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Abstract: No environmental factor has been as critically important for Egypt’s ancient society through time
as sufficiently high annual flood levels of the Nile River, the country’s major source of fresh water.
However, interpretation of core analysis shows reduced depositional accumulation rates and altered
compositional attributes of the sediment facies deposited seaward of the Nile Delta during a relatively
brief period in the late third millennium BCE. These changes record the effects of displaced climatic
belts, decreased rainfall, lower Nile flows, and modified oceanographic conditions offshore in the Lev-
antine Basin, primarily from 2300 to 2000 BCE, taking place at the same time as important geological
changes identified by study of cores collected in the Nile Delta. It turns out that integrated multi-
disciplinary Earth science and archaeological approaches at dated sites serve to further determine
when and how such significant changing environmental events had negative effects in both offshore
and landward areas.

This study indicates these major climatically induced effects prevailed concurrently offshore and
in Nile Delta sites and at about the time Egypt abandoned the Old Kingdom’s former political sys-
tem and also experienced fragmentation of its centralized state. In response, the country’s population
would have experienced diminished agricultural production leading to altered societal, political, and
economic pressures during the late Old Kingdom to First Intermediate Period at ca. 2200 to 2050 BCE.

Kurzfassung: Für die Gesellschaft des Alten Ägypten war im Laufe der Zeit kein anderer Umweltfaktor so
entscheidend wie die ausreichend hohen jährlichen Hochwasserstände des Nils, der wichtigsten
Süßwasserquelle des Landes. Allerdings deuten Bohrkernanalysen darauf hin, dass während eines
relativ kurzen Zeitraums gegen Ende des 3.Jahrtausends v. u. Z. geringere Ablagerungsraten sowie
Veränderungen in der Zusammensetzung der Sedimentfazies auftraten, die sich meerwärts des
Nildeltas akkumulierten. Diese Veränderungen resultierten aus einer Verschiebung der Klimagürtel,
geringeren Niederschlägen und Nilabflüssen sowie veränderten ozeanographischen Bedingungen im
Levantinischen Becken um etwa 2300 bis 2000 v. u. Z., einer Zeit weiterer geologischer Veränderun-
gen, deren Effekte sich ebenfalls in den Bohrkernen nachweisen lassen. Wie sich nun zeigt, helfen
integrierte multidisziplinäre geowissenschaftliche und archäologische Untersuchungen im Umfeld
archäologischer Stätten dabei, näher zu bestimmen, wann und wie sich solche bedeutenden Umwel-
tereignisse negativ auswirkten, sowohl vor der Küste, als auch im Delta selbst.
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Die Ergebnisse dieser Studie legen nahe, dass sich diese großen klimabedingten Effekte gleichzeitig
vor der Küste und im Umland archäologischer Stätten im Nildelta nachweisen lassen, ungefähr im
gleichen Zeitraum, als in Ägypten das politische System des Alten Reiches zerfiel und die Frag-
mentierung des zuvor zentralistischen Staates einsetzte. Eine mögliche Konsequenz daraus wäre der
Rückgang der landwirtschaftlichen Produktion, was wiederum zu veränderten gesellschaftlichen, poli-
tischen und wirtschaftlichen Bedingungen für die Bevölkerung des Landes vom späten Alten Reich
bis zur Ersten Zwischenzeit um ca. 2200 bis 2050 v. u. Z. geführt haben könnte.

