
shoreline deposits. As he writes, “this was a point that
had to be settled”, and the group immediately camped
and spent much of two days examining these relic lake
terraces. Gregory traced the remnant shoreline sediments
for a considerable distance along the rift margin, at
points reaching a height of 400 feet above the present
valley floor, leading Gregory to speculate that the extinct
Lake Suess (in honor of the Austrian explorer and
ornithologist Edward Suess) occupied a significant por-
tion of the Rift Valley. He also inferred that the lake was
long lasting and had gradually dwindled as the climate
became more arid and/or as earth-movements altered
drainage patterns in the basin.

Specific mention of this event in Gregory’s journey
highlights aspects of prevailing scientific inquiries at the
turn of the nineteenth century that remain relevant to
ongoing research more than a century later in equatorial
Africa. Gregory’s intense interest in lake systems in the
rift was scaffolded on diverse developing theories as to
the nature of continental rifting, global climatic shifts,
terrestrial indicators of climate, establishing the effects
of glacial-interglacial oscillations on low-latitude ecosys-
tems, and effects of environmental change on the distri-
bution and evolution of biota. At the time of Gregory’s
expedition, it was known that British East Africa incor-
porated a great depression or trough, which “begins
with the Dead Sea, extends down the Red Sea, and ends
at Tanganyika” (Galton, 1884). Associated with this
trough was a chain of “fjord-like” lakes formed as a
result of connected series of earth movements along this
line (Suess 1888). Many of these lakes were of wide gen-
eral interest in Europe as they featured in geographical
expeditions undertaken to settle controversies regarding
the source of the Nile, to verify “native reports” of the
existence of great inland seas in Africa, and to locate the
position of Lake Tanganyika in the african river system
(Burton 1857; Speke 1857; Livingstone 1859; Stanley
1865; Thomson 1885; Teleki and von Hohnel 1892). 

11 When it Rains it Pours: Legends and 
Realities of the East African Pluvials

John D. Kingston and Andrew Hill

Attempts to reach well beyond the state of knowledge
and existing conceptual frameworks are rarely embraced
by the scientific community, typically as they mislead
rather than guide. However, it is precisely these overex-
tensions that can generate the most innovative perspec-
tives and revolutionary breakthroughs in science.
Alternatively they create chaos, splintering disciplines
and sending many down tangential or even worse, dead-
end trajectories. The integration of pluvial theory into
paleoanthropological investigations in east Africa in the
mid-1900s represents one such tangential journey. It was
an attempt to frame human evolution within a series of
alternating wet (pluvial) and dry (interpluvial) climatic
intervals, primarily as a means of establishing a relative
chronologic framework for fossil and archeological
assemblages. While regarded as ill conceived in retro-
spect, pluvial theory was linked to novel, developing
perspectives in meteorology, stratigraphy, and evolution
and as such incorporated a number of then-revolution-
ary concepts. Reexamination of the discarded pluvial
theory in east Africa and its origin reveals the insight
and vision of researchers over a century ago and the cir-
cuitous path taken to achieve our current theories link-
ing hominin evolution and climatic change.

Introduction

Approaching the margin of the east African Rift Valley,
thick clouds enveloped Gregory’s 1892–1893 expedition
to Mount Kenya and Baringo, obscuring much anticipated
panoramas of the great rift (Gregory 1896). Disappointed,
the party descended through the cloudbank along the
Kikuyu scarp that forms the eastern wall of the Rift
Valley. As they navigated the cliff, gusts of wind cleaved
passages through the clouds, revealing the plains below,
stretching 30 miles across the rift floor to the western
scarp. “Lost in admiration of the beauty and in wonder
at the character of this valley”, Gregory noticed on the
cliff face to the north, what appeared to be some ancient
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So unique were emerging topographic details associated
with the depression that Gregory was compelled to com-
pare the rift to a series of long narrow clefts on the sur-
face of the moon (rills) and suggested that exploration
of the Rift Valley offered the possibility of explaining
the nature of the Moon’s surface. More relevant for this
paper, however, was Gregory’s appreciation that the rift
potentially provided an archive of past climates, fauna,
flora and geologic history in a region that had been up
to that point dismissed as scientifically monotonous,
uninformative and devoid any geologic novelty, consist-
ing of one vast expanse of metamorphic basement com-
plex (Murchison 1852; Drummond 1891). 

Relying on lithologic evidence of extinct lakes, the
presence of empty river gorges, modern zoological and
botanical distributions, coarse fluvial gravels, and glacial
moraine deposits in African highlands, Gregory concluded
that equatorial African had experienced multiple episodes
of climatic change. Gregory (1894) interpreted a moraine
several thousand feet below the level of existing glaciers
on Mt. Kenya to reflect an interval of increased precipi-
tation that was tentatively linked to the growth of Lake
Suess and ultimately to Alpine glaciations, providing an
opportunity to date climatic change in Africa. As the
European glacial-interglacial sequence was considered
well established, interpreting data collected worldwide
within this framework was typical, despite the tenuous
nature of the correlation. Gregory’s discoveries and
inferences, in part laid the groundwork for subsequent
applications of pluvial theory in tropical and subtropical
Africa. While continuing to support correlation of cli-
matic oscillations in Africa with those in the Alps,
Gregory later noted that the links were equivocal, as it
was proving difficult to recognize and correlate glacial
stages even in different parts of Europe (Gregory 1931).
In addition, he noted complications in differentiating cli-
matic signals from tectonic or volcanic disturbances in
terrestrial proxies, a consideration that became obscured
in subsequent assessments of East African paleoclimate.

The goal here of re-examining pluvial theory as
applied to equatorial Africa is not to document the mis-
application of the concept as a chronostratigraphic tool
but rather to explore the many innovative elements
underlying pluvial theory that remain highly relevant to
ongoing research in developing an environmental context

for early hominin evolution. Interpretations of field
observations in Africa associated with the pluvial theory
were novel and anticipated many later discoveries and
subsequent theories linking climate, ecology, and evolu-
tion. The key variable that lay beyond the grasp of these
early investigators, and eventually undermined the plu-
vial concept, was a means of determining absolute time.
Ironically, the pluvial theory was developed and nurtured
in African archeology and paleontology primarily as a
means of correlation and relative dating.

