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Preface

 

In July 1975, we began a lifetime of interest in the Kenya Rift lakes when we began 
as graduate students supervised by the late Professor WW (Bill) Bishop at Queen 
Mary College, University of London.

A year later, having spent several months preparing photogeological maps, we 
arrived at Embakasi Airport in Nairobi on an East African Airways flight, excited to 
begin our field research in the Suguta Valley in the northern Kenya Rift. After con-
fusion and delay on arrival from London, we set off with Martin Pickford, and 
Jimmy and Gill Young (University of Edinburgh, Geography), for a tented camp on 
the western shore of Lake Baringo where Bill was arranging our onward journey to 
Suguta by a lorry with two Land Rovers, fuel, food, water, a cook, field assistants, 
and a nurse. En route to Baringo, then a 5–6-hour journey, one Land Rover slid slug-
gishly into a ditch during heavy rains and several wheel nuts sheared off. A passing 
lorry loaded with Tusker beer came to the rescue. A few hours later, after dark, our 
second Land Rover became stuck on its side (>30°) while crossing the gravelly 
Ndau River near Lake Baringo during a flash flood in torrential rain. That Land 
Rover became partly filled with water. An empty teapot floated symbolically below 
the dashboard. To the rescue came that same heroic Tusker lorry and driver, who by 
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then had caught up with us. We eventually arrived at Kampi-Ya-Samaki (midwest 
shore of Lake Baringo) at about 9.00 pm, wet, tired, and bitten by a myriad of mos-
quitos and other noisy bugs. No mobile phones back then (1976). Grunting hippos 
came ashore to feed on grass around our tents during the night but delicately missed 
the guy ropes. But seeing and hearing Lake Baringo the next morning for the first 
time, while eating posho and fruit for breakfast,  even with yucky, soupy,  sugary 
milky tea, was fantastic. Then, two days later, the Kenya Government revoked our 
research permit to work at Suguta because the Kenya army was training there, 
linked to security issues along the Ugandan border. Too late: by then we were 
already hooked…

So began our interest and geological research in the Kenya Rift and its fantastic 
lakes. We finally reached Suguta in early 2018. By then, our (1975–1976) photogeo-
logical maps were a little out-of-date.

This book is our attempt to summarise the geology, general limnology, environ-
mental setting, and recent history of the modern lakes in the Kenya Rift Valley and 
Nyanza Rift, and to examine the ancient lake deposits preserved in the Neogene 
stratigraphic record. We are both geologists by training, so we do not pretend to 
cover the modern biology of the Kenya Rift lakes from the same perspectives and 
depth as a biologist or ecologist. Nonetheless, we have published our results in 
journals that span the interface between geology and biology, reflecting our broad 
(palaeo)ecological interests, and we discuss and reference much of the relevant bio-
logical literature.

We briefly include Lake Natron in northern Tanzania because its history has been 
intimately associated with neighbouring Lake Magadi, and we mention Chew Bahir 
in Ethiopia because that lake at times overflowed into Lake Turkana. We have vis-
ited most of the Kenyan lakes that we discuss, including many of the smaller lakes 
and wetlands, and have examined many ancient lacustrine successions that have 
been described in outcrop or core. We include, but do not always highlight, many 
unpublished results. We have tried to be inclusive but have been unable to reference 
all relevant papers on all topics because of access, both online and physical, confi-
dentiality (unpublished government and company reports), and space. For this, we 
apologise. The relevant literature is growing, now almost exponentially, but this is 
good. Many new journals are East African with Open Access.

We hope that this volume will provide a useful introduction and general back-
ground for those beginning research on the modern Kenya Rift lakes and their pre-
cursors, especially graduate students, and for those already familiar with some of 
the lakes but expanding their areas or breadth of interest. Most of all, we hope that 
readers will be as fascinated by the Kenya Rift lakes as we have been for … now 
approaching … almost 50 years. They are special.

