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ABSTRACT 

The objective of this thesis is to provide a better 

understanding and correlation of the lacustrine 

palaeoenvironments of the late Tertiary and Quaternary rift 

sediments within the basins of Lakes Nakuru, Elmentaita and 

Naivasha. The study involved both field and laboratory 

investigations. In the field, detailed geological mapping, 

description, stratigraphic measurements and interpratation of 

rock outcrops were undertaken. Collected samples were 

subsequently subjected to petrographic and geochemical 

laboratory analyses. Both the field data and laboratory results 

were further subjected to computer analysis and results 

presented as naps, stratigraphic sections, tables, graphics, 

triangular plots and correlation fence diagrams. A survey of 

the strata within these basins yielded localised composite 

fluviatile deposits of mainly alluvia-lacustrine stratified 

tuffs and relatively thin diatomaceous beds. Over 50m thick 

diatomaceous lacustrine deposits at Kariandusi diatomite nine 

formed in an extensive lake on the rift floor and is an obvious 

evidence of an extensive old lake formation on the rift floor. 

The lake beds formed thick tabular sediments on unstable 

faulted rift floor and were later incised by rivers which are 

then infilled by high energy polymictic volcaniclastics 

fluviatile conglomerates. The erosional contact separating the 

fluviatile and lacustrine lithofacies provide useful marker 

for intra-basinal correlations. Stratigraphic sections of thick 

diatomaceous beds at Soysambu mine document another extensive 
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shallow palaeo-lake on the contemporary divide plain between 

the basins of Lakes Nakuru and Naivasha. 

The stratigraphic data, sedimentology and lithofacies 

established correlative lithological sequences within the 

sedimentary basins in the area. The results convincingly 

indicate significant differences between basins and largely 

support the occurrence of distinct but possibly 

contemporeneously evolved depositional environments. 

Lithofacies were uniquely diagnostic of specific depositional 

environments, and often reflected the physical sedimentation 

processes. The findings hence highlight descriptive framework 

of the sub-environments, their sedimentology, lithofacies 

evolution and variations within the basins. Over 95 percent of 

the sedimentary infill of the basins are mainly volcaniclastic 

detritals of alluvial and fluvial origin which were formed in 

fault-controlled traps associated with the Plio-Pleistocene 

evolution of the rift floor. Less than 5 percent of the 

clastics constitute lacustrine deposits. 

Despite the thick recent alluvium cover, numerous Pleistocene 

grid faulting and discontinuous sediment outcrops, the 

geochemical results indicate the existence of several isolated 

and distinct depositional lakes and non-lacustrine 

environments. These results further confirm that statistical 

data manipulation may be useful in the understanding of the 

relatively scattered lake sedimentations within the Kenya rift 

valley . 
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CHAPTER 1 

INTRODUCTION 

~.1 Introduction 

Lake deposits conta~n detailed record of local climatic, 

hydrologic, sedimentologic, tectonic, geochem~cal and 

biochemical conditions which provides an invaluable guide to 

the understanding of the continental environments and their 

evolution in geological times. Apart from interest based on 

economic factors related to the associated diatomites, brines 

and evaporites, Kenya rift lake sediments have not attracted 

detailed sedimentological studies although they are obvious 

natural archives for processes in non-marine environments. 

They provide potential field laboratories where geologists may 

be able to define the nature of the lake formational processes, 

their evolution through time and their link with the deposits. 

Local tectonic and associated volcanicity have important 

consequences for lacustrine sedimentation within the Kenya Rift 

Valley at any particular geological time. Lakes with permanent 

outlets, would normally have stable shorelines hence inflow 

plus precip~tation on the 1 ake surface is balanced by 

evaporation plus outflow. Commonly sediment formations in 

such lakes are dominated by river-born clastics whereas in 

situation where bas~ns are protected from such input, chemical 

and biochemical sed~ments may become dominant. In hydrological 

1 



closed basins such as the ones in wh~ch Lakes Nakuru, 

Elmentaita and Naivasha evolved, the balance is more delicate 

and loss of water through evaporation, on average, exceeds 

inflow. Changes in this balance are reflected sensit~vely by 

the scattered lake sediment remnants which also dep~ct past 

periodic changes of paleolake levels. 

1.2 Location and drainage network of the basins. 

The Nakuru Elmentaita and Naivasha Bas~ns lie within the 

central part of the main Kenya Rift Valley (Fig.l-1). The 

bas~ns covered an area of approximately BOO km2 (Fig.l-2). The 

three basins are more or less broadly separated ~nto two 

geomorph~c units, a relatively extensive Nakuru-Elmentaita 

Basin and the Naivasha Basin. The former is defined by the 

Menengai Volcano to the north, and Mount Eburru Volcano to the 

south. The southern flank of Mount Eburru marks the northern 

edge of the Naivasha Basin. To the south the Naivasha Bas~n ~s 

defined by the Longonot volcano. Both the Nakuru-Elmentaita 

and the Na~vasha Basins are located within the rift floor. On 

the~r eastern and western limits the basins are defined by the 

north-south aligned faults of the Mau Escarpment to the west 

and Bahati-Mbaruk-Gilgil Scarps to the east. From both the 

eastern and western bounding flanks repeated step-faulting 

dropped the rift valley floor. The area is geologically act~ve 

(Plates 1b, Sc) and neo-tecton~c faults are registered in the 

recent lacustr~ne deposits and tuff cones. 
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Lake Nakuru at 1758 m a.s.l.is a salt impregnated shallow pan of 

water ly~ng ~n fault graben between the Lion H~ll (2097 m a.s.l 

in the east and the Mau Escarpment on the west . The floor of 

the Rift Valley around Nakuru is characterised by a 

The lake water is saline due to 

porous 

rap1d pumiceous lava. 

evaporation of the shallow water body . The lake pan is 

recharged mainly by rainfall through increased surface 

drainage during the wet weather while underlying groundwater is 

replenished by water losses through infiltration of surface 

streams particularly from Rivers Njoro, Larmuriak, Makalia, 

Enderit and Ngosur. The Njoro, Larmuriak, Makalia and Enderit 

~iver systems drain the Mau Escarpment into Lake Nakuru (Fig . l-

2). They apparently loose much of their water through percolat­

ion 1nto the generally porous or fissured zones, leaving only 

very little surface flow to reach the lake. The bulk of their 

accrued flow is considered to reach the lake as ground water 

below the lake (McCall,1967). Thus River Ngosur a permanent 

stream, and several minor streams flow as runoff on the 8ahat1 

plains before disappearing underground to feed water table 

under Lake Nakuru. Lake Elmentaita is situated within a comple~ 

fault trough at an altitude of 1777 m. The basin is defined by 

Mbaruk Fault Scarp ln the north, Bahati Escarpment and the low 

Gilgil Escarpment separating it from the Naivasha bas1n into 

the south. The lake is a shallow saline pan similar to Lake 

Nakuru although it is floored by relatively rather coarser salt 
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impregnated sed~mentary material than Lake Nakuru. Its surface 

water is recharged by the R~vers Meroroni, Mbaruk and Kariandu­

si and l1ke Nakuru 1t is also fed from the water tables. 

Evaporation accounts for its high salinity. The Meroron~, 

Mbaruk and Kariandusi Rivers flow southward from the Bahati 

Escarpment into Lake Elmentaita . Like almost all streams in the 

Nakuru - Elmentaita and Naivasha Basins, these rivers taper as 

a result of considerable decrease through underground loss and 

consequently the amount of water reaching the lake 1s greatly 

reduced. River Kariandusi ~s over the years largely fed by 

quite constant hot springs on the Bahati Escarpment. These hot 

springs are probably fed by deep water bodies (McCall, 1967). 

Unlike the relatively saline Lakes Nakuru and Elmentaita, Lake 

Naivasha is a fresh water lake . The Lake Naivasha Basin formed 

in a trough defined by the nothern edge of an eastward sloping 

Mau Escarpment in the west, the Longonot Volcano in the south 

and the eastern extent is marked by the Kinangop-Kedong scarps 

of the Njabini Escarpment . An almost complete absence of th~ck 

sedimentary sequence in both surface sections and borehole 

record within the basin suggests that the lake is a contempor-

ary feature on the R~ft Valley floor . The lake is fed by the 

permanent Rivers Malewa and Turasha . River Malewa drains the 

Satt~ma Escarpment and has cut a steep walled gorge along its 

course into the lake. The river cuts across the lower Malewa 
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Go~ge along a fault line to its confluence with Rive~ Turasha. 

River Tu~asha drains the Kinangop Plateau collecting 

tr~buta~ies f~om the fo~ested massif of Kipiripi~i . The 

also has excavated a deep steep wall cut several hund~ed 

rive~ 

feet 

deep ~nto the flat topped tuff plateau and its t~ibuta~ies are 

s~m~larly incised. The steep walled incisions of these 

valleys appea~ to be due to sudden lowering of the base 

in the floor of the Rift Valley consequent on major 

river 

level 

fault 

movements of the Pliocene pe~iod . The two st~eams are united 

into a single flow southward to feed Lake Naivasha. 

1.3 Scope and objectives of the study. 

The prima~y objectives and scope of this research were first to 

establish the lithostratigraphic sequence of lacust~ine 

deposits within the basins of Lakes Naku~u, Elmentaita and 

Naivasha and associated sedimenta~y envi~onments. The initial 

and most essential task therefore involved wo~king out the 

lithost~atig~aphy, that is subdividing the ve~tical and lateral 

success1ons and finding marker beds fo~ correlating sediments 

within the three basins. Secondly, the investigation aimed to 

establish some basic stratigraphic correlation framework within 

and between the three basins . The thi~d and final goal of this 

resea~ch was to identify and attempt a reconstruction of the 

depositional history of the deposits in this central sector of 

the Kenya Rift Valley. 
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1-4 Previous geological work 

Thompson (1885) made the first ment1on of the faulted landscape 

of the r1ft valley around Lakes Nakuru and Elmentaita basins 

follow1ng his brief tour of the area. However, the earliest 

description and subsequent publication of the geology of 

Kenya Rift Valley can only be attributed to Gregory (Gregory, 

1896,1921) who reported evidence for former larger lakes in the 

central part of the Kenya Rift Valley. He suggested 

palaeolake represented two important periods of 

that the 

lacustrine 

deposition within the rift. The widely separated and 

scattered sediment remnants of Kamasia Beds in the Baringo 

Basin, Kariandusi sediments of Lakes Nakuru-Elmentaita Basins, 

and the Njorowa Gorge deposits to the south of Lake Na1vasha 

were cons1dered to be evidence of Gregory's larger lower 

Ml.ocene "Lake Kamasia". It was incorrect 1 y perceived that the 

northern l1mit of the vast rift lake was located near Baringo 

and extended south to form Lake Suess around Suswa and Longonot 

in the Naivasha Basl.n. Lacustrine sediments in the region were 

therefore considered to represent a single depositional episode 

which according to Gregory fitted into the geological 

established for East Africa. 
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The 1dea of lacustrine sedimentation in an extensive palaeolake 

i n the Nakuru, Elmentaita and Naivasha Basins received intense 

crit1cism (Cooke, 1957; Flint, 1959) but ironically was to 

influence and find stronger support in 

archaeological field e~peditions in the area 

Leakey ' s 

(Leakey, 

later 

1931). 

Leakey ' s excursions were primarily of archaeological concern 

although to considerable extent the investigations covered 

sediments and shorelines of the former lakes Nakuru, Elmentaita 

and Naivasha Basins. On the basis of the archaeological 

artefacts within some of these deposits, 

sediments a date of Lower Pleistocene. 

Leakey assigned the 

Nilsson mapped the shoreline features of lakes Nakuru, 

Elmentaita and Naivasha basins ( Nilsson, 1931 and 1940 ). The 

goal of his work was to use the sediment sections in the area 

to correlate climatic phases with moraine deposits on Mount 

Kenya. In search of evidence for higher lake levels in the 

area he described numerous shoreline features including river 

sections· at Enderit and Makalia areas which he considered to 

represent particular lake level fluctuations. Nilsson ' s 

results have been heavily criticised as most of his sections 

arose from tectonic processes rather than lake level 

fluctuations. Again his argument that both the Enderit and 

Makalia sediments were of lacustrine origin has been disproved 

by this author. While undertaking a purely geomorphological 
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study in the Lakes Nakuru and Elmentaita Basins, Cilia Nyamweru 

pointed out that the earlier correlations advanced by Leakey 

and others were based on discontinuous sections. Nyamweru 

further argued that the altitudes of these sediments were not 

accurately measured (Nyamweru, 1966). Hence her work in the 

Nakuru-Elmentaita basin primarily dealt with measurement of 

lake level fluctuation in the area, out of which she questioned 

Nilsson ' s attempt to interpret the complex Enderit Drift in 

terms of lake level fluctuations. 

Shackleton (1955) gave a generalised account of the rift 

sediments of Kariandusi which he unfortunately referred to as 

the Kanjeran. A name Leakey used to imply a correlation of the 

Lakes Nakuru-Elmentaita deposits with similar sediments at 

Kanjera on Lake Victoria. Shackleton ' s view that sediments in 

the rift formed when the scarp was already in existence is 

also supported by McCallJ Baker and Wash (1967). In h1s 

geological survey report of the Nakuru-Elmentaita Basins, 

McCall (1967) attempted to relate the Plio-Pleistocene 

sediments in the area with episodes of faulting and volcanicity 

of the Rift Valley. 
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In their geological report of the Naivasha Area, Thompson and 

Dodson (1963) never contributed any new kwowledge to the 

sediments of the area. They, instead, adopted with no 

supportive field evidence the Gamblian, Hakalian and Nakuran 

subdivisions of the sediments by Leakey and Nilsson (Leakey 

1931). 

1.5 Methods of investigation. 

1.5.1 Basis of palaeoenvironaental interpretation 

Description of the measured sections (Chapter 4) allows 

interpretation of sedimentary facies in terms 

environment of deposition. Certain diagnostic 

of their 

parameters 

resulting from operation of specific processes or conditions 

within the sedimentary environment were distinguished and 

divided into four sub-environments: 

a. Internal organisation 

Structure within the sediment reflect the hydrological 

conditions at deposition or structures resulting from organic 

activity within the sedimentary environment. 

b. Grain Size 

A simple classification of sedimentary grains into four 

classes include coarse sand, medium sand, silt and clay grades. 

These classes also reflect the hydrological conditions at 

deposition. 
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c. Faunal assemblage 

Although not particularly pursued in this study the 

distr1bution of animals living in the lacustrine environments 

today is assumed to reflect in broad sense the distribution of 

their Pl1o-Pleistocene ancestors. Molluscs are considered w1th 

a few except1ons to have l1ved in the lake. The vertebrates are 

considered as terrestrial, amphibious or lacustrine. Though the 

possibility of burial outside the habitat of the animal is 

admitted, it is assumed that the commonest occurrence of 

foss~ls in the group above is in their normal habitat. 

d. Chemical factors 

Unlike the other three parameters, chemical activity will 

often occur as post-deposition phenomena. It is usually not 

possible to observe their formative processes on the 

depositional surface. However, chemical activity does appear to 

vary significantly between environments and are useful 

parameters. Except in one case none of the diagnostic 

parameters are unique to a specific sedimentary env1ronment. 

For example diagnostic parameter (desiccation cracks) is most 

important in the alluv1al valley delta plain and less important 

in the alluvial valley and coastal plains. The parameter does 

not occur in lacustrine environment. 
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The d1agnostic parameters are usually not going to allow 

separation of the alluvial environment but will separate 

alluvial from lacustrine environments. The diagnostic 

parameters are used to make direct interpretations of the 

sedimentary environments 1rom facies on the measured sections. 

Some segments of measured sections will, however still be 

incompletely interpreted owing to either insufficient 

informat1on from the facies or through lack of record due to 

non-e><posure. After correlation has been established (Chapter 

5) it is possible to asses the environments of such missing 

segments from from the known environmental relationships that 

surrounded them. These assessments are termed broad sedimentary 

environments to distinquish them from the direct 

interpretation. 

A second category of information dependent on the correlation 

but independent of environmental interpretations is the sedi-

mentary thickness data which can provide good indication of 

tectonism in the study area. Although there is no guarantee 

that the maximum thickness of preserved sediments (depocentre) 

coincides with the maximum basin subsidence in practical terms 

it can be assumed to give a good indication of the tectonics in 

the study area. Clearly the subsidence will, in part have cont­

rol over sedimentation and therefore the location of environments 
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The history of the sedimentation in the area stud~ed must be 

based on the mutually consistent fusing of basin tectonics and 

the spatial distribution of the sedimentarY environments. 

1.5.2 Field techniques. 

In order to fulfil the above objectives both field and 

laboratory investigations were designed and some basic 

strat~graphic methods of investigations undertaken by the 

author. The field work entailed locating and mapping 

sedimentary rock outcrops located mostly along road cuts(Plates 

la, lb), river valleys (Plates 5a, 6a, 6c), sand quarries 

(Plate 5b), diatomite mines (Plates 2a, 2b; 4a-4d) and also in 

trenches. This was carried out hand-in-hand with detailed 

measurement and description of the lithological properties of 

natural surface exposures of the sediments as well as physical 

lateral correlation of the beds. At each locality of exposed 

sedimentary deposits, sections were described and stratum 

thickness measured using Jacobstuff Abney level. The obvious 

litholog~cal attributes of individual beds noted and recorded 

included the upper contact, bed geometry, lithology, grain 

size, colour, chemical properties and fossil contents. 

Lithological units were recognised to form laterally continuous 

beds on evidence of lithological homogeneity together with 

related geomorphic expression. Representative but homogeneous 

beds were selectively sampled in plastic sample bags for later 
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laboratory analysis to supplement and also verify the field 

observations where uncertainty existed. 

The lateral correlation of the sections relied heavily on the 

distinctive lithological units within a given locality. However 

due to the discontinuous nature of outcrops in the area, the 

stratigraphic columns were pieced together as composites of 

local sections. Once composite stratigraphic sections were 

established marker horizons or lithological units were selected 

and used in the tracing of lateral continuity of the strata. 

It is upon the lithological elements that the vertical and 

horizontal relationships within the sediment body and the 

various facies associations were recognised and subsequently 

their palaeoenvironmental interpretations nade. The resultant 

maps illustrate both the lithological variations and changes of 

geometric patterns of the sediments along transects. 

1.5.3 Laboratory analysis. 

Basin analyses and palaeoenvironmental studies can successfully ' 

be accomplished without the inclusion of '~econdary laborator' 

investigations · component (M~all, 1986) since facies 

interpretations are often entirely based on the primary field 
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data. However, in this investigation, laboratory studies of the 

rift valley sediments were later undertaken essentially to 

supplement the field observations and also partly to provide 

an additional line of evidence for the stratigraphical 

correlations and palaeoenvironmental interpretations. Hence the 

investigations were of two main types, petrographic and 

geochemical analyses. 

1.5.3.1 Petrographic investigation. 

Samples of sandstones, coarser siltstones, volcanic ashes and 

soils, were subjected to a standard grain size analysis. A set 

of 8 - inch diameter A.S.T.M. sieves which were in the best 

condition and which would give a good spread of grain sizes 

were used. The grain size study used A.S.T.H. sieves #5, #16, 

#30, #60, #140 and #200 (apertures: 3.40, 1.19, 0.59, 0.25, 

0.105, 0.074 mm respectively), and a bottom pan to trap the 

finest material. Size analysis on the finer sediment samples 

and the fist size fraction, using particle settling rates 

through water columns, were not undertaken as time could not 

allow. 

App roximately 50 g of sediment were weighed on balance to 

g and put into 500 ml beakers, and about 100 ml of 

solution (10:1) were added. This HCl treatment removed most 

16 

0.01 

HCl 

of 



the excess carbonate and carbonate cement in the rocks. 

Desegregation of the samples was aided by a pestle and glass 

stirring rod. The sediments were kept in 

repeatedly digested with fresh additional 

effervescence stopped, signalling removal 

dilute HCl 

acid until 

of most of 

and 

all 

the 

carbonate . This took between 25 minutes to 120 minutes 

depending on the amount of carbonate present in the sample. 

The contents of the beakers were then poured into funnels lined 

with filter paper, washed three times with distilled water and 

allowed to drain. After the liquid had dripped through, the 

filter paper containing the sediment was opened and spread to 

dry on watch glasses in 100 °c oven for about 3 hours. After 

cooling overnight or over the weekend the sediment was 

transferred from the filter paper to the pre-weighed 

containers, and weighed on a balance to 0.01 g, in order to 

determine the percentage of calcareous material that was lost. 

The sample was then poured into nested sieves and agitated in a 

Ro-Tap shaker for 10 minutes. The fraction of sediment in each 

sieve was carefully tapped into separate pre-weighed 

containers, and the weights of each was obtained to 0.01 g. 

Sediment lost during transfer, sieving or left on the filter 

paper was calculated. 
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After s~eving and weighing, the sediment in each s~ze fract~on 

except for the finest, was examined through a binocular 

microscope. The number of grains in each of the following 

categories was counted: quartz, feldspar, biot~te, micas, 

opaque minerals, aggregate grains(presumably st~!l cemented), 

clay and lithic (mostly volcanic) fragments. In fractions 

containing little sediment, all of the grains were counted; in 

others, at least 300 gains were counted. Percentages of each of 

the categories of material were calculated for each size 

fraction, to provide an estimate of the composition and to 

provide a background to palaeoenvironmental interpretation and 

geochemical analysis. The data from the sieving were 

plugged into a computer program designed by Davis (1986). 

program computed the mean, standard deviation, skewness, 

then 

This 

and 

kurtosis by the method of moments for size distribution of 

sediments. 

1.5.3.2 Geochemical investigation . 

Geoc hemic a 1 

Mn, Mg, 

determination of the major oxides of Si, 

Ti, K, Na and P were carried out through 

Al, 

bulk 

Fe, 

wet 

chemical method. Each sample was decomposed with acid mixtures 

of HC1-HF-HN03-HC104 and the solution evaporated to complete 

dryness to remove excess acids. Silica was then removed by 

volatisation as silicon tetra fluoride (SiF3). The paste was 
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dissolved in dilute nitric acid. The resultant solution was 

then transferred into a 5000 ml volumetric flask and d1luted to 

the mark with distilled water. This was further diluted 20 

times giving a dilution factor of 10000. The diluted samples 

solution were then analysed for Mg, Na, K, Fe and Mn at 

285.22 um 589 um, 766.5 um, 386.0 um and 403.1 um 

respectively in an air-acetylene flame. The solution was also 

analysed for Ca, Al, Ti at 422.7 um, 309.1 um and 364.3 um 

respectively in a nitrous-oxide-acetylene flame. Both potassium 

and sodium were determined at 766.5 um and 589.0 

respectively . Phosphorous and titanium in the solution 

determined by calometric method. 

Procedure : 

um 

were 

1. For each sample 1.000 g of finely crushed (to 100 mesh) was 

weighed into a tephlon beaker and 10 ml of concentrated 

hydrochloric acid added. The sample was the covered with a 

watch glass, transferred to a hot plate and evaporated to 

complete dryness. 

2. The above procedure was repeated with 10 ml of concentrated 

nitric acid. 

3. A mixture of 10 ml of perchloric acid and evaporated to 

copious fumes of perchloric acid and eventually to complete 

dryness. The evaporation was repeated with 10 ml of 
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concentrated hydrofluor~c acid to complete dryness to ensure 

that all the sil~ca was completely removed by volatisation as 

SiF4 . 

4. The heater was removed and walls rinsed with some water. The 

solution was evaporated to dryness on hot plate. The heater 

and 

the 

its content was allowed to cool at room temperature 

total weight of the heater and its content recorded. 

then 

The 

loss in weight represent the silica content of the sample 

volatised as SiF4 (Si02 + 4HF =SiF4+ 2H20). 

5 . The salts left in the heater are dissolved in dilute nitric 

acid. The resultant solution is analysed for the elements 

outlined above. 
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CHAPTER 2 

TECTONIC EVOLUTION AND GEOLOGY. 

2.1. Origin and evolution of the rift basins. 

The tectonic evolution, volcanism and geology, of the Main 

Rift Valley and westward bifurcating Nyanza Rift Valley have 

been subjects of several studies (Baker 1970, 1986; Baker et 

a 1 • , 1972, 1978; Baker and Wohlenberg, 1971; McKenzie et 

al. 1970· McConnell 1972, Williams 1970, 1978; Fairhead at 

al. 1972, 1986; King and Chapman 1972; Baker and Michell 

King and Williams 1976· King 1978; Jones and Lippard 

1976; 

1979; 

Nyambok 1985, Williams et al. 1983; Mboya 1983), partly in the 

quest to understand the geology of continental rifts and partly 

due to interest generated by the concept of 

Arising from the investigations the linear 

plate tectonics. 

though sometimes 

diffuse, topographic configuration (Fig.1-1) of the r1ft system 

in Kenya is well Known. The main Kenya rift valley which 

extends from Turkana depression in northern Kenya to central 

Tanzan1a plateau in the south covers a distance of over 900 km. 

The combined effects of greater uplift and volcanism in the 

rift valley has developed over the last 30 Ma CBellieni et al. 

1981) . The rift formation was initiated by broad initial 

downwarping giving rise to a depression in the north. The 

depression was progressively deepened during 16 to 7 Ma, when 

it was apparently faulted on its western side and monoclinally 
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downflexed on its eastern side. Subsidence of a graben 

became dominant tectonic process during the last 4 Ma. 

only 

The 

topographic expression of the rift was controlled by opposing 

effects of subsidence and volcanism. 

The r~ft tectonic development both in the north and south of 

the Kenya Rift started with gentle downwarping followed by 

repeated flooding of the depression with lavas. Volcanism 
I 

tectonic and evolution of the rift system and its initial plate 

movements were preceded by crustal thinning, and formation of 

depression in the present site of the Rift Valley. The rifting 

apparently began with the uplift in the Ethiopia-Arabian region 

dur~ng the late Eocene (Baker et al. 1972; Nyambok 1985). 

Early Miocene dom~nal upwarping propagated rifting southward 

into both Ethiopia and Kenya. The resulting triangular Turkana 

depression was partially filled with Miocene (17.2 + 1.8 

M.B.P) to Pliocene ignimbrite, basal lavas and minor 

sedimentary intercalations (Fitch and Miller, 1976). Late 

Miocene and Pliocene faulting defined the principal elements of 

eastern rift in the northern Kenya. Volcanism in the southern 

sector of the Kenya Rift Valley began at 15 Ma. The eruption 

was later succeeded by faulting at 7 Ma which led to the 

formation of half graben on the western rift flank. By 4 Ma the 

flexed eastern margin of the depression was faulted and a 

graben formed. Subsequent faulting and volcanism migrated 
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inwards creating step-fault platforms . 

In the Nakuru, Elmentaita and Naivasha sector, voluminous 

trachytic volcanism completely filled the inner rift depression 

at intervals between 6 and 2 Ma . The inner graben was dissected 

by dense swarms of minor faults from about 2 Ma that continued 

into the last 0 . 5 Ma . At the last stages of the period a series 

of trachytic caldera volcanoes were built axially in the inner 

graben . Sedimentary lake basins formed into local closed 

structural basins where volcanic damming also formed lakes in 

the graben floor. 

The elliptical shape of the Kenya dome was created by gentle 

upwarping of the rift shoulders accompanied by sagging of the 

central rift floor (Baker and Wohlenberg 1971). 

reached a maximum of 1 . 7 km. (Saggerson and Baker 

The uplift 

1965). The 

faulting of the rift floor around the Nakuru region exhibits 

symmetry (Figs. 2-3 to 2-8). It is within the area that large 

volumes of volcanic rocks were reported and the elevation of 

the rift flank and depression of its subvolcanic floor 

considered greatest (Baker et al. 1972). 

During the Plio-Pleistocene times eruption of voluminous 

phonolitic and trachytic and ash flow tuffs locally filled the 

rift and overflowed its flanks (Williams et al . 1983). 

Volcanism in the southern rift began at 15 Ma (Crossley 1980. 