1 Introduction

Climatic conditions evolved considerably during the Mid-
dle to Late Holocene as interpreted by study of the sedi-
mentary record examined in Egypt, northeastern Africa, and
the Levant (Said, 1993; Gasse, 2000; Bar-Matthews and Ay-
alon, 2011; Marriner et al., 2013; Kaniewski et al., 2018).
The present survey focuses primarily on significantly de-
creased sediment accumulation rates and marked lithofacies
changes seaward of the Nile Delta that became more pro-
nounced after the African Humid Period (AHP), from about
5000 to 4000 years ago (Maldonado and Stanley, 1976; Krom
et al., 2002; Stanley et al., 2003; Ducassou et al., 2009;
Kholeif and Mudie, 2009; Blanchet et al., 2013; Revel et
al., 2015). Stratigraphic, lithological, and compositional at-
tributes of deposits accumulating in lower Egypt and the
delta during that period record increased effects of aridity
and desertification (Calvert and Fontugne, 2001; Stanley et
al., 2003; Ducassou et al., 2009; Kholeif and Mudie, 2009;
Kholeif and Ibrahim, 2010; Bernhardt et al., 2012; Blanchet
et al., 2013; Marriner et al., 2013; Pennington et al., 2019).
Altered monsoonal rainfall patterns and intensities induced
erosional changes in Nile highland source terrains south of
Egypt, including Ethiopia and the East African lakes region,
which modified the hydrography of both the Blue Nile and
the White Nile during the Holocene (Gasse, 2000; Blanchet
et al., 2015; Woodward et al., 2015). These changes induced
substantially lower Nile flows northward to and across the
Sudan and Egypt and significantly reduced rates of fresh wa-
ter and sediment discharged into the delta (Stanley, 2019).
Interpreting possible climatic effects seaward of the delta in
the Mediterranean during this period is of major considera-
tion in the present study.

The millennium from ca. 5000 to 4000 years BP (before
present) comprises Egypt’s early dynasties (numbered I to
XI). This time span includes the Early Dynastic Period and
Old Kingdom to the First Intermediate Period as established
archaeologically (Shaw, 2000; Bard, 2008). It was during
pharaonic rule of the Old Kingdom that Egypt’s civilization
was already reaching stunning levels, including major phases
of social and municipal expansion, monumental construction
projects along the Nile, and impressive artistic development
(Shaw, 2000). Toward the latter part of that millennium, how-
ever, some notable degradation occurred, such as of pyramids

(see Fig. 5 herein for example) during Egypt’s late Old King-
dom and First Intermediate Period. These took place at, or
about, the time when environmental conditions were evolv-
ing extensively, not only in the Nile Delta but also offshore
as highlighted in the present review. Whether the country’s
population could have been affected by such altered climatic
conditions at that time will be considered herein.

2 General background

Depositional changes observed offshore are recorded be-
tween the outer continental shelf and more distal, deeper
slope sectors north of the delta in the eastern Mediterranean
(Ducassou et al., 2009; Kholeif and Ibrahim, 2010). Stud-
ies at sea here (Fig. 1a) in recent years have recorded al-
tered attributes through time in radiocarbon-dated sediment
core sections, including markers such as texture, mineralogy
and isotopes, and biogenic components. Together, these re-
veal that after ca. 5000 years BP proportions of eolian sed-
iment, derived from both proximal and more distal arid ter-
rains and deserts, were increasing in both deltaic and off-
shore deposits. By ca. 4000 years BP observations indi-
cate that desert conditions had fully reached Egypt’s Sahara
(Calvert and Fontugne, 2001; Krom et al., 2002; Marriner
et al., 2013; Blanchet et al., 2013; Pennington et al., 2019).
For the purposes here we define three periods: from∼ 11000
to ∼ 8000 years BP is Early Holocene, from ∼ 8000 to
∼ 4500 years BP is Middle Holocene, and from∼ 4500 years
BP to present is Late Holocene. The Middle to Late Holocene
is a time of prime interest here that has experienced signif-
icant shifts in amounts of water and sediment derived from
Blue Nile, and to a lesser extent White Nile, upland source
areas that were dispersed downslope to lower Egypt, its delta
plain, and offshore. For example, Revel et al. (2015) pro-
posed that decreased proportions of clastic sediments from
Ethiopia’s Blue Nile were at times derived from ca. 6 to
3.1 ka. Such changes resulted from altered rainfall patterns
in East African highland source areas and increased aridifica-
tion (Marriner et al., 2013; Revel et al., 2015) that markedly
reduced sediment discharged by Nile flows at the coastal
margin. This resulted in lower proportions of fluvial terrige-
nous and volcanically derived material released over more
limited deltaic and offshore areas (Stanley and Warne, 1993).
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Figure 1. (a) Levantine Basin in the eastern Mediterranean showing
the study area NW of Egypt’s lower Nile River and delta. (b) Nile
catchment basin (in blue) shows two approximate latitudinal po-
sitions of the June–July–August Intertropical Convergence Zone
(ITCZ): solid black line denotes monsoonal shift to the north dur-
ing Early to Middle Holocene; dashed red line denotes its Late
Holocene move toward present position farther to the south. Num-
bers 50 to 150 are rainfall values (in mm), for the monsoon season
(after Marriner et al., 2012, their Fig. 1b, modified here by authors
of this article).