San Rafael, Segovia, Spain� Robin W. Renaut  
Kowloon Tong, Hong Kong � Richard Bernhart Owen   
May 2023
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Chapter 1
Introduction: About This Book

1.1  The Kenya Rift Lakes

Several books and edited volumes have reviewed one or more of the Kenya Rift lakes 
from a biological or ecological perspective, or both (Beadle 1974, 1981; Johnson and 
Odada 1996; Lehman 1998; Harper et  al. 2003; Awange and Ong’ang’a 2006; 
Schagerl 2016; El-Sheekh and Elsaied 2023). A few have examined the geology and 
tectonics of individual or multiple lake basins (Bishop and Clark 1967; Baker et al. 
1972; Coppens et al. 1976; Bishop 1978; Frostick et al. 1986; Morley 1999; Renaut 
and Ashley 2002), but none has approached the Kenyan lakes speci�cally from a 
geological (mainly sedimentological and palaeoecological) perspective. Our goal for 
this book is to provide a general background to the modern Kenya Rift lakes and 
their precursors back to the Miocene, and to provide a broad framework for future 
research. We have tried to include most of the important past studies, covering the 
last 150 years, but do not claim to have included all previous research.

The lakes of the Kenya Rift and their former extensions into Ethiopia (Chew 
Bahir) and Tanzania (Lake Natron) are highly diverse physically, chemically, and 
ecologically (Fig. 1.1). Table 1.1 summarises some of the main characteristics of the 
Kenyan water bodies that illustrate this diversity. Lake Victoria (~169,685 km2) lies 
in a tectonic depression between the eastern and western branches of the East 
African Rift System with the Winam Gulf extending into the Nyanza (Kavirondo) 
Rift, about 140 km to the west of the main Kenya Rift. The largest lake within the 
main Kenya Rift is Lake Turkana, which covered 7430 km2 in December 2020, an 
area almost 11 times larger than the next nine water bodies combined. These smaller 
lakes ranged in area between 11 (Solai) and ~200 (Baringo) km2 in that same month, 
but all the main lakes vary in area frequently because of changes in annual and 
interannual precipitation and changing evaporation rates in their respective catch-
ments. Water depths also differ considerably, from more than 120 m (Lake Turkana) 
to less than 1 m (Lake Magadi). Many shallow lakes and swamps desiccate com-
pletely during periods of drought.

© Springer-Verlag GmbH Germany, part of Springer Nature 2023
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Fig. 1.1  The Kenya Rift lakes, locations and appearance

All the Kenya Rift lakes expanded during the late Pleistocene–Early Holocene, 
now called the African Humid Period (AHP), when conditions became generally 
wetter. Some merged or overflowed (e.g. Palaeolake Suguta; Lakes Nakuru and 
Elmenteita) while others switched from closed hydrology (endorheic) to open-basin 
lakes (e.g. Turkana, Baringo, Bogoria), only to reverse when the climatic conditions 
became drier during the later Holocene. Such changes have been common, but tec-
tonics has also strongly influenced, and at times controlled, their evolution (Owen 
et al. 2018).

All lake waters in the Kenya Rift are alkaline. Modern lakes Naivasha, Baringo 
and Ol’ Bolossat have fresh waters, supporting fish, crocodiles, hippos and associ-
ated fauna and flora. In contrast, Lake Turkana and Lake Solai have been brackish 
during the past few decades. Lakes Logipi, Nakuru and Elmenteita are saline but 
currently do not precipitate lacustrine salts. Nasikie Engida and Lake Magadi are 
often highly saline and precipitate evaporites. Lake Bogoria varies between dilute 
and hypersaline. Lake Natron occasionally precipitates trona, but the salts are gen-
erally not preserved. These varied conditions support contrasting phytoplankton and 
zooplankton, reptiles, mammals and birds. Flamingos, for example, move between 

1  Introduction: About This Book



5

Table 1.1  Major physical and chemical parameters of the Kenya Rift lakes

Lake Basin type
Area
(km2)