Pluvial Theory

The notion that glaciers were formerly far more extensive
at times in the past become generally accepted with the
publications of Bernhardi (1832), Agassiz (1840) and
other pioneers of the glacial theory during the middle of
the nineteenth century. No sooner had the concept become
established when the effects of glacial climates on saline
lakes in middle-latitude arid regions beyond the reach of
great ice-sheets was perceived. Jamieson (1863) surmised
that a decrease in heat and aridity associated with a gla-
cial period would result in disruption of the evaporation/
precipitation balance, resulting in rising lake levels in
arid regions. Subsequently, expansion of arid-basin lakes
correlated locally with montane glacial advances was
documented for a number of lake basins globally includ-
ing the Aral-Caspian system (Jamieson 1863), the Dead
Sea (Lartet 1865), Lake Bonneville (Gilbert 1890), and
Mono Lake (Russell 1889). These periods of higher lake
level became known as pluvial ages, because it was
inferred that they represented intervals of increased precip-
itation and decreased evaporation. As it was mistakenly
assumed that the formation and expansion of glaciers and
ice-sheets requires a general increase in precipitation, it was
reasonable then to correlate pluvial conditions in tropical
and subtropical lowlands with glacial conditions at higher
latitudes and altitudes. This premise persisted well after
it was recognized that the advance or retreat of glaciers
as well as middle and low-latitude lake levels are a func-
tion not only of overall precipitation but also changes in
the distribution of annual precipitation through the sea-
sons, astronomically forced variations in the amount of
energy received on the earth’s surface through the sea-
sons, fluctuations in solar emission, regional uplift/sub-
sistence, and changes in atmospheric circulation patterns.
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The term pluvial was apparently first used in this
context to refer to an expanded lake in a geological report
of a region that included the Dead Sea (Hull 1885). The
English meteorologist Brooks (1914) formalized the plu-
vial-glacial correlation by evaluating the theory in the
context of general atmospheric circulation and climatic
patterns. While Brooks continued to advocate that maxi-
mum extent of glaciation coincided with the maximum of
pluvial periods in unglaciated regions world-wide, he
noted a number of key inconsistencies including difficul-
ties in precise correlation of glacials and pluvials, differen-
tial effects of “glacial climates” on equatorial and polar
regions, and complications in explaining why glacial
events resulted in greater low latitude rainfall. Significantly,
he interpreted anticyclonic circulation associated with
glaciated regions to result in increased evaporation at low-
latitudes and decreased precipitation at high-latitudes. The
assumption was that the deficit of rainfall was made up in
non-glaciated regions of the globe and anecdotal historical
evidence was used to support this claim (Brooks 1914).

East African Pluvial Theory

Research in Africa figured prominently in the establish-
ment and acceptance of the pluvial concept between
1920 and 1960 and later, no doubt in part because of
the implications for early human evolution (Oakley
1964; Brooks 1926). As on other continents, dramatic
climatic fluctuations in Africa were interpreted from
oscillations in lake levels, raised river terraces, and mon-
tane glaciers (Grove and Pullan 1963; Hume and Craig
1911; Faure 1969; Flint 1971) and ultimately placed
within a comprehensive pluvial-interpluvial scheme.
Interestingly, the focus of these investigations was almost
exclusively on providing a temporal framework rather
than a climatic/environmental context for interpreting
the fossil and archeological record.

In the course of twenty years of stratigraphic field
investigation in east Africa, Wayland sought evidence to
support Brooks’ Pluvial Theory and in 1920 first made
reference to at least one and possibly three pluvial peri-
ods in eastern central Africa (Wayland 1920). Wayland
(1930) provided a succinct definition of pluvials as “A
period of geological significance during which rainfall
was in general considerably heavier that in earlier times
(and later times), and than it is to-day (sic), over an area

sufficiently large to be of some account in world events
is called a pluvial period”. Pluvial and interpluvial phases
were not interpreted as reflecting intense, catastrophic
intervals of alternating precipitation or desiccation,
respectively, but basically unstable climates (Wayland
1934). Like Gregory, Wayland was also aware of the
need for caution in establishing a chronostratigraphy
based on pluvials that allowed for regional correlations
(Wayland 1930). Following Leakey and Solomon’s (1929)
discussion of archeological discoveries in Kenya with
respect to pluvial intervals, Wayland (1929) felt their con-
clusions premature and noted “an unjustified feeling of
security among archaeologists with regard to the chrono-
logical correlations of stone-age industries in widely sepa-
rated countries”. After additional field experience, Solomon
(1939) later conceded that the pluvial hypothesis “rests on
very slender foundations and the writer is inclined to disre-
gard it completely as a basis for classification”.

Despite these concerns, the pluvial theory became
widely adopted for application throughout Africa as strati-
graphic units, and the names were applied wherever corre-
lation with the type-area was corroborated by paleontolog-
ical, archeological or geological evidence. Various pluvial
schemes for east Africa were considered (Wayland 1931;
Nilsson 1935; Huzayyin 1936; Leakey 1931, 1952; Zeuner
1951; Simpson 1934), differing primarily in the number of
pluvials recognized, specific correlations made with
European glacial intervals, and the ages of the pluvials.
Evidence for increased precipitation associated with specif-
ic pluvial intervals was correlated regionally predominantly
on the basis of associated artifacts (Leakey and Solomon
1929; Sohnge Visser and Lowe 1937; Zeuner 1961). As the
pluvials schema was then utilized to develop a chronos-
tratigraphic framework for interpreting fossil and archeo-
logical material, the rationale and utility of pluvials were
clearly compromised by circularity. In 1947, the First Pan-
African Congress on Prehistory (Leakey 1952) endorsed
the resolution for a stratigraphic-climatic sequence and a
modified version of the four-fold pluvial nomenclature
based on research in east Africa (Figure 11.1a).

As Bishop (1967) noted, the resolution included no
mention of climate and also specifically recommended
that the African nomenclature should be used as geologic
units distinct from European terminology. This schema
was ratified by the second and third Pan-African
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Figure 11.1 a) The four-fold pluvial
sequence proposed to the
International Geological Congress
in 1948 (Leakey 1950); b) diagram-
matic section across the Naivasha
Basin depicting the relative eleva-
tion of terrace deposits exposed
within the Rift Valley and along
the escarpments (from Leakey
1931); c) Late Pleistocene and
Holocene east African lake levels
(Lake Naivasha, Lake Nakuru, and
Lake Elementeita) correlated with
March/September equatorial 
insolation and mid-latitude June
insolation curves (after Trauth et.
al. 2003). Insolation curves from
Laskar et al. (2004). These data sug-
gest that long-term fluctuations in
African lake-levels is in part driven
by increased precipitation associ-
ated with maximum equatorial
solar radiation in March or
September rather than exclusively
by monsoonal patterns influenced
by insolation shifts at about 30 N
in early summer.
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Congresses of 1952 and 1955 with the provisions that
the pluvial succession should be recognized as strati-
graphic climatic divisions only in the east African region,
that pluvial intervals should incorporate the following
interpluvial as original definitions did not account for
these arid stages, and that the Pleistocene fauna through-
out Africa could be divided into four faunal stages that
could be equated with pluvial phases.

Equatorial African Pluvial Theory ultimately floun-
dered not so much because of the uncertainties in recog-
nizing and correlating “pluvial events” between isolated
tectonic basins in African and to temperate glacials, but
rather as a result of codification of stratigraphic nomen-
clature (Flint 1959; Cooke 1958; Bishop 1962, 1967).
Most geologists working outside of Africa recognized
that climato-stratigraphic units or divisions reflected an
inferred second-order phenomena rather than primary
objective units such as grain size or fossil assemblages.
Flint (1959) noted that pluvials were subjective concepts
open for interpretation and differed fundamentally from
conventional stratigraphic systems to the point that they
represented obstacles to inter-regional correlation. The
presumption of pluvials as stratigraphic entities led many
to apply the terminology throughout Africa, creating
confusion and misunderstanding of the relative temporal
framework of fossil and archeological discoveries. In
addition, a scrutiny of the empirical evidence on which
the pluvial theory was based revealed the equivocal
nature of environmental interpretations of the sedimenta-
ry deposits (Flint 1959). In 1959, the Fourth Pan-African
Congress confirmed that the pluvial terminology was “in
course of revision and will ultimately be defined in accor-
dance with the normal practices in stratigraphic nomen-
clature” (Mortelmans and Nenquin 1962). In response,
Bishop (1967) developed a lexicon to standardize pluvial-
interpluvial terminology and relegated “pluvial events” to
their localized context, essentially terminating their use in
intra-and interregional correlation. The International
Subcommission on Stratigraphic Classification (Appendix
F [To ISSC Circular No. 99]) suggests that although
lithologic evidence for paleoeclimatic change provides
valuable information for chronocorrelation, it must be
used in combination with other specific methods such as
absolute radiometric dates, geomagnetic polarity rever-
sals, regional unconformities, or interrelations of strata. 