Egypt’s then modest population along the Nile valley and
lower river stretches had initially used a portion of deltaic
plain terrains for pasturing and later for cultivation. The lat-
ter depended increasingly on channelization and diversion
of water for irrigation from the Nile, that country’s major
source of fresh water (Butzer, 1976, 1984). Critical in this
respect is the amount of freshwater discharge reaching the
delta that responded largely to regional climate change in-
duced by north–south latitudinal migration of the Intertropi-
cal Convergence Zone (ITCZ; Fig. 1b). Nile discharge fluc-
tuations were also induced by more frequent and periodically

intense El Niño–Southern Oscillation (ENSO) cycles that, at
a centennial scale, affected water flow and sediment delivery
to lower Egyptian sectors and its coast (Said, 1993; Krom et
al., 2002; Marriner et al., 2012).

The focus here is on altered sediment databases recorded
offshore Egypt that can be compared with those of similar
age previously examined in the Nile Delta and farther inland.
Data from dated sediment cores in the delta’s northern sec-
tor and coastal area identify a period of markedly decreased
depositional rates. This phase prevailed primarily during a
200- to 300-year period, between ca. 4300 and 4000 years
BP (Stanley, 2019), and spans that of a climatically altered
period generally termed the “ca. 4200 year BP event”. This
phase has been discussed by climatologists, geographers,
sedimentologists, palynologists, and others, who have exam-
ined the Holocene record in different sectors of the eastern
Mediterranean, Levant, and beyond (Weiss et al., 1993; Bar-
Matthews and Ayalon, 2011; Kaniewski et al., 2018).

Other natural phenomena considered include neotectonic
activity, as recorded by stratal deformation and offsets ob-
served in seismic subbottom surveys that could have trig-
gered some downslope displacement of sediment by gravita-
tive flows such as turbidites and slumps during the Holocene.
Near-surface displacement may have been set in motion by
deep-seated underlying salt tectonics, isostatic readjustment
of consolidated strata at depth, or shifts triggered by episodic
shallow earthquake motion in the late Quaternary and con-
tinuing to the present (Ross and Uchupi, 1977; Kebeasy,
1990; Bellaiche et al., 1999; El-Sayed et al., 2004). Eustatic
sea-level rise could also account for some changes in off-
shore sedimentation, especially during the period when the
> 100 m rise in sea level occurred from the Late Pleistocene
(ca. 18 000 years BP) to the Middle Holocene (ca. 7500 years
BP). This rapid rate of rise then decreased markedly by about
7500 to 6000 years BP to an elevation of −8 to −6 m below
present sea level and then further declined by ca. 4000 years
BP, attaining a level of about −3 to −2 m beneath the
present level (Fleming et al., 1998; Sivan et al., 2001). The
shelf’s once subaerially exposed surface was submerged as
the shoreline retreated landward toward the south. The delta’s
coastal margin from ca. 6000 to 4000 years BP (Fig. 2) ap-
pears to have reached its northward position on what once
had been near the mid-shelf (Stanley and Warne, 1993). It
then continued its southward retreat as a function of coastal
erosion and concurrent subsidence of the inner shelf to mid-
shelf and low-lying northern delta substrate (Stanley and
Clemente, 2017; Stanley, 2019).

2.1 Early to Middle Holocene Nile offshore
sedimentation

Seafloor deposits of Holocene age seaward of the delta, ex-
amined in about 150 gravity and piston sediment cores by
specialists in diverse fields, were recovered across extensive
offshore areas. These are curated in marine research centers
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Figure 2. Study area off the NW Nile Delta (in lower right of figure)
shows the Herodotus Basin (> 3000 m), NW and central sectors of
the Nile Cone, Alexandria canyon–fan system (ACFS), corner of
delta in northern Egypt, and positions of 23 cores offshore. Num-
bers in red: sedimentation rates in centimeters per 1000 years for
lower core sections dated from ca. 10 000 to ca. 5000 years BP (data
after Ducassou et al., 2009, their Figs. 13 and 14, modified here by
the authors of this article). These record high rates of Nile sediment
discharge during wetter climate. Different symbols at each core site
identify major sediment types. In marked contrast, upper sections
of the same cores, dated from ca. 5000 years BP to Late Holocene,
record much lower rates of Nile discharge (only 1 to 32 cm per
1000 years; also after Ducassou et al., 2009) during the period of
increased aridity.

