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Strontium isotopic and petrologic information, obtained from sediment cores collected in the
Nile delta of Egypt, indicate that paleoclimatic and Nile baseﬂow conditions changed considerably from about 4200 to 4000 cal yr B.P. in the Nile basin. Our study records a higher
proportion of White Nile sediment transported during the annual ﬂoods at ca. 6100 cal yr B.P.
than towards 4200 cal yr B.P., at which time suspended sediment from the Blue Nile formed
a signiﬁcantly larger fraction of the total load. This resulted from a decrease in vegetative
cover and an increase in erosion rate accompanying the marked decline in rainfall. These
new geoscience data indicate major changes in annual ﬂooding and baseﬂow of the river Nile,
marked short-term paleoclimatic-related events that may in part have led to the collapse of
the Old Kingdom. 䉷 2003 Wiley Periodicals, Inc.

INTRODUCTION AND BACKGROUND
Since Predynastic time, Egypt’s civilization, positioned in the northeastern Sahara, has been directly linked to the Nile, its one primary and vital water source
(Figures 1A, 1B). There are few examples where the interaction of climate, hydrological ﬂux, and human development is so closely intertwined (Butzer, 1976). Here
we present new geological data from cores collected in the Nile delta that substantiate the archaeological hypothesis that natural environmental events, and particularly a drying trend and failure of Nile ﬂow, played a major role in the demise
of the Old Kingdom in Egypt (Bell, 1971; Hassan, 1997).
Historical and paleoevironmental records have suggested a long-term decline in
rainfall in the Sahel region and a gradual drying of the Egyptian hinterland from
the Predynastic period (ca. 6000 cal. yr B.P.) to Old Kingdom time (to ca. 4300 cal.
yr B.P.) (Bell, 1971; Said, 1993).1 A gradual decrease in precipitation is evident in
the range and diversity of plants and animals depicted in reliefs of this period. Tree
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Figure 1. (A) Map of the Nile catchment area showing the principal lakes and tributaries that supply
water and sediment to the present main Nile. Note the location of Wadi Howar (or Yellow Nile) which
ﬂowed prior to 4500 cal yr B.P. (B) Map of Africa showing the position and extent of the Nile drainage
basin. (C) Present mean annual rainfall distribution on the African continent; these belts shifted north
and south considerably during the Holocene. (D) Map of the Nile delta showing the locations for the
three sediment cores discussed in this study.
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roots of acacias and tamarisks identiﬁed in many Predynastic desert sites subsequently disappeared (Said, 1993). During the Old Kingdom (ca. 2575 – 2134 B.C.),
some of the reliefs of Dynasty V tombs show a low desert landscape, with sycamore
and smaller bushes that do not appear in later reliefs.
Data have been collected from several lakes in the Nile catchment which provide
direct evidence of this drying trend in the region (Adamson et al., 1980; Ritchie et
al., 1985; Street-Perrott and Perrott, 1990; Gasse, 2000). For example, Abhe and
Ziway-Shala lakes are located in the East African rift valley and are fed by rivers
that rise in the Ethiopian Highlands close to the sources of the Blue Nile and Atbara
rivers (Figure 1C). These lakes record decreasing water levels during the midHolocene reaching a minimum at ca. 4200 cal yr B.P. (Gillespie et al., 1983; Gasse
and van Campo, 1994). Isotopic evidence from freshwater snails in two smaller
lakes from the Ethiopian rift valley indicates fully freshwater conditions from ca.
10,000 cal yr B.P., followed by a period of decreasing rainfall until after 6300 cal
yr B.P., when the lake’s diatom ﬂora was dominated by saline tolerant species (Leng
et al., 1999). The level of Lake Turkana, located on the edge of the White Nile
catchment, also decreased to a minimum at ca. 4400 cal yr B.P. (Owens et al., 1982).
These widespread hydrological changes have been interpreted as a result of southerly displacement of the climatic belts relative to their present position (Figure 1C;
Street-Perrott and Perrott, 1990).
While there is extensive information in support of this major paleoclimatic
change from lake basins in the catchment, relatively little data document this drying
trend downstream in the river valley itself and the Nile delta (Figure 1D). A general
decrease in humidity from ca. 8000 to 4500 cal yr B.P. has been recorded in Wadi
Soba, just east of Khartoum in the Blue Nile valley (Lario et al., 1997). This conclusion was based on archaeological, petrological, and ecological evidence. In the
Northern Dongola Reach in Northern Sudan, major changes in valley ﬂoor settlement patterns have been recorded after ca. 4500 cal yr B.P. when the onset of the
Kerma Period saw all settlements located in close proximity to a series of midHolocene channel belts as the local climate became drier (Welsby, 2001; Woodward
et al., 2001). In lower Egypt, a decline is evident in the level of lake Quarun in the
Faiyum (approximately 100 km southwest of Cairo) during the late Predynastic and
early Dynastic periods (Butzer, 1976; Hassan 1986). This lower Nile basin serves
as a valuable gauge since it receives overﬂow water at the time of abundant annual
Nile ﬂoods (Hassan, 1997).