Perimeter
(km)

Area/
perimeter

Max 
depth/s 
(m)

Conductivity – μS 
cm−1/ or (TDS in 
ppm)

pH 
range

Victoria Inter-rift 
depression 
with 
extension 
(Winam 
Gulf) into 
Nyanza Rift

69,685 3670 19.0 6911 97–1458, 9 6.4–
9.810

Turkana Coalesced 
border-
faulted 
asymmetric 
rift grabens. 
Volcano-
dammed to 
south

7430 730 10.2 109–
1253, 

12, 13

2763–31901, 3 
(2279–2536)2

8.7–
9.51, 7

Logipi Axial rift 
graben. 
Volcano- 
dammed to 
north

51 30 1.7 5 ~5000–17,00014, 15 9.5–
9.615

Baringo Volcanic-
dammed rift 
graben

199 85 2.3 ~7 (458–1383)4 6.7–
8.984

Bogoria Border-
faulted 
asymmetric 
graben. 
Dammed by 
alluvium to 
north

42 72 0.6 11.518 Mixolimnion – 
>50,00018

Monimolimnion – 
90,00018

9.3–
10.218

Solai Border 
faulted 
rift-marginal 
graben

11 15 0.7 >8.517 776–239816 8.1–
9.016

Ol’ 
Bolossat

Border 
faulted 
rift-marginal 
graben

33 41 0.8 1.8320 150–418 
(174.9–192.6)19

6.7–
8.319

Nakuru Axial rift 
graben. 
Volcano-
dammed to 
north

69 36 1.9 4.56 27,600–54,0006, 22 9.8–
10.36, 21

(continued)
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Table 1.1  (continued)

Lake Basin type
Area
(km2)

Perimeter
(km)

Area/
perimeter

Max 
depth/s 
(m)

Conductivity – μS 
cm−1/ or (TDS in 
ppm)

pH 
range

Elmenteita Axial rift 
graben. 
Volcano-
dammed to 
south

22 35 0.6 3.122 39,00021 10–
10.121, 22

Naivasha Axial rift 
graben. 
Volcano-
dammed to 
south

163 74 2.2 1624 74–24805, 23, 24 8.01–
8.985, 24

Nasikie 
Engida

Axial rift 
graben

10.5 18 0.6 1.626 207,00026 
(30,000–
270,000)26

9.21–
9.925

Magadi Coalesced 
axial rift 
grabens

91 121 0.75 ~0–2 (122,000–
313,000)27

9.65–
10.927

Physical data are based on Google Earth and reflect a period of high lake levels in December 2020
1: Beadle (1932); 2: Yuretich and Cerling (1983); 3: Hopson and Hopson (1982); 4: Tiercelin 
(1981); 5: Mugo (2010); 6: Raini (2007); 7: Olago (1992); 8: Duke (1924); 9: Akiyama et  al. 
(1977); 10: Mwirigi et al. (2005); 11: Johnson and Odada (1996); 12: Yuretich (1979); 13: Källqvist 
et  al. (1988); 14: Junginger and Trauth (2013); 15: Castanier et  al. (1993); 16: de Bock et  al. 
(2009); 17: Herrnegger et  al. (2021); 18: Renaut and Tiercelin (1994); 19: Karuku and Mugo 
(2019); 20: NEMA (2012); 21: Oduor and Schagerl (2007); 22: Melack et al. (1982); 23: Njenga 
(2004); 24: Ndungu et al. (2015); 25: Renaut et al. (2020); 26: de Cort et al. (2019); 27: Jones 
et al. (1977)

the highly saline lakes seeking suitable food sources, which vary with changing 
water chemistry as the lakes expand and contract.