and museum collections, including those in Egypt (Kholeif
and Mudie, 2009), Europe (Ducassou et al., 2009), the United
States (Maldonado and Stanley, 1976), and elsewhere. Core
samples serve to compare dated Early (from ∼ 11000 years
BP) to dated Late Holocene lithofacies changes between
Egypt’s Nile continental shelf and deeper sectors. Focus here
is on offshore slope deposits that accumulated on the up-
per surface of a large elongated bulge off Egypt, termed the
Nile Cone, which extends seaward of the delta’s shelf and
upper slope. The study area is primarily on the pronounced
cone sector that trends northwest of the delta’s shelf edge
(> 200 m depth) to the deep (> 3000 m) Herodotus Basin
plain (Fig. 2). Seafloor isobaths in this area are shown in
Ducassou et al. (2009) and are well defined on larger-scale
charts such as the one compiled by the US Defense Mapping
Agency Hydrographic Center (1972, N.O. 310) at a scale of
1 : 2849300.

The cone in this sector is ∼ 225 km long, increases in
width downslope to ∼ 250 km at its base, and covers ca.
50 000 km2. An elongate submarine canyon, traced on the
surface of the NW cone, meanders downslope (Fig. 2); it
extends from off-Nile mouths of the modern Rosetta and
former Canopic branches to the lower cone. This Alexan-
dria canyon–fan system (ACFS) actively distributed sedi-
ment seaward, primarily prior to ca. 5000 years BP during the

Middle Holocene. Sedimentation patterns distributed on the
Nile shelf, between the delta and its upper fan, have been de-
fined by Summerhayes et al. (1978), Sestini (1992), and also
Egyptian agencies including the Coastal Research Institute
and the National Institute of Oceanography and Fisheries.

Shelf and upper-slope sediments record influences of the
Late Holocene to recent wind- and wave-driven bottom cur-
rent transport, the latter presently most active along the inner
shelf and mid-shelf. These processes shift shallow seafloor
sediment mainly eastward and, locally, seaward off the shelf
(UNESCO/UNDP and Arab Republic of Egypt, 1978; Frihy
and Dewidar, 2003; Kholeif and Mudie, 2009). Materials
normally originating on the shelf and recovered in upper-
slope and deeper Nile Cone cores indicate seaward displace-
ment at times of intensified coastal margin circulation that
swept the seafloor. Sedimentary structures and the composi-
tion of strata show that, once off the shelf, some sediments
were shifted farther downslope by gravitative processes such
as turbidity currents and mass flows. These mechanisms dis-
placed clay and silt and, to a lesser extent, sand of fluvial
Nile and eolian origin, along with shelf material of terrige-
nous, carbonate, and biogenic origin. Core analyses reveal
transport of these components in varying proportions via the
ACFS and NW cone’s surface to more distal sectors primar-
ily during the Early to Middle Holocene (Stanley and Mal-
donado, 1977; Ducassou et al., 2009; Kholeif and Ibrahim,
2010). It is also likely that some of the finer sediment compo-
nents and low accumulation rates may indicate displacement
from the NW-oriented cone eastward toward the central Nile
Cone as well.

Sediments displaced from land to considerable distances
offshore during that period were derived primarily from Nile
flood discharge, which is strong in summer, across the delta’s
coastal margin and then seaward. These largely land-derived
materials could be further shifted downslope and dispersed
as they settled across climatically controlled, well-stratified
intermediate and bottom water masses. One of these sedi-
ments distributed well offshore is sapropel, a depositional
sequence typically comprising a dark gray to black, mostly
silt and clay, organic-rich sediment unit of variable thickness
(log in Fig. 3).

This dark unit accumulated beneath oxygen-deficient bot-
tom water and reached euxinic seafloor conditions. High
amorphic organic carbon content (58 %–72 %) indicates
good preservation of autochthonous planktonic organic mat-
ter (Kholeif and Ibrahim, 2010). Stagnation in deep water, in-
creases in primary productivity, and other associated oceano-
graphic conditions are discussed by Rohling and Hilgen
(1991) and Krom et al. (2002). Gray deposits, below and
above the dark unit, were deposited on the seafloor in less
well stratified water and only partially reduced oxygenated
conditions.