Unfortunately, as the East African Pluvial Theory
was discarded, so too were many details of climatic
information gleaned from decades of field investigations
as well as the emphasis on developing paleoclimatic
proxies. One aspect of the pluvial theory on which all
researchers converged was the notion that aspects of
stratigraphy indicated multiple episodes of climatic
change. While it was ultimately argued that much of the
evidence for climatic flux should instead be attributed to
changes in base level or drainage patterns due to tecton-
ics or volcanic activity (Flint 1959), it was evident that
certain features of the stratigraphic record were climati-
cally controlled. Many questions regarding the nature
and causes of these climatic fluctuations and the effects
on the evolution of equatorial African ecosystems during
the Pliocene remain unresolved. The remainder of this
paper explores the history and development of research
into climatic change in east Africa. 

Causes of Glaciations and Pluviations

As elements of the glacial/pluvial theory were being
assimilated, meteorological theory was maturing and
developing a global and historical perspective to assess
regional or local climatic patterns (Brooks 1914, 1926;
Simpson 1934, 1940). Although it was acknowledged
that interpreting past climates was critical in establishing
climatic trends or documenting climatic change, empiri-
cal evidence of past climates was fragmentary and incon-
sistent (Simpson 1940). As a result of these limitations,
theoretical meterological modeling was utilized to devel-
op perspectives of climate change, which were then sub-
jected to verification. While this approach led to many
ad-hoc explanations that had to be discarded, it also led
circuitously to the development of concepts 150 years
ago that are essentially correct and integral to current
interpretations of controls on climatic variability
(Adhémar 1842; Croll 1864). Even though the causes of
climatic fluctuations and of glacial-pluvial ages are not
the same, they are related and much of the early research
on climate change was stimulated by attempts to explain
glacial theory (Brooks 1914; Simpson 1934; Flint 1947
1971) and by extension, pluvial theory.

As glacial theory became established, a number of
explanations for the ice ages were suggested (Imbrie and
Imbrie 1979) including: 1) variation in solar activity
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(Simpson 1940); 2) uneven distribution of cosmic dust
along the earth’s orbit; 3) shifts in atmospheric CO2

levels (Chamberlin 1899); 4) volcanic eruptions;
5) large-scale vertical uplift of the earth’s crust (Dana
1894); 6) abrupt sliding of large portions of the
Antarctic Ice Sheet into the ocean (Wilson 1964);
7) internal dynamics of the air-sea-ice system (Ewing
and Donn 1956); 8) stochastic climate change resulting
from the cumulative effect of many small, random change
in weather; and 9) astronomical phenomena controlling
the amount of solar radiation reaching the earth’s sur-
face (Adhémar 1842).

While aspects of a few of the theories remain rele-
vant, most of these theories have either been rejected or
remain untestable. The astronomical theory (number
nine above), however, has endured and is now generally
believed to represent the dominant extrinsic force driv-
ing climatic change, including glacial-interglacials. 

Building on observations and calculations of earlier
astronomers and mathematicians as far back as
Hipparchus in about 120 B.C., the early pioneers of
astronomical theory proposed that variations in the
earth’s orbit were responsible for changes in climate.
Adhémar (1842) initially speculated that orbitally driven
changes in solar radiation might in some way be linked
to the growth and melting of ice sheets. Refining this
idea, Croll (1864) and later Milankovitch (1920) devel-
oped the modern astronomical theory of climate, which
mathematically demonstrated that astronomical varia-
tions were sufficient to produce ice ages by changing the
geographic and seasonal distribution of sunlight. Due to
gravitational effects of the sun, moon, and other planets
on the earth, the geometry of the earth’s solar orbit
varies cyclically, altering the insolation (radiation arriv-
ing at the top of the earth’s atmosphere) and dramatical-
ly impacting earth’s climatic systems.

Key features of the astronomical theory are featured
in Figure 11.2 which depicts the two fundamental
motions of the earth’s solar orbit—the earth’s rotation
around an axis that passes through its poles and the
earth’s once-a-year revolution around the sun. The posi-
tion and orientation of the earth relative to the sun is
not fixed over long intervals of time and variations
occur in the degree of orbital eccentricity around the
sun, the obliquity of the earth, and the seasonal timing

of perihelion and aphelion (precession of the equinoxes;
Bradley 1999; Ruddiman 2001). These longer-term vari-
ations in earth’s orbit result in cycles ranging from about
20 ka to 400 ka and cause cyclic variations in the
amount of insolation by latitude and season. Changes in
solar heating driven by variations in earth’s orbit are the
major cause of cyclic climatic change over the 10–100
thousand year time scale. In addition, the astronomical
theory claimed it would be possible to calculate the
amount of insolation at any given latitude at any time in
the past, allowing the theory to be tested by comparing
the radiation curves with empirical records of climatic
change such as pluvial/glacial systems.

Despite the endorsement of many of Croll’s and
Milankovitch’s contemporaries, astronomical theory lan-
guished, primarily due to difficulties in achieving a level
of temporal resolution in climatic proxies in the strati-
graphic record that would allow for validation of the
length and timing of these periodicities. In addition,
superimposition of variations in eccentricity, obliquity,
and precession produces a complex, ever-varying pattern
of insolation through time. The cumulative effects of
these cycles through time are further complicated by the
fact that the relative strength of the various cycles can
shift at any given location, there are lag times, there can
be varying modulation of amplitudes, and there are a
number of additional astronomical and earth-intrinsic
climatic feedback mechanisms that mediate external
forcing. As these complications were not completely
appreciated initially, testing the theory remained prob-
lematic and inconclusive (Imbrie and Imbrie 1979). It
wasn’t until the 1960s and 1970s that the theory was
revived when theoretical astronomical signals were
experimentally found in geochemical climatic data
obtained from a suite of deep-sea cores (Hays et al.
1976; Berger 1977; Emiliani 1966; Shackleton 1967).
These studies revealed the occurrence of numerous,
quasi-periodic variations in isotopic parameters with
almost constant amplitudes which could be related
directly to glacial cycles by absolute dating. Since then,
periodicities associated with orbital variations have been
identified in many paleoclimatic records and it is clear
that orbital forcing is an important factor in climatic
fluctuations on the timescale of 10 ka to 1 Ma through-
out most of the earth’s history.
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Figure 11.2 a) Current geometry of the earth’s orbit around the sun depicting key variables that control the amount of solar radiation hitting

the earth’s atmosphere (insolation). The earth’s orbit, an ellipse with the sun at one focus, defines the plane of the ecliptic. As the earth moves

around the sun in the direction shown by the arrows, the distance from the sun and consequently the amount of solar radiation received by

the earth varies along the orbit. Through time, the orbit has varied from almost circular (essentially no difference between perihelion and

aphelion) to maximum eccentricity when insolation varied by about 30% between perihelion and aphelion. Variations in orbital eccentricity

are quasi-periodic with two main periods, one eccentricity cycle consists of four cycles of nearly equal strength and with periods ranging

between 95 ka and 131 ka, which blend to form a single cycle near 100 ka. This cycle controls insolation variability typically associated with

glacial/interglacial cycles. The second major eccentricity cycle has a wavelength of 413 ka. The axis of the earth’s rotation is tilted relative to

the normal of the ecliptic. Over time, the axial tilt (obliquity) varies periodically in a narrow range, cycling back and forth between 22.2º and

