial-interpluvial changes in kast Africa and the glacial%

interglacial changes in Burope; he has said: "From the ‘ ,'{
beginning of his investigation of the former greater African

lakes and glaciers, the author was convinced that nothing




27
vut the general Plelstocene climatic changes could offer é

really sufficient and plausible explanation for their 5 Wi

occurregnces® {1963 p. 23}, There are a number of tables i ,ﬂw
in Xilsson's papers which show the correlations he made . ;-
petween the climatic fluctuations in East Africa, Ethiopia,
Zgypt, Zurope and Horth America, for example in 1931
{p. 338), 1940 (pp. 207 and 210) and 1963 (p. 53). Some
of these corrclations were based in part on carbon—lH‘
dates and varve counting, but most often the assumption
'seens to have been that where a general similarity of - oo 5'5
“rhytha of wet-dry or cold-warm fluctuations could be 1 k :
i traéed, with the same pattern of peaks, these peaks must
necéésarily be contemporaneous., The theoretical basis for

» such correlations over wide distances is unconvineing, and

in BEast Africa at leist the sequence itself is far from

teing well enough established for such correlations to bé
based bn_it.
Despite the fact that Nilsson worked for some time in
the Nakuru-Elmenteita basin with Leakey and Solomon, and
;hat they started with a similar assumption, that the
<. ! élimatic fluctuations that they traced in East Africa could

be correlated with those which had been established in

Zurope, there is no very obvious agreement between their
results on the sequence of lake levels in the basin. Nilsson g

ol did attempt to include Leakey's terminology of Gamblian,

e g




dakalian and Nakuran phases in his- table: of lake and:

.
rlacier fluctuations, as shown in- the accompanying table i ;é'
Voj 1 ) Iowever any comparison of their results on theié

basis of shoreline altitude is almost meaningless, since.: '?
\Nilsson postulated tilting and a great range of heights for'

each shoreline group.. hatters are also complicated by the

. fd : faot that the terminology of the sequences of both Leakey

‘and Nilsson, and the relative importance accorded to.
certain of the phases, have changed since. the: early 19BOs.rfl‘
: The theories outlined above, and the use of essentiallyfif,
“*palaeoclimatological and archaeological material:as, the : :
v”:>bas1s for geological correlations, were almost unchallenged

| until the 1950s. The pluvxal period terminology was _ :

"formally adopted as the basis for stratigraphical work in
T::?'i ,nast Africa at the‘first Pan~Afrioan Congress on Prehistory
"‘at Nairobi, January 1947 : '

% f'uResolution no. 1l

‘“(2) The established sucoession -of deposits and faunas

in Ea5u Africa should be used as a ba31s for the development

RS
i

"of the African terminologJ.,‘
(3) Certain stratigraphic units should be recognised
:in nast Africa from now onwards.,‘They are: o '

Nakuran
Mekalian
Gamblian
Kamasian
Kageran.“
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Table I

Nil sson~Leakey corfelation:

Nilsson 1931 Table I (p. 326)

Mt Kilimanjaro Ruwenzori .. Mt

naxurua- Naivasha Baringo- :
simenteita Hannington, Kenya Elgon and s
VII ? ik Al tern
Vi VI ? Several small moraines wet a
v v dry p
Lake IV dri ' - o S0 bAria
Lake IV dried completely Glacier IV melted completely . Sub-e
v iv ? Small moraines Wet
Lake III dried completely Glacier III melted completely Arid
JIIT 0 III III ITI I1TI III III° | Vet
.Regression of lake II Recession of glacier II —Dry
11 IL II 11 II II T I Vet
Regression of lake I Recession of glacier I iDry\
I I T I I I I Vet
"Kamasia lake dried conpletely Glacier melted completely Last
or-in
epoch
Hamasia lake (or lakes) Remains Glacio- ) Great
of old fluvial ? ? Jor gl
nor- materials ‘epoch
aines  covered .
with :

lavas
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Table I !
Nilsson-Leakey ¢orrelation
) Nilsson 1931 Table II (p. 328)-
limanjaro Ruwenzori Mt ‘ Climatic epochs Climatic phases according.
Elgoq and sub-epochs to L. S, B, Leakey 1931b -
‘ : Al ternating Wet period -
veral small moraines wet and " Nakuran " ¢ 850 B.C.
' : dry phases ° o
: Lt Arid o Climatic
er IV mélted. completely sub~epoch 5 3 Dry opbimum
 Small moraines i Wet heg lHakalian Buhl stadium ete.
fr III melted completely Arid &S5 | Dry ' Achen retreat etc.
{zzr 1m0 IIT (et o . Upper Gamblian Wirm glacial
bession of glacier II Dry £ | Hid-Gemblien - Riss-Wirm' .’
| SR ‘ ! , _ g | pause interglacial ;
11 IT . IT Vet ) a8 ’ .
pession of glacier I | Dry 4{3@1? :
I LI I |vWet 3,58 ' Lower Gamblian Riss glacial
£r melted completely - {Last interpluvial . Long break, Mindel~Riss
lor interglacial volcanlc interglacial
epoch . activity :
}acio- Great pluvial : Kamasian Hindel glacial '
Juvial ? ? or glacial ! pluvial Gunz-Mindel
hterials . iepoch : subdivisions interglacial
pvered . | unknown Gunz glacial
tth , , ‘
hvas ;
|
. ! i
!
i \ ‘;
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The use of this terfiinoclogy was confirmed, with the
introduction of the term Xanjeran at the Third Pan-African
Consress on Prehistory at Livingstone in 1955, although a
slight reservation was entered. , 3‘Ai 1;
Hcéolution no, 1:
"(4) It is recomzended that Kageran, Kamasian,
Kanjeran, Gamblian, akalian and Nalluran should be recognized :
~as stratigraphic climatic divisions only in the East :
-African region, and that these terms should not be applied ‘*“ b
‘in other parts of Africa except where correlation is firmly - ‘;b
Jéftested by at least two of the three lines of evidence:
" palaeontological, archaeological or the geological settirg."

..~ These resolutions mark the heyday of the pluvial

‘theory and its importance in East African Quaternary
htratigraphy. Since the 1950s increasing doubt has been
%cast on the Validity of the theoretical basis of much of
? ; ‘the earlier work, Already in 1930 Bailey Willis doubteq
that a2 huge Earingo-lia;adi "Lake ilamasia" could have
ezisted and suggested: "An alternative explanation is that i

. the rift valley, when man of the stone age occupied it, had

already acquired a form approaching that which we now see,

and that similar deposits . ., . were laid down on benches
at different levels, whether in separate ronds or in

swamps" (p. 280), Criticisms were also made by Solomon
i

gin O'%rien 1939, ch, II1); he was chiefly concerned with

/
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criticism of the pluvial hypothesis as useqd by Wayland as
2 basis for the geological and archaeological successions
in Cgandd; but also included some reservations on his own
wor in the Nakuru-Elmenteita basin with Leakey. 1In
particular, he believed that the possibility of post-
Gamblian novements in the Nakuru-Elmenteita basin may have
been underestimated by himself ang Leakey in 1931, Solomoh

appears not to have done any more fieldwork in the Nakuru-

‘ ’,Eimenteita basin at this stage but to have based his
‘ hd

suggestions on a general re-appraisal of the geological '
and‘archagological sequence, .
On his return to South Africa from the Pan-African

Congrésé'on Prehistory at Nairobi, Du Toit (1947) gave an

~d@c0unt of some of the evidence for Pleistocene climatic

change in Hast and South)Africa, and stressed the need for
éaution in the interprefation of the geological evidence of
ciimatic change and in the correlation of the assumed
pluvial periods between widely-separated localities, He -
pointed out that between large areas, inverse climatic
trends may be noted for several years at a time, and the
danger of assuming "that the conditions deduced from one or
two spots must prove representative of the country, or even
be applicable to half a continent® (1947 p. 30). About the
nqw terminology which had been introduced at the Congress,

he remarked sensibly: "It might incidentally prove an

I

-
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advantare if such terms as "Kamasian Pluvial', "Third
Interpluvial®, etc, could, for a while at least, be replaceaq
by less comnittal expressions, and the undoubtedly intricate
{uestioq of elimatic oscillations restudied from a more
fedachal anzle , , " (p, 23),.

Shacileton (1955) esave an account of some of the

"lliddle Pleistocene (*Kanjeran') sediments in the Rift

#alley (at Olorsesailie, Kunyu wa Gicheru in the Kedong

,hasin, Rariandusi and on the Kinangop plateau), and concluded -

hat-althoush they were faulted, these lake beds had not

o

4 . , : . . :
‘been affected by the najor faulting which formed the Rift
[

Valley. Xe Teé-czamined the Kariandusi and Kinangop sites

o, -
g

I~ 2

ot

ich Leakey had studied and decided that the iuplement-

bearing laterites from the Xinangop plateau were formed
o = T = I

hen'the nain Scarp was already in existence and were

Vs

.ﬁnconformable on the greatly faultegd tuffs and lavas forming
i

i

the top of the plateau, It appeared that the sedimentation

of the "Kanjeran pluvial® bost-dated the last major
faulting in this part of the Rift Valley; this opinion has

t
since been accented by most of the geologists who have

s%udied this area (e,r, licCall, Baker ang Walsh, 1967),
Cooke (1957) ~ave a useful critical account of

%e evidence for the ‘waternary clinmatic fluctuations
in Zast Arrieca, Hé warned, "We must, I think,
Listinxuish\s%arply between a clinmatic fnterpretation

which coulg it the observations angd
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which is demanded by the evidence™ (p. 13) and concluded
ihe onlyxwell documented evidence for ciimatic changes in
sast Africa is that for the Gamblian Pluvial, the two later

e
wi

+ phases (Makalian and Nakuran) and the intervening dry
period, as shown in the Nalkuru-Naivasha basin® (p. 61), He
sugrested also that there was a certain amount of evidence
fbfvwetter conditions in pre-Gamblian times. Cooke demon=
s%rated that a Lower Pleistocene "Lake Kamasia" stretching

from‘Baringo to Hagadl was unlikely to have existed, since

.thé warping of the lava. floor underlying these lake deposits-

is not ‘enough to explain the 3000' difference in height
‘betﬁeen'fhe "Kamasian™ deposits in the Nakuru-Haivasha basin
'aégrthose of Magadi and BEaringo.

‘3 The value of Céo*e's comments on the Nakuru-Naivasha

-b%sin sediments and shorelines is limited by the fact that
h% did little fieldwork there and thus, understandably,

é ed the basic data, heiglit information and sections of
the earlier workers with 1little question, Thus, although
hé»considered Nilsson's tilting sequence "not convincing",
he accepted his "undoubtedly accurate data™ (p, 43). Cooke
vas awvare of the problems that the existence of an outlet

'~ﬁay cause in interpreting a climatically-controlled sequence
of lake levels, and said, "In the Naivasha basin inter-

pretation of the lake terraces is complicated by the Njorowa

zorge but in the area to the north this factor does not




affect the lake once its level is below the Gilgil barrier ’
(6,600 feet)" (p, 44), Unfortunately here he accepted the
helpht figures for the Nakuru-Elmenteita basin given by
Lealley énd Nilsson, in which the presenée of the Bahati
overflow, over 200' lower than the Gilgil divide, is ignored{
In fact the primary problem in the Hakuru-Elmenteita basin

is not whether the suggested sequence is adequately

supported by the reported data, but concerns the gquality of .

E this data, and this one cannof Judge without spending some"
 time in the field. Cooke also examined the basis for
"reqognition of parallel Gamblian and later phases in the
~“Baringo-Hannington aﬁd Ethiopian lake basins, and concluded:
. "There 1s thus only circumstantial evidence suggesting that

'the pluvial conditions considered necessary in the Nakuru-

‘<Naivasha basin to account for the Gamblian deposits there

" m@may perhaps be paralleibd in other areas" (p. 55).

In his paper in the Geological lMagazine of 1959
(referred to henceforth as Flint 1959b) Flint gave a
detailed and critical account of the evidence for each of
the wet and dry periods suggested by Leakey and others in
the East African Pleistocene sequence. He rejected the kind
of evidence and correlations on which the older (Kageran and
Kamasian) pluvials were founded and included a full
criticism of the use of inferred climatic phases as the basis

for stratigraphical units, Flint visited, though only
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. Gamblian and five more in the post-Gamblian) . . . are
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priefly, several of the Nakuru-Elmenteita basin sites and
nccepteé the general idea of the higher lake shorelines as
evidence of the Gamblian and later wet phaées, and, though

less certainly, the reddish, so-calleéd "“wind-blown" sand

as evidence of drier conditions, However he was not certain . ;

"of the exact number of fluctuations to be deduced from this

evidence in the HNakuru-Elmenteita basin, and said:’

"Published data on the Gamblian and later climatic evidence

are, however, so inadequate that the number of climatic

fluectlations to be read from them is uncertain™, (p. . 277)

y and "Whether all the 'wet' and 'dry' phases (five in the

~

“admissible on the evidence published so far is less clear®

I )
{ (p..277). Of the olderjclimatic phases, Flint doubted the

-

value of the evidence of the Kanjeran pluvial at Olduval
and suggested that although larger lakes probably existed
in which these sediments were laid down, the possibility
of tectonic cgntrol of the change in sedimentation
environment cannot be execluded, Only the Olorgesailie
lacustrine sediments vere accepted as reasonable evidence
of a moister climate during the "pre-Gamblian" (1959b
bp, 270-1),

A shorter paper (Flint 1959a) included more general

discussion of the concegt of pluvial-interpluvial

" fluctuations and the kinds of evidence for climatic changes




during the Pleistocene in Eastern and Southern Africa,
Concerning the haluru-Naivasha basin shorelines, Flint‘said
that they "although discontinuous, actually.are more nearly
continuous than is shown on sketch maps made before 1935"
{p. 355). (Ee is presumably referring to maps such as
‘Leakey 1931a p. 499 and Nilsson 1931 p. 291.) Concerniﬁg"
this comzent of Flint's, I would say that although the
actual shoreline cliffs in the Nakuru-Elmenteita basin

seen to be no nore continuous than they are shown on Leakey‘s
cor Nilsson's maps, there 1s certainly quite a lot of .
. sediménté}y evidence of lake shorelines which is missing
from these naps,

RBecent detailed geological mapping has been done in

ct

he Naivasha basin by Thompson and Dodson (1963) and in the
Nalkuru-Elmenteita basip by licCall (1957a and b, 1967).
Unfortunately the degrée sheet boundary (latitude 0° 30's)
runs across the southern part of thé Nakuru~-Elmenteita -
basin, so that important sections on the River Nderit and
on Eburu are cut off from the rest of the basin and included
in the area covered by the Naivasha report, The writers of
this report, which was actually completed by 1958, seem to
have done little fieldwork on the recent lacustrine
sedinents and former shorelines, and accepted much of the
earlier work on this topic rather uncritically. According

to the Foreword: “The mapping was greatly assisted by the




large amount of work done previously by archaeologists,

with whgse results the authors are in general agreement,"

Thus they accepted Nilsson's evidence for tilting of the
shhorelines in the Nakuru-Nalvasha basin, and made Leakey's
Ganblian-lakalian-Nakuran sequence the basis of their
chronology of the Upper Pleistocene in the Naivasha basin:
Thelr report contalilns little useful criticism or evaluafion-
~of the ecarlier work in this area, and almost no new :
_information about actual evidence of the former higher lake
levels, N

= Thé papers by HecCall contaip much useful material on
,thé geology of the Nakuru-Elmenteita basin, and I refer to
vthem often im the chapters that follow, Although he was i ‘ ; § 
;ﬁgt primarily concerned)with the evolution of the lakes,
ihis work on the younger sediments and fheir relationship to
5episodes of faulting and vulcanicity is of great relevance
to a study of the former lake 1evéls. [leCall believed that i_ éi"
the last major faulting of the Rift Valley is Middle ;)
Pleistocene and pre-dates the "Kanjeran" sediments such as ‘ EQ(
tnose at Kariandusi: "There is every reason to believe

" these sediments were deposited in the basin of Nakuru-

Zlmenteita as we know it today" (ilcCall 1967 p. 67). Later

sedimentation took place in rather shallow basins delimited
by two phases of minor faulting; there are believed to be

only minor unconformities between all these Nakuru-flmenteita




37

basinzéediments. However McCall doubted the Suitability
of the MNakuru-Elmenteita basin for a study of climatic
fluctuations Trom the evidencé of changes iﬁ lake level,
"since tectonic movements and volcanic eruption altering {
' the shape of the land surface certainly occurred there up -
to the end of the Pleistodene and are still continuing on
a Very ninor scale, From-this fact it is clear that
factors other than climatic exerted a control on the:extent
of uhe 1akes in this basin at any time" (1967 p, 64). " His
classification of the Upper Pleistocene sediments, with a’
tnreefoWd subd1v151on, is discussed in detail below
‘“,(Chabter 3), from it he concluded: "While climatic
fluctuations. have a b%arihg on the extent of the lakes the |
&hree subdivisions appear to owe ;heir existence primarily"
Eb factors other than climatic, and at present the writer
can see no real validity in correlation with the European
ﬁlaciation" {1967 p. 72). Another account of the Nakuru-
Elmenteita basin stratigraphy, based on virtually éhe same
' matérial as fcCall (1967) is in the paper by licCall,’ Baker
L énd Walsh[in the volume edited by Bishop and Clark (1967).

In a recent paper (1966) Temperley discussed features
he named 'faced scarps' in the Kenya Rift Valley as evidence
of rejuvenation along an older line of faulting and
suggested that the major Rift Valley faulting might be much

younger than has been suggested by HcCall and others,




out that "It is necessary, at least at the moment to

_'dlsallow palaeoclimatic stratigraphic units for the

’

i.e, Upper Pleistocene, and- post dating episodes of grid— o

faulting. Ee did not discuss the implications of this ,[?

theory in terms of the sedimentation history of the area.yj;”

A symposium on systematic investigation of the African

"Austria, in July 1965 } The- papers presented at the

.*sym0031um were. published in the volume edited by Bishop

[

'rand Clark (196?) ' The symp081um rev1ewed the work done Q;
'.'by scientists working on’ late Tertlary and Quaternary
'F‘problems in- Afrlca over the past ten years in many ﬁf

' disciplines, including stratigraphical geology, palaeon—

”“tology, palynology, arohaeology etc. -Recommendations were'

}among these were recommendations on the principles of’

strativraphic nomenclature to be- used in the study of the

‘,African later Tertiary and Quaternary.’ It was pointed‘

African Quaternary (p 906), and was. recommended that

"'u‘stratigraphical schemes adopted for Africa should follow

s1m11ar lines to the stratigraphic codes in use in North ;

JAmerica, Australia and New Zealand (pp. 890 1) Concerning

‘the general principles of- nomenclature it was said'

"Stratigrabhicvunits can be created by naming'and_defininé

hylater Tertiary and Quaternary was held at Burg Wartenstein, N

r_made concerning the ex1stlng sequences and terminologies' Sy




them in print. Geographical names should be used, thus

pernitting the continued use of the name even if the

reology should be reinterpreted at a later date, Climatic“"

phases which are correctly defined ﬁay also be regarded as

useful units but should not be confused with rock units,_

time units, or faunal units" (p. 397). It was stressed

that the approved qpratigraphic code should "make clear

the distinction between rock units, time-stratigraphic

units, time units, bilostratigraphic units, and other units"

(p. 890)._ _

| These recommendations are of relevance to the study
of the late Quaterna;§ in the Nakuru-Elmenteita basin, in
connection with the use of the terms Gamblian, Makalian
and Nakuran. This terminology is one in which the
distinctions between the different kinds of units have
become blurred, and the need for revision is apparent, Hy
comments on the continued use of these terms are given in

Chapter 8.
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:‘Gcentre of the basin (an area about 20 -miles long and 10

'?tonography (e z. Llon Hill and the area west of Lake

ueplsodes of faultingjand vulcanicity have had a strong

flnfluence on the pattern of . 'sedimentation- in the basin, ‘and

-junderstandlng of the history of the lakes.

1area 51nce the Lower Pleistocene, - The’ table is based on
.wcCall (1967 Table I); I have omitted the references to
frooks from outside the Nakuru—Elmenteita basin and inserted

. 'a note on the possible date -of the: 600 foot lake in the

:1; The faulting and’ vulcanicity
Py IR is now ‘pelieved that the last (third) major Rift

;Vallej faulting pre dated the deposition of almost all the

yincludes features resulting from volcanlc activity, faulting

‘and 1acustrine sedimentat1on. “The" greater part of the
%mlles w1de) is covered by lake beds, and the faulted %

;Vakuru) and volcanoes and lava flows: (e & the Elmentelta

?Badlands) only take upa relatively small area. However i

: :f:4d
 CHAPTER THREE o ‘
THE GEOLOGY OF THE NAKURU-ELMENTEITA BASYIN’ s

The landscape .of the Nakuru hlmenteita basin (see map 3)

nowledge of When and uhere they occurred is” essentlal to an

Table II ‘shows the suggested sequence of events in this

3basin. Some aspects of the sequence are discussed in: detail i

below'

4
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Table IT

tate Quaternary Events in the Nakuru~Elmenteita Basin

(From McCall 1967 table I)

Rezcent

S ot

ge i
@ g

Louwer/

lower

Liddle
Fleistocene

Superficial deposits ete,

Volcanics: lenengal trachytes, lava and
scoria cones,
Elmenteita basalts, lava and.:

scoria cones,

Sediments: Hakalia sediments (deltaic?)
Aanmnn~ yweak unconformity
"Gamblian" sediments of Hderit
and Makalia,.

&robable age of shorelines_of 600 foot lake
in Naluru-Elmenteita basiq]

1

Minor faulting: new fractures and renewals
on older fracture lines, E.g. west
of Lake Nakuru,

Sediments)s

Volcanics:

tuffs and lacustrine sediments of
Hakuru basin., Larmudiac sediments.
punice mantle from Menengai is not

later than this, possible much older.;

Minor faulting: new fractures and renewals

on older fracture lines, Nakuru

and Elmenteita basin,

Volcanics:

Sediments:

Elmenteita older basalts, tuffs and
agglomerate tuffs, (tuff cones e.sg.
Karterit) Honeymoon Hill. Soysamhi
olivine basalts. )

Kariandusi lake beds ("Kanjeran"),

Third major faulting of Rift valley.

Volcanics:

possible date of formation of
lMenengal caldera,

Volcanics:
Sediments:

3i1gil trachyte; lava flows,
Znigma Cove lacustrine sediments.

i
i




sedimentation in this basin.

; 42 .
lacustrine secdiments now exposed in the basin: thisg
includes the Kariandusi diatomites as well as the younger
"3gnblian" lacustrine silts., It is suggested that all this
sedinentation has taken place in a basin essentially similar
to that of the present day., There was no major break ‘with
great faulting, wvulcanicity and an arid climate between the

deposition of the Kariandusi sediments and the later

(ii} The later (post-Kariandusi) sediments in the basin

are-not entirely unfaulted, but have been affected by

poséibly—two episodes of minor tectonic activipy. Such %
faulting appears to ?ave consisted often of renewals of
movement along older(fracture lines, and in some areas
produced a very fine grid pattern., Examples of this fine ;
grid faulting are seen to the west of Lake Nalmru, where
there are many small parallel rocky scarps, and also in the
faults cutting the tuff cones south of Lake Elmenteita. Of
th? faults west of Lake Nakuru, iicCall said, "These faults
displace the sediments and tuffs of the Upper Pleistocene
&Gamblian) succession and effect an apparent lowering of the.
floor of the RBift Valley in the Nakuru basin by up to 100
feet" (1967 p. 101).

(i1i) Henengai caldera; it appears that the formation of
the caldera took place at quitg an eérly stage in the
Pleistocene history of this area., This episode is likely

to have caused major topographical changes at the northern




B been produced during the caldera eruption.

’

end of the basin and the scattering of a great deal of
volcanic debris nearby. It would seem that these events i
vre-dated even the Kariandusi sedimentation, and are

certainly considerably older than the 600 foot lake and

associated sediments. The 600 foot shoreline on Menengal

is cut into thick beds of pumice which are believed to have

#icCall did a considerable amount of research on Menengail
cand in his earlier papers (1957a and b) he put the age of
‘the caldera formation as late as about 10,000 years B,P,

Certain giabsy tuffs (Solai and Mbaruk tuffs) believed to

have been emitted early in the explosions of the caldera
formation, were correiated with the 'Makalian' ash, The
putative age for this ash was based on palaeoclimatic angd. ﬁ
archaeological corqélations (Leakey 1931b)., 1In his la¥er
paper (L967) lcCall rejected this correlation and suggested
that the thick pumice mantle is "from the structural evidenc%"
possibly as old as Lower Pleistocene. (1967 p. 63) The ,
caldera formation is thus attributed to about that date.

If the caldera is as old as this, then any changes in the
basin associated with 1ts formation are not likely to have
had any effect on the recent sedimentation, i.e, in the

600 foot and later lakes,

{iv) The Bahati overflow area: the level of the 600 foot

lake appears to have been stabilized at the level of the

ij

L




_(1icCall 1957a pp. 14-15), It is possible that since the

original formation of the caldera. changes on this rim have
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cast side of the rim of lienengai caldera, at the point OF
on map 2 (see also map 5)., The possibility that changes

in the level of the rim might have occurred at a late date

nust be considered in connection with the history of thié
lake. .

The outlet area is in fact a subsided part of the = |
caldera rim; similar subsidence structures exist round
other parts of the caldera and indicate that it was formgd
Ey subsidence of the superstructure into the underlying

magne chamber rather than by catastrophic @kplosion.

taken place which altered the overflow level of the basin

and thus the height to which lakes in the basin could rise.
However iclall does not mention the possibility of a later
reneval of faulting or subsidence around the caldera rim i

and it may be that after the initial catastrophic activity

which shaped it, the outline of the caldera remained stable,
The Bahatl area does not seem to be one where the most

recent episodes of faulting, which might have caused changes:
around the caldera rim, have been active, The Bahati plain‘?
is a smooth open expanse not crossed by the fine grid faults
typical of the latest faulting episodes, On‘McCall's |
structural map of this area (1967 p. 94) no faults younger

than the Lower/lower liiddle Pleistocene are shown anywhere
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'is discussed in more detail in Chapter 5.

in this vicinity. The overflow area is marked as a ',i'
'lateral graben' and although no age is given for the vé .'
faults defining it, other faults round the crater rim arei
narkZed 3a, presumably belonging to the third major faulting
episode which is the Lower/lower Niddle Plelstocene one.
It is possible that the level of the outlet:has baen i‘
slightly raised since it was formed, and since the lake |
stood at this lewel, by volcanic debris from the recent "E ‘

small-scale activity within the caldera., This p0551b11ity

(&) Other vulcanicity has occurred in the quufu-
Eimenteita basiﬁ during the period of sedimentation in thq
most recent lakes. Products of this activity, in the form
of narrow layers of ash and tuff, are seen in some of the

sections in the basin, often between layers of diatomaceous

silt, Often it is not easy to tell whether such material
wvas 1laid down directly into water (straight from the |
eruption) or had undergone a certain amount of transpor-
tation beforehand. Most of this vulcanicity was centred
in the 'Badlands' south of Lake Elmenteita, but eroded
remnants of tuff cones also exist north of Lake Nakuru,
Honeymoon Kill and Crescent Hill. -Some of these volcanoeé
are older than the 600 foot stage of the lake, since

probable shoreline features of this level are cut into them

and lacustrine sediments occur around their lower slopes,




'tiqned lake shorelines, identified as "Gamblian", on these
: congs., Honeymoon and Crescent Hill are probably also of

- thiis phase. .

RN
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Cther cones and lava flows are certainly younger than some ,;if'
of the recent lake sediments. McCall studied the
31:cntcika Sadlands and distinguished three phases of . s

vuleanicity (1957a np, 21-4);

Phase one; buff and srey tuff cones and associated ,
lava flows. The central parts of the cones are downthrown . ‘f_é éﬂ
by north-south faults, for example Karterit and Split Hill;‘ i
The tuffs which form these cones are believed to be

equivalent to the Kariandusi lake sediments. HoCall men-— : |

Phase two; red basalt cinder cones and associated
lava flows; ﬁﬁese are unfaulted. They are said té cover
the earlier lake deposié% but to be overlain in parts by
a thin layer of moﬁe recent deposits,

Phase three; the most recent vulcanicity produced a
steep red cindery basalt cone 1 mile north of the former
Zburu stasjon, and some lavas,

This wvulecanicity, although it covered part of the
South-east corner of the basin and may have spread fine
volcanic debris over a wider area, does not seem to have v
been a major disruptive force in the sedimentation history
of the basin, The material produced, even to make up the -

A

lafzer cones, has not drastically changed the basin shape
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or volume and thus has probably not had a great influence

on the conditions under which the lakes exlsted in the

hasin,

Lacustrine and other sediments

(1) Znigma Cove sediments: a layer of diatomite is

exposed at "Inigma Cove" in the steep face of the Gilgil

,escars%ent (Temperley 1966), It is faulted and overlaiﬁ
~by lava and is believed to pre-date the third major Rift
'»iValley faulting, i.e, to be Lower/lower Hiddle Pleistocene

kin age, Since it is a diatomite, it is almost certainly of

" lacustrine origin, but was deposited in a basin that has

‘since been disrupted by faulting and flow of lava. This

sedinent canqoy therefore be fitted into any sequence of

‘lzke level fluctuations or related to any lake shorelines

© in this basin, )

(1i) Kariandusi diatomites: these were originally exposed

along the Kariandusi river valley and are now visible to a

_depth of over 100' in the mine close to the main Nakuru-

Hairobi road at the point KA~on map 3., A more detailed
discussion of the Kariandusi mine and the Nalkuru-Elmenteita
basin diatomites is given in Appendix D. The position of
the Kariandusi sediments in the history of faﬁlting and lake
deposition in the basin has been the subject of some
controversy, They were fipst attributed to the Miocene

by Gregory and then transferred to the Pleistocene by
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_eakey and attributed first to the "Kamasian", later to
thé "danderan" pluvial phases. Acheulian handaxes overlie
the dlatomites at Kariandusi in a rich site and by
correlation with similaer industries elsewhere in Kenya

Leakey therefore suggested (i) that these lake beds were

H
kontemporaneous with deposits at Kanjera in West Kenya
, :

!

‘(hancr= the "Xanjeran" pluvial), (ii) thest 1lake beds were
l.l

conuemporaneouq with swamp beds ZOOO&ghigher, on the

AN

_had been faulting of this order since this sedimentation,

%i.‘e.' the last major Rift Valley faulting.

licCall, Baker and Walsh (1967 p. 196) rejected this
correlatlon and said, "It 1s this conclusion that may well
have resulted in a maJor\mls correlation in this part of
the Rift Valley". The work of Shackleton (1955) and

HeCall (1957, 1967} has shoﬁn that the Kariandusi sediments
vere deposited on a strongly faulted trachyte surface, but
are themselves only affected by minor faulting; i.e. they
clearly post-date the last major faulting in this part of'
the Rift and are possibly of upper Middle Pleistocene age.
These sediments are well Stratified and show a marked
vestwards dip (into the valléy); this is believed to
result from slight downwarping of the Rift Valley floor

continuing after their deposition. According to McCall,

tﬁese sSediments pass laterally into the graded tuffs of the

"~

f;#inangop plateau just east of the Rift Valley; hence there
i
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older cones of the Elmenteita Badlands, for example Karterit.

These conds are faulted, so some faulting has taken piace
in this 'part of the basin since the Kariandusi sediments
vere deposited, IicCall suggests that despite this 1aﬁef
ninor faulting "there is every reason to believe these
sedinents were deposited in the basin of Nakuru-Elmenteita,
as we know it today" (1967 p. 67). I see no reason to
disagree with this opinion; however the assumption of °
an essentlally similar basin does not preclude the 3
possibility (a) of a chénge in the outlet level at the rim
of the'basin.since the sediments were laid down, (b) that
the shoreline features of the lake in which these sédlments
wére laid down have been disrupted by later minor faulting
and so..can no longer be r%cognized or correlated by height.
There are, 'in the southern part of the bas1n, other
small diatomite exposures whlch seem faulted, some also
overlain by lavas, and all a lot harder and whiter than
tne later diatomaceous silts, (described below). ‘These

include sections 8/, 8/5, 8/9 and BE/2 (map 3), at

. altitudes between 6400-6650' 5.D., all considerably above

the Kariandusi deposits which are not exposed much above
6150' S.D. These sediments are likely to be of lacustrine
origin but are above the level at which a lake could exist

in the basin today. The implications of this are discussed

i in'Chapter 5.

!
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iore diatomite is exposed at Soysambu, on the ridge
metween Lakes IZlmenteita and Naluru, and in 1965 was being V“;J*:
woried in,an open pit, It has been suggested that this , Y

sedlment 1s contemporaneous with that of Kariandusi, and it

is so maried on iiclall's geological map (1967). Ffom a

orisf study of this devosit and other diatomites in the

south of the basin, I decided that it might in fact be
- younger than the Xariandusi sediments and the same age as
the diatomites at 82/3 and 10/18, This appeared likely

* tecause of the youthful and unfaulted appearance of the

diatomites at Soysambuy which are overlain only by a narrow

| layer‘df soil, This correlation is discussed in more detail.
‘in Appendiz D, The Kariandusi diatomites are overlain
q@conformablyﬂby horizontally bedded sediments, Thgy é
iﬁclude gravels and impure diatomaceous silts and have been i
sﬁggested as being of "Gamblian"™ age (McCall 1967 p. 67), i

and to be fluviatile_deposits. In the area of the mine f

e

itself, these sediments are now hard to trace, but probably
squivalent beds overlie the older diatomites slightly
algher up the River Kariandusi,

{i11) Upper Pleistocene and Holocene sediments: these
deposits cover a large part of the centre of the basin,

ut they are best exposed in sections in the Nderit and

Kékalia valleys and to the west of Lake Nakuru along the

3
2iver Lamurialk, They include quite pure, light grey
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iiatonltes, some with regular banding, and softer grey-
}}‘ arown Jlatonaceous silts, There are also deposits which | 'L {L
ars? proﬁgbly of terrestrial origin, in particular bright ;_» f@‘
cran~c and reddisih coarse, usually unstratified silts. There &
arc sonz layers of volcanic material, including the coarse
pumiceous debris which 1s found in sections 3/3,4,5 on

the Sohatl nlaln, and fine dark grey ash which occurs near
“the River lakalia, in particular outcropping above bright

‘red silts in the lagharibi cliff (see plate 22).: ; SEe

The complex sect%ons in the Nderit and Makalia vallgySA
::were studied in detall by Leakey, Solomon and Nilsson
{Leakey l931b, Nilsson 1931), Their interpretations are
"basedion the»Gamblian—Makalian—Nakuran lake level seguence;
?%he various diatomaceous silts are attributed to déposition

;o ‘at periods of high 1éke\ﬁevels, the breaks between them |

‘and terrestrial devosits to the interveriing periods of low

[

k lake levels. They assuned:
(1) the essentially climatic control of the pattern

of lake level fluctuations,

(11} that no faulting had affected the Gamblian and
later sedimentation.
: (1i1) the validity of the archaeological sequence as
?‘ #worked out in this part of the Rift Valley (from Gamble's
Cave in particular) and the definite association of

T different industries with particular lake levels,
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e

Since 1t 1s no longer accepted that no faﬁlting took

N

1
|
Iy

nlace in the "post-Kaqjeran" in this basin, the theoretical
tasis of the Interpretation of these sections is seriously
veazened. It is possible that changes in sedimentation
oondif&ons in an area resulted from tectonics rather than %
nlinatic change., The likelihood of valid correlations .
paticen different parts of the basin is lessened, since the - -
nishly localized small scale faul ting that appears to have
been typical of this period could cause considerable changes
in sedinentation in . one area and leave others relatively o
unaffected. The value of the detailed archaeological
seodencc establi"hed for this area, and of the oorrelations

nhlcn Wwere based on it, is also now doubted; -thls is

“ discussed in more detail in Appendixz C,
It seems of little value to include an account of these
sediments a; interpreted by the earlier authorities, or a : '”=;V;
detailed criticisnm of}their conclusions, since the basis ?‘ :’:QJ
of the interpretations is now so uncertain., McCall himself,
wino made a more detailed study of the sediments in other
i : parts of the basin, reproduced some of the earlier material
of Solomon and ﬂilssbn on the Nderit and MNakalla sections
without further comment (icCall 1967 pp. 68-70). The
i feological report covering most of the important sections
i § alonsz the River Nderit is that by Thompson and Dodson (1963)

; i; on the Haivasha area. Unfortunately this too contained




'to holocene sediments in-the basin" these, however,

:«”ﬁ‘Pasuran leiSlonS, and ‘he stressed “the - three subdiv151ons
"f‘_apuear to owe. thelr existence prlmarlly to factors other ‘,"
l ‘lthnr climatlc R "(1967 . 72) ' 'On his mab, the

f]sediments vere shown in two subd1v151ons only.

11tu1e original material on the lake shorelines and
‘sediments and’ did little more than repeat the inter—»,,_-‘

pretatlons of Leakey, Solomon: and Nilsson.

lcCall distinguished three series of Upper Pleistocene:;j"”

l
deflnitely do not correspond w1thfthe Gambllan—nakalian—

srUpper Pleistocene, “Gamblian" and Larmudiac beds

“~:- Recent, “hakalla River Beds“' e 54f

f‘ihese 1nclude gravels, sylts, diatomaceous silts, pumiceous;

beds and graded tuffs, and were: said to be of part

1“[:‘jiulacustrine, part fluv1atile origln.‘

«

Itiis clear from the text and from my subsequent

'\dﬁscu831on w1th thall that the heading Pll as used on ?’

3

j,the map.- covers sediments of a. con51derable age range, from

Upner Pleistocene probably into the Holocene.' The older
‘ ‘croup of these may be referred to by the name given them i
by mcCall (1967 D, ?1) the. Larmudiac Beds They are best j:i

g)efposed inthe highly faulted topography west and north—,~‘

uest of Lake Nakuru, uhere they have clearly been 1nfluenced

e@ilts and clays and stratified graded tuffs and thus are:

'bJ minor faulting. They include 1ake deposits, diatomaceous LA




.. evidence of former larger lakes in the basin. ’However

f‘sinoe they are faulted, it is dangerous to try to oorrelate

“them on @ basis of altitude, or to Link them uith a""

§ narticular shoreline level. None seem to ‘occur much above

; the uresent overflow level of the basin, so that 1t s’

unlikely that theJ Dre date -any major: changes 1n the

touograuhy of .the Bahati or Gilgll areas,. In’ the text
(1067 pp. 71, 72) hccall stated that these Larmudiao Beds

f;:on,J occur below the high level shoreline on Menengai (base

i

B

H
B

i

:

‘01 shoreline cliff at’ ciroa 6370 ) ‘and it.was 1mplied that

;- he sediments are thus of the same age as this “Gamblian"
‘.§]‘.f§ shoreline. In a later disouSSion, hoCall suggested that

i >V?ﬁthis heivht relationship is almost certainly a coincidence ;
‘ and that the Larmudiac sediments are clearly much older i
than the shoreline. This agreed well With the conclusions

“1 had made while doing my fieldwork about the comparative e

youuh of this shoreline and the sediments associated with
-Younger than. the. Larmudiao beds and probably post-rd'
Pleistooene 1n age are the “Gamblian" and "Hakalian" beds,
"~:ﬁ: Jhlch ncCall eonsiders to have been deposited 1n a trough
1,_}’fi~:fi formed Wlbhin the Larmudiac sediments by 1ater minor faults. fl“
| Eh Aceordinv to leCall there is evidence in some places of a-
“lirvefyfweak unconformity, perhaps due to minor faulting or a f

“jf Periodvof aridity, between two sets ‘of sediments in the f
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nazalla and dderit sections; at this stage, however, this
cannot be concidered as conclusive evidence of a Gamblian=.

gaalian "interpluvial®, On icCall's map the "Makalian"

sedinents (<1) are limited to parts of the lower courses of S

the Rivers Makxalia and Hderit, the area north of Lake

Tialuru below the area 5950' liisonge shoreline, and a small
" strip east of Lake Haluru at the foot of Lion Hill, The
Faistinction within the Upper Pleistocene between "“Gamblizn"

I* and-Larmudiac beds 1S npt made clear.

It is unfortunate that the names "Gamblian® and

"Hakalian" have been retained, however incidentally, in

this classification of McCall's,K It implies that the deposits
‘ !

can Ee fitted into the established sequence of climatic-
controlled lake level fluctuaticns, and are equivalent to
the "Camblian® and “Hakalian" sediments described in the
earlier worl on the geology of this basin, The results of
iicCall's and ny work on the sediments and shoreiines
indicate that this is not the case, It would be wise, when
further work is done on the sediments, to use new names
which are free of the palaeoclimatic implications associated

with the names "Gamblian" and "Makalian®.
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CHAPTER FOUR

2 FOR PAST :10RZ HUMID CONDITIONS AND HIEHEZR
LAKTZ LEVALS IN THE NAKURU-ELMENTEITA BASIN

1, The Drainage Systen

1

A number of small water-courses drain towards Lakes
‘jaxuru and Elmenteita (see maps 24and 3). Host of them.
contain very little flow of water in the lower parts of
theif courses, since 1t is lost in the permeable silts

iborderihg the lakes., TFor part of the year the upper
‘,coﬁrses also seen té contain very little water. The
‘Lvalleys of the streams are often deeply cut and in pafts
'?the stream beds are 1ib§ered with larpme water-worn boulders.
éI noticed this in particular on the Rivers Nderit and
Haﬁaliag which I examined at the end of the dry season,
tiarch 1967. The river beds were filled with loose dust and
sand, and large boulders of dark lava, sone several feet in
diameter; the only water visible was in a few small
stagnant pools. It is true that the Nderit and'ﬁakalia
headwaters are in the best watered part of the Nakuru-
Flmenteita catchment; when the rains come the rivers
seem to rill up very quickly, and after a particularly
heavy storm a considerable spate might develop. However
even after nearly two months of heavy rains in April-May

1967, the volume of water in the Nderit and Hakallia rivers
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?geczei small, compared to the depth of their valleys. Huch
of the upper Kderit valley 1s a rather narrow steep-sided
7 over 50' deep, while the upper gorge of the Makalia(at
§11/3 on nap 3), cut in a lava scarp, is over 100' deep.
; The lower parts of their valleys are cut in rather soft
f material, including diatomaceous silts, but the higher ﬁéep
‘ valleys are cut in light grey volcanic tuffs which are
qu;te‘hard, and in the lavas of the scarps bounding the
basin,

I‘would suzgest that the misfit appearance of these
' thd obher Hakuru-Elmenteita basin streams may not simply
V bé‘a'result of the highly seasonal nature of their flow and
of thé soft and porous ;ocks of the lower parts of the basin,
mut could indicate an actual decrease in volume of water
since the gfeater part of the erosion of the stream valleys
was done. In the absence of river capture or tilting of
the land causing a reduction of catchment area and in the
amount of water reaching the river, it isrreasonable to
assume that there has been a climatic change, probably a
slight decrease in rainfall, 1In a few cases man, in
diverting water for farming purposes, has reduced the
anount of water in the drainage channels; this is true of
the Hgosur stream 6n the Bakati Plain and of a spring on

Ebugu now piped to provide water for Prospect Farm, Dams

have also been built, e.g. across the Hiver Lamuriak and
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at the top of Prettejohn Gully. Such activities‘do not,

nowever, seem to have influenced the major drainége lines; vl
ﬁost of the water for farming appears to be takeﬁ from : o
ﬁoreholes rather than from the riﬁers. : . gf
| hany other valleys in the Nakuru-Elmenteita basin |
&ppear to be completely dry for almost all the year,
'éccasionally, after an excentionall& heavy rainstorm, they
may‘supnort brief rush of surface flow, but for most of
Ehe year their floors are dry and dusty or closely vegetated
viénd'show no sign of erosion by running water. Examples of
'uhese in the south of the basin are Aspinal and Prettejohn
f Gullles, south-bank tributaries of the River Nderit (map 3).
‘?hese valleys are rather ‘stralght and bounded by steep
éliffs, up ted 40' high, The walls of Prettejohn Gully

'ére cut in a variety of rather soft sediments, coarse red

silté, pumice pebble beds and dlatomaceous silts; Aspinal
Gully is cut in the harder grey tuffs which are widespread
in this part of the basin. A few acres of the upper
"oatchment” of Prettejohn Gully have been converted into a
dam which collects water during the rains, This, however,
is simply a small collecting hollow for rainfalls it does
not contain any springs or lead upstream to a further source
of water, The gullies may have been cut along lines of
wealmeSs caused by the approximately north-south faults of

this district (a small fault block of lava stands in the
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-iidle of/Frettejohn Gully), but they are erosion valleys
a1 nmot miniature rift valleys., It seems hard to explaln
«ne oxistence of these two quite large valleys which now
contain no water at all for almost the whole year without
susmesting that they once contained more water., Large
frees grow on the floor and sides of both valleys, and in
%spinal Gully a2 thick mat of grass covered the floor even
&t the end of a lons dry season; they are not completely
‘ﬁatarless, but the amotint of water that passes down these
 ‘§a11eyé at present would seem inadeguate to account for
%heir size and depth, On the other hand it is possible

%hat these valleys are generally in equilibriun wiph present
;ku clinatic and erosionql conditions, but that a great
anount of erosion in theé is done under exceptional
conditions which recur at intervals of several years., In
this context it would be interesting to know the émount of
erosion that took place in Prettejohn Gully in very wet
years such as 1951 and 1961-2. '

Smaller dry valleys are found on lienengaij; their
distribution above the lMenengal shoreline shows well on the
air photograph, plate A 21 (in back pocket), There appear
‘alzo to be a number of rather deeper gullies, dry for most
of the year, cutting the slopes of Eburu; these however

are in thicily forested country, mostly above 7000', and

are not easily accessible. They do not continue down onto




°«,;“nouth“ or of a posslble oontlnuation of the dralnage llne

Thuru gullies ends at about EPy(map 3); this is almost =
‘alﬁitude‘of'a borehole‘(numbervc 533 ‘not far:above‘theﬁﬂ,

‘ cCall's aneroid measurements (1957a p. 54) is at a nelght

.shoreline cliff is best developed, see map 4 They are5eut‘
"dln the thick pumlce mantling the outer slopes of the volcano,\
. the oumlce is expose% 1n small sectlons towards the lower :
.ends ofrthe_valleys. The valleys have a rounded cross-{

~-section, with genfly sloping "interfluves" and in some cases“

babove the shoreline, othersy as is seen on the air
_photographw eOntinue right up,towards the rlm_ofrthe'erater;-‘

- In most cases they do not'continue below theJShoreline3 but

'such as the large valley which reaches the golf course
‘above 2/11, can be traced as a definite hollow for several

hundred ‘yards below the shoreline, towards the bulldlngs :
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the flatter land below Eburu,. and their lower:ends‘appear‘

to be considerably higher than the lower‘ends;Offﬁhe,;

wenengai valleys. For example, one of the lowest*of these

cerﬁainly at a height of abovee6450' judglng by the f--; e

lower end of the gully.; The borehole,-accordlng to

Y
B i

lhe ﬂenengal dry valleys are: best seen where the’

interlocking spurs. Some of them end a few hundred yards

end abruptly with 1ittle 51gn of a deltalc fan at thelr

below thls, at an altltude of about 6370' However some,
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of Naxuru town, Below some other valleys I noticed a
siicht hollow, which when it crossed farm land tended:to
he left uncultivated and contained rather rough, long:
~rass.,

These valleys seem to be former drainage lines, Today
there is no sign of erosion by surface running water-in-
them, except after a very heavy storm when I have seen the

zrass flattened and some pumice fragments washed out over:

0 E

it, The valley floors are covered with thick grass an

there .are small thorn trees and bushes i1n them, The only‘

signs. of the processes that may have formed them are a few

_small circular hollows (circa 4' deep) with bare walls and

a slight appearance\Pf damp; small grassy runnels lead
dowvnstrean from these along the valley floor, These small
central ‘hollous suggest that subsidence might have been
operative to some extent in forming the valleys. Such a
process does appear to have formed fissures, steep-sided
gullies cut in fine silts at a lower altitude to the west
of Nakuru town. Subsidences have taken place there in the
last few years and I heard rumours that there was an
'underground river' below the town. The fissures were
discussed by Pulfrey (1950), who concluded that the
fissures ", ., . are erosional features and in no way con-

nected with earthquakes. They ali lie in shallow valleys

that will be stream courses when sufficient rain is




precipitated“. e suggested that the fissures are formed -

by 'subterranean denudation' - rain sinks in and removes

galts and solid particles from certain horizoens (probably
of fine silt or ash), forming subterranean cavities and g i
eventually causing collapse of the surface. This prgbess : i
is easy enough to appreciate when one looks at the almost
vertical walls of these lower fissures; there is one jﬁst_‘?
:beside the Eldoret'road near 1/21 (map 3), and another.a
‘few-miles up the road near 4/8., The first of these lacks
‘any continuous long-profile and in fact the floor of the
gully is aivided into a number of steps and actually rises
iﬁ level for some diitance Ydownstrean' away from the road.’
The valleys above the Menengal shoreline, on the other
hand, have continuous, gently sloping long-profiles and
they show other features; such as the tributaries and
interlocking spurs, suggestive of erosion by surface running
water. It would seem that their appearance and the lack of’
surface erosion happening there now cannot be explained bj
assuning that they are formed 5y the same process of
'subterranean denudation',

In considering the significance of these Menengal
shoreline dry valleys, I should like to give here in fﬁll
a quotation from Nilsson (1940 p., 9) concerning the

Haivasha basin, but relevant also to the Nakuru basing

"On the higher slopes of this basin there are numerous




 sediments of the Last Pluvial are deposited..