The youngest sapropel sequence, termed S1, is dated to
the AHP, from the Early to Middle Holocene (ca. 9500 to
6000 years BP). The climate during its deposition, one of ex-
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Figure 3. Stratigraphic log of core NC-2 (location shown in Fig. 2) records an Early to Middle Holocene sapropel S1 sequence formed
during a period of ca. 3500 years and a much thinner Middle to Late Holocene upper core section of oxidized layer and calcareous ooze.
Note proportions of compositional components that change markedly at about 25 cm from core top, at ca. late 4000 years BP (after Kholeif
and Ibrahim, 2010). AOM is amorphous organic matter, and TOC is total organic carbon.

tensive to moderate rainfall, was in large part a response to
northward displacement of the ITCZ (Fig. 1b; Said, 1993;
Krom et al., 2002; Marriner et al., 2013). The S1 sequence is
recovered at water depths usually greater than 500 to 600 m
on the cone (Maldonado and Stanley, 1976; Ducassou et
al., 2009). Complete S1 sequences can range from ∼ 50 to
> 200 cm in thickness. The gray deposits underlying and
covering the dark gray to black unit usually include finely
laminated silty clay and clayey silt mixes; their sedimentary
structures indicate some were emplaced by bottom currents
and others by fine-grained turbidity currents. The age and
composition of these deposits indicate they were released
beyond the delta’s shelf during the AHP when East African
source lake levels, Nile floods, and amounts of sediment dis-
charge were at or near the optimum (Fig. 4a, b) and maxi-
mum aridity did not yet prevail (Gasse, 2000; Kholeif and
Mudie, 2009; Revel et al., 2015; Pennington et al., 2017).
Compositional analyses of both deltaic and offshore core fa-
cies indicate that the upper Blue Nile volcanic province in
Ethiopia (Fig. 4c) was the major source of sediment released
to and beyond the delta during that period.

2.2 Reduced depositional rates after 5000 years BP

Uppermost sedimentary sequences recovered in cores sea-
ward of the delta and discussed here have received much less
attention than the underlying sapropel sequences discussed
in the previous section. Their lithofacies and compositional
attributes differ significantly from the older S1 sequence. No-
tably, most sections are much thinner, generally only ∼ 20
to 30 cm or less (Stanley and Maldonado, 1977). From the
base upward, these present partially laminated silty clay and
clayey silt layers that, in some cores, change upward and dis-

play a mottled tan, brown, or orange coloration, which is in-
dicative of increasingly oxygenated water conditions above
the S1 sequence (Fig. 3). These younger sections commonly
evolve upward to a bioturbated silt and clay ooze, rich in cal-
careous carbonate content (up to 50 %), and grain size that
can become coarser toward the core top. Although recov-
ered at considerable water depth, some upper deposits in-
clude shallow seafloor components derived from the shelf;
these became incorporated with deeper-water materials dur-
ing downslope transport. Such strata may present sedimen-
tary structures indicative of displacement by bottom currents
or by relatively low density sand and silt to fine-grained tur-
bidite flows. Uppermost sediments were released above older
S1 sequences not only within the ACFS but also on adjacent
cone surfaces (Fig. 2). Their lithologic attributes, much dif-
ferent from those of underlying S1 sequences, resulted from
southern displacement of the ITCZ (Fig. 1b) and also from
some effects of ENSO cycles during and after the Middle
Holocene (Marriner et al., 2013; Pennington et al., 2017).

Average sediment accumulation rates in 23 cores recov-
ered along the SE to NW trending Nile Cone were calculated
for two age groups in each core based on sediment thick-
ness and radiocarbon dates using planktonic foraminifera
(Ducassou et al., 2009; Kholeif and Mudie, 2009; Kholeif
and Ibrahim, 2010; Blanchet et al., 2013). An older group
comprises lower core sections dated from ca. 10 000 to ca.
5000 years BP and usually includes the S1 sequence. Depo-
sitional rates for this Early to Middle Holocene period range
from > 287 to 2 cm per 1000 years (Fig. 2). The average
overall rate for all Early to Middle Holocene values in the
23 cores is ∼ 106 cm per 1000 years. When examining the
same offshore cores but using samples from the upper units
dated from ca. 5000 years BP to the Late Holocene, measure-
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Figure 4. Sedimentation and compositional data respond to cli-
matic change affecting (a) highland Nile source area, and (b–e) Nile
Delta and offshore settings from ca. 8000 years BP to present (mod-
ified after Marriner et al., 2012, 2013). Changes in the Nilotic hy-
drological system and associated depositional responses during the
Holocene include those before, at, and after ca. late 4000 years BP
(vertical red time marker). These were induced largely by displace-
ment of the monsoon system and associated climatic controls, in-
cluding migrating ITCZ and ENSO events.