Crossley and Knight 1981). In the central sector of the rift a 
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half-graben was filled by upto 2.5 km of basaltic and 

phonal i he lavas between 15 and 7 Ma and some of these lavas 

spilled over both shoulders of the rift 

1983) 

Williams et al. 

By 7 Ma. the Nguruman Fault had formed creating a half-graben 

in the southern rift. The northern part of the central rift was 

already filled by trachytic and phonal i tic lavas that 

overflowed eastwards in the Nairobi region. The large Aberdare 

volcanic complex and other smaller volcanoes on eastern 

shoulder of the rift formed between 6 and 3 Ma. On the western 

side of the rift valley continued movements on the marginal 

faults accompanied by volcanism were taking place within the 

deepen~ng half-graben 

In the central sector (Naivasha and Gilgil) explosive volcanic 

eruptions formed a widespread series of lavas and trachytic 

tuffs between 6 and 2 Ma, filling the central part of the 

rift and covering both its flanks. This was accompanied and 

followed by the collapse of the rift floor to form a graben 

far the first time. Between 3 and 1.7 Ma several outpourings 

of basaltic and trachytic lavas covered the rift floor, 

accompanied by the collapse of the inner graben leaving normal 

step-fault platforms at its sides (Baker and Mitchell 1976). 

Several central volcanoes were built during the interval and 

project above the successive flood lavas. Subsequent volcanic 
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and tectonic activ1ties were confined to the floor of the inner 

graben. These consisted of several phases of basaltic and 

trachytic volcanism accompanied by several closely developed 

swarms of closely spaced faults. In the last 0.7 Ma., 

volcanism has been confined to building a more or less linear 

salic caldera volcanoes axially in the floor of the 1nner 

graben, including the Suswa, Longonot, Eburru, and Menengai 

volcanoes and localised basaltic and rhyolitic eruptions. 

The north-south lined caldera volcanoes and associated faults 

divided the narrow inner graben into separate sedimentary 

basins seen in the present day. The volcanoes in addition built 

up thick pyroclastic ash on the floor and over the flanks of 

the central rift. The structural evolution of the southern part 

began at about 7 Ma passing through an initial half-graben 

phase, and developing into a graben between 4 and 3 Ma. The 

z ones of active volcanism have tended to narrow with time and 

t he spacings between the faults have narrowed . The central rift 

was repeatedly completely filled with volcanic deposits which 

overspilled its shoulders. The earlier structures of the 

c entral rift are largely obscured by later volcanic deposits. 

However, from landsat immageries and aerial photos the faulting 

pattern tends to be concentrated on the rift floor. The 

t e c tonic depressions become relatively smaller and more 

numerous towards the rift floor away from the flanks. 
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2.1.1 Faulted Landforms • 

The topographic diversity of the area is attributed primarily 

to the tectonic and volcanic processes. Faulting in the area 

has fragmented the landscape into numerous troughs and ridges 

(Figs.2-1 to 2-7). The general terrain is aligned in a north -

south direction in the same trend as the faults in the area. 

Both tectonics and volcanic activity in the area resulted 

into voluminous build up of thick volcanic masses and 

creation of separate tectonic basins. The processes of 

the 

rift 

fragmentation and volcanic eruptions had apparently occurred in 

phases resulting into complex rift morphology as reflected by 

the serrated topography in the area. The r1ft tectonic 

terrains contrast in age, size and type. The outer bounding 

rift marg~ns are marked by antithetic tilted large blocks. 

These major tectonic units slope gently away from the uplifted 

rift centre (Figs. 2-3 and 2-4) and were followed by a second 

order tectonic phase which formed a relatively narrow graben. 

As the focus of faulting shifted inward, stepped ramps and 

step-fault platforms developed at rift margins. 

The third order tectonic features comprise the intensely 

faulted inner graben floor where the spacing of faults averages 

1.5 km . The structural framework consists of graben and step 

platforms . The bounding faults and ramp structures evolved 

through termination of en chelon major faults. On both its 

down-throw and upthrow sides the Mau Faults are connected by 
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FIG. 2-3 West - East sections (a) north of Nakuru Town (b) across Lake 
Nakuru. 
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FIG. 2 - 6 West- East sections (a) across Lake Elmenteita (b) south of Lake 
Elmenteita. 
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FIG. 2 - 7 West- East cross sections to the south of Lake Elmenteita. 
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sloping ramps. The step ramps formed by branching of the major 

fault. On the eastern margin the Kinangop platform termination 

into the rift by sub-parallel step-fault platforms are always 

n early characterised by gentle slopes. 

Neo-tectonic movements along old fault scarps on the rift 

floor, generated a closely spaced "grid-faults" in which fault 

scarp displacements of only a few hundred meters occurred. The 

total 

small 

relative displacements in the faulting were relatively 

and commonly cancelled one another out in horst and 

graben structure. Most of the later grid faulting phase 

c oncentrated on the rift floor and tends to disappear on 

approaching the volcanic massifs such as the Menengai and 

Eburru volcanoes. Some relatively minor volcanicity occurred 

at the Elmentaita basaltic cinder cones, and Menengai 

trachytic cinder cones, subsequent to the widespread pumice 

mantle. The last eruption of lavas in Menengai and at 

Elmentaita are probably only a few hundred years old 

1967). 

(McCall, 

The structural pattern is a repeated normal faulting related to 

distension of the crust. Post-upper Pleistocene fault 

movements extend through Nakuru Elmentaita and Naivasha areas 

are represented by shear cliffs free of screes and vegetation. 

The fault planar are near vertical, which are characterised 

by very small throws. 
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2.1.2 Tectonic Grabens 

The floor of the lake basins are extensively concealed 

underneath mantles of different volcanic rocks, which makes 

the history of of the Rift Valley in this sector remarkably 

complex . Faulting in the north of the Kenya Rift associated 

with downwarping of the valley in the south, eruptions of 

phonolites and trachytes from central volcanoes such as the 

Menengai, and from depressed fissure sources formed the present 

r i f t v a 11 ey . In the Naivasha-Elmentaita area, the movements 

of basaltic lavas possibly originating from fissures succeeded 

the trachytes and phonolites. 

The main types of sedimentary basin traps created and 

structural volcanic effect in the area occur variously as 

graben, step fault platform, inner graben and volcanic dam. 

Numerous small graben and half-graben basins found in the inner 

graben are less than 2 Ma.(Strecker, et al. 1990). 

The contemporary sedimentary basins within the inner graben 

contain Lakes Nakuru, Elmentaita and Naivasha basins (Fig.l-2). 

The basins are on flat lying flood lavas of the rift floor 

which have been subsequently faulted during the last 2 Ma. The 

basins are structurally controlled and the lakes on the rift 

floor were apparently, occassionaly, dammed by volcanic cones. 

Lakes Nakuru and Naivasha, for example, were partially ponded 

by the Menengai crater and the Longonot-Olkaria volcanic 
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complex respectively. The Soysambu Basin fault formed on a 

volcanic platform east of Lake Nakuru whereas the Kariandusi 

Graben is a fault slope basin which owes its existence to the 

gentle eastward tilt of the Mbaruk fault. 

The continuous tectonic movement created numerous small short 

lived basins in the main graben. The tendency for basins to 

fragment due to subsequent faulting resulted into complex 

stratigraphic relations and extremely rapid variation of the 

sediment types in response to changes in the topography. Growth 

faults are common and the relative effects of fault 

displacements, erosion and volcanism have varied greatly in 

time and space and have caused frequent changes in the 

sedimentary environments. 

2.2 Pliocene-Lower Pleistocene Geology. 

The rock formations within the central part of the Kenya Rift 

are predominantly Plio-Pleistocene volcanic, discontinuous 

Pleistocene Holocene sediments and relatively widespread 

Recent alluvial volcanic cover (Figs.2-8, 2-9). The Cenozoic 

volcanic are of interest in this study as the source of clastic 

sediments in the Lakes Nakuru, Elmentaita and Naivasha Basins. 

These lavas occur as fissure flows and central volcanoes (Plate 

3a). 
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In the northern margin of the Nakuru Basin, the 

Volcano form a thick succession of phonolites, 

Menengai 

phonolitic 

trachytes and tuff. Many of the volcanics are coarse vitric 

tuffs frequently grading into lapilli tuffs and often consist 

of glass fragments and feldspar crystals . They contain angular 

boulders of trachyte, pumice and obsidian 

were products of windborne pyroclastics and 

lamps. The tuffs 

pumice avalanche 

deposits and have weathered readily into widespread clayey 

alluvium on the rift valley floor. 

The black porphyritic basalt exposed at the foot of the Bahati 

Fault scarp, which McCall (1967) named Mbaruk Basalt in the 

eastern margin, is possibly the lowest member of the volcanic 

succession and McCall considered it equivalent to a phonolitic 

basalt in a quarry west of Lake Nakuru (McCall, 1967). A 

similar but light grey rough surfaced basalt showing well 

formed white slightly translucent feldspar phenocrysts 

outcrops along a ridge to the east of Soysambu. The flows are 

restricted along localised fault zones where the Gilgil 

trachytes commonly overlie the Mbaruk basalt in small outliers 

exposed at the foot of the Bahati Escarpment north of Mbaruk. 

Similar trachytes overlie the Mbaruk basalt on Soysambu Estate 

and extend as far east as the Gilgil Escarpment where they form 

a prominent scarp on the older succession of ignimbrites and 

trachytes. At Kariandusi these trachytes (Plates la, 1b) are 

unconformably overlain by the middle Pleistocene sediments and 
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form a faulted trough in which the Kariandusi lacustrine 

sediments formed. 

A long the fault scarps to the west of Lake Nakuru basin are 

exposed fissile and banded trachytes which overlain by 

phonol~tes characterised by dark nepheline, anorthoclase and 

pyroxene phenocrysts. A basalt flow with prominent pyroxene 

phenocrysts form the escarpment west of Lake Nakuru . The 

southern part of the Lake in the Makalia Gorge ~s underlain by 

phonolitic trachytes which McCall reported to be possible 

equivalent of the Ronda lavas (McCall, 1967) . The north eastern 

edge of the basin is underlain by coarse, obsidian, pumice tuff 

and sediments in the Bahati area. On the cliffs immediately to 

t he west of Lake Nakuru are exposed dark lavas similar to the 

Mbaruk Basalt in the south of Gilgil and Kariandusi on the 

eastern edge of the Lake Elmentaita area. The lavas a long 

the Gilgil old road include trachytes, agglomeratic ridges and 

basalts, welded siltstone tuffs and coarse columnar jointed 

i gnimbrites and limited pumice tuffs. At Gilgil the trachytes 

underlie ignimbrite on the Gilgil Escarpment below the 

diatomite . The trachytes at Kariandusi are heterogeneous quartz 

t rachytes that show faint to pronounced laminar flow and 

enclaves of lithic fragments. At Mbaruk in the immediate 

northern part of Lake Elmentaita a dark phonolite unit on the 

west of lake Nakuru is overlain by basalt along the bounding 

f ault scarp . 
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2.3 Middle Pleistocene and Recent volcanics. 

Late Ple1stocene and Recent volcanic rocks in the area formed 

tuff cones to the south of Lake Elmentaita and also form the 

Honeymoon Hill on the immediate north of Lake Nakuru. The cones 

transected by neo-tecton1c median grabens are composed of steep 

dipping stratified light coloured tuffs and commonly contain 

basaltic boulders of lavas. The Honeymoon tuffs consist of 

and trachytic boulders, agglomerates, and fragments torn-off 

the underlying lava formations. McCall reported the stratified 

tuffs of the cones south of Lake Elmentaita to be the same age 

and continuous laterally with the Kariandusi Formation (McCall, 

1957, 1967). The observation was most probably partly based on 

the questionable evidence for shorelines (Nyamweru, 1969) 

reported by Nilsson (Leakey,1931) as one of the Gamblian 

(Upper Pleistocene) series on the faults of the two larger 

cones south of Lake Elmentaita. However, from the geological 

investigations conducted by the author there is no field 

evidence in the area supporting a stratigraphical or 

chronological contemporeneity between the Kariandusi Formation 

and volcanic tuff cones to the south of Lake Elmentaita. 

Although from the recent radiometric calibration of Recent 

basalt flows in the area (Strecker, personal communication.) 

dates .4 Ma. in the area and Kariandusi trachyte . 7 which 

Ma., the Kariandusi Formation would appear relatively older. 
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Tuff cones to the south of Lake Elmentaita area are generally 

composed of spongy yellowish glass in which are set fragments 

of lava and crystals. The presence of plagioclase mineral in 

the rock may be attributed to basaltic tuff origin which was 

reported to be compositionally similar to the older basalts 

(McCall, 

basalts. 

1967) but also indistinguishable from the younger 

In the area along the western shore and immediately 

south of Lake Elmentaita, Holocene (?) olivine basalt form a 

broken sparsely vegetated lava terrain. The main body of these 

flows are unfaulted although a similar basalt unit is exposed 

by the low fault ridges. On the basis of sparse vegetation 

cover over of the basaltic flows the lavas are reported to 

be considerably recent in age (McCall, 1967; Nyamweru, 1969) 

and possible contemporaneous with the recent glassy trachytic 

scoria of the Menengai Caldera . 

The basaltic cinder cones to the south of Lake Elmentaita in 

the rift floor are considered intimately connected with the 

flows and probably represent the vents from which they were 

derived. Since the flows consistently slope evenly northwards 

to Lake Elmentaita, it is predictable the source of the basalt 

is possibly concealed within the lava (McCall,1967). The 

widespread pumice deposit which cover large areas of the rift 

floor to the south and west of the Menengai consist of coarse 

agglomeratic beds. They are possibly part of the lapilli tuffs 

associated with the upper Pleistocene sediments of the Nakuru 
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Basin. These sediments are composed of coarse crudely 

strat~fied deposits up to 15 m thick composed of light coloured 

well sorted fragments of reworked pumice debris. Obsidian, 

trachyte and syenite fragments have all been noted in the 

pumice but the pum1ce comprise over 90/. of siliciclastic 

deposits. Many of the lacustrine tuffs are finely stratified 

water lain pumice glass particles. Though much finer, the 

particles are essentially similar to the clastic fragments. 

Pleistocene Holocene sedimentary 2.4 

The Pleistocene - Holocene sedimentary 

study area commonly occur as localised 

fau 1 t-controlled basins . Modern deposits 

formations 

formations in the 

patches within 

associated with 

contemporary rift lakes occur intermittently as thin apron 

along the lake margins (Plate 3b). However, in both the modern 

and ancient deposits, two principal types of 

recogn1sed in the study area are either lacustrine 

sediments 

deposits 

typically represented by the Kariandusi (Plates 2a-2b) and 

Soysambu (Plates 4, 48) Formations or the relatively complex 

mixtures of alluvial (Plates 5c, 6a, 6b), fluvial and limited 

deltaic, infra-lacustrine (Plates Sb, 7) sedimentary formations 

of Enderit and Ronda. 

2.4.1 Kariandusi and Soysambu Formations. 

The Kariandusi and Soysambu Formations were deposited in 

separate basins on a surface of considerable relief. Sediments 
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Pia 1 a K Formation 

Sheared fault contact ot light coloured lake beds and trachyte 

on the Nakuru- Naivasha road cut west of the diatomite mine. 
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Plate 1 b Kariandusi Formation 

Neotectonic faulting displaced Pleistocene lake sediments and 
formed classic normal rift graben on either side of a road - cut. 
Pre- Pleistocene fault down- stepped the trachyte on the fore­
ground. 
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Plate 2a Kariandusi Formation 
Cross- bedded pebbly cobble conglomerate infilling the 
diatomite bed and grades upward into clast - size sand­
stones. 

Plate 2b Kariandusi Formation 
Diatomite mined by tunnel and pillar method at Kariandusi. 
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Pia 3a South end of the Elmenteita Basin. 
NE- SE Mount Ebburru volcanic ridge in the horizon mark the southern 
extent of the basin. Foreground: the Karterit Hill cone encloses acre­
scent crater. On the outward face of the cone erosion incised parallel 
line marks. 

Plate 3b Trona deposits of Lake Elmenteita. 
VifNV of Lake Elmenteita from south reveal thin layer of trona crusts 
surrounding the lake water body perimeter. North- south grid fautts 
delimit the western edge of the lake. On the horizon Mau escarp­
ment mark western extent of the basin. 
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Plate 4a Soysambu Formation_ 

View from north of the Soysambu open pit diatomite mine. Eburru 

volcano trends N E- SW on the horizon teast south- west. 

Soysambu Formation 
Stained lacustrine beds of the Soysambu Formation measures 

7 meters thick with recent mudcraks exposed on the mine floor. 
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Plate 4c Soysambu Formation. 
Solution generated carvern structure at the transitional contact of diatomite and tuff. 
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Plate 4d Soysambu Formation 

Leached- bedded tuff sequence intercalated with caliche 

limestone concentration formed along dessication cracks 
toward top of the formation 
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P te 5a Lamuriak Beds_ 

Stratified pyroclastic tuffs and ashes sequence form the lowermost 

unit of Ronda Formation at the mouth of River Lamuriak gorge. 
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Plate 5c Ronda Formation 
Vtf!M/ of modern ooalensced alluvial fan being deposited 
outward from active fault scarp in response to active tecto­
nic subsidence. 

Plate 5b Ronda Formation 
A high angle cross stratified lenticular fluvio - deltaic Ronda 
Formation. Repeated light coloured silts alternate with coarse 
pumiceous tuffs at the sand quarry. 
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Plate 6a Enderit Formation 
Massive fluvio- fanglomerate with deltaic- lacustrine silt inter -
calation at the base and top of the Formation at Enderit drift. 

Plate 6b Enderit Formation. 
Cfose- up vievv of the fanglomerate reveal large tuffaceous 
clast inclusions and sharp contact at the base with laminated 
lacustrine beds. 
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(i) 

(ii) 

Plate 6c Enderit Formation_ 
Close- up view of (i) large tuffaceous clast fanglomerate 
ovelle (It) fine laminated silts eposed in trench transects 
at Enderit River drift. 
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Plate 7 Makalia Beds 
Laminated Makalia member of Enderlt Formation. 
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exposed at Kariandusi Diatomite Mine are principally 

d i atomiceous beds which measures up to 30 m at the mine (Plate 

2 b ). Here the sequence was formed in a shallow lake of about 

10 km in diameter underlain by trachytes. The Kariandusi 

F ormation is subdivided into two mappable units a lacustrine 

di atomite at the base and a fluvial pumice conglomerate towards 

the top. Like the unconformably superimposed post-lacustr~ne 

fluvial deposits the lake sediments pitch out both in the 

northward and south directions. At the base, the unit is 

agglomeratic with sparse obsidian fragments. The lower part of 

the Kariandusi Formation consist of dirty white greyish 

diatomite. The dirty white colour is attributed to volcanic ash 

which form discontinuous pumice patches. The diatomite 

formation is filler variety referred to as F.B1 or white 

diatomite at the higher levels at the Mine. Occasionally thin 

blue volcanic ash intercalation occur intermittently within the 

diatomites which formed directly on a faulted and eroded 

trachytes. The sediments are often thicker within the troughs 

but wedges out on raised ridges. The relatively scattered 

widespread tuffs locally serve as marker beds for correlating 

Bed 1. The basin was faulted on its western margin during the 

deposition of lower section of the Bed 1. The unit is 

subdivided 

deposits, 

plain. 

into five lithofacies, which comprise the Lake 

lake-margin terrain, an alluvial fan and alluvial 
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2.4 .2 nderit and Ronda For~ations 

At th~ southern ~nd of Lake Nakuru, fluviatile, and deltaic 

d~posits 1n the Enderit River pass upwards into alluvial 

fanglomerates . Further w~st in the Makalia area, lacustrine 

d~posits are overlain conformably by black tuffs. The same tuff 

is noted at Ronda and also forms a thin layer on top of the 

Soysambu Formation . Thus despite g~ographic isolation of the 

depositional centres there could well be some limited overlap 

in th~ ages of sedimentation in the Nakuru and Soysambu Basins. 

The Ronda Formation in the north-west of Lake Nakuru consist 

primarily of less than 10 metres of stratified pumice tuffs. 

The tuff beds occasionally intercalated with thin and 

d1scontinuous diatomite beds exposed at Ronda in the sand 

quarry. Most of the deposits ar~ weathered volcanoclastic 

debris though often truncated with thin lacustrin~ surfaces. 

A lower Pleistocene or Lower Middle Pleistocene age have been 

proposed for these sediments (Leakey, 1931; McCall, 1967), on 

the basis that the Mbaruk basalt which predate the deposits is 

considered not to be very much older than the Gilgil trachyte, 

which appears to have immediately preceded the upper Middle 

Pleistocene Kariandusi sediments (McCall, 1967). 

Within the Lamur1ak River bank, the Ronda sediments consist of 

coarse yellow1sh stratified tuffs (Plate Sb) . The lower unit of 

these sediments are dominantly pumiceous scoria which are 
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apparently stratigraphically much older than the deposits at 

t he main Ronda sand quarry sections. Eastwards along River 

Njoro these sediments underly unconformably the overlying Ronda 

quarry depos~ts. North of the sand quarry the older sediments 

are faulted and warped, poss~bly from the effects of a strongly 

developed fault that deformed exposure to the north of 

Honeymoon sand quarry. 

The geochronolog~cal subdivision of the Pleistocene rift 

sed~ments are not very clearly defined owing to lack of 

evidence. The much older sequence located in the eastern 

fossil 

gully 

of River Lamuriak obviously represent no lacustr~ne deposition 

It possibly preceded the third and last major faulting of the 

Rift valley floor which formed the grid structures. McCall ' s 

v~ew that the early lake occupied the Nakuru-Elmentaita basin, 

which was already formed by tectonic events was confirmed 

during this study as lacustrine sedimentation was ev~dently 

l ocalised with the earliest formation probably taking 

c ontemporaneously at Kariandusi and Soysambu which was 

place 

later 

f ollowed by Enderit Formation and finally the Ronda Format i on 

(Table 2:1). The author ' s finding is also in agreement with 

McCall ' s (1967) observation that the tectonic episodes 

s ubsequent to the lacustrine deposition in the basin were very 

minor (Plate lb) and insufficient to radically alter the 

o ut lines of the basin. The widespread Recent allivium cover of 
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Table 2:1 Shematic sequence of Quaternary sedimentary 
formations in Nakuru and Elmentalta Basins 

McCalrs (1967) Sequence Proposed Sequence 

Formation Locality 

Makalia beds Makalia River Holocene 
(Epi- Pleistocene) Enderit River Alluvium 
Upper Sequence 

Lamudiak Makalia River Ronda Beds J Ronda 
sediments Enderit River Lamudiak Beds Formation 

(Gamblian beds) North and West Enderit Beds J Ender it 
Middle· sequence of Lake Nakuru Makalia Beds Formation 

Kariandusi silts Mbaruk 
Upper Pleistocene Kariandusi Soysambu Beds }:=~& Kariandusi Beds 
Kariandusi Kariandusi 

lions 
Lake Beds 
(Kanjeran) 

Soysambu 
(Middle Pleistocene) 

Soysambu 
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major sediment displacement in the area possibly led Leakey 

and Solomon (Leakey, 1931) to the conclusion that the Nakuru 

and Naivasha basins were never affected by faulting, hence the 

upper Ple.lstocene lakes sediments and non-lacustrine 

contemporary deposits in the area are reported to be extremely 

well preserved, unfaulted shoreline features previously 

regarded to extend from the Baringo Basin in the north to the 

Naivasha Basin in the south. In the central sector of the 

Nakuru-Naivasha Basin, Nilsson (1935, 1940) identified seven 

dist.lnct lake levels. The author, however established most of 

the graded sediments in the area are not necessarily 

lacustrine. Thus, although stratified pyroclastic tuffs which 

are closely similar to lacustr.1ne deposits are common in the 

area they are lithologically different from lake sediments. 

The rounded fragments suggest transport by water but do not 

necessarily reflect beach sedimentation associated directly 

with lacustrine origin . The finer and well stratified units 

are certainly variable between lake and eolian deposits. They 

often consist of particles of glass derived from d.lsintegrated 

pum.lce . 
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CHAPTER 3 

MEASURED LITHOSTRATIGRAPHIC SECTIONS 

3.1 Measured Stratigraphic sections. 

The upper Cenozoic strata of the central Kenya Rift lake basins 

were formally establ~shed by lithostratigraph~c field 

analysis. The investigation involved detailed measurement and 

description of exposures and subsequently their physical field 

correlation. Due to the discontinuous nature of the outcrops 

and abundant faulting in the area the stratigraphic columns 

could only be pieced together as composites of local sections 

at Ronda, Lamuriak, Enderit, Makalia, Soysambu and Kariandusi. 

The stratigraphic sections were measured using Jacob's staff 

and Abney level. The method desribed by Kottlowski (1965) is 

particularly useful when carefully used on surfaces which were 

originally 

sediments . 

deposited as approximately planar 

The measured stratigraphic sect~ons 

horizontal 

are all 

illustrated using the same format, a constant vertical scale of 

lcm : lm and depict the various lithological variations. 

scale is in meters. Zero meters coincide with the base of 

The 

the 

section and the values increase upward. Where measured section 

is continued from column to column the scale is continuous. 

The locat~on is given for the area where section measurement 

was recorded . The capital letters A, 8, C or Roman numericals 

i ' ii, iii and iv etc. differentiate where more than one 
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sec tion is present. The stratigraphic columns were recogn~sed 

~n the field on the identification of sub-environments and 

geological events such as major eros~on surfaces, 

transgressions, regressions and poss~ble trends in 

environmental change. In some sections where broad sedimentary 

environments are recognised their interpretation based on field 

resolut1on were later used in the synthesis of the history of 

sedimentation . 

Grain-s1ze is shown for four grades, clay, silt, sand and tuff/ 

tuffaceous sediments. Where mixed grades are shown in the 

measured sections, the lithology 1s represented as the dominant 

grade. The sedimentary environments and the corresponding 

lithofac~es associat1ons recognised 1n th1s study comprise the 

fallowing: 

Depositional Environments 

Lacustrine prodelta 1 
(Lacustr1ne low energy) 

Lacustr1ne littoral 2 
(Lacustr1ne high energy) 

Deltaic distributary 3 
channel and interdis­
tributarY floodplain 
(Alluv1al costal plain) 

Fluvial floodplain 4 
Fluvial channel (Alluvial 
valley plain) 

Alluv1al fan 
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Lithofacies association 

Laminated siltstone association 

Arenaceous (bioclastics) 

Lent1cular fine grain and 
lent1cular siltstone associat1on 

Lenticular conglomerate and 
sandstone association 

Interbedded conglomerate 
and pebbly mudstone 



.s . 2 Us of m a ured stratigraphic se tions • 

The correlations of these local sections were based on their 

sequences. Once a composite sect1on 

was established, marker horizons identified were used in 

assessing the lateral continu1ty of individual stratum based on 

t he l1thology and d1stinctive geomorph1c e><press1ons. The 

stratigraph1c sections their composites and correlations are 

il lustrated 

hor1zontal 

fall owing the 

relationships 

establishment 

within the 

of vertical and 

sediment body. A 

c orresponding descr1ption of lithofacies and facies 

association and their palaeoenv1ronmental interpretations are 

derived from the sections. The central rift strata constitute 

a comple>< fluvio-lacustrine and aeolian units which were 

subdiv1ded into four Pleistocene-Holocene formal ranks namely, 

the Kariandusi Formation, Soysambu Formation, Ender it 

addi t1on Formation, 

discont1nuos 

contemporary 

formations. 

and Ronda Formation (Table 2:1). In 

Holocene lake depos1ts constitute 

lithological facies character1stic 
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3.3 

CL 

SL 

SD 

eye. 

fin 

No on the lithological symbols for the 

(F.1.g . 3- ). 

Claystones - the sed1ment is smooth when ground 

between teeth. 

S1ltstone - If ind1v1dual gra1ns are visible w1th 

10 X hand lens. 

Sand Individual grains v~s~ble w~th necked 

The sand grade 1s further subd1v1ded into very fine = vf, 

= f med1um = m coarse = c, very coarse= vc. The sand 

d1v~sion are based on the Wentworth grade scale (Wentworth, 

the author 

description 

1922) 

(Fig. 

is 

measured on a comparison char prepared by 

3-1). For the very coarse grade a wr1tten 

given e.g. coarse pumiceous sand. These grades are at 

times superimposed e.g. silty sand or silty clay. 