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SR/86SR RATIO AS A PALEOCLIMATIC INDICATOR IN
NILE SEDIMENTS
During the Holocene, major changes in the rate of erosion in a given Nile subcatchment are controlled to a large extent by climatic conditions. Information on
the provenance of suspended sediment transported by the main river helps to deﬁne paleoclimatic and paleoenvironmental changes in the upstream catchments.
In this respect, the Nile is well suited to strontium isotopic tracer studies because
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(1) the White Nile catchment is dominated by crystalline basement rocks with high
Sr/86Sr ratios, whereas (2) the Blue Nile-Atbara drains the Ethiopian highlands
which are dominated by Cenozoic volcanic rocks with characteristically low 87Sr/
86
Sr ratios. Both the suspended sediment and the river water in these catchments
have isotopic ratios diagnostic of their source, and the 87Sr/86Sr ratio has been used
successfully for provenance studies of water and sediment in the Nile system (Talbot et al., 2000; Krom et al., 2002).
Results from our study of well-dated sediment core S-21 collected in the Nile
delta (Figure 1D) show a systematic decrease in the 87Sr/86Sr ratio of the ⬍20 m
sediment fraction, from ca. 6100 B.P. to 4200 cal yr B.P. (Figure 2). At ca. 6100 cal
yr B.P., a higher proportion of White Nile sediment was transported during the
annual ﬂood than towards the end of the period (4200 cal yr B.P.), when suspended
sediment from the Blue Nile formed a signiﬁcantly greater fraction of the total load.
It has been shown that there was a simple inverse relationship between the total
amount of sediment carried by the river Nile in its annual ﬂood and the magnitude
of that ﬂood (Krom et al., 2002). This behavior was driven by the intensity and
length of the rainy season on the Ethiopian Highlands. A decline in rainfall led to
a decrease in the vegetative cover and an increase in the erosion rate (Foucault
and Stanley, 1989).
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A PALEOCLIMATIC CAUSE FOR THE COLLAPSE OF THE
OLD KINGDOM
Historical records show that the Old Kingdom in Egypt continued successfully
until 2160 B.C. (4160 cal yr B.P.; Kitchen, 1991) when it quite suddenly collapsed into
anarchy (Bell, 1971). It has been suggested that this was due, in large part, to catastrophic failure of the annual Nile ﬂood for a period of 30 years. This was apparently
followed by a second, shorter 10-year period of drought starting in 2020 B.C. (4020
cal yr B.P.). At this time, it was written in the inscription of Ankhtiﬁ that:
All of Upper Egypt was dying of hunger, to such a degree that everyone had come to eating
his children. . . . The entire country had become like a starved (?) grasshopper, with people
going to the north and to the south (in search of grain) . . . (Bell, 1971, p. 9)

Bell (1971) argues that the use of the Egyptian symbol tzw, in this and other texts,
represents an image of exposed sandbanks, which, in this context, suggests that
failed Nile ﬂoods caused the severe famine. There is, for example, a minimum in
the 87Sr/86Sr ratio deﬁned at a depth of 36 m in our delta core S-21 record. This
minimum occurs at ca. 4600 cal yr B.P. as determined from the radiocarbon measurements of Stanley and Goodfriend (1997). However, their calculation assumed
that the carbonate age of the molluscs used in dating was zero initially. Core S-21
was deposited in Lake Manzalla very close to the sea. In an adjacent study, Schilman et al. (2001) have used a correction factor of 400 years for the age of planktonic
foraminifera sampled from surface waters of the Levantine basin off the coast of
Israel. It is, therefore, reasonable to use a similar correction for the ages of core
S-21 (i.e., 400 years) to produce the age proﬁle given in Figure 1. After such a
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Figure 2. Depth proﬁle of 87Sr/86Sr from core S-21 in the Nile delta (at coast, east of Suez Canal; see Figure 1D), together
with interpretation of changes in paleoclimate in the catchment and the state of the Nile ﬂood as given in Krom et al.
(2002). The Egyptian chronology in calendric years, from Kitchen (1991), is given in the left-hand column. The 14C
calibrated age of the core, calculated by linear regression, together with the individual points from which the time-scale
was derived (Stanley and Goodfriend 1997), corrected for a 400 year initial age, are presented in the right-hand column.
For details of sample treatment and geochemical analysis of the 87Sr/86Sr isotopic ratio see Krom et al. (2002).