ments of their depositional rates are very much decreased
(Fig. 2) and range from only 32 to 1 cm per 1000 years
(data in Ducassou et al., 2009). The overall averaged value
for all 23 upper core sections provides a much reduced av-
erage depositional rate of only ∼ 8.4 cm per 1000 years, or
under ∼ 10 % of the average accumulation rate of underly-
ing Early to Middle Holocene S1 sequences. This records
that the former turbidite-rich downslope depositional system
had decreased substantially largely as a function of the Nile’s
much-altered hydrology and reduced sediment dispersal sea-
ward of the delta, responses largely due to markedly chang-
ing climatic conditions that were seriously affecting this re-
gion in the Late Holocene. It is also possible that a center of
sedimentation was shifting toward the east.

2.3 Effects of increased aridity and lower Nile flows

Of note are a number of altered compositional and textural
attributes recorded offshore in upper core sections (Fig. 3)
that correlate with some of similar age identified in the Nile
Delta (Fig. 4 and Stanley, 2019). Together these serve as
proxies to help interpret regional environmental changes oc-
curring after 5000 years BP and especially in late 4000 years
BP. The much thinner accumulation of Late Holocene and
younger oxidized mud and carbonate ooze (log in Fig. 3) was
deposited under conditions of relatively low Nile input re-
sponding to the considerably modified climate (Kholeif and
Mudie, 2009). Conditions had become increasingly arid, and
sediment discharge by the Nile was much reduced during
formation of the upper marl section (Calvert and Fontugne,
2001). The major increase in hyper-aridity occurred ca.
4200–4000 years BP, contemporaneously with the time when
the whole of the Egyptian Sahara had become a desert as
cited earlier (Pennington et al., 2019).

In contrast with underlying sapropel sequences, the upper-
most sediment sections comprise markedly decreased amor-
phous organic matter (AOM), total organic carbon (TOC),
terrestrial pollen, and spores (Fig. 3). Uppermost core units,
on the other hand, are defined by their high CaCO3 content
(up to 50 %) closely associated with increasingly warm cli-
mate and decreasing moisture (Kholeif and Mudie, 2009).
Moreover, increased quartz grain roundness and size and es-
pecially a peak in the Ca/Ti ratio at that time indicate an
eolian influx linked to hyper-aridity (Zhao et al., 2017; Pen-
nington et al., 2019). Upper core sections also record in-
creased proportions of Mg calcite and illite (Calvert and
Fontugne, 2001) and higher amounts of opaque fractions
(Kholeif and Ibrahim, 2010). Such arid periods are typically
characterized by a larger input of coarser particles due to re-
working of older deposits (Ducassou et al., 2009) and also
of kaolinite derived largely from desert source areas in North
Africa (Calvert and Fontugne, 2001).

Also noted were periodic decreases in Ethiopian-derived
Blue Nile clastic sediment dispersed between 6000 and
3100 years BP (Krom et al., 2002; Revel et al., 2015). This is
recorded by a marked minimum in strontium isotopic ratios
(Fig. 4c), an indication of decreased Blue Nile sedimentation
offshore (Krom et al., 2002). Relative increases in White Nile
runoff were measured at times when Blue Nile fluvial input
decreased relative to that of higher eolian transport (Fig. 4d).
Minimal Nile discharge occurred in the upper layer offshore
during its deposition under oxic bottom water conditions and
good ventilation within the water column (Fig. 4e; cf. Kholeif
and Mudie, 2009; Kholeif and Ibrahim, 2010). A decrease in
fluvial discharge from about 6500 to 2800 m3 s−1 and also in
both flood frequency and intensity are estimated during the
past 5000 years (Ducassou et al., 2009). These resulted in
decreased sedimentation rates to less than 1 mm yr−1 during
some low-flood periods (Blanchet et al., 2013). Rather than
primary responses to tectonic motion, eustatic sea-level rise,
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or human intervention, most lithofacies and compactional
changes recorded by upper marine core sections were in-
duced by the broad, powerful influences of regional climate
shift.