TU 

PU 

AG 

co 

BA 

PH 

TR 

MF 

TA 

CRS 

Tuff or ash 

Tephra 

Breccia 

Conglomerates 

s1lt- clay grade ash 

- coarser than tuff 

Pumice pebbl gravel 

Basalt either as substrate or sediment clasts. 

Phonal i tes 

Trachyte 

Maf1c 

Trona. 

Cross stra ification, small scale less than 5 em, 

large scale exceed 5 em. 
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Cross- bedded 
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Mafic lava 
(Basalt) 

Rhyolite 

FIG. 3-1 Geological symbols for the measured lithostratigraphic sections. 
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Fig. 3- 3 Data point linkages for the correlated lithostratigraphic diagrams. 
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3-4 Sequence of the ~easured sections. 

3.4.1 Kariandusi Formation 

The Kariandusi Formation can conveniently be divided into two 

distinct lithological units although the boundary between the 

two sequences is gradat1onal. The base of the the lower 

sequence exposed at the Kariandusi diatomite mine consists of 

a series of yellow gray (5Y7/2)claystones 1nterbedded with 

olive gray 5Y4/1 s~ltstone. Because of poor exposure only 10 

centimetres of th1s un~t could be placed in the section. For 

purposes of descr1pt1on a boundary has been placed at the top 

of the d1atomite. This point defines a significant trans1tion 

from lacustrine to a fluvio-littoral dominated system . The 

lower stratum encompasses the sediments overlying th1s horizon 

and up to the base of the unconformable overlying Holocene 

sediments . In composite sections (Figs. 3-4 to 3-10) the 

entire thickness total some 30 m with 10 m in the lower unit 

and 20 m in the upper unit. 

Exposures of the Kariandusi Formation make up the best type 

area for the Plio-Pleistocene and Holocene sediment in the 

study area. The exposure are hardly faulted and consist of 

numerous, repeated short sections. Although the upper top 

sequence is more heterogeneous than the lower unit, it does 

have several dominant characterist1cs. The most obvious of 

these is 

of basal 

an almost cyclic sedimentation 

rounded pumice gravels overlain 
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FIG. 3-4 Lithostratigraphic section of the Kariandusi Formation 
at the diatomite mine. 
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FIG. 3-5 
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Diatomite 