24.5º (currently 23.5º) with a mean period of 41 Ka . Changes in tilt cause long-term variations in seasonal solar insolation received on earth

and the main effect is to amplify or suppress the seasons. Variation in obliquity has relatively little effect on radiation receipts at low latitudes

but the effect increases towards the poles. Increased tilt amplifies seasonal differences whereas decreases in tilt diminish the amplitude of the

seasonal differences; b) changes in the seasonal timing of perihelion (closest to the sun) and aphelion (furthest from the sun) result from a

slight wobble in the earth’s axis of rotation as it moves around the sun. The earth’s wobbling motion (axial precession) is caused by the gravi-

tational pull of the sun and moon on the slight bulge in earth’s diameter at the equator and effectively results in the slow turning of earth’s

axis of rotation through a circular path with one full turn every 25.7 ka. Axial precession, when combined with the slow rotation of the ellipti-

cal shape of earth’s orbit in space in time (precession of the ellipse), causes the solstices and equinoxes to move around the earth’s orbit, com-

pleting one full 360º orbit around the sun every 23 ka (precession of the equinoxes). The diagram shows how the relative position of the

March 20 equinox shifts around the earth’s orbit in half of a 23,000-year cycle.

Significance of Astronomical Theory 
for Tropical and Sub-tropical Africa
As astronomical theory was integrated with glacial theo-
ry and absolute dating techniques were refined, the
notion that glacial conditions were associated with
increased precipitation at lower latitudes was completely
overturned as it became apparent that the relationship
was not simple or direct and that glacial intervals typi-
cally correlated with cool, arid conditions rather than
moist “pluvial” climate in equatorial regions (Fairbridge
1964; Damuth and Fairbridge 1970; Galloway 1965).
Although orbitally-forced changes in insolation have
been implicated in environmental change in equatorial
Africa, the precise mechanism of how orbital forcing is

translated into a climate response remains unclear and
much research is currently exploring links between cyclic
variations in insolation and climate change.

Linking astronomical theory to climate in Africa is
further complicated by the markedly complex and highly
variable climatic patterns that characterize equatorial
Africa. Climate in this region is currently controlled by
the intersection of three major air streams and three con-
vergence zones, superimposed on and influenced by region-
al factors associated with topography, lakes, coastal cur-
rents and upwelling, and sea surface temperature fluctua-
tions in the Indian and Atlantic Oceans (Nicholson 1996). 

Emerging data indicates that equatorial African cli-
mate is affected not simply by insolation changes at
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low-latitudes but also by mid- to upper-latitude insolation
that controls systems such as the Asian monsoon and
Atlantic sea surface temperatures that are central ingredi-
ents in African climate. Climatic flux in equatorial Africa
has been linked to high-latitude glacial-interglacial
obliquity and eccentricity amplitudes as well as low-lati-
tude precessionally controlled insolation changes driving
monsoonal circulation intensity.

As in Gregory’s day, investigations of lake records
continue to provide compelling evidence of paleocli-
mates. Lacustrine sediments, like marine deposits, have
the potential to accumulate slowly and remain generally
intact, providing a high resolution archive of environ-
mental conditions. Fluctuations in Pleistocene and
Holocene lake-levels in Africa document important
changes in the precipitation-evaporation balance and
indicate that the timing and duration of humid and dry
periods are controlled by a number of factors including
equatorial insolation, northern hemisphere insolation,
and monsoonal intensity (Pokras and Mix 1985, 1987;
Street-Perrott and Harrison 1984; Kutzbach and Street-
Perrott 1985; Gasse et al. 1989; Lamb et al. 1995).
These direct and indirect lacustrine climatic proxies indi-
cate hydrologic patterns in North Africa consistent with
precessional cycling at 23 ka in which stronger insolation
drives stronger summer monsoon maxima, ultimately
creating larger lakes.

Organic-rich sapropel layers in the subsurface of the
east Mediterranean Sea have been linked to high fresh-
water and organic influx from the Nile whose headwa-
ters drain east African highlands and therefore reflect
east African precipitation patterns (Rossignol-Strick 1982;
Krom et al. 2002). Cyclical patterns in sapropel deposition
also indicate that precessionally controlled insolation
changes drive monsoonal circulation intensity exerting
control over hydrological patterns in equatorial Africa
(Rossignol-Strick 1983; Hilgen 1991; Lourens et al. 1996).

Eccentricity and obliquity amplitudes or timing have
also been recognized in paleoclimatic proxies relevant to
African paleoclimes (Gorgas and Wilkens 2002;
D’Argenio et al. 1998; Johnson et al. 2002), suggesting
that sub-Saharan moisture patterns are linked to glacial/
interglacial cycling as well. Marine records of terrige-
nous eolian and biogenic dust transport from subtropi-
cal African source areas (de Menocal 1995a, 1995b;

Pokras and Mix 1987; Clemens et al. 1991; de Menocal
et al. 1993; Moreno et al. 2001) have been interpreted to
reflect source-area aridity and indicate a dominance shift
from 23 ka precessional periodicity to 41 ka obliquity
variance at about 2.8 Ma, suggesting that the African
climate became more arid and dependent on high-lati-
tude climatic forcing (de Menocal 1995a, 1995b).

Evidence of short-term climatic change in the East
African Rift has been documented at a number of early
hominin sites, including Olduvai (Hay 1976; Liutkus et
al. 2000; Ashley and Driese 2003), Olorgesailie (Potts et
al. 1999; Behrensmeyer et al. 2002) and Turkana (Feibel
et al. 1989; Bobe and Behrensmeyer 2004), but it has
been difficult to unequivocally link these perturbations
to astronomically mediated insolation patterns and sea-
sonality patterns. Environmental variability, reconstruct-
ed from pollen data, at Hadar corresponds with global
climatic events documented in the marine record and
may track a precessional cycle (Bonnefille et al. 2004).
Ongoing studies in the Baringo Basin of the Central
Kenyan Rift Valley have identified lake cycling 2.5 to 2.7
Ma at hominin localities consistent with 23 ka preces-
sional periodicity (Kingston et al. 2000; Hill et al. 2003).
Shifts in paleohydrological patterns in Baringo and at
Hadar represent a window on a much more pervasive
pattern of environmental change that is generally
obscured locally and regionally by rifting activity. 

The co-existence of all main astronomical cycles in
spectral data provides evidence for a complex interde-
pendence and influence of high and low-latitude orbital
parameters influencing climatic regimes in equatorial
Africa. Cumulatively, these data indicate that astronomi-
cal cycles are highly relevant to understanding variation
in climate and seasonality in equatorial Africa. 