Geologically, the modern lakes are the successors of a series of Neogene palaeo-
lakes. Both modern and ancient water bodies are important for many reasons. Their 
sediments preserve detailed records of past environmental change and also provide 
models for interpreting ancient lacustrine rift basins and saline, alkaline palaeolakes 
in other parts of the world. Biologically, the modern lakes are homes for a rich and 
diverse fauna and flora, as were their predecessors. Most modern lakes are highly 
productive and home to endemic fish and diverse and abundant birds, as recognised 
by many areas that have been given Ramsar and UN World Heritage status. They 
also have palaeoanthropological significance with their ancient deposits associated 
with important hominin and archaeological sites. Despite their international value, 
the lakes have been heavily impacted by population growth and related impacts 
from agriculture, industrial development, dam construction and hydrological 
change. Consequently, the ecological status of the modern lakes is under threat, and 
many have already experienced rapid change during the last few decades, although 
much remains that should be preserved. Many lakes have been unusually high since 
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2010–11, flooding marginal lands and disrupting livelihoods, and are experiencing 
physical and ecological changes (Government of Kenya 2021).

In Part I of the book, we provide a broad background with general information 
that is needed to understand subsequent sections. This chapter (1) introduces the rift 
lakes and structure of this book. Chapter 2 presents a brief history of limnological 
and sedimentological research undertaken since the nineteenth century. Chapter 3 
outlines the geology of the Kenya Rift, placing the modern and ancient lakes in a 
broader physical context. This includes summaries of the origins of the Kenya Rift 
and the East African Rift System. The chapter examines the structural and volcanic 
geology and emphasises the importance of tectonism in the formation of sedimen-
tary basins and the long-term palaeogeographical development of the rift.

Chapter 4 focuses on modern environmental conditions and includes explana-
tions of the climate system and modern weather patterns in the region. In addition, 
the chapter explores aspects of the river drainage, hydrology and hydrogeology, 
including the important geothermal systems. The importance of weathering and 
sediment production is also noted as this partly controls the unusual chemistry of 
the various lakes. Subsequent portions discuss the nature of soils, vegetation, wild-
life and the importance of geothermal springs and meteoric waters.

Chapter 5, the final chapter in Part I, provides a  limnological background for 
understanding the physical, chemical, and biological processes that occur in the 
Kenya Rift lakes. These include, for example, the importance of physical mixing, 
stratification, currents, and waves. The chapter also examines the hydrochemistry of 
lakes in terms of evaporative concentration, solutes and particulate sources, major 
ions and salinity as well as chemical and biochemical processes. Depositional mod-
els are explored, noting controlling factors that influence processes and facies in 
deltas, littoral zones and pelagic regions.

Part II presents the physical and chemical limnology, ecology, and sedimenta-
tion of the modern lakes. Chapters 6 and 7 provide details for the northern Rift lakes 
(Turkana; Logipi-Suguta). Chapters 8, 9, 10, and 11 examine the major water bodies 
of the Central Kenya Rift (Baringo; Bogoria; Nakuru; Elmenteita; Naivasha) with 
details of the southern lakes (Magadi; Nasikie Engida) presented in Chap.  12, 
including a brief introduction to Lake Natron in Tanzania. Lake Victoria partially 
lies in the adjacent Nyanza (Kavirondo) Rift of western Kenya and is considered 
separately in Chap. 13. Chapter 14 presents information on the many smaller and 
lesser-known lakes (e.g. Solai, Ol’ Bolossat, Kwenia, reservoirs).

Each of the main lakes is described in turn using a common format. After a broad 
introduction, the chapters present the geological and geomorphological setting of 
the relevant drainage basin, followed by descriptions of the climate and basin 
hydrology (including springs), vegetation and wildlife. The physical and chemical 
limnology are then described followed by an examination of the biology and ecol-
ogy of the individual lakes. Each chapter also explains the dominant sedimentary 
processes active in the respective lakes and the nature of recent deposition. The 
chapters conclude with an exploration of the environmental and geological history 
of the African Humid Period (~15–5 ka) and Holocene precursor lakes from out-
crop, core and other evidence, as these have important implications for the modern 
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