_Here deposited as deltas in. front of the mouths of the

”n‘ravines. o e There are also, however,‘several ravines'

" ravines going down to a certaiﬁrleVel upfto:which the lakeh'ﬂ

Some of the

raVines have not carried water of any importance Since

;1ast lake of this ePOGh stood at this level because there?f%z"

Qis no continuation of the ravines in the sediments which_ _,¥>.f“

" Y

f this kind which have a. continuation in more or less deep:},

i canyons through the lake sediments, 1ndicatinv that brooks o

‘"ihave passed the raVines since the highest lake sank away

iy i

'from its: uopermost shoreline.“E Nilsson went on to relate;

the 'canyons' also t@ 1ower lake terraces and suggested

nthat ‘"The diminishing numbers of these ravines, counted
: from higher to lower 1evels Within the basin down to the L

[few ones which now carry “weter tc lake Naivasha, give a- .fff

clear idea of the'close relation between the amount of

':Drecipitation and the 1evels of the ancient lakes of thew~

‘Last PluVial "

I have not examined the eVidence of drainage lines in"

gthe Naivasha basin on which Nilsson based these suggestions. _;i

‘It is’possible that in this case’a study of - the air photo—

,eraohs might be of value._ In thesNakuru—Elmenteita basin‘

“the air photographs are only useful -in- some parts,tsuch as il

on nenengai. In the thickly forested, faulted topography

'of the gast- and west sides of the basin, and on nburu and‘df-
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o Lion Hill, 1t is hard to distinguish from the: photographs !
such small ravines and gullies, or to note their exact ' |
besinning and end. I have noticed, in my field work, that
| there tend to be a lot of steep 'notches' or small Vléﬁapéd f
valleys cut in the roclty scarps of the Mau and Bahatij"
uibaruk escarpments and Lion Hill, which run downélope at
right angles to the fault lines and would seem to haVe—been.f
cﬁt by running water, I did not notice any signs of
waterfalls or act£§¢ flow>in them, and usually no continugf'
tion of a drainage line can be seen on the flatter land

Belqﬂ the slopes. These might be equivalent to the Menengaié

shoreline valleyé: the height of the lower end of these - ii_
'_nbtbhes {(in particui?r on the east side of Lion Hill, abové |
‘a gently sloping terrain of diatomaceous silts) is some
distance above 6300' and comparable to the height of the
lenengai shoreline,
It is, I think, possible to suggest that the Menengai
d;y valleys and perhaps the small steep valleys described
above were formed during a period of higher rainfall and
consequent higher lake level, Their lower 1limit does
suggest a definite relationship with the lake at the 600
foot lMenengai shoreline level, They may, as 1s suggested
~ by the absence of delta fans beneath £hem, pre-date the

highest level of the lake, and have been truncated by the

erosion of the pumice into which they were cut, or they may

i
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heen formed at the time of the maximum lake, and never

have

nave been any longer than they are today. Under present. ‘

day climatic conditions erosion of these valleys is clearly

proceeding very slowly, if at all. It is not really possibie ]-”

¥
to sucsgest a definite figure as to how much more rain would

R ' nave been needed to form these valleys, However it does:

‘appear that rainfall at the time when they were formed was @
definitely rather higher than it is today. A decrease in

evaporation resulting from a fall in temperature, such as

amight explain que rise in the lake level, would probably

rot suffice to explain this more active stream erosion,

2., The Lacustrine Se&iments

(1) The diatomites and diatonaceous silts. These have been

discussed'above (Chapter 3) and are described in more detall 3 ;‘é
in Appendix D, In general I have accepted diatomaceous o oy
deposits, even guite narrow layers, as evidence of lacus-
trine sedimentation, It 1s possible that a few small
deposits of very ilmpure diatomaceous silts may have formed
in swampy pogls at altitudes above the lake shoreline. The
majority of the diatomaceous deposits that I studied were
probably laid down within the lake or 1in swWampy areas close
to the shoreline;  their altitude (in the case of the

unfaulted deposits) will thus be lower than that of the

lake level at the time that they were deposited.
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J
(11) 3each and shallow water deposits. (a) The surface
pebbles: in several parts of the basin, very striking
concentrations of smoothly spherical or ovoid pebtles of
rather hard, dense rock are found, at consideraﬁle‘heights
above the present lake level, (see plates 4,5,6,7) Whére
they oceur one can usually see rocky slopes and. outcrops

uhich would provide not-too-distant sources of stones:as

méterial for a shingle beach; 1 have not so far found.’

acgumﬁlations of these pebbles far from any such sources

of ‘hard rock, It seems to me likely that these are beach

 pebbles and not from a river valley or deltaic fan, for the

" rotlowing reasons: (1) In the case of the Menenéai shoreline

~(see map. 4), pebbles éan be traced for over L% miles

along the s;de of the mountain at a fairly constant altitude;
it seens impossible that such a spread of pebbles could

have been produced by small streams draining from the rim

of the crater. (II) The main deposit of pebbles on Lion

Hill (at 5/16) lies on a level stretch of land high on the
hill with no sign of any possible water course that might .
have Tlowed to bring the pebbles there, (III) The pebbles
of north-east Elmenteita (at 8/1) are spread across spurs
and hollows on the hillside; there is no concentration

along possible former drainage lines, The same is true of.

the other occurrences of these pebbles; it seems impossible |

to relate their distribution to the moderh riﬁers or to
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‘has taken place sinceg they were on the lake shore. This

. Borting will have involved a certain amount of downward

‘pnbbles were probably in most cases restricted to a fairly

67

drainace lines which might in the past have held water.

tweir wide horizontal spread and similarity of altitude
sucsests an origin on a lake shoreline,.

Since these pebbles lie on the surface, often o; quite' 
steep slopes, and are generally mixed with soil and 3

unrolied stones, it is clear that in most cases some'sorting

novement under the influence of gravity and rainfall on
the 'slopes;: -Vvhen theJ were actua11y on a lake beach the !
narrow vertical range;’ since then,t%during the retreat of
the lalke and the sSubsequent period of sub-aerial erosion,
they are likely to have spread over a considerable vertical

ranze, In many places the highest pebbles which can be

traced are thus probably some distance below the original
level of the beach., Occasionally deposifs in a cave or
rock shelter may have been preserved at their original
highest altitude or even slightly above the general level
of the shoreline. It is possible that some 'storm beaches'
were thrown up on exposed situation and remained above the
lake; however it is likely that in most cases subsequent
downwashing will have eliminated them.

The amount of dowmwashing that has taken ﬁlace will

vary according to the situation of the pebbles and the slope
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lalke shore and others which may have been washed down over

106", The pebbles are spread over a considerable height

of the land on which they lie, The pebbles at 5/16 (map
3 and plate 5) are thickly spread over a flat part of Lion
¥111 and 1t appears that most of them have hardly move&
dowmslope at all. 1In contrast, the pebﬁles at 12/3, belowu
tne rocky Tace of the Gilgil escarpment, and at 8/1 (piafe
) may have noved down 50' or more. The pebbles on tﬁe

lienengal shoreline (map 4) include some (e.g. those along:

Haragoli Avenue, plate &) which are close to the original f -

rance but there is no indication of a lower congentration 4
of pebbles which might have resulted from a stillstand of
the lake betwéen 6250-63701,

(b)»The pebble and sand sections: in several sectlions
erposed quite high above the present lake (above 6300') I
found strat%fied layers of pebbles, sands and diatomaceous
silts, In these sections the pebbles are usually of light
rrey pumice which has been worn into very smooth ovoid
shapes, They vary in size from less than 1 em., to 2-3 cms,
rather smaller than some of the lava pebbles which are up
to about 6 cms in diameter, They occur in regular
horizontal or slightly dipping layers; the pebbles are
usually stratified according to size and with some parallel
alignment of their long axes. A medium-textured sa%g of

4

lizht crystalline material with darker grains, pbssibly

i
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obsidiaf, occurs in layers in some of these sections.

It is possible that in some cases these deposits

accunulated under 'estuarine' or deltailc condi?ions slightly
below the éurface of the lake, i.e. that the actual soriing;:
of the material was done by a stream [lowing into the~1aké; '
| mhis appears to be true of the thick beds of pumice pébbles“
exposed in Prettejohn Gully (plate 8) and possibly of fhe
",}; smaller sections at 2/11 below the Henengal shoreline, on.
‘tﬁe line of one of the longest gullies in this aréa. The
pbeds in Prettejohn Gully extend several hundred feet along
the gullyband are over 107 thick‘in parts, showing very . ¢3 i
gﬁreéular layering and sizé-stratification in dippipg bedsy- |
the influence of a directed flow of water in sorting them‘
ssens clear,

"In other cases (e.g. 3/6 at Bahati and 8E/3 at Eburu) s

the topography does not seeém suitable for a stream to have
reached the lake at that point, and the sediments probably }
aécumulated in shallow water moving up’and down a beach ;
< : % shoreline, In such circumstances a seéuence (upwards) of
rebbles to sand to diatomaceous silt, as appeafs at 3/6

(plates 12,13) could indicate a progressive deepening of

the lake at that point, resulting from a rise in water level
or possibly subsidence of the lake floor, The Eburu section
(88/3, plate 11) in which the sequence (upwards) is

diatomite to sand to fine pebbles to coarser pebbles, should .
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indicAte shallowing of the lake,

(iti) Trona: iicCall's geological map (196?)‘marks "Rt' -~

Trona-impresnated silts bordering soda-lakes" around partS‘5-§

of the shorelines of Lakes Nakuru and Elmenteita. The -

trona {(hydrous sodium carbonate) forms as thin crusts on

the flats borderingzg the lake. During the early 1950s, after ”

. .some exceptionally dry years, the "soda dust" blew from thé
1ake and caused irritation to people's throats and eyes in
. ¥aluru town. Sincé then,‘with the advance of the lake
waters, much less trona is exposed and the dust does not
blow about much., The deposits visible today are clearly
‘related to the present shallow, saline Laké and, to the
evaporation of highly saline water from the damp surface of
the flats as the lak; retreats in dry periods, They are
not, however, preserved at any altitude above the 1aﬁe and
it would not be expected'for such highly soluble salts to
he preserved for lonz unless conditions were extremely dry.
Under moister conditions than today, with larger lakes, the
concentration of salts would presumably have been less and

saline crusts would not have formed. I have noticed

indications of possible salinity in some of the diatomaceous

silts; sometimes I have seen a whitish efflorescence on
the surface of an exposurs, Often also, the teethmarks of
cattle and buck are visible on the surface of small cliffs

of the silts; it would seem possible that the animals gnaw

€
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the rocg for the salts it contalns,

/
(iv) Coarse tuffs of the Bahati plain: one of the
~solorical problems of the Nakuru-Elmenteita basin is that
of the sedinmer.its of the Bahati plaln, east of lenengai, ST
had expected to find on it sediments of clearly lacustrine
origin, possibly fine silts, for the following reasons:- .
(2) much of the plain lies between 6150-6350", altitudéé

between which I have found many exposures of lake sediments

‘in other areas; thq.well—marked llenengal shoreline at 63?0"_

i less than U miles west of the southern part of the Bahatl
plain, (b} With a lake at about 6370', the plain would seem
to have been a rather sheltered inlet, sultable conditions
for orderly deposition of fine material. It is relatively l
far reanoved from the ébst recent faults of the Nakuru

pasin (i.e. probably those on the west of Lake Nakuru}, and-
does not appear to have been crossed by major drainage lines
which might have brought down great masses of coarse
material to disrupt lacustrine sedimentation,. {c) On the
vestern §order of the plain, towards the lower slopes of
senengai, are three deposits of unmistakably lacustrine
naterial, Sections 3/1 {at 6253') and 3/2 {at 6259'3,D,)
Snowed regular layers of pumice pebbles and quite pale,

pure diatomaceous silt in pits about 6! deep, below a
shallow soil horizon. Section 3/6 (just above 6343'3 . D.)

showed a smooth lava surface overlain by a regularly
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stratified sequence of pebbles, sands and a narrow band of
diatomaceous silt, The nature of these sedlments, and their

titude, suscests stronsly that they are deposits from the

©
=

same lake that cut the ilenengal shoreline cliff and in.

which very similar sediments were laid down at around

6340,

However 1 could find no comparable lacustrine deposits
. . v

elsewhere on the Bahatl plain; mnost of the area is cultivated
and ‘exposures are few, except in silage pits or small farm
ouarries, In these coarse volcanic material.is exposed in

a variety of different sections, The material is of two

kinds; 1light angular }umice with no signs of size
stratification, and "turfs" with a mixture of fine and
coarse, scoriaceous pieces, in one case with a rough }
norizontal stratification., In almost all of these sectlons
layers of light-grey, rather fresh-looking punmice lie
uppermost, below a narrow soil horizon, That a certain
i anount of weathering 6f this pumice has taken place is
é sugrested by the narrow zéhes of reddish staining that can
1 be traced horizontally in the sections, In several of the
pits two layers, each at least 2' thick, of rather similar
i . look¥ins pumice are separated by a narrow band of orangeish
Trit ;pd silt; this possibly indicates a later deposition
of pumice on top of an immature soil developed on the older

punice, In these sediments there appears to be no sign of
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‘indicate
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rounded or size stratified material to suggest
acustrine sedimentation., It would seem from theilr appear--
ance that these layers of punmice were deposited straightl

fron & volcanic eruption, and have not been washed down-

0

iope from material fallen higher on lenengai, They would

Y

nunber of showers of pumice separated by
relatively short periods of weathering and soil formation,

There is a slight suggestion that the number and thickness

‘of -these layers increases from south-ecast to north-west,

'towards the low point of the caldera wall., Thus there is

little sigﬁ of such material on the main Nalkuru-Nairobi and
Thomson's Falls roads;\ at 3/3 and 3/16 there is one layer
only; at 3/13, 3/19 aéd 3/8 there are two layers, while
at 2/9 facing down into the caldera at the low point of the
wall (at the pdint OF on map 3), there are several layers
of rumice and darker, unore 'welded' looking bands, This
nirht suzgest that these pumice layers were erupted over
the low point of the rim at some date since the caldera was
formed, However the distribution ofvthis pumice, and the
correlation of the different layers, has not yet been
precisely worked out, and the above suggestions are only
tentative, *

In section 3/3a a layer of this pumice, circa 5' thick,
ovérlies about 14' of other volcanic material, coarse (some

blocks over 6" longz) scoriaceous dark fragments in a finer
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matryz. In this pit it is unstrati?ied, and appears
nomo-eneous from top to bottom, with about 1' of pinkish ‘
vrown Silt mersing into it at the top, below the light |
-rey pumice. In pits 3/4 and 3/5, a few hundred yards
to the west, the upper layers of punmice and silt are
nissing, {(This aight possibly be explained by their,héﬁihgfk:
been completely removed in the farming of the land and- )
digging of the pit, although it does.not seem very likely,) .%
‘The sections here are both of over 18' of volcanic materiél
of mized sizes, rather paler in colour and finer than in
3/3. In 3/5a, there are clear signs of parallel, approx-
imately horizontal banding, zones of between 15 cms - 30 cms
- ‘wide of ‘coarser! (not usually more than 3 cms diameter) !
and 'finer' (about #'cm or slightly less) fragments; these
bands appear to be visible throughout the section.

Thé only other sections which show any definite
stratification are the two rather anomalous exﬁosures at
2/10 and 3/15, There, below a narrow layer of dusty soil,
over 10' of 'sand' is exposed; narrow dipping layers of
spall grey rounded pumice fragments alternate'with layers
of darker, denser material., The deposits seem very restric—é
ted in extent; 3/10 is close to the River Ngosur where it ‘
i1s still a flowing stream while 3/15 appears to lie in thé
hollow indicating its former course, lower down on the plainé

It is possible that these are coarse riverine or estuarine
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sands 9ating from a/relatively recent time when there was
a rreater flow in v&e Ngoéur, and possibly a higher lake .

-
4

standing some wayc:? on the plain,

The above sections, 3/3, 3/10 and 3/15 are xhe only

ones I could find in the central part-of the plain that
sugmested sedimentation in water, This difference from
what I had expected might be explained in one of tﬁree,
wéjs: (1) that lake sediments were once deposited on fop'i:
of the volcanics invthe,plain and have since been eroded’ e ﬁ_
away from on top of them; this seems very unlikely as it |
is hérd to imagine an agent for such erosion on this gentlyv

~sloping area and the profiles show no sign of such a

truncation. (1i) That the volcanic material post-dates

the' lacustrine sedimegts and has covered them up; this is
possible although the deepest pits I saw were over 20' deep
and there seemed no sign of fine lake silts in them, ;

Boreholes to a depth of several hundreds of feet have. been

SR,

|
drilled on the plain and their records give no indication i
at all of any silts, sands or rounded pébbles below the !
surface; this however is not very conclusive evidence as .
Tine lake silts, especially if, in-rather thin 1ayefs, might !
easily be missing from the record though present in the .

borehole, (ii1) Some of this volcanic material might be

5 the equivalent of the silts laid down elsewhere in the lake,

and have been deposited here in a larger Lake Nakuru. This

-
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-1-ht be true of the lower strata in pits 3/3,4,5. This
question cannot be answered at present from the‘character
of the deposlits, Certainly there appears to be no sign at
all of rounding of the fragments by water, and as McCall
said in referrins to some older 'graded tuffs' ", ..
2deposition directly into a lake from air-borne showers
seens indicated, rather than reworking by rivers and
>£ransport into a lake" (1967 p. 51). It is possible that
éhis, and the later material, originated from within the
'férater of Henengai, %nd that the sections of fine lacustrine
-material and “beach pebbles at 3/1,2 and 6, were p?otected
bé the shoulder of the mountain from the fall of veolcanic

material which covered the central part of the plailn,

3. The Shorelines

The central part of my work in the Naluru-Elmenteita
-basin has been the identification and study of the former
shorelines of the lake., As a geomorphologist I was par-
ticularly interested in relief features that might have been
formed along the lake shores., Many of these were recognized
and surveyed by Nilsson and Leakey, but the -information
they ﬁivc about these features is rather scanty, I was
unable to find the majority of Nilsson's 'wave cut-terraces’
and have been forced to conclude that in many cases he

provably identified breaks of slope which are of quite
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ferent origin, such as small fault scarps. Leakey
descrived rather fewer shorelines and I have been able to
identify the majority of these, although it is\not cleaf'tq
whica pvarts of them he levelled and my height figures are
not always the same as those he obtained, Details on. the
identification and lévelling of the shoreline features.by
i¥ilsson, Leakey and myself are given in Appendix A, '

t 1s clear from even a brief visit to the Nakuru-
Elmentelta basin that the shoreline features aﬁe not an
obtrusive element in the landscape. There is no suggestion
of‘é series of terraces at different levels cut into the
slopes or of c¢liff lines that can be traced for ﬁiles along
the contours above the! present small lake., The dominant
elenent in the landscape is faulting, which has produced
the many focky scarps and slopes with an approximate north-
south alignment., Sediments of the former lakes are found
all over the basin, but the actual shorelines are not so
easy to find., I found evidence of four 'shorelines' each
indicating a stillstand of the lake ievel long enough to
produce a fairly well-marked shoreline cliff; Table III
shows the approximate circumference of the lake at each of
those levels, and the actual length of shoreline that I

have identified with any certainty.




Almost nonej; present
shorelines are very
gently sloping,
saline flats.

Present
circunference
of lakes.

15 miles
13 miles

Lk Nalkuru
Lk Elmenteita

The evidence is not quite as fragmentary as appears
from the 1ist, since shallow water and deltaic sediments

are found in fair numbers and can be related to the shore-
line level to provide an indication of iis position in areas
However it is as well to’

where the actual cliff is absent,

stress at this point that this basin is not one in which

the evidence of former shorelines is well preserved; however
hard one were to look, there are large areas where no

significant relief or sedimentary evidence would be found.

1 Table IIT
g Approximate circumference Length of shore-
b of lake line cliffs (i.e,
b distinct reliefl
i features)
Lalke at 77 niles 2% miles (Henengai)
6k00 ft > % mile (Karterit)
- /, - '
Lake at 60 niles 1 nile (Magharibi)
6120 Tt R
“Lake at 43 miles 3% miles (Misonge)
5950 £t
Lake at i 16 niles nile. (Kiboko)
5790 It )

i
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Jarious reasons nay be suggested for this lack of
evidence of what are, it seems, quite reéent lakes,

Aithourh I agree with Leakey's general comments about the -
sifficulty of tracing former shoreline features, 1 cannot
arree with hils statement that, "In places, especially to
the north-west end of the basin, the old beaches are nearly
=:all obliterated by more recent deposits of volcanié ash
from lienengai . . ." (1931a p. 500). The major eruptioné
of’pumice from lienengal appear to have pre-datéd the high
lake ievels; the best-marked cliff line is actually cut

in ‘the’ thick pumice mantle on the side of the volcano, I

% ¢id not find "any beaches or shorelines higher than that on
llenengal in the south QF the basin, where little if any
Henenmal material woulé have fallen.

The present day‘conditions of the lake shore are not
favourahle to the development of marked or permanent relief
features. In the past few years the lale shoreline has
fluctuated widely over very gently sloping flats, which are
particularly wide on the north and south shores; even
below the steeper east and west shores the lake fluctuates
over a strip of flat land several yards wide at the base of
the steever slopes. The result.of this wide fluctuation
over an almost flat shore is that at present no features
pear to be Torming which could be compared with any of

the higher supposed shoreline features. The lake is
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surrounded in parts by swampy vegetation, in parts by
aline flats; the only relief features I have seen on these

s some very small ridges, less than 1' high, which were

rormed of loose vpurice pebbles close to the waterline.

T A T T AR AR

hery uere clearly very impermanent features formed by a few
+s of gentle wave action at one level, In contrast, the
ﬁaﬁés‘of a lake 600' deep and of the order of 20 miles long
vauld.no doubt have had considerable erosive power, The
Jincreased length and dépth of the lalke would allow the
méhneration of greater waves, and the surface of a larger
..lake would be more exposed to the wind than is ﬁhe present
PR

 1ake, sheltered right at the bottom of the basin, "Vave
osion would also be m&re concentrated in its effect on
steeper slopes of the vasin sides than on the flats
urrounding the present lake. The power of the waves
:produced marked shoreline cliffs in some parts of the basinj;
it remains to be explained why none are visible along the
rreater part of the former lake shorelines.

It is likely that even when the lake was actually at

a nigh level, the form and size of the shoreline features
varied considerably from one part of the shoreline to the
rnext, . The erosive power of the waves would be greatest on
_an erzposed shore, oﬁe open to the waves of longest fetch

It is not certain

or those generated by the dominant winds.

what would have been the dominant winds during these earlier

3
3
o




pc%ibds of rather different climatic conditions; however - E

the biggest waves would probably have been generated along
she lenstn of the lake and beaten on its northern or

southern shores., The power of the waves would also tend

toe be greater and more concentrated on a steeper shore than '

on a very flat one, This is probably one explanation vhy
so little in the way of shoreline features has been

preserved on the Bahati plain and on the plain south of
3

\

Lake Nakurv where the land surface slopes very gently: the -

.Shoreline would have been fluctuating widely and little

concentrated erosion would have taken place. The character

of the rock would also be very important to both the
original form of thé}shoreline and to the extent to which
it has been preserved today. It seems that recognizable
shoreline features;are not found in the highly faulted
torography of harder lavas., It may well be that the lake
surface stood along some of the fault scarps without a
~reat deal of erosion of the lava taking place, This is
probably‘true of the Gilgil scarp which in parts extends
above and below the 65?0’ level of the highest shoreline.
From the height evidence it is likely that the water level
did come up onto this Gilgil scarp, but the slope itself is
definitely not a lakeshore cliff and gives no Ssupporting
evidence of the heiéht of the shoreline, Similarly, the

vater level on Henengai was, in the Naragoli Avenue area and

3

i
i
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rurther east (see mav 4), against the rocky slopes (Pliocene
i{-ninbrites and welded tuffs) of the mountain, but there is
notiiing there that can be recognized as a wave-cut Shoré-
1ine Teature., The shoreliﬁe appears most clearly in the 
softer volcanic rocks, pumice, ash and tuff; it seems that
these were susceptible to wave erosion and undercuttiﬁg.
liost of them, however, are rather permeable and later

sdb—aerial degradation by surface water would take place -

“slowly. The shoreline cliffs thus tend to be better

preserved than one might expect in this relatively
unconsolidateéd rock,

Since the shoreline features are so fragmentary and of
such variety, it is hard to be certain of their origin and
that they were in fact formed by wave erosion, From a
norphological point of view, the theoretical migﬁmum
requirenent to indicate wave-erosion would be some kind of
a concave break of slope, Figures 5 and 6 show the pro-
batle relationship of the 'cliff' and the 'wave cut terrace!,
In the Haluru-Elmenteita basin, however, there are many
small cliffs and concave breaks of slope which were not
formed by wave erosion, BEven among those for which such
an origin is likely, no real comparison.of profile shape
1s possible since the rock type and general slope of the
land vary so between different parts of the basin, The

height and steepness of the slope facets above and below the
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soncave breaks af slope are very variable, and it is not
nossible to distinguish a shoreline cliff froﬁ a fault
scarp on the basis of profile alone, The plan view of thé
feature 1s more useful in this respect, In the Nakuru-

Zlmenteita basin the fault scarps are, almost without

exception, aligned close to north-south, It is easy to

~identifly the shorelines which curve around in an approx-

inately east-west direction at the northern end of the lake,
i.e. the iienengai and Misonge shorelines., It is less easy

to be certain about shoreline cliffs along the eastern and

western shores of the lake, where fault lines and contours

all run approximately\north-south. However a shoreline
cliff will tend to cufve round following the contours;
l.e, when it reaches a river valley it will tend to curve
upstream £or some distance.around what was an inlet when
the lake was at that level. Fault scarps are more likely
to run right across the valley and produce rapids or a
waterfall on the river.

t the same time the shoreline features that I have
been studying appear all of them to be close to horizontal
and the height of the cliff is fairly constant along the
short lensths which are preserved, This is not so of the
fault scarps which often vary in size considerably along
One scarp and are not always horizontal.

one of these morphological characteristics, however,




provide a very firm basis for identification of a break in
siope as a shoreline, if it cannot be traced for a con- i

siceravle distance round the lake at a constant level.

dith thé small, isolated shoreline cliffs in the Nakuru-
Zlmenteita basin, 1t is often necessary to use sedimeﬂfafy o
gvidence as further proof of their origin., The best probf
is obtained from the presence of rounded pebbles on the
terrace below the ciiff, close to thelr original position
‘on'the lake beach. 1In this basin such clear deposits are
‘not often found, as many of the beach pebbles have been

% we'shed down and covered with soil and vegetation, However é - 3;{

there are a number of)sections of stratified lacustrine

nmaterial, pebbles, sand and silt, at various heights below

e <t bt gy

the Lenengali shoreline, In the case of the hizh level

«(600 rfoot) shoreling the sedimentary evidence is quite ) : .{}w;
cozpletey and the height correlations between the various i h,:%
sections in the different parts of the basin are good. The

A sediments occur in gquite simple sections and with these

high level deposits there is usually little uncertainty j1j

about the level of the lake in which they were laid down.

In the lower parts of the basin the history of . lacustrine

{ :  sedimentation is more complex and 1t is not so easy to relate
} & particular sediment to a definite shoreline,

I have recognized several features in the Nakuru-

Zlmenteita basin which may be shoreline cliffs formed by
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wave erosion when the lakes stood at higher levels. In
zost cases these had already been identified by Leakey or
Tilsson Or by both; in their accounts the actual shoreline
features are usually very briefly described, I have
therefore riven a description of each of the possible cliffs
that I recognized and discussed my reasons for identifyiﬁé‘

it as a shoreline., In this chapter I describe:

(1) the henengal shoreline
(11) the notch behind Gauble's Cave
(11i) the notches on the Zlmenteita volcanoes
and on Honeymoon Hill,

At this- stage I concentrate on the charactepistics of
these features as possible shoreline cliffs, rather than
on their altitudes and the correlations that may be made
0 indicate the main stillstand levels ofmthe lakes in the
basin, This aspect of the shorelines is discussed in
Chapter 5, and I also discuss the identification of the
lower shorelines, the Hagharibi cliff near the River
fakalia, the Hisonge shoreline and the Kiboko shoreline,
{1) The vienengal shoreline: this feature, on the southern
s3lopes of lienengal above and to the west of Nakuru towvn, was
referred to several times by Nilsson, He mentioned ". . .
& cuf-terrace, near Nakuru Junction, This terrace could be
followed without any great difficulty for a long distance
along the southern slope of Menengai." (1931 p. 293) It

was said to be eroded in layers of volcanic material from
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enenFal, described as showing "an upper dark layer, a

prown niddle layer, ahd a lower light-grey layer" (p. 296).
The terrace was sald to be at an altitude of 6415' R.D.
sportly east of Nakugy Junction, and at 6425' R.D. about

k% niles further east, No reference to a feature that

'ﬁi:ht be this shoreline was made in Leakey's work, in fact

he said, "Zspecially to the north-west end of the basin,
the old beaches are nearly all obliterated by more recent

deposits of volcanic ash from Menengai®™ (1931a p, 500).

HECall (1957a and 1967) referred briefly to this shoreline

cand attributed it to the "Gamblian®" period (1957 p. 25),

correlated with the shérelines on the HElmenteita tuff cones.
On his new geological map (1967) it is badly drawn, crossing
the contours at a considerable ansle.

The cliff-line is shown on map 4, in the photographs
(plates Al, 1,2) and in the profiles (fig. 1). It is a
striking feature, especially in the west, between profiles
1 and 9, although it can also bg traced for some distance
east fron there, The cliff is about 40' high and cut into
oy the moufhs of the gullies described in section 1 of this
chapter; below it is an even pgentle slope southwards., ' The

cli

=ty

f 1s cut into the thick pumice mantle; the light grey
rock 1s exposed above it and in the cliff-line itself, but
does not seem to occur in such thick, fresh-looking sections

anywnere below the shoreline, At a lower level this pumice

i
i
i
|
i
L

o
i
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i
ﬁ is found in snall, rather silty beds and as weathered _ : ,'¥‘
3

. |
framents in the surface soil over a V}de area, There is o :

not auch siFn of a breal of slope continuing westwards fronm
iakuru Junetlion, although there is possibly a continuation
of tine ¢liff across the Njoro foad. I levelled a profile:
there (aﬁovc 4/3 on map 3) and found there was a break of
sldpe, although not nearly so marked as that on Menengai;'
at about 6360' S,.D,

. .‘The best development of the shoreline seems to be in

the. area where it is cut in the thick beds of uncon-

solidated pumice. This material would be susceptible to

erosion by waves along a cliff-line but Since it is very

i verngable later degradglion of the cliffs by sub-aerial L

ferosion would not be too rapid, To the east (beyond about.

1 2/11), the older rocks of the fabric of Menengai volcano,

¢ (marked Pliocene welded vitreous tuffs and ignimbrites by

i

{HeCall in 1967) are more in evidence on the surface, forming
rounded and rocky ridges and spurs, It appears from their

I
'
1
f
A
]
l

altitude that the water level did stand up against some of

§these slopes, but no obvious cliffs have been formed on

them, The shape and distribution of the slopes on these

brobably related to the original volcanic events

rather than to erosion by the lake,
t

é The altitude orf the base of the cliff is about 63701 S,.D.;

1t does not appear to be tilted,
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(11) The notch behind Gamble's Cave: I am uncertain as
to whéther or not this is a shoreline cliff. It was s0
gescribed by Nilsson, as a 'cut-terrace'’ at 6383 R.D.*
(1921), It was nmentioned again by him in 1940, "In
accordance with its free eXposure, which can be seen from .
the few Tigures of elevation, this beach is well developed";
(p. 23). 1Its height in Nilsson's 1940 paper was given as
6393! R.D.*. It is not always exactly clear to what
‘fedture Hilsson referred, and there seems to be confusion -
here in his use of the words '"beach' and 'terrace!';
nowever, it does seem that he referred to a feature behind
and immediately east (i.e. 'dovmstream') orf Gamble's Cave,
Lealkey was more explicit, and said, "A little to the east
of the caves is a terrgoe and a small cliff" (1931b P. 92),
and also showed a vhotograph of the Teature, but he did
not state its altitude. There is a further discussion of
the features identified by Leakey and Nilsson in the
Gamble's Cave ares and the heights given for them in

Appendix A,

Surface features in this area, on the upper slopes of
the Hderit Valley and above Aspinal Gully, are very hard
to see clearly, as the vegetation is thick and tangled.

iovever there does seem tc be a small bench with a cliff

%

Kilsson's heights: 1944 metres (1931); 1947 metres (1940,

J




ahove ;t running round the hillside from the cave onto the
slone above the western wall of Aspinal Gully. The cliff A
. is cut in pale grey tuffs and is usually a steep slope
{more than M5°) about 20' high. It shows from the opposite
bani: of Aspinal Gully as an approzimately horizontal line
naried by a change in vegetation; above it grow fairly
small thorn trees and bushes; below it is thicker
vegetation with a lot of euphorbia and larger thorn trees.
I_tfaced it about 100 yards round the slope from the cave}
some distance beyond this it fades out and is not seen

bleariy further up Aspinal Gully., There is a possible

ocontinvation-of the cliff on the other side of Gamble's

Cave, upstream along tge Nderit Valley.

I measured to the %stimated base of the cliff in two
vlaces just east of the cave; it was not easy to find fhe
exact base.of the cliff as much soil and vegetable matter
2128 collected on the ‘terrace and the heights I obtained
nay bYe too high, although the agreement with Nilsson's
neignts is good., It would have been best\to level and
bace a profile, as was‘done along the Menéngai shoreline,
but the thickness of the vegetation and the steepness of
the slopes made this impossible,

Height of estimated base of cliff:

Close behind Gamble's Cave - 6394' R.D. i.e. 6388+3' S.D.

About 5 yards further east - 64OL! R.D. i.e. 6398+3' 5,D,




-be expected, Similarly it is cut on a steeper hillside angd
b i ¥y ‘

* other hand there are a lot of small fault scarps in the

90

The terrace does not appear to be systematically tilted;

this heigsht difference probably results from the different

tinatlons of the base of slope,

st
eSSt

It 1o possible that this notch is a former shoreline
cliff of Lake hakuru, It is meaningless to compare its
shape with«that of the lienengai cliff, as the rock in which-

it is cut is considerably harder and a steeper slope might
the narrower 'terrace' might also be expected, On the

tulfs on these hillsides, of very similar appearance, and
it could be one of these., The cliff line curves around

the hillside; from an approximate east-west alignment above
Gamble's Cave to one c%ose to north-south above Aspinal
Gully. This could be typical of a shoreline féature rather
than a fault scarp. The cliff appears not to éontinue far

up Aspinal Gully, nor did I see any sign of an equivalent

Teature on the north side of the Nderit valley, opposite
Gamble's Cave. This might be because the cliff formed
along a small local fracture line, On the other hand it

Would be reasonable to expect the best developed shoreline

:Cliffs in this area to be on the north-facing slopes, such

as the slopes around Gamble's Cave on which the cliff
actually occurs, since they would be most exposed to the 1

Yaves of a high-level lake, Slopes with southerly or
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,
souté—easterly aspects might be more sheltered from the |
waves and less striking erosion features would develop, . ;
{111) Shorelines on the Elmenteita volcanoes ang Honejmoon
#111: the oldest phase or vulcanicity south of Lake
Zlnenteita 1s believed to be contemporaneous with the ;
"Kenjeran" sedimentation at Kariandusi, Some of the tuff- '
cones and lavas therefore pre-date the “"Gamblian" and v ;
later lakes, The q;der lavas are covered by lake sediments
and the lake shoreline would have stood on the slopes of gf
some- of the older cones, Wave erosion could well have been ;ﬂ
e:fective_op the exposed sloves of these steep-sided
kslands of relatively unconsolidated tuffs, The accounts
of previous wWorkers iA the area contain various general :
references to shorelines on these cones, but there is no
specifie information as to what they are like, which

volcanoes they are on, or at what altitude, Wilsson's maps
and instrictions on location are not precise enough for ohe

to work out where he found shorelines, but he seems to .
have identified 'terraces! and 'pgravel' at different heights
on several cones, lMeCall said, "These cones show lake—

shore lines identified as Gamblian midway up their Slopes

« « " (1957a p, 23) ana correlated them with the Menengai o

‘shoreline (1957a p. 25), presumably on the basis of altitude.

He qdiq not, however, Specify the altitudes of the shorelines

Or the cones on which he found them,
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Kn alr photogravh of the volcanoes (plate A2) shows
clearly on scveral of them a series of what appear to be
horirontal terraces running round the outer slopes of the
cones. These are particularly clear along the western
slope of the volcano Karterit, where as many as three

terraces secm visible, When the volcanoes are looked at in

ct

he fileld, these features are much less striking than ohe
would expect from the air photographs, They are best seen

from several miles éway. Thelr visibility depends partly

~on-light conditions; they are also best seen when shadows

are rather long, The state of the vegetation may also be
inportant; they seem to be clearest after a long dry
season, when most of ﬁpe zrass on the slopes is dead. Thé
growth of fresh grass during the rains makes them less
visible, I noticed this particularly in the case of the
lower neotech on the north-east slope of Karterit, which was
quite clear in Karch 1967 (when I took plate 14), but by
the time I tried to rephotogsraph it and level to it in Hay
and June was virtually invisible., The closer one approaches
to the volcanges, the less obvious most of these features
appear, The western slope of Karterit, when seen from a
few niles away on the Gilrpil-Elmenteita road, shows only

a faint horizontal banding, and I spent several hours
valling up and down the slope without recognizing anything

that might account for its appearance on the air photograph,
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It was equally hard to distinguish any horizontal feature

mxSpﬁlt #111, and the cone when seen in profile showed no

aaried break in slope that might account for the shadow

on the air photograph.

k ~his 1s not to say, of course, that these features do - |

| not exist, but merely to show the difficulty of actually
rinding then on the ground and hence of mapping them and
measuring their altitude. The best—marked of them (on the

“ground) is the higher one on the north-east slope of . }

Harterit. This is not especlially striking on the air

photograph, but it is in fact a cliff up to about 5' high

in pérts, running across the hillside (plate 15) an ;
gquivalent feature also appears on the opposite,?north—west
spur of the divided vgﬁcano. The other features, which show

up clearly on the rhotographs and not when one walks across

the slope, are bresunably slight concave breaks of slope.
These would show in the exaggerated relief of a stereo-

scople view, but might well be undetectable to someone

actually on the slope., The older volcanoes are covered
with tangled vegetation; on the west slope of Karterit

this was orten above head height and movement and visibility

Were not easy. The slopes tend to be uneven, with rocky |
boulders ang slabs outeropping in places, and on the west 15,”
Slone of Karterit I could follow no apparent 'terrace! for

2ore than a few yards along the slope before it changed
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1evel, I found no possible beach pebbles there either, and

consiger it unlikely that they would have been preserved

in 51ty on such a, Steen slope,

-4

t 1s possible that these features are not lake
shorelines; two other possible origins might be: (i)‘The
netches night result from Subaerial erosion, picking out
harder and softer bands in the tuffs which form the cones,
HZowever this does seem to have happened in pafts on the'
imner slopes of some of the cones and the features Whlch

‘revult are less clear cut and not as straight .as the p0551ble1
shorelines, (ii) They might have been formed by faul ting

f.the-cones, and subsequent erosion along thé lines of

xma’ §s. -However the Taults which have broken the cones

in this area seem to have slashed straight through then,
rather than curving round their slopes as the terraces so : S e

“clearly do, (See especially the north-west spur of Xarterit |
on the ir.photograph, plate A2) :

h08t of the features which show on the air pPhotographs

and at a distance appear to be close to horizontal; this

is not true or the cliff on the northern end of Karterit,

P
[y
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a distance I could see an upper and (in March) a lower »
- line on the hillside; the upper one has a slight dip "f ;ﬂ
outvards (dovmwards to the east) from the central valley

througn the cone., On the opposite spur of the cone a

Sinilar line at about the same height dips in the opposite
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direction. The upper notch on the north-east spur is the
—ost ;trikinr of these features and is & rocky scar running é‘
across the hillside, In parts it forms an oy rhanging clifff
over &' high, cut in the slabby steeply dipping tuffs‘(plate'
15), Sometimes it is less distinct and looks only like é |
jumble of slabs of this rock, but its line can be traced

clearly right across the hill, The lower notoh could be

seen from a distance in March; lacer when I looked for it;

it was not clearly Yisible. On the slope itselr there was
only a rather indeterminate rocky belt and no distinct
Vcliff as existed higher up,

- It isLQQrd to be certain about the origin o; these

features. The upper notch, at least, appears to have been

RS

forzmed by erosion; thg lake shoreline probably dig stand'

against the cone at about this height and it is not easy

" in this case to imagine another agent than waves along a
lake shoreline producing such a feature, Although I could

; ; find no pebbles or beach gravel immediately below the upper
Harterit netch, there are sediments of definitely lacustrine
origin along the east slope of the volcano (at 8V/4) and in
the hollow at its northern end (at and above 8V/8), These
include diatomaceous silts (some containing fresh-water

~ @ollusca) ang pebble-beds, and tke correlation in height
Yith sinilarp Sediments below the Menengai shoreline is

Qite good, (See Chapter 5,)
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I neasured the height of the upper Karterit notech in
CWo W;ys, firstly by levelling up to its eastern, lower
end, ond secondly by taking a horizontal sight from a
point on the Gilgil-Elmenteita road, whose height I thén
ceternined., 1In the second case I sighted onto the notcﬁ.
at its central height about half-way across the hillsiqde,

I also tried to sicht onto the lower notch in the same way,
but left 1t too late in the year and the notch became
:almost indistinguishable, probably because of the growth
“of vegetation over the rock. The results of ny levelling'
.ar; 5iveﬁ in Chapter 3,

If the features on the Elmenteita volcanoes are lake:
shorelines, it appearq\(i) in the history of the lakes in
he Haeluru-Elmenteita basin there has been more than one
stillstand level long enough to erode some kind of a

feature on the cones, 1t is difficult to estimate how long

such a stillstand would have to be, particularly in the case

of the features which show up on the air photograph and
fron a distance but can hardly be seen on the actual slope,
(1) In the case of Karterit it would seem there has been a
tilting of the body of the volcano, away from the central
tault-line on either side, since the notches (or at any
rate the higher one) were cut,

Honeymoon Hill; this is a much eroded volcanic cone

;north of Lake Nakuru, It is believed by McCall to be of the
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sane a7¢ as the older cones south of Lake Elmenteita ang

is nade of a similar yellowish tuff. On its northern side‘
one ¢an in some lirshts distinguish a horizontal 1line

ratner similar in appearance to some of the fainter lines
on the Zlmenteita cones; this cannot be traced on the
ground surface, The altitude of this line is probably
below 6100', i,e, if it is a shoreline feature, it was

~formed during a lower stillstand of the lake than were the

best marked cliffs on the Elmenteita volcanoces.




CHAPTER FIVE

¢ THI LAJOR STILLSTAND LEVELS IN THE
NAXURU-ELEENTEITA BASIN

zvidence of Lakes above about 400"

It should be stressed ﬁhat as the basin is today, no“
lake could be contained in it above an altitude of about
6390t S,D., which is slightly more than 600' above the-
present day level of Lake Nakuru, I have verified this by
S eareful levelling.(map 5) and the height of the present
iy overilow level, according to my measurements, is between
; 6291-6392' S,D. At this level, water woulg begin to flow
,j‘_ into ienengai caldera, The height of the caldera rim is
: such that in theory the water would flow out again at a

5till lower point on‘its north-east corner, However it
E : seeds unlikely that any such overflow occurred, The
; caldera floor appears highly permeable and at present thgre
is no surface water there, apart from a few damp patches
vhich sometines form close under the walls, I would

{ Suggest that even under considerably moister conditions,

¥ith a higher rainfall and larger streams flowing into the

caldera, it would have been able to absorb a reasonable
aaount of overflow from the lake, The caldera would

certainly have been damper, pos

but I do not thinl

there was ever a large lake in it, The

£8ibly rather Swampy in parts, :
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voleanic activity within the caldera since t%e time of the
nrossible lalie overflow has produced quite a large volume
of 1ava and some small ash cones., This may have changed'
ne level of the overflow slightly (see below, page 128)
tut has certainly changed the inside of the caldera and
obliterated any signs there 2icght have been of the earlier
presence of standing water within, .
| sarlier workers in this area appear not to have
recognized the exisﬁence of such a low outlet from the
basin: Leakey catégorically stated: "We have surveyed
r
veryrgarefully indeed, and there is a definite basin in the
ﬁakuru district which is everywhere snut in and where it is
poésible to"have a lake 300 feet above the present level®
{1931a »n, 513}, ThiS\would be at a level of about 6577' R.D..
¢

‘ilsson said: "ITf one Ffollows the beach on l{enengai

e

oty
ct

urther egstwards, one finds that it does not here reach so
hizh that the ecorresvonding lake coulgd have Tound an outlet
into the caldera or Henengai and from there northwards"

(1931 », 296). The shoreline referred to is the high one
which I have called the lenengai shoreline and which towards
its eastern eng is said by Nilsson to be at an altitude of
about 6425' g, p, All Nilsson's maps of the basin show the
highest laice definitély enclosed below 6600' on the Bahati
blain, but extending across the divide at Gilgil, This with

Present gay reliel is a physical impossibility; HeCall said
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of the 5ilpll divide: "It is important to note however that
this divide 1is at a level higher than the lowest point in.

the margin of the Nakuru-Elmenteita basin, the Naluru-Solai

divide situated to the east of Henengai, at an altitude of

just over 6300 feet" (1967 p, 66). This does appear to be ‘ .-ff o f

the approximate height of the saddle between the Nakuru-

Elmenteita and Solai basins, but it seems that MeCall did
not realize fully the implications of the low point on the

caldera rim and its possible role as an outlet from the

lalke,

R t is not clear to me how such a large errdr (of 200%) R

can have entered intd}the earlier estimations of the height

of the lowest point on the rim of the Nakuru-Elmentesi ta
i

]
i

basin, It is

true that many of the older naps have very

inaccurate formlines, bParticularly in the Bahati area,

showing the basin closed at over 6600', oOn the other hand

by the 19208 the railvay had been built through Nakuru and

.0 :{ nore precise and accurate height control was available from %

b | there, only a few miles south of the Bahati plain,

It nay i .
be tha

t the whole possibility of overflow into Menengai I

caldera was overlooked; even 80, the Naluru-Solai divide ‘

(s : ; is lower than the Gilgil divide and less than 800" above

| the present lake,

1

The most recent map (no.119/1 of the

i i
150,000 series) is a great improvement on the early ones; o

1% has formlines at 50! vertical intervals which show the




ievel of the low point of the crater rin to be between
5350-5400" . )

At present, given a sufficiently hiéh rainfall, the
level of the lake would rise until it reached the Bahati

outlet and overflow would then take place into the caldera,

.. }io shoreline features would be Tormed and no lake sediments -

deposited above a level of about 6390¢*, However one can -

find, in the literature'and in the rield, evidence for lake

- shorelines and lake sediments at altitudes well over 6400°',

Nilsson mentioned a number of very high shoreline
terraces.” In his 1940 shoreline list {pp. 75-7); he
quoted 9 terraces said to be higher than his height for
the Gilgil pass (6612') and about 34 whose heights were
above the Bahati overflow level (see rfig. L&), A1l of these
vare desefibed as terraces, i,e, small concave breaks of
slope, and not as beach deposits, 7Their positions are shown
only on a very small scale map (1940 D. 25) and it is
inpossible to locate them very precigely. However it
appears that most of the highest of them are in the southern
part of the basin, According to Nilsson, there was contact
between the Nakuru-Zlmenteita and Naivasha basins over the
Gilzil divide, and there has since been uplift of this
area, centred on Eburu; this is believed to explain the
bresence of these extremely high shorelines in the southern

bart of the basin and the fact that the equivalent high

,» 101 i
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levely shorelines towards the north of the basin are not
at such high altitudes,

I investigated carefully the higher slopes in the
south-eastern part of the basin, in rarticular around the
divide at Gilsil, for any trace of the terfaces described
by Hilsson, The map in the 1931 paper gave rather more
@ detailed information than did the 1940 one. Tt showed the
'lake I' shoreline, at over 2000 metres (close to 6600!)

on the spur gorth o' Gilgil town and also to the south of
the town. Nilsson also showed a shoreline which was given
“in the list as being at 6659 R.D., 0.62 miles north of'
Gi1lgil railway station., I was het able to identify any of
these terraces, or fing any other signs of a former lake
at this level on the Gglgil divide. The slopes tend to be
rocky, Wwith a thin reddish-brown soil over volcanic rock,
and élthough there are often quite a lot of small stones
in patches on the surface, I could find no rounded pebbles
at all, Hor gdid it seem possible to identify any of the
small breaks of slopé as being shoreline terraces, It
Seems clear that any such breaks in slope, on the mainly
north-south éligned sides of the Spurs, are likely to be
Tormegd by small faults, There does seem to be a fairly
arked division, at slightly above 6600, between the

. Eently sloping area.of the divide and the rocky slopes

Surrounding it., However this division is not everywhere at
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the ;ame heizht and cannot really be said to resemble a L
shoreline feature in any way, Nor was the topographical,k;'
discontinuity paralleled by any sedimentary discontinuity,
The soil on the flat part or the divide might be a bit
deeper than that on the surrounding slopes, but basically
it seemed to be similar; rather dusty, brownish, with a
few small stones but no pebbles nor any sign of lacustrine |
sedimentation, .

I also looked for Nilsson's higher altitude shorelines
Lelsewhere, such as on Lion Kill and on the slopes of Eburu,

Several groups of terraces over, 6400 were listed for these

areas, I was not able to find any cliff or terrace that I

could say had been fogmed by wave erosion high upvon these
slopes. There are small rocky cliffs, almost certainly

g ' Tault scarps, running appreximately north-south on Lion

o

ill, On Eburu I found erosion scars, small 'cliffg! and
fullies cut in the coarse red silts. Some of these may have

been mistaken for shoreline cliffs by Nilsson; see

P a5
g

discussion in Appendix A.

On his map (1931a p, 499) Leakey showed the Tollowing

shorelines as belng above 6400' in the Nakuru-Elmenteita

basin:
1
Southern part of Lion Hill - shoreline at 775' A.L.
(=6552' R.D,)

South of Gamble's Cave - shoreline at 690 A.L.'(=6467' R.D.)




- soon after the close of the last major episode of faulting =

“ftained in a basin similar to that of the present day, and

104

in the text, he referred to "a high-level laké, which left :
a clear terrace at 775 feet above the present level of Lake -
leiuru, This lake seems to have fallen gradually leaving a"
well-marked rest-level at a point some 600ifé;t" (1931a
o, 500). The 775' terrace was attributed to the Lower

Gamblian pluvial period, which according to Leakey came

and vulcanicity in this part of the Rift Valley. Leakey

";'ﬁas definite (193ia*p. 3513) that this 775" lake was con-

thaﬁ‘the beaches were only very slightly tilted and had not
been brought to their present high altitude in the basin
by uplift tﬁrough fau%ting.

In the second mafn account of Leakey's work (1931b) it
was’said of the Nakuru basin, "The topography of this basin
sugrests ﬁhe bresence of three principal rest levels of
the lake; but no widespread beach has as yet been found to

correspond to the hichest of these, although various high-

level terraces and beaches have been found, notably on

Lion Hill in the centre of the basin, where the highest
terrace stands 750 feet above lake level" {p. 247),

There was no mention of any other shorelines at above
700" 4.L., beside those near Gamble's Cave and on Lion Hill.