Biotic Response to Astronomically Forced 
Climate Change in Equatorial Africa

The nature of the response of the biosphere to orbital
pacing of global climates has been well documented in
the marine realm (Webb and Bartlein 1992) but terrestri-
al data remains limited. Orbitally-modulated cycling of
precipitation and seasonality patterns in the east African
Rift Valley presumably resulted in dynamic fluctuations
in the physiognomy and taxonomic representation of
flora in the region, with more arid and seasonal climatic
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regimes associated with more widespread open wood-
land and grassland habitats. Studies of Quaternary pale-
ovegetation records indicate that equatorial African
ecosystems are highly sensitive to orbitally forced cli-
mate change and the associated shifts in atmospheric
CO2 and vegetation-soil feedbacks. The effects of these
climatic oscillations have been documented in rapid
changes in pollen assemblage indices (Prell and Van
Campo 1986; Lezine 1991; Bonnefille and Mohammed
1994; Elenga et al. 1994), charcoal-fluxes (Verardo and
Ruddiman 1996), and relative proportions of C3 and C4

biomarkers (Huang et al. 1999; Ficken et al. 2002;
Schefuß et al. 2003). These data suggest that the main
response of vegetation to short-term climatic variability
would likely have involved a reshuffling of the relative
coverage of different plant communities rather than
whole-scale extinction or speciation events. 

Linking mammalian evolution with climatic change
has been notoriously difficult, primarily because of a
general lack of stratigraphic, taxonomic, and temporal
resolution in fossil data. Given the uncertainties in docu-
menting terrestrial faunal response even to major climatic
events, including the early Oligocene transition from the
“greenhouse” to “icehouse” world (Prothero 2004), unrav-
eling evolutionary responses to short-term climatic
change remains a considerable challenge. Most of the
fossil vertebrate record is not resolvable to the tens of
thousands of years level necessary to develop correla-
tions implying cause and effect. A number of adaptive
strategies have been proposed as options for terrestrial
fauna faced with environmental instability including
habitat tracking, phenotypic plasticity, developmental
plasticity, or behavioral flexibility (generalism). Recurrent
and rapid climatic oscillations are thought to favor specia-
tion resulting in higher taxonomic diversity and pheno-
typic disparity (Valentine 84; Vrba 1992; Moritz et al.
2000). Shifting periodicities can affect the duration of
phases during which species’ geographic distributions
remain continuously fragmented and organisms must
exist beyond vicariance thresholds (outside optimal
range), increasing the incidence of speciation and extinction
(Vrba 1995). Bennett (1990) suggested that orbitally forced
climatic shifts generally increase gene flow directly by
reshuffling gene pools and that any microevolutionary
change that accumulates on a time scale of thousands of

years is consequently lost as communities reorganize fol-
lowing climate change. Fluctuations indirectly select for
vagility (dispersal ability and propensity) and generalism,
both of which reduce extinction in the long run and also
slow speciation rates (Dynesius and Jansson 2000;
Jansson and Dynesius 2002). Potts’ Variability Selection
Hypothesis (Potts 1998) proposes that the complex inter-
section of orbitally forced changes in insolation and
earth-intrinsic feedback mechanisms results in extreme,
inconsistent environmental variability selecting for
behavioral and morphological mechanisms that enhance
adaptive variability. Research by Graham (1986) and
Bennett (1990) suggests that specific taxa appear to
respond individually to climate change and that commu-
nities are massively and repeatedly rearranged. Strong
selective pressures may develop in response to cumulative
effects or shifts in mode of dominant oscillations, resulting
in differential response of various lineages. Evaluating the
relative validity of these evolutionary models ultimately
hinges on developing a level of resolution in the faunal
and stratigraphic record to anchor speciation and extinc-
tion events in the context of short-term environment
shifts—currently a difficult task.

Summary

Over a century after the pluvial and astronomical theo-
ries were first formulated, we find ourselves on familiar
ground from a historical perspective, attempting to eval-
uate human evolution in equatorial Africa in the context
of local climatic oscillations intimately linked to global
climatic systems. The ancient lake margin deposits noted
by Gregory (1896) plastered against the escarpment 400
feet above the floor of the Rift Valley were subsequently
explored (Nilsson 1935; Leakey 1931) and ultimately
incorporated into the pluvial scheme as a wet-phase or
high lakestand level representing the late Gamblian
Pluvial (Figure 11.1a–b; Leakey 1931). More recent
work in the Naivaisha Basin, utilizing laser fusion
40Ar/39Ar geochronologic control, has linked shifting
lake levels in the basin to orbitally forced variations in
the temporal and spatial distribution of solar radiation
(Figure 11.1c; Trauth et al. 2001, 2003). Gregory’s 400-
foot terrace deposits reflect the most recent lake high-
stand in the Central Kenyan Rift between 10 and 6 kyr
BP (Richardson and Dussinger 1986; Richardson and
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Richardson 1972) and have been correlated to a humid
period documented in other east African lake basins
(Gasse et al. 1989) and ice cores from Mt. Kilimanjaro
(Thompson et al. 2002). Evaluated in the context of
Holocene insolation curves, this 10–6 kyr humid phase
suggests a complex link between insolation and climate
change in east Africa (Trauth et al. 2003). 

This specific example demonstrates that although
intrinsically flawed, Pluvial Theory incorporated and
anticipated many concepts that currently influence per-
spectives on climatic and environmental change in tropi-
cal and subtropical Africa. Most of the field observa-
tions invoked to support the pluvial theory were essen-
tially correct but the inferences were wrong. Applied pri-
marily as a chronostratigraphic tool in east Africa, local
evidence of pluvial events was interpreted and justified
at a global level (by correlation with temperate glacials)
to ultimately allow for regional inter- and intra-basinal
correlation of artifacts and fossils within Africa. The
correlation strategy was highly circular and in general
not supported by the available data. Many researchers
at the time expressed concern over the difficulties in dif-
ferentiating tectonics, climate, and volcanism as causal
effects but in general agreed on the multiplicity of the
oscillations in climate. The pluvial theory generated
much discussion of climatic proxies in the stratigraphic
record of equatorial Africa and figured prominently in
the early development of links between low-latitude cli-
matic patterns and glacial-interglacial cycles. Ongoing
research investigating climatic cycling and evolutionary
patterns in east Africa has benefited greatly from these
discussions and should acknowledge this historical
framework, particularly as much useful information
remains to be gleaned from investigations associated
with, and discarded with, East African Pluvial Theory. 

Acknowledgements

David Pilbeam is one of a small group of paleoanthropol-
ogists of his generation who always recognized the impor-
tance of a multi-disciplinary approach. He has been keen
to bring into the study of hominoids data and ideas from
other fields: geology, climatology, molecular biology, for
example. By this means the subject has been enriched, and
he has influenced in this way those who have had the
pleasure of his company and conversation over the years.

A. H. first had a sighting of David when an under-
graduate, when he made a pilgrimage in 1967 to the
British Association meetings in Leeds, to witness him
giving a plenary lecture, and shortly after they met in
Bill Bishop’s office at Bedford College when David came
to search for hominoid scraps among the Napak material
that AH was playing with. In 1968 they were both on
Alan Walker’s first Bukwa expedition, and after that
A. H. met him again in Kenya, then as a member of the
Pakistan Siwaliks expedition, the Baringo Paleontological
Research Project; there was the Louis Leakey Memorial
Institute for African Prehistory adventure, and then an
escape for A. H. to Harvard for a few years in a research
position. After that David’s apparently very small home
range has diminished actual personal contact, but A. H.
still thinks of him often, fondly, and with gratitude.