Pumice ash 

Lithostratigraphic sections, east face of the Kariandusi Mine. 
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tuff 
~~~ pumice conglomerate 

FIG. 3 - 5A Lithostratigraphic section on the Nakuru­
Naivasha road cut west of the Karaindusi Mine. 
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FIG. 3-7 

L14A L14B L14C L14D 

Lithostratigraphic sections south of Kariandusi 
Diatomite Mine. 
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FIG. 3 - 8 Lithostratigraphic sections, north- west of Kariandusi 
Diatomite mine. 
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claystones which tend to coarsen upwards . The whole complex may 

or may not be inc~sed by a 

~nclude abundant carbonates 

channel . Other characteristics 

in form of calcrete and the 

apparent development of palaeosols . 

The interval between the lower diatomite and the next major 

diatomite unit provides a good example of stratigraphic 

format~on depicting a palaoelacustr~ne transgression and 

regression episodes in the area . The top units of the 

Kariandusi Formation typically shows a sequence of primary 

structures from planar lam~nae to small scale trough cross­

bedding making up the bulk of the units . The base is marked by 

a sinuous erosional surface . These are generally tabular in 

nature although the sandstones may be lenticular in places. A 

maJor sandstone in the channel occurs in the lower half of the 

sequence. This is medium to coarse grained pale greyish orange 

(10YRB/4 to dark yellowish orange 

l1 thareni te . 

Traverse 17C-14D 

( 10YR6/6) 

Bed 1481 is a diatomite unit with disconti n uous 

fel dspathic 

unstratified 

pumice patches of no preferred orientation . The formation is 

filler variety, locally referred to as F . Bl is the pure 

white diatomite . Blue volcanic intercalations occur within the 

diatomite. Deposition of the diatomite on lava was associated 

with intermittent pumice ash . The diatomite was directly 
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accumulated on a pre-faulted and erosional lava surface . It is 

th~cker w~thin the troughs but relatively thinner on the ra~sed 

ridges. The agglomerat~c base was sparsely stewn with obsidian 

fragments. 82 is very f~ne grain ~ntercalat1on(s) of bluish 

grey ash within 13 . 4m th1ck diatom1te bed . Fine grain tabular 

d~atom~te grades into 83 which is a poorly sorted pink grey 

angular pumice tuff thinning 3 . 5 m. westward into a lam1nated 

diatomaceous clay . 

3.4.2 Soysambu Formation 

A detailed field study of east-west traverse of the 

lithostratigraphy from the Soysambu diatomite mine to the 

south-eastern edge of Lake Nakuru revealed numerous llthofacies 

associations representing varied depositional environments 

(Figs. 3-11, 3-12, 3-13) . The strata range from pure lacustrine 

at the mine to alluvial fans towards Lake Nakuru . At the m1ne 

the Soysambu sequence consists essentially of lacustrine 

d1atom1te beds . Within the lake beds a tuff outcrops as a thin 

1ntercalation at a comparatively similar and distinct level to 

the Kariandusi Formation. The lowermost lacustrine Bed 1 at 

the m~ne, locality 7N, is underlain by interfingering sand and 

tough layers with repetitive laminations . The colour was 

however recorded when wet but was apparently ranging between 

yellowish brown to dirty white calcified sandy tuff . At 

location 7W dry land surface marked w1th thin ripple marks, 

calcareous caliche, very fine grain well sorted, upper contact 
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L7E L7W L7 L7N LP5 LP13 

FIG. 3 - 1 0 Lithostratigraphic sections of the Soysambu Diatomite Mine. 
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FIG. 3- 11 Lithostratigraphic sections a long a west- east 
transect from the edge of Lake Nakuru basin 
to the Soysambu Mine. 
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FIG. 3- 12 Lithostratigraphic sections along west -east transect of 
the Soysambu Mine. 
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ind1c ates drying diatomite-rich lake. Towards the top em 

lam1nated pumice intercalation into diatomite proved a 

marker horizon locally. Poorly sorted lithic silty 

useful 

tuff 

palaeolsol land surface was later covered with a laminated 

lacustrine diatomite, locally worked as BU-diatomite. Bed 1 1s 

separated from the overlying 7NB2 by thin volcanl.c ash 

intercalatl.on . Bed 7NB3 is well sorted laminated dirty wh1te 

diatomite (0-diatomite) which formed a thick tabular bed with 

minor occurrences of kunkar limestone at the top of the 

sequence. On the quarry·s eastern face 7EB1, the diatomite 

measured 3m thick and forms a gradational contact with the 

overlying 7EB2 diatomite (1.2m) . 

A pumice layer P584 laterally correlates with a tabular tuff 

Bed 7SB4 . Both units form gradational contact of laminated 

fine tuff with numerous kunkar limestone and are dominantly 

brown in colour. Laterally the tufffs show significant 

physical correlation of beds PSBS=7EBS=7SB3=7NBS=7WB5 (Figs. 3-

11; 7-3-4). At the mine, Bed 7W84 characterised by a 

gradat1onal calcrete horizon formed in rippled and laminated 

silt. The coarse sandy silt is tabular poorly sorted, lam1.nated 

and occasionally grades into yellow sand. At locality 7SB2 the 

same unit l.S very fine grained, well sorted lenticular 

yellowish brown silt. It is immediately overlain by a 

moderately poorly sorted, tabular dirty white pumiceous tuff. 

The fine tuff show lamination with numerous kunkar 1 imestone 
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somet~mes forming tabular brown coloured tuff and gradually, 

imperceptibly grades into fine to coarse grain yellowish 

s~lty clay . 

brown 

A traverse from the diatomite work site at Soysambu westward 

over a distance of 5 km to the eastern edge of Lake Nakuru 

revealed d~fferent types of sediments . The post lacustrine 

sandstone deposition in the area is dominantly volcanic-rich 

thinly bedded fine to coarse - grained, light gray (7N) tuff or 

tuffaceous sandstone with planar bedding and locally abundant 

rh~zoliths. The basal portion consist of a massive pale 

yellowish brown (10YR6/2), arenaceous claystones which contains 

abundant gray pumice clasts . These pumice clasts are totally 

altered but contain abundant feldspar phenocrysts often 

measuring up to 0 . 5 em in diameter . The pumice clasts are 

concentrated near the top of the 10 em arenaceous claystones. 

Overlying the unit is an erosional contact immediately covered 

by 1 . 2 m lenticular tuff and tuffaceous sandstone . Again the 

tuff is totally devitrified. This unit is pinkish grey (SYRB/1) 

to medium light grey and contains small to medium scale planar 

to r~pple laminations with occasional small-scale trough cross-

stratification . The unit fines upwards and has distinct but 

irregular upper contact with overlying arenaceous claystones. 

Towards the top of the sequence is a channel formed sand . This 

is a medium to coarse grained feldspathic litharenite pale 
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greyish orange (lOYRB/4) to dark yellowish orange (10YR6/6) 

with well developed med~um-scale trough cross-bedding. 

The base of th1s unit is marked by 1m thick erosional contact 

of conglomeratic channel lags and pebbles to granule s12ed 

clasts. Laterally where the channel is absent is a coarse, 

dark yellowish gray (Y6/2) siltstone. A distinctive polygonal 

structure cons1st1ng of anostomis~ng veins of a much lighter 

coloured silty sandstone is locally present in the upper part 

of the s1ltstone. These are tectonic dykes filled with 

yellowish orange arenaceous silts and reworked diatomite. 

3.4.3 Enderit Format1on 

The Enderit Formation is a complex of arenaceous agglomerate 

and tuffs measuring 10 m in total thickness. The outcrop at 

the dr1ft show a dipslope of a portion of the units. The 

Formation varies laterally and vertically in Rivers Enderit and 

Makalia areas where the basal portion invariably consists of 

agglomerates, granules and rarely diatomiceous silts. Whereas 

the agglomerates are poorly sorted, most of the silts are often 

well sorted yellowish gray (5Y7/2) to greyish, orange (10Y7/4 

siltstones . At the drift the silts are 1nclined at an angle of 

2 to 5 degrees to the south-west. Above these occurs a series 

of laminated to thinly bedded light or olive gray (5¥6/1) 

siltstones and sandstones. Individual sandstone beds are 2 em 

to 10 em thick and alternate with arenaceous deposits. The 
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up permost silts grade through a series of verY fine laminations 

into the overlying units . In the Enderit River outcrop 

s e c tions a cut and fill of granule un~ts were observed 

r epeatedly with~n the silts . The tuffs intercalating diatomites 

are fine grained very light grey tuff. It attains thickness of 

a f ew centimetres . 

Traverse BD-LB Bedl 

The base of the sequence vary in thickness between 10 . 6 m and 

3 . 2 m. The unit is pum1ceous tuff cross channel deposit. It 

comprises lateritized trachytic obsidian, reworked silts, 

pe bb les 

p e b bles 

rounded to weakly subrounded, 

some measuring 10 x 5 cm
2 

in size. 

large conglomerate 

Above 81 formed a 

re l atively more pumiceous orange yellow tuff . This 

lithological unit is well sorted tabular with white yellow 

b ands. The bed is laminated yellow 5Y/V6 silt with Kunkar 

1 imestone nodules. In stratigraphic position, 81 (L8A) 

l a t era l ly correlates with B3(L8) where trachyte clasts of 10cm 

x 9c m with patches of pumice ash formed trough cross bedding . 

The unit show gradational contact in places, vein filled with 

reworked diatomaceous silt. It is reddish brown, poorly 

subrounded conglomerate clasts measuring 11cm x8cm . 

Traverse BD- LS Bed 2 

Th1S s e c tion predom1nantly c onsists of pumiceous 

sorted 

yellow 

tuff . The units here d i splay a well rounded granules with 
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FIG. 3- 13 Lithostratigraphic sections south of River Enderit drift 
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FIG. 3- 14 Lithostratigraphic sections , along River Enderit. 
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FIG. 3-15 Lithostratigraphic sections, Enderit River drift. 
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FIG . 3-16 Lithostratigraphic sections, along River Enderit. 
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FIG. 3-17 Lithostratigraphic sections River Enderit. 
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FIG. 3 - 18 Lithostratigraphic sections Enderit River drift. 
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FIG. 3 - 20 Lithostratigraphic sections, along River Enderit 
north of drift. 
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FIG . 3- 21 Lithostratigraphic sections, Enderit Drift 
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ma~ked gradational contacts between laminated Bed 8CB~ and 

8882 . 

5Y/Vb 

It is overlain by well sorted, tabular, whitish yellow 

laminated s1lt with kunkar nodules limestone . A 

relatively thin sandy silt, LBAB2 and L8AB3 has tectonic vein 

dykes less than 2 mm in f1lled with light coloured limon1t1c 

clay . The entire sequence is marked by minor cross-bedded 

pumice tuff conglomerate. At the base, LBB1 of Ender it 

Formation large pink boulders 15 em x 12 em thick base underlie 

a c alcrete-rich cal1che developed into yellow beach silt and 

grave l occas1onally intercalated by a poorly sorted gravel rich 

laminated silt. 

Traverse C Enderit Bedl 

The basal deposit at site 1Cl consist of well sorted very fine 

alternating light grey sandy s1lt. The bed was oxidised to 

yellow and the upper contact is slightly eroded. At location lC 

the l1thology grades to sharp well sorted clay. It reveals a 

tabul ar, geometry, though sign1iicantly deformed by white root 

tubul es. There are also patches of sta1ned d1atomaceous silt. 

Towards the top the colour tends to change to pink . At location 

1C3 the silt is generally dirty white or grey and laminated. 

The unit tends to grade into the overly1ng fanglomerates . Above 

the sandy silt formed a very coarse grained gradational 

sandstone with a deeply eroded base. The sandstone formed cross 

bedded alternating white and grey bands . It however, wedges 

below the overlying fanglomerate sequence at the Enderit 
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Dr1ft. The lithology of the fanglomerate is largely coarse sand 

and pebble clasts. North of the Drift the bed 1s poorly sorted 

unconsolidated conglomerate incorporating reworked diatomites. 

At LC3 the conglomerate consists predominantly of reworked 

d1atomaceous pumice. On the conglomerate was deposited a 

well sorted laminated tabular light grey clay and at the 

locality LlC beds 85 and 84 were intercalated with laminated 

black granules. 

Traverse 1A-1A13 

The Traverse 1A-1A13 run east - west into the Ender1t Drift and 

the lowermost Bed 1 measures 2.5 m from the base. It 

consists of white silty clay which grades into an oxidised 

siltstone. The wh1te s1lty clay unit laterally grades into 

beach granule at the top. The bed increases in thickness 5.7 m 

towards the depocentre where it abruptly changes to yellow 

sand, grey pumice and poorly sorted 2.7m thick pumice gravel 

mixed with silt 1A4. At locality 1A5 the unit comprises a very 

f1ne sand intercalated by a thinning out silt overlain by a 

fairly uniform fanglomerate bed. The fanglomerate unit consists 

of large angular boulders measuring 20 em x30 em at 1A2. The 

fanglomerate 

incorporat1ng 

bed is essentially thick mud slurry 

huge boulders. This massive fanglomerate is 

extremely poorly sorted with a grain size range varying 

between silt to large boulders. Wl.thin the same lithological 
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unit. beds B2, 83 and 84 belong to a single stratum which was 

relatively lighter in colour and shows banding of yellowish 

oxidised patches. The basal level of B2 is fine grained well 

sorted tabular silt with a colour range between slightly grey 

5YR 6/1 and reddish yellow 6/6 silty tuff. The silt is 

intercalated with hard oxidised band forming a hard resistant 

tuff. The tuff bands sometimes occur in streaks although the 

unit is well sorted. The bed is nearly tabular in geometry 

with dip 0 of 10 C south towards the depocentre. The bed is 

pinkish white 7.5 YR 8/2 diatomaceous silt. Within the bed were 

preserved plant rootlets characteristic flood plain 

deposition. A thin laminated orange layer between 82 and B3 is 

marked by 3 em and 5 em grey silt bands at the base and top 

respectively. 

The top of this unit (B4) is marked a sharp contact and 

comprise a well sorted tabular silt bed. It varies between .75m 

to 1 m in thickness. The unit is light reddish brown 5YR 6/3. 

The unit consists of minute volcanic glass mudstones~ 

siltstones and altered small plant rootlets. The stratum is 

overlain by Bed 85, a laminated sandstone often intercalated 

with conglomerates. The thin conglomerate shows a slight 

sinuosity at the top and a sharp base. The fanglomerate unit is 

made up of huge boulders with thick mud slurry matrix. It 

occasionally developed massive sections attributed to possible 

localised tectonic adjustments within the basin. The unit 
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measures 3 n in thickness wedging out towards the south. 

Lithological units B7,B8,B9 and BlO above the conglomerate are 

loosely lithified non-conformable yellow clay silt with 

columnar jointed base. The silt clay is interpersed with grey 

tuff of volcanic ash intercalated with yellow granules. The 

pumice tuff is friable, laminated and highly porous and 

occasionally it bears reddish brown oxidised silt. 

3.4.3.1 Kakalia Beds 

The Hakalia beds are well exposed along the River Hakalia and 

along the ridges of the western and southern fault scarps 

bounding the southern margin of Lake Nakuru. The sediments vary 

considerably along the stream both in thickness and 

composition. The overall thickness ranges from less than 0.5 m 

at the edge of the west-north boarding fault scarp to well over 

10 m in the south. The sediments can be grouped into two units, 

a predominantly fine grain diatomite rich intercalation with 

occasional sandy siltstones and coarse poorly sorted bright 

orange tuffs towards the top. The lower fine grained unit 

documents a major lacustrine transgression in the area. The 

upper 

Towards 

sequence varies significantly from the northern ridge. 

the south the strata consist of cross-bedded pumice 

gravels, sandstones and siltstones deposits in a dominantly 

fluvial environments. Along the southern ridge the sediments 

are generally repetitive sequence of lacustrine siltstones , 
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F1G. 3- 22 Lithostratigraphic sections, west of the River Makalia. 
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FIG. 3- 23 Lithostratigraphic sections along eastern bank, 
River Makalia 
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d.1.atomites, and fluvial pumice sandstones and siltstones 

(Figs. 3-22 and 3-23). This portion of the stratigraphic 

sequence consists primarily of siltstones, pumiceous sands and 

diatomaceous silts. Overlying the diatomite is another sequence 

of laminated siltstone. Also occurring within the sequence are 

caliche carbonates within the siltstones which are limited in 

lateral extent. Several of these limestones reach only 20 em 

to 30 em in thickness and show ripple laminae. The lithological 

sequence from Makalia area can be summarised as follows . The 

basal sediments consist of some 2 meters of coarse 

volcaniclastic deposits on an eroded volcanic surface. These 

are overlain by 3 meters thick fine grained diatomaceous 

deposit and intercalations of thin ash and scattered pumice 

On top of this sequence lies an unconformable gravels. 

erosional surface of cut-and-fill stream cobbles and pebbles. 

In its upper surface the deposits are mainly a tuffaceous 

sandstone intercalated with diatomaceous silts, brown 

conglomerates and a few thin beds of volcanic ash. 

pumice 

In the 

neighbouring basins, the Makalia sequence is interpreted to 

represent a cyclic of alluvial, fluvial, and deltaic 

sedimentation. 

3.4.4 Ronda For•ation 

At Lamuriak the lowermost pyroclastic sediments lie below the 

Ronda Formation. The author examined these sediments and 

recognised that they are primarily clastic volcanogenic 
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FIG.3- 24 Lithostratigraphic sections, north eastern edge 

lake Nakuru Park. 
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FIG. 3-25 Lithostrtigraphic sections, in a sand quarry 
at Ronda. 
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sediments (Figs. 3-24 to 3-27) wh~ch were or~ginally reported 

to be of lacustrine origin (McCall, 1967; Nyamweru 1969). They 

range from fine grain silts to pumice granules. Within the 

Lower Lamuriak Gorge the sediments are poorly exposed on a very 

steep cliff precluding an exhaustive study at close range of 

the litho logy although they were recognised to be ent~rely 

volcano-clastic material. The deposits measured 25 m thick 

(F~g. 3-25, L12A) and were later intruded contemporaneously by 

volcanic dykes. These sed~ments are stratigraphically older 

than the overlying lacustrine sed~ments at Lamuriak and Ronda 

sand quarry. A major an unconformity extending north of the 

Honeymoon Hill quarry above the sediments marks the boundary of 

the rock units. At Ronda sand quarry the lowest unit consist of 

a series of repetitive sequences of dominantly fine-grained 

sediment . Light olive gray (5V6/1) to olive gray (5V4/1) 

laminated siltstones are the most abundant. They show primarily 

planar parallel lam~nae of about 0.5 em thickness where the 

laminae are well developed other features are absent. Where the 

s~ltstone is more massive lower limonitic concretions and 

caliche occur. In some units, the siltstones coarsen upwards 

and lenses of arenaceous s~ltstone become common towards the 

top. This may occasionally give way to a series of 

interbedded siltstone and fine sandstones. In most cases 

however, 

contact 

the 

with 

top of siltstone unit is truncated by sharp 

a very pale orange (lOYR/2) medium 
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sandstone . The sandstones are dominantly sublitharenites and 

litharen~tes which are moderately sorted and subrounded primary 

structures include basal small-scale trough cross-beddlng, 

planar cross-bedding and planar bedding . Ind~vidual sandstone 

un~ ts tend to become structureless towards the top. The 

correlations of strat~graphic sections 

sections are presented ~n chapter 5 . 
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CHAPTER 4 

PETROLOGY AND GEOCHEMISTRY OF SEDIMENTS. 

4.1 Petrology of the sedimentary formations 

Late Quaternary sediments of the Central Rift consist 

alternations of thick up to 11 m diatomaceous silts and 

(centimetre to decimetre) volcanic pumice ash. Individual 

of 

thin 

beds 

have distinctive colours and lithologies and contain diagenetic 

assemblages. These characteristics have made it possible to 

develop detailed lithostratigraphy from measured stratigraphic 

succession in the area. Host of the lacustrine sediments are 

massive silty diatomite beds, commonly intercalated with 

clays, tuffs and sands. Fluvial, alluvial and lacustrine 

sediments contain significant proportions of pumice 

conglomerates and pyroclastic agglomerates. Clays are readily 

distinguished by their grey colours. Small fluctuations during 

the Quaternary have therefore produced alternating succession 

of marls and clays which reflect climatic shifts caused by high 

lake level cyclicity. The Kariandusi (Plates 2a,2b) and 

Soysambu (Plates 4a, 4b) Formations consist of mainly shallow 

water diatomiceous lake sediments, mainly clays and silts. 

They are moderately to highly indurated ranging in colour from 

white to light gray. Most of the deposits display primary 

fissility, where they tend to split or separate along 

relatively smooth surfaces parallel to the bedding planes. This 

property is related to the concentration of constituent 
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detrital minerals and associated quiet depositional 

environments. Most of these lake beds contain abundant 

and fine-sand particles of mainly quartz and feldspars 

clays 

which 

grade into siltstones. The Soysambu Formation comprises mainly 

of fine-grained diatomiceous siltstones, volcanic claystones, 

tuffs and calcrenites. The quartz is predominantly 

polycrytalline while the feldspars are frequently highly 

altered microcline. 

Both Enderit and Ronda Formations reflect fluvial deltaic 

deposition. The conglomerate beds of the Enderit Formation are 

debris flow tephra. The extremely angular constituent clast of 

the deposits indicate provenance to be within the bounding 

scarp margins of the palaeobasin. The lithostratigraphic units 

are easily differentiated by a wide range of mineral 

composition both of detrital and authigenic origin. The 

mineral components identified in the conglomerates are quartz, 

potassium feldspar, plagioclase feldspar, perthite, chlorite 

and carbonate cement. Lake sediments are characterised by 

massive diatomaceous silts of lacustrine origin with 

pyroclastic tuff intercalations. The organic rich sediments 

contain large amounts of biogenic silica notably diatoms. The 

increased proportion of preserved lacustrine organic matter in 

form of siliceous microplankton are characteristic of sediments 

in areas of high planktonic productivity. Such sediments are 
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restricted to relatively quiet environments of diminishing 

influence of fluvial sedimentation. Toward the lake margins 

diatom accumulations were relatively less rapid and only thin 

wedging deposits recorded. 

At Kariandusi a general increase in diatomite thickness 

in southernly direction. In the same area sediments 

geographic variations in diatomite content with those 

occurs 

display 

to the 

north containing 40-85 % while those to south contain less 

than 35 % silica. Stratigraphic sections data from the 

sediments demonstrate that these sediments thicken towards the 

depocentre and become coarser-grained towards the lake margins. 

The strata thickness and grain sizes variations indicate a 

derivation from the bounding fault margins. This conform with 

the relatively coarse fluvial and alluvial sediments transport 

pathways. Lake sediments are however, restricted to the axial 

parts of the basins indicating extrabasinal sources for the 

bulk of the deposits and constituent minerals. The differences 

in the diatom types was not analysed the result of which would 

to a lesser extent relate to provenance, lake depth variations 

and cyclicity although deposits of the thickest diatom 

sequences evidently formed in the deeper parts of the basins. 

The volcanic rich sediments are best differentiated by their 

high aluminium and titanium contents (about 1.5 % CFB). 

Although the sediments are also differentiated by the major-
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element compositions of the iron, magnesium, aluminium and 

potassium contents of the sediment groups. The increased propor­

tion of aluminium and alkali metals in the sediments is indica­

tive of terrestrial origin for the aluminosilicate phases of 

volcanic terrain of the area. In the areas where the beds are 

characterised by centimetres to decimetres thick basal volcani­

clastic sands containing less than 20 % clay grade sands are 

well sorted, fine upwards and commonly laminated. Laminations 

are predominantly comprised of alternations of diatomite rich 

silts and volcaniclastic sands. The coarse sands have grains of 

clinopyroxene (augite) olivine and volcanic glass as the 

dominant phases. Secondary minerals include amphiboles (horn­

blende), orthopyroxene (hypersthene) epidote. More general 

analysis of the deposits revealed sodic pyroxene (aegerine) and 

some alkali feldspars (microcline, sanidine) in these beds. The 

chemistry of volcanic shards in the sediments indicate a 

trachytic-trachyandesitic composition for the parent magma. The 

author has observed centimetre sized pebbles of pumice. There 

is therefore no doubt that the deposits are derived entirely 

from the surrounding volcanics and consequently contain more 

volcanogenic and other igneous detritals than lacustrine 

components. The high proportion of the basic and intermediate 

igneous minerals clearly explain the high iron, magnesium and 

titanium levels in these sediments. The mineralogy and 

chemistry of the igneous detrital are typical of Quaternary 

109 



rift volcanics (McCall, 1967). In the Hakalia river valley, 

the lowermost formation is underlain by coarse grained poorly 

sorted weathered lava. The arkosic volcanic sand is followed by 

Predominantly medium grained well sorted yellowish white 

Pumice sands which are weakly indurated. They are composed 

predominantly of silica glass and feldspar particles. The 

quartz particles 

deposits lack 

Frequently the 

display mostly 

cement and are 

clays are the 

undulatory extinction. The 

very weakly consolidated. 

main interstitial materials. 

Carbonates are present largely as calcretes. The Hakalia beds 

of the Enderit Formation is composed of mainly of gray moderate 

to poorly sorted clay-rich pyroclastic tuffs. The sediments of 

the Enderit deposits are generally weakly indurated and they 

vary in mean grain-size from fine to coarse and frequently 

conglomeratic lithological units. The detrital particles range 

in shape from angular to subrounded. The modal analyses of the 

sediments indicate that quartz and feldspar are the dominant 

minerals. The quartz commonly display different degrees of 

undulatory extiction. Some of the sandstones are weakly welded 

by particle interpenetration. Frequently the clay minerals are 

the main interstitial materials. Again carbonate cement occur 

sparingly as calcretes. At Ronda, analysis of petrography 

indicates that quartz and feldspar are the dominant detrital 

particles. The quartz is occasionally monocrystalline 

displaying different degrees of undulatory extiction. Potassium 
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fe l dspar 

abundant 

calcite) 

is 

in 

the 

the 

second major component and plagioclase is 

arkoses than carbonate minerals (mainly 

are common as calcrete and they are usually coarse 

crystalline clays. The phyllosilicates occur as mixed layer 

bentonite and possibly kaolinite. The greenish and grey tinge 

characteristic of the clays is predominantly chlorite. 

The tuffs are characterised by dark grey colour weakly 

indurated, poorly sorted nedium to coarsely grained deposits. 

The detrital particles are subrounded, subangular to angular 

and sometimes dominantly rod-shaped. The modal analysis 

indicates that the tuffs are mainly felspathic with 

surbodinate quartz and lithics. Polycrystalline quartz is 

abundant suggesting low sediment maturity. Potassium feldspar 

is usually associated with smaller amounts of perthite and 

plagioclase feldspar. Rock fragments are major component of the 

lithics detrital and they are mainly argillite volcanic rocks 

containing altered feldspars. The main matrix are clay 

minerals~ sparing calcite, quartz and ferrugenous material. 

4.1.1 Grain-size Distribution. 

Statistical grain size parameters (Tables 4A, 4B, 4C.) used 

for both descriptive and inferrential purposes were derived 

fron sieved data calculated according to the formula of Folk 

and Ward, 1957 as follows: 
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k 
Mean: x = ~ .Z f ( x1)x1 1=1 

[ k 2] ~ Standard Deviation: s = ~ 2:. f ( xi ) ( x1 - x ) 
1=1 

Skevvness: sk = 

Kurtosis: Ku = 1 [ ~ f ( X. ) ( Xi - X )4- 3J 2 . -1 -----'''-----'-'--,_ ns4 

(0) = Phi were computed for the mid - points of each size class as follows: 
n = total weight of samples 

f(x.) - weight of single size class 
I 

xi = midpoint of same size 

k = total number of size classes 
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TABLE 4A Calculated values for mean sorting, kurtosis. skewness 
measured on Phi scale. 

Sample Description Mean Sorting Kurtosis Sk€\Nness 

PT13B1 MGS 1.22 MS .72 PLK -1.08 -.34 
PT13B2 MGS 1.24 MS .73 PLK -1.07 -.36 
PT13B3 CGS .84 MS .91 PLK -1.06 -.29 
PT1384 MGS 1.32 MS .71 PLK -.91 -.50 
PT13B5 MGS 1.74 MS .92 PLK -.99 -.41 
PT14 FGS 2.83 MS .90 PLK -1.21 -.27 
PT14B3 MGS 1.18 MS .71 PLK -1.07 -.28 
PT1484 MGS 1.26 MS .71 PLK -.41 -.98 
PT1682 FGS3 .18 MS .75 PLK -1.21 -.25 
PT16B3 FGS 1.20 MS .75 PLK -1.16 -.30 
PT1885 FGS 2.75 PS .1.03 PLK -1.15 -.26 
PT1886 FGS 2.19 PS 1.09 PLK -.91 -.41 
PT19B1 MGS 1.27 MS .72 PLK -.99 -.43 
PT1982 MGS 1.93 MS .84 PLK -.49 -.70 
PT1985 MGS 1.93 PS 1.61 PLK -1.19 -.18 
PT19B6 VFGS 3.46 MS .74 PLK -.77 -.72 
PT19B3 MGS 1.47 PS 1.35 PLK -1.13 -.21 
PT19B4 VFGS 3.69 MS .58 LPK 1.31 -1.41 
PT19B7 FGS 2.77 PS 1.01 PLK -1.12 -.27 
PT19B8 MGS 1.26 MS .70 PLK -.98 -.39 
PT20B3 MGS 1.98 PS 1.06 PLK -1.02 -.35 
PT2082 VFGS 3.16 MS .76 PLK -1.23 -.22 
PT2081 FGS 2.72 PS 1.16 PLK -.69 
PT2181 MGS 1.93 MS .86 PLK -.48 -.74 
PT21B3 VFGS 3.26 PS 1.08 LPK .67 -1 .24 
PT2184 MGS 1.33 MW .70 PLK - .88 -.50 
PT2182 FGS 2.96 PS 1.20 PLK -.21 -.94 
PT21B5 FGS 2.82 MS 1.00 PLK -1.04 -.36 
PT23B1 MGS 1.28 MWS .70 PLK -.92 -.44 
PT23B2 MGS 1.21 MS .73 PLK -1.10 -.31 
PT2384 FGS 2.06 MS .77 PLK -.35 -.79 
PT2383 MGS 1.24 MS .71 PLK -1.00 -.37 
PT23B5 FGS 2.59 PS 1.23 PLK -.84 -.50 
PT23B6 VFGS 3.18 MS .73 PLK -1.13 -.28 
PT26B2 CGS .68 MS .96 PLK -1.11 - .36 
PT26B1 MGS 1.20 MS .72 PLK -1.07 -.32 
PT2683 FGS 2.21 PS 1.10 PLK -.88 -.46 
PT2684 FGS 3.18 MS .73 PLK -1.14 - .26 
PT3381 FGS 2.83 MS .94 PLK -1 .14 -.23 
PT33B2 VFGS 3.17 MS .75 PLK -1.20 -.25 
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Table 4B Calculated values for mean, sorting, kurtosis, skevvness 
measured on Phi scale. 

Sample Description Mean Sorting Kurtosis Skevvness 

1FB5 FGS 2.30 MS .82 PLK -.96 -.31 
1FB4B VFGS 3.96 ws .38 LPK 7.29 - 2.62 
1FB6 VFGS 3.58 MS .71 PLK -.25 -1.04 
1FB7 VFGS 3.24 MWS .67 PLK -.90 -.35 
1FB8 VFGS 3.45 MWS .66 PLK -.44 -.75 
S8PUM VFGP 3.38 MS .75 PLK -.96 - .60 
1GB2 MGS 1.26 MS .74 PLK -1.13 -.36 
1GB1 MGS 1.21 MS .73 PLK -1.12 -.31 
1GT2 VFGS 3.51 MWS .67 PLK -.25 -.90 
1GPUT1 VFGP 3.61 MWS .59 LPK .51 -1.11 
1GB3 VFGS 3.21 MS .76 PLK -1.19 -.30 
1GB4 VFGS 3.18 MS .71 PLK -1.09 -.24 
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Table 4C Calculated values for mean, sorting, kurt<;>sis, skewness 
of Enderit sediments, measured on Phi scale. 

pie Description Mean Sorting Kurtosis Skewn 

1CB8 VFGS 3.18 MS .71 PLK -1.32 -.33 
1C89 VFGS 3.35 MS .75 PLK -1.02 -.56 
1C81 VFGS 3.42 MS .73 PLK -.78 -.69 

1 C811 VFGS 3.14 MWS .70 PLK -1.34 -.25 
10 FGS 2.52 PS 1.29 PLK -1.03 -.40 
108 MGS 1.74 MS .93 PLK -1.00 -.42 
1085 VFGS 3.19 MS .75 PLK-1.19 -.26 
1086 VFGS 3.24 MWS .69 PLK -1.21 -.43 
1DB7 VFGS 3.43 MWS .57 PLK -.27 -.86 

2381 VFGS 3.65 ws .47 LPK .11 -.81 
23B2 VFGS 3.76 MWS .64 PLK 1.12 -1.55 
23CB1 CGS .92 MS .91 PLK -1.00 -.36 
23CBB CGS .40 PS 1.20 PL -1.10 -.24 
23CB4 CGS .86 MS .90 PLK -1.02 -.33 
23CB3 VFGS 3.21 MS .74 PLK -1.16 -.35 
23EB4 FGS 2.98 MS .83 PLK -.90 -3.73 
23FB2 SILT 4.03 WJS .33 Plk -.18 -.47 
23C MGS 1.79 MS .89 PLK -.87 -.93 
3CA VFGS 3.55 MS .70 PLK -.15 -.37 
4B VFGS 3.33 MS .73 LPK -.96 - .52 

2484 VFGS 3.25 MS .75 PLK -1.1.1 -.43 

124G MGS 1.21 iViS .73 PLK -1.11 -.31 i 
24GB3 VFGS 3.5 MS .71 PLK -.57 -.82 
NB1 VFGS 3.07 MS .72 PLK -1 .17 -.11 

NB2 FGS 2.94 MS .82 PLK -.91 -.28 

OM CGS .87 MS .97 PLK -.77 -.48 
18P5 FGS 2.43 PS 1.37 LPK -1.22 -.39 
1881 MGS 1.19 MS .72 PLK -1.06 -.33 

1883 MGS 1.18 MS .71 PLK -1.07 -.28 

1884 CGS .86 MS .88 PLK -.98 -.27 

1885 VFGS 3.20 MS .72 PLK -1.10 - .30 

1E3 FGS 2.45 vws .26 PLK-1.15 -.33 

1E4 VFGS 3.23 r.j,WS .76 PLK-1.20 -.48 

1E5 VFGS 3.32 MS .67 PLK -.80 -.30 