It appears that both of these are terraces and that no

beach sediments were found associated with either of them,
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Acair, 1 can only say that I have failed to find these
features, although I would not therefore claim that they

do not exist, The southern part of Lion Hill, on whiqh

the 775" shoreline is marked, 1is particularly broken and

nicllly vegetated country;

o

although I spent several days

o

utting my way through the forest and Scrambling up the

slones, I found nothlny that I could identify as a shorellne
terrace, The area above and south of Gamble's Cave is

rather nore open country. Dr Leakey pointed out to me the

spur above the cave as being the higher terraces when I

Y examined it, however, there did not seem to be any feature

there as high as 690 "}A.L. (6467') and it might be that *

this is a misprint for 590" A.L. (6367'), This would be

closer to. the height of the Slope outside the cave and

also agree better with Leakey's suggestion of an approxzimately

! 600' A.L, stillstand; there is no other feature mentioned

-

at a height anywhere near 690t A.L,

Leakey also described a beach at about 6600' (its

neight is not vVery precisely given) close to the Gilgil

\; Railway Station.and 'Gilgll Hotel'., It is attributed to

.
the high (approximately 380" A.L. Naivasha) shoreline of :

the Hai

vasha basin and is shown as being definitely on the

i . Halvasha side of the divide (section of basin in Leakey
19314 p, 504),

It is not presented as evidence of contact
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petween lalkes in the Nakuru-Elmenteita and Nalvasha basin
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Gilrils  Leakey did not believe that suech contact had

taien place between the "Gamblian" or later lakes, If the

5
¥ g
1
3
' K

‘ E beach was actually at 6600' it would be very close to
ig § (according to my levelling actually above) the height of
; ;" the divide. XHowever the most recent height 1nformation and.
;{ "é, ny own levelling show that the Gilgil Railway Station and
—gz .E‘ Tormer hotel are at- about 6580° 3.D. and below, definitely
ﬁ't%‘ on- the Haivasha side of the divide, Unfortunately I was

E unable to find the beach itself, and so confirm its height
A; t beyond doubt, It was apparently found in the foundations
| of the hotel, and §0 would not be easily located today,
If it is in fact in the hotel foundations, it is almost
certainly not above 6580', and would not indicate any high
level 1ake contact between the Nakuru- -Elmenteita and
Kaivasha basins,
; Thompson and Dodson {1963) tend to follow the opinions
?{ ? of Leakey and Nilsson concerning the history 6ﬁg%ormer
; lakes in the basin, and appear to have done little further
3 Tieldwork of their own to .check or add to the earlier work
;on the shorelines and sediments., They said that, "During
the course of the present survey, the maximum extent of
the Gamblian I lakes was found to be approximately at the

%.% 65)0 foot contour throughout the area, both in the Naivasha

and Haluru basing" (p. 47)., On their map, the "QL -
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suaternary lacustrine deposits" were shown over a wide
area between the 6400 and 6600' formlines on the northern
slopes of Zburu and near the River Nderit, They did not,
wowever, give any further details of these high lacustrine
sedinents or the sections in which they were found. I tried’
fto confirm the existence of lacustrine deposits in this area
éat‘sucp high altitudes, 1t is clear that somewhere here -to
'EMm north of Eburu there is a transition from fine greyish
ésoil‘(apparently derived from diatomacecus silts of -
: 1
‘,hécustrine origin) to the higher slopes which are covered
_vdth ﬁoarse reddish-brown silts, presumably derived from
Qolcanic material and of terrestrial origin. I concluded
that Thompson and Dodson probably overestimated the

altitude at wnich this change in sediments takes place on

Eburu; their suggested value of 6600 may have been

anluenced by the fact that Leakey mentioned the highest
Fower Gamblian lake shorelines as being at over 6550', The
éexposures of sediment in most of this area are rather few,
ﬁut I 7ot information from various small sections and pits
pn the farms and frdm borehole records. This area is not
@rossed by deep valleys, so there is no hope o} seeing‘a
.gedimentary sequence comparable to that exposed in
fPrettejohn Gully.

The highest exposures of definitely lacustrine material

©on IZburu are listed below, in the section on the 600!

P
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shorcling. Apart from a small fauited patch of diatomite
at 52/2, all of them are well below 6400' and do not seen
to have originated in any lake which was above the present
‘ Bahati overflow %evel. I looked hard for higher eiposureé
‘of ¢latomaceous silts or of lake pebbles, especially
éacross Prospect Farm, but ﬁas not able to find any. A pit
édbout 10" deevp (9/7) showed coarse orange-brown silt
ioverlying angular, grey.volcaniq material (pumiéeous) with

'no sign of any stratified material or lacustrine sediments,

fA certain anount of grey and light brown or yellowish tuff

dyith pumice fragments in it is visible in small outcrops
;on the lower part of Prospect Farm. Higher up thick beds
of the coarse reddish-orange silt are exposed., The bore-

hole records contain occasional references to 'lake .beds' SR T

“ané 'water rounded sediments' at various depths, including
;a Tew whichIWOuld probably be above 6400', judging by the
;altitudes of the boreholes and the depths from which this
;material was reported. Fowever these borehole records are
jkept very roughly by the foremen, who are not géZlogists,
and 1t is quite likely that any light coloured, rather fine
naterial nisht be degcribed as a 'lake sediment', I was
-able to examine the samples of material from these bore-
‘holes, kept at the Water Development Department (Ministry
;of ‘Jorks) in Nalrobi, and found the greater part of the

haterial to be volcanic, lava and pumiceigfg yellowlish tuff,
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“pere was nothings that could be described as a lacustrine e

si1t or as rounded beach pebbles, It is possible that any Lo ‘

really Tine sediment would not be preserved in the samples,

. or even recosnized during the drilling, if 1t were only a

narrow layer. rowever it seems likely that the light-brown ‘

éla};e beds that are described in the borehole records may be

:‘fine tuffs and ash rather than diatomaceous silts., Boreholes

S 6h00Y, I walked around and between these boreholes and

‘:‘could‘ find nothing that looked like a lake sediment; the

%

rexposed in sections over 10' deep in erosion scars and

¢:533 and ¢ 1877 (see map 3) were both shown on Thompson and

'3Do&soan map as being‘within the area marked 4., at over

area was covered by coarse red silts on the surface and

rullies, )

=
[
o’

rief, I found none of the recent lacustrine sediments

~on Iburt above about $300-53350', nor was I able to see any

'sign of an actual shoreline there., I found two quite small

sections, possibly slightly above 6400', of stratified fine

rather rounded pumice fragments (see map 3 EPy and EPp).

]

One of these lies in a gully and may be a stream or deltaic
deposit f}-om a moister period; the other appears to be on a

islignt ridse rather than in a valley and is not quite so

.easily explained., These two small isolated deposits of

istratifieq naterial surrounded by the coarse reddish silts

:d0 not by themselves seem strong evidence of widespread lake
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secinentation,

ncCall mentloned virtually no evidence of recent
jacustrine sedimentation above the 6400' level in the
;:I-Ialmru—;slmenteita basin, His map unfortunately does not
i Eover the southern part of the basin as far as the slopes:of
Egburu, There is only one outcrop of lliddle Pleistocene or

i

o younger sediment shown above the 6400' contour on that map,
‘%ndvt’nat is the patch of Pll.:.‘ (Upper Pleistocene Larmudiac
%nd Gemblian beds) which lies on the 6600' formline north
éf the River dakalia, I attempted to locate this outcrop,
fm,t was unable to do sq in the short time I had to '‘spare,

éspecially as this was during the rainy season when this
: ¢

érea is not easily reached, It is possible that this

..
I8

mposure is of volcanic rather than lacustrine material; it
aicht even be some distance belouw 6600', since the formlines
1“ this part of the map are not very accurate, If it is a
lj’acustrine deposit at. 6600' feet or above, it would appear
tfo have undergone some movement relative to the divides at
3ia‘nati and nossibly also at Gilgil, since it was laid down
i;h a lake in this basin. The sediment might be comparable
‘n'!-ith the sediment exposures listed below which are small
fjaulted deposits and appear to be older than the 600 foot
VSlalore’Line and associated sediments.

8E/2 is a small deposit originally described by

| .
2ggerson (1950). He gave its altitude as 6600'; I levelled
i

: ' i . . . ,




sron =bupu Station and found it to be at 6512' R,.D.

(:6;’5064_?' 3.D.). It lies on top of a steep scarp of volcanic
rocx; the deposit includes circa 2' of a rather impure
giatonite with a lot of grey pumice pieces in it and with
Loands of fine light sfrey and grey-brown material of volcanic

"iorigin- It is a small, horizontal exposure with the L
-idifferent layers weathered into a slabby surface. The .
éo_:,:-:posure is guite isolated at the top of the nearly 200!

‘scarp and there is no 'sign of any similar rock nearby. It i a
1] A

/seems. clear that this diatomite is a considerably older
?deposit' than those not far from it at 8E/3 and &4 (see below)

wand that its-deposition predated a period of a certain

}amount of Taulting and e{osion in the Naluru-EZlmenteita basin,

. {
3/9 is an exposure of what seems to be a rather pure
|

diatomite which lies isolated above the Gilgil divide. I

have not found it referred to in any of the published or

unpublished literature on Kenya diatomites or on the geology

this area, although the pit has apparently been worked to

a suall extent. Its altitude is between 6643-6650" S.D., :
"um 1s higher than the Bahati overflow and possibly also

tﬂaq the top of the barrler to the south of the Naivasha

:Dasin before lljorowa Gorge was cus, The diatomite is at !
ieast 6' thick and is quite pure and soft and white, like
SO“)P of the purer beds at Kariandusi. It occurs in a saddle

Pn top of a steep narrow ridge of faulted volcanic rock, }

H
i
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ond I cot’ild find no sign of similar deposits nearby or on
other parts of the divide, '
2/h and &/5 are exposures along the main Gilgil-Nekuru g
poac; bhe sediments are very clearly visible and it seems
|stranme that no' mention is made of them by HeCall in his |

H: tezt or on the map. The section at 8/t is about the highest

nomt at which these sedimenus are exposed; 1its altitude is |

aDOU.u “6420-6440" S.D, The exposure is about 3' high and
e}:tends for several yards along the road. It consists of ' Je
: éven,layers of i-rhitish silt, fine grey volcanic ash, .
-1'slightly coarser orange material and very smooth round
\’?”pumice pebbles. The pebble beds are slightly cemented and i
i reddish stained. The be>ds have a slight southwards dip and
:are crossed by transverse cracks and narrow veins containing
a lignt coloured material., These sediments, which include [ ,
pure diatomaceous silts and well sorted beds of pumice o |
pebbleﬁ, are clearly of lacustrine origin. The silts are
} ouite firm and sometimes there are many small cracks and

. fissures on their surface. Similar layers can be traced

;northwards down the main road and also down the road to
Elnenteita, whose junction with the main road is just

. opposite 8/4, Vestwards, down the Elmenteita road, the fine
?White silts occur wlith a particularly well-developed 'pebble ‘
| conglomerate! of very rounded pumice pebbles, well-consolldated

;and outcropping in slabs and blocks. It is not clear
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xactly vhere the westward limit of this exposure is, but

()

it ¢oes not secen to extend more than a hundred yards or so
vest of the main road. .
The exposures of lacustrine sediment north along the

tmain road from 8/4 seem almost to alternate with volcanic
rocks in a series of small cuttings. The volcanic rock is
;Eblocky, rather light grey with a yellowish tinge, with
i‘re:ther largze distorted\. vesicles showing flow structure. The
‘;exposures are not continuous, so that it is hard always to
“work out the exact relation between the volcanics and the
T;sediments. @opever it seems clear that the sediments form
\fa narrow strip, not extending far west or east of ﬁhe road,
;:They occur in small faul%ed blocﬁs or enclaves within the
‘volcanics along this line, The volcanics and white silts
rare juntaposed in section 8/5, almost at the iowest end of :
%mmse exposures towards the north; its altitude is probably

;Fome way below 6400', The relationship between the silt and
élava is shown in plate 17, The silt here has a contorted
Eappearance, with haphazard inclusions of grey pebbles and
§pebble conglomerate; this might suggest that it was included
in a noving lava flow, although there seems to be ne sign of
bakin-  of the silt by the heat of the lava, The contact
between silt and lava here does not seem to be a faulted

contact,

It is not certain that all of these diatomites are of




114

the sa:c/age, or that all or any of them can be correlated
with tie Hariandusi diatomites which are nearby, although
Tatglrathcr lowexr altitude., 1In the case of the éxposures at‘
;E/M and 8/5, it seems unlikely that they are the same age “
‘las the Kariandusi sediments. The Kariandusi silts are said.
 tovoverlie a Taulted surface of volcanic rocks, and to be
Jonly slightly faulted themselves; the silts at 8/4 and 8/5
'seem to lie within and in parts perhaps under volcanic rock
iénd:tO'predate a fair émount of faulting and perhaps the
ienissiog of lava flows in this area, It is clear that each
jof these deposits (including 8E/2 and 8/9) were laid down

Yin lake basins rather different from those of the present
day. In the case of 8E/§, the difference may not have been
yery great, and the deposit may owe its present height to
having been pushed up on the scarp in a localized episode

of faulting, while other areas remained relatively stablé,
including perhaps the divides at Bahati andl Gilgil. The
layers of fine volcanic ash and pumice in the deposifs at
ZBE 2 and 8/h supgest that they were being deposited while
ﬁhere was some volcgnic activity occurring in this region.

The position of the diatomite at 8/9 high’up on the divide

geests possible more serious faulting since it was laid
‘ﬁmﬂh It has probably been thrust up some distance from the
|

lake floor on which it was laid down, If it is dssumed that

‘the sediment was deposited at anything near this altitude
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(uell over 6600') one is faced with the problem of lexplaining
now such & high-level lake was contained in this rart of the
nasin, and where its northern and southern shores were,

I made a brief microscopic examination of these silts
<o checii that they were in fact diatomaceous, but did not
study them In detail and have not attempted to work out inl
‘xmtail the relationship of the silts to each other and to
the episodes of faulting and vulcanicity in the basin, This
s%udy, although of great interest, would not be directly
Jrﬂbvént to my investigétion into the younger lakes whose
. erelineé are preserved in the basin, The distinction
bemmen these small deposits of quite hard white silt and
the softer liéhf brownish or greyish silts and pebBLe beds
found below 6400' is cleaﬁ. These small deposits may contain
silts the same age as those at Kariandusi, post-dating the
last najor faulting of the Rift Valley, or possibly in some
cases rather older, At any rate it is certain that all of
ther predate at least some faulting which has 1lifted them
from thelr original position on a lake floor or shoreline.
This faulting may not have changed the topography of this
area very much, but it was enough to disrupt the lake
Sediments and also the shorelines of these older lakes, It
is thus of no value to correlate these sediments by altitude
Or to attempt to trace a shoreline from their altitude

Within the basin, They seem to belong to a sedimentary

s
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episode yhich 1s quite sharply delimited from that of the

~oot and later lakes, The break in lacustrine

secimentation between these episodes can be explained as
resulting fron a period of faulting and possibly also
suleanicity; 1t docs not provide evidence of an arid
jFinterpluvial" phase,

‘ There is a small &cposit of stratified volcanic material
-%ngey punice 'pebbles', rather small and rouéded, and darkér

‘fm~ments of heavy ninerals) rather sinilar to those des-
;cribed’above on Ebur&, towards the north-east corner of the
ﬁb ti<plain, af 3/10, 1t appears to be some distance above
i&wo' and thus considerably higher than the widespread
;beach deposits of the 60\0 foot level, It is an isc;lated 4
:deposit and lies close tb the Wgosur stream; & rather
sinilar deposit (3/15) occurs some distance downstream, at
about 520C6'. These deposits may be fine river gravels laid
“down 2lons a larger stream under moister climatic conditions;
_they do not seem to be lake beach deposits such as are at
*3/6 on the 2ahati plain,

I have failed to find in the Nalkuru-Elmenteita basin
convineing evidence of a recent lake shoreline at above
_6400'. There are faulted lacustrine sediments above that
altitude which indicate that the relationship between the

heizht of the Bahati overflow and other parts of the basin

must have changed at some time $ince those sediments were
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laii £o. ‘his mlsht have taken place through changes on :
-ne sahati plain and at the rim of the caldera to lower the
1 from an altitude of rather over 6500' to its present ‘

1evel. However, the most recent faulting does not appear

s0 have affected thls part of the basin and the rim of the
caldera may have remained aquite stable since the original
collapse associated with the actual caldera formation,
According to lelall: "The grid-faulting tends to be con;
“gentrated in the basins, and to die out on the volcanic

. _passifs such as Henengal and Zvuru®" (1967 p. 14). The
position of the diatomaceous silts in the south of the basin
at altitudes_ above the Bahati overflow may thus be due to
their ‘néving been thrust up on fault blocks rather.than to

an absolute lovering of the overflow, An estimate of the

necessary amnount of novement can be obtained by comparing - 4

the heights of these diatomaceous s5ilts with those of the
divides at either end of the basin, The heights are these:

Diatomaceous silt 8/9 ¢ 6650' S,D,
8/ 3 6LLO' S.D.
8E/2 '+ 6506' S.,D.

Gilgil divide : 6597-98' 3,D,

Bahati overflow ¢ 6391-92' S,D.

ot . 7 . .

The sedinents at 8/4 and 88/2 are below the Gilgil divide,
and would only need a relative movement of about 120' to be
below the Bahati overflow also. The diatomite at 8/9 is

over 100! higher, and its position, clearly on a faulted

-
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plocli, on the crest of the Gilgil divide would require

/

rather 7}cater novenent, 1Its possible connection with the

iatvasha basin nakes the 8/9 diatomite difficult to interpret.
qowever the total faulting implied by these sedimpnts is
Conly of the order of 200'or 300% which is relativély little
niwmen conpared with some of the major Rift Valley faulting 7
:‘ (ﬂu©wé of several thousands of feet) which has taken place
in‘this arsa, (HcCall 1967 pp. 99-100)
' No comparable outcrops of older faulted diatomaceous
éilts:arefrecorded frgm the northern end of the basin, in
- the area near the lienengal shoreline, This may be because ) i;‘

these older silts were laid down in a lake predating the

N :

caldera eruption and have been covered by the thick pumice

nantle which was producéﬂ in this eruption, Alternatively,
* the older silts may also post-date the caldera formation and

be separated from the younger sediments by a period of minor

faulting only., In this case thelr non-appearance above
500" in the northern end of the basin would be merely a
matter of chance,

It does seem that in the northern part of the basin
punice falls have blanketed the topography in some parts and

. Day also nave covered some older lacustrine sediments., In

ct

he south there was probably no bulk production of volcanic
debris on the scale of the Menengai eruption, The lavas and

tuff cones of the Elmenteita badlands are low down in the
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pasin and the coarsc material produced seems to have been

rather restricted in its distribution. The sedimentary o

secord ¥as not interrupted by thick pumice falls as it B
appears to have been on the slope above the HMenengal S

shorelinc, and some older lacustrine deposits remain visible.

2. Zvidence of the 600 foot Lake Level

Durins ny fieldwork in the Haluru-Elmenteita basiﬁ I ‘
round a considerable amount of evidence for an important
shof’eline at about 600! above the present lake level, {:hat
is, at about 6370' S,D. This includes the following: (1)

mhe shoreline cliff and terrace on lenengai. (ii) The

sequence. of sediments below this shoreline., (iii) The
Bahati overflow andu)the sediments at 3/6. (iv) The Eburu
diatonites, (v) The‘ sediments and possible shoreline at
Gamble's Cave., (vi) Other sediments in various parts of
the basin including Lion Hill, iHjoro Road, Karterit, This
evidence is sumnarized in Table IV,

I have discussed the nature of the different kinds of
evidence (e,r., the shoreline cliffs, the beach pebbles, the '
§ilts) in detail in Chapter 4. Here I shall summarize the
evidence and discuss the height correlations between sediments
and shorelines in the different parts of the basin, their

relationship to the height of the overflow, and the question:

of tilting of this shoreline.
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Summary of evidence for the 600 foot shoreline

j’ u Foot adjustment from railway datum to survey datum,
* The lacustrine origin of these features is not certain,

Locallity Bass of Highest Pebbles  Highest j
g cliff lava and sand diatomaceous - -
pebbles (highest) silts
o
L}
ienengal 6370° 6381 2223_43, 6303" |
ahati | gg‘;{fggvf 63430
Kjoro Road c 6360° 6303
Lion Hill 63831 6331
 Jorth-East % :

Timenteita 6368 6243
- ¥63781 6338"
Kariandusi 6%%8 . ”6%29'

’ t
Hekopey \ 63641 *"ggtjé'
Gilpil
AIscarpaent 63181 6313
zarterit c 6365' 6293 6320"

Adjusted from railway datum+

Zburu 63601 6338
Nderit- -
Camble's Cave 6388-6398" 634710 6286!
Fakalia 6314
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"a terrace at about 600' A,L. (=6376' R.D.) and beach gravel !
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s+ 7he results of earlier work .
;9 EXLA i

Tne importance of this circa 600' A.L. shoreline does
not appear to have been generally recognized by earlier i‘ o
woriers In the basin, alth‘;u&’»h they did describe a number of |
shoreline features from about this altitude. Leakey (193”1&9
p, 499) showed beaches on Lion Hill at 608' A.L. (=6385" BD)
and at 590' (=6367' BR.D.) and possibly another at 590' -
south of Gamble's Cave, These were belleved to 1ndicate. a b
"yell-marked rest level" in the fall from the Lower Gamblian

nigh lake at 775*' A.L. Solomon (in Leakey 1931b) mentioned "

in the cawve on Lion Hill, said to be at 620' A.L, (=6396'.

R.D.). There is no mention in either of these works of the{

cliff and terrace on\( vienenzal (at 6370' S,D,). This seenms
strang;é, since it is a very well marked feature and easily
accessible {even in the 1920s and 1930s it was close to the
railuay line and not far from Naluru town) and is describedj
fully by Hilsson, who was working in the area at the same -
time as, and partly in collaboration with, Leakey and Solomén.
According to Lealiey, the circa 600' AL, 'rest level'
¥as not as important as the next below it; "The most
videspread rest level is that represented by the beach in .
Gamble's Cave and dated as Upper Gamblian in age" (Leakey

1931% p, 247), Leakey listed the evidence for this

Shoreline as:




500" A.L,
Above the nrecipice west of Lake Haluru #490' A.L.
Terrace at foot of Lion Hill 510" AL,

Seach and terrace on Gilgil Zscarpment 530" (?)A.L,
{(from Leasey 1931b p. 247; height of lake is given as :
5776', presumably R.D.). On the map in Leakey 1931a, the .-
* gamble's Cave height is given as 503' A.L., the Lion Hill
neight as 506' A.L.

. The height of this "Upper Gamblian" shoreline is mos£
generally aquoted as 510' AL, 1t is sucgested from the
k}mig}t evidence quoted above that there has besn slight
tilting (downwards to the west) subsequent to thg formation
of the beach, From my fieldwork I was unable to confirm
tnat an important shoreline exists at aboub 510 A.L, (i.e.
at circa 6286' R.D. or 62380+3"' 8.D.,). “The results of ny
ﬁﬁldkork at the different localities are summarized belot;
here I shall comment briefly on the evidence for the 510!
level as it is listed above. At Gamble's Cave the beach
sand is at 6347+3' S.D., i.e. at least 567' A.L. Nakuru.

The beach cravel at the base of the Gilgil escarpment is

at 43153' $.D., circa 538' A.L. Nakuru; it lies at the base
of a stecp cliff and does not seen likely to be at its
oririnal level on the lake shoreline. I could find no sign

of a terrace at the foot of Lion Hill that indicated a

stillstand of the lake at about 6286', I was not able to

122 -
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-ocate the shoreline described as being "above the precipic.el_r
west of Laiwe Haluru" at 490' AL, (circa 6260' R.D.). k

I cannot, from these results, accent that there 1.~Ias
y important stillstand of the lake at about 510' A.L., :
whether or not a small amount of tilting is admitted, '_ VIt
35 true that the most widespread shoreline does appear :to
he that represented by the beach in Gamble's Cave, but this 7
is considerably above the 510' level,

Hilgson did not place his shorelines in groups with a
énall helght range, Decause of his theory of tilting, each

of his higher pgroups included terraces of very different

heights., The full sequence,as correlated with Leakey's
sequence, is shown in Table I, The suggested “Gamblian"

shorelines were these:

shorelines at circa A34-877' AL, (=6415-6659" R.D.j

1
II shorelines at circa 634-690' A.L. (=6415-6471' R.D.}
Lake IIT shorelines at circa 358-601' A,L. (=6139-6383! R.D.!)

Lazie

wone of these groups can be said to be equivalent to l :
Lea¥ey's 600' or 500' A.L. rest levels, or to the approx- ‘
irately 600' A,L, s‘nore}ine which I have found, Nilsson did;
recornize and level several of the important features of the
600! shoreline level, including the cliff and terrace on
zenenmai and the beach and vpossible cliff at Gamble's Cave. l

Sowever the heights of his terraces and beaches in the

Naluru-Zlmenteita basin (lListed 1940 pp. ;75—?) do not show
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any concentration at cither 600" or 500' A.L. I\Tf.lmru, i -
5\,1{,‘11011{‘;1‘. some terraces from approximately thes&!"al_titﬁdes

are listed (see fig. &), : l

icCall's map (1967) showed the shoreline on Menengai,

crossins the 6400' formline at rather a steep angle and

‘elearly very roughly drawn. He showed almost no lake

sediments above S400' in the Nakuru-Elmenteita basin and

suggested that the Larmudiac sediments only occur below the

o

high-Ievel shéreline on lenengai. Later when we discussed

i

the sedime;xts in more detail he susrested that this height

-relationship 1s almost certainly acoincidence and that the

A

Larmudiac sediments, which are slightly faulted, are con-
siderably older than this shoreline, It would thus be Lhe
younger “Gamblian® sedi}xents which are related to this

shoreline,

3. The_evidence for the cireca 400 foot stillstand of the lake

Henenrai

on the southern slope of the volcano the evidence
includes: (i) The shoreline cliff, best developed over a
distance of about 3 miles between profiles 1 and 9 on map 4,

The neight of the base of the cliff is close to 6370' S.D.

and the cliff does not appear to be tilted. It is discussed

" in more detail in Chapter L4 above; see also the profiles

(fig, 1),
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(ii)‘Lava pebbles outcrop on the surface below the cliff -
and also eastuards wvhere £he cliff 1line itself is not
visible, Some of the highest outcrops, shown on map b;‘are )
1isted here with their altitudes. ,ﬁ;
1/23 below the cliff, pebbles up to 6330' S.D, . o
2/2 over lava surface below the cliff, 6332-6341' S.D. . ¢
Below profile 14, on surface up to about 6366' 8.D.

laragoli Avenue, central part on surface, highest
pebbles at about 6381' S.D.

Naragoli Avenue, eastern part on surface, highest
' pebbles at about 6357' S.D, (plate &)

Along Crater Road, pebbles at 6361-6378' §,D.
These areEOhly a few of the points at which these pebbles

occur., They can be t?aced between the points to which I

levelled and for some distance further east around the side .

of lienengai, at a rather lower altitude., In all. they occur

on or near the surface between the altitudes of cirea
6230-6380' S.D. over a distance of at least 4% miles, There-
are rather more pebbles to be found towards the eastern end
of this zone, possibly because the pebble beaches there were
orizinally larger than those further west. This could be
tecause there was a greater supply of material for the

pebbles from the lava, welded tuff and lgnimbrite exposures

along this part of the shoreline, Towards the west, where

Such exposures are not found, I could not find many rounded

lava pebbles.
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(111) Sections with layers of pumice pebbles, sand and
glatom aceous silt are found along the shoreline at a
renerally slirshtly lower altitude than the coarser lava

pebbles, The hlghest section to show any sign of stratifica- -

tion and water-rounded material is at 1/5, close to Nalmrur
Junction signal box. Its altitude is 6357' S.D. A bettef
ﬁeveloped section (1/7) with well-stratified layers of :
;o V_pale crystalline sand and rounded punice pebbies is exposed
‘/close‘ to i't at an alt\itude of 6340-43' S,D, (plate 10).
':».-Anoi.:her small section which includes a layer of pale grey

= ;iatomaceous silt as well as sand and pebbles is visible
close to the main Nakuru-Eldoret road, at 1/31; its

“altitude is 6303' S.D. Further east are & number of similar

deposits with layers of \gpebbles and sand and diatomaceous
silt, between the altitudes of about 6173-6332' S.D. They
are particularly~clear in the gully at 2/11, where outcrops

show on either side of the sully wall and there is a pro-

gression upslope from exposures mainly of fine diatomaceous

5ilt to exposures containing mostly pumice pebbles and coarse

sand, The outcrops at 2/11 lie between heights of 6255-

6275' s.D.
The altitude of the base of the shoreline cliff (6370!

§.0.) indicates the height at which wave erosion was

Concentrated and thus the approximate average water level of

the 600 foot lake, The highest beach pebbles

on Menengai
. .
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and Liop ;111 are at slightly over 6380' S.D. This is about
101 hi,-;,her than the base of the cliff. They are found at
this altitude in areas where the cliff itself is not visible.
The occurrence of beach pebbles at this altitude (which is

i 5t£111 below the level of the Bahati overflow) is not

unexpected. They might result from (1) storm waves building

'up a shingle beach slightly above the mean lake level;
‘(2‘) pericds of a few years during which the lake level was
f un'usvually high. In this case it would appear that the lake
 remai d high long enouph for beaches to form at about 6380'
but not long enough for a higher c}if‘f to be cut abo:re the
I.g'one‘ét 6370". .

I could only find sediments of undoubted lacustrine
%origin on the western edge of the Bahati plain, below the
- slopes of 1~‘Iénengai. I dug two small pits close to the main
road Wakuru-Solai (3/1 and 3/2) and found in them even layers
of dlatomaceous silts and pumice pebbles, at altitudes of
i524" S.D. and 6259' S.D. The section at 3/6 (plates 12
ang 13) showed well-stratified layers of pebbles, sand and
a narrow layer of diatomaceous silt over a gently sloping

,roc.»: surface at an altitude of 6343" 3.D, Overflow of water

ﬂoulf* take place from the Bahati plain into Henengai caldera

vmen the level of the lake reached about 6391' 8.D., The
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overflow would occur at the point OF on map 3,shown in
detail in map 5, and also in plate 3, The correlation in
altitude between the overflow and the base of. the cliff on
kenensai (6370' S.D.) is not perfect; if the water level
actually stood close to the level of the base of the cliff

as 1s probable, it would be about 20! below the actual‘rim -

of the outlet. It is possible that a tilt of the order of j

“20" has occurred between the MHenengai shoreline cliff ang
: aw area of the overflow, over a distance of about 6 miles,
but I can find no other evidence that such a tllt has taken
place in this area, Any change in the rim of the caldera
due to faulting or Subsidence would be likely to lower its
level and not raise ;t; it is sSuggested earlier (Chapter 3)
that such a change se;ms unlikely to have taken place during
the Derlod since the 600 foot lake existed, The level of
the rip may have been SllPhuly raised since the lake Stood
there, by accunulation of debris washed down from the slopes
of : dienengai, and, more important, by volcanic products from
within the caldera, There has been quite recent small-scale
Volcanic activity inside the caldera and this night have
depositeg bumice and ash on the rim and raised its level

% several feet. In sections 3/7 ang 3/9, on the slope of
the overflow (close to OF on map 3), there are several
different layers or freshdooking pumice and ash. This woulgd

heln to explain why there is at present no sign of any




that the lake level did not need to rise to the. actual rlm

vefore the effect of the existence of the outlet would make

itself felt in halting or at least slowing down a further .
rise of the lake, This night be through Dercolation taking

.place through the permeable pumice and lava which underlie

.

underlying water table into the crater before the level or
jthe lake reached the height of the surface overflow.

Over the rest of the rlain the sediments were not of
ObJ‘IOdSly lacustrine origin but this cannot be taken as _
bproof that the area had never been under water,  as already
discussed in Chapter l<
lijoro Road (

(i) & f‘aint break in slope, possibly a westward continua-
tion of uhe Henengai shoreline eliff, can be tracegd across
from the Halauru Junction area towards the main Nakuru-Njoro
road. I levelled this break in slope where it crossed the
roads; the profile is much longer and more gently sloping

than those or the Henengai shoreline cliff, and this is not

due to the road building, The base of the 'cliff' on the

Yjore road does appear to be between about 6355~63651 3, D.,

¥Which agrees quite well with the altitude of the Menengai

shoreline
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c‘qa»mﬂl out by water across the outlet, It is also possiblex '

this area, S0 that water would be lost f‘rom the 1ake and its L
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.
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(11) A small section with stratified layers of pebbles and s
-lmure"ldiatomaceous silts is exposed below this slope at

5303 8.D. (&/3).

(i11) The lower part of this area, between the two main
roads to Njoro and Eldoret, is crossed by a number of quité '
steep-sided ~ullies, They do not appear to contain running
""l-rater often, and their sides are grassy along most of their
ljengths in this part. There are a few small exposures of
diatomaceous silts, sand and pebble beds, and these can be !
trét;e'd upslope towazrds the similar exposures around Nalkuru ' ‘
Junction, The highest altitude at which the pebble and silt
‘beds are found in these gullies below the Eldoret road is
about 6329" S.D. (4/8). It would appear that these sediments
are related to the Hen\?ngai shoreline level and are of the
same age as those that are found below the shoreline further

alons to the east, They do not appear to be faulted; 1i.e.

they are probably not the same as licCall's Larmudiac beds
which he described from this vicinity. (McCall 1967) The

: _Lamudiac beds aré exposed 1n the river sections south of the
Njoro road, along the western shore of the lake, It would

appear that somewhere in this area, either north or south

of the joro road, it should be possible to trace a dis-
continuity between the sediments which are unfaulted and
;' @ppear to be contemporaneous with the 600 footAshoreline, and

the Larmudiac beds which are faulted and possibly cqnsiderably:
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older, but also contain diatomaceous silts and'pe'bble beds.
wnelally surcested (in log.) that he thought it iiﬁlikely that
the Larmudiac beds, as he described them, were in fact
contemnoraneous with the lienengal shoreline, as he had
stated in his report on the geology of this area, (196,75'
further study in this area would no doubt provi.de‘ noxre:
“information on this aspect of the sedimentary history of
the basin.
Li:én‘ Hill

| This is an elongated ridge running approximately north- i
south in the centre of the basin, defined by quite steep
slopes, fault scarps in volcanic rock, When the lake was
at the 600 foot level, the hill would have been an island, !

and sediments from that lake would be deposited around ‘the
¢ o

slopes of the hili. There is plenty of evidence of such
sedinents round much of the hill:

(1) On the west side of the hill the slopes arc often
particularly steep and thickly vegetated, so tlhat evidence

of the lake at a high altitude is rather hard to find, There
is a thick exposure of fine diatomaceous silt and coarse

sand and pebbles in a gully and what appears to have been a
Quarry (5/1) at an altitude of 6027' S.D., and lava pebbles

in quite large quantities are scattered widely over the slope

fron there up to about 6322' S.D.

{11) At the northern end of the hill in a small longitudinal
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}mllo& is a patch of sediments marked }'113 on MeCall's
pap  (1967) . I found these to be impure diatomaceous silts:

¢ some rounded lava pebbles; the silts I traced up to :
6318* S5.D., the pebbles up to 6359' S.D. (5/10). It would |
seem that these silts and pebbles, lying in a small hollbw,
had been protected from the erosion and downwashing which
removed much of the lake sediments from their original
posi§ions on the exposed slopmes of the hill,

(111) Similar diatomaceous silts occur along the eastern
side of Lion Hill forming a gently sloping rather pitted
surface bgpeath the rocky slopes. I found the upper limits
of such silts at 6254' S.D., 6245' S.D., 6331' §.D., and
£319' 5.D. (at 5/13, §y12, 5/14), from north to south along
the slope., Pebbles occur rather higher up the slopes, at
£248' 5,D., 6313' S.D., 6328' S.D. and 6340' S.D.

(iv) There is a small clear exposure of pumice pebbles over
diatonaceous silt at the bottom of the slope below Lion Hill
Cave (section no. 5/4) which is at 6331' S,D. and thus

agrees well in height with similar exposures below the
ienenzai shoreline.

(v} Lion Zill Cave was said by Leakey (1931b p. 2L47) to
contain a beach gravel underlying archaeological horizons

at an altitude of 620' A,L, (=6396' S.D.). From my levelling
I found the floor of the cave to be 6387' S.D. (this was

the upper part of the floor towards the back of the cave),

i
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«- present the cave floor is rocky and there appears to be

sediment in it except for some fine dust. I saw no sign
+ any beach pravel in the cave or outside 1tj the nearest:
rounded pebbles vere a considerable distance below the cave,

1t is possible, as Leakey has suggested, that the beach

: cravel has been completely removed from this locality during.

and since his excavations there. In its original position

on the cave floor it would have been at about 6387' S.D. and

thus correlate gquite well in height with the highest pebbles ‘

on I‘ieynengai and elsewhere on Lion Hill, The slightly greater:

-

heizht of the possible Lion KHill Cave beach gravel can be
ezplained-by the sheltered position of the pebbl.es in the
cave, protected fronm \c\lox-mwashing. It is possible that
Lion Hill Cave may owé its existence, at least in part, to
erosion by the waves of the 600 foot lake, It is hard to be
certain about this from the appearance of the cave, which
ie an overhanging arch over 20' high and at least 10' deep
cut in the jointed lava which males up the hill, It would
seem, however that the cave is at rather too high an altitude
to have been formed in this way, since even its floor 1is
at over 6380° SD

Leakey mentioned a beach at 510' A.L, (=6286' R.D.)
vhich was said to be immediately below Lion Hill Cave, I
could find no evidence of such a beach or of anything that

would suggest a separate lake stillstand at about that
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s1titude., There is a small terrace on the hillside slightly
pelow the cave, but it cannot be traced far around the slope =
and I‘did not notice any particular concentration of pebbles
a5 that level,
(vi) South of this area there 1s a saddle across the hill "
(5/16), a mently sloping area on which there are a lot of
rounded lava pebbles which seem to be close to their g
'original position as a lake beach, since they are in parts

‘very concentrated and almost form a low relief feature on

the flat saddle, They occur up to 6383' S.D. (plate 5).

Yorth Zast Elmenteita

This is the name I have given to an areayto the north- |
east of Lake Elmentelta, just to the east of the main
Gilgil-Haluru road at\8/1 on map 3., Here a great number of
rounded lava pebbles ére scattered on the rather steep,
brolken slopes of the wall of the Elmenteita basin., Some of
the pebbles are shown in plate 6. They occur from the level
of the main road ( at cireca 6140' S.D.) in great quantities
up to about 6260', and more sparsely up as high as about
6363* 5.D. They are spread across spurs and hollows on the
slopes, and do not appear related in their distribution to
any particular hollow that might be a drainage line; they
are not a river gravel. It does appear that many of the

bebbles have been washed down some distance on this steep,

bare slope. I found a patch of quite pure diatomaceous silt
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at 62k3' S.D. on the slope, with pebbles around and on top i

of it If the pebbles and silt were lald down in the same .

‘as scens quite likely, then most of the pebbles' haver e

probably been washed down from some distance aﬁove the silts, . |
On a separate faulted block just to the west, on the

other side of the'main road from the slope with all thé

pebbles, I could find no pebbles at all, though I looked

carefully over the whole slope, This was unexpected, as

the height of this block was between circa 6160-6270" S.D.‘,

‘and- 1ts eastern slope was not particularly steep and was

scattered with a lot of small weathered (but quite unrounded)

“stones and pieces of rock, It thus appeared just as

favourable an environment for the deposition and preservation i;

of beach pebbles as the slopes opposite. The absence of
beach pebbles on this ‘western slope would suggest that i
either they have been completely removed by subaerial |

erosion since they were on the beach, or that there were

never any pebbles on this slope, I find the first suggestion

rather hard to accept, since so many pebbles remain on the
opposite slope, The second would imply that there was no

stillstand of the lake level sufficient to produce a pebble

beach between about 6160' and 6270', which is the height of
the top of this small separate block, If this is so, the
nany pebbles below 6270' on the slopes opposite have been

washed down from a beach at a higher altitude,

135 |




~

136

Karianduéi and Keliopey
Kariandu

These are two streams flowing from the eastern edge"of‘

4 B
the Zlmentelta basin towards the lake. I investigated: the

perts of their courses east of the main road Nekuru-Gilgil,.

(1) Along the Kariandusi the diatomlites and fine bands of

volcanic ash (exposed in the mine further downstream) are

overlain by younger pale grey. and brown diatomaceous 'siltfs‘.
‘T traced these silts up to an altitude of 6260!' S.D. we‘st'
of ‘the road to Kariandusi station, and as high as 6338! S,D. i
on the west bank of the stream itself. .
(ii). Lava pebbles‘x\-.\rere scattered rather sparsely on the

surfaée at the base of the rocky slope west of the station .

road;” I traced tlﬁem to a highest level of about 6316' 3,D.
Along.the _r:'[ver I found a patch of rounded pebbles at

6378' S.D.; it is-po%sible, of course, that this may be a
river gravel, although I did not find much in the waywof
similar vebble deposits downstream from there,

(1ii) Along the Kekopey there is a clear section of

diatomaceous silts overlying a thick layer of coarse,

reddish-orange unstratified silts., The diatomaceous silts

taper out and are not visible above an altitude of 6311t 3,D, f

PR .
(8/3). PFurther upstream I found some more outcrops of impurea-E

diatomaceous material, small patches on the stream bank at !

6336' S.D, and 6345' S.D.

(1v) There were no exposures of beach pebbles or stratified x
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DebLle and sand sections in this area near the river Kekopey.
I ;ound a few pebbles at the foot of the rocky slope- that: i
runs approXimately north-south between the two streans,
forming the boundary of the basin, The highest were aﬁ
gbout 6364' S.D. but there were long stretches of the slope
along which I could find no pebbles at all. |

This area, in fact, was rather lacking in any definite

: _evidence of the high lake level, Such evidence as there 'is

[N ST

"does agree in altitude with that I found elsewhere, so that
these nebbles and dj\.atomaceous‘silts might well be actrlbuted ;
to the 600 foot lake. However, the distribution of both |
:pebblés and silts along the stream lines gives rise to some
uncértaint;-y “about their origin., It is clear that the
diatomacéous silts wef}e laid down in relatively still water,
and in a fair body of water such as is not provided along
the present courses of the streans, so, to some extent, they
do indicate a former moister climate and higher lake level,

It is possible, however, that they were laid dowm in an
estuary or swamp along the rivers at a time when the lake
was higher than it is now, but not necessarily right up to
the 600 foot level, On the other hand the heights of these
Silts do agree well with those b‘elow the Menengai shoreline
and at Zburu (BE/3 and 8E/4) whi‘:bh were most ;c;robably not
laid dowm along a stream course; and which can be‘ attri‘buted

to the 600 foot lake.




with a lake-beach and terrace the level of which corresponds:

Y5301 (2) A.L. Naluru" (=circa 6306' R.D.) and the question |

|
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53ilgil Zscarpaent

>

This escarpment forms the south-eastern boundary of the

! . s 1 . s i
couru-slnenteita vasin, It is a striking feature, in parts
el g

Lo
made un of several steps and ledges, in parts by a vertical ;

pItE 0N

i

rociy ¢liff over 1C0' high, The expected shoreline level

H
}

vetween 0350-6400' runs across these steep slopes énd it is
unliely that anything in the way of a shoreline terrade or
beacn sediment would be preserved on them in situ, 'Accofdihé
to folomnon (Leakey 1931b p, 257), "Patches of Ganmblian
deposits occur to the south of the Kariandusi River, and
their final dlsappearance, at the Gilsil scarp, coincides
\
vell with that of Gamble's Cave and elsewhere"., The
"Gamblian“ deposits to which he referred are presumably

the diatomaceous silts which cover the flat land between the?

Gilgil escarpment and Karterit volcano, They can be seen in

snall pits and in an%-bear holes, and outeropping at the
foot of small scarps which cross this plain., The M ake-beach

1

and terrace® referred to by Solomon are said to be at

mark is also shown on the nap (Leakey 1931a) where the
shoreline is showuwn crossing the main road south of the
fariandusi river, The position of the beach on this map is
rather too far to the north, as the beach is in fact certainl&

closer to Gilgil then it is to the Kariandusi- river. The
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road nas now been realigned and the present main road does
not fun close to this shoreline. The line of the former ‘main
road can be traced across the fields a few hundred yards

west of the present road (north of the main scarp) and

across the present Gilgil-Zlmenteita road where there . is a

amall station on the low-tension electric line, South of. :
shig it can be traced up across the escarpment at alzﬁosﬁ ité
steepest part, Diatomaceous silts outcrop along the ‘1ine
of ‘the road up to a height of 6313' S.D. (12/3) at the base
of the scarp. At ‘that point they form a small outcrop
unconfornably overlain by roundcd pebbles. Pebbles occur
also a few yards up the road to a highest level of
6318t $.D.7 (12/3).

'.‘m_s is presuma?ly at, or very close to, the beach and
terrace that Leakey described as being at 530'(?) A.L.
Lealey told me that the reason for the question mark was
that at the time of their Tieldwork they were uncertain as
to whether the pebbles, to which they levelled, represented
the actual height of the original shoreline, He suggested |
that this height might actually be too high for the lake
level itself, as the pebbles could have been thrown up by
Storn waves to & height above the normal water level, This
Sgens to me rathér unlikely; the pebbles ar? foun(i near the _
base of a sgree over 50' high, which in turn is at the base

of a rocky cliff over 100' high, and are probably not in




situ, 1 looxed over the scree for any sign of higher

appears to be rapid on these slopes; there are already

ot

gul

abandoned only about 20 years ago, The section, as it .is

dowm from a rather higher level. The silts, at 6313' S,D
agree quite well in height with the higher diatomaceous

silts from bther parts of the basin, as having been laid

; acout the level of the lake in which the pebbles originat
but they .do not seem adequate evidence of a lower lake

stillstand around the 530! level as Leakey suggested,

[ Earterit

been described in more detall in Chapter %,

o

¥ betreen about 6355-6380' S.D.; the height correlation wi
the lienengai shoreline cliff is not bad, allowing for the

“lting of the Karterit cliff.

¢ a nunber of stones fallen on the old road, which was

exposed on the roadside, suggests that the pebbles have been
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/ . ‘
ples but could find none., Downward movement of material

_uashed down onto the eroded diatomaceous silt; there is no

smootit silt-sand-pebbles transition or conformable contact.

highest altitude, 5ﬁt the pebbles have probably been washed

dovn in the 600 foot‘}ake. It 18 not possible to be certain

ed,

The shoreline features on the Elmenteita volcances have

L (1) On the north-eastern slope of Karterit the cliff runs

th

visible. The diatomaceous silt may be close to its original




(11) ’ over most of the slope below this cliff I could find.

aothing in the way of pebbles or lake sediments; the slopé

1s rather bare, with slabs of the yellowish tuff of the

volcano outcronping,

{111} Sediments have been preserved in a small hollow,

'pounded on one side by a fault scarp, which runs dovm below
the possible shoreline c¢liff. Here I found pebbles on the
surface up to about 6293' S,D, and in a section with layers
of light silt atié?_h79' 8.D. Diatomaceous silts containihg
mollusca (8V/3) are exposed at an altitude of 6192' S.D.

{piate 16), (For more detailcd discussion of the mollu.'sca

.see Appendix B.,) These sediments and pebbles are at a

rather lower altitudé) than the highest ones exposed below

tut they are still within the height range of similar
eiposures in other areas; there is no reason to suggest
that they were deposited in a lake with its shoreline much
below the 600 foot level,

{iv) Along the outer eastern wall of Karterit I could find

land a few hundred yards east of the slope of the volcano,

Close to the former Eburi station there are some

i The highest of these outcrops were close to 6320' S.D. (8V/4)

tne kenengai shoreline and in some other parts of the basin, -

no pebbles at all, but diatomaceous silts outcrop on the flat
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outcrops of diatomaceous silt and pebbles which can p]:'obs'gblyji :
oe at/tributed to the 600 f‘oot(lake. The country here,isrk
vroken and much affected by recent volcanic actlvity, which
wad produced small volcanic cones and lava flows, and vtl'viése
gxposures occur in a small enclave which was not covered 'by
the products of this vulcanicity, ‘

’(i) Rounded lava pebbles are exposed on the surface and ."1_,n
spall seotions,ciose to B8E/3, The pebbles shown in 'pllate 7 \
aré at an altitude of 6356' R,D. (=6350+3' 3.D.). At 9/1

N ; »

"a section is exposed in an old railway cutting in which a

“fine reddish sand overlies layers of rounded pebbles and a

‘narrow band of impure but definitely diatomaceous silt, ' 1

(Plate 9) The pebbles in' this section are at 6361' R.D. - ! ’ i :
(=6356+3' S.D.). ) , ‘ 1’
(11) The diatomaceous silts exposed in some of the Eburu ‘
sections- are quite pure e_nnd white, and were once prospected
With a view to possible commercial expioitation. (Saggerson
1950) &t 88/3 (plates 11 and 18) they underlie layers of ‘
sand and pebbles at an altitude of about 6302' R.D.

{=6296+3' S.D.) in the main section; a small patch of

diatonmaceous silt was exposed at 6323' R.D. (=6317+3" S.D.).

At BEZ/4 there is a small eroded volcanic cone, probably
dating from the first phase of volcanic activity in the
fadlands and thus predating the deposition of these lake

Sediments. The diatomaceous silts outcrop around the sides




of the cone underlying pebble layers., Their altitudes there

arc between 56315-6344' R.D, (=6309-6338+3' S.D.).
e helghts of these exposures correlate quite well |
4ith those of similar exposures in the northern end of :the
nasin, Although no exact comparison can be made, since f,here'é,
is no trace of a shoreline clyiff in this area, the relé.t;v‘év

attitudes of these sediments do not seem to suggest that

& there has been any tilting between the north and south e'n,ds

"

o the basin since they were laid down.

Hderit-Gamble's Cave

Iy Iy 0
The lacustrine deposits in the extreme south-western

part of the basin can be considered in two groups; (1) the

Prettejohn Gully exposures, and (il) the exposures near

Gamble's 'Cé.ve and along the Nderit wvalley.