Interested but not sufficiently stimulated by issues con-
fined to the geologic realm, J. K. was given a unique
opportunity by David to enter into a graduate program in
biological anthropology in 1986 and explore the intersec-
tion of paleoanthropology, paleoecology, stratigraphy, and
evolution. David’s graduate seminars provided a foundation
for many research agendas subsequently being pursued by
J. K. The questions and issues raised during these meetings
remain essentially unanswered and provide fertile ground
for many lifetimes of investigation. In addition, David has
always emphasized the need for the collection of empirical
data from the field and J. K. is indebted for the opportuni-
ties for field investigations in Pakistan and Africa. David’s
seamless pursuit of knowledge across numerous disci-
plines has inspired a whole generation of anthropologists
to avoid the narrow academic niche concept that is perva-
sive today and push for the integrative, holistic approach
to scientific inquiries. For David’s 65th birthday we offer
this informal essay on the intricate conjunctions of cli-
mate and hominins. This paper, although not much of its
data comes from it, is essentially a product of mutual mus-
ings stimulated by our work on the Baringo Paleontological
Research Project (BPRP). This is the project begun by David,
now located at Yale University and directed by A. H., carried
out in association with the National Museums of Kenya.

Martin Trauth and Al Deino provided key insights
into the discussion of lake level correlations in the
Naivasha Basins and an anonymous reviewer provided
helpful general comments.

 



1 9 9East African Pluvials

We thank the Government of the Republic of Kenya
for permission to carry out research in Kenya (Permit
OP/13/001/C 1391/ issued to A. H.), and permission to
excavate from the Minister for Home Affairs and
National Heritage.  BPRP has been supported by grants
from NSF, the Louise H. and David S. Ingalls Foundation,
the Louise Brown Foundation, Bill Bishop Memorial
Fund, Boise Fund, GSA, Sigma Xi, the L. S. B. Leakey
Foundation, Clayton Stephenson, the Schwartz Family
Foundation, Yale University and Emory University.

References

Adhemar, J. A.
1842  Revolutions de la Mer. Privately published,

Paris.

Agassiz, L.
1840  Etudes sur les Glaciers. Privately published,

Neuchatel.

Ashley, G. M., and S. G. Driese
2003  Paleopedology and paleohydrology of a vol-

caniclastic paleosol interval; implications for
early Pleistocene stratigraphy and paleoclimate
record, Olduvai Gorge, Tanzania. Journal of
Sedimentary Research 70(5):1065–1080.

Behrensmeyer A. K., R. Potts, A. Deino, and P. Ditchfield
2002  Olorgesailie, Kenya: A million years in the

life of a rift basin. In Sedimentation in
Continental Rifts, edited by R. W. Renault and
G. M. Ashley. SEPM Special Publication
No. 73, pp. 97–106.

Bennett, K. D.
1990  Milankovitch cycles and their effects on

species in ecological and evolutionary time.
Paleobiology 16(1):11–21.

Berger, A.
1977 Support for the astronomical theory of climatic

change. Nature 269:44–45.

Bernhardi, A.
1832  Wie kamen die aus dem Norden stammenden

Felsbruchstucke und Geschiebe, welche man in
Norddeutschland und den benachbarten
Landern findet, an ihre gegenwarigen Fundorte?
Jarb. fur Mineralogie, Geognosie, und
Petrefaktenkunde (Heiderlberg) 3:257–267.

Bishop, W. W.
1962  Pleistocene Chronology in East Africa.

Advancement of Science 18:491–494.

1967  Annotated lexicon of Quaternary stratigraphi-
cal nomenclature in east Africa. In Background
to Evolution in Africa, edited by W. W. Bishop
and J. D. Clard. University of Chicago Press,
Chicago.

Bobe, R., and A. K. Behrensmeyer
2004  The expansion of grassland ecosystems in

Africa in relation to mammalian evolution and
the origin of the genus Homo. Palaeogeography,
Palaeoclimatology, Palaeoecology 207:399–420.

Bonnefille, R., and U. Mohammed
1994  Pollen-inferred climatic fluctuations in Ethiopia

during the last 3,000 years. Paleogeography,
Paleoclimatology, Paleoecology 109:331–343.

Bonnefille, R., R. Potts, F. Chalie, D. Jolly, and
O. Peyron

2004  High-resolution vegetation and climate
change associated with Pliocene Australopithecus
afarensis. PNAS 101(33):12125–12129.

Bradley, R. S.
1999  Paleoclimatology: Reconstructing climates of

the Quaternary. Harcourt Academic Press, San
Diego.

Brooks, C. E. P.
1914  The meteorological conditions of an ice-sheet

and their bearing on the desiccation of the
globe. Quarterly Journal of the Royal
Metereological Society 40:53–70.



2 0 0 Interpreting the Past

1926  Climate through the Ages. Methuen, London.

Chamberlin, T. C.
1899  An attempt to frame a working hypothesis of

the cause of glacial periods on an atmospheric
basis. Journal of Geology 7:545–84, 667–685,
751–787.

Clemens, S. C., D. W. Murray, and W. L. Prell
1991  Forcing mechanisms of the Indian Ocean

monsoon. Nature 353:720–725.

Cooke, H. B. S.
1958  Observations relating to Quaternary environ-

ments in east and southern Africa. Transactions
of the Geological Society of South Africa
61(annex.):1–73.

1958  Observations relating to Quaternary glacio-
pluvial correlation in east and southern Africa.
Transactions of the Geological Society of South
Africa 20(Annexure 74).

Croll, J.
1864  On the physical cause of the change of cli-

mate during geological epochs. Philosophical
Magazine 28:121–137.

D’Argenio, B., A. G. Fischer, G. M. Richter, G. Longo,
N. Pelosi, F. Molisso, and M. L. D. Morais

1998  Orbital cyclicity in the Eocene of Angola:
Visual and image-time-series analysis compared.
Earth and Planetary Science Letters
160:147–161.

Damuth, J. E., and R. W. Fairbridge
1970  Equatorial Atlantic deep-sea arkosic sands

and ice-age aridity in tropical South America.
Geological Society of America Bulletin
81:189–206.

Dana, J. D.
1894  Manual of Geology. American Book Co.,

New York.

deMenocal, P., J. Ortiz, T. Guilderson, J. Adkins,
M. Sarnthein, L. Baker, and M. Yarusinsky

2000  Abrupt onset and termination of the African
humid period: Rapid climate responses to grad-
ual insolation forcing. Quaternary Science
Reviews 19:347–361.

de Menocal, P. B.
1995  Plio-Pleistocene African climate. Science

270:53–59.

de Menocal, P. B., W. F. Ruddiman, and E. M. Pokras
1993  Influences of high- and low-latitude processes

on African terrestrial climate: Pleistocene eolian
records from equatorial Atlantic Ocean Drilling
Program Site 663. Paleoceanography
8(2):209–242.

Drummond, H.
1891  Tropical Africa, Fourth Edition. Hodder and

Stoughton, London.

Dynesius, M., and R. Jansson
2000  Evolutionary consequences of changes in

species’ geographical distributions driven by
Milankovitch climate oscillations. Proceedings
of the National Academy of Science
97(16):9115–9120.

Elenga, H., D. Schwartz, and A. Vincens
1994  Pollen evidence of late Quaternary vegetation

and inferred climate changes in Congo.
Paleogeography, Paleoclimatology, Paleoecology
109:345–356.

Emiliani, C.
1966  Paleotemperature analysis of Caribbean cores

P6304-8 and P6304-9 and a generalized temper-
ature curve for the past 425,000 years. Journal
of Geology 74:109–126.

Ewing, M., and W. L. Donn
1956  A theory of ice ages. Science 123:1061–1066.