1E7 MGS 1.20 MS .71 PLK -1.04 -.33 

E48 VFGS 3.23 MS .76 PLK-1.20 -.28 

1FB1 MGS 1.19 MS .75 PLK -1.17 -.37 

1FB2 VFGS 3.26 PS .77 PLK-1.20 -.79 
1FB3 FGS 2.14 M\\fS .68 PLK -.13 -2.22 
1FB38 VFGS ac • v M\tVS .50 LPK -4-.28 -.23 

1FB4 VFGS 3.37 MS .. 78 PL!( - ·j .09 -.54 
H 
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Although its value remains controversial, grain-size analysis 

has long been a standard procedure in sedimentology since 

1950s (Inman, 1952; Folk and Ward, 1957: Wentworth, 1922; 

Krumbein, 1935; Krunbein and Pettijohn, 1938; Friedman, 1958; 

Vander Pais, 1952; Grifiths, 1967). However, grain-size alone 

can sometimes produce ambiguous or incorrect results in spite 

of the fact that there still persists a general contention in 

sedimentology that a detailed grain size analysis can possibly 

indicate the environment of deposition. Hence, the adoption and 

application of computer programme in this study is based on 

this premise and indicates the importance placed on grain size 

analysis. 

The statistical mean parameters define the central tendency 

of the distribution as essentially consisting of very fine 

grain sands to silt. The mean locate the weighted central 

tendency to the fines ((3.00-4.50)). The mean of the 

logarithmic distribution calculated is affected by weighted 

distribution from sieving results and is shifted slightly 

towards the coarser end of the distribution. 

Phi sorting or standard deviation measure of scatter or 

dispersion seems largely related directly to the localised 

transporting agents of depositional environments which 

segregated sediment load according to size. Phi sorting 

frequency of the sediments broadly correlate with the mean. The 

coarse or fine deposits tend to have high standard deviation 
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and are poorly sorted whereas high degree of sorting reflect 

low sorting values as in sands with relatively low standard 

deviation (well sorted). The Central Rift sediments were both 

generally moderately well sorted. The poorly sorted (s.d. 

values greater than 1.00) is characteristic of sediments that 

have not undergone considerable transport. The 

are non-lacustrine terrestrial piedmont, and 

deposits. 

poorly sorted 

alluvial fan 

The Phi skewness estimating non-normality or the deviation of 

the distribution from the normal broadly represent negative 

skewness coarse tail to the distribution. Thus whereas 

negatively skewed distribution has relatively more coarse 

material than would be expected in a normal distribution. The 

value for skewness denotes which end of the distribution has a 

greater proportion of sediments. The negative skewness value 

indicate that the finer material is more abundant and there is 

a tail of coarse grain. The general lack of positive value in 

the sediments indicate abundance of coarse material with a 

"tail'' of fines. Hence most of the sediments in the study area 

were skewed to the finer material. 

Though relatively abstract, Phi kurtosis measures and 

descriptive parameters of peakedness of the size distribution 

relate the rift sediments both to sorting and degree of 

normality of the distribution. Poorly sorted sediments tend to 
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have flat particle size distribution generally differ from the 

normal curve though showing no asymmetry (skeHness). Similarly 

a well sorted sediment may have a more peaked distribution than 

normal curve. In this analysis platykurtic distribution is 

generally 

occur. In 

about 0.5 

predominant although a few leptokurtic distribution 

most sediments the range of kurtosis varies from 

to 3.5 a normal distribution has a value of 1.0. 

However, in this study, because the high percentage of material 

is in the finest fraction, most of the sediments did show 

platykurtic values. 

Several distinct patterns are revealed in the distribution of 

the grain-size parameters even within a given single 

sedimentary unit. These may reflect similar sediment types 

similar mode of deposition for different sediment types or they 

may be just coincidental. The high percentage of very fine 

sediments should be treated cautiously, for it merely reflects 

the lack of fine sediment analysis using settling rates in 

water. The presence of bimodal distribution of grains implies 

generally that the sediment has been transported from its place 

of origin and thus has undergone more than one mechanism for 

sorting. Apparently in the Central Rift, sediments of more 

distinct types were coming into one or nore depositional 

environments. There is a normal detrital input to the lake, 

strean or land; there is a pyroclastic input from active 

volcanic vents; and there is a terreginous volcanic input from 
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the land to the lake or stream. Thus a bimodal or multimodal 

distribution of grain sizes may only reflect this plurality of 

sediment inputs apart from plurality of depositional 

environments. The author nevertheless, recognised that the 

sieved data from the the rift sediments do have specific 

meaning which may relate to their depositional environments. 

4.3 Geochemical Data. 

As means of relating chemical concentrations to common 

sediments geochemical data have previously been recognised to 

be of benefit in sediment correlation, such as section to 

section correlation, depositional environment interpretation, 

tectonic setting and sedimentary basin analysis (Crook, 1974, 

Schwab 1975, Dickson and Suczek 1979, Selley 1982, Bhatia 

1983, Roser and Korch 1986, Heron 1987 Middleton 1960, Garrels 

and Mackenzie 1971, Pettijohn et al. 1972). Chemical studies 

have shown that appreciable exchanges in the contents of the 

mobile elements have an effect of the percentage of non-mobile 

elements because of the constant sum effect . This however, can 

be overcome if elements or oxides that are not influenced by 

the mobility of other elements are used for the classification 

and comparison between the different sedimentary formations 

(Hanski, 1988). The chemical composition of the rift sediments 

(Tables 4-1 to 4-5) generally reflect immature mineral 

composi tion in which Si02 is the major constituent. However 
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Table 4 -1A Major oxide composition of Karlandusi sediments. 

Sample 

numberSi02 Ti02 Al203 Fe203 MnO MgO CaO Na20 
~782 45.16 .79 13.39 5.15 .15 .01 .45 2.07 4.41 
~784 56.16 .99 11.29 5.33 .00 .02 .52 2.21 3.60 
1588 39.99 .31 8.91 6.33 .12 .08 .40 2.65 3.52 
1589 45.00 .52 7.87 6.84 .07 .08 .36 1.68 3.26 
1582 43.13 .53 9.97 6.18 .14 .02 .37 2.13 4.32 
1587 44.74 .66 9.42 7.68 .64 .25 .49 1.61 3.12 
1581 45.72 .71 8.08 7.02 .00 .11 .75 1.96 3.99 
1582 42.15 .69 9.76 6.94 .13 .36 1.78 3.89 ? 

1584 40.82 .56 9.54 6.49 .11 .18 .47 3.08 3.14 
1585 47.82 .29 6.66 6.04 .11 .02 .25 1.80 3.71 
~586 52.19 .00 8.51 6.17 .00 .02 .25 1.36 3.90 
~5B7 51.36 .65 9.23 5.58 .00 .17 .55 1.26 2.24 
~5B8 45.07 .79 10.78 7.07 .18 .14 .33 2.87 3.21 
1489 42.59 .00 5.77 6.10 .13 .04 .28 1.54 3.43 
~4820 46.04 .00 8.35 12.00 .29 .42 2.16 2.38 3.73 
~4810 49.25 .56 10.66 6.61 .07 .89 .71 1.95 2.99 
1488 42.25 .62 8.81 6.79 .18 .79 .72 2.01 3.03 
1489 38.78 .32 10.97 5.67 .06 .03 .68 2.82 4.08 
1485 46.24 .31 6.99 6.21 .06 .11 .45 1.89 3.89 
1481 37.49 1.35 9.58 7.53 .26 .18 1.14 1.86 3.79 
14811 46.19 .50 7.60 5.07 .07 .50 .57 1.63 2.79 
14816 44.91 .53 2.12 6.11 .14 .66 .67 2.30 3.22 
14822 40.75 .39 10.39 5.27 .05 .07 .55 2.96 3.79 
1482 37.39 1.33 11.32 7.13 .13 .17 .98 1.72 3.97 
1486 54.15 1.01 11.51 5.65 .00 1.82 .64 1.31 2.02 
1487 50.00 .62 7.03 6.11 .12 .06 .52 2.51 3.81 
14P7A 47.27 .60 8.99 5.27 .15 .69 .58 1.67 2.72 
~4148 49.80 .34 7.64 5.77 .00 .03 .28 2.72 3.89 
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Table 4 -1 B Major oxide composition of Kariandusi sediments_ 

Sample 
number Si02 Ti02 Al203 Fe203 MnO MgO CaO Na2 
1385 51.89 .61 6.86 6.23 .00 .26 .38 2.45 3.39 
1381 2 43.60 .45 6.77 5.51 .00 .12 .31 2.71 3.45 
13888 45.33 .76 6.92 5.89 .18 .18 .32 2.67 3.64 
13B8A 42.29 .69 7.87 5.95 .00 .28 .51 3.03 3.26 
13819 45.73 .55 6.24 5.30 .11 .08 .40 3.56 3.98 
1381 8 43.31 .92 5.14 6.75 .07 .22 .69 2.61 3.04 
13826 39.52 1.03 9.71 6.31 .20 .06 .72 2.99 4.46 
13B32C 35.47 1.02 7.72 5.98 .20 .09 .50 2.64 4.18 
13830 45.11 .78 10.61 5.81 .18 .05 .54 3.91 3.83 
13828 31.72 .67 9.51 6.04 .13 .05 .73 2.85 3.76 
13822 54.76 .70 10.50 4.00 .00 .11 .29 3.32 2.53 
13817 44.04 .45 8.41 6.36 .10 .22 .48 2.60 3.04 
13816 46.56 1.14 4.31 6.19 .00 .14 .48 2.34 3.57 
13815 50.24 .71 8.07 5.80 .00 .04 .45 1.96 3.73 
13814 47.55 .69 9.63 8.74 .33 .25 .07 2.86 4.91 
13821 45.76 .76 10.76 9.11 .37 .53 .63 2.95 4.12 
138328 57.28 .94 10.63 5.49 .18 .17 .46 2.83 4.07 
13832 39.32 .83 5.62 5.66 .13 .25 .47 3.74 3.94 
1384 47.44 .75 6.37 4.81 .00 .22 .31 2.78 2.98 
1383 43.55 .72 5.91 5.81 .10 .30 .42 3.79 3.77 
1386 54.85 .67 9.42 6.41 .00 .50 .19 2.20 3.48 
1387 47.41 .66 6.62 8.76 .17 .23 .44 4.02 4.96 
1388 46 .52 .06 8.38 5.58 .34 .22 .25 2.11 3.21 
13827 42.20 .54 10.28 6.37 .21 .14 .46 2.46 4.19 
13825 53.68 .36 8.13 5.23 .00 1.25 .60 1.62 1.43 
13B32A 31 .76 .69 9.70 6.01 .19 .15 .51 2.66 3.83 
13B9 47 .28 .58 9.89 5.86 .11 .19 .43 2.73 3.78 
13B29 29.02 .66 9.31 5 .21 .00 .07 .55 3.72 4 .51 
13831 45 .28 .79 10.77 5.43 .18 .22 .36 3.71 3.66 
13833 40.09 .57 12.98 4.05 .11 .85 .24 1.57 2.90 
13B2 39.32 .74 4.22 4.47 .00 .1 0 .26 2.11 .81 
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Ta 4-2 Major oxide composition of Soysambu sediments. 

Sample 
number 

Si02 Ti02 Al203 Fe203 MnO MgO CaO Na20K20 
7B2 53.38 1.08 10.48 5.08 .18 .87 1.55 2.74 1.89 

784 56.16 .51 4.35 2.30 .10 .20 25.09 .83 .74 

7NB1C 52.56 1.65 14.03 7.07 1.09 1.09 4.33 2.83 .08 

7NB1A 34.62 1.14 10.73 8.11 .15 .99 .95 3.06 2.60 

7NB5 27.19 .90 10.23 5.41 .40 .14 2.88 3.65 2.61 
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Table 4 - 3 Major oxide composition of Enderit Sediments_ 

Sample 
number Si02 TI02 Al203 Fe203 MnO MgO CaO Na20 K20 
1DB6 56.15 .62 9.30 3.95 .00 .23 .59 1.16 
1CB5 53.18 .85 9.60 5,37 .07 .45 .91 1.78 1.22 
1GB3 51.52 .96 10.92 6.52 .07 .40 .42 1.87 1.81 
1FB7 29.16 1.82 18.33 9.01 .31 .68 2.04 6.20 4.38 
1FB3B 38.83 1.01 15.23 10.07 .26 .20 .92 6.52 4.61 
1FB5 25.39 2.03 13.43 7.98 .13 2.26 4.40 3.01 1.47 
1E7 35.19 .74 5.55 7.77 .19 .13 .39 1.88 1.68 
1E2 42.66 1.00 9.49 6.60 .13 .20 .27 1.76 1.57 
1E11 46.75 1.10 4.72 7.61 .14 .44 .32 1.08 2.38 
1E5 37.17 1.01 9.55 10.10 .20 .07 .52 5.50 3.29 
1E9 37.67 .86 11.71 6.57 .20 .19 .42 3.48 3.23 
1E4 61.02 1.28 12.45 10.98 .43 .33 .26 3.40 2.25 
1CB 42.83 1.07 10.43 7.75 .06 .32 1.15 1.12 1.88 
1FB4 29.77 1.48 11.16 9.02 .15 .84 1.65 2.07 1.99 
1GPT1 16.29 .33 13.18 6.69 .19 .53 1.12 6.18 4.32 
1CB1 59.15 .74 8.41 4.93 .22 .30 .57 4.35 1.07 
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Table 4-4 Major oxide composition of Ronda sediments. 

Sample 
number Si02 Ti02 Al203 Fe203 MnO MgO CaO Na20 K20 
1889 25.88 1.13 14.46 6.32 .00 .19 .74 5.50 4.50 
18810 28.90 .77 13.17 6.97 .00 .44 1.69 2.35 1.96 
1887 47.55 1.00 8.52 5.15 .09 .20 .43 3.44 1.81 
18B6 26.10 1.44 13.01 5.90 .22 .31 1.08 5.22 4.15 
18B3 21.09 1.17 10.30 10.01 .30 .06 .54 6.09 3.94 
18B5 23.22 1.61 12.86 6.48 .29 .34 .95 4.74 4.10 
1888 9 .. 76 1.46 12.17 7.23 .30 .30 .77 5.33 4.10 
1983 51.69 .40 4.58 2.86 .08 .32 10.68 .82 .73 
1981 49.32 1.12 12.64 6.33 .22 .26 .70 5.30 4.43 
2163 27.43 1.05 11.90 6.94 .29 .17 .73 4.61 4.01 
23CB2 37.94 .73 10.28 6.37 .14 .18 .64 3.96 3.01 
23CB3 39.61 .43 9.77 4.99 .00 .64 4.34 3.14 2.96 
23C 26.64 1.43 18.25 6.67 .21 .45 1.20 6.36 5.43 
2382 47.34 1.56 13.22 7.33 .30 .33 1.17 5.97 4.07 
2381 35.25 1.30 11.82 6.70 .27 .31 .88 5.06 4.40 
23EB4 28.20 1.38 11.14 6.57 .23 .27 .99 4.45 3.98 
24GB3 37.96 1.20 10.20 10.28 .29 .09 .76 6.31 4.12 
2PB 36.80 1.35 11.48 7.30 .33 .27 .99 5.32 4.27 
5B3 32.77 1.11 12.91 7.05 .39 .21 .75 2.66 2.65 
6B2A 42.85 1.06 10.02 6.81 .34 .28 .71 .86 1.79 
2484 52.71 1.42 12.05 5.77 .00 .24 .37 2.72 1.66 
24B 30.75 1.54 13.05 7.34 .29 .22 1.11 5.17 4.62 
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Table 4-5 Major oxide composition of Makalia sediments. 

Sample 
number Si02 Ti02 Al203 Fe203 MnO MgO CaO Na20 K20 
1881 35.83 .87 11.53 6.16 .17 
889 35.83 .87 10.81 8.17 .19 .30 .78 1.16 2.41 
8810 27.25 1.05 11.85 7.68 .23 .42 .55 4.10 3.78 
888 33.26 .97 10.99 6.37 .13 .21 .90 3.53 3.15 
886 34.31 .90 12.76 8.49 .17 .25 .83 1.27 1.63 
881 50.53 1.14 10.75 6.34 .22 .62 .72 .77 1.65 
8811 57.74 .54 4.91 4.65 .25 .50 2.37 .88 2.04 
886C 43.33 .85 7.70 10.18 .66 .06 .50 2.47 3.07 
8868 40.00 .92 9.49 10.04 .26 .17 .40 2.17 2.66 
885 42.59 .74 8.41 7.47 .22 .18 .58 1.50 2.28 
884 49.82 .92 5.45 3.85 .00 .32 1.61 1.30 1.04 
8838 41.28 1.53 12.10 5.88 .00 .23 .67 1.48 1.87 
48? 37.51 1.30 11.34 6.86 .12 .16 .29 2.99 2.53 
4P4 32.47 .22 12.06 7.16 .82 .32 2.68 3.69 2.09 
4P5 30.26 1.20 13.54 9.09 .58 .16 .63 4.35 3.67 
4P2 40.86 1.20 13.54 9.09 .58 .16 .63 4.35 3.67 
4P3 54.23 .20 6.79 12.45 .70 .15 .59 2.06 1.45 
10NEB3 38.64 1.22 5.20 6.82 .12 .14 .29 1.49 .88 
1082 32.57 .74 6.01 6.36 .16 .13 .46 3.86 3.98 
10NEB4 26.23 1.01 11.48 5.93 .13 .20 .25 1.64 1.83 
10NEB1 24.61 1.09 13.16 8.71 .17 .27 .29 1.99 1.47 
10NEB5 41.01 1.32 13.56 7.79 .19 .19 .20 1.16 1.04 
1081 27.13 .85 9.63 4.18 .08 .11 .29 2.40 1.07 
11 B1 62.52 1.04 7.85 4.01 .00 .16 .22 1.96 1.0C 
11 B4 29.47 .86 7.55 5.09 .26 .09 .96 2.69 1.9e 
1183 34.43 .55 6.98 4.64 .09 .07 .72 4.38 4.oe 
9WB1 70.53 1.38 12.50 6.91 .21 .19 .25 2.56 1.7f 
9WB2 31.42 1.37 7.79 6.77 .13 .12 .43 1.80 1.4f 
9WB3 36.46 1.48 12.58 7.61 .29 .21 .69 2.99 .8~ 
984 15.20 1.06 11.95 7.91 .27 .49 1.18 2.29 4.2e 
9WB4 24.92 1.12 9.48 4.90 .11 .25 1.52 1.42 1.1 
9WB5 14.12 1.46 17.21 10.01 .27 .21 .98 8.78 .3( 
9B5 35.56 1.08 13.65 7.43 .28 .26 .70 2.53 2.4.c1 
9E84 25.37 1.07 14.52 8.54 .28 .14 .69 6.33 4.1 
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due to the low quartz. and feldspars~ these rocks show 

d ominance of Si02. Al203 and Fe203 content (Figs. 5-1. 5-10). 

Both the lavas and chloritic clays are important sources of 

Fe203 and MgO. Ti02 is present and may possibly come from 

detrital ilmenite. Although the lacustrine clays are also 

essentially contributing to these elements. The arkoses are 

generally 

presumably 

suggests 

However~ 

characterised by higher Na20 and K20 content 

due to the more abundant feldspars 5-7E). This 

a fairly low maturity of the arkosic deposits. 

the composition of such rocks could very well depend 

to a great extent on the amount and type of interstitial clay 

minerals. The Si02-Al203-K20 + Na20 triangle (Figs. 5-lG, 5-

lH). The K20 versus Na20 relationship (Figs. 5-7E) shows that 

the deposits are frequently characterised by higher Na20 

content possibly due to the presence of Na-plagioclase. which 

could be an indication of their immaturity (Pettijohn, 1975). 

The chemical composition of the clays and siltstones in the 

area are composed mainly of Si02, Al203 and Fe203. The 

relatively high amount of silica is contributed mainly from the 

quartz. whereas the aluminium originate mainly from the clay 

minerals and purely from feldspars. The iron may be contributed 

Primarily by from pyrite and chlorite in the green 

phyllosilicates while in the red sediments iron is mainly 

Present in the form of hematite. The potassium is possibly 

from clays and detrital microcline. Magnesium is derived from 
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chloritic clay minerals. The K20 versus Na20 relationship in 

the other formations (Figs. 5-7A, 5-76) indicates the deposits 

are characterised by frequent higher content of K20 and /or 

Na20 though not as high as those of the Ronda Formation. The 

more K20 in the Kariandusi Formation is partly due to the 

abundant clay minerals. The bulk composition of the formation 

(Table 8) shows that they are composed mainly of the Si02, 

Al203 and Fe203. The source of these oxides are the surrounding 

volcanics. Compositional differences between the sediment 

groups are apparent from the distribution depicted by plotted 

elements on an Al203-Hg0-Fe203 triangular diagram (Figs. 5-

11,5-lJ). Volcanic sediments are here differentiated by their 

high iron and magnesium contents which are a consequence of 

higher percentages of ferromagnesium minerals. Calcareous 

sediments have the lowest magnesium concentration but show a 

wide range of iron contents (Figs. 5-1!,5-lJ). The composition 

of the sediments are distinct from all other sediments and are 

d1stinguished by low magnesium and iron concentration relative 

to aluminium. Scatter on the Al203-Hg0-Fe203 plot (Figs. 5-

11,5-lJ) can be attributed to the location of iron and to a 

lesser extent magnesium) in silicate minerals. The same group 

of deposits are however pieced out correctly on molecular 

diagram of Ti02-K20-Al203 (Figs. 4-1, 4-lA, 4-lB). In this plot 

volcanic deposits are characterised by high titanium and low 

potassium contents and again do not fall close to the field of 
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other sediments. The clustering of sediment compositions within 

each group of the Ti02-K20-Al203 plot (Figs. 5-1,5-1A,5-1B) is 

generally better than for the Al203-Hg0-Fe203 diagram (Figs. 5-

11,5-lJ). The former additionally distinguishes the two 

subgroups of volcanic sediments the latter having a higher 

titanium and lower potassium contents. It is noteworthy that 

despite variations between sections and in all cases individual 

deposits have very similar proportion of titanium, potassium 

and aluminium seen in the Ti02-K20-Al203 plot ternary diagram 

(Figs.5-1,5-1A,5-1B). In addition this combination of 

parameters separate the two Formations by relatively large 

shifts of composition. From the mineralogy, grain size and 

geochemical data of the sediments two compositional subgroups 

are recognisable and differences between them must relate to 

changing sediment provenance. The geochemical data demonstrate 

that two subgroups exist within the volcanic group of sediments 

which are distinguished by higher titanium content. The data 

indicate that sediments are mineralogically distinct in 

sections of the Kariandusi and other Formations. The higher 

titaniun content in these sediments probably reflect their 

proximity of the deposit in the area. Large quantities in all 

the volcanics are probably apatite-associated phosphorous. The 

occurrence of phosphorous in the sediments had possible origin 

in the surrounding volcanic rocks and biological related 

lacustrine environments. 
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CHAPTER 5 

LITHOSTRATIGRAPHIC FORMATIONS. 

5.1 Lithofacies Associations. 

The Central Rift is characterised by a 

lithofacies associations documented in both 

ancient sedimentary deposits. The 

wide 

the 

variety 

modern 

lithofacies 

of 

and 

are 

characteristic of coarse to fine grained alluvial fan, fluvial, 

eolian and lacustrine depositional systems. It is a common 

phenomenon in sedimentary systems that two or more lithofacies 

nay be genetically related and detailed stratigraphic studies 

have resulted into recognition of numerous lithofacies 

associations (Miall,1978; Reineck and Singh, 1986) which can be 

interpreted as the products of particular depositional 

environments. The terminology used to describe lithofacies 

associations here is modified after Reading (Reading, 1978), 

Rho used the term " facies" to represent a distinctive rock 

t ype that forms under certain conditions of sedimentation 

reflecting a particular process or environment. A group of 

facies that occurs together and has a genetic or environmental 

relationship is hence termed "facies association." 

Facies relationships which represent particular depositional 

environments can be distinguished at a variety of scales of 

subdivision (Burggraph, 1982; Walker, 1979). Associations which 

represent large-scale depositional environments (e.g. fluvial 
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channel or 

associations." 

alluvial fan) are termed "major 

The major facies or depositional 

lithofacies 

environments 

can further be subdivided into minor facies units termed minor 

lithofacies associations. In the Lakes Nakuru, Elmentaita and 

Naivasha basins five major lithofacies associations are 

recognised in the rift sediments. The facies are the (1) 

lacustrine facies (laminated siltstone, diatomiceous silts and 

claystones association), ( 2) de 1 taic-li ttoral facies 

1interbeded sandstone siltstone association), (3) fluvial 

facie s (conglomerate and sandstone association), (4) piedmont, 

alluvial fan facies (fanglomerates: agglomerate, "conglomerate" 

pebbly mudstone association) and (5) eolian facies (pyroclatic 

tu ff , volcanic ash, sandstone, siltstone and claystone 

association). 

Some of the above listed major lithofacies associations may 

consist of several recognisable minor lithofacies associations. 

The fluvial channel environment, for instance, can be divided 

into two minor lithofacies associations of lenticular 

conglomerate and sandstone lithofacies associations. The 

lenticular conglomerate associations consist of large volcanic 

clasts (e.g. basalt). The clasts vary from rounded to sub-

rounded rocks depending on the distance of transportation 

from the source. These lenticular conglomerates are 

interpreted as the product of high-energy channel draining off 
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a lluvial fans of adjscent volcanic highlands. The poly ictic­

t uff conglomerate and sandstone associations is interpreted as 

t he deposit of a low-energy channel. 

5.2 Kariandusi Formation 

Kariandusi Formation is subdivided into three lithofacies 

associations consisting of lacustrine facies, lake-margin 

f acies and fluvial facies. Facies relationships (Fig. 5-l) were 

r econstructed along north - south cross-section through the 

Kariandusi Diatomite Hine. The Lake deposits accumulated in 

Pleistocene perennial lake in the central part of the basin and 

i s particularly well exposed at the Kariandusi diatomite mine. 

Lake margin sediments were laid down on low-lying terrain 

i ntermittently flooded by the lake. Alluvial fan deposits are 

concealed beneath lake margin facies along the north-western 

and south-eastern margins of the basin where they possibly 

interfinger with the lake margin deposits. Lake margin facies 

ou tc rop at the Kariandusi Prehistoric Site and 

t he Nakuru-Naivasha main road are similar in 

those along 

lithology and 

wi t hin these deposits are found archaeological and 

palaeontological sites. 

5 . 2 . 1 Lacustrine facies. 

1 he l ake deposits are well exposed at the diatomite mine where 

they ha ve maximum thickness of 30 m (Plate 2b) but wedges out 

to l ess than 3 m near the south-western margin. Lacustrine 
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North L17 L17A L17B L17C 

FIG. 5- 1 Correlated stratigraphic sections and 
lithologic facies at the Karlandusi Mine 
extending to the prehistoric site. 
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facies interfinger and intergrade westwards with lake margin 

deposits over a zone less than 2 km wide. The lake deposits 

are chiefly diatomite and claystone, but include lenticular 

fine grain tuffs, interbeded sandstone and lenticular chert. 

The diatomites are generally massive to laminated and varies 

in colour from pure white, dirty white to light gray colour. 

Widespread authogenic minerals occurrence of K-feldspar 

(potassium feldspar) constitute most of the diatomiceous silts, 

though altered volcanic glass and pyrite, as well as chert 

are present. The chert beds form thin single horizons near the 

top of the facies. lnterbeded claystones are characteristically 

fine grained and, like the associated lenticular fine grain 

tuffs, they are laterally extensive. Host of tuffs are vitric 

and are of trachytic lava origin in which the glass component 

has been altered to K-feldspar. The proportion of K-feldspar is 

highest in most of the tuff facies. These sediments accumulated 

in a shallow saline lake of fluctuating level and extent. The 

white thick diatomite beds are typical lacustrine sediments, 

and the lamination in clays and even bedding of tuffs and 

cherts are evidence of quiet water. A fluctuating level is 

indicated by the variable western and eastern margins of the 

facies and intercalation of pebbly pumice sandstones. Polygonal 

mudcracks, and sand-size claystones reflect intermittent 

exposure and erosion of mudflats. Apparently scanty but casts 

of soluble sodium carbonate minerals and trona are an 
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indication of a saline sodium carbonate lake. The chert nodules 

are of a type associated with deposits of saline sodium 

carbonate lakes (Eugster, 1967, 1969). 

5.2.2 Deltaic-littoral facies. 

The lake-margin facies at Kariandusi vary from 2 to 13 m thick, 

generally interfinger with the lake deposits. These sediments 

are principally interbeded pumice sandstone, lenticular pumice 

tuff, reworked diatomiceous claystone, and sandy tuffs. The 

sandstones are mainly feldspathic and volcanic glass detritus. 

Granule-and pebble-size volcanic clasts occur extensively on 

the western side of the basin. These sediments grade eastwards 

into a section that is dominantly sandy and clay tuff facies. 

Within the lake margin deposits as in the lake deposits occur 

beds of uncertain genetic relationship in view of their limited 

exposure. Claystone and pumice clasts predominate in most of 

the lake-margin conglomerate facies. Claystones are greyish 

brown and commonly contain root markings. Reworked diatomite 

tuffs and diatomiceous silts and tuffaceous sandstones variably 

constitute the facies. The tuffs are lenticular in the south­

west exposures and massive towards the depocentre of the lake. 

The same pumiceous conglomerates consist of widespread rounded 

pumice cobbles and generally form a uniform marker horizon bed 

for correlating several sections (e.g. L14i-L14iv), on the 

north western and south-western sectors of the basin. 
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At locality 14iv on he western edge of the Kariandusi basin, 

the facies is overlain by yellowish brown diatomiceous silt. 

The sand-size well sorted volcanic silt detritus beneath a 

homogeneous tuff points to eolian transport. The 

sequence below tuff in the locality consitst 

underlying 

of sand 

conglomerate and only exhibit lacustrine features towards the 

base. The lake margin deposits contain a few steep-sided stream 

channels filled with tuffs or congl~merates. The deepest 

channel is located at the diatomite mine, locality 14. The 

detritus in this facies is from north-westerly sources. The 

channels must have been cut by streams flowing southward. 

On the Nairobi-Nakuru road cut (Plates la, lb), this facies has 

both lacustrine and fluviatile features indicating that it 

accumulated on terrain intermittently flooded by lake. The 

sandstone indicates shallow, wave-agitated lake water and the 

laminated vitric tuff suggests quiet water, either of lake or 

floodplain. Lenticular conglomerate and channelling are fluvial 

featu res. The depth of stream channel may provide a rough 

measure of lake level fluctuation. Claystone and reworked 

diatomite pellets probably reflect erosion of mudflats by wind 

at a time of low lake level. In view of their large size, the 

rounded pumice cobbles probably floated southward across the 

lake to their present location. The lake water flooding the 

lake margin was less saline than the centre of the basin. 

Vitric tuffs are extensively altered in the facies and both 
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authigenic K-feldspar and evidence of soluble salts are 

lacking. Overall the lake-nargin deposits are mainly tuffs and 

claystone, conglomerate and scanty diatomiceous silts. 

Palaeosols are weakly developed and many horizons occur over 

both tuffs and claystones . Where developed they are crumbly 

variably brown or brownish gray and intensively rootmarked. 

Palaeosols on tuffs ares characterised by vitric tuff of the 

fines t grain weathered to montmorillonite. 

Tuffs are dominantly trachytic but included basaltic and and 

andesitic composition. A few tuffs represent single showers of 

ash that fell on the land surface and were generally reworked 

only slightly if at all. A massive thick tuff sometimes root 

marked and containing diatoms in addition to pyroclastic 

materials is often a product of several eruption in which the 

ash was developed either in marsh land or on land surface 

intermittently flooded by lake water. A few tuffs are for most 

part laminated and are dominatly lacustrine. Limestones occur 

as coarse concretions cemented together in claystones and were 

probab ly precipitated from ground water at shallow depth. 

Volcanic detritus accompanied by fragments of bone and pumice 

clasts are located in the upper unit of locality 113. The 

clasts are welded tuff derived from adjacent ignimbrite. 

Conglomerate in the lower unit are chiefly pumice-pebble 

conglomerate. Fossilised vegetation is indicated by abundant 
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coarse, generally unbranching vertical root channels and casts. 

These probably represent shore grasses and reeds. Diatomites 

and siliceous tuffs in the deposits point to the fluctuating 

lake level and periodically saline alkaline conditions. The 

lake-margin facies accumulated in relatively flat terrain that 

was intermittently flooded and dried in response to changes in 

the l ake level. Originally the lava surface had a local relief 

which was buried by sediments. Claystone and widespread water 

laid tuffs were deposited at times of high water level, whereas 

palaeosols, archaeological sites (e.g. the Kariandusi 

Prehistoric site), eroded surfaces, and extensive land-laid 

tuffs represent periods of exposure. Host of the fluctuations 

may have been relatively short, either seasonal or involving 

no more than a few tens of years. Apparently streams carried 

pebbles of tuff over mudflats . The clasts are associated with 

torrential downpours to the north which led to the 

transportation of coarse sediment southward over mudflats. 

5.2.3 Fluvial facies 

In the Kariandusi area fluvial facies consists of well sorted 

tightly packed , clasts supported pumice conglomerate that form 

the uppermost portion of the Kariandusi Formation in sections 

14, 15 and 17 (Figs. 3-4, 3-6~ 3-6A, 3-7, 3-8; 5-1). On the 

north western side of the basin, stratification 

lacking but imbrication is common. The matrix 
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moderately sorted pumice sand-granule-sized particles. The 

dominantly conglomerate beds of the area are typically ranging 

between 2 to 8 m in thickness, have erosional bases and fine 

upward into either lenticular or wedge shaped lithofacies. At 

the diatomite mine, the fluvial facies is characterised by 

rounded, well sorted, clast supported pumice conglomerate. 

Horizontal stratification, trough and planar cross 

stratification and imbrication are evident in the beds. The 

beds range from less than 1 to well over 5 m in thickness 

and typically extend several tens of meters laterally. Toward 

the south-west and along the Nairobi-Nakuru main road the 

facies have erosional bases, and some exhibits cyclic crude 

upward-fining trends. In general however, the grain size 

changes are abrupt and not systematically predictable within 

the entire facies. 

5.3 Enderit Formation 

The Enderit Formation include both the Enderit and Makalia 

sequences (Plates Sa, 6b, Sc, and 7) and is of special 

geological interest because of the many lithofacies and 

environments it represents. Its stratigraphy is generally 

complex and correlation is difficult in many places. Enderit 

Formation comprises of six lithofacies representing six major 

types of depositional environments, including alluvial fan, 

alluvial plain, lake and lake-margin aeolian and fluvial­

l acustrine complex. 
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FIG. 5- 2B Correlated stratigraphic sections and lithologic 
facies in East- West transect of River Endent. 
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5.3.1 Lacustrine facies 

The lake deposits border mixed fluvial and lacustrine 

sediments, termed fluvial-lacustrine deposits. Lake deposits 

are presently only in a few localities at different 

stratigraphic levels. In these localities they are most 

widespread in both the lower sections (Figs. 5-3H, 5-4A; 5-48) 

and at the relatively higher levels (Figs. 5-3G, 5-3E, 5-3F). 

the sediments generally range from 10 em to 5.4 m in thickness 

and are predominantly diatomiceous silt and claystones which 

intergrade with reworked tuffs and sandstone facies (Figs. 5-

3A, 5-3C, 5-3E, 5-3F; 5-4A, 5-48). Both claystones and 

sandstones consist chiefly of feldspathic detritus derived from 

older volcanic terrain of the bounding fault scarps to the 

west. Most of the tuffs are altered chiefly to K-feldspar. To 

the south of River Enderit, lake deposits pinches out as 

claystone grades into siltstone. The claystone facies are 

interbeded with silty and sandy tuffs and can be shades of gray 

or brown in colour. Tuffs are generally thick evenly bedded and 

mafic in origin. Except in sections L8H and LSI (Fig. 5-3E) and 

LEO-LE9 (Figs. 5-3H and 5-31), where they are thick fluvial­

lacustrine deposits (Fig.5-2B), sandstones are thin laminated 

and generally widespread. 

The lake facies here are mainly claystones and thin laminated 

diatomiceous silts towards the south. Claystones here are 

dominantly gray and brown in colour. Desiccation cracks were 
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noted at few horizons near the eastern margin of the facies 

(Fig. 5-3G). Some of the easternmost sandstones contain 

appreciable widespread sands. Lithologically, the sandstone are 