(1) The Prettejohn Gully exposures; moving down from the,
( .

aead of the gully, these are as follows:

(2) The uppermost part of the gully,‘'where it is a narrow

hollow not more than about 6' deep, is cut in weathered

4 orance material that seems to be of volcanic origin, i.e,
2 fine pumiceous or tuffaceous sediment,

¢ {(b) 4 short distance downstream the exposures in the gully
and in the surrounding countryside are of coarse reddish—'
Orange silts, over 20' thick, largely unstratified, but

tontaining some horizontal bands of whitish nodulés, possibly

talearecus concretions,




(c) Pebble beds; further down are beds of very smooth,

seli-rounded pebbles of grey pumice, (Plate 8) They occur
in well stratified layers with a slight dip in parts; they !
can be over 5' thicl,

(¢) Lower down are exposures of grey diatomaceous silts

and quite pure white diatomite with very regular banding

of {ine brown sand, (Plate 19) The silts appear to enter

at the top of the cliffs, above the pebble beds, The

..,,.._.,,‘..,..4__._.._.“

thiclness of diatomaceous silt exposed in the lower part of

the sully is over 40' in places,

: ? The altitudes of these sediments along the gully are: E
{; . Eirhest exposurc of pebble beds: 6338' R.D. (=6332+3' 3,D.) ;
:j fighest grey dilatomaceous silts: 6283' R.D, (=6277+3' S.D.) i
ﬂ Highost white silts (diatomites): 6271' R.D, (=6265+3' 5.D.) :

The sequence of\kcdiments sugegests deposition in shallow

vater close to the lalke shoreline at the upper end of the
flly, and at rather pgreater depth further downstrean,

vhere the diatomites were laid down, The deposits are ;

! «
possibly partly of deltaic origin., Layers of coarse reddish :- P

511t appear to interdigitate between the pebble beds and
diatonaceous silts, and may indicate temporary falls in lake .

level when the reddish naterial, of terrestrial origin,

accurulated on top of the lacustrine or deltaic sediments.
1. The altitudes of these sediments are rather lower than the

L highest similar deposits in the northern part of the basin,




vaﬁd the nearby exposures on either side of the Nderit vailey
an thiis work I have been greatly helped by the results of
'some research doneiby G. Isaac when he was excavating a
.section in Gamble's Cave in 196L-5, He has kindly allowed

ne to see some of the notes angd sections he made. My own
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wut are 3till well within their heipht range. This would
~reg quite well with the sugmestion that the Prettejohn

sedinents are deltaic deposits from the lake when it

£

ot

ot
L3

stood close to the 600 foot level.

(1i) The Gamble's Cave and iderit valley exposures: in:*

this area 1 have concentrated on the possible lake shoreline?
g

e

and sedinents in the immediate vicinity of Gamble's Cave

woriz has mainly consisted in levelling to the vgrious out-
crops of diatomaceous silts and, by establishing accurate
absolute heights for ‘them and for Gamble's Cave, making it
vossible to compare their altitudes with those of comparablei
deposits'in other parts of the basin, I discussed in Chaptefi
b the possidility of the terrace and cliff behind the cave
beins laite shoreline features, It is possible that the

. . 1o _
\Wo caves themselves,” which in fact were originally not more

1, Leakey originally excavated at Gamble's Cave I and Gamble’s
Cave II, which were close beside each other on the slope;
the references in the early literature are usually to !
Gamble's Caves, Little interesting archaeological material
was found at Gamble's Cave I and in most later sources
the form used is Gamble's Cave, by which is meant the
orisinal Gamble's Cave II,
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than shallow rock shelters in an overhanging cliff of light
—;pff, were cut by the waves of the approximately 600
foot decn Lake Nakuru, This was suggested by Nilsson (1931
s, 2¢7). It 1s impossible to be certain about this from’
the mornholo~ical evidence, since the roclk shelters do{not'
ghow any odvious signs of having beefi formed by wave e:r‘os.ion.ﬂj

The altitude of the floor of the shelters (below the beach

sand) would be at about 6347t S.D.; the back wall goes up;

over 30' from there. The shelters would thus be within the

‘ranze of wave erosion by a lake standine at about 63707,

The heights I obtained for the base of the cliff behind
the cave were $394' R.D. (=6383+3' s5.D.), and, slightly to
the east,-6404' R.D. (=6398 S.D.), but it is quite possible
that these are rather high, because of the accuﬁulation of
desris at the base of! the cliff, and that if the lake waters
ever eroded this cliffline, it was at a level several feet
lower than this. The beach sand in the cave 1is at 6353"' R.D.

(=65k7+42% 5.D.); 1its height agrees well with the heights

by

of appapently similar sands at 1/7 and 3/6 on the northern
side of the basin. (The methods by which I measured the
heiznt of the sand, and fhe discrepancy with earlier results,
are discussed in Appendix A.)

On the hillside opposite Gamble's Cave, on the north

tany of the River Nderit, are some small isolated patches of

diatomaceous silt., (10/5, 10/6, 10/7) These appear to be thei

i

s

!
g

H

f

i
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reqmants of a layer of diatomaceous silt which extended from

o nere eastwards towards the centre of the basin., These

outerops are batween 6280-6290' R,D., (=6274-6284% S.D,). on

: -ne slopa onposite Gamble's Cave. Similar outcrops (10/13,
10/i4, 10/15) 1is betweer 6256-6260' R.D, (=6250-54' S.D.)
sliritly lurther east, again on the north bank of the i‘iver.

The most striling of these is the residual shown in rlate 20;

the contact between the overlying diatomaceous silts and .

4 rather coarse, oranme silts is particularly clear. 1In the -

other sections, and also in the sides of the Nderit valley

itsel?, comparable contacts between the rather narrow layers.

-
-

of 'diatomaceous silt and coarser oransze weathered silts

are visible, ¥

Isaac has sugmested (pers. comm. and in van Zinderen

3 . ;
ier 1967an. 30) that the dlatomites and fine silts which

N

occur high up in the sedimentary sequences in this area nmay

be ¢l the same aze as the beach sand in Gamble's Cave, i,e,
wers laid dowm in the 600 loot lake. His Nderit valley
Séctions show that "no important occurrence of deep water

Sediments was found at a lower stratigraphic level"™; this

v period of lalke sedimentation was apprarently preceded by a
Period of lower lakes.
It is impossible to confirm that these diatomaceous

’ Silts, the beach sand and the possible shoreline terrace are i

all associated with the 600 foot lake, since each of these
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reatures 1s isolated from the other. However their

A

aizitudes ecan be compared with those of similar features in

-

/

otner parts of the basin whose relationship to each other
and to the 60C foot lake level is better established. -The
peach sand in Gamble's Cave is quite likely, by.comparison
+ith sinilar sands in other areas (see above) to have been
1aid down in the 600 foot lake, The diatomaceous silt ‘

mwcropé between 6250-6284' 3.D, are well within the height

range of similar outcrops in other parts of the basin., The

higher exposures (up to 6320' or more) found elsewhere in

the basin are missing in this area, but this is understandable,

considering the amount of erosion that these diatomaceous
silts have undergone. The evidence of altitude is thus in
favour of the sugmestion that these sediments above the
iderit valley are the equivalent of those laid down in the
600 foot lake elsewhére in the basin, and are of the same

age as the beach sand in Gamble's Cave, Hore research, in

particular on the Nderit valley sections,will need to be
done before the‘sequence of events in this area 1is fully
Woriked out,
raiglia

1 yas able to spend little time at work in this area

and concentrated on following the course of the river and

a

ramining the outecrops along it, in particular in the section




river valley exposures, nor could I find any isolated

"river; the solls are reddish and there was no sign of any

e il

i
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4o to and slightly above 5400', 1Most of this was between l
- i

cne wover and Lover .akalia gorges, shown on licCall's map\"
(1967), where the river crosses two of the north-south r
srencing faults which nalke up the bounding wall of the basin;
There is little sedimentary material exposed along the rlver
for most of the distance between the waterfalls, and the

river flows over rapids and stony stretches where volcanlc ‘

rocit is eixposed, There was nothing comparable to the Nderlt

residuals of diatomaceous silts in the area south of the

naterial of 1acﬁstrine origin, The second gorge and >
veterfall occur where the river crosses a steep lava scarp.:
There is not much acc\:urate height information avallable for
is arsaj; however fl‘rorn my levelling 1 found that the base
of the scarp near the river is at about 6230!', and its top
would probably be at about 6370' or even slightly above,
Under these conditions it would be unlikely that evidence of‘i
a 000 foot lake shoreline would be well pre'servéd, and in '
act I found very little such evidence,

(i) At theé base of the scarp, near the river, there were
Guite a lot of well-rounded stones and pebbles, but these
Seened more likely to have been brought down by the stream
than to be a beach deposit. On the top of the scarp I had

only time to examine the area close to the gorge, and there !
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; round no signs of a pebble beach or of lacustrine sediments,

(11)y There was an exposure of what could be rather older
jacustrine silts some distance above the gorge, close below i

£ the ford where the tracl crossed the liakalia, About 10"

of pale coloured silts are exposed in a river cliffy i
|
gpparently overlain by a narrow layer of lava (11/5), These:

are likely to be some distance above A400°',

(1i1) Younger-looking, softer silts are cxposed in the

Upper najialia gorge and just below it. They are preserved ; :
ag2inst the rocky walls of the morse and are possibly of ?

lacustrine or deltaic origin. They occur at 6225' R.D,

(=6219+3% 5.D.) below the gorge and up to 6320' R,D.

{=6314+3" -3.D.) on the walls of the lower part of the porge
2 .

{11/3)., They are pq%e brovnlish fine silts with regular :
. . ¢ . . ;
parallel laminations of sandier material; at the top are

- . e
soze particularly conspicuous layers of sand ‘and rounded

neboles, I cannot at this stapge be certain about the origin;

R i

silts or thelr correlation with other lacustrine
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in the basin, but their height agrees well with that

of the Jiatomaceous silts along the River Kekopey and in

-the lLaluru Junction area,

(iv) 1solated exposures of diatomaceous silts occur down-
! Strean towards the lower lakalia gorge. The largest
SZposures of lacustrine material in this area are below the

: lower morge and probably result from deposition in a lake




level had fallen below 6200°',

The ~reater part of the evidence for a lake stillstand
2t 1 have found in the Halkuru-zlmenteita basin points to
ke sxistence of an important shoreline at about 600 feet

present lake, The evidence for this shoreline

)
(o2
[e]
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includes several of the features which have been attributed

to the "Camblian" stillstands by Leakey. I have avoided
~the-use of the word "Gamblian" in this context as it is now

wassociated not only with the actual shoreline but also with

the "Gamblian pluvial" which has been correlated with the
Wirn mlaciation., EHlsewhere (Chapter 7 and below) I discuss
the reasons why all the shorelines in the Nakuru-Elmenteita
basin should be cons%dered as definitely younger than the
veriod o the Nﬁrm xfaoiation.

In referring tc the highest shoreline in the Hakuru-

frzenteite basin I have used the term "600 foot shoreline"

or "600 root laike" as a convenient, if approximate designation

'

71leh does not nalke any assunption of age or correlation,
e actual evidence for the shoreline is at the following
1. Vave-cut notches at about 6370' S.D.

2. Lava pebbles up to about 6383' S.D., and scattered

wicdely for more than 100' below this,
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Sant and pebble sectlons at slightly above 6340' S.D.

Jiatomnceous sSilts up to a highest level of slightly
dnove 73230' S.,D.

e 1alte appears to have been nrevented from rising'_
any further by the presence of the Bahati-MHenengai dlivide
at 6391-92% 3.D, The shoreline does not avpear to be
tilted and there 1is no sign of faulting in any of the
sedizents laid down below the shoreline that I examined,

I have inserted a note in Table II to indicate where,
in my opinion, this lake is likely to belong in the sequence
of volcanic and teGtonic events described by lecCall,
iollusca from the diatomaceous silt at 8V/3 (altitude about
6200' S.D.) are less than 10,000 years old (see Chapter 7
fppendix 3), The lalke is thus (partially at least) of
Zolocene rather than\Upper Pleistocene age.

{

At the same time it appears that the sediments which
were laid down in this lake are not the very youngest in
the Yaluru-Zlmenteita basin, but are overlain by some even
younger, including diabtomaceous silts which indicate a later
steze of lake sedimentation at a lower altitude in the basin..
ine sedinments laid down in the .600 foot lake are possibly
the older of the recent sediments that licCall defined, i.e.
the "Canblian" sediments of Nderit and llakalia,

Zven if slight faulting or warping has taken place to

Produce the wealk unconformity which kHcCall put between these .
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wgazblian" and the later "Makalian" sediments, it seems no’c‘.vE
to have had a serious elffect on the "Gamblian" sediments’ or -

: _ B
on t‘x:.-c shioreline of the lake in which they were laid dowm,

3, Jvidence of the 'Hakalian' (375' A.L.) Lake Level °
It was believed that after the "post-Gamblian®

desicecation the laite rose to a new high level, at about

375" A,L. Fakuru, during the "Hakalian post-pluvial wet

~phase" at a date of between 9000-3000 B.C. (Leakey 1931b

p, 269) The following evidence for a shoreline at this
level was given by Leakey, on the map (1931a p, 499) and in-;
the text (1931b p, 247):

A, A shoreline is shown crossing the River lakalia at its
main northwards bend,\ at a height of 379' A.L. (=6155'{ R.D.
er 4149 3,D,), It i% presumably the feature referred to
as belng "near Elmenteita camp® (1931h).

2. A shoreline is shown on the map north of the River
fariandusi, east of the main road, at a height of 373*' A,L.
(=61&9' 2.D, or 6145' S.D.). It is described as being

"at the Kariandusi River",

c, Two shorelines are shown on the map a short distance
tast of Haluru, just north of the main Nakuru-Nairobi road
and raii’way line, at heights of 374' and 375' A.L. (=6150"',

6151 . D, or 61b4lr, 6145' S.D.). They are presumably those |



jescribed as beins "at Nakuru on the slopes of Menengai®,
;ittlc further description of these features was given
in Leakey's work, Concerning the are of the shoreline it

was said, "Its Hakalian date is established by the absence.

of naialian deposits above thisilevel; in any event,. it
clearly represents the most important post-Gamblian wet
period" (1931b p, 247). The lakalian deposits were said

to be notably diatomaceous and to rest, sometimes uncon-

formebly, upon a red, weathered surface of Camblian beds,

| Hilsspn did npt mention a close equivalent to the
"akelian"” shoreline at 375' A.L., Nakuru., The features
described by Leakey at this level were presumably included
in ilsson's "Group IV (1931 p, 327) which inc;uded
features at heights 332-443' AL, (=6113-6226' R.D. or

6107-6220' 5.D.). Sohme of these features agree in altitude

there 15 not a sood agreement between their recsults,
The possible shoreline features that I found at about

a2ltitude are summarized in Table V and discussed

in nost cases I was unable to zonfirm the existence
or the attitude of the features described by the earlier

Workers in this area,

and location with those described by Leakey but in most cases
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shoreline in the Naluru-ilmenteita basin

gvidence for shorelines below the 600 foot . I
N |

Locality
!
wialkalian"” shoreline

sasharibi

lorth~dast
Zlmenteita

nyrax Zill

Lanet Lodge Eill
?

"Hakuran' shoreline

wisonge

Base of cliff Beach pebbles

6122 S.D.1

6140-6260" 8D,
6180-6194' S.D.

circa 6100-6200" S.D.-‘E

594k 3,D.

1. Height converted fron value of 6128' R.D.

14
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‘not, however, exactly the altitude given by Leakey (seg

: The warharibi cliff at the River lakalla

“is cliff (sec map 3, fig;ure‘ka and plate 22) appears‘
-0 be Leakey's 379' A.L. WHakalian® shoreline, Its position \‘:;4
ose to that of the leature shown on Leakey's map :
(193ia p, #99) and its appearance agrees well with ‘the
descriptions of this "Makalian" cliff in Leakey 1931‘5-

(p. 247). The altitude of the feature that I levelled is '

|

“welow). I have named this feature the MHagharibi cliff

(hazharibi means 'west' in Kiswahili) in order to avoid the

tern Uiakalian® and the implied date and correlations with - B
other shorelines a‘nd sediments,

The cliff lies near the base of the liau escarpment and \\
faces east over the southern part of the Naluru-Elmenteita ‘

basin, It can be traced for about % mile, north and south

of the River I\Iakalié) and at its greatest development is a.
strikinz feature over 20' high. The slopes above and below
it are gentle and grassy; the cliff itself is made up of
fine, dark grey ash overlying coarse bright red silts, There
is a marked horizontal contact between the two strata which
can be traced all along the lower part of thé cliff, Above
the ¢liff I found some small exposures of pale grey
dlatomaceous gilt in animal holes. Below it, underlying the-y
bricht red silt, are white diatomaceous silts., These do no‘c"

Seen to be the “Makalian" silts mentioned by Leakey as having

e
: |

"—-_u- -
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sen 1aic dowm in the lake which stood at the level of this !

cliice

é‘ fpe ouch laie sediments would probably only be fraceablé‘

sofay At a lower altitude, Thick exposures of white, T :

i

oran~c and laninated silts occur downstream from the
carhariti ¢lifT in the area around the northwards bend of :

ol Sav

~ the diver alallia, and the “ialkalian" silts as defined by

r may be among these,

The cliff is most conspicuous south of the River

nakaktia, althoush a definite brealr of slope exposing the

srey ash and red silt extends for some distance north of [
the''river also. Aprew hundred yards south of the river
the ¢liff becomes smaller, splits into two small éteps, and{
then cdies out completely. =eyond this is a fairly thickly

vegetated area in which red-brown silts are exposed in smal#

bare patches and erosion scars 1-2' high.

) .
Sone doubt attenrds the identification of this feature
as 2 lalle shoreline c¢liff, There is a distinct possibilityf
i

that it might in fact be .a fault scarp, 1ts alignment is

approximately north-south, similar to that of many small

fault scarps in this part of the basin., One of these scarps,

. i slichtly east of (i.e. below) the iiagharibi cliff, is

Croszed by the diver .aizalia in a waterfally there is

river has cut a porge in a rather larger scarp. However

there is no sign of waterfall or rapids where the iagharibi
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'

sean -1t be expectet to cross the river; instead the

(o]

~1:7¢ anpears to curve upstream on the south bank, followihg%
els 655tonrs alon~ the valley side, 1t is possible that-
snigis Indicative of an oriszin as a shoreline cliff ‘rather.
tnan no 2 fault scarp, The rapid diminuition of the cliff

1o the south :mivht result from the fading out of a small ’
porth-soutil Tault scarp; this appears to occuf-in‘the‘case’ 
of several scarps in this arca, Un the other hand it might“:
b that the formation and preservation of the cliff have

Eﬁen best in the area whers the dark grey ash caps it; this
:isht te equally éﬁggestive of an origin by iaulting or by

caizey (1931b p. 254) said of this cliff, “"This latter

nas 2 snall sravel dgposit at; its foot, and was probably
{ : |

i

Tormed durins the narinum of the lHakalian lake . . L & 1
would appear from this remark that the "small gravel deposit!
was believed to be a beach sravel. 1 am not convinced of

‘s identification., The stones are not nearly as round and

and nmany have highly weathered surfaces. Quite a large part
of the "~ravel! consists of the white nodular concretions
¥nicn occur widely in the south-west of the basin and in

this case are being washed out from the coarse red silts at

+
L,

he base of the cliff. The general appearance of the stones;



i

0w the cliff surrests a naphazard collection of weathered:

o rgsidual material, not a beach cravel. The altitude of
cne stonas (not above about 5120 R.D. or 6114+3' S.D.) is:
consideradly lower than that of beach pebhles that have been

attributed to the "lMakalian" shoreline in other parts of

the basin, '

On the available topographical and geological evidence - ;
it does not seem possible to come to a conclusion about the
‘origin of the llagharibl cliff, ﬁ rood correlation in height. - Q

“with other possible shorellne features would provide

corroborative evidence of it beings a shoreline cliffj
unfortunately such evidence is at present lacking (see
Tanle V). - Investigmation of the sediments which lie below

the ¢liff in the Hak%lia valley and of the range of altitude

: i
! H

{

of cimilar sediments elsewhere in the basin might indicate f‘
whether an important phase of sedizentation took place in a

lale whose shoreline was at about the level of the Hagharibl

cliff, At vresent there 1s no évidence to link ahy particular
series of sediments with a possible lake shoreline near this

level,

T™he following heights have been quoted for what appears .

® L0 be the Hagharibi cliff:

1~ L. Leakey 1931a 379' A.L. Haluru ; 6155' R.D. (=6149+3' S.D.)

2, Tilsson 1931, cut-terrace; 6109' R.D. (=6103%3' S.D.) : S
barrier; 6091' R.,D. (=6085+3' S.D.) } :'h
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Jescribing these, Nilsson said, "The beaches just
~entioned as belonging to lake o, V lie on the River
“azalin 2bout 5 km NW of the Enderit Drift. Immediately 'S
of tne river there 1s a cut-terrace, and about 2 km north
of that lies a barrier" (1931 p. 205).

2, y levelling (see figure 2},
base of cliff; 6123' R.D, (=6122+3' S.D.)
top of cliff circa; 56150' R.D. (=6144+3' S.D.)
The magharibi cliff south of the river is about L km NW
of Hderit Drift,

1 canﬁot expldin the discrepancies in these measurements;'
which seen too large to be accounted for by differences in
the datun used in our levelling. It seems likely that I
jdentified and levelled to the same feature as Leakey, I am
less certaln that the, terrace referred to by Nilsson is in

‘ (
fact the lagharibi cliff, but he mentioned no other features
in this area which correspond more closely in height with
Leakey's or my results and it is not likely that Nilsson can
have completely omitted any reference to this well marked
feature,

3, The shoreline north of the River Kariandusil

From Leakey's published work it is not easy to be certain
of the exact position of this shoreline, or even whether it
¥as a bteach or terrace, Dr Leakey pointed out to me a

bebhle covered hillside which, although it is a couple of
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~position as the one on Leakey's map), which night be the

~iles north of the River Kariandusi, agrees guite well in
location with the northern nart of the 'beach! showmn on the
zap (1921a p, L99), According to the text this beach was:
RB.D.; on this hillside (8/1) I found a large _
number of pebbles from &140°0 uﬁ to at least 6260 S.D;g ﬁith 

no spcclal concentration at the lower end,' {See above

' Chapter L&, ilorth East Elmenteita,) Nilsson (map 1931 . 291)

“siiowved a zroup IV shoreline (in approximately the same

peach referred to in his list as being "3.10 miles NW of
»Eigil Railway Station", at an altitude of 6180! R.D. The

pebbles at 3/1 are in fact rather further from the station

than this (over 5 miles) and there appears to be another
group iV shoreline on the map which is closer to the right
zwsition. However, twWo of Nilsson's shorelines of the same
groun within 2 nmiles 6} each other might be assumed to be at
atout the same heismht (i.e. 6180° R.D.) even allowing for
Some tilting,
I have not found an actual shoreline at Kariandusi;
Buch of the land has of course been affected by the nining
¥ori: and the buildings asscciated with it. A section at
/12 snows diatomaceous silt overlying a coarse reddish-
Tange silt., It is possible that this section shows
W

Hazalian" silts overlying the reddened surface of "Gambilan"“

Silts as Leakey described them from other parts of the basin

i
t
'
!
i
i

H




34 (1921b p, 246). However 5/.2 is almost certainly about 6150"{l
(l.e. avove .the sugcested level of the "Makalian" lake) and !‘“
in thé Jjuxtaposition of red andiwhite silts appears com- :
parable to the section at 8/3 which is above 6300°', -The

diatonaceous silts at 8/12 would appear to be older than

ot tiakalian® and laid down in a lake whose shoreline was

higher than the "lalalian" level., It is possible that

pebbles exist along the foot.of the steep south-west facingi
slope, as one travels along the main road north from the

River Hariandusi,I did not lool along the whole of this t
ridge, but at the parts I did study in detail (above 8/12
and around 8/1), there was certainly not a definite
concentration of pebbles around 6150

C. The shorelines east of Naluru ‘

These .appear to ®e on two small isolated hills which
: are defined by faults(and stand at the southern end of the z
'J; Zahati plain (mav 3), .yrax Hill is a narrow rocky ridge ‘
which reaches a heirht of about 6260', Another hill, a mile
or sc to the east, which has a flat top rising to over 6250',

does not seem to have a zenerally recognized name; I called

it Lanet Lodpe Hill, from the nearby hotel, while it is

Probably referred to as Flaat Hill by KeCall (1967 p. 45)..

Zyrax Hill is particularly interesting, as there are a number
of archaeological sites of different ages on its slopes,

Several of these have been excavated and are now kept open
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museum were prepared by Ron Clarke in 1965-6; I am grateful
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as & quseun.  sven the oldest of these sites, said to be

r.eolithic! and to contain stone bowls, pottery and obsidian..
:colr:, avopears to be younger than the pebble veach found on
the loyer sloves of the hils. No naterial suitable for 7
absolute aatins has yet been round but the youngest of . the
sites on the h‘ill are possibly within the last few hundre_d
;.rea.rs. The sites were originally excavated By M. D, Leakey

in 1637-8; rurther work was done when the open sites and

to him for his help to me when he was exXcavating on the hill,
The ‘archacology of these sites is discussed in more detail b
in Appendix C,

hecording to i, D. Leakey, beach pebbles were found on

’ Hyray Hill at 375' A.L, and also at 335" A.L., the lower

beach indicating "a rest level or slight oscillation during
the recession of the I-Ie\tkalian lake® (1945 p. 275). I consider

{
it anlikely that one would be able to distinzuish pebble

=9

eposits within LO' of each other in height as being due to :
distinct oscillations in the lake level; they might easily

bs spread over such a height ranse by later downwashing or

a8 the lake level fell steadily. The 335' beach (altitude

tirea $112' B.D,, 6106! S.D.) was apparently found beneath

Site I, the Neolithic burial and occupation on the south-

tast side of the hill. There were very few pebbles on the
¢

Surface in this area, and none wére visible in the one burial '

)
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4fj that 15 now keot open. I found pebbles on the surface at
a-hi~her altitude, close to the house (now the museumn ) and
in the /section of a latrine pit when it was being dug. (This

was only 2 narrow layer of rather rounded material in the

upper vart of the section.) Thé clearest pebble sections I
: {f‘ found, - clean layers of lisht-grey rounded pumice pebbles -
i  ?ﬁre in some of the pits excavated by Ron Clarke on the v
rmrthern‘end of the hill, These pit-dwellings are part of

D, Leakey's 'North-east village'., She mentioned sections

| there containing "orey pumice material, water sorted and |

fine sands or pisolithic material, the whole overlain by a
mere consolidated yellowish-white pumice" {19Lks pp.53§§-60\.
;If » This description aszrees quite well with what I saw in some
‘ ; of the pits, althoush Iydid not notice a layer of more
‘ ¢
consolidated material overlyinz the rounded pumice pebbles,
It adpeared to rne that these pebbles were a recent beach

deposit, preserved on the zentler northern slopes of the

hill, while they may have been lost from the steep rocky

sloves to the south, The ebbles were clearly exposed in o
P

-
oz
$72]

¢ctions at 6180-6185' 3.D., and a few lava pebbles on the

(2]

urface up to about 6194' S.D. This is considerably higher o .

dilsson worked in this area before the Hyrax Hill sites

i¥ere excavated, although a nearby site, the Nakuru Burisal
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site, bt already been studied. It seems that the 'Site!

saow 0 the 1921 man (n, 291) in approximately this area

et o a croun II1 shoreline, is this iakuru Burial site
rathor than any of those on H¥yrax Eill. On the same map
to the east (close to 'idacdonald's Farm') is
enother ~roup III shoreline; this may be the same as the
sastern one of Leakéy's, thich was probably on Lanet Lodge

71l (Plaat Hi111), These shorelines arc apparently those

iilsson's 1931 list as "0:93 ni, # of Hacdonald's
- -

farat at 6129' R.D. and "0-31 ni. SE of iacdonald's Farm"

at'6159' BR.D, Both of these are described as terraces, i,.e,

features, Q1thou~h Mllgson also mentioned beach

o
D
ft

T
@
=h
+y

sravels found at va TlOUu places in this area.

as not able to locate the 'Nakuru Burial Site'; it

=

is 7ot preserved as an open-2lr ouseun, and since it was

“excavated nearly 40 years aro, it is hard to find its exact

position, It was Doarantlv at the foot of a snall rocig
stur which lies betweer Hyraxz Hill and Lanet Lodge Hill.

Thiz I called 'Water Tank Hill' as in the 1940s it had two

|_:

arre round water tanits on it. When I studied the area in
dune 1967 naize was beins cultivated all round the hill,

and the hicher slopes were rather rocky and covered with
lonr rourh grass. The site was apparently below a large
Pile of rocks (Leakey 1931b p., 200) on the west facing side

°f the hill, I walked over and arcund much of the hill, but




13 - ‘I55,f'
| zas unable to find any si=n of possible beach material on

th2 surface. The lNakuru Burial site was said to lie on a ‘
ialmlipn beach (Lealey 1931b »., 32) but to be considerably =
%‘ reun~2r than it, and in fact contenporaneous with the :
laliran hi~h level of the lake at 145' A.L, (See below,

.4 Appendix C) Yowever I was unable to confirm the mdﬁame”ﬁ
of a beach here, or to check its altitude.

Cn Lanet Lodze iIill (Plaat Hill) I found lava pebbles ‘{5 :-._
covering a «ood part of the south-eastern slopes of the hill.f
The-pebbles extend over a considerable vertical range with g -
no definite concent¥ation to indicate a beach level, There |
Ly appearsﬁo be rourded and stratified material in a small
section near the top of the hill, as well as the pebbles

”J .. 8pread over “the eastern slope. The highest section is

probably over 6200 and the pebbles extend down the slope

l —
almost as far as the road at about 6100, ///

i

It can be seen from the above results that I have Hot
been able to confirm the existéhce of a "Makalian" shoreline
at about 375' A.L. ilaluru. Only four features in the
Jakuru-Ilmenteita basin were originally listed as evidence
« Y] for this shoreline (Leakey 1931a and b) and this seems rather
a small number on which to establish a major lake stillstand

“and a "post-pluvial wet phase", 1 found beach pebbles and

2 possible shoreline cliff at altitudes between about 343

to LO4' A.L., Nakuru, with no sign of a concentration at
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s77'a.l. EZven if beach pebbles do exist at 375' A.L., the! \
fact that they are also spread over a considerable range . . REES
above and below this height considerably lessens the

7 . . " v

sigaificance of pebbles at 375' A.L. as evidence of a major

tillstand at that level,

9]

lake

The evidence summarized in this section appears to
-indicate the lake level falling, possibly with halté and .
small readvances, from over 400! above the present 1evei :
to about 3&0' A.L. (approximately 6280-6120'), Ir any ° gj'
narked pause occurred, it was at about 6122' $.D., (i.e. ‘iﬁ
circa 342' AL, Halkuru) when the Hagharibi cliff near the 1?
' River liakalia may have been cut. I do not think that this :.
;eviﬁence 1s enough to confirm the existence of a distinct E;

“Hakaliap post-pluvial wet phase", i

4..ividence of the ')Jal-:u»ran' (I4s' A.L.) Lake Level

There is some evidence for a stillstand of the lake at
about 1@5' A L. Naluru. This was believed by Leakey to |
? : represent the 'Naluran post-pluvial wet phase' at ébout ‘ ) =
.’ 850 3.c. He mentioned two fragments of this'sggreline,

\_;; north and south of Lake HNakuru:

OF | T DR s%greline curving rounc the northern end of the lake,:

South of the main road and railway line; this was shown on P

'ﬁgl the map (1931a) and referred to in Leakey 1931b: “4 terracei]

b
b

and beach at a height of 145 feet above present lake level
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is knmown near iajor Lacdonald's farm, Hakuru" (p, 247),

The nelrnht of 145 AL, is avout 5921' R.D. (=5915+3* 8,D.); -
assuning the level of 5776' H.D, tror Lake Nakuru as givék‘ |
key 1931a,

{1} A shoreline marked on the 1931a map as érossing the'
dlver iderit some distance north {i.e. downstream) of Nderif
Jdrirt, Lescribing certain *Gumban A' pottery round at
"Staole's Urift on the snderit Hiver" it was saia, ", ., |,

( .
the nottery was found in a bank of stratified mud which, to

‘judce by its level seems to represent the upper limit . of

‘the lake during the Wakuran wet vhase" (1931b p. 199),

:Hilsson's equivaleént to the Halturan was said (1931

. . 327) to be shoreline &roup no., YV, with terraces at

heights from 243-3581 A.L. (=6024-6139' R.D.) but this is

considerably higher than Leakey's suggested altitude,
filsson's shoreline group no. VI, ranging from 164-177' AL,
(=5946-5960" R.D.) scens closer to the Nakuran level.
dilsson did_not shoﬁ\@ny low altitude shorelines crossing
the River Nderit whic% nisht correspond to the featbure
referred to by Leakey at 'Stable's Drift', or mention any
Sections there containing‘stratified material. He did show
& Zroup VI shoreline terrace north of Lake Nakuru "1-55 mi,
Bl of mouth of River ljoro" at 5955' R.D, (=594943' s.D.)

Whleh iz likely to be the shoreline north of the lake

-descrived by Leakey, although on the map (1931 p, 291)
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vilsson id not show it extending nearly as far east ag . ?‘
' H

Leaxey had.

, <iilsson's 1ist of shorelines (1940 »p. 75-73 see .also.
ay ficure 4) ineludes a number of 'terraces' at or slightly
above 5950' R,D, (=594LLt S.D.). This does not agree.wifh

Leakey's height of about 58201 R.D., but is close to the

~height that I have obtained for the Misonge shoreline (seé

below). It is possible that these terraces may be further

evidence of a stillstand of the lake at this level. However: .

I have not suéceéded in finding these other features des-
cribsd by Niiéson\or in confirming that they are in fact
shoreline terraces, .

- The shoreline north of Lake Nakuru is shown on McCall's?
map (1967). forming the upper boundary of the Q1 sediments .
(recent gravels, tuf{s and diatomaceous silts) at an
altitude rather below 6000°',

In my fieldwork I was able to identify the shoreline
north of.the lake quite easily. I have called this feature
the Hisonge shoreline, after gllocal name for a group of
hts at its western end, in order to avoid the inplications
of correlation and dating that now attach to the term
'Nalurant, ;ts ldentification as a former ldake shore depends

at the noment entirely on its shape, I have not yet found

81y beach or shallow water sediments near it, or been able

to confipn that the Ql sediments shown by HeCall are in fact ﬁ'
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a lacustrine or deltaic deposit laiq down only below this é é,”
3

shoreline in a lake which stood at this level., However I

easonably confident that it is in ract a lake shoreline

N

~

li

. Its origin is especially clear when it is seen:in

plan, for instance on the air photograph, plate Al and. on

map 3. It curves round in an aligpnment similar to that of S

the present northern lake shore and is most unlike any of

the fault lines or subS1dence features in the nakuruf.

Zlzenteita basin,

i
|
!

The cliff is best developed at its vwestern end in the

tom of Haluru, above Landies road; 1its shape there is v

shown by the profile which I levelled (rigure 3). Towards
its castern end the actual cliff is rather longer and not

So steepn, although the brealk of slope is still clear and is

2%t about the same al

titude. ' The cliff is cut in coarse T

) 1
yellouish tufr which @ppears on brief examination to be ’
rather similar to the rock of Honeymoon Hill and Karterit,

0S5t of the cliff line is ve"euated but this roclk outcrops
*
. |
at intervals on and QbOVG the slope, :
1
The profile I levelled shows the base of the cllff to beg

et 2 heisht of about 5944 3.D. This agrees well with
1lcson's value {5949 S.D.) but is rather highér‘than'
leaieyts (5915' S.D.). T looked below the Hisonge o1iff for |
any lower break of slope which might be the one levelled by };

Iﬁakey, but could find none., Huch of the land below the v




western end of the cliff is buils on, but I could see no

further brealt of slope until below 5900', and there is

/ .

ceréainly rothing comparable to the Misonge cliff line,
I was not able to find evidence of thisblake shorelineJé

in the area south of Lake Naluru."Stable's Driftht Wéé

L presunably a crossing point on the River Nderit where good’

>

exposures of sediments were visible in the valley walls, e

as at Hderit Drift, It must have lain somewhere along the
river between Nderit Drift and Lake Nakuru, This land was ?' “;'
in 1965—7.part of Nderit Estate, owned by lir R, Long., 1Mr~ E
Lons; had no lmowledge of any drift that had ever been 'called {
Stable's Drift, 1In walking along this part of the River
Kderit I_found no sigsn of a beach gravel or unconformity in
the sections north qf Yderit Drift that would be worth .
levelling as evidencé of a former lake shoreline. On the
plaiL south of Lake Halmru the land rises from about 5780¢

1 near the lale to about 6070' on the Elmenteita-Mau Narol

fi road., Fowever it is quite likely that no marked relief

ure to correspond with the 59Liyy ilisonge shoreline north
; & of the lake woulad be found, The land here is underlain by é
fine lacustrine and deltaic sediments and is extremely flat;

ik & small vertical change in lake level would result in a large

Lo "Drisg" 35 an originally South African term for a ford,
(Concise Oxford Dictionary)
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53 rorizontal novenent of the water line, and on such a flat
:J iﬁrclinc the crosive power of the waves vould be small.;-.
i ,Althoush I did not succeed in finding a shoreline oliff 1
4 >

or beach fravel south of Lake Haluru that might be correlated

with the .lisonge shoreline, I would think it likely that a f

fairly prolonged stillstand of the lake at about 594&"S.D.

did taxe place. It should however be stressed:

(i) There is not yet adequate proof that this shoreline
represents a distinet 'Haluran wet phase' during which the e
lale rose to a maxinmunm after having been at 2 lower level

during a dry interwal, It could be that the shoreline o

indicates a pause in a fairly steady £all of the lake fron

185 highest level, without 2ajor reverse Tfluctuations.

{i1) There is no evidence that the shoreline can be dated ;
to about 850 B.C,, a% Leakey sugpgested, (Leakey 1931b p, Z?Oﬂ.

(i11) Therefore I sd%gest that the term 'Nakuran' which 5

i

i

inplies that the shoreline represents a 'Hakuran wet phase! ;

about 850 3.C8. be no longer used as the name for this
-

—
[
<

~—

The cliff north of Lake Naluru can be referred to as

T, 1t should be called the 155 foot shoreline., This is |

¢lating it to the level of the lake in 1967, 5779' S,D, i

i i r

P
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Iy s ‘\\
2 Appendix A for discussion of the expressicn "A,L.,
{See 4Apf pres;

vaauru®, )

“he :iboiio Shorel iné

B i Ja
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; : several hundred yards around the north-eastern corner of

is a low srassy slope which can be traced for
Lake Haiuru, It is not nmore than 50lyards from the watér
line, and when I saw it in June 1967 the base of the slope

- was not more than 10' above the water surface, It is g

gentle grassy slope about 5' high, thickly végetated with
toarse grass and thorn trees, I could not distinguish any
vegetation disconﬁinuity across the slope, or any dead
trées near it, Quite large trees, several feet in circum-
ference; grow below, on and above the slope. Pale grey ‘ : ‘f
dusty s11ts can be seen in small bare patches above the
siope, N
It seems quite fikely that this slope is a small cliff
Torneg by the lake when it stood at a slightly higher level
than it does now. It iS\probably not of very great age,
Since it is so close to the present lake level and also
because it is cut in a soft material which would not be
likely to breserve a cliff line for very long after the
ater had ralien below it. On the other hand the shoreline ‘-_:

1s not so recent that 1t is still visible as a vegetation
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iscontinuity; it is older than the oldest trees grow1ng ’E
on it or below it,

I an not certain of the age of the thorn trees growingi
near the shoreline, but would estimate them %o be at leaét
thirty years old, ang probably more. it therefore‘seems
possible that the shoreline was Tormed at the time of higher

‘lake levels in the early 20th or late 19th centurles.'

Unfortunately almost no Systematic records of the Levelé

i

of Laltes Nakuru and klmenteita exist from bgfore 1951, Théreg
vere a fev measurements of Lake Hakuru made in the 1930s, i

and Leakey and Hilsson quoted heights for the lake levels v

irom the late 19203 (See Appendix A) Sonme general indicatién »
of the earlier fluctuations of the lakes can also be obtained o
fron travellers' diaries and descriptions of the area, and

frox assumiﬁg & rough similarity with the fluctﬁations of

, v
Lake Naivasha, which have been traced further back (Sikes, ;

19%6), it 1is necessary to be cautious in assuming that a : .
Tise in Lake Naivasha was, immediately and completely
-ﬂ Paralleled by a rise in Lakes makuru and Elmenteita, as the

tasing ang tatchment areas are not the Same size and do not

8Xperience exactly the same climatic conditions., However it |

Seeus likely that during the perioda under consideration the
f Huctuations o the taxes, in particular their response to ;

groups or eéxceptionally wet years, weré roughly similar in

the waivasha and Nakuru-simenteita basins, '
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ihe projected curve of the Jevel oI Lake NaiVQ§ha‘
Henya .inistry ot works, Hydraulic Branch, drawing no, L2/5;
shows the lake at a low level between about 1860—1882;-~M
rising to-peaks in 1893-5, 1905-7 and 1917, After 1917 the
lake fell fairly steadily until the 1950s. Assuming rdughlj
similar fluctuations for Lake Nakuru, it would seem that the
Kiboko shoreline.might have been formed between about the
years 1893-1917,

Nilsson described two young, low level shorelines from
both the Nakuru-Zlmenteita agg Haivasha basins, calling

them G5 and G6& (th fullest discussion of these is in his

—

atest paper, 1963), Ee attributed G5 to the 1893~5 peak

in the lakes, G6 to the 1905-7 ‘and possibly also 1917 peaks.
(1963 p. 32). It is not clear exactly where Nilsson found
the G5 and G6 shorel}nes in the Hakuru basin, In an earlier
paper ne showed a shéreline of lake no. VII on the west side
of the lake, just to the north of a river that may be the
Lanuriak, lione of the shorelines he listed are at quite

the saume height as the Kibolko shoreline:

Hilsson 19315 shoreline no. VII

(1776 metres) - 5832' R.D. (=5826+3' 38,D,)
Filsson 1963; shoreline G6

(1762 metres) - 5785' R,D. (=5779+3' 3,D.)

shoreline G5

(1775 metres) - 5828' R,D. (=5822+3' $8,D.)

Lake Nakuru level in 1967 ~ 5780' S.D.
Kiboko shoreline, circa 10' higher - 5790' s.D.

e
b
|



I 'have not examined the evidence for shorelines G5 and

36 in the Naivasha basin, but around Lake Naluru at any’ rate
there does not seem to be more than one low shoreline,

Jilsson's interpretation of the features he described is: not

o 15 altogether convincing; it seens unlikely that two shoreline

terraces only 43' different in height (as his G5 and G6'

A .
were saild to be) could have been formed during these shopt

terz peaks in the lake level only 10 or 20 years apart, _Theél

Hiboko shoreline ‘may have been formed at about this time,

but I hesitate to attribute it to the high lake levels of :
~one or two years only. It is more likely to have been TR
Toraing over several decades, interrupted by periods when

the lake rfell below this level; it seems wisest to attribute

the shoreline to lake levels of the late 19th century without
.gttempting any greater precision in dating it. It might L 'é

3
even be older, but it is not likely to be younger than this,
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CHEAPTER SIx
CLINATOLOGICAL IMPLICATIONS OF THE
» 600 FOOT DEEP LAKE IN THE . .
4 NAKURU-ZLMENTEITA BASIN

i:f - '“iﬁ‘ The géological and geomorphological evidence,dutlined«,
in the preceding chapters seems to give fairly conclusive .
prdof that a lake abouf'éoo feet deep existed for some timé ‘f
in the Nakuru-Elmenteita basin during the late Quaternary.

ﬂ The existence of such a large body of water in a basin which

“wtoday contains two saline lakes less than 10 feet deep §
implies that the hydrolozical conditions at the time of the 5
600 foot lake were markedly different from those of today. é'

It seems that this-difference can be explained almost 5

entirely in terms of climatic change. Other reasons for_the

change from a 600 fqet deep lake to a 10 foot lake can,ein“
the case of this basén, be eliminated:

(1) River capture might be capable of substantially

Ieducingvthe amount of water supplied by stream flow to the

lake basin, bﬁt there are no signs that any such capture has

taken place from the Nakuru-Elmenteita catchment area during
the period under consideration,

ﬁi) The rim of the basin does not show any signs of having

been lowered at any point by faulting or volcanic activity,

Within the period under consideration, to allow the lake to

| b® drained in that way. The 600 foot shoreline appears
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closely related to the present lowest overflow level and it

seemns unlikely that the overflow level could have been :
lowered and then, when the lake waters had drained out,
rebuilt to a level so close to that of the most widespread
lake shorzsline,
(iii) In a discussion of the raised beaches of Lake‘-
Victoria, Temple considered the possibility that "the lake'
floor experi ncgd denreesion bringing about symmetrlcal
shrinking of the water body away from the margins withou»t
measuradble deformation" (1967 p. 46). He concluded that in
‘, the case of Lake '\{ictoria, wnich of course is a much larger
v body of water than even the 600 foot deep Lake Nakuru and
exerts a considerable 1oz;d on the crust, such effects
(elastic compression of the crust or isostatic effects)

cannot erplain the existence of the Strandllnes The Nakuru-:_
Zlmenteita basin is \\rery much smaller than the Victoria basiﬁ
and it seems even less likely that differential ad justment
could hate taken place here vetween the basin floor and its
walls sufficient to explain the existence of an untilted

800 root Shoreline.

(iv) Zore possible in the case of the Nalkuru-Elmenteita
tasin is Temple's suggestion, that "sinking of water levels
Right conceivably result from local faulting enlarging the
tapacity of the basin" (1967 p., 47). It does appear that

SHall-scale faulting has altered the shape of the
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jakurn-Zlmenteita basin in relatively recent times, involving
an apparent lowering of the basin floor by up to 100! (’

al

{(fcCall 19567 p, 101), I sugmest, however that this f‘aultlng

is 11kely to have predated the 600 foot lake, which appears

to be of Holocene age, (Chapter 5) Even faulting caus;mg a
change o the order of -100' in the basin floor vould probab1J
not by itselfl be enough to cause the lake to decrease in . “ ,
~depth from 600 feet to less than 10 feet. It is possible, & »

“but unlikely, that faulting could have initiated an under-

ground outlet from the basin which would greatly increase

water 1ossesv from the lake. ’
IT this chanpe in the lakes is attributed to climatic

and hydrologic influences alone, there is a possibility of x

using the amount of change in the lakes to obtain an s

aporoximation of the .\maff,nitude of climatic change that has

{ o
taken place., Such approximations have been made for a number:
of lake basins in the western United States, Examples are

Saoun in the work of Antevs (1935, 1954), Leopold (1951},

l*.l

rdley (1957), Broecker and Orr (1958), Reeves (1965,

—

965) anea Jones (1925), In this work the exact formulae and
N Ff: Rethods used in the calculations vary sllghtly, as does the »
data on which they are based, but the basic reasonlnrr is thﬁs'é
() Present day conditions of the lake and climatic and

hb’u‘olo.\;lc characteristics of its basin are known from fielgd

Obuerva tions and meaourements
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(t) The past size (depth and surface area) of the lake 1s S
voried out from seological and topographical observations,
{c) Certain independent indications of past climatic
conditions in the area may bs obtainable; e.g8, estixﬁates of
temperature changes from the size of former glaciers combared
with those of today. : k
'(d)_ The past climate {usvally precipitation) is dbtainéd
fron an estimate of the water balance conditions of the
former larger lake. )
he value of such calculations depends on the amount and{
reliability of the data available, and on the appropriateness§

of the formulae used, iost of the authors mentioned above d

s ; ~ | s .
a5 working in America have made use of rather more information

(o]
=
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i and past climatic and hydrologic conditions than
was available to me for the Laluru-Zlmenteita basin, However
it did seen that thert was sufficient data for, me to make )
Some calculations of past climate which would be of interest
for comparison with other estimates of the rainfall and

temnerature during the late Pleistocene and Holocene in East

Africa., It should of course be stresses that the calculations

and estimates that I have made are tentative and very

approximate, 1In nany cases I have had to rely on data
tollected over onlj a few years and to make assumptions which,
2lthougn 1ikely, cannot be Justified by strict hydrolpgical

°r climatological criteria .

{




In the Xakuru-ilmenteita basin calculations Ivhavev
assuned that the amount or water which fed the lake was. Just
eaourii o maintain it at its 600 foot level without any
overflow taling place, It appears that the lake was ..
stabilized at this level by the presence of the Bahati-

denengal divide; there are therefore likely to have been

- tines :hen an excess of water entered the lake and outflow:

took nlace into ienengai caldera. T is impbssible to kﬁow i
how much this excess water supply night have been. It is
in theory possible that at the peak of cool wet conditions f
the water suppiieq to the lalke may actually have been enough
%o raise the lake say to an approx tinately 700 foot level,

had it not been for the presence of the lower outlet., ‘'he
topoaraphy»of this area does not indicate that .a great deal

or overflow, with co?sequent erosion and downcutting; has
taken nlace, Howeve? this evid;nce is not conchsive, as

the products or recent small scale volcanic act1v1ty appear

to have blanketed this area to some ez ztent. Since it is
impossible to make any estimate of this extra water supply,

it seenea wisest to work out the conditions needed to malntaln
the lake at 400 feet, 1t should be borne in mind that this
"ill be a conservative estimate of the climatic change; i.e.;
tonditions may actually have been somewhat coolexr and/or

Wetter than is indicated by a calculation made on the . basis f

°f the 600 foot lake.
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\\
“he equation which I have used in my calculations is a:
simple water balance equation for a lake basin. Assuming
nat the lake volume remains constant, the equation 1is,

in full:

(1) R+P=E+0+G

ot runoff, defined as "the total recoverable portion
of precipitation water received on a drainage
basin, whether it moves on the surface or by . :
subsurface flow" (Kittredge 1948 p, 230). ?

P rainfall on the lake surface
u evaporation from the Lake surface ;

¢} outflow from the lake in surface channels

W

deep underground seepage from the watertable

below the lake.
In the form in which 1 use 1t for this basin the equation i
becones:

(2) Ay.Po K+ A LB = AT

A catchment area

td

P_ precipitatlion on catchment

K runoff constant; percentage of precipitation
on the catchment that reaches lake

A area of lake surface

‘g
[l

=

precipitation on lake

[ ]

evaporation from lake

The terms in this equation are discussed in detail below.
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It will be seen from this eguation that an increase in g

tne volume of the lake might result from {i) an increase in

precipitation over the catchment area, resulting in an

\ncrease in the amount of water supplied to the lake; (ii)

an increase in the runot'f constant, so that a greater pro=

portion ot the rain that falls reaches the 1a'ké; (iii1) a

" fall in temperature, resulting in lLower evaporation and thus.

“ip'a decrease in the amount of water lost by evaporation

rrom the lake surface and by evapotranspiration from the
datchment. Changes in these factors will not occur entirely

independently of each other; the percentage runoff is

influenced by the conditions of the soil and vegetation on
the cgtchment, and these in turan will be inf‘luenced'by'
chanzes in precipitation and temperature. An increase in

pracipitation may cause the rate of evaporation to decrease

even if no actual température change occurs, as it is likely

to be accompanied by cloudier and more humid conditions over
4 the catchment, This was showmn to occur in the Nalvasha

basin; Sikes mentioned "the close connection between :
Il
i

~rainfall and evaporation. During years of low rainfall, the

muzmber of hours sunshine in the year would ordinarily be

higher and the mean humidity lower than normal, resulting in

greater loss by evaporation. In years of high rainfall the

reverse would prevail' (1936 p. 30).