2 0 1East African Pluvials

Fairbridge, R. W.
1961  Solar variations, climate change, and related

geophysical problems. New York Academy of
Sciences Annals 95:1–740.

Faure, J.
1969  Lacs Quaternaries du Sahara. Mitteilungen-

Internationale Vereinigung fuer Theoretische
und Angewandte Liminologie 17:131–146.

Feibel, C. S., F. H. Brown, and I. McDougall
1989  Stratigraphic context of fossil hominids from

the Omo Group deposits: northern Turkana
Basin, Kenya and Ethiopia. American Journal of
Physical Anthropology 78:595–622.

Ficken, K. J., M. J. Woodler, D. L. Swain, F. A. Street-
Perrott, and G. Eglinton

2002  Reconstruction of a subalpine grass-dominat-
ed ecosystem, Lake Rutundu, Mount Kenya: a
novel. Paleogeography, Paleoclimatology,
Paleoecology 177:137–149.

Flint, R. F.
1959  Pleistocene climates ion eastern and southern

Africa. Bulletin of the Geological Society of
America 70:343–374.

1971  Glacial and Quaternary Geology. John Wiley
and Sons, Inc., New York.

Galloway, R. W.
1965  Late Quaternary climates in Australia.

Journal of Geology 73(4):603–618.

Galton, F.
1884  Discussion of Joseph Thomson’s presentation

of “Through the Masai Country to Victoria
Nyanza”. Proceeding of the Royal Geographical
Society 6:711.

Gasse, F., V. Ledee, M. Massault, and J.-C. Fontes
1989  Water-level fluctuations of Lake Tanganyika

in phase with oceanic changes during the last
glaciation and deglaciation. Nature 342:57–59.

Gilbert, G. K.
1890  Lake Bonneville. U.S. Geological Survey

Monograph 1:438.

Gorgas, T. J., and R. H. Wilkens
2002  Sedimentation rates off SW Africa since the

late Miocene deciphered from spectral analyses
of borehole and GRA bulk density profiles: ODP
sites 1081–1084. Marine Geology 180:29–47.

Graham, R. W.
1986  Response of mammalian communities to envi-

ronmental changes during the late Quaternary.
In Community Ecology, edited by J. Diamond
and T. J. Case, pp. 300–313. Harper and Row,
New York.

Gregory, J. W.
1894  The glacial geology of Mt. Kenya. Geological

Society of London Quarterly Journal 50:515–530.

1896  The Great Rift Valley. Frank Cass and Co.
Ltd., London.

1931  Discussion following Leakey, 1931. The
Geographical Journal 77(6):509–510.

Grove, A. T., and R. A. Pullan
1963  Some aspects of the Pleistocene paleogeography

of the Chad Basin. In African Ecology and
Human Evolution, edited by F. C. Howell and
F. Bourliere, pp. 666. Viking Fund Publications
in Anthropology, No. 36, Aldine Publishing Co.,
Chicago. 

Hay, R. L.
1976  Geology of Olduvai Gorge. University of

Berkeley Press, Berkeley.

Hays, J. D., J. Imbrie, and N. J. Shackleton
1976  Variations in the earth’s orbit: pacemaker of

the ice ages. Science 194:1121–1132.



2 0 2 Interpreting the Past

Hilgen, F. J.
1991  Astronomical calibration of Gauss to

Matuyama sapropels in the Mediterranean and
implication for the Geomagnetic Polarity Time
Scale. Earth and Planetary Science
104:226–244.

Hill, A., A. L. Deino, and J. D. Kingston
2003  Hominids and paleoenvironments: the view

from the Tugen Hills, Kenya. Geological Society
of America, Abstracts with Programs 35(6):185.

Huang, Y., F. A. Street-Perrott, R. A. Perrott, P. Metzger,
and G. Eglinton

1999  Glacial-Interglacial environmental changes
inferred from molecular and compound-specific
d13C analyses of sediments from Sacred Lake,
Mt. Kenya. Geochimica et Cosmochimica Acta
63(9):1383–1404.

Hull, E.
1885  Mount Seir, Sinai and Western Palestine.

Richard Bentley and Son, London.

Hume, W. F., and J. I. Craig
1911  The glacial period and climatic change in

north-east Africa. Report of the Eighty-first
Meeting of the British Association for the
Advancement of Science 382–383.

Huzayyin, S. A.
1936  Glacial and Pluvial Episodes of the Diluvium

of the Old World: A Review and Tentative
Correlation. Man 36:19–22.

Imbrie, J., and K. P. Imbire
1979  Ice Ages: Solving the Mystery. Enslow

Publishers, Short Hills, NJ.

Jamieson, T. F.
1863  On the parallel roads of Glen Roy, and their

place in  the history of the glacial period.
Geological Society of London Quarterly Journal
19:235–259.

Jansson, R., and M. Dynesius
2002  The Fate of Clades in a World of Recurrent

Climate Change. Milankovitch Oscillations and
Evolution 33:741–777.

Johnson, T. C., E. T. Brown, J. McManus, S. Barry,
P. Barker, and F. Gasse

2002  A high-resolution paleoclimate record span-
ning the past 25,000 years in southern East
Africa. Science 296:113–132.

Kingston, J. D., A. Hill, and A. L. Deino
2000  Evolution of east African hominid communi-

ties and high resolution Pliocene climatic change
in the central Kenyan Rift. Journal of Human
Evolution 38:A15.

Krom, M. D., J. D. Stanley, R. A. Cliff, and
J. D. Woodward

2002  Nile River sediment fluctuations over the past
7,000 yrs and their key role in sapropel develop-
ment. Geology 30(1):71–74.

Kutzbach, J. E.
1981  Monsoon climate of the Early Holocene:

Climate experiment with Earth’s orbital parame-
ters for 9,000 years ago. Science 214:59–61.

Kutzbach, J. E., and R. A. Street-Perrott
1985  Milankovitch forcing of fluctuations in the

level of tropical lakes from 19 to 0 kyr BP.
Nature 317:130–134.

Kutzbach, J. E., G. Bonan, J. Foley, and S. P. Harrison
1996  Vegetation and soil feedbacks on the response

of the African monsoon to orbital forcing in the
early to middle Holocene. Nature 384:623–626.

Lamb, H., G. Gasse, A. Benkaddour, N. E. Hamoutl,
S. B. d. Kaars, W. T. Perkins, N. J. Pearce, and
C. N. Roberts

1995  Relationship between century-scale Holocene
arid intervals in tropical and temperate zones.
Nature 373:134–137.



2 0 3East African Pluvials

Lartet, L.
1865  Sur la formation du bassin de la mer morte

ou lac asphaltite, et sur les changements sur-
venus dans le niveau de ce lac: (Paris). Comptes
Rendus de l’Académie des Sciences 60:796–800.

Laskar J., P. Robutel, F. Joutel, M. Gastineau,
A. C. M. Correia, and B. Levrard

2004) A long-term numerical solution for the insola-
tion quantities of the Earth. Astronomy &
Astrophysics 428:261–285.

Leakey, L. S. B.
1931  East African lakes. The Geographical Journal

77(6):497–508.

1931  Stone Age Cultures of Kenya Colony.
Cambridge University Press, Cambridge.

1950  The lower limit of the Pleistocene in Africa.
Proceedings of the 18th International
Geological Congress (London) Part 9:62–65.

1952  Proceedings of the First Pan-African Congress
on Prehistory (Nairobi, 1947). Blackwell,
Oxford.

Leakey, L. S. B., and S. Cole
1947  Proceedings of the Pan-African Congress on

Prehistory 1947. Oxford University Press,
Oxford.