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Figure 3. Core sections from two cores recovered in the Nile delta (S-86 and S-87 in Figure 1D) showing
petrologic evidence of contemporaneous soil development, which resulted from subaerial drying events
discussed in the text (scale in cm). Interpolated age of critical section in core S-86 (along Rosetta branch)
is 4250 cal. yr B.P., and in core S-87 (near the town of Tanta) is 4050 cal. yr B.P. (A) X-radiographic
image of core S-86 (core depth of ca. 5.5m) showing distinct concentrated opaque iron oxide particles
[see bracketed section] in a limited depth horizon. (B) Photograph of the same depth horizon [in bracket]
in core S-86 showing core level of reddish-brown silt and iron oxide concentrate formed during desiccation events. (C) Photograph of brown silt horizon [in bracket] in core S-87 (depth ca. 4.75 m) of similar
age to that of core S-86 (A, B).

correction is made, the age of the minimum in the 87Sr/86Sr ratio deﬁned at a depth
of 36 m becomes ca. 4200 cal yr B.P.
In the prophesy of Neferty, which remembers the short and chaotic 1st Intermediate Period, it is written that:
“The river of Egypt is empty, men cross over the water on foot” and that “Birds no longer
hatch their eggs in the swamps of the delta . . . ” (Bell, 1971, p. 17).

At present, the ﬂow of the White Nile is maintained by equatorial rainfall and is
reasonably constant throughout the year, supplying most of the baseﬂow during
nonﬂood periods (Said, 1993). The above writings imply that the baseﬂow component from the White Nile was also exceptionally low during this drought period,
indicating that this climatic anomaly affected the entire catchment. Direct evidence
for such low baseﬂow at that time is provided by two cores collected in the central
Nile delta (cores S-86, along the Rosetta branch, and S-87, near the town of Tanta),
which were recovered within the freshwater region (Figure 1D). A distinctive thin
(⬃5 cm), reddish-brown silt layer containing iron/manganese hydroxide is present
in each core and nowhere else within the two mid-Holocene core sections (Stanley
et al., 1996). Sediment that has been allowed to dry out in air will form iron oxides
that are resistant to later chemical changes, even once the delta system becomes
ﬂooded again. Visually, these layers resemble modiﬁed paleosol horizons (Figure
3) characteristic of sediment that has dried out and been subaerially exposed for
a prolonged period. Note that the ages of these two horizons are 4250 cal yr B.P.
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in core S-86 and 4050 cal yr B.P. in core S-87, based on interpolated radiocarbon
ages from these cores (cf. Stanley et al., 1996). It is also useful to recall the similar
age, ca. 4200 cal yr B.P., of the sediment section deﬁned by the minimal isotopic
ratio in Nile delta coastal core S-21.
These observations are consistent with previous studies of the White Nile catchment that suggest that water ﬂow from this major but more distal branch of the
river was also reduced at this time. For example, the outﬂow from Lake Turkana,
which used to feed water into the White Nile basin, ceased at ca. 4400 cal. yr B.P.
(Owens et al., 1982). It has also recently been established that the Lake Victoria
outﬂow ceased for a short period at about this time (M. Talbot, 2002, personal
communication). Moreover, the Yellow Nile, which ﬂowed down Wadi Howar (Figure 1A) into the main Nile at Old Dongola, in northern Sudan, ﬁnally ceased to ﬂow
at about 4500 yr B.P. (Pachur and Kröpelin, 1987).
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WIDER IMPLICATIONS OF THIS STUDY
Drought was widespread at ca. 4200 cal yr B.P. across Egypt and much of Africa
and Asia, and this abrupt climatic event has been implicated in the collapse of
civilizations in Syria, Mesopotamia, Turkey, and elsewhere (Dalfes et al., 1997;
Weiss, 2000). This widespread event may have been caused by weak monsoons
induced by a change in the circulation of the North Atlantic (Street-Perrott and
Perrott, 1990; Gasse, 2000). The systematic changes in both the annual ﬂood and
baseﬂow of the river Nile, which we document here with new geoscience data, are
simultaneous with the end of the Old Kingdom in Egypt within our time resolution.
However, given the inherent problems of radiocarbon dating (Stanley, 2001), it
remains difﬁcult to unambiguously identify events as short as several decades from
conventional radiocarbon determinations alone. It thus becomes necessary to combine detailed archaeological information and chronologies with geochemical and
petrological data, as presented here, to resolve and more accurately interpret shortterm paleoclimatic events such as the one leading to the collapse of the Old Kingdom.
Funding for petrologic analysis of the cores (DJS) was provided by the Walcott Fund of the National
Museum of Natural History, Smithsonian Institution. This manuscript was written during the sabbatical
leave of MDK which was funded by the Leverhulme Trust (RFG/10307).
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