It iz not easy to be sure of the relative importance of




differences in precipltation, evaporation and runoff to
sccount for the exlstence of the 600 foot lake in the
Hakuru-Elmenteita basin, 1In my calculations I have worked
out & number of precipitation-evaporation-runoff situations

under which a 600 foot lake could, theoretically, exist in

{“the basin. It is pbssible to eliminate some of the more

_extreme of these as being inherently unlikely on

climatological grounds and because they are too much at

~yariance with results obtained from calculations based for

‘example -on “the extent of former glaciers or on fluctuations
: : .

of vepetation zones., HKost such calculations (e.g. van
Zinderen Bakker 1962, 1964, 1967a and b, Osmaston 1965)
express their estimates of climatic change during the late
Quatéernary in East and Central Africa in terms of lower
tenmperatures, Acchdng to van Zinderen Bakker, during the
hypothermal periods in East Africa "the rainfall would, in
general, have been higher although the difference was
provably not considerable., The most important ecological
facter has, however, been the decrease in temperature and
consequently the decrease in evaporation. This very
iaportant change raised the water level of lakes and swamps"
(1967b p, 143).

From this it would appear that temperature changes are
li%ely to have been most important in controlling the levels
of the lakes in East Africa. On the other hand there is a

A
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certain anount of information from present day conditions of

the lakes to show how rapidly they respond to even small
chanres in precipitation, An increase in precipitation,:'

such as occurred in 1961-2 and in the following years,

coused immediate and striking rises in Lakes Nakuru,

mmenteita, Halvasha and Victoria, among others., The level

¢ Lake Haivasha fell from about 1917 to the 1950s (with o

some reverse movements) and this can perhaps be linked with

a sl.ight negative trend of rainfall on part of the Halvasha

catehnent which was distinguished between 1920-49 (Sansom

: 1952), In the case of Lake Victoria, HOrth found a good

correlation between monthly mean rainfall over the catchment

and the change in lake level between the mean of the first

ten.days of & month and that of the following-month.

.

(Unpublished report, July 1965, Zast African lfeteorological

Department.) A correldtion coefficient of O.9éi was found {
between these variables for the years 1938-64, showing that E
the lake 1‘evel fluctuations could be accounted for almost
entirely by the variations in rainfall on the catchment area,
In the Hakuru-Elmenteita and Naivasha basins the rates

\_.} : of evaporation are very high (the order of ,'ZO" p.a, compared f
with about 50" p.a. for Lake Victoria), so 1‘:hat loss of
water by evaporation from the lake sﬁrface and by

evapotranspiration are important factors in the water-

balance equation. Richardson said of Lake Nalvasha that,




"said, "As a rule, closed lakes are able to rise more rapidly

186
since the rainfall on the lake is only about one third of -
svaporation (the same 1s true of Lake Nakuru), changes in
1axe level will depend to a large extent on changes in

evaporation (1965 p, 318)., I would suggest that although

e rate of evaporation from these lakes is very high, it

-is not automatically the most important control of fluc-
mations in lake level., The response of the lake to changes

_in precipitation is likely to be more rapid; Richardson

ﬁmn‘they can fall. This is because increases in precipita-
ﬁbn anywhere in the lake's drainace area will be funnelled
into the lake and cawmse it to rise, but the evaporation
which causes a lake to fall takes place only from the lake

surface itself" (1965 pp. 319-20). 4 i

il

The terms in" the equation AB.PB.K + AL.PL = 4 B

'

{I) The terms O and 5 in cquation (1) have been taken as
zero and hence onmitted completely from equation (2). The
falmru-Elmenteita basin is a closed basin and, as already /
discussed, I disregard possible overflow (O) into lenengai
caldera from the 600 foot lake. 1In the‘case of underground
seepare, the amount of water lost will depend on geological
conditions and on thé area of the lake bed, "It appears that

in the Haluru-Tilmenteita basin today such losses are virtually

Z8ro; licCall's studies (1957a) of the height of the water




conle and the hydra ulic gradients in the basin do not o

indicate any najor loss by seepage from the lake. It is
possivle that seepare may have taken place, perhaps
sorthvards, when the lake was at the 600 foot level and
covered a much greater area, of diverse geology, As it is

inpossiole to be certain of this or to estimate the amount

of water that might have been lost in this way, I decided

J4tepas best to take this term as zero. The effect of this’
approximation will be the same as that of assuming the

“gurface overflow to be zero, i.e. it will result in con-

servative estimates being made for the terms on the other

‘side of the equation, of the amount of water being supplied

to the lalke to keep it at this level.
(I1) Precipitation: rainfall records have been kept for
several years for a number of stations in the Hakuru-

Imenteita and Ia1vash§ catchment areas. The mean annual

rainfall clearly vques between different parts of these

catciments, which range from the well-watered slopes of Hau
escarpment and the Kinangop plateaun to hot and dry central
parts of the lake basins, I have based my calcuiations on
the mean annual precipitation for the whole catchments,
whose fig»;ures for the years 1938-66 were gii{en me by the
East African Meteorological Department in Nairobi, It would

be ideal to have values for f{a) the precipitation on the

lake surfaces, likely to be the. lowest in the whole catchment,:

e

A

o
P
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‘i (c) the precipitation on the higher slopes of the catchmenﬁ§ ;
gnich contributes an important part of the water supplying |
she laites, (¢) a mean value for the whole basin, For
present day conditions, even with a lack of measuring
. gtations through much of the relevant areas, it is possible:
fto arrive at appromimate values for each of these; for past
- conéitions this is not easily done and in my calculations I
jlhave had to be content with obtaining an average value for ‘ézv ,7.':§
{precipitation over the whole basin,

f(a)k The rainfall on the lake surface today:

(i) Lake Haivasha; mean annual rainfall on the
lake measured between 1910-1936 was 21.7" _
{Sikes 1936 Tig, 2). v =

T

oty e g e s i L

(ii) Lake Haluru; mean annual rainiall on the
lake is between 31-33" (MeCall 19572 p. 31,
measured over the years 1943-1952), ox §
30-35" GicCall 1967 p. 2). o

(ii1) Lake Elmentéita; mean annual rainfall on
the lake is between 21-25" (HeCall 1957a p. 31),
“or 25-30" (iieCall 1967 p. 2).

In ny calcﬁlations for the Nakuru-mlmenteita basin, I have

assumed the mean annual rainfall on both lakes po be 25",

(b) The rainfall on the higher slopes of the Nakuru-
Zlmenteita catchment; according to Mcdall (1957a

. 33) this is about 40-50" p.=a.

o]




" I'have taken the value of 33" p,a. as being the mean value

i+ for .the whole Walkuru-fSlmenteita catchment.

“he nean wnrecipitation for the whole catchment:

(1) llaivasha basin; mean annual rainfall on
drainage area 1910-1936 was 32.5" (Sikes
1936 iy, 2).  From the figures supplied to
ae hy the #ast African hetcorological
Department, the mean rainfall between the
vears 1938-1964 was. 35,10" p.a,

(11i) Hakuru-zlmenteita catchment; mean rainfall
between the years 1938-1964 was 38,32" p.a.

(Z.A.1.D, fipures),

(iII) Evﬁporation: {2) The present-day evaporation from
the lake surfaces invthe Hakuru-Zlmenteita and Haivasha
basing is high, and ecxceeds precipitation by a considerable.
amount, In the case of Lakes Haluru and Elmenteita there

is 2 net movement of water from the watertable to the lake
to the atmosphere, so %hat the high salinity of the lakes

2 Iy - - ( 2 2
is maintained. leasurenments of evaporation made in these

(i) ror Hakuru, over the years 1959-63 in a 15" pan

hverape: 74" p.a.,
Highest year: 82"

Lowest yecar: 700 (East African lleteorological

Dept, lLetter of 10,10,67)

{ii) For laivasha, over 14 years before 1936, in a 36" pan
Averapge: 74 p,a,
Highest year: 90"
Lowest year:  61.6" {Sikes 1936)
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§ieS su~mested that the value as obtained from the measure- |
at lnivacha could be talien as representing the :
syanoration from the open water surface of the lake withoutﬁ’
applyin~ o pan correction factor., Such a factor, possibly

of 3+3 or 0.2, is used to bring the evaporatlon as measured:

n a pan on dry land to the slightly lLower value that is

1iely {rom a surface of water surrounded by a further area

6f mater. According to Sikes the evaporation from Lake
iaivasha is excentionally high, as it i1s an open shallow lake
and.subject to strong drying'winqs {1936 pp. 77-8}; thq : :
evaporation can therefore be taken directly as the value 4
“agasured at the pan, Lt seems possible that similar
conditions apvnly in Fhe Yakuru-Flmenteita basin, where the
lakes are even shallower, and I'have therefore used the
valug of 74" p.é. as representing the mean evaporation from é
2 lale at phe present day.

(t) Zstinates of past evaporation rates in the Naluru-
Zlnenteita basin duriﬁ% the period under consideration must ?
be based on estimates of the former lower temperatures, At
present the gean annual temperature of the HNakuru area 1s i
¢ (=62.4°F). (FEast African Yeteorological Department
letter of 10.10.67.) According to Whittow and Osmaston

(1946) who based their estimates on the past levels of the




" the. order of 11-12°C Tor the last glaciation on the East -

“African mountains has been suggested by van Zinderen Bakker

evaporation rates in the Nakuru-Zlmenteita basin (see below)

- { .
.1 have therefore assumed the lowest possible temperature as

varied thus: :
100-300 years aro - circa 0,5°C lower than myod
present
10,000 years aro -~ cirea 1—3°C lower o
15-20,000 years ago - cireca 3-4°C lower :

dccording to Coetzee (1964) the mean annual temperature about :
o R . .

16,000 years ago wWas about 8°C lower than it is now.  This

was based on a study of changes in the vegetation

zones on lit, Kenya. A fall of mean annual temperature of g ‘

(1967b ». 147), The 600 foot lalke, however, appears to
have post-dated the maximum of glacial conditions in East |
Africa, and it seems most realistic to assume that it

risted during a time when the fall in temperature was rather

[+

less than the maximum values suggested by Coetzee and van

&

Zinderen 3akker. In ny estimates of possible past

beins 8°C below the present mean annual value,

in caiculating past evaporation rates, I first attempted
to use the tables of Thornthwaite and Hather (1957) for
conputing potential evapotranspiration., The result I

obtained for annual evapotranspiration, usiﬁg the present

day values of temperature, was less than half the figure, of

7E" p.a. which was measured for the evaporation at Nakuru,
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The a2in reason for such a discrepancy 1s perhaps that the

S deap

ity at dakuru for most of the year is much lower than:

i iz for most of the American stations on which Thornthwaite.

and Zather's tables were basea, According to these tables,

. f for a fall in nean annual teaperature fron 16.900 to 12.9°C>
che annual notential evapotransbiration would fall by only
~about LM, The changes in evaporation resulting frdm_

7: Litemperature chanse durinz the last 10-15,000 years in the

f% i lakuru-zlmenteita basin would thus seem to be very small.”

' - Possibly a more realistic estimate of evaporation from
& closed lake can be obtained from the figures drawn by
Lengbein (1961), Lanzbein was concerned with.the hydrology

‘and salinity of lakes in closed basins, mostly 'in the semi-

arid areas of western U.3.A,, under conditions not too far
recoved from those of the Haluru-Elmenteita basin, These

imures show values for net evaporation (i.e. evaporation ‘

froz lake - precipitat&on on lale) for different values of
¢ |
o os . { f . R |
annual precipitation and temperature. Applying the Haluru- :

Ilmenteita precipitation and temperature figures for the

’ﬁ present day, the value for net evaporation obtained is about

[

|measured (74-25=L49" p.a.) but an improvement on the results

‘obtained from Thornthwaite and Hather's tablies, Results

‘obtained from Langbein's figure 3, assuming a precipitation

fon the lake of 25" p.a., are as follows:
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sean Annual Tenn. iiet evaporation Total evaporation
15,9% (62,40 Bot p.a. 78 p.a. (1)
16.9°C (62.4°F) 32" poa. 57" pLa. (2)
14.9% (58,8%R) 26" p.a. 517 p.a, (3)
12.9°¢ (55.2%F) 20" p,a, 45" p,a. (3)
3.9%¢ (48.,0°R) 10" p.a, 35" poa. (&)

Hotes on table

i+ L, Present day fimures as neasured in the Hakuru-Zlmenteita

"temperature.

basin,

2. Present day temperature, net evaporation calculated from !

Lénzbein's Sraph,

. Temperatures as suggested by Whittow and Osmaston, net
evapeoration calculated fron Langbein's graph,

L, Tenperature as suggested by Coetzee, net evaporation
caleulated from Langbein's gravh.
These figures indicate that, for example, a fall in mean
. o . .
annual temperature of 4 C would result in a drop. in net
évaporation of 12" p,a., without considering the effect of

3

any increase in rainfaﬁl. The change in evavoration with

- chanwo in “emperature is considerably larger thdn is obtained

Trom Tho rnthwalte and iather's tables, It would appear that

. @ maried change in the amount of water lost from the lake

“ould be produced by quite a small chang Qz‘mean annual ;
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(z7) Junoff: it is necessary for these calculations to

meie an cstinate of the percentage of precipitation on the i
catennent area that reaches the lake, In most cases this- |
fncvor would be exnressed as runoff; i,e, how much of thé
raln on the catchment rsaches the streams and eventually

feeds the lake, Conditions in the Hakuru-Elmenteitavbasin
ars, however, rather unusual, By far the greater part of’

the recharse to the lakes passes for some distance thrdugh

the basin sedinents to the bodies of sroundwater below the
lakes, Some of this water may have moved for a short

cistéhce as surface flow in a stream channel, but in this
basin even streams which contain a Tair volume of water in
thelr upper courses tend to lose almost all of it lower down
and the actual surf;ce flow into the lake is almost nil,

This situation results from (i} the fault zones and Jointed’

ant flssured lavas which admit water readily, (ii) the hig

Porosity and water-transnitting powers of the unconsecl idated

recent sediments, Usﬁﬁlly, therefore, there is almost nothing'
that can be measured as stream discharge in the Naluru-
Zlnenteita basin, but therc is a steady flow of groundvater
towards the lakes, and groundwater ridges can be distin-~

fulshed alon~ some of the influent streams. (¥cCall 1957a

i
The geological conditions described above for the |

daluru-Zlmenteita basin are similar to those that Sikes
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fescribed for the llaivasha basin (1936 p, 76). According
to Bilkes, however, the hydreolo~ical conditions in the *
Lalvasha basin were rather different. He made discharge
zsasurenents for streans Tlowing into the lake (see beloﬁ)

and declded that "sub-surface percolation to the lake may

te disr cded as a contribution to inflow" (p. 77).

i
(42

Seexns unlikely, in areas With geological conditions
such as those of the Zaivasha and Haluru-i lmenteita ba51ns, -

that the only water reaching the lakes from the catchments

. -Should be that which can be neasured as discharge in the

L. - /’
strean channels., 1In the Haluru-Elmenteita basin, at any

rate, this appears not to be the cas €. There seems to be

=i

virtually no runoff or strean discharge that can be gauged
ag 1t feeds the lakes, I nave, however, been able to

calculate the percentage of the precipitation en the catch-

nens area that actually contrivutes to the recharge of the
lales, This will 1ncluﬁe the water that reaches the lalkes

5y sub-surface nercolaﬁwon and the small amount that travels

25 surface flow in the stream channels, “This rercentage I <‘

¢
have called X, Using the Xnown values for present day

Precipitation, evaporation, and lake surface area
(calculation 1 in Appendix E) I obtained a value for X of
3.26%, This means that of the rain falling Qn the catchment,

°aly about 3" in every 100" reaches the lakes or the

ivmtertables below them.




‘ This percentage, although it concerns mainly water that? . ' o
reaches the lalke by sub-surface rather than stréeam flow:*is ? ':73“
in a sense comparable with the runoff figures given by |
Sikes for the Naivashs basin, This is because both figuies
do in fact define the percentage of rainfall that rechargés
the lake, and in this context, exactly by what pathé the
water reaches the lake is immaterial, According to Sikés
"the average annual dischargelfrom the drainage area 6f ﬁhé i

lake to the lake is of the order of 9% of the rainfalil

+ {1936 p, 76)., The actual measurements, made between April - f _'i}:f

1935 and Harch 1936, that he quoted for the Naivasha basin

were :
River -~ Discharge as % of rainfall ' F
Melawa 7.65
Gilgil L, 25
Karati 2,81

iy estimated value of X for the Nakuru-Elmenteita basin is

thus of the sane ordér of magnitude as Sides' measurements
of discharge as percentage of rainfall in the Naivasha basin, | il

Zennett (1955 p. 89) gave figures for “water 1pss“ (i.e.

Tunoff) from woodland areas in the United States, ranging.

from 0,3-3,2% of precipitation, and from undisturbed

grassland ranging from 1,0-5,42% of precipitation.
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it 1s likely that under senerally wetter conditions,
with a nmolster atmosphere, Lower evaporation, and rocks and'
SC1L “0ﬂu11n1n~ aore wvater, the vailue ot ¥ for the Nakuru-
Zlmentelta basin would be higher; a greater bercentage 5f
the precipitation would eventually reach thé lLake. Changes .
in veretation misnht also have some effect and Have probably
occurred in the Nakuru-Elmenteita basin during the last
10,000 years, due to climatiec change and later human
influences. 1t i1s hard to know what the vaiues of X are
1ikeiy.to'have been during past rather wetter conditions,
DOSS1DLYy wWith some kind of forest vegetation coveriﬁg a
sreater proportion of the catchment. Jones (1925 quoted a
value of 2zp tor present day runoff in the wLahontan ba31n

(nevada, U.o.4a, ) and in his estimates of the conditions

necessary to support the iormer large lake there included
possible percentage runoffs of up to 40% of rainfall. Present

day avaporatlon in the basin is 50" p.a., rainfail 10" p.a.;

Jones concluded that ”}f the percentage of run off increased

to 3C per cent and the evaporation decreased to 45 inches,

only 2% times as much rainfall would be needed to suppoéi
lake Lahontan at the high-water mark" (1925 p, 49), Thg

Tunoff values quoted by Jones seem rather h%gh when compared

with thﬁ figures of Sikes and Bennett, I haﬁe, however,

included in my Tigure and table the results of calculations

based on the assumption that the runoff that fed the former !

»
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1al2s in the Hakuru-Zlmenteita basin was 10,20 and 30% of
i ~
rainfall, as well as the present day value of 3,26%. R

it
_ :
D) fhe aren mweasurements: for these measurements I used : L |
tre 1t 250,000 naps of Zast Africa, G.S.G.S. 4801. The
Haiuru-Zlmenteita basin was covered by the Nyeri sheet
{edition 1, 1955) and the Xisumu-Nakuru sheet (edition 2,
\ ’ ’

nap 2 in the thesis is traced from these maps, ~The !

1957).

2208 show the drainage channels in considerable detail, ‘so

:
:

K
-k
g

3

i

Pthat 1:was able to draw in the Naluru-Elmenteita cabchment : ;

! area quite easily. The contours on the 1 : 250,000 maps I

2t 200" vertical intervals were based on information from ;

‘the recent series of 1 : 50,000 maps and seem to be quite

accurate. I used a compensating polar planimeter and

ortained the various areas in square inches; these could

; 1 tnen easily be converted into square miles, The precision e

3 i _ : e

r 1 o
! ! ' ]

lecessary for these calculations was not very great, but I

+1 | Rreasured each area twd}or more times to check that the }
results were reascnably accurate, ‘ P
| The areas which I measured were:

(a) the catchment area of Lakes Hakuru and Elmenteita, This f

Was obtained by followins the watersheds around the streans

-4 | draininc into the basin., The catchment area  is not very

i
|
larze, and on the north, south -and east sides it barely j
i

D

Ztends beyond the actual basin walls, In the north I omitted

|
' the caldera of Menengai from my measurement of the catchment f

‘F———-—ﬂq—~n-mw—-“ e e
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grea; under present conditions it does not seem that any :
gater rfalling in the caldera would reach the lake or the"
watertable in the basin, (This explains a slight dis-
crepancy between ny fisure for the catchment area and that

-

given me by the Zast African Meteorological Departmeht, which
included the area of Menengai caldera within the catchmenti .-~
see below,)

(b) the surface area of the 600 foot lake; this I took %o

e indicated by the 6H400' contour around the basin. From myi

~ knowledge of the area and the larger scale maps, this contour.

i

on the 1 : 250,000 maps~appeared to be quite accurately

“drawn, It is true that the area of a lake at 6L00' is

slightly larger than that of the lake whose level was betweeni

6370-6390', as is indicated by the shoreline in the basin.

tnder the conditions of these calculations, however, I

. decided that this approximation was close enough, It would

have been hard, from t§e available height information, to
have made it any closer,

(c) the areas of Lakes Nakuru and Elmenteita as shown on
the 1 : 250,000 maps, There is no indication on these maps
o7 a date for the level of the lake shown; the Nyeri map
shows part of Lake Naivasha, said to be at the 1948 1evel,

so it is possible that Lakes Nakuru and Elmenteita were

. also shown at the 1948 levels, The shape of the lakes

’i appears the same as that.on the recent (1960 and later)




snall-scale naps of the early years of the century.
The results of the area measurcments:
Total catchment area of Nakuru-Elmenteita basin:

according to Z.A.il.D. (lettar of 10,10,67),

8L0 =sg. =miles (ineludine lencnrai crater,

cirea 30 sa, mi.)

-

According to my measurement, 810 square miles
e

(excluding ienengai crater)

These areas include the area of the lake surfaces.,

50,000 maps and considerably smaller than is showm on

‘Surface area of the G400' lake (omitting the highest

5

23

(o]

Do

Haluru 1

area of land catchment)
r présent day lakes - 790
r 600 foot lake - 522

L. (area of lake surface)
o

or present day lakes - 20
For 600 foot lake - 288

stood above this lake as islands)

square niles

square niles
Zlmenteita 8% square miles

square

square

square
square

parts of Lion Hill and Harterit, which would have

Surface area of Lakes Nalkuru and Slmenteita:

the areas used}in the calculations are:

miles

miles

miles

miles,




Table VI

Sunmary of resulits of calculations

svavoration  H:3.266  Kilow K:20% K:30%
209 n,a, PB 660 PE BAl PE sin PB 45"‘.  i
(E-C'“ D.a. PB 5?|l Pb 51|| I;B 44 n PE 39" ;
50" n.a, P 47" Py k2" Poo37M P 32t
Precipitation
38" »,a, 2 lLon I ohs" @ sem g oggw

The results of ny calculations of the precipitation,
gvaporation and rhnoff conditions under which a 600 foot
lalke might exzist in the Nakuru-Slmenteita basin are
Summarized in the graph (fig, 7) and in Table VI. Concerninf

A choice between the nossible Situations, the follow1n

. o .
i, Texmperatures may have been at least 4°C lower in about

10,600 3,P. This appears likely to have been capable of

tausing a fall in evaporation of 120 p.a., according to '

J
Lanzhein's firures. i
|
2, Bainfall as much as 160% of present day values has beeﬁ{

Suzsested for parts of Southern Africa during the late i
fuaternary, Such estimates, based on sediment studies and

o zeological observations, have been made by Brain (1958),




dond (1957, 1269) and Cooke (1964), Bond has siven the S
. ‘

fellowinT table of inferred nast rainfall at Xhani and

Lechard, in the Zulawayo area, Southern Africa.

inferred past rainfall at Khani and Lochard,

Zulawayo area, Southern Africa. (3ond 1965 p.334)
Cultural stase Type of evidence Sugrested Per cent
absolute of present’
; rainfall rainfall
: inches/year 5
- Feldspar colluviun 25 100 :
t Feldspar colluviun 20 80
i Feldspar colluviun 35 140
| v
{
i Ferricrcte L0 160
er Acheulean Calcification 18 : 72
! svium I Fossil dambo o) .7 160

The ranre of %nnual rainfall values shown in the
iru-Zlmenteita catchment records even Since 1938 is
onsiderable., The mean value is 38" p.a.; of the 29 years
1628-1966, & have nad less than 30" rain (79% of mean);

18 lowest was 24,7" in 1965, 6 years have had more than
rain (118X of mean); the highest was 53" in 1951,
Changes in the value of K, the percéntage of rainfall

reached the lake, are likely to have occurred in

Connection with precipitation and evaporation changes




suring the neriod under consideration, I would estimate

I3
i
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tentative suggestion.

Assuning that i 1s 20%, cvaporation 62" p.a., the ¥ ]
rainfnll necessary <o maintain the 600 foot lake in thegi, i
Lalmru-Slnenteita basin wouid (from fisure 7) be about
EE.8" pLa,, 120w of the bresent anmual nean, If K is«taken;
as only 10%, evaporation arain 62¢ D.a,, the necessarj |
rainfall would be 52,5" p.a, (1285 of present annual_ﬁegn);i
I sugrest that conditions nmisht have Tallen within this
range ol values, It is nossible that cvaporation was lowerj
than 5629 b.a., in which case 2 lower nrecipitation would beg
nepded to naintain the 400 foot lake, At any rate it seems%
unlilzely that precipitation need have risen much about 50V
P.2, during the time that this lalke existed, and it may weli
have been lower than this, »

It should also be pointed out what a small increase in;
net evaporation (of the order of 3" p.a.,, ffom calculation v
Dy Apnendix 2) would be necessary to cause Lakes Halturu and:
Ilmenteita to dry out completely., An annual rainfall of
about 80% of the present value, as suggestgd by Bond for the
lLater Sfone Age at Bulawayo, maintained for even a few years,

oule cause the complete desiccation of Lakes Halkuru and




CHAPTER SEVEN oo :

EVIDENCE OF LATE QUATERNARY CLIMATIC o
FLUCTUATIONS IN AFRICA : -

Indications of Quaternary climatic flucfuations'inr
Africa have been obtained from different kinds of evidence;
including: |

q(i) Former higher lake levels of many lakes, incldding.
Lakes Nakuru and E;menteita,1 Lake Naivasha,2 Lakes Baringqv
and Hannington,3 Lake Rudblf,4 Lake Victoria,5 Lake Magadi,é
all in Bast Africa; Lakes Zwai and Shala7 in Ethiopia;

Lake Chad.8

(ii) Former larger glaciers‘on mountains that now have
snall glaciers or are unglaciated; Ruwenzori,9 Mount
Kenya,lo Kilimanjaro,11 Mount Elgon;12 Hounts Simien and
Kaxa'l 1y Bthiopia.

(1ii) River gravg}s, silts, and terraces, resulting fromj

changes in conditiohs of erosion and sedimentation, have been

1, Nilsson 1931 ete., Leakey 19312 and b,

2. Nilsson 1931 etc., Leakey 1931a and b, Richardson
1965, 1966,

J. Hilsson 1931 etc., Fuchs 1934, 1950, !

b, Fuchs 1935, 1939, Whitworth 1965, ‘

» Temple 1965, 1967,

. Baker 1958,

« Nilsson 1931 etc., Hohr 1963,

« Grove and Pullan 196k,

.+ Hilsson 1931 etc., Osmaston 1965,

10, Nilsson 1931 ete.

11, Downie 196L,

12, Nilsson 1931 etc,

13, Nilsson 1931 etc., Mohr 1963.
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attributed tc climatic causes, Climatic fluctuations heve‘

been worked out on this basis in Somaliland (Parkinson

1932, Clark 1952, 1954), Angola (Leakey 1949) and the‘ﬁile

Valley (Butzer 1966, de Heinzelin 1967), o
(iv) There is evidence; usually from the-pollen content,:

of sediments, that the vegetation patterns in parts of

Africa have changeqd during the Quaternary. ’These changes‘

have been studied in particular in connection with the

. shifts of montane vegetation belts on the highlands of East

Afrlca. (van Zinderen Bakker 1962,63,6L ang Coetzee 1964)
(v) There is a certain amount of faunal evidence;
changes in the fauna of an area, such as the extinction of
moisture loving species, might be the result of climatic
change. Yoreaun (1964 etc.) studied the birds of tropical
Africa (in particular the montane communities) with a view
to working out elim%tic changes during the latter half of
the Pleistocene. At present ﬁontane forest exists as
isolated patches and its avifauna differs greatly from that
of the lowland forest angd savanna, but shows certain
Similarities between "islands". At times in the past, the
isolation of the montane forests must have broken down and
Colonization by different bird species took place, The
waves of colonization have been interpreted in terms of

the periods of expansion of montane forests and the possible

Underlying climatic changes,

P
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(vi) Evidence of past, more arid conditions has been
obtained from areas of dunes and aeolian sands which é}é, *j.
now colontzed by vegetation. Clark (1963) mentioned at
least three phases of deflation by 'Kalahari sands' in
Korth-Zast Angola since Acheulian times. Grove and Pullan
(196k4) mentioned ancient sand dunes in Hausaland,Northern
Nigeria, in an area now several hundred miles south of the
desert margin,

(vii) There is evidence in parts of Afrioa'that at times.

during the Quaternary, soil formation and weathering

brocesses were not the same as in the same localities
today. This has been takep in some cases as indicating ?
climatic changes. Bond (1965) summarized some of the {
deductions that have been made from such evidence, For %
instance, in the Bulawayo area, Southern Rhodesia (present ‘
rainfall .about 25" p,a.) calcretes {kunkar and 'vlei
limestone') have been taken as indicating past more arid
climates, ferricreges (lateritic ironstone), as indicating {
bast more humid climates. |

From such evidence, sequences of climatic fluctuations
have been workedvout and equivalents of the Gamblian,
Hakalian ang Nakﬁran wet phases of the Nakuru-Elmenteita
basin have been recognlzed in other parts of Africa; one
Tinds references to these phases in the literature on

African archaeology and Quaternary geology. Clark's

i




= with the Wirn g glaciation in Europe and was followzd by the
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discussion of the prehistory of Somaliland (1954) inclgded-%
a complete correlation of suggested Somaliland climatioy
phases with the East African sequence from Xageran to
Lakuran wet bhases. A sinilar table was prepared bj“
Leakey (1949 p. 73) for North-Zast Angola, and equivalonts .
of the Xanjeran, Gamblian ang Makalian wet phases in Angola‘
were also recognized by Clark (1963),

For these correlations it was assumed that the "Gambliéﬁ"i

pluvial in East Africa was approximately contemporaneous

ldter wet phases at the dates which had been attributed to
then by Leakey and Brooks as a result of the orlginal Wwork
in the Nakuru-Elmenteita basin, i.e.:

lakalian 9000 to 3000 B,C. (Leakey 1931b D, 269)
10,000 to 2500 B.C, (ibid p. 270)

Nakuran €50 to 0 B,C. (ibid p. 269)

It now appears}that such correlations were made beforef
enough was known about the geology, archaeology and
palaeoclimatology of Africa. There are the following
Teasons for doubting thoir validity:
(1) The climatic sequence in East Arfrica with which phases -
in other areas‘yere correlated is now shown: to have been '
based on inédeduate geological evidence, = For several years,
Since the criticisms of Cooke (1957) and Flint (1959a) were

published, it has been recognized that the evidence quoted
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for the earlier pluzial periods in East Africa (Kageran, N
tamesian and HKanjeran) can be explained in other ways than

by climatic change, and that there is insufficient evidence

" of pluvial conditions in the -type areas for any correlatipné
_with other areas on a climatic basis to be attempted. . The ..’
: - later phases (Gamblian, Makalian, Nalkuran) have up t§ now
. peen accepted as being based on sound evidence in the type
'Tarea and thus as suitable for correlation with other areas, -

: iAs the result of my fieldwork in the Nakuru-Elmenteita

basin, I have decided that the geological and geomor-

7‘ pho1ogica1 evidence for these phases, too, is not good
genough for thenm to be correlated with suggested climatic

' fluctuations in other parts of Africa,

(ii) The climatic changes that can be traced from the

' sequence of lake level fluctuations in the Nalkuru-

Elmenteita basin appear to be rather younger than has been

- N
believed; any correlation based on the age of the Gambl ian,

iakalian and Nakuran as given above is 1ikel§ to be wrong.
Thus the "Gamblian wet phase" as evidenced from the 600 foot
lake shoreline and sediments is in fact probably post-
Pleistocene and can not be correlated with a "Gamblian"
recognized in another area and thought to be contemporaneous

with the Wirm glacliation, The time available for the

© Suggested Hakalian and Nakuran phases is also considerably

¢ reduced, 1

i
P
|
|
i
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(311) rany of these correlations were suggested before
radio—isotop;c dates became available for any relevant
naterial; they are thus oftén based on archaeological data:  ;‘
and on comparisons between industries at sites which aﬁbear

. to have palaeoclimatic implications, for example a site on

i a former lake shoreline or within a lake sediment., It rnow
appears that not enousgh is known ‘about the industries, -

-particularly of the later Stone Age in East Africa, for

any except very general geological or palaeoclimatic

correlations to be made from archaeological evidence, unless

;-absolute dates are available. ilo precise correlations can

:be made simply on the basis of archaeological material and

| implement assemblages, for not enough is known about these

aspects of, for example, the Capsian and later industries
“ 1n the Hakuru-glmenteita basin. The fragment of the bone
Eharpoon, found at Gamble's Cave (see Appendix C) is about

. the only example of material for which a fairly precise

correlation with anothgr site is possible,
(iv) It is possible, although not certain, that broadly

' similar climatic fluctuations have taken place all over the

iworld during the Quaternary. Van Zinderen Bakler (19671)
}has suggested for the Upper Pleistocene that "the temperature

:chronology in Africa ls broadly parallel with that of the

Korthern Eemisphere in time and variation" (p. 371). This

ihowever refers to broad temperature fluctuations only, and




- term rainfall fluctuations might not be synchronous in all
areas of one continent. Sansom (1952) found that different

Jbarts of Zast Africa showed positive and negative trends. P

“in rainfall between the years 1920 and 1949, and it is

"possible that divergknt trends could be recognized between

34
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he went on to say, "'Pluvials' certainly existed but were i

not coeval all over Africa" (ibid). It is recognized that o
N 8 "

fluctuations in temperature, which are the result of changes

in the amount of radiation reaching the earth, are more
fundamental aspects of climatic change than are rainfall
fluctuations, which result from the shift of climatic.

belts. Generally synchronous temperature fluctuations over. ,

‘a period of the order of several tens of thousands of years

nay have occurred, and yet within this period, shorter- o

. wider areas (for example between East Africa and Somaliland

or Angola) over a longer period ofétime. Even if the

.. 1ikelihood of a general world-wide parallelism of temperature P

fluctuations in the UpRer Pleistocene is accepted, it does
not therefore follow tﬁat‘over periods of a few thousand
years (the_suggested lengths of the "Hakalian" and "Nakuran"
wet phases) synchronous wet and dry phaées are likely to
nave occurred even in most parts of Africa; it is even

less likely that such phases night be correlated with
climatic fluctuations on other continents.

It thus appears that at this stage it would be wrong
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to attenpt to establish a sequence of climatic fluctuations

in the form of a serles of wet and dry phases which should™, R

be recognized all over Africa, At the same time an ?

1ncreasing number of absolute dates are becoming available |

¥ ‘;for the late Quaternary in Africa, In several cases fhe

; ;.material from which the dates were obtained has a definite

.. palaeoclimatic lmplication, or at any rate indicates
“sedimentation in an environment different from that now

% ;Apreﬁailing at the locality., I have summarized briefly ﬁ

H kS ﬁeloﬂ’some of the evidence of late Quaternary climatic

; | 1fiuctuations in Africa, with particular emphasis on phases

»; “: for which absolute dates are available.

% _ : Far from the Naluru-Elmenteita basin being considered @
E a5 the type area for a sequence of late Quaternary climatic ‘i !
fluctuations, 1t now appears that, by comparison with some

_other parts ef Africa, there is relatively little firm
information about climatic change in this area, and what
there is goes back onlf as far as about 10,000 years B.P.
Cores from the sedinents beneath Lakes Nakuru and Elmenteita
aight provide evidence of climatic fluctuations comparable e
to those that Richardson has traced from a core from Lake

Haivasha, but no such cores have yet been studied from the

Haluru~-Zlmenteita basin, The diatomaceous and other silts
e€¥posed in the basin appear to be too highly oxidised for

?Qi any pollen to have been preserved in them, Palynological
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studies have so far made no direct contribution to our
inowledge of the climatic fluctuations in the Nakuru- N
Zinentelta basin,

There 1s thus little that can be used for correlation

with other areas, and I have tried to avoid making such

" correlations at this stage. In this basin, the available:

evidence suggests:
-

(1)  The lake was over 420' above its present level not ;

'nore than 9650 years ago. Mollusca of this age were found

;in ‘the basin at an altitude of about 6200' 3.D. They are

fresh-vater forms and lie in a matrix of fine diatomaceous

.?silt (see ‘Appendix B); it is likely that they were not

'living right on the lake shoreline but in some depth of

water, -so the lake was probably not far from its maximum

~level of 6370' S.D. {about 600 feet above present level)

at that time,

(i1} It is not certain for how long before about i0,000
jears Z.P. the lake ha& been at this high level, The
evidence from the Nderit Valley sections and from exposures
such as 10/13, also from sections 8/3 and 8/12, where a
faifly narrow layer of diatomaceous silt overlies layers of
2aterial which was probably not laid down in a lake, - »
indicates that it is possible that deposition at altitudes

over about 400 or 500' above the present level of Lake

Haluru had not gone on for very long before 10,000 B,P, It
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is not possible to be certain about this point until

rurther work 1s done in the Nakuru-Elmenteita basin.

(i1i) The stages in the fall of the lake from its 600 \x.
foot level cannot at present be dated precisely. There s

no indication of a marked pause at 375' A.L. (the 'Makalian'
shoreline level), but a shoreline can be traced at 165! A.L.

(approxinately the 'Halkuran' level) which does indicate

i 'a later period when wave erosion was concentratéd for some

tine at one height. Archasological evidence from sites

féssociated with the lower levels of the lake (see Appendix

2) 315 at present insufficient to date these levels more

precisely than to within the last few thousand years, It

.is:ndt clear whether the 165' shoreline represents a stage

i
|

in a ifairly steady fall from the 600 foot level or a

freversal and rise to 165' A.L. from an even lower lake.

"1, Zhe Haivasha basin., Shorelines above the present level

of Lake Haivasha were described by Leakey (1931a and b)

and Hilsson (1931, 1940 etec.). Nilsson listed groups of
tilted shorelines; several of the highest lakes were said
:to have been in contact with the lake in the Nakuru-
‘Elmenteita Basin over the pass at Gilgil. Leakey correlated
ithe shorelines with those in the Nakuru-Elmenteita basin
although he did hot,believe that (during the Gamblian and

later periods at least) there had been any overflow at

Gilgil, 3Both authors stressed the importance of the
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f s yjorova Gorgze, south of the lake, as an outlet which was

eroded by the lake waters. 4

i Leakey's sequence of shorelines, for the Naivasha ~

* nasin was this:

Lovier Gamblian - circa 380' A.L. shoreline
(approx. 6584' R.D,)
; © Uoper Gamblian - cireca 180' A.L. shoreline .
P u_ﬁ ; o (approx. 6384' R.D.)
Eakalian - circa 100' A.L, shoreline S o
(approx, 6304' R.D.)t o

Haluran - Leakey himself does not appear to have found
a 'Nakuran' shoreline but suggested the ‘
'Neolithic! beach mentioned by Gregory
(1921 p, 220) may belong to this stage of o
the lake.

i have not mysel}f done any fieldwork in the Naivasha
'basin, beyond making some brief visits to Hjorowa gorge.
To make any valuable contribution to the knowledge of the
L.area, it would have been necessary to investigate, the
.Shoreiines and sediments in the same detail as in the

| Fakurb-Flmenteita basin, and there was not enough time for

=’this. On the basis of my results from the Nakuru-Elmenteita

;basin, I can make the following general comments on certain

.aspects of the earlier work:

’? 1) It appears most unlikely that any contact between

the lakes in the Naivasha and Nalkuru-Elmenteita basins has
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tallen place, at any rate since the last major faulting of
the Rift Valley. Lake Naluru could not rise to the level Sl ?7
of the Gilgil divide in the basin as it is today, but »
would remain at a level about 200 feet below 1t; In the

case of Lake Naivasha, although it is hard to tell the

original relative heights of the rim of the basin at Giigil

and at the Njorowa gorge, since so much erosion has taken

% plac5 at the latter site, it appears most 1likely that the

=]

§ southern rim of the basin, at Njorowa gorge, was always
lower than the Gilgil divide, Overflow would have started
there and then become concentrated, and the lake would never

have|risen to the height of the Gilgil divide, I can find

-EH none  of the shorelipé terraces at and above the Gilgil
divide that Hilsson gquoted in support of his tHeory of
contact between the lakes., The only lacustrine sediment on
the divide is the faulted diatomite at 8/9, which appears
to predate a certain amount of faulting., It is aertainly
older than the lake shsrelines preserved in the Nakuru-

Elnmenteita basin.

(2) The Njorowa gorge outlet spans a height range of
about 6375-6600', that is circa 171-396' above Lake
Kaivasha, accepting Leakey's 1931a value for the level of
the lake, There is no reason to assume that if parallel
climatic fluctuations tock place in the Naivasha and

gf‘ » lHakuru-Zimenteita basins, exactly equivalent strandlines

'
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would be formed while Lake Haivasha was cutting down its

outlet. A rise in lake level to a 'pluvial peak' is likely .~

to have resulted in increased discharge and thus increased
doymcutting of the outlet, but would not necessarily result
in a stable lake level at which a shoreline feature might
be formed. Vhile the downcutting was proceeding, a stable &
.iake level and resulting shoreline would only be likely to
result from a feature such as a band of hard rock which '
"held up the incision of the gorme. (CF. Temple 1967 on
the lower Lake Victoria shorelines.) It would not be
‘reasonable to expect a strict correlation between the
Haivasha basin shorelines and other lake shorelines in
basins Which had no outlets or an outlet at a different
level.
(3) The basis of Leoaley's correlation of Naivasha and
Eakuru—Elmentgita basin shorelines was explained ?hus;
J"By srdying the many tools found in the deposits corres-
ponding to the differeA£ lake beaches and by comparing
ithese finds with those from the Nakuru-Elmenteita basin
. We were able to arrive at the conclusion that the 370+
Teet terrace represented the Lower Gamblian and the 180+
. Teet terrace the Upper Gamblian" (1931a p. 503). Such
correlations might be questioned for several reasons:
(1) it is uncertain that a particular shofeline‘level caﬁ

i be definitely established as being of the same age as a
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particular industry, by finding implenments of that industry

oy

in a deposit which appears to have been laid down when the
~
N

lake stood at that level, For a firm connection to be

established, it is necessary for the implements to be

found actually overlying the lake beach or terrace, with_

no sign of a long gap between the fall of the lake and the : ,
settlement on its beach, 3uch sites have not so far beenr

{ - described from the Naivasha basin., (ii) Not enough seems

I * known about the sequence of 'industries in these basins for

‘precise correlations of sediments or shorelines on an

ik

afchaeological basis to be made.
| (%) In the Haluru-Elmenteita basin I was unable to
.confirm the existence of several of the shoreline levels
that had been described by earlier writers, It is possible
that the position in the Haivasha basin might be comparable,
éspeclally as it appears that they spent rather less time
> doing fieldwork ﬁhere (Leakey 19312 p, 502). I thus
hesitate to discuss po%sible correlations of the Naivasha. § _:if

basin sequence until I know that the different shorelines

1 | Which make up thisf sequence actually exist, |
The nost recent information on past conditions in the
“aivasha basin comes from the core raised from within the

Tin of Crescent Island and analysed by J. L. Richardson and

‘ j others., (Richardson 1965, 1965) Studies were made of the

U
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ireflected in this core might be explained by rather small
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giatoms, chemistry and mineralory of the core, and carbon- )
it dates were obtained for various parts of it. The core'\
was 25 metres long and about 9200 years old at its base§
this indicaﬁss a rather rapid rate of sedimentaztion, . The
following zones were distinguished iﬁ the core:

Uppermdst part - marked banding indicating a rapidly
Tluctuating lake, often more saline
and smaller than it is today,

" lietre 8 - date of 3000 + 60 B.P. (just above the

dry zong)
fietres 8§,20-7.80 ~ a partially weathered, impermeable,
sandy layer indicating a complete drying
of the crater basin, e

period of shrinking lake,

g hetre 10 - date of 5650 + 120 B,P,

Zelow this, to bottom of core - a more homogeneous core
with a considerable proportion of
planktonic diatoms, indicating a stable
lakg nether larger than the present one,

. {
- hetre 28 - date of 9200 + 160 B.P.

Richardson suggested that the changes in lake level

1

?Climatic changes, possibly slight variations in precipitation
for Svaporation operative over a period of several thousand
. Jears, At the same time he thought it unlikely 'that the

fchanges in size of Lake Naivasha were the result of local

jclimatic variations alone, but that equivalent fluctuations
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aight be recognized from other parts of Africa. If this

is so, 1t appears that for at least the last 3000 years

conditions in the Zastern Rift Valley have been no

'2 noister than they are today; 1i.e.there was no 'Nakuran

i

f’wet phase' at 850 B,C, (2800 B.P.) or later.
Richardson mentioned terraces at 23 metres (75.5 feet)

,Land 39 metres (128 feet) above Lake Naivasha, and at 51

‘?'?metres (167 feet) and 112 metres (368 feet) above Lake

?Nakﬁru. These heights were referred to the 1960 levels

'f;of the lakes; in the case of Lake Haivasha this was 14 or

;;15' lower than the 1929 level that Leakey took as his
‘;datum for the 'Above Lake' heights. There may well have
‘}been a difference ofrthe sameforder in the 1evéi of Lake
‘;Ehkuru. It would appear therefore that these figures for
.;the terraces were based on Leakey's heights and adjusted
3for the chanéé in level of the lakes between 1929‘and
. 1960, rather than on aﬁy further fieldwork or levelling

iof these terraces.

| Richardson attributed the lowest terrace in each basin
kthe 23 metre and 51 metre terraces) to the lakes as they
_ Stood before 3000 B,P, He assumed there were similar
. fluctuations in both the Naivasha and Nakuru-Elmenteita
‘ibasins during the perlod of the zore and suggested that if
:fhe period of the small, fluctuating lake (after 3000 B,P,)

. be called the 'Nakuran', then the higher lake, which

Y
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| sroduced the lowest terraces might be called the 'Makalianf< =
sccording to this scheme there would thus be né 'Nakuran'  o
shoreline in either of the basins. The period of fhé

“iiakalian' lake in the Naivasha basin would thus be ‘between’

about 5600 to 9200 yesars B.P.

S Lakes Baringo and Hannington: 1lake beaches and lake

- sediments of various ages are found around Lake Baringo;

they were first described by Gregory (1896, 1921), Lake

Zannington is a long narrow lake bounded by recent faults;
o its east side in particular a scarp drops steeply to the

lake shore and evidence of higher levels of the lake is

likely to be hard to find. According to #cCall, "The

tio lakes are remnants of a once continuous lake, and are

separated by the Loboi plain, a wide extent of silt laid

dovn by the original lake" (1967 p. 8). Nilsson (1931, 1940)

ﬁ : described shorelines in the Baringo basin at three different
levels above the lake ékd correléted them with certain of ’ "?v
: the shorelines in the Nalkuru-Elmenteita and Naivasha basins.
51_ However it appears that a simplé correlation of shorelines

and climatic fluctuations between these areas is not possible;
"it is clear that the Baringo basin is not a good index of

bluvial fluctuation, Indeed, it is hard to show whether
. % .
3 = a0y particular rise or fall of the lake was due to climatic

change, faulting, volcanic barrier building, or a
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combination of one or more of these factors" (Fuchs 1950
PP, 170-1). In the most recent work on the geology of AN
the Baringo basin (McCall, Baker and Walsh 1967, Hartyn
1967) the sediments in the 'Kamasian' type area west of
Lake Baringo are divided into two successions of widely .

differing ages, the Chemeron and Kapthurin sediments, Both

“.of these contain lacustrine deposits, diatomites and

stratified tuffs. The Chemeron beds are strongly faulted;"

:5the Kapthurin beds are only slightly faulted and it has

*g been suggested (ileCall 1967 p, 11) that the Kapthurin beds

are equivalent to the Larmudiac beds of the Naluru-—

'; Zlnenteita basin, Still younger, unfaulted sedimentsc

(the Kampi-ya-Samaki and Logumlum beds and Loboi silts)

" were deposited in the Baringo basin; no further mention

of the shorelines of the lakes in which these were laid

~dovn 1s nade by ifcCall or others. They may be equivalent

to the Holocene "Makalian" beds of the Nakuru-~-Elmenteita

basin as described by ﬁwall {1967).
The evidence from the Baringo-Hannington basin indicates

that during the late Quaternary larger lakes than the

- bresent ones have existed there; to a certain extent this

is evidence of a past more humid climate. On the other

hand, although geological correlations between the Baringo-

" Hannington and Nakuru-Elmenteita basins may successfully

be made, it seems unlikely that any precise correlation of
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shoreline features, even of the most recent lakes, could.

be nade between these basins, This is particularly so

for any late Quaternary material in the Baringo. basin,

3, Lake Rudolf: there is evidence from the drea round
B - ]

:;Lake Rudolf that during the Quaternary it has stood at e.

.~considerably higher level than it does now, The present

“‘level of the surface is about 1230', and shorelines ranging
:??frem‘over 300" AL. to only a few feet above the presen%
\iilejei'were described by Fuchs (1935, 1939), Cooke (1957)

“land Whitworth (1965), Fuchs assumed that the fluctuations

£ the lake were climatically controlled and could be

icorrelated with those from other parts of East Africa; for
?instance, he attributed the 220' shoreline to the

E"Gamblian", the 90' shoreline to the "Makalian", wet

phases, (Fuchs 1939 pp. 251-3). These correlations seem
based on little firm evidence and according to Cooke (1957

p, 46) Fuchs! interpreﬁption of the Quaternary geological

ffhistory of this area is gifficult to substantiate fully.
_;t seens 1likely that tectonic and volcanic events (there is
.@n active volcano, Teleki's, at the extreme southern end

bf the lake) have interrupted the climatic-controlled

Sequence of lake level fluctuations. Dodson concluded of

the southern part of the lake basin that "the history of

&ne area during the Plelstocene is characterized by almost
|
i
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g continuous slisht tectonlc movment, volcanism and
&

1

]

sedimentation, with peak phases of fracturing and lava

outpourings, not necessarily coincidental with sedimentary’
‘beach—lovel deposition" (1963 p. 31). Similarly, Whitworth
‘séid: "In fact, present knowledge of the Quaternary

i~:j éhistory of the Rudolf basin is insufficientL§ precise to

! {d;termine conclusively whether widely correlatable climatic
; ;cﬁanges or more local tectonic, erosional and volcanic

; :féctors played the major role in the fluctuations of the
1 raxe" (1965 p. 91).