of two types, well sorted medium grained and ill-sorted coarse 

grained both consisting of angular to subangular texture 

dominatly of volcaniclastic detritus {Figs. 5-3H and 5-31). At 

Makalia, lacustrine silt facies are well developed toward the 

south and is exposed over a distance of 1.8 km. The K­

feldspar rich volcanic constitute 30 to 70 percent of the 

detrital pumice silt, the remainder include fine grained 

calcareous clays, pumice clasts and chert nodules occurring at 

various levels. 

The lake deposits 

considered to have 

in the Enderit and Makalia 

formed in a single lake of 

areas are 

fluctuating 

levels and concomitant decrease in size. The inference here is 

based lithological similarities of the sedimentary facies which 

possibly accumulated south extension of proto-Lake Nakuru 

basin. In the originally vast basin, formed an extensive 

shallow saline alkaline lake, a precursor of the now much 

smaller but generally similar in its sediments to the present 

Lake Nakuru. The lower part comprised of widespread 

volcanogenic claystones and siltstones. Salinity was possibly 

highest 

casts on 

towards the centre as indicated by 

the fringes of the contemporary 

155 

widespread 

Lake Nakuru. 

trona 

Lake 



deposits towards margins represent a zone of transitional to 

the lake-margin environment. The provenance of lensoid trona 

crusts, although not well understood, involved saline, alkaline 

solutions with aluminosilicate materials among which volcanic 

glass was possibly a minor constituent. The major reactants may 

have been amorphous clay or aluminosilicate gel of the type 

formed today around hot springs in the Eburru volcanic ridge, 

and south at Lake Magadi (Eugster and Jones 1968). Saline 

alkaline lake water is also recorded by chert nodules. 

Intermittent flooding by fresh water or exposure during low 

lake levels is indicated by red oxidised beds. Rootmarks and 

tubules were forned by marshland vegetation, which indicates 

fresh or brackish water. Although the lake deposits have 

mineralogical features indicative of saline, alkaline lake 

water, the associated diatomite deposits point to fresh or 

brackish water. The lake fluctuated in level as indicated by 

sandstone intercalations in the claystones. Some areas were 

exposed as by both oxidised beds and dessication cracks. The 

coarse angular ill-sorted sandstones strata was possibly 

derived from the adjacent bounding fault scarp then 

transported by 

mudflats. It is 

the lake waters 

sheetwash or small streams over exposed 

also conceivable that fault movements caused 

to decrease in size by water loss through 

uderlying fractures and subsequent percolation underground to a 

lower base level in the hydrological system. The subsurface 
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sepage would reduce the effect of evaporative concentration and 

hence the lake salinity. Similar hydrological system is 

reported to provide the principal recharge for the Lake Magadi 

in the south (Eugster, 1970). 

5.3.2 Lake margin facies. 

The lake margin facies extend westward and intergrade with 

alluvial fan and eaolian deposits.The deposits to the west 

consist of claystone, sandy tuffs calcareous limestone and 

diatomiceous silts. The more common claystones are principally 

yellow to brown and commonly contain rootmarks usually of 

marshland vegetation. Claystones generally have rather little 

detrital and sands. The sand sand-size detritus is chiefly 

volcanic origin and occassionally contain clasts of 

Petrographic study shows that over 15 to 50 percent 

tephra. 

of the 

claystonstones contain small particles of biogenic diatomiceous 

silt and the rest are volcaniclastics. Thin beds of 

diatomiceous earth measuring only a few centimetres which are 

white to cream coloured commonly contain root marks and 

tubules. With increasing silt, the diatotomite beds grade into 

diatomiceous siltstones or claystones which often may 

constitute the main part of the facies. They form massive cream 

coloured beds 20 em to 2.5 m thick that invariably have 

siliceous rootcasts. The bulk of the biogenic earthy siltstones 

is in the form of diatomites, although the claystones sometimes 
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c ontain a small percentage of diatomiceous earth in addition to 

detrital silts> sands and pyroclastics. 

Tuffs are common in the facies and characteristically form 

massive rootmarked lenticular to wedge-shaped beds. All 

reworked pyroclastic tuff and contain particles of obsidian. 

The most widespread tuffs are fine - to medium-grain eolian 

tuff. The eolian tuff is lenticular to massive varying from 

less than 2 em to 3 m in thickness and exhibits undulating 

lenticular bedding, a structure that possibly reflects low 

dunes. The eolian tuff has the texture of a rather well sorted 

medium grain sand, with clay matrix. The eolian tuff 

occassionally interfingers with claystone. 

Limestone occurs sparsely as thin nodular lenses of chalky­

white or pale gray colour. They are finely crystalline and the 

nodular beds form concretions. A few beds are relatively of 

soft cream 

diatomiceous 

coloured limestone containing admixed clay, 

silt and tuffaceous detritus. The mineralogical 

assemblage 

with the 

has a significant degree of geochemical similarity 

beds in Enderit and Makalia areas. Coarse vertical 

rootmarks suggest marshland vegetation was commonly associated 

with the facies at both at Enderit and Makalia areas. 

5.3.3 Alluvail fan facies. 

Alluvial fan facies outcrop along the western margin of 

the Enderit and Makalia basins. These deposits are 2 to 
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thick at Enderit Drift and they thin abrupthly to 1. 5 m to the 

south (Fig. 5-3B. L1C, L1C, LC1, L1C3). Measured sections of 

the facies are 90 percent pyroclastic deposits, 6 percent 

claystones, 3 percent conglomerate, and 1 percent sandstone. 

The pyroclastic deposits are principally reworked tuffs, mainly 

lapilli tuffs, and ash-flow tuffs. Volcanic pyroclastic 

together with pumice conglomerates form the entire thickness of 

the facies at Enderit Drift. Reworked deposits are crudely 

stratified but are lacking cross-bedding. They consist largely 

of pumice rich detritus and include clasts of derived from the 

bordering trachytic and phonolitic lava suites. Hany samples 

contain sand-sized clasts some of which are sub-rounded to 

rounded granules. Rootmarkings are increasingly widespread and 

abundant. Conglomerates form lenticular beds, some of which 

fill incised stream channels. Clast size decreases consistently 

eastward, and except for rootmarking indicating some grass 

cover, the alluvial fan deposits are completely void of fossil 

evidence. 

The deposits originated largely from the eroded fault scarps 

and possibly from explosive eruptions and most of the 

pyroclastic was redeposited by stream and alluvial fan of very 

low gradient. Hafic agglomerates and fanglomerates indicate 

explosive eruptions from central volcanoes such as the Henengai 

Crater. 
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5.3.4 Eolian facies 

Sediment transport by wind occurred on a significant scale as 

s ho wn by the high proportion of tuffs and claystones. Eolian 

d eposits form the bulk of the contemporary alluvium cover on 

the floor of the basins. On the stratigraphic sections these 

deposits are exposed discontinuosly and interfinger westward 

with claystone of lake margin facies. Although some water 

r eworked lacustrine tuffs are intercalated within the eolian 

deposits. Measured sections of the facies indicate a dominance 

of eolian origin with an average 86 percent tuff, 13 percent 

silt , 2 percent claystone. At least 98 percent of the tuff are 

wi nd transported and the rest water-reworked. Eolian tuffs are 

t yp ically massive or crudely bedded, rootmarked and pale 

yellowish- brown. ln places the tuff is poorly sorted and may 

con t ain isolated pebbles of lava or pumice. The pyroclastic is 

domi nantly trachytic and mineralogically similar to the 

unde rlying alluvial fan deposits. Clay is common as the 

domi nant matrix material and reworked tuffs were altered at the 

land surface, 

alteration and 

penecontemporaneous with deposition. The 

limited calcite cementation are easy to 

recogn i se in the field and are two of the major criteria for 

dist inguishing eolian tuff facies from the lake margin facies. 

Limes tones generally form patchy nodular beds of pale gray or 

yellowish brown colour. Some of them are tuffaceous and grade 
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into eolian tuffs. Laminated calcrete are however ubiquitous in 

lake margin eolian facies. Some of the limestones comprise 

f r agments of tuffs in a calcareous matrix. Conglomerates are 

scan ty , whereas claystones are nost commmon in the facies. They 

a r e reddish-brown and the sand fraction of the claystone is 

p r incipally volcanic detrital. Most of the rootmarkings and 

tubu les are indicative of grass of marshland vegetation. The 

eo l i an facies consist of wind-worked materials deposited on and 

adjacent to an alluvial fan. The detritus was later spread by 

streams. Eolian tuffs have many features in commmon with the 

present day deposit of wind worked volcanics on the rift floor 

a nd probably have similar origin. The nost obvious and common 

similarities are in grain size sorting and claystone detrital. 

The e o lian tuffs, may like modern deposits, represent the low 

und u l ating dune ridges later modified by wind and possibly 

stabil ished by marshland vegetation. 

The climate was relatively hot and dry and soluble salts were 

deposi ted at the surface by both evaporation and 

evapo transpitarion processses. This is documented by pedogenic 

limes t o ne and saline sediments. Grassland vegetation is 

sugges ted by rootmarkings and the lack of fossils may reflect 

unfavourable preservation conditions . 
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5. 3 . 5 Fluvial facies 

The fanglomerate facies at Enderit comprises poorly sorted 

c l ast supported disorganised pebble - boulder conglomerate. 

lasts 0 . 4-0.5 m in the long dimension are abundant, but 

primary sedimentary structures and textural trends are absent. 

Indiv idual beds range from 0.5 to 4 m in thickness and extend 

several tens of meters laterally . A formal distinction between 

matri x and framework is difficult to establish because of the 

poor organisation and textural polymodality of the facies. The 

unit has erosional bases and sometimes exhibit crude upward 

fi n ing trends. In general, however, grain size changes are 

ab rupt and not systematic. At Enderit Drift, the facies 

consists of massive very poorly sorted matrix supported pebble 

bou lder conglomerate. Clasts sizes range from less than lcm to 

more than 1 m. Pumice clasts are typically suspended in 

mu ds t one matrix. Individual beds display wedgeshaped geometry 

and usually have flat, non-erosional basal contacts. The 

e xposure is confined to narrow gully and its lateral extension 

was exposed along River Enderit. 

This f acies overlies alluvial fan facies in the south (Fig. 5-

38), interfinger and intergrade with fluvial-lacustrine 

deposi ts over a distance of over 1.2 km. The facies is 

unconf ormably overlain by siltstone in the Makalia Beds (Fig. 

~-4A) in the west where the fluvial deposits are comprised of 

63 pe rcent claystones. Conglomera.tes occur at various levels 
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but are most widespread towards the base of the facies. They 

are lenticular in cross-section and fill narrow channels in 

places . Clasts range from pebbles to boulders and are 

principally pumiceous. Few conglomerates in the Hakalia area 

consist largely of trachytic cobbles and boulders. The clasts 

are apparently mudflow deposits of essentially the same rock 

type on the Makalia River bed. Pebbles examined under the 

microscope, have coarse feldspathic groundmass and accessory 

glass. 

5 .4 RONDA FORMATION 

5.4.1 Deltaic - littoral facies 

The Ronda Formation on the north-western edge of Lake Nakuru 

consist of two main lithofacies namely, lake margin facies and 

fluvi al-lacustrine deposits. The lake-margin deposits are 

laterally exposed at a distance of nearly 1.2 km westward from 

the present Lake Nakuru around Ronda sand quarry. These beds 

are 2.3 to 8.1 m thick, and measured sections are 84 percent 

tuff, 10 percent clay and 4 percent conglomerate, 2 percent 

sandstone . Claystones are generally gray or brown, 

and rather sandy . Diatomiceous claystones are 

scarce. Tuffs are reworked and form lenticular beds, 

rootmarked 

extremely 

most of 

which are rootmarked. The pyroclastic is mainly trachytic and 

resembles the lavas of the Menengai Crater in the north from 

which it was apparently derived. Volcanic clasts are in some 
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tuffs and sandstones particularly near the base of the facies. 

The tuffs are fresh and constitute most of the sandstones 

which are either chiefly primary or reworked from older 

deposits. Conglomerates facies consists of mixtures of detrital 

lava clasts and pumice. No faunal remains are recorded in the 

Ronda area and scanty rootmarkings are the principal source of 

ecological information. These suggest that marshland was 

surbodinate in possibly contemporary recent deposits of the 

area. 

5.4.2 Fluvial-lacustrine facies 

At the Ronda sand quarry in the north west of lake Nakuru, 

fluvi al-lacustrine are thick, widespread exposed discontinuosly 

around sand quarry at Ronda and along Rivers Njoro and Lamurak 

c lose to their deltas into Lake Nakuru. The deposits here are 

generally 4 to 10 n thick , but wedges out to less than 1m 

near the western margin where lacustrine deposits exposed on 

the facies overlies lake margin deposits (Fig. 5-50, L12A). The 

basal contact of the fluvial-lacustrine deposits is 

discon formable on the underlying volcanic but occasionally 

gradational in places (Fig. 5-5). The deposit has a relatively 

high pumice sandstones facies comprising about 70 percent of 

the constituents, the rest 18 percent tuffs or volcanic ash, 8 

percent conglomerate, 3 percent diatomiceous siltstone or 

claystone. There is also very small percentage of trona or 

evapori te deposits. The sandstone facies is dominantly fluvial 
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or mixed fluvial lake-margin and lacustrine sediments. 

Lacustrine facies are lens-shaped siltstone claystone interbeds 

and interfingers with purely fluvial sediments to the west or 

pinches out (L23C, Fig. 5-3). Sandstone form at least 75 

percent of the facies. The small percentage of tuffs show 

turbulent flow pattern (Fig. 5- 3). Casts and moulds of trona 

have been found in several places. Sandstones of this facies 

are characteristically poorly sorted towards the west, and 

detritus is typically a bimodal mixture of sand and granules. 

Eastward the sandstone facies is generally medium-grained, well 

sorted and the beds vary in thickness from 15 em to 2 m. The 

beds may have a wide lateral extent and are commonly laminated, 

cross-bedded or ripple marked. Rootnarking are common along bed 

planes in a few places. The sandstones almost entirely consist 

of volcan ic detritus and unconsolidated tuffs. 

Claystones are dominantly leucocratic gray, pale brown and 

resemble the lacustrine clays to the east of the lake in the 

game park (L2P, Fig. 5-3). Beds of nodules of chert are at 

various horizons. Conglomerates form lenticular beds and are 

dominantly pumice pebbles. Fluvial features include cut-and-

fill or scour structures and medium scale cross-bedding. 

The lacustrine sandstones are well sorted fine- to medium­

grained, and laminated or rippled. They may contain interbeds 
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of pale claystone. The lake margin sandstones are poorly 

sorted, commonly clay, and sometimes contain 

sands and trona. The sandstones of mixed and 

coarse pumice 

indeterminate 

origin form a bimodal mixture of fine to medium grained sand 

from the west and coarse sand and pumice granules from northern 

sources, possibly from Menengai. Individual beds can be traced 

for considerable distances where good exposures are available. 

The structures in the facies commonly show thin,even 

stratification, cross bedding and sometimes massive beds. The 

facies often have rootmarks. Sorting varies widely but is 

generally moderate to good. Scattered pebbles or angular 

~lasts of tuff are in some of the more poorly sorted sandstone 

beds. Claystones are either lacustrine, fluvial or of eolian 

origin . Lacustrine claystones are dominatly sand-silt fraction 

of volcanic origin. Fluvial claystones are at varying levels 

and are typically brown, rootmarked sandy, and are associated 

with sandstones and conglomerates of fluvial origin. Claystones 

of eolian origin are most commonly brown and may or may not 

have rootmarkings. 

Tuffs are characteristically reworked and contaminated with 

detrital sand and claystone pellets. They may grade into 

sandstone, commonly in the same bed. As with the sandstones 

some tuff beds are clearly fluvial whereas others have both 

fluvial and lacustrine features. All the tuffs are entirely 

mafic and glassy. 
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A fe w tuffs however, have features suggesting deposition in 

ponded water. They show both even lamination or ripple marking 

in several places. Clasts of the pumice tuff conglomerates show 

only slight alteration and can be traced to come from the 

immediate adjacent volcanic scarps. Host of the tuffs were 

thus altered shortly after deposition apparently in a saline, 

alkaline lake water. Conglomerates are typically fluvial and 

form lenticular beds of cut and fill channels. Clasts are 

chiefly pumice rocks and the average clast size decreases from 

west to east. 

5.5 Soysambu Formation 

5.5.1 Lacustrine facies 

Lacustrine facies at Soysambu consist of tabular thick 

laminated diatomite beds (Plate 4b; Fig. 5-4A). Individual beds 

of the facies are 5 - 7 m thick. The abundance of organic 

diatom material produces a delicate lamination. Sandy and 

silty laminae commonly are present and gives alternating dark 

gray white banding appearance. Toward its top the facies is 

interbeded with silt and mottled red mudstone. The upper unit 

1s structureless, poorly sorted and usually exhibit a block 

fabric. The upper unit of the facies is abundant in the Enderit 

section where it forms thin beds between conglomeratic and 

sandy units. 
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5. 5 . 2 Deltaic littoral facies 

The littoral facies overlies the thick lacustrine diatomites 

~t Soysambu Diatomite Mine. The facies include medium- to very 

coar s e-grained, angular to subangular sandstone with one or 

more of the following types of primary structures: trough 

cros s-stratification, ripple cross lamination, horizontal to 

sub ho rizontal lamination. Individual laminae are a few 

roillimetres thick . Sets of concordant laminae are 0.1-0.3 m 

th i c k and are truncated at low angle cross-lamination. Beds of 

pum i c e sand are 0.1- 0.75 m thick and occur as thin sheet-like 

unit s capping conglomerate beds or as 1-4 m wide wedge shaped 

uni ts within conglomeratic units. In the upper part of most 

measured pit sections, the facies mostly trough cross 

stra tified sandstones occur in isolated lenticular sandstone 

bod i es. In most cases the contacts of the units are either 

sharp , erosional or gradational into overlying finer-grained 

fac ies. 

In the traverse trenches toward the edge of Lake Nakuru in the 

wes t , the facies consist of grey to brown structureless silty 

sands t one and siltstone. Floating, sand-pebble-sized grains and 

roo t traces are common in the intercalated tuffs. Rootmarkings 

occu r in some units and individual beds may be tabular 

l en ticular or wedge-shaped. At the footslope of Lion Hill in 

the west, the facies occur most commonly as small wedge-shaped 

units in conglomerate lithosomes and as broad tabular beds a 
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few decinetres to several metres thick between beds of 

conglomerate facies. 

A the diatomite mine the facies is characterised by 0.1-0.5 m 

thick beds of massive, fan, very fine to fine-grained 

sandstone. Individual beds have sharp basal contacts. are 

tabular and can be traced laterally for several neters. Root 

traces and small vertical burrows are common. Small ferrugenous 

concretions and ripples are present in some beds. The facies is 

usually interbeded with caliche limestones facies and inturn 

overlain by black tuff similar to the tuff above diatomite at 

Hakalia. In conclusion, the embaying margins of the 

contemporary lake basins in the central rift valley record a 

complex shifting pattern of fluvial lake-margin and lacustrine 

environments. The different patterns of sedimentation in the 

Enderit, Hakalia and Ronda in the Nakuru Basin and at Soysambu 

and Kariandusi areas are most likely due to fault displacement 

which presumably formed separate depocentres within separate 

but possible contemporary basins. The facies consists chiefly 

of fluvial sandstones at the the upper sequence and lacustrine 

diatomites at the bottom. In most cases the lacustrine 

deposits interfinger with fluvial detrital sediments and water­

table and caliche carbonate rocks. The sandstones were 

probably deposited by streams at the lake margin and reworked 

by the lake during periods of rising lake level. There is 
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evidence for temporary saline, alkaline ponds or small shallow 

occasionally fresh-water lakes, but none for a relatively 

s ab l e body of water in any one place. Water-table and caliche 

carbonate rocks are widespread. Wind was a significant agent 

in sediment transport of the facies as indicated by claystone 

tuffs . Presumably rouoh of the associated sand-size volcanic 

detr i tus was redeposited by wind. 
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CHAP ER 6 

NVIRONM NTS AND 5 DIMENTARY PROC SSES 

6.1 Depositional Env · ronments 

The sed1ment formations 1n the Central Rift bas1ns represent 

d1f f erent depos.1t1onal environments mainly of volcanic orig1.n. 

The dominance of volcaniclast1cs is reflected 1n the 

sed imentology and geochemistry of tephra rich lithofacies. The 

various facies (Chapter 5) can be attributed to different 

env 1ronments including (1) piedmont depositional environment 

( 2) alluvial ian (3) fluvial channel and floodplain 

envi r o nments ( 4) deltaic distr1butary channel and 

interdistributary f loodbasin (5) lacustr1.ne environment 

(lacustrine prodelta and lacustrine littoral). 

6.1.1 Piedmont environment. 

Th1 s environment is restricted to the foot of Kariandusi, 

End er it and Makalia fault scarps. It is predominant 1 y 

compri s ed of breccias and paraconglomerates. The breccias are 

com posed of poorly sorted angular volcan.1c cobbles and boulders 

der.1 ved from fault facing basalts, phonolites, trachytes and 

columnar jointed ignimbrites. The matrix is extremely scanty 

a nd l 1mited to pumice granules and sands. The sediments are 

lenticular sinuous and variable in thickness along fault 

scarps. 
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The paraconglomerates const1tute a few meters thick deposits of 

111-sorted angular volcanic clasts. This tac1es often extend 

o er few square meters and both breccia and paraconglomerate 

fac ies are interpreted as mass flow depos1ts of high 

concentration floods . The absence of fine gra1n matrix and the 

pervasive framework support suggest that pseudoplastic or 

v1 scous dominated debris flows could not have been the 

princ1pal mechanism of clast transport . The lack of traction 

s edimentary structures indicates that the depos1tional flows 

were not in equil1br1um with a typ1cal regime bedforms . Most 

probably, a dense dispersion of pebbles and cobbles was carried 

along by a compos1te fluid phases that comprised limited sandy 

c lay and water . The combined forces each attaining varying 

deg rees of importance during any given flow probably served to 

t ransport sediment that composes the fac i es . Pierson ( 1980) 

demonstrated that the tract1on shear stresses buoyancy and 

d 1spersive pressures all combine to keep clasts moving in hyper 

concentrated flows (Miall, 1978) . Todd (1989) suggested that 

depos1ts similar to fac1es are produced by high density steam 

flows that derive non-turbulent gravely traction carpets long 

stream beds . They are mainly depos1ted by high dens1ty 

vlscosity flows along fault scarps subjected to alternat1ng 

dry and wet season . 
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6.1.2 Alluv · al fan environment 

All uv i al fans cover several kilometres along most fault scarps 

a nd the foot of steep-sloping volcanic cones on the rift floor. 

The slopes of most alluvial fans averages about 5° and rarely 

0 
e~ceeds 10 • The surface generated by coalescence of several 

fans form the gentle rolling ground around the 

Menengai footslope, and posthumous volcanic cones to the south 

of Elmentaita. The sedimentary body develops either a convex 

upward cross fan profile or a concave upward radial profile 

tan . Alluvial fan sediments are characteristically immature and 

developed relatively close to their volcanic source areas. 

They indicate high energy unidirectional fluid flows and are 

t y p i cally very poorly sorted with the range in grain sizes 

ref lecting short distances of transport. The facies are 

dam1nantly angular conglomerate and variable volcanic rock 

detritus within a brown silty sand matrix which represents 40 'l. 

to 70 'l. of the bulk volumes. They are charateristically debris 

flow depos i ts with very low porosity. 

The alluvial facies to the south of Naivasha on the foots lope 

of Mount Eburru consists of relatively thick stratified 

volc an 1 c granules in a matrix of sand and clay of fairly good 

poros ity . Volcan1c sand facies 1n the area are of various types 

depen d i ng on the grain size or stratification. They range from 

very coarse to f1ne grained sand and may exhibit massive or 
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gr-aded bedding. feldspar- r-ich volcanic detr-1tus. 

sequence~ are recognised by over-all coar-sening and 

Most fan 

thickening 

upwa r d depos1ts, indicative of relative maturity. The 

sequences are commonly subdivisible into several subsequences 

dependent on the depositional local1ty wh1ch may be pr-oximal or 

d1s tal relative to the depocentre . Proximal environments ar-e 

characterised by matrix supported paraconglomerat1c facies 

ma in ly deposited as graded debris flow environments in which 

sequences generally fine upwar-d . The fac1es ar-e commonly 

depos1ted as single broad major channels along the scarps or 

volc an i c cone footslopes . 

Towa r-d the middle part, alluvial fans are characterised by 

numer-ous distributar-y channels radiating outwar-ds . They became 

sites of r-apid sed1mentation as channel fills, and br-aiding 

rap1 dly shift laterally acr-oss the fan. The distal areas are 

mar-k ed by finer- grained sheetlike deposits of less channelised 

outer fan sediment . The flow laterally deposit extensive 

of sediments that are quite similar to alluvial plain 

or l a c ustrine facies . Elementary sequences exhibit channel 

fills c onsist1ng of a channel lag with orthoconglomer-ate or 

coarse - grained volcan i c sand gr-ading into cross-bedded or 

mass1v e medium grained sand, silt and clay . In distal location, 

alluvi a l fans grades i nto either fluvial, littor-al lake 

env1r-onments . The sequences generally suggest deposits of 

possi ble turbidity current acting in shallow water-s . When 
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alluvial fan do not enter into lacustr~ne water they grade 

laterally into alluvial sediments commonly by rivers flowing 

longitudinally down valleys. 

The geometry of alluvial fan sediments depend on the tecton~c 

framework of the bas~n bounding scarps. At the footslope of the 

Menengai Crater , ~n the northern part of Lake Nakuru, the 

rad1us of each alluvial fan sed~ments in plane view varies 

from 1.5 to 2 km. The thickness is concealed beneath recent 

alluvium, but possibly range from tens to many hundreds meters. 

In the south of Elmenta1ta, the geometry is very complex with 

prox1 mal facies generally overly1ng more distal fac1es 

resul t~ng into a lens-shaped body. Coalesc1ng of adjacent fan 

produces a series of merging lens-shaped bodies in the Enderit 

Apparently Holocene tectonic faulting and volcanicity 

formed and superimposed cones on the rift floor. Neotectic 

subsidence of basin floor and uplift of shoulders due to 

~ejuven ation of faults partly contr1buted to the development of 

the fans . The tectonic movements were accompanied by landslide 

deposi ts along the fault scarps. On the western flanks of the 

fault scarps, large cones built by fluviatile streams contrast 

with the small prograding fans with steep slopes in 

southern flanks. 
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6.1.3 Fluv~al environ~en • 

The common evidence for fluvial environments are deposits of 

conglomerates. These depend on the mater1al transported by 

d1f ferent rivers wh1ch 1n turn depend on the drainage area. 

Apar t from conglomerates fluvial facies here consist of thin or 

thic k lenticular bodies of granules, pebbles and occasionally 

cross - bedded volcanic rich deposits. The environment however, 

h a s man y of the characteristics of fluvial gravels facies that 

are deposited in modern gravely braided streams (Reineck and 

Singh, 1986). The upward fining within individual beds probably 

r esulted from waning flow velocity following floods . The 

c haracter is tic textural bimodality of facies probably resulted 

from post flood infiltration of open framework gavels by sand 

o r by sieve deposition (Hooks, 1967). The units associated with 

much thicker beds were deposited in small channel that 

d e v eloped during waning and normal stages on tops and marg1ns 

of g ravel bars. 

The erosional bases, lenticular shapes, and upward fining 

t rends in bodies indicate depos1tion in channels. The 

assoc iation of imbr1cated crudely hor1zontally stratified and 

cross - stratified conglomerate 1ndicate deposition by 

longitudinal gravel bars and 1ntervening channels (Rust, 1972). 

Bas~d on the ~ypical thickness of individual channels beds were 

1-4 m deep. The generally coarse grain size and poor sorting 

suggest that deposition primar~ly occurred during floods. 

178 



Rework1ng of flood sediments by wan1ng and normal stage flows 

produ c es the lenses commonly associated with the fluvial 

envi ronments. The environment is also characterised by a 

predom1nance of reworked lacustr1ne diatom1ceous silt, sandy 

S1lt beds and thick massive or ripple-marked beds in linear 

vall eys or in close proximity to lake embayments . The latter 

fl u vial deposits, espec1ally clays, represent flood plain 

d e posits or inf1llings of abandoned channels . 

In the Naivasha, Nakuru and Elmentaita Basins, fluvial 

envi ronments occupy relatively moderate surfaces . The fluv1al 

network is largely controlled by tectonic trends especially the 

north-south fault trend . Generally the coarse fract1on of most 

fluvial deposits are restricted to the upslope zones of the 

r1vers where they are capable of transporting heavy load 

material . The lower zone is dominated by laminated fine sands 

and silts in the Elmenta1ta and Nakuru areas. The low energy 

fluv ial environments consist mainly of mudstone and volcanic 

tuff rich siltstones . These are associated with Pleistocene-

Holocene flood pla1n deposits . The1r deposition are controlled 

by l ake level fluctuations 1n response to climatic and tectonic 

infl uences . The extent of fluvial network in the area however, 

1s scanty and the volume of deposit is generally limited in 

both vertical and lateral geometry . Coarse sediments are 

restri cted to only a few meters wide and high in channels 
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pa ral lel to the streams. 

6.1.4 Alluv ial p lain env ironment 

The Central Rift lakes e~hibit extremely limited alluv~al 

pl a i n facies corresponding to flood plain and deltaic 

env~ ronments in the area . The deltaic plain fac~es consists of 

fi ne to coarse granules, pebbles in a silty clay matrix . 

e nt1cular beds of up to 1 m thick generally exhibit massive 

o r c ross-bedded structures (Plates 1a ; Sc-Sd) . The sands ~re 

fi ne to coarse grained feldspar-rich volcanic detrital in 

a rg i llaceous matr1x . The facies are interpreted as deposits of 

l arge and small two- and three- dimensional, subaqueous 

ri pples. Cross statification sandstone facies may be deposited 

duri ng the growth, immigration and washout of ant~dunes and are 

of t e n associated w~th waning-flood deposits . In the upper parts 

o f most measured sect~ons the facies was depos~ted in shallow 

br a ~ded channels . 

Alluv ial environment facies at Ender~t Drift is interpreted as 

san d y mudflow deposits . The mudflow of alluvial fans commonly 

burry pre-existing topography with l~ttle erosion . Channels may 

be plugged by mudflow but later reactivated by neotectonic 

fau lt effects or hyperconcentrated stream flows (Plates ba, 

bb) . Th~s type of process would account for the common wedge-

~h a ped units associated with Enderit fac~es . The tabular beds 

of f ac1es represent mudflows that spilled out of the channels 
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and spread over relat~vely flat surfaces. Subsequent re-

establ~shment of low vegetat~on on mudflow surfaces produced 

roo t c asts and pedogenic mottling . They occasionally contain 

s u bstantial siltstones interbeded in feldspar-rich sands . 