3 Archaeological implications

Of prime consideration is whether the evolving natural events
discussed in the previous sections would have had sufficient
input to trigger societal changes in Egypt in late 4000 years
BP, during the latter part of the Old Kingdom (ca. 2278–
2181 BCE) and the First Intermediate Period (ca. 2181–
2055 BCE) (dates after Shaw, 2000). Archaeologists tend to
focus on the primary roles of evolving social, political, and/or
economic factors during that timeframe and, to a lesser ex-
tent, on the potential effects of climate change. Their studies
of this period tend to evaluate the role of environmental im-
pacts on Egypt in one of three different ways: (1) little or no
environmental changes occurred, were not influential, or had
little societal effect at about this time (Moreno Garcia, 2015);
(2) some environmental changes may have occurred but were
not primarily responsible for triggering or activating major
societal changes recorded during that period (Seidlmayer,
2000; Moeller, 2005); or (3) environmental conditions seri-
ously impacted Egypt and were largely responsible for some
extensive, and possibly traumatic, scenarios leading to social,
political, and economic upheaval (the so-called “Dark Age”
scenarios) then affecting the country such as those summa-
rized by Vandier (1936), Bell (1971), and Hassan (2007).

For a recent example of archaeological support for the con-
cepts of group (1) above, one can read the following: “Con-
trary to traditional interpretations of the end of the Old King-
dom, recent archaeological research shows no trace of cli-
matic or subsistence crisis” (Moreno Garcia, 2015, p. 79).
In contrast, it is noted that some historical documents pre-
viously cited by Egyptologists of group (3) to support argu-
ments favoring major climate change and its dire effects on
society at the end of the Old Kingdom are now recognized
as having been documented long after the actual period that
they describe. Moreover, others referring to documents used
by group (3) to describe a major breakdown of the social or-
der at that time have also indicated that considerable discre-
tion should be used. For example, some suggest that Egyp-
tian writings during those early years had a tendency to exag-
gerate the extent of damage and disorder and thus should be
cautiously interpreted before using these as firm and accurate
evidence of such past events (Freeman, 1996).

Archaeologists generally agree, however, that a central-
ized government long and firmly controlled by a sequen-
tial reign of pharaohs had all but ceased by the end of the
Old Kingdom, and Egypt proceeded for a century, or per-
haps somewhat longer, without such an authoritative leader
as head of state. This occurred shortly after the lengthy reign
of Pepy II, estimated at some time between ∼ 2284 BCE and

∼ 2184 BCE. Following closely, the pharaoh was replaced by
a series of concurrent nomarchs, or governors, charged with
organizing and directing many of the primary activities in
Egypt’s many nomes, or geographic districts. In addition to
these major political alterations during the First Intermediate
Period, it is proposed here that the country’s stability would
have been weakened by the powerful environmental factors
triggered by major climate change at about the same time
as recorded in this study. The quality of construction at this
time, in some cases, may have decreased markedly (Fig. 5).
In particular, a period of marked increased aridity and de-
cline in moisture and rainfall leading to intermittent low Nile
floods lasting a century or longer likely led to episodic con-
ditions of diminished cultivation and reduced harvests. Ad-
ditionally, such periods of decreased food supplies and their
less-than-well-organized storage and equitable distribution to
the population had the potential to last for several years at a
time, some triggering serious societal consequences (Weiss
and Bradley, 2001). These conditions, in turn, would proba-
bly have also given rise to some documented migration from
the delta to areas in middle and upper Egypt, some of which
were then perhaps less acutely impacted by the altered envi-
ronmental factors in lower Egypt.