J T ‘There is evidende to suggest that the lake was at a

Ihfgh level quite late in the post-Pleistocene. Shells of

‘hetheria elliptica were collected from lake sediments near

‘the 220' beach at Kangatotha to the west of the lake and

have been dated to 48004100 3,P. (Thomson 1966). A

v [Iragnent of a bone harpoon was found near Kabua water hole,
v

al?o west of the 1ake,~?ssociated with the approximately
14@' beach., Whitworth suggested that this might be of
.kohparable age to the harpoons from Ishango and Gamble's
"Cave (see Appendix C) and thus of definitely post-
'Pléistocene age. It is not certain, however, that these : J
!

.high levels were entirely the result of climatic
1

fluctuations. Dodson described the Barrier, a composite

c‘{\

VOicanic ridge that cuts off Lake Rudolf from the Suguta

ﬁalley to the south and was built during at least four
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phases of volcanic activity. He suggested, "It seems
1izely that the emplacement of the Barrier contributed to\u
the rise of lake level that led to deposition of the
1220-Tt' sediments" (p. 36).

‘ The rise of a body of water as large as Lake Rudolf
(ét present it is 180 nmiles long and has a maximum width
Q} 35 miles) by over 200' would inveolve a very large volume

of water, It seems unlikely that a change of this mag=’

nitude since the end of the Pleistocene could have resulted

" entirely from volcanic and tectonic events, without at

least some contribution from more hunid climatic conditions.
Although it is not likely that close synchroneity between
the fluctuations of Lake Rudolf and those of other East
African lakes can be traced, the evidence from the Rudolf
basin does suggest that conditions there remained relatively

humid until quite late in the Holocene, and is thus in -

- accordance with the most recent evidence from other lake

basins, }

b, Lake Magadi: this highly saline lake lies in a trough
in the Rift Valley which today experiences a very arid
climate, There is evidence c¢f at least two series of lake
Sediments in the HMagadi trough, separated by minor faulting.
These would indicate past more humid conditions in this

area. The younger deposits, the "High Magadi Beds" can be

|

i
i
i
|
I
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1inzed to a horizmontal shoreline about 40' above the present
1éke. I the report by Baker {1958) on the geology of this
ﬁgen ro attempt was nade to attribute these sediments to e
a;particular phase in the climatic sequence., Later
(ﬁqCall, Baker and halsh, 1967) it was suggested they
might bé equivalents of "Gamblian" deposits of the Nakuru-

Tinenteita and Naivasha basins, The most recent stage of
P

éedimentation in the ilagadi trough is the Evaporite Series,

.

“which is still accumulating today, and is the result of

-mdre arid conditions than those during which the High

Eaéadi Beds ﬁere laid down.

Climatic fluctuations rather similar to those in the
Hékuru-Elmenteita basin appear to have taken place in the
Hégadi trough during the late Quaternary, but close
synchroneity between the two areas cannot at the present

staze be established.

5, Lake Victoria: five major strandline levels have been

recognized (Bishop 196% v, 211); the highest of these is
at about 200' above the present lake, The upper levels

are affected by gentle westerly upwarping, probably of
Unper Pleistocene date; the shorelines less than .about 80!
aFove the present lake are said to be untilted. These
Sborelines, however, cannot be interpreted as the result

i

of climatic fluctuations; according to Temple_(l967) there
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ihs been during the last thousands of years a gradual fall

in lake level as a result of the phased incision of the

+  1ake outlet down the River Nile. The cutting of shorelines
{ S

g}ound the basin would result from pauses in the down-
;ﬁtting o{ the outlet, which would be controlled mainly
by pgeological factors, Variations in discharge at the
Vgﬁtlet (due to precipitation or evaporation changes over

sy
el

e lake) may-have occurred and would have influenced the

-enount of erosion that was taking place at the outlet, but,

as Tenple said: "kajor climatic variations from this

period are ., . ., not evidenced by the strandlines" (1967
0. 61).
-ﬂ i Hendall (1965) studied pollen, microfossils and

éhemistry of' a core from Pilkington Bay, Lake Victoria,

7? and found evidence that the bay had been dry at about

% ’15,000 years B,P. but that since then the lake had almost

’ always been at or above its present level. On the other
 % 5and the evidence from %ippo Bay Cave, Entebbe, indicated
-% ?bat in 1965_(after the rapid rise of 1961-2 and following
'yéars) the 1axe was higher than it had been for the past
3%00 vedrs, (Bishop 1965 p, 318) The evidence from tHese
Séurces secns to some extent conflicting. If the Hippo
Zay Cave evidence is accepted, it may be that the relatively V;f

low level of Lake Victoria during the last 3700 years is a
[ 5'5 Pdrallel to the small lake that appears to have existed : 5

——
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durin~ about the last 3066 years in the Nalvasha basin, Wo ;
~ore vreclse correlation between lake level fluctions of
Lake Victoria and the lakes in the Kenya Rift Valley is

1ik%ely to be possible,

5, Glaciers on the East African and European mountains:

}ﬁmrkers in zZast Africa and Zthiopia have recognized several

‘moraines of different ages on the high nountains, indicating

“ithat'a number of glacial advanceshave taken place,

. separated in some cases by long periods of time. At present’

;éeveral of these mountains (Elgon, Aberdares, Simien, Kaka)

;I 4_",' . ) ;
iare'unglaciated, and the others (Ruwenzari, Hount Kenya,

Lﬁlimanjaro) bear small gzlaciers which during this century

é@ave.retreated rapidly. According to Osmaston (1965) the

\e

lowering of the firnline on Ruwenzori during the glacial

maxima could be accounted for by a decrease of about 4Op

in the nean tenperature, and possibly by a rather smaller

‘,qhange if an increase in precipitation had also occurred.

liilsson (1931),ré§ognized fluctuations of the glaéiers

on .ount Henya, Ruwenzori, Hount zigon and in Zthiopia which

‘he correlated with his suggested fluctuations of the Rift

i
i

Telley lakes, It.ssens unlikely that a close parallelism
between lakes and giaciers can be recognized to the extent

vhere one can state that a particular shoreline is exactly

"equivalent to a particular moraine, In East Africa even
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a2 broad synchronelty between the high levels of lakes and

the maximum extent of glaciers has yet to be proved,

Josmie, in his discussion of the glaciations of Kilimanjars:

{196&) pointed out that "so far no direct evidence linking

the cventskon the plzins with those on the mounéains has
peen found! (p. 2),

The earlier glaciations which have been recg@nized on
the Zast African mountains are several hunaged tﬁousand N

years old and thus outside the scope of this discussion,

., For. the late Pleistocene and Holocene, Osmaston recognized

the following stages on Ruwenzori: 1

?J'Glaciation Horaines Probable Age
: Lac Gris 190—300 years1
Omuruobaho 10,000 yeai's2
Lake Hahoma Lalte ilahona 15-20,000 years3 )

notes on dates

1, Zstimated by vegetation and soil development and lack
. R M,
of erosion (de Heingelin).

2, Estimated from size of moraines, date of 7000 years

3,P, for bottom of Lake Kitandara (Livingstone).

2. Date of 15,000 years B.P, for bottom of Lake Nahoma
(Livingstone). '

Osnaston commented "comparisons between all the glaciated

African and Ethiopian mountains show good correlations,

There is no evidence to oppose, and some to support, the

sl
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pypothesis that glacliations in the tropics were contem-
porancous with those elsewhere" (1967a p. 28). Elsewhere
ne stressed "I think that speculations about thé correlations
petueen claclations and pluvial periods, and between
;ropical and temperate glaciations, are premature"

(1965, p. 1uk),

| Dounie suggested that during the post-Pleistocene ‘there

had'been two small glacial advances on Kilimanjaro, the"

" Little Glaciation and Recent Glaciation, which he correlated

i

“with the lalkalian and Halkuran wet phases respectively

(196 p. 14)., The Recent Glaciation was said to end at

i
about 200 years B.P.

1

]

6, The Uestern Rift Valley: according to Bishop (1962)

@here is evidence from the sediments of the Western Rift
%ﬂley Valley {area of Lakes Albert, Edward and George)

fhat climatic conditions have varied during the Pleistocene.
%owever thié‘is an area where the influencelof tectonic
%oveaents and volcanic\activity on sedimentation has been
treat, and it is diffiéult to isolate the effects of
glimate on sedimentation with any‘cértainty.

; In Western Uganda the Katwe and Bunyaruguru volcanoes
have been active within the last 10,000 years, and tuffs
from them cover palaeosols and contain plant fossils,

?1shop and Posnansky suggested that, "It is also possible

that the climate in this part of the rift valley was a

B
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1ittle wetter some 10,000 and more years ago than it is nowv, L
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;as red palaeosols occur within and beneath the volcaﬁig
ashes while zrey to brown soils are forming at the surfacé\‘
@t the present day" (1960 p. 52), Osmaston obtained & :
hate of k070 years B.P., for material uﬁderlying tuffs.at

:Fort Portal. Plant fossils from these tuffs indicated -

.. wvegetation, and hence climate, similar to that in this area

S|
]

?oday. (Csmaston 1967b pp, 25-6)

i .

E i . .
‘ @ . 7 Sahara: there is evidence that conditions in parts

'Téf thé Sahara during some of the late Quaternary were
! i.considerably moister than those of today. This includes ? ‘«5
drchaeological material and floral and faundl remains ., -
i&dicative of sub~-humid climates in areas that are now
e&tremely arid. A shoreline of Lake Chad, the Bama Ridge
7 i ' at about 175-190' above the pfesent lake, was described by

Grove and Pullan (1964), When the lake stood at this ievel l;, i
~ it must have covered an area of about 120,000 sqguare miles, .

Carbon-14 dates have b?en obtained for material from old

* lake beds to the north-west of the present lake indicating

%]

tages in the drying up of the lake during the Holocene,-

iy

aure, dansuin and Nydal (1963) quoted several dates for
- talcareous npaterial found with diatomites, of between
?about 9200-7000 years B.P. A possible date for an early
Y ! stage in the existence of the lake, slightly over 21,300

éi . years B,P,, was obtained, but there is as yet no confirmation
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as to the date when this larrse lake was initiated, Some

dates for material from within the former lake, i.e.

pelow the 175-190' (absolute altitude circa 320-325 metres)™:

‘éhoreline, indicate stages in the fall of the 1ake from.

its hirhest level, viz:
(1) XKoulinga at 315 metres; shells dated 5400 B.P,

- {11) Dik at 305 metres; shells dated 4350 B.P. o
1 (111) Bochianga at 265 metres; shells.dated 3160 B.P.

,;?hese dates were given by Schneider (1967). They indicate-

:éhat even as late as 3160 years aro, the lake in the

depression north~west of present Lake Chad was over 100

A

detres deebp.
i

According to Butzer (1966) conditions in the Sahara

1
1

}vﬁre quite moist between about 7450 to L300 years B.P.,
I
|

i -
- and possibly earlier. He supggested that a very arid period

between 4300-2820 B,P. could be recognized in Egypt,

e

Gthiopia, Fezzan and possibly also in the Hoggar and

A

‘Q. Pollen studies in)East and Central Africa: studies of

jollan from sediments in Zast and Central Africa have been

ﬁade, in particular by van Zinderen Bakker, and have been

. interpreted as showing the variation in temperature during

the late Pleistggene 'and Holocene. It has been suggested

that the temperatures of East and Central Africa varied

" approzimately synchronously with those of Europe and
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america, The position with regard to érecipitation is less
clear, and 1t appears that even within Africa, fluctuations
were not everywhere synchronous during the 1atevPleistocenéV'
and Zolocene, From the pollen analyses, the following
results have been obtained:

g 7'; (i) Cherangani, Kenya (vam Zinderen Bakker 1962). The- ‘7 f‘>
oﬁiy carbon-1L date from this core which has been publiéhed 

% v ié from the lower part; an age"Bf I2,65O 3.P, was obtained

_fér a-segment in which the pollen appeared to indicate

‘relatively cold, dry conditions., Dates for the higher
pérts of the core were estimated and it was suggested that

‘conditions became warmer and more humid from about 11,500

B:P. The forest maximum appears to have been between 5000
aﬁd 6800 3.P,; since then conditions have been slightly
cooler.

(11) Sacred Lake, Hount Kenya (Coetzee 1964), A date of

i .'15,862 Z.P. was obtained for part of the core,‘wixh pollen
indicating lower tempeﬁatures (possibly by as much as 8°c) 3

L than at present. At métre 10,10 in the core a clear increase

in forest pollen occurred, possibly indicative of a rise
in temperature, By extrapolation, the age of this part of
the core was found to be about 10,600 years., The forest
increased to a mazimum at 5100 L.P.

“%\ (i11) Kalambo (Clark and van Zinderen Bakker 1964), Huch

of the dated evidence from this site is outside the range




Sé suggested that it is impossible to be certain what

‘,climatic conditions are implied by a particular kind of
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of time with which I am concerned. There is evidence of
warmer, probably wetter conditions at about 27,000 B.P.,
and of cool, moist conditions at 9550 B.P. '
(iv) llorth-east Angola (van Zinderen Bakker in Clark 19635;
There 1s evidence of warm, moist conditions at 6830 B.P. 7
This does not, however, indicate a great difference fronm
present day conditions in the area. -

“Morrison (1966) expressed reservations on the deduétions :

of past temperature and precipitation from pollen assemblages, |
N “

vegetation, particularly on the East African nountains,

!

éince so little 1s known about the present temperatures and
érecipitation in the'different vegetation zones,

However it appears that broadly synchronous fluctuations

. of temperature can be traced in East and Central Africa

ﬁuring the late Pleistocene and Holocene, A cold period,

bontemporaneous with the maximum of the Last Glaciation,

has been called the "Hount Kenya Hypothermal", and is

-believed to have lasted from about 27,000-10,000 B,P.

(3ishop and Clark 1967 p. 402). There is also evidence for
the hypsithermal (post-Pleistocene warm period) between
fbout 6800-5000 B.P, (van Zinderen Bakker 1967b pp., 371-2),
épprozimately contemporaneous with the climatié optimum

iin Europe.
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. 9, The .lile Valley: de Heinzelin (1967 p. 322) showed
mminterpolated high-water curve for the Lile during the
ast 23,000 years, This was based on a sthdy q; the Nile

a11e5 silts and terraces over a distance of abou i 150 km

e _A.‘..t .

fir ;-a1ong the river upstream and downstream of Wadi Halfa.
Carbon—14 dates were obtained for mollusca from sil%s and
‘yor charcoal fronm archaeological sites along the valley.
‘fhe curve showed:
h) Low-water stage at circa 18-19,000 B.P.; then a small

rise.

(ii) Low-water stage at cirea 15,500 B.P., followed by a

3
i
(0]
(o]

=
foie
e
~

A striking fall from about 12,000 B.P., evidenced by .

he 3irbet Formation, According to de Heinzelin, "Evidence »

D e e

(o}

short recession of the Nile is shown by small discon-

jo]

-ornities and the encroaching of wind-blown sands; the
iver dropped to less than 130-129 m around 11 OOO B.P."
1967 p. 323). )

After a brlef rise of about 5 m, the river fell again,

e~ e _ljv«_m,“
o
<3
~—

?his was the period of the Arkin Formation; a date for a
%ite at 135 n is 93604180 B.P,, then "the Arkin Formation
% eceded progressively with the water level during

é prozimately 4000 years" (ibid). _

?LE\ : QV) This steady fall was followed by g more sudden drop of

'ﬁhe Hile at around 5300 B.P., evidenced by developnent of
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soils over large surfaces of the former river bed, the

padrus Formation.
%vi) Since then the river has fluctuated around a generally
;lightly higher level than the lowest reached during (v) 7
%bove.

5 De Heinzelin suggested correlations with late

i

éleistooene and Holocene climatic fluctuations in East and

@entral Africa (e.g. Kalambo Falls, Cherangani, Ruwenzori)
§ .
 .égd conciuded (1) "The Nile high-water curve reflects a

“succession of palacoclimatic events which occurred in the

higher basin of the White Nile-Blue'ﬁile—Atbara, the
sontribution of the two last rivers being emphasized"
{i,e, the area on the western slopes of the Ethiopian

nountains); (2) "Peaks of high-water. correspond to colder

phases of the late Upper Pleistocene-Holocene (stadials).

Depletions of high-water correspond to warmer phases of the

) jate Upper Pleistocene-Holocene (interstadials)ﬂ_(1967

b. 326).
: \\
Conclusion ¢

i The evidence from the Nakuru-Elmenteita basin indicates
: .
Fhat the lake in the basin was at a high level at 9600 B.P.

This agrees with the evidence from the Naivasha basin, It
|
is possible that the fall of the lakes in the two basins

1as approximately synchronous and may have taken place from

2bout 5600 B.P, It may have been associated with the
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rise in teaperature during the hypsithermal period inlEast‘-
Africa, On evidence from the Naivasha basin, the lakes
would have reached. their lowest levels at about 3006 B,P.‘;
This 15 at about the same time as the onset of the arid .
jphase in parts of the Sahara and the drying up of the
¥ ; iarge lake in the Chad basin, It is not yet clear whetﬁer
fthe fluctuation of the lakes in the Nakuru-Elmenteita |
@nd Naivasha basing during the Holocene was synchronous :
- " ! édth that of the glaciers on the mountains of East Africa,
‘?. -  uﬁ .There is no certain evidence in the Nakuru-Elmentelta
. basin for the short dry period which Clark (1967 pp. 602-3)

believed'to have accompanied the close of the Pleistocene
§ iﬁ Africa and dated to between 14,000-10,000 B.P, It is g

pdssible that the non-lacustrine deposits below the

diatomaceous silts at 8/3, 8/12 and in the Nderit valley
nicht have been deposited at a time of lower lake levels

; during this period, -

~
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‘sections with sand and diatomaceous silt, can be traced

CHAPTER EIGHT

SUIHMARY ARD RECOMMENDATIONS

Sunmary of results

u) In the Lakuru-ilmenteita basin there is evidence of
an important lake shoreline at about 600 feet above the

oresent lake level (i.e. at circa 6370' S.D.). The shoréiihe,

'whioh is best developed on the slopes of lienengai volcano

at the northern end of the basin, does not appear to be
filted., .Beach pebbles, scattered over the surface and in
around the basin, in particular at altitudes of 6340-

6330 S;Dn, and appear to have been laid down on the shoreline
 the 600 foot lake.. Grey-brown and white dia£omaceous

silts have also been'laid down in this lake and can be

tracea up to about 6343' 3.D. and widely at lower altitudes,

These silts do not appear to have been faulted.

L. {i1) iollusca have been found in a silt which car probably

bé attributed to a dat% near the maximum of the 600 foot
léke. The shells are gll of fresh-water snails indicating
a:habitat in a lake of appreciable size. The age of these
mollusca is not more than 9650+250 years, The lake was
over LOO feet above its present level at that date. The
high level lake in the Nakuru—zlhenteita basin thus per-

sisted for some time into the Holocene; this agrees with
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gvidence of the relatively late persistence of humid
conditions in other paris of Africa.

1 (i1i) There is a fairly well-marked shoreline cliff,: - L
indicating a lower stillstand of the lake, at about 5944! -

3,0, White diatomaceous silts which appear distinct fiom ;; i )

':the silts below the 600 foot shoreline outcrop below aboubt
4000' in parts of the basin, but their relationship to this

lower shoreline has not yet been investigated., It is not & °

“

possible to estimate precisely the age of this shoreline,

but it vas probably formed within the last few thousand

i years,
{iv) The existence of a 600 foot deep lake in this basin
within the last 10,000 years appears to have been the

result of a combination of cooler and wetter climatic

q .

: conditions. It is unlikely that volcanic or tectonic
factors have had a significant effect on changes in lake

B level during this time.

{v) 1t is suggested tentatively that an increase in mean

annual rainfall to abo@t 120% of the present value, with a

fall in evaporation by 164 and an increase in the percentage
of precipitation that reached the lake, would be enough to
have maintained the lake at the 600 foot level.

(vi) The lake appears tc have been prevented from rising
any higher by the presence of the 1owest.outlet frém the

basin (the Bahati-ilenengai caldera divide) at an altitude
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5; 6391-92' 3.D. Lacustrine depositsfabove this altitude -
thhe basin date from an qarlier per}od of sedimentation;
éeparated from the sedimentatiop in the 600 foot lake by ‘
én episode of minor faulting., Since the 600 foot shoreliﬁgi
seems to have been controlled by the overilow level it»is’ 

ﬁot in itself strictly representative of a "Pluvial maximunm"

mtani v
2
-
i
53
<
N
13}
ge}
o
0
2,
(g}

vii) There is evidence that the phase of lacustrine

seqimentation in the 600 foot lake was of a relatively

~'$hort duration and was preceded by a period during which
‘éoarse red and orange silts were laid down in several

"iooalities at fairly high altitudes (e,g. in the Nderit

%alley and at 8/3 and 3/12)., There is at present no

svidence as to whether this change in sedimentation was the

?esult of climatic change or tectonic events.

Becommendations on terminology

|
| For some time it has been realized that the use of

ialaeoclimaéic divisions in defining stratigraphical units
5n geological sequencéf is undesirable. It has recently
been stressed that, "It is necessary, at least at the
ﬁoment, to disallow palaeoclimatic-stratigraphic units for
the African Quaternary" (F., C. Howell in Bishop and Claric
1967 p. 906). The existing sequence for the East African

Upper Pleistocene and Holocene, based on the evidence of

. the fluctuations of the lakes in the Nakuru-Elmentelta
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basin, is an example of a sequence where the disfinctionr ’
petween rock units, time-stratigraphic units, and time

mits 1s far from clear. The terminology was based

“primarily on the lake shorelines and sediments of the basin

and thus extended to describe the wet phases during which

.the lakes stood at the various shoreline levels. Fronm

“there it was further extended to cover climatic fluctﬁations

3§n other parts of Africa which were thought to be
‘ synchronous with those in the Hakuru-Zlmenteita basin, The
" sequence was dated by correlation with the late-glacial and

“bost-glacial climatic phases in Europe; see Table VII.

The terms "Gamblian", "iakalian" and "Nakuran" have

“been used to describé (i) shoreline features in the Nakuru-

Ilnenteita basin; (ii) lake sediments in the NakuruQ
Elmenteita basin, bélieyed to be contemporaneous with
particular shorelines; (iii) Upper Pleistocene and Holocene
"pluvial phases® in Zast and Central Africa; (iv) the

actual features (lake shorelines and sediments, river

' terraces, etc,) whichAqere believed to represent these

"pluvial phases" in parts of Africa outside the Nakuru-
Elmenteita basin.

The nomenclature has thus become extremely confused.

In many cases the basis of correlation of lake shorelines

~Or sediments between areas several hundreds of ﬁiles apart

Iy

Seems to have been merely that they aﬁbear to be evidence
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of rather wetter conditions at approximately similar datessy:
for most of these correlations, absolute dates ha&e not
peen available., Thus almost any evidence of an Upper

Pleistocene wet phase in Zast or Central Africa has tehdedc

k: to be labelled “"Gamblian", of a Holocene wet phase,

Uiiakalian".

Recent research in the Nakuru-Elmenteita basin suggests

"ithat ‘the pattern of Upper Pleistocene and Holocene lake
level fluctuations does not show the distinct Gamblian,

iakalian and Nakuran peaks representing distinct "pluvial

phases" on which correlations with other areas were based:
{i) The "Gamblian" deposits sensu stricto in the Nakuru-
Flmenteita basin are probably of the order of 10,000 rather
than 15,000 years olﬁ and cannot be correlated with the
rm glaciation, The general use of the term "Gamblian"

to refer to a late Pleistocene pluvial phase in Africa .
(e,g. Clark i962 p. 7) is not in agreement with éhe most
recent knowledge of tﬁ§ type area of the "Gamblian" in the
Haluru-Slmenteita basin., There does not seem to be, in the
Hakuru-Elmenteita basin, evidence for a threefold division

of the "Gamblian"; at any rate, I have found no evidence.

..of lale shorelines at the 750' A,L. and 510' A.L. levels,

(ii) There is not sufficient evidence of a stillstand of
the lake at 375' A,L. on which to postulate a distinct

"lakalian post-pluvial wet phase", There is a possible
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shorelihe cliff at 6122' S.D, (about 343' A.L. Nakuru) and
pevbles are found in various places in the basin over a j
neight range of about 6140-6260°',

1111) There is a single shoreline cliff at 5944' S.D. }c
Kcirca 165' A.L. Kakuru) which might qualify to be called
Ethe "Nakuran shoreline®. However there is no evidence (a)

'that it represents a distinct rise of the lake to the peak -

qu a "Nakuran post-pluvial wet phase™ or (b) that it is

" ‘the age which has been attributed to this phase, i.e. circa

_§ZSOO years B.P. (850 B.C.).

(1v) Concerning these recent "post-pluvial wet phases",

‘%%he lakxalian and the Makuran, it may be said (a) the time

i

available for these "post-Gamblian" fluctuations of Lakes
ENakuru.and Elmentelita now appears to be considerably . '
‘shorter than was th;ught. If such fluctuations have taken
‘plaoe,'they are younger than the dates attributed to them

'in Table VII: (b) It is not at all certain that minor
:fluctuationé of this kind in lakes in Hast Afriéa can be
correlated rigorouslj?with phases in the post-glacial
;climatic evolution in Europe and dated on that basis, Until
nore détailed information.and absolute dates are available
-for the African seduence, it is best to be extfemely cautious
about any such correlations.

(v) Dry phases in the "post-Gamblian" in the Naluru-

Zlnenteita basin have been correlated with the warmer, drier
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| pnagses in the post-glacial in Europe. The geological . i ' ~
cvidence for these dry phases appears to be rather tenuous; X
ainor unconformities in recent sediment sections nay, in
e ; sone cases, be explained by late small-scale tectonic
activity (ileCall 1967), while the evidence of the "red beds"
and "wind-blown sands" (discussed in Appendix C), appears
on & re-examination to be insufficient to suggest arid )
conditions, It would seem likely that the "Makalian" and
.”Hakuran", in so far aé they can be said to exist, were not
distinct Déaks of:yetness separated by marked arid intervals,
'Duu pauses in the fall of the lake from its 600 foot level,

It is clear that much of the evidence of Upper

Pleistocene and Holocene climatic fluctuations in the
Haluru-slmenteita basin on which the original sequence and ‘ e
correlations were based needs reappraisal. The theoretical ‘ |
basis of the correlations of climatic phases with other
varts of Africa and other continents is also open to doubt
... (see Chapter 7). At this stage, therefore, it appears that
-;é; . the time has come for fhe development of a new geological
‘terninology which will avoid the existing confusion of
~geolozical and climatic units and the tenuous long-range '

.eorrelations which have grown up around the old sequence,

,*\S::) ,f , It seems best that the terms Gamblian, Makalian and Nakuran i o 5

“should be dropped; they have been used in too many different P

Ways and have come to have definite palaeoclimatic
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implications which cannot now be accepted. It is suggested:

(1) In the uLakuru-ilmenteita basin, new names should be!

N

"adopted for the shoreline features and for the rock units. "

The recosnizable lake shoreline remnants should each: be

Epeferred to by a separate name, based on its location, e.g. .

lenengai, Misonge, etc., 1In general discussion of particuiar.

§tillstands of the lake, reference can be made to the

fépproximate height above the 1966 lake level (5779 S.D.);

. #or. .instance "the 600 foot shoreline". In discussion of

* the geology of the basin, reference to "Ganblian® and
X "

Hakalian™ beds should be avoided, as it implies that the
sediments can be fitted into the old sequence of climatic-

sontrolled lake level fluctuations, HNew terms for the

SN - YO

Upper Pleistocene and Holocene sediments of the Nakuru-

N

flmenteita basin should be brought into use which do not
imnly any connections with particular lake levels or
climatic phases, comparable with Mccgii's "Larmudiac Beds".

(ii) The terms Gamblian, liakalian and Halaran should not

be used to refer to postulated cool, moist phases in the

& rican Upper Pleistocene and Holocene,

(i11) The terms Gamblian, ilakelian and Nakuran should not

"be used in referring to evidence (lake shorelines, sediments

or other evidence) of Upper Plelstocene or Holocene climatic

fluctuations in other parts of Africa.
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APPENDIX A
Tif SURVEY WORK: HETHODS AND DEFINITIONS

The survey work, consisting of the measurement of the -

o5

1titudes of shoreline features and exposures of beach and
1aéustrine deposits, was an important part of the researéﬁ.
i ﬁave included a full account of the techniques used, thé
l.héight control and other relevant details,

15_ Units: all my height measurements were nade in feet,
Tﬁis waé the easiest system to use, since all the Survey of
"Z@nya maps, bench marks and trigonometrical points have
.héights in feet.\ It would have been possible once the
survey was done for me to convert my heights into metres.
Tbis would Fit in with the modern trend towards use of the
netric system which appears in some of the recent work on
Zast Africa, in particular by Americans. Richardson (1965)
used the metric system in his discussion of the Nalvasha

+ and Hakuru-Elmenteita basin lake shorelines, He referred
to the 51 metre and 112 metre shorelines (above Lake
Taluru), It seemed to me wiser to keep to the established
usage for this area, particularly for comparison with
;eakey's well-known height.figures. The "510'", "375'" <
Qnd“145'" shorelines have been referred to widely in the
iiterature for many years and the metric’ equivalents would

not have the same meaning for most people, Nilsson's
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heizsht Tigures, which are in metres, are not so widely
quoted, and cannot be used directly with the Survey of

xenya maps of the area, I therefore converted Nilsson's

metric heights and distances into feet and miles, using thgg
following formulae:
1Jn = 0.62 miles
‘ 1 metre = 39.4"
" I'inc1u@e a }ist of some of the more important heights in’
_ ;the literature on the Nalkuru-Elmenteita basin, converted,
into metres, *
’;vLeakey's shorelines:
A. L. Nakuru A.L. iMetres
750" = 228.L
600" = 182.8
‘ 510" =  155.3
375" = 1142
‘ RIS = 4l 17
Hesults of my levelling: ¢
\ lletres S.D.
lienengai shoreline (6370") 1940
Bahati overflow (6392') 1946
Gilgil divide (6598') 2009
Level of Lake Nakuru Karch 1966 (5779') = 1760 metres S.D.
2. _Datum: the height information in the Nakuru-Elmenteita
. basin today (1965-7) includes (i) the Survey of Kenya
| . . /
: triaonometrical points and bench marks, based on the datum

-

i



~tiean Sea Level Kilindini', There are a number of

intervals all along the railway line from Gilgil to Nakuru.'..

srironometrical beacons on prominent points in the basin,:

and also Survey of Kenya benchmarks at quite Smﬁll

¢

dest of Nakuru this line of benchmarks continues along the

i main road towards Eldoret. I found the benchmarks along

i the railway particularly useful for my height control,

"despite their being on the extreme eastern and northern

side- of the basin., (ii) East African Railways and Harbours

heights are based on the datum 'Low Water Ordinary Spring

-, Tides Kilindini', Profiles of the railway line, which I

got from the Z,A,R., & H, office in Nalturu, show the height
at frequent intervals along the line and the gradients and

distances between these points, so that in theory it should

jbe vossible to determine the altitude of any point along

the line, This proved not to be possible along the stretch
of line in which I was interested (between Nakuru and

jakuru Junction) and in the end I did not make use of this

- railway height information. Along parts of the line the

fhalf-furlong posts havé been moved from their original

positions whose altitudes were given on the profile
diagrams, so that this height information is unreliable,

In most of the basin I was able to use the Survey of

1 Kenya height control; however in the southern and south-

! western parts there was none within reasonable distance

-

g
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Qf the features in which I was interested, Here I had to

o1

use height information from the old alignment of the
railway line, which until the late 1940s went from Gilgil

to Lanet via the former Eburu and Zlmenteita stations,

* There was alsoc a fuel siding from Elmenteita to Nderit

_;Drift. Al though the actual track has long been removed,

i
fsome of the station buildings, water tanks and cuttings

the alignment of the railway is' followed by a road and

freméin. At Zburu the old benchmark is still in place on
Ethe station building and I used this as the basis for my
flevelling in this area, At Zlmenteita the water tanks
?bppdsite the police post remain from the old station and
iI was able to maké a close estimate of théir height from
:{he oldlplans; this was used as the basis for the levelling
?of Gemble's Cave, Hderit and Hakalia. (See below for more
idetailed discussion gf this,)

The earlier levelling in this area, by both Leakey
i and ililsson, vas based on the railway height information

Y £ .
which was probably all that was available in this area at -

:fthat time (1926-30). Qilsson said: "All my height figures
:_withiﬁ the Nakuru-Naivasha basin have been determined in
;relation to the levellings -along the Kenya-Uganda railway"
(1931 p, 293, footnote). Leakey's levelling, by his

. brother, D. G. B. Leakey, was alsc done from points of

' known height along the railway line. (1931a pp. 498-9 and

-

i Pe 507)
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~he levelling in the Nakuru-Elmenteita basin has thus
ueen baged on two different data; where I quote a height
rigure in the text, whether one of my own or from the
‘earlier wori, I have included a note on the datum, thus:
5370' 5.D. 1i.e. Survey of Kenya datun
6600' R.D. 1i.e., Zast African Railways and Harbours datum. -

I attenpted to obtain a value for the relationship

‘ to,a‘single datum; the Survey of Kenya datun seemed the

i dq;t suitable as it is now the more widely used and certainly

t£¢~more.reliable one. However this was not very easily

:E : ‘f déﬁe. The aifference between k.S.L. and L.W,0.8.T

' -Kilindini is knovinjs unfortunately the railway heights are
n0u always given with respect to the formal railway datum,
ang various correctwons have to be added to bring these
heishts to this datum,” This appears to have happened
g°oause the railway line vwas surveyed and built in a
ﬂuwber of different sections, and overall consistency of
Qatum was not achieved, Lven within the Nakuru-Elmenteita

0”31ﬁ there 1s possibly 2 variation in the relationship of

ﬂ*E::>: the railway heights to tge 1L.W.0.S8.7. Kilindini datum and

l hence also to the Survey of KenJa aatum. I was not able .

FO draw a definite conclusion about this relationship but

bade a tentative decision for <he purposes of this work,

‘based on the following information:

betueen the two data, so that the heights could be converted :
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(1) rhe difference between 11.5,L, and L.W.0.8.T, at
i1indinl, according to the 2.A.R. & E. head office in
iairobi, is 6.23'. Thus if no further adjustments had to
pe made, this should be the relationship between all
heights on the Survey of Kenya and railway data., Since
ﬂme Survey of Kenya datun (i.S.L. ) is the higher of these,

.wt should only be necessary to subtract 6.23' from heights

o the railway datum to bring them to the Survey of Kenya

gatum.

(11) ~According to the Survey of Kenya and E.A.R. & H.

offices in Nalkuru, the actual difference between the two

aata there (at Nakurmf is 8.98' or 9.02'. I checked this

5& 1evelling between a railway and a Survey-benchﬁark in

ﬁakuru town and found a discrepancy of exactly 9.02' to

ba explained by the datﬁm difference.

(iii) 1 carrled out similar levelling at Gilgil station,

wqere the railway benchmarlt remains in position on the
@auion vuilding with a Survey of Kenya benchmarlk nearby.

fhere was a height discrepancy of 9.89' to be explained by

the datum difference. A
(iv)" On the raillway progile sheets of the lines west of

¥elturu (possibly for other sections of the line also) there
is a note "add 1.05' to conform ©o L.%W.0.8.T. datum ab

Kilindini", This correction, taken together with the 6,23

datum difference, does not account for the whole of the 9'
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,n Ad office in Nairobi and with them a letter in. which it
; ﬂs said that the datum for all levels was L. W.0.S8.T, and,
'th&t the minus 6.23' correction should be nade to convert
'the he;ght; to the Survey of Kenya datum. I feel that this
~suégastion may have bgen based on a general knowledge of : i
the datum relationshiprin Kenya rather than on particular}

Imowledge about this area. I also have a note from

‘ Flmenteita section of the line, and as far as Kisumu, 3.22! SR

siould be added to all levels to bring them to L.W.0.S.T.
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iiscrepancy in the heights at Nakuru.
(v) There 18 no mention at all of datum on the old plans
of Ilmenteita fuel siding or aburu station, I was sent

i v R
these plans from the survey department of the g,A.R. & H. N
i N,

h S

another source at rallway headquarteérs that for the o

i
Tﬁe net correction to the Survey of Kenya datum would be

+3.22 and -5.23' i.e. a net subtraction of 3,01,

T+ is not clear, from the above information, exactly

PJ the heights of the aontrol points at Eburu and

LlEEHuelua should be related to the L. Ww.0.5.T. datum and
he1ce to the Survey of Kéhya datum. The relatlionship could
be established by levelling Ifrom Survey of Kenya height
points to the benchmark at Eburu and to the water tank at
Zlmenteita, This hoﬁever would have involved several miles
Of levelling, as the nearest Survey of Kenya points are

over 5 miles away from the Eburu and Elmenteita points. 1

-
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decided that the total amount of levelling involved (over

20 miles in order to check both these points and control

,thch by levelling both ways) would have taken too much time,

e uncertainty is of the order of 3' (see below) and this

_igéfshoreline cliffs and exposures of pebbles and silts,

© whose altitude cannot be defined very precisely and often

vl
Y s
exﬁends over a height range of more than 3'.

.17 As measured, the difference between railway and

S
Survey of Kenya data is nearly 10' at CGilgil,'9' at Nakuru.

! L
,LAD information from plans and notes on the old line

l
between Gilgll and Nakuru suggests that the relatiﬁﬁshin

uhpre night be about 6%Y or 3', However I am not certain

aﬁbut the validity of the extra 3.22' correction (see (v)
aﬂove) which was to have Eeen applied on the Ebhru and
E menteita section of the line; 1t seems to me rather
i@conpletely documented and it is possible that some further
aéjustment of the plans might have taken placé since the
é£i3inal survey was made. 1t also sSeems to me possible
that the old raillway benihmarks on Gilgil and Eburu
Stations, which are on adjacent stations, probably built
%ﬁthin a few years of each other, were heighted on the
S?me datum, At Gilgil, this datum is 9,89' below the
Survey of Kenya datum.

From the available information, I could find no

|

|

|

1 -
} : .

H
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sonclusive indication as to which of the corrections should {

we applied, I finally decided to take the central one,

26.27', which is the formal Felationship between the railway
l

i
fld survey of Kenya data and was given me by one source in

.

the 2.,A.R. & H. head o*flce (see (v) above). There seems
: ftofme a finite pOSS1b111ty that the correction might in
; ‘3’act be of the order of 9-10', or 3', or possibly even
anouher figure which Ifhave failed to discover, but a 6'
An

; co*rection seemsS %o give a reasonable mean value,

Lnevo1dable uncertainty of +3' will thus attach to all

Qcoqver31ons of heights- “from railway to_furvey of Kenya

fdauum, but in this uorL this does not seem excessive, It o

N
v&ll not, for instance, introduce problems into the
d?termination of possible tilt of the lake shorelines, since f i

the features which I have measured camot be defined so

that a tilt af 3t or so could be distinguished

precisely
from one end to the other of this basin, In ny conversions . L
fron R.D. to S.D. heights I have therefore subtracted 6!

in each case.
|

e S A b

3. The use of the eYDre551on tA.L; Nakuru': in Leakey's . :

i
the shoreline heights are given in the ; i

work, almost all

form "above Lake Naluru"; absolute altitudes are hardly

This usage has the advantage of being

i + ever mentioned.

quickly comprehended; the distribution of shorelines at g

various heights can be more readily pictured than if the y

-
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-sore cunbersone L-figure numbers of the absolute altitudes

-are used. The disadvantages are (2) it may tend to

gnéourage ~eneralization and selection of information since

the heights are already one degree removed from the original .

:
i

values as measured. (b) The heights are related to a

variable datum: the level of Lake Nakuru has fluctuated

Coover-a range of several feet since the years when Leakey's

survey was-done. If this usage is retained, it is essential

ftq define the level of the lake surface which is being used

a¢ datum-for the shoreline heights, For instance Richardson

(1965) deseribed the shorelines in the NHakuru-Elmenteita

and Haivasha basins by their height above the 1960 levels

of the respective lakes,

Leakey's two main papers (1931a and b) quoted different
heights Tor Lake Naluru. In 1921a the height was given as
5776 gt (presumably R.D.) as neasured on 10th April 19293
on the map (p. 499) this was corrected to 5777'. In 1931b
he height was-given as 5776 (p. 246). There is & similar
disagreement between the\two heipghts given for Lake
;aivasha. Although not Serious, this difference is
51*"ht1j irritating. Uilsson (1931 p., 291) gave the height
af Lake Haluru as 1761 netres, i.e. 5781' R.D. This was
DﬁuEd on fieldwork done in 1927, so the difference between
nis and Leakey's Tigures could be due in part to an actual

fall of the lake. Lake Naivasha fell over 5' between 1927

I
H
H
]
i
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and 1929, so that 1t i1s possible that a similar change

. i |
occurred in the level of Lake iakuru. There do not appear o : 1

to be any other records of the levels of Lakes HNalauru
or-Tlmenteita at this time.
, Recently the gauges on Lakes Nakuru and Elmenteita
,_ﬁm%e tied in to the Survey of Kenya datum, and I was ;‘ R I
suéplied with information about the 1966 and 1967 ;evels V .

of?thc lakes by the Water Development Department office in

Teluru.

»J: Lake:Makuru - Zero of gauge = 5771.00' S.D.
& RN lake on 16 larch 1966 at 8.10' on gauge
; i.e. 5779.10' S.D.

lake on 11 January 1967 at 7.55' on
gauge i.e. 5778.65' S.D.

Q lave Hlmenteita - zero of gauge = 5822.01' S5.D.
O _ . lake on 16 larch 1966 at 7.40' on gauge
j N i.e, 5829,41' S.D. b

9 ; i
il

The lakes seem to be slightly higher now than they were in

the late 1920s, although the change in the datum makes it
ué jmpossible to be certain about the exact amount of the o ;4‘f
veriation in level. e

- I have not used the!‘'above ILake Hakuru'! heights very
much in describing the results of my ouwn survey work in the ! : ;¥
basin (except in referring to the "600 foot" shoreline) and : L Z‘;
have cenerally converted Leakey's heights into absolute

figures by adding the “above Lake Nakuru" figure to 5776", : i




257
1n cases where I do refer to an 'A.L. Naluru' height based on T
‘mw results of my own levelling, the level of the lake has S
peen taken as 5779', This, being determined on the éurvey
J ; of Kenya datum, is more strictly comparable with my height

'figures, than using any figure of Leakey's, based on the

ratlvay datum. Eowever it must be remembered that these
_'AéL. Gakuru! heights are really only approximate and give
npgnore than A general idea of the altitudes of the different .
,sﬁéreliﬁes; |

L ‘The survey eguipment used: for almost ail my levelling

1;I'g$ed a zeiss Koni 025 self-adjusting level and & 14t
lléﬁelling staff. I found the Level to be an excellent ig
ihétrumenf, light to carry and very gquick to adjust, 1ts |
oniy disadvantage was that when there was a gusty wind the
lihe of sight became rather unsteady. Conditions for
- lLevelling were best early in the morning, although it was
qften possible to continue past midday without the effects

af wind and heat shimmer making it impossible to continue

work, In most of my levglling I did not make any accurate
distance measurements, mérely counting the number of paces

I tookr so that backsight and foresigzht should be about the

v

sane lengths.
For the earlier and more important part of the

levelling, I controlled all my results by levelling in both

‘4> directions, to and from. the benchmark or trigdnometrical
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int, This was done for all the Menengai shoreline

<3

ele]

avelling, Bahatli, Hyrax Hill, Lion Hill and Gamble's Cave.

=

The results were in every case well within the 1limits of

?‘g¢curacy that I had set myself, bearing in mind the lack-
i.oﬁ predision_with which most of the features that I was 5
w'sgudying could be defined. An example of some of these’
f,résults, the figures for the Gamble's Cave levelling, 18
‘_,5iven in the attached table. The net height difference
‘jrbéfween the two ends of the line of-levelling was over 3401,

aithough the actual range of height covered was con-

siderably greater. The difference between the two lines,

out and back, was 0.39'. This is an error of about 0.11%.

“ In the later levélling, at Gilgil, Eburu, Nderit and
Eékalia, I did not have time to level both ways, so the.
d;curacy of the work is unconfirmed. However there seemed
np reason why the sane standards of accuracy as I had

acnieved for the earlier levelling should not have been
@?hieved nerey the conditions weré not more difficult and
2s time passed my assistant and I became more skilled in

ﬁﬁe use of the equipment, "I think that even these later

ﬁesults should be accurate to within a foot or less, and

certainly adequate for the purposes of this research.
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camble's Cave Levelling

€3} 1] ) L

[£3]

tz1

Westwards

0.92
21,34

5.08
31,46
42,51
11,25
79,50

3. 4

150.54
109,00
65.95
7?)17
116,57
185,97

12.89
341,62

fall

fall

rise

rise

rise

rise

fall

fall

rise

rise

rise

rise

fall

fall:

rise

fall

rise

sastwards

0.97
21,4k

5.1k
31,36
12, b5
11.26
79.45

3.
11,57
160.46
108, 9k
65.86
76.89
116,62
185.92

12,92

341,23
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i____ggmparison with the results of other levelling in the

e

pasin: the results of my levelling are only occasionally
truly comparable with those of Leakey and Nilsson. In man&
cases it is impossible "o be certain that we were levelling

to the same shoreline tterrace' or 'beach' as the accounts

bf.their fieldwork do not usually include much detail about:
~the features to which they measured. There are some

iﬁstances where I am fairly certaln that I have identified

the‘features described by Leakey or Nilsson; these are
1iSted below, with the different height figures obtained.

It'ﬁill be noticed that even in these cases there is not

unaninous agreement about the heights., In most cases this

can probably Ye explained by the difference in datum and,

more important, by the lack of agreecment as to exactly what
vart of the feature was defined and levelled as ther
tshoreline' or 'lake level'. It geems nore 1likely that such
lacl: of consistency in usage, rather than major mistakes in
éﬁe 1eve111ng,-is the reason for most of the disagreements

ziven here. B
(1) ienengai shoreline:Z
ot mentioned by Leakey.
Zeight according to Nilsson (1931 shoreline list)

0.93 miles east of Nakuru Junction -
6415' R.D, (=6409%3' S.D.)

2,79 miles east of Nakuru Junction -
6418 B.D. (=6412:3' S.D.)

5.27 miles east of Naluru Junction -
625" R.D. (=6419+3' §.D.)
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(all of these described as terraces).
Height according to my levelling:

Sase of cliff, from 1% to 2% miles east of
3 Naluru Junction - 6370' S.D.

Highest beach pebbles, circa 3 miles east

(11) ilisonge shoreline:

Height according to Leakey - 145" AL, i.e.

5921 R.D., (=5915+3" 5.D.)
"Height according to Nilsson; described as &

terrace 1.55 miles NNW of mouth of River
Njora - 5955' R.D. (=5949+3' s.D.)

Height according to ny levelling; at a point
about 2.5 miles NNW of mouth of River Njoro -
5944-5950" S.D. (base of cliff).

(1i1) Kagharibl shoreline:

Height according to Leakey - 379' A.L. i.e.
6155' R.D. (=6149+3° s.D.)
Yot definitely identified in Nilsson's work.
*  Height according to my levelling; base of .

c1iff - 6128' B,D. (=6122x3' S.D.)
3

(iv) Lion Hill Cave:
Zeight according to Nilsson - 6386' R.D. (=6380+3' S.D.)
feight according to Leakey - (1931a) 608" A.L. i.e.
6385' R.D. (=6379+3' 5.D.); (1931b) 620" .A.L. i.e,
6396' R.D. (=639013' S.D.).
Eeight of floor of cave according to my levelling
- 6386-87' 5.D. -

Top of this cliff is.at circa - 6410' S:D..

. of Nakuru Junction - 6381' S.D.-
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gome of the differences in height here are too great to be
Mlly explained by the difference between rallway and Survey

of Kenya data, even if it 1s assumed to be as much as 9t

“or 10'}‘ In these cases it 1s worth while considering

exactly what shoreline features were levelled to when these

heights were obtained.

Nilsson gave quite a clear explanation of the features

‘' to whiéh he levelled, The supposed former shorelines are

'said to- be (1) wave cut-terraces and (ii) barriers., (See

figure 5) The teut-terraces' were formed by erosion on a
s@fficiently sﬁeep shoreline, the barriers are depositional
features formed on a more gently sloping shoreline. 1 feel
réther doubtful about the 1likelihood of such barrier

neaches being preserved close to the original water level
and their value for shéwing the level of the former lake,
The pebbles may, even at the time of deposition, have
covered a larger vertical range than that indicated on
gilsson's diag}am, and certainly since then they will in
most cases have been waéyed dovn from thlir original position,
In the lakuru-klmenteita basin I was not able to identify
any of Hilsson's parriers, except possibly the accumulation
of pebbles at 5/16 high up on Liow Hill. On the other hand
his levelling of the tcut-terraces' at the noteh at the base

of the cliff seems sensible. What is not clear is hov he

identified this point in the field, where the sharp break
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of slope shown in his diagram is usually obscured, In my
worx I drew profiles of all the shoreline cliffs (figures

2:7) and obtained the height of the break of slope from

-9

ghem, it does not seem that Hilsson levelled any such

‘profiles; at any rate none are shown in any of the accounts

of ﬁis fieldwork and I would think this implies that none

were Grawn. If this is so, he presumably estimated the

‘n051tion of the break of slope by eye. On these slopes,

@re the breah of slope has been obscured by material

~51ed down from above, this.is not 2 very’ reliable method.

'?From‘my own experience of the flenengai shoreline cliff, I
'%.vmﬁld say that it woudl be very difficult to be certain
Jgaoouu the position of the preak of slope at its base to

!~1ch1n 1ese than 5'vertical range.