Leakey, L. S. B., and J. D. Solomon
1929  African pluvial periods and prehistoric man.

Man 29:213–214.

1929  East African archaeology. Nature 124:9.

Liutkus, C. M., G. M. Ashley, and J. D. Wright
2000  Short-term changes and Milankovitch cyclici-

ty at Olduvai Gorge, Tanzania: Evidence from
sedimentology and stable isotopes. Abstracts
with Programs: Geological Society of America
32(7):21.

Lourens, L. J., A. Antonarakou, F. J. Hilgen, A. A. M.
Van Hoof, C. Vergnaud-Grazzini, and W. J. Zachariasse

1996  Evaluation of the Plio-Pleistocene astronomi-
cal timescale. Paleoceanography 11(4):391–413.

Milankovitch, M.
1920  Theorie mathematique des phenomenes ther-

miques produits per la radiation solaire.
Gauthier-Villars, Paris.

Moreno, A., J. Targarona, J. Henderiks, M. Canals,
T. Freudenthal, and H. Meggers

2001  Orbital forcing of dust supply to the North
Canary Basin over the last 250 kyr. Quaternary
Science Reviews 20:1327–1339.

Moritz, C., J. L. Patton, C. J. Schneider, and T. B. Smith
2000  Diversification of rainforest faunas: An inte-

grated molecular approach. Annual Review of
Ecology and Systems 31:533–563.

Mortelmans, G., and J. Nenquin (editors)
1962  Actes du IVe Congres panafricain de

Prehistoire et de l’Etude du Quaternaire. Vols. I
and II, (Tervuren).

Nicholson, S. E.
1996  A review of climate dynamics and climate

variability in eastern Africa. In The limnology,
climatology and paleoclimatology of the East
African lakes, edited by T. C. Johnson and
E. O. Odada, pp. 25–56. Gordon and Breach
Publishers, Amsterdam.

Nilsson, E.
1935  Traces of ancient changes of climate in east

Africa. Preliminary Report. Geografiska Annaler
17:1–21.

Oakley, K. P.
1964  Frameworks for Dating Fossil Man.

Weidenfeld and Nicolson, London.

 



2 0 4 Interpreting the Past

Pokras, E. M., and A. C. Mix
1985  Eolian evidence for spacial variability of late

Quaternary climates in tropical Africa.
Quaternary Research 24:137–149.

1987  Earth’s precession cycle and Quaternary cli-
matic change in tropical Africa. Nature
326:486–487.

Potts, R.
1998  Environmental hypotheses of hominin evolu-

tion. Yearbook of Physical Anthropology
41:93–136.

Potts, R., A. K. Behrensmeyer, and P. Ditchfield
1999  Paleolandscape variation and early

Pleistocene hominid activities: members 1
and 7, Olorgesailie Formation, Kenya. Journal
of Human Evolution 37:747–788.

Ruddiman, W. F.
2001  Earth’s Climate: Past and Future.

W H. Freeman and Company, New York.

Russell, I. C.
1889  Quaternary history of Mono Valley,

California. U.S. Geological Survey, Eighth
Annual Report, 1886–1887:261–394.

Schefus, E., S. Schouten, J. H. F. Jansen, and
J. S. S. Damste

2003  African vegetation controlled by tropical sea
surface temperatures in the mid-Pleistocene.
Nature 422:418–421.

Scholz, C. A.
2000  The Malawi Drilling Project: Calibrating the

record of climatic change from the continental
tropics. GSA Abstracts with Programs:A-388.

Shackleton, N.
1967  Oxygen isotope analyses and Pleistocene tem-

peratures re-assessed. Nature 215:15–17.

Simpson, G. C.
1934  World climate during the Quaternary period.

Royal Meterological Society Quarterly Journal
60:425–478.

1940  Possible causes of change in climate and their
limitations. Proceedings of the Linnean Society
of London 152:190–219.

Sohnge, P. G., D. J. L. Visser, and C. V. R. Lowe
1937  The geology and archaeology of the Vall

River Basin. South African Survey Memoir 35.

Solomon, J. D.
1939  In The Prehistory of Uganda Protectorate,

edited by T. P. O’Brian, Cambridge.

Stager, J. C., P. A. Mayewski, and L. D. Meeker
2002  Cooling cycles, Heinrich event 1, and the des-

iccation of Lake Victoria. Paleogeography,
Paleoclimatology, Paleoecology 183:169–178.

Stanley, H. M.
1900  Stanley’s story or through the wilds of Africa.

Thompson &Thompson, Chicago.

Street-Perrott, F. A., and S. A. Harrison
1984  Temporal variations in lake levels since

30,000 yr BP—an index of the global hydrologi-
cal cycle. In Climate Processes and Sensitivity,
Volume 5, edited by J. E. Hansen and
T. Takahashi, pp. 118–129. AGU, Washington,
D.C.

Thompson, L. G., E. Mosley-Thompson, M. Davis,
K. A. Henderson, H. A. Brecher, V. S. Zagorodnov,
T. A. Mashiotta, P.-N. Lin, V. N. Mikhalenko,
D. R. Hardy, and J. Beer

2002  Kilimanjaro ice core records: Evidence of
Holocene climate change in tropical Africa.
Science 298:589–593.



2 0 5East African Pluvials

Trauth, M. H., A. L. Deino, A. G. N. Bergner, and
M. R. Strecker

2003  East African climate change and orbital forc-
ing during the last 175 kyr BP. Earth and
Planetary Science 206:297–313.

Valentine, J. W.
1984  Neogene marine climate trends: implications

for biogeography and evolution of the shallow-
sea biota. Geology 12:647–659.

Verardo, D. J., and W. G. Ruddiman
1996  Late Pleistocene charcoal in tropical Atlantic

deep-sea sediments: Climatic and geochemical
significance. Geology 24(9):855–857.

Verschuren, D., K. Laird, and B. F. Cumming
2000  Rainfall and drought in equatorial east Africa

during the past 1,100 years. Nature
403(6768):410–414.

Vrba, E. S.
1992  Mammals as key to evolutionary theory.

Journal of Mammalogy 73:1–28.

1995  On the connections between paleoclimate and
evolution. In Paleoclimate and Evolution, with
Emphasis on Human Origins, edited by
E. S. Vrba, G. H. Denton, T. C. Partridge and
L. H. Burckle, pp. 24–45. Yale University Press,
New Haven.

Wayland, E. J.
1920  Annual Report of the Geological Survey of

Uganda. March 31st.

1929  African pluvial periods and prehistoric man.
Man 29:118–121.

1930  Pleistocene Pluvial Periods in Uganda. The
Journal of the Royal Anthropological Institute
of Great Britain and Ireland 60:467–475.

1934  Rifts, rivers, rains and early man in Uganda.
The Journal of the Royal Anthropological
Institute of Great Britain and Ireland
64:333–352.

Webb, T., and P. J. Bartlein
1992 Global changes during the last 3 million years:

Climatic controls and biotic responses. Annual
Review of Ecology and Systematics 23:141–173.

Wilson, A. T.
1964  Origin of ice ages: an ice shelf theory for

Pleistocene glaciation. Nature 201:147–149.

Zeuner, F. E.
1951  Dating the Past: An Introduction to

Geochronology. Longmans, Greem and Co. Inc.,
New York.

 