To help resolve whether the timing of environmental im-
pacts on Egypt can be correlated with historic events at the
end of the Old Kingdom and during the First Intermediate Pe-
riod, it would be useful to encourage collections and detailed
mineralogical and geochemical study of sediment drill cores
recovered within, and also adjacent to, established archaeo-
logical sites of that time period. Collecting closely spaced
core samples and dating where possible with plant fossils
in delta and marine microfossils offshore using carbon-14
dating, along with other refined dating methodologies, cou-
pled with detailed compositional analyses at the same strati-
graphic levels are now necessary tasks of primary geoarchae-
ological importance. For example, it should be recognized
that proportions of some sediment components in both off-
shore and deltaic samples would likely have been altered dur-
ing transport, sometimes for long distances and over a con-
siderable period of time, prior to their final deposition at a
core’s recovery site on land or at sea. At least some particles
and isotopic components that comprise a sample would likely
not have been displaced during one single short-period trans-
port event from source to final depositional site but rather
by what is termed a longer “stop-and-go” sedimentation pro-
cess (Stanley, 2019). This displacement would have involved
several downslope reworking phases by repeated deposition
and storage–erosion and displacement–redeposition episodes
over time. As a consequence, a date obtained by calibrated
C-14 or other means may well record an age for sample par-
ticles that is likely to be older than the actual younger date
of a sample’s final deposition. Thus, some dates obtained in
both Nile Delta and offshore cores can record a time that can
be on the order of 50 to 100 or more years older than what is
likely to be their actual younger dates of final deposition (see
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Figure 5. Pyramid of Ibi (Qakare) at South Saqqara, Egypt, built
after the end of the Old Kingdom during the Eighth Dynasty of
the First Intermediate Period. Ibi is little known and is believed
to have ruled for about 2 years, from ca. 4109 to 4107 years BP.
The structure includes a descending passage (see arrow) that leads
to the burial chamber, and of its original height of ca. 21 m, only
∼ 3 m now rests above the desert floor. Built largely of flat brick-
size stones, it has been subject to destruction by weathering, struc-
tural failure, and theft of its rock material. In contrast, the up-
per inset shows the older, much larger, and better-constructed Old
Kingdom Fourth Dynasty pyramids at Giza. From right to left are
those of Khufu (ca. 4550 years BP), Khafre (ca. 4520 years BP),
and Menkaure (ca. 4490 years BP). Khufu’s pyramid, the highest
(146 m), is formed of∼ 2 million large blocks of rock weighing 2.5
to 15 t. (Images publicly available as stock photographs.)

Dee, 2017). Caution is warranted particularly when interpret-
ing sediment accumulation dates, especially in cases where a
frequent reversal of sample ages (older dated samples above
younger ones) occur as one proceeds upward from the base
of a core study section.

4 Conclusions

The stratigraphic and sedimentological changes recorded
both seaward of and in the Nile Delta proper during the
Middle to Late Holocene examined herein resulted primar-
ily from altered and reduced Nile flow conditions rather than
from other natural factors and human intervention. It is pro-
posed that marked climatic change led to intensified aridi-
fication, a decline in rainfall, diminished Nile flood levels,
and a consequent periodic decline in agricultural produc-
tion in late 4000 years BP. Such events would have nega-
tively impacted Egypt’s population toward the end of the Old
Kingdom and in the early to middle First Intermediate Pe-
riod. Of note in this respect is Herodotus (1987), who in
his The History written in about 440 BCE, raised a perti-
nent question (Book II, Sect. 14): “If no rain falls in their

land at all, and if the river cannot rise high enough to flood
their fields . . . then . . . what will be left for Egyptians that live
there, but starvation?” This commentary could pertain to an
actual event that occurred prior to or during Herodotus’ travel
in Egypt or is perhaps meant as a predictor of future ma-
jor climate changes such as increased droughts (Tabari and
Willems, 2018; Nashwan et al., 2020) and of a substantial
human-induced decreased-Nile-flow misfortune, such as by
closure of the now near-completed Grand Ethiopian Renais-
sance Dam (GERD) placed across the Blue Nile in Ethiopia,
the largest such structure in Africa (Stanley and Clemente,
2017). At the very least, these latter two factors alone war-
rant prompt and serious consideration that should lead to vi-
tal protection measures for Egypt. With its present population
about 100 times greater than at the end of the Old Kingdom,
the country cannot now readily withstand a 20 % to 30 % or
more reduction in its present Blue Nile freshwater supply.
Studies of this region’s past history, such as those that inte-
grate environmental and archaeological conditions in the late
4000 years BP, may provide some useful points serving as a
basis to help interpret the present and also to better prepare
for possible negative conditions in the years ahead.
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