A nmore serious nistake in Nilsson's work on the
shbrelines is that a 1ot of the features he 1isted as 'cut
térraces' seem to be small cliffs and preaks of slope of
ﬁifferen* origin. In the Hakuru-Elmenteita basin there are
Q;;" small fault scarps; most of these run approximately
north—south, as do th% cast and west shores of Lakes
ﬁakuru and Flmenteita, and the faults might be taken for
e“OSlOH cliffs of a former lake shore. Since Nilsson worked
ln this area, the importance of recent fine grid faulting
ﬁere has been fully recognized (licCall 1967) and many of
the steep rocky slopes that Nilsson could have jdentified
4




gs coastal eresion features are probably fault scarps.
Althoush the lake surface mey for a time have been up agaiﬁst
éomc of these slopes, the base of slope cannot be taken as’ o % [
i e ) B
1h wave-cit notch and its altitude‘should not be used as an :
findioation of a shoreline level, In this context it is-
'Eelevent to note that several of the supposed shoreline'

terraces described by Kilsson from the Ethioplan lake basins
: ?;re believed by Hohr to be of structural origin. (Hohr
1963, pp. 200, 203)
{ Tt is possible that H¥ilsson identified some of the small
Yerosion scars and cliffs on the slopes of Eburu as shoreline
i %eatures. One of the Eburu farmers, who remembered Nilsson
; ét work here, showed me a feature close to his farmhouse ;
(at GR 480362 on map 133/1) which he said Nilssen had
identified and leveiied as a lake shoreline; it seemed to
me to be a typical erosion scar, These scars are cut into
éoarse reddish-orange silts and can sometimes be traced
" almost horizbntally for several hundred feet alorng a

hillside; however many similar features run across the
" /

contours and their appearance is too fresh for shoreline

cliffs of a lake that retreated several thousands of years

ago, ] ’
Leakey's publications include few details about the .

?ecognition and measurement of the shoreline features.

Solomon (appendix A in Leakey 1931b) rkferred to 'beaches'
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and ‘terraces' as the evidence ol the tormer Lake, but did
not describe them or how they were levelled. The same is
tyue of Leakey (1931a) who mentioned the difficulty of

jevelling these features but did not describe them or

" eractly how it was done. IHls use of the terms 'beach' and

tterrace’ 1s confusing and he also referred to 'beach

| :te%races' {p. 500). Hilsson (1931 pp. 327-8) quoted a
:fcommént‘by Solomon from the monthly expedition reports
“which Leakey was sendinglhim at the time: “The level of
. the beaches is taken to be the lowest point at which an
H'outcrop of water-worn conglomerate occurs at the base of

: the cliff. This should correspond roughly to the lower

1imit of wave erosion in a shallow inland basin such as
Xaivasha, and thus to the height of the terrace overlain

by the beach", This is the closest 1 can get to an original
statement about this levelling. Some of Leakey's expedition
reports are in the library of the Royal Geographical Society,

but the early ones, which may have dealt with the work in

the Hakuru—Elmenteita«@nd Naivasha basins, are unfortunately -

fnissing. if this‘defi%ition of the shoreline level, as
guoted by Nilsson, was in fact the one used by Solomon and
Leakey, L consider it to be rather unsatisfactory. DNilsson
himself criticized it, saying . . . his (Solomon's) way

ot levelling a beach does not give the real altitude}of the

level of the ancient lake or another yevel in a firm
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relation to the lale-level" (1940 p., 31). Solomon's
gdefinition seems to concern only beach material (1.e.
wabter-worn pebbles); possibly there was a further
gescription of the relief features, cliff or terrace, whicﬁg
was not quoted Tty Nilsson, It seems very unrealistic, in

studying an outcrop of water-worn 'conglomerate!, which has.

’almost certainly been washed downslope and partly covered

over since it lay on the lake shoreline, to attach much

significance to the lowest point at which the outcrops

can be seen. On Menengai, water-worn pebbles can be traced
in abundance between altitudes of circa 6230-6380', on the
aorth-east Zlmenteita slopes, between 6140-5260' and higher.
If anything, it is the hiphest occurrence of the pebbles

that should be significant; even then possible dovmn-

washing must be allowed for. There seems nho reason why any

precise deductions as to the lower 1limits of wave erosion
on the former lake shorelines could be made from most of
the outcropé of beach pebbles as they occur tgday.
According to Guilcherj; "Deposits can only betray the
position of a former ghoreline without question when they
take the form of a shinglg beach, in which case they
indicate the former high tide level except in the rare
instance where the whole of the beach is composed of
shingle" (1958 p., 41).

Templé, who worked on the former shigher lake levels
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round the northern shores of Lake Victoria, defined the

sirnificant shoreline feature as "the inferred position. of™

‘the concave break of slope at the base of the cliff before

;it_became obscured by talus" (1964 p. 35). He 1evelied

accurate profiles of these slopes wherever this could be

done,

I would agree with Nilsson and Temple that the concave.

“break of slope at the base of the cliff is in most cases

the most suitable feature to identify and measure to give

‘the altitude of the formef lake shoreline, Although

“ofiuctiations in water level will certainly have taken place,

" this notch, if it exists, indicates the place where the

aost concentrated erosion went on, when the lake was at’ that

approximate level, With the aid of profiles, a fairly

‘precise definition can be made of a point which represents

this break of slope, This is done by drawing an average

slope for (i) the flat below the cliff and (ii) the free

\..face of the_cliff (see diagram 6) and defining the break of

slope as the intersection of these lines, The cliff was
probably never this ideal form but this does give a fairly

rigorously defined point which can be used for comparison

of heights and investigation of possible tilting. Uncertainty

"arises in the drawing of these ftwo average slopes, but this

‘is still less than the uncertainty inherent in identifying

]

t
a single point on the surface as the Qreak in slope.
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I have tried to avoid the confusion of nomenclature

that has arisen in the description of the different

~shoreline features., The terms 'terrace! and 'cliff' are
;ﬁsed as shown in figure 6., The word 'terrace' I have used{T
ijtq nmean the wave-cut bench or shore-platform which undef-

- 1ies the ciiff; 'this is possibly a more limited use than

~is given by Nilsson, but it seems closer to its modern

usage- in geographical literature, (Eg.King 1959 pp. 288-93)
I have used the word 'beach' to mean the water-rounded

pebbles and sand which were laid dowm on the lake shore

. ﬁnd which were usually overlying the terrace, It is thus

. only a depositional feature;according to Guilcher, "A

beach can be defined as an accumulation on the sea shore
of material; coarser than mud" (1958 p. 46). I have avoided
the use of‘terms‘such as 'beach terrace',

It would seem that the definitions of shoreline height
used by Nilsson and myself are rather similar and it would
be likely that we should record approximately the same
height if wve were»levelling the same shoreline cliff and
noteh, This is in fadt so for the Misonge shoreline, where
I obtained a height of 5944-5950' S.D. and Nilsson's height
was about 5949' 3.D. I am not able to explain why Nilsson
obtained heights more than 30' above mine for the Nenengal
Shoreline, unless it is due to a further datum difference

along the stretch of the railway Westiof Nakuru for which
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I nave not allowed, It would be reasonable to expect that

the shorelines as defined by Solomon would be rather lower 7'
+ian nine or Nilsson'sy; this is in fact true of the

;. Hisonge shoreline, but the lagharibl shoreline height given

} }W Solomon and Leakey is nearly 30' higher than the value”\;
I obtained. Asain it is likely that differences in datum .
can exvlain some of this discrepancy. However I would not
claim to have explained fully all the disagreements that

'exist between ny results and those of Leakey and Nilsson.

"4, The Gamble's Cave levelling: A number of different

heigbts for this site have been quoted by earlier workers,

» The comparison of these results is not easy, since 1t is

not always certain whether they referred to the beach sand

in the cave, or to a terrace or notch below the cliff

behind the cave. The various heights given in the literature,
and the possible features to which they refer, are

sumnarized here:

Leakey 193ia (the beach sand?) 6280:
Leakey- 1931b (the beach sand?) Egggg.

lilsson 1931 (the base of the cliff) 6383
Wilsson 1940 (the base of the cliff?) 6393
(the beach sand?) 6366"

. (all heights presumably R.D.)

Result of my levelling 1966
(the beach sand) 6353' R.D.

The difference between the results, obtained by Leakey

i
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and i'ilsson is considerable; the lowest figure given by

nilsson, likely to be the height of the beach sand, is still

20! above the highest filgure given by Leakey; even if

_ Nilsson was referring to the level of the top of the section
: 5

or original cround level in the cave this, according to J

" Leakey (1931b p, 92) was only 28! above the rock and sand

“at-the bottom of the cave, still leaving over 503

" unaccounted for, The difference seems too great to be

N

‘explained as the result of using a different datum, and
“anyhow ‘it seems probable that both the levellers used the

 same railway datun,

T levelled from Elmenteita to Nderit Drift and then up
to the cave via the Miti lingl farmhouse (close to 10/13
on map 3)., The work was done in June and September 1966,

Climatic conditions were quite good although by 1 p.m. it

 tended to become rather windy. The lines of sight were kept

snort, almest always less than 50 yards, and in the thick
bush near the cave they were much shorter than this. The
actual leveiling was not very complicated, althoﬁgh it was
a long job, some of iﬁ)along a very dusty road and some
along a narrow track on thiekly vegetated and quite steep
nillsides. I levelled each section of the line twice, once
in each direction, and in each case got‘é satisfactory

agreement between the, two results, (See Table of

levelling results) The total distance levelled in both
s R
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directions was almost 16 miles.
The difficulty lay not.so much in the actual levelliné‘
as in the.findinge of height control. 1In the years since

Leakey and ¥ilsson were working at Elmenteita the railway

“1ine, fuel siding and Decauville raillway at Nderit Drift

! have all been removed, and much vegetation has grown up

over parts of them. However I was supplied with all the’

.bld plans and sections of these lines, by the offices of
- Zast African Railways and Harbours in Waluru and Nairobi,
:The height control I used'was as follows:

‘ti) Plan 2567/2 of Elmenteita fuel siding (drawn for

"2%.A.R. & H. by Fayle and Fane in 1926) shows the height of

the -bed of the Nderit river below the 'Trestle bridge' as

veing at 5996.6'. This bridge, now destroyed, was, judging

~froz plan 2795/1 (Fayle & Fane 1927) not more than about
200" upstream of the Drift road and the present small bridge
. there. The gradient of the river here is not very great,

and one can-assume that the height of the river bed at the

present Drift bridge should not be much below 5996,6' also.

"This is the point 8., the river bed on the upstream slde

of the present bridge, that I used in my levelling.
(i1) At Elmenteita the former station building is now the
Police post, and the goods shed and water tank remain on

the other side of the road. There ié unfortunately no

_benchmark on the station building, bu% from the line plan
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and profile of the old Uganda Railway (sheet no. L3, nmile
 43;§) one learns that the formation level at the centre of
‘the station building is 6011, 32¢, This, according to the
irailway engineer with whon I visited Elmenteita, would be N
mear enough to the level of the top of the water tank which 
tﬁs on exactly the opposite side of the line, This is the
’%qint E7 that I used in my levelling,

: The heights of these two points, 83 and E?; are thus
:hot nore than approximations, although they seem to me to
 @e Eased on sound documentation and not to allow the

?@ossibility of much error. This was borne out by the

Nresults I obtained for the height of the sand in the cave

i from levelling from each of these points, To summarize the
éresults from the table:

:?rom point SBfat Nderit Drift to top of sand in cave = 356,37"
. From point E7 at Elménteita to top of sand in cave = 341, 42¢,
583 1s at 59%96.6', therefore the sand is at 6352,97' R,D.

E? is at 6011,32', therefore the sand is at 6352.74"' R.D.

Average is 6352,86' i.e. about 6353' R,D.

The agreement betﬁeen the two values obtained from the
levclling from S3 and E7 is strikingly close, suggesting that
. the approximations to the heights of these two points are
‘800d ones, I would think that this value for thg height of

the beach sand is close to the true answer, 1f the adjustment
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of -0' between railway and Survey data 1s accepted, the

heisht of the sand bed in the cave is 6347' S.D.

7. The Menengai shoreline: the levelling of the shoreline
profiles here was the nmost important part ol this work, . 1

N
N

jevellec 13 profiles across this shoreline, within a dis-

sance of about 3% miles between points 681709 and 732709
pn‘pap 119/3. (See map &) ‘the average length of the '
‘iprofiles was about 400 yards or more. In several cases 1 was
";unabie to continue them quite as far as 1 should have liked
‘because of obstruction or cultivation at the ends of the

profiles; nowever I think that in each case I obtained

long enough lines to allow their projection to find the

‘glower break of slope, as described above, I attempted to

nake the line of levelling close to the line of greatest
slope of the profile, usually approximately at right angles
to the ¢liff line. In each case I levelled in both
directions between the end points at the upper and lower

ends of the profile, not aiming to keep to exactly the same

. line between- the two ends, I thus obtained two profiles for

each cliff, from a few yards apart, which were usually

almost identical. ‘
THe distance measurement was done by pacing; I then

neasured the length of my baces over fairly rough ground and

found the average over 1000 yards to be 31,5 (2.62'),
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The heisht control for the llenengai shorgline was all
on Survey of Kenya benchmarks and trigonometrical points,
so that there 1s no inconsistency of datum between the
different shoreline profiles, The distribution of the
profiles is shown on map 4, the profiles themselves ih
figﬁre 1. The best developed profiles are those from 0-7, °
West of profile 0, in the Hakuru Junction area, the cliff
line is not well defined. Profiles 8 and 9 show the
inflgence of a road cutting in the slope of the cliff; the
0ld road from Nakurq to Eldana Ravine used to run across
the shoreline at this point., To the east (profiles 13 and
’-14) the influence of the welded tuffs and ignimbrites
which outcrop on this part of Fenengal is felt and the

‘

break of slope between the cliff and terrace 1s not well

defined.

8. The Bahati overflow: the opinions of earlier workers

on the height of this area are discussed in Chapter 5.

There was a marked discrepancy between their results and the
height as indicated by the form lines on the most recent
edition of the 1 : 50%000 map of the area. It seemed
necegsary to do some further survey work to check the
accuracy of these form lines (which indicated contact
between the Bahati Plain and Henengai caldera between 6350~
6400') and to determine the exact height of the lowest point

on the Bshati-lenengai caldera divide. ‘I first levelled

I
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and the Bahati Plain drops gently to the east, Then the

“lateral graben) at which overflow may have taken place

{the area OF on map 3), This area is shown in more detail

i road here is for some distance at a height slightly above

275 f

alons the main road (Haluru-Solai) from the Survey of Kenya
venchmark no, NKU/27 (altitude 6063,10' S.D.) which lies
near the junction of this road with the Nakuru-Nairobi
road. For several miles north from the junction the wall

(A

of mhenengal volcano rises steeply to the west of the road

crater wall\drops sharply to the subsidence structure (é

in nap 5, with form lines sketched from the 1: 50,000 map

(119/1) and spot heights édded from my levelling. The main

5390' 53,D. There is a marked siope west from the road
into the caldera (plate 3)., East and south-east of the
road, the land surface is almost horizontal for some dis-
tance and then slopes gently towards the centré of Bahati
Plain, The spot heights on map 5 show that the form lines

on the 1 : 50,000 map are substantially correct. Given the

. present land. surface, a lake in the Bahati Plain would

bezin to overflow into the caldera at an altitude of just

\
above 6390' 5.D. !

9. The Gilgil divide: the question of the exact altitude
of this area, the pass between the Nakuru-Zlmenteita and
Haivasha basins, became less important when it became clear

that the lowest outlet from the Nakuru-Elmenteita basin was

4

i
*
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not here, but at the Bahati overflow about 200! below, -
Zowever it still seemed interesting to check the earlier-

work done 1in this area, and to obtain an accurate height

for the divide which might at a later stage be useful for:

comparison with the height of the divide south of Lake
Haivasha at the Njorowa gorge,

Barlier opinions on the height of the Gilgil divide -

yere in agreement that 1t is at about 6600', although they
. included no detailed maps or exact statements of where the
'Hatérshed lies., According to Leakey (1931la and b) the pass
“is at "some 6600'", According to Nilsson (1931 p, 294) it
;ié at a?gyt 2006 metres, i.e. 6586', while in his later

-, paper (1940 p. 75) it is given as 2013.9 metres, i.e.

;é 6512,3%, McCall (1967) mentioned the Leakey~Solomon figure

:'jof 6600 "which agrees with the nmeasurements of the Survey
©of Kenyat_(p. 66). Frém the contours on the 1 : 50,000
maps (nos. 119/4 and 133/2) it appeared that overflow
ibetween the two lake basins might take place between 6600
;and 6650' in two places: (1) close to the line of the

“ present Gilgil-Nakuru road and railway, at GR aboiut 677473

;on map 119/4 and (ii) %1ightly south of the old railway

line and the Gilgil-Eburu road, at GR about 678450 on map

iig/h, I levelled around both these areas, controlling

ny work from the benchmark at Gilgil station (B?ﬁ?”VII/45,

:height 6572,30% S.,D.). I was able to determine that the
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1owest pvoint on the divide between the basins is at the

ecogd of these two places, across the ridge at GR about

[44]

n
e
\
=4
s

678450 (map 119/4), (Point GD on map 3) The results of my

O~
[ore)

 final levelling here indicated that the lowest point on
fthls ridee 1s above 63595' but certainly below 6600"S.Dt,

. probably between 6597-6598' S.D. . The contours on the ' ™,

i1°¢ 50,000 map in this area are slightly inaccurate as they
findicate that this ridge does not fall below 6600', The
“divide in the area %o the north, along the main road and

'ﬁrailwaylline, is rather higher, slightly over 6608' S.D,

If any overflow between the basins ever occurred, it would

take,piace along the southern ridge at about the point

Zmarked GD (map 3).

"10, Hotes on the place names and their spellingz: (i) in

5describing the possible lalke shoref&ne features in the
.different varts of the basin, I have always tried to use

. simple geographical (locational) names which do not involve

any assumptions as to geolegical or climatological

‘correlations of the features., £ven where it appears that

. features from widely separate parts of the basin can be

attrivuted to the same\stillstand of the lake, 1 have

‘retained the distinct focational names for them,

{ii) Host of the place names in the Nakuru-Elmenteitéd basin

‘have been written in a rumber of different ways since they

‘were first recorded by the early explorers at the end of




the 19th century. 1In most cases this was because the
writers were dealing with a language (liasai) which was
unfamiliar to them and which had never been written before.:
- Zven today there i1s a lack of agreement as to how many
;of the place names in the Halturu-zlmenteita basin should
{LJ fﬁe written; this extends to recent editions of the Survey
ébf Kenya 1L P 50,000 maps, where the spelling of some of
“the names has varied over a few years, I have tried in
gkthe text and on my maps to use the current form of the
;place nameé as found onn the most recent edition of each
fmap, although it is possible that within a few years some
‘jof these names may be given a different §pelling. In some
cases, where the most generally known spélling is different
from that on the most recent map, I have kept to the well-
lmovm spelling, for exanmple I.have used Kariandusi rather
than KHariandus. .
(111} In most cases the names are iHasal words or derivations
of them. 1In others,as for some of the archaeolegical sites,
“no indigenous name existed and a Zuropean name was given
: by the excavators. In the case~of the tributaries of the
‘River Nderit, Prettgjoﬁn Gully and Aspinal Gully, no obvious
' :% ‘local name seemed avaeilable and the gullies were named after
‘the farmer and farm manager who had been on this land during

part .of the 1950s and 1960s. The name Prettejohn Gully was

originally coined by Isaac (pers, comm.),
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11. Grid feferences of some of the most important

localities in the Nakuru-Elmenteita basin.

The references are taken from Survey of Kenya maps,

‘seele 1:50,000, the following numbers and editions;-—

:Man number < Sheet Edition Year
51i9/1 ‘ HMenengai Ath 1955
119/3 Nakuru 6th . 1964
119/4 Gilgil 4th 1960
1331 . 01 Doinyo Opuru 4th 1958
133/2 Naivasha 3rd 1956
Bahati '

Bahati overflow c.460760 (119/1)

'3/1 and 3/2 454726 (119/1)

3/3,4 and 5 ‘ 815695 (119/3)

3/6 464742 (119/1)

\3/8 - ' 473762  (119/1) .

3/10 | \ 517751 (119/1)

3/13 : 813706 (119/3)

o




1 - ®

3/15
3/16
3/19

Ebhuru

- 8E/2

s

“8E/4
‘j9/1'
- 9/7
_EPl

P2 _
i¢-533 (bvorehole):

'fc.1877 (borehole)

llorth East Elmenteita
 8/1

- Elmenteita volcanoes (Karterit)

L8V/4 e
3v/8

Gamble's Cave — Nderit area

Gamble's Cave

811703
810702

8157ozf

624373

619366
593367
577369
512395
520359
444383
517362
538373

622528

645436
636444

433394

i

(119/3)
(119/3)
(119/3)

(133/2)
(133/2)
(133/1)
(133/1)
(133/1)
(133/1)
(133/1)
(133/1)
(133/1)

(119/4)

(133/2)

(133/2)

(133/1)




&(;:f“

prettejohn Gully (upver vart)
10/5,6 and 7

10/13,14 and 15

0ldobeye diatomite pit (10/18)

\F .
Hderit Drift

nilFil divide

- 8/9

Gilsil Hotel
: B

0ileil escarpment

124

8/5
12/3

Eirax Hill area

Top of Hyrax Hill

Vater tank Hill

Lanet Lodge Hill (Plaat Hill)
\

Kariandusi and Kekovey )
8/3
8/12

£49386
c.433397
436400
458417
445427

689463
690458

666483
661488
667465

775692
783694
800680

657496
640503

(133/1)
(133/1)
(133/1)
(133/1)
(133/1)

(119/4)
(119/4)

g119/4)

(r19/4)

(119/4)

(119/3)
(119/3)
(119/3)

(119/4)
(119/4)
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Soysambu diatomite pit:

Kiboko

Shoreline cliff

ﬁion Hill

o

5/4

5/10

5/14

5/15

5/16

Lion Hill Cave

llakalia

11/3

11/5

_ﬁagharibi cliff
Hoaruk

7”1

~

854526

c.780660

794623
808618
799653
640811
803655
810605
809619

726455
721451
c.T44456

903605

(119/3)

(119/3)

(119/3)
(119/3)
(11973)
(119/3)
(119/3)
(119/3)
(119/3)

(119/3)
(119/3)
(119/3)

(119/3)
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/5

1/

ﬁ/lz
1/
1/23
1/29
1731

 2/2~
2/

Nisonse

fCliff where profile was levelled

'

‘ﬁjoro Road

3%/3
4/3

675701
676701
694693
703688
712703
693703
683697
718706
735703

673682
q 677699

~

(119/3)
(119/3)
(119/3)
(119/3)
(119/3)
(119/3)
(119/3)
(119/3)
(119/3)

¢.748682 (119/3)

(119/3)
(119/3)
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. APPENDIX B

MOLLUSCA

..0llusca have been described from several Upper

Fleistocene and Holocene lacustrihe deposits in the Eastern

‘31Tt Valley, including some in the Nakuru-Zlmenteita basin,«

" In my fieldwork I found mollusca in a lacustrine silt at

only .one vplace, the locality marked 8V/8 on map 3; this

. E - . . a
e¥posure is not referred to in any other account of the

basin,
¥

The mollusca-bearing silts here are exposed in a small

=lly cut in the sediments which cover the lower parts of

_the northern slopes of the volcano Karterit. The gully 1is

not more than 100 vards long and 15' deep; the silts are

exposed in small patches in its sides. There are 3 or 4
spall exposures within a distance of less than 30 yards,
each being not more Fhan L' high and about 6' long. The
silts occur beneath about U-6' of brown-grey dusty soil,
The altitude of the exposures which contain mollusca 1is
from 6188-92' 8.D. The mollusca occuy in a matrix of
distomaceous silt. - The silt varies in colour froﬁ almost

white (probably in_thi% case the result of weathering and

drying out) to buff and iLight brown. It shows a rough

‘horizontal banding, with darker and lighper stripes, but

there are no marked discontinuities or changes in texture




visible in the sections exposed.  The mollusca iend to be
concentrated in bandé (see plate 16) where they are quite
abundant, but smaller rumbers of shells are scattered '
through the rest of the silt and there is no abrupt changé’
in the character of the matrix at the boundary of the. ;
"shelly band§. In one of the exposures there are two 1ayefs"
'ofrfine pale grey ash, each about 1" thick, in a firm whitev
3ilt underlying about J" of buff-coloured silt contalining
‘molluscé. In the other exposures, some light grey pumice
‘lfragments are scattered through the silt, but these were
few and are not concentrated into any kind of pebble band.
' “The mollusca tend to be well preserved and it was easy to.
collect enough for examination and for carbon-14 dating.
Concerning the position of these silts in the geological
sequence in the lakuru-Zlmenteita basin, the following
.comnents may belmadew
A1) In their pasition on the north-east slope of Karterit
the silts seem to be part of a sequence of lake features
. which may be correlated 1in heigﬂt with similar features in
other parts of the bas?n. The altitudes of the features
are as follows:

Shoreline notch on karterit - circa 6365' 5.0,
iighést pebbles on spbface below notch - 6293 S.D.
; Pebbles in section with silt - 6279' S.D.
% liollusca-bearing silt at 8V/8 - 6188-92' 5.D.
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‘The pebbles and silts are not as high as the highest

conparavle deposits preserved below the 6HUU foot shoreline

elsewhere, but they are well within the range of heights

of, for example, the sediments below the lienengail shoreline,
©'I% 1s reasonable to expect that on these rather steep bére
= Elopes of the volcano, the highest deposits would be rather
. éasily destroyed, aid in fact there is no sign of lake

sedimgnts on the roclky slope west of the small patch i
i breserved in the vicinity of 8V/8. At the same time, along

' ithe base of the eastern slope of the volcano, on f{étter |

N,

.,

land, diatomaceous silts can be traced in several outcrops |

.at 6320' S.D. and slightly above (e.z. 8V/L on map 3).

(1)

It does not seem likely that the silts at 8V/8 are of

the same age as the older diatomites exposed in this part

‘of the basin, i,e, the small exposures at 8E/2, 8/4 and 8/5.

The silts in these &xposures are white, rather hard, and

.ifaulted; none of these descriptions can be applied to the

‘matrix at 8V/8. From the small sections visible, it is

A

v igifficult t6 determine whether or not the silts at 8V/8

are faulted; a slight\dip seems visible in places, but this

¢
nay well be due to slunmping of material towards the centre

of the gully. If they are faulted, possibly by the move-

" ments that have affected Karterit ivself; the dﬁ;placement

would appear to have been very slight.

L (111)

The silts at 8V/8, lying as they do on its lower i

{
4
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slopes, are certainly younger than Karterit volcano, and,

if #cCall's correlation of the Karterit tuffs with the

Kariandusi lake beds is accepted, the silts must be younger

‘than the Kariandusi beds as well,

‘tiv) . At the same time these silts are over 400! above the

tbresent lake level, and are substantially above the
.Hagharibi and Hiéonge shoreline cliffs; they were therefore
énot laid dbwn in a lake standing at the level of either of
:these cliffs. Some silts which are probably of a younger
'phase of sedimentation are exposed to the north-west of
;Karterit, north of the Gilgil-Zlmenteita road; they are
;very white and have a finely fractured surface, quite

‘different from the silts at 8V/8,

It seems reasonable to assume that the date measured
for the mollusca in these silts (see below) is not too far
from an approzimate ;ge for the 600 foot shoreline in the
Hakuru-Elmenteita basin, Tﬁe 600 foot shoreline is ®the only

sign of a major stillstand of the lake above the level of

“the silts at 8V/3, and it is likely that, of the period

‘while the lalke was abo%e this level, the greater part was

ﬁpent near the 600 foot level, where the cliff line was cut,
Although the mollusca cannot give as firm an indication of
the aze of the 600 foot shoreline as could material from a

beach actually at that level, I would suggest that the dis-

brepancy cannot be too great, At any rate it can be said

3 5
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that, at the date of these mollusca, the lake level stood

i s
above 6200' S.D., i.e. over 400' A.L. Nakuru, A report on
‘the specles of mollusca in two samples of the silt from

8y/8 has kindly been prepared by Mr B, W. Sparks, He

-73isted the following species:

Corbicula africana (Krauss) (most common)

Jelanoides tuberculata (Mliller) (second in ébundance)

. Very small numbers of:

1Pisidium SDp.
~Burnupia sp.
Bulinus sbp,.
Anisus natalensis (Krauss)
Biomphalaria sp. AN

i
iThese are all freshwater species; no land snails were

éresent in the samples. Sparks, following iandahl-Barth,
‘éuggested that these snails, in particular Corbicula and
- Helanoides, are indicative of a lake of appreci;ble size
_rather than a small perennial or temporary body of water,
;It is not possible from these samples to obtain a precise
y indication of the depth of water or length of time implied
" by the deposit. )

A sample of the mgalusca was dated at Lamont Geological

Observatory through the kindness of Dr David Thurber.1 The

" age obtained for the shells using the 5585 half-life for

radiocarbon and assuming the initial C-14/C-12 ratio to be

~

?1. Number of dated sample: L-1201, ' (L
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b

atmospheric was 9650+250 years before 1950, In an attempt

to determine the actual value of the initial C-14/C-12 ratio:
13n¢ thus obtain a more precise fipgure for the age of the '
. shells, analysis was made of water sampled from Lakes

‘Kakuru and Hlmenteita in July 1965. Unfortunately the

results of this analysis did not reach me before the thesis

i smas bound.

The .shells are, at any rate, not older than 9650+250

i years,

BN

The mollusca found in Nakuru-Zlmenteita basin sediments

‘ by Leakey were describe@ by M. Connolly (appendix D in

Leakey 1931b), The localities at which they were found

wers Gamble's Cave, Lion Hill Cave and Hderit Drift.

| Particularly interesting are the mollusca listed from the

beach(gravel in Gamble's Cave:
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(1) Lymnaea elmeteitensis? Smith, rare.
(1) Bulinus sp., fragments,

(111} Helanoides tuberculata (Mﬁll.), very abundant..
(iv) Corbicula africana (Krs. )

(1931b p. 276)

Descriptions of lake sediments of Upper Pleistocene

‘and Holocene age in the Baringo basin (Fuchs 1934) and the

-Rudolf basin (Fuchs 1934, Dodson 1963, Whitworth 1965)

“include references to diatomaceous 8ilts and shelly lime-

stones containing fresh-water mollusca, A number of species

" are recorded, not all of which are in the Nakuru-Zlmenteita

basin lists by Sparks or Connolly, but lelanoides tuberculata.

2 s s s ~ LY
< and Corbicula africana seem to occur in important numbers in

~ almost all of the deposits described.,

Unfortunately the presence of these species indicates
little more than that, as in the case of the Naluru-
filmenteita basin, the'deposits formed in a lake of con-

siderable size, It 1s not possible to malke any precise

estimate of the age ©f the deposits on the basis of their

mollusca content; species similar to Helanoides tiuberculata

and Corbicula have been‘recorded in sediments in Hast
Africa as old as Beds 1 ;nd I at Olduvai, i.e, of the order
of 1 million years old (Leakey 1965 p, 70). lNor can any
correlation between the different lake basins be made on

this basis,
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APPENDIX C
TEE ARCHAFOLOGY OF THE NAKURU-ELMENTEITA BASIN

The Eastern Rift Valley is rich in archaeological'sites,

- most of which were first discovered and excavated several -

years ago. liuch of the knowledge of the geology and

vpalaeoclimatology of this area has been obtained during the

course of primarily archaeological investigations., The

resultant linking of these disciplines in the study bf the

© Rast African Quaternary has in some ways been very. valuable.

*.0n the other hand, the unification of the archaeological,
- R

geological and palaeoclimatic sequences into a single
chronology seems to have taken place too soon, before

enough was known about each of the sequences, It is now
clear that much of the geological evidence appears to have
been wrongly interpreted in terms of palaeoclimatology; the
relationship of thetarchaeological and palaeoclimatological
sequences must therefore also be reconsidered., At the same

time it is clear that many gaps remain in our knowledge of

" Zast African, especially perhaps the post-Acheulian,

industries, The arché?ology—palaeqplimatology relationship
is thus open to question from both sides.

In the Nakuru-Elmenteita and Naivasha basins there are
a number of important archaeological sites of different ages,

Table IX shows the industries which have been described from




the area and some ol the siives in the Nakuru-simenteita
pusin at whicn they occur, The industries are named

according to the current but in many cases admittedly

- unsatisfactory terminology.

it

Table IX

Bast African prehistoric industries and the sites
at which they occur in the Nakuru-Eimenteita basin

lndustry ‘ Sites

Hyrax Hill (Hyrax Hily
variant)
"Stone Bowl Culture" ﬁgﬁiguﬁggiﬁafagite
(Neolithic) (Gumban B)
' Stablets Drift
(Gumban A)

Elmenteitan Gamble's Cave
W
"7ilton" Long's Dr%?t

Gamble's Cave
Prospect Farm
Lion Hill Cave

Kenya Capsian

Prospect Farm

Ve o5 5 n .
nagosian Deighton's CLiff
X
. ! Prospect Farm
Stillbay [camble's Cave:]1
Acheulian . Kariandusi

1. See p, 309.
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iuch of the early work on the former lake shorelines and

sediments was done in connection with the investigations of o | .

Leakey's Hast African Archaeological Expedition in the laté
19208, Under these circumstances it was natural that the
relationship of the different industries to the stages’inuv
:the fluctuation of the lake levels and to the postulated :
climatip phases should have been worked out at an early .

stage'and used as the basis of further deductions on the

evolution of the lakes in the basins, For this early work,

since absolute dates were not available, the industries

- vere dated by reference to the palaeoclimatological evidence é:

and not vice versa, It was said, ". . . the sequence of
lake levels in the Nakuru basin . ., , seems sufficiently
w7ell established to justify its use as a basis for the

relative dating of the successive prehistoric settlements

on Hyrax Hill, which werc unquestionably influenced by

i enanging climatic cénditions" (I, D. Leakey 1945 p. 275), . .|

and the same reasohing was apﬁiied to other sites as well
as Hyrax Hill,

The method of this reasoning was as followst from the
shorelines and sediments in the Nakuru-Elmenteita basin
the pattern of Gamblia;, Makalian and Nakuran wet periods
Was established. These were then correlated with the late-
and post-glacial climatic fluctuations in Burope. (C. E. P.

Brooks, appendix B in Leakey 1931b). It was assumed that
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the wetter and cooler climatic periods in Europe were
closely contenporancous with the periods of hiéh lake levels
in the Haluru-iZlmenteita basin, The approximafe dates
suggested for the East African wet phases were these (pége

references are to Leakey 1931b):

Wakuran post-pluvial wet phase: 350~0 B.C. (p. 270)

1,000-850 B.C. (pp. 243-4)

Halalian post-pluvial wet phase: 9,000-3,000 3,C. (p. 269)
, 10,000-2,500 B.C. {(p, 270)

Ganblian pluvial: endeéd about 13,000 B.C, (p. 269)
The dates of the different industries were then based on the

relationship of the sites at which they occurred, or the

. ©.strata in which they were found, to the Gamblian, Makalian

or Naluran shorelines or sediments, Such a method of dating
is clearly open to errors, Considerable doubt attaches to
the whole question of the close parallelism of. late and
pest-glacizal climatic fluctuations in Africa and Europe,

and to the exact pagtern of the fluctuations in East Africa
as shown by the changes in lake level in the Haluru-
Zlnenteita basin. In this section I shall consider the
possibility‘of error at the archaeoclogical sites.themselves,
in the relationship béyween the strata which contain the
cultural material and the supposed evidence of particular
lake stillstands. I have tried to concentrate on the
eévidence of sites in the Nakuru-Elmenteita basin and the

local relationship between prehiétoric occupation and the




Kariandusi

;-by the luseum Trustees off Kenya,
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former larger lakes, and to avoid much commen:t on the wider:,

archacological issues, However it has been necessary to,
inclade & certain anount of general discussion of African
archaeoloy and the sequence and dates of industrial

complexes in other areas,

The site lies close to the Kariandusi diatomite mine
at-an.altitude of about 6200', It was originally excavated

by- the East African Archaeological Expedition between the E

years 1926-30 (Leakey 1931b). The site is now kept open é‘

Rolled and unrolled implements and a number of fossil !
bones are found in beach and torrent gravels above the
thicl pure diatomites of the mine. The implements are
aainly hand axes and cleavers and belong to a Stage in the
Acheulian industrial cozple:x, They are approximately
contemporaneous with those in Olduvai Bed IV (stage 9 of
the hand axe sequence) and at Olorgesailie and Kanjera,

The only absolute dates available for Kariandusi are

. Some Z/Ar determinations of the age of tuffs above and

below the site, made by Evernden and Curtis {(1965). These -
geve ages of 0-93-3-1 éillion years; Evernden and Curtis
e€xpressed most con{idenoe in a date of 0¢95 million years
Tor pumice from within the‘diatomite 50" below the site,

In view of the discrepancies between Evernden and Curtis'
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other results and current archaeolozical opinion (see
below) it seens unlilkely that even ﬁaterial from the
diatonites some distance below the site can be élmost 1
- million years old. R

In the small pamphlet'on sale at the site (published
”;by the Huséun Trustees of Kenya; the copy I ha%e is dated
'f?séptember 1966) it is suggested that the age of this stage
o“ the hand-axe industrial complex is about 130,000 years
?Eor a little more, although no explanation of this dating
Liis given,

' Absolute dates for comparable industries in other parts
of Africa are unfortunately lacking. A X/Ar date for a
rather older industry (Chellean stage 3 in Bed II at
Olduvai) gave an age of 490,000 years (Hay in Leakey 1965
p. 99), A carbon-lQ date for wood associated with the very
‘late Acheulian at Kalambo Falls gave an age of 57,300+300
:B.P. Between these limits, it is not possible to fix the
date of the Kariandusi industry with much precis;on.

It has traditionally been held (Cole 1964 pp., 46,7L4)
that the "Kanjeran plﬁ}ial", during which the Kariandusi
Site was inhabited and the diatomite was being deposited
in a deep Rift Valley lake, should be correlated with the
Riss glaciation in Europe. There is evidence from
Acheulian sites in other parts of East Africa that conditions

" vere rather moister than they are today, This is so for
4
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the late Acheulian at Kalambo Falls, and possibly also at

Olorgesailie, whers a fluctuating lake appears to have

existed in what 1s now definitely an arid area. At

- Kariandusi the implement bearing gravels lie above thick

layers (in all, over 100') of pure diaztomite, indicating ™.

© the existence of a large and stable lake in this area,

relatively\close in time to the period of occupation of

" the slte,

It may be concluded that there was a phase of more

‘hunid conditions in the Rift Valley, during some part at

least of the period of the Acheulian industries, There 1is

evidence to suggzest that this "pluvial' was later than was

‘originally thought, and that if any correlation with a

Zuropean glaciation is attempted, it should be with the
carly Wirm rather than with the Riss, Such evidence
includes the above-pentioned date for the late Acheulian

at Xalambo Falls, and also the nodern appearance of human
slull fragments found with hand axes and fossil mammals at
Kanjera and on fauﬁal and archaeblogical grounds‘correlated
with Clorgesailie, Olduval Bed IV aﬁd Kariandusi, On this
B23is Cole (1964 p. 53) showed the Kenjeran pluvial
correlated with thé early Wirm glaciation., Kariandusi is
not actually marked on the table she gave but if the

industry is assumed to be about the same age as those at

i OlorgGSailie and Olduvai Bed IV, which are shown on the




gouru; it is thus well above any lacustrine sediments in

Zarbara Anthony of Harvard University., Although her

“results have not yet beeh"published, she very kindly dis-

298 .
table, it should be younger than about 65,000 years.
Prospect Farm

This sitg lies at over 7000' on the northern slope ‘of

+the Hakuru-Zlmenticta basin and even at the time of the

“highest lake it would have been several hundred feet above

the 'shoreline, The site was excavated in 1964-7 by

I

‘cussed her worli with ne and showed me the site.

The excavation went through over 40' of rock, mostly
weathered pumice and tuffs, bright red or orange in colour.
A number of occupation levels could be distinguished in
this section, as follows:

(a) Kenya Capsian within 2! of the surface,
(t) "dagosian™ at about 3' depth,
{c} Stillbay layers.at 9', 18', 33' depth.

Cnly one date is at present avallable for this site, for a
piece of charcoal found with the Kenya Capsian tools at a
depth of not more than 8-12" below the ground surface.
Srass roots were pressnt in this layer but according to the

laboratory (Geochron) ‘they did not contaminate the sample.

" The actual date obtained was 10,560+1650 years B.P.j the

larpge uncertainty was because of the small amount of

charcoal that was used, About 8000 implements were found

in this layer, mostly rather big ones. -1t has been .

. 3 .
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suppested tentatively that this industry can be attributed

to the Lower Kenya Capsian or the lowest Upper Kenya
Capsian (stage a) (OaXley and Campbell 1967 p, 24),.

The only date for a "lagosian" industry in the Nakuru-:

- BElnenteita basin 1s for a tuff burying such an industry ati6~.

Deighton's CLiff Extension., A K/Ar neasurement of its age:

- was - made by Evernden and Curtis (1965). The age obtained

-

was 270,000 years, It seems unlikely that the tuff is as

0ld as this, TIsaac (p. 220 in Bishop and Clark 1967)

commented that he had "extracted out of the level from which
the X/Ar samples were taken large blocks of more ancient
volcanic material that indicates contanination which might
be responsible for the surprising K/Ar dates",..

“"Hagosian" industries are generally considered to
date from the very late Pleistocene; Clark listed the
following carbon-14 dates (in Evernden and Curﬁis 1965)

llagosian at Kalambo Falls - 95504210 B.P.
lagosian at Pomongwe (Rhodesia) - 15,800+200 B.P.

Lower Tshiteclian (the egquivalent industry in the Congo

2asin)
Yufo (Angola) - 11,189+490 B.P.
Calunda (Angola) - {12,970+250 B.P.

Evernden and Curtis (1965) gave two K/Ar dates for

material associated with the "Kenye. Stillbay" in the lielawa

gorge (Naivasha basin), each of over 200,000 years. These
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dates are regarded as quite unacceptable by most
archaeclogists; Clark listed carbon-14 dates of between
about 20,000-40,009 B,P. for Stillbay and comparable

cultures in Eastern and Southern Africa, e.g.:

‘Upper Hazelspoort variant,
: Florisbad 19,000 B.P.

The Prospect Farm site lies Aigh on the slopes of

Eburu, well above even the circa 6400' shoreline level and
wwat present has no permanent water supply. It is possible
jthat the occupation of the site was only temporary or

" seasonal, but remains of different industries of a con-

siderable range of ages have been found, implying that this

\

- may have been a particularly favourable location for

- settlement., This sugmests the possibility that there was

rather more water in tne Zburu pullies (now dry for most of

he year) during the period when the site was occupied, No

stronger indication of palaeoclimatic conditions can,

nowever, be obtained from this site.

“-'Gamble's Cave

The site was originally excavated by the East African

{
Archaeological Brxpedition (1926-30); the results are_given
in Leakey (1931b), The cave is the type site of the‘Upper

Henya Capsian (originally called the Upper Kenya

“Aurignacian). It is also of particular interest as being a

Peers' Cave, Fish Hoelk 36,000 B,P, N




site wnere a relationship between an archaeoclogical sequence

and nalaeoclimatic evidence has been established,
Sediments to a total depth of 28' were excavated in

Gamble's Cave II. The site is not really a cave but an

owe 1ts origin to erosion by the waves of a high level

Lake Naluru., The original interpretation of the sequence

of deposits and industries in the cave was given in Leakey !

1931b (pp. 116 and 117), A summary of this is given in

Table Z. It now appears that certain aspects of this

interpretation may need to be re-evaluated, A émall
section of the cave was ezcavated by Isaac and Clarke

in 196k-5, but no account of their results has yet been

published, I was not able myself to male a detailed stqu

overhanging rock shelter, cut in light grey tuffs, It méx\

of\the Gamble's Cave section and of course am not qualified

to nmake any dogmatic pronouncements about the archaeological !

evidence, In this éppendix I shall therefore limit my
‘discussion to
. significance,
sang" (1ayefs 4 and 8), and (2) the possible agg.of the

, industries in the cavé}

(1) the evidence of possible palaecoclimatic

the "beach sand" (layer 15) and the "aeolian

|
I
!
|
t
i
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Table X

The sequence in Gamble's Cave II (from Leakey 1931ib p. 116)_ o

i

Layer
Layer
Layer

Layer

ilayer

o Layer
=La&er

Layer

Layer
i Layer

- Layer 11

1

o

=~ W

N W\

o

10

15

liodern occupation level.
lodern occupation level, *

Sterile layer of dust and rock debris; probably
represents the Nalturan wet phase, hiS

Aeolian sand (red) representing dry period at the .
end of the Makalian wet phase,

Rock debris (sterile),
Prenistoric occupation level; Hlmenteitan culture.

Rock debris (sterile). Layers 5, 6 and 7
together represent the Makalian wet phase.

Aeolian sand (red) representing period of
desiccation at the close of the Gamblian pluvial.

Rock debris (sterile).

Hainly rock debris; a few flakes and broken
tools of Kenya Stillbay type.

Level characterised by burials.

Prehistoric occupation level; upper Kenya
Aurignacian type, phase (c).

Rock debris,

Prehistoric occupation level, tools of upper
Kenya Aurignacian type. Arbitrary division into
phases (b) at the top, phase (a) below. Layers
14~9 represant the gradual decline of the
Gamblian pluvial after the second maximum.

Beach sand and gravel containing very many
freshwater shells, chiefly Corbicula africana,
Helanoldes tuberculata; also a few rolled tools
of lower Kenya Aurignacian type. This represents
the level of Lake Nakuru at the second maximum
of the Gambldan pluvial, and is approximately

500 feet above present lake level,




The beach sand: this naterial was accessible in a

small exposure at the very base of the section in the cave.
It was impossible when I visited the site to examine thé .
“sand in situ or to distinguish possible'stratification;
According to Leakey (1931b pp. 116, 2785 and plate XIV)_tﬁe
4‘sand contained large numbers of freshwater mollusca, mainly

Corbicula africana and Melanoides tuberculata. Both of

vthese species are characteristic of quite larse bodies of
}water and have been found in a number of Upper Pleistocene
;and Holocene lake deposits in Zast Africa, including those
iat 8V/8 in the Hakuru-Elmenteita basin, I did not find
any mollusca in my sample of the Gamble's Cave beach sahd,
but Isaac (pers. comm) found numbers of shells in this- 
layer, and confirmed its identification as a beach deposit
;of the former Lake HNakuru. The sand contained well-rounded
;light grey punice gréins in the largest size range (over

1 nillinetre ); the smaller grains were almost all f
;angular or sub-angular,

The 'aeolian sands': the ‘'aeolian sands' or 'red beds!

(1ayers L and 8) were bflieved to represent the lMakalian-
HJaiuran and Gamblian-iiakalian dry intervals respectively.
‘At present, however, they seem to be inadequate evidence
.of arid climatic conditions in the Naluru-Elmenteita basin,
(i) It is no longer believed that red sediments were -

necessarily formed or deposited in an arid enviromment,

v
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“table" (1957 p., 210), Recently, however Walker described

is possible that Some of the discontinuities and changés in

~
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. . i
Sediznents are red because the iron they contain is preserved:

as ferric oxide (haematite) instead of being reduced to - i

1
other iron minedals of different colours, Dunbar and i
Rodgers suggested that for the formation of red soil “the

nost favourable climate is that of the warm savanus with:

its strongly seasonal rains and widely fluctua@ing water

a situation where red beds are forming insitu in an area
with nodern rainfall about 3" per annum, and comnented,
"Redvbeds should not be used as indicators of moist tropical
source areas, On the other hand, it is emphasized that réd

beds per se are not necessarily reliable indicators of arid

clizates either" (1967 p. 366). There are plenty of red
and orange-red scdiments on the slopes of Eburu, not far '!
fron Gamble's Cave, from which the material in layers 4 ané
8 may have been derived, . ‘

Reddening of the upber part of the "Gamblian® laéustrin&
£ilts at Gamble's Drift and Hderit Drift has been suggested
as representing an arid "interpluvial', This reddening may
indicate that a period of terrestrial weathering interrupted

. |

lacustrine sedimenta%ion, but this is not in itself sure i
evidence of an arid climatic phase and the red strata at
Hderit Drift and Gamble's Drift cannot. be firmly correlated

with sediments from Gamble's Cave, about 300' higher, It

E
Lt
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sed¢imentation along the River lderit were caused by minor
foulting and warping which may have occurred quite lété'ih
the history of this part of the basin,
(11) The material in layers 4 and 8 does not show the most
generally quoted characteristics of g sediment that has
undergone a zood déal of sorting by wind, viz. (1) the ﬁiéh
sphericity and frosted surfaces of the typical "millet’ o
sead" désert sand grains and (2) good size sorting and
remqval of a large proportion of the finest material,

I made a brief examination of samples from‘layers &L
and 8 and can in general confirnm Wayland's description

(quoted 'in Nilsson 1931 p. 323). 1In both ny sanples,

about 90% by weight vas below 0,250 mn diameter.l Wayland

quoted 54,4% as being below 0,254 mm dlameter, The smaller

grains in both sanples were all -angular (see plate 24);  the .

only rounded grains were some of the largest pieces of
vunice, above 1 mp (see plate 23), iy observatioﬁs agreed
well with Wayland's; he mentioned rounded punice grains but
ancular, fresh and uhworn quartz and sanidine fragments.
There is no specific nmention in the earlier accounts
ol the characterist;cs of layers 4 and 8 that were con-
Sidered to be typioa& of an aeolian sand, Both the extreme
fineness of the derosits and the angularity of most of the

grains would seem to suggest a different origin., It is

1, in layer 4 (the upper 'sand') 92% by weight was below
0,075 mm; in layer 8 {the lower 'sand') 87% by weight
vas below 0,075 mm,
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possible that some of the material was blown into the rock

N ] N )
shelter, but clearly it had not undergone much wind

?? Haluru-Ilmenteita basin, in particular towards the end of

the dry season, much dust and fine silt may be transported % 9’.
by the wind, Small drifts of wind-borne material might\" {
ﬁell collect under overhanging rock faceé on an exposed _ 55 e
slope, éuch as at Gamble's Cave, without demanding climatic |
‘cbnditions noticéably nore arid than those of today,

~ The age of the material in CGanmble's Cave: since

the beach sand was immediately overlain by a horizon con-

taining Upper Kenya Capsian phase (2) tools, it is likely
to be slightly earlier than this industry; there i§ no
. indication that a long period of time elapsed after!the
) g lake. fell below this beach and before the Upper Kenya .

Capsian occupation., 4&n age for this occupation will give

'? an approrzimate age Tor the beach and thus for the 600 foot

E stillstand of Lake Nalkuru. S

:? Unfortunately there is at present no absolute date ; t7iﬁ
f?g available for the Kenya Capsian in Gamble's Cave, Some

carbon was found from the lowest 60 cms of material above

the beach sand by Isaac and Clarke in 1964 (Isaac 1967 p, BOXh
:? The date for this carbon has not yet been published. In

the abéence of this inférmation, it is necessary to

é; : establish the probable age of the Kenya Capsian in Gamble's
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Cave Dy analogy with comparable industries in other areas
rfor wnich absolute dates are available, .