The s~ze of alluvial plain environments in different lake 

b a sins are quite variable and consequently their delta~c 

re l ated facies occupy fairly restricted areas of the total 

sur face of the different lakes . Except a few deltas fed by 

pe rennial streams like the Kariandusi River, most of the deltas 

are built by smaller temporary r~vers which bring periodic 

l arge quantities of sediments strongly influenced by the 

~ntermittent changes of the lake level . To the north of 

ariandus~, the deltaic plain consist of conglomerate and 

c oa r se sand deposited in small braided channels a few tens of 

meters long generating elongated lenticular pumice pebbly sand 

bod~ es. The delta front was built of fine to coarse sand, silt 

a nd c lay deposited on a gentle slope . The prodelta is dom~nated 

by a fine sed~mentation composed of ~nterbeded silt and clay 

c o nta i ning numerous feldspars and predominantly lithic volcan~c 

detri tal. Scattered delta plains are located on the eastern 

bank of Lake Elmentaita and to the northern end of Lake 

Na ~vasha, 

fault s. 

a small delta pla~n is located in a bay limited by 

The delta1c plains exhibit different facies includ~ng 

cong lomerate granule sand silt and clays . The delta front is 
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often dom1nated by fine sediments and progrades in response to 

la~e subs1dence. The prodelta exhib~ts alternation of sand silt 

and clays . 

A relatively extensive flood plain is located on the northern 

end of the Lake Naivasha. This zone is characterised by large 

alluvial fan and the northern swamp is cut by Rivers Gilgil and 

Malewa and several radial streams from Mount Eburru on the 

west, Longonot 1n the south and Mau Kinangop fault scarps . 

Alluvial fan facies and flood pla1n deposits are observed in 

the delta plain . Both in the delta front and prodelta the 

sed.1mentation is dom1nated by s1lt, clay and mud w~th plant 

debris. The laminated facies are characteristic of low energy 

env1.ronment . 

The flood basins of Lakes Nakuru and Elmenta1ta show a veneer 

sedimentation. The subaerial delta pla1n consists of volcanic 

sands associated with feldspar accessory quartz, lithic 

t ragmen ts, evaporite crusts and the clays are dom1nated by 

montmori llonite and kaolinite . There 1S a considerable 

variation in thickness with a maximum of 2 m along sections . 

6 .1.5 Lacustrine environment 

The fine grain d1atomiceous silt indicate shallow lacustrine 

env.1ronments. The re~triction of lacustrine fac.1es to lower 

levels of the stratigraphic sections at Kariandus.l and Soysambu 

and their association with lenticular beds of fine ash tuffs 
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ugges t that the sediments formed in relatively shallow lakes 

o n the r ~ft floor. The general limited e~tent of the facies and 

l ack o f shoreline facies further indicate that the rift lakes 

were not extensive and may have simply occupied fault 

c on t ro lled grabens . The lacustrine nature of the depos1ts are 

ag a in supported by the tabular geometry of the 

d1 a tomi ceous beds . 

Pleistocene 

Mineralogy of the rift sed1ments provide much information 

about the chemical environments of sediments and indirectly 

about the palaeogeography and climate . Saline alkaline lakes of 

Na kuru and Elmentaita yield some diagnostic suites of rocks 

and soluble sodium carbonate minerals of gaylussite 

<Na 2Ca(C03)2 . 5H20) and trona (NaHC03 . Na2C03) crust precipitates 

around lake 

salini ty of 

mudflats (Plate 3b) . This is reminiscent of high 

the Pleistocene lakes in the area points to the 

c losed rift basins in a poss1bly semi-arid climate . Unaltered 

d 1 atom1tes phytoliths and trachytic glass in lake deposits 

afford a means of locating areas of relatively fresh water. 

Thl s is because the opaline silica of diatoms and phytoliths 

dissol ves slowly at a pH of 7 to 9, whereas at pH of 9 . 5 or 

more 1t dissolves rapidly . 

Hence , the mineralogical features the sediments in the area 

1 ndica te that many lacustrine alluvial sediments were often 

e>< posed and resulting into surfaces sodium carbonate 
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concentrated at the surface by evapotranspiration. M~neral 

reaction l.n land -laid tuffs 

alkaline soil environments. 

likewise document 

The more reactive 

a saline, 

components 

nephel1.ne, glass) are altered to produce alkali rich clays , 

ca lcite, dolomite among others which cement the deposits. 

However , that authigen~c m1nerals and silicate reactions can 

be used as evidence for the surface only if they can be shown 

to be penecontemporaneous with deposition. Otherwise 

phylosil icates,for example can form long after depos~tion and 

provide no informat~on about the environment 1.n which sed.1ments 

were deposited. A penecontemporaneous reactions and 

sed~mentation can be demonstrated in various ways but one of 

the c ommonest is to find a clast of altered rock (for example 

tuff) in a conglomerate only slightly younger than the altered 

d epos~t which supplied the clast . If the authigenic minerals in 

are altered or abraded at the margins, then the the clasts 

cl asts must have been altered before it was eroded and 

depos.1ted in the conglomerate. 

Cal1c he so1ls or pedogenic concentrations of calcium carbonate 

(Pl ate 4c and 4d) occur throughout the Nakuru, Elmenta1ta and 

Naivasha sequence and provide a line of evidence for a sem~ -

ar-.1d environment climate ~n the region during the Pleistocene 

and Holocene periods. The caliche layers are of var.1ous types 

bUt the most common and distinctive type is dense, laminated 
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calcrete typically 1 to 3 em thick. These calcrete are 

associated with eolian tuffs, and the calcium carbonate of 

c al crete originated(from wind-transported part~cles 

calc1 te r~ch volcanic (Dawson, 1964) and by chemical 

of older 

reaction 

of mafic pyroclast1c at the land surface. Calcium carbonate was 

c arried downward 1n solut~on and precipitated at a horizon of 

lower permeab~lity, most commonly palaeosols and layers of 

c emented tuffs . 

6.1.6 Palaeontology and archaeological evidence. 

Foss1 lised remains and organic structures are among the most 

sens~t1ve indicators of climate and palaeogeography. In the 

study area however, faunal remains are scarce and are only 

preserved at one horizon along the new road cut west of 

The faunal remains here consist of k.a riandusi. 

Proboscidians bones and are therefore generally 

large 

less 

sensi tive environmental indicators. In this area however, if 

the faunal remains were both abundant and varied they probably 

WOLJ }d be of value in distinguishing the various depositional 

environments . 

Fossi lised leaves are rare , and little is known of the pollen 

at 

are 

the Nakuru , Elmentaita and Naivasha basins. Root 

however both widespread and abundant and 

mark~ngs 

serve to 

d1st~ngu~sh savannah grassland from swamp and shore vegetation. 

Root - markings diagnostic of savannah grassland vegetation are 
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narrow, f~nely textured,and branching; swamp and shore 

vegetation ( for example, Typha and some other types of grasses 

and reeds is indicated by sub-horizontal rhizomes and by coarse 

generally unbranching vertical channels and casts. Diatoms 

apparently bloomed in the shallow Ple~stocene lakes 

the tabular lacustrine beds formed. 

Hom~ni d activities also have a bearing on the 

inter pretat~on. Und~sturbed occupation sites, for 

in which 

geologic 

example, 

~nd~c ate emergent land surfaces. As for example, lava tools at 

the Kariandusi prehistoric sJ.te on top of the diatom~te 

sequenc e po~nts to a relatJ.vely fresh water lake. The fine 

grain 

parts 

diatom~ceous silt facies are restricted to the lower 

of the Kariandusi and Soysambu sequence. The 

strat1.graphic sections in the two areas and their assocJ.atl.on 

with 1 en t 1 c u 1 a r facies suggest that they were deposited in 

shallow ponds and lakes on the rift floor. The lack of facies 

that m1.ght be interpreted as shoreline facies suggests that 

these lakes or ponds were not extensive and may have Sl.mply 

occup~ed low areas on distal (fault scarp) fan fringes. 

6.1.7 Provenance of clastic deposits 

Clastic sediments can generally be assJ.gned to specific sources 

with reference to the1.r composit1.on . Similarly in the central 

rift valley erupt1.ve sources can be d~stinguished by the 

composit1.on of lavas. Sand size or coarse part1.cles are most 
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d~agnostic: but the phylosilicates or "c. lay minerals", of 

arg.1llaceous rocks may also reflect source areas. 

Montmor~llonite is commonly associated with coarser detritus of 

volc an~c or.1gin. A character~st.1c weathering product of mafic 

volcanic rocks in semi-arid climate, and much of that the 

Nakuru-Elmentaita and Naivasha bas~ns probably or.1ginated in 

weathering of volcanic rocks. Clay minerals can 

formed or mod.1f1.ed after deposit.1on, hence they 

however 

cannot 

be 

be 

inter preted solely l.n terms of source area. M.lxed-layer illite-

montmorl.llonite may, for example be formed by a 1 tera tion of 

either ill.1te or montmorillon~te. 

Part~c le size reflect the strength of waves and currents and 

the distance from the source area. Clays for example are the 

charac teristic detrital sediment of a quite pond or lake. 

Within fl uv.latile and ash fall deposits, particle size normally 

decrease in a down-current direction. This suggests a northern 

sediment source for detritus in the Kariandusi Formation wh.1ch 

coarsen from north to south. By contrast, the stream laid 

trachytic depos1ts of the Enderit Beds coarsen from south to 

north indicating a southward source. Sorting of particle size 

reflec ts the nature of the transporting medium and the activity 

of waves and currents . Sediments can be sorted rapidly in 

aqueous currents, hence the sorting of sed1ments commonly 

ref lee t the last current action to move and deposit. Sand 

depos 1 t ed on beaches or in shallow water is characteristically 
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better sorted than depos1ted in streams at Kariandusi. Deposits 

of mass movement e1ther as mudflows or ash flows are 

charac teristically unsorted and contain coarse blocks in a fine 

grain matrix of clay or volcanic ash . Pedogenic processes ( for 

exampl e, roots and burrowing organisms) mi~ material on the 

land surface and hence decrease the degree of sorting and 

strati fication . Both ash layers and fluviatile sed1ments may be 

' homogenLsed'' by activities of roots and burrowing organisms . 

Primary structures are among the most diagnostic features for 

determining the processes and environment of sedimentation. 

Those observed in the Nakuru-Elmentaita Naivasha basins include 

stratal thickness, cross-bedding, ripple marks, root 

mud cracks and channell1ng (cut-and-fill). Stratal 

mark1ngs, 

thickness 

can to some extent be used in estimating time, but its use in 

the area is complicated by the fact that faulting has resulted 

1n different 

invali dating 

sedimentation rates for different areas, thus 

time estimates based on stratal measurement over 

large areas. Channel alignment provide extremely useful 

1nfor-mation for establishing the stream pattern . A channel 

orientat1on alone offers two possible directions as for example 

the north-south Enderit River channel which could 

e1ther a north-flowing or a south-flowing stream . If 

the source for the detritus in the channel is known, 

represent 

however, 

the the 

flow direction is fixed . Variability of channel alignments may 

188 



reflect the degree of meandering 1n a stream . Depos~ts of 

meandering streams can be distinguished from those of braided 

ones by a combination of textural features and sedimentary 

structures (Selley,1970, Visher,1965) . The lateral migration ~n 

a meandering stream produces a characteristic of grain size and 

of sedimentary structures . The coarsest detritus is at the 

base, overlying an eroded surface, and the grain size decreases 

upward. Similarly the scale, or set height of cross-section 

bedding decreases upwards and at the top of micro cross-

laminated planar bedded fine sandstones may grade into silts 

and sand of floodplain . The thickness of this sequence ~f 

complete is a measure of the stream depth . 

The river systems consist of an interlaced network of low 

s~nuosity channels . The deposits are typ1cally composed of 

sand and gravel, and occas1onally silt and clay . Although the 

distr1bution between braided and meandering streams can loose 

s1gnif1cance from a sedimentological point of view in sem~-arid 

climates, where a s1ngle river may be braided in some places 

and meandering 1n others Eol1an sediments of two types can be 

recognised in the Nakuru-Elmentaita, and Naivasha beds: 

extensive beds of eolian tuffs and localised concentration of 

claystones . The large-scale, steeply inclined cross-bedding of 

eol1an deposits is exhibited locally in tuffs . Laterally 

extensive beds mass1ve eolian tuffs are the dominant type of 

eol1an deposit in the reg~on. The mass1ve eol1an tuffs are 
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depos i t ed i n w~nd transported pyroclastic mostly of medium sand 

size , that accumulated on the land surface, generally as thin 

blanket like deposits. Claystones are in many beds. The modern 

unconsolidated equivalent of the tuffs is found ~n the surface 

l a yers as detrital sands are commonly associated with 

clays tones. The claystones are almost certainly formed by wind 

erosion of mudflats, either of floodplain or at the margins of 

lakes . Ripples and small dune of claystones are reported from 

tidal mudflats, intermittently dry lake basins of semi-arid and 

arid regions where efflorescent salt lakes are important in 

break ing up the surface layers of clay into particles small 

enoug h to be transported by wind (Price , Bowler,1973). Many of 

the c laystones in the Nakuru , Elmentaita and Naivasha area 

have fluvial and lacustrine features, indicating that they were 

commonly blown from the mudflats into streams or lakes. 
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CHAPTER 7 CORRELATION 

7.1 Chronostratigraphic Correlation 

There are no rocks exposed in th~s central part of the rift 

valley that are older than Pliocene age . The lacustr~ne 

sediments in the area document the fluctuat1ng depositional 

environments which evolved in the sector of the Rift s1nce 

about 1.0 million years ago . The oldest lake sediments of 

Kar1andusi Format~on on the East of Lake Elmentaita is assigned 

~ date of 0 . 7 ma . (Strecker, personal communication) . The 

format1on is underlain by the Kariandusi trachyte which is 

dated 0 . 9 Ma . The early investigations of Leakey , Solomon and 

Nilsson used archaeological evidence to establish for the 

central Kenyan R1ft lake sediments and the ent1re East Africa a 

stratigraphic framework sequence based purely on cl1matic 

variations for Ple1stocene and Recent lake sediments in the 

area. The climatic based-stratigraphic sequence equated both 

the Pleistocene and Holocene lake deposits in the area w1th 

the pluvial (wet and cool) periods in Europe ( Leakey, 1931 ). 

The correlation were neither based on the geology, 

palaeontology nor did it take into consideration the effects of 

volcanic and tectonic processes in this sector of the rift. The 

chronostratigraphic 

follows : 

sequence subsequently established was as 

191 



Nakuran- Wet pe~iod climatic phase c. 850 POST P ISTOCENE 

WET PERIOD 

Makalian - Wet/d~y retreat 

Gamblian - Upper wet, m~d-dry, pause, lower wet UPPER 

Kamasian - Interglac1al (lake dried) 

Kageran. 

PLEISTOCENE PLUVIAL 

MIDDLE PLEISTOCENE 

PLUVIAL 

Leak ey later subdiv~ded the Kamasian into a Lowe~ and an Upper 

Kan Jeran. The equat1on of sediments at Kariandusi with those of 

Ma ri gat (Baringo) was dropped and instead the Kariandusi 

deposits were equated with the Middle Pleistocene artefact 

bearing sediments of Kanjeran on the Winam Gulf of Lake 

V~c toria and those of Olorgesailie Formation in the southern 

Keny a Rift Valley. Their (Nilsson, Leakey and Solomon) 

recognition that the Nakuru-Elmentaita basin sediments reflect 

cl ~matic fluctuations in East Africa was correct but Leakey ' s 

correlation of the deposits with similar deposits outs~de the 

central Kenya Rift is unattainable hypothesis. Thus the pluvial 

r el a ted chronostrat~graphic correlation received no support 

(Flin t 1959.; McCa 11 1967 ; Nyamweru 1977) since it was 

neither founded on palaeontological evidence nor geological 

data . Even within the rift sector ~tself, Nyamweru argued that 

earlier correlations were based on ~naccurately measured 
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altitudes and discontinuous sections and more work needed to be 

done on the deposits before interpreting sediments ~n the area 

ent~rely in terms of basin wide chronology. Nyamweru (Nyamweru 

1969) also indicated that she did not study in detail the 

sections at Enderit and Makalia in southern part of 

Nakuru Basin. 

The investigations by the author was therefore 

the Lake 

partly 

init~ ated to establish accurate correlat~on in the part of the 

Rift Valley. Both field data and laboratory findings supports 

Nyamweru's' sent~ments and conf~rms that the sediments in these 

valleys actually represented short and local phases within the 

valley with hardly any areal equ~valent in the rest of the 

basin . The geolog~cal ev1dence therefore enhances the 

1nterpretation of the sequence and now makes it possible to 

ver1fy evidence with the aim of establishing the possibility of 

correl ation with other areas in the basin. 

7.2 Lithostratigraphic correlation of measured sections. 

The basis of lithostratigraphic correlat1on for the sediment 

tormations in the Lakes Nakuru, Elmentaita and Naivasha bas1ns 

used in this study was determined by the author dur~ng his 

field invest~gation of the area. It forms the bas1c framework 

for all environmental and tecton~c interpretation in this 

study . The choice of the measured sections in the correlat1on 

was dictated by the need to have as complete a coverage of the 

study area as possible. The recorded sections were therefore 
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chosen that contained sufficient succession that their 

.lnc lusion 1n the correlation would be sign.lficant in terms of 

t e c tonic and environmental interpretat1on. The correlation in 

t h e field was based on the ident.lfication of markers and 

con tinuity of dist1nct beds and took into consideration that 

for sed.lmentary un1ts to be of practical use as marker beds 

they must be laterally extensive, have been deposited in a 

brief period of time and should be read1ly recognisable in the 

fi eld (Plate !b). It is also of advantage if the unit is of 

known age either by determinations on the unit itself or by 

inference from data derived from the enclosing sediments. Both 

t he tuff horizons and cyclic lacustrine beds proved locally 

useful in the correlation and reconstruction of widely 

scat tered sedimentary exposures in the area. The sedimentary 

history of the area is one of a deltaic complex prograding from 

coarse fanglomerate on the foot of bounding fault scarps 

marg1ns to very fine silts on the rift floor lake beds. The 

resulting areal distribution at any specified strat1graphic 

leve l of the depositional environment is complex. Though the 

sediments reflect these environmental changes, their obvious 

lit ho logical dissimilar.lty within .lndividual basins and from 

basi n to basin render most of the deposits recognisable in the 

fiel d. The sharply defined basal contact of the obvious marker 

sediments and tuffs were taken as isochronous correlation 

surfac es. The upper surface of the beds are commonly varied 
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between sharp, gradational and unconformable contacts, the 

by latter normally arising from partial removal 

penecontemporaneous or subsequent erosion. As marker beds, tuff 

formation are particularly important in that the eruption, 

transport and depos~tion of an individual tuff was probably 

very rapid . Inev~tably there must have been sometime required 

for transport into the basin and dispersal of tuffs w~thin the 

The time ~nvolved ~s insignif~cant when compared with 

the best resolution ava1lable from the geophysical dating 

methods . Though the basal contact of the indiv1dual tuffs are 

diachronous in detail for all practical purposes they can be 

considered time equivalent throughout the study area. When an 

ind~vidual tuff un1t is not present e1ther due to local non-

deposit~on or penecontemporaneous erosion 1t may be possible to 

estimate the stratigraphic level at which it should have 

occurred . Th1s requires identification of a surface which is 

isochronous with the basal facies of the tuff. The reliability 

of the position of this surface in the absence of the tuff 

depends on the selection of time equ1valent of approximately 

time equivalent non - tuffaceous marker beds. 

Enderit Formation. 

Enderit Format~on was divided into several units (Figs. 7 : 3-lA 

to 7 : 3-10) 

depos~t1onal 

when it became clear that it represented several 

events. The author analysed. both the f~eld 
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FIG. 7-3- BO Correlated lithostratigraphic sections, 
River Enderit. 

(NB . 1880 is measured altitude in meters, variously indicated 
for the subsequent lithostratigraphic correlations). 
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~IG. 7- 3-1 A Correlated lithostratigraphic sections 
along River Enderit. 
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FIG. 7- 3 -1 B Correlated lithostratigraphic sections along River Enderit. 
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FIG 7 - 3- 1 C Correlated lithostratigraphic section, 
Enderit River drift. 
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FIG. 7 - 3- 1 D Correlated lithostratigraphic sections 
north of Enderit drift 
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FIG. 7- 3- S1 Correlated lithostratigraphic section. 
west Enderit drift. 
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FIG. 7 - 1 C4 Correlated lithostratigraphic section, 
E nderit River. 
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FIG. 7 - 1 B2 Correlated lithostratigraphic sections 
Enderit River 
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FIG. 7- NK -1 A Correlated lithostratigraphic sections 
north of Enderit River drift. 
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•elationshlp of the sediments and their geochemistry and as a 

resul t established that although they differ sl~ghtly in 

composition, they are chemically related (Table 1). In the 

f~eld the sediment horizons have very varied aspect in 

th~ck ness, continuity along strike and internal structure 

refl ect~ng the env~ronments in which they were depos~ted. 

The sequence ~n sections LBA-LBB (Fig.7:3-1D) beg~ns w~th 

deposition of a crystal tuff conglomerate in a shallow-water, 

h~gh energy fluvio-lacustrine environment of fluctuat~ng water 

depth . Th~s is followed by deposition of lithic pyroclastic in 

the same k~nd of environment, followed by faulting and tilt~ng 

and deposition of the same sediment horizontally over the tuff. 

The water deepens upward in the sect~on, and the pyroclast~cs 

change to crystalline composition, and are depos~ted ~n deeper, 

qu~et lake water. In sections L1A11 (Fig.7:3-1D), the same 

lithic tuff occur immediately above the clay unit at the base 

of the sequence, also deposited in an area of shifting wave 

energy . This gives way to crystalline tuffs, depos~ted in 

deeper water and not subjected to any local faulting. The 

sequence shows a constantly fluctuating water depth, salinity, 

and volcan~c input ~n sect~on L1A7. Coarser sediments give way 

to quiet- water clays, which are then followed by sediments of 

shallower water deposition (Fig. 7:3-18), followed by more 

clays (Fig . 7 : 3-lA), and topped by a tuff with very few 
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FIG. 7 - 3- 2 Correlated lithostratigraphic sections 
along River Makalia 
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olcanics , which represents a change to f1ner or even a hiatus 

1n pyroclastic activ1ty, accompanied by an 1ncrease in the 

sal1nity of the lake. The sequence is silt and clay dominated 

towards the top with occasional volcanic ash and m1nor sandy 

51lt 1ntercalations (Figs. 7:3-1A, 7:3-18, 7:3-lc). 

7 .2.1.1 Makalia Beds 

The Makalia Beds are correlated by their l1th1c 

d1 atom1ceous s1lts (Fig. 7:3-2). The d1atomiceous 

tuffs and 

silt unit 

look very similar in th1n section to a thin diatom1te outcrop 

quarried for local use at the top of Enderit sequence. At 

Ender1t the deposit is overlain by a 40 em thick crystal soft 

black tuff 40 em thick. Although the thickness of the 

d1atomiceous silt variation may be coincidental the two 

areas the underlying tuff facies looks very s1milar. The 

water deepens southward in section L11A (Fig.7:3-2) and 

fluctu ates through sections L11B, L11C and L11D (Fig. 7 : 3-2) 

ind1c at1ng that sect1ons L11 and LllA may have been sl1ghtly 

more inshore . Even if these two sections are not as directly 

correl ative as this impl1es, the presence of lithic tuff is 

d1st1ncti ve and strongly suggest contemporein1ty of deposition. 

7.2.2 Ronda Formation. 

The sequence 1n the Ronda area beg1ns with lithic conglomerate 

at the base cycl1c pumiceous siltstones,sandstone and 

claystones tuffs at the Gorge where the ephemeral River Njoro 

207 



1800 

l23 L23B L.23C L230 l23E 

............ . . . . . . ....................... . . . . . . . .. . . .... . . ... . . .. . .. . ....................... 
• • 0 ••• 

• 0 •• 0 ....... . . . . . .. . ....................... . . . . . ... .. . .. . . ..... . 
• • • • 0 • ....................... 
• 0 .... . . . ... . .. .. .. . 
• • • • 0 .. ........................ . . . . . . 

• 0 •• 0 ••••••• 

FIG. 7- 3-3A Correlated lithostratigraphic sections eastern face 
in the Ronda sand quarry. 
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FIG. 7-3- 3B Correlated lithostratigraphic 
sections along River Njoro. 
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FIG. 7 - 3- 3C Correlated lithostratigraphic sections along 
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210 



1800 
l24G L24H 

m 

FIG. 7-3- C Correlated lithostratigraphic sections 
along River Njoro. 
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FIG. 7- 3-30 Correlated lithostratigraphic sections 
north - eastern edge of Lake Nakuru game park. 
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FIG. 7- 3-D Correlated lithostratigraphic sections 
on R lver Lamuriak 
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en ~s La e Naku~u . The unit measu~es 

(F~g . 7:3-30) enti~ely pyroclastic 

bou 30 m, section L12A 

in composition and 1s 

unconfo~mable mark d w1th a red baked top which d1 t1nguishes 

1t from the ove~ly1ng the Holocene un1ts. On the side of Honey 

Moon Hill he same sequence 1s ~epea ed although here 1t 1s 

strongly folded 1n sand quarry . 

The relatively olde~ lower unit was followed by a se~i s of 

l ami nated coa~se and layers sandstones, pumic 

tuff conglomerates siltstones and claystones of crystal 

compos1tion (Figs . 7 : 3-3A, 7 : 3-38, 7-3C, 7: -30). These laye~s 

are interbeded with calcrete and show mudcracks, imply1ng times 

of high salin1ty and des1ccat1on . Thus while it is more 

of f sho~e reg1me the lake level is still flue uat1ng . The water 

deepens however, and lam1nated silt and clay 1s deposited . The 

c lay contain calc1te and possibly authigen1c 

sugge~ting that the lake is alkal1ne . The salinity 

feldspars, 

apparently 

pes is ted dur1ng 1ts transgression . Thus there is evidence of 

1nit1 al shallow1ng of the lake, followed by long but sometimes 

fluc tuat1ng t~end towa~d deeper wate~. 

The l i thic sandy tuff has been correlated fa~ sections L4P2, 

LPl ,and L4P,L2P (F1g. 7:3-30) . The same type of pyroclastic 

material 1s seen 1n thin sec ion to form th fine clays 1n the 

hlgher part of the sections (Figs . 7 : 3-30, 7 : 3-3C, 7 : 3-38) but 

the sed1ment differ 1n composition of their matrix . This is 
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undoubtedly a reflection of the environmen of depos~tion and 

not an indication of a new kind of tuff. The fluctuat~ng lake 

level seen ~n sect~ons L23-L23E (Fig. 7:3-3A) is also noted 1n 

sections L24-L248 (F1g. 7:3-3C), in the long 

lam1nated coarse and fine crystal tuffs. S1nce it 

sequence of 

1s further 

offshore, the sediments in sect1ons L23-L23E (F1g. 7:3-3A) do 

not show as much variation as those in sect~on L24-L24B 

(F1g .7:3-3D), but the general trend is the same. 

7.2 .3. Soysambu Format~on 

The sequence from the Soysambu diatomite mine west of Lake 

Nakuru were sampled and generally are only short sections. The 

sed1ments are crystal tuff with a high concentration of pumice 

alluvium, that conceals the horizontally-bedded sandy clays. 

The horizontal alluvium clays mark the uppermost unit on the 

lacus trine diatomite lake beds . The overlying crystal tuff was 

probably formed during the retreat of the lake, with some form 

of transport mechanism concentrating pumice sands. Deposition 

in water is suggested by the diatomite intercalations, 

shr1n kage cracks in the matrix and some water rework1ng of the 

grains . 

The pumice tuffs, clays, silts and sands that formed pits 

sequence is correlated with the sandy clay sections above the 

d1atomite deposit (Fig. 7:3-4) with the clays assumed to be 

approx 1mately contemporaneous. The sediments are almost 
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FIG. 7-3- 4 Correlated lithostratigraphic sections at the 
Soysambu Diatomite Mine. 
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FIG. 7- 3- 4A Lithostratigraphic sections west of the Soysambu 
Diatomite mine. 
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FIG. 7 - 3 - 48 Lithostratigraphic sections on the 
western bounding edge of the Soysambu basin. 
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1dentical in lithology w.1th increas.1ng " sandstones " becoming 

coarser and showing calcrete horizons. These are topped by 

c a lcareous clay changing colour from grey, to brown, 

coa r ser and more calcareous further up in the 

becoming 

section. 

Correlation of the diatomite mine unit and the pits sections 

1s straightforward as the uppermost tuff and common calcrete 

1ntercalations are considered equivalent. 

7.2.4 Kariandusi Formation 

Bot h tuffs and diatom.1ceous s1lts of the Kariandusi Format.1on 

ha v e been physically correlated in the f.1eld on the basis of 

their composition, lateral continuity and primary features 

1nc luding structures, textures, contacts and bulk lithology in 

the various sect1ons L14iv-L14i (Fig. 7:3-SA), L14A-L13 (F.lg. 

7 : 3-58} L15-L158 (Fig. 7:3-SC) and L17-L17C (Fig. 7:3-50). 

Gl a ss shards from the Kariandusi Formation are fairly 

d.lsti nctive. In general the shards are clear: 60-90 'l. are very 

light grey. This tuff has pumice clasts of var1able 

compos.1tional trend and may represent eruptive products of 

diff eren t proportions of compos1tionally variable magma 

chamber. 

At d i atomite mine, the Formation however show little 

~ar.1a bility in both the petrology and geochemistry as shown by 

the bul k sediment component of pumice and tuffs. This suggests 

that all sections are genet.1cally related in that the 
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FIG. 7-3- 5A Correlated lithostratigraphic sections 
south of the Kariandusi. 
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FIG. 7 - 3- 58 Correlated lithostratigraphic sections 
north of Kariandusi Diatomite mine. 
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FIG. 7 - 3-5C Correlated lithostratigraphic sections 
north- west of Kariandusi Diatomite mine. 

222 



1800 

L17 L17A L17B L17C 

m 

" < 

FIG. 7-3-50 Correlated lithostratigraphic sections north- east 
Kariandusi mine extending to the Prehistoric Site. 
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va~~at~ons fall on well defined composit~onal trends . Hence the 

la e beds of the formation at the Kariandusi Diatomite Mine 

a re considered as two separate members . The lower member of the 

format~on at the diatomite mine consists of a 13 . 1 m thick F 

(fil ler var~ety) white diatomite . The formation has a faulted 

and eroded lava base and its deposit1on at the basal contact 

wa s associated with showers of pumice ash. A 13 . 44m dirty wh1te 

diatom1te interval intercalated with fine bluish grey ash 

s eparate the uppermost pumice diatomite tuff complex . The top 

s e quence outcrop extensively in the region . 

Both the lower and upper members are separately correlat~ve . 

The d~stinction between correlation of the members as general 

units and as individual members is important . The uppermost 

member consists of complex tuffs and in the field, the tuff 

hor1 zons have a very varied aspect in thickness, continuity 

a l ong strike and internal structure reflecting environments in 

which they were deposited. 

Typical tuffs here vary from silt to medium and coarse sand 

gra d e, which rest a sharp base on channel sands . Floodplain 

silts on lacustrine sediments. In addition to the lithology 

they we r e correlatable on the basis of their structures . Though 

small scale the structures include cross stratif1cation 

rippl e and plain lamination . The volcanic ash associated with 

the Kariandusi Formation possibly represent airfall volcanic 
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dus · or sheet washed sediment from the landscape either near-

the sour-ce or- fr-om local sour-ces . The bulk of the deposits is 