There has been considerable controversy about thelégé
of the Kenya Capsian industrial conplex, According‘ﬁo:
Léakey it was contemporaneous with the Gamblian plﬁvial*gnd
thws with the warm glaciation, It would thus last Trom és
early as about 40,000 B.P, until about 15,000 B.P. or a
little later., This is considerably older than sinmilar
industries elsewhere in the world, for instance the originalrz
Capsian of North Afrieca, which is'generally considefed to |
date from about 8500 B.P. (Cole 1964 p. 256), However there
is now quite a lot of/evidence to suggsest that some at
least oflthe Kenya Capsian is considerably younger than this.;
I guote two of the most recent oninions:

“@t now seens almost certain that, while the Lower Kenya '
Capsian appears dgring the Gamblian and may have begun as
carly as about 30,000 B.C., the Upper Kenya Capsian is
either very late Pleistocene or nore probably Post:Pleistocené
and contemporary with typical liesolithic indus?ries ‘
elsewhere" (Cole 1964 p, 255),

"At least threé)stages of the "Kenya Capsian"

.industries have been identified, but as yet no absglute : f

dates are available, Probably, however, only the earlier
Stage is of Pleistocene age, the others, which contain

Pottery, being probably of later date" (Clark 1965 p. 8L6).
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Me evidence for the relatively late date of the Upper ;

senya Capsian includes: : Q
(i) The general nature of the material in even the lowest g
Upper Lenya Capsian layer in Gamble's Cave 'layer 14 > |
inmediately overlying the beach sand and grayel), which\h%s'-
definitely "lesolithic® implications and is strongly -
suggestive of a post-Pleistocene date., It includes (a)
ostrich shell beads and pendants (b) bone awls (¢) two
pieces of pottery, about which Cole (1964 p. 265) quoted a
corment by Arkell; ®"the Gamble's Cave pottery belongs to
the liesolithic Khartoum pottery group, tentatively dated to j
about 7000 3,C.", (d) a bone harpoon.

(11) The bone harpoon is a small fragnent, but enough ofl
its butt end remains for its similarity to harpoons from
Ishango, on the north-west shore of Lake Edward, to be
visible, It was described by Qakley (1961) who compared it
to bone harpoons of the late Ishangian industry, phase c,.
Unfortunately no really reliable absolute dates have yet

been obtained for any material from the site at Ishango., I
have not read de Heinzelin's original report of the
excavétions (de Heinzelin 1957); more easily accessible

is a short general gccount of Ishango that he published a few
years later (de Heinzelin 1962), In this he compared bone

harpoons from Gamble's Cave, Shaheinab (Sudan), Nanoropus

(at the north-west corner of Lake Rudolf) and other sites
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{ in the Sahara and West Africa with those from Ishango, - He

sucrested that the technique of naking these harpoons

3 f originated at Ishango and spread to other parts of Africa

froz there; the occurrences of bone harpoons at other *

sites are thus assumed to be younger than the Ishango
occupation, Concerning the date of Ishango, de Heinzelin.

u

éaid; The best archaeological and geological evidence date:.

the sité'from Scme time between 9000 B,C, and 6500 B.E."
(1962 p, 106), and that the occupation was for a few
hundred years during this period.

Even accepting a date for Ishango towards the earlier : i"
part of de Eeinzelin's 9000-6500 B.C. range and a pre- - R
sunably slightly younger date for the bone hérpoon at
Ganble's Cave, the lowest Kenya Capsian layer at Gamble's
Cave is likely to be less than 10,000 years old, i.e.

Eolocene rather than Pleistocene.

(ii1) liost peéple would not now accept that there is a
Stillbay occupation level in Gamble's Cave (Cole 1964 p, 260).
The evidence from Prospect Farm (see above) indicates that

in this area the Stillbay definitely predated the Kenya ) ; fz‘

Capsian, which enteﬁed after 11,000 B.P.
{

. i Lyrax Hill
‘ .% The various prehistoric sites on Hx;ax Hill were

excavated by . D, Leake& in 1937-8 (M. D. Leakey 1945),

Some further work was done by R, J. Clarke in 1965-6 before
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the auseun was opened; several of the ex%avated sites ;re
now xept open, >

The sites are of relatively recent agg and muét all’
post-date the rall of the lake below avf;irly low level.
The oldest site (i, D. Leakey's Site I) is a Neolithic
occupation site and cemetry of the so-called "Hyrax Hill'.
variant" of the stone Bowl culture. It.was said to overlie
4 335' A.L. beach, dating from a rest level during the
recession of the lake from its 375' AL, [akalian peak,
whose beach is also found oa the hill, The site was thus
aviributed to a date after the Makalian maximum, i.e., after
circa 6000 B.C. This date is based on palaecoclimatic
correlations (Lealey 1931b pp, 269-70) rather than on any
archaeological.evidence from the site itself,

Cole (1964 p, 283) nentioned that the earliest Hyrax
Zill occupation had been thought to date from the period
between about 5509—2500 3.C., but went on to say that the
site ﬁay well be later than this. Posnansky (1967 p. 641)
doubted the idea of a Neolithic beginning as early as the
third or fourth millenium B.C. in East Africa, and suggested,

"It would seem much more likely that Hyrax Hill should be o ;
dated to two milleni% later if it is to fit into the scheme
suggested by Sutton", (See below)

Site I would thus date from 2000 B.C, or later, and the

beach pebbles on which it is said to 1lie need not be much
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older than this, I cannot myself confirn the importance of
S

the 275% &.L. (=6151' R.D.) and 335' A.L. \(=6111" R.D,)
beach levels on Hyrax Ziil, I found pebbles at 6180-61941
5.9., but could not distincuish any signs of important .
lover stillstands, : o . 'ibv

N
, o

lijoro River Cave

t

The site is in a cave cut in the side of the wvalley
of the River Njoro, It was excavated by i, D, Leakey in
1938 (ii. D, and L. 8. 3. Leakey 1950), The original rock
floor of the cave was said to be about 5' above the 1938

river level. The cave is well above any former high lake

level in the basin,

The cave had been used és a crenatorium; the material
found included 2 number of huaan skeletons, bzad necklaces
and stone bowls, The industry was said to be Neolithic,
slightly later than the "Hyrax Hill variant" of the Stone 7 :f
Sowl culture, |

The occupation of the éave was originally believed to
post-date the Nakuran wet phase; it was said, "Even if the
tave was , , . already in existence during the 'Nakuran, the
rise of water 1evel\9t that time must undoubtedly have been
Sufficient to flood gt,vand ve must therefore conclude that ;
1ts use as a crematorium was subsequent to the Nakuran wet
bhase" (I, D, Lealey 1956 p. 1). It was thus thought to be
later than about 850 B.C.; this date of 850 B,C, for the

i
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laxuran wet phase was based on a correlation with the. sub-
\

Atlantic period in Europe, {(Leakey 1931b p, 270) Laﬁer a

\w .
carbon~14 date of 298013 B.P. (circa 960 B.C.) was obtained

for material from the crematorium (Cole 1964 p, 286). This

was believed to imply that the occupation of the cave was

imnediately before the Halmran wet phase,
The cave was well above any former lake level in the

basin, ahd the sequence of sedimentation and erosion in it
Al

.could oﬁly indicate changes in river level which might not

be related to changes in lake level. Richardson (19635

p. 329) commented that if, as seems likely, the climate in
the Halkuru-Elmenteita basin during the Holocene was com-
parable to that in the Haivasha basin, it was not likely
that conditions durins the last 3000 years would have been
noist enough for the Hjoro River Cave to have been flooded.,
The cave does not give a real indication of past climatic
conditions, bhut only that since about 3000 B,P. there
appears to have been no erosion or deposition by the River

Yjoro at a level about 5' above its present (1938) level.

Stable's Drift and Wakuru(Burial Site

These sites here both excavated by the Zast African
Archaeclogical Exped}tion in the years 1926-30, and are
described in Leakey (1931b), The sites are both of Neolithic
age and on the basis of the type of pottery found, Leakey

attributed Stable's Drift to the Gumban A industry, Nakuru




2urial Site to the Guumban B, Both these were said to be
variants of the Stone Bowl culture, rather younger than 1ts
oldest example on Hyrax Hill,

Concerning Stable's Drift, it was said, YAt the latter:
site the pottery was found in a bank ofzstratified mud -

which, by 1ts level, seems to represent the upper limit of ' !

. the lale during the Nalturan wet phase, and we may pro-

visionally regard the Gumban A as belonging to about the
period of the maximum of the MNaluran wet phase" (1931b
o, 199); I did not succeed in finding this site or, along

relevant part of the River Nderit, any lacustrine
sediments that might be correlated with the lisonge
("Saluran®) shoreline,

The Nakuru burial site was said to be on.2 circa 375'

AL, beach (i.e, a "Hakalian" beach) but was attributed‘to
the kakuran wet phase on the following evidence: “The -
site is far fronm Any strean or spring today, but only about
half a nile away from the old beach of Lake Naluru of the
time of the Kalkuran wet phase, when the lake stqod one
hundred aﬁd forty~-five feet higher than it does today; and
it 1s more than ﬁroﬁhble that this was the water supply of
the Gumban~.B foll, The site moreover contains fis bones,
vhereas today Lake Haluru has no fish, nor are there known
to be fish in any of the streams running into the lake, It

Seens certain, therefore, that the occupatioq of the Nakuru
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site colncided with the period of the one hundred and
forty~-five foot lake, or at any rate with a time before it
had dwindled so far as to have a soda percentage too great
to be drinkable or to contain fish" (Leakey 1931b p, 32),

I was also unable to locate this site, which is

"~

apparently at the foot of the western slope of 'Yater Taﬁﬁ-
Eﬁil', the small rocky ridge east of Hyrax Hill. I could
mot find any surface beach pebbles around the foot of this
hill, The nmention of fish bones at the site is interesting
in view of the present conditions in the highly. saline lake.

According to LeaXey's correlations, bothithese sites

would be attributed to about the period of the "Naluran

vet phase" at around 850 3.C., I have been unable to confirm, !

She evidence linking them with considerably higher levels
ot Laké Halturu, and find both these correlations, in paf;
ticular that of the Naluru Burial Site with the maximum of
the Naluran wet phase, definitely unconvincing, Recent
archaeological opinions would hold that both sites may be
rather younger than has been thought. According to the
recent classification of Sutton (1964) the pottery of the
Xenya highlands can Ee divided into classes A, B and C.
Class B compriges the Hyraxy Hill and Gumban A variants of
the Stone Bowl culture. .There iz no firm dating for this

class, but it has been said, "It is probable that these

groups stretch in time from the last millenium B,.C. well into}

3
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the First aillleniun A.D." (Posnansky 1967 pp. 636-7)., The . :

sunban 2 pottery, as found at Haluru Burial Site and vapioué :
other sites, has been attributed to Sutton's class C, This .
class includes the pottery described frpm Lanet by' 7 |
Posnansity; a carbon-l4 date of 375+100 B.P. (1585 A.D.)
wvas obtained for this site. Posnansky suggested théﬁ‘
comparable industries for other sites besides Lanet can‘:
Ee dated "within the first half of the second milleniun -1, L

A.D." (1987 p. 637). i

~—




APPENDIX D
DIATONMNITE

Diatoms (Bacillariophyceae) are unicellular algaefwhoée

cell walls are made of silica, They are found widelyrinr
all aquatic environments, from large bodies of saltband‘\
~fresh water to small pools and even on damp vegetation; }in
1ife they are free-floating (planktonic) or anéhored to
vegetation (epiphytic) or living in the loose, flocculated
upper layer of the lacustrine sediments (epipelic), When
they die, they sink to the bottom and over the years can
accumulate in large numbers, since they are practically
indestructible, Subsequent desiccation and compression will
result in the formation of 2 rock called diatomite, which

in its pure state is conposed almost entirely of silica,,
Jhen pure and dry it is very fine in texture and white ér
light grey or cream coloured. Usually the rock is not very
hard, although ba¥ing by contact with lava and compression
by faulting might maké it harder., The softer, less pure

(nence usually darker-coloured) sediments are known as

o diatomaceois silts, although there does not seem to be a

Zenerally agreed LinQ of division between this term and the
] .
term diatomite,
Diatomites and diatomacecus silts are.widespread in the

Eastern Rift Valley, evidence of sedimentation in lakes and

I3
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swamps during Holocene, Pleistocene and even pre-Pleistoéene . '
times. The Rift Valley appears to have been a particulafly
favourable environment for diatom growth; this waé com~ v ‘
mented on by Hobley as early as 1910} he suggested that b t
".é; the fift Valley volcanoes produced much siliceous dust :
J ‘. which fell into the lakes and provided an abundant source '?; L

of silica for the diatom frustules. A more general statementr

ﬁas madevby Tal%aferro; "practically all thick deposits

i i e

of diatomaceous earths are closely associated with the
products of volcanism, particularly volcanic ash" (1933

. 54), These deposits are clearly evidence of some kind

of aguatic sedimentation; even an impure diatomaceous silt, - i

|
|
|

found in a place which is now dry, sucgests that conditions N B

there in the past must have been wetter. Thick evenly i

i Stratified deposits of pure white diatomite such as those
at Kar;andusi nust have been formed in a rather deep, \ : .; i
tranqu£1 lacustrine environment and imply a considerable

f; period of sedimenkation. However it would be useful to

E{ obtain more precise information from the diatomaceous

' deposits, in particular: (i) in what depth of water a

é? - particulaf deposit was laid dovn, (ii) how 1oné a period of
}' sedimentation is imglied by the deposit, (iii) how old the
| deposit is, (iv) can changes of environment be traced

within a deposit by a study of changes in the diatom flora.
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(i) The depth of deposition: it is possible to obtain an

approxinate answer to this question by a study of the-
individual diatoms which make up the sediment, Diffefeﬁﬁ
species of diatoms have, within fairly rigorously defiﬁéd'
limits, their own favoured ecological conditions; ' there is ;
very little overlap or flexzibility between the planktoniq,n‘;
epivelic and epiphytic communities mentioned above. Thé - :
most straightforward ecological deduction lies in comparinglé
ﬁhe number of plarktonic as against epiphytic and/or

epipelic diatorfs in a particular sample. Where planiktonic

b

orms predominate, 1t is reasonable to assume that the depth
of water was such as to elinminate the growth of epiphytic

and epipelic forms due to lack of light and suitable plant

nosts, Where epiphytic and epipelic forms exist in fair
numbers (even if éctually outnumbered by planktonic forms)
one -can assune that the water was shallow enough to aiiow
the growth of water plants and the penetration of light to
the bottom, Aocbrding to Round (1964 p. 1016) this would
2e, in temperate lakes, to about 5 m depth in the lake,
Ross (unpublished note on some Rift Valley diatom samples,
1947) suégested that the depth at which diatoﬁ growth on
the bottom of a 1a%e is inhibited for lack of 1i§ht (i.e.
the compensation point) is about 15 m in the case of

dindernere, but in the East African lakes, with greater

plankton productivity, the light intensity falls off more




rapidly with depth.

This report by Ross is on.samples of diatomites frombi
Kariandusi, Olorgesailie and the Baringo basin, The samble
from zaringo, which consisted entirely of ilelosira (a

_planktonic form), and contained very fine si1£ particles,
was thought to be a central deposit, laid down in a lafée
< 1ake at some depth "appreciably below the compensation
point".\ The Kariandusi sample, in which there was a
cbnsiderable,amount of fine silt and in which lielosira
ﬁredominated, with a number of epiphytic aﬁd epipelic
species, was sald to be laid down "at a depth only slightly
above the compensation point", This was thought to be at
a depth of 2-4 metres, or about 100 metres from shore,
since the silt frasgments were not very coarse., 'lhe
Ulorgesailie deposit, which contained a large quantity . of
rather coarse silt, had a diatom assemblage in which the
epiphytic and pottom living sSpecies were more frequent than
nelosira; 1t was thought to have been a deposit laid down
"near the shore or the mouth of a stream in shallow water,
probably -not more than 1 metre deep" .

This brief report (quoted in Sonia Cole 1964 pp. 75=6)

shows the kind of ééductions which may be made from the

diatom assemblages as to the environment in which diatomaceous

deposits were laid dowmn, I thought at one point Hf making

a similar study of some of the Nakuru-Elmenteita;basin

i

|




1.
i
{

‘
)

320
diatonaceous material, Later it seemed that such
investications could add relatively 1little to the knowiedée
of the high-level diatomaceous silts which are seen to lie

in shallow water sections with beach pebbles and sand,.

vwhile a study of the diatom assemblages of the more centrél
deposits would probably not immediately aid in correlatfhg

them with the shoreline deposits. I did, however, examine

'the diatomaceous silt samples under high magnification,

mainly to check whether some of the very brownish fine
5ilts were in fact diatomaceous, Hany of these silty
sanples from relatively high altitudes (6250-6340') below
the 600 foot shoreline contained large numbers of large
vhole diatoms; there were few flelosira, and a predominance

of Zpithemia and Rhopalodia, both epiphytic forms. This

would suggest shoreline deposition comparable to that
suggested for the Olorrsesailie deposit by Ross, above,
ifelall suggested that, "Impure diatomites in the area
probably formed in shallow water swamps and pondings in
river courses, not necessarily in true lakes" (1967 p. 102).
This may be true of some deposits, for example probably
those "Gamblian" silts exposed along the Rivers Kariandusi
and Kekopey, possibly also the highest silts along the
Kakalia, Even in cases of ponding along a river course, it
would seem unlikely that the presence and level of water in

Such ponding was completely unrelated to‘the existence of a




|
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lake shoreline slightly lower down; i.e. the conditions |
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were in a sense 'estuarine'. In some cases also, swamps
night be extensions of a fluectuating shoreline, varying in
size and wétness according to the season and the rainfail
of the previous few years, although they could also exiét
at a higher altitude entirely independent of the lake.
shoreline level, In the latter case small silty
diatomaceous deposits nmight exist which could not be -

correlated by altitude to any particular shoreline or to

similar deposits.
Eh ‘ In other cases, however, I would suggest that even

small and rather silty diatomaceous deposits can be taken

as evidence of sedimentation in a true 1ake,Aa1though in
shallow water, for the following reasons: (a) iHany of
these small silty diatomite deposits occur in sectionsigs
>E : nart of a sequence of sediments, pebbles, sand and silt, . ?bi
which would seem‘to indicate sedimentation as a shoreline
i ; rather than in a swanp or river, (b) In sone cases, such e
4 f‘ ; as on the south-facing slopes of Menengal, the topography ; i
% ; does not seem such that a swamp or river ponding could have !
existed, unless the slope of the land at the time were very § 
. i
different, ) (

{11) The period of sedimentation: an answer to this e

i question of the length of time spanned by a deposit depends

on a knowledge of the rates of sedimentation when the
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deposit was forming, Unfortunately at present 11tt1e'is
inown about the rate of accumulation of diatoms on a lake
bed, in high latitudes or in the tropics, Besides the

question of diatom Preductivity, complicating factors such

as the silt content and possible compression of the deposit :'

arise, According to Conger (1942) the rate of accumulation !

in Horth disconsin laXes is about 1,2% in 100 years, In
South Africa, according to L. =. Kent (1947), the rate of
formation of kieselguhr (diatomite) "under favourable
conditions" is sufficiently rapid for a layer a few inches
thick to form in a fairly short-lived lake, resulting from

exceptionally heavy rains in a usually dry pan. It is hard

Tto Inow what to conclude from these statements; at any rate :

34

1t is clear that no very definite deductions can be made
from thickﬂess of layer to number of years in forming.
Certain of the Nakuru-Elmenteita diatomite outcrops sh&ﬁ
rather fine banding (in particulér Sbysambu,.Hbaruk (7/1),
and 8E/3). The bands are not quite similar in each of
these exposures although in each they tend to be regular
and close to horizontal, At Soysambu the colour variation
is from white to light grey, and the bands are' several
2illimetres thick. \At 7/1 they are up to 2 cms thick and
the lighter bands a;e harder and form positive micro-relief
on the surface, The deposit at 8E/3 shows banding of up to

1-2 cms thick, with white bands alternating with rather

'H~‘
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darker, pale orange bands (plate 18)., In Preftejohn‘Gully':
diatomite cliffs show very striking banding with 1ayérs of
fine light brown sand alternating with white silt, Tﬁe-
sand layers, usually narrower than the silt {of the ofder

of 3-1 cm) are less resistant and form negative micro- _
relief. (See plate 19) Regular parallel banding of whifér,jy
grey and orange layers (again the order of %-1 cm thick,” :
with the white layers thickest) is seen in many of the g
weathered diatomite outcrops above the Nderit valley, ﬁ
such as 10/13, 10/6, 10/7 (plate 20),

Other laminated diatomaceous deposits havé been

explained as the results of seasonal rhythms of sedimen-
tation, i.,e, the bands are a form of varves, Examples are
the Kiddle Pleistocene diatomites of Valle dell'Inferno
Riano, Rome, described by F. P. Bonadomna (1965). 1In £hese,
a pair of light and dark bands averaged 1,05 mm thick; a
study of the diatbms of the bands did indicéte a variation
which could be explained by considering the dark bands as
( resulting from summer sedimentation, the light bands from
the winter, Tippett (1964) studied deposits from two small
lakes in Ontario, C%nada; here the thickness of a light-
dark palr was only 0.2-1 mm, The evidence of the pollen
and diatoms in these bands suggegted that the 1ight bands

represented summer deposition, the darker bands the winter }

deposition, . k |
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'yearly deposits of sediment calculated for these regions

Richardson (1965 pp. 143450) described layering frém‘
some sections of his Naivasha core., 1In these pairs of
layers the lighter ones, probabiy richer in diatoms, weré
the narrower. The width of the layers varied but was >
usually not much more than 3 mm, Richardson worked out
that "the total average 'varve'! widths for both the tbpﬁy

and bottom portions of the core are less than the average

from radiocarbon dates" (p. L49). He concluded however
that these layers probably were varves and that the dis-
crepancies in thickness were caused by various sedimentation

irregularities.

It is impossible at this stage to come to a definite
conclusion about the nature and origin of the banded
diatomaceous silts in the Nakuru-Elmenteita basin., It.can
be assumed that the main components of these deposits are:
(1) diatoms which lived in the former lake and (1i) silt an@‘
other impurities, brought into the lake by the streams
draining the catchment. Variations in the composition and
rate of deposition of the sediment could therefore result
from (1) variations in the abundance of diatoms, probably
depending on fluctuating nutrient conditions in the lake,
or (ii) variations in the amount of silt being brought into?
the lake; the underlyiﬁg cause in this‘case would pre- é

sumably be changes in runoff and erosional conditions on
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the catchment,

All the banded diatomites in the Nakuru-Elmenteité
basin may not be of the same origin, Some, in particular _7
those laid down quite near the lake shoreline, may owe
their banding to variations in the amount of silt enterlng
the lake, while others, laid down in deep water beyond the'f
range of most of the coarser silt particles, may be banded
because of changes in abundance of diatoms, 1t seenms h
unlikely that a simple Seasonal hypothesis of two bands or
denos1t10n to a year can explain all of these sediments,
tost of the bands in the Nakuru—Elmenteita basin are wider
than those described- by Richardson, Tippett and Bonadonna
(above). A rate of accumulation of diatomite of ;ver 1 cm
Per annun wéuld seem rather high, even in this silica-rich
tropical environment.

Under the climatic regime of this area today, it is
unlikely that simple "2 phase® annual varves would be °
produced. Kilsson, in his discussion of some o?her varved
sediments in the Walturu-Elmenteita basin (1931 p, 306)
Suggested that each annual varve should have four components .
(two rainy and two dry seasons) but stressed "there is
required a very thorough study of these sediments before we
can determine with full certainty what is to bg referred to
one varve", Duripg this century the total annual pre~

cipitation in the Nakuru-Elmenteita basin has varied over a .




. seasons and the months during which most rain fell, Iﬁ;iS'

considerable range, and so have the lengths of the raiﬁy

possible that a similar high variability prevailed under
the generally moigter conditions when the diatomites were
being deposited,

It is clear that the problem of the banded diatomi?es

of the Hakuru-Elmenteita basin needs further stuay. This

- should include a comparison of the diatom assemblages in

thé light and dark bands in each deposit, and a étudy of
the impurities in the darker bands. At present, although
it seems clear that some rhythmic mechanism has produced
these bands, they should not be interpreted in terms of
years of sedimentation,

Since it seems impossible at this stage to use the

: nethod»of 'varve~-counting' to work out the numbers of years

covered by these éédiments, estimates of the length of
time involved in their deposition must be approximate only,

T is possible thaf the small, rather silty deposits, of

-

the order of 2-3' thick, occurring at quite high altitudes

- within the area of the former 600 foot lake {e.g. 2/11,

3/6), result from deposition over several hundred years;

ﬁ larger, purer deposi@s, such as those at Eburu (8E/3) and
' of course Kariandusi and Soysambu, could imply several

thousands of years of uninterrupted lacustrine sedimentatiqn.?l

i"
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(§i}) Dating of diatomites: at present there seems to be

j

no neans of dating to be obtained from the diétomites
themselves., 3Being nade up almost entirely of silica,

.| radlo-isotope techniques of absolute dating cannot be used; g ;

i at the same time the individual diatoms do not show any -
appreciable evolution within the time-range of these.ﬂift
Valley deposits, Absolute dating may be possible where the
idiétomites contain shells; k@he carbonate from these may

/be dated by carbon-1li analysis, ‘his has been done for

diatomites in the Sahara and L was lucky to find a séotion } 

10 (8V/8) where fresh-water mollusca occurred in quite a pure i ?“‘i
diatomaceous silt. (See Appendix B) Where suth material is L
not available, estimates of the age of diatomites may be

~
mede from archaeological and fossil material found in

association with them, and from their position in §
stratigraphical sequences, ‘. ;

i (iv) Studies of changes in diatom flora: an example of suchi

: 'E a study is Richardson's work on a core taken from the f' :ﬁ w
sediment below Crater Lake, Lake Nalvasha. The diatons 153
~the different sections of the core were studied and the
% species counted, Hineralogical and chemical aspects of the
core were also studiid and carbon-14 dates were obtained at :
three depths of the core. It was possible to trace the é
history of Crater Lake from a time about 9000 years ago when

it was deeper than it is now, to a pefiod about 3000 years
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ago when 1t appears to have dried up completely, to the
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present rather small lake, . , NCAEIS

Although other aspects of the core were sﬁudied, the: % :

| basis of the investigation was the change in diatom T ,‘i |
assenblages. These showed sharp variations within tﬁe.core£ o
and Richardson suggested "that these organisms [diatomsJ'aré'

: a sensitive index of varying lake conditions" (1965 p, 235)3

* Ee distinguished two frequently occurring assemblages; theé

h B variations in species were said to be influenced by changesi;

in lake level and in the fringing and aquatic vegetation of?i

the lake, The lower part of the core, laid down in the

’i% large lake, vwas characterised by an assemblage of V1t23chia "ﬂ

fonticola, Lielosira and Stephanodiscus. Increasing numbers*

of species of Fragilaria from metre 14 of the core 1ndlcated
2 shrinking lake and more littoral conditlons. The ;
characteristic assemblage of the upper part of the coreg wasé

dominated by species of Melosira and Synedra and was said

to be very similar to the assemblages at present found in |

some of the small lakes in the Western rift,
A study of this kind can produce useful information

L about changes in a lake; it is, of course, not always

certain that the changes in size and salinity of the lake
which may be traced in this way are the result of climatic zk {f
change, There are also problems assoclated with the inter-x ]f'i

pretation of the diatom assemblages in terms of environment




made of a section of diatomaceous silt from one of the
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This is particularly true in the tropics, since rather

little is lmowm of tropical diatom ecology, and, according,‘

to Richardson: "The habitat designations accorded to diatbm

genera (or even species) in temperate regions often do not

-~ fit well in the tropics® (1965 p, 111),

It is possible that a similar kind of study might be

grposures of the Nakuru-Elmenteita basin, which would
indicate'a progressive shallowing or deepening of the lake i

during the period of accumulation of the silt., However it

is doubtful whether such a study on an isolated diatomaceousi

—

éilt exposure would give any useful information about the

sequence of lake level fluctuations in the basin., A study
of a core from beneath Lakes Nakuru or Elmenteita would be
of much more valué, in particular in indicating whether any
rrolonged peniods of desiccation of the lakes have occurred
during the last few thousand years,

Diatomites of the WNakuru-Elmenteita basin

Diatomites or diatomaceous silts are found in each of
the groups of rocks listed in Chapter 3, from the Lower/
lower kiddle Pleistocene Enigma Cove sediments'te the most
recent deposits clos§ to Lake Naluru and at the top of the
iakalia and Nderit sections., They indicate a long history
of lacustrine sedimentation in the basin,'interrupted at

times by major and minor episodes ofvtectonics and
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vulcanicity.

The Kariandusi diatomites seem to have been described
‘! . by the first European to see them Thomson, thus: "The

trachytic rocks over which the Kekupé runs have, by some

4

}35 <+ chemical process, been altered into a white and soft rock, EH'; o ﬁ

o v exactly fesembling chalk in colour, weight, and hardness"

(1885 p. 349), , Thomson's "Kekupd" river is probably the

"préqent—Qay River Kariandusi, Reference was made to the
Kariandusi diatomites in a paﬁer by M, Ferguséon (1901)
and a list of species, prepared by T. Comber, included with
f? 1 it, Short papers, by Hobley (1910) and Creighton (1911) i‘
1 mentioned among others, the Kariandusi and Nderit valley

diatomite deposits, and included some slides of the

diatoms, Gregory (1921) divided the Zlmenteita basin lake
sediments into two groups: "some are quite modern, but some
of the others, as around Soit-Sambu and E, of Lk, Elmenteita,:’ 5 }3

nay belong to the Nyasan series™ (p., 200).

Solomon (in Léékey 1931b pp. 255-7) gave a diagrammatic éi;%
section of the Kariandusi deposits and divided them into
Upper and Lower Kamasian (said to be faulted by more than
100'), overiain unconformably by Gamblian silts, Pulfrey :
{unpublished report ih Dept., of Geology and Mines, Nairobi, ; %;;;
I% dated 1944) considered that Solomon's section and explanation ; :

vere oversimplifications, -but he also suggested a rather f

! similar threefold division., He was perhaps the first to

i
i
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suggest that the overlying "Gamblian" silts were riverine
rather than lacustrine in origin, MeCall (1967) included
some sections and diagrams from unpublished reports. by.
Pulfrey and Saggerson and gave a brief account of ﬁhe mining
and uses of diatomite, such as insulation, filtration and i
fillers,

_ A living site of Acheulian man, with many fine 1ava?
and obsidian hand-axes, was found in beach deposits above
the main diatomite layers at Kariandusi. The correlations
of this industry with others in East Africa, and the
inplications for the dating of the "Kanjeran" deposits
which enclose it, are discussed in the sectioﬁ on archaeologyé
Appendix C, %

West of Lake Elmenteita, on the gently sloping ridge

between the lakes, is the diatomite deposit of Soysambu, alsoé
known as Kockum and Brown's (map 3). This deposit is ;
attributed by leCall (1967) to the Middle Pleistocene, i.e,
contemporaneous w1tn the Kariandusi diatomites, This

correlation appears to be based mainly on the fact that H
i
these were the two largest exposures of pure, white dlatomiteJ

suitable for mining, and are quite close to each other on
either side of Lake Elmenteita. 1 am slightly doubtful about ;.
this correlatior, and feel that the Soysambu diatomife might
be younger (Upper Pleistocene) and cou}d be cqrrelated,with

diatomites‘at Oldobeye (10/18) and Eburu (8E/3). My
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recasons for believing this are the following: (i) the

Soysambu scction seems to be quite horizontal, and consists

of a concordant, unbroken sequence from the pure. diatbmité,-j

through fine pale brown silts to coarser darker silts to ; ﬂ

the present surface, In the section 1 studied, the iwhite

diatonite was reached at a depth of about 8'; Saggerson

{in lieCall 1967 p, 108) recorded thinner overburden; ofﬁl

1

"to6'., There is no evidence of any faulting or tilting orf .|~

fk‘the depoéits, and the overburden might well be the kind of

naterial that could develop above the diatomite during a

few thousand years of weathering, It seems to me rather
unltikely that such tranquilliity is recorded in the Soysambu
section if it does in fact date from the Hiddle Pleistocene,
and hence predates episodes of faulting and vulcanicity and
probable fluctuations in lake level. (The Soysa@bu exposure
is at about 6200', well below the 600 foot shoreline lewvel, )
(ii) The Soysambu diatomite might be correlated with the
others mentioned above., The Uldobeye pit is close to the
Ssame altitude and shows a very similar kind of sections

the Eburu pit is’higher (altitude 6320') but appears to be

a shoreline deposit overlain by conformable bands of sand

and pebbles, N
It is possible that a comparison of the diatom assem-

blages of the Soysambu and Kariandusi deposits might prbvide :

an answer to this question., On the other hand the diatom

N




assenblages in each case might be typical of deep water

scdimentation and not show any significant differenceé

that might help to determine whether or not they were laid

down in the same lake, - k

A number of small isolated exposures of diatomite

’(8E/2,3,4) are found in the southern part of the basin, at
altitudes above 6400', and have been discussed in Chapter:s5,
Conclusion

In the volume published as a result of the 1965
Symposium on African later Tertiary and Quaternary
Stratigraphy (Bishop and Clark 1967} it was said that, for
indicating ecological ‘conditions, "Studies of diaboms
collected from East Africa have also proved disappointing,
o a certaln extent, the different species indicate the
depth at which they were living, but they give little
indication of the salinity of the lake" {p. 402),

I would suggest that diatom studies can be of more
value to a study of.kast African Quaternary geology and
palaeoclimatology than is implied by this comment. It does

| appear that their value for purposes of correlation and -
%Vcomparison between separate isolated deposits is likely to
be rather small, since the assemblages indicate only local
conditions and do not show any wider zonal variations or
evolution. 8tudies such as the one by Ross‘of the Rirft

Valley diatomites are not likely to contribute a great deal
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investigations,

nore to our knowledge of former lakes and climatic

fluctuations than can be obtained from wider geological

On the other hand a study 1like

Correlations between different areas may be made when

~enough such cores have been studied.

such evidence may not be so easily interpreted from

outcrops on the surface and higher up in the basin.

~

Richardson's, in which a Sequence of change with time is *

 % s traced through a single core, is likely to provide much
 % : useful information of relative ecological conditions, ﬂ
R ) ‘

Cores takén from 1akef

beds are particularly valuable in indicating periods of &

& 3 desiccation of the aquatic environments in a2 lake basing i
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APPENDIX E

CALCULATIONS FOR CHAPTER 6 STRENEE S

The'equation;—

AL-E = PL.AL + AB.PB.K { 

:. Ay area of lake surface (Lakes Nakuru and Elmeﬁteita)r ‘%
f_AB area of rest of catchment V  ?
. B evaporation from lake surface‘ i%
é'PL precipitation on lake surface (?
? PB ‘ precipitationlon rest of catchment 1?
X runoff constant ﬁ

Calculation 1

To arrive at a value for K under present conditions @
in the Nakuru-Elmenteita basin. o

%l A 20 sq. miles

b
]

AB = 790 sg. miles
= 74" p.a. .

E
P. = 25" p.a.

L
PB = 38" p.a. |
20 x 74 = 20 x 25 + 790 x PB x K f

. I | K = 1.24" p.a{ : : ff
P :.' ’ . ;"
A K = 3.26% { o

0f the precipitation on the catchment, 3.26% contributes

to the recharge of the lakes.
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Calculation 2A

Assuming (i) the lake at the 600 foot level
(ii) evaporation essentially the same as at the preseﬁt,
Erlessened only by the influence of increased cloudiness‘and
humidity to a value of 70" p.a. (iii) in this case Py = PB,;
:i.e. the rainfall is assumed to be the same on the lake:
- surface as over the rest of the catchment. Under presenf
“day conditions this is far from true; it can be said thét
i PL is approximately half of PB. When the lake surface was
'\600 feet higher the pattern of atmospheric circulation in
.E%he basin would have been rather different and the rain-
éshadow effect in the centre of the basin would certainly 3
have beén less. Although this is still an approximation,
and the rainfall was probably higher on the highest western

part of the catchment than on the surface of the 600 foot

lake, it seemed better to assume that in this case P. = P

L B’

rather than P = $Pg. (iv) K fs taken to be 3.26%.

<i

Ay = 288 sq. miles

AB = 522 sg. miles
3.26
1283 x 70 = 288 x PB { 522 x PB X 556

! '
PB = 66.1" paa.




;ﬁ | Calculation 2B

. Conditions as for calculation 24, but value of K
_é taken as 10%.
‘ 288 x 70 = 288 x PB + 522 x P —Q-

;_n
O

= 59.3" p.a

¢

Caleulation 2C

Conditions as for calculation 24, but value of K

? taken as 20%.
288 x 70 = 288 x P, + 522 x P x 205
i . 5

= 51,4" p.a.

" Calculation 2D

Copditions as for calculation 24, but value of X

taken as 30%.

288 x 70 = 288 x Py + 522 x Py x 29

= 45.3" p.a.




i

'

ol

i

I
S

™
Calcubation 3A
—=

-]
Assuming (i) the lake at the 600 foot level

(ii) evavoration of 60" p.a.

3.26%.
Ap = 288 sq. miles
AB = 522 sa. miles
288 x GQ = 288 x Pp + 522 x Pp x

Py = 56.6" p.a.

-Calculation 3B

Conditions as for calculation
taken as 10%.
522 x PB X

\
288 x 60 = 288 x PB +

Py = 50.8" p.a.

Calculation 3C

Conditions as for calculation
taken as 20%.

288 x 60 = 288 x P + 522 x PB x

B

PB = 44.,1" Peldes |

Calculation 3D )

Conditions as for calculation

" taken as 30%.

(i1i) Py = Py (i) K is

but value of K

(=
(@]

)
O
(@]

but value of K

34, but value of K

338




(i) evaporation of 50" p.a. (iii) P

3.26%.

¢ e
i 30 S
288 x 60 = 288 x Pp + 522 x PB X 55
Pp = 38.8" p.a.
Calculation 44
Assuming (i) the lake at the 600 foot level ) ﬁ

L= PB (iV) X ‘is"':

A = 288 sq. miles '
AB = 522 sg. miles
= ) 3.26
288 x 50 = 288 x PB + 522 x PB X 55 N
PB = 47.2" p.a.
Calculation 4B
Conditions as for calculation 4A, but value of K taken as
10%.
288 x 50 = 288 x P, + 522 x P, x 2.
- B B 100
—_ n .
PB = 42.4" p.a.
Calculation 4C , ' F
. Conditions as for calculation 4A, but value of K taken as 2
- 208, :
288 x 50 = 288 x P, + 522 x P_ x 20
| x 30 = B B * I00 ;

i




288 x 50 = 288 x P, + 522 x Py x %9-

340

Py = 36.7" p.a.

Calculation 4D

Conditions as for calculation 44, but value of K

taken as 30%,

00
'PB = 32.4" p.a, -

Calculation 5A

Assuming. (i) the lake at the 600 foot level (ii) no

" change in precipitation; rainfall on lake and in rest of

catchment taken as 38" p.a. (iii) K is 3.26% (iv) the
whole of the increase in voiume of the lake is thus to?be
explained by a decrease in evaporation from the lake
surface. / .

AL = 288 so. miles

A3

288 x E

]

522 sa. miles

288 x 38 + 522 x 38 x 2528

1]

E = 40.2" Delos

‘Calculation 5B

Conditions as fo} calculation 5A, but value of K




1288 x E = 288 x 38 + 522 x 38 x 2

288 x E = 288 x 38 + 522'x38x-3-8-—

taken as 10%.,

8 x E = 10
288 x 288 x 38 + 522 x 38 x 706

E = 44.9" p.a.

* Calculation 5C

J

Conditions as for calculation 54, but value of K

taken as 20%.

o

[
(@)

0
E=51.8" p,a.

3%Calculation 5D

Conditions as for calculation 54, but value of K

- taken as 30%.

100

E = 58,7" p.a.

Calculation 6

Only a slightvfall in precipitation would

be

‘necessary to end the existence of Lakes Nakuru and
. Elmenteita as bodies of water. During paris of the 1940s
-and 1950s the lakes were in fact reduced to smgll puddles

.on a saline crust. It appears that the lakes (and Lake

tNaivasha) were at their lowest between about 1945-1955.
[ ) :




lean annual rainfall over Nakuru—Elmenteita catchment’;
1938-1964 38.3" p.a.
1944-1954 36.0" p.a. ,
The annual rainfall over the years 1944-54 was fhus about
94% of its value between 1938-64, If the rainfall hag
continued at its 1944-54 value it is unlikely that the

S

1akes would have fillegd up again. Thus if the annual

crainfall was malntalned for any length of time at about

3n P.a. below its nresent value, the lakes would cease
to exist. A similar increase in annual evaporation, of

less than 3", might be expected to have g comparable effect

. on the lakes. Such an increase in evaporation, according

to Langbein's flgures (1961) could bve caused by an

¢

increase in mean annual temperature of only about 1°¢.
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FIGURENS..

ANilsson's levelli of shoreline features

I, "¥ave cut-terrace"

|
II, "Barrier" ¥
"The arrows show the parts of the shore-lines 5?
which are best marked and which I 1evelled“ : .
- (Nilsson 1931 fig. 36) R |
? o




cc
tt

FIGURE 6

My levellingz of shoreline features

—-

approximate slope of cliff
approximate slope of terrace

The point at the intersection of the lines cc and tt
is taken as representing the height of the notch at the
base of the cliff and thus the approximate height of the
former lake level.

beach pebbles on the terrace; in most cases the upper
limit was some distance below the base of the cliff,
sand and silt found in sections with pebble beds at a
rather lower altitude,
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MAP 1: EAST AFRICA AND THE POSITION OF
THE NAKURU~ELMENTEITA BASIN,

P Area inside dotteq square is shown in
g maps 2 and 3,

NK . - Lake Nalturu

[ E - Lake Elmenteita & Rudolf
NI -~ Lake Naivasha
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MAP 4 THE MENENGAI CLIFE

Approx  1/2 mile”.

The shoreline chff and the profiles  level

across it (with numbers)
Recent lava flow (trachyte)
Rounded pebbles scattered on the surlface

Pebbles exposed in sections 1’7. 1’23.1 294|,31, :

2[2 2f11.4fs

Dranage hines and gullies. usually dry:




ﬁMAP 5t THE BAHATI-MENENGAI DIVIDE (Area marked -OF on map-3)

&
i
i
3
B
¥
:

o | MENENGAI
: | .CRATER

i
|
H

’ !
: : 3 chey
§ : &; 6350
: k g
! £ i \ i
{ 't BAHATI PLAIN Cod

;Approximate‘scale of map is 2.8 inches to 1 mile.

“'The contours are sketched from those on the 1 : 50,000
&7 map, no. 119/1 (4th edition). 7

‘The spothelights were 3ixed by my levelling; heights
are in feet (5.D.) L
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ﬁlate Al (in pocket at back of volume): air photograph,

%cale c. 1:60,000. Shows;— (i) the southern rim of

ﬁgnengai caldera (ii) the town of Nakuru (iii) River

'ﬁjoro flowing towards ILake Nakuru (iv) the gullies-.on

;Kénengai and their endings at the level of the Menengai

éhqreline (v) the Menengai shoreline, best defined between

'iihe points marked e (vi) the Misonge shoreline, between

Lo
‘¢he points marked x (vii) Hyrax Hill and Water Tank Hill
&(viii) the belt of trees round the north-east side of the

:élake'in which lies the Kiboko shoreline.

L

. Number of photograph: V134 1079 020 Kenya.

iPlate A2 (in pocket at back of volume): air photograph,

- 'Secale ¢. 1:60,000. Shows;- (i) the southern shore of

Take Elmenteita (ii) the volecanic cones Split Hill and

Karterit (iii) young lava flows %o the sodth and west of

these cones (iv) locality 8v/8, from which the mollusca

were taken, marked X (v) the Kariandusi distomite mine

-
f in the north—east'corner of the photograph (vi) the

. Gilgil escarpment along the easterm side of the photograph;

| the lines of both the new and old roads up the escarpgents

; are visible.

|
.
i

Number of photograph: V13A 1072 013 Kenya.

Both of these are Ministry of Defence (Air Force Depa?t-

ment) photographs; Cﬂown\Copyright Reserved.

\
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Plate 1(a): the western end of the Menengai
shoreline; this ;s the spur across which profile
‘l was levelled (see map 4). The photograph was
* taken from below the cliff. The mouth of one of
’ffhe dry gullies is shown to the right of the

photograph.

flate 1(b): this shows the eastward continuation
of this shoreline, and overlaps with Plate 1(a).
The same gully is visible to the left of the
photograph, and two spurs to the right of it.
Profiles 2 and 3 were levelled across these

spurs.
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~Plate 2: the Ménengai shoreline, western end.

The photograph was taken from on top of the cliff,
on the qpprgximate line of profile 1, looking
east along the cliff across which profiles 2 4o

9 were levelled. The base of the cliff shows up
especially clearly because of the vegetation

discontinuity at its foot.'
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© Plate 3: the Bahati-Menengai divide. The photo—

graph was taken looking into Menengai crater

from the main road Nakuru-Solai, slightly north

"of the point with altitude 6394' on map 5. The

highest point on the rim of ‘the caldera shows +o
the'left. One of the youngest lava flows within
the caldera can be seen just above the power line,

rather.dark in colour.
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Plate 4: beach pebbles on Menengai, lying overfén~
outerop of vitreous tuffs and ignimbrites‘(shdwing
in particular on the righf\of the photograph)qx_

.These pebbles occurred along Maragoli Avenuef(seé
map 4) at altitudes of 6350-6380" S.D. The séale

is ‘graduated in inches.

¢

Plate 5:vbeach pebbles on Lion Hill near locality

5/16 (see map 3). The altitude of these. pebbles-

is about 6380' S.D.

et




Plate 6: beach pebbles from the North-east Elmenteifa“
area, at approximately 8/1 on map 3. DPebbles like
this‘occur widely betwwen heights of about 6140-

© 6260' S.D.; these ones were photographed towards \

“the lower end of this range. , i

Plate 7: beach pebbles in a section over lava, close

0 the former Eburu station (8E/3 on map 3). The_

altitude of this section is 6256' R.D. (=6350%3" S.D.)a'
;

Pebbles are found on the surface here up.to_about
10' above this& they are 'also found overlying

diatomaceous silts in section 8E/3 (plate 11). :
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Plate 8: grey pumice pebbles exposed in the wall

of Pqettejohn Gully at an altitude of abou’b
6300°. Similar pebbles are exposed here up to

‘an altitudé of about 6335' R.D. (=6329%3"' S.D.)

Plate 9: pebbles in section at 9/1 (see map 3).
The altitude of this pebble band is 6361' R.D.

(=6356%3" S.D.). It underlies a layer of red

sand and overlies a narrow band of impure

.
diatomaceous silt.




Plate 10: stratified layers of grey pumice Debbles1
from 1/7 below the Menengai shoreline (see map 4),

The altitude of these pebbles is about 6343 S.D.

Plate 11: pebbles over diatomaceous silt at 8E/3.,

The altitude of this section ig about 6300' R.D.

(=6294%3 S5.D.). The knife is about 22" long,
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Plate 12: section 3/6 on the Bahati plain (see

map 3), The altitude of this section is about

6343 S5.D. The section shows;- (i) dark coloured

% L _ S0il at the tbp (ii) a layer of light brown N R

diatomaceous silst (1ii) a bang of rounded pumice 'f‘

pebbles ‘(iv) a’'layer of less well-rounded pumice
fragments

i
P

(v) surface of lava sloping gently down 5
t0 the sowth-east (towards right-hand side of V
photograph).

Plate 13: section 3/6. Detail of pebble beds

overlying the lava.
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Plate 14: the north-eastern slope of Karterit
volcano, photogravhed from along thé track to
Kariandusi station (above 8/12 on mép 3). Two
lines can be Seen on the slope. The photograph
was taken in early March, before a fresh growth

of grass durlng the ralny Season had made the lower

~ line very hard to see. The western side of Karterit

is not visible, but ig hidden behind the hillside -
on the right of the photograph,

~

Plate 15: g closeup of the upber line on Karterit,

The cliff is overhanging and is cut in the yellow
slabby tuffs of the volcano. The altitude of +the
base of the cliff at this point is about 6360 S.D.

P
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map 3). "The altitude of this exposure is about

6192 S5.D. The pencil is 6" long.

’&f‘\“\,/

Plate 16: molluscs - in diatomaveous silt at 8v/8 (sée;




Plate 17: section 8/5; lava and diatomageous silt
in a road'cutting on the main road between Gilgil
and.Kariandusi (see map 3).
quqsure is probably rather below 6400', These
appear to be some of the oldest diatomaceous

silté exposed in the Nakuru-Elmenteita basin,

The altitude of this




The altitude of this exposure ig about 6290' S.D.,

S1i&htly below the pebbles ang diatomaceous silp .

‘in plate 11, The knife ig 22" long.

APlgte 19: bandeg diatomaceous silt from

Prettejohn Gully. The altitude of thege 8ilts is
about 6260' R.p.

The dark bands are made of fine
. brown sang which is not firmly consolidated ang

is less resistant than the white diatomaceous s%lt.
The bands can be traced along the éxposures in ﬁhe_'

gully walls for Several yards, The pencil is 6" -

long.
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The base of the diatomaceous silt is at 6256' R.D

B

Plate-20:,diatomite residual (10/13) on the Miti .~ ..

Mingi terrace near the River Nderit. Banded

diatomaceous silts overlie coarse orange silt,

(=6250%3" 5.D. ;.

Plate 21: diatomaceous silt ovérlying coarse
reddish-orange silt in a section (8/3) on the
Rivef Kekopey. The diatomaceous silt tapers out
and is 1gst from the top of thi section a short
distance upstream from this expﬁsure, at an

altitude of about 63I1' S.D.
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'ipart of the cliff and overlies coarse bright red

ﬁsilt.ggﬁfe contact between the two layers is just h

Plate 22: the Magharibi cliff south of the River .
Makalia. Fine dark grey ash outcrops on the upper ' g;

below the horizontal ranging rod and is at an w7 ;
altitude of 6131' R.D. (=6125%3' S$.D.). Rounded o

white concretions are washing out from the red silt

Ehd cover the ground below the cliff. The

altitude of the base of the cliff is about L
6128* R.D. (=6122%3' 5.D.)(see figure 2). A
~
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/ Plate 23: material from the lower be& of 'aeollan
"sand' (layer 8) in Gamble;s Cave. The smallest
-particles in this photograph‘are sllghtly over
1 mm in diameter. Nost of this size range of thé ny

'isgmﬁlé'éqnéisted of rounded particles of light

‘H-greY‘pumicem -

A i

Plate 24: material from the lower bed of ‘'aeolian
sand! (layer 8) in Gamble's Cave. These particles
are in the size range 0.15-0.25 mm\ Most of the\\

particles are angular and have unworn surfaces.