composed of fragmentar-y volcanic glass with a limited su1te of 

primar-y volcanic crystal fragments ; san.ldine, orthoclase , 

alkali pyroxene and ilmen1te with occasional quar-tz . Frequent 

laterally extensive thin clay, silt and pumice sand and 

diatomJ.tes afford useful later-al correlation between sections 

(Figs . 7 : 3-SA to 7 : 3-50} . 

Pumice clasts commonly associated with channel and beach 

littoral complexes ar-e abundant on the alluvial flood plains 

and are correlatable in most of the sections of Kariandusi 

For-ma tJ.on . In grain size, the pum1ce 1 amps range from gr-anule 

to boulder gravel . Although there l.S an appar-ent diminution in 

grain 

shore , 

size from the basin mar-gin towar-ds the present lake 

occasional coarser gr-ain entraiment reached quiet zones 

of the lake bottom . Grain size var1atJ.on at any locality is 

often significant reflecting that floating was an important 

transpor t mechanism away from the source . The pumice contains 

phenocrysts of sanidine anorthoclase and alkali-pyr-oxene, which 

are sometimes associated with crystals of accessory quartz . 

~he glass of the pumice and their sanidine-orthoclase crystal 

phenocrysts have special significance as potentJ.al material for 

'/Ar dating studies . 
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7 . 3 Geoch m~cal orrelati n . 

The c hemical composition of a sedimentary component is 

d1sti nc tive, and the differentiat~on of sedimentary components 

resu lts l.n 

separations 

the separation of associated elements . Typical 

include enrichment of K20 and in finer 

gr a i ned phyllosilicates-rich fraction and the enrichment of 

Si02 and Na20 in the coarser-gra~ned sed1ment fraction. Fe203 

and MgO are also enriched in the fine fraction, if they are 

a bun dant constituents in the phyllosilicates. 

compositions of sed1ment from locations of 

1'1a kali a, Ronda, Soysambu and Kariandusi therefore 

im por tant basis for correlating the format1ons . 

The chemical 

the Ender it, 

provide an 

The chemical 

vari ation trends are generally similar . This indicate that 

loc a l ly there was no large scale variation in the environments 

of depos~tion and source areas . Chemical var1ations 10 the 

sediments 

dependen t 

mineralogy 

provenance, 

d1 a genes1.s 

of t he Central Kenya R1.ft basins are primarily 

upon the mineralogy of the sedimentary rocks . The 

is dependent on the var~ous factors including 

relief, weathering~ sort~ng, and negl1.g1ble 

as most of the sediments are unlith~fied . These 

factor s are partially dependent on the reg1onal setting of the 

sedimen t ary system and the geochemical studies are 

valuable when evaluating the clastic 

sedimentary rocks . Although the 

mineralogy 

m1.neralogy 

especia 11 y 

of altered 

can 

sign1 f i c antly changed by processes associated with bur1al 

be 

and 
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d1ffus1.on 

probl ems 

sed1.mentary 

during diagenesis which may present significant 

when trying to evaluate the compos~tion of a 

rock. Alteration can be especially severe in the 

phyllos1licates fraction where matrix recrystalization can 

obliterate all direct evidence detr1tal phyllosilicates, since 

phyll osilicate fraction is especially sensitive to the 

r"~ydrau lic effects associated w1.th winnow and scour. 

his change may not necessar1.ly affect the bulk 

However, 

chemical 

composit1.on and in the largely unconsolidated rift sediments 

1.ts effect is insignificant. In addition the low reactivity and 

solubi lity 

advect1ve 

changes in 

of common silicate minerals, reduce the potential 

chemical transport and further limits potential 

sedimentary systems. Different combinations of 

common sedimentary minerals may result in similar chem1.cal 

composi tions, and single chem1.cal analysis can rarely be used 

to discriminate and infer the clastic mineralogy of a sed1.ment. 

rhus 1t is poss1.ble to use chemical variations in sedimentary 

rock suites to infer the composition in fract1.onable sol1.ds in 

sediments, and the processes by which these depos~ts were 

formed . The samples chosen from the sections indicate that the 

series of tectonic events here produced various distinct basins 

and volcanic ash. 

7.3 .1 Sediment hemistry variation trends. 

The entire rift sediments contain relatively low Si02 and 

have low Si/Al and Na/K ratios. These are possibly 
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consequences oi low quartz content and high plagioclase content 

of the h~ghly immature rift sediments . High Na/K and Na/Al 

rat1os are commonly associated with mineralogically 1mmature 

s ands and greywacke (Pettijohn 1957; Crook , 1974) . The K-

feldspar 1n the format1ons is detrital in origin relatively 

coarser and suggests sedimentary suite of d~fferent sources . 

Chem1cal variations in the sedimentary suites (Figs . 7-lA to 7-

l C ) suggests that the concentration of K20 1s well correlated 

t o the concentrat~on of Al203 in the Enderit and Ronda deposits 

(F ig. 7-18). The correlation is however only fair in Ronda 

(Fig.7-1E) negligible in Makalia (F1g . 7-18) but non-existent 

i n the Soysambu (Fig . 7-1A) deposits and a neglig1ble negative 

correlation is reflected in the Kariandusi deposits (Fig . 7-1A) . 

r he Si02 and Al203 are well correlated and the Si02 Al203 

variat~on trend extrapolates towards aluminium 

enr1chment in the Enderit, Makalia (Fig . 7-28), and Soysambu 

Fig. 7-2A) . The Si02 rich samples are also more coarsely 

g ra~ned, quartz poor sed1ments . Each trend forms a line that do 

connects the compositions of illite and quarts. Thus ind1cating 

that 1llite and quartz do not behave as two hydraul1cally 

d l iferent~able, monomineralic sedimentary components . K-

f eldspar does have K20 and Al203 in the proper ratio to produce 

he s e trends . Much of the K-feldspar has sharp, euhedral 

ou tl1nes suggest1ng probable authigen~c origin or 
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phase from neighbouring sources . Unstable de r1tal grains would 

only survive in environments of 

weathering . 

1 it tle intense chemical 

Although differentiated there are very poor correlations of K20 

W1th Al203 at Makalia Soysambu and Kariandusi . Poor 

corre lations among alkali elements reflect the abundant 

presence of detrital K-feldspar and plagioclase . The quartz/K­

teldspar, plagioclase ratios were ev~dently highly variable and 

may be considered typical for an immature sediment containing 

abundant roc~ fragments and diffus~on of K+ has little effect 

on the bulk composition of an accumulating sediment . The finer­

grained samples apparently contain the higher concentrations of 

K20 and Al203 and lower concentration of Si02 . 

suppor t the interpretation that finer-grained 

This would 

i 11 i te was 

possi bly sorted from coarse grained quartz durl.ng 

sedimentation . The rift sediments contal.n considerably high 

sodium. These sedl.mentary rocks contain detrital alkali 

feldspar and are evl.dently derived from the neighbouring 

volcan ic rocks . E~cept for the Enderit and Ronda Formations, 

the K20-Al203 trend do not pass near zero percent K20 and Al203 

dnd the Si203-Al203 does not pass near 100 percent Si02 . The 

lack of axial intercepts suggests that the coarser gra1ned 

sedimentary components contained very little Si02 and was 

doml.nated by feldspar . One special quality of the l~near trend 

that passes through the origin is that a constant ratio must 
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exist between the elements plotted on each a~is and the slope 

of the trend must equal the rat~o of those elements contained 

1n the diiferent~ating components. The slope of the K20-Al203 

trend by inference the K20/Al203 weight percent ratio of ~llite 

compa res favourably with the K20/Al203 weight ratio of the 

average illite (Weaver and Polard 1973). 

Fe203 and MgO elements are also associated with phyllosilicates 

and l~ke potassium these elements are enriched in the high 

Al203 of Soysambu (F~g.7-3A) Makalia and Enderit (Fig. 7-38), 

Rond a (Fig . 7-3C) and only slightly in the Kariandusi (Fig. 7-

3A) . The chemical var~ation trends do not extend towards ~!lite 

as they do not approach an axial intersection near the origin 

of K20-Al203 plot. This appears to suggest that illite and 

polymineralic m~xture of feldspar and quartz were 

d1fferentiable components in certain volcanic r1ft sediments. 

01agrams concentrations of sodium to the 

concen trations of potassium, silica and aluminium assess 

whether plagioclase feldspar was present as detrital mineral. 

£speci ally good for th~s purpose are plots of concentrations of 

5102 aga~nst Na20. Sediments from the rift have a strong 

negative correlation of the Si203 and Na20 content (Figs. 7-4A 

and 7-48) . The negative correlation of Na20 and Si02 shows the 

lack of quarts in the component . These correlations do 

sugges t that most of K20, Na20 and Al20 were contained in 
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d'O't r ~ tal plag1oclase feldspar. Finer grain samples tend to 

nave h1gher concentrations of K20 and A1203,as further 

the Na20/K20 (F1gs. 7-SA, 7-58) and Mg0/Al203 evidenced in 

Figs . 7-6A, 7-68, 7-6C) whereas coarser-grained samples have 

1g her concentration of Si02. This suggests that the finer­

accumulated, grained samples, at the time the sediments 

con tained more detrital illite and that the coarser grained 

samp l es contained more quartz and plagioclase feldspar. The 

dependence of sediment chem1stry and 

mineralogy on the graln size indicate 

sor ting was important in caus1ng 

the inferred detrital 

that the selective size 

the observed chemical 

ari ations . More importantly these results demonstrate that 

the geochemical trends are partly dependent and correlative to 

ari ations in mean grain size. 

The four formations hav1ng the lowest concentrations of 

det rital ~llite as inferred by their chemical compositions, 

hav e negative correlations between their Na20 and Si02 contents 

fF1g s. 7-4A and 7-48) and positive correlation between the Na20 

and K20 contents (Fig . 7 - SA and 7-58) . The trends formed by 

he format1ons extend in the direction of quartz enrichment. 

Apparently, 

quart z and 

plagioclase feldspar and quartz are separated and 

illite and feldspar are each independently 

d1f fe r entiable sedimentarY components. The existence of 

Plag1oclase feldspar and quartz as independently differentiable 

components can be attributable to either the inherited size 
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d~ s tr ibution from the sediment sources or selective comminution 

an d enr1chment in the finer grained 

unstable feldspar as a result of 

fraction of 

weather~ng, 

relatively 

transport, 

deposition and in situ abras~on ( Odom, 1975). Because of the 

short transport and rapid deposition of these rift sed1ments 

there was probably l~ttle opportunity for selective comminution 

of feldspar, and it is likely that the feldspar/quartz ratio 

v a r ied as a function of grain size in the sediment source area . 

7.3.2 Discriminant factor correlation. 

0-mode factor analysis was employed in order to discr~minate 

the various formations in the area on the basis of their 

che-m~cal variables (factors) . The approach applied involved 

processing the information by mult1variate analysis, 

des c riptive statistics, graphically depict~ng the raw data on 

bivar~ate plots . The treatment provided an alternative method 

of evaluating the possibility of correlating of the different 

sed i mentary format1ons. Factor analysis reduces large numbers 

of variables (10 measured elements for so many 120 samples) to 

fewer variables termed hypothetical var1ables or factors. This 

smal l er grouping in turn, fac1litates the detection of any 

siml.l arilies, or differences that exist between samples. The 

wse of factor analysis to 1nterpret sedl.mentological data has 

been appl1ed successfully by many authors and is widely 

recog n i sed ( Imbrie and Van Andel, 1964; Klovan 1966; Harbaugh 

and Merr1am 1968; Beal 1970· Allen et al. 1971, 1972; Oal Cin 
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1976· Gardener . et al. 1980; M1esch 1980• Anwr et al. 1984). 

The 0-mode Fortran program used 1n this study was developed by 

Davis (1986). The application of this multivariate statistical 

t echniques to sedimentary rocks have been reported by several 

authors (Imbrie 1963; Klovan 1966, 1975; and Drappean 1973, Fay 

personal communication). The program designed for flexible 

usage options was employed to normalised all the ten variables 

on a range from zero to one. After scaling the program 

normalises the data so that the sum squares in each row is 

The 0-mode program was performed separately on the 

geochem1cal data of the Soysambu, Ender1t, 

Format ions and Makalia Beds. 

Kariandusi, Ronda 

Rotated factor loading (from the varimax factor loading) were 

generated at 5/. significant level and the results are depicted 

by tabulation to discr1minate separately the four sedimentary 

torma tions in the Central Kenya Rift basins (Table 6). For this 

purpose normalised factor components were plotted on binary 

d1agr ams to test if th1s would allow discrimination of 

sediments of the different basins. As final step the normalised 

factor components were plotted on two components or bivar~ate 

d1agrams to provide a basis of correlat1ng the different 

sed1mentary formations. 
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MAK 

END 

RON 

KAR 

SOY 

TABLE 6 DISCRIMINANT FACTOR ANALYSIS (F- TEST) 

1 -27 28- 43 44- 61 62- 115 116- 120 

MAK 

1% 

END 

I 

RON KAR 

< 1 °/o < < 1 o/o 

5°/o < < 1°/o 

< <1% 

SOY 

1% 

<1°/o 

F- test at 5°/o for significant difference between sediments of MAK = 
Makalia, END= Enderit, RON= Ronda, KAR = Kariandusi, SOY= Soy­
sarnbu. 

l ndistinct difference between samples 
Insignificant difference between samples 

1 °k Significant difference between samples 
< 1 °/o Highly significant difference between samples 
< < 1 °/o Very high significant difference between samples. 
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The binary diagrams show excellent differentiation of the 

Enderit Format~on from the Kariandusi Formation (Figs . 7-8A, 

7- 8 8) . The geochemical discr~minant score plots distinctly 

s e parate Enderit and Ronda Formations. The plots of the 

disc riminant scores provide good to excellent discrim~nation 

be tween the different formations. The Enderit Formation and the 

Ma k a l ia Beds are however, undifferentiated by discriminant 

f a ctor scores (F~g. 7-8C), thus the two constitute the Enderit 

For mation. The lack of discriminat~on of the Enderit and 

Ma k a l ~a areas are possibly attributed to periodic basin 

overlap consequently group~ng the facies from two distinct 

de positional environments . The detrital would then be subJected 

to reworking and redistribution from one env~ronment to the 

other . This mixing of unconsolidated part~cles by fluvial and 

all u vial lacustrine on the delta plain is recorded by presence 

of r eworked aggregates. Evidence for lateral reworking is also 

borne out by physical correlation of top tuff sequences of the 

Ende r it and Makalia areas. 

Of t he four formations the Enderit and Ronda Format i on 

biv a ri ate diagrams show only moderate to extremely good 

discr~ minat~on (F~g . 7-80). Although the two formations are 

geog raphically located on the extreme northern and southern 

parts of contemporary Lake Nakuru basin, the discriminant plots 

from the two formations are broadly on separate fields with 

m~n~mal overlap between them. 
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he Enderit and Kariandusi Formations show good bivariate 

di scriminant plots (F.lgs . 7-BA 7-88) segregating the two 

"formations . Also noteworthy from the bivariate plot .lS a thin 

possibly wind blown ash extension from the Kariandusi 

Formation into the Enderit field . A similar extension from the 

ariandusi Formation is also depicted in the bivariate diagram 

of Makalia deposits (Fig . 7-BE) . The overlaps are cons1dered to 

record a lithological relationship of the deposits . It was 

evident that uppermost sections of the Holocene units were 

domi nated by fine grain volcan.lc ash of regional extent , this 

would most probably account for the observer overlaps of the 

d1 scr iminant plots . In the western margins of the Enderit and 

Mak alia areas, it was noted that the sediments apparently 

coarsen upwards, a trend that records shallowing of env1ronment 

and progressive 1ncrease of terrestrial off-shore 

sedi mentation . 

The Makalia Beds are part of the Enderit Formation and the 

bivariate discriminant plots are only of value in 

the former from the Ronda, Soysambu and Kariandusi 

segregating 

Formations 

(Figs . 7-SE and 7-SF) . Although the d.lscriminant plots and the 

geochemic al 

those of 

Formations . 

geochemical 

fields of the format.lon very weakly coincide with 

the Kariandusi (F.lg . 7-8E) and Ronda (Fig . 7-BF) 

However, examination of the field data and the 

results do not indicate an apparent single basin . 

Df the four formations, the Ronda Formation comprises the 
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h~ghest mean value of aggregate pumice and extremely little 

d1 atomiceous beds. The b~var.late plots of geochemical 

comb1nations are only of fair characterisat.lon (F1g . 7-BH) . The 

bl variate plots of the formations are evidently distinct from 

those of the Kariandusi and show no overlap. The field occup.1ed 

by the Ronda Formation are fairly restricted and only few 

bJ. variate plots serve to discriminate samples of this 

formations and these are only of fair to moderate good values : 

Soysambu versus Kariandusi; Enderit versus Ronda . Also of some 

va lue of discriminating the formations are plots combinlng the 

percentage of major elements . Samples of these formations 

plotted on major oxide bivar.late diagram occupy varied f.1elds 

a nd are more diverse . The above petrological characteristics 

rec ord the effects of reworking of terrestrial-alluvial 

depos i ts by 

var iety of 

fluvial eolian and lacustrine processes in a 

environments. The bivariate plots are of moderate 

to g o od value for firmly discr.1minat1ng the geochem.lcal fields 

between the Makalia Beds versus Kar.1andus.1 Formation and the 

Rond a Formation versus Makalia Beds (Figs . 7-SE and 7-BF) . 

However, field examination of the deposits from the point of 

v1ew of their obvious lithology reveal no relationship among 

the f ormat.1ons . The non-existence of relationship or overlap 

features are interpreted as a record of unique tectonically 

contro lled depocentres in separate areas of the rift . 
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F1 elds occup1ed by the geochemical var1ables of the Soysambu 

Format1on are more restricted on their plots against the 

Makal1a Beds (F1g. 7-BG) Ronda Format1on (Fig. 7-BJ) and the 

' ar iandusi Formation (Fig . 7-SK). Both the Soysambu and 

ariandusi Formations are s1milar in lithology and the1r 

compositions are dominantly silt and clay depos1ts. The 

s ediments therefore contain by far the highest mean value of 

he fine f rae tions. Moreover these sands are compr1sed 

essentia 11 y of diatomites with relatively minor contents of 

pumice granules. The b1variate geochemical plots serve to 

d1scr 1minate the Soysambu Format1on from the Karl.andusi 

Formation (Fig. 7-BK). Otherwise the Soysambu Format1on occupy 

very restricted fields (Figs. 7-BG, 7-BJ, 

showing an overlap with the Enderit Formation 

7-BL), slightly 

( Fig . 7 -BL ) . The 

Soysambu Formation is richly diatomiceous facies. It occurrence 

1n the field was restricted at the diatomite m1ne. The facies 

.1nd1cate mineralogical homogeneity in relatively qu1et 

lacustrine settings . 

264 



CHAPTER 8 

SUMMARY AND CONCLUSIONS. 

8.1 Lithos t r a tigraph ic c o rrelations • 

The primary obJective of this research was to work out the 

lithostratigraphy of sedimentary outcrops in the Nakuru, 

Elmen t aita and Naivasha Basins. This was relatively easy at 

ari andusi in the Elmentaita Basin due to the occurrence of 

some fa1rly continuous sections of diatomaceous beds and 

mineralogically distinctive tuffs. Although the stratigraphic 

sequences have been more diffi c u l t to establish in the complex 

fl uv ial sed1ments of Enderi t and Makalia Rivers in the southern 

edge of the Nakuru Bas1n, it has been almost impossible in the 

Naiv asha basin where natural surface outcrops are virtually 

absen t . 

The sec ond major goal was to establish the various 

depos1tional environments from the associated l1thofacies in 

the Nakuru, Elmenta1ta and Naivasha Basins . This was based on 

the prem1se that the r1ft sediments 1n the area were pr1mar1ly 

lac us t rine in orig1n which, formed in tectonically def1ned 

rel a t ed sedimentary basins . The study assumed that th1s part of 

the rift offered possibilit1es for a reg1onal litho-

stra t igraphJ.cal correlation and environmental interpretation 

1nvestigations adv an c ed by Leakey ' s, Solomons and Nilsson ' s 

Wh1Ch established the region climatic change based 
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chronology for the area (Leakey, 1956). The author ' s findings 

e stabll.shed that the sedimentary formations represent a wide 

variety of scattered depositional environments . Both 

correlation and environmental interpretat1.on remains 

physical 

local.ised 

i well exposed sect1ons. However, the geochemical 

0 tuffs and associated sediments may offer an 

correlation 

alternat1.ve 

potential 

sediments . 

for a wider and reg1onal 

Limited exposures within and 

correlation of rift 

outside the basins 

particularly 1n the Naivasha Basin proved to be the principal 

obstacle to a fully satisfactory inter-basl.nal correlation. 

The Enderi t and Makalia sequences are stratigraphically and 

geochemically established to represent a single formation, 

n a med the Enderit Formation. Thl.S formation was possibly 

con temporaneous but not part of the transgressive Ronda 

Format1.on 1n the north-western part of lake Nakuru. The 

sections at Kariandusi are correlated withln their lower and 

upper members. The sequence in sections at both Kariandusi and 

Soysambu 

however, 

indicate a trend towards more deeper water, 

by a fluctuating shallower lake level . 

carrel ate well their individual depocentres 

followed 

These 

in 

ariandusi and Soysambu Formations. The 1ncrease towards 

the 

the 

two top of volcanic material appears fairly similar in the 

areas. At Ronda there 1s substantial increase of tephra 1n the 

content of the lower sediments which become finer as a fa1rly 

Shal low, saline basin with fluctuating margin playa environment 
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develops to the east. The co~relations as presented in the 

stratig~aphic sections may have l1mitat1ons but a~e conside~ed 

fairly logical as suppo~ted by fu~the~ geochem1cal data. 

8.2 Major element variation t~ends. 

Whereas physical lateral field correlation between basins are 

not always possible, this study has demonst~ated that suites of 

s1lic1cl astic ~ock commonly show geochemical va~iat1ons that 

result from sediment so~ting processes. The va~1at1ons in 

unlithified P 1 eistocene sediments, are vital to 

sedimentologists fo~ the understanding clastic sedimentary 

processes, and are conside~ed to be due to mine~al distributton 

formed during and shortly afte~ deposit1on. The chemical 

vari ation trends are useful means of depicting possible 

rel ationships and can be frequently modelled as mixtu~es of 

independently differentiable sedimentary components. However, 

the differentiation and the consequent sepa~ation of 

constituent elements may not occur in all sedimentary systems. 

For example the suite of sediments derived from immature 

volcanic terrains may not contain fine grained phyllos1licates 

and will have diffe~ent chemical dist~ibutions. Clastic suites 

With abundant phyllosiltcates and other potentially 

d1fferentiable sedimentary minerals may also lack coherent 

C:hemtc al 

Sediment 

trends if diffe~entiation does not occur-

t~ansport and deposition. The absence of K-
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as a n independently d~fferent~able mineral for ~nstance, s~mply 

reflec t the scarcity of detrital K-feldspar in the terra1.ns 

from wh1ch many of the sediments are der1ved. 

he deposits of the Nakuru, Elmenta1ta and Na1.vasha Basins are 

purely volcanic sediment and do not conta~n detrital mica. The 

absence of ill1.te as a differentiable sedimentary component 1.s 

demons trated by the low values of K20 and poor correlation of 

K20-Al 203 trend (Fig . 6-lA 6-18). Significantly the 

concen tration of K20 remain low desp1te the abundant presence 

of potent1ally reactive volcanic debris . This suggests that the 

diffusion of K+ has little effect on the bulk composition of an 

accumu lating sediment . 

8.2 . 1 0 - mode analyses. 

The Q-mode analys1.s shown on the graphic plots 1dentify and 

discriminate the Kar1andusi, Soysambu, Enderit and Ronda 

Formations as separate and distinct sedimentary ent~t~es . 

However, evaluation of all the geochemical data presented 

graphically on b1.variate plots show that the variables are not 

of equal value for d1.scriminating lithofacies associated with 

the various formations. In any case factor~al Q-mode analyses 

focuses on some of 

attribu tes . While this 

S1gn1ficant variables, 

adequate discrimination 
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b oadly concur with the more visually obv~ous 

characters (including sedimentary structures, 

petrological 

textures and 

over-a 11 1 i tho logy) that showed marked differences existing 

be tween the formations. The graph~c treatment of the raw data 

a s a whole allows us to relate the late Pleistocene and 

Hol ocene facies for purposes of stratigraphic correlation in 

the study area. Correlation of sed~ments between sections can 

al so be achieved as shown between Enderit and Makalia where 

fie ld data support the laboratory results, ~.e. tuffs in the 

t wo separate areas are correlated on the basis of l~thology and 

ge oc hemic a 1 composition. A correlat~on of sections based on 

ge oc hemical components as well as major or most obvious feature 

sedimentary structures, gross texture, colour and inc luding 

lit hology is potent~ally useful as basin analytica l tools in 

the rift sedimentology. 

8.3 Depositional s y stems 

The suites of facies in the Central Kenya Rift valley clearly 

indi cate deposition in lacustrine and non-lacustr~ne systems. 

At Kariandusi in the Elmentaita Basin, occur e)(cellent 

exposures of lacustr~ne strata that were depos~ted on a faulted 

trac hyte. This lacustrine complex is probably equivalent to the 

Soysambu Formation at Soysambu d~atomite m~ne. Locally the 

~orma t~ on onlap underlying coarse fanglomerate on the western 

e dg e of the bounding fault scarp. The diatomite beds and 

equ~ valent fine grained deposits support the interpretation of 
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a lacustrine or1gin. The d~str~bution and associat~on of the 

fac1es suggest that they varied considerably w1th t1me and 

geographical location on the rift floor. On the basis of 

lithofacies separate depocentres have been d1stingu~shed in the 

rakuru , Elmentaita and Na~vasha Basins. The general env1ronment 

of deposition from these sediments reflect fairly shallow, 

alkal~ne lake with some sediments be1ng deposited in higher 

energy near-shore regimes, or shallow hypersaline playas. 

The Kariandusi diatomite mine revealed extens1ve prograding 

f}UVl al lacustr1ne complex, strata predom1nantly composed of 

d1atom1 te and pumice sands. Exposures of the upper port1on 

sect1ons 1n areas around Enderit contain pum1ce ash facies that 

may correlate to the Makalia in the north-west. There is 

conclusive ev1dence of both alluv1al and fluviatile deposition. 

The compos1tion of the sediments varies from l1th1c pyroclastic 

mater1al in matrix of calcite or l1monite to pyroclast1cs 

depos1ted in similar matrix. The matrix compos1t~on was 

presumably control I ed by the pH of the lake, although this 

could have been influenced by an influx of magnetite dust or 

volcanic 

s.ec: t 1on, 

ash. The composition of the m1nerals seen in th~n 

on the other hand ~nd1cate primar1ly volcanogenic 

or1g1n . Thus, a change in the percentage of volcanic rocks in a 

s.ample indicates a change 1n the lithic pyroclast~c material 

be~ng spewn out. The composition of the sediments may depend to 
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s ome degree on the depth of wa er, bu 

by t he type of pyroclast~c material. 

~tis mainly controlled 

Eol~an sediments have been found to occur w1dely in the 

s equence and are emphas~sed in environmental interpretations. 

1ost common are the tuffs redeposited by wind and modern eol1an 

sed~mentat~on of volcanic ash ~n the region . In general 

vo lcanic ash occur in assoc~at~on of fa1rly shallow fluctuating 

lake sediments. The pyroclastic lith~ tuffs are stratif~ed and 

often intercalated with 1 acus rine diatomites in the 

s ections . A chert bed precipitated to the south of ariandus1 

section 17, indicate that the lake was fairly sal~ne . The 

wa t e r deepens at the Kar1andusi daitomite m1ne but toward the 

op , the 1 ake 1 evel fluctuates and mixed sed1ments are 

deposi ted. To the north section 14 shows less drast1 c 

fluctuat1ons tectonic adjustment and stream incision while to 

he s outh a playa environment marked by desiccation developed. 

he water continues to deepen towards was intermittently marked 

by e r os i onal disconformity. 

The lakes made a substant1al transgression 

bedded 

salin ity 

d~atomiceous silts are deposited. 

of the lakes is indicated by the 

and hor~zontally 

The cont1nuing 

calcite and some 

auth~ gen1c feldspar 1n the silts. Volcanic activ1ty 1s still 

mportant as ev1denced by the presence of san1d1ne in the clay. 

upon retreat of the lake, a rather coarse tuffs were 
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deposited probably with some degree of transport and these 

uffs today overlie older sediments. The Lake margins 

constantly fluctuated, except poss~bly during the intermittent 

depos1tion of the ~ntercalated clays. In the entire basins the 

JOlcan ic activ1ty continued unabated throughout the sequence, 

th~s volcanic activity certainly had an effect on the 

alkalinity of the lakes, the extent of calcite formation in the 

sediments, and hence substantial influence in the groundwater 

chem~ stry, even though Lakes Kariandusi on the one hand and the 

pre~en t Naivasha were possibly much less saline. The existing 

radio-carbon dates of the lacustrine deposits (Chapter 2) are 

1nconc lusive. However in general, they suggest that most of 

the rift sediments are less than 700 , 000 years old. The lower 

boundary of the Kariandusi sequence may correspond to this age. 

lhe evidently later basalt on the southern part of Lake 

Naivasha are dated c 400, 000 years old. It is beyond the scope 

this work to narrow down these dates, but perhaps better faunal 

correl ation, detail palaeomagnet1c and radiometric data w1ll 

offer an alternative cross-check. In general the sediments are 

of Middle Pleistocene, with the top of the sequence probably 

less than 400,000 years old. 
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8.4 Conclusions . 

The present investtgation reaffirms and shows that in basin 

lithostratigraphic analysts, descripttve statistics and 

facto rial analysis applied to numerous samples and a large pool 

of sedimentological data serve to distinguish the various 

sedtmentary formations (lithofacies) 1n the Central Rift 

Valley . The approach is particularly valuable for it indtcates 

that the recognition and discrimtnation of some of these facies 

for late Pletstocene to Holocene age can be realised . Moreover 

since the quantttative approach serves to better define facies, 

the method then also opens the door for more reliable 

orrelations of surface sections . The author anticipates that 

the approach used in the current investigation will provide an 

applic ation 

successful 

tool in basin analysis and contribute to future 

ltthostratigraphic studies and paleonvtronmental 

unders tanding of sections in other parts of the Rift Valley . A 

de tailed sampling survey of superftcial deposits collected from 

d1.f ferent maJor modern lake environments is clearly needed. 

Analysis of sedimentary textures and compositions obtained from 

'"ne subsurface and near surface cores would most likely allow 

for palaeoenvironmental interpretation and predictions of 

future environmental changes . In conclusion the present thesis 

can be viewed as case history in stratigraphic development of 

r~ft sedtmentary basins . Several sections are included to make 

~~e main points understandable . The sections are a discussion 
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of principles and methods of env1ronmental interpretation and a 

summary of the lithostratigraphic correlation . 

The Kenya Rift lake sediments are potential field archive for 

the understand1ng of the palaeoenvironment, palaeocl1matic 

_hanges, structure developments and Quaternary geology of East 

Af r1ca . It is the author's hope that the results of facies 

analysis and sed1ment correlation in the Nakuru, Elmente1ta and 

•.,aivas ha basins will provide pr1mary data and framework for 

·u tur-e environmental invest1gations of other- rift r-elated 

basins . The results in this study indicate that 

il uv1al, eolian and lacustrine palaeoenvir-onmental 

alluvial, 

cond1t1ons 

existed during the deposition of Ronda, Enderit and Kar-iandusi, 

Soysam bu 

Basins . 

Formations in the Nakuru, 
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